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TRANSLATOR'S PREFACE.
et e, e e

I UNDERTOOK -the publication of ‘& -translation of Ecker’s
¢ Anatomie des Frosches’ at the suggestion of Professor A.
Gamgee while I was working under his superintenlence in the
physiological laboratory of the Owens College. The work was
subsequently accepted by the Delegates of the Clarendon Press, as
one of the series of ‘Foreign Biological Memoirs,” published by them.
Early in the progress of the work it became evident that a mere
translation would be unsatisfactory, and that it would . esirable
to recast and modify several portions of the book. 1:..  -emcd
advisable to give greater completeness to the work by ~  "-lions
of the minute structure of the several organs. For thes - urposes
the appearance of the work has been unavoidably delay. .

I have done my best to bring the book up to date by i.1.luding
the results of recent researches, to which I have added many facts
derived from my own personal investigations. All such additions
are enclosed within square brackets [ ]. More than a hundred
new figures, of which one-third are original, have been added ; and
copious, though it is feared still incomplete, lists of references to
frog-literature have been drawn up. By these additions the size
of the book has been considerably increased.

In the several sections into which the book is divided the following
points may be more particularly noticed :—

Sect. I. The Bones and Joints. The nomenclature of Parker

and Bettany has been adopted throughout.

Sect. II. The Muscles. This section remains in its original form.

Sect. III. The Nervous System. The chapters on the central
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vi TRANSLATOR'S PREFACE.

nervous system and the sympathetic system have been re-
written. The description of the arteries of the brain is
entirely new, while the chapters on cranial and spinal nerves
have received many smaller additions, and have been re-
arranged to facilitate reference.

Sect. IV. The Vascular System. The chapter on the heart is
practically new, and many additions and alterations have
been made in the descriptions of the blood-vessels and
lymphaties. ,

Sect. V. The Alimentary Canal, with its appendages, the Spleen
and the Peritoneum. In this section much new material has
been added : the descriptions of the blood-vessels of the liver,
the ducts of the liver and pancreas, etc., being the results of
original investigation.

Sect. VI. The Respiratory Organs, the Thymus and Thyroid
Glands. These organs have been carefully studied and
numerous new details are noted. The lymphatic glands of
the hyoid region have, after some hesitation, been designated
tonsils. -

Sect. VII. The Urino-Genital Organs. A very large number
of preparations have been made to investigate the vessels and
uriniferous tubes of the kidneys; and the descriptions of
the remaining organs of this section have received large
additions from recent publications.

Sect. VIII. The Skin and the Sense-Organs. This section has,
with the exception of very small portions, been re-written and
very much enlarged.

Before concluding this preface, I must thank my friend Professor
A. Milnes Marshall, of the Owens College, for all the help and
kindness he has extended to me before and during the time this
work has been in hand ; to him I am indebted not alone for the
loan of books, pamphlets, ete., and for much useful information,
but also for the care and patience with which he has read and
corrected the whole of the proof-shéets.

To Professor G. Lunge, of Ziirich, I am indebted for the use of
the library of the Gesellschaft der Naturforscher of Ziirich; and
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to my friend Mr. C. Herbert Hurst, of the Owens College, for the
drawings for figures 132, 133, 134, and 136; also to Dr. Max
Koppen, of Strasburg, for the proof-sheets of his valuable paper,
¢ Zur Anatomie des Froschgehirns’: to thesc gentlemen I beg to
express herewith my heartiest thanks. Lastly, I must express my
sense of indebtedness to the Delegates of the Clarendon Press, who
have kindly allowed me to alter the original plan of the book, and
to make extensive additions far beyond the limits originally
intended. :

A second edition of the original German work is in course of
publication. The first part, on the bones and muscles, has already

appeared.
GEO. HASLAM.

ZtnicH, 1888.



PREFACE TO THE FIRST PART.

— ——

THE idea of this manual on the anatomy of the frog, of which I
now offer the first part to physiologists and to those who would
become such, occurred to me during the preparation of the plates
for my ‘Icones Physiologicae.” I was then convinced of the
necessity of such a book. I regret that many (‘rect and indirect
causes have hindered its earlier completion ; fo.tunately, however,
its appearance is still opportune, as the need for the book has not
diminished. T am conscious that the book requires a recommenda-
tion to the indulgent judgment of my fellow-workers, since almost
every one has studied thé frog for one purpose or another, and
each will closely criticize in that department with which he is most
familiar. Although I shall not be able to satisfy all, still I hope
that my work may serve as a useful basis for further investigations,
and I would apply to it the words with which Sémmering prefaced
his anatomy : ¢ Ich wiinschte ein Handbuch zu liefern und seine
Einrichtung so zu treffen, dass man kiinftig an ihm als einer Basis
nach Erforderniss leicht dndern, wegnehmen und zusetzen kénnte 1’

Lest more be anticipated from the book than it is intended to
supply, I would observe that I have throughout had in mind only
a descriptive anatomy of the indigenous (German) frog; a com-
parative anatomy of Batrachians was as foreign to my intention as
were developmental or histological questions : hence morphological
details must not be expected. Any hope of formulating a systematic
nomenclature of the muscles has been abandoned; as neither one
based upon their mode of action, of which we know so little, nor
one based upon their origins and insertions, as demonstrated by
the unpronounceable names of Chaussier and Duges, is really
practicable. I have therefore preferred to avail myself, as far as
possible, of the received names, which have been chosen partly

! ¢T wished to furnish a manual 8o arranged that it might serve as a basis easily
altered, pruned, or enlarged as the fature might need.’
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according to mode of action, partly according to origin and
insertion, and partly according to position and form ; while in the
choice of new names I have given preference to the simplest.

The figures are, with few exceptions, original, and drawn by
myself. Their careful execution in woodcut has added a very
necessary neatness to that correctness, which alone I claim as mine.

ALEXANDER ECKER.

FREIBURG,
February, 1864.

PREFACE TO THE SECOND PART.

SIXTEEN years have elapsed since the first portion of this
anatomy of the frog appeared; this second portion, therefore,
requires a somewhat apologetic introduction.

The nervous and vascular systems have, in substance, been
known for some years; still, certain points required a thorough
revision : this seemed especially necessary with regard to the cranial
nerves. In consequence of my anthropological investigations, and
particularly through undertaking the editorship of the ¢ Archiv fiir
Anthropologie,’ my attention was drawn into another channel, and
I found it impossible to work out this chapter: consequently the
whole was deferred, and would have been still longer delayed had I
not received assistance.

At my request Professor Wiedersheim undertook to investigate
afresh the cranial nerves, the brain, the spinal cord, and the sympa-
thetic system ; and the descriptions of these parts are the result of
his work alone. 1 regard it as most advantageous to this second
part that so experienced an investigator in the anatomy of Amphibia
should have given me his help.

The remaining portions appear almost unaltered as written
several years ago; and the majority of the illustrations date from
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the same period;, .1 had neither the time nor the zeal necessary to
re-8xamine the whole; besides, it is doubtful whether eyes some
twenty years older would improve matters.

This somewhat neglected book is therefore commended to the in-
dulgence of my fellow-workers, with the hope that it may at least
form a basis upon which further work may easily bedone ; to proffer
more than this, as I stated, with a quotation from Stmmering,
in the preface to the first part, I have never even hoped.

The final part of the work, on the viscera and sense-organs, has
been undertaken by Professor Wiedersheim, and will appear in the
Spring of 1882.

ALEXANDER ECKER.

FREIBURG,
August, 1881.
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INTRODUCTION.

THERE is no occasion, now-a-days, to offer a lengthened apology
for devoting a treatise solely to the anatomy of the frog, which enjoys
the doubtful honour of being, xar’ éfoxsv, the physiological domes-
tic animal. It is kept in every physiological laboratory, and is daily
sacrificed in numbers upon the altar of science. The physiologist
has recourse to it, not only to obtain answers to new questions, but
for the sake of demonstrating easily and quickly the most im-
portant known facts of the science. These unlucky batrachians are
to be had in any number, and are specially adapted for experimental
investigation : they have consequently fallen under a harsher tyrant
than the stork in the fable, and their prophetic outery in the
frog-chorus of Aristophanes, 3ewd wewoduenfa, has been literally
fulfilled.

As the history of the most important physiological discoveries is
closely related with the employment of the frog in physiological
research, it will not -be without interest to review briefly the
history of its use in scientific, especially in physiological, investi-
gations, and to record the services which it has already rendered
to science. Swammerdam (1637-1685), as du Bois-Reymond justly
remarks, was the first to make known the frog as an important
means of research; he says concerning it :—‘ An den Thieren, die
das heisseste Blut haben, ist die Bewegung der Muskeln nicht so
merklich oder hiilt vielmehr nicht so lange an, als an Thieren die
mit kilterem Blute begabt sind. Dergleichen sind die Fische und
viele andere Wasserthiere, wie auch solche, die so wohl im Wasser als
auf dem trocknen Lande leben konnen. Deswegen habe ich inson-
derheit mit dem Frosch meine Versuche angestellt. Denn an diesem
Thiere sind die Sehnen sehr sichtbar und lassen sich leicht entdecken

B
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INTRODUCTION. 3

knowledge of the structure of nerve fibres, their origin and termina~
tion, especially/in Imuscle; their relations within the ganglia, and
even the structure of muscular fibre itself. For the study of
reproduction and development the frog has, next to the chick,
afforded the most important material: one need but refer to the
investigations on impregnation from the time of Spallanzani to
that of Newport’, the phenomena of cleavage, and many others.

Thus with progress of time the field in which the frog has been
submitted to observation and experiment, whether for the demon-
stration of established facts to students or for the solving of new
problems, has vastly increased, and this batrachian has indeed be-
come, as we have stated, the physiologist’s domestic animal.

That, for these manifold uses, a more exact anatomical know-
ledge of the frog is very necessary is self-evident. The majority of
students commencing the study of physiology have little more than
a superficial knowledge of the sciatic nerve and the leg-muscles ; at
most, of the spinal cord and its nerve-roots; and only acquire any
further knowledge in a disconnected manner. For this they can
scarcely be reproached, the literature of the anatomy of the frog
being so widely scattered in monographs and journals that reference
to it involves the expenditure of much time. This attempt, there-
fore, to produce a complete anatomy of the frog, based throughout
upon my own observations, cannot be considered superfluous; it is
rather to be feared it may be thought insufficient.

The European frogs? alone are treated of in the following
description, i.e. the two species, Rana esculenta, L., and R. tempo-
raria, L., the former being more particularly described, though
such differences in structure as occur are noted. This is not
the place to discuss the exact systematic characters of the two
species, yet they cannot be ignored entirely. The species were,
from their habitats, long ago distinguished by C. Gessner3, and
named Rana rubeta, s. giblosa, the garden or grass-frog, and Rana
aquatica, 8. innoria, the water-frog; at least, from his figure, the
former can be no other than R. ftemporaria, though Gessner,

! It may be well to remind the reader that this introduction was written in 1864.

* For purposes of comparison other than European frogs were examined, especially
American species of Rana, for which I am indebted to the kindness of my much
esteemed friend Agassiz. These were Rana Catesbyana, Shaw (R. mugiens, Catesby—
R. pipiens, Harlan) ; R. sylvatica, Leconte; R. clamitans, Daudin; R. palwstris,
Leconte ; R.Ralecina, Leconte. To these, however, no further reference will be made
in the text.

3 C. Gessner, Thierbuch. Ziirich. Fol., p. 157.

B2
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INTRODUCTION. b

reason is better adapted to the purposes of the physiologist; hence
I have chosen'it' for'description.

The head is flat, as broad as it is long, and triangular with an
obtuse snout in front. The upper surface of the head, i.e. the
space between the eyes, is slightly concave, grooved, and narrower
than in R. femporaria. The tympanic membrane is circular, and
relatively to the eye is larger. The upper eyelids have several trans-
verse folds in their hinder part. The pupil is oval, with the long
axis horizontal. The vomerine teeth are arranged in two clusters,
which are relatively larger than in R. femporaria and lie exactly
between the posterior nares, without however touching them.
The openings of the Eustachian tubes do not exceed in size the
posterior nares to so great an extent as they do in R. temporaria.
The male possesses a vocal sac on either side, which reaches the sur-
face beneath the tympanic membrane through a cleft placed behind
the angle of the mouth, and is, in well-developed specimens, about
the size of a cherry. The hind limbs are relatively longer. The
toes are long, and taper towards their tips: the webs between the
toes are cut out semicircularly, and that of the longest or fourth
toe is continued to the tip of the last phalanx. The supplemental
toe is an oval prominence of cartilaginous hardness. The skin
of the back has wart-like tubercles arranged longitudinally in
raised lines; one of these lines runs on each side from the posterior
canthus as far as the thigh, and is very constant: in the male
a second line surrounds the posterior margin of the vocal sac;
a corresponding line exists in the female.

The skin of the belly is quite smooth, the colour presenting
many variations which appear to depend upon very diverse circum-
stances. It varies with changes in the physiological condition of the
animal. Von Wittich! has shown that a bright green specimen
changes to a dark leafy green colour on exclusion of light; also, that
dark specimens become almost a lemon-yellow colour on exposure to
bright sunlight; and he has pointed out that this brightening of
the skin is an active condition dependent upon contraction of the
stellate pigment-cells. It is therefore not surprising, as the same
inquirer observes, that one should sometimes find specimens of
R. esculenta in which the ground colour is almost a greenish yellow
(as in Risel’s figure, Pl. XIII), whilst in others it can only be
distinguished from the dorsal black patches by a faint greenish

! Von Wittich, Miiller's Archiv, 1854, p. 4I.
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i8 not improbable that the water-frog, which Spallanzani! used in
his experimeiits 'on impregnation, was the R. maritima of Risso. He
says, one must not confound his frog with that which Résel calls the
green water-frog; the former being much smaller, without the three
dorsal golden-yellow stripes, and the spawning season (in Lom-
bardy) occurring during April and May. Rusconi? also describes
two varieties in Northern Italy.

Rana temporaria, L., the brown or grass-frog, is so named from
the large black patch in the temporal region, i.e. between the eye
and the shoulder. While the separation of the preceding species
into several varieties does not seem to be well founded, it appears
that two distinct species have been included under the name of
R. temporaria. Millet of Angers? first described, in his Fauna du
département de Maine-et-Loire, as ¢grenouille rousse,” a species
differing from R.{temporaria, and gave the species previously known
a8 R. temporaria the name of R. flaviveniris, € grenouille & ventre
jaune.” No further notice, however, was taken of this observation,
not even by Duméril and Bibron in their ¢ Erpétologie.” Quite inde-
pendently Steenstrup+, in the year 1846, pointed out that two frogs,
differing in structure and habits, had been confounded under the
name R. femporaria; these he distinguished as R. platyrkinus and
R. ozyrkinus. Von Siebold? and also Schiff® in part, have confirmed
these statements. My own observations lead me to a like conclu-
sion; I shall therefore distinguish two species, viz.:—(1) Rana
temporaria, L., Rana platyrkinus, Steenstrup; (2) Rana oxyrkinus,
Steenstrup.

Rana temporaris, L.; Rana platyrkinus, Steenstrup. The brown
grass-frog, Fig. 2, does not attain the dimensions of R. esculenta, L.,
but is, however, always larger than R. ozyrkinus. The head is
somewhat broader than long, and the upper surface of the skull
is not grooved, as in R. esculenta, but is flat. The space between
the eyes is wider (according to Duméril, equal to the width of the
upper eyelid, whereas in R. esculenta it is just two-thirds this

! Spallanzani, Versuche iiber Erzeugung der Thiere und Pflanzen. Leipzig, 1786,

. 5.
P * Rusconi, Développ. de 1a Grenouille. Milan, 1826, p. 6.

3 Annales des Sciences naturelles. Zoologie, IV Série, Vol. IV, 1855, p. 368.

* Amtl. Bericht itber die 24. Versammlung deutacher Naturforscher in Kiel, 1846,
p- 141 ; Wiegmann's Archiv, 1847, Vol. II, p. 341 ; Steenstrup, Oversigt K. Danske
Selsk. Forhandlgr., 1846, p. 93.

$ Wiegmann's Archiv, 1852, Vol. I, p. 14.

¢ Annales des Sciences naturelles. Zoologie, IV Série, Vol. IV, 1885, p. 368.
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are less developed than in R. esculenfa, so that the free borders
appear more'/creseentic. .C(The /supplemental toe forms only a
soft and inconspicuous prominence. The back is mostly smooth ;
the raised glandular ridge, which extends along each side from
the eye to the thigh, is present, but is much narrower and less
prominent than in R. esculenta; another ridge passes from the
angle of the mouth to the shoulder. The colouring in general, and
especially the ground colour of the dorsal surface, varies from the
brightest tints to the darkest brown-black ; the conditions causing
these variations being, no doubt, the same as those described above
in R. esculenta. A dark-brown specimen taken from a dark frog-
tank is usually yellowish red on the following day. The black
patch between the angle of the mouth and the shoulder has
given this species the name of R. femporaria, and is constant. A
black stripe passes from the eye across the nostril to the tip of
the snout, and a similar one is found upon the anterior surface
of the upper arm. On the hind legs the bands are chiefly trans-
verse. The ventral surface is yellowish, and sometimes spotted.
The thighs have a granular appearance, and these as well as the
belly and the neighbourhood of the anus have frequently a reddish
coloration presenting the appearance of an irritated surface.

Rana oxyrhinus, Steenstrup. This species is always smaller and
more elegant in shape than the preceding one. The head is conical,
with the pointed snout projecting beyond the lower jaw ; a feature
which is especially evident on looking from below. The space be-
tween the eyes is nmarrower than in R. femporaria, and is not
grooved, but convex; the fronto-parietal bones are narrow and
arched. With respect to the arrangement of the vomerine teeth
and the sizes of the apertures of the Eustachian tubes, this species
holds an intermediate position between the other two. Next to
the pointed snout, the greatest difference between this species and
R. temporaria is the presence of a much larger supplemental toe,
which is of cartilaginous hardness, compressed from side to side,
and contains a larger bone!. The vocal sacs are absent. In the
males the web of the longest toe reaches to the last phalanx but
one; in the females, on the contrary, the last three phalanges pro-
ject freely beyond the web. The extremities of the toes are more
pointed than in R. femporaria, in which respect, as also in several

' Aoccording to Steenstrup, I. c., the size of the supplemental toe is in R. femporaria
one-half and in R. ozyrhisus two-thirds of that of the next toe.
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THE BONES AND JOINTS.

THE consideration of the differences in form, number, and histo-
logical structure, which the parts of the skeleton present during
the various stages of development does not fall within the scope of
this book : we have here but to deal with the adult frog.

The skeleton is made up of histologically different materials ;
these are:—(1) bone, (2) hyaline cartilage, and (3) so-called cal- -
cified cartilage. Concerning the last it is necessary to make
some observations. I have chosen for it the name calcified car-
tilage in place of the more usual names ¢cartilaginous bone’ or
‘primordial ossification,” as by this term its nature appears to
be expressed without any ambiguity!: it is hyaline cartilage
in which calcareous particles have been deposited to a greater or
less extent : in the fresh state it has the appearance of moderately
firm cartilage; when dry it becomes opaque and white, like the
calcareous crusts on the cartilages of the Plagiostomata. The cal-
careous material is deposited in the cartilage in finer or coarser
granules ; after removal of the lime by means of acids, the cartila-
ginous structure becomes apparent although not so perfectly as in
unchanged cartilage.

This calcified- cartilage is widely distributed in the frog’s skeleton :
very many parts, which in higher animals consist only temporarily
of this substance during the transition from cartilage to bone, are in
the frog formed of it throughout life. It is especially well-marked
in the epiphyses of the long bones in the hand and foot, in the
bones of the shoulder-girdle, etc. To avoid repetition later on I will
briefly describe it as found in the first-mentioned situation. Dugés?
has described its external appearance, while Bruch? has made us

1 Compare Milller, Zeit. f. wissen. Zoolog., Vol. IX.

* Dugds, Recherches sur 'ostéologie et 1a myologie des batraciens & leurs différents

ages, p. 116.
? Bruch, Beitrige zur Entwicklungsgeschichte des Knochensystems. Schweiz.
Denkschriften, p. 118.

|
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acquainted with its histological peculiarities. If a long bone of the
frog be dried, the femur| for example, the middle part is found to

Fig. 3.

Longitudinal section through the upper ex-
tremity of the femur of Rana esculenta,

magnified.

A Hyaline cartilage (articular cartilage).

¢ Hyaline cartilage closing end of bony
oylinder.

¢ Calcified cartilage of epiphysis.

D Bony cylinder of diaphysis.

E Epiphysis.

M Marrow cavity.

o End of diaphysis.

differ considerably from the epi-
physes in colour and in other par-
ticulars. The shaft alone has the
appearance of bone, the epiphysis
consisting of a white, opaque, firm
substance, resembling plaster of
Paris or lime, but which in the
fresh moist state is exactly like
cartilage. The epiphyses, which
are fitted to the ends of the dia-
physis like the cap of a stick-
handle, have sharply defined mar-
gins (Fig. 3), as is well seen in
Figs. 36, 39, 45,and 46. If a sec-
tion be made through the epiphysis
and part of the diaphysis, the long
tube of true bone is seen to cease
abruptly above o, Fig. 3, and over
the end of it the epiphysis  is
fixed. This epiphysis consists al-
most entirely of calcified cartilage
¢, and has merely a superficial
layer of hyaline cartilage 4. The

bony cylinder of the diaphysis o, which contains the marrow M in
its interior, is shut off from the epiphysis by hyaline cartilage, the
cells of which are arranged in transverse layers, o.

I. THE VERTEBRAL COLUMN.

The vertebral column of the frog consists of ten bones, riz. nine
true vertebrae, and the rod-shaped urostyle, which alone is almost as
long as all the remaining vertebrae.

1. GENERAL DESCRIPTION OF THE NINE VERTEBRAE.

a. The bodies of the vertebrae are compressed from above down-
wards; the posterior surface of each body, with the exception of
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the eighth, presents an articular head covered with cartilage; the
anterior surfacés, with/ ‘the exceéption of the ninth, present corre-
sponding articular depressions, covered with cartilage.

b. The arckes, which have some- Fig. 4.
what sharp margins both before and L
behind, bear the following pro-
cesses :— 2
1. The articular processes (Figs. 3
4 and 500) are similarly placed
to those of the dorsal vertebrae of
man: they project horizontally, the s
cartilaginous articular surfaces on
the posterior processes being directed

downwards, those on the anterior ¢

upwards. .
2. The transverse processes

(Figs. 4 and 5 ¢ ') are strong, flat, »

and of very varying size and direction.
The transverse processes of the fourth
vertebra are the longest, those of the »

third onlya little shorter; the shortest .
- are those of the seventh and eighth.
The atlas has no transverse pro-
|

cesses. Those of the second and third
vertebrae project directly outwards
and slightly downwards; those of
the fourth, fifth, and sixth upwards
and backwards. The seventh and
eighth project more directly outwards
ind at the same time backwards;
the ninth upwards and markedly

backwards. All the transverse pro- ! !

cesss have cartilaginous epiphyses ; U’ :
the largest are thosé of the second,  yverebrao of Rana ercuicnta, sson from
third, fourth, and ninth vertebrae. below, twice the natural size.

1 to g First to ninth vertebrse.
8. The spinous processes are c Urostyle.

generally small, but individually of O D cionlation with the
varying size, appearance, and direc- urostyle.

tion. The longest are those of the third, fourth, and fifth vertebrae ;
these are, in transverse section, of a three-sided prismatic form, as

c
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ordinary vertebra, except that the transverse processes are directed
somewhat downwards.

8. The transverse processes of the third vertebra are longer than
those of the second : each is directed downwards, is broader at its
extremity than at its base, and bears a hammer-shaped cartilaginous
epiphysis larger than those of the remaining transverse processes.

4. The transverse processes of the fourth vertebra are the
longest : each is broader at its free end than at its base, is
directed upwards and backwards, and provided with a cartilaginous
epiphysis. '

5, 8, 7. The transverse processes of the fifth, sixth, and seventh
vertebrae are smaller, contracted towards their free extremities, and
directed upwards.

8. The eighth vertebra is distinguished from the rest by its
body possessing no articular head. It presents, at each end, a con-
cave articular depression. The transverse processes resemble those
of the seventh.

9. The ninth vertebra unites the vertebral column with the hip-
bones, and is hence to be regarded as a sacrum. The body bears
on its anterior surface an articular head for articulation with the
eighth vertebra: on its posterior surface are two small rounded
and closely approximated processes (Figs. 4 and 5 sc) for articulation
with the urostyle. The transverse processes are strong, broader at
the free ends than at their origin, directed upwards and backwards,
and provided with cartilaginous epiphyses.

III. ARTICULATIONS OF THE VERTEBRAE.

The articular heads and depressions of the vertebral bodies,
together with the joint surfaces of the articular- processes, are
covered with hyaline cartilage. The periosteum of the bodies, as
also that of the articular processes, forms true capsular joint liga-
ments. The articulations of the vertebrae are still further strength-
ened by longitudinal fibres, which extend along the anterior and
posterior surfaces of the vertebrae, and correspond to the Zigamentum
vertebrale commune anticum et posticum of man. Between the
vertebral arches are membranes which represent the ligamenta
intercruralia. Between the spinous processes are bands of connective
tissue which form ligamenta interspinalia. (For the articulation of
the atlas with the occiput, see page 24.)

c2
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IV, StructuRE OF THE, VERTEBRAE! (Figs. 6 and 7).

Each vertebral body consists of a cylinder of compact bone, which
is directly continued into the bony substance of the arch. In the
interior of the cylinder is found an isolated persistent vestige of the
chorda dorsalis (Ck): this is surrounded by cancellous bone (c), which
extends backwards towards the articular head and forwards directly
into the articular cartilage, compact bone being absent in these
parts. In a transverse section of a ver-
tebral body the following parts are seen
(Fig. 6):—a. An outer layer of compact
bone (0) (the transverse section of the
above-mentioned cylinder), which is formed
of parallel lamellae of varying thickness.
These, according to Gegenbaur, and as I
can confirm, are arranged in well-defined
groups, each of five to eight lamellae.

Transverse section through aver-  The number of the secondary lamellae
tebra of Rana esculenta, magni-

Fig. 6.

fled. increases with the age of the animal.
¢ Caucellous bone, b. In the interior, in the form of a cylin-
Ch Shonth of chorda doreals,”  der, is the remnant of the ckorda dorsalis.
o Compact bone on the BT T4 oonsists of a double sheath (C¥) and
body. contents (C%) composed of chorda-cells.
Fig. 7. ¢. Immediately around the persistent por-

tion of the chorda lies the central part of the
vertebral body, formed by transformation
of the vertebral cartilage and of the bases
of the original cartilaginous arches. At
each side of the ciorda are large marrow-
spaces (c), filled with cells, from which
proceed narrower canals, winding in various

Longttudinal section through the  directions, and anastomosing freely with
posterior half of the body of a

vertebra of Rana esculenta. one another both before and behind. Their
@ Curtiiage of the head. walls are con§tituted partly of true bone,
o Bhell of compact bone. partly of cartilage.

! Cf. Gegenbaur, (1) Uber Bau u. Entwicklung der Wirbelsiule bei Amphibien
{iberhaupt u. beim Frosch insbesondere. Abhand. d. Naturforsch. Gesell. zu Halle,
vol. vi, 1861 ; (3) Untersuch. gur vergleich. Anat. d. Wirbelsiule bei Amphibjen
u. Rept., Leipzig, 1862. As regards the adult animal I can bear out Gegenbaur's
observations. The scope and limits of thia book forbid me to go further into the
developmental history. ’

-
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V.., Tne UrostyLE (Figs. 8 and g).

The urostyle is a long, median, rod-like bone, which projects back-
wards, midway between the two hip-bones, and terminates over the
anus. The anterior end (Fig. 8 a) is the thicker and broader part
of the bone, and has two articular depressions (Fig. 9) for articula-
tion with the two facets of the ninth vertebra. The hinder end °
is pointed and cylindrical, and terminates in a cartilage, which
is fixed in the tubular end of the
bone. The middle portion is almost .
cylindrical, and has a groove along the R
ventral surface which gradually becomes C X
less marked behind. The dorsal surface ¢
bears a ridge (Figs. 8 and g ), which is  Uleeizle of Ran
high and thick in front, becomes sharper from the eide,
and less prominent as it proceeds o000
backwards, and gradually disappears co. Canal. verte-
towards the hinder third of the bone, s porsal ridge
so that in transverse section the an- {pr. spinos.).
terior two-thirds of the bone appear triangular,
with a ventral and two lateral surfaces: while the
hinder third is cylindrical. The anterior portion
of the bone contains a canal, canalis vertebralis
(Fig. 9 c.v.), which is a continuation of the verte-
bral canal, along which the hindermost spinal nerves
pass. On each side of the anterior portion of the urostyle of Rana
urostyle are small apertures (Fig. 8 c.c.), which lead e 0
into canals (canales coccygei), which open into the rloo met. sizo.
vertebral canal, and through which the coccygeal pasod through
nerves pass. In front of these openings and partly g et~
ovc-erha.ngmg them are smal!. triangular projections g' Canal. i
(Fig.8) (processus transversarii) : these, however, are side.

not constant, and are more often found in R. escu- ¢ -‘t\":';‘t‘;' ox-

Fig. 9. Fig. 8.

lenta than in R. lemporaria, in which Ilatter species c.e. Canal ocevg.
the openings are smaller. (o .pi,,';?

II. THE SKULL.

The flat form of the frog’s head, as in batrachians generally,
depends upon the wide separation of the jaw-bones of the two
sides, and on the large size of the orbital cavities and the horizontal

[~
o
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A, 'Tar CrANIUM.

The cranium of the frog is a prismatic tube, wide behind, narrow
in front, and formed in great part of cartilage (Figs. 15 and 17). Our
indigenous species are characteristically distinguished from cne
another by peculiarities in the form of the cranium. In R.esculenta
it is long and narrow, in R. femporaria short and wide. The superior
surface in the former is markedly concave, while in the latter it is
flat, and in R. oxyrkinus arched. These differences are readily
recognised in the living animal.

The Bones of the Cranium.

1. The exoccipital bones, ossa occipitalia laleralia, Cuvier
(Figs. 10, 11, 12, 14, 16 0).
Cuvier, I.c., p. 387, P1. XXIV, bb.—Dugaés, L c., n. 1 4.—Parker and Bet-
tany, l. c., p. 166, exoccipitals™

These paired bones form the hinder part of the cranium; they
bound the foramen magnum, and articulate with the vertebral column.

They are imbedded in the cartila- Fig. 12.
ginous matrix of the skull, and are
separated above by an unossified
part of this matrix (occipitale
superius, Dugts), which represents’
the tabular portion of human
anatomy: below they are separated
by a similar part (occipitale lasi-

skull of Rana esculenta, voen fromn behind,
twice natural size,

a Stapes.
lare, Duges) wh.ic.h represents the 2, %‘;‘&ﬁ"pﬁ:‘:
body of the occipital bone. They Condyls of exocelpital.
therefore properly represent only A ?{L;‘,’f,{;};,
the ?ondy lar po rtions (1) arlea. (.'.()ll- ,;/ m'w which the jaw is attached.
dyloideae) of the human occipital ¢ Squemosal

bone. Each possesses a cartilaginous articular head, for articulation
with the first vertebra : these converge below, and suriound the
lower half of the circumference of the foramen magnum. This latter
has, in R. esculenta, a transversely oval outline; in R. femporaria, a
somewhat heart-shaped outline, with the apex directed upwards :
in accordance with this the whole bone is wider than high in the
first species; and in the latter it is higher than it is wide. From
the tupper and outer border of the foramen magnum on cach side
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a ridge runs obliquely outwards and downwards, in which lies
the suture between 'this)bonenand the prootic bones. This bony
ridge (processus mastoideus, autt.) is usually cartilaginous in Z. escu-
lenta, even in old animals ; in R. femporaria, even in young speci-
mens, it is bony. In the latter species the bones unite very early,
while in the former they remain separated by the primitive carti-
lage. Between this crest and the processus condyloideus there is a
depression (fossa condyloidea), with a hole ( foramen condyloideum)
through which the vagus nerve leaves the cranium. The exoccipital
take part in the formation of the labyrinth of the ear, as will be
noticed later on.

Articulation of the Exoccipital Bones with the Atlas. From the
middle of the anterior surface of the body of the atlas a ligament
arises, representing to a certain extent the Zig. suspensorium dentis,
and attached to the basal portions of the exoccipital bones.

2. The prootic bones, ossa petrosa, Cuvier (Figs. 10, 11, and

12 p).
Cuvier, rocher, . c., p. 388, Pl. XXIV, ee.—Dug8ds, n. 12, rupéo-ptéréal.
—8tannius, ala temporalis.— Meckel, Schadelstiick des Schli-
fenbeins.—Parker and Bettany, . ¢., prootic.

These paired bones lie at the sides and in front of the exoccipital
bones. As already explained, they remain in R. esculenta separated
from these by cartilage, while in R. femporaria they early enter into
bony union with them ; this is due to the complete ossification of
the processus mastoideus in the latter species, as stated above. The
prootics form the lateral expansions of the posterior part of the
skull in which the organs of hearing are placed. The large cavity
which contains the ear labyrinth is completed by the exoccipital :
internally it opens freely into the skull, and externally on the
posterior wall of the skull through .the foramen ovale, which is
formed by both these bones. The postero-lateral part of the prootic
usually remains cartilaginous: at the side and in front of the
Joramen ovale this cartilage is pierced by a small opening, through
which passes the nervus facialis or ramus tympanicus n. vagi (Volk-
mann). At the side there is a process to which the suspensorium
of the lower jaw is attached (Fig. 12 p): behind this is a hollow in
which the auditory ossicles lie, and which may be designated fossa
tympanica (Fig. 12 7). The anterior border of the bone forms the
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hinder and inner walls of the
orbit. Here ‘also\is | 'theD/tric
geminal foramen (Fig. 11 p")
through which the N.¢rigeminus
and the several nerves for
the muscles of the eye pass;
it represents the foramen ovale,
Jor. rotundum, and the fissura
orbitalis superior (sphenoidal
fissure) of the human sphenoid
bone. The foramen is some-
times, especially in young
animals, only a notch, which is

completed by cartilage. On-

account of the relation of this
part (Fig. 11 p’) of the bone
to the nerves which pierce
it, the whole bone has been
named by Stannius the ala
magna or temporalis of the
sphenoid; it has been also
looked upon as a bone which
contains these elements, as by
Duges, who on this account
calls it rupéo-ptéréal.

25

Skull of Kana esculenta, seen from below, twice

xwoggmxee
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natural size.
Cartilaginous wall of skull
Sphenethmoid.
Cartilagi nasal skel

* Btylo-hyoid.

Premaxillary.

Maxillary.

Quadrate tract.
Exoccipital.

Prootic.  *

Anterior arm of prootic.
Trigeminal foramen.
Palatine.

Anterior arm of pterygoid.
Posterior arm of pterygoid.
Parasphenoid.

Vomer.

Appendages of the Prootic Bones.

1. The styloid cartilage. From the cartilaginous portion of the
prootic the styloid cartilage runs downwards, backwards, and
inwards, and is continued directly into the anterior cornu of the
hyoid bone (Figs. 11 4" and 12 #).

2. The auditory ossicles.

a. A thick cartilaginous disc, the operculum (Fig. 12 a),

closes the foramen ovale.

b. To the operculum is attached a bony, club-shaped piece,
the columella auris (Fig. 12 a’), which has at its inner, thicker
end a cartilaginous epiphysis, the interstapedial; it lies
transversely with the apex directed outwards, and this longer
portion is the mediostapedial.

e. To the apex of the mediostapedial is attached, at an
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obtuse angle, the third cartilaginous piece, the extra-
stapedial [(Fig.. 02727). It is attached to the tympanic
membrane, and by its upper portion is fastened to the
cartilaginous tympanic ring by a smaller piece, the supra-
stapedial.

3. The tympanic ring (annulus tympanicus) is an annular cartila-
ginous frame ; or more exactly, has the shape of a short, truncated
cone, as it narrows towards the middle line: it is attached to the
squamosal bone. (See Organ of hearing.)

8. The parasphenoid, os spkenoideum, Cuvier (Figs. 11 and 16 ).

Cuvier, Le¢., p. 388, Pl. XXIV, d.—Dugés, n. 8. —Meckel, Theil des
Grundbeins.—Parker and Bettaay, l.c., parasphenoid.

A large portion of the base of the cranium is taken up by this
cruciform bone. Of the two longitudinal median processes, the
posterior is by far the shorter, and lies in front of and partly
below the cartilaginous os occipitale basilare. The anterior longer
longitudinal arm closes in the greater part of the cranium from
below, and articulates by its outer edges with that part of the
prootic bones often described as the alae magnae, and also with the
cartilage lying in front, which forms the greater part of the lateral
walls of the cranium. The auterior extremity of the bone articulates
with the palatine bones. The transverse arms lie on the under
surface of the exoccipitals and of the prootics.

The greater width of the cranium in R. femporaria is associated
with the greater relative width of the anterior arm of this bone.

4. The fronto-parietal bones, ossa fronlo-parietalia, Cuvier

(Figs. 10 and 14 fp).
Cuvier, l.c., p. 387, Pl. X}'KIV, ¢.c.—Dugés, n. 1.—Parker and Bettany,
L.c., fronto-parietal.

These are a pair of somewhat long, flat bones, which form the
principal part of the upper wall or roof of the cranium, and cover
in superiorly the cartilaginous cranium, which is here, in great
part, persistent. They are united in the middle line by the sagittal
suture ; posteriorly they articulate with the exoccipital and prootic
bones ; anteriorly with the sphenethmoid, which they overlap like
tiles. The outer margin of each bone is bent somewhat down-
wards (Fig. 16 f), and between it and the parasphenoid there is a
space in the wall of the cranium which is closed in by cartilage and
connective tissue only.
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These bones are narrower in R. esculenta, and along the sagittal
suture are dépressed into/'a(groové: where the superior surface bends
down to become lateral the edges are much more prominent. In
R. temporaria the bones are broader and flat or even somewhat arched.
The latter condition is still more marked in R. ozyrkinus.

5. The sphenethmoid, os ethmoideum (Figs. 10, 11, 14, and

6e). -

! e) Cuvier, os en ceinture, /. c., p. 387, Pl. XXIV, a.—Dugés, n. 15.—Rathke,
anterior or sphenoidal wing (Vortr. z. vergl. Anat. d. Wirbelthiere,
Leipzig, 1863, p. 42).—Meckel, Riechbein, l.c., p. 502.—Parker
and Bettany, l.¢., ethmoid.

The long tubular cranium is completed anteriorly by a single
bone, which forms at once the roof, floor, and lateral walls. It is
consequently more or less ring-shaped, on which account it has been
named € 08 en ceinture’ by Cuvier. Only the posterior portion is
annular, however : the anterior portion forms a double canal, with a
median partition, for the passage of the nerves of smell, and as these
canals are widened out anteriorly, this part of the bone helps to
complete the nasal cavities, which, however, are bounded for the
most part by cartilage, as described below. In some species of
frogs (as for example R. occellata, Rathke) this cartilage is partly
ossified.

The sphenethmoid has on each side a small bony canal, running
forwards and inwards, through which the ramus nasalis of the first
division of the trigeminal nerve passes.

The cartilaginous skeleton of the nose (Figs.14and 16 2, z”, n”,
n””). The anterior borders of the funnel-shaped cavities of the sphen-
ethmoid pass into cartilage, which forms two capsules, separated from
each other by a median cartilaginous septum, and opening laterally.
We can distinguish, (a) a cartilaginous septum, forming a continu-
ation of the bony one; (4) the floor of the nasal cavity, narrower
behind, wider in front ; (c) a roof somewhat narrower than the floor.
The floor and roof are united in front by an arched surface. From
this cartilaginous capsule various processes project, which unite it to
other portions of the facial skeleton : firstly, from the most posterior
portion of the capsule there passes transversely outwards a bar of
cartilage (sz), which, widening, becomes continuous with the carti-
lage (sp”) forming the basis of the anterior arm of the pterygoid
bone. From the anterior angle a cartilaginous process passes out-
wards (Figs. 14, 16 #”), which is attached to a projection on the
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anterior end of the maxillary bone; from the same spot a horn-
shaped cartilaginousCprocess (#'’, ) curves round backwards and
towards the middle line. This projection bounds the nasal cavity
externally, sending off

a free process (2')

Fig. 14. on the way, and ends

with a double point on

wn. .o the roof of the carti-

laginous nasal cavity
(»"”’).  On the floor of
the nasal capsule, on
either side, is a knob-
shaped cartilaginous
eminence, running
from behind, forwards
and outwards; thismay
be regarded as an in-
dication of a turbinated
bone. From the an-
terior wall there passes
into each nasal cavity
an almost horizontal,

sp’ n

Cartilaginous basis of the skull of Rana esculenta, from above, 3
twice natural size. Cartilage shown by stippling. partly O.SSlﬁed‘ Plate
a.n. Wings of nasal cartilage. p. Prootic. {c.n.),endmg I_’OStenorly
c.n. Concha narium. pt  Anteriorarm of pterygoid. 1n a free pomted bor-
¢ Sphenethmoid. pt Poeterior arm of ptery-
£’ Foramina of cranium. goid. der. These are the
fn Nasal. & Cartilaginous cranium.
Jp Fronto-parietal. sp Cartilage of suspensorium. cornets of Dllgé? (l' C
i Premaxillary. sp/ Cartilage under thesqua- p, 12, Pl. I, ans. 1,
J  Quadrato-jugal. mosal.
m  Maxillary. sp” Cartilageundertheptery-  5), Who correctly re-
n,sn Cartilaginous nasal akele- goid. .
on. A Asterior garded them as tur

) arm of the

', "”:n’.:':l Procosses of the :: ;‘:f:‘;or { squamosal.  binated bones. Cuvier

o Exoccipital bonee. described them as rudi-
mentary nasal bones!.

The alar cartllages of the nose have still to be described. They

are (a.n.) shell-shaped cartilages, hollowed out on the inner sides and

! Cuvier (Ossem. fossil., V, 2. 388) says that these little bones are fixed outside
the nasal cavity, so that we may suppose that he confounded them with the
nasal cartilages fonnd in this situation. Dugds correctly indicates their position
to be inside of the nasal capsule. Meckel (Vergl. Anat. II, 504) also regards
them as nasal bones. Bruch (Wiirzb. naturwiss. Zeitachrift, vol. II, 1861, p. 213)

could not find them in any frog-ekull, doubtless because he did not look inside the nasal
capsuler.
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decreasing in width from before backwards. They are movably

attached by/their anteérior broadér ends to
the tips of the projecting portions of the
premaxillary bones, and are so arranged
as to bound the lateral margins of the
nasal apertures, which they overlap.

8. The cartilaginous basis of the
skull, Primordial cranium (Figs. 14, 16).

Fig. 15.

Nasal cartilages of frog, front

a. If the fronto-parietals be removed, view.

an Concha parinm,

(Figs. 14, 16), a cartilage (&) is found ¢ Premaxillary bones.

#  Ascending prooess of same.

which partially closes the cranial cavity, m Upperjaw.

and which is usually perforated on either

side by a foramen (f”).
More anteriorly in the
median line is found a
space (f) which ex-
tends to the spheneth-
moid bone, and is only
closed by connective
tissue : posteriorly the
cartilage extends be-
tween the exoccipitals
as far as the foramen
magnum, representing
theosoccipitale superius,
b. The base of the
cranium is(Fig. 16)also
partly cartilaginous. If
the parasphenoid (s)
be removed we find
above it a cartilage (¢)
which passes back-
wards between the ex-
occipitals, and extends
as far back as the
Joramen magnum : it
corresponds to the os
occipitale basilare.

c
[
s
i

o
»

m’ Lower jaw.
n  Olfactory capsule.

Fig. 16

i

sp/ o sp

Cartilaginous skull of Rana esculenta, from below, twice
natural size. Cartilage shown by stippling.

Cartilage of prootic. pt  Pterygoid.
Sphenethmoid. pt' Articular surface for
Fronto-parietal. pterygoid.
Premaxillary. r  Optic foramen,
Quadrato-jugal. 7’ Foramen for N. abducens.
Maxillary. ¢ Parasphenoid.
n,#n Cartilaginous nasal skele- n’ Cartilaginous cranium.
ton. »  Cartilage of suspensorium.
W, n”, 2, n”” Processes of 1p Canllage under squa-
nasal cartilage.
Exoocipital, [ Car'.ﬂnge under ptery-
Prootic. goid.
Palatine. v Vomer.

o

c. The sides of the cranium are formed almost entirely of car-
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bone : the third or lower arm (#%), supported by a cartilage!, runs
backwards anddownwardsOto.Ginite with the side of the broad
hinder extremity of the quadrato-jugal bone.

The cartilaginous basis? of the suspensorium (Fig. 17 s, 8¢’) is a
direct continuation of the cartilaginous basis of the cranium, and
proceeds ‘from it to the outer extremity of the prootic; from this
point the cartilage runs backwards and divides into two branches;
of these, one (sp") retains the original course backwards and
outwards towards the articulatign of the.lower jaw, and in con-
junction with the quadrato-jugal (/) forms this joint. The other
(sp”) is directed forwards along the anterior arm of the pterygoid
bone; it widens in front (sz), and becomes directly continuous with
the cartilaginous strut described above as projecting from the
hinder part of the cartilaginous olfactory capsule.

8. The quadrato-jugal bones, ossa jugalia, Cuvier (Figs. 10,

17, 197)-
Dugds, tympano-malléal, n. 11.—Cuvier, l. c., p. 399, Pl. XXIV, Figs.
1, 2 o.—Hallmann, quadrato-jugal bone, /. c., p. 39.—Parker and
Bettany, L. c., quadrato-jugal.

This is a small process of bone, likened by Duges to a comma,
which rests by its posterior broader extremity on the cartilage of
the mandibular arch !, and forms with it a portion of the articular
head for the lower jaw. The anterior extremity is pointed, directed
forwards, and attached by ligamert to the maxillary bone.

9. The pterygoid bones, ossa pterygoidea (Figs.10,11,17, 19 pl).

Cuvier, l.c., p. 389, P1. XXIV, Figs. 1, 2 m m.—Dugds, n. 9.—Parker
and Bettany, I c., pterygoid bones.

These bones, shaped like the Greek letter A, possess each three
arms : of these the middle one is attached to the under surface of
the prootic bone by a cartilaginous process (Fig. 18 sp); the hinder
grooved arm lies upon the under surface of the cartilaginous suspen-
sorial arch (Fig. 18 8"); and the anterior arm (p¢) runs forwards
" along the inner border of the anterior ramus of the suspensorium
(s2”), in contact with the maxillary, palatine, and masal bones.

The cartilage just mentioned, by means of which the middle arm
of the pterygoid is connected with the cranium (compare Fig. 18),
proceeds from the cranial origin of the cartilaginous arch (sp),
turns downwards and then forms a sort of articular head (ept),
which is articulated to an oval flat elevation of the prootic cartilage

! This cartilage is the quadrate cartilage of Parker ; others regard it as the upper

end of the cartilaginous mandibular arch, of which Meckel's cartilage is the lower
distal part.



Origin of the suspensory cartilage
(#p) from the skull, with attachment
of the pterygoid ; front view. Car-
tilage shown by stippling.

cpt Cartilaginous epiphyses of the

pterygoid bone, from the cartila-
ginous suspensorium.

J  Quadrato-jugal bone.

pt Pterygoid bone.

sp Origin of suspensorial cartilage

from the skull.

sp’ Hinder arm of same.

2)' Anterior arm of same.

Fig. 19.

THE BONES AND JOINTS.

by a movable joint. Externally the
articiilar head curves somewhat abruptly
into the bony substance (Fig. 18 pt)
of the pterygoid bone.

10. The maxillary bones, ossa
mazillaria superiora, Cuvier (Figs. 10,
11, 17, 19 m).

Cuvier, l.c., p. 389, Pl. XXIV, Figs. 1, 2k k.
—Dugés, n. 4, maxillo;jugal. — Parker
and Bettany, /. ¢., maxillary bones.

These are elongated, curved bones,
narrower behind, broader in front,.and
forming with the quadrato-jugals the

bony support of the
facee. The superior
surface is convex and
directed outwards, the
inferior  surface is
grooved and  bears
teeth along the outer
edge of this groove.
From the upper and
inner bordér of the
anterior half of this
bone a process (pro-
cessus fromtalis) passes
upwards, which articu-

sy () sp’

Cartiluginous skull of Rana esculenta, from bélow, twice
natural size, Cartilage shown by stippling.

¢ Cartilage of prootic. vt Pterygoid.

¢  Sphenethmoid. pt’ Articular surface for

/p Fronto-parietal. pterygoid.

§  Premaxillary. r  Optic foramen.

Quadrato-jugal. v Foramen for N. abducens.

m Maxillary. & Parasphenoid.

n,sn Cartilaginous nasal skele- & Cartilaginous cranium.
ton. #p Cartilage of suspensorium.

w, n”, W, W’’’ Processes of g3Y Cartilage under squa-
nasal cartilage. mosal.

o Exoocipital. sp” Cartilage under ptery-

p Prootic. goid.

p! Palatine. ¢ Vomer.

of the nose.

lates with the nasal
bone. Theanterior ex-
tremity of the bone
articulates with the
premaxillary bone, the
posteriorwith the quad-
rato-jugal.

The maxillary bone
articulates at its an-
terior end (Fig. 19 2”)
with a precess of the
cartilaginous capsule

The broad plate of cartilage (Fig. 19 #), under
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cover of the processus frontalis, connects the hindermost transverse
portion of the nasil cartilage with the cartilage which runs forwards
from the suspensorium upon the anterior arm of the pterygoid.

11. The nasal bones, 0ssa fronto-nasalia, Dugés (Figs. 10,17 fn).

Cuvier, frontale anterius, l. c.,h.—Dugds, n. 2.—Meckel, nasal bone.—
—Parker and Bettany, /. c., nasal bones.

These flat, triangular bones, which rest upon the nasal cartilages
(n), assist to bound the orbital cavities in front, and are connected
by their external angles with the maxillary bone on either side*.

12. The premaxillary bones, ossa infermazillaria (Figs. 10, 11,
17, 19 7).

Cuvier, /.c.. p. 388, P. XXIV, Figs. 1, 2 f f. —Dugds, n. 3.—Parker and

Bettany, [.c., premaxillary bones.
These two bones are united
in the middle line : each consists
of a tooth-supporting portion,
which completes the maxillary
arch, and an ascending pro-
cess, to the apex of which the
nasal cartilage is articulated
by a movable joint (an). As
muscles are attached to this
process, it becomes a lever,
by which movements are ef-

fected.

Fig. 20.

13. The palstine bones, Skull of Rana rxu;ll;:ll;u s«:; from Lelow, twice

osaa palatina (Figs. 19, 20 p/). ¢ Cartilaginons wall of skull
¢ Sphenothmoid.
Cuvier, l.c., p. 389, Pl. XXIV, ¢ Cartilagi nasal skelet.

3 s PR 4 Stylo-h‘;'oid.
Fige. 1, 21 i.— Dugés, n. 7. i Promanillary.
Parker and Bettany, l.c.,pala- Maxillary.
tine bones. m’ Quadrate tract.
o  Exoccipital. .
Are two transverse bony » Prootic.
. . ' Anteri f tio,
bars, situated under the anterior % Trigominal foramen,
1 4 i Palatine.
portion of. the -sphenethmmd T Masotior arm of pteryguld.
bone on either side: each ex- pt Posterior armn of pterygoid.

tends outwards from the apex § yamepienid
of the parasphenoid to the maxlllary bone, where this gives off its
ascending process {o the nasal bone.

! For os nasale, Cuvier (l.c., g), cornet (concha), Dugds, see cartilaginous nasal

capsule, p. 27.
D
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14. The vomers, vomer (Figs. 19, 20 v),

Cuvier} l.¢. pJ 389, Pl-XXIV, Figs. 1,2 11.—Dugds, n. 6.—Parker '

and Bettany, l.c., vomer.

A pair of flat bones, placed horizontally on the under surface of
the cartilaginous nasal capsule in the triangular space between the
palatine bone and the anterior portion of the arch of the jaw. They
limit the outer border of the floor of this capsule, which lies in
a groove on the dorsal surface of the bone. The outer border of
each bone has three processes, and between them two notches; the
hinder of these notches bounding the posterior nares. The inner
borders of the two bones touch, and the under surface of each bears
a tra.nsverse row of small, pointed teeth.

16. The mandible, mazilla inferior (Fig. 21).
Cuvier, l.c., p. 398, P1. XXIV, Figs. 1, 2 rs¢.—Duges, n. 16,17, 18, 19.—

Parker and Bettany, l.c., mandibular arch,
The mandible consists of two bony arches united by ligament in
the middle line, and each formed of four pieces. These are, (1) the
Fig. a1. angulosplenial, a
strong, bony piece
(Fig.21 C, B1,d1),
which forms the in-
ferior and internal
part of the lower
jaw; below; it ex-
tends posteriorly, as
far as the articula-
tion ; in front, it is
attached to the den-
tary. In the greater
part of its length it
has a groovedirected
upwards and out-
wards (C, &), and
above has a pro-
cess which repre-

A Mandible of Rana esculenta, from above, nat. size.

g::m.:’l :;:; of loft 8de, | tico na, aise, sents the processus
1. Angulosplenial, coronoideus : (2) the
;: Men:zeckelian ' dentary (A 2, B
4,4’ Mockel's cartilage. 2), a bony lamella

a. Rudimentary processus coronoideus. .
b Groove for Meckel's cartilage, which rests on the
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outer surface of the anterior half of the angulosplenial, and articu-
lates in front with\Mecekel’s_cartilage ; it is a thin, flat lamella of
bone; (3) in the groove of the angulosplenial is found a cartilage
occupying its entire length (4 4, B 4), Meckel’s cartilage ; it is
broader behind, and here forms the articular fossa of the lower jaw ;
anteriorly it is covered by the dentary, and articulates with the
(4) mentomeckelian (4 3, B 3) at its anterior end, which is bound to
its fellow of the opposite side by ligaments, and unites the two
halves of the lower jaw.

The upper part of Meckel’s cartilage, which forms the joint with
the suspensorium, must be regarded as the arficulare; to this also
belongs the anterior, ossified portion of the mentomeckelian?®; the
dentary, which covers Meckel’s cartilage, must represent the os
dentale? ; the first and largest bone, the angulosplenial, which lies
on the inner side of the cartilage, must be considered as the os gper-
culo-angulare, Duges, for it contains the elements of these bones.

18. The hyoid bone, o# Ayoideum (Fig'. 22).
Parker and Bettany, l.c., hyoid. )

This consists of a broad, thin, cartilaginous plate, with processes
passing from it as represented in the figure. We distinguish in it:—
(a) the body (H), somewhat oblong, and Fig. 2.
wider in front than behind. From the
anterior angles there projects on either side
a blunt rounded process (%); from either
posterior angle a more pointed process ().
(b) The anterior cornua (H’) (cornua siy-
loidea) project from the anterior border of
the body, first in a forward direction, then
in a curve backwards and upwards (compare
Fig. 12), to unite with the cartilage of the
prootic bone. Where the direction of these Hyoid of Rana csculenta,
cornua is changed each sends off a short w;':::'m
blunt process. (¢) The posterior cornua i Anterior horn.
(cornua thyroidea) (H") are bony rods which 17 Posterior hor.
run from the hinder margin of the body, diverge posteriorly, and
enclose the larynx.

! Dugds, ns dentale. s Duge, surangslaire.

D2
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IT/"WTHEOSTERNUM (Fig. 24 es, hs).

Cuvier, l.c., p. 401, Pl. XXIV, Fig. 31 ¢ f.—Dugés, n. 27, 28.—Parker
and Bettany, l.c., sternum.

The bones of the sternum are in very close relationship with the
shoulder-girdle, and some difference of opinion exists as to the rela-
tions of the several parts.

Fig. 23. The following parts must be regarded as undoubtedly
2 belonging to the sternum :—

1. An anterior part, consisting of a bony and a carti-
laginous portion.

a. The omosternum (Figs. 23, 24 e..) is a bony
rod, wider behind, narrower in front, and supports

b. The episternum (Fig. 24 e¢), a semicircular
plate of calcified cartilage, with a thin free border
of unchanged hyaline cartilage.

3. A posterior part, which also consists of a bony
and a cartilaginous portion.

Fig. 24.

8Shoulder-girdle and st of Rana lenta, twico nat. size,
The scapula and suprascapula are turned outwards,
¢. Counnecting cartilage. h s. Sternum proper
¢l. Clavicles and precoracoida, h¢  Xiphisternum.
co Coracoid. o Bone.
¢, Omosternum. o Calcified cartilage.
e¢’ Episternum. #¢. Scapula

A Hyaline cartilage. sc’  Suprascapula.
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a. The sternum proper (Fig. 24 4.2.), a rod of cartilage
ensheathed 'in' bone, ‘broader “in front and narrower behind.
To its posterior extremity is attached

b. The cartilaginous xiphisternum (Fig. 24 45), a plate, the
shape of which is best understood by referring to Fig. 24, and
the structure of which is similar to that of the episternum.

8. The epicoracoids® [ie between the episternum and the sternum
proper: they are a pair of narrow cartilages, closely applied to
each other and placed between the ventral ends of the precoracoids
and coracoids, see p. 40.

IV. THE BONES OF THE ANTERIOR EXTREMITY.

A. BONES OF THE SHOULDER-GIRDLE.

The shoulder-girdle of the frog (Fig. 25) consists of four bones,
two in the upper or scapular portion, and two in the lower or.
coracoid portion.

1. The secapular portion. Fig. 35.
a. The suprascapula, pars supra-
scapularis scapulae, scapula superior
s. omolita (Figs. 254, 26, 27).
This forms the upper, thinner por-
tion. It is trapezoid in shape, its
narrowest, thickest, and lowest
border articulating with the sca-
pula. The remaining three borders
are free; the posterior and supe-
rior borders are very COﬁSidePably 8houlder-girdle of the frog in transverse
thinned out, the inferior surface section, disgrammatio.
is curved towards the ventral ¢ Sopnecting cartilage.
surface. Only the thin upper and
hinder borders (4#) are of hyaline
cartilage ; the middle portion (co)
consists of calcified cartilage ; the
lateral part (o) and the anterior border (o) of true bone.

The bony part forms a thin plate striated both radially and

AN

Eplooracoids.

4 Clavicles

Humerus.

Scapula.

Suprascapula.
Articnlation of thewe two.
Vertebra.

-

ez

' Dugbs, l.c., p. 61, regards the cartilaginous laminae as os episternale and proe.
riphoideus, and the two bones e.s. and A.s. (Fig. 24) as sternum.
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least as a rudiment of the acromion, s.e., spina scapulae. The upper
dorsal process'evidently represents a rudimentary processus coracoi-
deus. The anterior border (Fig. 28 a) is free, somewhat sharp, and
slightly concave; the posterior (Fig. 28 p), also concave, is free
externally ; while internally, where the division of the ventral border
commences, it takes part in the formation of the articular cavity of
the shoulder (Figs. 28 and 29 c.a.).

Articulation with the suprascapula. The scapula consists of
a shell of compact bony tissue and an inner portion of cancellous
tissue ; this latter passes, at the boundary between this bone and the
suprascapula, through an intermediate layer of calcified cartilage,
which is directly continuous with the cartilage of the suprascapula.
The compact superficial layer ceases where the calcified cartilage
begins, and the periosteum of the scapula passes directly into the
perichondrium of the suprascapula.

2. The ventral portion of the shoulder-girdle consists of three
parts, which lie one behind the other.

a. The larger and posterior bone, the coracoid (Figs. 24 co, 30),
is contracted in the middle, and expanded
at either end, especially at the sternal end.
The inner half is flattened from above down-
wards ; externally it becomes more cylindrical.
The anterior and posterior borders are markedly
concave; the outer border (Fig. 307) ar-
ticulates by means of a cartilage with the
proc. coracoideus of the scapula; the inner bor-
der (m) is separated from its fellow of the
opposite side by the epicoracoids. This inner
border is so broad, that it almost touches the size. )
inner end of the clavicle (Fig. 24 ¢/). A @ Frm below.
coracoid foramen is thus formed between the ¢ oOuter extremity.
twe bones, similar to the foramen ovale of the ™ ™nner extremity

Fig. 30.

pelvis.
b. Thesmall anterior bones of the ventral portion of the shoulder-
girdle (Figs. 24 ¢l., 31), I, like Cuvier and Fig. 31.

others, regard as clavicles. Dugts (n. 33)
names them °¢acromial’ Each bone is nar- ,__,_J) fll
m

rower than the coracoid, smaller internally
Clavicle o
(m), broader externally (/), and articulates by i nn e,

- this broader end with the cartilage uniting the  Taner 22.':‘:.?3
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Fig. 33. dorsal and ventral portions ;
g the inner extremity rests upon
the epicoracoid. The clavicle is
grooved on its superior and
posterior surfaces in almost its
whole length; the groove widens
externally (/), and contains

c. The precoracoid (Fig.

Right shoulder-girdle of Rana esculenta, from

sbove. 34c¢l), a slender bar of cartilage,
ce m hos Sg;;:;’;::? connecting the anterior edge of
o Clavidle. sc’ Suprascapula. the scapula with the sternum.

Cartilages of the shoulder-girdle (Figs. 24, 32, 34). A car-
tilage (c), described by Duges as the ¢paraglénal,’ connects the
scapula with the coracoid, and converts the notch between the two
processes (¢ and v) on the inner border of the scapula into an
aperture opening posteriorly into the glenoid cavity, and which is
filled up by the lining cartilage. This cartilage connects the two
processes with the coracoid; being thicker between this and the
proc. coracoideus, it takes an important share in the formation of

Fig. 33

Clavicular cartilage of a young speci of Kana
enlarged to the adult size,
Hinder border of the sca- § il
pula and coracoid, with : %opr:;e::wnfd;urt )
the connecting cartilage ¢’ Ligament between the two cartilages.
and shoulder-joint, twice ¢l Clavicle.
nat. size. ¢l Clavicle and precoracoid.
¢ Connecting cartilage. co Coracoid. .
d  Dorsal process. co’ Cartilage of same,
co Coracoid. rs Omosternum,
#¢ Scapuln, hs Sternum proper.

v Ventral prooess.

the floor of the glenoid cavity. At the outer extremity of the
clavicle the cartilage projects and is then continued in the groove -
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on this bone towards the middle line (Figs. 32, 34), where it
widens out, and'is united by its ‘external margin with the sternum,
thus forming the precoracoid as already described, see p. 4o.
These connections are best seen in young animals, as is shown in
Fig. 34.

The clavicle (¢/) is of ossifying cartilage ; the cartilage (c), the
epicoracoid, is very large, and hyaline, and at ¢/ runs directly into
the epicoracoids, which are here united mesially by ligament. In
the fully developed animal the whole of the epicoracvid changes to
calcified cartilage, as also does the precoracoid lying in the groove
of the clavicle.

B. Boxes or THE Fore Lius.

1. The arm has but one bone.
The humerus, os Aumeri (Figs. 35, 36, 37). The shaft of the
humerus is, on the whole, cylindrical, the middle part being the

Fig. 3s. Fig. 36. Fig. 37.

b).

cl
Humerus of Rana es- Humerus of Rana cs- Humerus of Rana

culenta, fomale, seen culenta, male, seen esculenta,  female,
from below. from below, outer side.
Figures twice natural size.
¢ Anterior extremity. ¢ Posterior extremity. ¢d Crista deltvidea.
cm Crista medialis. ¢ trochlea.

narrowest ; its dorsal surface is slightly concave, the ventral surface
convex. In the upper half the cylindrical form is indistinct, from
the presence of a well-marked crest (crista deltoidea) upon the under
or ventral surface. The hinder half of the bone has very different
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easily be inflated, either from the joint itself or through the opening).
The margin'/of the 'socket Consists of a labrum, partly fibrous and
partly cartilaginous, which is easily removed entire. The capsule,
which is attached beneath the caput Aumeri, arises from this. From
the articular cartilage of the ventral margin of the socket, and from
the adjacent part of the scapula, proceeds a strong band, which is
inserted into the flattened outer surface of the head.
2. The forearm. '

The radio-ulnar, os antibrackii (Fig. 38). The two bony
elements of the forearm are fused into one, which, however, shows
traces of its compound character. Of these two bones, Fig. 38.
that which forms the inferior (in man anterior) border -
is the radius, the other the ulna. The relative posi-
tions of the bony elements are such that they ap-.
pear to be in a state of semi-pronation; by this the
thumb-border of the arm is directed downwards (in
man forwards). The two bones so united form a
flattened, tube-like bone, the grooved surfaces of
which are directed inwards and outwards respectively;
the borders being dorsal and ventral. The shaft of
the bone is narrower above, becoming gradually wider
below. In the upper half, the groove showing the Radio-uinar of
line of junction of the two bony elements is e risht eide
scarcely visible, and it appears as though this part lenta, twiconat.
consisted of ulna alone, the radius not reaching so , p.ui.
far; below the groove is more marked. The upper v Capitulum ra-
articular extremity appears to consist of an olecranon u Uina.
(Fig. 38 &) and a processus coronoideus (), between * Olecrnon
which is the greater sigmoid cavity (cavifas sigmoidea major) for
the processus cubitalis humeri. A more careful examination shows
this to be incorrect : the portion of the concave articular surface,
which lies in the immediate neighbourhood of the ventral border,
undoubtedly represents the articular surface of the capitulum radii,
and the upper portion of the articular surface (at 4) belongs to the
ulma and articulates with the Zrocklea (Figs. 35, 36 ¢) of the
humerus. The inner border of the upper extremity of the bone
articulates with the groove ¢ of the humerus. The inferior
extremity forms one of the usual cartilaginous epiphyses, enclosing
the two bones. That part of the extremity corresponding with
the radius is triangular and convex, it is prolonged upon the
inner or under surface of the bone by means of a process; the
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ulnar portion of the bone

forms a capituldm. The structure of

the inferior extremity is that of epiphyses in general, except that
there are two medullary cavities in a common sheath of calcified -
cartilage; the anterior head consists of cancellous tissue, with a
covering of calcified cartilage.

Fig. 39.

he

I
J
0

l
I

Bones of the forearm and hand of Rana
esculenta, right side, dorsum, twice
nat. size,

a Os antibrachii.

hc Os capitato-hamatum.

! Oslunatum.

m Oussa metacarpi.

Os naviculare,

Os pyramidale.

Radial portion of the radio-ulnar.

Os multungulum majus or trapezium.
¢ Os mult lum minus or trapezuid:

~s= 3

u Ulnar portion of the radio-ulnar.

1—V First to fifth fingers, the fifth only
of os metacarpi, the second and third
of two, fourth and fifth of three
phalanges.

8. Bones of the hand (Fig. 39).

Dugés, Pl. VIII, Figs. 37, 38, 39, 40, 41,
43, 43, 53.

a. Bones of the wrist, ossa carpi.
These are arranged in two rows, proxi-
mal and distal. The proximal or an-
terior row has three bones, viz. :(—

1. Os lunatum, the middle bone (Fig.
39 ), Duggs, n. 38, articulates with the
radial part of the articular surface of
the radio-ulnar by a concave surface;
with the large bone of the second row
(e)it articulates by means of a rounded
head; and with the two other bones
of this row, os naviculare (n) and pyra-
midale ( p), with the former by a saddle-
shaped surface, with the latter chiefly
by ligament. The bone is irregularly
cuboid ; the dorsal and palmar surfaces
are non-articular. With Duges I regard
this bone as o8 lunatum ; Mertens?! re-
gards it as o8 naviculare.

2. Os pyramidale (Fig. 39 p), Duges,
n. 37, articulates with the ulnar part
of the posterior articular extremity of
the radio-ulnar. Anteriorly the bone
has a facet which receives the capitu-
lum ulnae, and alongside this a small
flat surface which articulates with the
radius. Posteriorly, opposite to the
second row, it presents a long raised
articular surface, extending from the
dorsum to the palmar surface; and on

! Mertens, [.c.
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the palmar aspect of the bone is a ridge running from before back-
wards. Merténs' names this bone os lunatum.

3. 0s maviculare (Fig. 39 n), Duges, n. 39. The third bone
of the first row does not articulate with the bones of the forearm.
It is connected with the o# lunatum by a saddle-shaped surface, pos-
teriorly with the os capitatum by means of a concave surface. On
the inner surface is a small concave articular facet for the os mult-
angulum minus or trapezoides (Fig. 39 ¢). The convex palmar
surface of the bone articulates with the os multanguium majus (¢) ; the
radial side is non-articular, and with the os lunatum forms a ridge
directed forwards. Mertens names this bone os triguetrum. 1t is
evident, however, that if the arrangement in man obtains as a
standard, the nomenclature of Duges, which I have here used, is
correct; but the os naviculare is no longer in contact with the
articular surface of the os antibrachii.

The second or distal row also consists of three bones :—

4. Os capitato-hamatum (Fig. 39 kc), Dugés, n. 40, 41, 42,
corresponds with the o capilatum and Aamatum', which are here
fused together. It is the largest bone, and articulates with all three
bones of the first row; it is crescentic, with the concavity directed
posteriorly, and on the convex surface has three facets for the three
outer ossa melacarpi.

5. Os multangulum minus, s. trapezoides (Fig. 39 t’), Duges,
n. 43, i8 a small bone lying next to the foregoing; it articulates
with the os metacarpi 11, and anteriorly with the os maviculare.
Duges considers it to be the os ¢trapezium.

6. Os multangulum majus, s. trapezium (Fig. 39 {), is a small
bone, which is placed on the convex palmar auricular side of the
os naviculare. Duges regards this bone as os mefacarpi pollicis
(Duges, n. 44), Mertens as multangulum minus. 1t appears to me
that the interpretation here given is justified, because it articulates
with the rudiment of the thumb, and as it possesses no resemblance
to a long bone it cannot be regarded as an o8 mefacarpi.

Structure of the carpal bones. All the carpal bones consist
of calcified cartilage, though variations due to age occur in the
amount of the deposit.

Wrist joint. As stated above, the 0s Zunatum and oe pyramidale are
articulated with the forearm. In addition to the capsules uniting
the parts, there are strengthening ligaments, two of which require
special mention. One of these arises from the palmar surface of

! Dugbs thinks that os trapezotdes is algo included.
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already been given. This bone also presents differences in the two
sexes. Meckel’s?|lobservation). that it exists only in the male is
incorrect ; it is a large, broad and sickle-shaped mass of calcified
cartilage or even true bone, while in the female it is sxmply a small

- cartilaginous rod ; as this almost entirely disappears in dried speci-
mens, Meckel’s statement is explained. The second finger hag in
the frog assumed the functions of the thumb, and, in the males, in
the breeding season swells and undergoes an essential alteration of
structure. The metacarpal of this finger also displays differences
in the sexes, being in the male stronger, broader, and on the inner
side provided with a spine-like prolongation, for the tendon of the
abductor digiti II (pollicis) lomgus, which attains an unusual de-
velopment during the breeding season. The remaining metacarpal
bones, the third, fourth, and fifth, are of similar form, the lagt
being provided with a tubercle. The anterior articular extremities
are rather broad and concave, and the posterior have rounded
heads.

*» o. The phalanges, pkalanges digitorum. The hand has four fingers
and the rudiment of a fifth, which latter is completely hidden under
the skin, and as already explained, consists of a metacarpal only.
Of the four fingers, the fourth is the longest, the third the shortest,
the second and fifth of intermediate and about equal length; the
fourth and fifth fingers have each three phalanges, the second and
third have each two. Their shape is not unlike that of the human
phalanges.

V. THE BONES OF THE HINDER EXTREMITY.

A. Boxes or THE PELvic Girpre (Fig. 41).

The pelvis has a characteristic V-shape, the pubic and ischiatic
bones of the two sides together forming a vertical plate (ap),
which divides anteriorly into the two iliac bones (i). The pubic
and ischiatic bones being united by their median surfaces, one can
only speak of the pelvic cavity as the space between the two
ilia.

1. The ilia, ossa ilii (Fig. 42 i). In these a broader part or

1 le., II, 464.
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(i) corresponding with the united fubera ischii ;
the hinder border, |which| iscunited below with the
pubic cartilage, is curved.

8. The pubes, os pubis (Figs. 41, 42, 43 p).
Ossified pubic bones do not exist; even in old
animals they are composed of calcified cartilage.
Each is a triangular cartilage, wedged between
the ilium and ischium, but also taking part
in the formation of the acefabulum. The pubes
of opposite sides are, as shown in section in
Fig. 43, united by ligaments in the median
plane. '

B. Boxes or THE Hixp-Liwms.
1. The thigh.

Horizontal  section

through the iliac,

E:bic, and ischiatic
nes.

a Aocetabulum.

¢ Llium.

¢¢ Ischium.

p Pubic cartilage.

& Ligaments which
unite the bones of
opposite sides.

The femur, os femoris (Fig. 44). The shaft is cylindrical,

with a slight double or S-shaped c¢urve. In the
anterior portion the convexity is directed upwards,
in the two hinder thirds downwards. Towards
the hinder extremity it is flattened from above
downwards. The anterior extremity is a.rounded
articular head placed directly on the shaft like
that of the Aumerus. This head is somewhat flat-
tened from side to side ; and in structure resembles
that of the humerus. The inferior extremity is
rounded below, but flattened above (towards the
hollow of the knee) and behind.

Hip-joint. The articular cavity is deepened by
a fibrous ring, labrum cartilagineum, which fits
closely upon the caput femoris ; from this /abrum the
joint-capsule arises, to be inserted behind the head ;
close to the lower border of the cavity a liga-
mentum feres arises, which is inserted into the caput
JSemoris,

2. The leg.

Tibio - fibula, os cruris (Fig. 45). This
consists of a single bone, the os cruris; it is
often called the Zibia, but presents, however, dis-
tinct indications of being formed of two bones,
the filia and fibula. The shaft is not quite
straight ; it is thinner in the middle and flattened

E

Fig. 44.

Femur of .Rana escu-
lenta, right side,twice
nat. size,

a Anterior extremity.

p Posterior extremity.
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Tibio-fibula of Rana escu-
lenta, twice nat. size, seen
from below,

aa Grooves.

J/ Foramen nutritium.

¢t Anterior articvlar ex-
tremity.

¢ Posterfor articnlar ex-
tremity.

t” Groove on malleolus in-
ternus for tendon of
. tibialis posticus.

THE BONES AND JOINTS,

from above downwards. On the upper as also
on the lower surface of the bone is a groove,
passing from the middle towards each ex-
tremity ; this deepens as it proceeds, and is an
indication of the compound nature of the bone.
In the middle of each surface of the bone
is the opening of a canal, through which a
bristle may be passed: the canal has bony
walls. The medullary cavity is, for the most
part, double, being single only in the middle.
The anterior extremity is articular, and presents
a median groove, which is prolonged on to the
under surface. The posterior extremity forms
a transverse condyle, which has at its inner
part a notch for the tendon of the m. tibialis
posticus. )

The knee-joint consists of a capsule strength-
ened by theinsertions of numerous tendons.
Within this the articular surfaces
of the femur and tibio-fibula are
connected by means of fibro-elas-
tic bands, which spring from the
latter bone and cross each other,
thus representing the /4g. cruciata.
The articular surfaces are more-

Fig. 46.

Section of the tibio-
tibula through the

underextremity.  over deepened by loose semilunar
a Cartiliginous  cartilages, corresponding  with
epiphysis. . . .
m Marrowcavitien. the inter-articular cartilages of
¢ Connecting the knee-joint of man. In addi-
t¢The two cylin-  tion, on either side of the joint,
ders of bone,

are found auxiliary ligaments.

8. The foot (Fig. 47).

a. The ankle, ossa larsi.

bones.

The tarsus consists of two rows of

a. The proximal row consists of two long tubular bones (Fig.
47 ac), which are parallel to each other, and undoubtedly cor-
respond” with the astragalus (fa/vs) and calcaneum. The bones
are separated in the middle, but approach each other at either end.
The outer of these bones (¢) I have named calcaneum, following
Cuvier and Dugés; the inner, astragalus (¢). The two bones are
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surrounded and enclosed at
their anterior, .and ;posterior
extremities in a common epi-
physis of calcified cartilage,
which has the usual struc-
ture found elsewhere. The
ligamentum calcanei, which
will be described below (see
Muscles of Foot, Fig. 88 lc),
may be regarded as an un-
attached process of the heel .

B. The distal row of the
tarsals are all composed
of calcified cartilage. They
are :—

1. Os cuboideum (Fig. 47
¢b), a flat plate of cartilage,
concave in front, convex
behind, placed between the
common epiphysis of the
astragalus and calcaneum
(ac) and the ossa metatarsi 1T
and 7/I. This corresponds,
as Duges suggests, with the
separated o8 cuboideum and
cuneiforme 111 of other ba-
trachians, e.g. Bufo.

2. On the inner side of
the above, between the as-
tragalus and metatarsus I lies
a small body, concave in
front, convex behind, which
we may regard, with Duges,
as the analogue of the os
naviculare (Fig. 47 n).

3. This' latter supports a
cartilage which forms a pro-
jection on the inner border
covered with skin. This
consists of closely-united
pieces, a small round, basal

a Astragalus

ac Common epiphysis.
¢ Calcaneum,

cb Os cuboideum.

51
Fig. 47.

’ Right foot of Ranaesculenta,palmar surface, twice nat. size.

