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10 THE KEYE,

upper end is closed and rounded, forming a cul-de-sac : the lower end gradually
narrows into the nasal duct. On the outer side, and a little in front, it receives
the lachrymal canals ; and here it is placed behind the internal tarsal ligament, and
some of the inner fibres of the orbieular muscle of the lids : while on its orbital
surface is the tensor tarsi musele. The nasal duet, very variable in length (12
to 24 mm.), and 8 or 4 mm, wide, grooving the upper maxilla, descends to the
fore part of the lower meatus of the nose, the osseous canal being completed by
the lachrymal and lower turbinate bones. Both sac and duct are composed of
fibrous and elastic tissues, adhering closely to the bones above mentioned, and
strengthened in the case of the lachrymal sac by a fibrous process sent from the
internal tasal ligament, which crosses it a little above its middle. The inner
surface is lined by a mucous membrane, which is continuons throngh the canaliculi
with the conjunctiva, and through the nasal duct with the mucons membrane of the
nose.

At the opening into the nose the lining membrane is often arranged so as to form
an imperfect valve (Hasner), Other valvular folds have been often noticed and
deseribed, but they appear to be less constant. The nasal duct is rather narrower
in the middle than at either end ; its direction is not quite vertical, but inclined
slightly backwards. Tts direction is indicated by a line joining the mesial
canthus of the eyelids with the anterior edge of the first molar of the upper jaw
(Testut). The lower orifice of the nasal duct is very variable in position, but is
usually from 80 to 35 mm. behind the posterior margin of the anterior nasal opening
(Arlt). It may open by a simple round orifice close under the inferior turbinate.
or by an oblique or slit-like orifice or groove in the mucous membrane somewhat
lower. In rare eases two lower openings have been deseribed. This condition is
always present in some animals (e.7., dog).

The nasal sac and duct arve lined by a columnar epithelium, which may be
ciliated here and there, but does not appear to be covered everywhere with cilia as is
the case on the adjacent mucous membrane of the nose. The lower part of the
nasal duct has numerous glands similar to those in the nasal meatus into which it
opens. The arteries come from the nasal and inferior palpebral. The veins are
very large and numerous on the nasal duct (as in the adjacent nasal mucous mem-
brane). The nerves are derived from the infratrochlear branch of the nasal
division of the ophthalmic,

THE GLOBE OF THE EYE.

The globe or ball of the eye is supported by a quantity of fat and loose connective
tissue in the fore part of the orbital cavity, somewhat nearer its lateral and inferior
walls than its mesial and superior. The recti and obliqui muscles closely snrround
the greater part of the eyeball, and are capable of changing its position within
certain limits : the lids, with the plica semilunaris and caruncle, are in contact with
its covering of conjunctiva in front ; and behind it receives th@thick stem of the
optic nerve.

The eyeball is composed of segments of two spheres, of which the anterior is the
smaller and more prominent ; the segment of the larger posterior opaque sphere
corresponds with the limit of the sclerotic coat, and that of the smaller sphere with
the cornea. The junction of the two is marked by a broad shallow groove which
has been named suleus sclere.

The eyeball measures nearly an inch (24:5 mm.) across from side to side, but
slightly less from before back (24 mm.), and still less from above down (23:3).
It weighs about 7 grammes, and has a volume of about 65 cubic centimetrves.
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Except when directed towards nenr objects, the axes of the eyes are nearly
parallel ; the optic nerves, on the contrary, diverge considerably. Each nerve
enters the corresponding eye about 2 to 3 mm. to the inner or nasal side of the
axis of the eyeball.

The eyeball consists of three concentric coats, and of certain fluid and solid
parts enclosed by them. The coats are (1) an external fibrous covering, forming
the sclerotic (funica sclera) and cornea, (2) a middle vascular, pigmented, and in part |
also muscular membrane, the chereid and iris (funica wvea), and (3) an internal
nervous and epithelial stratum, the refing. The enclosed refracting media, three
in number, are the agueous humour, the vifreous body, and the lens,

Around the posterior two-thirds of the eyeball there is a tunic of fascia, funica
vaginalis oculi, or capsule of Tenon, which is perforated by the tendons of the recti

Fig. 12.—HoRIZ0XTAL SECTION OF oRbIT. (After Gerlach.) Magnified.

and obliqui muscles, along which it sends sheaths which blend with the perimysinm
of the muscles (figs. 12 and 18). It is connected with the sclerotic by delicate con-
nective tissue (adventitia oruli, Lockwood), except posteriorly, at the entrance of the
ciliary vessels and nerves, where it blends with the sclerotic. Anteriorly the capsule
of Tenon is continued into the conjunctiva, This capsule is lined by flattened
endothelial cells, and encloses a lymph-space, which separates the eyeball from the
orbital fat. It is sirengthened just behind the places where the recti muscles
perforate it, by bands of fibrous tissue (figs. 12 and 18,), and it is attached on
either side to the malar and lachrymal bones by elastic ligamentous structures, which
also receive fibrous slips from the internal and external recti. These structurcs
serve as check-ligaments (fig. 12) to these muscles. They are stated by Sappey to
contain plain muscular fibres. Fibrous slips also pass from the sheaths of the
superior and inferior rectus, and are attached to the conjunctiva palpebrarum and
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to the connective tissue of the eyelid (fig. 13). Below and in front of the anterior
end of the inferior rectus the capsule is strengthened by a band of fibrous tissue,
which is stretched like a sling from one side of the orbit to the other, and is
inserted at its ends to the lachrymal and malar bones. This band—the ligamentum

¥
3

: Fig. 13.—SAGITTAL SECTION THROUGH THE MIDDLE OF THE GLOBE OF THE EYE WITHIX THE ORBIT.
(B AL 8., from a figure by Merkel, enlarged and modified. )

suspensorium ocult of Lockwood—serves to aid in maintaining the eye in position ;
it 15 joined anteviorly with the tarsus of the lower lid (see fig. 13). Lastly, another
band passes from the anterior border of the sheath of the inferior oblig uscle
» forwards, downwards, and outwards, to be attached to the lateral part of the lower
border of the orbit (fig. 13).  For further details regarding these structures consult
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Lockwood, Journal of Anatomy and Physiology, 1885 ; Merkel, Handbuch der
topograph. Anatomie ; and Testut, Traité d’Anatomie. See also Vol. IT., p. 292
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Fig. 14.—COROXAL SECTION THROUGH THE RIGHT EYE AND OREIT.
(E. A. 8., from & figure by Merkel, enlarged and modified, )
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THE SCLEROTIC COAT.

The sclerotic coat, the tunic of the eye on which the maintenance of the
form of the organ chiefly depends, is a strong, opaque, fibrous strocture. It extends
over the greater part of the eye-ball (fig. 15) joining in front with the cornea.
The outer surface is white and smooth, except where the tendons of the recti and
obliqui muscles are inserted into it. In the child the eyeball has a bluish white
colour, from the fact that the dark pigment of the choroid shows through the
sclerotic coat (which is thinner in the child). The inner surface is brown, and
rongh from the presence of a delicate pigmented connective tissue (laming fusca),
which is united by fine threads with the choroid coat. These filaments traverse a
Iymphatic space throngh which branches of the ciliary vessels and nerves also pass
oblignely. The sclerotic is thickest at the back part of the eye, at the entrance
of the optic nerve, where it is nearly 1 mm, thick, and thinnest (04 mm.) at
abont 6 mm, from the cornea: near the junction with the latter, it is again
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somewhat thickened owine to the attachment and spreading over it of the tendons
of the ocular muscles. The optic nerve pierces this coat about 2:5 to 3 mm. in-

Fig. 16.—DircRAM SHOWING THE PRINCIPAL NERVES AND BLOOD-VESSELS OF THE EVEDALL. (Testut.

ternal to the posterior pole of the eyeball, and about 1 mm. below a horizontal plane
passing through the poles ; the opening is semewhat smaller at the inner than at the
outer surface of the coaf. The outer fibpen& sheath of the nerve blends with the
sclerotic at the margin of the aperture : in consequence of this arrangement, when
the nerve is cut off close to the cyeball, the funiculi seem to enter by a group of
pores; and to the part of the sclerotic thus perforated the name of lamina cribrosa
is given. Around this cribrons opening are smaller apertures for the posterior
ciliary arteries and the ciliary nerves. These are disposed in the manner,shown in
the accompanying diagram (fig. 16). Neaver the equator of the globe the sclerotic
is pierced by four apertures which transmit veins (venw vorticose).
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Structure of the sclerotic.—The sclerotic coat is formed of bundles of
connective-tissue fibres, and vields gelatine on boiling. Its white fibres are com-
bined with fine elastic elements, and amongst them lie numerous connective-
tissue corpuscles lodged in cell-spaces, but not by any means so regularly arranged
as in the cornea. Some of the cells are pigmented. The bundles are disposed in
layers both longitudinally and transversely, the longitudinal arrangement being
most marked behind and at the surfaces, the transverse or eircular near the corneal
margin. The layers communicate at intervals so as not to be separable for any
distance,

Both externally and internally the sclerotic is covered with flattened endothelial
cells, which ave reflected over the muscles, vessels, nerves, and connecting bands of
tissue which pass from it to the capsule of Tenon and the choroid eoat respectively.
The lamina fusca resembles in structure the lamina suprachoroidea of the choroid
coat (p. 24).

The anterior zone of the sclerotic from about the line of attachment of the
tendons of the recti muscles forwards to the cornea, is covered by the conjunctiva

Fig. 17. —TERMIFATION IX END-BULBS OF THE
BERVES OF THE 005JUNeTIVA., (Lomgworth.)

which is reflected on to the glohe from the
eyelids, and which is connected with the
gclerotic by loose areolar (snbeonjunctival)
tissue. This part of the conjunctiva is
formed of somewhat dense connective
tissue covered by a stratified epithelium
of some thickness. It is a fairly vascular
membrane, and contains a network of
Iymphatics, which begin at the edge of the
cornea by tapering capillaries. Tis nerves
are mostly medullated : some pass towards
! the cornea, others end in the membrane
R itself, many in end-bulbs (W, Krause).
"'\\1 A few blood-vessels derived from the
\?\ @ short ciliary and the anterior ciliary
“wxﬁkﬁ;a arteries, permeate the fibrous texture in
the form of a network of capillaries with
very wide meshes. Those from the anterior ciliary emerge from under the tendons
of the recti muscles, dividing into branches as they pass towards the margin of the
cornea. Before reaching this, however, they dip into the substance of the sclerotic,
and they here take on a radial disposition in the thickness of that coat. Other
vessels derived from the posterior ciliary arteries form a wide-meshed network at
the surface of the sclerotic in its posterior three-fourths, and like those from the
anterior ciliary communicate freely with deeper vessels in the substance of the
membrane. At the posterior part of the sclerotic its vessels are continuous with
those of the dural sheath of the optic nerve. Around this nerve the scleral
branches of the posterior ciliary arteries form an arterial circle (circulus Zinnii),
which gives branches to the optic nerve and choroid as well as to the sclerotic. The
vessels of the conjunctival membrane, which are derived from the palpebral and
lachrymal arteries, are readily distingunishable from those of the subjacent sclerotic
by their more tortuous course, and by the fact that they shift upon the globe when
the conjunctiva is pulled upon., Near the edge of the cornea they communicate with
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the episcleral vessels derived from the anterior ciliary. Veins corresponding
with the arteries run in and beneath the conjunctiva, and there is a well-marked
episcleral plexus of veins behind the junetion of the cornea and sclerotic. The
veins convey their blood to the anterior ciliary and the vorticose veins of the
choroid. The sclerotic receives fibres from the ciliary nerves, but it is not certainly
known how they terminate.

Hannover deseribed the sclerotic as being traversed in its thickness, opposite the fovea cen-
tralis of the retina, by a strand of fibrous tissue, which unites the laminm as it passes through
them (funiculus solere). According to Schwalbe the strand thus deseribed is merely connec-
tive tissne which accompanies the most lateral group of posterior ciliary arteries as they pierce
the sclerotic.

THE CORNEA.

The cornea, the transparent fore part of the external coat, admits hght into the
interior of the eyeball. It is nearly circularin shape, but is slightly wider in the trans-
verse than in the vertical direction (about 12 mm. and 11 mm. diameter respectively) ;
its arc extends to about one-sixth of the circumference of the whole globe. The
cornea has a curvature of a smaller radius than the sclerotic : the degree of its curve
varies, however, in different persons, and at different periods of life in the same
person, being more prominent in youth than in advanced age. It is also normally
a trifie more curved in the vertical than in the horizontal plane. Tts thickness is
in general nearly the same throughout, viz, 0'8 mm., excepting towards the
periphery, where it becomes somewhat thicker (1°1 mm.) The posterior concave
surface exceeds slightly in extent the anterior or convex, in consequence of the
latter being encroached on by the superficial part of the sclerotic ; the cornea being
overlapped by the sclerotic like a watch-glass by the edge of the groove into which
it is received (see fig. 15); the tissues of the two are, however, in complete
continuity. Around the junction a slight groove is apparent in the surface of the
globe (sulcus scleree). The tissue of the cornea readily imbibes water and becomes

opaque after death.

ETRUCTURE OF THE CORNEA.

The cornea may be described as consisting of three parts—a stratified epithelinm
in front (fiz. 19, 1) continuous with the epithelium of the conjunctiva ; a middle
part, substantia propria, or cornea proper (3), continuous with the sclerotic, com-
posed of modified connective tissue ; and a homogeneous elastic lamella (4), bounding
it behind, and itself covered with a simple layer of endothelium cells (5).

Epithelinm of the Cornea.—The epithelium covering ihe front of the cornea
is of the stratified kind, the cells being in man six to eight deep (fig. 18). The
lowermost cells (¢) are columnar, with a flattened base, where they rest on the sub-
stantia propria, and a rounded apex, upon which a cell of the next layer fite. To
the base of each columnar cell is attached a broad, flattened, strongly refracting
process, which projects under one of the neighbouring cells (not shown in the
figure). Above these columnar cells are two or three layers of polygonal cells, some
of the deeper of which (the fingered cells of Cleland) have projections from their
ander surface which fit between the cells below. These polygonal cells (p) have
well-marked dentienlations, which join one another across the intercellular spaces
which separate the cells. Quite superficially is a stratum of flattened scaly
epithelium cells, which retain their nuclei.

The proper substance of the cornea is compozed, as before said, of a modified
form of connective tissue, all the constituents of which have very nearly the same
YoL. 1IL, Pr. 3. (&
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apt to develop, in adult age, low papilliform projections on the inner surface of the
membrane ; with old age these become more marked and the whole membrane
becomes thicker, and may measure as much as 0:02 mm. It is lined next the anterior

Fig. 20.—A. CoRPUSCLES OF THE CORNEA. FROM A PREPARATION TREATED WITH CHLORIDE OF GULD.
(Waldeyer, )

B. Cerr-sraces or Tue corxpa. Frow a PREPARATION STAINED WITH NITEATE OF SILVEER
(Waldeyer, )

Fig. 21. —Crris oy BxpoTHE-
LIUM OF BIRD'S COEXEA.
{After Smirnow and :'.,'m_-[_;

chamber with an en-
dothelium (fiz. 19, 5),
which resembles that on
serons membranes, con-
sisting of a single layer
of flattened polygonal
cells with distinct nielei.
These cells are fibrillar
in structure, being tra-
versed by bundles of fine
fibrils which pass from
cell to cell across the
intercellnlar spaces (fig.
21), and are probably formed by threads of protoplasm, for they undergo rapid
alteration, and very soon disappear after death or removal of the globe. (Nuél,
Smirnow.))

Near its cirenmference the membrane hreaks up into bundles of fibres, which
give attachment to the ciliary muscle (see fig. 22), but a few fine fibres are continued
into the substance of the iris, aronnd the angle of the anterior chamber. To these
radiating and anastomosing bundles of elastic fibres prolonged from the Tircum-




CANAL OF SCHLEMM. a]

ference of Descemet’s membrane, the name ligamenfum pectinafum was given by
Hueck. They are sometimes known as the pillars of the iris. The fibres which
pass to the iris are very much more marked in the eyes of the sheep and the ox
than in the human eye. The bundles of the liganmentum pectinatum are covered
with endothelial cells, continued from Descemet’s membrane, but these cells do not
stretch across the infervals between the bundles, so that the cavity of the aqueous
chamber is prolonged into, and freely communicates with spaces in the tissue

tizsue af ingertion of  canal of eanal af tigsue of
seleratic, cilinry musele,  Sehlemm, Sehlemm, COPTaT.
I

l . ! i _. : it :

i
eiliary muscle, ureal pigment of dris.

1108 sbrone .