A& First, A’ second cartilage
of supplemental toe.

m QOssa metacarpi.

n Os naviculare,

I to V First to fifth toe,

1 Meckel, l.c., 11, p. 488, regards the cartilage in the fendo Achillis as such.

E 2
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piece (#), and a flattened beak-like piece (4). Duges considers -
these pieces, as, the first and second ossa cuneiformia; 1 rather incline
to Meckel’s opinion that they represent a rudimentary hallux, the
first being the os metatarsi, the second a pkalanz. Both are com-
posed of calcified cartilage; in R. temporaria the lime-deposit seems
to be less than in R. omyrkinus and R. esculenta, and the projection
consequently softer .

b. The metatarsal bones, 0ssa metatarsi (Fig. 47, m I-7). The
five ossa metatarsi are long, thin tubular bones, the anterior articular
extremities of which are broader above and narrow below, hence are
wedge-shaped, and anteriorly present flat surfaces for articulation
with the farsus. The shafts are long and thin; the posterior
extremities have rounded heads. The comparative length of these
is as follows: the fourth is the longest, then come the third, fifth,
second, and first in order. In structure they resemble other tubular
bones.

o. The phalanges, ptalanges digitorum (Fig. 47). The total lengths
of the separate toes correspond with that of the ossa metatarsi, but
the distinctive differences are increased, partly by the difference in
number and partly by the varying lengths of the phalanges. The
first and second toes have each only two phalanges, the third and
fifth have each three, the fourth, which is the longest, has four.
The terminal phalanges are somewhat hooked towards the plantar
surface.

! In the text these two cartilages are termed the ¢ supplemental toe.’
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I. MUSCLES OF THE HEAD.

I. MvuscLes or THE Eyk.

1. M. rectus inferior (Fig. 48 r?').

Dugds, post-orbito-sous-oculaire, n. 12.—Zenker, depressor oculi.

This muscle arises by a very thin, almost thread-like tendon
from the parasphenoid, near the foramen opticum,and becomes rapidly

broader ; it lies beneath the tendon of
the membrana nictitans and a part of the
m. relractor bulbi: then runs forwards

and outwards to be attached into the:

lower part of the circumference of the
eyeball.

2. M. rectus ewternus (Fig. 48 re).
Dugés, post-orbito-ex-oculaire, n. 14.
Arises by a thin, thread-like tendon
from the parasphenoid near the fora-
men opticum, internal to and a little be-
hind the . rectus inferior : it then passes
- obliquely outwards over the m. refractor
bulbi and the tendon of the membrana
nictitans, to be inserted into the outer
and hinder part of the circumference
of the eyeball.

8. M. rectus internus (Fig. 48 ri).
Dugés, post-orbito-in-oculaire, n. 13.
A long, thin muscle, which arises by

Fig. 48.

Eye muscles of Rana esculenta, from
below.

On the right side (. ¢. in the left eye)
the lev. bulbi (!) is taken away ; on
the left side it is still present.

! M. levator bulbi.

La M. lev. anguli scapulae
oi M. obliquus inferior.
os M. obliquus superior.
» M. pteryguideus.

r M. retractor bulbi.

re M. rectns externus.

1 Firat cervical vertebra.

a thread-like tendon from the parasphenoid at the inner and
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middle line, is broad and fleshy, and covers, from below, the tendon
of the rectus/externus thén ' rans forwards and outwards. The
second portion (7’), which lies over this and the tendon of the .
rectus exfernus, has also a broad and fleshy origin, but runs more
directly forwards, slightly crossing the preceding. The third
portion arises above the two others by a strong thin tendon from
the parasphenoid : it runs almost in the direction of the m. rectus
internus, but more directly forwards. The first two portions
pass more to the upper surface of the eyeball, the third more
to the under surface; consequently the whole muscle forms a
sheath surrounding the eyeball. The fibres to the upper surface
of the eyeball are inserted somewhat in front of the equator of
the eyeball, those to the under surface somewhat behind it.

8. M. levator bulbi, Duges (Figs. 48 7, 517, 5210).
Dugés, fronto-pterygoidien, n. 9.—Klein, sustentator bulbi.

There is no bony floor to the orbital cavity, and the oral and orbital
cavities are only separated by soft tissues; these are :—the mucous
membrane of the mouth, i
a thin fascia, amd above Fig. 52.
this the muscle under Fig. 51. !
consideration. The fibres
of this muscle run from
before and from the inner
side obliquely backwards

-and outwards, below all
the remaining muscles of
the eye, with the €XCE€P~  trunsverse section throngh the
tion of the origin of the skull and orbital cavities of
m. retractor bulbi, and Rana ceculenta. d-p

b Bulb of eye. M. levator bulbi of Rana
the tendons of the m. « g{kull mny.b esculenta, seen from
obliguus inferior,and the § ¥ lovator bulbi. e e Syolall

¥ . m Upper jaw. bee! ed.
m'. pleryg oukl.” 4 th'ey n Membrana nictitans, d Mn ;emov pal
arise on the inner side » Continuation of same to the %7 {)r e!i)nf ri:srin. pe-
lower eyelid. a6 nte
from the upper and outer , yppor eyelid. ¢ M. levatar bulbl.
n  Membrana nictitans.
border of the fronto- ». M. pterygoldeus,
t M. temporalis.

parietal bone (Fig. 51),
also from the transverse portion of the parasphenoid and ptery-
goid bones, anteriorly from the sphenethmoid and palatine bones;
they run first downwards, then, in the direction indicated, under-
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neath the eye; and are inserted externally by means of tendinous
fibres into/thé/superior borderof the upper jaw.

9. From the foregoing muscle certain fibres pass to the lower
eyelid, which may be regarded as a depressor palpebrae inferioris
(Fig. 52 d.p).

Manz! has described a muscle as depressor palpebrae inferioris
which arises in the neighbourhood of the external angle of the
eye, somewhat behind and below the lower border of the orbit, thence
passes obliquely upwards to be inserted into the lower eyelid. This
description is right as regards the insertion, but needs correction
as regards the origin. The muscle is attached to the orbital border
in so far that the tendinous expansion, into which the levafor bulbi
passes at its external border, is attached into the upper jaw; this
bundle splits off from the upper surface of the levaftor {ulbi at its
middle, and runs outwards on the under surface of the eyeball to the
hinder part of the lower eyelid.

10. Tendon of the membrana mictitans® (Fig. 53 #’). The
pigmented free border of the nictitating membrane passes, at the
inner and outer angles of the eye, into a ten-
don which passes for some distance through
fibrous tissue, then descends to the under
surface of the eyeball and joins that of the
opposite side, so that the free border of the
eyelid, together with this tendon, form a com-
plete ring. The tendinous part of the ring,
which is thin and thread-like, is found
on the under surface of the eyeball, and lies

under the m. retractor bulbi, and is bound to
Eye-muacles ¥ Rana ecw. this muscle by connective tissue. Manz is

lenta, from below, the m.  right in saying that the two muscles described
recti and obliqui have

Fig. 53.

been removed. by Duges as levatores palpebrae inferiores (or-
 Tendon of membrana nic- bito-palpebral anterieur and posterieur, n. 5
r M. retractor bulbi, lower and 6) do not exist; as is also the suggestion
¥ Soroud part of same. that he has confounded the tendon of the

nictitating membrane with these; this 1is

clearly shown in the figure in Plate VI of Dugés. With regard
to the actions of these eye-muscles, it is plain that the four straight
! Manz, Berichte der naturf. Gesellschaft zu Freiburg, z Band, 4 Heft, 1863,

p- 391.
? Compare Mamz, (. c.



MUSCLES OF THE HEAD. 59

and two oblique muscles rotate the eyeball about three axes, one
the axis of the eye, one vertical,’and the third passing from behind
forwards and inwards. The m. refractor pulls the eyeball into
the orbital cavity backwards and downwards, while the levator
raises it.

There is less agreement about the movements of the eyelids, or
rather of the lower eyelid, for the upper has no independent
movements. Duges (/.c.) says that the two muscles, which he con-
siders to be levalores palpebrae inferiores, and which, according to
him, are connected with the wm. refractor bulbi, draw up the lid as it
is being drawn backwards and downwards by the latter muscle.
The depression of the lid on the relaxation of the retractor and
projection of the eyeball is due simply to elasticity. Manz!, on the
contrary, has shown that the sinking of the eyeball by the con-
traction of the refracfor must necessarily cause a rising of the
nictitating membrane, as its tendons are attached to that muscle
and so must follow its movements.

The depression of the lower lid occurs simultaneously with the
raising of the eyeball by means of the m. levator bulli, through the
contraction of the m. depressor palpebrae inferioris, which proceeds
from that muscle; this is easily understood, as they are but parts
of the same muscle.

1I. MuscLES o¥ THE Fack.

1. AL intermaxillaris s. dilatator narium (Fig. 54 im).
Dugés, intermaxillaire, n. 1.—Zenker, intermaxillaris medius.

This small muscle lies in the space
-between the vertical processes of the
two premaxillary bones, and consists of
obliquely-crossing fibres arising from
the one bone and inserted into the oppo-
site one. It brings together the pro-
cesses of the intermaxillary bones, so
that their upper extremities approach
each other. At the same time, the L i 1 usctes of Rane ercutent
cartilaginous nasal coverings or wings an Cartilaginous nusal alae.
(an) diverge and the nares expand; * Yo procos of premaxilry
hence we may regard this muscle as im M. intermaxillaris

. . . in M. lateralis narium.
corresponding to a dilatator narium. n  Cartilaginous noss capsule.

Vic,p 4
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12, M. lateralis narium (Ecker), (Fig. 54 in).

Zenkex, m.) (intermazillarie lateralis.—XKlein, m. nasalis inferior.—
Dugés, sus-maxillo-pré-nasal, n. 2.

This small musecle occupies the space between the anterior portion
of the maxillary bone and the ascending process of the premaxillary
bone. It arises from the maxillary, and ascends obliquely forwards
to be inserted into the outer border of the ascending process of the
premaxillary bone. It is antagonistic to the foregoing.

A third muscle is described by Duges as sus-mazillo-post-nasal,
n. 3 (nasalis externus, Klein) ; according to him it passes from the
proc. nasalis of the maxillary bone to the outer border of the nasal
opening, which it widens. According to Klein (Z¢., p. 9), this
muscle in R. femporaria runs to the upper border of the maxillary bone
beneath the lower eyelid, and is long and narrow. I have, however,
never been able to find muscular fibre in this situation.

III. MvuscLes oF THE Lowgr Jaw.

Fig. 55. 18. M. depressor mazil-
lae inferioris, Carus, Zenker

(Figs. 55, 56, 63 d.m.).
Cuvier, l.c., II, 141, digas-

tricus.—Dugés, sus-occipito-
dorso-angulaire, 32.

This is a strong, trian-
gular muscle, wide above,
pointed below. It is placed
between the head and the
shoulder-blade. It arisesin
two portions; the greater,
from the fascia dorsalis
(f@),covers the scapula,and
passes inwards and back-
wards over the muscles of
theback ;anteriorly it passes

Muscles of the back and shoulder. over the m. temporalis and

I3 M. cucullaris. 1
is attached to the fronto-

dm,dm M. depressor maxillae, arising from the fascia .

dorwalis. On the right wide it is cut throngh  parietal and squamosal,

and roflected. b . t- ed t th
S Fascia dorsalic. eing continu 0 the
Ja' Same cut near the spinous processes. 1 ]1
4 preiouirioriey fascia of the upper eyelid.
La M. levator angulf scapulse. The second part is smaller,
Ld M. Iatissimus dorsi. :
. M, rotruliens soapulae. and arises by fleshy fibres

.« M. sternocleidomastoidens, from the postero-superior
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arm of the squamosal, and from the posterior and inferior border
of the cartilaginous|tympanie ring. The two parts unite and are
inserted into the hinder angle of the lower jaw. Cuvier correctly
considers that only the anterior portion corresponds to the digastri-
cus, the posterior answering to the m. cervico-maxillaris of snakes.
It draws the lower jaw down and opens the mouth.

14. M. temporalis (Figs. 49, 52, 56, 57 t).
Cuvier, m. temporalis, 1, l.c., p. 138.—Dug8ds, sous-rupéo-temporo-coronoidien.

This muscle, together with the m. pferygoideus, occupies the space
between the prootic and the eyeball; it arises by the greater
part of its fibres from the
upper surface of the pro- Fig. 36.
otic; it passes, narrowing,
beneath the anterior arm of
the squamosal, then over
the pterygoid bone, between
this and the maxillary and
quadrato-jugal, receiving on
the way other fibres which
arise from the anterior border
of the inferior arm of the
squamosal and from the
anterior circumference Of the Muscles of the lower jaw of Rana esculenta.
tympanic ring. The collected ; y onoidous.
fibres end in a broad, flat dm M. ;‘lepreuor marxdﬂ'he, ;: ;:ligi: where covering
tendon, which is inserted into 11 M. Intimimns domt. "
the inner surface of the so- ™ M. mameter

. t M. temporalis, origin.
called proe. coronoideus. ¥ Lower portion of mme.

16. M. pterygoideus (Figs. 49 p, 52, 57 pt)-

Cuvier, m. temporalis, 11, l. c.—Zenker, m. massetericus, l.c., p. 25.—
Dugés, pré-rupéo-pterygo-maxillaire, 31.

This is partly covered by the foregoing, and lies between it and
the eyeball. It arises at the inner wall of the orbit from the
frontoparietal, and from that portion of the prootic which may be
regarded as the ala magna, above the m. retractor bulbi. The muscle
is broad, and compressed from before backwards: it runs down-
wards covered by the m. femporalis, and soon passes into a long,
thin tendon (Fig. 57 pf), which is inserted, behind the m. femporalis
and immediately in front of the joint, into the inner surface of the
lower jaw.



62 . THE MUSCLES.

18. M. masseter (Figs. 56, 57 m).
Dugés, sygomato-maxillaire, n, 29.
Arises as a somewhat broad muscle from the horizontal process of
the quadrato-jugal and is inserted
into the outer side of the lower
jaw, opposite the insertion of the
m., temporalis.

Fig. 57.

17. M. submazillaris (Figs. 58,

59, 61 8m, em’).
Cuvier, m. mylo-kyoidens, 1.c., 1I,
536. — Zenker, mylo-sternoideus,
p- 25. — Dugés, sous-maxillaire, n.

15.

This muscle forms the floor of
the mouth as does the mylo-

Muscles of the lower jaw of Rana esculenta.

dm M. depressor maxillae cut through and
reflected.

l.a M. levator anguli scapulae.

I.d. M. latiss. dorsi, cut through and reflected.

m M. maseeter.

pt M. pterygoideuna,

s Scapula.

& Suprascapula,

s.c. M. sternocleidomastoideus.

tt M. temporalis cut through and reflected.

hyoideus in man; it is, however,
not inserted into the hyoid bone.
It arises—1. From the whole of
the inner surface of the upper
border of the lower jaw?!, except
near the angle (Fig. 58 sm);
2. By a small portion (Figs. 58,

59, 61 sm’) near the skull, from
the cartilaginous anterior cornu of the hyoid-bone which projects
from the cartilaginous part of the prootic bone. This portion
descends along the cornu to unite with the other portion. The
two together form a membranous layer, the fibres of which run
transversely and meet in a band of connective tissue along the
middle line, forming a kind of linea alba. The sheath runs for-
wards to the most projecting part of the lower jaw superficially to
the m. sulmentalis. Slightly in front of its posterior border the
muscle is attached in its whole breadth to the skin of the throat
by a fine lamella of connective tissue, which is not always complete.
The posterior border of the muscle is attached to a fascia, which-
passes between the deeper muscles and is attached to these. It is
known that this muscle plays an important part in the movements
of respiration and swallowing ; but its precise action has not yet
been worked éut.

! A second origin from the lower border of the mandible, described by Klein, is
not to be found. The appearance is due to the exit of vessels and nerves from the
groove between the mandible and the muscle.
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18. M. submentalis (Fig. 59 smt).
Cuvien; (ransunensus;l. ¢ p 588 — Dugés, 4, sous-mentonnier. — Zenker,
m. lingualis ‘incorrectly brought into connection with m. Ayoglossus).
This small muscle lies in the anterior angle of the lower jaw
between the dentary bones. It consists of transverse fibres which

Fig. 58.

g
oe

Muscles of the throat, chest, and abd of Rana

#m M. submaxillaris,
s’ Hinder portion of same arising from the anterior cornu of the hyoid bone.

(For other references see page 68,)
pass from one bone to the other. Below it is covered by the most
anterior portxon of the m. submaxillaris.
Its action is to approximate the sides of the lower j ]aw according
to Duges (/. c., p. 123), it assists in closing the nostrils, by drawing
together the sides of the lower jaw and thus raising the premaxillae.
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IV. Muscres of THE Hyorp BoNE AND THE TONGUE.

19. M. geniokyoideus (Figs. 59 gk, 60 gk).

Cuvier, IV, 1, 536.—Dugés, n. 16.—Zenker, p. 30.—M. 8t. Ange, l.c.,

Pl XXVI, f. 1, 13, p. 433.

Arises from the lower jaw in two portions, the one from near
the middle line above the m. submentalis, the other more externally

Fig. 59.

smt

Muscles of the hyoid bone and the tongne of Rana
esculenta.

The m. submaxillaris has been removed close to
its insertion.

em’ Origin of the hinder portion of same from
the hyoid bone.

gh M. geniohyoideus.

gk’ External portion of same.

ah” Internal portion of same.

H Body of hyold bone,

H’ Anterior horn.

hg M. hyoglossus.

oh M. omohyoideus.

ph  Mm. petrohyoidei.

sh M. sternohyoideus.

sk’ External origin of same.

sh” Internal origin of same.

sm M. submaxillaris,

sm’ Origin of hinder portion of same,

smt M. submentalis.

abdominis and is, in fact, a direct continuation of it.

from the upper border of the
lower jaw. The two parts unite
to form a long, flat muscle,
which lies on the ventral sur-
face of the body of the hyoid
bone, and divides posteriorly
into two portions. One of these,
the median (Figs. 59, 60 g4”),
is inserted into the inner border
of the posterior horn of the
hyoid bone, and is here attached
to a fascia which covers the m.
kyoglossus from beneath. By
the same fascia the muscles of
opposite sides are connected
in the space between the two
posterior cornua. The lateral
division (Figs. 59, 6o gi") is
attached to the posterior carti-

laginous process of the hyoid
bone.

20. M. sternokyoideus (Figs.

59, 60 8k).

' Cuvier, IV, 1, 538 (pubio-Ayoi-
deus). — Dugés, n. 17, sterno-
xipho-byoidien.— Zenker, p. 30.

This muscle forms the cer-
vical part of the m. rectus

It arises by

an inner portion (Fig. 59 82”’) from the upper surface of the inner
extremity of the coracoid and from the xiphisternum, while the
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outer portion (s£’) is an immediate continuation of the m. rectus
abdominis, which! passésCinto this
muscle at about the fifth inscrip-
tio tendinea: The muscle passes
forwards on the upper surface of
the coracoid and of the clavicle,
under the pericardium towards
the hyoid bone; here the muscle,
hitherto horizontal, suddenly be-
comes (compare Fig. 60) ver-
tical, and passes between the
two insertions of the m. genio-
Ayoideus, and is inserted for a
considerable length into the lower
surface of the hyoid bone and the
anterior extremity of the posterior
cornu.

Fig. Go.

Muscles of the tongue and of the hyoid bone of
Rana esculenta, from below.

oh M. geniohyoideus
gh’ External origin

" Intornal otigin J 7 *40e-
H  Body of hyoid.

H’ Anterior cornu.

H" Posterior cornu,

h9 M. hyogloesus.

21. M.omokyoidens (Figs. 59,
60 of).

Cuvier, /.¢., p. 539.—Dugés, n. 18,

interscapulo-hyoidien ou omo-
hyoidien. — Zenker, p. 31. —
M, 8t. Ange, /. c.

Arises from the anterior border

hg’ Hinder origin of same.

oh M. omohyoideus.

ph.1, 2, 3, 4, first, second, third, and fourth
m. petrohyoideus,

sh M. sternohyoidens.

of the bony scapula, and is in-
serted into the outer part of the ventral surface of the body of the
hyoid : it is partially covered by the m. aternokyoideus.

22. M. petrokyoideus anterior (Ecker), (Fig. 61 ph1).

Dugds, 10, rupéo-cérato-hyoidien.—Zenker, m. petro-ceraus? p. 30.—
Klein, basio-kyoidevs, l. c., p. 71.

A thin, flat muscle, narrow above, but broadening rapidly
below, which arising from the outer extremity of the prootic
bone, partially surrounds the pharynx below, into which some of
its fibres are inserted; it is attached to the ventral surface
of the body of the hyoid bone, near the lateral notch. The
chief action of this muscle appears to be that of a m. consfrictor

pharyngia,
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as, 24, 26. Mm. petrokyoidei posteriores (Ecker), (Figs. 61

[)," 2,3, 4).'
Cuvier, mm. stylokyoidei, l.c., p. 537.—Dugds, 20, 21, 22, masto-hyoi-
deus (Fig. 4).— Zenker, petro-hyoideus superior and inferivr.—
Klein, stylo-hyoideus, I.c., p. 18.
These are three long, thin muscles, which lie nearly parallel to
one another, and run from the prootic bone to the posterior cornu
of the hyoid bone. All three arise,
Fig. 61. covered by the m. sternocleidomastoi-
deus, from the lateral extremity of
the prootic, pass round the pharynx
and are attached, the . petrokyoidens
posterior primus (Fig. 61 ph2) to the
anterior extremity, the secundus (Fig.
61 pk 3) to the middle; and the fertins
(Fig. 61 p/k 4) to the hinder extremity
of the posterior horn of the hyoid
bone.

28. M. hyoglossus (Figs. 59, 60,

\ 61 g).

Muscles of the hyoid bone of Rana escu- Cuvier, /. c., p. 588.—Dugés, 24, hyo-glosse.
'1:::; seon from the right side and Arises from the bony posterior ex-
i Anterior cornn. tvrerfxity of the hinder process of the
ko M. hyoglossus, hyoid bone (Zg"). The muscles of the-

T oo el two sides pass forwards and converge

Ph2,3.4 Min. potrohyoidei pteriores. o the middle line, where they unite.
sm M. submaxillaris.

s’ Hinder portion of mume. The azygos muscle thus formed runs
. forwards on the ventral surface of the

hyoid bone, between the mm. geniokyoidei, over the anterior border

of the hyoid, and passes into the tongue, where it turns backwards

and runs to the tip. (For action, see tongue.)

27, M. genioglossus.
Cuvier, . ¢, p. 587.—Meckel, /. c., IV, 339.—Dugés, 23, genio-glosse.

Arises above the insertion of the m. geniokyoidens on either side
near the middle line from the two anterior bones of the lower jaw.
The two origins quickly unite to form a thick, very firm muscular
belly, which in its course backwards rapidly thins, and is distributed
by numerous bundles ; decussating with the fibres of the m. Ayoglossus
at an acute angle, it runs on to the anterior extremity of the tongue.
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II. MUSCLES OF THE TRUNK.

I. MuSCLES OF THE ABDOMEN.

In the formation of the abdominal wall the following muscles
take part :—(1) m. rectus abdominis, (2) m. obliquus externus, (3) m.
obliguus internus, (4) the portia abdominalis of the m. pectoralis.
Above, the m. obliquus internus forms a kind of diaphragm, partially
separating the abdominal from the thoracic cavity (p. 70).

28. M. rectus abdominis (Fig. 62 7).
Dugés, pubio-thoracique, n. 53.

These muscles, situated on either side of the middle line of the
abdomen, are as a rule traversed by five notched inscriptiones ten-
dineae. Each muscle arises, by a narrow, strong tendon, from the
inferior border of the pubes, passes forwards, and quickly widening,
divides at the second inscriptio fendinea (counting from behind) into
two portions.

(a) The Outer portion (Fig. 62 ) runs into the portio abdominalis of
the m. pectoralis, and forms the greater lateral division of that muscle.

(¢) The Inner () continues as the m. recfus abdominis and gradu-
ally narrows anteriorly. At the sternum some of the fibres (the
median) are inserted into the dorsal surface of the cartilaginous
plate of the xiphisternum, while the greater part of the muscle con-
tinues forwards over the coracoid to become the m. sternokyoideus
at about the fifth inscriptio tendinea (p. 64).

20. M. obliquus externus (Fig. 63 oe, o¢’).
Zenker, . c., p. 31, m. oblignus.—Dugds, dorso-sous-abdominal, n. 54.

The m. obliquus externus arises from—

(2) The aponeurosis covering the long muscles of the back, and
by this from the spinous processes. The anterior edge of the
m. obliguus externus covers the posterior edge of the m. latissimus
dorsi, which arises from the inferior, ventral surface of the aponeu-
rosis. The aponeurosis also divides laterally into two parts, one of
which, the posterior, passes into the obliquus externus, while the
anterior forms the tendon of origin of the depressor maxzillae inf.
(@m) (compare Fig. 66).

(6) A second, narrow portion, portio omo-abdominalis (Fig. 63 oe')

F 2
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(m. mipho-adscapulaire, Duges, n. 62), arises from the posterior
border of the\scapula)by @ thin/tendon, and becomes broader as it

Fig. 62.

Muscles of the chest, throat, and belly of Rana esculenta.

M. ooraco-humeralis.

M. deltoideus.

M. oblig; I ¢

M. obliq. abdom. externus.
Scapular portion of same.

M. omohyoideus,

Port. sternalis anterior of m. pectoralis.
Port. sternalis posterior of same.
Port. abdominalis of same.

M. rectus abdominis,

Inner portion of same.

M. sternohyoideus,

M. submaxillaris,

sm’ Hyoid origin of same.

#r M. sternoradialis,

rons downwards and backwards, to join the anterior border of the
other and larger portion.

ERRELLEN EE RS
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The whole muscle is attached by its most anterior fibres to the
cartilage of the xiphisternum; the) rest passing into an aponeurosis

Fig. 63.
cd Id i d.m.

o6 oe’ ¥8

Muscles of trunk of Rana esculenta, from the right side.

¢d M. cutaneus femoris.

d M. deltoideues.

d.m. M. depressor maxillae.

i M. infraspinatus.

ld M. latiss. dorsi.

o¢ M. obliqnus abdom. externus.
oc Beapular origin of same.

ss M. subscapularia,

t M. triceps brachii.

which, inseparably connected with the inscriptiones lendineae, traverses .
the lower surface of the m. rectus abdominalis to the linea alba.

80. M. obliquus internus (and transversus), (Figs. 64, 65 0i). &
Dugds, ileo-transverso-sous-sternal, p. 53.—Zenker, {ransversus, . c.,
p. 31.—Kuhl, fransversus, l. c., p. 116.

This muscle corresponds with the combined odliguus internus and
lransversus, and has therefore been described either as the one or the
other, by various authors.

The fibres arise tendinously—

a. From the transverse processes of the vertebrae from the
fourth backwards, and from the fascia covering the mm. intertrans-
tersarii. '

b. From the iliac bone, by a strong tendon from its upper border,
and by a few weaker fibres from its outer surface. The latter fibres
are covered by the former, and these end posteriorly in a sharp
concave border.

The muscular bundles diverge from these points, some running
forwards, some backwards; the former are only partially covered
by the portio omo-abdominalis of the m. obliquus externus (compare
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Figs. 62, 63), in front of the anterior edge of that muscle. The
posterior border of |the(muscle iscuncovered.

Fig. 64.

'

d luyer of abdominal les of Rana esculenta, from the right side and below. The
m. obliquus externus and the right anterior extremity has been removed.

dm M. depressor maxillae.

hg M. hyoglossus.

id M. latissimus dorsi and infraspinatus.

oi M. obliquus internus.

o’ Insertion of third portion of same.

0i” Second portion inserted into the pharynx.
pc  Pericardium.

phé. M. petrohyoideus quartus.

r M. rectus abdominie,

ss M. subscapularis.

The insertions of the muscle are very various, and as a conse-
quence very various functions are accomplished by it.

a. The most anterior part of the muscle (Fig. 65 0i”’), the fibres
of which run forwards, is attached—

1. Partly to the xiphisternum and the coracoid.

2. A second portion, viz. that arising from the transverse pro-
cesses of the fourth vertebra (Fig. 64 0¢”’), surrounds the pharynx
like a diaphragm (Fig. 65 o¢), and is attached to its side as far as
the dorsal aspect (Fig. 650:’). This portion is lightly separated
from the following.

3. A third portion, placed behind the preceding, runs from the
pharynx over the pericardium (Fig. 64 pc), and is attached to this
nearly as far as the middle line (Figs. 64 o and 65 0i”), resting
on the sternum, the m. rectus and m. sterno-kyoideus. The lines of
insertion of the muscles of opposite sides form an angle, open in
front. In the thin borders of this portion the muscular bundles lie
almost entirely in simple layers, and they are therefore well adapted
for microscopical purposes.

b. The middle and posterior portions of the muscle pass down-
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wards and slightly backwards, towards the outer border of the
m. rectus ; there/they|pass intooa tendon which, for the most part,
runs on the upper surface of the rectus to the linea alla.

II. MuscLes or THE Back.

The muscles of the back are covered by a fascia, the fascia dor-
salis (Fig. 66 fil), attached to the spinous processes of the vertebrae.
Anteriorly, where it covers the m. femporalis, it is attached to the
frontoparietal and squamosal bones, posteriorly to the superior border
of the iliac bones and the extremity of the urostyle. The posterior part,
which covers the origins of the Fic. 6

.. . 18. 05.
m. longissimus dorsi, of the m. . P
coccygeo-iliacus, and of the 0
coccygeo-lumbaris, is especially
strong. From the anterior
part several muscles arise la-
terally, viz. a portion of the -
/

m. obliquus abdominalis exter- , .\\\

nus, of the m. latissimus dorsi, N

and of the m. depressor maxillae a %

inferioris. In the uppermost » , \ \

layer, immediately covered by . NG

the fascia dorsalis, lie the m. / o

cucullaris, the m. retrahens r

scapulae, the m. latissimus M. obliquus internus, showing ite attachments
superiorly.

dorsi arising from the fascia &  Xiphisternum.

itself, and the scapula with f\’f’fi:','ﬂ.}ﬁ‘.‘.'.'mmm.

its muscles ; then come the oi’  Fibres of m. oblig. int., which are inserted into

the cewophagus.
long muscles of the back ; and o7 o Fibres of sme, which are attached to coracoid
: : and xiphisternum.
in the third and deepest layer |, fZ 3"

the short muscles of the back. r M. rectus abdominis.
The individual muscles are as follows : —

A. Liss Musces ok e Back (for moving the shoulder-
girdle and arm).
31. M. cucullaris (Fig. 66 c).

Cuvier, angularis.—Dugds, n. 38, sous-occipito adscapulaire. —Zenker,
levatyr scapulae sublimis.

In order to see this muscle, it is necessary to separate the fascia
dorsalis from the spines of the vertebrae and to turn it back with
the . depressor marillae inf. arising from it. It is then seen to
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rise from the posterior surface of the exoccipital as far as the
middle line; the muscles of the two sides run backwards, diverging
each from the other, so as to form an angle, and are then attached
on each side to the anterior superior angle of the suprascapula at
its under surface and median border.

Cuvier considers this muscle as the analogue of the m. levator
anguli scapulze. Dugdsand Meckel consider it to be the anterior part
of the m. cucuilaris, the former thinking the posterior part of the
muscle to be the m. rkomboideus. 1 cannot agree with these opinions,
and I regard the muscle as simply representing the m. cucullaris of
man (Ecker).

33. M. latissimus dorsi (Figs. 56, 66 id).
Dugés, n. 66, lombo-huméral.—Zenker, depressor brachii.

This thin, triangular muscle arises from the ventral surface of the
Jascia dorsalis, and is posteriorly covered in part by the anterior
border of the m. obliquus abdominis externus. The muscle becomes
narrower towards the sides, and passes into a flat tendon, which
blends with that of the w. infraspinatus, and is attached to the

Fig. 66. outer surface of the crista
deltoidea of the humerus by
a triangular expansion.

33. M. retrakens scapu-
lae (Ecker), (Fig. 66 ).

Dugsds, n. 59, lombo-adscapulaire.

— Klein, m. rhomboideus, I. c.,

p. 26. — Zenker, omoplatens

rectus? p. 37, l.c.—XKuhl, l.c.,
124, retrahens rhomboideus.

This flat, oblong muscle
arises from the transverse
process of the fourth verte-
bra, and is connected with
the third tendinous inscrip-
tion (counting from before)

Muscles of the back and shoulder-blade. of the m. /onyi&g, dorsi. Pos-

¢ M. cucullaris,

dm M. depressor maxillae arising from the fascia dor-

salis, cut through and reflected on the right side.

Jd Fascia dorsalia.

Jd’ Same cut through at the spines.
i M. infraspinatun.

l.a M. levator anguli scapulae.

/d M. Latissimus dorsi.

r M. retrahens scapulae.

sc M. sternocleidomastoideus.

teriorly its origin forms a
convex border, whence it
runs forwards and to the
side ; it is inserted into the
ventral surface of the supra-
scapula, near its inner border.
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This muscle lies near the m. serratus or transv. scap. tertius (Fig.
68 ts”),and has'an analogons position. It would, therefore, possibly
be more correct to regard it also as a m. serrafus. It arises
from parts which represent ribs, and is inserted into the scapula.
It has, at any rate, no analogy to the m. cucullaris, with which
Duges connects it, nor with the m. rhomboideus, which Klein holds
it to be, as it does not arise from spinous processes.

B. Loxe MuscLes or tuE Back.

84. M. extensor dorsi communis (Fig. 67 lg.d.).

Dugés, n. 33-40, nasse des muscles surspinaux devisée en huit faisceaux
principaux : 1. vertebro-sus-occipital, 2-5. transverso-spinaux, 6.
transverso-coccyg., 7. sacro-coccygien, 8. ileo-coccygien. The muscles
1-7 form the lombo-costal, 8 the ischicoccyg., Cuv.—Zenker, m. sa-
crolumbaris.—XKlein, longiss. dorsi, coccygeo-lumb., coccyg.-iliac.

This muscular mass is covered by the fascia dorsalis, the m. cucul-
laris and retrakens scapula, and the suprascapula : it corresponds with
(1) the m. ileo-costalis and longissimus dorsi, dorsi and cervicis (Henle);
(2) the semispinalis and spinalis (Henle).

The following separate portions may be made out :—

85. (1) M. longiss. dorsi (Fig. 67 ly.d.).

This muscle arises from the most anterior part of the urostyle, runs
forwards near the middle line, separated from the muscle of the
opposite side by the spinous processes of the vertebrae. The inner
portion passes over the posterior spinous processes without being
connected with them, as far as the fifth, it is then inserted into the
succeeding spines as far as the exoccipital bone. The lateral portion
runs outwards and forwards to be attached to the transverse pro-
cesses and oblique processes of all the vertebrae, from the sixth
forwards, while accessory muscular slips arise from the transverse
processes and from the anterior spinous processes which, merging
in the general muscle-mass, are inserted with this into the occiput.

The muscle is subdivided by a series of wavy, tendinous par-
titions (Fig. 67), which arise from the transverse processes, and
traverse the muscle in planes, the upper surfaces of which are
directed upwards and forwards. This arrangement of the muscle
indicates its relation with the lateral trunk muscles of fish and
fish-like amphibians.

86. (2) M. coccygeo-sacralis (Fig.-67 c.l.).

This muscle is partially covered by the preceding, it arises from

the lateral surfaces of the anterior half of the urostyle; from this
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origin the fibres pass forwards and outwards to be inserted in two
portions, the\anteriorset) into/the arch and the posterior set into the
transverse process of the last vertebra. The former may be re-
garded ds m. infercruralis, the latter as m. intertransversarius.

’

Fig. 67.

1g.d.

Muscles of the back and pelvic girdle of Rana esculenta.

ci. M. coccygeo-iliacus.

c.l. M. coccygeo-sacralis.
g.l. M. glutaeus,

(] MM. intertransversarii,
& MM. intercrurales.
i.ci. M. intertransv. capitis inferior.
f.c.s. M. intertr. cap. sup.
il M. ilio-lurubaris.

l9.d M. longissimus dorsi.
o.i. M. obliq. internus.

t M. temporalis.

37. (3) M. coccygeo-
iiacus (Fig. 67 c.i.).

This muscle arises
from nearly the whole
length of the lateral sur-
face of the urostyle, the
anterior portion being
concealed by the preced-
ing muscle. The fibres
pass outwards and for-
wards to be inserted into
the anterior two-thirds of
the inner furface of the

ilium.

38. M. ilio-lumbaris
(Klein), (Fig. 67 i..).

Duges, n. 51, transverso-ili-
aque.—Cuvier, Zenker,
etc., quadr. lumborum.

Evidently represents
the quadratus lumborum
of human anatomy; it
takes its origin from
the anterior extremity
of the ilium, and runs
forwards to be inserted
into the transverse pro-
cesses of the vertebrae
from the seventh to the
fourth.
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C. Suorr MuscLes or THE Back.
89. M.interiransversarius capitis superior (Ecker),(Fig.67 i.c.s.).
Dugés, n. 41, ex-occipito-transversaire sup.
A small muscle arising from the prootic: it lies above the

levator anguli scapulae, and is inserted into the transverse process of
the second vertebra.

40. M. intertransversarius capitis inferior (Fig. 67 i.c.i.).
Dugés, n. 43, ex-occipito-transv. inf.

This muscle lies on the ventral surface of the preceding one, but
is easily separable from it ; it arises from the angle of the prootic
and is inserted, together with the preceding muscle, into the
transverse process of the third vertebra. The #. vagus passes out-
wards between these two muscles.

41. M. intertransversarii dorsi (Fig. 67 7).
Dugés, n. 43 to 50, intertransversaires.
Seven small muscles, placed between adjacent transverse pro-
cesses of the vertebrae; from the second to the last, in continuity
with the muscles last mentioned.

42. MM. intercrurales (Ecker), (Fig. 67 ¢').
Klein, p. 29, interspinales, interobliqui.
Those muscular fibres found between the arches of adjacent
vertebrae are so named. On account of the shortness of the
spinous processes they can scarcely be named . interspinales.

III. MUSCLES OF THE ANTERIOR EXTREMITY.
I. MusCLES OF THE SHOULDER-GIRDLE.

A. Dorsar MyscLes oF THE SHOULDER-BLADE.

(I.) Muscles arising from the head or trunk, and inserted into
the scapulae, which they act upon primarily, and upon the shoulder-
girdles secondarily.

Some of these muscles, such as m. cucullaris and refrakens, are
situated on the back, and have already been described with the
muscles of that region. Others are attached partly to the under-
surfaces of the scapulae and are only visible from below ; they are
best seen in such a preparation as is shown in Fig. 68, made by

cutting through the sternum in the middle line, and reflecting each
half outwards. ‘
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(8)  Muscles whick arise from the skull.

43. M. levator anguli scapulae (Fig. 68 la).

Dugds, sous-occipito-adscapulaire, n. 60.—Zenker, protractor scapulae,
Pl I, Fig. 5.—Cuvier, Legons I, p. 379, describes this muscle as part
of the m. serratus anticus magnus.

A fairly strong muscle, which has a broad origin from the prootic
and exoccipital bones as far as the foramen magnum, a few fibres
are also attached to the lateral portions of the parasphenoid. The
fibres run backwards and outwards, first in a frontal plane and
then in a sagittal plane, to be inserted into the under surface of
the suprascapula near the posterior border, where it encloses the
hinder border of the . interscapularis.

Its action is to draw the shoulders forwards and inwards, or the
head downwards.

44, M. sternocleidomastoidens (Fig. 68 sc).

Dugsds, scapulo-mastoidien, n. 65.—Cuvier, sterno-mastoidien.—Zenker,
protractor scapulae, P1. 1, Fig. 5, 1.

A narrow muscle placed in front of and externally to the pre-
ceding muscle ; its general direction resembles that of the . levator
anyg. scap.

The fibres arise from the most external part of the prootic and
from the hindermost part of the squamosal, under cover of the
m. digastricus mazillae, and from the hinder portion of the cartila-
ginous tympanic ring. Covered by these muscles, it passes
backwards and downwards to be inserted into the concavity of
the anterior border of the scapula; externally to the origin of
the deltoid.

The action of this muscle is to draw the shoulder forwards
and towards the middle line, or to bend the head downwards.

46. M. protrakens scapulae (Fig. 68 ps).
Dugés, Zenker, prolractor acromit, Pl. I, Fig. s, 3.

- This muscle lies to the outer side of the rectus capitis inferior-
it arises from the prootic, and runs backwards and outwards upon the
levator anguli scapulae, to be inserted info the scapula.

It pulls the scapula forwards.
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(b) Muscles whick arise from the vertebrae.

46. M. transverso-scapularis major (Ecker), (Fig. 68 fs).

Dugds, transverso-interscapulaire, n. 63.—Cuvier, l. c., p. 380, probably
regarded as a portion of the serratus.—Zenker, Pl. I, Fig. 5, 3;

depressor acromii, Pl. I1, Fig. 3, 15.—Klein, depressor scapulae.
This muscle arises by tendon from the cartilage of the transverse
process of the fourth vertebra and by a slip from the cartilage
of the transverse process of the third vertebra. Diminishing in
size, the muscle passes outwards, forwards, and upwards to be
inserted into the posterior border of the scapula, opposite the in-
sertion of the m. slernocleidomastoidens. It draws the shoulder

inwards, backwards, and downwards.

47. M. transverso-scapularis minor (Ecker), (Fig. 68 15).

Dugéds, transverso-adscapulaire, n. 61.—Cuvier, regarded as part of the
serratus.—Zenker, Pl. I, Fig. 5, 7, detractor scapulae.

This is much shorter than the muscle just described; it arises
under cover of the .
levator scapulae, from
the transverse process
of the third vertebra
in front of the Zrans-
verso-scapularis major;
and runs outwardsand 1
forwards to beinserted
into the ventral surface
of the cartilage of the *
scapula. Theactionof ss
the muscle is to draw
the shoulder inwards,
backwards, and out-
wards.  Dugds re--
gards this muscle as
a portion of the serra-
lus anticus magnus, the Muscles of the shoulder, from below ; the sternum has been cut

. . through and the sides drawn apart.
remainder of ushich

Fig. 68.

d Deltoideus.

he considers is to be i Interscapularis.
found in the portio o Lot sopeise.
scapularis of the m. pe :zmm‘ﬁ;m
obliquus externus (xi- s Spbecapularis.
pho-adscapulaire, Du- v Trsmavarsoscup. minor.

gés n 62) ts” Transverso-acap. tertius.
y 3
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48. M. transverso-scapularis tertius s. serratus (Ecker), (Fig.
68 ts”).

This is larger than the muscle just described; arising by a
broad and flat origin from the transverse processes of third and fourth
vertebrae, it runs upwards and inwards to be inserted into the
ventral surface of the cartilaginous scapula near its inner border.
In position, course, and action the muscle most nearly represents the
m. serratus anticus of human anatomy.

(I1.) Muscles on the scapula, that is, arising from the scapula
and inserted into the scapula or humerus.

(a) Muscles on the deeper surface.

. 49. M. inlerscapularis
& 09 (Fig. 69 i.s.).
Dugds, interscapulaire, n. 64.

One end of this muscle is

c.0 tendinous, and is attached to
& La. the outer extremity of the su-
prascapula ; from this the

muscle, becoming fleshy and

g, Darrower, runs towards the

pr middle line to become at-

tached to the ridge on the

ventral surface of the scap-

ula, from which the m. del-

Muscles of right shoulder and upper arm, The cora. f02deus and the m. subscapularis

coids (co) and the clavicles (¢c/) have been drawn 1 4 3
apart after cutting through the sternum, arise, and between which it

¢.h. M. ooraco-humeralis, passes. It ap, proxuna.tes the
e Clavicle. scapula and suprascapula and
c.0. Coracoid.

d M. deltoideus. lessens the angle between
a@’  Clavicular portion of m. deltoidens. them

i M. infraspinatus. .

i.s. M. interscapularis,

l.a. M. levator anguli scapulae. . .
L.d. M. Intismimus dorsi 60. M. subscapularis (Fig.
7’ Sternal portion of m, deltoidens. ~0 88)

»”" Anterior sternal portion of the m, pectoralis. / °

p"”  Posterior sternal portion of the m. pectoralis, Dugés, sous-scapulo huméral
[ Scapula. ’
s.r. M. sternoradialis. n. 73.

tr. M. triceps brachii, This muscle is situated on
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the upper or visceral surface of
the scapula// /It |arises| from &
bony ridge found on the upper
surface of the coracoid and of
the proc. coracoideus of the scap-
ula. The muscle runs outwards
and is inserted, after widening,
into the inner surface of the
crista deltoidea of the humerus;
it is antagonistic to the deltoid,
and draws the raised arm back-
wards and towards the trunk:

Right shoulder, from below, arm strongly
abducted.

el Clavicle,

co Coracoid.

d Deltoideus.

d’ Clavicular portion of deltoid.
& Humerus.

#8 Subscapular muscle.

(b) Muscles on the superficial surface.

61. M. infraspinatus
(Fig. 57, between /i and
dm, Fig. 71 i),

Dugss, adscapulo-huméral,
n. 67.

The m. infraspinatus re-
presents the m. infraspina-
. tus, teres major and minor of
human anatomy. It is of
triangular form, with the
broad base directed in-
wards ; it arises from the
whole of the upper sur-
face of the suprascapula
except along the inner
border which is formed
of hyaline cartilage alone :
from this origin the fibres
converge outwards to a
flat tendon which unites
with that of the m. latis-
simus dorsi to be inserted
into the crista deltoidea hu-"
weri, by means of a thin,
triangular, tendinous ex-
pansion.

Mu

[

Fig. 71.

scles of the back and shoulder.
M. cucullaris.

dm M. depressor maxillne,
J/d  Fascia dorsalis.

Y

1

Fascia dorsalis reflected.
M. infraspinatus.

l.a M. levator anguli scapulae.
Id M. latissimus dorsi.

r
"

M. retrahens acapulae.
M. sternocleidommstoideus.
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General arrangement of the muscles of the shoulder-blade.
The muscles'attached to'the 'scapula and suprascapula are :

1. Muscles of the back (m. cucullaris and m. retrakens scap.).

2. Muscles of the neck (. omokyoideus).

3. Muscles of the abdomen (portio scapularis of the m. obliquus
externus).

4. True shoulder muscles (m. levator anguli scapulae; m. sternoclei-
domastoideus ; m. protrakens scapulae ; mm. transverso-scapularis major,
minor, and ferting 8. serratus; m. inlterscapularis ; m. subscapularis ;
and the long head of the m. friceps).

From above the following are visible : m. cucullaris, a portion of
the m. subscapularis, and the transverso-scapularis maior.

From below (after cutting through and drawing aside the two
halves of the sternum) may be seen : the omokyoideus, sternocleirdo-
mastoideus, levator anguli scapulue, protrahens scapulae, transverso-
scapulariz minor and ferfius, interscapularis and swbscapularis.

B. Frstrar Muscres or tue Snovipkr (PEctoraL

. MusciEs))

These arise from the sternum or shoulder-girdle and are inserted
either into the humerus or into the radio-ulnar.

63. M. pectoralis (Fig. 72).
This is placed on the ventral surface of the shoulder-girdle and
consists of the following parts:

(a) Portio sternalis anterior (Ecker), (Figs. 72, 73 2).
Dugés, clavi-huméral, n. 70 (port. clavic’ du grand pectoral).

This is the anterior portion of the m. pectoralis, it arises from the
sternum proper and the epicoracoids. Broad at the origin, it be-
comes narrower as it runs outwards into a tendon attached to the
crista deltoidea humeri.

(B) Portio sternalis pesterior (Ecker), (Figs. 72, 73 ")

Dugés, sterno-huméral, n. 71 (port. sternal du grand pectoral).—XKlein,
Aumero-sternali.

This muscle is placed immediately behind the portio sternalie
anterior, it has a somewhat broad origin from the sternum and
xiphisternum ; the muscle runs outwards and slightly forwards to
be inserted into the groove beside the crisfa deltoidea humeri. The
tendon of the m. aferno-radializ passes between these two portions
of the m. pectoralis.
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(v) Portio abdomialis (Figs. 72, 73 ).

Dugds)/ sbdomino hunléral) o, 69 (port. costal du grand pectoral).—
Zenker, brachio-abdominalis.—XKlein, Aumero-abdominalis.

This portion represents that part of m. pectoralis major of human
Fig. 7a. '

.
Muscles of ‘the chest, throat, and belly of Rana esculenta.
M. coraco-humeralis.

M. deltoideus.

M. obliquus abdom. internus.

M. obliq. abdom, externus.

Scapular portion of same.

M. omohyoideus.

Port. stornalis anterior to m. pectoralis.

Port. sternalis posterior to same.

Port. abdominalis of same.

M. rectus abdominis.

Inner portion of same.

M. sternohyoideus.

M. submaxillaris.

Hyoid origin of same.

sr M. sternoradialin,

G

3

FEERRA S S L&

~
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o

anatomy which arises from the costal cartilages, and more par-
ticularly, that part: which is) connected with the aponeurosis of the
m. obliguus abdominis ewternus. The muscle arises (1) from the
m. rectus abdominis (Fig. 72 r), that is, it forms a direct continua-
tion of the outer portion of this muscle; (2) the inner, smaller. part
arises from the superficial surface of the aponeurosis of .the m. 0bli-
quus abdominis. The muscle becomes narrower.as it courses out-
wards and forwards, the outer fibres being longer and more oblique
than the inner. The action of this muscle will necessarily vary
according to the part or parts which are brought into action;
speaking generally, the anterior extremities will be drawn down-
wards and towards each other.

63. M. coraco-humeralis (Duges), (Figs. 72, 73 c.2.).
Dugés, n. 72.—Klein, adductor humeri. ,

A long, narrow muscle, lying upon the posterior border of the
coracoid and the lowest part of the m. subscapularis. By its posi-
tion it corresponds most nearly with the m. pectoralis minor, although
its insertion does not. It has a narrow origin from the coracoid
near the sternum, whence it courses outwards, under cover of the
port. sternalis anterior and posterior of the m. pectoralis, to be inserted
into the middle of the humerus between the deltoid and internal
head of the triceps. It draws the limb towards the trunk.

64. M. sternoradialis (Cuvier), (Figs. 72, 73 .r.).
Dugés, pré-sterno-clavi-radial, n. 74.

This muscle evidently represents the biceps of man, it lies in
front of the portio sternalis anterior of the m. pectoralis, its hinder
border being under cover of the latter muscle. It takes origin from
the episternum, omosternum, and the epicoracoid ; from this broad
origin the fibres converge while coursing backwards and outwards to
be attached to a strong tendon. This tendon plays in a groove along
the crista deltoidea, and is held in position by tendinous bands
arising from the insertion of the m. pecforalis; it then pierces the
lower portion of the muscular belly of the deltoid, and is inserted
into the anterior extremity of the radial side of the radio-ulnar.
The muscle is a powerful flexor of the forearm.

66. . deltoideus (Figs. 70, 72, 73 d).
Dugds, pré-sterno-scapulo-huméral, n. 68.
It is placed in front of and external to the m. sternoradialis, and
represents both the m. deltoideus and supraspinatus of man. The
muscle has two points of origin :—
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(8) Portio scapularis, the
larger, external portion is
attached to the outer end of
the clavicle, and to the ante-
rior process of the precoracoid,
but it arises chiefly from the

Fig. 73.

La  dorsal surface of the scapula
(from the same ridge as the
m. subscapularis), and lastly
.a, from the anterior border and
p»  ventral surface of the scapula.

The fibres pass outwards over
the shoulder-joint.

(b) Pars clavicularis (musc.
cleido-humeralis, Klein) arises
from the inner extremity of

Muscle of right shoulder and upper arm. The cora-
coids (co) and the clavicles (c/) have been drawn
asunder after cutting through the sternnm.

. M. coraco-humeralis.

the clavicle and from the omo-

c.h

e Clavide. s .
O o sternum. and joins the portio
d M. deltoideus. scapularis,

d’ Clavicular portion of m. deltoides. o . .

{ M. infraspinatus. The muscle is inserted into
¥.s. M. interscapularis.

la.

M. evator anguli scapulae.

the humerus, the under part

Ld. M. lstimimus dord, of the portio scapularis being
5 Anterior sieroal portion of the m. pectorsti. 8ttached to the upper portion
¥ Posterior sterual portion of the w. pectoralis.  of the crista deltoidea; the
a.r. M. sternoradialis. outer fibres of this part, to-
t.r. M. tricops brachii.

gether with those of the pars
clavicularis, are attached to the extremity of the crista deltoidea and
to the inner surface of the humerus as far as the distal extremity ;
just before its insertion the muscle is pierced by the tendon of the
m. sternoradialis. The deltoid draws the limb forwards.

I1. MuscLEs oF THE FORE-LIMB,

A. MuyscLes or T Arm.

M. sternoradialis (biceps). See page 82. -~

86. M. iriceps brackii (Fig. 73 t.r.).

Dugés, scapulo-huméro-olecranien, n. 75.—Capes, Zenker, m. anconaexs.

This muscle lies on the upper or dorsal surface of the arm, and
has relations similar to those of the corresponding muscle in man.
The long head arises from the posterior border of the scapula at the
upper border of the glenoid cavity, and is here attached to the capsule
of the joint ; theinner head arises from the upper and inner surfaces

) a2
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of the anterior half of the humerus as far as the extremity ; the
outer head arises from the outer surface of the humerus. Additional
fibres, which may be regarded as a fourth origin (m. subanconaeus),
arise from the upper surface of the hinder half of the humerus.
The fibres from these several origins unite to form a strong muscle,
which covers the upper, inner, and outer surfaces of the bone, and
then passes into a tendon. This tendon is attached to the capsule
of the elbow-joint and inserted into the proximal extremity of the
radio-ulnar. A cartilage, representing the olecranon, is found in the
capsule at the point of attachment of the tendon.

B. MuscLEs oF THE FoREARM.
(1.) Muscles of the flexor surface.

The muscles of this surface are arranged in two groups, so as to
form, at the elbow-joint, a triangular depression (plica cubiti), into
which the tendon of the m. sternoradialis sinks.

A. Muscles of the Inner Group.
Fig. 74.

67. M. flexor carpi I &. radialis (Fig.
74 Fe).
Dugés, sous-huméro-carpien, n. 83.

This represents either the flexor carpi
radialis longior or radialis brevior of man ; it
has a broad origin from the inner border of
the humerus above the epicondylus medialis.
It becomes narrower as it passes downwards
to be inserted by a tendon into the os
semilunare and naviculare. The muscle is
much stronger in males than in females,
and the crest from which it takes origin is
correspondingly larger in the former sex
(p. 42). Tendinous fibres connect it with
the following muscles :—

Muscles of the right arm of

Rana esculenta,

ed M. extens, digitorum com-
munis.

ei  M.abductor digiti II longus.

Fa' M, flexor antibrachii later-
alls superficialis,

Fe M, flexor carpi radial.

Fe' M. flexor carpi ulnar,

Fd M. flexor digitornm com-
munis.

sr Tendon of the M. sterno-
radialis,

68. M. flexor carpi II 8. ulnaris (Fig.
74 F').
Dugas, epitrochlo-carpien, n. 84.

This muscle represents the flexor carpi
ulnaris or ulnaris anterior, and is close to
the inner side of the foregoing. It arises
from the epicondylus medialis, being con-
nected by fibres with the flexor digitorum

communis, and is inserted into the os naviculare.
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89. M. flexor digitorum communis (Figs. 75, 76, 77 Fd).
Dugds, epitrochlo‘sous-phalangettien, n. 118.
This muscle lies most internally, and corresponds to the m. flexor

digitorum sublimis of man,

It arises in common with the foregoing

muscle from the epicondylus medialis, and runs downwards to the
palm of the hand. At its entrance into this it diminishes and

passes into the flat aponeurosis palmaris.

(See hand, B.)

80. M. flexor antibrackii medialis (Ecker), (Fig. 75 Fa).

Dug?ds, epitrochlo-sous-radial, n. 79.

(Frequently described as the pro-

nator rolundus, s description which cannot be retained, as the implied
movement does not occur in the frog.—Ecker.)

This muscle lies deeply on the inner side of the forearm, covered
by the flexores carpi ; it arises tendinously from the epicondylus me-
dialis and is inserted into the inner surface of the radial side of the
radio-ulnar as far as the inferior articular extremity.

8L. M. flexor antibrackii lateralis su-
perficialis (Ecker), (Figs. 74, 75 Fa').
Dugds, premier ex-huméro-radial, n. 76.
(Usually described as supinator longus,
this, for reasons similar to those in the
case of m. flexor antibrachii medialis,
cannot be retained.)

The situation of this muscle corresponds
with that of the supinator longus of man;
it lies to the outer side of the tendon of
the m. sfernoradialis, and arises by two
heads, the one, above from the outer edge
of the humerus, the other deeper from the
epicondylus lateralis. They unite and pass
into a tendon which, running over the
lower articular extremity of the radio-
ulnar, is partly attached to the carpus and
partly connected with the tendon of the
m. extensor digiti 11 proprius longus. From
its position and insertion, this muscle
evidently flexes the forearm and extends
the hand.

Fig. 75.

Muscles of the right arm of Rana
esculentg, deep layer.

e¢d Extensor digit. communis.

Fa Flexor antibrachii medialis.

Fa' Flexor antibrachii lat. super
ficialis.

Fa” Flexor antibr. lat. profundus.

Fc Flexor carpi radialis,

Fe' Flexor carpi ulnaris.

Fd Flexor digitorum communis.

62. M. flexor antibrackii lateralis profundus (Ecker), (Fig.75 Fa”).

Dugés, epicondylo-sus-radial, n. 78.—Klein, flezor antibrachii.

pinat. brevis autt.)

(Su-

This muscle arises under cover of the foregoing, from the epicon-
dylus lateralis of the outer surface of the humerus, it becomes
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broader and is inserted into the whole length of the lower (volar)
ridge of the'radio-ulnar.O' It’is'a powerful flexor of the forearm.

(IL.) Muscles of the extensor surface.

83. M. extensor digitorum communis longus (Fig. 75 ed).
Dugds, huméro-sus-digital, n. 95.

This muscle lies on the outer border of the forearm ; it arises in
common with the short head of the flexor antibr. lateralis superfici-
alis from the epicondylus lateralis, and from the surface above it ;
it runs downwards along the outer side of the forearm, in order to
pass into an aponeurosis on the back of the hand, which expands
upon the third, fourth, and fifth fingers, and ends between them in
. a free concave border. This aponeurotic expansion is connected
with the tendons of the extensor brevis digitorum.

83%. M. abductor digiti II (i. e. pollicis) longus (Fig. 74 ei).
*Dugés, cubito-métacarpien, n. 8.
This muscle lies between the foregoing and the flexor antibrachii
lateralis superficialis, and appears superficially in the interval between
Fig. 76. them. It arises from the lateral surface of the
radio-ulnar, and runs obliquely over the m. flexor
antibrackii lateralis profundus and the hinder
extremity of the radio-ulnar towards the second
finger into the metacarpal bones of which it is
inserted.

684. M. cxtensor carpi ulnaris s. ulmaris post.
(Fig. 76 ec).
Dugsés, epicondylo-sous-carpien, n. 85 —XKlein,
abductor carps internus,

This muscle has a somewhat narrow origin
from the ezicondylus lateralis ; during its course
through the forearm, where it lies between the
mm. anconaei on the one side and the extensor
digitorum communi on the other, it becomes
Muscles of forearm of broader and is inserted into the outer surface of

Rana esculenta, dorsal . .

view. the carpus in the following manner. By one

aa M. anconasi. tendinous slip it is attached to the palmar

“ ";;,.‘,‘;,“;,;:},‘“" border of the os pyramidale, by a second slip

Fd M. flex.digit-  t5 the outer border of the os capilato-kamatum.
This latter slip is usually connected in its dorsal portion with the
extensor digitorum communis brevis.
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65, 86. M. anconaei s. extensores antibrackii (Fig. 76 aa).
Dugds, epicondylo-cubital and epitrochlo-cubital, n. 8o, 81.

Both these muscles lie on the extensor side of the forearm ; they
spring, the one from the epicondylus lateralis, the other from the
epicondylus medialis ; converging, they run downwards, enclose the
olecranon, and are inserted into the upper (dorsal) border of the
ulna, each forming a penniform muscle. They are extensors of the
forearm and assist the m. ¢riceps.

C. MuscLes o Tug 1A,
(I.) Muscles on the palmar surface.
(1) Muscles common to all the digits.

87. M. flexor digitorum communis and m. palmaris lrevis (Fig.
77 fd, pb).

The origin and course of this muscle has been described above.
At its entrance into the palm it suddenly diminishes in size and
passes into a triangular aponeurosis, aponeurosis palmaris. Into the
outer border of this aponeurosis is inserted the m. palmaris lrevie
(Fig. 77 pb) ; this latter muscle arises from the posterior or ulnar
border of the lower extremity of the radio-ulnar below the insertion
of the mm. anconaei, and runs obliquely downwards to this insertion.

From the lower free border of the aponeurosis a number of
muscles arise which will be described with the rest of the digital
muscles.

(2) Muscles of the rudimentary thumb.

88. M. alductor pollicis (Figs. 77, 78 ap).
Dugés, cubito-pollicien, n. 100.
This short muscle arises from the upper border of the lower
extremity of the radio-ulnar, passes transversely outwards, and is
then inserted into the anterior border of the rudimentary thumb.

89. A, adductor pollicis (Figs. 77, 78 ad p).
Dugés, sous-carpo-pollicien, n. 1o1.

This lies more superficially than the last, it arises from the
palmar surface of the os capifato-hamatum, and is inserted together
with the alductor pollicis into the thumb. Several fibres of the
extens. dig. II brevis are also inserted into the thumb. As this
member is completely covered with skin, the motions of which it
is capable are very limited.
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(3) Muscles of the second finger, which serves the purposes of a

thumb.

70. M. flezor digiti 11 longus s. sublimis (Fig. 77 f2).
Dugds, sous-carpo-phalangettien de I'index, n. 133.

This is a flat muscle, which arises for the most part by fleshy
fibres from the hinder free border of the apomeurosis palmaris, also

Fig. 77.
fbs’
fs 2
ed
ab °
abs 1'} 3
adp.
b 4

Muscles of hand of Rana esculenla, volar
surfaoce, larger than nature.

A Aponeurosis palmaris,

abs M. abductor dig. V primus.

abs’ M. abductor dig. secundus.

ac  MM. anoonaei.

adp M. adductor pollicis,

ap M. abductor pollicis,

e¢c M. extensor digitornm communis.
es M, extens. dig. commun. brevis.
fa M. flexor dig. 11 longus.

/3 M. flexor dig. 111 longus.

J4 M. flexor dig. IV longus,

fs M. flexor dig. V longus.

Jba M. flexor dig. II brevis.

JSb3 and fb3' MM, flexores dig. I1I breves.
JSby and fb4' MM. flexores dig. IV breves.
2bs M, flexor dig. V primus.

fd M. flexor digitorum communis.

0 M. opponens,

pb M. palmaris brevis,

I First finger, rudimentary thumb.
I 8 d finger, funct: as thumb
11I-V Third to fifth fingers,

Fig. 78. .

w

al

Second layer of muscles on volar surface of

hand of Rana csculenta, larger than nature.

abs M. abductor dig. V primua.
abs’ M. abductor dig. V d
ada M. adductor dig. II.

ad.p M. adductor pollicis.

ap M. abductor pollicis.

ec M. extensor carpi.

Sba M. flexor dig. II brevis.

JSb2’ M. flexor dig. II tertina.

fp MM. flexores proprii phalang
13
;:,} MM. interoasei volares,

is

o M. opponens dig. II.

o M. opponens dig. V.

t¢ MM. transversi metacarpi.
I-V as in Fig. 77.

by a smaller part from the palmar surface of the os capitato-
kamatum. It quickly passes into a thin long tendon which is
inserted into the terminal phalanx of the thumb (second finger).
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L. M. flexor digiti II brevis s. profundus (Fig. 77 fi2).
Dugés, sous-carpo-phalangien'de I'index, n. 102.

This flat muscle, covered by the preceding, has a tendinous origin
from the palmar surface of the oe capitato-kamatum, together with
one head of the flexor sublimis, and is inserted into the basal
phalanx.

73. M. flezor digiti II tertius (Fig. 78 fb2’).
Dugads, tendini-phalangien de 'index, n. 103. )
A small, thin muscle which arises close to the foregoing from the
os capitato-kamatum, and is inserted into the basal phalanx (see
helow, m. interosseus volaris I).

78. M. adductor digiti II (Fig. 78 ad2).
Dugds, métacarpo-métacarpien de I'index, n. go.
This muscle represents the gdductor pollicis of man ; it arises from
the base of the third os metacarpal and is inserted into the metacarpal
of the second finger, which latter it draws towards the third finger.

74. M. opponens digiti IT (Figs. 77 and 78 o).
Dugés, sous-carpo-métacarpien de l'index, n. go.

This muscle represents the muscle of like name in man. It arises
from the palmar process of the oe capitato-kamatum by a narrow
tendon and passes into a broad, flat muscle, which is inserted into
the under surface and outer border of the metacarpal of the second
finger throughout its length. It has, undoubtedly, the same action
as the corresponding muscle in man.

(4) Muscles of the third finger.
75. M. flezor digiti IIT longus . sublimis (Fig. 77 f3).

The smaller portion of this muscle arises from the free border of
the aponeurosis palmaris, the chief portion, together with the flezor
brevis, from the palmar surface of the os capitato-hamatum. The
two portions pass into one long tendon, which is inserted into the
last phalanx.

78, 77. MM. flexores digiti III breves s. profundi I, 1 (Fig.
77 f43 and f23).
Dugéds. tendini-phalangiens du medius, n. 104, 105.

These two muscles arise in part from the free border of the apo-
neurosis palmaris, in part from the volar surface of the os capilato-
hamatum, and pass backwards on either side of the muscle last
described, to be inserted into the basal phalanx. Duges regards
these as analogues of the mm. lumbricales.
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78. M. flexor metacarps dig. I11.
This is a'somewhat strong muscle, which arises by ﬂeshy fibres
from the palmar surface of the os capitato-kamatum, and is inserted
into the palmar surface of the metacarpal bone.

(5) Muscles of the fourth finger.

_ 79. M. flexor digiti IV longus s. sublimis (Fig. 77 f4).

It arises at the free border of the aponeuwrosis palmaris, and is
inserted into the terminal phalanx by a thin tendon.

80, 81. MM. flexores digiti IV breves s. profunds I, II (Fig.
77 fb4 and fo4).
Dugds, tendini-phalangiens de I'annulaire, n. 108, 109.

Duggs regards these also as analogues of the m. lumbricales ; they
arise on either side of the foregoing muscle from the free border of
the aponcurosis palmaris, and are inserted by tendons into the basal
phalanx.

83. M. flexor proprius phalangum dig. 1V (Fig. 78 fp).
Dugés, phalango-phalangien, n. 115.

A small muscle which arises by two slips from the palmar surface
of the basal phalanx, and is inserted into the base of the middle
phalanx.

83. M. flexor metacarpi dig. IV (Fig. 78 i4).
This somewhat strong muscle arises from the os capitato-kamatum,
and is inserted into the palmar surface of the metacarpal bone.
(6) Muscles of the fifth finger.
84. M. flexor dig. V longus s. sublimis (¥ig. 77 f5).

This corresponds exactly with the corresponding muscle of the
fourth finger.

86. M. flexor dig. V brevis (Fig. 77 fb5).
This muscle arises from the free border of the aponeurosis and
is inserted into the basal phalanx.
86. M. flexor proprius phalangum dig. V (Fig. 78 fp).
Dugss, phalango-phalangien, n. 17.
It corresponds exactly with the corresponding muscle, of the
fourth finger.
87. M. opponens dig. V (Fig. 78 o).
Dugés, deuxidme sous-carpo-métacarpien du digitule, n. 92.
This muscle has a narrow origin from the palmar surface of the
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08 capitato-hamatum, it widens and is inserted into the outer border

of the metacarpal of the small finger. It draws this finger towards
the thumb.

88. M. abductor dig. V primus (Figs. 77 and 78 ab3).
Dngél sous-pyro-pré-métacarpien du digitule, n. 93.
This muscle arises from the palmar border and the outer surface

of the os pyramidale, and is inserted into the basal phalanx by a
thin tendon.

89. M. alductor dig. V secundus (Figs. 77 and 78 ab5’).
Dugads, sous-pyro-post-métacarpien du digitule, n. 94.

It arises from the posterior part of the os pyramidale, is short,
and is inserted into the outer side of the metacarpal.

(I1.) Muscles on the dorsal surface. :
M. extensor digitorum communis longus (Figs. 75 ed and 77 ec).

90. M. extensor digitorum communis brevis (Fig. 79 €3, e4, €5).
Dugads, sous-pyro-phalangettien du III, IV, V, n. 1324, 128, 131.

Covered by the foregoing, this muscle arises from the os pyra-
midale in conjunction with the exfensor pollicis and from the os
capitalo-hamatum, The part destined for the third finger, together
with that for the fourth, arises from the os pyramidale, passes
obliquely backwards into a tendon which runs along the inner side
of the corresponding finger to be inserted into the last phalanx.
That for the fifth finger arises from the inner projection of os
capitato-hamatum being here attached to the insertion of the m. ex-
tensor carpi ulnaris, and is inserted in a similar manner into the
terminal phalanx of the fifth finger.

91. M. abductor digiti II (i.s. pollicis) longus (Figs. 74 ei and
79 ab.2).

For the origin and course of this muscle in the forearm see
No. 63. The muscle passes obliquely over the wrist-joint from
the little finger towards the inner side and from before backwards,
it is inserted into the metacarpal of the second finger (thumb).
The place of insertion of this muscle into the metacarpal (compare
P- 47) is, in the males, developed into a ridge and process, the
muscle itself is enlarged during the breeding'season. This muscle
abducts the thumb and by this means presses upon the chest of the
female when clinging to her.
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. 93, M. extensor digiti II proprius longus (Fig. 79 e2, e2’).
Dugéds, cubito-radic-sous-phalangien de l'index, n. g6.
This muscle lies obliquely on the back of the hand, parallel
Fig. 79. with the m. abductor digiti 1I. Tt
v arises by two heads, one from the
tendon of the flexor antibr. lat. .
superf. (n. 60) upon the hinder ex-
tremity of the radio-ulnar. This
tendon conceals the hinder end of
this bone by means of a patella-like
thickening, and sends forth three
tendinous prolongations; of these,
the one is attached to the ulnar
border of the radio-ulnar, the second
to the o¢ naviculare, while the third
constitutes that portion of the m.
extens. dig. II proprius long. which

Muscles of hand of Rana esculenta. Dorsal  is under consideration. The second

view, twice natural size.

ab.2. M. abductor dig. IT longus.
ab.2’ M. abductor dig. II brevis.
ada M. adductor dig. IL

::, } M. extensor dig. II longus.

head arises from the os pyramidale
in connection with the extensor digi-
torum communis brevis (n. 9o). The

heads unite to form a long muscle,
which runs obliquely towards the
second finger, passes into a tendon,
which, after forming connections
by some muscular fibres with the
metacarpal, is inserted into the ter-
minal phalanx.

3\ M. extensor digitorum communis
'; brevis,

eba M. extensor dig. I1 proprius
brevis.

ec M. extensor carpi ulnaria,

Jfa M. flexor antibr. lat. superficial

3

s }uu. interossei.

’ll-V as in Fig. 77.

93. M. extensor dig. II proprius brevis (Fig. 79 eb2).
Dugés, sus-luno-phalangettien de I'index, n. 120.

This muscle lies between the preceding muscle and the abductor
dig. II longus. 1t arises from the os naviculare, and also includes
some fibres which arise from the second metacarpal. The tendon
runs along the radial side and is inserted along with the last
muscle into the terminal phalanx.

94. M. abductor dig. 11 brevis (Fig. 79 ab.2’).
‘ Dugads, sus-luno-métacarpien de I'index, n. 88.
This represents the alduct. pollic. lrevis of man, lies on the outer
side of the hand, arises from the os naviculare, and is inserted into
the second metacarpal.
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95. M., extensor dig. III proprius.
Dugps, sus-lunophalangettien du médius, n. 122.

This muscle has two heads of origin, from the os naviculare and
lunatum. These form one muscular belly, which rapidly diminishes
and passes into a tendon; this, after receiving a few muscular
fibres from the second metacarpal, runs to the outer part of the
dorsal surface of this finger as far as the terminal phalanx, where it
is inserted.

08. M. extensor dig. IV proprius.
Dugas, sus-pyro-phalangettien de I'annulaire, n. 128.

By a somewhat broad base, this muscle arises from the os navi-
culare and lunatum. The tendon receives fibres from the fourth
metacarpal and runs on the outer half of the dorsal surface of this
finger as far as the middle phalanx, where it is inserted.

(IIL) MM. interossei.

97, 98. [8.] MM. transrersi metacarpi (Ecker), (Fig. 78 ¢, ¢, ad2).
These lie transversely between the metacarpals. There are three;
the first has been already described as m. adductor digiti 11 (n. 73);
the second is stretched between the third and fourth metacarpals,
‘and the third between those of the fourth and fifth fingers.

99, 100, 101. [b.] MM. interossei volares.

One may regard as such, four long, thin muscles, which take
origin near one another on the palmar surface of the carpal bones,
and diverge from this towards the second and fifth fingers.

1. The first of these muscles (Fig. 78 f62’) has already been
described above as the m. flevor digiti 1I tertius (n. 72).

2. The second (Fig. 78 i3) passes from the origin already de-
scribed to the palmar surface of the basal phalanx of the third
finger. :

3. The third (Fig. 78 74) rums, in like manner, to the fourth
finger.

4. The fifth (Fig. 78 i5) to the fifth finger.

102 to 108. M M. interossei dorsales.

These arise in common from the metacarpals, and are inserted
into the basal phalanx Of the corresponding surface on the finger.

! Whether these muscles may be regarded as mm. interoseei is open to discussion,
as they appear to act more as mm. opponentes.
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1. The third finger has two, one to the radial side (Fig. 79 '3),
one to the ulnar; side: .

2. The fourtk finger has three, the third (Fig. 79 ¢’4) arises from
the carpus, and perhaps ought rather to be regarded as an extensor.

3. The fiftk finger has two.

IV. MUSCLES OF THE HINDER LIMB.

I. MuscLes oF THE THIGH.

General arrangement (Figs. 8o, 81).

8. The m. triceps femoris forms the outer border of the thigh, and
extends on to both the dorsal and ventral surfaces. The outer
border therefore corresponds with the anterior surface of the thigh
of man, in consequence of the thigh in the frog being normally
rotated outwards.

b. The m. vastus internus (v.7.) and a portion of the adductor longus
(ad’), the sartorius (s), a portion of the adductor magnus (ad”), and
the rectus internus major (r.i’) are found on the inner surface of the
thigh.

c. The rectus internus minor (r.:”) forms the inner border.

d. On the dorsal surface are to be seen, nearest the trunk, the
glutaeus (gl), on the outer border the astus ewternus (v.e.), the pyri-
JSormig and biceps (p and 0), then the semimembranosus (am), and lastly
the rectus internus minor (ri”).

e. By reflecting the recfus internus major (compare Fig. 82) there
are exposed to view: the semitendinosus (st), the whole length of
the adductor longus, magnus (ad’ and ad”), and brevis (ad”). By re-
flecting the triceps, one sees (Figs. 84, 85) the ilio psoas (ip), and

_beneath the semimembranosus, the guadratus (gf), and capsularis
.Jemoris (og). -

Description of the separate Muscles.

(A.) Muscles of the dorsal surface
109. M. glutaeus (¥ig. 8o gi).
Duges, ex-1lio-trochantérien.—Zenker, glutacus maior.

The tendinous origin of this muscle is found on the outer surface
and upper border of the two hinder thirds of*the iliac bone. Thence
it runs outwards and backwards between the head of the m. vasine
externus (ve) on the one side, and the ilio-psoas and rectus anticus (ra)
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on the other, to be inserted
1nto a tubercley (trochanten)
of the femur.

110. M. Pyriformis (Fig.

80 z).
Cuvier, pyramidal.—Dugsés,
ocoocy-fémoral, n. 136.

A narrow, slender muscle,
arising from the apex of the
coccyx; it passes obliquely
outwards and backwards to
the thigh, to be inserted deep-
ly between the m. vastus exter-
nus and the biceps, into the.in-
ner surface of the femur, but
towards the ventral surface.

M. triceps femoris s. exten-
sor cruris communis (Fig. 80).
Dugds, pelti-fémoro-rotulien,

n. 145, 146, 147.

Thls is a large, strong
muscle, having three heads
of origin, and inserttd by a
tendon into the tibio fibula.
The three heads are the caput
longum or the rectus femoris
anticus (r.a.), the caput exter-
sumor the vastus erternus(v.e.),
and the caput internum or the
vastus internys (Fig. 82 vi); of
these, the first is situated
on the outer border of the
thigh, the second on the dor-
sal surface, and the third on
the ventral surface.

111. [a.] M. rectus femoris
anticus (Figs. 8o, 82 ra).
This arises from the under
(ventral) surface of the iliac
bone about its middle and

Fig. So.

Muscles of left thigh of Rana escrdenta, Dorsal view,

b M. bicgpe.

i M. coceygeo-iliacua.
9 M. gastrocnemius.
ot M. glutaeus.

» M. pyriformis.

pe M. peroneus,

, r.a. M. rectus anterior.

ri” M. rectus internus minor.
sm M. semimembrancsus,
t.a. M. tibinlis anticus.

tr. M. tricops fem.

v.e. M. vastus externus.

beneath the m. glutaeus. The muscular belly quickly passes into
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an aponeurosis, which covers the other two muscular masses and
combines, with their, tendons.

113. [b.] M. vastus externus (Fig. 8o v.e.).
It arises from the upper and hinder extremity of the iliac bone
(Fig. 42 i) behind the glutaeus, which here sinks in between this
muscle and the rectus anterior.

18. [c.] M. vastus internus (Figs. 81, 82 vi).

It arises from the whole of the under and outer surfaces of the
hip-joint capsule, and from tendinous slips which pass from this
capsule downwards on the under surface of the muscle, (from the
pubis and the femur I have not seen any fibres of origin, as stated
by others). Anteriorly the vastus may edsily be separated into two
heads. The two vaesf; unite and form one muscular belly, in the
formation of which, as above stated, the recfus anticus takes no
part. This united muscle passes into a tendon which, without the
mediation of a patella, passes over the knee-joint to be inserted into
the anterior extremity of the tibio fibula, and is prolonged into the
fascia of the leg.

4. M. ilio-fibularis 8. biceps (Fig. 8o b).
Duges, ilio-péronien, n. 149.—Zenker, flexor externus tibiae, p. 4.

This is a long, somewhat narrow muscle, which lies to the inner
side of, and partly covered by, the vastus externus, between which
and the semimembranousit is placed. Itarises by a tendon between
the ilio-psoas and pyriformis from the ilium above the acetabulum
and behind the origin of the vastus externus. From here it passes
backwards, separated from the vastus externus by a strong ligam.
intermusculare. On the inner side of this muscle, between it and
the m. semimembranosus, run the vessels of the thigh and the N.
ischiadicus. 'The muscle then divides into two portions, of which
one is inserted high up on the inner and under surface of the
femur. This is probably the muscle which Klein (4 ¢., p. 61)
describes as the exfensor brevis. The other long muscular belly
passes into a thin tendon, opposite the hinder extremity of the
thigh, it divides into two portions; the anterior is inserted into °
the dorsal surface of the hinder extremity of the femur, the other
into the dorsal surface of the tibio-fibula. Between the two is
stretched an arch with the concavity outwards. This insertion of
the biceps is covered by the stronger tendon of origin of the m. gas-
trocnemiuns (compare Fig. 87).
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116. M. semimembranosus (Figs. 8o, 86 em).
Dugss, |/ sus<ischioipoplité,On:) 148.—Klein, p. 6o, extensor femoris
sublimis.

This muscle lies on the dorsal surface of the thigh, to the inner
side of the biceps and pyriformix : it is a broad muscle, which takes a
tendinous origin from the hinder and upper angle of the symphysis
ossis ilei, and is inserted by a flat tendon into the dorsal surface
of the ligaments of the knee-joint, and through these into the
tibio-fibula. The tendon is formed rather abruptly from the muscle,
and is surrounded, (Fig. 86) by the concave arch, which forms
the tendon of origin of the gastrocnemius (¢.v.). A little behind
its middle (compare Fig. 81) the muscle is divided obliquely into an
anterior and a posterior portion by an aponeurotic septum. As
all the fibres are interrupted by this structure, the muscle may
very easily be torn through.

(B.) Muscles on the ventral surface.
118. M. sartorius (Figs. 81, 82 s).
Dugés, sous-iléo-tibial, n. 150.—Klein, gracilis.

This long, flat muscle lies along the middle of the ventral surface
of the thigh ; it arises by a tendon from the anterior inferior angle
formed by the symphysis of the innominate bones, and ter-
minates in a tendon behind the knee-joint, forming a kind of
pes anserinug in the fascia of the leg, similar to that of the semi-
tendinosus 1.

7. M. rectus internus major (Ecker), (Figs. 81 r./, 82 ri’).
Dugsds, post-ischio-tibial profond, n. 152.—Klein, semimembranosus.

This is a broad and flat muscle, thinned out at either extremity ;
it occupies the inner half of the ventral surface of the thigh, and is
in relation with the adductor magnus externally and anteriorly, with
the sartorius posteriorly, and the recfus minor muscle internally.
The muscle arises by a tendon from the pubic symphysis;
it covers in its course the semifendinosus, then passes into a
strong tendon, which blends with the tendon of the rectus
minor, to be inserted by a slip into a.process of the tibio-fibula
representing the fuberositas tibiae, first passing between -the ten-
dons of the sarforius and semimembranosus, which here form an
aponeurotic arch; a second slip passes under the tendon of the

' The sartorius has laté]y been used by Kiihne in his researches on the nerve-
endings in muscle and on muscle contraction without nerve supply (du Bois-Rey-
mond’s and Reichert’s Archiv, 1859. Page 314).

n
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Fig. 81.
/l
ad’
Vi
ad”
ad”
roi*
- oCe
rd’
gco— t.a.
t.p.
f.t.
\ v

Muscles of left thigh of Rana esculenta. Ventral surface.

ad’ M. adductor longus,

ad” M. adductor brevis.

ad”” M. adductor magunus.

e.c. M. extensor cruris

St M, flexour tarsi.

g.c. M. gastrocnemius.

rd’ M. rectus internus major.
r.i” M. rectus internus minor.
& M. sartorius.

t.a. M. tibighs anticus.

tp. M. tiblalis postions.

vd. M. vastus internus.

m. semitendinosus to
be inserted into the
upper surface of the
tibio-fibula, under it
passes the N. tibialis.
A third thread - like
tendon passes to the
m.  semimembranosux,
Somewhat behind its
middle (Fig. 82) the
muscle is traversed by
an inscriplio tendinea,
by which the whole of
the fibres are inter-
rupted.

118. M. rectus in-
ternus minor (Ecker),
(Figs. 8o, 81 r.i”). .

Ducél,post-i:chio-ti'bisl

superficiel, n. 151.—

Zenker, fleror tidiae

magnus.—Klein, is-

chio-tibialis.

Situated entirely on
the inner surface of
the thigh, this narrow
muscle arises by a
tendinous band which
runs the whole length
of the pubic symphy-
sis, and is connected

- postetiorly with the

sphincter ani, anterior-
ly with the reclus
abdominis ; posteriorly
it passes into a thin
tendon which is also
connected with the
muscle just .described
(117). It its course==

-—
"
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this muscle is attached to the skin by strands of vessels and con-
nective tissue:

The vastus internus major and minor together undoubtedly
correspond with rectus internus or gracilis of human anatomy.
The rectus internus major is, however, regarded as corresponding
with the adductor magnus by Duges, and with the semimembra-
nosus by Klein; by considering the position and attachments of
these muscles one must arrive at a different conclusion.

MM. adductores femm'ia.

118. [a] M. adductor longus (Fig.
82 ad’).

Dugés, sous-ilio-fémoral, n. 141.

Without further dissection this
muscle is only partially visible be-
tween the m. sarforius and vastus
internus (Fig. 81 ad’). The muscle
is flat and long, and arises by a
tendon from the anterior inferior
angle of the pubic symphysis (Fig.
42 s), partially covered by the
origin of the sarforius. Thence the
muscle passes between the wvastus
internus and the adductor magnus,
and finally is inserted below the
middle of the femur, together with
the latter muscle.

Fig. 8a.

120. [b] M. adductor maynm
(Figs. 81, 82 ad™).

Dugds, sous-ischio- pubi-fémoral (ad-
ductor 1 and 3), n. 143, I43.—

Klein, adductor magnus and er- y . oo oty thigh of Rana esculenta.

tensor femoris profundus.

This muscle is visible between the
sartorius and rectus internus major
in the anterior half of the {high,
posteriorly it is covered by these
mauscles. .It arises by a tendon
from (a) the pubic symphysis and

Ventral surface.

ad’ M. adductor longus.
ad”’ M. adductor magnus,
g¢ M. glutaeus.

ip M. ilio-pscas,

ra M. rectus fem. anticua.
ré’ M rectus int. major.
&  M.sartorius

st M. semitendinosus,

vi M. vastus internus.

ssckii, and is in this position divided into two portions, between

) H2
...I~
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»
which passes the tendon of one head of the m. semitendinosus (Fig.
83 62”); \(4) & second part,arises from this same tendon (Fig. 83 &™)
and joins with the first part. Thus formed the muscle passes to be
inserted into the distal half of the inner surface of the femur as
far as the condyle. Near its hinder extremity, however, it passes
on to the dorsal and outer surfaces, and thus forms a kind of
muscular sheath surrounding the distal portion of the bone.

131. [e] M. adductor breviz (Figs. 81, 83 ad”),
and
122, (4] M. pectineus (Fig. 83 pe).
Dugads, sous-pubio-fémoral (analogue of the pectineus, poesibly of the
add. brevis also).

These two small muscles which lie under cover of the sartorius, addue-
for longus and magnus,
appear externally as one
muscle, but may easily be
separated (Fig. 83). They
arise close together from
the pubic symphysis, and
are inserted into the
s inner surface of the an-

terior half of the femur.
They are not attached to
the adductor magnus.

Fig. 83.

123. M. semitendinosns

(Fig. 83 o, ', st”).
Dugés, bis - ischio - tibial,
n. 153. — Zenker, bi-

ceps.

This is a long thin mus-
cle, only visible after re-
moval of the m. reclus

Deep muscles of left thigh of Rana esculenta.

ad M. adductor longus.

ad” M. adductor brevis,

ad” M. adductor magnus.

ip M. ilio-psoas.

pe M. pectineua.

ra M. rectus anticus.

ri’ M. rectus internus maior
ri” M. rectus internus minor } c:"' through.
¢ M. sartorius.

st Belly of m. semitendinosus.

st/ M. semitendinosus (cap. posticum).

st” M. semitendinosus (cap. anticum).

5 Fibres pasing into the adductor mag
vi M. vastus internua

internus, by which it is en-
tirely covered. It arises
by two long thin tendons,
one (caput posticum, st’)
from the pubic symphysis,
the other (caput anticum,
at”) from the hollow be-
tween the symphysis and
the acetabulum. Thelatter
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passes through a slit in the adducfor magnus, and so affords this
muscle anothér/point) of ) origin§/tien backwards between the
adductor magnus and the rectus internie msjor and under the lower
third of the thigh, and unites with the postéfior head of origin. The
muscle so formed passes into a thin tendon, and; together with that
of the sartorius, forms an aponeurotic arch, oonnecf\)&vqth the fascia
of the leg, under which the tendons of the rectus mlcrrue major and

minor pass.

(C.) Deep miuscles of the thigh. R
To these, in addition to the adductor brevis, pectineus, and the c.
portion of the diceps already described, belong also the following : -

124. M. ilio-psoas (Figs. 82,83, 84 ip).
Dugds, intra-ilio-fémoral (=iliacus and psoas).—Cuvier, Zenker,
Klein, tliacus internus.
The fibres of this muscle take a broad origin from the pelvic
surface of the ilium, pass outwards over the lower margin of the

Fig. 84.
Fig. 8s.
ci
x ;
i
i,
[3] B
Deep muscles of the left thigh of Runa
esculenta,  Dorsal view, og
ad’ M. adductor brevia. Lt half of palvis of Ra
¢ M. coccygeo-iliacus. » of vis of Rana escu-
x oo . lenta. Thigh turned forwards
o M. glutaeus, under the abdomen.
4 " @ M, glutaeus,
:; :’ ?‘:ninw rioa, og M. obturatorius,
qf M. quadratus femoris. ®

bone and form a flat muscle with its apex pointed posteriorly. It
crosses the hip-joint between the m. recfus and vastus imternus,
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covering the hinder part of the’m’. glutaeus, and is inserted into the
outer surfaee'\of 'thé mlddlq thu:d ‘of the femur.

126. . quadratus, fﬁmzm (Fig. 84 ¢f)-

Duges, post~ﬂ|o'fémoml (Homologue of the glutacus marimus), n. 197.—
Zenk@-, glutaeu: minor, p. 42.

This muscle rs'of a somewhat elongated, triangular shape, and
arises, under aover of the pyriformis, from the ilium behind the ace-
tabulum 1t passes backwards over the joint to be inserted into the
mnér-\u'rd’ ‘under surfaces of the femur, between the pyriformis and

. zlio-paoae below, it is in direct relation with the adductor brevis.

128. M. obturatorius (Figs. 84, 85 og).
Dugas, ischio-pubi-fémoral, n. 139 (?).—Zenker, m. capsularis femoris.

This small muscle is deeply situated upon the hip-joint, and
covered by all the other muscles that arise from the symphysis. Its
origin from the innominate bone extends from the superior posterior
angle of the symph. ossis ilii to about the middle of the pubic sym-
physis ; the muscle fills the space between the crest of the sym-
physis and the acetabulum. The fibres converge to pass into a
strong tendon, which is inserted into the posterior and anterior
surfaces of the head of the femur. The muscle appears to represent
collectively the small rotators of human anatomy, m. obturator ez-
ternus and internux and the gemelli.

II. MuscLeEs or THE Lke.
General description.

On the outer surface (the anterior of man), covered by the fascia
cruris, into which the tendon of the ealensor communis cruris or
triceps is prolonged, are found the following muscles : nearest to the
bone, the m. extensor cruris brevis (ec); externally, the m. tibialis
anticus (ta) and the m. peroneus (pe). On the inner surface (the
hinder of man) lie the gastrocnemius (g9c) and tilialis posticus (tp), and
deeply the flexor tarsi sup. ( ft).

127. M. gastrocnemius (Figs. 8o, 81, 86).
Dugsés, bi-fémoro-plantaire, n. 159.

This important muscle arises by two tendinous heads. The one
(Fig. 86 &) rather nearer the middle line of the popliteal space, is
by far the stronger: it arises by a broad, tendinous expansion,
which covers the knee-joint, and is attached to the femur and the
tibio-fibula hy anterior and posterior bands respectively ; it ends
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internally in a concave aponeurotic arch : the second head is a thin,
tendinous slip) arising) fromCthel common tendon of the #riceps as
this lies on the knee-joint. The muscle is thickest near its origin,
and then gradually diminishes in size as it passes backwards; the
superficial surface is convex, the deep surface is flat. By tracing the
tendons of origin, they are seen soon to unite and form a common
flat tendinous surface, broad in front,

contracted behind ; this aponeurosis Fig. 86.

lies in a plane running obliquely
from the deep surface towards the
superficial surface, without, how-
ever, reaching this. The muscular
fibres arise from both surfaces of the
aponeurosis, the fibres of the two
sides diverging slightly as they pass
backwards so as to be inclined at a
small angle to each other. The
fibres are inserted into a fibrous ex-
pansion (dp) which lies on the su-
perficial surface of the muscle; thin
and slight in front, this aponeurosis
rapidly thickens posteriorly until it
passes into the tendo Ackillis.

128. M. tibialis posticus (Fig.
Vv 86 ¢.p.).
Dugés, cruro-astragalien, n. 160.
Covered by the gastrocnemius this

Musclos of the right leg and foot of Rana escuienta.
Dorsal view.

aA. M. abductor halldcis.

als M. abductor longus digiti L )
A.p. Aponeurosis plantaris. F X
] M. ole
et. M, extensor tarsi.

F1, M. flexor digitoruam IIT, IV, V longus.

FJb. M. flexor digitoram I and II longus.

9 M. gast jus, drawn ds the right.

r'd Tendon of origin of gastrocnemius.

le. Ligamentum calcanei.

] M. plantaris,

r4. MM, internus major and minor.

am. M. semimembranosus,

s.t. M. semitendinosus.

t.A. Tendo Achillis.

1.4’. Thickening of tendo Achillis.

tp. M. tibialis posticus.

ve. M. vastus externus.

e.i. M. vastus internus.

e B
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muscle occupies the whole of the inner and upper surfaces of the
tibio-fibula, from |which it)arises by numerous fibres. Opposite the
hinder extremity of the bone the muscle becomes free and passes
somewhat abruptly into a tendon, which courses behind and over the
malleolus infernus, on to the dorsum of the foot, and is here inserted
into the anterior extremity of the astragalus. 1 cannot agree with
Dugts that this muscle corresponds with the solexs (Ecker).

120. M. extensor cruris brevis (Fig. 87 ec).
Dugads, pré-fémoro-tibial, n. 154.

Covered by the strong fascia cruris, and lying between the m. Zi-
bialis anticus and the tibio-fibula, this muscle arises by a long tendon
from the inner condyle of the femur; it passes backwards in the
groove on the anterior extremity of the tibio-fibula, covered by the
tendon of the triceps femoris, and is then inserted by muscular
fibres into the outer surface of the tibio-fibula almost as'far as the
posterior third of the bone. (Dugls regards this muscle as the
upper, i. e. anterior, portion of the 7ibialis anticus.)

180. M. tibialis anticus (Figs. 8o, 81, 87 ta).
Dugés, pré-fémoro-astragalien and pré-fémoro-calcanien, n. 156 and 157 ;
the former he regards as one part of the #ib. anticus, the latter
* a8 the peroneus longus I.—%Zenker, tib. ant. biceps.

The tendon of origin of this muscle is attached to the femur near
the tendon of the m. extensor cruris brevis, and to the joint-ligaments.
The muscle is placed under the fascia cruris, its long tendon of
origin passing beneath the tendon of the Zriceps in a special sheath
through the joint ; the tendon then gains a muscular belly which
bifurcates at about the middle of the leg, forming two muscular
masses, coursing along the outer and the inner side of the leg re-
spectively. The latter is inserted into the dorsal surface of the astra-
galus by a tendon, and the former into the dorsal surface of the
calcanens in a similar manner. The muscle extends the foot and
.flexes the tarsus; the latter movement is very distinct on account of
the insertion of the muscle being so near the Aypomochlion.

131. . flexor tarsi anterior (Ecker), (Fig. 87 /).
Dugés, ex-tibio-astragalien, n. 155.—Zenker, tibialis anticns simplez.
This muscle arises where the insertion of the exfensor cruris brev
ceases, from the middle of the under surface of the tibio-fibula, and
passes backwards between the two tendons of the m. tibialis anticus
along the outer side of this muscle, to be inscerted by a tendon
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into the inner side of the anterior
articular extremity Dof Cthe asatra-
galus and the fascia dorsalis pedis.

132. M. peroneus (Figs. 80 pe,

87 p).
Dugés, génio-péronéo-calcanien,
n. 158.

This is a strong muscle which is
attached by a long tendon of origin
to the hinder extremity of the
femur and the ligaments of the
knee-joint. The tendon runs in a
sheath through the joint and pos-
teriorly becomes muscular; the
muscle passes downwards on the
outer side of the tibio-fibula to be
inserted into the malleolus externus
of this bone and into the anterior
extremity of the ca/caneus. It has
an action similar to that of the
m. tibialis anticus.

III. MuscLes o¥ THE Foor.

A. MuscLeson e PLaxt4RrSurFacE.
183. Aponeurosis
(Fig. 88 4.p.).

As already mentioned, the ten-
don of the m. gastrocuemius is, at
the heel, continued into a strong
aponeurosis, and possesses at this
place a thickening !. The aponeu-
rosis is of triangular form, the
base directed towards the toes and
attached to these. The lateral
borders of .this triangle are con-
tinued into weaker fasciae, which
are attached to the two long tarsal
bones. The inner border in par-
ticular gives a strong bundle of

plantaris

105

Fig. 87.
F
g ec
ta
P
Ft
ahb e
eda
eds ed1

Muscles of leg and foot of Kana esculenta,

seen from below.

a.b.s M. abductor dig. V longus.
ec M. extensor cruris brevis.
e.d.1 M. extensor digit I longus
e.d.4 M. extensor digit IV longua
e.d.s M. extensor digit V longus.
Ft M. flexor tarsi anterior.
Ft' M. flexor tarsi posterior.

9 M. gastrocnemius.

p M. peroneus.

ta M. tibialis anticus.

tF M. triceps femoris.

! Lehmann, Ueber den Knorpel in der Achillessehene des Frosches, Zeitschs. f.

U. Zool. X1V, p. 109.

(See also literature on cartilage, Sect. VII.
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fibres to the astragalus, and is thus connected with the fascia of the
dorsum of) the, foot ;) externally this aponeurosis is attached to a
cartilage (Duges, os sesamoide, /. ¢c., n. 66), situated on the plantar
surface of the joint between the calcanens and the os metatarei IV.

184. Ligamentum calcanei (Ecker), (Figs. 88, 89 l.c.).
If the fendo Ackillis be divided and the aponeurosis plantaris
reflected towards the toes, there is
seen, arising from the posterior head
as  Sm. of the tibio-fibula, in its whole
breadth, a ligament (between the
tib. posticus and peromeus). This
ligament forms a firm surface on
which the thickened portion of the
tendo Ackillis may move, and which
evidently represents the tuberosity
of the heel bone. I have there-
y fore named the entire structure the

ligamentum calcanei.

Several muscles arise from this
ligament, viz. :—

136. M. extensor tarsi (Klein),
Figs. 88, 89 e.t.).

Dugss, tibio-sous-astragalien (regarded
by him as the homologue of the
tibialis posticus).

Covered by the two succeeding
muscles, this muscle arises from the

Fig. 88.

Muscles of the right leg and foot of Rana esculenta.
Dorsal view.

a.h, M. abductor hallucis.
alr M. abductor longus digiti L.
) A N\ 4.p. Aponeurosis plantaris.
b M. bioeps.
et. M. extensor tarsi.
F.I. M. flexor digitorum III, IV, V longus,
F.r. M. flexor digitorum 1 and II longus.
9 M. gastrocnemins, drawn towards the right.
I'd Tendon of origin of gastrocnemius,
lc.  Ligamentum calcanei. -
» M. plantaris. .
r.i{. MM. internus maior and minor.
s.m. M, semimembranosus.
s.t. M. wemitendinosus.
~  t.A. Tendo Achillia
t.4’. Thickening of tendo Achillis.
t.p. M. tibialis posticus.
s, M. vastus externus.
i, M. vastus internus.

~



MUSCLES OF THE HIND LIMB. 107

ligamentum calcanei, runs backwards, and is inserted into the whole
length of the plantar surface of thélastragalus. It extends the foot.

136. M. plantaris (Figs. 88, 89 p).
This takes its origin from the ligamentum caleanei to the inner side
and below the last muscle. It passes backwards and is inserted
into the dorsal surface of the aponcurosis plantaris.

187. M. flexor digitorum III, IV, V longus (Ecker), Figs. 88,
89 F..).
Dugads, péronéo-sous-phalangettien ( flexor dig. longus).
This musecle also arises Fig. 89.

from the ligamentum cal-
canei to the outer side of

the m. plantaris. It runs sdla.
backwards over the apo-
neurosis plantaris, and at
the free margin of this
passes somewhat sud- tA
denly into a strong ten- A
don, which traverses an c.:t.
aponeurotic canal, formed
by fibres of the aponeu- t.p. ':':'
rosis passing above and L1 o
below the tendon, from " l-s.
| AN ad.s.
Muscles of the plantar surface of foot 13 14
of Rana csculenta, twice natural
size. . (e
A.p. Aponeurosis plantaris, divided. Fol-'

ab.s. M. abductor dig. V.
ad.s. M. adductor dig. V.
ad.l.1. M. adductor longus dig. 1. F.l.
et. M. extensor tarsi.
F.s. M. flexor brevis dig. V.
Fl. M. flexor digitorum III, IV, V
Jlongus.
FP.r. M.flexordigitorum I, II longus.
.
L2,
L3
1.3". "-Musculi lambricales,
|
1y
Ls.
{2. Ligamentum calcanei.
p M. plantaris.
t.A. Tendo Achillis.
t.4’. Thickening in tendo Achillis.
t.p. M. transversus plantae poste.
rior.
¢’. M. transvervus plantae anterior.
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the cartilaginous enlargement in the tendon to the median border
of the aponeurdsis.0 The tendon forms three slips for the fifth,
fourth, and third toes: these are slightly attached to the aponeurosis,
but reach beyond its free border to be inserted into the terminal
phalanges of the toes mentioned, and are held down by fibrous
bands. (The small m. lumbricales arising from these tendons are de-
scribed below.)

138. M. flezor digitorum I, IT longus (Ecker), (Figs. 88, 89 F./.).

The tendons, by means of which the terminal phalanges of the

first and second toes are flexed, arise directly from the posterior
border of the aponeurosis.

189, 140. MM. transversi plantae (Ecker), (Fig. 89 ¢.p., t.p".).
The movements of the aponeurosis and through it the move-
ments of the tendons attached to it are influenced not only by
the m. gastrocnemius and plantaris, but also by two other muscles,
which together have been described as the flexor dig. longus internus
(Klein), or as the tarso-sous-phalangettien (Duges, 221). °

a. M. transversus plantae posterior (¢.p.).

This takes its origin from the plantar cartilage, widens as it
courses backwards and inwards to be inserted into the dorsal
surface of the apomeurosis plantaris; from this the tendons for
the first and second toes (flexor dig. longus I and IT) arise, thus there
is no direct connection between the muscular fibres of the two
muscles,

b. M. transversus plantae anterior (t.p).).

This muscle is covered by the last ; broader anteriorly, it arises
from the calcaneum, and is inserted to the inner side of the last
muscle into the dorsal surface of the aponeurosis. This muscle,
like that just described, is not continued directly into the tendon
of the flexor of the toes, they cannot therefore be regarded as
flexors of the toes.

141 to 1408, Musculi lumbricales (Fig. 8¢9 l.1-5).
(A.) From the posterior border of the aponeurosis plantaris arise :---
(1) M. lumbricalis digiti I (I.1).
Dugés, tendini-sous-phalangien de pouce, n. 185.

This is inserted into the anterior extremity of the proximal
phalanx.
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(3) M. lumbricalis digiti I1 (1.2).
Dugds, tendini-sous-phal:da I doigt, n. 186 {and 187), double acoording
to Dugbs.
Similarly inserted.

(8 and 4) MM. lumbricales digiti 111 (1.3).
Duges, tendini-sous-phal. du III doigt, n. 188, single according to
Duges.
One of these (/3) is inserted into the anterior extremity of the
basal phalanx, the other (/3") into a corresponding posltlon on the
middle phalanx.

(8) M. lumbricalis digiti 1V .
Dugés, tendini-sous-phal. du IV doigt.
Inserted into the anterior extremity of the basal phalanx.

(B.) Arising from the tendons of the flexor longus 111, IV, ¥ :
(8 and 7) MM. lumbricales digiti IV (l.4’. and l.4”.).
Dugés, tendini-sous-phalanginien du IV doigt, n. 301, 203.

The first (Z.4") is inserted into the posterior end of the basal pha-
lanx, the second (/.4”) in a similar position into the second phalanx.

(8) M. lumbricalis digiti V (l.5.).
Dugds, tendini-sous-phalangien du V doigt, n. 203.
This arises from the tendon for the fifth toe, runs backwards as a

thin tendon alongside that of the flexor, and is inserted into the
middle phalanx.

Special Muscles of the Separate Toex.

(I.) Muscles of the rudimentary great toe.

160. M. abductor kallucis (Figs. 88 a.A., go).
Dugés, tibio-sous-tarsien, n. 163.

This muscle arises from the inner border of the aponeurosis plan-
taris, at the spot where the m. plantaris is inserted, it may therefore
almost be regarded as a continuation of this muscle; it is inserted
into the anterior border of the rudimentary toe.

(I1.) Muscles of the great and first toes.
181. M. adductor longus digiti I (Figs. 89, 9o ad.l1).
Dugss, calcanéo-scaphoidien, n. 164.

This powerful muscle arises from the plantar surface of the cal-
caneum and astragalus ; its fibres converge towards a tendon lying in
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its middle, which becomes free towards its posterior.end; the
tendon passinginwards| undercthe ligementum tarsi transversum
through a groove on the hinder extremity of the astragalus in an
arched direction, to be inserted into the os naviculare, which bears
the rudimentary great toe and the os metatarsi 1.

(ITI.) Muscles of the first toe.
162. M. abductor longus digiti I (Figs. 88 al.1, 9o a.b.1).

It takes its origin from the inner border of the aponeurosis plan-
faris, and lies on the plantar surface of the abductor kallucis. Its
tendon runs in the hollow which the great toe forms, and is in-
serted into the inner side of the os metatarsi I.

183. M. flexor brevis digiti I (Fig. go F.b.1).

A small, thin muscle, which arises from the anterior extremity
of the o8 metatarsi II, and is inserted into the basal phalanx of the
first toe. In this small muscle, and also in the m. lumbrical. dig. V
(Fig. 89 /.5.), the nerve distribution may be very well seen.

164. M. opponens dig. I (Fig. go op).
Dugas, sous-metatarso-phalangien du pouce, n. 192.
This is situated to the inner side of the preceding muscle, arises
from the os metatarsi IT somewhat narrow, widens in a fan-like

manner towards the os mefatarsi I, into the anterior half of which it
is inserted.

(IV.) Muscles of the second toe.

1668. M. flexor metatarsi dig. 11 (Fig. 9o F.m.2).
Dugés, sous-tarso-metatarsien du II doigt.—XKlein, extensor metatarsi.
By a narrow origin from the hinder end of the calcaneum, poste-

riorly this muscle becomes broader and is inserted, somewhat thinned
out, into the plantar surface of the second oz metatarsi.

168. M. flexor dig. II proprius (Fig. go F.p.2).
Dugés, sous-metatarso-phalangien, n. 194.

It arises from the plantar surface of the os mefatarsi 11, and is
inserted by a thin tendon into the plantar surface of the first
phalanx.

Duges describes this and the analogous muscles of the third,
fourth, and fifth toes (F.p.3, 4, 5) as the inferossei plantares, a no-



MUSCLES OF THE HIND LIMB.

111

menclature which, to me, does not appear correct, as these muscles
lie entirely on/the jplantar surface; and do not adduct or abduct the

toes, but flex them.

(V.) Muscles of the third toe. -

187. M. flex. metatarsi dig.

III (Ecker), (Fig. go F.m.3).
Dugds, sous-calcaneo-métatar-
sien du III doigt, n. 174.—

Klein, extensor metatarss.
Like the corresponding
muscle of the second toe
(n. 155), this arises by a small
tendon from .the hinder ex-
tremity of the calcaneum, runs
backwards and is inserted into
the plantar surface of the os
metatarsi III. The greatest
portion of the muscle lies be-
neath the m. transversus meta-
tarsi (tm), the most anterior
portion, however, lies above
this. Duges has described
this latter portion as a special
muscle (n. 176, metatarso-
métatarsien du III), the same
description holds good for the

second toe (n. 177, Duges).

168. M. flexor dig. III
proprius (Ecker), (Fig. 91 Fp3).
Dugds, sous-métatarso-phalan-
gien du III doigt, n. 195.
Like the corresponding
muscle of the second toe,
this arises from the plantar
surface of the os metatarsi 111,
and is inserted by a thin tendon
into the plantar surface of the
anterior extremity of the first
phalanx.

Fig. go.

ad.la

a.b.a

Fms
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P-’o’
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Muscles of plantar surface of foot of Rana esculenta.

ab.: M. abductor longus digiti I.

ads M. abductor digiti V.

ad.hx M. adductor longus digiti I.

a.A. M. abductor hallucia.

Fb.x M. flexor brevis digiti I.

F.m.a, 3, 4 M. flexores metatar II, ITI, TIV.
F.p.2, 3, 4, 5 MM. flexor. proprii digit. 3, 3, ¢, s.
F.ph.3, 4, 4, s MM. flexor. phalang. digit. 3, 4, 5.
op M. opponens digiti L

t.w
t.m” }MH. transversi metatard 1, 2, 3.
.
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189. M. flexor phalangum proprius digiti 111 (Ecker), (Fig. g1

F.ph.3).

Dugés, phalango-phalangien, n. 204.
This arises by tendon from the plantar surface of the basal

Fig. g1.

adJa

aba
Fm.s
a.h. r.m.‘
5
op
F Fps

Muscles of plantar surface of foot of Rana esculenta.

a.b.x M. abductor longus digiti L.

abs M. abductor digiti V.

ad./.x M. adductor longus digiti I.

a.h. M. abductor hallucis.

F.b.x M. flexor brevis digiti I.

F.m.a. 3, 4 M. flexores metatarsi II, 1II, 1V,
F.p.a, 3. 4, s MM. flexor. proprii digit. 3, 3, 4, 5.
F.ph.3, 4, 4, 5 MM. flexor. phalang. digit. 3. 4, 5.
op M. oppunens digiti L

tom’

t.m” }MH. transversi metatarsi 1, 2, 3.

t.m"™”

. phalanx, and is inserted into

the anterior extremity of the
terminal phalanx.

(VI.) Muscles of the fourth

toe.
180. M. flexor metatarsi
dig. IV (Fig. 91 F.m.4).
Dugés, métatarso-métatarsien,
n. 175.

Similarly to the correspond-
ing muscle of the third toe,
this one arises from the
hinder extremity of the calca-
neum, and is inserted into the
anterior portion of the plantar
surface of the os metatarsi IV
but not into the greater portion
of this surface, as in the second
and third o8 metatarsi.

161. M. flexor dig. IF
proprius (Fig. 91 Fpg).

Dugés, sous-métatarso-phalan-
gien du IV doigt (interossens
plantaris), n. 196.

The origin and insertion are
similar to those of the muscles
of the second and third toes.

182. M. flexor brevis dig.
1Ir.

A small muscle, which arises
with the . flezor érevis of the
fifth toe, from enlargement of
aponeurosis plantaris, and is in-
serted into the basal phalanx
of the fourth toe.
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163. M. flexor phalangum proprius dig. IV anlerior (Fig. 91

F.ph.4).
) Dugés, phalango-phalanginien, n. 205.

It resembles the corresponding muscle of the third toe.

184. M. flezor phalangum proprius posterior (Flg 91 Fph.g’).
Dugés, phalangino-phalangettien, n. 209. :
This extends from the plantar surface of the second phalanx to
the anterior extremity of the third.

(VIL.) Muscles of the small toe.
186. M. abductor dig. V (Fig. 91 a.b.5).
Dugés, calcanéo-ex-métatarsien du digitule, n. 169.

This muscle arises from the hinder extremity of the calcaneum,
and is inserted into the outer surface of the fifth metatarsal.

186. M. adductor dig. ¥V (Fig. 89 a.d.5).
Dugés, sous-tarso-in-phalangien, n. 191.

This arises from the cartilage of the plantar aponcurosis, and is
inserted into the hinder end of the fifth metatarsal.

187. M. flexor brevis dig. ¥ (Fig. 8¢9 F.5).
Dugaés, sous-tarso-ex-phalangien, n. 1go.

Arising from the same place as the preceding, it extends to the
basal phalanx.

188. M. flexor dig. V. proprius (Fig. 91 F.p.5).

(Analogues of Muscles, n. 156, 158, 161 ; see note at n. 156).—Duges,
sous-métatarso-phalangien, n. 197 (= inteross. plant.).

This muscle arises from the plantar and inner surfaces of the fifth
metatarsal, and is inserted into the basal phalanx.

189. M. flexor phalangum proprius (Fig. 91 F.ph.5).
Dugds, phalango-phalanginien, n. 206.
Its origin and insertion are as in the corresponding muscles of the
second, third, and fourth toes, n. 159, 163, 164, 169.

170 to 172. MM. interossei (Fig. 91 t.m.).
Dugés, I, 3, and 3, intermétatarsien, n. 170, 171, 173.
These are three muscles with their fibres arranged transversely,
which occupy the anterior portion of the spaces between the
: I
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metatarsals, and approximate these. The first arises (¢m’) from the
edge of the plantar surface of the first metatarsal, and is inserted
into the corresponding part of the second : the second (fm") passes
from this point to the third, and the third (#n") to the fifth.

B. Muscies or thE Dorsar Surrack.
178. M. flezor tarsi posterior (Ecker), (Fig. 92 F.2.).
Dug@és, péronéo-sus-astragal, n. 161.
This is a strong muscle, which has a narrow origin from the
outer side of the tibio-fibula, directly over the distal extremity, and

is inserted into the dorsal surface of the astragalus from the middle
to the distal extremity.

Muscles of the first toe.

174. M. extensor longus dig. I (Fig. 92 e.l.1).
Dugads, calcanéo-sus-métatarsien du pouce, n. 166.

This lies to the outer side of and near the foregoing muscle; it
arises by a long, strong head from the middle of the calcaneum, runs
obliquely backwards and inwards to unite with a small head which
arises from the common epiphysis of the astragalus and calcaneum,
in common with the m. extensor dig. II. The muscle so formed

passes into a flat tendon to be inserted into the basal phalanx of
the first toe.

176. M. extensor brevis dig. I (Fig. 92 e.b.1).

A small, short muscle which arises from the os nariculare and is
inserted into the dorsal surface of the first metatarsal.

178. M. abductor brevis dig. I (Fig. 92 a.b.1).
Dugsés, ex-tarso-métatarsien du pouce, n. 168.
This small muscle is situated near the preceding ; it arises from

the first bone of the supplemental toe, and is inserted into the inner
side of the first metatarsal.

Muscles of the second toe.

177. M. extensor dig. II longus (Fig. 92 e.l.2).
Dugés, calcanéo-sus-phalangien du II doigt, n. 182.
This arises from the calcaneum, in common with the m. exfensor

longus of the third toe, and is inserted into the basal phalanx of the
second toe by a tendon.
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178. M. extensor
dig. II brevis'(Fig. g2
e.b.2).

Dugés, astragalo-sus-

phalangien du II,
n. 183.

This is partly covered
by the preceding muscle :
it arises from the astra-
galus, and unites with
the tendon of the pre-
ceding muscle.

Mouscles of the third
toe.

179. M. extensor
dig. III longus (Fig. 92
e.l.3).
Dugéds, sus-astragalo-
phalangien du mé-
dius, n. 199.

This arises with the
extensor longus of the
second toe from the
calcaneum : its tendon
unites with that of the
following muscle.

180. M. extensor
dig. I1I brevis (Fig. 92
e.).3).

Dugédes, astragalo-sus-
phalangien du mé-

dius, n. 181.

This muscle arises
from the astragalus,
and is inserted with the
tendon of the preceding
muscle into the dorsal
surface of the basal pha-
lanx.

Fig. 92.

F.t.

C-I-ﬂ\

e.b.5 e.d.1

el a.bt
L2
e.l.3 e.b.2

e.b.3 i3
i.10

e.b.¢
e.b.

i.9

Dorsal view of muscles of foot of Rana esculenta.

a.b.x M. abductor brevis dig. I.
e.b.x M. extensor brevis dig. L.
e.b.2 M. extensor brevis dig. II.
e.b.3 M. extensor brevis dig. III.
e.b.4 M. extensor brevis 1 dig. IV.
e.b.4’ M. extensor brevis 2 dig. IV.
e.b.s M. extensor brevis dig. V.
e.l.1 M. extensor longus dig. I.
¢.l.2 M. extensor longus dig. II.
e.l.3 M. extensor longus dig. ITL
e.l.4 M. extensor longus dig. IV.
e.l.s M. extensor longus dig. V.
F.t M. flexor tarsi posterior.

1.2 to { 10 MM, interossei.

12
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Muscles of the fourth toe.
181. My extensorlongus dig. I¥ (Fig. 93 e.l.4).
Dugés, péroneo-sus-phalangien du IV, n. 178.
A narrow muscle arising in common with the flexor tarsi inf.,
but external to it. It is inserted into the tendinous expansion on
the dorsum of the toe. :

182. MM. extensores dig. IV breves (Fig. 93 e.b.4 and e.b.4").

Dugads, calcanéo-sus-phalangien and sus-calcanéo-phalanginien, n. 179
and 198.

These two small muscles arise from the calcaneum : one is in-
serted into the basal phalanx, the other, by means of a long
thin tendon, passes along with the tendon of the corresponding
.m. interosseus to the second phalanx, to which it is attached.

Muscles of the fifth toe.

183. M. extensor dig. V longus (Fig. 93 e.l.5).
Dugaés, calcanéo-sur-métatarsien, n. 165.

A strong muscle which covers almost the whole length of the
calcaneum ; it arises from the anterior extremity of this bone, runs
backwards to the outer side of the dorsum of the foot, and is
attached to the outer surface of the fifth metatarsal.

184. M. extensor dig. } breris (Fig. 93 e.b.5).
Dugéds, calcanéo-sus-phalangien du V, n. 180.
This is a long thin muscle, which, together with the muscle last
described, arises from the calcaneum and is inserted into the basal
phalanx of the fifth toe.

185. M. abductor dig. T brevis (Fig. 93 7.10).
This, the last m. interosseus, arises from the outer side of the
fifth metatarsal, and is inserted into the hinder extremity of the
second phalanx of the same toe.

186 to 185. MM. interossei dorsales (Fig. 93 1.1 to i.10).

First toe.
(1) The analogue of the first m. interosseus is the m. abductor
brevis dig. I (a.b.1). ‘
(2) The second m. inferosseus (i.2) arises from the outer side of
the first metatarsal, and is inserted into the outer surface of the

second phalanx of the same toe, dorsally to the m. opponens and
flexor breviz dig. I.
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Second toe.

(3) The third' m. -
terosseus(1.3)takesorigin
from the anterior part
of the outer surface of
the first metatarsal by
a thin. tendon; it is
inserted into the inner
surface of the second
phalanx by a similar
tendon.

(4) The fourth m. in-
terosseus (i.4) arises from
the outer side of the
second metatarsal, and
is inserted into the outer
surface of the second
phalanx.

Third toe.

(5) The fifth m. ix-
terossens arises from the
outer surface of the
second metatarsal, and
is inserted by a thin
tendon into the inner
surface of the second
phalanx of the same
toe.
(6) The sixth arises
from the outer surface
of the third metatarsal,
and is inserted laterally
by a thin tendon into
the hinder extremity of
the second phalanx of
the same toe.

Fourth toe.

(7) The seventh . in-
Lerosseus (i.7) arises by a
thin tendon from the

Fig. 93.

F.t.
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PR e.l.1

e.b.1
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l.2
e.ls e.b.g

e.b.s

i.10 .
i.s

e.b.s
e.b.4

i.9

Dorual view of muscles of foot of Rana esculenta.

a.b.x M. abductor brevis dig. I.
e.b.1 M. extensor brevis dig. 1.
e.b.2 M. extensor brevis dig. 1I.
e.b.3 M. extensor brevis dig. 111.
e.b.4 M. extensor brevis 1 dig. 1V.
e.b.4’ M. extensor brevis 2 dig. IV.
e.b.s M. extensor brevis dig. V.
e.l.1 M. extensor longus dig. I.
e.l.a M, extensor longus dig. 1I.
e.l.3 M. extensor longus dig. IlI,
e.l.4 M. extensor longus dig. IV.
e.l.s M. extensur longus dig. V.
F.t M. flexor tarsi posterior.

i.2 to {.10 MM. interossei.
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Fig. o4.

F.t.

e.ls
e.b.5 e.d.1
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c.l.2

edey

e.l.3 e.b.s

e.b.3

i.10 .
i.3
e.b.s
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Dorsal view of muscles of foot of Rana esculenla.

a.b.1 M. abductor brevis dig. I.
e.b.1 M, extensor brevis dig. I.
e.b.2 M. extensor brevis dig. II.
e.b.3 M. extensor brevis dig. III.
e.b.4 M. extensor brevis 1 dig. 1V.
e.b.4’ M. extensor brevis 2 dig. 1V.
e.b.s M. extgnsor brevis dig. V.
e.l.x M. extensor longus dig. 1.
el.z2 M. extensor longus dig. IL
e.l.3 M. extensor longus dig. I11.
e.l.4 M. extensor longus dig. IV.
e.l.s M. extensor longus dig. V.
F.t M. flexor tarsi posterior.

1.2 to i.10 MM. interoesei.

i.g2

hinder extremity of the
astragalus,and by fleshy
fibres from the hinder
extremity of the fourth
metatarsal ; it is inserted
by a thin tendon into
the inner surface of the
second phalanx of the
same toe.

(8) The eighth m. in-
terosseus (1.8) takes its
origin from the outer
surface of the fourth
metatarsal and from the
innersurface of the fifth :
it is inserted into the
hinder extremity of the
second phalanx.

Fifth toe.

(9) The ninth m. in-
terosseus (1.9) arises from
the inner surface of the
fifth metatarsal, and is
inserted into the hinder
extremity of the second
phalanx.

(10) The tenth m. in-
terosseus has already been
described as the abductor
digiti V brevis (Fig. 94
i.10).

If we take the
fourth toe as the axis
of movement, the first,
third, fifth, seventh,
eighth, and tenth mum.
interossei  will abduct
from an imaginary line
which runs through this
toe. The second, fourth,
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sixth, and ninth will adduct towards this line. If we compare
them with those'of mamw|(inowhose case the second toe affords the
central line), those of the first group must be regarded as mm. inter-
ossci dorsales, of the latter as plantares. Duges holds all these
tuterossei (with the exception of the first, abductor brevis dig. 1) to
be mm. interossei dorsales (métatarso-sus-phalangettiens, n. 210, 211,
212, 214, 215, 216, 218, 219). Those which I have described as
flexores proprii digitorum, he regards as inferossei volares.

V. MUSCLES OF THE SKIN.

106. M. cutaneus pectoris (Fig. 95 cp).

Dugés, abdomino-guttural, n. 53.—Klein, ubdommo-cut.anous —Zenker,
subcutaneus pectoris.

This is an elongated quadrangular muscle, attached by its hinder
margin to the side of the xiphisternum, and to the superficial
surface of the aponeurosis of the m. obliquus ewternus. The fibres
course forwards and
slightly outwards to be Fig. 95.
inserted, at a very acute
angle,into the skin: lying
between the two muscles
and attached to them on
either side is a thin fas-
cia, which, together with
the muscles and the ep-
tum thoracicum, assists in
closing a triangular space
between these structures
and the deeper muscles.

The thinnessand trans-

parency of this muscle
Pectoral region of Rana esculenla.

render it especially suit- o .
able for the investigation 7 Pors. abdomisalis of the m. pectorali

of nerve-terminations .
197. M. culaneus dorsi (Fig. 96 cd).
Dugss, pubio-dorso-cutané, n. 56.—Zenker, cutaneus iliacus.
This muscle has a narrow origin in the space between the muscles

1 Kolliker, Mikrosk. Anatomie, 1866, vol. IL. 1, p. 247; Reichert, Miiller's Archiv,
1851, p. 29, P1. I'; Kaolliker, Untersuchungen iiber die letzten Endigungen der Nerven
in den Muskeln des Frosches; Leipzig, Engelmann, 186a.
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of the belly and of the thigh, and is here inserted into the fasciae,
which are attached to:the publc gymphysis ; it passes inwards and
upwards to the outer side of
Fig. 96. the anterior insertion of the
m. rectus femoris anticus, then
widens and is inserted by di-
verging fibres into the inner
surface of the skin of the
hinder portion of the back.

cx.
198. M. coccygeo-cutancus.
Dugés, coocy-dorso-cutanés,
n. 57.

The muscular fibres which
Duges has described under
this name, lie covered by the
m. pyriformis, behind the m.
coccygeo-iliacus, ete., and above
the muscles of the rectum.
They arise from the hinder

v.e

Hind portion of back and thigh of Kana csculenta.
M. cutaneus dorsi,

g. Cocoyx.

% Sk roftectad to laftside, extremity of the urostyle:

ot M. obliquus externus. they appear to be connected

#n M, somimembraneus, with the rectal muscles, and

e.¢ M. vastus externus. pass outwards to be attached
to the skin.

Among the cutaneous muscles may perhaps be included the
m. submaxillaris (p. 62).

The fibrils passing from the flexor tendons to the warty bodies
on the plantar surface of the toes are described! with the skin

(p- 373)-
! Compare Klein, Beitrige zur Anatomie der ungeschwinzten Batrachier (R. tem-

poraria, L.) : Jahreshefte des Vereins fiir vaterlandische Naturkunde in Wiirttemberg,
1850, p. 73.
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THE NERVOUS SYSTEM.
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1. THE CENTRAL NERVOUS SYSTEM.
(Re-written by the transiator.)

“A. Tae SeixaL Corp (Fig. 97).

1. External form. The spinal cord is, in comparison with the
brain, somewhat small ; the two organs are directly continuous,
and present no distinct line of demarcation: the point of origin
of the first spinal nerve is, therefore, arbitrarily accepted as the
anterior limit of the spinal cord ; posteriorly it terminates in the
Jilum terminale.

The spinal cord is flattened dorso-ventrally, and is constricted
at a point (pars media, Reissner) somewhat anterior to its
middle: in consequence of this constriction the cord has two
enlargements; an anterior smaller, and a posterior larger (infu-
mescentiae anterior v. posterior), from which arise the nerves of the
brachial and lumbar plexuses respectively. At about the sixth
or seventh vertebra, the hinder enlargement diminishes rather
abruptly to form the so-called conus Wmedullaris ; this is continued
into the filum terminale, which enters the cavity of the urostyle.
The hinder portion of the lumbar nerves forms a cauda equina,
the constituent nerves of which surround the filum terminale.

A dorsal longitudinal fissure (sulcus longitudinalis superior) is
well marked in the middle line of the dorsal surface of the pos-
terior enlargement ; anteriorly and posteriorly it rapidly fades away,
its position being merely indicated by a small amount of connective-
tissue and a blood-vessel.

The ventral longitudinal fissure (sulcus longitudinalis inferior) is
well marked throughout the length of the cord. Neither fissure can
be traced in the hinder part of the comus medullaris or in the filum
terminale.

Ten pairs of nerves arise from the spinal cord, each nerve arising
by two roots, a ventral and a dorsal (anterior and posterior), from
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points near the ventral and dorsal longitudinal sinuses respec-
tively : the twoy roots unite at their point of exit from ‘the ver-

Fig. 97.

tebral canal through
the intervertebral for-
amen ; each dorsal root
possesses a ganglion.

The nervous system of Rana es-
lenta, from the tral sur-
face. (From Icones physiolo-
giose by A. Ecker. PL XXIV,
Fig. 1.)

F  Fadial nerve,
[} Ganglion of
trio nerve,

He  Cerebral hemisphere.

Lc  Optio tract.

) '

Lop Optie lobe.

M  Boundary between me-
dulla oblongata and spi-
nalocord.

Muv—i0 Spinal nerves.

M8 Connection between fourth
spinal nerve and sympa-
thetic chain,.

N Nasal sac.

Ni{  Bciatic nerve.

No  Crural nerve,

o Eyeball

8 Trunk of sympathetic,

8S1—10 Sympathetic ganglia,

Sm Rami communicantes of
sympathetic. .

§p  Continuation of aym)
thetic into head.,

I Olfactory nerve.

I Optic nerve,

I1I  Motor oculi nerve,

IV  Trochlear nerve.

Vv  Trigeminal and facial
nerves.

Va Ramus ophthalmicus of

trigeminal.

Ve Ramus maxillo-mandfbu-

Vé Mandibular beanch of
trigeminal,

Ve Hyomandibular branch of
facial,

Vg  Gasserian .

Vs  Upper end of sympathetio
trunk in connection with
Gasserian ganglion.

V1  Abducens nerve.

ViI Facial nerve,

VIII Auditory nerve.

X  Glossopharyngeal and

poeumogastric nerves.
X1 Ramus anterior of glosso-
pharyngeal.
X2  Ramus posterior of glosso-
pharyngeal.

X3—4 Branches of pneumogas-
tric.
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2. Internal structure. As in other vertebrates, the spinal cord .

consists of white'\and grey matter, the latter being surrounded by
the former; the relative amount of the one to the other varies in
different parts of the cord.

‘A transverse kection of the cord presents the same general
characteristics as a similar section from a bird or mgmmal. The
grey matter lies in the middle, surrounding the central canal, and is
prolonged into each half of the section by ventral and dorsal horns
or cornua. The grey matter is surrounded by the white, but is
nqt so sharply marked off from this in amphibia as in birds and
mammals.

A section through the anterior enlargement is almost quad-
rangular in outline, and somewhat broader below than above; the
ventral longitudinal fissure is well marked and deep, while the
dorsal is indistinct. The dorsal horns are narrow and short, the
ventral longer and much broader. The space between the dorsal
horns is narrow and deep, that between the ventral shallow; the
outer boundary of the grey matter is almost straight, and the central
canal is placed above the centre of the section.

In the constricted portion of the cord ( pars media) the relative pro-
portion of the white matter is increased at the expense of the grey;
the horns are less distinct, the dorsal being directed outwards and
the ventral somewhat flattened. The central canal is in the centre
of the section.

The posterior enlargement shows the ventral horps projecting out-
wards, very much enlarged, and approaching the periphery; the space
between them is semilunar. The dorsal horns are well developed,
especially at their upper parts; the space between them is narrow
and deep. The cuter margin of the grey matter is again nearly a
straight line. The central canal is below the centre of the section.

The arrangement of the parts in the conus medullaris approaches
that in the pars media: the horns are much diminished in size, and
posteriorly they entirely disappear, the ventral-horns persisting longer
than the dorsal. The central canal approaches the lower surface.

No cornua can be recognised in the filum terminale behind the
origin of the last pair of spinal nerves. The grey matter has here
a circular outlifie, with the exception of a very slight indentation
below ; the white matter is almost absent : the central canal is on
the lower border of the section in the anterior part, while posteriorly
it occupies almost the entire space below the pia mater.

The Central Canal lies in the median line, and always presents'a
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by medullated fibres. This sepfum medium (Reissner) may be traced
backwards from'the anterior extremity of the cord to the posterior
enlargement. It consists chiefly of transverse fibres, together with
vertical fibres derived from the epithelial cells on the floor of the
canal, and like the substantia reticulosa, is distinguished by its
greater transparency from the rest of the grey matter.

The grey matter consists of connective-tissue and nervous ele-
ments, which are very intimately united; each of these elements
including its special cells and fibres. The nerve-cells vary much in
size and appearance. A prominent group of large cells in the ven-
tral cornua, the lateral group (Stieda), is very conspicuous. The
individual cells are seldom rounded, but are usually spindle-shaped
or angular, and each possesses one to five processes, which may
often be traced through considerable distances. These cells have an
average length of 0'040 mm., and are about 0016 mm. broad;
they are somewhat larger in the anterior enlargement than in the
posterior, and are also more numerous in a section from the anterior
enlargement than in a section from the posterior. In the terminal
filament they gradually disappear. Some of their processes are
continued into the lateral columns (Képpen).

Smaller, spindle-shaped or triangular cells are scattered irregu-
larly throughout the grey matter, without forming distinct groups,
though for descriptive purposes those of the centre have been named
the central group. In a stained, transverse section of the cord are
seen numerous nuclei; these undoubtedly belong both to small
nerve-cells and to connective-tissue cells, but except undér the most’
favourable conditions the two are indistinguishable. The larger
nerve-cells present the usual characters of nerve-cells : more or less
granular contents, nucleus, well-marked nucleolus, more or less
marked fibrillation ; their processes are usually more homogeneous.
The cells are frequently pigmented.

The processes of the cells belonging to the lateral group radiate
in all possible directions, but certain well-marked processes directed
towards the middle line can always be made out. From the lowest
part of this group a few processes may be traced into the ventral
roots. The small cells seem to be chiefly arranged vertically, al-
though their processes radiate in all directions (Stieda).

The Fibres of the grey substance are nearly all non-medullated.
They may be traced in all directions, but the best-marked groups
are either vertical or transverse. The vertical fibres appear to arise
from the central grey matter, and to ascend in larger or smaller
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single bundle of nerve fibres, which suddenly bends at the periphery
of the cord inlorder! to/descend vertically through the white matter
towards the dorsal horn ; the fibres divide into three sets, one to
the dorsal commissure, a second to the upper horn itself, and the
third helps to form the dorsal columns.

Ventral roots of the spinal nerves. Each ventral root consists
of three or four delicate threads, which may be traced to the ven-
tral cornua, which they reach after a vertical or very slightly
oblique course through the white matter. Other fibres arise from
the ventral columns, but these oblique fibres never extend to the
median plane

Pigment is found distributed irregularly through a section from
any part of the spinal cord ; it is increased in amount in those parts
in which there is an increased amount of grey matter. The pigmen-
tation is always found more marked in the lower parts of the
ventral horns than in other parts.

B. Tue Brain (Figs. 98, 102, 103, and 105).

1. General description. From behind forwards, the dorsal
surface of the brain presents the following parts for examination :
the medulla oblongata, the cerebellum, the optic lobes, the thalamen-
cephalon, the cerebral hemispheres, and the olfactory lobes.

The medulla oblongata is a direct continuation of the spinal cord ; it
is wider anteriorly than posteriorly, and is separated in front from the
optic lobes by a vertical plate of nervous matter, the cerebellum. The
optic lobes are two symmetrical ovoid bodies touching each other in
the median plane, and together forming the widest part of the brain.
In front of the optic lobes is the thalamencephalon, with a thick
vascular membrane, the choroid plexus, lying on its upper surface,
and connected with the pineal gland ; the thalamencephalon extends
forwards between the posterior ends of the cerebral hemispheres.
The cerebral hemispheres are two symmetrical ovoid bodies, narrow
in front, wider and slightly diverging behind : each hemisphere is
prolonged forwards to form an olfactory lobe.

The ventral surface has in front the olfactory lobes, then the
cerebral hemispheres, behind these the lamina terminalis, the tuber
cinereum, the optic chiasma, the pituitary body, the crura cerelbri,
and lastly the medulla oblongata, in the order here given.

The various cranial nerves (Figs. 102 and 103) may be seen to
arise as follows :—The olfactory nerve (7, I’, L.ol') arises directly
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from the anterior end and outer side of the corresponding olfactory

lobe, and from the-cerebral hemisphere. The optic nerve (7o and .
II) arises, as the optic tract, from the side of the brain below the
optic lobe, whence it passes to the chiasma on the under surface of
the brain. The oculo-motor (ZII) takes its origin from the ventral
surface close to the median line and between the crura cerebri.

The pathetic or trochlear nerve (I7) is attached to the dorsal
surface between the optic lobes and the cerebellum. The trige-
minal nerve (7) arises from the side and anterior part of the
medulla oblongata. The abducens (7I) arises behind the pituitary
body close to the median line from the ventral surface of the
medulla halfway between the sw/cus and the origin of the vagws.
The facial and auditory (FII and FIII) nerves arise from the
medulla olblongata behind the trigeminal nerve, the facial being
in front of the auditory nerve. The glossopharyngeal (IX) nerve
arises, in common with the pneumogastric nerve (X), behind the
auditory nerve.

2. The several parts of the brain.

a. The medulla offongata (Figs. 98, 102, and 103 Mo)—a. External
form. The medulla is limited behind by the origin of the first pair
of spinal nerves, at which point a very faint constriction is sometimes
found : it extends forwards as far as the cerebellum. It gradually
widens as it passes forwards until just before it fedches its anterior
limit, where it presents a shallow but sharp constriction. The
dorsal surface is characterised by the presence of a deep, triangular
fossa, the fourth ventricle (Fig. 98 &.r), (vemtriculus quartus,
Stieda; sinus rkomboideus s. sinus triangularis, Reissner; fossa
rhomboidalis) ; the sides of the triangle are, however, not quite

. straight, but are slightly bent outwards just before they converge
towards the posteriorly-directed apex; the base of the triangle
is formed by the cerebellum. By careful examination, the ventricle
is seen to be continued for a short distance under the cerebellum,
where it opens into the Sylvian aqueduct. In the floor of the fourth
ventricle is a well-marked median longitudinal fissure (sulcus cen-
tralis), (Fig. 98 §). 1Into the posterior part of the ventricle opens the
central canal of the spinal cord. As the fourth ventricle is formed
by the white matter passing to either side, and the simultaneous
flattening of the grey matter, the floor of the fourth ventricle is
composed of grey matter.

The fourth ventricle is closed in by a highly vascular mem-
brane, the choroid plexus of the fourth ventricle (plexus cho-

]
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roideus ventriculi quarti, Reissner; velum medullare posterins). The
blood-vessels of the| plexus will) be described together with the

other vessels of the brain (p. 162). They
are supported by a connective-tissue matrix,
and the whole covered with flattened epi-
thelium, which in the fourth ventricle is
ciliated and often pigmented.

The ventral surface of the medulla ob-
longata (Fig. 102 Mo) has a median ventral
longitudinal fissure, a direct continuation of
that of the cord; in the anterior part of the
medulla oblongata there is also to either side
of this a lateral fissure, continued on to the
crura cerebri; these fissures correspond to
the positions of the two rami posteriores of
the internal carotid arteries ; they are always
well seen in microscopical sections. The
medulla oblongata is so intimately connected
with the pare commissuralis (pp. 149, 150)
that the minute anatomy of the two is best
described at the same time.

B. Internal structure. Examined by
means of serial sections, the medulla olion-
gala is seen to have, in comparison with the
cord, an increased amount of grey matter;
this is especially the case in its anterior part.
The floor and inner parts of the walls of
the ventricle are formed of grey matter, in
which the largest-sized cells have disap-
peared, to be replaced by medium-sized
cells. Traced from behind, the ventral
horns of the cord are seen to increase in
size and to be more widely separated until
they form two isolated masses, while the
dorsal horns gradually diminish; at the

Fig. 98.

Dorsal view of brain of Rana
csculenta,

Ad  Choroid ploxua,

C  Cervbellum.

S Groove between ocrebral
hemispherve and olfactory
lobos.

@ Opening in the rouf of the
third ventricle.

Gp Pincal budy.

He Cerebral hemispheres.

I  Olfactory norve.

Li  Wall of fourth vontricle,

L.ol Olfactory lobe.

L.op Optic lobe,

Mo Medulla'oblongata.

8  Longitudinal fissure of the
fourth ventricle.

&.r Fourth ventricle.

Tho Thalamencephalon.

same time they are forced outwards and upwards, until they lie under
the floor of the ventricle, and so'extend to the pars peduncularis.
Grey matter. The sulstantia reficulariz is not present, but the
septum medium extends forwards as far as the pars peduncularis.
The central canal extends upwards at the expense of the tissue
above it, and is here pear-shaped; at the same time the dorsal
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longitudinal fissure deepens until the two meet in the fourth ven-
tricle; beyond, this point one cannot speak of dorsal and ventral
horns.

Fig. 99. Small nerve cells are irre-
gularly distributed through-
out the whole of the grey

,3 matter and . cannot be

.. . \ grouped ; the larger cells,

k- on the other hand, are

arranged in distinct groups
which have special relations
with the nerves arising

\ from the part. Occasion-
‘ ally these groups are not
so isolated as wusual; in

this case processes of one

group can be traced into

another group (Reissner).

g Of these groups the chief

Transverse section through hinder end of Medulla are
oblongata (msgnified 30-80)1, from Stieda. °

b Inferior commissure. 1. The nucleus centralis
J Dorsal horns, : :

g Ventral horna. (upper mner group, Reiss-
h Fourth ventricle. ner), nucleus medullae oblon-
i Nucleus centralia.

k Isolated mass of grey matter in which longitndinal gatae, Stieda (Fig. g9 i), is

fibres of the pneumogastric nerve course. a group of cells found to-
wards the hinder end of the medulla oblongata, on either side of and
below the central canal ; the group can be traced under the floor of
the fourth ventricle to about its middle. The cells are rounded or
spindle-shaped, the processes directed upwards, downwards, or out-
wards ; their average size is 0°040-0'048 mm. long by 0020 mm.
broad.

2. The auditory nucleus (nucleus acusticus, Reissner, Stieda),
(Fig. 100 n) is a large group of cells found in the wall of the
fourth ventricle opposite the point of origin of the auditory nerve.
The cells are rounded, pear-shaped, or of spindle form, and inter-
spersed between the nerve fibres; these cells have an average
length of o'o40 mm., and are about half as broad. The fibres
of the auditory nerve radiate from their superficial origin in all

! In these diagrams, from Ludwig Stieda's Studien iiber das centrale Nervensystem '

der Wirbelthiere, the outline of the diagram is magnified thirty times, while the
details are magnified eighty timnes. .
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directions through the grey matter towards these cells, and evidently
communicate with themi (Fig!/ 161 p). One small group (Fig. 101 7)
passes to a lower level than the rest, and is regarded by Stieda as

Fig. 100.
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Tn section through the Meduila oblongata at the point of origin of the abducens nerve,

from Stieds. Magnified 30X 80.)

& Fourth ventricle.
m  Abduoens nierve.
n  Auditory nucleus.
o  Abducens nucleus.

the true auditory centre. Koppen considers that the auditory nerve
has a threefold origin : (1) from small cells on the median surface
of the auditory area; (2) from the large cells between the above;
(3) from a group of free nuclei on the dorsal surface of the auditory
area.

3. The trigeminal nucleus (nucleus trigeminus), (Fig. 101 ¢)
lies in part beneath the auditory nucleus but extends further
forwards. It forms a rounded group of cells placed under the outer
angle of the grey matter. The cells are somewhat crowded together,
and are chiefly of an elongated spindle-form, with their processes
directed obliquely downwards and outwards. The fibres of the trige-
minal nerve separate into two groups; the upper group is best traced
in a horizontal section, the fibres curving round to join the longitu-
dinal fibres continued from the dorsal columns of the cord. The
fibres of the lower, smaller group pass transversely inwards to the

L
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trigeminal nucleus. According to Reissner the latter fibres are
motor, the former sensory: (Probably other nerves are connected
with the hinder part of this group.

4. The abducens nucleus (Fig. 100 0). From its superficial
origin, the fibres of the abducens nerve may be traced vertically
upwards to a small, rounded, grey mass; at this point the mass
is somewhat isolated, but further forwards it may be traced
as belonging to the central grey matter; it contains small spindle
cells.

Fig. 1o1.
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Transverse section of the Medulla oblongata, at the point of origin of the auditory nerve, from
’ Stieda, (Magnified 30x 80.)

Fourth ventricle.

Auditory nucleus.

Abducens nucleus.

Auditory nerve,

Ganglion of auditory nerve.

Hinder portion of trigeminal nerve.

Bundle of fibres arising from trigeminal nucleus and joining the auditory nerve.

~
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5. The pneumogastric nucleus. The pneumogastric, with its
numerous irregular roots, arises from the side of the medulla ob-
longata. The hindermost fibres can be traced as a small bundle,
passing almost transversely through the white matter to the outer
margin of the grey matter. The larger portion of the fibres is
placed in front of these; part of this seems to be directly con-
tinuous with the longitudinal fibres of the white matter; a
second part, however, can be traced from the surface transversely
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through the white matter to the grey matter. These latter fibres,
together with those of jthe| group first described, do not arise from
the grey matter in this part of the medulla oblongata, but curve
round and run backwards longitudinally through the grey matter,
thus forming a rounded bundle of fibres (Fig. 99 £). Between these
fibres are interspersed small nerve-cells and nuclei which disappear
as the fibres approach the white matter. The vagus undoubtedly
receives fibres from the grey matter throughout a long course,
and again receives a large bundle just before leaving the grey
matter. The more exact origin of the various fibres has not been
traced.

6. The nucleus magnus (Reissner and Stieda) is a very peculiar
group of cells placed on either side, in the most anterior portion of
the pars commissuralis, that is, immediately underneath the valvula
cerebelli. The large cells are arranged in a transverse section in a
single row so as to enclose a pear-shaped space on either side, which
has its long axis directed from above, downwards and outwards, the
narrower end being above. In longitudinal section the line of . cells
is seen to be open in front. The space enclosed by these cells is
occupied by a granular ground-substance which contains only few
nuclei. Belloni is of opinion that these nuclei represent the corpora
quadrigemina posteriora of higher animals.

White matter. In the hinder part of the medulla oblongata the
arrangement of the white matter resembles that of the white
matter of the spinal cord; further forwards the white matter of
the dorsal surface commences to pass to either side, and ultimately
it forms the outer part of the walls of the fourth ventricle. The
fibres of the white matter of the ventral surface are unchanged in
direction as they proceed forwards. The fibres of the anterior part
of the medulla are thinner than those of the posterior portion
(Stieda), according to Reissner they gradually thin as they pass
forwards. The fibres are nearly all longitudinal, such transverse
and oblique fibres as are present being chiefly in connection with
the various nerve-roots and the commissures.

The commissura superior is naturally lost in consequence of the
opening of the central canal into the fourth ventricle; the com-
missura inferior is increased in the anterior half and decreased in
the posterior half of the medulla oblongata; in the latter the
fibres become more and more oblique, and decussate very freely ;
ultimately they seem to be either continued as longitudinal fibres or
to join the ganglia.

L2
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Near the pars commissuralis is a transverse arched band of fibres,
passing fromthe under surface of one half of the cord over the -
ventral longitudinal fissure through the sepfum medium to the under
surface of the opposite half ; part of the fibres are continued up-
wards along the periphery to the cerebellum, part to the mucleus
magnus. Vertical, straight, or slightly arched fibres are found in
the walls of the fourth ventricle.

A section from the medulla oblongata has a larger amount of
pigment than a section from the spinal cord, and the anterior portion
of the medulla oblongata contains more than the posterior portion.
The pigment is chiefly found in a curved line, placed in the lower
and outer parts of the grey matter; the amount present varies in
different specimens.

b. The Cerebellum and Valvula cerebelli.

a. External form. The cerebellum is a thin, semilunar plate,
which projects between the optic lobes and the fourth ventricle,
its base covering the most anterior part of the ventricle; the -
posterior surface possesses a very faint median fissure (Reissner).
The valvula cerebelli (Velum medullare anterius, Reissner) is the thin
lamella which connects the anterior surface of the cerebellum with
the optic lobes.

B. Minute structure. By means of longitudinal, vertical sec-
tions, the posterior surface of the cercbelfum is seen to be covered
with epithelium ; in the lower part of the surface this is columnar
or conical, above it is flattened : immediately beneath, that is in
front of this is a finely granular layer, with very closely packed and
granular nuclei. In front of these is a stratum of nerve-fibres
forming the second layer of the cerebellum.

Still more anteriorly is the third layer of the cerebellum, an
irregular double layer of large cells (Purkinje’s cells, Denissenko);
the cells have an average length and breadth of 0040 mm. and
0015 mm. respectively ; they are pear-shaped or of spindle-form,
and possess usually two well-marked processes, one passing into
the layer behind, the other forwards into the anterior layer to be
immediately described, while other less distinet processes radiate
irregularly in all directions. The fourth and most anterior layer
of the cerebellum is a thick stratum of nerve fibres with numerous
nuclei (0’006 to 0'008 mm. diameter). The fibres are for the
most part arranged transversely, but some course in various direc-
tions. These fibres underlie the flattened epithelium which covers
the anterior surface of the cercbellum.
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The fibres of the second layer
course, for the 'most' part, in‘an'almost
vertical plane; they connect the cere-
bellum with the optic lobes (processus
cerebelli ad corpora ligemina) and with
other parts of the brain. _

The fibres of the fourth layer re-
ceive numerous long processes from
the large cells of Purkinje; they form
a large commissural system, which can
be followed ventrally on each side into
the pars commissuralis. A part of the
fibres ends here in the grey matter, a
second portion enters the auditory area
and forms a descending auditory root,
a third part joins the lateral columns
(in the medulla oblongata), and more an-
teriorly some join the ventral columns.
The descending fibres from the cere-
bellum, together with the fibrae arcu-
atae found in the ventral columns,
indicate the presence of a pons Fa-
rolii. The fibres of this ventral com-
missure decussate only on its dorsal
surface (Koppen).

The Valvula cerebelli contains a few
medullated fibres and the roots of the
trochlear nerves; these pass from the
medulla oblongala into the valvula
cerebelli, cross in the median line, and
then proceed forwards as the troch-
lear nerves.

The pigment in the pare commissn-
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Fig. 102,

Ventral view of brain of Rana
esculenta.

Cho Optic chiasma.

Hc¢  Cerebral hemispheres.

Ily Pituitary body.

L.l Olfactory lobe, .

L.ofl Origin of olfactory nerve from
the cerebral hemisphere.

Lt Lamina terminalis,

Mo Medulla oblongata.

To Optic tract.

Tu.c Tubor cinereum.

;l“:;ul } root of the olfactory nerve.

11 Optic nerve.

111 Oculo-motor nerve.

1V Trochlear nerve,

VI Abducens nerve.

¥, Vi1, V11l Trigeminal, facial, and
auditory nerves. :

1X, X, XI Glossopharyngeal, pneumo-
gnatric, and acvessory nerves.

ralis is arranged in a curved line similar to that found in the me-
dulla oblongata, but the line is shortened at cither extremity, and
conseguently does not extend into the cerebellum.

o. The optic lobes and Crura cerebri.

, .
(Corpora geminata and

Pars peduncularis, Reissner; Lobns opticus, Stieda; Vierhiigel,
Tiedemann ; Vierhiigel (Zweihiigel) and Pedunculi cerebri, Schiess ;

Mesencephalon, Huxley.)
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a. External form (Figs. 98, 102, 103 J.op). The optic lobes
are two promi-

Fig. 103. nent ovoid bodies
- w placed immedi-
ately in front of
the  cerebellum,
and  connected
with it by the
valvula cerebelli ;
posteriorly they
touch each other
Lateral view of brain of Rana esculenta. in the median
,:d g:or:l:l plexus, fu.: Tuber cinerenm. plane, while an-
; reballum. 8 . .
Gp Pineal body. J'ana § oot oitastory nerve.  toriorly they di-
Hc  Cerebrul hemisphere. 11 Optic nerve.
Hy Pituitary body. IV Trochlear nerve. verge and thus
L.ol Olfactory lobe. V  Trigeminal nerve. constitute the
L.od? Discatorigin of eecond root. VI{ Facial nerve. .
L.op Optic lobe, VIIT Auditory nerve. widest part of
Mo Medulla oblongata. IX, X, X] Glowsopharyngeal, pneumo- e ]
Tho Thalamencephalon. gastric, and accessory nerves. the bmln HRLL the
To Optic tract. anglethusformed

is the thalamencephalon. The optic lobes are always more darkly
pigmented than any other part of the central nervous system.

The.Crura cerebri are two columns of white matter, placed beneath
the optic lobes, and partly hidden by the pituitary gland. At their
junction with the medulla oblongata, or rather with the pare com-
missuralis, is a very slight transverse fissure ; at the same point the
ventral longitudinal fissure is interrupted by an extremely small
grey tubercle (Stieda).

B. Internal structure. From the anterior extremity of the
fourth ventricle a canal, the Sylvian aqueduct (Adqueductus Syleii,
iter a tertio ad quartum vemtriculum), may be traced forwards under
the cerebellum, in the median line of this section of the brain. At
about opposite the middle of the length of the optic lobes the canal
is dilated and communicates with the cavities or ventricles (Fentri-
culi lobi optici, Stieda) enclosed by these; a general cavity is
formed, which in transverse section has something of the form
of the letter T. The roof of the cavity is thinner than the floor;
this is especially the case in the median plane opposite the superior
longitudinal fissure between the optic lobes; the floor is thinned
in the middle line by the descending portion of the cavity. The
cavity of each optic lobe extends both forwards and backwards
beyond its point of communication with the dilated Sylvian aque-
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duct, hence in a transverse section taken in front of this point
(Fig. 104 A7) 'the cavity ofCeithér side appears to be isolated ; in
a horizontal and longitudinal section (Fig. 105 Ag) the general
arrangement of the parts may be well seen.

The grey matter
i8 chiefly arranged
in a layer so as to
surround the cavity
(Fig. 104), this layer
being deeper on
either side of the
descending portion
of the cavity than
elsewhere. For the
rest the grey matter
is much interspersed
among the white
matter, except at the
circumference of the
section, which is en-
tirely formed of white
matter. It contains
a large number of
small cells, of which

the nuclei are alone

visib]e; in the parts Transverse section through the anterior portion of the optic lobes
. opposits the origin of the motor-oculi nerve ; from Stieda (mag-
mentioned where the  nified 30-80).

Fig. 104.

layer is most marked A Lower portion of cavity.

- A’ Lateral portion of cavity.
thése cel.ls are . ar u  Ganglia of oculi-motor nerve.
ran g-e(l mn obhque v Oculo-motor nerve.
: ’ . w  Large cells of the optic lobe.
rows, between which x  Roof of optic lobe.

y Posterior commiasure,
. pass fine bundles of = Anterior diverticulum of the cavity.

medullated  fibres
(Fig. 104, between » and %’). A group of large cells (Fig. 104 u) i8
found on either side of the middle line and under the floor of the cavity ;
the cells are about 0032 mm. long, and 0'016 mm. broad ; the oculo-
motor nerve may be traced to this group, which is the oculo-motor
nucleus. A small commissure of decussating fibres connects the
nuclei of opposite sides (Koppen).

The substance of the roof of the optic lobes (Fig. 104 #) is
arranged in very distinet layers: above is a layer free from cells ;
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the pigment line passes, first, directly outwards ; then suddenly turns
upwards and/slightly utwards! parallel with the wall of the deeper
part of the cavity; it then curves outwards to pass below the cavity of
the optic lobe, where it divides, one portion passing outwards, the other
between the Sylvian aqueduct and the ventricle of the optic lobe.

d. The Thalamencephalon (Huxley), (Lobus ventriculi tertii,
Stieda ; Thalami optici, Reissner; Thalamus opticus s. Lobus ventri-
culi tertii, Stannius ; Ganglien der Haemisphaeren, Carus).

a. External form. From above (Fig. 98 T%o) the thalamence-
phalon is seen as a lozenge-shaped mass lying in front of the optic
lobes, and behind and between the diverging posterior ends of the
cerebral hemispheres ; it is covered by a thick vascular membrane, the
choroid plexus, through which passes the pedicle of the pineal
body (Glandula pinealis). On removing the choroid plexus a small
‘aperture is seen in the roof of the thalamencephalon, connecting
the hollow pedicle of the pineal gland with the third ventricle.
The ventricle appears as a narrow .slit in the median line, its
walls being formed by the optic thalami. By Fig. 105.
pressing aside the cerebral hemispheres the pos-
terior commissure (Commissura posterior) may
be seen lying quite in front and deep in the
cleft of the ventricle. Immediately behind the
pedicle of the pineal body is a slight but well-
marked depression (Fig 98 @), the origin of
which has not been investigated (Wiedersheim).

The choroid plexus is continued forwards
between the cerebral hemispheres (Figs. 98,

103 Ad) for some distance, and terminates in
a fine thread of connective-tissue.
The under surface of the thalamencephalon -
(Fig. 102) is divided into two parts by the
optic chissma (CZo): the anterior portion
(Lt) is the lamina terminalis (Substantia cinerea
anterior) ; the posterior (Tu.c) the fuber cine-
rewm. The lamina terminalis is bounded on
either side by the cerebral hemispheres. The e roaen erough
tuber cinereum (Figs. 102, 103 Tu.c) is a small A;’"‘{:M rickes of optio Jobss
median swelling immediately behind the optic and the aqueduct of
chiasma, and caused by the depression of the 1y Thid sestricie.
floor of the third ventricle to form the infun- ¥ Forsmen of Monros,

. . . . . . ) S¢  Lateral ventricle.
dibulum (Diverticulum infundibuli, Reissner). Vo Fourth ventricke.
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The pituitary body (Hypophysis cerebri) is a flattened sac, placed:
behind the\/tuler| cinerenm and continuous with it by means of the
mfundibulum.