Fig. 22.—S8kcriox (PROM THE RYE OF A MAN), SHOWING THE RELATIONS OF THE CILIARY MUSOLE TO

THE ECLEROTIC, IRIE, AND THE CAVERNOUS SPAOES NEAR THE ANGLE OF THE ANTERIOR OHAMBER.
(B. A. 8)

The fignre, which is copied from a photograph, inclades only a small portion of the eiliary muscle,
the fibres of which are ecen to be converging to a point immediately antevior to the angle of the
antarior chamber. Hero they are attached through the medium of a tongue of fibrous tissue of the
selerotic (consisting mainly of circular bundles) to the vuter part of the ligamentum pectinatum, which
forms a loose tissue with open meshes lying between the canal of Sehlemm and the anterior chamber,
To the right of the fignre the fibres of the ligamentum pectinatum are seen to Le gradually converging
towards the posterior surface of the cornea, and somewhat beyond the part shown in this figure they
merge into the membrane of Descemet. The communication of the canal of Schlemm, which is double
in this section, with the endothelial-lined spaces in the ligamentum pectinatum, iz seen, a5 also the
communications between the last-named spaces and the anterior chamber.

bhetween the bundles (fig. 22). These spaces are much larger and more distinet
in some animals than in man, and in them they have received the name of spaces
of Fontana. A similar, but rather larger space is found immediately in front of
the lizamentum pectinatum in the substance of the sclerotic, close to its junction

with the cornea. This circular space, which is elliptical in section, is known as the
sinus circularis iridis, or canal of Schlemm (fig. 22, 4).
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The canal of Schlemm is often double (fig, 22) ; it communicates with the Bpaces between
the fibres of the ligamentum pectinatum, and throungh these with the agueons chamber of
the eye. But, on the other hand, the canal of Schlemm, and the other eavernous spaces in
its neighbourhood, are in communication with the veins of the anterior part of the selerotic,
and therefore the aguecus chamber must also through them communicate with the veins,
In support of this, it was found by Schwalbe that both the epaces and the veins became
filled with coloured fluid when this had been injected into the anterior chamber, Why blood
does not find its way into the latter during life is not explained, since no valves have as yeb
been discovered in these veins or spaces: the renson given being, that greater resistance is
offared to its passage here than to its return by the ordinary paths,

Accoviding to Leber, on the other hand, the results obtained by Bohwalbe were due to a
diffusible colouring matter having been employed for filling the anterior chamber. Leber
affivms that when a non-diffusible one is used it never penetrates into the canal of Sehilemm,
which is simply a large eirenlar terminal vein, or a collection of two or three plexiform veins
uniting at frequent intervals into one trunk, It is admitted, however, that finid may pass
with extreme readiness from the anterior chamber into these veins,

The study of the development of the eye shows that the loose tissue in which the spaces
of Fontana oceur, o well as the endothelinm of Descemet’s membrane and the membrane
itself, belong to a vasenlar layer of mesoblast which is continuous with the choroidal layer
of the embryonic eye, but which as development proceeds, becomes geparated from the vaseu-
lar layer of the choroidal coat (iris and pupillary membrane), owing to the formation of the
anterior chamber ; it then comes to form part of the cornea.

Vessels and nerves.—In a state of health the cornea is not provided with
blood-vessels, except at the cirenmference, where the capillaries of the conjunctiva

Fig, 33.—ConxEA 0F RABEIT,
VIEWED OF THE FLAT,
SHOWING THE SUBEPITHE-
LIAL PLEXUS j CHLORIDE
OF OOLD PREPARATION.
{Ranvier.)

n, verve of fundamental
plexus, giving off pencils of
fibrils, a, to form the subepi-

= m_h F’H.;, m,,__,. G [z thelial plexus, e
; .1-.'-. J_l;‘gﬁ?:%}:&ﬂwﬁb?ﬁf*‘ _A‘;j" _;:r lli . .
A i e I s L___;L“r'._t;,’;%; an Eﬂ]EI‘C:t.lﬂ- end in
A L S loops. Neither are any
: 551‘-3{.;_“ lymphatic vessels dis-
A i coverable, unless the
‘v' channels in which the
nerves run, and which
‘ are lined with fattened
3 cells and are indirectly in

. connection with the cell-
spaces, are to be taken as representing them. The serves, on the other hand, are
very numerous. Derived from the ciliary nerves, they enter the fore part of the
sclerotic, and are from forty to forty-five in number (Waldeyer), forming a plexus
which surrounds the margin of the cornea (jplezus annularis). Continued into the
fibrous part of the cornea, partly directly, partly by passing to the adjacent con-
junctiva, they retain their medullary sheath for 1 to 2 mm., and then, becoming
non-medullated, ramify and form a plexus in the laminated structure, near the
anterior surface. From this fundamental plezus branches pass obliquely through the
anterior homogeneous lamina, where they divide into peneils of fibrils, whose general
direction is towards the centre of the cornea, and which join with one another
to form a much finer and closer plexus immediately beneath the epithelinm.
From this subepithelial plezus fine, varicose, fibrils pass among the epithelium-cells,
and form here a terminal ramification which extends almost to the free surface
(figs. 23, 24, and 25).
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In addition to the nerves which are destined for the epithelinm, others, for
the proper substance of the cornea, come off from the primary plexuses, and,
after uniting into one or more secondary plexuses, the cords of which are still
composite, eventually form, in and among the lamine, a terminal ramification of
altimate fibrils, the meshes of which are much more open than those of the intra-
epithelial network (see fig. 25). An actual connection of these nerves with the

Fig. 24.—VERTIOAL SECTION OF ILAB-
BIT'S CORNEA, CHLORIDE OF
GOLD PREPARATION. [Ranvier.)

n, *, parts of fundamental plexus ;
a, vertical branch passing to sub-
epithelial plexns, s; p, b, inter-
epithelial rawification.

corpuscles of the cornea pro-
hably never oceurs ; although,
since the fine nerve-fibrils
run in the anastomosing cell-
spaces, they come into close
connection with the cor-
puscles and their processes,
and they have therefore been described by some observers as being actually con-
tinuous with the latter.

The larger branches of the nerves are covered with a sheath of flattened cells
which, as before mentioned, are in connection with the corpuscles of the cornea. At

Fig. 25.—CORPUSCLES AND KERVES
I¥ YHE SUBSTANTIA PROPRIA
OF THE CORNEA OF THE FROG;
CHLOKIDE OF GOLD PREPARA-
riow. (Waldeyer.)

1, bundle of fundamental
plexus ; 2, nueleus ; 3, terminal
fibril ; 4, corneal corpuscles,

the points of junction of
the plexuses nuclei are
frequently seen (fig. 23, 2),
but these appear to belong
to the ensheathing cells,and
are not interpolated in the
course of the fibres.

THE VASCULAR COAT.

The vascular coat of the eye (funica uvea s. vasoulosa) lies within the corneo-
sclerotic coat, and consists of two parts, which are continuong with one another,
viz., the choroid and iris. The choroid is applied to the inner surface of the
scleratic, and the retina is firmly attached to its inner surface ; the iris is attached
only at its circumference, otherwise floating freely in the aqueous humour imme-
diately in front of the lens, with which it comes lightly into contact, and separated
from the cornea by the depth of the anterior chamber.

The choroid coat (funica choroidea) is a dark brown membrane (black in most
animals) lying between the sclerotic and the retina. Anteriorly it is continued into the
iris, but before it passes into this it forms a number of radial thickenings named ciliary
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free {rom pigment-cells ; and lymphoid cells may oceur in it here and there singly
or in groups (fic. 28). It is loosely united to the lamina fusca by vessels and
bands of connective tissue enclosing pigment-cells, and the two laming as well as the

Fig. 25.—A SMALL PORTION OF LAMINA SUPRA-OHOROIDEA. Highly magnified. (E. A. 8.)

p, pigment-cells ; f, elastic fibres ; n, nuclei of epithelioid eells (the outlines of the cells are not
indicated) ; I, lymphoid cells,

uniting structures arve coated with endothelium, a lymph-space being thus formed
between the sclerotic and choroid. This space communicates, at the places where
the vessels and nerves pierce the sclerotic, with that of the capsule of Tenon
(Schwalbe).

The choroid proper resembles in general structure the lamina snprachoroidea,
but contains in addition a very large number of blood-vessels, From a difference in
the fineness of these constituent vessels, it resolves itself into two strata, outer and

EARTAT , &l . L T T
Fig. 20.—8rorion o¥ cmoroip, (Cadiat.)

a, membrane of Bruch : the chorio-capillaris is just above it ; b, vascular layer ; e, vein with blood-
corpuscles 3 o, lamina supracheroidea.

inner ; the former containing the larger branches, and the latter the capillary
ramifications. A layer of connective tissue containing many elastic fibres which
unites the two strata, and is nearly free from pigment, iz sometimes described as a
third or intermediate part.

Tapetum.—This intermediate layer is markedly fibrons in some mammals, and shines
throngh the layer of choroid and retina in front of it, causing the appearance known as the
tapetum. In other mammals and in fish the appearance of a tapetum is produced or
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enhanced by a layer of iridescent endothelial cells, which becomes formed immediately within
the fibrous layer (Sattler).

In the outer part of the coat are situated, as just stated, the larger branches of
the vessels. The arteries (short eiliary) ave comparatively large and numerous, and

Fig. 30.—LATERAL YIEW OF THE ARTERIRS OF THE OHOROID AXD 1ars. (From Arnold.)

@, optic nerve ; b, part of the sclevotic left behind ; o, region of ciliary musele ; d, iris ; 1, posterior
cilinry artevies piercing the sclerotic and passing along the choroid i 2, one of the long ciliary arteries ;
3, anterior ciliary artories,

Fig. 31.—LATERAL YIEW OF THE VEINS OF THE CHORLOLD, (From Arnold. )

1, 1, two trunks of the venwe vorticosm at the piace where they leave the choroid and pierce the
sclerotic coat. The other lettering as in fig. 20. ;
piercing the sclerotic close to the optie nerve (figs. 80 and 32), divide into branches
which are directed at first forwards but soon bend obliquely inwards to end in the
capillary layer; whilst the veins external to the arteries are disposed in curves (vasa

Fig. 32, —IxIB0TED BLOOD-VESSELS OF
THE CHoROID COAT (from Sap-
povl. 30 diameters,

1, ong of the larger veins; 2,
«small  communicating  vessels ; 8,
branches dividing into the smallest
vesselg,

vorticosa) as they converge to
four or five principal tronks
(fig. 31, 1, f; fig. 26), which
pierce the sclerotic abont half
way between the margin of
the cornea and the entrance
of the optic nerve. In the
intervals between the vessels
are elongated and stellate pig-
ment-cells. The veins, like
those of the pia mater, have
e no museular tissue ; they are
enclosed by an adventitions sheath, between which and the endothelium, which
forms the wall of the vein, is a lymph-space ( perivascular sheaif). The arteries
have, besides the ordinary ecircular muscular fibres, strands of longitudinally
disposed plain muscular tissue in their adventitia. As the vens vorticosm pass
throngh the sclerofic they are ensheathed by a prolongation of suprachoroidal
tissue (Fuchs).

il i — e
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On the inner surface of the tunica Ruyschiana is a structureless or finely
fibrillated transparent membrane, the membrane of Bruch (fig. 29, a), which
lies mext to the pizmentary layer of the retina, and, cspecially anteriorly in
the region of the ciliary processes, presents on its outer surface numerous
microscopic reticulations. It tends to become thickened as age advances.

The ciliary processes (corpus ciliare) have the same structure as the rest of
the choroid ; but the capillary plexus of the vessels is less fine, and has meshes
with chiefly a longitudinal direction ; and the ramified cells, fewer in number, are
devoid of pigment towards the free extremities of the folds. The ciliary processes

tismie of vitgertion of ectaiad of ecataed gl tigare af
seleratic, cilimry muscle.  Schlemam. Sehlemm, COT T,

| I I | ]

ciliary muscle, wveal piginent of iris. triz stioNu,

Fig. 36.—SecTiox (FROM THE EYE OF A MAXN), SHOWING THE RELATIONS OF THE CILIARY MUSCLE TO
THE S0LEROTIO, IRIS, AND THE CAVERNOUS APACES NEAR THE ANGLE OF THE ANTERIOK CHAMDIER.

(E. A.8.)

The fignre (which is copied from a photograph) includes only a small portion of the cilinry musele,
the fibres of which are seen to be converging to a point immediately anterior tothe angle of the anterior
chamber, Hers they are attached through the medium of a tongue of fibrous tissne of the sclerotic
{congisting mainly of eircular bundles) to the outer part of the ligamentum pectinatum, which forms
a lonse tissue with open meshes lying between the canal of Schlemm and the anterior chamber. To the
right of the figure the fibres of the ligamentum pectinatum are seen to be gradually converging towards
the posterior surface of the cornea, and somewhat beyoud the part shown in this figure they merge into
the membrane of Descemet, The communication of the canal of Schlemm, which is double in this
section, with the endothelial-lined spaces in the ligamentum pectinatum is seen, as alzo the communiea-
tions between the last named spaces and the anterior chamber.

are penetrated for a certain distance by glandular invaginations of the pigmented
epithelium which covers their free surface (Collins). These ciliary glands probably
assist in the secretion of the aqueouns humour. :

The blood-vessels of the ciliary processes (fig. 84, d) ave very numerous ; they
are derived from the anterior ciliary arteries and from the vessels of the fore part of
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ammals. Tt is admitted, however, to be well developed in birds (where like the intrascular
muscnlar tissue generally it is of the striped variety) and, amongst mammals, in the otber.
Other writers have strenuously contended for the existence of a dilatator muscle. I have
myself obtained anmistakeable evidence of the presence of athin layer of fibres at the back of
the iris. under the pigment-cells, having all the appearance of fiab plain muscle-cells, Recently
physiological proof of the existence of dilatator fibres has been furnished in the cat and
other animals by the experiments of Langley and Anderson.

The choroidal part of the iris iz often describied as being bounded on its anterior and

Fig. 40.—SEGMEXT OF THE IRIS, SKEX FROM THE
POSTERION SUKFACE AFTER REMOVAL OF TIHE
vvean riouesT (Iwanoff).

a, sphineter muscle ; &, dilatator musele of the
pupil.

posterior surfaces by special layers, which have
been termed the anterior and posterior limiting
or hyaline layers, Of these, the anterior layer
is merely the superficial part of the general
stroma, having the fibres and cells somewhat
more closely arranged ; and what has usually
been described as the posterior is probably the
thin muscular sheet of the dilatator pupillw.
There may, however, be a thin membrane corresponding to the membrane of Bruch of the
choroid immediately underlying the epithelinm of the pars retinalis.

Vessels of the iris (figs, 30 to 84, and fig. 41).—The long ciliary arleries,
two in number, pierce the sclerotic a little in advance, and one on each side, of
the optic nerve. Having gained the interval between the solerotic and choroid
coats, they extend horizontally forwards covered by loose connective tissue to the
ciliary muscle. In this course they lie nearly in the horizontal plane of the axis of
the eye-ball, the outer vessel being a little above, and the inner one a little below
the level of that line. A little behind the attached margin of the iris, each vessel

Fig. 41.—FRoX¥T VIEW OF THE BLOOD-VESSELS
OF THE CHOROID OOAT AND IRIS FROM
srFork. (Arnold.) Magnified 23 times.

A, choroid ; B, iris; o, ciliary muscle ;
1, 1, long ciliary arteries ; 2, 2, five of the
anterior ciliary arteries ramifying at the
outer margin of the iris; 3, loop of com-
munication between one of the anterior and
one of the long ciliary arteries ; 4, internal
cirele and network of the vesaels of the iris ;
5, external radial network of vessels.

divides into an npper and a lower
branch, and these, anastomosing
with the corresponding vessels on
the opposite side and with the an-
terior ciliary, form a vwgscular ring
(cireulus major, fig. 53, p, fig. 41, 3)
in this situation. From this circle
small branches arise to supply the
ciliary muscle ; whilst others converge towards the pupil, and there, freely com-
municating by transverse offsets from one to amother, form a second civele of
anastomosis (circulus minor), from which capillaries are continued inwardly and end
in gmall veins.

The anferior ciliary arteries (fig. 83, ¢, fig. 41, 2, 2), five or six in number,
but smaller than the vessels just described, are supplied from the muscluar and
lachrymal branches of the ophthalmic artery, and pierce the sclerotic about

voL. I, Pf. 3. o
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= mm. behind the margin of the cornea : they divide into branches which supply
the ciliary processes, and join the cirenlus major,
Fig, 42, —PUriiiary NEMBRANE 0F KEW-BORN KITTEN,

INJEcTED.  (Killiker, from o preparation by
Thiersch.) Magnified,

Besides these special arteries, numerous
minute vessels enter the iris from the ciliary
processes,

The veins of fhe iris follow closely the
arrangement of the arteries just described.
The canal of Schlemm communicates with
this system of veesels,

Pupillary membrane. — In the futus the
pupil i closed by a thin transparent vascular mem.
brane, the vessels in which are continued from
those of the iris and of the capsule of the lens
{which is aleo vaseular in the foetus), Near the
middle of the pupil the vessels of the membrave loop round, leaving the centre free from
vezsels. They disappear in the seventh or eighth month of fotal life, becoming obliterated
from the centre towards the circumference, and the membrane itself is gradually absorbed in
like manner, A few shreds may still remain at birth : sometimes the whole membrane persists.

Nerves of the choroid and iris.—The cilfary nerves (fig. 43), about fifteen
in number, and derived from the ciliary ganglion and the nasal branch of the

ey

Fig. 43, —DricrAM SHOWING THE FRINCIPAL HERVES AND DLOOD-VESSELS OF THE EYEDALL, (Testut.)

ophthalmic division of the fifth nerve, pierce the sclerotic near the entrance of the
optic nerve, and come immediately into contact with the choroid. They are some-
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what flattened in form, are partly imbedded in grooves on the inner surface of the
selerotic, and commaunicate occasionally with each other before supplying the cornea
and entering the ciliary muscle. When the selerotic is carefully separated from
the subjacent structures, these nerves are seen lying on the surface of the choroid,

Fig. 44.—DISTRIBUTION OF NERVES I¥ THE IRIS
(Killiker), 50 DraMETERS,

The preparation was from the eye of analbino
rabbit ; @, smaller branches of the ciliary nerves
advancing from the choreid ; b, loops of union
hetween them at the margin of the iris; e
arches of union in the iris; <, finer plexus in
the inner part ; & sphincter pupille muscle.

into which they send branches, and
in which they form a gangliated plexus
amongst the blood-vessels, the groups
of ganglion-cells being often applied to the walls of the vessels. Within the
ciliary muscle the nerves also subdivide minutely, forming here another plexus,
which contains a number of medullated fibres, and the cells of which are smaller.
A few recurrent branches appear to pass back from it into the choroid coat, but
the greater number pass on to the iris (fig. 44, @, ¢). In the iris the nerves
follow the course of the blood-vessels, dividing into branches, which communicate
with one another as far as the pupil, forming a close plexus of fine non-medullated
fibres. 'Their ultimate destination is probably mainly the muscular tissue of the
iris and of its vessels. '

THE RETINA.