B. Internal structure. The aqueduct of Sylvius, after commu-
nicating with the ventricles of the optic lobes, again contracts
(Fig. 105), but still remains somewhat larger than before. In the
thalamencephalon the Sylvian aqueduct opens into the third
ventricle, which gradually assumes the form of a vertical slit with
the walls bulging slightly outwards in their upper parts. The
thin roof of this ventricle, where complete, contains a band of
transverse fibres. The floor is depressed both before and behind
the part immediately above the optic chiasma, the posterior de-
pression lying above the fuber cinerewm, which here descends
towards the infundibulum : a transverse section through this por-
tion of the third ventricle has the form of a square standing on
one angle, the superior angle being produced into the vertical
slit of the general cavity. The anterior depression is formed
by the general cavity being prolonged downwards and forwards to
the Zamina terminalis in the form of a narrow and shallow slit."

The white and grey matter of the thalamencephalon are only so
far distinct in that the portion immediately surrounding the cavity
is darker than the rest of the section. In the immediate neighbour-
hood of the cavity are many small cells and nuclei, which become
scarcer further from the ventricle; they are arranged in rows,
separated by a fibrillated matrix. On either side is a distinet bundle
of longitudinal fibres, the ¢ round bundle’ of Képpen, which come
from the optic lobes but appear to arise.from either the pars com-
massuralis or the medulla oblongata, and to receive additional fibres
from the optic thalami; they pass forwards to the base of the
cerebral hemispheres (Stieda). A second set of longitudinal fibres
arises in the substance of the fwler cinereum and passes forwards
to the hemispheres (strand of the Tuber-cinereum and Thalamus,
Koppen) ; this band, together with the ¢ round bundle,” form a crus
cerebri (Koppen).

The commissural fibres of the thalamencephalon are : (1) a com-
missura lransversa Ilalleri in the posterior portion of the organ;
(2) an optic commissure, consisting of fibres arising from the thala-
mencephalon (thalamencephalic root) and crossing the median line
to join the optic tract of the opposite side; (3) a probable com-
missure between the optic nerves just in front of the chiasma
oplicorum ; the existence of the latter is not yet proved beyond



THE PITUITARY BODY. 1556

doubt ; (4) the large commissure of transverse fibres found in the
roof of the third\ventricle'; Gwheéther the fibres decussate or not is
uncertain (Koppen).

The fibres of the large commissure of the roof are, in part, con- ( ,

tinued into the strand of the Zuber-cinereum above mentioned, and
thus conducted to the posterior parts of the hemispheres (Kdppen).
A group of fibres (Meynert’s band, Koppen) is found in each lateral
wall of the third ventricle; they pass from the region of the nucleus
parvus downwards in a curved course almost parallel with the ex-
ternal border of the thalamencephalon.

A distinct group of cells may be noted in this section of the brain,
an arciform or circular group (Nuwclens parvus, Reissner; ganglion
of the Aabenula, Kippen) of large spindle cells (average diameter
o016 mm.), placed under the upper border close to the third ven-
tricle; the group extends alongside the whole length of the
ventricle. A second group lying in the middle and posterior parts
beneath the ventricle, Koppen names the ¢ ventral nucleus’ of the
thalamencephalon.

The pigment in the posterior part of the thalamencephalon is :-.

arranged in a manner similar to that in the optic lobes and crura
cerebri ; anteriorly where the third ventricle is prolonged forwards
and downwards the arrangement is different; the pigment lies in
a curved line above the process of the ventricle, with its concavity
directed downwards, each end bifurcating, in order that one branch
may pass upwards, the other downwards.

The pineal body' is a small vesicle placed underneath the skm
above the fronto-parietal bones; in the embryo it is connected with
the third ventricle by means of the pedicle ? already mentioned ; the
skin covering the body is always paler than the surrounding skin, and
the usual cutaneous glands are absent in this part ; the paler spot on
‘the head may always be found, but is more distinct in Rana tempo-
raria than in Rana esculenta. The structure on the roof of the third
ventricle, which is usually known as the pineal body, is nothing more
than a thickened portion of the choroid plexus, and consists of a
group of convoluted vessels surrounded by pia mafer, which is de-
scribed by Wyman as being covered with ciliated epithelium (R.
pipiens). 'The true pineal body is a small body with an outer con-

! Compare Ehlers, Ueber die Zirbel der Haifische, Zeit. £. wiss. Zool. 1878, Vo .
XXX ; and Balfour, Development of the Elasmobranch Fishes, chap. ix.

? Wiedersheim states that the pedicle is hollow, and regards the part formerly
known as the pineal body ax a thickened portion of this pedicle.
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a. External form (Figs. 98, 102, 103 He and L.of). The two
cerebral hemispheres; form  together the largest section of the
brain ; from above they are seen to be separated by a dorsal lon-
gitudinal fissure, which is here well marked : each hemisphere is an
ovoid body with the smaller end directed forwards and continuous
with the corresponding olfactory lobe; the Fig. 106.
posterior end forms one half of the anterior
boundary of the thalamencephalon. The
olfactory lobes are two elongated, rounded
bodies directly continuous with the cor-
responding cerebral hemispheres, and like-
wise partially separated in the median line
by a dorsal longitudinal fissure: at the gection through the lower division

int of union of the cerebral hemispheres  of the pituitary body (magnified
l&):ld olfactory lobes is a faintly marked a’?..ﬁ;'.’“ul;a"&'?fmm.
transverse depression. > Blood-vemok.

On the ventral surface the parts are again marked off from
one another by a corresponding ventral longitudinal fissure and a
transverse groove; the two longitudinal fissures being continuous,
anteriorly, between the olfactory lobes. The cerebral hemispheres
appear to be more widely separated behind (Fig. 102) than is
the case on the dorsal surface, and in the space so formed is
the lamina terminalis (Lt). Seen from the side, the slight depres-
sion of the upper surface, between the cerebral hemispheres and
the olfactory lobes, is seen to be continued downwards and
slightly backwards to join the corresponding groove on the inferior
surface.

The longitudinal fissures are shallow and do not meet, except
at one point, at about the middle of the cerebral hemispheres
(Fig. 105). The olfactory bulbs arise superficially (Figs. 102, 103 I
and L.0l) from the whole length of the olfactory lobe, between the
anterior extremity (1') and the posterior (L.of), where they are also
attached to the cerebral hemispheres.

B. Internal structure. The cerebral hemispheres and olfactory
lobes are hollow, the common cavity of each side being known
as the lateral ventricle (Fenfriculus lateralis); these ventricles
communicate with each other, and with the third ventricle
(Fig. 105). The narrow aperture by which the lateral ventricles
communicate is known as the Foramen of Monro (MF); it
communicates with the third ventricle posteriorly, and with the
space between the cerebral hemispheres anteriorly, and thus forms
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(Osborne), situated above the foregoing nucleus in the posterior and
middle portions, of the hemispheres ; (3) the upper internal cell-area
(Osborne) is the area of large cells in the dorsal part of the inner
wall; (4) the Corpus striatum (Osborne) is a mass of cells between
the corpus callosum and the commissura anterior; Koppen doubts
the correctness of Osborne’s opinion, and suggests that a group of
cells found in the wall of the third ventricle in front of ¢ Meynert’s
band’ may perhaps be a corpus striatum.

Fig. 109.

From a transverse section through one of the bral hemispl ; from Stieda.
(Magnified 360 times.) ’
a Epithelium of lateral ventricle.
b Nerve cells.
¢ C ctive-ti p from the Pia mater.

A bundle of longitudinal medullated nerve-fibres, the ¢ round
bundle,” is found on either side of the median line (Fig. 107 d),
and near the lower border in the posterior portion of this region ;
these fibres can be traced from the posterior section of the thala-
mencephalon ; they diminish in number as they course-through the
base of the cerebral hemispheres, and are ultimately lost in the
lower anterior part of the outer walls. A second strand of lon-
gitudinal fibres is the continuation of that of the Twler-cinereum
above described, which can be followed to the outer wall of the
posterior part of the ventricles, and to the anterior commissure.

The commissures are: (1) The corpus callosum, a large bundle of
transverse fibres, seen best in a transverse section, at the point of
.junction between the lamina terminalis and the cerebral hemi-
spheres, forming an arch over the roof of the anterior prolongation
of the third ventricle. The fibres course to the inner and anterior
parts of the hemispheres, and are situated chiefly behind the fo-
ramen Monroi. To this commissure must be added those fibres
which unite the two olfactory lobes, and possibly the fibres (Com-
missura posterior) found in the roof of the third ventricle (Koppen).
(2) The Commisaura anterior (Stieda), a smaller set, found immedi-
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162 -/ - THE NERVOUS SYSTEM.

C. THe CoVERINGS OF THE BRAIN AND SpinaL Corbp.

1. The Pia)mater;closely invests the whole of the brain and
spinal cord ; it may, in fact, be regarded as the flattened, outermost
layer of the connective-tissue material which supports the nervous
elements ; fine processes (Fig. 109 ¢) pass radially from its inner
surface to join the general connective-tissue matrix or neuroglia.
It is usually pigmented, those portions covering the optic lobes
and spinal cord being especially deeply pigmented : on the cerebral
hemispheres it contains very little pigment; at times, indeed,
in R. temporaria, pigment s absent from this part.

The pia mater is continued on to the choroid plexuses and pituitary
body, and on to the pineal body by means of the pedicle; the
membrane is very vascular, and forms, especially for the cerebral
hemispheres and the olfactory lobes, a very important source for
the direct supply of blood-vessels.

2. The Dura mater, or lining membrane of the cranial cavity and
vertebral canal, is a connective-tissue membrane containing many
very much branched, pigmented cells. This membrane is not so
deeply pigmented as the pia mafer, except in that portion covering
the cerebral hemispheres and the olfactory lobes, which is much
darker than the corresponding pcrtion of the pia mater.

8. The arachnoid membrane is the layer of endothelial cells
covering the inner surface of the dura mater: by means of the
blood-vessels and nerves, ete., it is continued on to the pia mater
of the spinal cord and brain, which it in like manner closely invests.
Masses of calcareous crystals are found between the epineurium
and the arachnoid (Wiedersheim) on each spinal nerve at its exit
from the intervertebral foramen, also on the trigeminal nerves in
the cranium. Additional smaller and more irregular masses are
found on the dorsal part of the dura mater of the spinal cord.

D. Tre Vessers or THE Brain anp SeivaL Corp. (Fig. 110.)

The arteries of these organs are derived from the internal carotids
and the arteriae vertebrales. As soon as the internal carotid arteries
reach the cranial cavity each divides into two branches, an ante-
rior (Ramus anterior, Schobl!) and a posterior (Ramus posterior,
Schibl) ; the anterior branches course forwards on the lower part of

! These names are those adopted by Schibl for corresponding vessels in the newt,
the translator has accepted them as being suitable, with slight modification, to the
vessels of the frog.
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the surface of the brain as far as the anteriar portion of the tha-
lamencephalon]/ where Cthey'again divide; one division, arferia
lobi hemisphaerici inferior externa (Schobl), continues forwards along
the outer surface of the cerebral hemisphere and of the olfactory
lobe as far as the olfactory bulb, where it may still be distinctly
seen ; it gives off branches to the adjacent parts in its course for-
wards. The vessels of the two sides communicate with each other
by means of delicate transverse vessels (Arteriae communicantes ante-
riores). The second division, arferia lobi hemisphaerici superior in-
terna (Schobl), of the ramus anterior courses on the thalamencephalon
to the dorsal surface, gives a large branch to the choroid plexus of
the fourth ventricle, and runs forwards in the dorsal longitudinal
fissure ; it supplies vessels to all the neighbouring parts.

The rami posteriores converge as they course backwards, and ulti-
mately unite to form an arferia basilaris, which is continued in the
median line of the under surface of the spinal cord as the arferia
apinalis anterior. 'The ramus posterior gives off, in its course, many
small vessels to the neighbouring parts, and two larger vessels on
either side, one of which, the arteria lobi optici (Schibl), is distributed
to the optic lobes, while the other passes to the pituitary body.

The branches of these vessels form a network in the pia mater,
from which the nervous tissue is supplied ; they also send numerous
branches directly into the brain and cord, and these have a similar ar-
rangement for all parts of the brain with the exception of the cerebral
hemispheres and olfactory lobes ; more or less vertical branches arise
from the posterior parts of the upper borders of the rumi anteriores,
from the whole of the rami posteriores, and from the arteria basi-
laris ; these course upwards from their place of origin into the corre-
sponding part of the brain, give off a few branches in the white
. matter, and then branch freely, and at somewhat sharp angles,
in the grey matter. In the pars commissuralis a large branch may
be traced from the ramus posterior on either side upwards into the
cerebellum almost to its upper border. The vessels of the cerebral
hemispheres and olfactory lobes seem to possess no other definite
arrangement than that described above. The grey matter seems,
on the whole, to be more vascular than the white; the vessels of
the latter are chiefly arranged radially to the surface, and run in
courses which are more or less straight; the vessels of the grey
matter are more irregular and sinuous.

The Arteria spinalis anterior courses along the whole length of
the spinal cord, giving off lateral branches and communicating with

M2
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rami spinales (branches of the Arferia vertebralis). 'These branches
form a plexus\in/thel piaCmatér) from which vessels pass at irregular
points into the cord ; one set of small vessels, described by Reissner,
pass in a straight course from the superior longitudinal sinus
towards the substantia reticularis, where they divide. Other branches
pass directly from the arferia spinalis anterior, through the ventral
longitudinal fissure, and there divide; the twigs as a rule avoiding
the septum medium and passing in greater part towards the ventral
Fig. 110. horns. The vessels in the white matter are
for the most part radial and straight, while
in the more vascular grey matter they are

\ irregular and more sinuous in their course.
The choroid plexus of the third ventricle
(Plexus choroideus ventriculi tertii, Reissner)
. lies, as already described, on the roof of the
third ventricle; it is somewhat triangular in
form (Plexus venosus triangularis, Schobl), and
is evidently a prolongation of the pia mater,
with an increased supply of vessels. It re-
ceives, at its anterior angle, veins from the
cerebral hemispheres and the adjacent parts.
The under surface is covered with a layer of
ciliated pavement epithelium. At the pos-
terior angles of the plexus the veins commu-
nicate on either side (Fig. 110) with the
anterior lateral prolongation of the tena

Diagram to show the Vena . . . . . .
spinalis posterior, the Ve- 8pinalis superior, and with the internal jugular
:,‘:"",‘,i":,':' i timmd vein. The small body usually named the

Jugularis interna. pineal body, and placed on the roof of the
,’,’ 1‘1‘:’,:{’.'}",:;';,,,, ventricle, is only a small thickened portion of

op Optic lobes. 1cta -
o Medwlin paiongate the plexus, and consists of a group of convo

#pp Vena spinalis posterior.  luted blood-vessels. This plexus sends a con-
siderable bunch of vessels into the upper part of the third ven-
tricle. 'The choroid plexus of the fourth ventricle (Plexus choroideus
ventriculi quarti, Reissner) is a triangular membrane, slightly at-
tached to the borders of the fourth ventricle. Tts upper surface
is flat and bounded at either .side by a large vein, the vena
apinalis superior ; anteriorly it is bounded by the cerebellum. The
under surface is not flat; in the middle line is a slight furrow
corresponding to the position of a median vessel, which may, when
injected, be seen from the dorsal surface; from it a number of
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short vessels pass outwards and slightly backwards to the outer
border. The/connective-tissue between these vessels is pushed down
into the cavity ; in this manner one obtains a double row of flattened
villous-looking bodies, which frequently have their tips pigmented.
The under surface of the plexus is clothed with flattened, ciliated
epithelium.

On either side of the pituitary body is another small venous
plexus (Plezus lateralis, Schobl); it communicates above with the
posterior angle of the choroid plexus of the third ventricle; exter-
nally, with the internal jugular vein ; and internally with its fellow
of the opposite side by more or less irregular transverse vessels,
which, together with a median vein from the fissure between
the cerebral hemispheres, form an irregular circulus venosus around
the pituitary body. These plexuses receive blood from the lower
part of the cerebral hemispheres, the thalamencephalon, the optic
lobes, and from the pituitary body. The veins of the spinal cord
open into the dorsal, vena spinalis posterior (Fig. 110 spp), which
bifurcates at the posterior angle of the fourth ventricle, one division
passing to either side and forming, as already described, the outer
border of the choroid plexus ; anteriorly it opens into the internal
jugular vein (Fig. 110 ji).

The blood-vessels, both arteries and veins, are irregularly pig-
mented, both on the surface and in the interior of the central
nervous system; those of the cerebral hemispheres and olfactory
lobes have very little or no pigment.



166

DESCRIPTION OF THE FIGURES ON PLATE I

Fig. 111. Dorsal view of the orbit, etc. ; deep dissection.

] Course of the palatine nerve, Il Optic nerve,
dd  Fibrous plate. III  Motor oculi nerve.
dm M. depressor maxillae. IV Trochlear nerve.
¢/  Terminal branches of the ophthalimic nerve. Vb R. palatinua X
F Facial with R. anterior of the glossopharyngeal. Ve  R. maxillo-mandibularis { of the trigeminal
0,0,9 Terminal twigs ef the ophthalmic nerve, V¢’  R. maxillaris nerve.
A Muscular twigs of the Ram. maxillaris, Vd R. mandibularis
fcs M. intertransversar. capitis superior. Ve (VI1I) Facial nerve.
i Twigs of upper eyelid. Vo  Gasserian ganglion.
K Terminal twigs of the Ram.. maxillaris. VN Trigeminus,
la M. levator anguli scapnlae. V8 Sympathetic nerve.
pt M. pterygoideus. VI  Abduocens nerve.
© M. sterno-cleido-mastoideus. VII' Facial nerve,
8p  Bympathetic nerve, VIII Auditory nerve.
¢ !I.ntlomponlh. X1 Ram. anterior of the glossopharyngeal.
tr Nasal branch. X2 Glossopharyngeal nerve.
= Union of facial nerve with Ram. anterior of X3  Pnenmogastric nerve.
the gloaso nerve. XG@ Ganglion nervi vagi.
I Olfactory nerve. XI  Acoessory nerve.
Fig. 112, Dorsal view of the orbit, etc. ; «uperficial dissection.
e External branch of the ophthalmic nerve. Va  Ophthalmic nerve.
s Internal b h of the ophthalmic nerve, Ve  R. maxillo-mandibularis.
2,99 Terminal twigs of the oﬂnth@ic nerve. Ve’ R. maxillaris of the trigeminal nerve.
I~ Optic nerve. ‘d  R. mundibularis of the trigeminal nerve.
ur otor oculi nerve. VI  Abducens nerve.
IV Trochlear nerve. VI’ Ciliary nerves.
Fig. 113. View.of roof of th brane, etc., d
a Branch of the Ram. palatinus to the Harderian M. rectus internus.
d. ri’ M. rectus inferior.
b Branch of the Ram. palatinas to the inter- - s M. sterno-cleido-mastoideus.
maxillary gland. uk  Mandible.
¢ Inoeculating-branch of the Ram. palatinus, t Terminal branch of Ram. palati
e e ch of the Ra M rynga:l.'m‘ anterior of
us of the Ram. tinue, e g .
dd Fibrous plate. pala 11T Motor oculi nerve.
r Ramus mandibularis of the facial nerve. Vb  Ramus palatinus of trigeminal nerve.
@l Intermaxillary gland. Ve  Ramus maxillo-mandibularis of the trigeminal
HD Harderian ghng. nerve.
$ ﬁyebnll. V¢ Ramus maxillaris of the trigeminal nerve.
» . masseter, Vd R. mandibularis,
Ms.0b.4. M. obliquus inferior. Ve (V1I) Facial nerve.
OK  Upper jaw. X Pneumogastric nerve.
r M. retractor bulbi. X1 Glossopharyngeal nerve.
Fig. 114", Lateral dissection of head, etc., to show the cranial nerves, etc.
c Cardiac nerve. pr  Pharyngeal b hes of the pn g
F Union of facial and Raw. anterior of the nerve. .
glossopharyngeal nerve. w M. temporalis.
A Ram. hyoideus of the glossopharyngeal nerve. us  Muscular twigs of the Ram. mandibularis of.
la M. levator angi scapulae, the trigeminal nerve.
lpd M. longisximus dorsi, 7z Tongue.
" M. maseeter. Va  Terminal twigs of the ophthalmic nerve.
m¢  Ram. mandibularis of the glossopharyngeal Fec  Ram, maxillaris of the trigeminal nerve.
nerve. ¥d  Ram. mandibularis of the trigeminal nerve,
M1:1  Hypoglossal nerve. Ve (V11) Facial nerve.
Ma  Brachial nerve. X1 Ram, anterior of the glossopharyngeal nerve.
Oh  Anterior cornu of the hyoid bone. Xa  Glossopharyn nerve,
oi M. obliquus internus, X3  Pneumogastric ner
phr M. petrohyoideus I. X37 Ram. gastrici of the Pneumogastric nerve.
pha M. petrohyoideus II. X3l Ram. hr‘ynge\u.
ph3 M, petrohyoideus I11. X%p Ram. p len of the pn gastric nerve,
phy M. petrohyoideus 1V, X Acocessory nerve of the pneumogastric nerve.
' Fig. 115. Dimection of the floor of the mouth,
dm M. depressor maxillac. pha M. petrohyovideus II.
F United facial nerve and Ram. anterior of the  ph3 M. petrohyoideus 111,
” glossopharyngeal nerve, phy ;l' |ntmlz|ni&eus IV, "
! a©c . sterno-cleido-nmastoideus.
oW } M. geniohyoideus. sh M. sterno-hyoideus.
A Ram. hyoideus of the gloesopharyngeal nerve. sm M. mylohyoideus (submaxillaris).
H Heart. smt M. submentalis,
Lg  l.ung. TT Thyrvid.
m’ _Ram, mandibularis of the glossopharyngeal uk Mandible.
nerve. s Muscular twigs of the Ram. mandibularis.
M:x:  Hypoglossal nerve, X2 Glosopharyngeal nerve.
Mz Brachial nerve X3  Pneumogastric nerve,
Oh  Anterior cornu of the hyoid bone, X3¢ Rami candiaci of pnenmogastric nerve.
oh Momohyoideus. X3! Ram. hr?-ngeus of the pneumogastric nerve.
phr M. petrvhyoideus I. X3p Ram. y lis of the p gastric nerve.

1 Tho branches of the vagus which are represented in this figure as crossing the petrohyoid muscles ought to
ns.

be underneath them.—7Tvu:
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II. THE PERIPHERAL 'NERVOUS SYSTEM.

E. THe CranNiAL NERVEs.

(To facilitate reference the original arrangement of this part
has been altered.)

[There are ten pairs of cranial nerves in the frog, which are
numbered in order from before backwards. ~The mode of origin of
these nerves, and their deeper relations with the respective parts of
the brain to which they belong, have already been described.]

~ -1. The olfactory nerve (N. oifactorius), [(Figs. 97, 98, 102, 103,
111 1) runs a very short course only a few lines in length, and
escapes from the cranium by an opening in the cartilage of the
sphenethmoid into the nasal cavity, where it divides into two branches,
each of which breaks up into a brush of filaments, to be distributed
in the olfactory mucous membrane. The nerve contains no white
fibres]. (See organ of smell, p. 385.)

2. The optic nerve (M. opticus), (Figs. 97, 102, 103, 111 II)
[arises, as already described, by the optic tract, and joins with its
fellow at the optic chiasma or commissure, where part of the fibres
pass over to the opposite side (according to Michel all the fibres
cross). Each optic nerve then courses outwards, piercing the car-
tilage of the cranium and so reaching the eyeball]. (See organ
of sight, p. 408.)

8. The motor oculi (N. oculomotorius, Oculo-motor, Motor com-
munis), (Figs. 102, 111, 112, 113 III). From its origin it courses
outwards and forwards, perforating with a slight obliquity the carti-
laginous wall of the cranium, just in front of the Gasserian gan-
glion (Fig. 11§ III); on reaching the orbit it divides into two
branches, betwéen the Zevator bulbi and the Rectus internus and in-
Jerior. One branch, Ramus superior, rans over and ‘parallel to the
Ramus ophthalmicus Trig. and enters the under sufface of the
Rectus superior ; the second, lower branch, Ramus inferior, supplies
filaments to the Rectus internus and inferior and to the Obliquus in-
ferior. Apparently it exchanges fibres with the ophthalmic division
of the trigeminal nerve.

[That portion of the motor-oculi between its branch to the
Rectus superior and to that to the Rectus internus contains a
number of nerve cells; according to Schwalbe (¢.c, p. 235 and *
Pt. XII, Fig. 4) these cells are arranged in four groups or ganglia ;
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the second group forms a very slight prominence, and is covered by
a very fine lajer'of nerve fibres, itlalso gives off some extremely fine
nerves to the eyeball ; this is perhaps a ciliary ganglion (Ganglion
ciliare, Schwalbe). Beard, however, names it ‘ mesocephalic gan-
glion.” The other three groups are simply clusters of cells between
the fibres of the nerve.]

4. The pathetic or trochlear nerve (N. frocklearts, patheticus),
(Figs. 102, 103, and 112 I7). From its origin it courses forwards
with and then crosses the motor-oculi ; it perforates very obliquely
the cartilaginous lateral wall of the cranium, in front of the
motor oculi but above and very slightly behind the optic foramen
(Fig. 116); it runs parallel to and in company with the Ramus
opthalmivus trigemini, and appears to exchange a few fibres with it,
which, however, according to de Watteville, Stannius, Cuvier, apd
Wyman, is not really the case. In this course it lies first to the inner,
then to the outer side of the ophthalmic, over which it passes to
supply the Zeetws—empewior. [The pathetic and ophthalmic nerves

'I“.“‘“are sometimes enclosed in a common sheath (de Watteville). ]

6. The trigeminal nerve (N. trigeminus), (Figs. 97, 102, 103,
111,112, 113,and 114 7)is the largest of the cranial nerves in
the frog ; from its origin it runs outwards and forwards to the skull
wall, and just before reaching this enters the large Gasserian
ganglion. It then passes through the cranial wall immediately in
front of the auditory capsule, and divides at once into two main
branches (Fig. 111 7y, etc.), the Ramus ophthalmicus and the Ramus
mazillo-mandibularis.

The Gasserian ganglion is a large, yellow, oval ganglion placed
in a depression in the outer wall of the cranium ; it is covered by a
¢ periganglionic gland,” which is similar in structure to that of
a spinal ‘periganglionic’ gland ('see p. 180), the fibrous capsule
being stronger. This ganglion receives three other nerves besides
the trigeminal, viz. the sixth and seventh nerves, and branches of
the sympathetic.

According to de Watteville, these nerves are arranged on the
lower surface of the ganglion, so that the sympathetic is below,
the sixth above it, then the seventh, while the fifth is uppermost ;
the sympathetic splits into several bundles which join the various
branches of the ganglion ; the sixth divides into two bundles, one of
which usually joins the ophthalmie, while the other makes its exit
independently; the seventh splits into two bundles, one of which
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leaves the ganglion as the hyomandibular branch, the other gives
some fibres to the ‘palatine’‘branch'of 'the trigeminal nerve, and is
then continued as the palatine branch of the facial.]

a. The Ramus ophthalmicus (Ramus nasalis, Fischer ; Ophthalmic
or Orbital Branch, Wyman ; Orbito-nasal or Ophthalmic Nerve,
de Watteville), (Figs. 111 and 112 7a). After leaving the Gasde-
rian ganglion the nerve is directed forwards parallel to the side of -
the cranium, between this and' the eyeball. It lies beneath the
Rectus superior, but above all the other muscles of the eyeball and
the optic nerve. At the anterior end of the orbit it divides into
two branches (¢ and f) which pass through apertures (Foramen pro
ramo nasali) in the cartilage of the sphenethmoid, to reach the nasal
cavity, where they lic between the cartilage and mucous membrane.
In tlis position the nerves supply branches to the mucous membrane
and then pierce the skull to appear on the surface (Figs. 111,
112 ¢, 9,9, 114 Va), the skin of which they supply. The branches
inosculate with each other and communicate with the anterior twigs
of the Ramus mawillaris (Fig. 114 Fe) and with those of the Ramus
palatinus (Fig. 113 V).

‘In its course through the orbit the Rumus ophthalmicus gives
off : —

(1) Near the Gasserian ganglion one, two, or three small branches,
which communicate with the trochlear nerve, and may then be
traced to the sclerotic of the eyeball ; some of the twigs enter near
the optic nerve, others nearer the cornea. They are regarded as
Ciliary nerves (Nervi ciliares).

(2) A large branch, the palatine nerve (Ramus palatinus),
(Figs. 111 and 113 74, 6). This nerve, after receiving the palatine
branch of the facial, descends on the inner border of the ZLevator
bulbi to the mucous membrane of the mouth, to which it gives
numerous filaments ; it then runs parallel and near to the median
line, lying on the base of the skull; and near the front of the
orbit it divides into three branches. The smallest (a) supplies
the Harderian gland (/ID); the second (4) continues in the course
of the original nerve, pierces the vomer, and divides, giving
filaments to the mucous membrane in its whole course, while
the terminal twigs supply the intermaxillary gland (G/) and the
surrounding structures. One of these (t) ascends on the anterior
border of the sphenethmoid to the intermaxillary (internasal,
Born) space to supply the numerous glands and to inosculate by
one or two twigs with the nasal branch (Z) of the trigeminal.
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The third branch of the palatine nerve-(c) curves directly out-
wards, just'behind-the'palatine bone, to the inner surface of the
maxillary bone; it then courses backwards, pierces the fibrous
plate (db) between the eyeball and the pterygoid bone, and ulti-
mately unites with superior maxillary division of the trigeminal
narve (¥7¢’). Just before piercing the fibrous plate it gives off a
tolerably large nerve (@) to the mucous membrane, and in its whole
course it gives off twigs to the mucous membrane and surrounding
structures ; many of these twigs inosculate with other terminal
twigs of the trigeminal.

[This nerve has been minutely described by Stirling and Mac-
donald ; these observers find that the branches form a very fine and
close plexus in the mucous membrane, ete. ;. fibres were traced to
blood-vessels, glands, ete., and ganglion cells were found scattered
along the nerves. The fibres are both medullated and non-medul-
lated, and many of the cells are described as ¢ spiral cells” (see page

201), such as those described by Arnold in the sympathetlc system
of the frog.] :

b. The Ramus mazillo-mandibularis (Ramus mazillaris, Ecker and
Hoffmann ; Supra-maxillary, Humphry; Upper Maxillary Branch,
Wyman), (Figs. 111, 112, and 113 F¢). This nerve is the largest
division of the trigeminal; it runs directly outwards behind the
eyeball, in front of the auditory capsule, and between the temporal
and pterygoid muscles. After a very short course it divides into the
maxillary and mandibular nerves. The nerve gives off before its
division a few fine filaments (7,7) to the hinder.half of the upper
eyelid and to the surrounding skin, also a branch T#) [not correctly

drawn in Fig. 111] which d1v1des to supply twigs to the temporal
and pterygoid muscles.

(1) The Ramus maxillaris (Ramus supramazillaris, Ecker ; Ramus
maxillars superior, Hoffmann ; Upper Maxillary Branch, Wyman ;
Supramaxillary, Humphry and de Watteville), (Figs. 111, 112,
113, and 114 Fe¢) runs outwards and then forwards, between the
eyeball and the outer wall of the orbit, to the margin of the upper
jaw (K); a large portion términates in a number of small branches
for the supply of the skin of the lower eyelid, the upper lip, and of
the parts between the tympanic membrane and the external nares. -
Some of these twigs inosculate with twigs of the palatine and
ophthalmic nerves. The second portion of the nerve unites with
the palatine nerve, as already described.
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(2) The Ramus mandibularis (Ramus mazillaris inferior, Hoff-
mann ; Mandibular'or Liower' Jaw Branch, Wyman ; Inframaxillary,
Humphry and de Watteville), (Figs. 111, 112, 113, 114, and 115

'd, us). As far as the outer margin of the eyeball, this nerye
runs parallel to and behind the Ramus maxzillaris, in which course it
supplies branches to the temporal and pterygoid muscles ; it then
curves backwards, outwards, and downwards to the under surface
of the squamosal bone, where it supplies a twig to the Depressor
maxrillae, and then perforates the Masseter: in this manner it
reaches the outer surface of the mandible, just behind the insertion
of the temporal muscle ; it then courses forwards, under the skin, to
the Symphysis menti. In this course the nerve gives off numerous
branches to the skin and surrounding parts, it also supplies the
mylo-hyoid and submental muscles; one branch (Figs. 114 and
115 us) is larger than the rest, and supplies the under surface of
the floor of the mouth and lower lip.

8. The abducens nerve (Nervus abducens, Ecker and Hoffmann ;
included in the trigeminal, Wyman), (Figs. 111 and 112 #1). This
very slender nerve courses along the inner wall of the cranium from
its origin to the Gasserian ganglion (¢.v.) which it joins, and leaves -
this in contact with the ophthalmic division of the trigeminal
nerve : the nerve then bifurcates in the orbit; the outer branch
supplies the Rectus externus, the inner inosculates with small twigs
of the ophthalmic division of the trigeminal, and then gives off
a number of small ciliary nerves, already described, and one special
branch to the Retractor bulbi.

7. The facial nerve (M. facialis, Ecker and Hoffmann ; Facialix
(Portio dura), Wyman ; Facial or Jugular Nerve, Stannius), (Figs.
111, 113, and 114 Ve VII) arises immediately behind the trige-
minal, and runs forwards, first in company with the auditory
nerve, then alone, to the Gasserian ganglion (¢.v.), with which it
unites ; it again appears at the posterior angle of the ganglion,
and escapes from the cranium in company with, and immediately
behind, the Ramus mandibularis of the trigeminal, and divides at
once into two branches. ' '

a. The Ramus palatinus at once unites with the palatine
branch of the ophthalmic division of the trigeminal nerve.
Wiedersheim doubts this arrangement, and holds that the two
portions arise in common from the Gasserian ganglion; ncither
has Wyman (Rana pipiens) described this branch of the facial.



172 THE NERVOUS SYSTEM.

[De Watteville states that the Ramus palatinus and the palatine
branch of the'ophthalmic' rierve are separated by the carotid artery.
In urodeles the two nerves are distinct.]

.b. The Ramus kyomandibularie (Ramus jugularis, Hoffmann ;
Facial Nerve, Wyman), (Figs. 113 and 114, Ve VII). The nerve
is directed outwards and backwards so as to pass around the
bony wall of the auditory capsule, it then crosses over the inner end
of the columella, with which it is in close contact, and is then
joined, under cover of the sferno-cleido-mastoideus (sc), by a branch
(Ramus communicans) of the glossopharyngeal (see Fig. 111 *). The
single trunk (F) so formed is directed downwards in the posterior
wall of the Eustachian tube to just above the angle of the mandible,
where it divides into three branches, or sometimes into two, in
which case a third nerve is supplied by one of the others, usually
by the Ramus hyoideus.

(1) The Ramus mandibularis (Ramus mentalis, Hoffmann ; Third
Trunk of the Facial, Wyman), (Figs. 114 m¢ and 115 m) passes inside
the angle of the jaw and courses forwards, between the skin and
mylo-hyoid muscle, parallel to the Ramus mandibularis of the

trigeminal nerve, as far as the symphysis. It supplies small twigs
to the neighbouring parts of the mucous membrane of the mouth.

(2) The Ramus kyoideus (Ramus jugularis, Hoffmann ; Second
- Trunk of the Facial, Wyman), (Figs. 114,115 #) is the largest division
of the facial ; it courses forwards subcutaneously over the deltoideus
and the hinder fibres of the mylo-Ayoideus to the anterior cornu
of the hyoid bone, supplying its muscles and the skin of the throat
and sternal region.

(3) The Ramus auricularis (First Trunk of the Facial, Wyman);
is a small branch, directed outwards; it supplies a branch to the
walls of the tympanic cavity, and is finally distributed in the
skin under the tympanic membrane and behind the angle of the
mouth.

8. The auditory nerve (.V. acusticus, Ecker, Hoffmann ; Audi-.
tory Nerve, Wyman). This nerve has a very short course in the
cranium ; it reaches the auditory organ by a foramen (Fig. 116
FIII) in the auditory capsule, and is then distributed in the ear,
with which it will be described.

9. The glossopharyngeal nerve (N. glossopharyngeus, Ecker;
Ramux glosso-pharyngens, Hoffmann ; Glossopharyngeal, Wyman ;
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Glossopharyngeal of the Vagus, Miiller), (Figs. 102 and 103 X, 111,
113, 114, and’"'T15'X?) arises’in' common with the pneumogastric
nerve, and quits the skull with it through an opening (Canalis nervi
vagi) immediately behind the auditory capsule, and at once divides
into two branches; both of which lie under the MAl. intertrans-
versarii capitis and are covered by the Depressor mandibulae.

a. The Ramus anterior (Verbindungsast des Glossopharyngeus,
‘Wiedersheim ; Ramus communicans, Hoffmann; Uniting Branch,
‘Wyman ; Laryngeal Branch of the Vagus, Volkmann ; Communi-
cans ad facialem, de Watteville), (Figs. 111, 113, and 114 X?). This
nerve curves downwards and forwards around the auditory capsule
and beneath the- Depressor mandibuli to join the facial nerve, as
already described.

b. The Ramus posterior (N. glossopharyngens, Wiedersheim ;
Ramus lingualis, Hoffmann), (Figs. 111, 113, and 114 X2). This
nerve runs downwards and forwards to the ventral surface of the
pharynx, dips underneath the Pefrokyoidens IV, to appear again,
after a short interval, by piercing the Petrokyoidens Il or I1I,
courses parallel to and behind the anterior cornu of the hyoid bone,
and thus reaches the floor of the mouth. The nerve then runs
forwards in a very sinuous course, close to the median line, and
between the Geniokyoideus and Hyoglossus ; in its course on the
floor of the mouth it crosses the hypoglossal nerve. It supplies
the petrohyoid muscles, and gives numerous small branches to the
mucous membrane of the pharynx (Ramus pharyngens, Hoffmann).

10. The pneumogastric or vagus nerve ( Fagus; Ramus infestinalis
nervi vagi, Fischer, Hoffmann; Vagal Trunk, Wyman; Vaso-
sympathetic, Gaskell), (Figs. 111, 113, 114, and 115 X3). This
nerve arises in common with the glossopharyngeal ; the two nerves
leave the skull together by an opening in the exoceipital bone
(Canalis nervi vagi); immediately outside the skull they acquire a
ganglionic enlargement (Ganglion condyloidenm, Ganglion nervi vagi),
(Fig..111 XG); in this course the glossopharyngeal lies in front of
the pneumogastric, which it then leaves. The pnecumogastric lies
first upon the M. levator anguli scapulae, then running backwards
and downwards along the hinder border of the Petrohyoideus 1}
it comes to the side of the pharynx; it is covered by the trapezius,
and passes between the hypoglossal nerve and the Adorfa ascendens ;
arriving at the Arferia pulmonalis, it gives off its terminal branches,
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‘f. The Ramus laryngens (Recurrens vagi), (Figs. 114 and 115
X3/) runs for some 'distance parallel to the pneumogastric, separated
from it by the petrohyoidens IV; arriving at the hinder cornu of
the hyoid bone the nerve loops round the Arteria pulmonalis, and
divides into two branches for the supply of the larynx.

g. The Rami _qaah;ici (Fig. 114 X3g) are usually two in number:
they pierce the partial diaphragm formed by the anterior fibres of
the M. obliquus internus and terminate in the walls of the stomach.

h. The Rami pulmonales (Figs. 114 and 115 X3p) also perforate
the partial diaphragm, and then course along the pulmonary artenes
to the lungs.

i. The Ramus cardiacus (Figs. 114 and 115 X3¢). This nerve
is usually smaller on the right side than on the left; it passes
along the dorsal surface of the pulmonary artery and Vena cava
anperior to the Sinus venosus ; in this course it gives off two or three
twigs to the roots of the lungs: the two nerves communicate just
before reaching the heart and pass on to the auricular septum,
whence they are distributed to the heart.

j. A slender Laryngeal nerve arises from the vagus alongside
the Ramus cardiacus ; it courses along the hinder end of the greater
cornu of the hyoid to the outer side of the pharynx, which it
pierces to pass to the larynx.

F. THE SpINAL NERVES.

1. General description. Ten pairs of nerves arise, as already
described (p. 135), from the spinal cord; each nerve has two
roots, a ventral or anterior, and a dorsal or posterior, which unite
at their points of exit from the intervertebral foramen: just
before, and for a short distance beyond this union, each dorsal
root bears a ganglionic enlargement.

1. The length and direction of the various Nerve-roots vary
greatly; the roots of fhe anterior spinal nerves run a very short
course, almost transversely outwards, from their points of origin to
the intervertebral foramina : the roots of the middle and posterior
nerves, in consequence of the vertebral column being considerably
longer than that part of the cord belonging to it, pass obliquely
backwards to the foramina, the hinder nerves of the Cauda equina
running for a considerable distance in the vertebral canal (Fig. 116).
The relations of these roots are as follows : —
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(1) The roots of the first nerve (N. Aypoglossus) arise from the
spinal cord at'a'point'bétween! the!first and second vertebrae ; they
run transversely outwards to escape between the first and second
vertebrae. The dorsal root is extremely slender.

Fig. 117,

~

(b

(2) The roots of
the second nerve-(A.

The nervous system of Rana es-
culenta, from the ventral sur-
face. (From Icones physiolo-
‘gicae by A. Ecker. PL XXIV,

Fig. 1)

Facial nerve.
Ganglion of
tric nerve.
He  Cegobral hemisphere.
Lec  Optic tract.

Qg

o L2

Lop Optie Jobe.

M  Boundary between me-
dulla oblongata and spi-
nal cord,

M1-10 Spinal nerves.

M8  Connection between fourth
spinal nerve and symjm-
thetic chain.

y Nasal sac.

Ni  S8ciatic nerve.

Ao Crural nerve.

o Eyeball,

8 Trunk of sympathetic.

8i-10 Sympathetic ganglia.

SM Rami commupicautes of
the same.

.Sp Continuation of sympa-

shetio into head.
I Olfactory nerve,
I Optio nerve.
HI  Motor oculf merve.
IV Trochlear nerve.
I Trigeminal and facial

Va Ramus ophthalmicus.
Ve Ramus maxillaris.
¥d Mandibular bramch of

trigem!
Ve Hyomandibular braneh of
facial,

V9 Gamserian gangiion,
}2  Upper end of sympathetic

VI Abduocens nerve.

VIII Auditory nerve.
X Glossopharyngeal and
pneumogastric nervea.
X1 Ramus anterior of glossu-
pharyngeal.
X2 Rumus posterior of glowso-
L

pharyngeal
X3.4 Branches of pneumogme.
trie,
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brachialis) arise at the level of the second vertebra and leave the
vertebral canal /betwéen' the second’and third vertebrae.

(3) The roots of the third nerve arise from the cord between the
second and third vertebrae, and pass out between the third and
fourth vertebrae.

(4) The fourth nerve arises by its two roots at the level of the
fourth vertebra, and quits the vertebral canal between the fourth
and fifth vertebrae.

(5) The fifth nerve arises opposite the fourth vertebra, and passes
outwards and slightly backwards to the foramen between the fifth
and sixth vertebrae.

(6) The roots of the sixth nerve are attached to the cord opposite
the fourth vertebra, and leave the vertebral canal betwecn the
sixth and seventh vertebrae.

(7) The seventh nerve arises from the cord at a point between
the fourth and fifth vertebrae, and leaves the canal between the
seventh and cighth vertcbrae.

(8) The eighth nerve quits the cord at a point opposite the arti-
culation between the fifth and sixth vertebrae, then runs backwards
to the eighth vertebra, and escapes between this and the ninth
vertebra.

(9) The ninth nerve arises at the level of the sixth vertebra, and
passes out between the sacrum (ninth vertebra) and the urostyle.

(10) The tenth nerve (N. coccygens) arises from the cord immedi-
ately behind the ninth nerve and opposite the sixth vertebra, and
courses alongside the terminal filament to pass out through a fora-
men in the urostyle (canalis coccygeus).

b. [The 8pinal ganglia (Gauglia intervertehralia).

At their exit from the intervertebral foramen the two roots of
each perve unite and bear a ganglionic¢ enlargement, which is in
intimate connection with the dorsal root, but is merely in contact
with the ventral root. The ganglia lie! in the large intervertebral
depressions, upon the under surface of the Proe. vbliqui, above and
behind, being in relation with the bodies of the vertebrae internally,
and the Musculi intertransversarii externally (Fig. 119); ventrally
the ganglia are, more or less, covered by the ¢ periganglionie glands.”
The ganglia vary much in size ; that of the first spinal nerve is the

! The Gangl. coccygeum is in the urostyle,
N



www.libtool.com.cn



THE SPINAL NERVES.

The sheath contains nerve-cells and
fibres, and sendsin/a few fine processes to
support these structures. The fibres of
the posterior root enter and pass out of
the ganglion without suffering any
changes, except that the nerve fibres are
slightly separated by the presence of a
few nerve-cells, and that a distinet in-
crease in the number of nerve fibres takes
place. The nerve-cells, of which the
ganglion is chiefly composed, and upon
the number of which its size directly de-
pends, are arranged chiefly around the
fibres of the dorsal root; such few as
lie between .the fibres are smaller than
the rest and vary more in their relative
numbers; at times one or two isolated
cells are found in the capsule or even in
the adjoining °periganglionic gland.’
The cells near the capsule are somewhat
smaller than the deeper cells!. Each of
these cells, which are usually pear-shaped,
possesses only one process ; the cell mem-
brane is thick, resistant, and possessed of

Ventral

179

(7

view of the spinal ganglia ;

on the right side they are still
hidden by the °*periganglionic
glands.’

an external nucleated, endothelial covering, the space around
being probably a pericellular lymph-space ; it often contains one to

three small fat-globules ; the protoplasm
of these has, according to v. Lenhossék,
a concentric fibrillation ; ghe nucleus is
round, clear, and distinct,B relatively
larger the smaller the n&wd-cell; it is
usually placed in the centre of the cell.
In that portion of the cell towards the
process is a portion brighter and less
casily stained than the rest of the cell
(Polarkernen, Courvoisier); this apparent-
ly possesses one or two nuclei, and is
regarded as a cell by Lenhossék (Polar-
zellen); the process of each cell soon
acquires a medullated sheath, and after

Fig. 120.

A

)

Schema of spinal ganglion.

13

Ventral rvot.

Ramus coinmunicans,
Ganglion.

Dorsal division.
Dorsal root,

Ventral division.

! Larger cells of deeper layer 80 u to go u in diameter, sometimes one or two a8

large as c.1 mm. v. Lenhoseék.
N2
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a short course, 0’09 mm. to 035 mm., divides usually about the
third constriction (Lienhossék):) These processes all pass peripherally,
even those which appear at first to pass in the opposite direction
curve round again ; it is chiefly due to these fibres that the spinal
nerve is larger than its two roots.

In addition to the above, smaller, irregular cells from 5 u to 7 u
in length are found; Rawitz regards them as young cells, Len-
hossék as cells capable of (entwicklungsfihige) developing into
nerve-cells. The ganglia contain only few blood-vessels. |

The above description is founded upon that of Lenhossék, and
has been confirmed by the translator in every particular, except
that only very indistinct and unsatisfactory indications of the con-
centric fibrillation so clearly delineated by Lenhossék were obtained ;
the structure of the Gasserian ganglion was found to correspond
exactly with the description here given of the structure of the
spinal ganglia. The nucleus was oftener at the side than at the
centre of the cell.

c. The ¢ Periganglionic Glands’ (Periganglioniire Kalkdriisen,
v. Lenhossék ; Kalksickchen, Ecker, and others; Crystal capsules,
Wyman ; Calcareous Sacs or Masses, of other writers), (Fig. 119).
These bodies are found on the ganglia of all the spinal nerves and
on the Gasserian ganglion of the trigeminal nerve; they have recently
been carefully investigated by v. Lenhossék. According to his
description there are usually two to each ganglion, lying on its
sides and ventral surface ; each consists of a connective-tissue cap-
sule which sends in a few fine trabeculae to support a system of
glandular tubes: these usually run parallel to the long axis of the
gland, and are about 14 u to 15 u in diameter; each tube is lined
with a single layer of somewhat columnar epithelium, the cells of
which have sharp, distinct outlines and oval nuclei.

A membrana propria was not made out with certainty; the lumen
of the tubes is wide and contains a milky fluid, which gives the
whole structure its characteristic appearance; it has long been
known (Blasius, 1681, mentions the fact, /. ¢., p. 291) that this fluid
contains calcareous matter, which effervesces and dissolves in the
presence of hydrochloric acid ; the erystals vary in form but are
chiefly oval (Wyman).

These glands bear no definite proportion to the size of the
nerves to which they are attached (Fig. 118); they already contain
calcareous matter during the tadpole stage before the limbs are
developed (Stannius, Wyman). No ducts have been traced to
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these glands. This description, founded upon that of Lenhossék,
can be confirmeéd /by thé translator in every particular; his sections,
however, would lead him to believe that the glands are far more
vascular than the description and the drawings of Lenhossék

imply.]

d. The Branches of the complete spinal nerves formed by the
union of the dorsal and ventral roots with the ganglion (Fig. 120)
are usually described as two, a dorsal and a ventral branch, which
latter at once gives off a Ramus communicans to the sympathetic
system ; these two branches are given off almost immediately
beyond the ganglion.

I1. The Individual Nerves.

A. The Dorsal Branches (Fig. 121).

The dorsal branches are smaller than the ventral; they pass up-
wards between the inner borders of the Musc. intertransversarii and
the articular processes of the vertebrae to reach the under surface
of the M. longissimus dorsi; the general course of these nerves is
very similar for all ; each nerve gives off-—

(a) A twig to the Musc. intertrans-
tersarius and then divides into two
branches.

Fig. 121.

(%) A Ramus muscularis (Fig. 121
rm), which passes outwards to supply
the M. longissimus dorsi.

(¢) A Ramus cutaneus (Fig. 121 rc); re

this nerve continues under the ex-
tensor muscle of the back, running
on the arch of the vertebra towards
the middle line; it then pierces the
muscle and Fascia dorsalis to reach
the large dorsal lymph-sac (Sacc.
cranio - dorsalis), through which it
courses to end in the skin. In its
course through the sac the nerve is
. Dorsal branches of the spinal nerves. The
connected with a small artery and ~ Facia doreatis is diseoted, removed
vein by a small amount of connec- from the left side.

. . . r¢  Rami cutanei,
tive-tissue, the whole being enclosed rm  Rami musoulares,
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in a sheath of endothelium continuous with that of the general
cavity.

The three anterior cutaneous nerves pierce the Fascia dorsalis near
the spinous processes, the fourth a little to the side, the fifth perfo-
rates the M. coccygeo-iliacus at about the junction of its anterior and
middle thirds; the sixth and seventh perforate the same muscle,
but more posteriorly. There are seven of these Rami cutanei, the
first coming from the second spinal nerve, the rest from the suc-
ceeding six spinal nerves.

B. The Ventral Branches.

The ventral branches of the spinal nerves are larger than their
corresponding dorsal branches: each nerve gives off immediately
a Ramus communicans to the sympathetic system (Figs. 117 SM,
120 C); these Rami communicantes will be described with the sym-
pathetic system ; the remaining portions of the ventral divisions of
the original spinal nerves are usually known as the spinal nerves ;
they will be described as such in detail.

1. The hypoglossal nerve ! (N. Aypoglossus, N. spinalis I), (Figs.
114, 115, and 117 M1), or first spinal nerve, is of small size; it
leaves the vertebral canal between the first and second vertebrae to
lie between the Musculi intertransversarii and the pharynx, where it
has in front the Arteria vertebralis, behind the Arteria and Nervus
brackialis ; passing under the Levator anguli scapulae, it touches the
Aorta ascendens and crosses the Vagus and the Carotid-gland, and
thus reaches the space between the Musculi sterno-kyoidei and the
Petro-kyoideus ; then curving forwards sharply it turns under the
Mylo-kyoideus to course between the fibres of the Genio-hyoideus to
the root of the tongue, where it ends. It first lies to the inner and
then to the outer side of the glossopharyngeal nerve. In its course
the nerve gives off the following branches :—

(a) One or two communicating twigs (Figs. 114 and 122) to the
second spinal nerve.

! [Observers have differed considerably as to the relations of this nerve : Volkmann
describes it as the first nerve of the neck, and describes a ganglion on its dorsal
root; Vogt denies the presence of this ganglion, and regards it as a true cranial
nerve; Stannius asserts that no ganglion exists, and holds the nerve to represent the
first two spinal nerves; Wyman describes the two roots and regards it as a spinal
nerve; Hoffmann regards this nerve as the second spinal (N. spinalis II): Fiir-
bringer as the representative of two spinal nerves ; de Watteville describes two roots
and names it first spinal nerve.—TRANS.]
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(6) Muscular twigs to the Longissimus dorsi, Intertransversarii
capitis, Levator anguli scapulae; and the Retrakens scapulae.

(c) When near the glossopharyngeal it supplies twigs to the
Geniokyoideus, Sternohyoideus, and Omokyoideus, where it bifurcates.

(@) One of the branches passes inwards to supply the Hyoglossus.

(¢) The other terminal branch passes forwards with the Ramus
lingualis and the glossopharyngeal, between the fibres of the Genio-
hyoideus, which it partially supphes, and sends twigs to the neigh-
bouring parts.

(f) [Hoffmann describes a communicating branch to the pneu-
mogastric nerve, which the translator has not been able to discover,
and which no other observer has mentioned.]

2. The second spinal or brachial nerve (N. brackialis, N. spinalis
II), (Fig. 122) is a large nerve, leaving the vertebral canal between
the second and third vertebrae ; it then accompanies the Arf. axil-
laris along the anterior border of the transverse process of the third
vertebra, over the hinder end of the Musc. levator scapulae and the
anterior end of the m. lransverso-scapularis major, to the inner border
of the Musc. subscapularis, under which it passes into the arm. In
this course it gives off or receives the following branches :—

(a) It first receives a branch from the second spinal nerve.

(6) Tt gives off a large branch, the N. coraco-clavicularis (Fig. 122
Ce), which first accompanies a branch of the Art. axillaris on the
Musc. levat. scapulae, then courses forwards and outwards over the
Musc. subscapularis to pass from above into the Foramen ovale be-
tween the clavicle and coracoid bones. It gives off two branches:

(1) One immediately beyond its origin, which runs backwards
over the Musc. subscapularis to supply the Musc. obliq. abdominis in-
ternus (Fig. 122 C¢’).

(2) While in the Foramen ovale, the N. coraco-clavicularis bifur-
cates ; the anterior twig runs forwards and outwards to the delfoideus
and also supplies a recurrent filament to the Musc. sterno-radialis ;
the posterior twig enters the upper surface of the Musc. sterno-
radialis.

(c) At the outer extremity of the Musc. transverso-scapularis the
brachial nerve gives off a posterior branch, which at once bifurcates :

(1) The first branch passes into the under surface of the Musc.
latissimus dorsi (ld), giving a twig to the Infraspinatus.

(2) The second is the Ramus cutaneus awillaris (Ilc) ; it passes on
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towards the outer side of the Plica cubiti ; in this course it supplies
. ‘four branches\:

a. The Ramus subscapularis passes dorsally to the AL sud-
acapularis.

B. A Ramus pecto- Fig. 123.
ralis (Fig. 123 up),
.passes forwards to the
M. abdomino-pectoralis
and to the skin of
the pectoral region (R.
cutaneus pectoralis).

y. The N. cutaneus
antilirachii superior s.
medialis (uc) passes

to the skin Of ."the Nerves of the ventral surface of the arm. The hand pronated.

inner side of the fore- rc  Upper cntaneous branch of the N. radiulia’
arm ; this and the ’l'/c' ;:o::; a;urneom branch of the N. radialia.
two following nerves uc R. cutan. sup. of the N. ulnaria.

N uc’ R. cutan. inf. of the N. ulnaris.
are given off near the up R, pectoralis of the N. ulnaris.

Plica cubiti.

3. The N. cutaneus antibrackii inferior s. dorsalis s. musculo-
cutaneus (u¢’) at once suppliés branches to the M. flexor carpi radi-
alis1, and then runs downwards upon the muscle and bifurcates :—

[1] The R. lateralis is distributed, by two twigs, in the M. flezor
carpi ulnaris and in the skin of the second finger, to which it sup-
plies the Rami digitales volaris and dorsalis.

[2] The R. dorsalis, after giving a cutaneous twig to the second
finger, is distributed by numerous twigs to the skin of the dorsal
surface of the hand.

The N. ulnaris then passes between the M. flexor carpi radialis and
the tendon of the M. sferno-radialis, sinks deeply into the Plica
cubiti, where it lies between the M. flexor carpi radialis and the
Flexor carpi ulnaris, then between the latter and the Flexor anti-
brachii medialis on the one side and the Flexor digitorum communis on
the other: it supplies branches to all these muscles, and while still
in the forearm divides into two terminal branches :—

a. The R. ulnaris medialis is the smaller; it runs inwards,

! As this muscle increases in size during the breeding reason, it would be inter-
esting to know whether a corresponding change takes place in the nerve.
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smaller terminal branch, supplies a branch to the M. extensor digit.
comm. longus and the skin. ovér| the carpus (Ramus cutaneus inferior,
rc’), and ends on the muscles of the little finger as the R. dorsalis
digiti V medialis.

e. The R. radialis lateralis (R), the larger of the two branches,
supplies the extensor muscles of the fingers and gives bifurcating
branches, Rami digitales dorsales, to the adjacent sides of the second,
third, fourth, and fifth fingers (the Ramus dorsalis lateralis of the
second finger is supplied by the N. u/naris).

8. The third spinal nerve (V. spinalis IIT) (Fig. 122 8II1) leaves
the vertebral canal by the foramen between the third and fourth
vertebrae, and runs outwards and forwards upon the large transverse
process of the third vertebra to the brachial nerve (N. spinalis II).
Its behaviour at this point is subject to considerable variation ; at
times it joins the brachial nerve completely, at other times the two
nerves are simply in contact ; or lastly, it may send a small twig
to the brachial nerve. Externally to this point the two nerves
supply a number of small branches, which may belong almost en-
tirely to either one nerve or the other ; these nerves again inosculate
in a variable manner, to form an axillary plexus. The more con-
stant branches are :—

(1) One or more twigs to the Musc. transverso-scapularis major.

(2) Several branches, usually two larger and one smaller ; they
course in the M. oblig. abdom. internus (Fig. 122 o0i) to the M. rectus,
where they give off branches, then pierce the muscle to reach the
skin (R. cutaneus abdominalis), (Fig. 122 IlI).

4. The fourth spinal nerve (N. spinalis IV) (Fig. 126 M4)
appears between the fourth and fifth vertebrae; it runs on the
ventral surface of the transverse process of the fifth vertebra and
upon the Musc. intertransversarius obliquely outwards and down-
wards, and reaches the deeper surface of the Musc. obliguus internua,
into which it descends, about opposite the articulation between the
eighth and ninth vertebrae; it then bifurcates into :—

(1) A Ramus cutaneus abdominalis, which pierces the muscle and
supplies the skin.

(2) A Ramus muscularis, which supplies the broad abdominal
muscle and the 3. rectus abdominis.

8. The fifth spinal nerve (N. spinalis V') (Fig. 126 3/5) emerges
through the foramen between the fifth and sixth vertebrae, runs
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127 M7, M8, Mg, and AM10) are- best described together, as
they are intimately associated to form the sciatic plexus (Plezus
1schiadicus, Plexus cruralis).

Within the vertebral canal the roots of these nerves form the
Cauda equina; the seventh nerve leaves the canal between the
seventh and eighth vertebrae, the eighth nerve between the eighth
and ninth vertebrae, the ninth between the sacrum or ninth ver-
tebra and the urostyle, and the tenth by the Canralis coccygeus in
the urostyle; from these points the four nerves run obliquely on
the ventral surface of the 3/. ilio-coccygeus to the pelvis, where they
form the sciatic plexus. Although subject to some variation, the
usual arrangement is that the seventh and eighth nerves unite to
form a trunk, which then receives the ninth nerve ; the large nerve
so formed is the sciatic nerve : a branch of the tenth usually then
joins either the sciatic plexus or the sciatic nerve; the plexus gives
off or receives the following branches :—

(a) Like other spinal nerves, these nerves give off Rami communi-
cantes (see Sympathetic System). :

(6) The AL ilio-kypogastricus (Fig. 127 M7a). This arises from
the seventh spinal nerve, before its union with the eighth spinal
nerve; it runs obliquely outwards and downwards on the Musec.
ilio-coccygeus and under the border of the M. obliguus abdom. in-'
ternus, where it bifurcates :—

(1) One branch, the Ramus cutancus abdominalis, pierces the
M. oblig. abdom. internus in the same fashion as the cutaneous
branches of the fourth, fifth, and sixth spinal nerves; it supplies
the skin of the abdomen.

_ (2) The second or Ramus muscularis supplies the flat abdominal
muscles and the M. rectus abdominis.

(¢) The M. cruralis (Fig. 127 M76) also arises from the seventh
spinal nerve at or just beyond its point of union with the eighth
spinal nerve. It accompanies the A. cruralis on the pelvic wall to
the thigh, where it lies upon the 3. i/io-psoas in a triangle between
the BM. rectus fem. anterior and the M. adductor longus, and divides

- into two main branches :—

(1) Muscular twigs to the M. ilio-psoas, M. rectus femoris anticus,
MAL. adductores longus and brevia.

(2) The Ramus cutaneus femoris, which runs downwards in the
hinder wall of the Lymph-sac (Saccus iliacus), and supplies the skin
of the under and outer surfaces of the thigh.
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the coccygeal nerve immediately beyond the Canalis coccygeus,
perforates the .| iio<coccygens; and runs on its dorsal surface
obliquely over the lymph-heart, without supplying it; the nerve
then pierces the fascia to supply the skin of the back and thigh.

(¢) The Ramus abdominalis also arises from the coccygeal nerve ;
it is larger than the R. dorsalis, and arises at the same point; the
nerve runs on the ventral surface of the M. ilio-coccygeus towards the
lymph-heart, and inosculates with the sympathetlc 1t is from this
nerve that the branch to the sciatic plexus is usually given off ; it
further supplies a varying number of branches, which with branches
derived directly or indirectly from the sciatic nerve, form a plexus
(Plexus coccygens) ; the two plexuses may together be regarded as a
Plerus ischio-coccygeus or a Plexus sacro-coccygeus.

(f) In addition to the Rami communicantes given off by the spinal
nerves near the vertebral column, the sciatic plexus supplies a few
twigs, usually two (Fig. 127).

(9) Other small twigs pass from the sympathetic system for-
wards and outwards to join the sciatic plexus or the sciatic nerve.
According to Waldeyer two of these are very constant.

(%) Branches to the oviduct (Fig. 127 4).

(1) Branches to the rectum (Fig. 127 cc).

(#) Branches to the bladder (Fig. 127 d).

(¢) Branches to the M. levator ani (Fig. 127 a').

(m) A branch to the lymph-heart, which runs along the anterior

border of the A. lev. ani, on to its dorsal surface, and then direct to
the lymph-heart.

Variations in the sciatic plexus. The arrangement of the
nerves in the sciatic plexus is subject to many variations; ac-
cording to Wiedersheim most of these variations belong to two
chief classes : either the N. coccygens inosculates directly with the
ninth spinal nerve by one or several branches, or it joins the ninth
nerve indirectly by uniting with its branches. A case of the
latter arrangement is scen in Fig. 127, and is thus described by
Wiedersheim : — .

¢ After cutting through the pelvic symphysis and drawing to one
side the contained viscera, namely, the hinder end of the oviduct,
the rectum, and the bladder, one sees a row of small twigs (a, é.
ce, d, and e) arising from the inner, hinder, and anterior surfaces of
the ninth spinal nerve: the first (a) runs backwards parallel with
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the V. coccygeus over the M. ilio-coccygens to join this nerve at the
point marked, Com; -, The twigcc behaves in like manner after re-
ceiving a twig from 4. The twig 6 arises from the inner surface of
the ninth nerve between the two foregoing and close to its union
with the eighth spinal nerve ; from this origin twig & passes almost
transversely outwards to the hinder extremity of the oviduct
(““uterus ), and partly to the rectum, crossing in its course twig a,
the sciatic nerve, and the urostyle. Its branches form a net-
like plexus with the terminal branches of the last sympathetic
ganglion and with a branch ¢c from the point of union Coum.

¢ A second branch («’), arising from the point of junction Com, is
a continuation of the N. coccygens (M10); it passes vertically down-
wards towards the hinder end of the cloaca and at the upper border
of the Levalor ani, divides into two branches, which are distributed
to the inner and outer surfaces of this muscle and to the cloaca.
Other branches pass dorsally to the lymph-hearts, while a third set

. pass to the hindermost part of the bladder.

‘These three sets of nerves, to the 3. coccygens, M. levator ani,
and to the lymph-hearts, are not supplied entirely by the N. coccy-
geus, as this is reinforced by one or more branches (¢) from the
sciatic plexus : this branch (¢) supplies twigs to the M. ilio-coccygeus,

, which is also supplied anteriorly from the trunk of the N. coccygeus.

¢ The bladder receives a special branch (<), which arises from the

sciatic plexus at the junction of the eighth and ninth spinal nerves ;
this nerve gives a twig (d’) to the J/. iliacus.’

I. The sciatic nerve (.V. ischiadicus) (Fig. 128 I) is the largest
nerve of the body; it passes under the /. coccygeus, between the
origins of the M. vastus externus and of the M. pyramidalis : lies then
between the M. biceps and the M. pyramidalis, and later between the
M. biceps and the M. semimembranosus ; lastly, it bifurcates under
the M. biceps to form the N. tibialis (IT) and the N. peroneus (II1).
In this course it gives off :—

(a) A twig to the I/ coccygeo-iliacus, while still in the pelvis.

(0) The N. cutaneus femoras posterior (Fig. 128, 2), which passes be-
tween the M. pyramidalis and the M. vastus externus, to appear behind
and beneath the former ; it accompanies an artery of like name to
supply the skin of the hinder and inner surfaces of the thigh.

(¢) A little below the foregoing it gives off a collateral branch
(Fig. 128, 3), which passes under the M. pyramidalis and divides to
form— :
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"(1) A branch to the upper third of the M. semimembranosus.

(2) A branch/to.'the" Rectus | internus minor. A twig of this
branch (8) pierces the muscle transversely in company with the

Arteria cutanea, and passes to the skin of the middle of the inner
surface of the thigh.

(3) Branches to both heads of the semitendinosus.
(4) Branches to the M. adductor magnus.

(4) Branches covered by
the M. pyramidalis to the Fig. 128.
M. quadrat. femoris and M.
obturator.

(¢) A branch (5) forwards
to the M. biceps.

(f) A branch (6) which
accompanies the Arf. circum-
Hexa genu lateralis sup. for-
wards to the M. extensores
eruris, the M. vastus externus,
and the M. rectus anterior.

Distribution of the sciatic nerve.

~

The sciatic nerve.

N. tibialis.

. N. peroneus.

Branches to the M. pyramidalis

N. cut. fem. posterior.
branch.

Large oollateral

Branch to the M. biceps.

Branch accompanying the art. air.
cumfl. genn lateralis sup.

Branch of tibial nerve to the M. gas-
trocnemius,
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(3) Branches (f7p) to the Musc. plamtaris and the M. flexor
digitorum.

(4) A hranch to the M. abductor hallucis.

(5) The R. digitalis volaris I (dvI) supplies the inner side of the
first toe by its terminal twig.

(?) The Nervus tibialis (Fig. 129 f) passes downwards on the
hinder surface of the tibio-fibula, sinks into the A. tibialis posticus
to appear again at its hinder border; it then runs over the ankle-
joint into the sole of the foot, where it lies midway in the space
between the two Ossa farsi and between the M. extensor tarsi and the
M. abductor digiti I longus ; the nerve then runs downwards in the
groove of the small Os tarsi and divides to form three branches :—

(1) The first branch (dvII) runs to the space between the second
and third fingers, where it bifurcates :—

(a) The Rami digital. volaris I run transversely over the muscles
of the second toe, supply the muscles of the first toe, and bifur-
cate to form the R. digital. volaris I and II.

(B) The Ram. digit. volar. IT divides in the space between the
second and third fingers to supply the Flez. phalang. and the adjacent
sides of these toes.

(2) The second branch (d¢III) runs over the M. flex. metatarsi of
the third toe to the space between the third and fourth toes, and
bifurcates to supply the adjacent sides of these toes and the web
between them.

(3) The third branch at once divides to supply :—

(a) The M. transv. metatarsi.

(8) The MM. lumbricales of the fourth toe.

(y) The M. abductor digit. V (abs), the M. flexor brevie dig. V
(F5), and the M. adductor diy. V (ad5) ; it then ends as—

(3) A bifurcating branch forming the R. digit. volar. of the fourth
and fifth toes. :

II1. The Nervus peroneus (N. peroneus communis superior, Ecker),
(Fig. 130 pe) is the second division of the sciatic nerve; it passes
between the outer head of origin of the Bl gastrocnemius and the
tendon of insertion of the M. biceps, it then lies on the tibio-fibula
between the M. gastrocnemius and the M. peroneus, where it is ac-
companied by the Vena tibialis postica, then runs downwards upon
the M. extensor crurie and the Flexor farsi ant., and passes under
the M. tibial. anticus and bifurcates ; its branches are :—

02
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(2) Rami digitales dorsales to the adjacent sides of the first and
second toes.

(3) Branches to the MAM. extensores digiti I1.

(4) The inner, terminal branch (Fig. 130 4) at once divides :-—

(a) The outer branch runs between the third and fourth toes as
far as the commencement of the web, where it bifurcates to form
two Rami cutanei, which course along the adjacent sides of these
toes as far as their apices.

(8) The inner branch passes to the extensor muscle, and, in part,
to the adjacent sides of the third and fourth toes.

(5) The outer, terminal branch (Fig. 130 B) of the N. peroneus
communis inferior passes to the muscles of the fourth and fifth toes,
and supplies Rami cutanei dorsales to the outer side of the fourth
and inner side of the fifth toes.

Cutaneous branches of the N. ¢ibialis supply the outer side of the
fifth and inner side of the first toe.

G. THe SympaTHETIC SYSTEM (Sympathicus).
(Re-written by the translator.)

The sympathetic cord or chain is a row of nervous ganglia
(vertebral or lateral ganglia), connected by nerve-fibres, and lying
on either side of the vertebral column (Figs. 117 and 131); with
the exception of the last spinal nerve there is usually one sympa-
thetic ganglion associated with each spinal nerve ; in the case of the
tenth spinal nerve there may be only one ganglion or as many
as twelve. '

The first ganglion (Figs. 111, opposite ics; 117 81) is placed on
the hypoglossal nerve just as it emerges from the first intervertebral
foramen ; it is large, but smaller than the second; its Ramus
communicans is represented by several fine and very short fibres,
which connect the ganglion with the nerve. This ganglion is con-
nected with the second by two or three nervous threads, between
which passes the subclavian artery, a true dnnulus Vieussenii being
thus formed (de Watteville). The other ganglia are connected by
single bands of fibres. The first ganglion supplies also branches to
the axillary artery and to the cardiac plexus.

The second ganglion (Figs. 117 and 131) is the largest, and is
closely applied to the brachial nerve; as in the case of the first
ganglion and hypoglossal nerve, it is attached to the second spinal
nerve without a distinctly marked Ramus communicans.
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(Figs. 111 and 116 78): according to Gaskell a single nerve passes
from the first ganglion)to the Ganglion nervi vagi, whence one
portion of its fibres is continued to the Gasserian ganglion, the re-
mainder accompanying the pneumogastric nerve without any con-
nection with the ganglion; he therefore names this nerve the
vago-sympathetic. (See Gasserian ganglion, p. 168.)

¢. Communications with the spinal nerves ; these are :-—

(1) The Rami communicantes.

(2) Communications between the sympathetic ganglia or their
branches and the spinal nerves or their branches (Fig. 117); by
means of these connections, fibres of the sympathetic system are
conducted by the spinal nerves and their branches to all parts of
the body. '

d. Branches to the heart, which form the following ganglia :—

(1) A relatively large plexus lies on the auricles in the median
plane immediately beneath the division of the M. Ayoglossus. It
supplies a network of fibres to the auricles and the adjacent large
vessels. It is said to communicate at various points with the
preumogastric nerve.

(2) A smaller ganglion of oval form, supplies twigs to the
neighbouring vessels and a communicating branch to the hypo-
glossal nerve (Wiedersheim).

e. Branches to the abdominal viscera; these form intricate
plexuses by which the organs are supplied : the ohe best known
is the solar plexus (Fig. 131); it is formed chiefly from branches
derived from the third, fourth, and fifth ganglia, and supplies
the stomach, etc.; other plexuses for the various viscera are known .
by corresponding names, such are the Plexus kepaticus, renalis, geni-
talis, kaemorrkoidalis, and vesicalis.

The sympathetic system is characterised by the fact that the
branches form intricate plexuses, which include numerous ganglia
and which are very irregular; it is also characteristic that most
of its fibres are non-medullated. According to the investigations
of Gaskell, the fibres of the sympathetic system arise in mam-
malia as very fine medullated fibres from the posterior vesicular
(Clarke’s) columns (Mason has recently described cells in the
frog’s spinal cord, which he holds to be homologous with the cells
of these columns); they leave the cord by both the ventral and
dorsal roots of the spinal nerves, and are thus connected with two
sets of ganglia, (1) with the ganglia of the dorsal roots, and (2)
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however, soon bifurcates; whether any of the fibres so formed pass
as far as the cord or beyond!its blood-vessels is doubted by most ob-
servers, and denied by Gaskell. These remarks and the description -
of the cells of the spinal ganglia (p. 176) hold good for the lateral
or vertebral ganglia and the prevertebral ganglia (solar gan-
glion, etc.) of the sympathetic system ; the terminal ganglia will
be described with the organs in which they are found.

H. HistoLociCAL NOTES ON THE NERVOUS SYSTEM.

(In order to render the foregoing description of the nervous system more complete,
the following notes have been added by the translator.)

[The histological elements of the nervous system are nerve-cells
and nerve-fibres ; of these the nerve-cells have been described with
the parts in which they occur; it may simply be remarked that
later observers have been unable to discover the ¢ spiral cells’ de-
scribed by Beale, Arnold, and others. The nerve-fibres, as in most
other animals, are of two kinds, medullated and non-medullated.

1. Medullated nerve-fibres or white fibres are found in all cranial
and spinal nerves, with the exception of the olfactory nerves, and
in many of the sympathetic nerves (see Sympathetic System);
also in the white matter of the brain and spinal cord ; examined
microscopically the fibres are seen to consist of an external sheath or
neurilemma, a medullary sheath, and an axis-cylinder : —

a. The neurilemma (Sheath of Schwann, Outer or Primitive
Sheath) is a nucleated endothelial layer covering the nerve-fibre ;
it is continuous with the corresponding coat of the nerve-cells, and
is uninterrupted throughout the length of the nerve ; at the nodes,
however, it dips down towards the axis-cylinder, the circular groove
so formed being filled with cement substance.

b. The medullary sheath (White substance of Schwann); the
presence of this sheath is the chief cause of the whiteness of these
nerves ; the thickness of the sheath varies considerably, and towards
the ultimate distribution of the nerve it is entirely lost. At more
or less regular intervals along the course of the nerve-fibre the
continuity of the medullary sheath is broken, and gives the
fibres the appearance of being constricted at these places; such
constrictions are known as nodes of Ranvier; the portion between
two such nodes being termed an internode. Each internode
possesses an oval, flattened, granular nucleus at about its middle
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and placed between the neurilemma and the medullary sheath ; the
nucleus has\a nucledluso| Inthe fresh state the medullary sheath
seems to be fluid ; it is of a fatty nature.

Medullary segments are caused by breaks in the continuity
of the medullary sheath, which are seen only in nerves which are
no longer in their normal condition, and are especially well marked
after treatment with osmic acid. The breaks are oblique ; hence the
conicad end of one segment fits into the funnel-shaped end of the next.
How far they correspond to pre-existent structures is uncertain.
The segments in the frog vary in length from o'o10 to 0’040 mm.

¢. The axis-cylinder is the essential part of every nerve-fibre ; it
shows a longitudinal striation corresponding to the fine fibrils
(primitive fibrillae) of which it consists ; these fibrils often exhibit
minute varicosities: at times it has the appearance of being in-
vested with a very delicate structureless sheath. It is continuous
through the nodes of Ranvier.

2. Non-medullated nerve-fibres (Grey or Varicose Fibres ; Fibres
of Remak); these occur chiefly in branches and plexuses of the
sympathetic system ; they consist of a neurilemma and an axis-

cylinder, which agree exactly with the corresponding elements
found in the medullated fibres.

The nerve-fibres, whether medullated or non-medullated, are
bound together by connective-tissue to form nerves. A number of
fibres bound together by connective-tissue to form a slender cord
is known as a funiculus; a small nerve may consist of one such
funiculus ; the sheath surrounding it is known as the perineurium,
and sends in supporting processes between the fibres (endoneurium) :
when sevgral funiculi are bound together to form a large nerve the
common sheath is known as the epineurium. These sheaths support
nerves (mervi nervorum) and vessels (vasa vasorum) supplying the
nervous elements, and their intercellular spaces form lymph-canals.
The whole nerve is surrounded by an endothelial coat, which helps
to form a lymph-space, which more or less completely surrounds
the nerve.

The ultimate distribution of the nerve-fibres will be included in
the description of the various organs in which they end.] :
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PART 1.
THE HEART AND BLOOD-VESSELS.

PR

I. THE HEART.
(The original arrangement of this section has been modified.)

THE heart is situated in the middle line above the central portion
of the shoulder-girdle and M. sfernokyoidens, and below the
oesophagus ; the apex is directed backwards and lies between the
lobes of the liver, the base is directed forwards and lies a short
distance behind the larynx. The heart is surrounded by the
pericardium.

A. The Pericardium [is a Fig. 132

very thin membranous sac,
which completely encloses the
heart ; it is attached, at some
distance, to the large vessels
passing to and from the heart, AC
and has inserted into it some 24 )
fibres of the M. obliquus al- TA. LA
dominis internus (see page 70).
A fold of the pericardium
extends from the dorsal sur-
face to the truncus arteriosus,
and through it courses the
vena cardiaca.

The pericardium is a con-
nective-tissue membrane, and T° "ot A Moot o e e 1 vontral
is lined on either side with AC.  Left anterior caval vein.
endothelium, which is in part PR g
ciliated (Leydig); the endo- P, Right pulmo-cutaneous arch.

RA, Right auricle,

thelium of the inner surface g";' ’lrnftly-umic arch.
. . . runcus arteriosus.
is continued on to the heart V. Ventride.

30



214 THE VASCULAR SYSTEM.

and so forms a closed lymph-sac. The pericardium is more or less
pigmented,’and ' 'contains both' vessels and nerves; it may contain
fat-cells].

B. The Heart.

[The heart is a hollow muscular organ, composed of: (1) two
auricles, forming the wider anterior portion ; (2) the ventricle, placed
behind the auricles ; (3) the sinus venosus, situated dorsally; and (4)
the truncus arteriosus, lying ventrally. Exfmined while still living,
the auricles are seen to be much darker in colour than the ventricle,
due to the blood being seen through their thinner walls; between
the auncles and the ventricle is a distinet groove, the auriculo-

The whole organ is more or less pigmented,
especially the ventricle (R. temporaria has much less pigment).]

¥ig. 133. a. The S8inus venosus
+ (Sinus venarum cavarum), (Fig.
133 87.) is a thin.walled sac
lying on the dorsal surface
L. o of the heart, and very slightly
to the right side (Hoﬁma.nn)
It is somewhat triangular in
form, receiving an anterior
PV caval vein at each anterior
angle (7.), and the posterior

caval vein (IC.) at the poste-

riorangle. The ventral wall

has a transverse opening (87".),

by which it communicates with

0w the right auricle ; the opening

The heart, seen from above, and dimected to show the POSsesses two valves, an ante-

opening from the Sinus vencsus to the right auricle ; .. . :
B ey i rior and a posterior, and is

C.  Right carotid arch. placed close to the auricular

IC.  Posterior caval vein,
LA. Left auricle. septum.
F”.  Right pulmo-cutaneous arch, .
PV. Pulmonary vein. b. The auricles [are not
RA. Right auricle. .
§'.  Right systemic arch, ' : always 'sepmted, as the sep-
§V. Binus venosus. . tum which usually brings about
SP’. Opening of Sinus venosus intd"jhe right . .Y

auricle, the separation is in some cases

V. Right anterior caval vein. incomplete, and in rare in-

stances appears to be absent (Hoffmann)]; according to Ecker, the
auricular septum is sometimes placed so far to the left side that it
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appears to be absent (Fig. 135).
The septum \is attdched to the
walls of the auricles so as to
form two distinct cavities, which
communicate at the auriculo-
ventricular opening, where the
septum has a free concave
border (Flg 134). The right
auricle is much larger than the
left, ‘and receives the systemlc
venous blood from the sinus
venosus by the opening (Figs.
133 and 134 S87.) already de-
scribed. ‘The left auricle re-
ceives the blood from the lungs
by the pulmonary vein (Fig.
133 P7.), which opens into the
auricle near the septum (Fig.
134 P7.): [the openings from
the sinus venosus and from
the pulmonary vein may be so
closely approximated as to be
separated by the septum only.
The septum is much thinner
than the auricular walls]. Both
auricles open into the ventricle
by the auriculo-ventricular open-

ing (Fig. 134).

SEpAEY XL ®A

215
Fig. 134
¢ p
, - PV,
2.
A -SV. .
A

The frog’s heart seen from the ventral surface, and

dissected 80 as to show its structure. The ven-
tral walls of the truncus arteriosus gnd of the
auricles and ventricle have been removed. From
a drawing by Mr. Hurst.

Auriculo-ventricular aperture and valve,

Aperture leading from ventricle to truncus
arteriosus,

Left carotid arch,

. Left auricle,

Left pulmo-cutaneous arch.

8tyle passed down right pulmo-cutaneous arch
into the truncus arteriosus, 7.

. Opening of pulmonary vein.

. Right auricle.
Left systemic arch.

. Septum atriorum.

. Opening of Sinus venosus into right auricle.

Ventricle,

. The ventricle (Figs. 132, 134, and 136 7.), examined while

still living, is seen to be bluntly conical in
shape and darker on the left side than on the
right ; this is due to the ventricular wall of
the right side, near the truncus arteriosus, being
The inner wall is not smooth
but possesses muscular ridges (Zrabeculae). - At
its base the ventricle communicates with the
auricles by the auriculo-ventricular opening
(Figs. 134 and 136), and with the truncus
arteriosus by a separate opening (Fig. 134 4.).

somewhat thinner.

Fig. 135.
v

Dimection of a case in
which the auricular
septum is placed more
to the loft than is nor-

§ Septum.

The ventricle is lined by a layer of endocardial ss Lets auricie.

endothélium.

¥V Opening into the
Sinus venosus.
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by reference to Fig. 137. A layer of circular es (CM) extends
round the whole\ventricle, and from it more or less radial or trans-

Fig. 137.
I m
LM
c2 )
! -CM
--CC
i ot
. L
L Transverse section through the junction of the hinder and middle thirds of the ventricle of R. tem-

poraria. IL T through j of middle and anterior thirds of the same heart.
Occ. I, Syst. 1, Leitz, The heart wus freely distended 1 with dilute spirit, and so hardened.—G. H.

«c

(4.4
LM
™

verse bands (7'/, also Fig.

Central cavity.
Circular muscle.
Longitudinal muscle.
Transverse muscle,

138 M) pass inwards ; these, in the apical

portion of the ventricle, seem to extend almost transversely across ;
towards the base they are directed onwards and forwards towards
the auricles. Of these bands some, near the apex, can be traced
directly to the opposite side, others join the wall more anteriorly,
and still others join bands of muscular fibres (LM), which may be
described as longitudinal, and form the Musculi papillares. 1In the
anterior portion of the ventricle the same arrangement holds good,
but is modified to form a central cavity; still more anteriorly,
at the junction of auricles and ventricle, the trahecular structure is
much less apparent, the fibres being closer and mainly circular.

In the auricles the muscular fibres are chleﬂy arranged in circular
rings which cross one another; on the inner surface, however,
traces of an arrangement similar to that in the ventricle may be .
made out. In the heart, from which the sections in Fig. 137

1 The base of the ventricle measured, when distended, 8 mm. by 5 mm.
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rod-shaped, 2:5 to 35 p broad and 25 to 43 p in length. The
ratio of length/to 'breadth varying from 1:8 to 1:16. These
cells are more frequent in the right half of the base of the ven-
tricle than the former variety. In the trabeculae the second
variety is more numerous (Pohl-Pincus).

The muscle-fibre may be simple (Fig. 141a M) or possess branches
(Fig. 138); the fibres are all more or less spindle-shaped, and
striated transversely and longitudinally, but possess no sarcolemma.
The protoplasmic contents of the cell are finely granular; the
nucleus much more coarsely granular and possessing one or more
distinctly marked nucleoli. The striations are due to the presence
of a network, which has been carefully described by Messrs. B. Mel-
land and C. F. Marshall!, and is similar to that of ordinary
voluntary muscle (see histology of muscle).]

b. The nerves of the heart.

The nervous supply of the heart is derived from the sympathetic

system and from the cardiac branches of the pneumogastric nerve ;
the course of which has already
been traced (page 175) to the roots Fig. 139.
of the anterior caval veins, where
they form a simple plexus by means
of a connecting link (Fig. 139).
The plexus possesses nerve-cells and
sends off two nerves into the auri-
cular septum ; the one (<) lies dor-
sally and is shorter and thicker than
the other (v), which lies ventrally
in the septum. They course back-
wards to the posterior border of
the septum, and there distribute
fine branches to the base of the
ventricle and surrounding parts.

[In the whole of their course in
the heart they have numerous
nerve-cells, either imbedded be- Course of the cardiac nerves in the auricular

tween their fibres or attached to septam.
. d Dorsal nerve.
the nerves and their branches. v Ventral nerve.

The nerve-fibres are both me-
dullated and non-medullated. The nerve-cells (Figs. 139, 140, 141)

' I have had opportunity of examining Mr. Marshall's slides and have convinced
myself of the correctness of his observations.
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tissue. In the latter part the spiral valve is wholly formed of
this tissue.

Fig. 141 a.

Small gronp of nerve-cells from the auricular septum, Stained with picrocarmine and silver
nitrate, after Dogiel.
E  Endothelium (endocardium).
G  Nerve-cells.
M Muscle-fibres,

N Nucleus.
N’ Nudcleolus.

The whole of the inner surface is lined with endothelium

Fig. 141 b,

r

Isolated nerve-cells from frog's heart. 1. Usual form of nerve-cell. II. ‘ Twin-cell.’

C Capsule.
N Nucleus
AN’ Nucleolus,
P Procves.
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Arteries and veins of the Truncus
artericsus of Bufo vulgaris, after

v
a

J

b
A,

<Ahgge-

2 THE VASCULAR SYSTEM.

Fig. 142.

Hyrtl,

Arteria bulbi.
Truncus artericsus.

4 Hepatic portal veina,
Right and left synangium.
\ena bulbi anterior,

Left innominate vein,
Vena bulbi posterior (V. cardinca).
Right auricle.

s

! Left auricle.

Ventricle.

- (endocardium), which coyers the various: |

trabeculae ; the external surface of the

. heart is likewise covered with an epi-

cardial layer of endothdlum (Fig. 138 |
£).]

e. The blood-supply, to the heart.

With the exception of the frumcus
arteriosus, no part of the heart possesses
blood-vessels (Hyrtl). [The truncus
arteriosus (Fig. 142 0) has a rich anas-
tomosis, which recewes its blood by
the arteria bulbi (a), a branch of the
carotid arch. Two veins connect this
anastomosis with the systemic veins;
and with the hepatic portal veins: the
former, vena Oulbi anterior (v), passes
over the auricles to open into the left
innominate vein (vi); the latter, the
vena bulbi posterior (vc) or vema car-
diaca, as it is more usually named, passes
from the trumcus arteriosus in a fold
of pericardium, and then courses back-
wards to open into the anterlor-abdo-
minal vein.]

II. THE ARTERIES.

(The original arrangement of this section has been modified.)

The Truncus arteriosus divides to form two vessels (Figs. 132,
134); each of these is divided by two. partitions into three com-
partments, which after a short course together separate to form
three distinct vessels, the carotid, systemic, and pulmo-cutaneous °
arches. )

1. The carstid arch (Cawalis carotico-lingualis, Briicke ; Ductus
caroticus), (Fig. 143 I') is the most anterior of the three arches : it
winds round the side of the ocsophagus as far as the carotid gland
where it divides to form two branches ; the right carotid arch gives
off a small branch to the Truncus arleriosus, the Arteria bulbi (see
above).
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The carotid gland (Fig. 144 ¢) is a dilated portion of the vessel.
The interior,contains bandsor trabeculae of muscle, which give its

Fig. 143.
N , *
l v
."é |d i Ao
T ¥ =i
Y
. , ')\
AN - l.‘ |
ug

ie 1°

>
®
Schema of the arterial systom of Rana csculenta.
A Dorml aorta, ov  Occipito-vertebral artery.
. ¢ Cutaneous artery. P Pulmonary artery.
ca Carotid artery. &«  Subclavian artery.
d Carutid gland, T  Truncus arteriosus.
éc Iliac arteries. uy  Urinogenital arterie@
de External iliac artery, v Vortebral urtery.
4 Internal iliac artery. 1 Carotid arch.
J  Mesenteric artery. 11 8ystemic arch, °
¢ Lingnal artery. 111  Pulmo-cutancur arch,
o Oocclpital artery.
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walls a more or less spongy structure; the muscle-fibres are not
transversely striated (Hoffmann).

a. The lingual artery (drteria lingualiz, Arteria kyoidea-lingualia,
Arteria Iyoidea), (Figs. 143 /, 144 L) arises by two roots from the
inner surface of the carotid gland, and courses forwards and in-
wards, supplying branches to the thyroid gland and the AMwscwli
geniolyoidei, to the ventral surface of the hyoid; another continues
forwards on the outer border of the A/. Ayoglossus to supply branches
to the hyoid and tongue.

b. The carotid artery (Arteria carotis communis), (Figs. 143 ea,
144 ¢”) arises by several roots from the outer wall of the carotid
gland ; and passes over the Musculus petrokyoideus. I to the anterior
end of the oesophagus, round which it courses towards the vertebral
column, and then runs forwards to the base of theskull. The artery
then courses forwards, lying immediately above the mucous mem-
brane and underneath the transverse arm of the parasphenoid, which
it crosses about midway between its back and external end ; [at this
point the artery gives off two palatine arteries, then ascends in the
orbit to the origin of the M. plerygoidens, and divides into two

Fig. 144. branches, the internal carotid artery and the
ophthalmic artery]. The branches are :—
(1) The pharyngeal artery (Arteria pha-
‘ryngea ascendens), (Fig. 145 ) which runs
towards the opening of the Eustachian
tube, distributes branches to the pharynx,
and anastomoses with the drleria pharyn-

Right carotid gland. rpc

¢ Carotid arch. ge f}-ﬁ/d:‘:l/dﬂ» of tht_* (.Ptanequs a'rtcr}, and
¢ Camtid gland. with the Ramws inframaxillaris of the
¢” Carotid artery. . e ¢

L Lingual artery. occipital artery.

(2) [The posterior palatine artery (Arferia palatina posterior,
Virchow) immediately divides into a number of small twigs to
supply the mucous membrane of the hinder and outer parts of the
gums.]

(3) The anterior palatine artery (Arferia palatina anterior, Vir-
chow; Arteria palatina, Ecker), (Fig. 145 7”) runs forwards, between
the Muse, levator bulli and the mucous membrane, with the Ramus
palatinns of the trigeminal nerve. [On reaching the palatine
bone, it curves outwards to the outer anterior angle of the orbit,
where it gives off a branch backwards along the upper jaw to
the hinder portion of the orbit.] In its course it supplies twigs
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to the surrounding tissues, but chiefly to the mucous membrane
and Harder’s gland! . .

Fig. 145.

Arterial system of flana esculenta.

A Donal aorta. m  Mesenteric artery.
,. Ad Right systemic arch. M Stomach.
As  Left systemic arch. M’ Hpleen.
¢ (oppoaite fore-limb) Carotid artery. o Ophthalmic artery,
¢ (in abdomen) Coelinc artery. p  Pharyngeal artery.
om Cutaneous artery. ' Anterior palatine artery,
e  Lingual artery. - 8  Bubclavian artery.
H  Heart. I  Curotid arch.
I Harderian gland. I1  Bystemic arch.
L  Liver. IIT Pulmo-cutaneous srch,
Lw Lung.

(4) The internal carotid artery (4rt. cerelralis, Virchow); see
Arteries of Brain, p. 162.

(5) The ophthalmic artery (Art. ophthalmica), (Fig. 145 o) [is
larger than the internal carotid artery at this point ; it crosses the
origins of the L. rectus externus and of the M. retrahens bulbi and
reaches the optic nerve; the artery then runs forwards along
the under surface of this nerve and of the eyeball, lying close to
the sclerotic coat as far as a little beyond the cquatory where it
pierces the sclerotic coat so obliquely that the choroid coat is only »

Q.
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reached at the ciliary processes. In its course the artery sup-
plies :—

a. Muscular branches, given off at the point where the artery
reaches the eyeball.

B. Two arteries (4A4. ciliares) to the choroid, given off at the
same point as the foregoing.

y. Two arteries to the iris.

3. The drt. hyaloidea, the terminal portion of the ophthalmic
artery. (For further description of these vessels, see Eye.)].

2. The systemic arch (Ductus aorticus), (Figs. 132, 143, and
145 I1) is the middle arch of the three; it arises from the middle
canal of the .Ductus arteriosus, and winds obliquely round the
oesophagus between the MM. petrokyoidei I and II towards the
vertebral column, which it reaches at about the level of the
sixth vertebra. The right systemic arch is continued as the
dorsal aorta, the left arch communicates with it merely by a
small opening, and is then continued as the coeliaco-mesenteric
artery.

Branches of the systemic arch :—

a. The laryngeal artery (drteria laryngea), (Fig. 146 /g) arises
from the inner border of the systemic arch before it reaches the
oesophagus ; it passes forwards and inwards to be distributed in
the larynx and pharynx. According to Briicke this artery possesses
a valve at its point of origin.

Fig. 146. " b. The oesophageal arteries (Arleriae
oesophageae) pass from the upper part of the
arch to the dorsal surface of the oesophagus.

c. The occipito-vertebral artery (Ecker),

(drt. oceipito-vertebralis), (Fig. 147 o,v) [arises

from the systemic arch immediately in

front of the transverse process of the second

vertebra, and ascends immediately in contact

Transverro section at level of With the body of the first vertebra, which it

the larynx. separates from the MAM. intertransversarii

¢ Carotid gland. capitis and the sympathetic cord]. Immedi-

lg Laryngeal artery. ately under the most anterior portion of the

T oeyanartery. M. longissimus dorsi the artery divides into

I Aortic arch, two branches, the vertebral and occipital
arteries :—

(1) The vertebral artery (Arteria verlebrqlix or supra-vertebralis
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(Fig. 147 v) courses backwards lying on the transverse processes of
the vertebrae'and onthe M3 intertransversarii, under cover of the
M. longissimus dorei. In this course it is close to the oblique pro-

Fig. 147

Dimsection to show the occipito-vertebral and the cutaneous arteries.

The skin of the back has been divided by a median incision and drawn to either side ; the right arm
dislocated and remnvved through the opening in the skin (at A). On the left side the extensor
muscles of the back have been removed.

c.m. Cutaneous artery.
c.p. Arteria cutanea pectoris
o  Occipital artery.
#  Scapular artery.
‘v Vertebral artery.

cesses, and may even be partially covered by these; it extends
beyond the sacrum, and gives off :—
a. The Rami spinales, which pass through the intervertebral
foramina to the spinal cord (see Arteries of Spinal Cord, p. 162).
B. The Rami dorsales ; these supply the muscles of the back and
send branches to the skin, which accompany the cutaneous branches
of the spinal nerves through the Saccus lymphaticus cranio-dorsalis.
Q2
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y. The Rami intercostales are distributed in part to the MM. in-
tertransversarii; other (twigs) pass) ventrally to the periganglionic
glands ; the longest branches accompany the anterior divisions of
the spinal nerves to the muscles and skin of the belly (Fig. 145).

(2) The occipital artery (A4rieria occipitalis), (Figs. 147 and 148 o),
the anterior branch of the occipito-vertebral artery, pierces the
M. longissimus dorsi ; then courses forwards under cover of the
Fascia dorsalis and upon the M. temporalis, and divides, behind the
eyeball [at the anterior .border of the M. femporalis, Virchow],
into two branches :— )

a. The Ramus orbito-nasalis (Fig. 148 ox) accompanies the oph-
thalmic nerve along the wall of the cranium, and passes through
the sphenethmoid, with the nasal branch of the ophthalmic nerve, to
the nose, where it divides into two branches supplying the mucous
membrane of the nose. In its course through the orbit the arterv
supplies branches to the Harderian gland and neighbouring parts,
and anastomoses with the ascending branch of the drferia palatina.

B. The Ramus maxillaris communis (drt. temporalis, Virchow),
(Fig. 148 m) runs downwards and outwards along the anterior
border of the M. temporalis, and passes under the anterior arm of
the squamosal bone to course backwards on the upper jaw. At

this point the Ramus mazillaris
Fig. 148. superior (m’) is given off. The
v o on main artery continues its backward
course to the tympanic membrane,
where it divides into its three termi-
nal branches :—

[(1) The Ramus mazillaris supe-
rior (AA. maxillares superiores, Vir-
chow), usually not a single artery
but a number of small twigs, which

supply the space between the eye

Branches of the oocipito-vertebral and cuta- and the upper ja,w.
neous arteries in the head ; side view. The

kin (H) has been reflected downwards (2) A small ascending branch to
cm. Cutaosous artery. the tympanic membrane (Virchow).
oa. . levator scapulae. .

.- mmmx&mﬁ* (3) A Ramusauricularis(Virchow),
w" At maxiliars inerior which forms a rich anastomosis on
o At rbitomais, the hinder wall of the tympanic

p.m. Art. pharyngo-maxillaris.
v Vertebral artery.

cavity, and supplies a twig to the
tympanic membrane. This passes
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from the upper border of the membrane to the point of attachment
of the Columella.aurisO(extrastapedial), round which it forms a
circular anastomosis. The Ramus auricularis also anastomoses with
the cutaneous artery.

Fig. 149.

Dissection to show the oocipito-vertebral and the cutaneous arteries.

The skin of the back has been divided by a median incision and drawn to either side ; the right arm
dislocated and removed through the opening in the skin (at 4). On the left side the extensor
mauscles of the back have been removed.

¢.m. Cutaneous artery.

¢.p. Arteria cutanea pectoris,
o  Oocipital artery.

s Scapular artery.

v Vertebral artery.

(4) Abranch passing inwards to the fat-body, and lying immedi-
ately in front of the deltoid muscle (Virchow).

(5) A small branch running on to the inner surface of the angle
of the jaw and then forwards (Virchow).
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(6) A larger vessel, the Ramus maxillaris inferior (Fig. 148 m”),
which arises\/from |the(Ramus mazillaris superior under cover of the
tympanic membrane, and accompanies the Ramus mandibularis of
the trigeminal nerve through the 3. masseter, or between this
muscle and the M. femporalis to the mandible, and then courses
forwards to the chin. A large cutaneous branch is glven off half-
way along the floor of the mouth. The artery gives off many
small twigs to supply the neighbouring structures.]

8. The pulmo-cutaneous arch (Ductus pulmo-cutaneus), Figs.
132, 143, and 145 III) is the hindmost (fifth embryonic) of the
three persistent arches; it passes upwards and forwards on the
oesophagus, and at the level of, the carotid gland divides into two
branches, the pulmonary artery and the cutaneous artery.

a. The pulmonary artery (drieria pulmonalis) runs backwards to
the root of the lung, along the outer surface of which it is continued
in a sinuous course. It supplies the lung.

b. The cutaneous artery (Arteria cutanea magna), (Fig. 149 c.m.)
[passes along the deeper surface of the M. petrokyoideus I1I until near
the prootic bone; in this course it travels forwards, outwards, and
upwards, crosses the outer border of the muscles, and appears between
the M. levator anguli scapuiae and the M. sternocleidomastoideus. At
this point the artery curves sharply round to reach the angle of the
jaw, the hinder border of the M. depressor maxillae inferioris. The
curve so formed and the descending limb are covered by the M.
depressor mazxillae inferioris. The artery then passes backwards to
form a rich anastomosis in the skin almost as far as the posterior
end of the trunk. It supplies the following branches :—

(1) The Ramus dorsalis (Virchow) arises immediately in front of
the curve of the main artery; it ascends behind the 2. temporalis,
and passes along the anterior border of the M. depressor mazillae to
the skin, where it curves backwards. It supplies small twigs
forwards as far as the eyelids.

(2) The Ramus auricularis (Virchow) also arises in front of the
curve in the cutaneous artery; sometimes it arises from the Ramus
dorsalis. 'The artery winds around the M. petrokyoideus I1I near its
insertion, and so reaches the posterlor wall of the tympanic cavity,
where it anastomoses with the R. auricularis of the Ramus mazillaris
communis.)

(3) The Arteria pharyngo- mazillaris (Fig. 148 pm) is a small
branch running forwards and outwards to supply the mucous mem-
brane of the larynx, Eustachian tubes, gums, the lower jaw, and
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the skin under the mouth. It forms a rich anastomosis With
branches of)\the\ Ranius mazillaris. inferior of the occipital artery,
and with others from the pharyngeal branch of the carotid artery;
a large branch passes forwards to supply the skin of the throat
and floor of the mouth.

(4) The Arteria cutanea pectoris(Fig. 149 c.p.) is distributed to the
skin of the breast.

4. The subclavian artery (drteria sulbclavia), (Fig. 150 ).
The subclavian artery arises from the systemic arch immediately
behind the occipito-vertebral artery at the level of the second or
third vertebra. The artery then runs outwards alongside and in
front of the brachial nerve, between the M. subscapuiaris and the
M. triceps to the arm, where it is known as the brachial artery; in
its course it gives off : —

a. The Arteria costo-cervicalis (Fig. 150, 1). This artery arises
near the systemic arch, and runs backwards, parallel to the ver-
tebral column, over the brachial nerve, and across the transverse
processes of the vertebrae. It is distributed more especially to the
M. obliguus internus.

b. The Arteria
coraco - clavicula-
ris (Fig. 150, 2)
arises more ex-
ternally than the
last artery; it -
accompanies the
coraco -clavicular
nerve on the dor--
sal surface of the
ventral portion &’
of the shoulder-
girdle, and passes
between the Al
deltoideus and M,
subscapularis into

Fig. 150.

Subclavian artery of the left side.

the Foramen oval, €, A4 Bystemic arch, s Subclavian artery,
h -t d- "d A’ Dorsal aorta, I/ Ulnar artery.
where 1 1VIA€8 ;  Arteria cutanea medialis superior. 1 Arteria costo-cervicalis,
¢’ Arteria cutanea medialis inferior. 2 Arteria coracu-clavicularis.
to supp ly these Is M. levator scapulae, 3 Arteriascapularis posterior.
musc]cs and the 0.y Occlpito-vertebral artery. 4  Arteria rcapularis superior.
M li p  Arteria pectoralis, s Cutaneous artery.
. pectoralis. R Radial artery. 6 Arteria subscapularin
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o. The Art. scapularis posterior (Fig. 150, 3), & small branch
arising opposite, at the tip of the second transverse process and
passing backwards over the MAM. transverso-scapulares, to which it is
distributed.

d. The Art. scapularis superior (Fig. 150, 4) accompanies severa.l
nerves between the M. subscapularis, M. transverso-scapularis major,

Fig. 151, Fig. 152,
]
ri
»
Arteries of the palmar surface of the hand. Arteries of the dorsal surface of the hand.
B Ulnar artery. B Ulnar artery.
¢i R, cutaneus medialis inferior. eri R, cutan. rad. inferior.
d  Digital branches. K Radial artery
F M. flexor digitoram communis, I1 Thumb.
II Thumb. ¥V Fifth finger.
Fifth finger.

and the long head of the M. lru'epa towards the dorsal surface,
where it is distributed to the MM. infraspinatus, latissimus dorsi, ete.
e. The Ramus cutaneus mazillaris.

f. The Art. subscapularie (Fig. 150, 6) is distributed in the sub-
scapular muscle.

A. The brachial artery (4rteria brackialis), (Fig. 150) accom-
panies the brachial nerve under cover of the long head of the
M. triceps and over its inner head to the Plica cubiti, into which it
sinks near the tendon of the 3/. sfernoradialis ; beyond this point it
is continued as the ulnar artery. In its course the brachial artery
gives off : —

a. The drteria pectoralis (Fig. 150 p).

b. The Arteria cutanea medialis superior (Fig. 150 c).

c. The radial artery (drteria radialis), (Fig. 150 R) which winds
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round the humerus with the radial nerve between the muscles of the
outer side of the forearm| to)which it gives branches: in the palm
of the hand it passes between the M. extensor carpi ulnaris and the
M. flexor antibrackii to the dorsal surface of the hand, where it
anastomoses with the ulnar artery. In its course it supplies :—

(1) Muscular branches to the surrounding muscles.

(2) The Ram. cut. radialis inferior, which arises from the radial
artery towards the distal end of the forearm, and passes underneath
the M. flexor carpi ulnaris to the skin.

B. The ulnar artery (Arferia ulnaris), (Figs. 150 U, 151 B) ac-
companies the ulnar nerve towards the hand, passes between the
M. flexor digitorum communis and the M. anconeus to the palm of the
hand, and then winds round the outer side to the dorsal surface
of the carpus to form its terminal branches. The branches are :—

(1) The Ram. cutan. med. inferior (Fig. 151 ci); it arises near
the wrist-joint and ‘supplies (a) twigs to the skin of the inner sur-
face; (B) a branch downwards, which courses along the inner side
of the second finger to its tip; and (y) a branch which passes
upwards to anastomose with the R. cufancus medialis superior.

(2) In the palm of the hand a branch (Fig. 151 d) is given off,
which divides to form Adréeriae digitales volares: one for the second
finger, two for the third finger, two for the fourth finger, and one
for the fifth finger.

(3) Given off on the dorsum of the hand (Fig. 152) it supplies
branches corresponding exactly with those of the palmar surface.

6. The dorsal aorta (dorta communis s. abdominalis (Fig. 153 A).
The two systemic arches unite at about the level of the sixth vertebra
to form the dorsal aorta: as already mentioned the union is very
incomplete, the dorsal aorta being practically a continuation of the
right systemic arch, and only communicating with the left by
means of a small opening. The branches are as follows :—

8. The coeliaco-mesenteric artery (d4rteria intestinalis communis),
(Fig. 153), the true continuation of the left systemic arch, at once
divides to form the gastric and mesenteric arteries.

(1) The gastric artery (4rteria gastrica s. cocliaca) (c) mmedmtely
divides into two branches :—

a. The Ramus dexter s. anterior ; this artery gives off the Arteria
hepatica to the liver and gall-bladder and passes to the right (an-
terior) surface of the stomach, running along the attachment of the
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y. The inferior mesenteric artery to the lower part of the intestine.

All the arteries: to the intestine ‘course in lymph-spaces.

b. The urinogenital arteries (Arieriae wurino-genitales), (Fig.
154 ug) are four to six small arteries arising from the ventral
surface of the aorta between the kidneys : they immediately divide
into right and left branches to supply the kidneys, fat-bodies,
reproductive organs, and their ducts (see kidney). -

c. The lumbar arteries (drteriae lumbales), are small paired vessels
to the neighbouring muscles, and send branches through the in-
tervertebral foramina to the vertebral canal. Sometimes these
arteries arise from the Art. spinalis or Art. vertebralis, ete. ; in the
former case they pass outwards from the vertebral canal to the sur-
rounding structures.

d. The haemorrhoidal artery (Art. mesenlerica inf. 8 Art. hae-
morrkoidalis superior)is a small median artery running from the pos-
terior end of the aorta to the large intestine.

6. Bifurcation of the aorta. The
iliac arteries (Arferiae iliacae commu-
nes).  Opposite the middle of the uro-
style the aorta bifurcates to form the
iliac arteries; each of these courses
on the corresponding sciatic plexus to
the thigh, beyond which it is con-
tinued as the sciatic artery. The
branches of the iliac artery are :—

Fig. 154.

a. The vesico-epigastric artery
(Arteria epigastrico-vesicalis), (Fig. 155
ev); it arises mear the bifurcation,
passes outwards on the plexus, and
divides into two branches i— N

(1) The epigastric artery (drieria

The urinogenital arteries.

. . . . . 4  Dorsal aorta.
epigastrica) (¢) immediately gives off i Teta
oy ey.
a recurrent branch to the iliac bone wg Urinogonital arterios.

and the M. ilio-coccygens; it then
continues to the ventral muscles of the abdominal wall, where it
runs forwards on the deeper surface of the M. obliquus internus, and
is distributed more especially to this muscle.

(2) The hypogastric artery (dArteria vesicalis) (v) winds downwards
around the sciatic plexus to reach the mesentery, along which it
courses to the bladder, where it forms a rich anastomosis.

¢
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inwards under the M. pyriformis to be distributed in the M. spkincter
ani and the skin/of the anus;

b. The Art. cutanea femoris posterior v. superior (¢f’) runs with the
corresponding nerve and the M. pyriformis, and over the Al semi-
membranosus to the skin of the inner and hinder surfaces of the
thigh.

o. The Rami musculares supply the Bl semimembranosus, the M.
biceps, and the MAM. éxtensores auris; the branch to the M. rectus
inferior major pierces the muscle in company with the nerve, and
is continued as : —

d. The Art. cutanea femoris media (cf”) to the skin of the middle
of the inner surface of the thigh. Several small twigs pierce the
M. rectus inlernus minor,
reach the skin, and Fig. 156.
communicate with this
artery, ‘

Arteries of the hinder extremity.

Art.’cutanea calcanei.

Cutaneous branch of the fe-
moral artery.

Art. cutanea fem. post. supe-
rior.

Art. cutanea femoris media.

Art. cut. genu lateralis supe-
rior.

Art. circumfiexa genu lateralis
inferior.

Art. circumflexa genu supetrior
medialis.

Art. circumflexa genu inferior
medialis,

M. ocoocygeo-fliacus,

M. mius,

M. glutacus.

Art, hasmorrhoidalis inferfor,

Bciatic artery.

Art. malleolaris lateralis.

Art. malleolaris medialis.

Art. peronea.

Muscular branch to the M.
.peruneus.

M. pyramidalis,

M. rectus anterior.

M. rectus internus,

M. semimembranosus.

Art. suralis,

Tibial artery.

Aperture in tibio-fibula.

Art. tarsea.

M, vastus externus,

a¢s~:;§g§ AAE § R A i § & §§ Q%@

B. The peroneal artery (Art. peronea), (Fig. 156 p) runs out-
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wards under cover of the tendon of the M. biceps femoris, and
accompanies/the/peroneal| nerve downwards to give off : —

a. The 4rt. circumflexa genw lateralis superior, which runs forwards
on the outer side of the knee, gives a twig to the joint, and is
~ continued as : —

b. The Art. cutanea genu lateralis superior (cgl) to the skin of the
anterior and outer sides of the knee. It anastomoses with branches
of the Arteriae circumflexae genu mediales to form a rich anastomosis
(Rete articulare genu): other branches pass upwards to inosculate
with the drt. cutanea femoris anterior (cf), and others downwards
to anastomose with the next artery.

c. The Art. circumflexa genu lateralis inferior (cgl’) runs under
the tendon of origin of the gastrocnemius to the outer side of the
knee, and terminates in the skin as the Art. culgnea genu lateralis
inferior. Some of the cutaneous twigs pass upwards to anastomose
with the 4rt. cut. genu lat. superior, others downwards to anastomose
with the A.L. malleolares.

d. A muscular branch (p’) for the J. peroncus; it is the real
continuation of the peroneal artery, and runs behind the outer
tendon of origin of the gastrocnemius to be distributed in the
M. peroneus.

C. The tibial artery (drieria tibialis), (Fig. 156 (), arises at
the bifurcation of the sciatic, and runs inwards, meeting the
tibial nerve between the tendons of origin of the Al. gastrocnemius,
and deep in the popliteal space under cover of. the calf-muscles. It
then pierces the M. tibialis posticus, and leaves this to perforate the
tibio-fibula (see p. 50), appearing again on the anterior surface
as the anterior tibial artery. Before meeting the tibial nerve thig
artery gives off the following branches :—

a. The drt. circumflera gemn superior medialis (cgm), which winds
round to the front of the knee-joint, and gives off a cutaneous
branch, the dr¢. cutanea genn medialis superior, which is distributed
in the skin of the inner side of the knee and anastomoses above with
the Art. cutanea femoris media, below with the following branches
(b, e, and d).

b. The 4rt. circumflexa genu inferior medialis (cgm’) supplies twigs
to the knee-joint, and_ passes to the skin of the knee and inner
surface of the calf as the .rt. cutanea inferior medialis.

¢. Muscular twigs to the I/, gastrocnemius.
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4. The Art. suralis (su); this.aecompanies the N. suralis down-
wards along/the/calf-muscle;and/is distributed in the skin of the
inner side of the heel.

e. While passing between the fibres of the M. tibialis posticus, the
tibial artery gives off muscular twigs ; one larger than the rest is
known as the Ramus descendens.

D. The anterior tibial artery (dArferia tibialis antica), (Fig.
157 t.a.) is the continuation of the tibial artery after piercing the
tibio-fibula. It runs Fig. 157.
downwards on the
anterior surface of
the leg, then between
the two heads of the
M. tibialis anticws to
the dorsum of the
foot, where it is con-
tinued as the Arfe-
ria dorsalis pediz. 1t
supplies :—

8. Rami musculares
to the M. peroneus,

M. extensor crur,
and to the 3. flezor
tarsi anterior.

b. The Adrt. cuta-
nea cruris inferior
(e.c.i.) passes between
the two heads of the
M. tibialis anticus to
the skin of the ante-

Arteries of the dorsal aurface of the foot.

rior and outer sides e ATt cutanea calcaned,
c.cd, Art, cutanea cruris inferior.
of the leg . Ft’ M. flexor tarsi.
A Art. cutanea hallucis.
c. The Art. cuta- it Art. interomea dorsalis I.

N 4 12 Art. interowsea dorsalis I1,
nea calcanei (c.c.) is 3 Art. interossea dorsalis I11.
given off at the i Art. interossea dorsalia IV.

. . . mé  Art. malleolaris lateralis.
ankle-joint; it runs m.m. Art. malleolaris medili,
t.a. Anterior tibial artery.
outwards on the ta*  Bifurcation of the dornalis pedis artery.
lower end of the tr Art. tarsen.

tibio-fibula, giving branches to the joint, then backwards between
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the tibio-fibula and the M. peroneus to be distributed to the skin
of the heel. | Aboye it anastomoses with the 4. circumflexa genu inf.
lateralis, and below with the malleolar arteries.

d. The Art. malleolarie lateralis (ml) arises a little beyond the
last artery ; it runs outwards under the origin of the . flezor tarss,
gives branches to the joint and muscles, and terminates in the skin
of the outer border and dorsal surface of the foot.

e. The Art. malleolaris medialis (m.m.) arises at about the
same level as the Ar¢. malleolaris lat. from the inner border of the
anterior tibial artery. It supplies branches to the joint, gives nu-
merous branches to the skin, which anastomose with the 4r¢. suralis,
and passes to the inner border of the foot, where it ends by dis-
tributing branches to the 3. plantaris, the extensor aponeurosis, and,
as the Art. cutanea plantaris, to the skin of the sole of the foot.

E. The dorsal artery of the foot (d4rt. dorealis pedis), (Fig.
157 ta.) runs under the 3. flexor tarsi posterior to the point ta¥,
where it is superficial ; the artery then
bifurcates ; the branches are :—

a. The Art. tarsea (tr) which arises from
the dorsal artery of the foot while under
cover of the M. flexor tarei posterior ; it
passes to the Al. extensor digiti ¥ and to
the skin of the dorsum and outer border
of the foot. One branch courses along
the outer border of the fifth toe to its tip ;
another passes upwards to anastomose
with the neighbouring vessels.

b. The inner branch, formed by the
bifurcation of the dorsal artery of the
foot, at once divides to form :—

(1) The Art. cutanea hallucis (k) to the
supplemental great toe.

(2) The Art. interossea dorsalis I (i'),

Arteries of the sole of the foot.  which at once bifurcates to form two

;/ Art i‘"l:mw Rami (I?yilalea for thfe first and second toes;

these inosculate with the Art. culanea

plantaris, and send twigs to the skin of the inner border of the foot.

c. The outer branch formed by the bifurcation of the dorsal

artery divides to form the drferiae interossei dorsales I, 111, and IV
(% 3, i*) ; they are distributed in a rich anastomosis to the web.

Fig. 158.
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d. The Arteria interossea (Fig. 158 i) arises from the dorsal
artery of the foot at the tarsus, and perforates the membrane
between the astragalus and calcaneum to reach the sole of the foot.
It forms a rich’ subcutaneous plexus on the calcar, and anasto-
moses with the Rami perforantes (Fig. 158 pf), which pass above
the upper borders of the Musculi interossei to reach the plantar
surface, where they give off small Rami interossei volares to
anastomose with the 44. interosseae dorsales.

III. THE VEINS.

(The arrangement of this section has been modified.)

The blood, distributed to the body by means of the arteries, is
returned to the heart by the veins, which conduct the blood di-
rectly or indirectly to the auricles. The pulmonary vein opens
directly into the left gq{i‘&)‘ele, the three Venae cavae open into the
Sinus venosus. - ' :

A. Vein opening into the left auricle.

The pulmonary vein (Fera pulmonalis communis), (Fig. 159
vp). The blood returning from each lung is gathered into a
vessel lying along the inner side of the root of the lung. That of
the right side is somewhat longer than the left; the two vessels
(Venae pulmonales dextra et sinistra) run above the corresponding
anterior caval veins to form a common trunk, the pulmonary vein,
which opens into the left auricle (see p. 215).

B. Veins opening into the Sinus venosus.

The veins opening into the Sinus wvenosus are the three caval
veins ; of these the two anterior open into the anterior angles of
the Sinus venosus, the posterior into the posterior angle.

1. The Anterior Caval Veins (Vena cava superior), (Figs. 133 7,
159 Ca) are a pair of large veins opening into the Sinus venosus
and returning to it blood from the fore-limbs and sides of the head.
Each vein is formed by the union of a small vein, the external jugu-
lar, with two large veins, the innominate and the subclavian veins.

a. The external jugular vein (Vena jugularis erterna), (Fig.
159 se) is formed, at the outer border of the hyoid bone, by the
union of two veins :—

(1) The lingual vein (Fena lingualis) (Fig. 161). This originates
at the *ip of the tongue and passes in a very tortuous course along
the veniral surface of the hyoid; it receives numerous branches
from the fyngue and hyoid muscles.

R
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(2) The mandibular vein (Fena mazillaris inferior), (Fig. 161 m)
runs along the insertion of the M. sulmarillaris, and turns inwards

at its hinder border to join the lingual vein.

b. The innominate vein (/ena anonyma), (Fig. 160 4) is formed

Fig. 159.

A8

I

ab -

- e==mal

b

by the union of the
internal jugular and
the subscapular veins.
By tracing the inno-
minate vein upwards
between the suspenso-
rium and the shoulder-
girdle, the internal
jugular vein will be
seen to receive the
vertebral vein at the
outer border of the M.
levator scapulae. The
left ‘innominate vein
receives the Vena bulbi
anterior from the Trux-
cus arteriosus (p. 222).
Schemns of the veins of Rana
a Bubclavian vein,
ab  Anterior abdominal vein,
Ad  Right auride.
As  Left auricle.
Ca Anterior vena cava.
Cp Posterior vena cava.
em  Cutaneous vein,
Vena dorso-lumbalis.

Intestine.
Femoral vein.

Sy

Ji
L Hepatic velus,
N

Kidney.

0 Oviducal veina.,

P Hepatic portal vein,

ral Renal portal vein,

rall Becondary remal  portal
veina

r¢  Renal veina

+  Subscapular vein.

8¢ 8wus venosus.

va Innominate vein. |

re Vena bulbi posferids: (oar-
dinc veln ¢

vp  Pnlmonary wiing,
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(1) The internal jugular vein (Fena juyularis), (Fig. 160 J)/can
be traced fenm the border of the M. levalor scapulae upwards and
forwards to the hinder part of the prootic bone: it then passes
forwards under the lateral process of the prootic, in a grooveon
‘the anterior surface of the same bone, towards the hinder angle of
the orbit, where it receives the veins from the cranial cavity (see
vessels of brain, p. 165), and also a branch from the orbit.

\ Fig. 160.

Distribution of the internal jugular vein and the anterior portion of the cutaneous vein.

A  Innominate vein, . «  Vena orbitalis posterior.

e.m, Cutaneous vein. P Lateral process of the pruotic bone.

S/ Nasal vein. §  Subscapular vein.

A, Harderian gland. & Shoulder-girdle,

H Bkln. reflected duwnwards. T Tympanic membrane.

*J, ' Internal jugular vein. ¥ Vertobral vein.

‘L Anterior lymph-heart. 2 Transvera process of the second vertebra.
! M levator soapulae. 3 Transverse process of the third vertebru.
0, M. obliquus internus. ¢4  Transverso prooess of the fourth vertebra.
o Vel 'orbitalis anterior.

a. [The Fena orbitalis media (Virchow); it arises from the an-
terior internal angle of the orbit, from the Harderian gland, the
nasal cavity, or from other veins on the anterior wall of the orbit.
The vessel lies close to the cranium, immediately underneath the
Arleria nasalis, and sinks under the M. rectus superior to join the
internal jugular vein. It its course it receives the Vena bulli supe-
rior (see eye), and near its termination communicates with the
Vena orbitalin poaterior.]

R 2
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musculo-cutanea, Gruby), (Figs. 160, 161, and 162 c.m.). This vein
arises by small'branches’in the head ; these are :—

a. The Vena nasalis (Virchow); it arises by an upper and a lower
branch from around the nostril, and courses backwards along the
superior maxillary bone to about the middle of the orbit, where it
joins the facial vein.

B. The Vena orbitalis anterior (Virchow), (7'ena ophthalmica ante-
rior, Ecker), (Fig. 160 0) commences at the Harderian gland from a
:iﬁ‘ anastomosis,

ives  branches Fig. 163.
from the floor and
anterior wall of the
- orbit, and joins the
facial vein with the
Fena nasalis.

y. The Vena orbi-
talis posterior (Vir-
chow), (Fera oph-

thalmica poblerior, Course of the cutaneous vein as seen from the side.
Ecker), (Fig. 1600) c.m. Cutaneous vein.

. d M. depreasor maxillae.
arises on the pos- i M. infraspinatus. v

terior wall of the

orbit on the M. pferygoidens ; it passes under the Processus zygoma-
ticus to join the facial vein, and in its course receives the Fena
ophthalmica (see eye), and communicates with the Iena orbitalis
medialis and the internal jugular vein.

3. The Vena facialis (Fig. 160) is formed about the middle
of the orbit by the union of the Fena nasalis-and the Vena orbitalis
anterior ; it courses backwards towards the angle of the jaw. On
reaching the M. depressor mazillae, about 4 mm. in front of the
angle of the jaw, it passes on to the skin. It receives in its
course the Femae palpebrales (Fig. 162) and the Fena orbitalis
posterior.

The musculo-cutaneous vein is the direct continuation of the
Vena facialis after this has left the upper jaw; it immediately
receives one or more twigs (Venae tympanicae), (Fig. 162) from the
tympanic membrane and the tympanic cavity.

The vein then courses backwards in the outer wall of the lateral
lymph-sac as far as the middle of the trunk, where it passes, by
means of the Septum abdominale, to the outer border of the Portio
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The posterior caval vein is a median vein which, commencing be-
tween the kidnéys, runs forwards to open into the posterior end
of the Sinus venosus. It receives the hepatic, renal, and ovarian or
spermatic veins.

a. The hepatic veins (Venae kepaticae), (Fig. 164 v.Ak.) are two in
number, one from either side of the liver; they open into the
posterior caval vein near the Sinus venosus.

b. The renal veins (Fenae renales or Fenae revehentes), (Fig.
163 ) are four or five small vessels on each side; they pass from
the inner border of the kidney inwards and forwards, to form,
by their union, the posterior caval vein. The most anterior receive
branches from the fat-bodies (see kidney).

c. The spermatic or ovarian veins are four or five in number on
each side; they open into the posterior caval vein hetween the renal
veins.

8. The Portal Systems.

[There are, in the frog, two portal systems; the renal and the
hepatic. Each of these receives vessels which are derived, directly
or indirectly, from the veins of the hinder extremity.

The femoral vein on entering the pelvis divides to form two
branches ; an iliac vein placed dorsally, and a pelvic vein placed
ventrally; the two pelvic veins converge to the middle line of
ventral wall of the abdomen, where they unite to form the ante-
rior abdominal vein. ]

a. The renal portal vein (Vena renalis advekens princeps), (Fig.
163 a). This vein is formed by the union of the sciatic and the
iliac veins ; it courses forwards to the outer border of the kidney,
and is distributed, by numerous branches, to that organ, chiefly
on its dorsal surface. It receives the following veins :—

(1) The ilisc vein (¥ena iliaca externa); this is the dorsal branch
formed by the bifurcation of the femoral vein.

(2) The sciatic vein (Fena ischiadica), (Figs. 163 and 165 i)
arises at the popliteal space, courses upwards in company with the
sciatic nerve between the M. semitendinosus and the M. biceps, then
passes, still with the nerve, between the 3. vastus externus and tite
M. pyramidalis into the pelvis. It continues forwards to join the
iliac vein. At the root of the thigh this vein communicates with
the femoral vein by the Ramus communicans iliacus.
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(3) The dorso-lumbar vein (/ena dorso-lumbalis), (Fig. 163 a’)is
a vein (or more usually several) arising by twigs in the dorsal and
outer walls of the abdomen ; it joins the renal portal vein opposite
the kidney.

(4) The ovidueal veins (Fig. 163 ov) are irregular veins from
the oviducts, which open either into the dorso-lumbar vem, or into
the renal portal vein.

b. The hepatic portal system.

The liver receives blood from two sources : (1) from the hind-

: limbs by means of the
anterior  abdominal
vein, and (2) from the
alimentary canal by
the hepatic portal vein.

Fig. 164.

The anterior ab-
dominal vein (Fena
abdominalis),(Figs.159
ab, 164 ¥a) is formed,
a little in front of the
symphysis pubis, by
the union of the two
pelvicveins. It courses
forwards along the
.middle line of the
ventral body-wall un-
til opposite the liver,
where it ascends and
divides into three
branches, of which
two enter the right
and left lobes of the
liver respectiveyl. The

AA Auricles. P ° Hopatic portal vein, .
aa Right and left branches of P  Intcstinal veins. thl!‘d, the Ramus de-

Veins of the liver.

anterior abdominal vein. P’ Gastric velns. > 101 ]
b  Ramus descendens., §  Sinus venosus. see nde'na, joms t.he
¢ Vena bnlbi (Vena cardiaca). V' Ventricle. 'hepatlc portal veln.
D Intestine. Va Anterior abduminal . .
G Gall-bladder. voin, The anterior abdomi-
L., Left lobe of liver. V.c.i. Posterior vena cava. .
[, Right lobo of liver. b, Hepatio veins. nal vein receives the

following veins :—
a. The vesnca.l vein (Fena vesicalis), (Fig. 163 Fv); a median
vein arising in the groove between the lobes of the bladder from
lateral branches, which extend outwards on the bladdér. This vein
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communicates above with other vesical twigs which open into the
haemorrhoidal vein.

B. Parietal veins, which join the anterior abdominal vein in its
course along the ventral body-wall.

y. A cardiac vein (Fena cardiaca), (Figs. 142, 159 ve, 164 c),
which joins the anterior abdominal vein just before its division
(see p. 222).

The hepatic -portal vein (Vena portarum), (Figs. 159, 164 P)
is formed by the union of the gastric, intestinal, splenic, and one
of the haemorrhoidal veins. The large vein so constituted passes
forwards towards the liver, receives the Ramus descendens from the
anterior abdominal vein, and then passes into the left lobe of the
liver. Its branches are the following :—

(1) The gastric veins. The stomach has three veins :—

a. [The Vena coronaria ventriculi, which receives blood from the
hinder end of the oesophagus and anterior portion of the stomach.

B and y. Two other veins which form an Arcus coronarius on the
concave surface of the stomach; the hinder receiving in addition
the small Fenae pancreaticac and the Vena duodenalis; the trunk so
formed receives the Vena coronaria ventriculi (Hoffmann).

(2) The intestinal veins; the veins of that portion of the ali-
mentary canal between the middle of the duodenum and the
anterior end of the large intestine open into a common vein which
joins the hepatic portal vein.

(3) The splenic vein joins either the hepa.tlc portal vein or one
of the intestinal veins.

(4) The haemorrhoidal veins are three in number; the anterior
opens into the splenic vein, the remaining two into the portal veins
through the agency of the intestinal veins.]

4. The Veins of the Hinder Extremity.
The hinder extremity has two venous trunks, the sciatic vein and
the femoral vein.

8. The femoral vein (Vena femoralis), (Fig. 165 f) is the larger
venous trunk of the hinder extremity. It arises in the popliteal
space as a direct continuation of the posterior tibial vein, courses
upwards in company with the sciatic artery and nerve, then leaves
these to wind forwards and outwards, and appears between the
origins of the M. vastus externus and of the M. rectus anmterior.
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receives twigs from the M. peroncus, the M. tibialis posticus, the M.
gastroenemius, and &/ ldrge cutaneous branch.

a. The Vena cutanea cruris medialis (Fig. 165 i) receives branches
from both above and below, and enters the popliteal space to join
the anterior tibial vein.

B. The anastomosis on the dorsum of the foot, from which the
anterior tibial vein arises, receives perforating twigs from the
plantar surface.

PART II
THE LYMPHATIC SYSTEM.

(The arrangement of this section has been considerably altered.)

[The lymphatic system of the frog may; for descriptive purposes,
be advantageously treated of in four parts : '

1. The subcutaneous lymph-sacs.

2. The lymph-hearts.

8. The lymph-spaces of.the body, and those lying between
the various organs.

4. The lymph-vessels of the separate organs.

The first two parts will be described in this section ; the remainder
with the organs or parts of the body with which they are more
intimately associated. The spleen will be described with the ab-
dominal viscera.

1. The Subcutaneous Lymph-Sacs.

A number of large spaces exist between the skin and the muscles,
in which there is no direct attachment between these parts. These
spaces are separated from each other by thin connective-tissuc
septa, stretched between the muscles and the skin, and by attach-
ments of the skin to the underlying structures.

Joh. Miiller first demonstrated that these spaces were connected
with the lymphatic system, and that the contained fluid was lymph.
Although this fact was contradicted by Meyer it received confirma-
tion from Stannius, Leydig, and especially from Recklinghausen,
who showed that the fluid of the lymph-sacs was carried away by
the lymphatics, and that later it entered the blood-stream.
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A. The Lymph-sacs of the Head and Trunk.

a. The septa., The)connective-tissue septa themselves contain
sinuses which occupy the space between their two surfaces (Fig.
166): these septal sinuses receive the contents of the cutaneous
lymph-vessels and forward their contents into lymph-vessels situated
in the septa. Such a sinus is shown in transverse section in Fig.
166, which is a section of the ventral septum. The same sinus, in
plan, is seen in Fig. 167.

(1) The dorsal septum (Septum dorsale), (Figs. 169 and 171 d) of
each side commences at the tympanic membrane ; it is then attached
to the M. depressor mazillae, M. infraspinatus, and M. longissimus

Fig. 167.

Transverse section of a sep-
tum with the attached
skin, ita contained sinus
injected with blue injec-

tion mass,
I Skin,
. & Beptum. The sinus abdominalis lateralis (Ecker) injected
S Sinus contained in the with blue mass.
septum.

H  Skin with its lymph-vessels.

S Sinus of the soptum with lymph-veasels

opening into it.

s The septum cut parallel with the skin.
dorsi; and continued backwards over the M. obliquus abdominia
externus to the anterior end of the M. glutaeus, whence it extends
along the iliac bone, where it is connected with the posterior
lymph-heart and the M. pyriformis, to the tip of the urostyle. At
the tip of the M. glutaeus it is joined by the iliac septum. The
posterior part of the septum is horizontal, and forms the roof of the
iliac lymph-sac.

(2) The ventral septum (Septum abdominale), (Figs. 169, 170, and
171 a), commencing at the Symphysis pubis, runs forwards and out-
wards, on cither side, along the outer border of the M. rectus abdom-
inis to the Portio abdominalis of the 3. pectoralis (p™), where it is
attached, at a right angle, to the pectoral septum; it then extends
forwards, after attachment to the axillary septum, to the outer
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angles of the maxillary septum. At the root of the anterior ex-
tremity it divides to-enclose the- root of the limb, and so form the
axillary septum.

(3) The pectoral septum (Sepfum pectorale), (Figs. 170 and 171 p)
is attached to the superficial surface of the M. pectoralis (Portio
sternalis, anterior and posterior); it runs transversely across the body,
and is attached at its outer end to the ventral and to the maxillary
septa. The septum passes obliquely backwards and downwards
to be attached to the skin, and so forms a very acute angle with
the M. cutanens pectorie (cp): a vertical band of connective-tissue,
broad behind, narrow in front, extends in the middle line from the
septum to the body wall; from it a certain amount of loose con-
nective-tissue extends in all directions, and forms open lymph-spaces
between the MM. cutanei péctorales and the vertical septum.

(4) The perineal septum (Septum
perineale), (Fig. 170 pe). This me-
dian septum extends from the at-
tachment of the dorsal septum to the
tip of the urostyle, backwards to the
symphysis pubis, where it joins the
ventral septa. In its attachment
it follows the middle line of the
perineum.

(5) The maxillary septum (S¢p-
tum mazillare), (Figs. 170, 171 m)
is attached by either extremity Binus thoracicus transversus (Kcker).
to the dorsal septum, near the ¢p M. cutaneus pectoralis.
‘tympanic membrane, is continued Y K et o sl
downwards to unite with the
anterior end of the ventral septum, and then runs across the
anterior pectoral region, forming a curve with the convexity
forwards. It has inserted into it fibres of the Al submazillaris.
The septum is formed of very loose tissue, and frequently contains -
deposits of fat; it encloses a well-marked septal sinus, the Sinws
thoracicus transversus (Ecker). '

Fig. 168.

(6) The iliac septum (Figs. 169, 172 15, 173 §) is a septum
extending from the dorsal septum to the inguinal septum. It is
attached to the dorsal septum opposite the anterior end of the
M. glutaeus, and extends outwards and downwards to the inguinal
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Fig. 169"

10

12

septum. In it
the M. cutamens
tliacus  passes
from the trunk
to the skin.

(7) The ingui-
nal septum (Za-
mina inguinalis,
Ecker), (Figs.
169, 171, the
dotted line near
15, Flg 172,
separates the
belly from the
thigh ; on the
ventral surface
it is attached to
the groove which

The lymph-sacs of Rana
esculenta, soeh troun the
dorsal surface.

1 Dorsal lymph-sac.
3 Lateral lymph-sac.
7 Brachio-radial tymph-

9 F:l.n‘:.)rd lympph-eac.
10 Suprafemoral lymph-

sac.
11 Interfemoral lymph-
sac.

12 Crural lymph-sac.
13 Dorsal lymph-sac of
the foot.

14 Plantar lymph-sac of
the foot.

15 Iliac lymph-sac.

a Ventral septum.

d Doreal septum.

" Superior femoral sep-
tum.

/" Intermediate femoral
soptum.

i Inguinal septum.

s Posterior brachial sep-
tum.

£ Anterior brachio-ra-
dial septum.

¥ Vooal sac.

! In Figs. 168, 169, and 170 the dotted lines denote the boundaries of the various

lymph-sacs.
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forms the boundary between the belly and thigh; on the dorsal
surface it is more posterior, and is attached to the dorsal surface of
the muscles of the thigh at some little distance from the trunk. It
completely surrounds the root of the hinder limb. It has attached

to it the ventral, dorsal, and iliac septa, together with the septa
of the thigh.

'

b. The lymph-sacs.

(1) The dorsal lymph-sac (Saccus cranio-dorsalis), (Figs. 169 and
171 1). This is a large lymph-sac, extending from the tip of the
snout to the tip of the urostyle; it is bounded in front by the
attachment of the skin to the premaxillary bones; the line of
attachment is continued, on either side, along the inner border of
the external nares, then forms a pouch towards the jaw and in front
of the eye, and runs backwards along the upper border of the orbit,
where it is attached to the upper eyelid, to the inner border of
the tympanic membrane. In this course the skin is firmly attached
to the underlying parts. The lateral boundary of the lymph-sac,
behind this point, is formed by the dorsal septum, which separates
it from the lateral lymph-sac.

(2) The ventral lymph-sac (Saccus abdominalis), (Figs. 170, 171 2)
is triangular in form, with the base forwards at the breast, and the
apex behind at the pelvic symphysis ; it occupies the space between
the skin below and the belly muscles and part of the M. pectoralis
above: It is bounded anteriorly by the pectoral septum (p) and
laterally by the ventral septa (a). ‘

(3) The lateral lymph-sac (Saccus lateralis), (Figs. 169, 170,and -
171 3) exists on either side; below, the sac is bounded by the
ventral septum (a), above by the dorsal septum (@), anteriorly by the
macxillary septum (), and posteriorly by the inguinal septum (i) and
the wall of the iliac lymph-sac.

(4) The submaxillary lymph-sac (Saccus submazillaris), (Figs.
170 and 171 4) is a space between the M. submaxillaris and the
skin ; the sac is bounded behind by the maxillary septum, which
separates it from the pectoral lymph-sac, and more laterally from
the lateral lymph-sac. In front and at the sides the skin is firmly
attached to the margin of the mandible.

(5) The pectoral lymph-sac (Saccus thoracicus), (Figs. 170 and
171 5) lies between the submaxillary and ventral lymph-sacs.« The
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Lymph-sacs of Rana esculenta, seen fromn the ventral surface.

Ventral lymph-sac. a
Lateral lymph-sac. a
Submaxillary lymph-sac.
Thoracic lymph-sac. a”
Brachio-ulnar lymph-sac.
Antenor brachial lymph- r.j
Femonl lymph-sac. /"
Intecformoral lympn-sac. i
Crural lymaph-sac. 4
Donm.l ph-sac of the

n
Planur lymph-ué of the foot.

Ventral septum. m’  Attachment of maxillary sep-
Anterior division of ventral tum to skin.
septum. Pectoral septum.

Posterior division of ventral p”' Port, abdom. of the M. pecto-
septum. ralis
Intermediate femoral septum. pe Perineal septum.

M. cutaneus pectoris. r M. rectus abdominis.
Inferior femoral septum. 7i” M. rectus internus minor.
Inguinal septum. &’ Anterior brachio-ulnar sep-
Attachment of inguinal tum.

septum to skin #" Anterior brachial-radio sep-
M llary septum. tum.

#m  Musc. submaxillaris,
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sac is bounded behind by the pectoral septum (), and in front by

the maxillary septami(z).

(6) The iliac lymph-
sac (Saccus iliacus),
(Figs. 171 and 172 15,
173) does not really be-
long to the subcutane-
ous lymph-sacs, as it
does not lie directly un-
der the skin except by a
very narrow border. It
is bounded in front by
the iliac septum, above
by the dorsal septum,
and posteriorly by the
inguinal septum. By
these boundariesaspace
is enclosed, which lies
under the dorsal septum
and dorsal sac, and at
the same time partly
under the lateral sac.
In this sac the Af.
glutacus, the anterior
ends of the M. vastus
externus, M. rectus an-
terior, and M. cutaneus
iliacus, lie free together

The lymph-sacs of Rana esculenta.
soun from the side.

Dorsal lymph-sac.

Ventral lymph-sac.

Lateral lymph-sac.

Submaxillary lymph-sac.

Pectoral lymph-sac.

Femoral lymph-sac,

Suprafemoral lymph-sac.

Crural lymph-sac.

Lliac lymph-sac.

Ventral septum.

Dorsal septum.

Inguinal septum,

Maxillary septum.

Attach t of M, mubmaxil-
laris to the skin,

Pectoral septum,

M. submaxillaris.

Vocal sac.
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with the hindmost part of the Al. obliquus aldominis externss,
and the hinder\portiom| of (the_posterior lymph-heart. Anteriorly
the floor is depressed between the M. olliqguus albdominis and the
M. glutacus, the depression leading to a canal, which communicates
with the abdominal cavity.

B. The Lymph-sacs of the Anterior Extremity.

a. The septa.

(1) The axillary septum (Septum azillare), (Figs. 170 a’, a”,
171) is practically a portion of the ventral septum, which divides
at the root of the arm to enclose it. The dorsal and ventral por-
tions of this circular septum have received special names.

i a. The dorsal axillary septum
Fig. 172. (Septum azillare dorsale) crosses the
M. triceps and joins the pectoral

o septum.
B. The ventral axillary septum
(Septum  axillare dorsale) passes
through the axilla and joins the

Transverse section throngh the trunk in the pectoral septum.

region of the iliac lymph-sac. r 3 3
Crotyle. The circular axillary septum has

c
¢ Skin, attached to it the following : —
o il)l::uh? of u'bdomimu wall, Th .
mp i
5 Dot e (2) The posterior brachial sep-
15 Tliac lymph-sac, tum (Septum brachiale posticum (Fig.

169 8); it is attached along the
middle line of the extensor surface of the arm (long head of the
M. tricepis) to the clbow and to the forearm (M. ancounaei), then passes
obliquely over the volar surface of the hand to the fourth finger.

(3) The anterior brachio-ulnar septum (Septum brackiale anticum
ulnare), (Fig. 170 #””) commences at the same point as the foregoing,
passes obliquely over the outer head of the M. friceps, and is con-
tinued over the M. flexor antibrachii lateralis, M. supinator longus, and
M. extensor digitorum communis, to the dorsal surface of the fourth
finger.

(4) The anterior brachio-radial septum (Sepfum brachiale an-
licum radiale), (Fig. 170 ") passes from the outer angle of the wall
of the pectoral lymph-sac, over the inner head of the J/. ¢riceps and
M. flexor carpi radialis to the thumb,

b. The lymph-sacs are enclosed by these three septa; they are
four in number :—
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(1) The brachio-ulnar lymph-sac (Saccus brachialis winaris),
(Fig. 170 6)/is/situnted between the ﬁrst and second septa along the

extensor and ulnar surfaces.

(2) The brachio-radial lymph-sac (Saccrs
brachialis radialis), (Fig. 169 7) is placed
along the extensor and radial surfaces.

(3) The anterior brachial lymph-sac
(Saccus brachialis anticus), (Fig. 170 8) lies
on the flexor surface between the second
and third septa; it is a long cavity and in-
terrupted by connective-tissue bands, in
which the tendon of the M. sterno-radialis
and the nerve and vessels are situated.

(4) The axillary lymph-sac (Saccus azil-
laris) corresponds to the iliac lymph-sac;
it is bounded by the divisions of the ventral
septum.

In the hand no large lymph-space exists ;
the skin is attached by numerous bands to
the underlying structures.

C. The Lymph-sacs of the Hinder Ex-
tremity.

a. The septa.

(1) The superior femoral septum (Sep-
tum femorale superius), (Figs. 169 and 175 1)
is attached above to the inguinal septum
near the posterior lymph-heart; and is

Fig. 173.

Dissection to show the ilinc
lymph-sac.

g M. glutaeus.

i.c. M. ilio-cvocygeus.

m.c. M. cutaneus iliacus.

o M. obliq. abdom. externus,

r M. rectus.

S Domal septum.

& lliac septum.

S§” Portion of dorsal septum,
which forms the roof of the
iliac lymph-snc.

v M. vastus externus.

*  Aperture, by which ‘the iliac
lymph -sac  cominunicates
with the abdominal cavity.

continued, from this point, over the M. vastus erternus and along

the M. friceps to the knee.

(2) The inferior femoral septum (Sepfum femorale inferius), (Figs.
170 and 175 /") runs from the inguinal septum near the point

of insertion of the Al. rectus abdominis, along the

M. rectus internus minor to the knee.

Fig. 174.

(3) The intermediate femoral septum (Sepfum \/
Jemorale intermedium), (Figs. 169-and 175 f”’) passes T

from near the posterior lymph-heart over the
M. semimembranoans and the M. rectus internus minor T of sttechments

to join the inferior femoral septum.

S 2

of the inferio fe-
wmoral, {inguinal,
and perineal septa-
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(4) The tibio-femoral septum (Septum femoro-crurale)is a circular
band, separating the lymph-sacs-of the thigh from the leg sac.

(5) The septa of the foot. At the ankle joint the skin is closely
attached all round to the underlying parts. Along the outer border
of the foot a septum is attached to the skin externally, and to the
underlying parts, especially the 2L abductor longus digits primi,
internally. A similar but weaker band is attached along the outer
border of the foot, especially to the M. adductor digiti quinti.

b. The lymph-sacs.

(1) The femoral lymph-sac (Saccus femoralis), (Figs. 169, 170,
171, 175 9) covers the lower and outer surfaces of the thigh; it is
bounded by the superior femoral and
inferior femoral septa, and in front
by the inguinal septum.

(2) The suprafemoral lymph-sac
(Saccus suprafemoralis), (Figs. 169,
171, 175 10) lies on the upper sur-
face of the thigh, between the

Fig. 175.

ve s i’ £ superior and intermediate femoral
Transverse section of the thigh. septa; above it is bounded by the
b M. biceps. : :
S " ?u;)e:lior ffemorl;ail se;;mm. lng(' u;n?rlhsep tum.
/" Inferior fomoral septum. 3 e interfemoral lymph-sac
S Intermediate femoral septum. . . 4
H  Skin. ccus interfemoralis igs. I

Sa ¢ lis), (F 69,

ri’ M. rectus interni . .
Mo M Lcuus inlernus mAJor. 170, 175 11) is & narrow sac on the
P N Sartoriun inner surface of the thigh, between
ve M. vastus externue, the inferior femoral septum and the
9 Femoral lymph-sac. 3 .
10 Suprafemoral lymph-sac. intermediate femoral. septum. _ It
1z Interfemoral lymph-sac. covers the M. rectus internus minor,

and is interrupted by numerous bands of tissue which pass from the
surface of the muscle to the skin. It is, therefore, not a simple sac,
but a very wide-meshed trabecular structure of connective-tissue.
The sac is triangular in shape, with the base directed forwards at
the inguinal septum.

(4) The lymph-sac of the leg is a simple sac enclosing the
whole leg, bounded above by the tibio-femoral septum, and below by
the attachment of the skin to the ankle.

(5) The lymph-sacs of the foot. On the dorsum of the foot the
skin is free, and there is consequently a lymph-sac. On the plantar

surface the skin is attached by numerous connective-tissue bands
and thread-like tendons, particularly to the flexor tendons. The
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skin of the dorsal and plantar surfaces meet on the web and
enclose a very rich 'anastomosis of lymph-capillaries.

2. The Lymph-Hearts.
The frog has two pairs of lymph-hearts, one pair anterior, the
other posterior.

A. The anterior lymph-hearts (Fig. 176). These organs lie,
one on each side, behind the broad transverse processes of the third
vertebra (Miiller, Panizza, Priestley), in a deep triangular space
formed by the separation of the fibres of the AL. infertransversarius,
between the transverse processes of the third and fourth vertebrae.
Each heart is a rounded sac, slightly elongated anteriorly where

Fig. 177.
Fig. 176.
! |
[ @
L
//
The anterior lymph-hearts. ' |
L  The left anterior lymph-
heart.
L.s. M. levator scapulae. . The posterior lymph-hearta.
N Brachial nerve. gl M. glutaeus.
t.s. M. transvemso - scapularis fc M. ilio-coocygeus,
maior, L Posterior lymph-hearta. -
1-4 Vertebrae numbered from p M. pyriformis,
before backwards. r  M.rectus
ve M. vastus externus.

it is connected with the subscapular vein. [The hearts receive
lymph from the anterior part of the body and the surrounding
parts, and empty their contents into the vertebral vein. Each of
these hearts is supplied by a branch from the second spinal nerve
(Volkmann, Eckhard, Schiff, Priestley).]

B. The posterior lymph-hearts (Fig. 177) are situated on either
side of the urostyle in the triangular spaces (Miiller, Panizza,
Priestley), bounded externally and above by the M. glutacus,
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internally and above by the 3/. coccygeo-iliacus, below and exter-
nally by the\originOof (theOM. Wastus externus, and below by the
M. pyramidalis. Each posterior heart is about two lines long and
one broad, with its long axis placed antero-posteriorly; the outer
surface is uneven and appears to be unequally dilated. The lymph-
heart is closely attached to the surrounding parts, especially to
the fascia covering the Al élii-coccygea, and posteriorly to the
M. levator ani and the M. pyramidalis. [The posterior lymph-hearts
receive lymph from the parts surrounding them, and from the
hinder extremities, and forward it into the V. iliaca communicans.

The posterior lymph-hearts are each supplied by a branch from
the corresponding coccygeal nerve (Waldeyer) by its dorsal branch.
The lymph-hearts are also in close connection with the sympathetic
system (Waldeyer).]

PART 111

THE BLOOD, LYMPH, AND HISTOLOGY OF
THE VESSELS.

[The parts described in this section will be considered very
briefly, and only from an anatomical point of view.

A. The blood .

The blood varies in colour, according as it is obtained from an
artery or from a vein; from an artery it has a bright red or scarlet
colour; from a vein a darker shade: in the pulmonary vessels these
colours are reversed. The blood consists of a fluid plasma which
contains red and white corpuscles: the whole forming a slightly
alkaline, opaque, and somewhat sticky fluid.

a. The plasma or /iguor sanguinis is a transparent, clear, slightly
yellow fluid, faintly alkaline in reaction.

! Mr. Hurst has noticed a frog (R. temporaria) in which the blood was perfectly
colourless.
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b. The corpuscles are of two kinds, colourless and coloured.

(1) The ¢olourless o1 white 'corpuscles are subspherical masses of
protoplasm, endowed with the power of spontaneous motion. They
are much fewer than the red corpuscles, though the proportion of
white to red varies considerably. Three chief varieties of colourless
corpuscles can be distinguished, all of which are true cell forms,
and behave like other cells with staining or other reagents. They
have no cell-wall, but are simply nucleated masses of protoplasm.
These corpuscles possess the power of passing through the walls
of the blood-vessels, and are then known as migratory cells; such
migratory cells can be found in nearly all tissues, but more espe-
cially in the connective-tissues.

a. Ordinary large colourless corpuscles are large transparent
masses of protoplasm containing one or two nuclei, rarely three
or more. The cell contains few granules, and usually has one or
more vacuoles or clear spaces containing fluid.

B. Granular corpuscles are less numerous than the foregoing, but
larger, and are distinguished by the numerous large dark granules
which they contain. The processes such a corpuscle scnds out are
hyaline.

y. Smaller corpuscles also occur varying much in form: they may
consist of a nucleus with a very small amount of hyaline or granu-
lar protoplasm, or of several nuclei with an extremely small amount
of protoplasm.

(2) The coloured corpuscles are much more numerous than the
colourless corpuscles; each is a bi-concave, oval disc, about
00255 mm. in length, and 0’017 mm. in breadth (Gulliver)®
(R. temporaria, 0'0235 and o'0145 mm. respectively). Each cor-
puscle possesses an oval nucleus (Hewson)2, which projects into
cither concave surface of the whole corpuscle. These corpuscles
do not possess the power of spontaneous movement; and have no
cell-wall. The corpuscles are of a reddish-yellow colour, and
give the blood its characteristic hue. The colouring matter is
haemoglobin, and when separated it crystallizes in prisms (Preyer).
The corpuscles show a well-marked intracellular and intranuclear
network. ]

! Gulliver, Proc. Zool. Soc. London, 1845, Vol. XIII, p. 93 seq.
? Hewson, Phil. Trans. 1773, Vol. LXIII, p. 310 seq.
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(Miiller). The walls of the hearts are formed of three layers; an
external, compared by Waldeyer to an adventitia, a muscular layer,
and an endothelial lining. The muscular fibres form a close inter-
lacing mass, the fibres being small, branched (Leydig), and pos-
sessed of many nuclei. Among the muscular fibres are pigmented
corpuscles, together with medullated and non-medullated nerve-
fibres, but no ganglion-cells (Volkmann, Waldeyer, Priestley).
The adventitia is a connective-tissue layer with many pigment
cells (Leydig, Hyrtl, Waldeyer).]
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SECTION V.

THE ALIMENTARY TRACT WITH ITS APPENDAGES,
THE SPLEEN, AND THE PERITONEUM.
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I. THE ALIMENTARY TRACT.

THE alimentary tract consists of the mouth or pharyngo-oral
cavity, the oesophagus, the stomach, the small intestine and the
laige intestine; these together forming a tube extending from the
mouth to the cloaca. From the commencement of the oesophagus,
at the entrance to the larynx, to the end of the cloaca, the length
of the tube is about 315 cm., that of the various parts being :

From glottis to pylorus 55 cm.
From pylorus to large intestine 22°0 cm.
Large intestine to end of cloaca 4'0 cm.

Total length 315 em.

A. The Mouth,
The mucous membrane covering the tongue will be described
with the sense-organs (sec organ of taste).

a. General description. The mouth of Z. esculenta, as in all
other amphibia, with the exception of the lowest (Sirem, Proteus,
ete.), is of considerable width, and extends backwards as far as
the middle of the tympanic membrane. The upper margin of the
mouth possesses a lip or fold of the skin (85!), which projects suffi-
ciently to prevent the teeth being seen from the front or from the
sides. This lip-like rim is most prominent in the premaxillary and
superior maxillary regions, but can be traced along the whole length
of the upper jaw, and on to the lower jaw, by means of a well-
marked fold at the angle of the mouth. Beyond this point the lip
is absent, as the skin is closely attached to the bony mandible.

On the roof of the mouth the following structures can be made

T2
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out : immediately within the lip is a deep, well-marked groove, the

outer boundary, formed by the lip;the inner by a fold of the mucous

membrane (Fig. 178 F); this fold increases from behind forwards

as far as the premaxillary bones, where it forms two prominences

(F1, F') with an interval between. These correspond to the

palatine processes of the premaxillary bones: immediately behind

them are openings of the ducts of the intermaxillary glands.

"In the groove so formed are

placed a single row of simple

F'S p teeth, which, though subject to

s many variations, are usually
about fifty in number.

A little further back and to

either side of the median line

3 is a small group of vomerine

: teeth (70); each group has from

~-8' five to ten teeth; external to

_ these is on each side a trans-

"K  versely-placed oval opening, the

posterior nares (Cho).  These

Fig. 178.

-

The roof of the mouth. apertures are directed outwards
(1 '::’ g““aof naris iiary gland and backwards into a shal-
pening of intermax glanda. .
¥ Yold of mucous membrane. low groove, bounded anteriorly
F1, F1 Prominences of mucons membrane. -
X Muscles. by a fold of mucous mem
0 Floor of the orbit. brane.
8 Lip. . - .
&1 Lip. According to Wiedersheim the
T Eustachian tubes, . .
Yo  Vomer. mucous membrane immediately

around the vomerine teeth is
supplied with taste-bulbs ; the epithelium surrounding these being
non-ciliated.

The roof of the mouth underneath the parasphenoid is somewhat
vaulted and on either side depressed by the eyeballs, which project
downwards more or less prominently (O, 0). Still further back
are the openings of the Eustachian tubes (Fig. 178 7), one on
each side, and almost surrounded by the limbs of the pterygoid
bones.