The retina is a delicate membrane, which contains the expanded termination of
the optic nerve. It lies within the choroid coat, and rests on the hyaloid membrane
of the vitreous humour. It extends forwards nearly to the outer edge of the ciliary
processes of the choroid, where it ends in an indented border, named ora serrala
(fig. 45). From this border there is continued onwards a thin layer of a different
structure and containing no nerve-fibres, the pars ciliaris refine, which reaches as
far as the tips of the ciliary processes, and there gives place to the double layer of
pigment known as the uvea, which is continued on to the posterior surface of the
ivis (pars iridica retine). The thickness of the retina diminishes from behind
forwards, from 05 mm. near the yellow spot to 0:1 mm. at the ora serrata. In
the fresh eye it is translucent and of a light pink colour, but of a purple-red
colour if kept in the dark for a little while before removal. Under the influence
of sunlight it is quickly bleached and after death it soon becomes opaque. The
colouring matter was discovered by Boll and has been specially investigated by
Kiihne, who has given it the name of rhodopsin. It is abeent at the yellow spot
and central fovea, and also close to the ora serrata. The outer surface of the
retina is covered with a layer of hexagonal pigment-cells which send fine offsets
between the elements of the next retinal layer: the rhodopsin becomes developed in
this layer by the agency of these pigment-cells. When the choroid is detached
these offsets are raptured and the pigment-cells come away with it, so that this layer
was formerly described as part of the choroid coat.

The inner surface of the retina is smooth : on it the following objects may be
seen. In the axis of the ball is a yellow spot—macula lufea (limbus liteus,
Sommerring)—which is somewhat elliptical in shape (fig. 45), and about 1 to 2 mm.
in diameter : in the centre of this, again, is a slight hollow, foves centralis, 0°2 mm.
to 04 mm, in diameter (fiz. 45), and, as the retina iz thinner here than elsewhere,

n 2






THE RETINA. A7

When examined during life by the aid of the ophthalmoseope, the optie dize appears
of a light grey tint, contrasting strongly with the red colour of the rest of the field. In
the central depression of the disc are remnants of the tissue which, in the fetus, accom-

Ii
A

nasal

Fio. 46, —VIEWS OF THE POSTERIOR PART OF THE RETINA. Variously magnified.

A.—The posterior half of the retina of the left eye, viewed from befors. (Henle.) Twice the
natural size. !

s, cut edge of the sclerotic ; ok, choroid ; #, retina : in the interior at the middle the macula lutea
with the depression of the fovea centralis is represented by a slight oval shads ; towards the left side
the light spot indicates the colliculus or eminencg at the entrance of the optic nerve, from the tentre
of which the arteria centralis is seen sending its branches into the retina, leaving the part oecupied by
the macula comparatively free.

B, —Fundus of the eye, as seen with the ophthalmescope.  (Jaeger.) Somewhat magnified,
m, @, arteries ; o, ¥, veins ; f, foven.

C.—The point of entrance of the optic nerve as seen with the ophthalmoscope. (Jaeger.) Magnified
still more,

A, optie nerve, passing through the lamina eribrosa, 1, which shows through the disc.like expansion
of the entering nerve ; a, ring of connective tissue ; &, choroidal ring ; ¢, branches of the central artery
of the retina, ¢ ; d, branches of the central vein, & ; n, inner or nasal side ; ¢, outer or temporal side,
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limitans externa, lymg between the outer nuclear layer and the layer of rods and
cones ; but, as will be afterwards explained, these so-called “ membranes " ave merely
the boundary lines of the sustentacular tissue of the rvetina. The accompanying
figure, from Max Schultze, represents diagrammatically the general arrangement of
the layers (fig. 48).

The several layers of the retina will first be considered successively as they are
met with from within ont, after which the sustentacular fibres or fibres of Miiller,
which traverse several of the layers, and the connection of the nervous elements

Outer or choroidal surface.

. Layer of pigment cells.

. Layer of rods and cones.

fi, L Mambrana limitans externa.

. Outer nuclear layer.

. Outer molecular layer.

i

s
T

% 4. Inner nuclear layer.

. Inner molecular layer

. Layer of nerve-cells

1. Layer of nerve-fibres.

= Mcmblrons limitans interna

Inner or vitreous surface.

Fig. 48. — DIAGRAMMATIO SEQTION OF THE HUMAY RETINA (Schultze).

throughout the retina with one another will be deseribed.  Finally an aceount will
be given of those parts of the retina which present points of difference from the rest,
especially the central fovea, and the ciliary part.

1. Layer of mnerve-fibres.—The optic nerve passes at the porus opticns
directly throngh the thickmess of the refina to reach its inner surface (fig. 47)
on which it spreads out in the form of a membrane which extends to the ora
serrata, Tts fibres, which arve destitute of a primitive sheath and vary much in
size, but are mostly small, lose their medullary sheath on reaching the retina,
consisting there normally of axis-cylinder only (Bowman). In rare cases some of
them may retain their medullavy sheath for a short distance. They are collected
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The ganglion-cells of the retina may be classed into those the protoplasmic or peripheral
processes of which ramify in a diffuse manner in the inner molecular layer, and those the
protoplasmic processes of which are ramified horizontally in one or more of the strata of that
layer, where they interlace with similar ramifications from the cells of the inner nuclear layer.
The diffusely ramifying cells (fig. 50, vIL, 7) are nsnally small and with slender processes, and
this is also the case with some of the cells with stratified processes (fig. 50, v., @ ; YL, ¢), but
many of the latter are larger, sometimes very large (giant cells), and with comparatively
COATER PrOCessed.

The eells with stratified processes are classified by R. ¥y Cajal according to the stratum of
the inner molecular layer in which these processes ramify. Some ramify, however, in twao,
and even in more layers (bi- and multi-stratified), Three types of the stratified cells can
usnally he distinguished. They may be termed fivsf, second, and third, or from their relative
size, large, medinmw, and enrall, and some of each type appear to belong, as regards the dis-
tribution of their arborescence, to cach stratum of the inner molecnlar layer,

First type—Those of the large type have a thick axis-cylinder process and one, two, or
more coarse protoplasmic processes, varying in vertical extent in different cells according to
the stratum of the inner molecular layer for which they are destined. Their terminal
arborescences extend over a considerable area, and are open in nature, The largest cells of this
type (giant cells) send their processes to the outer strata of the molecular layer (fig. 53, VIL,
a, ¢, ) ; processes to the inner strata come from cells of the same type but of smaller size.

Second type.—The ganglion-cells of this type (fig. 50, vI., vir, f, g, %) vary in size of
cell-body, but are usually smaller than those of the first type, and of pyriform shape, the stalk
of the pear being directed outwards for a variable distance in the molecular layer according
to the position within this of the terminal arborescence. The latter is composed of moderately
fine varicose filaments which form a compact, closely interwoven ramification, cecupying some
thickness of the molecular layer, the arborescence being less flattened out than is the case
with those from many of the cells of the first and third types.

Third type—This is represented by eells usually pyriform with small cell-bodies and
correspondingly fine moderately arborescent processes, which may radiate from the end of a
straight outwardly directed stalk, as in the case of those which ramify in the outer strata of
the molecular layer (fig. 50, VI, @), or may gpring in a similar radiating manner from the body
of the cell itself, as with those ramifying in the inner strata (fig. 60, VIL, &),

3. Inner molecular or inner plexiform layer, neunrosponginm.—Next in
order to the ganglionic layer comes a comparatively thick stratum of a granular-
looking substance, which as preparations treated by the methods of Ehrlich or of
Golgi show, is mainly made up of the arborescent terminations of the processes of
the cells in the layers which bound it internally and externally. A few branched
cells, apparently of nervous nature, occur within the layer (fig. 50, 111.) ; these are
probably allied to the amacrine cells of the layer next to be deseribed. The inter-
Jaced arborisations of the ganglion-cells, amacrine cells, and bipolars form within it
definite strata which, according to R.y Cajal, are altogether five in number. There
are a few blood-vessels in this layer, and the fibres of Miiller pass through it as fine
vertical filaments with delicate lateral offsets.

4. Inner nuclear layer.—This is composed of a number of closely-packed
cells, which are frequently known collectively as the “inner cranules,” but are of
several distinet kinds. Some are bipolar nerve-cells, and it is the presence of these
which has led to the name ganglion refinw being applied to this layer. They occupy
the bulk of the stratum and send processes inwards and outwards into the respective
molecular layers. Others are multipolar nerve-cells, the processes of which ramify
in the molecular layers ; they form incomplete strata close to and partly imbedded
in the molecular layers. Others, again, are nucleated enlargements belunging to the
fibres of Miiller. The structure and arrangements of each of these elements must
be separately considered.

a. Bipolar-cells.—These, by far the most numerous, are round or oval clear cells
(fig. 50, 1., 111, 5 fig. 51, 4), prolonged at either end into a fibre.

Of the processes or fibres which proceed from these cells, the inner one, or that
extending into the inner molecular layer, is finer than the other, is always unbranched
until reaching that layer, and often exhibits varicosities similar to those on nerve-
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fibrils. Tt is rezarded as the axis-cylinder process of the cell, and extends usually
to the inner part of the internal molecular layer, within which it ends in a terminal
ramification of varicose fibrils which is frequently in close proximity to the outer
surface of one or more of the ganglion-cells of the layer. The outer prolongation
or process of the bipolar cell is not vavicose, is usually thicker than the inner one,
and in some cases passes undivided into the mext layer, in others divides before
reaching it. Having arrived at the outer molecular layer it breaks up into an
arborisation within this layer, which is interlaced with arborisations of fibres
belonging to the horizontal cells presently to be described, and with the termina-
tions of the rod- and cone-clements of the bacillary layer. It has been shown
by R. y Cajal that the bipolars are of at least two kinds, distinguishable by
the character of the terminal arborescence of the outwardly-directed protoplasmic

Fig. 50.—BLEMENTS OF THE EETINA OF MAMMALS DISPLAYED BY THE CHROMATE OF SILVER METHOD
oF Gorsr.  [Cajal.)

I. Section of the dog's retina. a, cone-fibre ; &, rod-fibre and nuelens; o, d, bipolar cells (inner
granules) with vertical ramification of outer processes destined to receive the enlarged ends of rod-fibres ;
¢, bipolars with flattened ramification for ends of cone-fibres ; f, giant bipolar with flattened ramifi-
cation ; g, cell sending a neuron or nerve-fibre process to the outer molecnlar layer ; h, amacrine cell

_ with diffuse arborisation in inner molecnlar layer ; ¢, nerve fibrila passing to outer molecular layer ;
Jj, centrifugal fibres passing from nerve-fibre layer to inner molecular layer ; o, nerve-fihril passing into
inner molecular layer ; 7, ganglionic cells.

1I. Horizontal or basal cells of the onter molecular layer of the dog's retina. A, small cell with
dense arborisation ; B, larze cell, lying in inner nuelear layer but with its processes branching in the
outer molecular ; @, its horizontal neuron ; C, medinm sized cell of the same character.

TIT. Cells from the retina of the ox. a, rod-hipolars with vertical arborization ; b, e, d, e, cone-
bipolars with horizontal ramification ; f, g, bipolars with very extensive horizontal ramification of
outer process 3 &, cells lying on the outer surface of the onter molecular layer, and ramifying within it ;
i, j, m, amacrine cells within the substance of the inner molecular layer.

IV. Neurons or axis-cvlinder processes belonging to horizontal cells of the outer molecular layer, one
of them, &, ending in a close ramification at e.

V. Nervous elements connected with the inner molecular layer of the ox’s retina. A, amacrine cell,
with long processes ramifying in the omtermost stratum ; B, large amacrine with thick processes
ramifying in second stratum ; C, flattened amacrine with long and fine processes rumifying mainly in
the first and fifth strata: D, amasrine with radiating tuft of fibrils destined for third stratum 3 E,
large amacrine, with processes ramifying in fifth stratum ; F, small amforine, branching in second
stratum ; (G, H, other amacrines destined for fourth stratum ; a, small ganglion-cell sending its
processes to fourth stralum ; &, a small ganglion-cell with ramifications in three strata ; o, a small cell
ramifying nltimately in first stratum ; o, a medium sized ganglion-cell ramifying in fourth stratum ;
¢, giant eell, branching in third stratum ; f, & bi-stratified cell ramifying in second and fourth strata.

VI Amacrines and ganglion-cells from the dog. A, amacrine with radiating tuft ; B, large amacring
pasging to third stratum ; C and &, small amacrines with radiations in second stratum ; F, small
amacrine passing to third stratum ; D, amaerine with diffuse arhorisation ; B, amacrine belonging to
fourth stratum ; @, d, ¢ g, small ganglion-cells, ramifying in vavious strata ; b, £, large ganglion-cells,
showing two different characters of arborisation ; i, bi-stratified eell,

VII. Amacrines and ganglion-cells from the dog. A, B, C, small amacrines ramifying in middle of
molecular layer; b, d, g, h, i, small ganglion-cells showing various kinds of arborisation ; £, a larger
cell, similar in character to g, but with longer branch ; a, e, ¢, giant cells with thick branches ramifying
in the first, second, and third layers ; L, L, ends of bipelars branching over ganglion-cells.

process, and by the position in the internal molecular layer in which the axis-
eylinder process terminates. In one kind this arborescence is composed of a
dendritic tuft of vertical fibrils, somewhat varicose and enclosing amongst them the
end-knobs of several (3 to 20) of the rod-fibres of the bacillary layer ; and the axis-
cylinder process ends in a varicose ramification over a hody of a cell of the
ganglionic layer. These may be termed, therefore, the rod-bipolars, or bipolars with
vertical arborescence (fig, 50, I, ¢; IiL, @). In the other kind (cone-bipolars) this
terminal arborescence is horizontal (fig. 50, 1., ¢ 5 1IL, b, ¢, 4, &), and abuts against
or interlaces with the ramified foot of one or more cone-fibres, and the axis-cylinder
process usually extends to a less depth of the internal molecular layer, and is not
constant in position as is that of the rod-bipolar ; the axis-cylinder process of either
kind may give off short collaterals in traversing the inner molecular layer. Some of
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the cone-bipolars have their horizontal arborescence extending over a large areq of
the outer molecular layer (fig. 50, 1., £, 111, £; ¢), and probably come into contact with a
considerable number of cone-feet,

In birds, veptiles, and amphibia some of the bipolar cells-—probably correspond-
ing to those deseribed above as cone-bipolars— give off from theip arborescence
within the outer molecular layer an unbranched irregularly varicose fibril as fur as
and just beyond the membrana limitans externa (filril of Landoit), where it usnally
ends in a clavate enlargement (fig. 51, B). According io Cajal it is absent in
mammals and teleosteans,

The relative length of the inner and outer process of the hipolars naturally
differs according to the position of the individual cell in the nuclear layer : if the
cell is near the inner molecular layer the outer process will have a longer conrse to
reach the outer molecular layer, and, conversely, if the cell is near the latter. At
and near the central fovea these processes or fibres of the inner nucleay layer have a
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markedly oblique direction, in other parts of the retina they run nearly vertically to
the surfaces.

In the frog and lizard it is common to find bipolars amongst the outer granules as well as
in their ordinary position in the inner nuclear layer. Such cells are spoken of as displaced
bipolars, 23

b. Spongioblasts (of inner molecular layer) of W. Miiller : amacrine cells of
Cajal.—These, which are placed in the inner part of the inner nuclear layer, form
an almost complete stratum, which is termed by Cajal the layer of amacrine cells,
As this name implies, it has not hitherto proved possible to demonstrate the
existence of an axis-cylinder process in these cells (which are nevertheless rezarded
by Cajal as nerve-celis ?), but they possess, on the other hand, extensively ramified
protoplasmic processes which are wholly included within the inner molecular layer,
and mostly form horizontal arborisations in the several strata of that layer.
There are several kinds of these cells, which differ amongst one another mueh in the

' &, privative ; pawpos, long ;3 wos, fibre,

* In hirds, reptiles, and amphibia there are a cortain number of large cells in this layer which have
an undoubted axis-eylinder process extending into the nervedfibre layer (Dogiel) (see fig. 51, A), but
they have not been found in mammals, .
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same way as do the cells of the sanglion-cell layer, that is to say, partly in the
varying size of the cell-body, and the character of the cell-processes, partly in the
position of their terminal arborescences within the inner molecular layer.

The varietics of amaerine cells described by Cajal are firstly, those with diffusely ramified
processes, their arborescence extending throughout the whole depth of the molecular layer
(fig. 50, 1. &; vI, D), and secondly, those having their terminal arborescences horizontally
placed in the several strata of the molecular layer. Of these so-called stratified amacrines
there are, as in the case of the ganglion-cells, three principal types—

(1.) Those of the first type (fig. 50, V., B, E: vi, B) have for the most part very large
cell-hodies and a thick stalk-like process, sometimes more than one, extending into the inner
molecular layer, and ramifying in one or other of its strata over a considerable extent of area,
but with comparatively few and relatively coarse processes. A pood deal of variation is,
however. met with in the character and extent of these processes.

(2.) Those of the second type (fig. 50, v., F.G H: vi, B F G; vir,, B, C) have a pyriform
cell-body of medium size with a straight stalk passing into the molecular layer, and ending in
one of its strata in a moderately extended close interlacement of fibrils,

(3) The amaerines of the third type (fig. 50, v., D; vi, O) are of small or medium size,
usually with a fine stalk-like process passing into the molecular layer. From the lower
(inner) end of this process a terminal tuft of very fine radiating fibrils spreads out in one of
ihe strata of the molecular layer, the extent of the arborescence thus formed being often very
considerable. When, however, the arborescence is near the inner nuclear layer, the fibrils
may come off from the body of the cell (fig. 50, V., VI, Al

¢. Spongioblasts of outer molecular layer : horizontal cells of Cajal : basal cells.—
These are flattened or irregularly projecting cells, the bodies of which oceupy the
outermost part of the inner nuclear layer, whilst their greatly ramified processes
extend into and end in the outer molecular layer. The stratum in which they lie is
termed by Cajal the layer of horizontal cells ; it was previously described by
W. Krause as the membrana fenestrata.