On the floor of the mouth (Fig. 179) the tongue (7, Z') forms
the most prominent object; its shape varying according to the state
of contraction of its muscles. Behind it, in the middle line, is a
transverse groove (1), corresponding to the posterior border of the
hyoid bone, and still further back is the opening to the larynx (L),
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a longitudinal slit about 3 mm. in length. The mucous mem-
brane to either/sidelof)| the/itongue is only slightly folded, and
a little in front of the angle of the mouth is depressed into
an aperture (§), opening into the vocal sac. This opening is sur-
rounded by small radiating folds of mucous membrane, and is oval
in shape.

Towards the oesophagus the mu-
cous membrane of both the roof
and the floor of the mouth is thrown
into numerous longitudinal folds.

Fig. 179.

b. The minute structure of the
several parts.

(1) The mucous membrane of
the mouth. At the junction of the
skin and the mucous membrane %'
there is a gradual transition from
the stratified epithelium of the
skin to a single layer of colum-
nar epithelium. On the floor The floor of the mouth,
of the mouth this condition is K Muscles.
reached at the tongue; on the L poning to larynx.
roof the transition takes place  § Opeingto voice-sac(in males only)

Sm Chin.
more quickly. The columnar ;': Toogue.

epithelium of the mouth (that of &' Yoldsormte binder evdor of the
the tongue is excluded from this hyoid.

description) is ciliated ; scattered cells, which are not ciliated, are
found here and there irregularly, but are not numerous. The

cylindrical cells are very finely granular in their upper parts,

clearer in the middle portion, more coarsely and darkly granular in

their deeper portions; each cell is possessed of a large, well-defined,

oval nucleus, which contains one or sometimes two nucleoli. The

non-ciliated cells usually present a-sharply differentiated, structure-

less, hyaline, free border (Schultze). The epithelium towards the

margin of the mouth, where it is stratified, is also ciliated.

Goblet-cells occur in every part of the epithelium, whether cili-
ated or non-ciliated, and their forms vary very greatly.

[The submucous layer is a fibrous connective-tissue matrix,
very rich in nerves and blood-vessels. The capillaries are arranged
in small, somewhat polygonal meshes (Fig. 180), and are peculiar,
with those of the anterior part of the oesophagus, in having small
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dilatations. This arrangement was first ! described by Langer, and
later by Schibl:)/ Thecdilatations ure placed quite irregularly on the
capillaries, sometimes only on one side, sometimes on both sides of
the vessel ; aslight constriction occurs at the neck of each dilatation,
where it opens into the capillary 2. The nerves of the mucous
membrane underneath the orbits have nerve-cells attached to them
(Stirling and Macdonald, page 170). The lymphatics are xery
numerous, and for the most part follow the course of the blood-
vessels to their finest twigs, beyond which they follow an indepen-
dent course (Langer).]

(2) The teeth are wanting in the lower jaw; on the roof of the
mouth they are found in two situations: as a single row in the
groove within the lip, and a group on each vomer. Each tooth
has the form of an elongated cone, which in the case of th
jaw-teeth is curved, in that of the vomerine teeth straight. The
teeth are fixed to the jaw so as to project upwards and slightly in-
wards, those at the front of the mouth projecting backwards, and
those on the vomers project backwards. Each tooth has a small,
sharp projection, or secondary crown on its outer surface (Fig. 181),
placed near the mucous membrane. The teeth are fixed to
bones by means of Crusta petrosa, which is again united to the bones
of the mandible by a matrix of spongy bone, continuous for the
several teeth. Between the tooth and the mucous membrane is &
layer of flattened epithelium (#), which extends more deeply on the
inner side of the tooth than on the outer; the layer is continuous
with the epithelium of the mouth, and is two to three cells in
. thickness. Each tooth has fine longitudinal grooves on the basal
part of its outer surface, and consists of two parts, a crown and
a root. The teeth possess large cavities, the wall being thin and
almost of even thickness, except on the inner surface of the basal
portion of the root, where the wall is wanting, and so forms a
large aperture to the root.

The general skeleton of the tooth is formed of dentine, this is
covered on the crown by a layer of enamel, and the Cuticula dentis
on the socket by a layer of Crusta petrosa.

! Beale, Phil. Trans., 1863, p. 153, shows dilatations in hix drawing, but makes no
reference to them in the text.

? The vascular supply of the mucous membrane of the dorsal eurface of the mouth
and oesophagus is shown (after Schobl) in Plate 1I, Fig. 180, I. Arteries red, veins
blue. IIL in the same figure represents the dilatations on the capillaries; after
Schobl.
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a. The dentine is a homogeneous substagce pierced by numerous
tubules (), which! ariseat the pulp-cavity and course in a parallel
direction to the surface of the
dentine, where they form a
rich network with irregular,
interglomerular spaces. The
inner surface of the dentine
is rough, through the presence
of numerous small, dark
tubercles.

B. The enamel covers the
dentine on the apical portion
of the tooth. It has tubes
coursing through it, which are
continuous with those of the
dentine, and presents also {
circumferential striations (Fig.

181 T1I). m\\\ \\ LI
y. The tooth cuticle (Cuti- \

cula llentia) 18 colourless and 1. Transverse section of the premaxillary bone to
show attachment of the testh ; after Hertwig.

Fig. 181.
, .”

T

covers the enamel. It is Magnified 22 times.
1 1 3 11. Dentine and enamel ; after Hortwig. Magnitied
highly refractive, very trans- seo times. ;
pa,rent,, and very resistant to 1II. Enamel: after Hertwig. Magnified soo times.
X . n A Blood-vessel of the pulp-cavity.
chemical reagents. From the € Crusta potrosa.
‘usl, D Dentine.
apex’ t.OW&l'.dS the Cl.ll a F  Processus dentalis.
petrosa, it thins very rapidl H Layer of epithelium.
), s y rapualy, pi
. . . 0 Tooth cuticle.
but is continued sufficiently R Rosarvo,
3 S Enamel,
far to cover a portion of the e s glands.

Crusta petrosa. )

3. The Crusta petrosa resembles bone, except that it contains no
Haversian canals ; it possesses cells which resemble bone eorpuscles,
and are usually somewhat rounded or oval and communicate with
each other by their processes; for the most part it is homogeneous
and free from cells (Hertwig).

e. The pulp-cavity contains a connective-tissue very rich in
cellular elements ; those cells adjacent to the dentine are arranged
in a layer (Membrana eboris) which has somewhat the appearance of
a layer of epithelium. The cells (odontoblasts) of this layer are
spindle-shaped, and send processes (dentinal fibres) into the dentinal
tubules. A small blood-vessel can be traced into each cavity, but
a8 yet no nerve has been found in the pulp-cavities.
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[Smith (Z. ¢.) has, after careful investigation, come to the
conclusion that ,the iteeth-of R: esculenta and R. temporaria are
practically alike, therefore the methods of differentiating the two
species by means of the teeth, as given by Leydig, are not to be
relied on.] :

(3) The intermaxillary glands (Glandula intermazillaris) consist
of a mass of convoluted tubes, lying chiefly between the pre-
maxillary bones and the capsule of the nose, and opening by about
twenty to twenty-five ducts at the fore-part of the mouth (Fig.
178 ID). A portion of the glands extends high into the nasal
cavity (Born), while dorsally another portion lies under the skin
and the M. dilatator and M. lateralis narium, which together act as
compressors to the subjacent glands : a small, elastic, cartilaginous
rod, placed between the anterior margin of the nasal capsule and
the under surface of the ascending limb of the premaxilla, opposes
these muscles on either side by its spring-like action (Wiedersheim).

In a fresh skull the openings of the ducts can easily be seen
after washing away the mucous secretion ; they are, however, seen
to better advantage by treatment with Miiller’s fluid and subsequent
staining with carmine. With sufficient magnifying power, they
are then seen as a row of bright dots. The tubules are of uniform
thickness, placed closely side by side, and surrounded by a nervous
plexus, which contains numerous branching nerve-cells. The epi-
thelium of the tubules is cylindrical, with a rounded, finely granular
nucleus; processes from the peripheral ends of the cells are con-
tinued to a Membrana propria. The ducts are lined with columnar,
ciliated epithelium.

The secretion of the glands is remarkably adhesive, and is wiped
off by the tongue when it is projected; by this means the tongue
becomes: a particularly efficacious instrument for capturing prey.
The glands are, both histologically and chemically, pure mucous
glands. In urodeles the homologous glands are placed in the hollow
septum of the nose, between the nasal cavities.

(4) The tongue (Figs. 179, 182, 183) is a broad, fleshy flap on
the floor of the mouth, to which it is attached by the anterior half
of its ventral surface as far forwards as the chin. Seen from above
it has a wedge-like form, being narrow in front and wider behind,
where it is prolonged at each angle to form two cornua.

By raising the tongue one obtains a view of a portion of the
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M. hyoglossus. The two MM. hyoglossi arise (see page 66) some
distance apartyand lrun-forwardsjand towards each other to meet
on the ventral surface of the hyoid bone ; they now assume a lon-
gitudinal direction, and course forwards parallel to each other until
they reach the M. genio-glossus (Fig. 182 G). Each muscle now
divides to form coarse bundles, which ascend on either side of the
M. genio-glossus towards the dor-
sum of the tongue. In thiscourse
they are encircled by a strong,
elastic, connective-tissue sheath. 1
The sheath is incomplete at the
hinder end of the 31. genio-glossus,
where it possesses rounded aper-
tures, through which the glosso- * N
pharyngeal nerves (%, N) disap-
pear, to be distributed, after a
sharp curve backwards, in the
substance of the organ.

The M. genio-glossus arises, in Hy
two parts on cither side, at the
side of the chin. One part (Fig.
182 @) is dorsal and median, the -
other (Fig. 182 G') ventral and  Muscles of the tongue, seen from the ventral
external. surface.

Median portion of M. genio-glossus.
The first part, with its fellow

Fig. 182.
G

Lateral portion of M. genio-glossus,

. . Hyoid.
of the opposite side, forms an M. hyoglosus
. . a nx.
arched commissure in the form of Mandible.

SELEEL

muscular rings, which decrease in Glomopharyngeal nerve.

size from before backwards, and so form a pear-shaped mass: the
second, external portion, extends backwards, with a slight obliquity,
as a thin, fan-like expansion, to the mucous membrane, where it is
inserted. This arrangement can easily be seen after dissecting
away the sheath (Fig. 183 /fy); the hindermost fibres curve sharply
into the tongue (Hy'); the anterior fibres pass obliquely forwards
and blend with the straight fibres of the dorsal portion of the
M. genio-glossus (Fig. 183 Gg). The arcuate fibres of the M. genio-
glossus pass, for the most part, upwards and outwards to the tips of
the posterior bifid border of the tongue; in this course they lie as
a rule above the M. /yoglossus, but here and there the two muscles
intermix (Fig. 183 Gg'), and it is by no means easy to separate
them. )
/
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Fig. 183. The M. kyoglossus is the retractor
G of the tongue, the M. genio-glossus
3 the protractor.

(For mucous membrane of the
tongue, see orgarl of taste. The
vocal sacs are described with the
organs of voice and respiration.)

B. The Oesophagus and Stomach
(Figs. 184, 1185, 189, 194, 195,
¥ 199)-

a. General description. The
oesophagus is not separated from the
pharyngo-oral cavity by a sharp line
of demarcation. It has a length of

“ ~p

Muscles of the tonzue, from the ventral

surfaoce. only a few mm. in medium-sized
G M. genio-glossus. g . . .
Gy Straight fibres of the M. genio-gloasus. frogs (Fig. 184 Oc), and lies in the

Gyl Curved fibres of the M.genio-glweus. middle line of the body, supported
;,’” ""30',({:,..3‘,'3,’;,"5',‘:;\.“: on either side by the cornua of the

hyoid bone. The oesophagus lies on
the dorsal wall of the larynx, is smooth externally, and is thrown
into well-marked longitudinal folds internally.

The transition from oesophagus to stomach is somewhat indefi-
nitely marked by a slight dilatation of the tube, often scarcely per-
ceptible, still it can always be recognized by an abrupt curvature to
the left (Fig. 184 M), which becomes more prominent when the
stomach is distended. Externally the -stomach is seen as an elon-
gated, slightly curved cone, smooth externally and of equal diameter
throughout. ’

The oesophagus and stomach are held in position by folds of
peritoneum (mesentery), which attaches them to the dorsal wall of
the abdominal cavity, to the lungs, pericardium, and liver; and by
the blood-vessels.

b. Minute structure. The walls of these viscera are composed
of four layers or coats.

(1) The serous coat (Fig. 186) is a layer of endothelium, lying
on a very thin stratum of connective-tissue; the whole derived
from the peritoneum, which encloses the organs.

(2) The muscular coat (}Fig. 186 LM and TM) is arranged in
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two layers, one (LM ) longitu- Fig. 184.

dinal, the othery(7%)Ctrans:

verse. The longitudinal layer

is thicker in the oesophagus,

and thins as it i§ continued to

the pyloric end of the stomach.

The circular layer, on the other

hand, gains in thickness ; both M
layers are of unstriated mus-

cular fibre.

(3) The submucous coat
(Fig. 186 .4, B, and SM) is
better developed in the stomach
than in any other part of the
alimentary canal. Itis formed
of a wide-meshed, loose con-
nective-tissue, which supports
numerous blood-vessels and
lymphatics. ~ Towards the
mucous coat it possesses a
well-differentiated Muacularis
mucosa, which is arranged in
two layers, a longitudinal (5)
and a transverse ().

(4) The mucous coat is pos-
sessed of numerous tubular
glands, which vary in structure
according to the part of the

membrane examined. They The alimontary canal

have been the subject of much ;|  opening of iarge intestine into cloaca.
: i rati ; ; €1 Cloaca,
investigation (Heidenhain, @ Cloawea =~

Nussbaum, Partsch, Langley, Du  Duodenum,
HB Urinary bladder.
and others), and are best de- ~. Stomach,

scribed in three groups : those ~ J* frieen
of the oesophagus, of the first  Pv Dyt et
part of the stomach, and of t  Junction orl:::.fllrcan:'lmllrgo intestine,
the pyloric end of the stomach respectively; between each pair of
groups are transitional forms.

a. [The oesophageal glands are complete .tubular glands lined

by a single layer of epithelium, which very closely resemble the
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B. [The glands of the fundus of the stomach! are not so complex
as the typical /glands| of thecoesophiagus. The cells'at the mouth
of the gland are continued
into fine processes (Fig. 187),
and their outer parts contain
mucigen. The cells of the
neck of the gland are more
cubical, and towards the
lower part of the neck are
mucous cells. The cells of
the body of the gland are of
irregular shape, and so placed
that the nucleus of one cell
faces’ the junction of two
cells on the opposite side
(Langley). These cells are
very finely granular.]

Fig. 186.

y. [The glands of the py-
loric end of the stomach have
been compared with the
mouths and necks of the
glands of the fundus (Partsch,
Langley). The cells are of
two kinds only (Fig. 188). T »
The cylindrical cells of the L
surface of the stomach are Tpimeresn drough oo of de lngludios
continued into the gland  weneral arrangement of the walls —G. H.
where they become shorter 1§ oo e o o moeae.
and sub-cubical; these form LM Longitudinal muscular coat.
the greater part of the 5 Submuconscoat.
gla.nd The cells at th e TM Transverse muscular onat,
deepest portlon of the gland are more rounded, and resemble the
mucous cells in the neck of the glands of the fundus.] -

3. [Between these well-marked groups of glands are various
transitional forms. The transition from oesophageal to gastric
glands is not a continuous one, as glands resembling those of the

stomach can be found nearer the oesophagus than other glands, which

! A transverse section through the mucous membrane of the fundus of the stomach
of Rana esculenta is shown in Plate II, Fig. 187. Alcohol preparation, doubly
stained with carmine and anilin blue. After Biedermann. (Obj. II, Syst. 7,
Hartnack.)



www.libtool.com.cn



THE ALIMENTARY TRACT. 287

greater part of the stomach, is, in the normal condition, under cover
of the liver (Figs! 185,794)% while under the liver the intestine
is firmly attached to the deep surface of that organ by a short
but strong ngamentum bqaalo-duodenale, it then turns suddenly
backwards, increases in size, and by means of numerous convo-
lutions occupies a comsiderable portion of the right half of the
abdomen (Fig. 184 D). It is held in position by a well-developed
mesentery.

b. Minute structure. Like other portions of the alimentary
canal, the small intestine is formed of four layers:—

(1) The serous coat presents no peculiarities ; it consists simply
of a layer of endothelial cells, with a small amount of sub-endothe-
lial connective-tissue.

(2) The muscular coat is in two layers, the outer longitudinal
layer being very thin, the inner circular layer thick.

(3) The submucous layer resembles that of the stomach, but is
not so thick ; the muscularis mucosae is well developed and arranged,
as in the stomach, in two layers.

(4) The mucous coat (Fig. 189)is thrown into folds, which differ
in various parts of the tube.

The longitudinal folds of the stomach are compressed together
towards the pyloric end of the stomach (a) and diminish in size; at
the commencement of the duodenum they end abruptly (a'), but
without any indication of a valvular arrangement.

Immediately beyond the pylorus the mucous membrane is folded
s0 a8 to form an irregular network of folds which inclose irregular
alveoli; the folds are thicker on the concave surface of the duo-
denum, and form a longitudinal ridge (4); in this ridge the
alveolar spaces are much smaller than those to either side. The
irregular folding extends through two to three cm., when a more
regular arrangement commences in the form of two adjacent series
of transverse folds (¢, ¢!). Each fold is semi-lunar in shape, with
the convexity attached to the wall of the tube and directed forwards,
while the concave free border and pocket-like spa,ce enclosed are
directed backwards.

The arrangement of these folds reminds one of the semi-lunar
valves of the human heart, and probably one of their functions is
to prevent the regurgitation of the chyme (Wiedersheim).

The corresponding valves of opposite sides meet at each end at
an angle, the apex of which is directed away from the stomach. On
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striation : Funke offered no explanation of the fact, while Kolliker considered it due to
the presence of fine tubules. | ; Later, Funke gave a modified support to Kolliker's view
by admitting the presence of tubules around the circumferential part of the border.

1856. Donders gave a description corresponding with that of Henle.

1857. Brettauer and Steinach gave it as the result of their investigations that the
border was composed of closely-applied fine rods: v. Wittich first showed that the
borders of adjacent cells were more firmly attached than the rest of the cell; he
admitted the presence of apertures, but considered the whole appearance to be due
to post-mortem changes.

elcker and Friedreich agreed with the views of Brettauer and Steinzch, but
traced the striation throughout the length of the cells, in fact traced the tubules to
the connective-tissue below.

1858. In this year Heidenhain published his results; he held the striation to be
due to the presence of fine rods, and was the first to show that processes of the con-
nective-ti corpuscles passed up between the epithelial cells; he found fat globules
in the epithelial cells, in the connective-tissue, and in the lacteals.

Friedreich described the striation as continued through the whole length of the
cells, and as due to tubules.

1859. Lambl denied the presence of the rods, and considered the whole phenomenon
an optical appearance due to the cell-wall ; in this view he was supported by Vlako-
vich of Padua and Amici of Florence.

1860. Wi dt held the border to be an independent covering, and the striation
to be due to folding or wrinkling.

Col. Balogh described the border as formed of rods, but denied that these existed
except when brought about by the action of fats; in support of this view he showed
that the striation was wanting when fat was absent.

1865. Lipsky held the border to be composed of rods.

1866. Henle described the cells as in his former work, but now held the border
to be composed of rods, in fact to represent a ciliated border.

1867. Erdmann described the border as being of two layers, an upper, thicker
layer, with both longitudinal and transverse striation, and a lower, thinner layer,
the true cell-wall. The upper layer he described as capable of splitting in the di-
rections of both striations.

Schultze described the border as not being in intimate connection with the proto-
plasm of the cell. Arnstein and Wiegandt supported Heidenhain’s description.

1868. Albini e Renzoni described the part as resembling resting cilia.

1869. Eimer traced fat-globules into all the parts, epithelium, connective-tissue, and
vessels ; and held that the fat could pass from a lacteal to a branch of the Vena porta.

1870. Heidenhain, after further investigation, supported his earlier views.

1874. Thanhoffer described the membrane as perforated, and the protoplasm of the
cells as actively sending protoplasmic processes through these apertures ; this he had
seen in frogs in which all connection with the spinal nerves had been severed.

1875. Benjamins could not find the striation to be a constant eccurrence, and failed
to find the processes described by Thanhoffer.

1876. Krause found rod-like bodies round the margin of the border.

1877. Fortunatow supported Thanoffer’s view.

1881. Landois observed appearances in Spelerpes fuscus, which led him to sup-
port Thanoffer’s views.

1883. Wiedersheim supported Thanhoffer’s views.

1884. Wiemer supported Thanhoffer’s observations.

1888. Paneth failed to find any contractile protoplasmic processes, and asserts that
the circumference of the border, when examined under certain conditions, is com-
posed of rods.

From the same causes the goblet- or chalice-cells, already mentioned, have been
the subject of much speculation and investigation.

1846. Frerichs drew and described these cells as empty cells,

In 1848 these cells were first described as epithelium capitatum by Gruby and
Delafond.

i)



290 THE ALIMENTARY TRACT, ETC.

In 1856 Donders described the cells as being open, and as discharging their contents
into the canal; thejcell-walls being then pressed together by the neighbouring cells,
and the cell-contents being then gradually reformed. X

In the same year Kolliker published results closely agreeing with those of Donders,
and he traced the various stages of the process.

1857. Brettauer and Steinach held them to be cells which had lost their contenta,
and a8 the ‘ cuticular border’ was absent, concluded that the cell-contents were in
closer connection with the ¢ border’ than with the rest of the cell-wall.

1865. Lipsky and Sachs both doubted the presence of such cells, and considered
them due to the action of reagents or post-mortem change.

1866. Letzerichdescribed the cells as open, and regarded them as the commencement
of the lacteal system, while Donitz thought the whole appearance due to reagents.

1867. Schultze and Eimer, independently, described them as unicellular glands.
Erdmann, however, again denied their occurrence under normal conditions.

Oeffinger held the goblet-cells to be moudified ordinary cylindrical epithelium cells ;
in which view he was supported by Arnstein.

1868. Schultze and Eimer, after renewed investigations, reiterated their formeér
opinions,

1869. Eimer described the goblet-cells as secreting mucin, and as capable, by
division, of throwing out pus-like cells.

1876. Krause described the cells as containing granular contents, which under
certain conditions are thrown out.

1877. Tolldt considered them artificial productions. Edinger asserted that they are
formed from the cylindrical cells.

1877-1885. Partsch (1877), Klein and Hebold (1879), Stshr (1880), Patzelt (1882),
Haller (1883), Holl (1885), support the last view.

1878. Hoffmann supported Schultze's views. .

1886. List describes these organs as unicellular mucous glands.

1887. Paneth described themn as secreting mucous and as being derived from the
cylindrical cells.]

(5) [The blood-vessels of the small intestine (p. 234) have been
described by Langer; he finds the vessels arranged in networks,
one a subserous network, placed underneath the serous coat, and
formed of elongated, irregular, four-cornered meshes. When the
intestine is distended the meshes are rectangular.

The vessels to the mucous membrane divide and anastomose very
freely in the submucous layer, and then form an irregular network
on the inner surface of the M uscularis mucosa ; this network follows
all the foldings of the mucous membrane, and thereby supplies a
double layer to cach villous fold of the mucous membrane. The
meshes are usually four-sided or five-sided.]

(6) [The lymphatics of the small intestine (Figs. 190, 191). The
lymphatic vessels on reaching the intestine usually bifurcate; the
two branches, as a rule, follow and enclose an arterial twig. From
the serous layer they receive the contents of a very fine lymphatic
plexus, the lumens of which are slightly greater than that of the
corresponding capillaries ; from the mucous layer they receive the
contents of the lacteals: between these two layers the lymphatics
anastomose very freely by means of numerous branches (Langer).

The lacteals are lined with an epithelioid layer and traversed by
connective-tissue trabeculae, which have a like covering. The
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lacteals are not simple but in the form of a coarse network (Fig.

189), (Langer)]

(7) [The nerves of the
small intestine (p. 200) usu-
ally follow the arteries to
the muscular coats, between
which they form a plexus
(Auerbach’s plexus); from
this numerous twigs are
given off, which course alone
or in company with vessels

Fig. 190.

to the mucous coat, Where fwlated fold of mucous membrane of small intestine

a second plexus (Meissner’s
plexus) is formed. Auerbach’s

of Rana temporuaria; after Langer. Forty times
natural size. Blood-vessels striped, lacteals shaded.

plexus, according to Klein, consists of bands of nervous fibrils in
endothelial sheaths ; they branch and inosculate, and thus form a

plexus. Where several such branches
meet, a more or less complicated decus-
sation of the bands of fibres takes place.
Along these nervous bands are ganglion
cells, either isolated or in groups. The
cells are large, generally spherical, and
contain a sharply outlined nucleus with
a single or double nucleolus. The
smaller cells generally appear to possess
only one process, which can be traced
from the protoplasm of the cell between
the fibrils of the nerve-trunk. The
larger cells are distinctly multipolar,
their protoplasm being provided with a
number of fine processes, or, as is
oftener the case, with one large and
several small processes. In many in-
stances Klein was able to distinguish
around the ganglion-cells a capsule of
a spherical or ovoid shape. In these
cases the body, as well as the processes
of the ganglion-cell, were lying within
the capsule. This system of ganglion-
cells is in connection with the individual
bundles within the nerve-trunks.
2

Fig. 191.

.A.B
-C

Transverse section of a fold of the
mucous membrane of Rana lempo-
raria ; after Langer. Sixty times
natural size.

A Lacteals with transverse trabe-
culne.

B Circular muscular layer.

C Longitudinal muscular layer,
Blood- vessels striped.
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by an abrupt curve at its anterior end. The large intestine is the
widest part of, the, alimentary canal, is thin-walled, and diminishes
in width towards its hinder end, where it opens into the cloaca
above the opening of the bladder.

b. [Minute structure.
(1) The serous coat resembles that of the small intestine, ete.

(2) The muscular coats resemble those of the small intestine, but
are thinner; the longitudinal layer is, however, proportionally
thicker (Wiedersheim).

(3) The submucous coat (Fig. 192) resembles that of the small
intestine in its general structure; the portion lying immediately
beneath the mucous membrane (B) is denser in structure.

This layer has no Muscularis mucosa.

(4) The mucous coat (4) is a simple layer of large, columnar,
epithelial cells, with large oval nuclei. The cells have a hyaline
free border, but this possesses no stri-
ation. The mucous membrane is usually
described as possessing numerous simple
follicles (glands of Lieberkiihn); in
those specimens which I have exa-
mined they have been entirely absent
(Figs. 192, 193). At six to eight
points in a transverse section of a
rectum moderately distended the sub-
mucous coat is thinner, and so throws the
mucous coat into slight, longitudinal
grooves ; but these do not in the least
resemble the glands of Lieberkiihn.

(5) The epithelium possesses goblet-
or chalice-cells (Hoffmann), the number

Of thh pl‘Ob&bly depends upon Transverse section of large intestine of

the penod of the year and the state Rana esculenta ; the mucous mem-
. 3 brane thrown into longitudinal folds
of digestion. In the rectum, from " L ier " Cr the organ being

which the section for the figures 192  contracted. Arteries injected with
carmine.—G. H.

and 193 were cut, not one goblet-cell 4 Large circular vessols within the

Fig. 193.

3 : muscular coata.
was found in a complete series of , . museurooshs &
sections. coat.

If the rectum be contracted, the mucous membrane is thrown into
longitudinal folds. .
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(6) The blood-vessels (Fig. 193) have a simple arrangement.
The arteries are large, and form oblique loops around the intestine,
lying under the peritoneum from these branches are given off to
form a series of rings in the submucous membrane (Fig. 193 4);
from these fine twigs are given off to form a fine anastomosis under
the mucous membrane (B).

(7) The lymphatics of the large intestine are a.rranged in two
chief systems : one under the serous coat resembles the corresponding
system of the small intestine. The second set forms a network of
rounded loops in the submucous coat, which give rise to a secondary
set of smaller vessels towards the mucous membrane ; this secondary
system forms a sort of trellis-work standing on the rounded loops,
and so maps out small blocks of the thick submucous coat. Towards
the cloaca the arrangement is simpler; the secondary lymphatics
are lost, while the primary lymphatics tend to form elongated,
longitudinal loops (Langer).]

II. THE GLANDS CONNECTED WITH THE
INTESTINAL CANAL.

A. The Liver and Gall-bladder.
a. External form.

(1) The liver (Figs. 185, 194) is a large, reddish-brown organ,
occupying a large part of the anterior abdominal region. It con-
sists of three or more lobes, which present many individual varia-
tions; as a rule there are two larger lateral lobes (Z and '), and
a smaller median lobe (L%). Each lobe has a superficial or ventral
surface, which is convex, and a deep or dorsal surface, which is con-
cave and directed towards the other abdominal viscera lying above
the liver. The two surfaces of each lobe meet to form a sharp
border around the lobe, except where the three lobes are more
intimately attached, opposite the apex of the heart (Figs. 183,
194); at this place each lobe possesses a small, flat, or slightly
concave anterior surface.

The left lobe (L) hides the greater portion of the stomach, and
has near its inner border a deep fissure, which runs forwards and
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so marks off a more or less well-marked fourth lobe. The
anterior portion of the left lobe is attached to the corresponding
portion of the right lobe by a narrow commissure.
The median lobe (L?) ex- Fig. 104.

tends backwards as far as the

pylorus, and covers the com-

mencement of the intestine

together with the pancreas;

these organs can, therefore,

not be seen until this lobe

is displaced. A fifth lobe is

sometimes found on the dorsal

surface of the median lobe,

and to it or to the dorsal sur-

face of the median lobe the

small intestine is attached by

the Ligamentum hepato-duode-

nale (Fig. 195 Lkp). The’

Fena portarum enters the liver

behm d this li gam ent The liver, seen from the ventral surfaco.
. . Du Duod:
The right lobe extends much o Heart
further dorsalwards than the P bel

L2 Middle lobe of liver.

X 3
left lobe, and even comes in L Middie lo

contact with the lung, the

vessels of which sometimes indent its surface in spirit specimens.
This lobe is also in contact with the base of the fat-body, and in
females with the oviduct.

By drawing the lobes of the liver to either side and displacing
the heart towards the head, the posterior caval vein is seen passing
from the liver to the heart, and the hepatic commissure joining the
lateral lobes is brought into view.

(2) The gall-bladder (Fig. 195 G) is placed on the dorsal surface
of the liver in the deep niche between the right and left lobes ; it
is attached to the liver by connective-tissue and peritoneum.

The gall-bladder is round or oval in form ; when moderately full
it has a smooth, outer wall, which is thin and allows the green colour
of the bile to be seen. It possesses a duct (Dcy), the cystic duct
(Ductus cysticus), which bifurcates near its origin.

The two cystic ducts (Fig. 195 Dcy) join the larger hepatic
ducts, as shown in the figure, and so form a simple anas-
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attachments of the liver are found (see peritoneum). The perito-
neal covering of the|livers for the most part composed of flattened,
ciliated cells (Neumann and Grunau); on the middle lobe these are,
however, more or less replaced by non-ciliated cells. The thickness
of these cells varies considerably, according to the amount of dis-
tension to which the liver is subjected.

B. The fibrous covering of the liver is very thin and very diffi-
cult to demonstrate ; it consists of connective-tissue fibres with very
few corpuscles. This covering is prolonged into the liver along the
portal canals, where traces of conmective-tissue can always be
made out.

From these processes and from the whole of the inner surface of
the general connective-tissue capsule are given off fine trabeculae,
in which it is very difficult to find any nuclei; these trabeculae
are everywhere extremely delicate and difficult to demonstrate;
nowhere do they form distinct boundaries between lobuli: the
structure closely resembles the sustentacular tissue of a lymphatic
gland (Eberth).

y- The blood-vessels to the liver are the portal vessels (p.
249), the hepatic veins (p. 247), and the hepatic artery! (p.
233).

(1) The portal vessels pass into the liver on its ventral surface ;
they divide into branches which course along the middle parts of
each lobe and give off smaller branches in all directions towards the
periphery ; the interlobular branches (Fig. 196 I) forming a very
complex capillary network. As compared with the hepatic veins
(Fig. 196 II), the interlobular veins do not give off their capillaries
so abruptly, but tend to supply these from small lateral branches.
The portal veins are accompanied in their course by branches of the
hepatic artery, and often by larger bile-ducts, and thus form
portal canals. In no part do the portal (interlobular) veins or their
branches limit the lobules by distinet rings of vessels, as seen in
many higher animals. The interlobular veins and intralobular veins
simply interdigitate with each other.

! See Plate II, Fig. 196.

1. Partial injection of the liver from the portal vein (blue) : Rana esculenta.—G. H.
II. Partial injection of the liver from the hepatic vein (red): Rana esculenta.—G. H.
1II. Complete injection of the liver from the hepatic artery {red) and from the portal vein
(blue) : Rana esculenta.—G. H.

A Portal (interlobular) veins and their branches.
B " Hepatic (intralobular) veins and their branches.
C Hepatic arteries and their branches.
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(2) The hepatic veins (Fig. 196 I and II) also course chiefly in
the middle parts jof the lobes of the liver; they branch, and ulti-
mately supply intralobular veins which interdigitate with the inter-
lobular veins (I and II). The capillaries arise very abruptly from
an intralobular vein, and form a network of vessels communicating
very freely with the corresponding capillaries of the interlobular
veins.

(3) The hepatic arteries (Fig. 196 III) break up into small
branches which, as a rule, course along the portal canal until near
the surface of the liver, when they leave the portal veins and pass
to the surface to supply the coverings of the liver. In their course
along the portal canals they supply a few very small twigs to
the structures forming the canals. At the surface of the liver
the branches of the hepatic artery form capillaries, which empty
themselves into the general capillary anastomosis beneath (Fig.
196 III).

3. The liver-cells (Figs. 197, 198) are large, and of compressed
spheroidal or polygonal shape. They possess no cell-wall, have
usually one but sometimes two large nuclei, each with a distinct
nucleolus. The cells often contain granules of glycogen or fat-
globules. The main fibrillae of the intercellular network are
arranged so as to extend between a bile-capillary and a blood-
capillary (Fig. 197).

e. The bile-ducts (Fig. 198) commence as fine tubes between the
liver-cells, where they are simply small spaces enclosed by the
hepatic cells; they are usually enclosed by three or four cells,
possibly sometimes by only two cells (Hering). Such bile-capillaries
are usually separated from a blood-capillary by the thickness of one
liver-cell only (Fig. 198).

As a number of such bile-capillaries run together to form a larger
duct, the cells enclosing them change their character, becoming
flattened and broader; these cells may, however, be traced contin-
uously into the true hepatic cells (Hering and Eberth). The bile-
duct so formed then obtains a slight covering of fibrous tissue,
which rapidly increases in quantity, courses along a portal canal,
and receives other ducts on the way; the epithelium lining it
gradually becomes more elongated, and ultimately resembles that
found in the common bile-duct or the gall-bladder.

In the larger ducts the epithelium is, according to v. Brunn,
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ciliated ; they also possess a layer of unstriated muscle-fibre

(Eberth).

(. The pigment of
the liver varies very
much in amount and
character, according
to the time of the
year and state of
health of the animal.
According to Eberth
thepigmentary masses
are of about the same
sizeas the white blood-
corpuscles,andare pos-
sessed of the power of
amoeboid movement
(in young animals).
The cells possess two

Fig. 197.

Liver-cells, after Kupffer.

to seven nuclei and vary much in colour and distribution. As
a rule the larger the amount of pigment in a given liver the

The bile-capillaries ;

Fig. 198.
injection with sulphindigotate of sudium: v v v rey
blood-capillaries.—G. H.

smaller is the number of fat-globules found in the individual

liver-cells (Eberth).]

(2) [The gall-bladder and bile-ducts. The gall-bladder has four

coverings.
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the dorsal surface of the organ so exposed. In the second method
the liver is/drawn| backwards) the various peritoneal folds which
connect the duodenum with the posterior border of the liver cut
through, and the three organs then separated; the pancreas can
then be conveniently examined.

The size and shape of the pancreas are subject to great variations
in different specimens. The usual shape of the organ is somewhat
triangular (Fig. 199), the left border being usually unbroken, while
the other two shorter borders are broken into lobes. The longest
lobe stretches as far as the pylorus (Py), to which it is attached by
connective-tissue : the opposite extremity of the gland is attached to
the liver.

The excretory duct of the pancreas (Ductus ¥ lraurgzanuc) opens
into the common bile-duct at about the middle of the pancreas
(P"); other smaller ducts may open into the same canal.

b. Minute structure. [The pancreas consists of a number of
lobes loosely held together by connective-tissue; each lobe is com-
posed of a number of lobules attached to each other much more
intimately. The lobules are made up of tubes lined by a single
layer of glandular epithelium. This epithelium is, as a rule, broadly
columnar, but in the smaller tubes may be cubical or polygonal.
Each cell has a cell-wall, nucleus, and very granular protoplasm ;
the latter shows two zones (in the inactive condition), a granular
zone near the lumen, and an outer, clear, and finely striated zone
(Nussbaum). The lumen of each alveolus is very small, and in
many cases difficult to make out.

The smallest ducts have no special lining, and are therefore
bounded by the glandular cells; the larger ducts have a
flattened, cubical epithelium, which when seen from the sur-
face has an appearancé as if the individual cells were widely
separated from one another; these ducts have a considerable
layer of connective-tissue around them. The largest ducts are
lined with a layer of columnar, ciliated epithelium; the cilia
are very long, usually of about the same length as the cell, some-
times appearing to be even longer. This epithelium is contin-
uous with the ciliated, epithelial layer of the common bile-duct,
which it resembles. These largest ducts have an extremely thick
layer of connective-tissue around them.

The pancreas and its ducts are very richly supplied with vessels
and nerves ; the nerves forming everywhere a fine plexus, the larger
strands of which usually, but not always, course with the larger
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blood-vessels. The larger ducts have an especially rich supply of
nerves, of which, fibrils;may be, traced towards the ciliated epithe-
lium ; an anatomical connection between the two has not, however,
been made out.]

III. THE SPLEEN.

a. General description. Although the spleen belongs to the
lymphatic system, it is considered here in order to complete the
description of the abdominal viscera. It is a small, rounded-oval
body, of a reddish-brown colour, suspended in the mesentery near
the anterior end of the large intestine (Fig. 184 3/z). In medium-
sized animals the longer diameter is about 6 mm., and is parallel
with the long axis of the body, the shorter dlameter is about
5 mm., and the thickness varies from about 3 mm. to 4 mm.
The dorsal surface is flat or slightly concave (/7i/us lienis), and re-
ceives the relatively large afferent and efferent vessels; the rest of
the organ is smooth and rounded, and with its greatest convexity
directed towards the left side.

b. [Minute structure. The structure of the spleen resembles
that of higher animals. It possesses a serous coat of peritoneum,
under which is a fibrous coat; the latter sends in trabeculae,
which divide and form a fine meshwork of supporting-tissue ; the
finest trabeculae are formed by the processes of the connective-cells
of the sustentacular structure. According to Hoffmann, the thick-
ness of the fibres averages o'cor to o'orr mm.; the intervening
spaces measure 0002 to 0’012 mm. The spaces are filled by the
spleen pulp, which consists of true spleen-corpuscles, blood-cor-
puscles, and pigment-corpuscles.

The spleen-corpuscles have an average diameter of 0°'co6 mm.,
and are round or of a rounded oval form. Each consists of a nucleus,
with a very small amount of adherent protoplasm ; the nucleus
possesses one or two nucleoli. Some of these cells contain a
brownish or black pigment in granules, but most of them are
colourless (Hoffmann).

The pigment-cells equal the white blood-corpuscles in size, and
exactly resemble the corresponding pigment-cells of the liver.

The blood-corpuscles are found in various stages of disintegra-
tion and regeneration.
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The arteries, on entering the spleen, at once break up into
branches which pass in all directions, giving off twigs on all sides
and at varying angles; from these capillaries are supplied, which
traverse the parenchyma in all directions. The capillaries empty
themselves partly into veins, partly into the splenic spaces.

The veins commence either as capillaries in connection with the
arteries or by communicating with the splenic spaces. This com-
munication is brought about by small twigs of about 0’015 mm.
diameter, which have incomplete walls, and so open into the splenic
spaces (Hoffmann).

Malpighian bodies are represented by collections of splenic
cells on various arterial twigs; they are, however, not so sharply
defined as is the case in some higher animals.]

IV. THE PERITONEUM.

a. General description. The peritoneum is a thin, pigmented
membrane lining the abdominal cavity. Tracing it forwards from
the ventral wall of the abdomen (Peritoneum parietale), it can be fol-
lowed along the deeper surface of the muscles to the pericardium.
The middle portion leaves the abdominal wall by accompanying the
anterior abdominal vein ; the lateral portions are continued further
forwards, and then ascend on the pericardium and the deeper sur-
faces of the lateral walls in the thoracic region.

The peritoneum passes thence to the ventral surface of the liver
(Ligamentum coronarium), covers this surface and passes on to the
dorsal surface of the organ, which, together with the gall-bladder, it
completely encloses. The membrane thus reaches the dorsal wall
(Ligamentum suspensorium hepatis et pericardii); from the lateral
borders of the liver it passes upwards to the dorsal wall, and thus
forms a pocket-like pleuro-peritoneal cavity on either side.

From the dorsal wall and above the attachment of the coronary
. ligament of the bladder the peritoneum reaches the root of the
lung on each side, and completely invests the organ: while in
the middle line it covers the outer surface of the oesophagus and
attaches it to the dorsal wall, thus forming the first part of the
mesentery
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Just behind the root of the lung, the peritoneum, in female speci-
mens, has an_opening, on each side (Ostium abdominale tubae Fallo-
piae), by which the oviduct communicates with the peritoneal cavity.

Tracing the peritoneum backwards, it passes over the ventral sur-
face of the kidneys so as to exclude them from the peritoneal sac:
in the middle line, between the kidneys, the peritoneum descends to
form the mesentery for the small intestine. At the inner borders
of the kidneys, the testes or ovaries are pushed into the abdominal
sac, and so possess well-marked mesenteries; the mesovarium be-
comes longer towards the cloaca, but attains its greatest develop-
ment in the breeding season; when it is arranged in numerous folds.
Along the outer borders of the kidneys, in females, the peritoneum
again descends into the abdominal cavities to enclose the oviducts,
which have broad mesenteries. Towards the rectum these mesen-
teries are shorter and attached to either side of the bladder by a
well-marked free border: as the middle line of the bladder is
attached by the peritoneum to the rectum, two distinct pouches
(Cava recto-vesicalia) are formed, which descend deeply into the
pelvic cavity. The upper walls of these pouches are pushed in be-
tween the urostyle and the rectum, and together form a strong
meso-rectum, which is longer near the Falvula Bauhirii and con-
tinuous with the mesentery of the small intestine. The hinder
portion of this mesentery is very short, and only covers the lateral
walls of the rectum.

With the exception of a small portion of its dorsal surface, which
is attached to the rectum, the whole surface of the bladder is covered
with peritoneum.

The mesentery of the alimentary canal commences in connection
with the oesophagus between the roots of the lungs; it is attached
to the dorsal surface of the liver, covering the posterior caval vein,
and is attached to the gall-bladder. From this point it extends, as
a free, arched fold, to the concave right border of the_stomach,
which is completely surrounded by peritoneum.

The gastro-duodenal fold (Ligamentum gastro-duodenale) extends
from the stomach to the pylorus and includes the pancreas. The
hepato-duodenal fold (Lig. ¢pato-duodenale) extends from the portal
fissure of the liver to the duodenum.

The mesentery of the small intestine is broad and arranged in
folds, which follow the curves of the intestine; and is attached in
the middle line, immediately beneath the vertebrae, where it encloses
the aorta.
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The various folds and mesenteries carry the blood-vessels and
nerves to the different organs; in this course the vessels are sur-
rounded by large lymphatics, which communicate with each other.

Fig. 201.

Preparationa from the perit of Rana lenta.—G. H.
L From peritoneum of the ventral wall of abdomen, stained with silver and logwood (Hartnack,
Oc. 1, Syst. 7).
II. From mesentery of small intestine of Rana esculenta, stained with silver (Hartnack, Oc. I,
Byst. 7).
II1. Preparation to show cilinted cells between non-ciliated cells ; after Neumann.
1V.  Vertical section at border of liver to show ciliated epithelium ; after N
A Stoma.
B Pigment-cella.
¢! Ciliated cells.

D Non-ciliated cells.

b. Minute structure (Fig. 201).

[The peritoneum is a serous membrane, formed for the most part
of a layer of irregular endothelial cells, arranged on a thin layer of
subserous, connective-tissue (Fig. 201 I, II, and III).

The endothelial cells are attached to each other by cement-gub-
stance, easily stained by silver nitrate. The cells covering the
general surface of the peritoneal cavity are larger and broader than
those covering the mesentery of the small intestine (compare I and
II, Fig. 201).

At various points stomata are found, bordered by smaller and
more deeply staining epithelium (I, 4). The membrane covering
the general cavity is also much more pigmented than that covering
the mesentery (compare I and II).

Various portions of the peritoneal surface possess ciliated cells,

x
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and these cells are usually thicker than the surrounding non-ciliated
cells. Such cells are found especially near the openings of the ovi-
ducts and on the liver. The dimensions of the cells vary; according
to Neumann the average dimensions of ciliated cells on the liver are :
0006 mm. depth (without the cilia) ; nucleus, 0’012 mm. long and
0003 mm. broad. The cells are five- or six-sided and bounded by
straight sides (Neumann).]
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I. THE LARYNX.

Tue larynx (Fig. 202) is a short wide tube placed between
the posterior cornua of the hyoid, to which it is attached by

connective-tissue.

The long axis of the tube lies in the median

line and almost horizontally, but the posterior end is on a slightly

lower level than
the anterior, when
the animal is in
the natural sitting
position (Fig. 202).
The anterior end
of the larynx opens
into the mouth by
a longitudinal slit
(Fig. 179 L), and
is placed in a slight
depression caused
by the folding of
the mucous mem-
brane; the poste-
rior end communi-
cates with the
cavities of the
lungs.

The larynx is

Fig. 2032.

-

Dimsection to show the position and relationsof the larynx. The animal
(Rana esculenta) is in the natural sitting position ; the tovs of tho
fore.foot are, however, too much flexed.—G. H.

B
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F

[
H
L
v

Brain.

Gall-biadder.

Opening of Eustachian tube.
Oesophagus.

Falso vocal cords.

Epiglottis,

Heart.

Liver.

True vocal cords.

lined with mucous membrane, which is continuous, in front with
that of the mouth, behind with that of the lungs. The organ
has a skeleton of cartilage, and possesscs special muscles,
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by which the supply of air to the lungs, and the voice can be
regulated,
8. The cartilages of the larynx.

The cartilages of the larynx are five in number, of which four are
paired and one is single.

(1) The cricoid cartilage (Figs. 203, 204) is an oval ring of
cartilage with various processes. The ring-like portion of the
cartilage is placed in a plane which is almost vertical, but which
is directed slightly upwards anteriorly, and slightly downwards
posteriorly (the animal being in the usual sitting position).

Fig. 203.

C.l_.f Cal

(
1z

c.l.’...~

SR I

« 12
cit cqt CL

The cartilaginous skeleton of the larynx.

I. 8een from in front ; the spinous process would noimally be more curved.
11. 8een from the left side ; the spinous proocess should be more curved.

Ca Right arytenoid cartilage. SR Opening to larynx.

Cul Left arytenoid cartilage. * # x The two outer asterisks are above the two
C.1.1-C.1.4 Criooid cartilage. apices of the left arytenoid oartilage; the
P Lateral plate of cricoid cartilage. middle one above the pre-arytenoid carti-
Sp Bpine of cricoid cartilage. lage.

The sides of the ring are slightly curved inwards on the anterior
surface, and possessed of irregular enlargements (C...!-C...%), the space
enclosed by this portion of the cartilage is occupied by a membrane
(), which forms the floor of the body of the larynx.

From each side of the body of the cartilage, a process (C./.2) is
given off, which curves backwards and inwards to join its fellow of
the opposite side, the two forming a blunt spinous process (§p), which
projects backwards, and is intimately attached to the oesophagus.
Between these processes and the.lower portion of the body of
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the cricoid cartilage are the apertures of the roots of the lungs
(Fig. 203), which)/ by their_attachments to these cartilages, are
kept open.

(2) The arytenoid cartilages (Fig. 203 I, II Ca, Ca') are a

palr of cartilages placed
in front of the cricoid
cartilage, one on each
side. Each cartilage is
semilunar in shape, con-
cave internally, and
convex externally. The
cartilages are placed
almost vertically, with
their posterior borders
or bases parallel to the
body of the cricoid car-
tilage. The superior
borders (Fig. 204) are
directed upwards and
forwards, the inferior
downwards and for-
wards. The superior
and inferior borders are
separated by a semicir-
cular notch, bounded by
two sharp apices. The
superior and inferior
angles of the two car-
tilages are close to-
gether, and movably
attached to each other
by connective-tissue.

These cartilages vary
very greatly in the two
sexes. In the males
they are thick, strong,
and large ; in the female
the cartilages are very
thin, more hollowed and
much smaller.

Fig. 204.

The larynx and surrounding parts, seen from the ventral

surf

(‘al Arytenoid cartilages.

C-Ci8 Cricold cartilage.

G, G1 Fibrous tissue connect-
ing the larynx with
the posterior cornua
of the hyoid,

N Leeser cornua of the
hyoid.

NIl Greater cornua of the
hyoid.

Lg Right lung.

Lt Teft lung.

M Fibrous membrane fill-
ing the ring-like cri-
ooid cartilage.

ace,

Pht The M. petrohyoideus
tertius,

&  Part of tendon of M.
petrohyoideus ter-
tius,

8B, SB! Mucous membrane
bulging from the an-
terior ventricle of the

larynx.
Sp Spinous process of the

ZK Body of the hyoid.
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(3) [The pre-arytenoid cartilages (Fig. 206 I, P) are two small
elongated cartilageés/ placed (in)the semicircular notch between the
superior and inferior borders of the arytenoid cartilages. They are
subject to much variation in size, sometimes being merely a very
slender rod, at others a moderately thick oval mass. In female
specimens they appear to be, at times, absent, or to unite with the
arytenoid cartilages, as in these cases a third very small apex
is found on each arytenoid cartilage; but it is always much smaller
than the two neighbouring apices.]

b. The attachments of the cartilages to each other.

The cartilages do not articulate directly with each other, but are
connected by connective-tissue only; there are, therefore, no syno-
vial sacs.

Fig. 205.
Co. a.l.
Co.
1.
The muscles of the larynx.

A.l. Aperture between the arytenoid cartilages.  HH Greater cornua of the hyoid.
C.l. Cricoid cartilage, Jt Fibrous tissue into which the two ocon-
C.a.1 Superior angle of the arytenoid cartilage. strictions are inserted. ’
C.a.l. M. constrictor aditus laryngis. Ph? Becond petrohyoid muscle (M. petrohyoid. I).
C.0.l. M. hyo-arytenoideus anterior. Ph3 Third petrohyoid muscle (M. petrohyoid. II).
C.0.1.1 M. hyo-arytenvideus posterior. Ph¢ Fourth petrohyoid muscle (M. petrohyoid.
D.l. M. dilatator laryngis. 111). .
¢ Connective-tissue. 8,681,582 Tendon of the fourth petrohyoid muscle,
61 Connective-tissue, Sp Spinous process of the cricoid cartilage.
H Smaller posterior cornua of the hyoid. ZK Body of the hyoid.

c. The muscles of the larynx .

The muscles of the larynx appear in the following order, when
dissected from the mouth :—

! The nomenclature adopted is that of Henle and Hoffmann.
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(1) The M. dilatalor aditus laryngis (Henle), (Fig. 205 D...) arises
on either side from{ the hindercend of the larger posterior cornu
of the hyoid: the fibres diverge slightly to be inserted into the
middle portion of the outer surface of the arytenoid cartilage; a
smaller bundle of fibres is attached to the deeper-lying constrictor
muscle and to the cricoid cartilage.

(2) The M. constrictor aditus laryngis (Henle), (Fig. 205 C.a.l.),
arises on either side from the hinder half of the dorsal surface of
the posterior cornu of the hyoid. The two muscles enclose the larynx,
and are inserted into a median tendinous raphe on the under sur-
face of the larynx (J¢). The raphe is connected with the skeleton
of the larynx by connective-tissue.

(3) The M. kyo-arytenoideus anterior(Fig. 205 C.0.l.) arises on each
side from the inner border of the anterior end of the cornu of the
hyoid ; the muscle lies close to the anterior border of the arytenoid
cartilage, and is inserted into a fibrous lamella on the dorsal surface
of the larynx. The M. petrokyoideus tertius is also partially inserted
into this lamella.

(4) The AL petrokyoideus tertius (Fig. 205 Ph*), (see also p. 66).
The greater part of this muscle is inserted into the end of the
posterior cornu of the hyoid (HH); a smaller portion (8, §%)
is prolonged to be inserted into the cricoid cartilage and into the
fibrous lamella into which the MAM. Ayo-arytenoidei anteriores are
inserted. :

(5) The L. kyo-arytenoideus posterior (Fig. 205 C.o0.l.!) arises on
each side from the superior angle of the corresponding arytenoid
cartilage, under cover of the tendon of the M. petrokyoideus tertius.
The muscle is inserted into the inferior angle of the arytenoid

cartilage.

d. The interior of the larynx (Figs. 202, 206, 207). The cavity
of the larynx is constricted at two points: anteriorly it is con-
stricted by the true vocal cords (Figs. 206 7, 207 SB), posteriorly by
the false vocal cords. The whole cavity is lined with mucous mem-
brane, which is continuous with that of the mouth anteriorly, with
that of the lungs posteriorly.

(1) The true vocal cords are two vertical flat bands of con-
nective-tissue, attached above to the superior angles of the arytenoid
cartilages, below to their inferior angles ; their anterior borders are
thin and free; near their posterior borders they are attached by
mucous membrane to the internal surfaces of the arytenoid cartilages.
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The anterior and posterior borders are not parallel but are each
concave (Fig; 202 #): .

Fig. 206. The anterior border is thin,

the posterior thick and rounded.

Seen from in front (Fig. 206),

.& the opening between the cords

4 (Rima glottidis) is slightly wider

at each end than in the middle.

The ends of the concave poste-

rior border are prolonged back-

wards and enclosed in a fold of

mucous membrane. Part of the

tissue enclosed is unstriated mus-

cular fibre, which may be traced
to the cricoid cartilage.

(2) [The false vocal cords
N (Figs. 202 and 206 F)are simply
Three sections through the larynx of Rana folds of mucous membrane,

esculenta.—G. H. . .
I Sagittal sction near the median plane WHICh extend vertically on each

thirough the larynx, side of the larynx behind the
1I. Oblique transverse section through larynx.
IIL  Almost horizontal section through larynx.  true vocal cords; they do not

4 Arytonoid cartilage, extend so far towards the me-

¢ Cricoid cartilage. .

E  Epiglottis. dian plane as do the true vocal

F  False vocal cords. N l‘d

G Epiglotidean glands. co 9-]

H Hyoid. :

M Membranous floor of the larynx, cut (3) [The entricles Of the
obliquely. larynx (Figs. 202 and 206) are

0 Opening into root of lung. . .

P Pre-nrytenoid cartilage. two on each side. The anterior

V' Vocal cord. " ventricles are between the true

vocal cords and the arytenoid cartilages; they are open anteriorly,
and closed by mucous membrane posteriorly.

The posterior ventricles open towards the median plane, each
presenting an oval opening (Fig. 202), which widens outwards into
a large cavity (Fig. 206 IT). The cavity is bounded in front by
the base of the true vocal cord, and the mucous membrane attached
to it; posteriorly by the false vocal cord, and externally by the
cricoid cartilage and the connective-tissue capsule of the larynx.]
~ (4) [The mucous membrane of the larynx varies in struc-

ture in various parts of the organ. From the anterior opening
of the larynx to the posterior borders of the vocal cords it is
lined with stratified epithelium, which is firmly attached to the
underlying structures by a small amount of sub-epithelial
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tissue. This is especially well marked on the vocal cords
themselves.

Behind the vocal cords the mucous membrane
is much more loosely attached to the surrounding
structures by an extremely vascular areolar tissue. .

The epithelium is arranged in a single layer. N
of columnar cells, among which are numerous

goblet-cells. In the more external parts of the

posterior ventricles, the mucous membrane is

thrown into deep folds and so forms polygonal

acini. In the median line of the floor of the

larynx and behind the false vocal cords is a

vertical fold of mucous membrane, which in-

creases in height and breadth as it proceeds m,, pim giottidia, soen
backwards towards the roots of the lungs. The from the front.
mucous membrane behind the true vocal cords g, Timaglottidi.
is extremely vascular, in the most posterior

portion of the larynx the blood-vessels form a capillary network
exactly like that of the lungs.]

e. [The epiglottis (Fig. 206 E) is a small bilobed fold of mucous
membrane placed on the floor of the mouth in the median plane and
immediately in front of the aperture to the larynx. Between it
and the mucous membrane covering the arytenoid cartilages are a
number of large mucous glands (G). The epiglottis does not contain
cartilage ; it is, however, constant in its appearance and sharply
marked off from the surrounding mucous membrane. ]

Fig. 207.

II. THE LUNGS.

a. General description. The lungs are two large thin-walled
sacs (Figs. 185 and 204 Lg and Ig'). The roots of the lungs are
contracted at their origin from the larynx and then expand to form
two ellipsoid sacs, which terminate posteriorly in bluntly-pointed
ends. With the exception of their roots they lie entirely free in
- the pleuro-peritoneal cavity, and are covered by the pleuro-peri-
toneal membrane. In the recent state they have a bright red
colour due to the large supply of blood-vessels.

b. Minute structure.

(1) The muscular tissue of the lungs is for the most part
arranged in large bands, which form a coarse network on the deeper
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surface of the organ; when seen in section! (Pl. II, Fig. 208 4, B)
these bands are;found,to be composed of well-developed involun-
tary muscular fibres. Between the larger bands are smaller bands
having a similar arrangement. From these networks of muscular
bands finer processes of muscular tissue pass peripherally towards
the surface of the organ, and are attached to the thin and incom-
plete muscular layer found in the wall of the lung (C).

(2) The connective-tissue of the lungs is present in only small
quantity, but is still sufficient to fill in the spaces between the
various muscular bands and the surface of the lung, and to invest
the whole of that surface. There is thus formed a series of pits,
the mouths of which open into the general cavity of the lung,
while their bases are at the surface. Through this connective-
tissue course the blood-vessels, nerves, and lymphatics. It contains
numerous yellow elastic fibres.

(3) The blood-vessels of the lungs. The pulmonary artery
courses along the outer surface of the lung to the apex, giving
off, at right angles, lateral branches in the whole of its course;
these show a tendency to be alternately larger and smaller. The
lateral branches divide -and form a rich capillary network (T.
Hoffmann).

The capillary network has very small meshes; the diameter of a
given mesh being frequently less than that of the capillary bounding
it. The meshes are rounded or polygonal in shape.

The pulmonary vein arises by lateral branches from this capillary
network ; the branches join, at right angles, the main vein, which
courses from the apex of the lung along its inner surface to the
root of the organ.

(4) The epithelium of the lungs. Externally the lungs are
covered with a layer of endothelium derived from the peritoneum.
Internally the surface is covered with an epithelium which varies
considerably in different positions.

On the free borders of the muscular trabeculae forming the

! See Plate II, Fig. 208.

Two sections from the lung of Rana temporaria ; stained with borax carmine.—G. H.
1. The lung dilated (Hartnack, Oc. I, Syst. 3).
II. The lung contracted (Hartnack, Oc. I, Syst. 7).

A Band of muscle cut transversely. B Band of muscle cut longitudinally.
C  Muscular layer of surface.
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borders of the alveoli is a short columnar ciliated epithelium (Fig.
208); such epithelinm is also found in the root of the lung; it
contains goblet-cells.

The alveoli, for the most part, are lined with a single layer
of tesselated epithelium; the cells are polygonal in outline,
with fin8dly granular contents and a distinct nucleus: the average
diameter of the cells is from 00074 to 00108 mm., that of the
nucleus 0°0054 mm., that of the nucleolus o'ooog mm.; four to
eight of such cells occupy the space enclosed by one mesh of the
capillary network (Eberth).

The epithelium rests on a structureless basement membrane, which
is continuous over the whole inner surface of the lung, whereas the
epithelium does not pass over the capillaries, and is therefore only
found in isolated patches in the areas enclosed by the capillaries
(Eberth).

In various isolated spots, small groups of short columnar or
goblet-cells are found in the tesselated epithelium (Eberth, Hoff-
mann).

( 5))[The lymphatics of the lungs have been described by T. Hoff-
mann; they form a network of vessels surrounding the larger
blood-vessels: from this branches are given off, which form a
network of fine canals through the whole of the lung; part of this
secondary network accompanies the blood-capillaries, but other
portions run a separate course. They communicate with the
pleuro-peritoneal cavity.

(6) The pigment-cells are very numerous, branched, and large ;
they accompany the lymphatics, and not the blood-vessels (T. Hoff-
mann).

(7) The nerves of the lungs (p. 172) course along the larger blood-
vessels, under the serous coat; the fibres are chiefly medullated
fibres (Egorow, Kandarazki). Non-medullated branches, which form
a plexus in each alveolus, are given off. The branches have small
triangular enlargements (ganglia), where they unite. The nerves
are accompanied by nerve-cells, which occur either singly or in
groups.

Egorow describes the nerves as being distributed in three net-
works : one for the mucous membrane and muscular trabeculae; a
second for the superficial muscular layer; and a third for the serous
membrane.]
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LI (-THEVOCAL SACS.

a. General description. The vocal sacs are a pair of sacs
which open in the floor of the
mouth (Fig. 179 8); they are found
only in the males. When the
animal croaks these sacs are di-
lated and act as resonators; when
so dilated the sacs force up the
skin under the angle of the mouth
VE and tympanic membrane. In well-
developed specimens they are about

as large as an average sized cherry.

The skin covering the sacs is ex-

Dissection to show the vocal sac of the  tremely elastic, but is not directly

Fig. 209.

HH Larger w:f::r'::nm of the hyoid. attached to the sacs.

HI{1 Swmallor posterior cornua of the hyoid. b. Minute structure. The sac
;;:l :;:1:?3:: I:I‘:::cll: continued on to consists of conflect’ive‘tissue, Wit.h
Thy Theors s a large proportion .of .yell.ow elas.tlc
VH  Anterior cornua of the hyoid. fibre. Internally it is lined with

Z  Bodyofthebyeid. a flattened epithelium, and exter-

nally is covered with a layer of striated muscular fibre, derived
from the mylo-hyoid muscle (Fig. 209 Ay, My').

IV. THE THYMUS GLAND.

a. General description. The thymus gland (Fig. 210 7%)is placed
on each side behind the angle of the jaw; it is best exposed by re-
moving the skin behind the tympanic membrane and the angle of
the jaw, and then reflecting the M. depressor mandibulae (D.m.). The
gland is then found as an elongated, oval body, not quite 3 mm.
long, lying in the space between the M. depressor mandibulae and
the Al sternocleidomas toideus (8t); it extends slightly beyond the
posterior border of the former muscle. The space also includes
connective-tissue, fat, and numerous vessels.

In Rana temporaria this gland is spherical, much smaller, and
placed further behind on the M. sternocletdomastoidens, between the
M. latissimus dorsi and the M. deltoidens (Wiedersheim).
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b. Minute structure (Fig. 211).

[The glandis |surrounded by a connective capsule, which is
indented on the inner surface to form
a hilus through which blood-vessels
course into the organ.

The capsule sends in numerous fine
trabeculae, which form a connective-
tissue skeleton such as is found in all
lymphatic glands. The corpuscles of
the trabeculae possess elongated nuclei
from o019 to 0'028 mm. in length, Disssotion to show relations of the
and oo1o to o'or5 mm. in breadth thymus gland.
(Tolldt). The trabeculae support a De. M. deltoldeus,

D.m. M. depressor mandibulae.
network of blood-vessels. Ld. M. latiwimus dorst,
The meshes of this sustentacular Tf Tympanio membrane.
tissue are filled with cells; these are: Th Thymusglund.
(a) Lymphoid cells, rounded or oval, possessing a round nucleus
and nucleolus, and an extremely small amount of adhering proto-

plasm; the size of the nucleus is from o'orr to o015 mm.
(Tolldt).

Fig. 210

Fig. ar1.
7 ya ’ m

2
From various sections from the thymus giand of Rana esculenta. —G. H.
I. Complete gland (Hartnack, Oc. T, Syst. 3).
a Pigment-cells.
IL.  Portion of a section (Hartnack, Oc. 1, 8yst. 7) showing small corpuscles of Hassall.

IIL Portion of a section showing lobules with degenerating cells.
a C(Capsule of lobe.
b Lobules.
¢ Large corpuscle of Haseall, surrounded by normal tissue.

IV. Nerve-cell? (corpusaclc of Hassall), after Fleischl

(B) Corpuscles of Hassall (Fig. 211 II, III, and IV)are, as a
rule, large bodies, but are subject to much variation in size. Their
Y
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general appearance is seen in Fig. 211 III; they show a concentric
striation and usnallyenclose)one or more smaller cells. They
therefore closely resemble similar corpuscles found in higher
animals.

(y) In many frogs the cellular structure of at least a part of
the gland seems to have undergone a degenerative stage (III). In
such cases the connective-tissue is increased in quantity, and marks
off portions of the section into small lobules (III) which are
filled with cells containing mucus or sometimes fat (III). Under
what conditions this degeneration, if such it be, takes place has
not yet been determined !.

(3) Large branched pigment-cells are found in the course of the
larger blood-vessels.

(¢) Watney describes also four varieties of ‘ granular cells:’
1. polygonal or rounded; 2. vacuolated; 3. spheroidal masses;
4. club-shaped masses attached to the blood-vessels. I have, how-
ever, not been able to distinguish them.]

[Tolldt (Z.c. 1868) described the lymphoid tissue and the blood-vessels of this gland
but did not find the corpuscles of Hassall.

Fleischl (L. c. 1870) disputed Tolldt’s description ; he evidently found the curpuscles
of Hassall (see Fig. 211 IV), but he held them to be nerve-cells, and described them
a8 such. He was also of opinion that the blood-vessels open into the intercellular
spaces (as in the spleen). This has not been found to be the case by any other
observer. Watney (I c. 1882) first described the concentric corpuscles of Hassall
as such.

Most writers describe the parenchyma as arranged in lobules. This I have only
seen in & part of the gland and under what I believe to be pathological conditions.]}

V. THE THYROID GLAND.

a. General description. A thyroid gland (Fig. 209 Thy) is
found on either side as a small, triangular, or oval, reddish-coloured
body on the dorsal surface of the M. sternokyoideus, just before
it passes between the M. genio-kyoidei. It lies in the angle
formed between the larger and smaller posterior cornua of the
hyoid (/IH, HII'). It is easily found by the presence of a large
number of vessels in its neighbourhood, and especially by the
large jugular vein, to the ventral surface of which it is intimately
attached.

! Only winter-frogs were at my disposal : translator,.
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Not uncommonly several smaller supplemental glands are found
in the rich anastomosis)surrounding the organ.
The dorsal surface of the
gland is lobulated, the ventral
surface flatter and convex.
The glands of opposite sides
are seldom symmetrical:

b. Minute structure (Fig.
212 I and II). [The gland
possesses a connective-tissue
capsule, which sends in trabe-
culae to support the vesicles of
which the gland is composed.

The vesicles (I and II),
which vary greatly in size, are
closed cavities, usually of a
rounded or oval form, but some-
times branched (Baber). Each
vesicle is lined with a single
layer of cubical or slightly
columnar epithelium (II, a), ,
which rests on a delicate
basement-membrane of con-
nective-tissue, placed between
the epithelium and the sur-
rounding lymphatics (Baber).

Zeiss describes a delicate reti-
culum between the epithelial

Fig. 212,

Minute structure of the thyrvid gland of Rana
esculenta.—G. H,

cells.

The vesicles always contain
mucus (6), and are surrounded
by a fine anastomosis of blood-

I. Section through the gland (Hartnack, Oc. I,
Syst. 3).
II. Small portion of above (Hartnack, Oc. I,
Syst. 7).
a Epithelium lining the vesicles.
b Mucus,

vessels ((,)] ¢ Blood-vessels, injected with blue mass,

VI. THE LYMPHATIC GLANDS OF THE HYOID
REGION (TONSILS ?).

a. [General description. These are two oval, reddish-coloured,
soft lymphatic glands, placed one on each side of the larynx.
Frequently they are divided into two or three lobes by more or less

Y 2
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deep fissures. They are constant in their occurrence, and are
frequently supplemented| by one, or more smaller glands; each
gland has the larynx on its inner
side, the Pena jugularis externally,
the M. omokyoideus in front, and
above the mucous membrane of
the pharynx (Tolldt).

b. Minute structure, The
glands consist of dense lymphoid
tissue (Fig. 213), but possess in
addition one or more large bodies
(a) which resemble lymphoid fol-
licles in structure. Each is com-
posed of a dense mass of small

) cells; and the whole follicle is, as

Part of section through the lymphatic gland S . . .

(tonsil?) of Rana csculenta (Hartnack, Oc.1, in similar follicles of higher ani-

SY:" l"lax)tr_e(x;ell)[hrge lymphoid follicle. mals’ sharp ly differentiated from
the rest of the organ.

The glands possess an extremely rich vascular supply, and are
frequently pierced by one or more large arterial trunks.

The mucous membrane covering the glands is thinner than that
immediately around, but is not perforated.]

Fig. a13.

[As far as I am aware, Tolldt is the only observer who describes these glands: he
makes no mention of the lymphoid follicles.]



SECTION VII.

THE URINO-GENITAL SYSTEM, THE ADRENALS,
AND THE FAT-BODIES.



THE URINO-GENITAL SYSTEM, ETC.

LITERATURE.

THE URINO-GENITAL ORGANS.

Adami, J. G., On the nature of glomerular activity in the kidney. Journ. of Physiol.
1886. Vol. VI, p. 382.

Ankermann, De moturo et evolutione filorum spermaticorum. Regimonti, 1854.

Ankermann, Einiges iiber die Bewegung und Entwicklung der Samenfiden des
Frosches. Zeitsch. f. wiss. Zool. 185%7. Vol. VIII, p. 129.

Beale, L. 8, On very fine nerve-fibres ramifying in certain fibrous tissues, and of
trunks and plexuses consisting entirely of fine nerve-fibres in the bladder of the
frog. Beale's Archives of Med. 1864. Vol. IV, pp. 19-351.

Bergmann, C. G., De glandulis suprarenalis. Dissert. Giottingae, 1839.

Bidder, Vergleichende Anat. und histol. Untersuchungen iiber die minnlichen
Geschlechts- und Harnwerkzeuge der nackten Amphibien. Dorpat, 1846.

Biondi, D., Die Entwicklung der Spermatozoiden. Arch. f. mik. Anat. 1885. Vol.
XXV, p. 594-

Bloomfleld, J. E., The development of the Spermatozoa. Quart. Journ. Micros.
Sci. 1881. New Series. Vol. XXI, p. 415.

Bottcher, A., Ueber den Bau und die Quellungsfahigkeit der Froscheileiter. Vir-
chow’s Arch. 1866. Vol. XXXVII, p. 174.

Bouillot, J., Sur I’épithélium sécréteur du rein des Batrachiens. Compt. rend. 188a.
Vol. XCV, No. 14, pp. 603-604.

Bourne, A. Gibbs, On certain abnormalities in the common frog, Rana temporaria.
Quart. Journ. Micros. Sci. 1884. New Series. Vol. XXIV, pp. 83-86.

Bowman, W, Sur la structure et fonctions des glandules des reins ou corpuscales de
Malpighi. Annal. des Sci. Zool. 1843. Series II. Vol. XIX, pp. 108-145.

Bowman, W., On the structure of the Malpighian bodies of the kidmey, etc.
Phil. Trans. 1842. Pt. I, pp. 57-80.

Bowman, W., Ueber die Structur und den Nutzen der Malpighischen Korper in
den Nieren. Froriep's Notizen, 1842. Vol. XXII, No. 21, coll. 321-324.
Bowman, W, Ueber die Structur und Functionen der Malpighischen Korper in den

Nieren. Froriep’s Notizen, 1843. Vol. XXV, No. 12, col. 1%5.

Brandt, A., Fragmentarische Bemerkungen iiber das Ovarium des Frosches.
Zeitach. f. wiss. Zool. 1877. Vol. XXVIII, p. 575.

Budge, Harnreservoir der Wirbelthiere. Mittheil. aus d. naturw. V. v. Neu-Pom-
mern und Riigen. 1875, p. 103.

Carus, C. G., and Otto, A. W., Erliuterungstafeln zur vergleichenden Anatomie.
Leipzig, 1840.

Crivelli e Maggi, Alcuni cenni sovra lo studio dei corpi piangiati delle Rane. Rendi-
conti del Reale Istituto Lombardo de scienze e lettere. 1869. Second Series.
Vol. II, p. 716.

Della Chiaje, Esistenza della glandule renala ne Batruci et ne Pisci. Napoli, 1837.

Drasch, O., Ueber das Vorkommen zweierlei verschiedener Gefisskniuel in der Niere.
Wiener Sitzungsb. 1878. Vol. LXXVI, Part III, p. 79.

Duncan, J., Ueber die Malpighischen Kniuel in der Froschniere. Sitzungsb. d.
Acad. zu Wien, 1867. Vol. LVI, Pt. IT, p. 6.



THE URINO-GENITAL SYSTEM, THE ADRENALS, ETC. 327

Duval, M., and Wiet, Ueber die Wanderung der Eier in die Bauchhshle beim
Frosche. Gaz. de Paris, 1880. No. 17, p. 319.

Duval, M., Recherches 'sur 1a’ Spermatogéndse chez la grenouille. Revue Sci. nat.
Montpellier, 1880. Vol. II, pp. 121-143.

Ecker, Der feinere Bau der Nebennieren, etc. 1846.

Eimer, T., Untersuchungen iiber den Bau und die Bewegung der Samenfiden.
Verhandl. d. phys.-med. Gesell. in Wiirzburg, 1874. Vol. VI, New Series, p. 93.

Engelmann, Zur Physiologie des Ureter. Pfliiger's Arch. f. d. ges. Physiol. 1869.
Vol. II, p. 243.

Pirbringer, M., Zur vergleichenden Anat. und Entwicklungsgesch. d. Excretions-
organe der Vertebraten. Morph. Jahrb. Vol. IV,

Farbringer, M., Zur Entwicklung der Amphibienniere. Heidelberg, 187%.

Gerlach, J., Beitriige zur Structurlehre der Niere. Arch. f. Anat. u. Physiol. 1845,

. 378.

Gibbes, H., On the structure of the Spermatozoon. Quart. Journ. Micros. Sci. 1880.
Vol. XX, p. 318.

Goette, A., Entwicklungsgeschichte der Unke. Leipzig, 1875.

Goette, A., Kurze Mittheilungen aus der Entwicklungsgeschichte der Unke. Arch. f.
mik. Anat. 1873. Vol. IX, p. 396.

Grunsu, H., Ueber das Flimmerepithel auf dem Bauchfell des weiblichen Frosches
und iiber den Eileiterbau desselben. Dissert. Konigsberg, 1875.

Grinhagen, A., Untersuchungen iiber Samenentwickelung. Centralbl. f. d. med.
Wiss. 1885. Vol. XXIII, p. 481.

Grinhagen, A., Ueber die Spermatogenese bei Rana fusca (temporaria). Centralbl.
f. d. med. Wiss. 1885. Vol. XXIII, p. 737.

Gscheidlen, R., Zur Lehre v. d. Nervenendigung in den glatten Muskelfasern.
Arch. f. mik. Anat. 1877. Vol. XIV, p. 321.

Heidenhain, R., Mikroskopische Beitriige zur Anatomie und Physiologie der Nieren.
Arch. f. mik. Anat. 1874. Vol. X, p. 1.

Helmann, Ueber die Entwicklung der Spermatozoen der Wirbelthiere. Dissert.
Dorpat, 1879.

Henle, J., Zur Anatomie der Niere. Nachrichten v. d. k. Gesell. d. Wissensch. z.
Gottingen, 1862. Vol. X, pp. 4-12; and in Abhandlungen, 1861-62, Vol. X,
p. 223.

Hoffmann, C. K, in Bronn’s Klassen und Ordnungen des Thierreichs. Leipzig and

Heidelberg, 1873-1879. Vol. VI.

Hiifner, Zur vergleichenden Anatomie und Physiologie der Harncaniilchen. Diss.
Leipzig, 1866.

Hyrtl, Ueber die Injection der Wirbelthierniere, etc. Wiener Acad. Sitzungsb.
1863. Vol. XLVII, Pt. I, p. 172.

Jensen, O. 8., Recherches sur la spermatogéntse. Archives de Biologie, 1883. Vol.1V.

Jensen, O. 8., Ueber die Struktur der Samenkorper bei Saugethieren, Vigeln, und
Amphibien. Anat. Anzeiger. 1886.

Knappe, E., Das Biddersche Organ. Morph. Jahrb. 1886. Vol. XI, pp. 489-548.

+ Kolessnikow, N., Ueber die Eierentwicklung bei Batrachiern und Knochenfischen.

Arch. f. mik. Anat. 1878. Vol. XV, p. 38a.

v. Kolliker, A., Gewebelehre. Fifth Edition.

Langer, C., Ueber das Lymphgefisssystem des Frosches. Wiener Acad. Sitzungsb.
1867. Vol. LV,Pt. I, p. 621.

Lavdowsky, M., Ueber die Endigung der Nerven in der Harnblase des Frosches.
Centralbl. f. d. med. Wiss. 1871, p. 33.