Two kinds of these cells have been noticed by Cajal in mammalg, and by their
situation they serve to subdivide the layer into two strata, an inner and an outer.

(1.) The cells in the inner stratum of the layer are large and broadly pyramidal in shape,
the base being directed towards the onter molecular layer, and resolving itself into a large
number of coarse but rapidly tapering processes which end in gmall tufts of short varicose
vartical fibrils at about the level in the outer molecular layer in which the knobs of the rod-
fibres occur, The apex of the pyramid is sometimes truncated, but in other cases can be
traced as a thick vertical process down into the inner molecular layer, where it ends in
horizontal branches. Kach cell has o long axis-cylinder process, which extends for a con-
siderable distance within the outer molecular layer to end in a closely interlaced terminal
ramification (fig. 50, 11, B, C; 1v., ). i

(2.) Semilunar cells, from the upper (outer) flattened surface of which a thick brush of
closely interlacing radiating filaments comes off and passes vertically outwards towards the
basze of the rod- and cone-fibres (fig. 50, 11., A). These also have an axis-cylinder process
which passes, horizontally and a little upwards to end in the outer part of the outer molecular
layer.

5. Outer molecular layer.—The onter molecular layer is much thinner than
the inner, but otherwise presents, in vertical sections of hardened retina, a similar
granunlar appearance.

This layer (fig. 50, 11.) is largely formed of the processes of the horizontal cells
which have just been deseribed, and also of the outwardly directed protoplasmic
processes of the bipolars, which ramify within it and interlace with similarly
ramifying fibres from the cones, and with the knobbed ends of the rod-fibres.

In some mammals there are cells with widely extending branched processes
resting upon the outer surface of the outer molecular layer (fig. 50, 111, /&), much in
the same way as some of the amacrine cells rest upon the inner molecular. The
onter molecular layer also veceives fine axis-cylinder processes which pass into it from
the inner molecular (fig, 50, 1., i), but whenee, they are derived is not known.
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the line of pigment remains level. Hulke figured the limitans externa as plane, end
others (e.g., Merkel, Kuhnt, Schwalbe) have formally denied this cupping of the
m. limitans externa. Undoubtedly, however, it exists and may, as a slance at fig. 60
will render evident, be as deep as that of the limitans interna or true fovea, from
which for purpeses of description it may be distingnished by the name of fovea
srferna. On the other hand, the inner segments of the cones are not longer here
than elsewhere, but arve if anything somewhat shorter than at the edge of the foves,
but this is more than compensated for by the greater length of their outer gegments.
The cones are also more slender in the very middle of the fovea than elsewhere, here
measuring not more than 0°002mm., whereas at the edge of the fovea they are
double this in diameter. The outer nuclear layer (fig. G0, ) of the macula lutea is

Fig, 60.—DIAGRAM OF A SECIIUN THROUGH THE ¥ovea ceNtsatis,  (The outlines of this figare have
been traced from a photograph.) Magnified 350 diameters, (From a preparation by C. H.
Golding-Bird. )

2, ganglionic layer ; 4, inner nuelear ; 6, outer nuclear layer, the cone-fibres forming the so-called
external fibrous layer; 7, cones; mule., membrana limitans externa ; wi.li membrana limitans
interna.

occupied in the greater part of its thickness by the very long and obliquely
disposed cone-fibres ; the nuclei are only two or three deep, and take up a compara-
tively small portion of the layer, which was termed the ouler fitious layer by Henle.
Over most of the yellow spot the cone-nuclei are placed close up to the limitans
externa, but a short distance from the middle of the fovea they begin to be removed
from the limitans, and at the centre of the fovea they are close to the outer molecular
layer. The cells of the pigmentary layer are smaller but deeper (0°0lmm. x
(0-016mm.) and more strongly pigmented in the macula lutea than in the rest of
the retina. The hyaldid membrane of the vitreous humour is very thin over the
centre of the fovea. The choroid coat is thickened opposite the fovea, the
thickening being due to an accumulation of capillary blood-vessels, which here
oceupy not only their usual position bub also that of the layer of larger blood-
vessels, and even encroach on the lamina suprachoroidea (Nuél).
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THE VITREOUS BODY.

The vitreous body occupies the greater portion of the eyeball. It is quite
pellucid in aspect, and of a soft gelatinous consistence. Sub-globular in form, it
fills about fourfifths of the ball, and serves us a sapport for the delicate retina, but
it may be readily separated from the latter, except behind, at the entrance of the
optic nerve, where the connection is closer, the retinal vessels having here entered
it in foetal life. At the fore part it is hollowed ont (fossa patellaris) for the
reception of the lens and its capsule, to which it is closely adherent. The vitreous
humour contains 985 °/, of water. The solids are chiefly salts and extractives,
with a trace of proteid and nueleoalbumin. '

The surface of the vitreous humour is covered everywhere by a thin glassy
membrane, named Zyaloid, which lies between it and the retina, In the lagt edition

Fig. 06.—HORIZONTAL SECTION oF THE HORSE'S EYE
HARDEXED IN CHROMIO actp (after Hannover).

The vitreons humour appears concentrically and me-
ridionally striated throughout its whole depth.

of this work it was statel that, according to
the most recent observations, there is no binding
membrane between the vitreous humour and the
lens capsule, but it has been shown by Anderson
Stuart that the older view regarding this subject
18 more correct, for after removal of the lens
within its eapsule it is still possible to demon-
strate the existence of a delicate glassy mem-
brane over the fossa ypafellaris in the front of the vitreous humour, and this can
be none other than a continuation of part of the hyaloid membrane. No vessels
enter the vitreous humour in the adult, and its nutrition must, therefore, be
dependent on the surrounding vascular structures, viz., the retina and the ciliary
Processes.

Although in the fresh state apparently structureless, or at least presenting under the
microscope but faint traces of fibres and a few cells—the so-called corpuscles of the vitreous

Fig. 67.— TRANSVERSE SKCTION OF HUMAN EYE HARDENED 1§ CHROMIC ACID,
SHOWING RADIAL STRIATION OF THE VITREOUS Bopy (after Hanmover),

humonr to which we shall immediately recur,—yet in preparations
hardened in weak chromie acid, or acted upon in certain other ways,
it is possible to make out a more or less distinct lamellation of the
vitreous body, especially in its peripheral part, that, namely, nearest
the retina ; which part in the human eye has a somewhat firmer
consistence than the more central portion. From the appearances
(fige. 66, 67) which have been obtained hy such modes of preparation it has been conjectured
by various observers that at least in this part the vitreous substamce is divided into com-
partments by a number of delicate membranes awrranged concentrically and parallel to the
surface ; but the existence of such membranons  partitions has not been conelusively
demonstrated. That, however, the vitreous substance does in some way consist of a firmer
material—either in the shape of continuons membranes, or, as H. Virchow states, in the form
of a network of fibres—enclosing in its meshes the more fluid portion. iz shown by the fact
that if either the whole or a piece of the vitreous humour he thrown upon o filter, a small
proportion always remains upon the latter ; although by far the larger part drains away, and
may be collected as a clear watery fluid.
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In addition to the above-mentioned concentric striation, & radinl marking has also been
observed in sections of vitreous humour made transversely to the axis of the eyeball,
but whether there is any pre-existent structure to account for it is not known. It 18 con-
ceivable that these appenrances may be merely produced by the manner in which the
albuminons substance has undergone coagulation by the reagent employed.

It has also been shown by Iwanhoff, Younan and A. Stuart that the periphery of the
vitreous humour near the ciliary body, is considerably strengthened and rendered more consistent
by the presence of an accumulation of fibres which encircle this part of the posterior chamber
of the eye, and are believed to aid in supporting the ciliary body and the attachment of the
suspensory ligament of the lens to that body. The fibrous structure in guestion appears to
be continuous with the fibrez of the zonula of Zinn (see below), which here strengthen the
hyaloid membrane.

There further exists, nearly but not guite in the axis of the eye, a definite
structure in the shape of a distinet canal, about 2 mm. in diameter, filled
with fluid and extending from the papilla aptici to the back of the lens-capsule,
where it apparently terminates blindly (fig. 69). This is the canalis hyaloideus or
canal of Stilling. 1t is best shown in the fresh eye, and may be also injected by
forcing a coloured solution under the pia-matral sheath of the optic nerve (Schwalbe).
The canal widens somewhat towards its posterior part; its wall is eomposed of an
extremely delicate homogeneous membrane. It represents the place of passage
of an offset from the central artery of the retina to the capsule of the lens in the
feebus, and from it lymph may pass into the lymphatic spaces of the optic nerve
behind, and perhaps in front round the edge of the lens into the canal of Petit.

Fig. 68.—CELLS OF VITREOUS HUMOURY
(Schwalbe.)
a ani o, without vacuoles; & e, ¢ f, o
vaonolated.

Secattered about throughout the sub-
stance of the vitreous humour are a
variable number of corpuscles, for the
most part possessed of ameeboid move-
ment. Some of these cellsareremarkable
for the very large vacuoles which they
contain, and which distend the body
of the corpuscle, pushing the nucleus
to one side ; the cell-processes are often
peculiar in possessing numerous little d
secondary bud-like swellings, or they may present a varicose appearance, like strings
of pearls.

Suspensory apparatus of the lens.—The hyaloid membrane invests, us
before mentioned, the whole of the vitreons humour. As the ora serrata it is
apparently split into two layers, one, which must be regarded as the hyaloid
membrane proper, being that which has been already mentioned as demonstrable
over the anterior surface of the vitreous humour. The other layer into which the
hyaloid appears to split adheres to the pars ciliaris retina so closely that when
vemoved it generally shows some of the pigmented cells of that structure adher-
ing to its outer surface. It forms a fibrous structure much firmer in consistence
than the trae hyaloid, and extends over the ciliary body inwards to be attached
to the capsule of the lens, for which it forms a suspensory apparatus, known as
the zonula of Zinn, or zonuls ciliaris (fig. 70, z). Its free part, which stretches
from the ciliary body to the lens capsule, is termed the suspensory ligament of
{he lens. The posterior part, or hyaloid proper, is exceedingly thin and delicate,
and is readily thrown into folds when detached. Under the microscope it presents no
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Fig. 70.—MERIDIONAL SECTION OF THE CILIAGY
reGiox.  (Fuchs.) Moderately magnified.

(!, Cornen ; 8, sclera 3 €, choroidea ; I, reting;
Pe, its pigmented epithelinm ; £, lens 5 & its capanle;
o, ota serrata 3 0, pars eiliaris retinme, extending over
ciliary process, P, and continuous with the pigment-
layer on the posterior surface of iris (pars iridica
retinm), the two strata of which are accidentally sepa-
rated at &, b : pe, pr, pigmented and colummar Jayers of pars ciliaris ; =, zonule of Zinn, continuous over
and between the ciliary processcs with the fibres of the suspensory ligament of the lens, 2, ¢, which
are attached to the lens capsule; M, meridional fibres of the ciliary muscle 3 #, radiating or interlacing
fibres of the same ; Mu, Millerian or circular fibres of the same; 5, caunal of Behlemm ; [, iris-corner;
o, e. f, f, folds in anterior surface of iris; p, edge of pupil ; ap, sphineter pupille ; ei, anterior cilinry

artery : a, cireular artery in ciliary body ; gl, glandular depressions in cilisry hody.
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THE LENS,

The lens (lens erystalling) is a transparent solid body, of a doubly convex shape,
with the circumference ronnded off. It is completely enclosed by a transparent,
highly elastic membrane known as the capsule of the lens. The anterior surface is 1n

Fig. 72.—1, FPRONT VIEW ; 2, HIND VIEW; 3, LATERAL VIEW OF THE FIBROUS STRUCTURE OF TIE

ADULT LENS (after Arnold). §

a, anterior ; p, posterior pole. The direction of the superficial fibres is indicated by the curved
lines,

contack with the iris towards the pupil, receding from it slightly at the cireumference ;
the posterior is embedded in the vitreous humour. Around the cireumference is the
zonula, The capsule is strongest anteviorly (anterior capsule) and thinnest over the

Fig. 73.—DrscRaM TO ILLUSTRATE THE COURSE OF THE FIBRES I¥ THE
FETAL crysTaLLinE nENS.  (Allen Thomson.)

it, anterior ; p, posterior pole.

posterior surface of the lens (posterior capsule). Chemically
the lens-capsule yields neither elastin nor gelatin, bub appears |
similar in composition to the sarcolemma of muscle and the
membranse propriee of glands. An indistinct fibrous and
lamellar structure has been described in it. The convexity
of the lens is not alike on the two surfaces, being greater behind ;
moreover, the curvature is less at the centre than towards the
margin. When in its natural position it measures about 8mm.
to 9mm. across, and about 4mm. from before backwards. The radius of curvature
during life of the anterior surface varies with the condition of accommodation from
about 10mm. when the eye is accommodated for distant vision, to Gmm. when
accommodated to the near point of distinet vision. That of the posterior surface is
about 6mm. in distant vision and a little less in near vision. In a fresh lens,
divested of its capsule, the outer portion is soft and easily detached ; the sueceeding
layers are of a firmer consistence ; and in the centre the substance becomes much
harder, constituting the so-called * nuclens.” On the anterior and posterior surfaces
are faint white lines directed from the poles towards the circumference ; these in the
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adult are somewhat variable and numerous on the surfaces (fig. 72), but in the feetal
lens throughout, and towards the centre of the lens in the adult, they are three in
number, diverging from each other like rays at equal angles of 120° (fg. 73), The
lines which converge to the opposite poles have an alternating position. Thus
of those seen on the posterior surface of the feetal lens, one is directed vertically
upwards, and the other two downwards and to either side, whereas those on the
anterior surface are directed one directly downwards and the other two upwards and
to the sides. These lines are the edges of planes or septa within the lens diverging
from the axis, and receiving the ends of the lens-fibres, which here abut against one

Fig. T4.—Lamixsten srrve-
TURE OF THE CRYSTAL-
LINE LEKS, SHOWN APTER
HARDENING 1N ALCONOL
(Arnold). 3

1, nuclens ; 2, 2 lamelle.

another. As Tweedy has
pointed out, they may
be seen, by the aid
of the ophthalmoscope,
even during life. The rays seldom meet at a point,
but usnally along a somewhat irvegnlar area.
Structure.—When the lens has been hardened
and the capsule removed, a succession of concentrie
lamina may be detached from it like the coats from
an onion. They are not continuons, but separate
into parts opposite the radiating lines above de-
scribed (fig. 74). The laminz are composed of
long, riband-shaped, microscopic fibres, 0:005mm,
broad, which adhere together by their edges, the
latter being often finely serrated (fig. 75, 4).
The serrations of adjacent fibres abut against
oue another so as to leave as in other epithelial

Fig. 75.—PFinREs oF THE OKYSTALLINE LENE. 350 DIAMETERS.

A, longitudinal view of the fibres of the lens from the ox,
showing the serrated edges. B, transverse seetion of the fibres
of the lens from the human eye (from Killiker). 0, longi-
tudinal view of a few of the fibres from the equatorial Tegion
of the human lens (from Henle). Most of the fibres in C are
seen edgeways, and, towards 1, prescnt the swellings and nuclei
of the ““nuelear zone ;" at 2, the flattened sides of two filres

re Seen.

strnetures fine interfibrillar or intercellular ehannels for the passage of fluid.
The lens-fibres pass in a curved direction from the intersecting planes of
the anterior half of the lens to those of the posterior half, or wire versd : in this
conrse no fibre passes from one pole to the other, but those fibres which begin near
the pole or centre of one surface, terminate near the marginal part of a plane on
the opposite surface, and conversely ; the intervening fibres passing to their corre-
sponding places between. The arrangement will be better understood by a reference
to fig. 78, where the conrse of the fibres in the feetal lens is diagrammaticully
indicated,

The lens-fibres, as the history of their development shows, are to be looked upon
as greatly elongated celle.  In the young state each has a clear oval nucleus, but in
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the fully-formed lens the nuclei have disappeared from the fibres whic!} form the
more internal parts of the lens, and only remain in the more superficial layers.

Fig. 76. — Sgorios THROUGH THE MARGIN OF THE LENS,
SHOWING THE TRANSITION 0F THE EPFITHELIUM INTU
e Lexs-ripeEs (Babuchin).

Here they are found, not quite in the middle of
each fibre, but slightly nearer the anterior end,
their sitnation nearly corresponding in adjacent
fibres, and they form by their juxtaposition the
so-called * nuclear zone ” around the lens. The
superficial fibres further differ from the more
deeply seated ones in being softer and larger, and
in possessing a plain, unserrated margin. The
extremities of all the fibres are softer and more
readily acted on by reagents than the middle
parts, and the axial or more internal part of a
fibre more so than the external, but the transi-
tion is gradual from one to the other, and there
is no definite membrane enclosing each fibre.
The lens-fibres when cut across are seen to be
six-gided prisms (fig. 75 B). By reason of this
shape they fit very exactly the one to the other
with but little interfibrillar cementing substance
between. This is met with in rather larger
quantity in the intersecting planes between the
ends of the fibres.
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Thin and Ewart have shown that with certain
methods of treatment the superficial lens-fibres show
indications of being composed of a number of regnlar
segments separated by sharply marked lines of inter-
segmental substance (Journal of Anatomy, 1876).

The capsule of the lens is a transparent
structureless membrane ; somewhat brittle and
elastic in character, and when ruptured the
edges roll outwards. The fore part of the capsule,
from abont 25 mm. from the cireumference,
where the anterior part of the suspensory liga-
ment joins it, is much thicker than the back :
at the posterior pole of the lens the capsule is very
thin indeed. In the adult, it, like the lens itself,
is entirely non-vascular, but in the feetus there
is a network of vessels in the superficial part of
the capsule, supplied by the terminal branch of
the central artery of the retina, which passes
from the optic papilla through the canal of
Stilling in the vitreous humour to reach the
back of the capsule, where it divides into radiating branches. After forming
a fine network, these turn round the margin of the lens and extend forwards to
become continuons with the vessels in the pupillary membrane and iris (fig. 42,
p. 54).
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THE EAR.

Tuge organ of hearing is divisible into three parts: the external ear (fig. 78,

I, 2), the tympanum or middle ear (3), and the labyrinth or internal ear (6). The

Fig. 78. —DIAGRAMMATIC VIEW FROM
BEFORE OF THE PARTS COMPOSING
THE OHGAX OF HEARING OF THE
peer sipE (after Arnold).

The temporal bone of the left side,
with the accompanying soft parts, has
been detached from the head, and a
gection has been carried obliguely
throngh it 50 as to remove the front
of the meatus externus, half the
tympanic membrane, and the upper
and antevior wall of the tympaoum
and FEustachian tube. The meatus
mternus has also been opened, and
the bony labyrinth exposed by the
removal of the surrounding parts of
the petrous bone. 1, the pinna and
lobule : 2 to 2/, meatus externus ; 2,
membrana tympani ; 3, cavity of the
tympanum ; above 3, the chain of
small bones: 3, opening into the
mastoid cells ; 4, Eustachian tube ;
5, meatus intermus, containing the
facial (uppermost) and anditory
nerves ; 6, placed on the vestibule of
the labyrinth above the fenestra
ovalis; a, apex of the petrous bone ; B, internal earotid artery; c, styloid process ; o, facinl nerve
issuing from the style-mastoid foramen ; ¢, mastoid process ; f, squamous part of the bone.

first two of these are to be considered as accessories to the third, which is the
portion of the organ to which the fibres of the eighth or auditory nerve are
distributed. :

THE EXTERNAL EAR.

In the external ear are included the pinna—the part of the outer ear which
projects from the side of the head—and the meafus or passage which leads thence
to the tympanum, and which is closed at its inner extremity by a membrane inter-
posed between it and the middle ear.

THE PINHA.

The general form of the pinna or auricle, as seen from the outside, is concave,
to it it for collecting and concentrating the undulations of gound, but it is thrown
into various elevations and hollows, to which distinet names have been given
(fiz. 79). The largest and deepest coneavity is called the concha ; it surrounds the
antrance to the meatus, and i intervapted at its upper and anterior part by a ridge,
which is the beginning of the helix. In front of the concha, and projecting back-
wards over the meatus, is a conical prominence, the fragus (fig. 79), covered
usually with hairs. Its upper part sometimes forms a rounded prominence (fuber-
culum suprafragicum, His). Behind the tragus, and separated from it by a deep noteh,
is another smaller elevation, the anfitragus. Below the antitragus, and forming the
lower end of the auricle, is the lobule, which is devoid of the firmness and
elasticity that characterise the rest of the pinna, The thinner and larger portion of
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the pinna is bounded by a prominent and incurved margin, the heliz, which,
springing above and rather within the tragus, from the hollow of the concha,
surrounds the upper and posterior margin of the auricle, and gradually loses itself
in the back part of the lobule, Within the helix is another curved ridge, the
anthelie, which, beginning below at the antitragus, sweeps round the hollow of
the concha, forming the posterior boundary of that conecavity, diverging above it
into two ridges. Between the helix and the anthelix is a narrow carved groove,
the fossa of the heliv (fossa scaphoidea) ; and in the fork of the anthelix is a
somewhat triangular depression, the fossa of the antheliz (fossa lriangularis).

cris anthelivie sup,
e el

— e foi8 Eriangularis

== crus anthelicis inf.

oty ——— ]
tragus
aiditragies

incisure interfragica
Inbadlas

Fig. 70. —(UTER SURFACR OF THE RIGHT AURICLE, (After Arnold.)

Ear-point ; Tubercle of Darwin.—Slight projections are occasionally observed
in the human subject at the margin of the helix. One of Lhese to which Darwin’s
attention was drawn by Mr. Woolner, the senlptor, is of interest as representing the
much more distinct pointed extremity met with in the expanded ears of quadrupeds
(Darwin, “ The Descent of Man ™).~ The point in question is represented in the
sketch given in fig. 70 B. Tt is constant in the embryo of about the 6th month,
where it presents a relative extent of development which is permanent in certain
monkeys (Schwalbe).

Considerable variation is met with in the size and ghape of the pinna,' in its amount of
projection from the side of the head, in the extent of folding which it exhibits, and in the
size of the lobule, and this is nob only in individuals of different races, but even in those
belonging to the same family, Attempts have been made to use these variations as s basis of
classification in criminal anthropology, but with results of very doubtful value. The lohule
is nsunlly regarded as a human characteristic, but it is sometimes found fairly well developed
in anthropoids, and is ofton very little developed in man,

Structure.—The pinna consists mainly of yellow fibro-cartilage and integument,
with a certain amount of adipose tissue. It has several ligaments and small muscles
of minor importance,

The skin covering it is thin, closely adherent to the cartilage, especially on the
concave aspect, and is covered with hairs which are provided with large sebaceous
follicles. It also contains sweat glands on the convex aspect, but few or none on

! The relation of the transverse to the longitudinal measurement of the pinna is known as the ear-
T
index ({*_xﬂ_li{q) and is employed in anthropometry.
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the concave side. In the external anditory meatus these reappear in a modified
form as the cernminons glands. The hairs of the pinna are most numerous and
longest on the tragus and antitragus, The hairs on the margin and convex aspect
of the ear are arranged with a general tendency to point towards the tubercle of
Darwin, where the converging series may even form a distinet tuft, thus furnishing
an additional argument in favour of the view regarding the meaning of that promi-
nence which was taken by Darwin.

orug helicis

halia

fosse seaphoiden
gpina kelicis
anthelir

Jree edge of tragus
incizura Sanforini
tragus plate

end of cartilage of —
R TR

!, Fig. 80.—EAR-CARTILAGE, ANTERIOR ASPECT. (Arnold.)

The cartilage (figs. 80 to 82) forms a plate 1 mm. to 3 mm. thick, with all the
inequalities already described as apparent on the outer surface of the pinna, and on its
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Fig. 81.—EAR-CARTILAGE, LATERAL ASPRCT. (Schwalbe.)

In the natural position of the parts the corner of the tragus plate ** fits into the angle marked * at
the anterior part of the helix. Between & and b, the isthmus separating the auricle-cartilage from the
cartilage of the meatus. e 8

eranial surface having prominences the reverse of théeoncha and the fossa of the helix,
while between these is a depression in the situation of the anthelix. The cartilage
is not confined to the pinna, but enters likewise into the construction of the onter
part of the external anditory canal. When dissected from other structures, it 1s
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Muscles.—Of the muscles of the pinna, those which are attached by one end to
the side of the head, and move the pinna asa whole, have been already described
(Vol. IL) : there remain to be examined several smaller muscles, composed of thin
layers of pale-looking fibres, which extend from one part of the pinna to another,
and may be named the special muscles of the organ. Six such small muscles are
distinguished ; four being placed on the outer and two on the inner or deep surface
of the pinna.

The smaller muscle of the heliz '(fig. 83, 1) is a small bundle of oblique fibres,
lying over, and firmly attached to, that portion of the helix which springs from the
bottom of the concha. Like the other of these muscles, its fibres are, In part,
attached to the skin.

The greater muscle of the heliz (2) lies vertically along the anterior margin of the
pinna. By its lower end it is attached to the spine of the helix ; and above, its
fibres terminate opposite the point at which the ridge of the helix turns backwards.
The anterior auricular muscle is sometimes continued partly into this muscle.

Fig. 83, A and B,.—OUTER AXD IXNER SURFACES OF THE RIGHT PINNA, EXPOSED TO SHOW THE EMALL
uosores (from Arnold).

1, museulus belicis minor ; 2, m. helicis major ; 3, tragicus ; 4, antitragicns ; 5, musculus transversus

auriculie 3 6, musculus obliquus auricule.

The muscle of the fragus (3) is a flat bundle of short fibres covering the onter
surface of the tragus : its direction is nearly vertical. Occasionally a slender bundle
of muscular fibres is seen prolonging this muscle across the cleft in the cartilage
between the tragus and fore part of the helix to be attached to the spine of the helix
(m. pyramidalis, Jung). Another musecle (dilalator conchee, Theile) of less constant
ocenrrence lies npon the anterior face of the tragus, bridging over the greater fissure
of Santorini, which is there present.

The muscle of {he anfitragus (4) is placed obliquely over the antitragus and
behind the lower part of the anthelix, It is fixed at one end to the antitragus,
from which point its fibres ascend somewhat to be inserted into the caudate process
of the helix, above and behind the lobule.

The fransverse muscle (5) lies on the inner or cranial surface of the pinna, and
consists of radiating fibres which extend from the back of the concha to the promi-
nence which corresponds with the groove of the helix.

The obligue muscle (Tod) (6) consists of a few fibres stretching from the back
of the concha to the convexity directly above it, across the back of the inferior
branch of the anthelix, and near the fibres of the transverse muscle,

The muscles of the tragus and antitragns tend to contract the entranes to the meatus
when stimulated by electricity (Duchenne), the muscles of the helix having a contrary ten-
dency. They are none of them under the influence of the will, but it is possible they may act
alightly in a reflex manner, All the ear-muscles are supplied by the facial nerve.
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glands ; and in the thick subdermic tissue are small oval cunv?luted tubular glands
of a brownish-yellow ecolour, agreeing in form and structure with the sweat gla.nr'ls,
but larger in part or entirely, and in sufficient number at some paris, especially
where cartilage is deficient, to form an almost complete layer in the subcutaneous
tissue. 'The cerumen or ear-wax is secreted by these glands (glandule ceriminose),
and their fine ducts may be seen to perforate the skin of the meatus close to or
“nto the mouths of the hair follicles. According to Schwalbe the fatty part of the
ear-wax is formed by the sebaceous glands. This may be partly the case, but the
cecretion of the cernminous glands is certainly also of a fatty nature (fig. 88).
Vessels and nerves.—The external auditory meatus is supplied with arteries
from the posferior auricular, infernal maillary, and temporal avteries, The principal

Fig. 88.—Secriox oF SEIN OF
AUDITORY MEATUS, INOLUDING
TWo CERUMINOUS GLANDE
(Gritber. )

branches of the arteries
gourse along the npper and
hack wall of the canal. The
veins and lymphatics take
the same course on leaving
the meatus as do the corre-
sponding vessels of the
pinna. The nerves are
derived from the auriculo-
temporal branch of the fifth
and the aurieular branch of
the vagus. The latter sup-
plies the skin of the osseous
part of the canal and that
which covers the lower part
of the tympanic membrane.

State in the infant.
—The aunditory passage is
only in part formed of bone
and cartilage in the infant.
The osseous part is formed
at birth by a small ring
of bone (tympanic bone)
which is deficient antero-
superiorly, where it is completed by uniting with the squamous portion of the
temporal bone, and this part of the temporal overhangs the meatus and con-
stitntes the chief part of its superior boundary. The floor is mainly formed by
fibrous tissue which unites the tympanic ring of bone with the fibro-cartilage
of the pinna and external part of the meatus. This is the fibrous fympanic
plate of Symington, and into it the tympanic bone gradually grows after birth.
This growth takes place chiefly from two points (Zuckerkandl) outwards into
the fibrous plate in question and usually in such a manner that a gap is left for
gome time in the antero-inferior part of the bony meatus which sometimes persists
thronghout life. The membrane of the drum is more inclined away from the
vertical in the fietus and new-born infant than in the adult, being in faect in the
same plane as the roof and overlying the fibrous floor of the inner part of the
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one of the small bones of the tympanum, descends in contact with the inner
surface of the membrane, covered by mucous membrane, to a little below the
centre, where it is firmly fixed ; and, as this process of the bone is directed inwards,
the ounter surface of the membrane is thereby depressed in a conical form (fig. 102).

The membrana tympani is about 01 mm, thick, but at its insertion into
the suleus tympanicus it hecomes thickened and firmly attached to the bone by a
considerable accumulation of fibres (annulus Jitrosus), and this thickened margin is
prolonged from the spines of the tympanic ring as two ligamentons bands which
pass fo the short process of the malleus, constituting the so-called anferior and
posterior tympano-malleolar folds or ligaments (f g.92), and forming the lower bonndary
of the membrana flaceida (see below), Covering it externally is a prolongation of the
skin of the external meatus ; internally is a prolongation of the mucous membrane
lining the cavity of the tympanum ; and between the two is the proper substance
of the membrane, composed of fibrous tissue. The greater number of the fibres
radiate from the attachment of the handle of the malleus (fig. 91), but there are
also cireular fibres (fig. 90) which are situated within or mesially to the radial, and
near the ecircumference of the membrane, form a dense, almost ligamentons
thickening. Besides these two sets of fibres there are others met with, especially

i Fig. 91.—Vigw oF THE OUTER SURFACR OF THE LEFT MEM-
—= 3 BRAKA TVMPANI, AFTER HEMOVAL OF THE COTANEOUS
LavER (E. A B t

The handle of the malleus is distinetly seen, and the long
process of the incus appears as a faint light band parallel with
and a little behind the handle of the malleus, The other
light band nearly at right angles to the mulleus is caused by
the chorda tympani nerve.  The noteh of Rivinus is seen above
the handle of the mallens.

in the posterior half of the membrane, which are
irregularly disposed and form at places prominent
fibrous bands in and upon the mesial surface of the
membrane (covered of eourse by the mucous mem-
brane), and even extend here and there across part
of the cavity of the tympanum. At the inser-
tion of the mallens the membrane, especially its
integumental layer, is thickened. The fibrous tunica propria here becomes con-
tinuous with the periosteum of the malleus, but along the line of contact of the
bone with the membrane there is generally a streak of cartilage forming the actual
uniting tissue : a similar thin layer of cartilage may also be found along the opposite
(free) border of the manubrinm mallei, and also forming a complete cap to the end
of the manubrium. In the thickening of the integumental layer above mentioned
vessels and merves to the membrane are seen in section. The epidermal layer is
stratified, as elsewhere in the external auditory meatus : it is also somewhat thickened
along the malleolar line, and here small papille of the cutis project into it. The
radial fibres are not straight, but are slightly bowed outwards, so that between the
most depressed point or wmbo, and the attached border, the membrane is slightly
convex outwardly. This shape is maintained by the annular fibres,

At the upper and anterior part, the annular fibres stretch, as just related, across
the mouth of a small noteh in the bony ring to which the membrane is attached
(notch of Rivinus). The noteh is occupied by a lax membrane (membrana Haccida,
Shrapnell) (fig. 92), consisting of loose connective tissue, with vessels and nerves, and
covered by skin and mucons membrane, It occasionally happens that a fissure or
perforation is to be detected at this place,

The membrane is supplied with blood-vessels, but they are chiefly confined to the
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skin and mucous membrane covering the surfaces : a few are, however, found in the
proper fibrous membrane, and form a communication between the two systems on
the surfaces. Those of the skin are mostly supplied by a small artery, derived from
the deep auricular branch of the internal maxillary, which passes from above
parallel to and along the handle of the mallens. The nerves for the most part
accompany the blood-vessels, first supplying these and then forming a plexns both
_in the cutis and in the mucosa. They are derived, for the upper and greater part of
the membrane, from the auriculo-temporal ; for the lowermost part, according to
Sappey, from the auricular branch of the vagus. For the mucosa they come from
the plexus tympanicus. Lymphatic vessels arve, according to Iessel, tolerably
abundant in all three layers.

The inner wall of the tympanum (fig. 93, A & B), which separates it from the
internal ear, is very uneven. Near its upper part is an oveid, or nearly kidney-

wnembrane feccids posterior ligament

mderior liganent - - long processof ncus

i end of manubrivm of neallees

Fig. 92, —MEMBRANA TYMPARI, A$ SEEN WITIL THE oroscorE.  (Hensman.)

shaped opening—fenestra ovalis, which leads into the cavity of the vestibule. This
opening, which is elongated from before backwards, with a slight inclination down-
wards in front, is occupied in the recent state by the base of the stapes and the
annular ligament connected with that plate of bone. It measures 3 mm. by 14 mm.,
and Lies at the bottom of a depression (fossula ovalis), which is hounded by the bony
prominences immediately to be mentioned. Above the fenestra ovalis, and between
it and the roof of the tympanum, a ridge indicates the position of the aqueduct of
Fallopius (aF"), as it passes backwards, containing the facial nerve. Below is a
larger and more rounded elevation, cauged by the projection ontwards of the first
turn of the cochlea, and named the promontory, ov tuber cochlee ; its surface is
marked by grooves, in which lie the nerves of the tympanic plexus.

Below and behind the promontory, and somewhat hidden by it, is another
aperture named fenestra rolunda, 1'5 mm. to 2 mm. in diameter, which lies within
a funnel-shaped depression ( fossula rofunda). 1n the macerated and dried bone the
fenestra rotunda opens into the scala tympani of the cochlea ; but, in the recent
state, it is closed by a thin membrane.

The membrane closing the fenestra rotunda—secondary membrane of the tympanum
(Scarpa)—is rather concave towards the tympanic cavity and convex to the scala
tympani, and, like the membrana tympani, is composed of three structures, the
middle being fibrous, and the outer and inner derived from the membranes lining
the cavities between which it interposed, viz., the tympanum and the cochlea, The
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mastoid cells are very variable in development : when large they approach close to
the free surface of the bone, and may come into proximity with the lateral sinus,
when small there is « considerable thickness of bone between them and the surface.
Sometimes they are undeveloped, and their place is occupied by spongy bony
substance (diplée). At the lower margin of the orifice of the antrum is a depressed
surface for the attachment of the lower ligament of the incus.
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Fig. 93 B.—PARr 0F THE BROTIUN SHOWN IN FIG, 03 A, MORE MAGNIFIED, SHOWIXG THE VARIOUS
NAMED PARTS I¥ AXD CONNECTED WITHL THE INYER WALL OF THE TYMPANTML (B. A. B.)