Lavdowsky, M., Die feinere Structur und die Nervenendigungen der Froschharn-
blase. Arch. f. Anat. u. Physiol. 1872, p. 55.

Lereboullet, A., Recherches sur I'anatomie des organes génitaux des animaux verté-
brés. Nov. acta Acad. Leop. Car. 1851. Vol. XXIII, pp. 1-236.




328 THE URINO-GENITAL SYSTEM, THE ADRENALS, ETC.

Leydig, ¥'., Anatom.-histol. Untersuchungen tiber Fische und Reptilien.

Leydig, F., Lehrbuch der Histologie des Menschen und der Thiere. Frankfurt,
1857, p! 508!

Leydig, ¥'., Untersuchungen zur Anatomie und Histologie der Thiere. Bonn, 1883.

List, J. H., Ueber Becherzellen im Blasenepithel des Frosches. Wiener Sitzungsb.
1884, Vol. LXXXIX, Pt. III, pp. 186-210; also in Arch. f. mik. Anat. 1887,
Vol. XXIX, p. 147.

List, J. H., Ueber Becherzellen im Blasenepithel des Frosches. Zool. Anseiger,
1884. No. 169, p. 328.

List, J. H., Ueber einzellige Driisen im Blasenepithele der Amphibien. Biol. Cen-
tralbl. 1885. Vol. V, p. 499.

Loos, P. A., Die Eiweissdriisen d. Amphibien und Vigel. Zeitsch. f. wiss. Zool.
1881. Vol. XXXV, pp. 478-504.

Maier, R., Die Ganglien in den harnabfiihrenden Wegen des Menschen und einiger
Thiere. Virchow's Arch. 1881. Vol. LXXXYV, pp. 49-71.

Marcussen, J., Ueber die Cloake und Harnblase der Frosche. Bull. der phys.-math.
Acad. de St. Pétersbourg, 1853. Vol. XI.

Marshall, A. M., On certain abnormal conditions of the reproductive organs in the
frog. Journ. of Anat. and Physiol. 1884. Vol. XVIII, p. 121.

Marshall, A. M., The frog. Manchester and London. 2nd Edit. 188s.

Meosnikow, B., Zur vergleichenden Histologie der Niere. Gottinger Nachrichten,
1866, p. 61.

Meyer, F'., Beitrag zur Anatomie des Urogenitalsystems der Selachier und Am-
phibien. Sitzungsb. d. nat. Gesellsch. Leipzig. 1874, p. 38; published 1875.
Moleachott, Ein histochemischer und ein histologischer Beitrag zur Kenntniss der

Nieren.

Miescher, Die Spermatozoen einiger Wirbelthiere. Verhandl. d. naturf. Gesell. in
Basel. 1878. Vol. VI.

Neumaun, E., Untersuchungen iiber die Entwickelung der Spermatozoiden. Cen-
tralbl. f. d. med. Wiss. 1868. No. 24.

Neumann, E., Untersuchungen iiber die Entwickelung der Spermatozoiden. Arch.
f. mik. Anat. 1875. Vol. XI, p. 292.

Neumann and Grunau, Driisen der Froscheileiter. Arch. f. mik. Anat. 1875. Vol.
XI, p. 373.

Nussbaum, N., Ueber die Niere der Wirbelthiere. Sitzungsber. Bonn, 1870.

Nussbaum, N., Ueber die Endigung der Wimpertrichter in der Anurenniere.
Sitzungsb. d. niederrheinischen Gesell. in Boun, 1877. Vol. XXXIV, p. 122,

Nussbaum, N., Ueber den Bau und die Thiitigkeit der Driisen. Arch. f. mik. Anat.
1886. Vol. XXVII, p. 442.

Nussbaum, N., Ueber die Secretion der Niere und iiber die Verbindung der
Samen und harnbereitenden Driisenschliuche in den Nieren der Batrachier.
Sitzungsb. d. niederrheinischen naturf. Gesell. in Bonn, 1877. Vol. XXXIV,
P- 277

Nussbaum, N., Fortgesetzte Untersuchungen iiber die Secretion d. Niere. Pfliiger's
Arch. f. d. ges. Physiol. 1878. Vol. XVII, p. s80.

Nussbaum, N., Ueber die Endigung der Wimpertrichter der Niere der Anuren.
Zool. Anzeiger, 1880. No. 67, pp. 514-517.

Nussbaum, N., Zur Differenzirung des Geschlechts im Thierreich. Arch. f. mik.
Anat. 1880, Vol. XVIII, p. 73.

Peltier, Sur les zoospermes de la grenouille, L'Institut. 1838. Vol. VL.

Perrault, C., De generatione ranarum fusca et bona dissertatio, in Actis Erudi-
torum, 1687.

Prévost, Note sur les animalcules spermatiques de la grenouille et de la Salamandre.
Mémoires de la société phys. et d’hist. nat. de Gendéve. Geneva and Paris,

1841-1842. Vol. IX, p. 289.



LITERATURE. 329

Rathke, H., Beitrige zur Geschichte der Thierwelt, IIT Abth.; and Neueste Schr.
d. naturf. Gesell, in Danzig., 1825. Vol. I.

Reger, R., Ueber die ‘Malpighischen' Kniuel der Nieren und jhre sogenannten
Capeeln. Arch. f. Anat. u. Physiol. 1864, p. 537.

Reichert, On kidney. Jahresbericht iiber Anatomie in Arch. f. Anat. u. Physiol.
1843, p- 330, etc.

Remak, Untersuchungen iiber die Entwicklung d. Wirbelthiere, p. 128.

Retsius, G., Zur Kenntniss der Spermatozoen. Biol. Untersuchungen. 1831.

Rideward, W. G-, On an abnormal genital system in a male of the common frog.
Anat. Anz. 1888. Vol. III, p. 333.

Robinson, C., Ueber die Lymphgefisse der abdominal Eingeweide des Frosches.
Froriep’s Notizen, 1846. No. 807, col. 225.

Rosel, A. J., Historia naturalis ranarum nostralium. 1758, p. 28.

Roth, Untersuchungen tber die Driisensubstanz der Niere. Bern, 1864; and
Schweiz. Gesellsch. f. Heilkunde, 1864. Vol. III, pp. 1-34.

Schiefferdecker, Ucber einzellige Driisen in der Blase der Amphibien. Bericht.
d. naturf. Ges. in Rostock, 1883.

Schultse, F. B.,, Das Driisenepithel der schlauchférmigen Driisen des Diinn- und
Dickdarms und die Becherzellen (Cloaca of frog). Centralbl. f. d. med. Wiss.

1866, p. 161.
8chultse, M., Observationes nonnullae de ovorum ranarum segmentatione. Bonn,
1863.

8chultse, O., Untersuchungen iiber die Reifung und Befruchtung des Amphibieneies.
Zeitach. f. wiss. Zool. 1887. Vol. XLV, pp. 177-226.

8chweigger-8eidel, F., Ueber die Samenkdrperchen und ihre Entwicklung. Arch.
f. mik. Anat. 1865. Vol. I, p. 309.

8olger, B., Beitrige zur Kenntniss der Nieren und besonders der Nierenpigmente
der niederen Wirbelthiere. Abhandl. d. naturf. Ges. zu Halle, 18832. Vol. XV.

8pengel, J. W., Die Segmentalorgane der Amphibien. Verhandl. d. phys.-med.
Gesells. Wiirzburg. Vol. X, pp. 89-92.

8pengel, J. W., Das Urogenitalsystem der Amphibien. Arbeiten aus d. Zool. Inst.
in Wiirzburg, 1876. Vol. III, pp. 1-114.

8pengel, J. W., Wimpertrichter in der Amphibienniere. Centralbl. f. d. med.
Wiss. 1875, p. 369.

Swammerdam, J., Bibblia naturae. Leydae, 1738. Vol. II, p. 796.

Thompson, A., Article ‘Ovum ' in Todd’s Cyclopedia of Anatomy and Physiology,
London, 1879. Vol. V, p. 91.

Tolotschinoff, Ueber das Verhalten der Nerven zu den glatten Muskelfasern der
Froschharnblase. Arch. f. mik. Anat. 1869. Vol. V, p. 509.

Tornier, O., Ueber Biirstenbesitze am Driisenepithel. Arch. f. mik. Anat. 1886.
Vol. XXVII, p. 181.

v. la Valette 8t. George, Spermatologische Beitrige. Arch. f. mik. Anat. 1886,
Vol. XXVII, p. 385; and in Stricker’s Gewebelehre, Article ¢ Hoden.’

Valentin, On kidney. Repertitorium, 1845. Vol. VIII, p. 92.

Waldeyer, W., Eierstock und Ei. Ein Beitrag zur Anatomie und Entwick-
lungsgesch. der Sexualorgane. Leipzig, 1870.

‘Weldon, W. F. R., On the suprarenal bodies of vertebrata. Quart. Journ. Micros.
Sci. 1885. Vol. XXV, p. 137.

v. Wittich, W., Beitrige zur morphologischen und histologischen Entwicklung der
Harn- und Geschlechtswerkzeuge der nackten Amphibien. Zeitsch. f. wiss. Zool.
1853. Vol. IV, p. 152.

Wolff, W., Die Innervation der glatten Muskulatur. Arch. f. mik. Anat. 1883,
Vol. XX, p. 361.




330 THE URINO-GENITAL SYSTEM, THE ADRENALS, ETC.

0y

THE ADRENALS.

Bergmann, De glandulis suprarenalibus. Dissert. Gottingen, 1839.

Ecker, A., Der feinere Bau der Nebennieren beim Menschen und den vier Wirbel-
thierklassen. Braunschweig, 1846.

Frey, H., On the suprarenal capsules, in Todd's Cyclopedia. London, 1849, p. 827.

Giles, A. E.,, On the development of the fat-bodies in the frog. Quart. Journ.
Micros. Sei.

Hoffmann, C. K., Bronn’s Klassen und Ordnungen des Thierreichs. Heidelberg
und Leipzig, 1873-1878. Vol. VI, p. 506.

v. Kolliker, A., Handbuch der mikroskopischen Anatomie. Leipzig, 1854. Vol. II,
p. 386.

Leydig, Lebrbuch der Histologie. Frankfurt a. M. 1857.

Moers, Ueber den feineren Bau der Nebennieren. Virchow’s Arch. 1864 Val.
XXIX, p. 336.

Nagel, Ueber die Structur der Nebennieren, Arch. f. Anat. u. Physiol. 1830, p. 377.

THE FAT-BODIES.

Carus, Lehrbuch der Zootomie. Leipzig, 1818 (describes the fat-bodies as supra-
renals).

Hoffmann, C. K., Bronn’s Klassen und Ordnungen des Thierreichs. Heidelberg
und Leipzig, 1873-1878. Vol. VI.

Marshall, A. Milnes, The frog. Manchester and London, 1884.

v. Wittich, W., Beitriige zur morphologischen und histologischen Entwicklung der
Harn- und Geschlechtswerkzeuge der nackten Amphibien. Zeitsch. f. wiss. Zool.
1853. Vol. IV, p. 152.



THE URINO-GENITAL SYSTEM, THE
ADRENALS, BIC.

—————

THE URINO-GENITAL SYSTEM.

BY cutting through the meso-rectum the posterior caval vein is
seen, as a large vessel, arising by numerous transverse branches from

the ventral surfaces of the kidneys
and testes (Fig. 214 Cv), lying in
the median line between the kid-
neys; by drawing it to one side the
dorsal aorta is brought into view
(Fig. 214 o). The testes are placed
on the ventral surface of the kidneys,
~ and together with the fat-bodies
conceal the anterior portions of these
organs. The posterior portions of
the kidneys are covered by perito-
neum only, and may by seen with-
out further dissection. The kidneys
lie dorsal tothe peritoneum, and have
this membrane on their ventral
surfaces only ; their dorsal surfaces
are in contact with the lumbo-
sacral plexus.

The ureters extend from the
anterior border of the eighth verte-
bra to the middle of the urostyle,
where they terminate by two orifices
in the dorsal wall of the cloaca
(Fig. 184).

The testes are entirely surrounded
by peritoneum, except a small part
(Hilus) of the inner surface, where
the vessels and ducts enter.

Fig. a14.
Cv Ao

H.

The male urino-genital organs,
Ao Aorta,
€t Cloaca.
Cv  Inferior vena cava.
FK Fat-body.
I Teetis.
N Kidney.
N. 81 Openings of ureters,
Ur  Ureter.
}r Renal veins,
t  Appearance of ureters on the ven-
tral surfaces of kidneys,

The urino-genital organs are arranged in the same manner in
the two sexes; the ovaries corresponding in position with the
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testes (Fig. 214), that is, they are bilaterally symmetrical, and
placed on the ventralisurfaces of the kidneys.

The oviducts (Fig. 224 Ov) lie externally to the kidneys and
ovaries, and course through the whole length: of the trunk from the
roots of the lungs to the cloaca. The size of the ovaries and oviducts
varies very greatly according to the season of the year; at times,
the kidneys may be entirely hidden by them.

I. THE URINARY ORGANS.

A. The kidneys.

a. General description. Kach kidney (Fig..21 5) is a reddish-

brown, elongated organ, almost semilunar in shape; the inner

. border bemg straight and the outer convex.

Fig. a15. The organ is flattened from above down-

wards, and decreases in thickness towards

either end. In animals of average size

) the kidney is about 16 mm. long, and

The right kitney. seonfrom the  from 6 to 7 mm. broad. The kidneys
lie parallel to the vertebrae.

The outer border is smooth and even, except at its posterior third,
where a slight depression for the. ureter exists; the inner border
has usually two or three well-marked notches, the hindermost of
which is the deepest (Fig. 215). Each notch is continued outwards
as a groove, traversing the whole breadth of the ventral surface
and containing a branch of the renal portal vein. The ventral
surface is, as a whole, slightly concave, grooved, and lobulated ;
the dorsal surface is smooth and slightly convex.

b. [Minute structure. The kidney is enclosed in a thin capsule
of fibrous tissue (Fig. 220 fy), which sends in fine trabeculae to
support the glandular structures and the blood-vessels.]

(1) The blood-vessels of the kidney are the renal veins, the renal
arteries, and the renal portal vein.

a. The renal portal vein (p. 247) courses along the outer border
of the posterior part of the kidney, and then along the outer margin
of the dorsal surface; in this course it gives off large branches,
which course inwards and forwards and supply numerous lateral
twigs. These anastomose to form a network of vessels on the
dorsal surface of the organ, from which very numerous large
branches course downwards and somewhat inwards to join corre-
sponding branches of the renal veins (Fig. 216 I).
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I have seen two twigs passing to the same corpuscle; as a rule,
however, eachn Malpighian corpuscle receives only one twig. A more
general arrangement is that the artery courses nearer the ventral
surface and in a more winding course, several twigs are then given
off close together, from the convex surface of one of the curves, and
these course to their respective corpuscles.

In the Malpighian corpuscle the arterial twig forms a series of
loops and then passes out to open abruptly into one of the branches
of the neighbouring venous anastomosis (Hyrtl).

(2) [The Malpighian corpuscles and their capsules (Figs. 216 I,
218 III). The corpuscles lie nearer the ventral than the dorsal
surface. They are rounded oval bodies, formed of loops of an
arterial twig, held together by a small amount of connective-tissue.
Each corpuscle is enclosed in a capsule, which it incompletely fills
(Fig. 217)L.

The capsules are formed of connective-tissue and lined with a
flattened epithelium (Fig. 218 III): according to Duncan the fibrous
coat is arranged in two layers (III ). Towards the opening of the
uriniferous tube the epithelium increases in thickness.

According to Hyrtl, the corpuscles are arranged in two layers, a
more superficial one and a deeper one ; and are of two sizes, the
larger being as a rule the more superficial (ventral).]

(3) [The uriniferous tubes (Figs. 217 and 218). Each tube
originates at a narrow opening on the dorsal surface of a Mal-
pighian capsule. The tube gradually widens and is lined with
a short rounded or cubical epithelium (Roth), (Fig. 218 III); each
epithelial cell bearing a small number of extremely small cilia (Bow-
man, Kolliker, Duncan, and others). The cilia of the cells nearest
the capsule are directed towards it (Heidenhain), those of the cells
further away have an opposite direction (Spengel). This portion of
the tube is known as the neck ; it courses dorsalwards.

The second portion of the tube (Tululns contortus), (Fig. 218
III, IX, and XII) has a very tortuous course in the dorsal part
of the kidney, and then winds towards the ventral surface. This
portion is lined with columnar epithelium, which has granular
contents, and possesses large distinct nuclei. The cells of this part

! Nee Plate II.

Portions of two transverse vertical sections through the kidney.—G. H.

1. Kidney of Rana esculenta, partial injection of the uriniferous tubes with rilver nitrate
(Hartnack, Oc. I, Syst. 7).
N 1. Kidney of Rana temporaria, stained with borax-carmine (Hartnack, Oc. 1, Syst. 7).
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Fig. 218.

Various preparations to show the structure of the uriniferous tubes, etc.
Three portions of the uriniferous tubes from Rana m‘ulaua, from a natural injection wm.
sulphindigotate of sodium (Hartnack, Oc. 1, 8yst. 3).—G. H.
From the third part of a urinifervus tube ; short cmawd opi(.hellum, borax-carmine (Hm
nack, Oc. I, 8yst. 7).—G. H.
A M&Ipighhn corpuncle and capsule ; uhovu the capsnle of two layen at a. After Duncan.
Part of uriniferous tube after with of sodium (Hurtnack,

Oc. I, Byst. 3).—G. H.
Tn.llvene section of ono of the larger branches of the ureter, from Rana esculenta (Hartnack,

Oc. I, Syst. 7
Epit.holhl linlng o) the ureusr lmll whilo sﬁll in the kidney (Hartnack, Oc. I, 8yst. 7).—G. H.
Portion of a ur tube fru ction in Fig. 217 I, stained with ailver (Hart-

nwlt Oc I, Byat.. 7).—0 H.
a to b, tubulus contortus ; b to ¢, third portion of uriniferous tube ; ¢ tod,
fonrth pon.iun of tube, After Heidenhain (onluged 210 timen).
Ciliated cells of the neck, after Duncan.
Isolated rod-cells of Triton tueniatus, after Heidenhain.
Isolated rod-cells, after Heldenhain (enlarged 3oo times).
Isolated cells of the neck, after Heldenhain (enh.rged 210 times).
Portion of the fourth part of a urinifervus tube, after Heidenhain (enlarged 200 times).
Ciliated epithelium of tubulus contortus, after Tornier (magnified sso times).
From kidney of Rana temporaria, after Spengel.
a Uriniferous tube opening into seminif duet.
b Dilated inif duct cut longitudinally,
¢ Vaa efferens cut transversely.




336 THE URINO-GENITAL SYSTEM, THE ADRENALS, ETC.

of the kidney are usually more or less coloured with a golden-
yellow pigment, , According to-Tornier it bears short cilia (Fig.
218 XIV).

The third portion corresponds with the narrow limb of Henle’s
loop ; it is lined with ciliated epithelium (Fig. 218 VIII, & to ¢),
similar to that in the neck of the tube.

The fourth portion (Fig. 218 VIII, ¢ to d, and XIII) repre-
sents the wider limb of Henle’s loop. It has a winding course
in the ventral part of the kidney, and then ascends dorsally to
open into a collecting-tube. The fourth part of the tube is lined
with a short, columnar epithelium (Fig. 218 VIII, ¢ to @), which
has a clear, cuticular, free border, large nucleus, and a peculiar
arrangement of the protoplasm, which shows a rod-like structure

(Fig. 218 XI).

The collecting-tubes course transversely near the dorsal surface
of the kidney (Fig. 217), and the uriniferous tubes meet them at
right-angles. They are lined with a short polygonal epithelium
(Fig. 218 VII).

The peritoneal funnels of the kidney (nephrostomes). Spengel, Meyer, and
Hoffmann describe these funnels as existing in the frog; according to them they
open on the ventral surface by narrow apertures, and each is connected, by a vertical
tubule, with the fourth part of the uriniferous tube (Spengel), but according to
Nussbaum, with the neck of the tube. According to Spengel and Meyer the number
of these funnels is in Rana from 250 to 360.

According to Wiedersheim the funnels hang free from the ventral surface like so
many parasites attached by fine filaments, and do no¢ open on the surface.

Heidenhain (Arch. f. mik. Anat., Vol. X) was unable to find these organs.

Being unable to find any trace of these organs in the kidneys of either R. tempo- °
raria or R. esculenta, in microscopic sections or in teased preparations, I inserted
canulae into the ureters of both male and female specimens of both species, and
injected the uriniferous tubes with a solution of Berlin blue. Although the tubules
were, in some cases, completely injected, in no case could I find any trace of a
peritoneal funnel, nor was there any escape of the svlution from the kidney as would
be the case if the funnels were open and communicated with any part of the uri-
niferous tubes. Even when the pressure was increased to the extent of a column
of 25 cm. high of the injection-mass, no escape took place from the surface of the
kidney, though in numerous cases the uriniferous tubes were ruptured by the abnor-
mally high pressure.

Properly dissected frogs were placed in 06 °/ sodium chloride solution, in which
finely divided gamboge was suspended. No trace of ciliary action was, in any case,
found on either surface of the kidneys.

One may therefore conclude that if the peritoneal funmnels exist in the adult frog
(1) they are very difficult to ind; (3) they do not form a free communicating path
between any part of the uriniferous tubes and the abdominal cavity; (3) their
superficial terminations have no free cilia. A« before stated I have found no
trace of any such organs.
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The lobules of the kidney. When treated with proper reagents
the kidney shows almarked tendency to separate into lobules (Fig.
219 I).

The lymphatios of the kidney (Fig. 216 III!) form an irregular
network of fine canals with elongated meshes. They run chiefly
in the direction of the blood-vessels. The large vessels, which
supply the kidney, are surrounded by large lymphatics.]

The nerves of the kidney (Fig. 219 II)'. Little is known of
these. Nerve-fibres have been traced alongside the larger blood-
vessel through the greater part of the kidney.

B. The ureters.

a. General description. In the males the ureters are, at the
same time, the seminiferous ducts. Each ureter commences on the
dorsal surface of the kidney by bifurcating branches, which are
continuous with the collecting-tubes of the kidney. In the anterior
two-thirds of the kidney the ureter is wholly on the dorsal surface ;
at the junction of the middle and posterior thirds it winds round to
the outer border of the kidney (Fig. 214 Ur), and there lies in a
groove accompanied by the renal portal vein (Fig. 220 Ur and /a),
the two organs being intimately attached to the kidney substance
and enclosed by the fibrous capsule (Byg). -

This portion of the ureter possesses a spindle-shaped enlargement,
which represents the Receptaculum seminis. In Rana temporaria the
Receptaculum seminis forms a large saccular dilatation.

In its further course the ureter runs backwards and slightly
-inwards, converging with its fellow of the opposite side; the ureters
lie free in the abdominal cavity, and terminate by two openings
placed side by side in a groove on the dorsal wall of the cloaca
(Fig. 214 8, §").

In females the ureters are intimately attached to the dilated
oviduct, immediately after leaving the kidney; they pursue a
similar course to those of the males, but are attached to the oviduct
in the whole of their course to the cloaca.

b. Minute structure. The ureter is a tube composed of connective-

! See Plate II.
Two portions from a gold preparation of the kidney of Rana escwlenta.—G. H.

I. Showing the tendency to split into lobules,
1L Nerve-fibres accompanying the blood-vesesels.
a  Blood-vessels.
b Nerves.

z
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tissue and involuntary muscular fibre, and lined with a mucous

membrane. \The/ mucous membrane is thrown into longitudinal

folds, and consists, in the larger tubes, of two or three layers of

epithelium (Fig. 218 V), that on the

Fig. azo. free surface is columnar; the deeper

cells being rounded or polygonal.

r The larger branches of the ureter are

va  lined with columnar epithelium (Fig.

218 VI), with small intervening cells.

“Bg In some parts of the branches the

columnar epithelium bears short cilia.

v No glands have been found in the

ureter or Keceplaculum seminis; in

Rana temporaria, however, the Recep-

laculum seminiz possesses large, branch-
ing mucous glands (Wiedersheim).

NC

C. The bladder.

a. General description. The uri-
Transveme section of the kidney, nary bladder (Fig 185 HB) iS closely

enlarged.
Bo Connective-tissue capsulo. attached to the ventral wall of the
b Dorel surface. cloaca and is easily distended from
NC Renal parenchyma. . .
Ur  Ureter. that organ. In relation to the animal
¥ Ventral surface. g e . .
Ya Renal portal vein. it is of very large size; in consequence

ol its being contracted in the middle
it has two lobes, which may be of unequal size. The organ is
somewhat heart-shaped (Figs. 184 and 185), with the narrow neck
attached to the cloaca, into which it opens by a smaller aperture on
the ventral surface. The aperture is surrounded by a small fold of
mucous membrane.

b. |Minute structure. The urinary bladder is bounded by a
thin, transparent wall, lined internally with mucous membrane, and
covered externally by peritoneum.

(1) The muscular coat is formed of a network of fine bands of
unstriated muscular fibre (Fig. 221); it is supported and completed
by a connective-tissue layer, rich in connective-tissue corpuscles and
vellow elastic fibres.

(2) The peritoneal coat is a single layer of endothelial cells
derived from the peritoncum and resting on a very thin layer of
subperitoneal tissue.
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(3) The mucous coat is formed of epithelium resting on a layer of °
loose, areolar tissie/.|"THeCepithelium (Fig. 221 I, IT, and TIV)is

Fig. 2a1.

Various preparations from the bladder,

1. 8ilver prep ion of the brane ; seen from the surface. After List (onlnged
400 times).
a Cells of the surface.
d  Goblet-oells.
e Young cells,
II.  Vertical section of the brane ; after List (enlarged 600 times).

a Cells of upper layer.
b  Cells of middle layer.
¢ Cells of lower layor.

II1, Large multicellular ganglion ; after Wolff.

IV. Vertical section from a silver preparation of the mucous membrane ; after List (enlarged 6oo
times).

Upper layer.

Middle layer,

Lower layer.

Goblet-cells,

V. Small ganglion of bladder ; after Wolff,
a Non-medullated nerve-fibre leading to pngl!on
b  Process of a ganglion vell.

aQan oa

arranged in three layers: the cells of the uppermost (II and
IV, a) always present a flat or convex border to the cavity of the
organ; seen from their free surfaces (I) they have polygonal out-
lines intermixed with round apertures belonging to goblet-cells, the
remaining surfaces of these cells are serrated. The cells of the
~middle layer (IT and IV, é) are polygonal in outline, they are not
so tall as the cells of the layer above; all their borders are serrated.
The cells of the deepest layer (II and IV, ¢) are more or less pointed
above where they project between the cells of the second layer ; their
lowest surfaces are flattened towards the subepithelial tissue, and
all their surfaces are serrated.
72
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The cells of all three layers possess a cell-wall, and finely gran-
ular contents; and 'éach cell has a/large oval nucleus (List).

The goblet-cells (Fig. 221 I and IV, d) vary very much in shape ;
they are always more or less rounded in outline : they vary greatly
in size (from 190 u to 54 k in length); some possess ¢ feet ’ or basal
prolongations, in others these are absent. They usually open freely
by rounded apertures on the surface of the mucous membrane,
but are sometimes closed. The nucleus is placed towards the base
of the cell and surrounded by a smaller or larger amount of proto-
plasm. These cells usually extend into the middle layer of the
epithelium, a.nd they probably constitute unicellular mucous glands
(List).

(4) The blood-vessels of the urinary bladder (p. 235) are very
numerous and run in very tortuous courses; they are a.ecompamed
by large lymphatics and by nerves.

(5) The nerves of the urinary bladder (p. 191) are of both medul-
lated and non-medullated fibres, which course together towards
their points of distribution ; the non-medullated fibres are, however,
much more frequent than the medullated fibres (Wolff).

The non-medullated nerve-fibres stand in close relation with the
nerve-ganglia of the bladder, These ganglia may be unicellular, or
composed of groups of nerve-cells; the cells vary considerably in
shape, round, oval, triangular, and other forms being equally
frequent in their occurrence; to some extent the form appears to
depend upon the number and position of the processes of the cells.
The diameter of the cells varies from 005 mm. to 0'1 mm. ; the
nucleus has a diameter of 0025 mm., that of the nucleolus measures
o005 mm. (Wolff).

The cells may be unipolar or multipolar; the former are however
rare. The processes of these cells supply the muscle-fibres (Fig.
221 V, a), and other non-medullated processes connect the cells
with the nerves (V, & (Wolff) ).

The number of muscular fibres is far in excess of the number of
the fibres of distribution of the ganglia; Wolff hence concludes
that the nervous impulse may pass from one muscle-fibre to
another.]
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II.. THE REPRODUCTIVE ORGANS. -

A. The male reproductive organs are the testes and their
ducts. -

a. General description. The relations of the testes have
already been given (p. 234); the,organs vary much in shape
and size in different individuals and with the different seasons;
when greatest they are spherical, or of a rounded oval form, occasion-
ally cone-shaped or pear-shaped. The surface of the testes is not

Fig. aa2. g N
I.

The male reproductive organs (enlarged).

CC  Vasa efferentia within the kidney.

H  Testis.

LL  Collecting-tube at inner border of kidney,
N Kidney.

Ne  Vasa efforentia within the mesorchium,
Ur  Ureter.

tt  Vasa efferentia ending blindly.

smooth, but presents a series of convexities, each corresponding

to a lobule of the gland. At the £i/us on the inner border the vessels :

pass to and from the organ, and the Fasa ¢fferentia leave the testis.

The number of Vasa efferentia (Fig. 222 I and II) is subject to
considerable variation, not only in different animals, but on the
two sides of the same animal. In some cases these ducts form a
network (I), in other cases this is absent (IT); usually the ducts
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corresponding testis: the ducts then travel in the ventral surface
of the kidney, towards its inper border, where they open into a
longitudinal canal (Bidder), (Fig. 222 I, L). Just before their
terminations each duct has an enlargement (I, C), the exact import
of which is unknown (see also Fig. 218 XV).

The collecting-tubes open into the ureter at the hinder extremity
of the kidney.

b. [Minute structure. The testis possesses a thin connective-
tissue capsule underneath its peritoneal covering (Fig. 223 II, 4);
this sends in trabeculae (6) towards the centre of the organ, and so
encloses the separate lobules. Each seminiferous tube arises from an
elongated irregular sinus placed towards the middle of the organ ;
the tubes (c) are slightly convoluted in their course towards the
periphery, near which they branch (Spengel). The tubes are from
0'16 mm. to 0’12 mm. in diameter '(Kolliker), and are lined with
two kinds of cells (Fig. 222 III); the cells (z) nearer the periphery
are rounded and have large rounded nuclei, the diameters of which
vary from o013 to 0’02 mm.; these again possess large and
distinct nucleoli. The other cells (y) are of elongated, spindle-
shaped form; and have oval nuclei, with an average length of
©0'016 mm. and an average breadth of 0’005 mm. (Neumann).

The rounded cells lie in groups which vary in thickness and
arrangement, and are often compressed so as to have polygonal
outlines. The spindle cells are arranged so as to radiate from the
lumen of the tube to the periphery, at an angle which varies from
45 to go degrees ; these are the spermatoblasts.

The various changes which the spermatoblasts undergo in the
formation of spermatozoa will easily be understood by reference to
Fig. 223 1, a to %, where ¢ and £ represent the fully developed
spermatozoa. These have three parts, head, middle part, and tail,
the respective lengths of which in the two species are, according to
Neumann, the following :—

Head. Middle part. Tail.
Rana esculenta 0'0140 mm. 0°'0025 INM. 0'040 mm,
Rana temporaria oco66 , ©o0330 , 0045

At the hilus of the testis the rounded cells of the seminiferous
tubes are gradually modified to form short cylindrical cells (o'o1
mm. long and 0’006 mm. broad), the spindle cells being absent
(Neumann). The Fasa efferentia are also lined with a similar
columnar epithelium (Spengel).]
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times united by very fine connecting lines of ciliated epithelium ;
the ciliated epithelium is| always sharply marked off from that
surrounding it (Kolessnikow). Under the peritoneum is a thin
layer of connective-tissue, which is prolonged inwards to form
the septa above-described. To these septa are attached the ova.

Between the connective-tissue layer and the peritoneum are
isolated patches of germinal epithelium (Fig. 225 IV); these are
easily distinguished, by the rounded outlines of their cells, from the
surrounding epithelial cells (Waldeyer, Kolessmkow) These
patches of germinal epithelium measure from 0'093-0'186 mm.
in diameter; the germinal cells average 0°0139-00232 mm. in
diameter (Kolessnikow). The patches are most numerous on the
outer surface of the ovary, and particularly so near the mesovarium.

The follicles contained in the ovary have a connective-tissue coat
developed in a manner similar to that of higher animals; the
primordial ova which they contain have large nuclei (0'0325 mm.).
The epithelium of the follicles has an average diameter of o-0232-
. 00325 mm. (Kolessnikow).

Schultze’s description of the ovaries (/. c.) varies considerably
from that of Waldeyer and Kolessnikow. Briefly he describes the
ovaries as a series of sacs separated by and lined externally and
internally by endothelium ; between these two layers are found
the germinal epithelium and follicles: the structures being held
together by an extremely minute quantity of connective-tissue.]

II. The oviducts.

a. General description. In young animals the oviducts are
quite straight, thin-walled, and of small calibre. During the
breeding season, however, they undergo an immense increase in
size, and become much convoluted ; in this state they are forced in
between the other abdominal viscera, and usually cover the whole of
the kidneys, and sometimes even part of the ovaries (Fig. 224 Ov).

The openings of the oviducts into the pleuro-peritoneal cavity
(p. 304) are semilunar slits, directed inwards and lined with ciliated
epithelium (p. 306).

Immediately behind this opening (Ostium abdominale) the ovi-
duct is contracted, and is there narrower than in the rest of its
length ; beyond this it expands, and then retains an even size
nearly to its hinder extremity, where it suddenly expands (Fig.
224 Ut). This dilatation gradually diminishes in size as it pro-
ceeds backwards towards the cloaca, into which each tube opens on
a small papilla. The dilated portions of the tubes lie close together,
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but do not communicate with each other; the opening of the right
tube is always/slightly behind that of the left side (Fig. 224 P).
From the papillae, into which the oviducts open, a fold of mucous
membrane extends backwards on the dorsal surface of the cloaca to
meet its fellow of the opposite side at an acute angle (Fig. 224 *).
The orifices of the ureters are placed within these folds.

b. Minute structure.

(1) The tubular portion of the oviduct has three walls:
a peritoneal covering with sub-peritoneal tissue (a); a glandular
layer (6); and an epithelial lining (¢). Of these the glandular
layer forms by far the thickest layer, especially during the
breeding season, when it is much increased in thickness. It
consists of long cylindrical glands, often bifurcated at their blind,
peritoneal ends. The epithelial cells, with which they are lined,

Fig. 225.

Preparutions from ovary and oviduct.

1. Cilinted epithelium and goblet-cells of the oviduct ; after Neumann.
I1. TIsolated goblet-cells and secretory cells from oviduct ; after Neumann.
a, b, ¢ Goblet-cells.
d, e, f Secretory cells after treatment with Milller's fluid.
x toma of secretory cells.

III. Surface view of the ovary ; after Kolessnikow.
a  Peritoneal evdothelium,
b  Germinal epithelium.
have the power of absorbing more than a hundred times their own
weight of water (Boettcher). This layer is absent at the anterior

opening of the oviduct.
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The cells have an average diameter of 0'012 mm., the lumen of
the individual glands;o;1,mm; (in spirit-hardened specimens, Neu-
mann). The cells contain small rounded bodies of very varying
size, which may exist singly, grouped, or even arranged in rows;
they swell on the addition of water. Each cell possesses, in addition,
an oval, granular, distinct nucleus. When treated with Muller’s fluid
many of the secretory cells have the appearances shown in Fig. 225
11, d, ¢, f; they each possess an opening («),(Neumann).

According to Neumann the great power of absorbing water,
which the oviducts possess, is due to the presence of these bodies,
which he names ‘colloid granules” The mucous secretion of
these glands passes into the oviduct and surrounds the eggs on
their passage towards the cloaca : it is due to this secretion that the
egg-spawn is so extremely slippery and difficult to handle.

The inner surface of the oviducts is lined with a ciliated, columnar
epithelium (Fig. 225 I), containing numerous goblet-cells (I and IT).

(2) The dilated portion of the oviduct has much thinner walls
than the anterior, narrower portion ; the glands cease abruptly at the
junction of the two parts. The outer coat also contains unstriated
muscular fibre; the inner surface is lined with ciliated epithelium
similar to that of the anterior portion.

The lymphatice of the oviducts form a net with polygonal
meshes on their outer surfaces ; from this branches pass inwards in
the spaces between adjacent glands to the inner surface, where a
network with elongated meshes is formed (Langer}.

C. [The Cloaca.

8. General description. The cloaca is a short tube lying
beneath the urostyle; anteriorly it receives the openings of the
ureters, rectum, and bladder; and in the female the openings of
the oviducts, in addition : posteriorly it terminates at the anus.

b. Minute structure. The cloaca is lined internally with a
mucous membrane resembling that of the rectum, e.g. a simple
layer of columnar epithelium, which rests on a submucous, areolar
layer.

The outer walls consist of a thick superficial, longitudinal mus-
cular layer, and a deeper, ill-developed, transverse muscular layer.

c. Special muscles of the cloaca.
(1) The M. sphincter ani surrounds the end of the cloaca from the
anus to the tip of the urostyle. It consists of striated muscle.
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borders are given off finger-like processes; these may divide dicho-
tomously either near)the base or more peripherally. The external .
processes are much the longest, and in the male often conceal the
greater part of the testis (Fig. 226 FK). The organs vary greatly
in size with the season of the year.

Fig. a27.
. Ve ¥/ 4

N
’ “» .
Two preparations from the fat-body of Rana esculental.—G. H.

I. Bection of fat-body, stained with borax.carmine (Hartnack, Oc. I, Syst. 7).
b Fat-cells,
. ¢ Adenoid tissue,
* TII. Three lobes of fat-body of Rana esculenta ; coarsely injected (Hartnack, Oc. I, Syst. 3).
Arteries striped. Veins shaded.

“b. [Minute structure. Each organ is completely surrounded by
peritoneum, under which is a very fine layer of connective-tissue.
The .interior of the organ (Fig. 227 I) consists of large fat-cells
with small patches of adenoid tissue interspersed. The organs are
extremely vascular; each lobe has a main artery which gives off
lateral branches: each of these immediately divides to form two
vessels, which run in opposite directions and almost parallel with
the main stem; the vessels then break up into a fine network of
capillaries.] 4

' From specimens collected iu November.
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THE SKIN AND THE SENSE-ORGANS.

I. THE SKIN AND ITS APPENDAGES.

THE general characters and the colouring of the skin have already
been described (pp. 4 to 7). The skin consists of the cutis vera or
corium, and the cuticle or epidermis, and Fig. 228.

18 possessed of numerous glands. . A

8. The epidermis (Figs. 228, 230) con-
sists of several layers of cpithelial cells,

those of the deepest layer being more or B
less columnar in form, those of the middle
layer shorter and polygonal, while those of

(44

the superficial layer are flattened, very
transparent, and horny. Vertical section through the epi-

All the surfaces of these cellsare serrated, — doriis from the head ot Hans
the serrations being, however, with diffi-  Mnenifled 600 times.
culty seen on the free surface of the super- 3 A
ficial cells (Leydig). ~Each cell has a ¢ Doplayer. =
distinct nucleus; in the deeper cells- the
nucleus is oval, broad, and rounded, in the superficial cells flattened
and thin.

The surface of the epidermis (Fig. 230) forms a very beautiful
mosaic of flat cells, chiefly hexagonal in form, with pale, cen-
tral, oval nuclei. Here and there two adjacent cells appear to
enclose a semilunar space (Fig. 228 D); these spaces are occupied
by peculiar cells (goblet-cells, E. Schultze; mucous cells, Leydig),
which do not belong to the superficial cells but the layer of cells
immediately beneath the horny layer (Schultze, Pfitzner). The
cells are rounded or flask-shaped, and closely resemble the epithelial
goblet-cells or chalice-cells. According to Rudneff they open on
the free surface by stomata; this is, however, denied by Schultze
and others.
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[The horny layer is, for the most part, very thin, as it consists of
one or two layers of:flattened eells only (Schultze), but in some
situations, as on the back and especially on the under surface of the
toes, it is much thickened, and is then rough.

Deeply pigmented, branched cells, capable of contractile move-
ments, are also found, somewhat sparsely distributed, in the epi-
dermis (Leydig, H. Miiller, Schultze).]

b. The cutis (Fig. 229, Co, Co', Co?). The epidermis is generally
attached to the corium by means of a continuous layer of branched
cells, which is deeply stained when the animals are fed with
madder (Katschenko). Many of these cells are pigmented. This
layer is seldom flat, but is raised into papillae and folds, which are
repeated by the superimposed epidermis. In addition to this layer
the corium has, except in the webs and supplemental toes, three
distinct layers of connective-tissue, together with much unstriped
muscle-fibre (Eberth). '

The superficial layer (Fig. 229 Co) is a loosely-meshed, much
pigmented, vascular layer; it forms a loose support for the nu-
merous glands, and is traversed by numerous nerves.

The middle layer (Co') forms the groundwork of the cutis; it
is much firmer and more compact than the superficial layer; in
section it appears as a broad band, bounded superficially by a sharp
line. It is chiefly composed of closely packed connective-tissue
fibres, which have, for the main part, a horizontal or wavy course ;
at certain points, however, vertical fibres are seen passing towards
the surfaceand hiding the sharp contour (between Coand Co!). At
such points the two sets of fibres form a sort of basket-work
arrangement.

The deepest layer (Fig. 229 Co?) is composed of very delicate,
white and yellow elastic fibres, and vessels and nerves ; it attaches
the whole integument to the underlying organs. By the looseness
of its structure it forms an important lymph-space.

[The muscle-fibre of the cutis is very unevenly distributed. It is
found somewhat freely in the region of the back, the dorsal surface
of the head, and the neck ; less freely on the dorsal surfaces of the
extremities, very sparsely on the abdomen, breast, and ventral sur-
faces of the extremities; in the feet it appears to be absent
(Eberth). '

The pigment of the skin. Asalready mentioned pigmented cells

Bb
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oecur in the epidermis, but by far the greater quantity of the cuta-
neous pigmentyis |found|inothe-cutis, and more especially in the
loose layer of branched cells, which form the boundary between
epidermis and true cutis. These cells, known as chromatophore-
cells, have been carefully investigated by Harless. They play an
extremely important part in bringing about the well-known
changes in the colouring of the skin. Bimmerman has proved
that these cells are influenced by stimulation of the nerves
supplying the region in which they occur. Ehrmann has been
able to trace a direct connection between the nerve-fibres and
the pigment-cells (Fig. 231 I, II). In such cases the pigment was
sometimes sharply marked off, at others was gradually lost along
the nerve.] '

c. The papillae and ridges of the skin are classified by Leydig
as follows: (1) Small ridges, (2) larger ridges, (3) papillae with
touch-bodies, (4) papillae without touch-bodies, (5) papillae with the
ducts of glands, (6) capillaries in the form of papillae, (7) small
elevations, including the lateral organs.

[All these structures are derived from the cutis, the epithelium
above simply repeating the elevation, and being itself either not
increased in thickness or only to a slight degree. (For further
description of some of these papillae, see Organs of Tactile Sensation,
p- 380.)

Peculiar wart-like papillae are found on the articulations of the
first phalanges with the metatarsus, on the same articulations and
on the articulations between the first and second phalanges of the
third and fifth toes, and on the articulations between the first,
second, and third phalanges of the fourth toe. These papillae are

connected with the long flexor tendons by fine tendinous bands
(Klein).

Temporary papillae are developed in the females of Rana temporaria during the
breeding season ; according to O. Huber (I. ¢.), who has described them, their distri-
bution and structure is as follows :— '

During the breeding season the skin of the sides of the trunk of female specimens
of Rana temporaria is rough ; the small elevations, to which this roughness is due,
are each about the size of the head of a pin, and have the appearance of small,
rounded, white or pale rose-coloured, warty growths. The papillae reach their
greatest development and are most numerous on the sides of the trunk (Fig. 232 I) ;
they may be traced on to the tympanic membrane, where they are arranged in a ring,
and in some cases under the eyes to the sides of the snout.

. Anteriorly the papillae are absent from the median portion of the dorsal surface of
the trunk, but posteriorly, behind a line joining the anterior extremities of the two
iliac bones, the papillae cover the whole surface.
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The papillae are large and very numerous around the arms, and pass by gradual,
transitionary stages into; the- ordinary papillae of the region. Further they may be
traced backwards along the anterior or extensor surface of the thigh, the upper surface

Fig. 231.
7
v/4
zar
e~
I. Diagram to show the distribution of the temporary papillae in Rana

tesnporaria ; after Huber.
II, 1L, Vertical sections through a temporary papilla ; after Huber.

of the leg, foot, and fifth toe. Occasionally a few papillae were found on flexor sur-
faces of the third and fourth metatarsus, and very rarely were any discovered on the
fore-limbs. They occur in no other batrachian of Germany (Huber).

Each papilla (Fig. 232 II and III) consists of a hemispherical elevation of the
cutis, and is covered either by a layer of normal epidermis or in some very rare cases
the epidermis was slightly thickened. The papilla consists of a firm connective-tissue
stroma, and is from 0'2-0'4 mm, I height, 0'4-0'5 mm. brecad (after hardening in
alcohol). Such glands as exist in the papilla usually open laterally (Fig. 232 ITI),
and the blood-vessels are nunerous.

Bb2
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The epidermis covering the papilla is well supplied with nerve-fibres, derived from
large ganglion-cells ;in. the| papilla (Fig. 232 III). The branched pigment-cells, so
numerous in the rest of the skin, ‘are absent from the upper parts of the papillae
(Fig. 232 II) ; the pigment-cells may cease either abruptly or gradually.

The rose-colour of the papillae is due to the presence of a golden red pigment.
After the breeding season the papillae are gredually lost, and the pigment-cells
wander into the unoccupied parts.

Huber compares the arrangement of the nerves to that of the ¢ touch-spots’ of
Merkel. ’

d. The glands of the skin are of two kinds, serous and mucous ;
they have been fully described by Engelmann and Openchowski.

(1) The serous glands (Kirnerdriisen, Engelmann) are large,
averaging in diameter 0'2-0'4 mm., but others vary in size from
0'13—0'8 mm. in diameter. They are found chiefly on the dorsum
of the trunk and arranged in groups, which vary in dimensions
from 3-20 mm. in length and 2-4 mm. in breadth. They may be
found in any part between the ear-region and the anus, on the
dorsal surface of the thigh, especially towards the outer and inner
borders. They are found very sparsely distributed on the ventral
surface of the trunk and on other parts of the extremities, though
as a rule a few are found on the dorsal surface of the feet and near
the phalanges. They are wanting in the nictitating membrane.

The glands have a rounded form, with the ducts placed at their
superficial poles. The glands possess three coats; externally is a
coat of connective-tissue, the fibres of which are arranged closely
together, and cross one another at acute angles: these fibres are con-
tinuous with the connective-tissue of the surrounding cutis. Inside
this coat is a thick layer of muscle-fibre (0'005-0'015 mm.); the
muscle-cells are arranged meridionally, with the one pole towards
the superficial surface of the gland, the other pole at the deep surface
(Hensche). Many of the fibres, however, extend only one-fourth or
one-third of this distance.

The innermost coat is a simple layer of epithelial cells, which
rests directly on the muscle-layer ; no basement-membrane or space
of any kind having been discovered between the two layers. When
éxamined in the recent state these cells are conical or cylindrical in
shape, and have the appearance of goblet-cells: they possess a
delicate but distinct cell-wall, but are open towards the lumen of the
gland. One or sometimes two rounded nuclei are found towards
the base of the gland, and surrounded by a small amount of gran-
ular protoplasm ; the rest of the cell is occupied by a mass of small,
rounded, highly refractive granules of about 0'002-0'01 mm. in
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diameter. These granules are also to be found in the protoplasm of
the cell ; they\containhaosubstance capable of swelling freely, and
present many points of resemblance to the granules found in the
cells of the oviducts.

These glands represent the poison-glands or lateral glands of toads, and the ear-
glands or parotids of Caecilia (Leydig). According to Leroux !, Gratiolet and Cloéz ?,
the reaction of these glands in toads varies; according to du Bois-Reymond?® the
reaction is, in frogs, acid ; Engelmann ¢ found the reaction of these glands, in frogs,
to be neutral, frequently, however, with a tendency to either acidity or alkalinity.

These glands correspond with the ¢large glands’ of Hensche, the ¢ contractile
glands’ of Stieda, the ‘large, dark glands’ of Eberth, and the ¢large contractile
glands’ of Leydig’s earlier publications.

(2) The mucous glands are, as a rule, smaller, more numerous,

and more evenly distributed than the serous glands. Usually they
" lie in such close proximity as almost to touch one another ; according
to Engelmann an average number of sixty is found in one square
millimeter ; on the abdomen 62-68 ; flexor surfaces of the posterior
extremities in some places 76, but in others only 30—40; on the webs
only 2-6 to the square millimeter. On the nictitating membrane
they are arranged in two or three parallel rows, are large, and closely
applied to each other. They are wanting on the deeper surface of
the nictitating membrane.

The glands are generally rounded in form and have a short neck
(Fig. 229). Glands in the recent condition, and not fully con-
tracted, have a diameter of 0'06—0'21 mm., the majority measure
0'12-0'16 mm. in diameter. The upper pole of the gland is usually
placed directly under the boundary between epidermis and cutis,
and, a8 a rule, about 0'06-0'1 mm. beneath the superficial surface
of the skin. The duct usually passes directly to the surface, in a
straight line. )

The structure of the glands corresponds, in general, with that of
the serous glands. Externally is a coat of connective-tissue, which
is, however, more firmly attached to the muscular coat than in the
case of the serous glands, and may easily be mistaken for a struc-
tureless basement-membrane ® (Eberth). The muscular coat is very,
thin, and consists of 16-20 flat, spindle-shaped fibres; extending
. from the upper to the lower pole as in the serous glands. Ata

! Journal de Médicine, Vol. XI, p. 75.

? Comptes rendus, 1851, Vol. XXXII, p. 582.

* Untersuchungen tiber thier. Electricitit, 1830, Vol. I, p. 17.
¢ Arch. f. d. ges. Physiol., 1853, Vol. V, p. 505.

* Openchowski ‘l. ¢.) describes a basement-wmembrane.
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webs. The supplemental toe presents, in the male, a rounded, oval
swelling (Fig. 234 L.1));with-theend of the digit projecting from
the distal end. .
Normally this swelling is usually of a Fig. 233.
grey colour; during the breeding season,
however, the swelling enlarges, and be-
comes of a black or deep brown colour
(Leydig).
The epidermis covering this swelling
(Fig. 233) is much thickened and produced
into projecting papillae. The cutis also .
shows a Jma.rked thickening and an increase “erxt);fi:lrm‘:-cuz? tt'?‘:“f:p;::
in vascularity ; the glands are of the kind  jo: ater £ Schuton
described as mucous glands (Engelmann).  Mngnified 4oo times.
They present, however, an immense increase in size, and at the
same time are so closely applied to one another as to form

Fig. 234.
I, II.
W Ep{
W....
W -.
Co
\
Fore-foot of a male frog. Vertical section through the swelling on the supplemeatal toe
D Glandular swelling on the supplemental of a male frog.
soo. B Blood-vessels.
W Warty papillse on the jnter-phalangeal Co Cutis. v
Jolnta. D Glands.
FEp Epidermis.
M Muscles.

P Pigment-cells.

the main part of the enlargement (see also Organs of Tactile
Sensation).
In the webs the various layers of the corium are morc or less
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swelling of the supplemental toe (in the male). In these parts the
division takes place at the deeper surface of the glands (Langer).

A peculiar arrangement of the cutaneous blood-vessels is found in
the lamina inguinalis, where a chain of reddish points can be made
out with the naked eye; examined more carefully (Fig. 235 III)
each reddish point is found to be a complex loop of capillaries.
They extend from the skin to the hinder lymph-hearts, where they
form a close network which partially invests the lymph-hearts
(Langer).

(2) The lymphatics of the skin (see also p. 252), like the
arteries, reach the deeper surface of the epidermis by coursing along
the bands of vertical fibres; they then form a network of capil-
laries with rounded meshes (Fig. 235 I, IT, IV), and lying imme-
diately under the epidermis, and a network which surrounds the
various glands. The lymphatic-capillaries are as a rule larger than
the blood-capillaries. The lymphatic network lies beneath the
blood network, and the vessels of the two systems branch indepen-
dently (Langer).

In those parts where the glands are placed closely together this
arrangement is modified, and corresponds with the modifications
found in the blood-capillaries in these regions. The vertical branches
divide so as to form a network below the glands, and from this ver-
tical branches pass in the same direction between the glands to form a
secondary network on the superficial surface of the glands (Langer).

g. The nerves of the skin. The cutis is very richly supplied
with both medullated and non-medullated nerves. In the subcuta-
neous tissue the nerves destined for the skin branch freely to form
numerous fine twigs, which, without actually inosculating, form a
fine meshwork. From the larger trunks numerous vertical branches
pass vertically to form a secondary network, from which both coarse
and very fine twigs pass to encircle the glands. The fine fibres which
supply the glands are non-medullated and possess oval nuclei ; their
diameter varies from 0'001-0'002 mm. The number of nerve-fibres
is not much smaller than that of the muscle-fibres (Engelmann).
(See also Organs of Tactile Sensation.)]

II. THE ORGANS OF TACTILE SENSATION.

The organs of tactile sensation are the nerve-plexus of the epi-
dermis, the touch-spots of Merkel, the lateral sense-organs, and the
touch-corpuscles of the tendons.
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a. [The nerve-plexus of the epithelium is very incomplete as
compared with the| plexus found-in the epithelium of the cornea;
here and there a few non-medullated fibres have been traced a short
distance between the epithelial cells. No such mode of nerve-
terminations in the epithelium as is described by Eberth and Macul-
lum in the tadpole can be found in the adult.]

b. The touch-spots. What knowledge we possess of these
organs is due to the labours of Leydlg', Ciaccio, Eberth, and more
particularly those of Merkel.

At the base of each papilla, which contains such a touch-organ,
is found a number of colourless, flattened cells, arranged either in a
single layer, or heaped up and connected with very fine nerve-fibres.

Fig. 236.
I. II.

1. Lateral sense-organ of tadpole of frog. Half-schematic.

13 Central zone (nerve-epithelium).

Mi Membrana limitans,

p  Peripheral zone (sustentacular cells).
R  Hyaline tube.

11. Touch-corpuscle from the sheath of a digital tendon of the frog ;
after Lowe. Schieck, Oc. O., Obj. 9.

The flat surface of the cells is parallel to the surface of the body,
and they do not form a separate or circumscribed body, they are
therefore better spoken of as touch-spots than as true touch-bodies
(Merkel). The larger organs are found in the papillae, but smaller
ones may be found on any part of the skin.

These organs are best seen in the prominence or swelling upon the
supplemental toe during the breeding season; they are numerous
on the dorsal surface of the trunk, but occur most frequently on
the under surface of the hinder feet (Planta pedis). After the
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breeding season the organs of the thumb undergo a retrogressive
change, which results injanetwork of spindle-shaped and branched
cells with fibres (Wiedersheim).

c. The lateral sense-organs attain their highest development in
the tadpole ; in the adult the organs have undergone a retrogressive
change, the result of which is that the organs are diminished in
size; the whole organ sinks by the formation of a tube, which is
then closed by a mucous secretion, consequently the organ is
functionless : with this loss in function and change in position of
the organs a corresponding diminution of the ramus lateralis nervi
vagi occurs (Merkel).

Each lateral organ (Fig. 236 I) consists of a slightly elevated papilla,
with the centre depressed, and in each may be distinguished a central
and a peripheral zone (¢, ). The central zone consists of a group of
pear-shaped cells, with the narrower ends directed towards the free
surface ; each is connected below with a nerve-fibril, while above it
bears a short, stiff cilium. The cilia are enclosed in a delicate
hyaline tube (R), which is open superficially, closed by the papilla
below ; consequently the cilia are in direct contact with the sur-
rounding medium. The peripheral zone is a layer of pale, flattened,
cylindrical cells (p); they possess, at their upper borders, a perforated
membrana limitans (M!), through which the cilia pass. These
cells serve as a support to the central cells, and are themselves
surrounded by ordinary epithelial cells.

The distribution and arrangement of the lateral organs is alike in fish and larval
amphibia. They are most numerous on the head, where they surround the eye, and
are continued forwards to the snout and on to the lower jaw. All these organs on
the head are in connection with the trigeminal nerve. A line of these organs passes
from the hinder part of the circumference of the eye along the gill-cover to the neck,
where the lines of opposite sides are usually, though not constantly, joined by a
transverse line of the same organs ; thence the lines are continued along the trunk to
the tip of the tail. 1In fish there exists, as a rule, only one pair of such longitudinal
lines (Linea lateralis); in anura-larvae, proteus, and in all salamanders there are
three pairs: of these one pair lies near the vertebral column, the second at the

junction of the flank with the abdomen, and the third corresponds to the lateral line
in fish (Malbranc).

At an early developmental period each metamere possesses one pair of such lateral
organs ; in later life, however, this simple arrangement is lost, and each segment
usually possesses a group of organs.

The organs of the trunk and tail are supplied by branches of the Ramus lateralis
nervi vagi. Both in fish and amphibia a reparative process, by means of fission,
occurs; as & consequence the organa are found in various stages of development.

d. [The touch-corpuscles of Golgi and Liwe (Fig. 236 II) are
found on the joints of the digits. They are surrounded by con-
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nective-tissue and are spindle-shaped ; the two ends of the spindle
are glassy in appeéarance, the, middle portion is fibrous. In the
thickest part of the corpuscle is a zone of nuclear bodies.

They are regarded as touch-bodies (Golgiand Lowe). Golgi (Z. ¢.)
describes two kinds of touch-organs in connection with muscle and
tendon ; one class correspond with those just described, he names
them ¢ nervous muscle-tendon organs.” The second class he com-
pares with the touch-bodies found in the conjunctiva.]

III. THE ORGANS OF TASTE.

The organs of taste are not confined to the surface of the tongue,
but are also found on the mucous membrane of the roof of the
mouth, especially in the neighbourhood of the vomerine teeth ; on
both roof and floor of the mouth these organs can be traced to the
commencement of the oesophagus.

[The mucous membrane of the tongue possesses two kinds of
papillae and numerous glands.

a. The filiform papillae are the more numerous ; they are conical
or thread-like in form, and consist of connective-tissue, with a few
striated muscle-fibres ; they include blood-capillaries, but no nerves
have been traced into them (Leydig). They are covered with
ciliated epithelium and goblet-cells.

b. The fungiform papillae are much larger, and are paler than
the filiform papillae. The free ends of these papillae are broader
than the bases, and when the epithelium is removed the free ends
present a concavity. From the base to the border of the free surface
each papilla is covered with the usual oval, ciliated epithelium,
but at this border an abrupt transition takes place. The
epithelium covering the end of the papillae is of three kinds:
goblet-cells, cylindrical cells, and forked cells; the three forms of
cells are quite characteristic, and no intermediate transitionary forms
are met with.

(1) The goblet-cells (Fig. 237 I) are arranged vertically to the
freec surface of the papilla; they are from o0'020-0'024 mm. in
length, and from 0'01-0'02 mm. in diameter. In the lower third
of the cell is found a nucleus of about 0'008 mm. in diameter, and
this encloses a nucleolus of about 0'0o1 mm. in diameter. Close
underneath the nucleus the cell is contracted to form an irregular
process or foot.  The contents of the cells are a very finely granular,



THE ORGANS OF TASTE. 381

transparent protoplasm. These cells form the outermost part of the
epithelium, covering the end of the papilla; all the cells belonging
to the same papilla are of the same size. In consequence of the
mutual pressure which they exert on each other they present, in
transverse section, six-sided outlines (Fig. 237, 2). The nuclei of
adjacent cells are placed at almost exactly the same level. By the

Fig. 237.
/ \ V/4
1. Various parts from the fungiform papillae ; goblet- and forked cells ; only cylindrical
after Engelmann. ocells remaining. Magnified 400 timnes.
1. Nerves of a fungiform papilla. Magnified 450 5 Goblet-cell, with swollen contents. Magni-
- times, fled 450 times.

2. Surface view of the epithelium, after five 6-13. Various forms of isolated forked cells.

minutes’ action of jodized serum. Magnified Magnified 450 times.

6oo times. I1. Sections of two glands of the tongue ;
3. Goblet-cell with adjacent forked oell. ltgni after Biederman,

fled 450 timea. 1. Reeting-gland.
4. Portion of the papilla, after removal of the 2. Gland after stimulation,

action of reagents on these cells very remarkable forms are obtained,
-in consequence of the protoplasm swelling and being forced up-
wards (Fig. 237, 5).

(2) The eylindrical cells (Fig. 237 I) have rounded free extre-
mities, which reach to the general surface of the epithelium ; the
remainder of the cell is cylindrical except towards its lower ex-
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tremity, where it is slightly dilated and encloses an oval nucleus :
the protoplasm. of'the cellsis very finely granular. These cells rest
on the connective-tissue of the papilla, and are in close juxtaposition,
so that several hundreds of them are found on one papilla.

The spaces between the upper parts of the cylindrical cells are
occupied by the goblet-cells and by the forked cells.

(3) The third form of cell found on the fungiform papillae are
named forked cells (Fig. 237 I) by Engelmann. The body of the
cells has an ellipsoidal form, is from 0‘006-0'co8 mm. in its longer
diameter, and 0°003-0'004 mm. in the shorter diameter. Processes
arise from both poles. The peripheral processes arise by a short
common stem, which then divides into two or rarely three branches ;
the whole process is from 0'004—0'008 mm. in length, and is always
just sufficiently long to reach the general surface of the epithelium :
when the penpheral process is long the centra.} is usually shorter,
and vice versd.

The central processes arise by a stem from 0'001-0'002 mm. in
thickness, which usually divides dichotomously. The length of this
process may be as much as 0’025 mm. or almost nil.

The forked cells are about twice as numerous as the goblet-cells,
they occupy the spaces between the cylindrical cells and the goblet-
cells. The branched central processes form a network on the
connective-tissue of the papilla, which is, at this point, perforated
by a rich plexus of fine non-medullated nerve-fibrils. It is not de-
cided whether the processes of various cells inosculate. Engelmann
regards these forked cells as the taste-cells and as the semsory
nerve-endings.

The bodies of the fungiform papillae contain blood-vessels and
nerves, the latter enter as medullated nerves, but lose the medulla
somewhat abruptly towards the upper end of the papilla, where they
form a sort of nerve-cushion (Nervenkissen, Engelmann).]

Taste-organs are also found on the roof and other parts of the
mouth, and present many points of resemblance to the lateral sense-
organs. Like them they present a peripheral zone and a central
zone; the cells of the latter, however, are not longer than the
peripheral cells, and possess no cilia (J. van der Hoeven, Merkel).
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IV. THE NOSE.

The anterior nares or nostrils are two small openings, placed di-
rectly in front of the anterior angle of the eye ; the distance between
the eye and the corresponding nostril being, in the case of adult
animals, about five or six millimeters. The anterior nares are sur-
rounded by rims, which are contracted below, and so form very short,
tentacular-like prominences.

The posterior nares (choanae) are about four millimeters from
the anterior nares, consequently the long axis of the nose is, approxi-
mately, of this length. (For the external muscles of the nose,
see Pp. 59.)

The boundaries of the nasal cavities are as follows :—the roof of
each cavity is formed by the dorsal plate of the sphenethmoid, the
nasal bone, and the premaxillary bone; the floor is formed by the
vomer and the palatine bone, the inner wall by the vertical septum
of the sphenethmoid, the outer wall by the premaxillary and max-
illary bones, the anterior wall by the premaxillary bone, and the
posterior wall by the sphenethmoid. The cartilaginous portion of
the nasal skeleton (see also p. 27) projects into the general cavity
and subdivides it into various sinuses, which have been the subject
of careful investigation by Born and Wiedersheim.

a. The nasal cavities are best examined by means of serial trans-
verse sections ; in a section through the anterior nares (Figs. 238,
239) there will be seen three sinuses on either side : —

(1) The superior sinus (oz)is large, rounded, and placed agamst
the cartilaginous septum ; the sinus is lined with olfactory epithe-
lium. Posteriorly the sinus extends beyond the posterior nares, and
is bounded by the anterior surface of the sphenethmoid. In front it
ends in a rounded concavity, likewise lined with olfactory mucous
membrane. Opposite the anterior nares the cavity is partially sub-
divided, by a longitudinal process on the floor, into two cavities;
the anterior nares open into the external chambers, and therefore
not directly into the main cavity of the superior sinus. The supe-
rior sinus communicates with the inferior sinus by a narrow, almost
vertical, slit.

(2) The inferior sinus (uz) is narrow and flattened from above
downwards ; it is placed against the maxillary bone, and represents
the maxillary sinus of the frog. Externally it possesses a de-
scending arm.

The inferior sinus is continued backwards and opens on its
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inner side into the posterior nares, or rather into the mouth. The
descending armvextendsconly)a short distance forwards, to terminate
near the point where the superior and inferior sinuses communicate
by only a narrow opening. This sinus is on the whole broader in
front than behind, and has a general direction from without, in- -
wards and forwards underneath the superior sinus.
Fig. 238.
gos Ep d

Frontal sections through the nose of two
tadpoles ; after G. Born.

H A Anterior naris,
. 230.
Fxg 39 b Cartilaginous floor.
[ Cutis,

d Cartilaginous roof.

Ep  Epidermia

o Intermaxillary gland.

gni  Lower nasal gland.

s Upper nasal gland.

K Maxillary sinus,

4 Concha narium (os lachrymale).
m Maxillary bone.

MS  Oral mucous membrane.

Cartilage.
on Upper blind sac.
R Pharyngeal gland.
S Nasal septum.
13 Septum between the upper and lower
nasal cavity.
m External blind sac.
T Trabeculae,
T Lachrymal duct.
wn Lower blind sac.

( 3) The lateral sinus (¢z)is situated in the partition between the
superior and inferior sinuses, or rather between the external chamber

of the upper sinus and the inferior sinus. The lateral sinus is tri-
angular in form, being narrow in front and broad behind; at its
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inner posterior angle it opens on the free border of the horizontal
partition between theisuperioriand inferior sinuses ; this opening is,
however, continued along its roof, so that the lateral sinus opens
also into the superior sinus.

b. The nasal cartilages. The two nasal cavities are completely
separated by the cartilaginous septum (Figs. 238 and 239 §), and
are for the most part lined by cartilage. The anterior end is
formed of concave cartilages, while the posterior, being situated in
the sphenethmoid, is usually more or less ossified in the adult. The
posterior wall has two openings : a larger near the septum for the
olfactory nerve, and a smaller, more externally, for the nasal branch
of the trigeminal nerve.

The anterior wall is more complex than the posterior, being
thicker in the middle than at the sides, and possessing three blind
sacs for the three sinuses. From the anterior wall two processes
project backwards between the sacs and enclose them more or less
completely.
~ Of the three sacs or cavities only the lower is completely sur-
rounded by cartilage. The upper sac is in part bounded by a shell-
shaped, concave cartilage (Concka narium, of various authors; O«
lackrymale, Born), which covers it anteriorly and externally, and is
attached by a small base to the roof of the lower sac (Fig. 239, /),
its upper border bounding the anterior naris (Fig. 15). The upper
and external parts of the upper sac have no cartilage. The carti-
lages of the outer wall of the lower, blind sac extend backwards to
the point where the maxillary sinus commence$ to descend: the
roof, however, is prolonged further backwards by two small cartila-
ginous processes ; the inner is short, the outer forms the roof of the
descending arm of the sinus, and joins a cartilaginous process, which
commences at the anterior portion of the roof of the nasal cavity,
passes backwards and downwards to a broad plate, and forms an in-
complete outer wall to the nasal cavity. There are also three carti-
laginous processes—a. One arising from the outer side of the floor
at the level of its junction with the anterior wall; it is a flattened
process and passes outwards, and bifurcates at its end to meet the
premaxillary and maxillary bones (this is the Oberkieferfortsatz of
Ecker), (p. 28, Fig. 14 2”)). B. A delicate process on either side,
described by Wiedersheim (see p. 280). y. The third pair of pro-
cesses are fully described for the first time by Born ; each arises at
the lower border of the corresponding Concka narium, passes forwards
and downwards under the ascending process of the premaxillary to

ce
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the point where process 8 is attached to this bone. The processes
are flat and approach;one another, obliquely ; in older animals they
are united at the point of contact.

At the junction of the anterior wall, the septum, and the floor is
a large aperture in the cartilaginous capsule, through which passes
the chief nasal branch of the trigeminus, which supplies numerous
branches to the intermaxillary gland. '

c. The glands of the nasal region are Bowman’s glands, the in-
termaxillary glands (Wiedersheim), the lower nasal gland (Born),
the upper nasal gland (Born), the pharyngeal gland (Born), and the
lachrymal duct. '

Fig. 240. (1) The intermaxillary gland
£ (see p. 280).
4 R (2) The lower nasal gland is

placed along the septum and ex-
tends as far back as the posterior
nares, opening by its ducts (Figs.
238 and 239 gni) into the inferior
blind sac of the nasal cavity. In
histological structure it corresponds
with the intermaxillary glands,
except that the glandular tubes

y/4 are somewhat smaller, and the
glandular epithelium stains some-
what less easily with carmine
(Born).

(3) The upper nasal gland occu-
pies the space between the Concka
narium (Oslackrymale, Born) and the

L. A .Bowman's glands in situ from Rana neighbouring cartila.ges, it also sur-
© 7 temporaria ; atter C. K. Hoimann, Tounds the anterior naris and the

Magnified 150 times. opening of the lachrymal canal
B. Section of Bowman's gland ; after .
C. K. Hoffmann. Magnified 300 (Figs. 238 and 239 gns). The

times. numerous ducts open on the mucous

II. Veseels of nasal mucous membrane of . .
Rana esculenta ; after Langer. Blood. Mmembrane covering the oblique car-
vessels striped, lymphatics shaded. tllage (above d(‘SC!’ibﬁd, as passing
from in front,-downwards and backwards, and forming an incom-

plete outer wall of the cavity), and its hinder prolongation.
(4) The pharyngeal gland is placed transversely behind the pos-
torior nares, and surrounds the vomerine teeth. A portion of the
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ducts open into the posterior nares, the remainder on the mucous
membrane of the pharyngo-oral cavity at two symmetrically placed
points (Fig. 238 R).

(5) The lachrymal duct (see p. 428) opens into the nasal cavity
at the point where the lateral sinus opens into the external chamber
of the superior nasal sinus.

(6) [The glands of Bowman (Fig. 240 I) are freely distri-
buted in the nasal mucous membrane. Each gland is usually
rounded or ﬁa.sk-shaped and consists of a single layer of large epi-
thelial cells possessing distinet nuclei and nucleoli. The epithelium
of the glands possesses no basement membrane (M. Schultze and
Hoffmann?), but is bounded externally by a layer of nerve-fibres
and connective-tissue.

The glands situated more superficially have straight ducts open-
ing on the surface; those placed more deeply have usually curved
ducts (Paschutin).]

d. The mucous membrane of the nasal cavities. That part of
the superior sinus immediately around the anterior naris is lined
~ with stratified epithelium ; the rest of the nasal cavity is lined with

columnar ciliated epithelium. The epithelial layer rests on a sub-
epithelial network, and this again on a submucous connective-
tissue layer possessing numerous vessels and nerves.

(1) The epithelial layer (Fig. 241) consists of columnar cells,
which in the olfactory region are of two kinds; in other regions the
epithelium consists of closely-applied ciliated, thick cells, possessing
large oval nuclei, and having irregular, branched bases or ¢feet.’
The cells are 0°032-0'048 mm. long ; the nuclei c'016—0'018 mm.
long, and 0°006-0'008 mm. broad. The free borders of the cells
bear a number of fine cilia.

In the olfactory region a second set of cells, olfactory cells, are met
with ; these cells (Fig. 241 II) possess each an oval body, enclosing
a large nucleus, and a peripheral and central process. The peripheral
processes reach to the general surface of the surrounding epithelium
and there terminate in a number (5-8) of stiff cilia; these cilia are .
sometimes 0'09 mm. long, they are thicker at their bases than the
ordinary cilia (Schultze) ; according to Hoffmann, a second system of
stiffer and longer cilia is met with ; of which each olfactory cell

- possesses as a rule only one. The bodies of the olfactory cells are
0'009-0'010 mm. long, and 0'007--0:008 mm. broad ; the peripheral

! Paschutin describes a Lasement membrane.
ce2
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processes vary considerably in length, according to the position of
the body, (0:03-0r05mm;)., The central processes vary from o-o2-
0’03 mm. in length. The peripheral processes are considerably
thicker than the central processes. No membrana limitans olfactoria
has been discovered in the frog.

(2) The second layer consists of a network of processes belong
to the bases of the central processes of the superimposed epithelial
and olfactory cells. Numerous highly refractive nuclei possessing
nucleoli are situated in the meshes of this network ; they correspond

Fig. 241.

8eparations from the olfactory mu-
cous membrane of Rana temporaria ;
after C. K. Hoffmann,

1. Surface view of the olfactory
mucous membrane. Magni-
tied 350 times,

II. Epithelial and olfactory cells,
Magnified 600 timee.

1II.  Epithelial cell Magnified 600
times.

in all particulars with the nuclei of the

olfactory cells (M. Schultze). According

to Exner the branched processes of the

epithelial cells and of the olfactory cells

unite to form a complex plexus. Other

observers, Paschutin, Cissoff, v. Brunn,

Schultze, and Hoffmann oppose this

view, and hold that the central processes
of the olfactory cells do not unite with

the processes of the epithelial cells, but

that they are in direct continuity with

the fibrils of the olfactory nerve. This"
view is probably correct.

The submucous layer has a loose con-
nective-tissue matrix, which encloses the
glands, nerves, and vessels; according
to Paschutin two pigment-layers may
be distinguished : the one, immediately
under the middle layer of this mucous
membrane, is continuous and deeply pig-
mented ; the second is deeper and does
not form a continuous layer. This layer
is extremely rich in blood-vessels and
lymphaties (Langer and Paschutin),
(Fig. 240 II). The lymphatics are rela-
tively very large and are very numerous

(Langer).

In this layer the central processes of the olfactory cells form
bundles of fibres, lying parallel with the surface of the mucous mem-
braue (Paschutin, Cissoff, and Schultze).]
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(Re-written by the translator from Das Gehirorgan der Wirlelthiere,

by G. Retzius, 1881.)

The organ of hearing is divisible into two parts, the tympanum
or middle ear, and the labyrinth or internal car; an external ear is
absent, unless a very slight depression of the tympanic membrane

be regarded as such.

A. The tympanum (Cavum tympani) is a cavity, bounded ex-
ternally by the tympanic membrane and internally by the capsule
of the internal ear; it communicates by means of the Eustachian
tube (tuba Eustachii) with the pharyngo-oral cavity (Fig. 178).

8. The tympanic membrane lies immediately underneath the
skin, but can be separated from that structure; externally it

possesses a very slicht depression, the only
trace of an external ear found in the frog.

The tympanic membrane is of a rounded
oval form, being a little wider in the trans-
verse than in the longitudinal diameter; the
membrane is directed outwards.

After detaching the skin (Fig. 242 I) the
membrane is seen to be attached by its circum-
ference to a ring of cartilage (Annulus mem-
branae tympani; sce also p. 26) (af); the ring
is attached anteriorly and above to the squa-
mosal bone (s7), and in the rest of its circum-
ference to the surrounding soft parts, i.e. the
M. depressor maxillae (dm), the M. temporalis
(f), and their fasciae. In the middle of the
membrane is a small, rounded, white part (co/)
which can be traced backwards and upwards
towards the circumference.

The membrane consists of fibres of con-
nective-tissue which radiate peripherally from
the central point of attachment of the colu-

Fig. a242.

I. The tympanic membrane
of Rana esculenta;
natural size, After
Retzius.

II. The tympanumm as seen
after removing the
tympanic membrane ;
natural size. After
Retzius,

at  Annulus
tympani,

¢ol  Columella.
ct  Fimure-like cavity.

dm M. depressor maxillne.

mt Tympanic membrane.

29 Squamosal.

t M. temporalis.

membranae

mella; in the peripheral portion unstriated muscular fibres are

also found (Leydig).

Internally the tympanic membrane is covered by columnar cpi-
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thelium, a continuation of the mucous membrane lining the tympanic

cavity.

b. The tympanic cavity (Fig. 242 11) is seen, after removing the
tympanic membrane, as a flattened, funnel-shaped cavity. The
walls of the cavity are lined with a pigmented mucous membrane,
under which the cartilaginous ring (annwnlus membranae tympani)
extends internally to form the greater part of the wall of the cavity.
The cavity is an elongated oval slit (Fig. 242 II, cf), with its longer
axis directed from above and in front, downwards and backwards,
and leading inwards ; it is bounded above, below, and in front by the
squamosal, behind by the soft parts ; above in the roof is the cartila-
ginous part of the co/umella. The inner or deeper portion of the
tympanic cavity is bounded in front by the squamosal, and by the
squamous process of the prootici (roc. squamosus prootici) in front
and above ; internally by the cartilage (primordial-cranium) between
the prootic and the exoccipital ; behind by the J. depressor mazillae.
This part of the cavity is rounded and covered with mucous mem-
brane, and has in its roof the bony part of the columella, which
covers the foramen ovale (fenestra ovalis) by its oval, widened end-
piece. This deeper portion of the cavity communicates by a short,
wide Eustachian tube with the pharyngo-oral cavity; the tube is
wide and is of a rounded oval form in section : anteriorly, externally,
and intema]ly it is bounded by the pterygoids, posteriorly by soft
parts, in which is embedded the styloid process.