1, tympanic crest ; 2, entrance to mastoid eells ; 3, mastoid antrum ; 4, prominence due to external
semicireular canal 3 5, prominence over aqueduct of Fallopins (a bristle, 13, 13, has been passed through
this canal) ; 6, fenestra ovalis ; 7, pyramid ; 8, posterior sinus ; 9, sinus tympani ; 10, styloid proto-
berance ; 11, subiculum promontorii ; 12, fenestra rotunda : 14, bristle passed through the canal for the
tympanic nerve ; 15, jugular fossa ; 16, tympanic cells ; 17, canal for Bustachian tube ; 18, promontory ;
19, 20, 21, grooves for nerves on promontory emerging from the end of the canal for the tympanic
nerve, 19 being for the earotico-tympanic, 20 for the small deep petrosal, and 21 for the small super-
ficial petrosal ; 22, trochlear end of the canal for the tensor tympani muscle ; 23, bridge of bone uniting
the promontory with the pyramid.

Below the orifice of the antrum and behind the fenestra ovalis 18 a small
conical eminence (1 m. to 15 m, high), called the pyramid, or eminentia papillaris
(fig. 90, py ; fig. 98, 7). Its apex is pierced by a foramen, through which the
tendon of the stapedius muscle emerges. The muscle is contained within a canal




56 THE EAR.

which when traced back is found to turn downwards in the posterior wall of the
tympanum, sometimes opening at the base of the cranium by a small aperture just
in front of the stylo-mastoid foramen, and connected at one or two places with the
descending part of the aqueduct of Fallopius. A small bony spiculum often connects
the end of the pyramid with the upper part of the promontory (sce fig. 93 B, 23).
Anterior boundary. Canal for the temsor tympani.—The anterior
extremity of the tympanum is narrowed by the gradual descent of the roof,
and is continued into the inner orifice of the Eustachian tube (fiz. 85).
Above the commencement of this is the small (2 mm. diameter) eanal which
lodges the tensor tympani muscle, This canal, which is lined by a fibrous
membrane, is about half an inch (12 mm.) long, and it opens immediately in front
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Fig. 94.—Basg or 1ne SKEULL, SHOWIXG THE POSITION OF THE EUSTACHIAN CARTILAGE.
(Modified from Testut.) (E. A, 8

of the fenestra ovalis, surrounded by the expanded and everted end of the
cochleariform process, which separates it from the Eustachian canal. The bony
septum between the two canals is often incomplete, so that in the macerated bone
they may appear as a single large canal partly subdivided by a thin osseous
partition.

In the recent state the fibrous sheath of the tendon is expanded over the end of the ecanal,
50 s to impart to it a conical shape (see fip. 101, 2¢).

The Eustachian tube (salpinz) (fiz. 85, 4) is a canal about 36 mm.
(15 inches) long and from 2 mm. to 4 or 5 mm. diameter, bounded partly by bone,
partly by eartilage and fibrous membrane, which leads from the cavity of the
tympanum to the upper part/of the pharynx. From the opening into the
tympanum (gstium tympanicum) it is directed forwards and inwards, at an angle of
about 45 degrees with the sagittal plane, with an inclination of about 80 degrees
downwards from the horizontal ; the downward inclination is glightly greater in the
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cartilaginons part than in the osseous, The posterior or osseous division of the
tube, about half an inch long, is placed at the angle of junction of the petrous
portion of the temporal bone with the squamous portion. It is funnel shaped,
diminishing somewhat rapidly in size from behind forwards, to the junction with
the cartilaginous part; here the tube is narrowest (isthmus tube). The carotid
canal lies mesially to the osseous portion of the tube, and is oceasionally found to
communicate with it owing to deficiencies in the bony septum between them.

The mucous membrane lining the osseous portion of the tube is thin and closely
attached to the bone except along the floor of the canal, where it is separated from the
periostenm by a venous plexus, It is lined by ciliated epithelium, and has no glands
opening into it. The anlerior part of the tube, about an inch in length, is formed of a
triangular piece of elastic fibro-cartilage, the edges of which are slightly curled
round towards each other, leaving an interval at the under and outer side, in which the
wall of the canal is completed by dense but pliable fibrous membrane ( fascia salpingo-
pharyngea), and by a muscular band connected with the tensor palati and termed by

Fig. 95.—SECTIOX AOR0SS THE CARTILA-
GINOUS PART OF THE EUSTACHIAR
roeE.  (Riidinger.)

1. 2 bent cartilaginouns plate; 3,

muse. dilatator tube; to the-left of 4,
part of the attachment of the levator palati
musele ; 5, tissue uniting the tube to the
base of the skull; 6, and 7, mucous
glands ; 8, 10, fat ; 9 to 11, lumen of the
tube ; 12, conneetive tissue on the lateral
aspect of the tube.

Riidinger the dilatator tube. The
cartilaginons plate is hook-shaped
in transverse section (fig. 95), the
larger part of the plate being on
the mesial side, and only a small
part on the lateral border. The
cartilage is largest near the ostinm
pharyngenm, where it measures
12 mm. from above down, and is
= mm. thick. It here occupies the whole mesial wall of the tube, but gradually
diminishes in size as it approaches the bony canal. It is often partially or entirely
broken up by fissures, or there may be accessory pieces of cartilage in various
situations in the wall of the tube. The cartilaginous part of the tube is trumpet-
shaped, being narrow behind, and gradually expanding to a greater width in
front (fig. 94) ; the anterior part is compressed from side to side, and is fixed
to the inner pterygoid plate of the sphenoid bone. The anterior opening (estim
pharyngeum) is of a compressed oval, somewhat triangular form, and is placed
obliquely at the side and upper part of the pharynx, into which its prominent
margin projects behind the lower turbinate process of the nose and above the level
of the hard palate (fig. 96). The aperture is bounded ahove and posteriorly by a
projection, which is caused by the end of the eurved plate of cartilage (covered,
of course, by mucous membrane), which separates it behind from a longitndinal
depression of the pharyngeal wall, known as the lateral vecess of the pharyne or
fossa of Rosenmiiller. The projection in question is continued into the salpingo-
pharyngeal fold. Below it is limited by a thickening, increased when the
levator palati contracts, continued from a fold (salpingo-palatine), which also
assists in forming the anterior boundary of the orifice. The opening is placed
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relatively to the palate somewhat lower in the child than in the adul.

Fig. 86.—VIEW oF THE RIcmr masAL FOSSA A8 SEEN IN A SECTION THROUGH THE SKULL TAKEN JUST
TO THE RIGHT oF THE sEPrvm. (K. A, 8)

1, incisor canal ; 2 hone of hard Inte ; 3, 4, 5, parts of the cartilage of the aperture : §
a I P 4

eartilage of the septum ; 7, atrium leading to middle meatus ; 8, agoer nasi ; 9, frontal sinus; 10,
inferior ethmoidal coucha ; 11, superior ethmoidal concha ; 12, spheno-ethmoidal recsss - 13, entranece
to sphenoidal sinns ; 14, pituitary fossa; 15, sphenoidal sinus; 16, inferior turbinal : 17, rod passed
into Bustachian tube; 18, salpingo-pharyngeal fold, immediately behind' this is the lateral recesg of
the pharynx, uot specially indicated in the drawing ; 19, soft palate ; 20, avala ; 21, tongue.

considerable amount of lymphoid tissue especially in young subjects, and near the
pharyngeal end of the tube.

Vessels and Nerves.—The aiferies of the tube are derived on the one hand from
the pharyngeal branch of the external carotid, and on the other from the middle
meningeal and vidian branches of the internal maxillary. The nerves arise from
the tympanic plexus and pharyngeal twigs of the vidian nerve.

Muscles.—Besides the middle part of the tensor palati muscle, which takes
origin along the whole length of the lateral plate of the hooked cartilage of the tube
(fig. 95), the levator palati also has an attachment to the commencement of the

Through
this aperture the mucous membrane of the pharynx is continnous with that which

lines the tympanum, and under certain conditions air passes into and out of that
cavity. Mucous glands open on the inner surface of the cartilaginous part of
the tube ; they are most numerous near the pharyngeal orifice. There is alzo a
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of oz orbiculare sen lenticulare, described as a separate bone, which indeed it
originally is in the feetus up to the sixth month.

The length of the short process is about 8 to 3% mm., of the long process about
4} mm. The weight of the incus is very nearly the same as that of the mallens

(Blake).

At the joints between the incus and mallens on the one hand and the incus and stapes on
the other the articular surfaces are tipped with cartilage and enclosed by a synovial membrane.
Rildinger describes both in this joint and in the articulation of the incus with the stapes an
snterarticular fibro-cartilage whieh subdivides the joint into two parts; but according  to
Brunner neither are synovial joints but are symphyses, the articular cartilages being united
by fibrous tissue. At all events the existence of an interarticular cartilage at the joint between
incus and stapes is doubtful, although most authorities admit its presence at the joint between
the mallens and incus, Some anatomists describe a synovial joint at the articulation of the
short process of the incus with the bone at the entrance to the mastoid cells.

The stapes (figs. 99, 100), the third and innermost bone of the ear, is in ghape
remarkably like a stirrap, and is composed of a head, a base, and two crura. The
whole bone measures 3 to 4 mm. in length and about 23 mm. in breadth. Its
weight is from 2 to 4 milligrams. The Aead (k) is directed outwards, and has
on its end a slight depression, covered with cartilage, which articulates with
the lenticular process of the incus. The base (b) is a plate of bone fitting into

Fig. 99.—LEFT STAPES, VIEWED FROM BELOW. Magnified four times. (E. A. &)
h, outer extremity or head of the bone, with a shallow concavity for articulation

with the orbicular process of the imcus; e, constricted part or cervix. This is not
always so well-marked as in the present specimen, or @, anterior crus; cr p,
posterior crus ; b, base ; a, arch of the stapes. The bony groove which boumda the

arch is shown in front and below ; above and behind it is concenled from view,

the fenestra ovalis, but not quite closely, so that a glight amount of movement 18
allowed. Its form is irregularly oval, the upper margin being curved, while the
lower is nearly straight (fig. 90, sf). Its border is encircled by hyaline cartilage,
which also covers its vestibular surface. The margin of the fenestra ovalis has also
a covering of the same tissue (Toynbee), and the opposed cartilaginous surfaces are
closely connected by a network of elastic fibres passing between them, and forming
an especially dense ligamentous band near the tympanic and vestibular cavities
(Riidinger). The crura of the stapes diverge from a constricted part (neck,
fig. 99, ¢) of the bone, situated close to the head, and are attached to the outer
sarface of the base near its extremities. The anterior crus (cr. a) is the shorter and
straighter of the two. The crura, with the base of the stapes, encircle a small
triangle or arched space (), across which in the recent state a thin membrane is
stretched. A shallow groove runs round the opposed surfaces of the arch, and into
this the membrane is received.

The formation and morphological relations of the anditory pssicles have already been
noticed in the Embryology (Vol. I, p. 167, ef seq.). Suffice it here to recall the fact that
the incus and malleus are originally laid down as one piece of cartilage, which is continued
forwards as Meckel's cartilage along the first visceral arch, and that the stapes is formed by
ossification in cartilage which develops around an artery {(stapedial or mandibular—Fraser,
Salensky), which arises from the internal earotid, and passing into the {ympanum through the
wall of the carotid canal, ascends over the promontory and anastomoses with branches of the
atylo-mastoid, 'middle meningeal, and ascending pharyngeal arteries, In mare instances this
artery remaing, but it has usually dizappeared before birth. In some animals (Cheiroptera,
Insectivora, Rodentin) it persists in the adult. In these ecartilaginous foundations of the
anditory ossicles the formation of the individual bones occurs in the following manner : the
separation and articulation between the malleus and incus appears in the third month of
embryonic life; the cartilaginons continuity between the malleus and Meckel's cartilage
disappears somewhat later, and its place is taken partly by ligamentous tissue (forming the
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existence of muscular tissue in this situation. Many of the fibres of the anterior
ligament take origin from a bony prominence which projects from the margin of
the external meatus into the tympanum, and forms the anterior boundary of the
notoh of Rivinne. This prominence is known as the anterior spinous process of the
tympannm (spina tympanica anterior) (fig. 101, sp) to distinguish it from another
smaller bony prominence or spine at the posterior extremity of the noteh (see p. 81).

Aceessory antevior ligement.—A comparatively stout gheath surrounds the tendon of the
tensor tympani as it passes from the end of the cochleariform process to the malleus, and a
flat lignmentons band with a thickened margin (fig. 101, ), which lies along the anterior
border of this sheath, stretching between the anterior wall of the tympanum and the upper

Fiz. 101.—Vikw OF THE CAVITY OF THE
TYMPANUM, OFPENED FHROM ADBOYVE.
{Magnified four times.) (E. A. 5.)

iit, head of the mallens; sp, spina
tympanica anterior ; I a. m, anterior
ligament of the malleus ; Le.n, external
ligament of the malleus ; K&, gap between
the two ligaments leading to the mem-
brana flaccida and noteh of Rivinus; 4
body of the inens ; L 4, posterior ligament
of the incus ; pr. o, processus orbicularis
of the incus seen in the depth of the
cavity, articulated with the head of the
stapes, st ; o', tendon of the stapedius
muscle emerging from the pyramid ; #, . Ve
tendon of the tensor tympani, emerging
from the conical end of its canal ; , thickened edge of a flattened band of ligamentous fibres which lies
in the fold of the mugous membrane, #. ., and assists in fixing the malleus ; & L m, superior lignment of
the malleus, cut short 3 n, chorda tympani nerve.

part of the manubrium and neck of the malleus, may be regarded as assisting in the fixation
of the mallens anteriorly. Toynbee described the sheath in question as apting a3 an ACCEssOry
ligament (tensor ligament).

The eaxlernal ligament of the mallens (fig. 101, Lean.), 1s & fan-shaped ligamentous
structure, the fibres of which avise from the margin of the noteh of Rivinus, and
converge to the short process and adjacent part of the malleus.

The posterior bundle of fibres of this ligament, together with the anterior bundle of the
anterior lignment are termed by Helmholtz the * axis-lizament of the malleus,” since they are
attached nearly in the axis of rotation of that bone.

The superior ligament of the malleus (figs. 101, 102, s.lin.) consists of a
small bundle of fibres, which passes downwards and outwards from the roof of
the tympanum to the head of the malleus, and serves to check the ontward move-
ments of the manubrium and membrana tympani.

Tufirior ligament of the mallevs— A small bundle of ligamentous fibres is oceasionally found
passing from near the extremity of the handle of the mallens npwards and backwards behind
the long process of the incus, to be attached to the outer wall of the tympanum. This liga-

a

ment assists the external ligament in resisting a too violent action of the tensor tympani
musele, and it serves also to restrict any rotating action which that muscle may tend to exert
upon the mallens,

The ligament of the incus (figs. 90, 101, [i.) extends from near the point of the
short erns backwards towards the posterior wall of the tympanum, but sowe of its
fibres spread also outwards and inwards. It is attached below the entrance to the
mastoid cells.

Muscles.—There are only two well-determined muscles of the tympanum.
Sommerring described four, and some authors have mentioned a larger number; but




04, THE EAR.

their descriptions have not been confirmed by later rescarch. Of the two muscles
generally recognised, one is attached to the malleus, and the other to the stapes,
The tensor tympani is the lurger of these muscles. It consists of a tapering
fleshy part, about half an inch in length, and a slender tendon. The muscular
fibres arvise from the cartilaginous end of the Eustachian tube and the adjoining
surface of the sphenoid bone, and from the sides of the canal in which the muscle
lies and in which it is conducted backwards to the cavity of the tympanum,
Immediately in front of the fenestra ovalis the tendon of the muscle bends at nearly
a right angle over the end of the processus cochleariformis as round a pulley, and,
contained in a fibrous sheath, passes ontwards, to be inserted into the jnmer part of

Fig. 102.—PRoFILE VIKW OF THE LEFT MEMBRANA TYMPANI AND AUDITORY USSICLES FROM BEFORE
AND SOMEWHAT FROM ABOVE. Muagnified four times. (E. A. 8.)

The anterior half of the membrane has been cut away by an oblique slice. m, head of the mallens ;
#p, spur-like projection of the lower border of its articular surface ; pr. br, its shart process pr. g, root of
processusgracilis, cut ; 8 Ln, suspensory ligament of the mallens ; f.e. ne, its external ligament ; &.¢, tenilon of
the tensor tympani, cut ; £, inens, its long process ; sf, stapes in fenestra ovalis ; e.aw.m, external anditory
meatus ; p. i, notch of Rivinus ; su.f, membrana tympani ; w, its most depressed point or umbo ; o, de.
clivity at the extremity of the external meatus ; @.aw.m, internal anditory meatus ; @ and b, its upper
and lower divisions for the eorresponding parts of the auditory nerve ; i@, canal for the nerve to the
ampulla of the posterior semicirenlur canal ; #.#.¢, ampullary end of the superior canal ; p, ampollary
opening of the posterior canal ; ¢, common uperture of the superior and posterior canals ; e.s.c, ampul-
lary, and ¢'.5.0, non-ampullary end of the external canal ; s.f.¢, scala tympani cochlem ; £, fenestra
rotunda, cloged by its membrane ; e.F, agueduct of Fallopius.

the handle of the malleus, close to its root (figs. 101, 102, #). The tensor tympani
is supplied by a branch of the fifth pair through the otic canglion. Its nerve is
furnished with a small ganglion (Dastre and Morat),

The stapedius is a very distinct musele, but is hidden within the bone, being
lodged in a canal in front of the descending part of the aqueductus Fallopii and in
the hollow of the pyramid. The tendon issues from the aperture at the apex of that
little elevation (fig. 90), and passing forwards, surronnded by a fibrous sheath, is
inserted into the neck of the stapes posteriorly, close to the articulation of that bone
with the lenticular process of the incus (figs. 90, 101).

A very slender spine of bone has been found occasionally in the tendon of the
stapedius in man ; and a similar piece of hone, though of a rounder shape, exists
constantly in the horse, the ox, and other animals.
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Movements of the anditory ossicles.—The malleus and incus move together
round an axis extending backwards from the attachment of the malleus by its anterior
ligament to the attachment of the short process of the incus posteriorly. The
handle of the mallens follows all the movements of the membrana tympani, and
when the membrane is impelled inwards, the incus, moving inwards along with the
malleus, pushes the stapes inwards towards the internal ear. In this movement the
head of the stapes is slightly raised us well as pressed inwards, and the upper margin
of its base moves more than the lower. Bub the cavity of the inner ear is full of
liguid ; and its walls are unyielding, except ab the fonestra votunda ; when, there-
fore, the stapes is pushed inwards, the secondary membrane of the tympanum, which
blocks up the fenestra rotunda, must be bulged outwards. When the membrana
tympani returns to its original condition these movements are reversed. That the
movement inwards of the incus must closely accompany that of the malleus, is
necessitated by the fact that the lower margin of its artienlar surface has a well

Fig. 103.—FicurE To SHOW THE body of fneis Feered of meallews
INTERLOCKING OF THE MALLEUS
awn 1xovs.  (Helmholtz)

The line e b indicates the axis of \
rotation of the two bones, the line oy
x y = joing this axis with the two
pnds of the crank lever which these

bones form. tooth of incus

interlockiuf \ :
marked  projection  which Q”;’-*:f:ui?:f:; R . 2 B
catches against the prominent & ;’mt‘:’*

horder of the articular surface
of the mallens (fig. 102, sp,
and fig. 103). 1f, however,
in consequence of increase of
tension of the air in the tym-
panum, the malleus should be
moved too freely ontwards, the
incus need not follow that
movement to its full extent, end of long process of incus =

but may merely glide over the

smooth adjoining surface of the mallens, and thus the danger that there would
otherwise be of forcibly dragging out the siapes from the fenestra ovalis is avoided
( Helmholtz). :

The tensor tympani muscle, being attached near the base of the manubrium of
the malleus, draws the whole bone and the membrane inwards, tightening the latter.
Its action is opposed by the strong external ligament of the malleus. The tensor
tympani exerts but little rotating action npon the malleus. The action of the stape-
dius muscle is obviously to draw the head of the stapes backwards, in doing which
the hinder end of the base of that bone will be pressed against the margin of the
fenestra ovalis, while the fore part will be withdrawn from the fenestra.

The lining membrane of the tympanum.—The mucous membrane of the
tympanum is continuous with that of the pharynx throngh the Eustachian tube, and
is further prolonged from the tympanum backwards into the mastoid cells. The
mallens and incus are invested by the lining membrane of the outer wall of the
cavity. The membrane forms also folds extending down from the roof in front of
and behind the conjoined heads of the incus and malleus, and another passing down
to the chorda tympani nerve or even below it ; these folds wholly or partially
separate off small pouch-like portions of the tympanic cavity which will be further
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noticed below.  Another well-marked fold has heen already noticed in connection
with the tendon of the tensor tympani, and various other smaller folds are met
with.  They often contain strands of fibrons tissue and sometimes osgeous spicules.
All these folds are, however, very variable in their development,

The mucons membrane which lines the cartilaginous part of the Enstachian tube
resembles much the membrane of the pharynx, with which it is immediately con-
tinuous ; it is thick and vascular, is covered by eiliated epithelium, and is provided
with many simple mucous glands which pour out a thick secretion : in the osseous
part of the tube, however, the membrane becomes gradually thinner, In the tym-
panum and the mastoid cells the mucous membrane js paler, thinner, and less
vascular, and secretes a small amount of less viseid, yellowish fluid. Accord-
ing to most observers no glands are normally met with in the tympanum, but
Krause has described and figured simple glands in parts, and Tréltsch describes an
acinous gland on the external wall, anteriorly. Between the mucons membrane and
the periostenm is a network of fibrous bundles, which are here and there raised
above the ceneral surface, causing corresponding projections of the mucous mem-
brane. In various places on the interlacing bundles, peculiar swellings ocenr of
various sizes, which appear to be caused by the superaddition of concentrically
arranged fibres upon the smaller bundles, producing an appearance similar to that
of miniature Pacinian corpuscles (Politzer, Kessel). The epitheliom in the
tympanic cavity is in part columnar and eciliated, with small colls between the
bases of the ciliated cells, but the promontory, the ossicula, and the membrana, are
covered with a simple layer of flattened non-ciliated cells (Kdlliker) ; and a similar
non-ciliated epithelium is said to line the mastoid antrum and cells,

Recesses or pouches of the tympanum.—The ossicula, as well as the
ligaments which unite them with the wall of the tympanum, and the chorda
tympani nerve, are all invested by folds of the lining mueous membrane, which in
many cases also pass across the spaces between the several ligaments and bony
projections. These uniting folds and the prominences which they cover and connect
thus mark off in certain places pouch-like portions of the general cavity., There is
a good deal of variation in the extent of development of these folds and pouches,
but some are fairly constant in their occurrence, and one pouch in particular,
between the heads of the malleus and incus and the external wall is nearly shut off
from the rest of the cavity by well marked folds, which pass down from the roof of
the tympanum in front of and behind the suspensory ligament of the mallens,
This pouch may be termed the superior exrfernal pouch.  Tmmediately below it and
partly separated from it by the anterior and external ligaments of the malleus and a
fold of membrane which unites them, is another smaller pouch, described hy
Prussak, which may be termed the énfero-extornal. It is bounded above by the
ligaments and folds just mentioned, externally by the membrana flaceida, below and
internally by the processus brevis mallei. In front it ends blindly, but behind it
opens into the general cavity of the tympanum. This pouch iz of considerable
importance clinically and pathologically because fluid (e.¢., pus) may accumnlate in
it, especially since its opening into the rest of the pusterior pouch is placed
somewhat above its floor, Tt is into this pouch that perforations of the membrana
flaccida occur.

The fold which passes down from the roof of the cavity towards the mesial part
of the neck of the malleus, and which incloses in or near its free border the chorda
tympani nerve, also separates off two pouches, one in front of and the other behind
the manubrinm mallei, and both bhounded externally by the membrana tympani.
These pouches are the anferior and posterior pouches of Tréltsch. For a detailed
description of the various folds and pouches, the student is referred to certain of
the memoirs cited in the Bibliography.
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In the feetus the mucous membrane of the tympanum consists of a swollen gela-
binous embryonic tissue which fills the cavity, leaving only an irregular cleft bebween
‘ts folds. Towards the end of intranterine life the membrane becomes eradually
thinner and less gelatinous and the cleft enlarges, fluid accumulating within it.
After birth this fluid becomes replaced by air, and the mucous membrane speedily
acquires the thin fibrous character which it exhibits throughout life.

auperior ligament of malleus  head of malleus

superior external pouch

fenclar af fengor
external ligament of malleus .rl;jmjm:tij
inferior external pouch (of Prussal) :

rocessis Drevis mallel ] _
P manitfeiim malie

; : B
external auditory meatus enel of manubrium

Fig. 104. —SEcTION THROUGH THE MALLEUS AXD MEMBRANA TYMPANI, SHOWING S0ME OF THE FOUCHES
OR RECESSES OF THE TYMeAwIo caviTy. (After Merkel.)

Vessels and nerves of tympanum.—The arteries of the tympanum, though
very small, are numerous, and are derived from branches of the external carotid,
and from the internal carofid.

The fore part of the cavity is supplied chiefly by the tympanic branch of the
internal maxillary, which enters by the fissure of Glaser. The back part of the
cavity including the mastoid cells, receives its arteries from the stylo-masteid branch
of the posterior auricular artery, which is conducted to the tympanum by the ague-
duct of Fallopius. These two arteries form by their anastomosis a vascular circle
round the margin of the membrana tympani. The smaller arteries of the tympanum
are, the petrosal branch of the middle meningeal, which enters through the Aiafus
Fallopii, and branches through the bone from the infernal carofid avtery, farnished
from that vessel whilst in the carotid canal.

The veins of the tympanum empty their contents into the superior petrosal
ginus and the temporo-maxillary vein.

Nerves.—The tympanum contains numerous nerves ; for, besides those which
supply the parts of the middle ear itself, there are several which serve merely to
connect nerves of different origin.

The lining membrane of the tympanum is supplied by filaments from the
tympanic plexus, which oceupies the shallow grooves on the inner wall of the cavity,
particularly on the surface of the promontory (fig. 93).

This plexus (fig. 105) is formed by 1st, the nerve of Jacobson from the petrosal
ganglion of the glosso-pharyngeal ; 2nd, the small deep pefrosal nerve, a filament
connecting the nerve of Jacobson with the carotid plexus of the sympathetic ; 3rd,
a branch which joins the great superficial petrosal nerve; 4th and lastly, the smalf
superficial pefrosal nerve, passing to the otic ganglion.

Numerons ganglion cells are found both in the uniting cords and also at the
points of junction of the plexus.

¥OL. I, BT 8. L
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The nerve of Jacobson or tympanic nerve enters the tympanum by a small
foramen near its floor, which forms the upper end of a short canal in the petrous
portion of the temporal bone, beginning at the base of the skull between the carotid
foramen and the jugular fossa. The nerve conneeting it with the carotid plexus is
above and in front, and passes through the bone directly from the carotid canal.
The branch to the great superficial petrosal nerve is lodged in a canal which opens
on the inner wall of the tympanum in front of the fenestra ovalis, The small
superficial petrosal nerve also leaves at the fore part of the cavity beneath the canal
for the tensor tympani.

The tensor tympani muscle obtains its nerve from the internal pterygoid of the
fifth through the otic ganglion ; as already mentioned its nerve is provided with u
small ganglion. The stapedius receives filaments from the facial nerve.

The chorda tympant, arising from the facial near the lower end of the aqueduct
of Fallopius, takes a recurrent course to the tympanum, which it enters by an

Fig. 105.—Tue rocIAL SERVE Ix ITs CANAL,
WITH IT§ CONKECTING BRANcHES, Ko,
{From Bappey, after Hirschfeld and Le-
veilld.) 3

The mastoid and a part of the petrous bone
have been divided nemly vertically, and the
canal of the faeial nerve opened in its whale
extent from the internal meatus to the stylo-
mastold forumen ; the Vidian canal has also been
opened from the outer side: 1, facial nerve in
the first horizontal part of ite course ; 2, its
second part torning backwards ; 3, its vertical
portion ; 4, the nerve at its exit from the stylo-
mastoid foramen ; 5, geniculate ganglion; 6,
large soperficial petrosal nerve; 7, spheno-
palatine ganglion ; 8, small superficial petrosal
nerve ; 8, chorda tympani ; 10, posterior anricu-
lar branch cut short; 11, branch to the digastric
musele ; 12, branch to the stylo-hyoid musele :

13, twig uniting with the glosso-pharyngeal nerve (14 and 15).

aperture in the posterior wall (ifer chorde posierius) just below the level of the
pyramid. From this place it passes with a slight curve across the cavity near the
onter houndary, and crossing successively the posterior part of the membrana
tympani, the handle of the malleus near its neck, and the processus gracilis of the
same bone, finally enters a small canalf (iter chorde anferius) in the bone close to
the Glaserian fissure (fig. 90, ¢&). It is invested by the fold of the lining
membrane already mentioned.

THE INTERNAL EAR, OR LABYRINTH.

The inner, essential part of the organ of hearing, is contained in the petrous
portion of the temporal bone. It consists of a complex cavity—the osseons laby-
rinth—hollowed out of the bone, and containing the membranons labyrinth,

The osseous lnbyrinth is incompletely divided into three parts, named the vesti-
bule, the semicircular canals, and the cochlea. They are lined thronghout by a thin
periosteal membrane, within which there is a clear fluid named perilymph, or liquor
Cotunnii.

The smembranous labyrinth being distinetly smaller than the bony labyrinth, a
space is-left between the two, oceupied by the perilymph just referred to. The
membranous structure is lined throughout by epithelinm, and at certain parts
receives branches of the auditory nerve. It contains a fluid named the endolymph,
and consists of several parts, viz.: the ntricle, saccule, semicircular canals, and
membranous cochlea, 1
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THE OBEEOUS LABYRINTH.

The vestibule forms a central chamber of the labyrinth, which communicates
‘0 front with the cochlea, and behind with the semicirenlar canals. It is irregularly
ovoidal in shape, measuring about 5mm. from above down and from before back but
slightly less from without inwards.

The outer wall, which separates it from the cavity of the tympanum, is perforated
by the fenestra ovalis, which in the recent state is closed by the base of the stapes.

A the fore part of the inner wall is a small round pit, the fovex hemispherica
(fic. 108, 2 ; fig. 111), pierced with many minute holes, which serve to transmit
branches of the auditory nerve from the internal auditory meatus to the saccule.
This fossa is limited behind by a vertical ridge named erista vestibuli, the anterior

Sleataied I Ty . | z Cochl Y

Fivots . by

Fig. 106.—THE RIGHT TEMPORAL BONE SAWHN ACROS3 IN A CORONAL PLAKE ; THE CUT PASSING THROUGH
THE FENESTRA OVALIS. Natural size. (Testut.)

A, anterior, B, posterior segment, showing the cut surfaces. .

e, meatus externus; m.tymp., groove for membrana tympani; etymp., tympanic cavity ;
antr.mast., antram madtoidenm ; pr., promontory ; or. Ew.t., orifice of Eustachian tube ; J.o., fencstra
ovalia 1 f.r., fenestra rotunda ; coch, , commencement of cothlea ; . i., meatus audit, internus ; arf.cer.,
carotid artery. :
extremity of which has been termed the pyramid of the vestibule, and merges on to
the roof. The crista passes backwards and downwards and bifurcates behind the
fovea hemispherica ; the fork encloses a small fossa, which was termed recessus
cochlearis by Reichert : it receives the beginning of the ductus cochlearis and is
pierced with a number of holes for the passage of nerve-fibres (fig. 111, Jfossi
cachlearis), Behind the lower part of the crest is the small oblique groove which
deepens into a fine canal, the agueduct of the vestibule (fig. 108, 4). This extends
to the posterior surface of the petrous bone and transmits the ductus endo-
Iymphaticus (p. 105) and a small vein. '

In the roof is an oval depression, placed somewhat transversely, fovea hemi-
elliptices (fig, 108, 1 ; fig. 111), which is separated by the crest from the hemispherical
fossa. The erest and pyramid close to this fossa are pierced with fine holes for the
passage of nerve-fibres, those in the crest itself being destined for the utricle : those
in the pyramid for the ampulle of the superior and external semicirtular canals.

At the back part of the vestibule ave five round apertures, leading into the semi-

n 2
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it winds. Tt is partially divided along its whole exteni by a spiral lamina,
projecting into it from the modiolus. From this osseous spiral lamina membranons
structures arve in the recent condition stretched across to the outer wall of the tube,
and thus completely separate two passages or scale, one on each side of the spiral
lamina, which communicate one with the other only by a small opening, named
helicotrema, placed at the apex of the cochlea.

Gepofor
Mamulus
LS

dparfurs leading infe
v dcala tympani
g r

Fig. 111.—THE COCHLEA AND VESTIBULE EXPOSED BY NEMOVING THE ROOF OF THE DOXY LABYRINTH
WITH THE EAW, $0 AS TO VIEW THE PARTS FROM ARBOVE, Magnified. (Testnt.)

That the cochlea is justly to be considered as an clongated tube, coiled spirally on the
modiolus, is illustrated by the simple pouch-like form of the radimentary cochlea of hirds
(fig. 112) as well as by the history of its development,

The spiral osseous canal is abont 3%mm. long, and about 2mm. in diameter at
the commencement, where it is widest. From this point the canal makes nearly 23
tarns round the central pillar (from left to right in the right ear, and in the opposite
direction in the left ear, supposing the cochlea viewed from the base), and ends by
an arched and closed extremity called the eupoln, which forms the summit of the

e Fig. 112.—Ossgovs LABYRINTH oF THE BARX owL (STRIX PLAMMEA). (From
== Breschet.) 4

I, semicircular eanals ; 2, vestibule ; 8, cochlea in the form of a short straight
Lk,

cochlea. The first coil, having by far the most extensive enrve
and being the largest portion of the tube, nearly hides the second
from view ; and, bulging somewhat into the tympannm, forms
the round elevation on the inner wall of that cavity called the
promontory. The last half-coil is somewhat flattened from above
down and its extremity is partly embedded in the coil next below it,

The modiolus (columella cochlem), the central pillar or axis of the cochlea, is
much the thickest within the first turn of the tube, rapidly diminishing in size in
the succeeding parts. Its central parb is spongy as far as the last half-coil, nm;_I is
pierced by many small canals, for the passage of the nerves and vessels bﬂlthe spiral
lamina ; one of these canals, larger than the rest, cenfral canal of the modiolus, runs
from the base throngh the centre of the modiolus (fiz. 114). The base of the
modiolus appears in the internal auditory meatus as the fossula cochlem containing
the foramen centrale and the tractus spiralis foraminulentus : the latter transmit-
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turng of the cochlear tube, the former being eontinued

ting the nerve-fibres of 13
and transmitting the nerve-fibres for the

into the central canal of the modiolus
uppermost turn.
The osseous spiral laming 18 a thin, flat plate, growing from the modiolus, and
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Fig. 113.—DIAGRAMMATIC VIEW OF TUE OSSEOUS COCHLEA LAID ores. (Arnold.}

projecting into the spiral tube, so as to divide it partly into two. It does not reach
farther than about half-way towards the outer wull of the spiral tube. Close to the

gecela vestibul

e e

seala tympani  lamina spivilis pssew meaius auditorius internue { fovee cockler)

Fig. 114.—VIEw 0F THE 08SEOUS COCHLEA DIVIDED THROUGH riE MinbrE.  (Arnold.)

apex of the cochlea, it ends in a hooklike process (hamulus), which partly bounds
the helicotrema. Opposite the lamina spiralis at the commencement or hase of the
cochlear tube is another bony lamina (secondary spiral lamina) which nearly meets
the piral lamina, so that there is here only a narrow cleft between the two.