The tympanic cavity can be examined From without after re-
moving the tympanic membrane, or from below by means of the
Eustachian tube.

c. The columella auris (Figs. 12, 243) is described by Retzius
as consisting of three portions, of which the middle is bony, the
external and internal cartilaginous. Parker divides it into four
parts (see pp. 25, 26).

The extrastapedial (Fig. 243a’,a”) is attached to the middle of
the tympanic membrane by the oval surface opposite a’, and is
attached b) the process o’” to the annnlus fympanicus ; this process
of Retzius is the suprastapedial of Parker.

The medlostapedml (Parker), or middle bony piece of Retzms
(Figs. 12 @/, 2430, 4’), is narrow externally but widens internally
to articulate with the interstapedial. Just before reaching the
latter it gives off a process (4’), to which are attached a few fibres of
striated muscle ().
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The interstapedial (Figs. 12 «, 243 ¢) is cartilaginous; it is
thick with a/sharplylcut-offy slightly concave end, which is placed
against the fenestra ovalis. The inner surface of the interstapedial
is, however, distinctly
larger than the opening Fig. 243.
of the fenestra ovalis, con-
sequently it does not fit
in accurately, but is at-
tached to the border of
the opening by means of
connective - tissue;  the
margins of the fenesira
ovalis are hollowed (Fig.
245 II) so as to form a
Jossa fenestrae ovalis, and
it is really to the margin  The wlumella; after Retsius. Mugnitied eight times.
of this fossa that the A. Seen from above.
comwtive-tissue capsu]c a’ Extm.st.apedia[:(‘:’:!Il:ef:)m“::lt::d;milminoul portion
of the mterstapedlal i attached to middle of .tympunic membrane (Retzins).

@” Attachment of extrastapedial to ediostapedial.
attached. «”  Suprastapedial (Parker). Portion emmbedded in mucous

membrane (Retzius).
r 4 in. U  Mediostapedinl (Parker). Bony part (Retzius).
B. I‘he‘labyrlnfsh OF M= jo  premm of medistapedial
ternal ear is contained in a ¢  Interstapedial (Parker). Inner cartilaginous piece
(Retzius).
capsule formed of bone ., insertion of small musclo.

and cartilage.

a. The capsule of the labyrinth (IFig. 244) is formed of two
bones, the prootic and the exoccipital (according to Hasse this
includes the opisthotic), which are united by cartilage bélonging to
the primordial-cranium. The fronto-parietal, squamosal, and para-
sphenoid take only an indirect part in its formation.

On the whole the anterior half of the capsule is formed by the
prootic, and the hinder half by t-fxe exoccipital ; the cavity has its
long axis dixeeted from within and above, downwards and outward ;
the cavity is comparatively large and rounded, and contains the
membranous ear.

Four surfaces can be distinguished ¢ a supero-external, an interno-
inferior, an anterior, and a posterior (Retzius).

(1) The supero-external surface is divided into two parts by a
strong, transverse, bony ridge, the processus squamosus prootici.
The upper half is concave, is directed upwards and outwards, and
is formed by the prootic; it is separated from the anterior surface
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by a bony ridge, which marks the position of the anterior semi-
circular canali// Pdsteriorly and amedianly it is separated from the
posterior surface by a cartilaginous ridge, running from above,
downwards and outwards, which marks the position of the posterior
Fig. 244. semicircular canal. The cartilaginous
ar hinder root of the processus squamosus
prootici arises in the cartilaginous ridge
just mentioned, and runs outwards and
forwards, covering the external semi-
circular canal.

The lower half of the supero-external
surface (under the processus squamosus)
is irregularly concave; immediately
under the proe. squamosus is a shallow
groove in the prootic; it is continued

7.

Antero-posterior section through he
capenle of the right labyrinth of
Rana eaculenta ; after Retzius. En-
larged five times.

ac.
av,

Aquaeductus cochleae.
Aquaeductus vestibuli.

on the exoccipital to the jugular fora-
men. The remaining part of this sur-

cp. Posterior semicircular canal. . .

era. Canalis rami anterioris acustici.  face consists of a rounded cartilage, and
¢rp. Canalis rami posterioris acusticl. . . . :

7 Femsten rotunda, is part of the primordial-cranium car-
Jir. Foven sacculi et oochleae. tilage between the prootic and the
. Trigeminal foramen. .« . .

kn. Cartilaginons suturo. exoccipital ; posteriorly it has a small
W. Exoccipital

. Drootia. oval aperture, the foramen ovale ( fenestra

e

Parasphenoid.

vestibulare), which with the groove is
covered by the columella.  Above the aperture the cartilage narrows
and is continued to the processus squamosus.

(2) The posterior surface is directly continuous with the supero-
external surface, and is formed by the exoccipital. This surface lies
behind the ridge formed by the posterior semicircular canal, it is
concave, and has two small apertures, separated by a narrow, bony
process, and situated near the jugular foramen; these are the
Sorainen rotundum (fr.) and the aquaeductus cockleae (ac.).

(3) The anterior surface is altogether bony and formed by the
prootic( pr.); the anterior surface of this part of the wall is continuous
with the surface of the cranium, and abuts on to the large tri-
geminal foramen (f7.); below it is continuous with the under
surface of the cranium, below and externally it articulates with the
pterygoid.

(4) The interno-inferior surface is as a whole hollowed in-
ternally, the upper part being pushed in towards the cranial cavity.
1t is formed by the prootic anteriorly, by the exoccipital posteriorly,
and is completed by the cartilage lying between these bones. In
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the middle of the upper part of the cartilage is a small oval opening
(av.), the ap.'aquaediictus vesbibuli: about midway between this
aperture and the jugular foramen is a second opening in the
cartilage (cra.), the opening of the canalis rami anterioris (vestibu-
laris) acustici: a little behind and above this is the opening of the
canalis rami posterioris (cochlearis) acustici, situated in the exocci-
pital. The cartilage between the prootic and exoccipital in the
lower half of the interno-inferior surface rests on the parasphenoid.

b. The position of the soft parts in the capsule. The large
outer, rounded part of the cavity contains the saccule and cochlea
(forea sacculi et cochleae)( fsc.). Above, the cavity is more irregular,
and contains the utricle and the sinus witriculi superior. In
front and externally, imbedded in a deep groove, are the anterior
and external ampullae (forea ampullae anterioris et amp. externae);
to these are attached the corresponding semicircular canals. The
anterior semicircular canal opens above and externally into the canal
of the sinus utriculi superior ; the posterior passes into a groove for
the posterior ampulla (fovea ampullae posterioris), and opens above
and internally into the posterior semicircular canal. The external
semicircular canal courses in the processus squamosus prootici, the
posterior in the cartilage (Fig. 244 ¢p) between the prootic and
exoccipital, and the anterior in the prootic. The upper and poste-
rior part of the anterior semicircular canal is imbedded in cartilage,
on which rests the parasphenoid.

e. The perilymphatic space (}ig. 245 I and II. The mem-
branous labyrinth does not occupy the whole space enclosed by the
bard parts but is surrounded by the perilymphatic space, which
contains the perilymph. The periosteum and perichondrium form
the outer lining of the space, and are for the most part pigmented.

The perilymphatic space is widest in the lower part of the organ,
in the region of the fovea sacculi et cochleae, cspecially externally
and behind "(per); in front it is much narrower (per'). A little
higher, in the region of the fegmentum vasculosum, the space is
wanting, as the membranous labyrinth is here attached to the
periosteum.

Around the utricle and saccule the space is comparatively wide ;
it is continued into the bony canals and ampullae. In the semi-
circular canals the space is wider on the concave side than on the
convex side, the membranous canals being placed eccentrically, as
are also the ampullae, though to a less extent. The periosteum and

s
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perichondrium lining this cavity form a very delicate, pigmented
membrane, formed of mimerous-fine elastic fibres which cross each
other irregularly; its inner surface is lined with an incomplete
layer of branched protoplasmic cells with large oval nuclei. From

Fig. 245.
Ve V/4
ap
ca
re
ap
a @
.5
The membranous labyrinth of Runa lenta, within its ] covering of periosteum ;
ter Retzius.

1. Seen from the side ; magnified ten tifnes.
II. The hinder half ; magnified ten tim Seen obliguely from above, and in front, and from

the side.
aa Anterior ampulla. po Pars basilaris cochleae.
adf  Apertura fenestrae ovalis. per Wider part of perilymphatic space.
al. Apertura lagenae, per’  Narrower part of perilymphatic space.
ap.  Posterior ampulla. C ra.  Ramus anterior.
apb. Opening into the pars basilurix, rn.  Ramulus neglectus.
ca Anterior semicircular canal. rp.  Ramus posterior.
ce External semicircular canal. ra. Ramulus sacculi.
cp Posterior semicircular canal. E Saocule.
dfo Ductus fenestrao ovalis. &fo Saccus fenestrae ovalis,
dp Ductus perilymphaticus. spi Saccus perilymphaticus.
dp’  Saccus perilymphaticus. te Tegmentum vasculosum.
3 Lagena cochlea. “ Utricle.

ms.  Macula sacculia.
this membrane numerous irregular bundles of fibres, in the form of
trabeculae, pass into the space and form a rich network, which is
attached internally to the outer surface of the membranous labyrinth
and holds it in position. Free nucleated leucocytes are occasionally
met with in the meshes of this network. The perilymphatic space
1s prolonged into two subsidiary cavities :— _

(1) The ductus fenestra ovalis (Retzius), (Fig. 245 dfo) com-
mences as an opening (adf’) immediately opposite the foramen ovale
of the hard capsule, which leads into a moderately large canal, the
structure under consideration. It passes forwards and outwards
through the fenestra ovalis between the interstapedial and the outer
wall of the capsule into the oval depression (fossa fenestrae ovalis),
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and rapidly widens to form a short, flattened, blind sac (saccus
JSenestrae ovalis), whichOis lodgedin the fossa (#f0). Its walls are
thin and pigmented.

(2) The duetus perilym- Fig. 246.
phaticus (Hasse), (Fig. 245
dp) passes above and behind
the ductus fenestrae ovalis, be-
hind the auditory nerve, and per:
near the cochlea, then behind
and above the lagena to the 7
aquaeductus cochleae (Fig. 244
ac), where it forms a short,
wide tube, which passes back-
wards and inwards through — Piftofthe uter vl of the porisiipitic space
this canal to the canalis jugu- per. Periosteum.
laris ; here it lies close to the b f:ﬂgg‘;‘:m network.
nerves and forms a short oval
sac (saccus perilymphaticus) (dp'), which communicates with the sub-
arachnoid space of the cranial cavity by means of a tube from the
neck of the sac. The walls of this structure are thin and formed of
connective-tissue with very few pigment-cells. The other extremity
of the tube passes to the pars basilarisand under the sinus post. utri.,
between it and the pars neglecta ; it then courses to the outer side
of the hinder end of the external semicircular canal: the tube
then bends downwards to the outer side of the utricle and saccule to
open into the general perilymphatic space.

d. The membranous labyrinth (Figs. 247, 248) has the fol-
lowing parts: the utricle and sixus superior, the recessus wiriculi,
the anterior semicircular canal and anterior ampulla, the external
semicircular canal and external ampulla, the posterior semicircular
canal and the posterior ampulla, the saccule, ductus endolymphaticus,
and saccus endolymphaticus, the pars neglecta, the lagena cockleae, the
pars basilaris cochleae, and the so-called tegmentum vasculosum.

In addition the following nerve-terminations can be distinguished :
(1) The macula ac. recessus utriculi, (2) the three cristae acusticae am-
pullorum, (3) the macula ac. sacculi, (4) the macula ac. neglecta, (5) the
papilla ac. lagenae cockleae, and (6) the papilla ac. hasilaris cockleae.

The auditory nerve divides immediately beyond its origin from
the medulla oblongala to form a ramus anterior and a ramus posterior,
which course alongside each other for a short distance, the latter
lying behind and above the former. The R. anferior runs forwards
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and outwards under the utricle, giving off the R. saccu/i, which runsp
downwards \and/ontwards - the. R. rec. utriculi is then given off as
a number of fibres, which run upwards and forwards; the main
nerve then divides to form the R. ampullae anterioris and the R. am-
pullae externae, which course together for a short distance and then
separate to reach their respective ampullae. The R. posterior runs
backwards and outwards, gives off the R. lagenae, and then divides
to form the R. neglectus, ranning upwards, the R. éasilaris running
downwards and backwards, and the R. am]mllae posterioris which
courses backwards and outwards.

(1) The utricle (utriculus) (Flgs 247 and 248 ) is irregularly
cylindrical in form : commencing at the recessus utriculi it passes
forwards and outwards ; then backwards, inwards, and upwards, to
terminate at the sinus posterior, where it is slightly contracted. At
about its middle it is divided into an anterior and a posterior part by
an incomplete, sickle-shaped partition, formed by the posterior
semicircular canal opening obliquely into the utricle, and so
causing a fold in the posterior wall : on the anterior wall there is
no fold ; the aperture left in the partition is the apertura utriculi.

The posterior part of the utricle receives the sinus superior, which
is formed by the junction of the two vertical semicircular canals.
The anterior part of the utricle receives the hinder dilated end of
the external semicircular canal by an opening in its posterior wall,
close to the apertura utriculi. In the lower wall or floor is the
narrow opening leading into the saccule (canalis utriculo-saccularis):
this opening is placed with its long axis parallel to the long
axis of the utricle, with its broader end posterior, and the narrower
end anterior. _

(2) The recessus utriculi (Figs. 247 and 248 rec). The anterior
end of the utricle widen® and curves downwards and outwards to
form the recessus utriculi; on its floor is a thin, kidney-shaped plate
or otoliths, resting on the macula ac. recessus utriculi (mu), which re-
ceives the ramulus rec. utricnli ; under it the ramulus amp. anterioris
and the ramulus amp. externae run forwards and close together to
reach their respective ampullae, which are close together at the
antero-external wall of the recessus utriculi. The otolith is a glassy,
homogencous plate, with numerous vacuole-like spaces and striated
borders ; it covers the whole of the wacu/a.

(3) The anterior ampulla and semicircular canal (Figs. 247,
248, aa, ca). The anterior ampulla is a rounded, oval vesicle,
with a depressed roof (Fig. 250 I); on the floor is a transverse

S
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low septum, which bears the crista acustica (cr) on its free border ;
seen from above the crista acustica (¥ig. 249 11, aa, cr) has concave
Fig. 247.

83

Fig. 248.

ap

The right membranous labyrinth of Rana csculenta ; after Retziua. Magnified 20 times. Fig. 247
seen from the inner side ; Fig. 248 seen from the outer side.

aa Anterior ampulla. mn Macula acustica neglecta. rb  Ramulus basilaris.

ae External ampulla ms Macula acustica sacculi. rec  Recessus utriculi.

ap Posterior ampulia mu Macula tica T r R Ius lag:

apn Apertura partis neglectae. utriculi. rn Ramulus neglectus,

aw  Apertura utriculi. pb  Pars basilaris cochleae. rs Ramulus sacculi.

ca Anterior semicircular canal. p! Papilla ac. lagenae. s Saoccule.

ce External semicircular canal. ppb Papilla ac. basilaris sp  Sinus utriculi posterior.

cp Posterior ssmicircular canal  raa Ramulus ac. anterioris. ss  Sinus utriculi superior.
cus Canalis utriculo-saccularis, rac Ramulus amp. externae. tv  Tegmentum vasculosum.
de Ductus endolymphaticusa rap Ramulns amp. posterioris. «  Utriculus.

§  Lagena cochleae,

borders anteriorly and posteriorly; the ends are broad, rounded, and



398 THE SKIN AND THE SENSE-ORGANS.

somewhat raised ; and in the middle it presents a small elevation
(Fig. 249 er)y/On | the) crista arustica rests the cupula terminalis
(Fig. 250 I, eu); this is arched above but of the same form as the
erista acustica below, from which it is separated by an even slit-like
space; the ends are not rounded but hollowed out. The substance
of the cupula is very soft and has parallel striations, formed of fine
fibres and running from above downwards ; it separates very easily
from the crista acustica. The anterior ampulla is directed forwards,
outwards, and slightly upwards, to open into the anterior semicir-
cular canal (canalis m. anterior) (ca), which curves first upwards and
forwards, then backwards, inwards, and upwards, to open by means
of a slightly dilated end into the sinus superior utriculi.

(4) The external ampulla and semicircular canal (Figs. 247,
248 ae, ce). The external ampulla lies immediately external to the
anterior ampulla ; it also is an oval vesicle, and corresponds with the
anterior ampulla in size and shape, except that the roof is higher.
The roof is directed backwards, the floor forwards; the septum
transversum is low, placed vertically, and bears a triangular, slightly
depressed crista acustica : the broader, rounded end of the crista is
directed upwards, the apex downwards. The corresponding cupula
lerminalis is relatively high, and is of the same shape as the crista,
and is striated. The external ampulla is continuous with the ex-
ternal semicircular canal (canalis m. externus) (ce), which courses
outwards and backwards ; then backwards, inwards, and slightly
upwards, touches the roof of the posterior ampulla; then curves
forwards and inwards to terminate by a slightly dilated end in the
anterior part of the utriculus.

(5) The posterior ampulla and semicircular canal (Figs. 247,
248, and 249 ap, ¢p). The posterior ampulla commences at the
posterior end of the sinus post. uiriculi, and is directed outwards
and backwards. It corresponds in all other points with the anterior
ampulla. The posterior semicircular canal (ce) (canalis m. post.),
into which the ampulla opens, curves upwards, inwards, and for-
wards, to open into the upper end of the #inus superior.

(6) The saccule (s), ductus endolymphaticus (de), and the
saccus endolymphaticus (Figs. 247, 248, 249). The saccule (s)
is an oval vesicle, placed under the anterior part of the utricle and
directed outwards and downwards ; below it is flattened in a di-
rection from in front and within, outwards and backwards; above
it is wider. In the inner and anterior surface is the rounded, oval
macula acustica sacculi (Figs. 247 and 248 ms), to which is distri-
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buted the R. sacculi (rs) from above; a large otolith rests on the
macula and occupies| la darge portion of the cavity, more especially
the lower portion. The tubular ductus endolymphaticus (de) arises
by a narrow oval opening placed in the upper and inner part of the

I
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ae.
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au.
ca.
ce.
€p.
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de.
dp.

Fig. 249.
7 ”w

The membranous labyrinth of Rana esculenta ; after Retzius.

Part of membranous labyrinth to show relations of the ductus and saccus endolymphaticus
to the cochlear part ; magnified

The receesus utriculi and the external ampulla ; magnified.

To show tegmentum vasculosum, pars basilaris, pars neglecta, etc.

To show relations of the cochlear part to the pars neglecta.

Ampulla anterior. 3 Lagena cochleae. rap. Ramulus amp. posterioris.
Ampulla externa. ma, Macula ac. recessus utri. r4, Ramulus basilaris.
Apertura lagenae. culi. rec. Recussus utriculi.
Posterior ampulal. mn. Macula ac. neglecta. ri. Ramulus lagenae.
Apertura partis neglectae. mp. Membrana basilaris rn. Ramulus neglectus
Apertura utriculi. pb. Pars basilaris cochl rp. R posterior.
Canalis m. anterior. pe’. Darkspot on eitherside of rs. Ramulus saoculi,
External semicircular canal. crest of ampulla. s, Saocule.

Posterior semicircular canal. pl.  Pars ac. lagenne. ap. Posterior semicircular
Opening into pars basilaris.  pr. Pars neglecta canal,

Crista acustica. ppd.  Papilla ac. basilaris. spl. Saccus parilymphaticus.
Canalis utriculo-saccnlaria. ~ ra, Ramus anterior. #s.  Sinus utriculi superior.
Ductus endolymphaticus raa. Ramulus amp. anterioris. (v. Tegmentum vasculosum,
Ductus perilymphaticus. rae. Ramulus amp. externa. uv.  Utricle.

wall, runs upwards and to the angle between the utricle and the
sinus superior, continues in the same direction for a short space, and
then curves inwards to pierce the apertura aquaeductus vestibuli, and
so reach the cranial cavity. It then forms a large, thin-walled sac
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(saccus endolymphaticus), placed between the brain and cranium.
The sac is/yery; vascular and contains crystalline otoliths.

(7) The pars neglecta (Figs. 247, 248, 249) was described by
Hasse as the “first part of the cochlea’ (‘ Anfangstheil der Schnecke’),
but according to Retzius it does not belong to the cochlea. It is
placed above and in front of the pars basilaris cochleae, above and a
little behind the lagena cochleae, therefore above the upper and pos-
terior part of the saccule, and under the middle part of the utricle.
It is really a prolongation of the saccule, with which it communi-
cates by an elongated oval opening placed externally and immedi-
ately below the opening of the canalis utriculo-saccularis. 1t is an
oval vesicle, with its roof intimately united with the lower wall of
the utricle; anteriorly it is broad, posteriorly narrowed. The
macula acustica neglecta is attached to the roof of the vesicle and
consists of an anterior heart-shaped and a posterior semilunar
portion united by a narrow connecting piece (Fig. 250 IITand VII).
The ramulus neglectus divides into two branches, which supply the
two parts of the macula. On the macula acustica neglecla rests the
membrana tectoria (Deiters) ; the membrane is S-shaped, with the
anterior end narrow, the posterior broad (Fig.250VII); the borders of
the membrane are pierced by numerous small round holes, the central
part has smaller and fewer perforations, and is finely striated.
From the middle of the posterior part of the upper surface a thicker
portion projects downwards into the cavity of the pars neglecta; it
has a narrow, deep notch for the nerve at about its middle; ante-
riorly it points towards a sickle-shaped piece, which is curved in-
wards. Canals run obliquely downwards and inwards from the
apertures on the superior surface. The membrane is clear, homo-
geneous, partly finely striated, and corresponds with the memébrana
tectoria of the pars basilaris, ete.

(8) The lagena cochleae (Figs. 247, 248, and 249 /) is an oval
swelling of the membranous labyrinth ; it lies close to the sacculus
with its broader end forwards, the narrower directed backwards.
By a large rounded opening at the posterior end it communicates
with the saccule by means of a rounded space common to the lagena
cochleae and the cocklea. The papilla acustica lagenae (pl) is situated
in the posterior wall of the /agena ; it is elongated, oval, and supplied
by the ram. lagenae. The papilla is covered by a plate-like otolith
formed of numerous rounded particles.

(9) The pars basilaris cochleae (Figs. 247, 248, and 249 pb) is
placed on the posterior thickened wall of the raccule and lies above
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and behind the lagena. It forms a small, oval, pocket-like protu-
berance, with'the'long axis diré¢téd from in front and above, back-
wards and outwards, its opening being directed forwards and
Fig. 250.
I - r

The membrmo\n labyrinth of Rana esculenta ; after Retzius,
L T ction of the anteri lla. Magnified so times.

IL Phoo from under surface of the cupula from the anterior ampulla, Vérick's Syst., Obj.VIII, Oc. 3.
I11. The macula acustica neglecta, seen from below. Vérick’s Syat., Obj. IV, Oc. 3.

IV. Part of wall of the anterior ampulla.

V. Part of the cochlea, the pars basilaris cut longitudinally, Vérick’s Syst., Obj. L, Oe. 3.
VI. Longitudinal section of the pars basilaris. Vérick’s 8yst., Obj. I, Oc. 3.
VII. The macula ac. neglecta, seen from below. Vérick's Syst.. Obj. 1V, Oc. 3.
VIII. The pars basilaris, seen from behind and the outer side. Vérick’s Syat., Obj. I, Oc. 3.
IX. Transverse section of the external ampulla. Magnified 175 timee.

¢w Oval opening into sacculo-cochlear space. 2#  Nerve-fibres.

Crista acustica. pd  Pars baasilaris.
cu Cupula terminalis, pf  Area of coarsely granular cells.
dp Ductus perilymphaticus. ppbd Papilla acustica basilaris.
md Section of thinner wall of pars basi- #  Epithelium on raphe.

laris. r® Ramulus basilaris.

m¢  Tectorial membrane. mm  Ramulus neglectus.
mw Thickened membranous wall. tv Tegmentum vasculosum.

outwards. The short ram. basilaris passes in from above to supply
it. The walls of this dilatation are thick and stiff, with the exception
pd
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of a small portion, the membrana basilaris (Hasse) (mb), which closes
the opening into/a small dilatation on the anterior inner wall. The
ramulus basilaris (rb) divides into, at least, two branches, and passes
close to the membrana lasilaris (mb), where the elongated and
oval papilla ac. lasilaris (Fig. 250 ppl) is placed. The papilla
is covered by a membrana tectoria (Fig. 250 mt), which is often
found separated from the papilla, probably by the action of the

Fig. 251.

Preparations from the ear of Rana esculenta ; after Retzius

1. Part of the membranouns wall seen from the surface. Vérick, Obj. VI, Oc. 3.
II. Transverse section of the b wall. Vérick, Obj. III, Oe. 3.
III. Epithelium from the neighbourhood of the macula ac. rec. utriculi. Vérick, Obj. III, Oe. 3.
IV. Branched ocells from the yellow spot on the floor of the anterior ampulla. Vérick, Obj. III,

Oc. 3.
V. Epithelium from the roof of the anterior ampulla. Vérick, Obj. III, Ooc. 3.
re Epithelium of raphe. pe  Protoplasmic cella
¢ Pavement epithelium. pa Perilymphatic tissue,

reagents used. The form of this membrane is peculiar but will
easily be understood from the figure (Fig. 250 mf). In structure
it is similar to the corresponding structures found in other parts
of the ear.

(10) The tegmentum vasculosum (Deiters) (Figs. 245, 248, and
250 fv) is an oval, shell-shaped dilatation of the membranous laby-
rinth ; its long axis is directed from above and in front, downwards
and backwards. The walls of the fegmentum are thin and inti-
mately attached to the periosteum.

e. The minute structure of the membranous labyrinth (Figs.
251, 252).
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(1) The walls of the membranous labyrinth have the same
general structure throughout ;| the walls are usually thicker at
the nerve terminations, in the ampullae, semicircular canals, pars
neglecta, and especially the pars basilaris ; the wall of the legmentum
tympani are the thinnest. The walls are transparent, homogeneous,
refractive, and, at places, show a faint striation, which is, as a rule,
not due to the presence of fibres; in parts of the recessus utriculi,
and in the outer wall of the saccule, especially near the legmentum
vasculosum, more or less distinct fibres can be made out. Sections
of the wall show spindle-shaped cells, with the processes usually
arranged parallel to the surfaces; seen from the surface, the cells
are seen to branch in all directions (Fig. 251 I, II). In the
thinner parts of the walls the cells are few or altogether absent.
The outer surface of the membranous labyrinth is uneven, in conse-
quence of the attachment of the perilymphatic network. Blood-
vessels are also attached to the outer surface, and pierce the wall,
especially near the nerve-terminations.

The whole of the inner surface is lined with a layer of polygonal,
tesselated epithelium-cells. The size and height of the epithelium
varies in different parts. On the outer wall of the saccule the cells
are large, but on the inner wall small ; they are also large in the
semicircular canals, except on a small raphe on the inner and outer
side, where they are smaller but higher (Fig. 251 re); in the am-
pullae the cells are large, except on the roof. In the utricle and
sinus superior they are also moderately large. In addition to the places
mentioned, a smaller epithelium is found on the floors of the am-
pullae, in the recessus ntriculi, and near all the nerve-terminations
and on the sides of the ampullar septa. Surrounding the nerve-
terminations of the macula rec. utriculi, macula sacculi, and papilla
lagenae are found narrow, branched, yellowish cells (Fig. 251 pe)
with spindle-shaped nuclei. Cells of a third kind, first described
by Deiters, Hasse, and Kuhn, in the legmentum vaseuloaum, and in
the ampullae by Hasse and Kuhn, are also found in the utricle.
They contain a yellowish pigment, and are collected into two
sharply differentiated groups in each ampulla (Hasse has one placed
before and one behind the septum on the floor). The cells are
cylindrical, the upper parts striated, the lower narrower, and the
bases again widened to a polygonal, more homogeneous plate,
which is fixed to the wall. On the fegmentum vasculosum the corre-
sponding cells are not so high.

(2) The nerve-terminations. The larger branches of the auditory

nd 2
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nerve contain medullated fibres of various dimensions and bipolar,
spindle-shaped ganglion-¢cells; |\ The nerves pierce the walls obliquely
or vertically, and retain their medullary sheaths until near their
final distribution. On each of the nerve-terminations is found
nerve-epithelium, which varies in height in different parts. In the
crista acustica it measures 0'075 mm. in height in the middle part,
006 mm. at the sides; on the macula rec. utriculi o-og mm., on the
macula sacculi 0'075 mm., on the papillu lagenae 0'06 mm., on the
papilla part. basil. 0’045 mm., on the macula neglecta o'o75 mm.
The epithelium is of two kinds, hair-cells and sustentacular cells.

Fig. 253.

r V-

‘

n fx.

The nerve-terminations in the membranous labyrinth of Rana esculenta ; after Retzius.
I. Vertical section through the crista acustica of the anterior ampulla. Vérick’s Syst., Obj. ITI,
Oc. 3.
1I. Vertical section through the macula ac. recessus utriculi. Vérick’s 8yst., Obj. VII1, Oc. 3.
III. Three isolated hair-cells from the crista ac. of the anterior ampulla. Vérick’s Syst., Obj. VIII,
Oc.

. 36
IV. Two isolated sustentacular cells from the crista ac. of the anterior ampulla. Vérick's Syst.,
Obj. VIII, Oc. 3.

cr Crista acustioa.

cu Cupula terminalis.
Jz Sustentacular cells.
h  Hairs of hair-cells.

hz Hair-cells,

n  Nerve-fibres.

a. The hair-cells (Fig. 252 4:) have, on the whole, elongated,
flask-like forms, but are not all of the same length (0'024-0'04 mm.).
The free ends of the cells are rounded, flattened, and yellowish, and
each bears a stiff cilium, which is fixed by a broad base to the cell,
and thins out towards its free end : the cilia vary in length ; in the
ampullae their greatest length is 0'13 mm., on the macula rec.
utriculi o*o11 mm., and on the papilla lagenae o'o17 mm. The
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cells are granular, possess rounded oval nuclei, and are fixed by a
fine, narrow/process (Fig. 252 4z);) though they usually seem to be
rounded off without possessing a process.

B. The sustentacular cells. Under the hair-cells is a finely
granular substance, possessing numerous rounded oval nuclei, which
are placed in superimposed rows (Fig. 252 fz), the deepest row
being placed close together and immediately on the membranous
wall.  After proper treatment and isolation these nuclei are seen to
belong to narrow, elongated cells, which rest by a slightly widened
base on the wall, and are continued upwards between the hair-cells
to reach the surface of the epithelium, where their upper processes
are again slightly widened.

y. The nerve-fibres (Fig. 252 #) lose their medullary coats, ascend
towards the epithelium, and frequently divide to form two unequal
branches, which ascend to the level of the hair-cells, and curve so as
to course horizontally as extremely fine varicose fibrillae; these fre-
quently form a network, of which the exact method of termination
has not been made out. In some cases a fine fibril may be traced
to the base of a hair-cell, but a direct continuation of the one into
the other has not yet been traced.

VI. THE EYE.
(Re-written by the translator.)

The organ of sight, the eyeball (bulbus oculi), together with its
appendages (fufamina oculi), will be described in this chapter.

A. The Eyeis flattened on the outer surface, more convex on the
inner or deeper surface. Its principal axis is directed from behind,
forwards and outwards.

The outer transparent portion of the eyeball is the cornea, which
forms the outer boundary of the anterior chamber. The larger, white,
opaque, and inner portion is the sclerotic coat, which, together with
two deeper tunics, the choroid coat and the retina, enclose the posterior
chamber of the eye. The pigmented ring placed behind the cornea
is the iris, and the aperture it encloses the pupil. The lensis placed
immediately behind the iris. On the inner side the optic nerve
pierces the sclerotic to enter the eyeball.

a. The sclerotic coat (sclerofica s. sclera) forms about three-
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fourths of the surface of the eyeball ; posteriorly it is pierced by the
optic nervéat d point (poris opticus) nearer the temporal side than the
nasal. The sclerotic coat consists of fibrous tissue externally, with a
layer of hyaline cartilage internally (Helfreich). The fibrous layer
Fig. 253. is formed of bundles of parallel fibres, which cross
each other, chiefly at right angles (Hoffmann).
The cartilaginous layer ends just behind the line
of insertion of the extrinsic muscle of the eye,
and is thickest at the point of entrance of the
optic nerve (Helfreich).
The sclerotic coat is rich in nerve-fibres, which
Fndothelium fromthe - ¢orm a close network; the fibres, however, do
solorotio coat; after not unite but form the meshes of the network
by simply crossing each at acute angles.
The deeper surface of the sclerotic coat is lined with a layer of
large endothelial cells (Hoffmann), (Fig. 253), which form the
outer wall of the capsule of Tenon.

b. The cornea and the anterior chamber. The cornea forms
about one-fourth of the surface of the eyeball and is directly con-
tinuous with the sclerotic. In it five layers can be distinguished :
a layer of stratified epithelium or conjunctiva, an anterior hyaline
membrane, the true corneal substance, a posterior hyaline membrane,
and a layer of endothelium.

(1) The corneal epithelium is a layer of stratified epithelium
covering the superficial surface of the cornea. The superficial
layer forms a beautiful mosaic of polygonal cells; the middle
layers are polygonal in all sections, while the deepest layer is more
or less columnar. Except in the most superficial layer, all the cells
have serrated surfaces. Smaller cells possessing each two nuclei
are also found between the columnar cells, and are evidently cells in
process of division ; according to Waldeyer, cell-proliferation may
also take place in the middle layers.

The basal or deeper portions of the columnar cells possess a clear
border, which reminds one of the hyaline border found on the free
border of columnar epithelium in other parts. The cells are here so
closely applied to one another that these borders have the appearance
of a continuous, highly refracting membrane (Rollett); according
to Henle, the border consists of a network of very fine processes from
the cells above.

(2) The true corneal substance, and (3) the anterior hya-
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- line membrane. The corneal substance consists of flat bundles

of fibres arranged,in laminae, with cement-substance and connec-

tive-tissue corpuscles interposed. The fibrils are extremely fine

(0rocor mm., Engelmann), and bound together into bundles by

cement-substance. The bundles of the laminae are arranged at

various angles, though many are placed at right angles to each
other (Waldeyer).

Between the laminae are flattened spaces, which seen in section

are spindle-shaped. By proper treatment they are seen to be irreg-

Fig. 254. ular, branched spaces,

which  communicate

by fine canals and

form part of the Reck-

linghausen-canals or

lymph-system. These

spaces contain branch-

ed, connective-tissue

corpuscles (Toynbee),

and a colourless fluid.

The corpuscles (Fig.

254 ¢) do not fill the

spaces which they

Preparation from cornea of Rana esculenta ; atter Klein,  0ccupy. They possess
Hartnack's Syst., Obj. VII, Oc, 3. lar ge nu Cl ei sur-
a Nerve of first order. 4

b Norve of second order. rounded by granular
¢ Nerve of third order.

d Nerve of fourth order. profopla.sm.

¢ Corneal corpuscles, The canals by which

these spaces communicate (‘ Saftcandlchen ’ of Recklinghausen) lie,
in general, parallel to the surfaces of the cornea, and communi-
cate by joining at acute angles or by short transverse branches.
According to Lavdowsky, these canals have a distinct lining
membrane.

The anterior hyaline! layer (Bowman’s or Reichert’s lamella) is
not so well seen in the frog as in some higher animals; it is simply
a portion of the corneal substance, of somewhat denser structure
than the rest, into which it passes by a gradual transition.

(4) The posterior hyaline membrane (Descemet’s membrane)
is a highly elastic, very transparent layer, placed behind the
true corneal substance; in the frog some few bundles of fibres

! Tamanscheff and Schweigger-Seidel consider the anterior and posterior hyaline
membranes to be composed of fine fibrils.



www.libtool.com.cn



THE EYE. 409

right angles to them, and in this way a rectangular trellis-work is
formed.

The fibrils (nerves of the fourth order) given off by these nerves
form networks around the connective-tissue corpuscles, but no
direct connection between nerve and corpuscle has been traced ;
they always appear to lie on that surface of the corneal corpuscle
which is directed towards the superficial surface of the cornea
(Klein). In the endothelium covering the membrane of Descemet
these fibrils can be traced coursing along the margins of the cells
(Fig. 255 d), and sometimes undergoing dichotomous division
(Klein).

Almost all observers have described these fibrils as possessing
varicosities ; Hulke, and more recently Wolf, however, deny their
presence. Lavdowsky traces nerve-fibrils to the nuclei of the
connective-tissue corpuscles.

(7) The anterior chamber is the space between the cornea and
the iris, and is filled with a watery fluid, the aqueous humour, At
the circumference of the chamber are a number of spaces (spaces of
Fontana), formed by interruptions in the tissue between the poste-
rior surface of the cornea and the iris; the result is that bands or
trabeculae (ligamentum pectinatum iridis) pass from the one structure
to the other, and between these are the spaces of Fontana.

According to Angelucci these trabeculae are of three kinds :
trabeculae passing from the cornea to the iris, formed of con-
nective-tissue ; trabeculae from the cornea to the ciliary processes,
which contain elastic tissue; trabeculae from the interstitial con-
nective-tissue of the ciliary muscle to the cornea, and formed
almost entirely of elastic tissue.

At the junction of the cornea and sclerotic, and just in front of the
spaces of Fontana, is a larger and similar space, which may be traced
round the whole circumference of the cornea; this, the canal of
Schlemm (Sinus circularis iridis), is held to be & venous plexus by
some observers (Angelucci, and others), according to others it is a
lymphatic space in connection with the anterior chamber (Schwalbe,
and others). It is certain that the vessels can be very easily in-
jected from the anterior chamber, although a direct communication
has not yet been seen.

o. The choroid coat and the iris (funica ckoroidea et iris, tunica
vasculosa).

1. The chorgid coat lines the deeper surface of the sclerotic
coat, but is also prolonged under the cornea to form the iris.
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The choroid is firmly attached to the sclerotic in two positions, at
the point of entrance of the optic nerve, and at the line of junction
of the sclerotic and the cornea. lts exterpal surface is closely
applied to the deeper surface of- the sclerotic, from which it is only
separated by a very narrow serous cavity (supra-choroidal space),
and to which it is attached by numerous vessels and nerves. The
deep surface of the choroid is covered by the retina, to which it
is closely attached, except at the ora serrata, the attachment being
especially intimate at the processus ciliares.

The choroid coat consists of a fibrous layer containing corpuscles
and traversed by a very rich vascular anastomosis. The corpuscles
of this layer are deeply pigmented, in some cases to such an extent
that the oval nucleus cannot be seen ; the fibrous tissue is also pig-
mented, and has consequently a brownish tinge. That portion of
the layer immediately below the sclerotic is termed the lamina fusca
or suprackoroidea, the vessels on the deeper surface forming the
membrana choriocapillaris. This again is lined on its deeper surface
by a hyaline membrane.

a. The arteries (Fig. 256 VI, VII, VIII) supplying this coat
are two branches of the arferia ophtAalmica ; these form a capil-
lary network (Fig. 256 VII) resembling the corresponding struc-
ture found in mammals. The meshes have approximately the
same gize, while the capillaries themselves vary considerably in size.
This network is, however, only .complete on the nasal, temporal,

Fig. 256.

The veesels of the choroid and iris ; after Hans Virchow.

I. The two roots of the V. bulbi superior. Magnified to times.
II. Veessels of the iria. Magnified g times.
111, Origin of the ventral vein.
1V, S8chema of the choroid vessels ; seen from the proximal pole.
V. Tr fon through the choroid at the equator.
VI. The origin of the choroid arteries from the ophthalmic artery. The greater part of the
sclerotic has been removed. Left eye twice natural size. .= A. From the proximal pole.
B. From the temporal side,
VIL. Part of a chorvidal artery attached to the choriocapillaris. Magnified 10 times.
VIII. A portion of the chorlocapillaris, more highly magnified.
IX. The V.ophthalmica and V. bulbi superior on the sclerotic of the right eye. A.Seen from
proximal pole. B. S8een from above. Twice natural size.

A Art. ophthalmica. R Branches of the circulus iridis major.

A’ Art, chorvidea. Rd  Distal root of vein of under surface of eye.
An R, nasalis of the oKhth.lmio artery. Rd’ Distal root of nasal vein.

At R. temporalis of the ophthalmic artery. Rd” Proximal root of nasal vein.

ch  Area of membrana chorloenrlllnrh. Rp’ Nasal root of ventral vein,

Le  Onuter pigmented layer of id. Ry” Temporal root of ventral vein.

Li  Inner pig ted layer of choroid Vis V. bulbi superior.

N Optic nerve. VA V. hyaloidea.

r Vasa recta. Vo V.ophthalmica.
i Transitional part between choriocapillaris Vp. Proximal root of vein of under surface of
and ventral whorl. eye.
r”  Transitional part between choriocapillaris Vs’ Nasal root of V. bulbi superior.
and upper whorl. Vs” Temporal root of V. bulbl superior.
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The muscle-fibres are long, spindle-cells, which are abruptly
swollen in the\middle, xwhere tlie)niiclei are situated ; the nucleus is
oval, 0'009—0'0012 mm. in length, 0:0025 mm. broad, and occupies
nearly the whole of the swollen part of the cell (Hoffmann,
Griinhagen).

According to Koganei the iris possesses a M. constrictor iridis (I. c.
Berlin Sitzungsber.), but no M. dilatator iridis ; in a former publica-
tion (Z.c. Arch. mik. Anat.) he was unable to find any muscular
fibre, and holds the muscle-fibres of Griinhagen to be connective-
tissue elements.

The stroma consists of delicate connective-tissue fibrils, enclosing
a very large number of pigmented, branched cells.

a. The arteries of the iris (Fig. 256 II) arise from an arch (see
Vessels of Eye) formed by the 4. ophthalmica in the corpus ciliare.
It commences between the ventral and temporal surfaces by two
branches : one courses. along the temporal border, the other along
the nasal, to meet each other on the nasal surface; the former
courses through one-third, the latter embraces two-thirds of the
circumference at the iris.

The temporal artery courses along the ciliary border during the
first third of its course, it then gradually approaches the border of
the pupil ; the nasal artery runs at once towards the pupil. On
the nasal border of the pupil they anastomose by their branches,
and so form a circulus iridis major.

Except near their termination, no small vessels arise from this
arterial circle ; in Fig. 256 II, for example, only five larger branches
are given off, three from the temporal side and two from the nasal.
The five large branches run towards the circumferential border of
the iris and break up into numerous vessels, which form a very

irregular and open network. From this network arise the vasa
recta already described.

d. The lens is almost spherical, and is composed of cellular ele-
ments enclosed in a capsule (capsula lentis).

The capsule is a homogeneous, transparent, structureless, and
highly elastic membrane. The deeper surface of the anterior cap-
sule is lined with a simple layer of regular nucleated six-sided
epithelial cells.

The lens itself consists of long, flat fibres ; seen from the surface
these are broad, narrow edge-wise, and in section six-sided prisms.
Those lying parallel to the anterior and posterior surfaces are
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latter, however, appear to be artificial productions (Hoffmann).

This layer of \fibres extends overithe inner
surface of the retina, and gradually thins
from the point of entrance of the optic
nerve to the limits of the retina.

(3) The ganglion-layer lies immedi-
ately without the nerve-fibre layer (Fig.
258 0). The ganglion-cells are small and
usually pear-shaped. The cells possess
large nuclei, round which is a thin layer
of very granular protoplasm. The cells
have inner and outer processes ; the inner
pass into the nerve-fibre layer, the outer
into the inner molecular layer in more or
less radiating directions. Manz claims
to have traced a direct connection between
the inner processes and the fibres of the
nerve-fibre layer.

Each ganglion-cell, whatever its shape
or size, has only one inner process, which
is easily distinguished from the outer
process by its being more glistening, by
the possession of varicosities, and because
this process never branches.

The outer processes are single(Schwalbe)
or rarely double (Hoffmann), and have as
a rule a direction at right angles to the
inner processes. Each outer process is
finely granular, which suggests rather a
‘prolongation of the cell-substance than
a true process. Frequently they are
branched, sometimes forming two equal
sized processes, which give off finer
twigs; at other times they appear to
pass through the whole of the inner
molecular layer without: undergoing di-
vision (Schwalbe). The processes do not
inosculate (Santi Sirena).

(4) The inner molecular layer (Fig.

= >¥INagaca

Fig. 238.

a

Vertical section through retina of
frog ; after Hoffmann, Magni-
fled soo*times.

Internal limiting membrane.

Ganglion-cell layer.

Internal molecular layer.

Internal nuclear layer. .

External molecular layer.

External nuclear layer.

Layer of rods and ounes.

Pigmented epithelium layer.

Innor segments of rods and
ounes.

. Outer segments of rods and

cones,
3. Outer transparent segments of
pigmented epithelium,

258 ¢) is 0'07-0'08 mm. thick (Hoffmann), and consists of a finely



www.libtool.com.cn



THE EYE. 417

rounded fibrils, about twenty-four to each rod (Hensen). The
fibrils are sharply differentiated from each other and have a slightly
spiral course; when seen in transverse section these outer limbs

do not appear to be round
(Schultze), although
others hold them to
be perfectly rounded
(Hoffmann and others),
and that the loss of
the cylindrical form is
due to the methods of
treatment.  According
to Merkel the longitu-
dinal striation is caused
by a canalisation of the
outer limb, which ac-
cording to him encloses
the processes of the pig-
mented epithelial layer ;
he is also of opinion that
the spiral appearance is
an artificial product. In
the latter opinion he is
probably wrong, as per-
fectly fresh rods exa-
mined in aqueous humour
show the same spiral
appearance (Hoffmann) :
against the canalisation
view others observe that
the longitudinal stria-
tion is most distinct near
the inner limit of the
outer limb, and that it
is impossible to conceive
that the processes of
the pigment-cells should

Fig. 259.

Various proparations from the eye of the frog:
chiefly from the retina.

1. Rod from retina in aqueous humour, showing spiral

striation.

2. Threv rods and one cone after treatment with vsmic acid.

3, 4» 5. Rods examined in recent state.

6, 7. Inner segmeonts of two rods after treatment with osmic

acid.
a Outer limb,
b Inner limb.
¢ Lenticular body.
d Nucleus of outer nuclear layer.
e Extornal limiting membrane.

8. Nuclear body from inner nucjear layer.

9. Twin-cone.

0. Sustentacular fibre of retina.

11. Burface view of pigmented epithelium of retina.

12, 13. Isolated pigmented cells of retina.

14. Four pigmented cells, rods and ocones, external limiting

membrane, and part of outer nuclear layer attached.

15. Two pigmented ovlls ; each showing three attached rods.

16. Muscle-fibre from the iris.

Figs. 1, 2, 3, 4, 5, 6, 7, 8, g are magnified soo times. Fig. 10,
300 times. Fig. 16, 400 times. All are copied from Hoff-
mann’s

Figs. 12, 13, 14, 15 are copied from Morano’s figures ; Hart-
nack, Oc. II, Obj. ¢.

terminate with such extremely regular ends (Hoffmann).

In the central part of the inner end of the outer limb
is seen a dark point when the structures are examined in trans-
verse section (Ritter, Manz, Schiess, Schultze, and others). The

Ee
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but the bodies. differ in shape, being bi-convex or rather oval in
form. The inner\segments areienclosed in a delicate sheath con-
tinuous with that of the outer segments.

In some cases two cones are united to form a twin-cone ; in such
cases the one is always larger than the other (Fig. 259 ¢), and has
several peculiarities which distinguish it from the smaller.

The smaller or secondary member of a twin-cone is longer, and
possesses a lens-shaped body which is plano-convex. The larger or
principal member of a twin-cone is shorter, has a plano-convex
body, but also an oval, homogeneous, glistening body, which is
directly attached to the plano-convex body. The shape of the two
members is also different.

The outer nuclear layer (Fig. 258 /) is 14-16 p thick; the
nuclei lie in two layers. The nuclei belonging to rods and cones
have the same characters, each nucleus being a large, oval, hyaline
body, and enclosing a bright nucleolus. Each nucleus is surrounded
by an extremely thin layer of finely granular matter. The inner
processes of the nuclear bodies both of the rods and the cones extend
to the outer molecular layer, are there dilated and serrated, where
they become attached to the outer molecular layer (Schultze, Hoff-
mann), In some cases, however, the inner process of the nuclear
bodies, belonging to the rods, forms only a short fine fibre.

In the case of twin-cones the corresponding parts in the outer
nuclear layer possess two nuclei (Schultze).

(8) The pigment layer (Figs. 258 £, and 259 11, 12, 13, 14, 15)
is not intimately attached to the rest of the retina. It consists of
cylindrical cells in which two parte or segments are sharply diffe-
rentiated ; the external part, directed towards the choroid coat, is
of pale, or colourless granular protoplasm, and occupies one-third
of the length of the cell; this part encloses a large, round, nucleo-
lated nucleus. This colourless segment of the cell also includes
one or two bright yellow, fat globules (Morano). Seen from the
surface the cells are hexagonal (Fig. 259 1:1). The remaining
two-thirds of the cells consists of a brush formed of numerous fine
pigmented processes; the ultimate terminations of the processes,
which lie parallel to each other, are frequently unpigmented ; :each
cell possesses thirty to forty such processes (Morano).

The processes extend between the rods and cones as far as the
external limiting membrane (Figs. 258, 259), or sometimes a little
further (Merkel, Morano, Hoffmann). The processes from one
pigment-cell surround a number of rods and cones; according to

Ee2
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and nucleated (Iwanoff and Virchow); according to the former
observer the cells have contractile powers.

The hyaloid membrane is described as structureless by Schwalbe,
as fibrous by Pappenheim, Bowman, and Fuikbeiner.

The vessels of the vitreous body (Fig. 260) are as follows. The
4. kyaloidea arises at the lowest point of the corpus ciliare ; it almost
immediately divides into two branches, which form a ring at a
distance of about o'5 mm. from the lens and lying on the surface
of the vitreous body (Fig. 260 I, II). One, R. nasalis, passes to
the nasal side and courses through one-fourth of the circle; the

Fig. a6o.

Y A

The veasels of the vitreous body ; after Hans Virchow,

I. Veesels of the vitreous body ; seen from the deeper pole and alightly from above. Magnified
6 times.
I1. Arterios of the vitreous body of the right eye.
A Seen from the proximal pole,
B 8een from the nasal side.
111. Veins of the vitreous body of the left eye.
A Been from the proximal pole,
B Been from the nasal side,
Nasal vein.
Temporal vein.
Branch (constant) of temporal vein.
R. nasalis of the ophthalmic artery.
lis of the ophthalmic artery.
'l'ermlmﬁon of the R. temporalis.
Ventral vein.

other, R. temporalis, courses through three-fourths of the circle, The
branches are all given off proximally and at right angles to the circle
(Fig. 260 I, II). From the R. nasalis only one branch arises, from
the R. temporalis seven, the first of which corresponds in point of
origin with the branch from the R. nasalis. The branches on the
nasal and temporal surfaces of the vitreous body are the shortest.

AR S AR )
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These branches form a capillary network (Fig. 260 I) with
elongated meshes; formed by the capillaries anastomosing at acute
angles. The capillary network is more dense towards the middle
of the proximal surface than in other parts.

The veins arising from this network are three in number (Fig.
260 I1I); two of these accompany the arteries from their origin,
and form a somewhat similar circle around the lens, while the third
passes backwards along the ventral surface of the vitreous body to
the papilla nervi optici. The nasal vein, however, takes a more
proximal course than the corresponding artery; the branches of
which it crosses; consequently the venous ring is not so perfect as
the arterial. The nasal vein is larger and the temporal vein smaller
than the correspondlng arteries.

The ventral vein is formed near the pa]nlla nervi opfici by the
union of two smaller branches. The capillary system of these
vessels has the usual structure of capillaries, the cells being united
by cement-substance (Zimmermann).

The blood-vessels of the vitreous body are accompanied by
lymphatics; according to Iwanoff they completely enclose the
capillaries : Zimmerman contradicts this view, as he has been un-
able to find lymphatics on that side of the capillaries directed
towards the vitreous body.

B. Appendages of the eye.

The appendages of the eye are the eye-muscles (see pp. 55-59),
the eyelids, the Harderian gland, and the lachrymal duct.

a. The eyelids are two in number, an upper and a lower. The
upper eyelid is intimately attached to the eyeball and follows the
movements of that organ.

The lower eyelid (membrana nictitans) is much larger than
the upper and has the same functions as the lower eyelid of higher
vertebrates. It forms a transparent covering for the eyeball, and
israised by a special muscle (see p. 58); functionally it takes the
place of both eyelids of higher vertebrates.

The lower eyelid is a prolongation of the skin, but has only a
few pigment-cells, except at its free margin, and no serous glands.
Mucous glands are found in two or three rows, closely applied to
one another, on the superficial surface of the lid ; on the deepersurface
they are wanting. The stroma of the lid, like the cutis, is of con-
nective-tissue.

Nerve-fibres can be traced in all directions through the substance



THE EYE. 423

of the lid, forming a wide-meshed plexus. Around each gland the
plexus becomes finer and by numerous branchings much closer ; from
the plexus twigs are given off, which divide to form a number of
fibrils traceable into the epithelial cells of the glands (Openchowski).

The vessels of the lower eyelid have been investigated by Stricker,
(7. ¢.); according to him they possess some interesting pecuha.ntles
Many of these capillaries course within a lymphatic vessel, in
some places the capillary being contracted by a projection from

Fig. 161,

g ém
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7

Preparations from the nictitating membrane of Rana escuienta to show distribution of nerves.

L P fon of the nictitatl b to show nervous supply to a capillary vessel ; after
Klein. Hartnack, Oc. I11, Obj 8.
a Capillary vessel.
b Blood-corpuscles.
cand d Non-medullated nerve-fibres.

11. To show distribution of nerves in the epithelium ; after Klein. Hartnack, Oc. 1V, Obj. 8.
g } Subepithelial nerve-fibrea.

¢ Fine fibrils between the deepest epithelial cells.
d  Deeopest epithelial cells.

its inner wall; where this is found the accompanying lymphatic
is correspondingly dilated. Such points are especially met with
where the capillaries branch ; in many cases the capillary was con-
tracted to such an extent that the blood-corpuscles were unable
to pass the obstruction. Stricker further observed in the living
tissue that such constrictions could take place in a part which a
short time previously had been comparatively wide and dilated ;
further, that many of the nerves were enclosed in similar lymphatics.
Langer, however (/. c.), describes the vessels as being accompanied
by an irregular network of small lymphatic vessels.

The distribution of the nerves in the lower eyelid has been de-
scribed by Klein. In the epithelium they form a network re-
sembling that found in the cornea (Fig. 261 II); along the blood-
vessels the fine fibrils form a perivascular network, which supplies
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fine twigs to the walls of the vessels (Fig. "61 I). He dis-
tinguishes, three kinds of pigmented cells.

b. The Harderian gland is situated at the inner angle of the
eye, and is pear-shaped in form. It consists of a number of
racemose glands held together by connective-tissue, the whole being
enclosed in a relatively thick and strong capsule of connective-
tissue.

The alveoli have a diameter of 0-040-0'060 mm. : they possess a
lining of epithelium and a lumen which varies considerably in size.
The epithelial layer is bounded externally by a membrana propria.
The cells are placed eccentrically, they are cylindrical, and com-
posed of finely granular protoplasm ; each cell contains a pale,
rounded nucleus. The ducts of the alveoli are lined with a
single layer of cylindrical epithelium, the cells of which are usually
shorter and narrower than those of the epithelium of the alveoli;
the ducts open into a single main tube, lined with similar epithelium
but strengthened externally by a layer of connective-tissue. The
glands secrete a fluid which moistens the free surface of the eye.

The Harderian glands are surrounded by a rich capillary anasto-
mosis which completely invests the alveoli.

c. The lachrymal duct opens behind and below into the nasal
cavity (see p. 389), anteriorly it can be traced forwards, as a small
tube imbedded in connective-tissue and lying immediately beneath
the skin, to the outer angle of the eye, where it opens by numerous
tubules.

The lachrymal duct is lined with ciliated columnar epithelium.
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NOTE BY THE TRANSLATOR.

REFERENCE has already been made to the views of Messrs. Melland
and Marshall on the structure of muscle-fibres. The opinion that
the striation of voluntary muscle is wholly or in part due to the
presence of a regularly arranged network was previously published
by Retzius, Bremer, and others. The authors referred to have
now for the first time shown the importance of this network in
- all vertebrate muscular tissues, whether voluntary or involuntary.

Mr. Marshall gives the following summary of the result of his
researches, which the Translator has confirmed by his own obser-

vations :—

1. In all muscles which have to perform rapid and frequent move-
ments, a certain portion of the muscle is differentiated to perform
the function of contraction, and this portion takes on the form of
a very regular and highly modified intracellular network.

3. This network, by its regular arrangement, gives rise to certam
optical effects which cause the peculiar appearances of striped
muscle.

3. The contraction of the striped muscle-fibre is probably caused
by the active contraction of the longitudinal fibrils of the intracellular
network ; the transverse networks appear to be passively elastic, and
by their elastic rebound cause the muscle to rapidly resume its
relaxed condition when the longitudinal fibrils have ceased to
contract ; they are possibly also paths for the nervous impulse.

4. In some cases where muscle has been hitherto described as
striped, but gives no appearance of the network on treatment with
the gold and other methods, the apparent striation is due to optical
effects caused by a corrugated outline in the fibre.

5. In muscles which do not perform rapid movements, but whose
contraction is comparatively slow and peristaltic in nature, this
peculiar network is not developed. In most if not all of the
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unstriped muscles of invertebrates there does not appear to be an
intracellular’ network present 'in' any form, but in the unstriped
muscle of vertebrates there are longitudinal fibres only; these
possibly represent a form of network intermediate between the
typical irregular intracellular network of other cells and the highly
modified network of striped muscle.

6. The cardiac muscle-cells contain a network similar to that of
ordinary striped muscle.

¥



DESCRIPTION OF THE FIGURES ON PLATE II.

Fig. 180 (p. 278).
1. Preparation of the mucous membrane of the dorsal surface of the mouth and oesophagus to show
the vascular sapply. Arteries red, veins blue ; after Schobl.
I1. Small portion of the above to show the dilatations on the capillaries ; after Schabl,

Fig. 187 (p. 285).

‘Transverse section through the mucous membrane of the fundus of the stomach of Rana esculenta.
Alcohol preparation, doubly stained with carmine and anilin blue. After Biedermann.

(Oc. 11, Byst. 7, Hartnack.)
L]

Fig. 196 (p. 298).
I. Partial injection of the liver from the portal vein (blue): Rana esculenta.—G. H.
I1. Partial injection of the liver from the hepatic vein (red): Rana esculenta.—G. H.
LII. Complete injection of the liver from the hepatic artery (red) and from the portal vein (blue) :

HRana esculenta.—G. H.
A Portal (interlobular) veins and their branches.

B Hepatic (intralobular) veins and their branches.
C Hepatic arteries and their branches.

Fig. 208 (p. 318).
Two sections from the lung of Rana temporaria ; stained with borax.carmine.—G. H.

.

1. The lung dilated (Hartnack, Oc. I, 8yst. 3). P
11. The lung contracted (Hartnack, Oc. I, Byst. 7).

A Band of muacle cut transversely.

B Band of muscle cut longitudinally.

C Muscular layer of surface.

Fig. 217 (p. 334).
Portions of two transverse vertical sections through the kidney.—G. H.
lenta, partial injection of the uriniferous tubes with silver nitrate (Hartoack,

I. Kidney of Rana
Oc. I, 8yst. 7).
I1. Kidney of Rana temporaria, stained with borax-carmine (Hartnack, Oc. I, Syst. 7

Fig. a19 (p. 337).
Two portions from a gold preparation of the kidney of Rana esculenta.—G. H.

1. Showing the tendency to split into lobules,
11, Nerve-fibres accompanying the blood vessels,

a Blood-vessels. b Nerves.
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»  radi " 259.
Brain, 141.

Calcaneum, 5o0.
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»»  plexus of fourth vent., 142, 164.

’ ”» thil‘d (L l53, '164.
Ciliary nerves, 169.

,»  processes, 420.
Circulus iridis major, 413.
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Cuticula dentis, 279.
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»»  perilymphaticus, 395.
,,  Wirsungianus, 3o1.
Dura mater, 1632.
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»  endothelium, 320.
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»  Btructure of, 216.
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,»  portal system, 248.
»  veins, 297.
Hip-joint, 49.
Humerus, 41.
Hyaloid artery, 421.
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Hyoid, 35.
Hypoglossal nerve, 182.

Ilia, 47.
Iliac lymph-sac, 257.

» septum, 253.

Inferior femoral septum, 259.
,»  sinus, 383.

Infundibulum, 153.

Inguinal septum, 254.

Inner molecular layer, 415.
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Interfemoral lymph-eac, 260.
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Intermediate fem. septum, 259.
Internal ear, 391.

» limiting membrane, 414, 420.
» muscles of eye, 413.
Interstnpedn] 15, 391.
Intestine, 286.
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Iris, 413.
Ischia, 48.

Kidney, 332.
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” osgeous, 391.
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al duct, 387

Lagena cochlea, 400.
Lamina fusca, 411.
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Large intestine, 292.
Laryngeal nerve, 175.
Larynx, 311
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lymph-sac, 255.
sense-organs, 379.

,» sinus, 380.
Lens, 413.
Lieberkiihn's glands, 288, 293.
Ligament. calcanei, 19.
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" gastro-duodenale, 30:.
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305.

“ intercruralia, 19.

" interspinalia, 19.
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suspensor. hepatis, 304.
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» internal, 414, 430.
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Lips. 275.
Literature on adrenals, 330.
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" ,» blood-vessels, 205.
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- ., cartilage, 431.

” ,» connective tissues, 4332.
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“ »» general, 435-436.
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’ septum, 253.
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Mediostapedial, 25, 390.
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Medullated nerves, 201.
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” L int., 414, 430.
” nictitans, 58, 421.
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Membrane of ot, 407.
Membranous labyrinth, 395.

Mentomeckelian cartilage, 35.
Mesocephalic ganglion, 168.
Metacarpus, 46.
Metatarsus, 53.
Meynert’s fibres, 155.
Molecular layer, inner, 415.
» sy outer, 419.

Motor-oculi, 167.
Mouth, 275.
Movements of hand, 46.
Mucous glands of skin, 375.
Miiller’s fibres, 420.
Muscle, histology, 433.
Mouscles, 53.
Muscles of abdomen, 67.
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» 1 cloaca, 347.

» » eye, w) 55

»  » » internal, 413.
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» 9 » - ” 93.
» » » s long., oI
w o ow » V, 113

V brev., 116.
I long., 110.
”» ’” ” n ” 86~
V prim., 91.
» V secund., 9I.
o ' hallucis, 109.
pollicis, 87.

. brev., 114.

,,  adduct. brev., 100.

dig. I long., 109.

» " » II, 89.
” “ s V, 113,
" “ longus, 99.
“ . magnus, 99.
” » pollicis, 87.

,, anconaei, 87.

,» antibrachii lat., 85.
meg., 85.
" " prot., 85.

»  biceps fem., g6.

,y coccygeo-cutaneus, I20.
-iliacus, 74.

” ”

i ”»



INDEX.

Muse. coccygeo-sacralis, 73.

compressor, cloacag; 348:
constrictor aditus laryngis, 315.
constrictor iridis, 413.
coraco-humeralis, 83.
cucullaris, 71
cutaneus dorsi, 119.
pectoris, 119.
dilator aditus laryngis, 315.
deltoideus, 82.
depressor maxill. inf., 60.
palpebrae mf 58.
dilator iridis, 413.
» marium, 59.

extensor brevis, 106.

»y carpi ulnaris, 86,

’ cruris brevis, 104..

" digit. I brev., 114.
. ,, long., 114.
” ,» II brev., 114.
, long., 114.
»» Prop. brev., 92.

) [ TR ) long') 93.
” , III brev., 115.

" »»  » long., 115.

, « _3 Pprop., 93.

» W IV, 110,

»» brev., 116,
s> Prop., 93.
V brev., 115.
»» long., 115,
» » comm. brev,, gr1.
”» » » long, 87
dorsi comm., 73.
flex. antibrach. lat. superf 8s.

”» ” med. 85
) ”» _-P"Of" 85'
,, brev. digit. I, 100.
" ” ” IV’ Ilz'
” ” ” v’ 113'

. carpi radialis, 84.

' d‘,, ulnaris, 84.8
., digit. comm., 85, 87.
¢ , 11, 1085 7
1 brev 89.

II long., 88.

“ ,» 1I prop., 310.

“ .+ II tert., 89.

’ .. IIT brev., 89.
III long., 89.

» III prop., 111.
o III, IV, V, 107.
»» IV brev., go.

it} ”

» long., go.
" o 3 Pprop., 1i2.
o » V brev., go.
» oy long, go.
” ’ prop., 113.
" metacarp, digit. 111, go.
”» s 9O.
' metmm dxglt II, uo
III 111,

” ” ”»
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. flex. metatars, digit. IV, 112.

,»» phal. prop. dig. III, 112,

w » » o IV,ant, 113
[H] " ” ” IV Poﬂt 113
” ” » " ’ 9°

»” ” . ” 113‘

, tarsi ant., 104.

ITT) M-) 114

gastrocnemius, 102.

genioglossus, 66, 281.

geniohyoideus, 64.

glutaeus, 94.

hyo-arytenoideus anterior, 315.
posterior, 315.

hyoglouus, 66, 281.

ilio-fibularis, 96

lho-lumbans 74

ilio-psoas, 101.

infraspinatus, 79.

intercrurales, 75.

interossei, 93, 113.

» orsales, 116,
interscapularis, 78.
intertransversar. cap. su .y 75

" ” ” o 75

» dom: 75-
hwmlu narium,
latissimus dorsi, 72
levator a::f. scap., 76.

bi, 57.
longissimus dorsi, 72.
lumbricales, 108.
masseter, 62.
nasalis ext., 6o.
obliquus ext g

» mt. 67

»  sup., 56.
obturat., 183.
omohyoxdeus, 65.
opponens dig. I 110.

” ” r 89

”» » ) 90'
palmaris brev., 87.
pectineus, 100.
pectoralis, 8o
petrobyoideus ant., 65. -
petrohyoidei post., 66, 315.
plantaris, 107.
protrahens scap., 76.
pterygoideus, 61.

iformis, 95.
gyu:dnms few., 112.
rectus abdom., 67.

»  extern. bulbi, 55.

,, fem. ant., 95.

,» infer.,, 5s.

”» inter. » 55

» intern. maior, 97.

»  super. ant, 56.
intern. minor, 98

retractor bulbi, 56.
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Muse. sartorius, 97. Nervus cut. antibrach. inf., 185.

» Semimembranosus, 97. cut. antibrach. sup., 185.

. lemltendmosus, 100. . cut. dorsi pedis lat., !96

» sphincter ani, 347. » ileo-hypogastricus, 189.

,»» sternohyoideus, 64. .»  peroneus, 195.

,» sternomastoideus, 76. ’ . comm. inf., 196.

» Bternoradialis, 82. . ' lateralis, 196

,» submaxillaris, 62. “ » medialis, 196.

,» submentalis, 63. . Tamus accessorius, 174

,» subscapularis, 78. » . anterior, 173.

.« temporalis, 61. . . auricularis, 172.

.. tibialis ant., 104. “ ,»» cardiacus, 175.

’ » post., 103. ' » cut. axillaris, 183.

..  transverso-scapularis rnamr, 77 ” ,» cutaneus dora., 174.

" ’ mmor, 77 ’ , . cruris lat., 196.

- t.ransvenus metacarp., o - " » med., 194.

" ” plant., lo8 ” “ ” » post., 194.

. triceps femoris, 95. “ ’e “ fem., 189.

,.  vastus ext., 96. “ » " lat., 187.

” » int., 6. : “ " " med., 186.

i o . sup., 186.
1 . dorulu, 18s5.
Nasal bones, 33. o .  gastricus, 175.

,» cartilages, 385. “ ,» hyoideus, 172.

» glands, 403. . .+ hyomandibularis, 172.
Nephrostomes, 336. - ,» laryngeus, 175.
Nerve, abducens, 171. ! " .. lateralis, 185.

,» suditory, 172. i “ .. mandibularis, 170.

., brachial, 183. | ” . maxillaris, 170.

,» facial, 171. ] o ., maxillo-mandibularis,170.

fifth spinal, 187. ” .. muscularis, 187.
fourth spinal, 188, “ . ophthalmicus, 169.

ﬁlomphnyngeal, 172, - . palatinus, 171.
ypoglossal, 182 .- .  pectoralis, 185.

.+ laryngeal, 175. " .  posterior, 173.

,, oculo-motor, 167. o .. pulmonalis, 175.

. olfactory, 167. - .. scapularis, 174.

.. optic, 167, 405. " . subscapularis, 185.

,+ pathetic, 142, 168. . .. ulnaris lat., 186.

. palatine, 169. » » med., 185.

.,  peroneal, 195. ' . tibialis, 194, 195.
., pmeumogastric, 173. . Neurilemma, 201.
.. _radial, 186. ' Nictitating membrane, 433.

,»  sixth spinal, 188. ! Non-medullated fibres, 202.

spinal, 173. Nose, 383.
. structure of, 201. Ly, skeleton, 27, 383, 385.
- p&thetlc, 197. Nuclear layer, inner, 416
" t ird spinal, 188. ,y  outer,
., tibial trigeminal, 168. N ucleus abducens, 146.
vagus, 173. »  auditory, 144.
Nerves, 107. : »  centralis, I44.

of Cornea, 408. »  Iagnus, 147, 152.
,» ©€ar, 403. “ medullae oblongatae, 144.
.. heart, 219. " pneumogastric, 146.

» » lungs, 319. .  trigeminal, 145.

»» 5 oesophagus, 286.
., skin, 378.

, 5 sStomach, 286. Oculo-motor nerve, 167.
Nervi ciliares, 169. : nucleus, 151.
Nervus coccygeus, 189. Oesophageal glands, 283.

,»  coraco-clavicularis, 183. Oesophagus, 282,

cruralis, 189. . Olfactory nerve, 167.



Omosternum, 36.
Operculo-angulare, 35.
Operculum, 25.
Optic chiasma, 153, 155, 167.
» commissure, 154.
,», fibre layer, 414.
» lobes, 149.
»» herve, 107, 405.
,» tracts, 152.
Os articulare, 35.

,, capitato-hamatum, 45.

,» cuboideum, 51.

,, cuneiformia, 53.

., en ceinture, 27.

,» lunatum, 44.

,» multangulum maius, 45.
’ minus, 45.
,, naviculare of foot, §1.

v, ’ of hand, 45.

,»» occipitale basilare, 23.

»”» » superius, 23.

,» pyramidale, 44.

Ostium abdominale, 304, 345.
Outer nuclear layer, 416.
Ovaries, 344.

Oviducts, 304, 345.

Palatine artery, 224.
'y bones, 33.
” nerves, 169.

Pancreas, 300.

Papilla acustica lagenae, 4o0.

Papillae of skin, 370.

» of tongue, 380.

Parasphenoid, 26.

Pars basilaris cochleae, 400.
» commissuralis, 147, 152.
,» medis, 135.

» neglecta, 400.

» peduncularis, 143, 153.
Partes condyloideae, 23.
Pathetic nerve, 142, 168.
Pectoral lymph-sac, 255.

” septum, 353.

Pelvis, 47.

Pericardium, 213.

Periganglionic glands, 180.

Perilymphatic space, 393.

Perineal septum, 253.

Peritoneum, 303.

Phalanges of foot, 52.

» ,» of hand, 47.

Pia mater, 162.

Pigment of cerebellum, 149.

. cord, 141.

hemispheres, 160.

liver, 299.

v » medulla, 148.

» optic lobes, 153.
noo tﬁlhmenc;phalon. 155.
skin, 730.

” ”
” "

. ’

" *
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Pigment-layer, 419.

‘ Pineal body, 155.

Pituitary body, 154, 156.
Plexus, Auerbach’s, 292.
’ lateralis, 165.
»  Meissner’s, 291.
Pneumogastric nerve, 146, 173.
' ,»  nucleus, 146.
Pons Varolii, 149.
Portal systems, 247.
»» vein, 297.
Posterior chamber, 420.
Pre-arytenoid cartilages, 314.
Precoracoid, 40.
Premaxillary bones, 33.
Processes, articular, 17.
’ spinous, I17.
” transverse, 17.

~ Processus coracoideus, 40.

5  coronoideus, mandible, 34.

» » _» radio-ulnar, 43.

" mastoideus, 24. .

» zygomaticus, 30.
Prootic bones, 24.
Pterygoid bones, 31.
Pubes, 49.
Pulmo-cutaneous arch, 23o.
Pulp-cavity, 279.
Purkinge’s cells, 148.

Radio-ulnar, 43.
Rami communicantes, 181, 199.
Rana aquatica, 3.

,» esoulenta, 4.

., flaviventris, 7.

’ gibbos'a, 3.

, innoxia, 3.

» oxyrhinus, 7, 9.

,» rubeta, 3.

»» temporaria, 7.
Receptaculum seminis, 337.
Recessus utriculi, 396.
Remak’s ganglion, 220.
Renal arteries, 333.

»» portal vein, 332.

,» veins, 333.
Reproductive organs, 341.
Retina, 414.

Retinal pigment, 419.
Ritter's fibres, 418.

Rods and cones, 416.

Roots of spinal nerves, 175.
Round bundle, 154, 159.

Saccus endolymphaticus, 395, 398.
,» fenestra ovalis, 395.
»  perilymphaticus, 395.
Sacrum, 19.
Scapula, 37.
Sciatic artery, 236.
»  Tmerve, 193.
,»  plexus, 191,
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Sclerotic coat, 405.
Semicircular canal, ant,, 396.
” ” 3 VU ext ': 3988
" ’ 3
Septs, of lymph-smp?'zy 9
Septum medium, 13g.
Serous glands of skin, 372.
Shoulder-girdle, 37.
”» -]oint, 43.
Sinus, superior, 383.
Sinus venosus, 214.
Skeleton, 15.

»» of nose, 2%, 383, 385.
Skin, 367. 7> 3% 3%
Skull, 21.

Small intestine, 286.
Sphenethmoid, 27.
Spinal cord, 135.

» ganglia, 177.

,» Nerves, 135, 175, 181.

» roots of, 175.
Spinons processes, 17.
Spleen, 302.
Squamosal bones, 30.
S“’fl‘i‘b"" inge,

car 25

ubmaxillary lymph-sac, 255.
Subshnt.u reticuloss, 138.
Sulcus longitud. inf., 135.

o sup., 135.
Supenor sinus, 383.
Supplemental toe, 5, 47, 374-
Supra-femoral lymph~s&c, a6o.

»  Beptum, 259.
Supnmpuh, 37.
Suprastapedial, 26 390.
Suspensorium, 30.
Sylvian aqueduct, 150.
Sympathetic system, 197.
Symphysis pubis, 48.
Systemic arch, 226.

Tactile sensation, organs, 377.
Taste-organs, 380.
Teeth, 278.
Tegmentum vasculosum, 395, 402.
Temporary papillae, 370.
Testis, 341.
Thalamencephalon,, 153.
Thalamus-tubercinereum strand, 154,
155, 159.
Third ventricle, 153.
Thymus gland, 320.
Thyroid gland, 323.
Tibio-femoral septum, 260.
Tibio-fibula, 49.
Toes, 5, 47, 374-
Tongue, 280.
Tonsils, 323.
Touch-corpuscles, 379.
» -Bpoty 378'

INDEX.

Transverse 17.
Trigeminal nerve, 168.

»  nucleus, 145.
Trochlear nerve, 168.
Truncus arteriosus, 216,
Tuberculus maius, 43.
Tympanic membrane, 389.

»  ring, 26.
Tympanum, 389, 390.

Upper nasal gland, 386

Ureters, 337.

Urinary bhdder, 338.
Tgans, 33a.

Unmferous tubes, 334

Unno-femt&l system, 330.

Urosty

Utncle, 396

Vagus, 173.
Valvula cerebelli, 148.
Vasa efferentia, 341.

yy recta, 412, 413.
Vein, anterior abdominal, 248.
caval, 241.
orbital, a4s.
” ”» tibial, 250.
,» brachial, 246.
,» cardiac, 249.
» caval anterior, 241.
- »» posterior, 246.
,» cutaneous, 244.
. dorso-lumbar, 248.
, external jugular, 241.
. facial, 2435.
,» femoral, 249.
”» wtﬁc’ ’49'
»  haemorrhoidal, 249.
.. hepatic, 247, 297.
,»  hepatic portal, 249.
s iliac, 247.
.. Innominate, 2432.

internal jugular, 243

” o

. i

. intesti s 249
jugular, external, 241.
“ »  internal, 243.

» lingual, 241.
mandibular, 242.
median orbital, 243.
nasal, 245.
ophthalmic, 412.
orbital anterior, 245.

, median, 243.

“ ,»  posterior, 245.
ovarian, 247.
oviducal, 248.

.. portal, 297.

., posterior caval, 246.

»  posterior orbital, 245.
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Vein, pulmonary, 241. Ventral nucleus, 155.
»  radial, 246/ »  septum, 233,
»» renal, 247, 333. Ventricle of heart, 215.
»  renal portal, 332. Ventricles of brain, 153.
,  sciatic, 247, 250. » of larynx, 316.
»  spermatic, 347. Vertebrae, 16.
.» splenic, 249. v structure of, 30.
» subclavian, 244. Vertebral column, 16.
. subrcapular, 244. Vessels of brain, 163.
,y  ulnar, 246. »  of liver, 297.
" vertebni 244 Vitreous body, 420,
Veins, 241. Vocal cords, 315. .
Vena bulbi anterior, 232. sy 8&CS, 320,
. ,» 8uperior, 412, Vomerine teeth, 276.
. ,»» posterior, 222. Vomers, 34.
. Apinalis anterior, 164.

“ ” posterior, 163.
«w .,  superior, 164. Webs, 5, 275.
Ventral lymph-sac, 255. . Wrist-joint, 45.

THE END.
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