The lamina is dense at its free edge; but nearer the modiolus its internal
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wall of the utricle is thickened, the thickening having a concave surface towards
the interior of the utricle, and being covered by auditory epithelium (macuia
acustica utriculi). A small mass of calcareous particles (ofoliths ov oloconia) lies

Fig. 116.—0roLITHs. {From Schwalbe. )

within the sac, attached to the macula. These
otoliths are crystals of carbonate of lime, rhombic,
octahedral, or six-sided, often pointed at their ex- d
tremities (fig. 118).

The ends of all the membranous semicircular
canals open into the utricle in the gituations shown
in the diagrams, and & fine canal (canalis utriculo-
saceularis) passes from the antero-mesial wall of the
utricle, which joins with another one from the saceule to form the ductus endo-
lymphaticus (fig, 116, d.e) (see below).

The ampulle of the superior and external canals open into the roof of the recessus
utriculi. The part of the utricle where the ampulla of the posterior spmicircular canal opens
is termed by G. Retzius sinug posterior, and the conjoined limbs of the superior and external
canals form the sinns superior of that anthor. In all vertebrates below mammals the utricle
has & second macula acustica in its lower part near the sinus posterior (macula neglecta of
Retzius).

The smaller vesicle, the saccule (fig. 115, s; fig. 117), is an irregularly oval
vesicle about 3 mm. long and nearly 2 mm. broad, and is gomewhat flattened from
within out. The saccule is situated in the lower and fore part of the cavity of the
osseons vestibule, close to the opening from the scala vestibuli of the cochlea, and
:« received into the hollow of the fovea hemispherica, from the bottom of which
many branches of nerve enter it, and here there is a similar broad and concave
macula in its wall, which is covered by a small mass of otoliths. The upper end of
the saccule bends round towards the recessus utrieuli, with which it comes in
contact, withont direct communication (fig. 117).

The saccule gradually narrows below into a short funnel-shaped duoet (1 mm,
long, 0-5 mm, wide), the canalis reuniens of Hensen (fig. 115, c. 1. 5 fig. 117, 19),
which passes downwards and ontwards to open directly into the epithelial canal of
ihe cochlea a short distance from its blind lower extremity. There is also, as
already mentioned, a canal, lined with epithelium, which passes from the posterior
wall of the saccule along the aqueductus vestibuli to end blindly in a dilated
extremity (sacous endo-lymphaticus, fig. 115, s.c.) on the posterior surface of the
petrous bone just below the orifice of the aqueduct and lying in the tissue of the
dura mater (Cotugno). This canal is joined near its origin by a minute tube from
the utricle (fig. 117, 7), so that in this way the cavity of the saccule is brought into
communication with that of the utriele (Boettcher).

The membranons semicircular canals are from one-third to one-fifth the
diameter of the osseous tubes in which they are lodged, and are dilated into ampullz
within the ampullary enlargements of those tubes. In section they are oval or some-
what elliptical (fig. 119). The ampullee measure from 2 mm. to 2:5 mm. in length ;
they are thicker and less translucent than the rest of the canals, and nearly fill
their bony cases, the (membranous) ampulle being nearly three times the diameter
of the canals. That part of each which is towards the concavity of the semicircle
of the canal is free ; whilst the opposite portion is fixed to the wall of the bony
canal ; in the ampulla this part is flattened and receives branches of nerves and
blood-vessels, and on its inner surface is a transverse projection (septum transversum)
which partly divides the cavity into two, and broadens out somewhat at either end.
The most prominent part of the septum, which is surmounted by the auditory
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the middle ; and beyond each rounded end of the crista is a crescent-shaped
edge (covered byscolumnar epitheliom) which has been termed planwm semi-
funaium (fig. 119, O, ).

Branches of the eighth nerve.—Within the internal auditory meatus the
eighth nerve divides into two branches, which, broken up into minute filaments,
pass through perforations in' the plate of bone which separates the meatus from the
internal ear, and are distributed respectively to the cochlea and vestibule, Tn both
branches, as well as in the trunk, there are numerous nerve-cells, The superior
division (fig. 118, 8, 9, 10), which is at first also anterior in position (ramus anterior
of Retzing), and is separated by a crest of hone from the other division below it, gives
off three branches, which proceed respectively to the utricle and the ampulle of the
superior and external semicircular canals, entering the vestibular cavity in a group

faletform  orifice for  orifices for vestibular division
vidge  faciad nerve of cightlh nerve

s . .

g

e e e e e B e

apes of pitrous tract.  cent. orif. jforam, vest. scale fossa
spi.  eanal  for  sing. tymp.  ovalis

Joram. of mo- nerve or

diolus sucoule

Fig. 120.—Tae FPETROEAL SAWN THROUGH IN TWO PLANES, 50 AS TO SHOW THE EXTREMITY OF THE
INTERNAL AUDITORY MEATUS AND THE vEsTIBULE, (Testut.)

along the erista vestibuli. This superior division has a ganglion upon it whilst still
within the internal auditory meatus (ganglion of Scarpa) and the ganglion-cells
also extend for some distance along the branches within the canals in the bone.
The inferior division on the other hand (ramus posterior of Retzius) (1), which is at
first behind as well as below the vestibular division, gives off, besides the cochlear
branch which enters the cochlea by the tractus foraminulentus, a branch for the
saccule—which enters the vestibule by a small group of foramina, opening at the
bottom of the fovea hemispherica—and a branch for the posterior semicircular
canal ; this is long and slender, and traverses a gmall passage in the bone ( foramen
singulare) behind the foramina for the nerve of the saccule. The part of the
inferior division which gives the branches to the saccule and posterior canal is
distinguished by Schwalbe as the ramus medius. The branch to the saceule also
has a ganglion upon it within the meatus and that to the posterior semicirenlar
canal a ganglion near its ending in the ampulla (ganglion of Corfi), whereas the
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ganglion of the cochlear branch lies within the modiolus, at the base of the spiral
lamina (ganglion spirale). All ihe cells of these several ganglia are bipolar. The
nerves of the ampulle enter the flattened or least prominent side of the ampulle,
where they each form a forked swelling, which corresponds with the crista acustica,
in the interior of the dilatation.

Vessels of the labyrinth.—The internal auditory artery, a branch of the
basilar, accompanies the auditory nerve in the internal auditory meatus, and divides
into branches for the vestibule and cochlea. Those of the vestibule supply the
membranous labyrinth and the endosteum, and small vessels ensheathed by fibrous
tissue pass across the cavity containing the perilymph. The blood is chiefly
collected into the internal anditory veins which accompany the artery and open
into the inferior petrosal sinus, but some is conveyed to the inferior petrosal sinus
by fine veins in the aqueductns vestibuli and aqueductus cochlem. Small arterial
branches from the vessels of the dura mater and also from the stylo-mastoid artery,
and from vessels of the middle ear, supply the bony walls of the labyrinth, but do
not appear to anastomose with the arteries of the membranous labyrinth.

Structure of the utricle, saccule, and semicircular canals. — Three
layers can be distiuguished in the membranous walls of the semicircular canals, an

Fig. 121.—SecTIoN OF ONKE OF
THE HUMAN SEMICIRCULAK
cawars. (Rudinger.) Mag-
nified.

1, csseoms wall; 2, fibrous
bands with included blood-vessels,
upited at 3 with the pericsteum ;
4, membranous ecanal with its
three layers; 3, short . fibrous
bands (with intervening spaces)
uniting the membranous ecanal
firmly to the periostenm ; i,
union of its outermost layer with
the periostenm.

outer fibrous stratum, an
inner epithelial lining, and
between the two a tunica
propria. These layers are
not of equal thickness
thronghout, for along the
side which is in contact
with and supported by the
bone (fig. 122, 6), they are
thinner than ab the rest of
the ecircumference, where
they lie free and are bathed by the perilymph. The difference in thickness affects
the fibrous layer and the tunica propria only, for the epithelium forms throughout a
lining of simple flattened cells.

The fibrous layer (fig. 122, 1), which contains some irregular pigment-cells, is |
apparently composed of ordinary fibrous tissue, similar to that of the periostenm,
with which it becomes continuous ab the parts where the two structures are in con-
tact. It is especially developed at the ends of the oval section, whence well-marked
bands of fibrons tissue pass to the periostenm (fig. 122, 7). More delicate bands of
fibrous tissue traverse the perilymph to become connected with the periostenm of the
opposite wall of the canal (fig. 121, 2). Both along these bands and also more
directly from the contiguons periostenm, numerous small blood-vessels pass into the
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rounded extremity. They are surrounded by the branching axis-cylinders of the
nerve-fibres which penetrate into the epithelinm ; the medullary sheath disappears

Fig. 123.—LoNGITUDINAL SEOTION OF AX AMPULLA THROUGH THE CHISTA ACUSTIOA.
Semi-plAgRAMuATIO (B.AS.).

"amyp, cavity of the ampulla; se. o, semicirenlar camal opening out of it ; ¢, conmective tissue
attached to the wall of the membranous ampulla and traversing the perilymph ; ¢ & flattencd epithelinm
of ampulla; R, auditory hairs projecting from the columnar cells of the auditory epithelium into the
cupula, eup, term. ; v, limit of the aunditory epithelium on the erista ; n, nerve-fibres entering the base
of the crista and passing into the columnar cells

as the fibres enter the epithelial layer, and the axis-cylinders ramify amongst the
cells, but there does not appear to be any actual continuity Letween the terminal
arborizations of the nerve fibres (fig. 125) and the hair-cells.

Tig, 124. —SgcTioN OF THE MAOULA ACUSTIOA OF THE RECESSUS UTHICULT, HUMAXN.
(3. Retzine.) Magnified.

n.ufr., bundles of the utricnlar branch of the eighth merve ; &, hair-cells ; pls, perilymphatic
ApRCE,

Between and beneath the columnar cells other cells are met with of a different
character. They take the form of long and comparatively rigid fibres ( fibre-cells of
Retzius) which extend through the whole thickness of the epithelium, and are pro-
vided at one part of their course with a nucleated enlargement. This is always
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may be termed respectively the basal, middle, and apical, the last-named being
incomplete. The total length of the tube is about 35 mm. In structure it
resembles the membranons semicircular canals just described in consisting of a tube,
lined by epithelinm and containing endolymph, partly surrounded by a clear space
containing perilymph, but it differs from them both in shape and in the modifica-
tions presented by its epithelial lining. In macerated specimens, the two parts
into which the osseous tube of the cochlea is divided are, it will be remembered,
only imperfectly separated by the osseous gpiral lamina which projects from the
columella ; but in the fresh specimen the tube is separated completely into three
distinet parts by means of two membranes, which extend along its whole length
(figs. 127 to 129). In the first place the lamina spiralis is directly prolonged by a
comparatively strong, well- marked membrane, the basilar membrane, which stretches
straight across to the outer wall of the cochlea, and is here connected to an inward

Fig. 127.—LE¥r cocHLEA OF A CHILD S0ME WERES oLD (Reichert). §

The drawing was taken from o specimen which had been preserved in aleohel, and was afterwards
dried : a gection is made so ng to show the lamina spiradis, genlm, and cochlear canal 1o each of the
thres coils © the membrancus spiral lamina is preserved, but the appearances conngcted with the organ
of Corti, &c., have been lost from drying. f r, fossula of the fenestra rotunda. The secondary
membrane of the tympanum is scen at the bottom of the fossula attached below to & bony projection
of the lower wall (crista semilunaris, to the right of d) ; 2 ¢, scala tympani ; & », scala vestibuli. In
the lowermost tarn the scala tympani is seen to be the larger : in the higher turns the proportions are
reversed ; [ s, lamina spiralis ; A, hamulus; ¢ o, canalis cochlem ; d, opening of the aqueductus
cochles.

Fig. 128, —VERTICAL SECTION OF THE COCHLEA oF A FETAL CALF (Kdlliker). §

In this specimen the external wall was ossified, but the modiolus and spiral lamina was still
cartilaginous : the section shows ineach part of the cochlear tube the two scalm with the intermediate
canalis cochles and lamina spiralis,

projection of the lining periosteum and sub-periosteal tissue known as the spiral
ligament. The basilar membrane thus helps to complete the upper® limit of
the scala tympani but does not, properly speaking, enter into the lower boundary
of the scala vestibuli, for a second, much more delicate membrane, known as
the membrane of Reissner, passes from the upper part of the lamina a little
digtance from its end, and stretches obliquely upwards and outwards, also to
become connected with the lining periostenm. The oblique direction of the
membrane of Reissner causes a triangular space to be shut off between it and
the basilar membrane, which is bounded externally by the outer osseous wall of the
cochlea lined by periostenm ; and this space, extending throughout the whole length
of the osseouns tube, and lined thronghout by an epithelium variously modified in
different parts, is known distinctively as the canal of the cochlea, canalis membranaceus,

! To avoid repetition it may here be stated that for convenience sake the eochlen is considered in
the present description as having its larger part or base lowermost, and the domed extremity uppermost,

although of course this is far from being the vclative position of the parts whilst within the body.
Moreover, parts nearer the columella are spoken of a8 inner ; parts nearer the external wall as outer.

YoL. IIL., »T. 3. 1
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other hand, somewhat resembles the outline of a swan’s head ; the rounded part,
which represents the back of the head, fitting into the concave surface on the head
of the corresponding inner rod or rods, while the part which represents the bill
projects outwards and is connected with the reticular lamina, aiding to form the
first series of rings for the transmission of the auditory hairlets. Both inner and
outer rods ave more slender about the middle of their length and expand again
below, so as to rest upon the basilar membrane by a somewhat widened foot. They
are distinetly striated throughout their length (fig. 138).

In the head of the outer rod is an oval pavt free from fibres, and staining with
carmine more deeply than the remainder of the rod (psendo-nuclens). A similar,
but smaller clear body, staining deeply with carmine, is seen in the head of the inner
rod, and the substance of the rod in its neighbourhood has a somewhat granular
appearance (fig. 138).

The inner rods are more numerous than the outer ;1 they ave also more closely
set and touch one another along their whole length, whereas the outer rods are only
in contact laterally by their heads ; finally the outer rods are in all parts longer
than the inner, and in the upper turns of the cochlea considerably so.

How the two sets of rods are jointed together is not very clear. It is certain that
the individual rods have little, if any, independent movement ; they are securely
fixed below to the basilar membrane, and the heads of adjacent rods are in close
contact.

Basilar cells.—In connection with both inner and outer rods, there is seen a
protoplasmic cell oceupying the angle which the rod makes with the plane of the
basilar membrane (figs. 186, 137). Sometimes these cells extend along the membrane
until they come into contact, and they may, especially in young subjects, be seen to
rise up and partly envelope each rod. They are usually regarded as the cells by
and from which the rods have been formed.

Hair-cells and cells of Deiters.—The inner hair-cells, some 3,500 in number
in all, are closely applied against two or three of the corresponding rods, the cells
being considerably larger in diameter than the rods. Seen from above they are
oval and marked by a curved line, which is the line along which the hairlets ave
attached (fig. 140, #.h.) They are very like somewhat short, columnar epithelinm-
cells, and are prolonged below into a process (which may be branched) by which
they are connected with the upper surface of the spiral lamina. Beneath them, and
extending also under the gradually decreasing colummar epithelium of the spiral
groove, is a layer of protoplasmic cells with large round nuclei, amongst which fine
nerve-fibres appear to run in a spiral direction. Avound the top of each inner hair-
cell is a sort of ring of enticular substance, which is connected with slight projections
on the flattened heads of the inner rods, and perhaps represents the reticular lamina
in this place.

The outer hair-rells ave peculiar in shape. They are cylindrical at the upper
end, where they fit into the rings of the reticular lamina and bear the hairlets, but
lower down they are flattened from within out, so that, in profile, they look narrow,
but broader when seen on the flat (fiz. 138). These cells end below with a rounded
extremity (fig. 136), extending abont as far as to the narrowing part of Deiters’ cells.
The hairlets, as with the inner cells, are abont 20 in number on each cell, and spring
also from a curved line on the upper surface of the cell. Beneath the hair-cells and
resting by a broad base upon the basilar membrane, certain other cells are found
which are known as the cells of Deifers (fig. 186). These, whichare of a cylindrico-

1 According to Retzius there are altogether in the human cochlea about 5,600 of the inner rods
and nearly 4,000 of the outer ones,
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The tectorial membrane is the last special structure which remains to be
described in connection with the organ of Corti, It arises, as hefore stated, on
the limbus, not far from the line of origin of Reissner’s membrane (fig. 131).
It overlies the projecting teeth at the edge of the limbus, and also the epithelium
between them : all this part of the membrane is thin and delicate, imperceptibly
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Fig, 140.—VIEW OF A SMALL PART OF THE ORGAN
oF CoRTI OF THE HUMAN COCHLEA FROM ARDVE,
SHOWING THE LAMISA RETIOULARIS.  Much
magnified. (G Retzivs, )

1.k, inner bair-cells, the Lairlets being seen in
section ; ik, heads of inuer rods; o, heads
of outer rods ; &.r.p, ** olecranon "’ processes of inner
rods ; ph.pr, phalangeal processes of onter rods ;
pht, ph, phd, first, second, and third series of
phalanges; &Y, &% A% A4, first, second, third, and
iourth series of onter hair-cells : 1, cells of Hensen.

Fig, 14].—Bunpice VIEW OF A SMALL PIEQE OF
THE MEMBRANA TRECTORIA OF THE HUMAR
coomLEA. (G, Retzius. )

Lz, limbus-zone of the membrane, showing
markings cansed by the cells covering the limbus 3
0,2., 0.2, onter zone, showing a well-marked fibrous
structure ; M, strin described by Hensen in the
middle of the outer zona ; f., reticular free border.

shading off towards the inner edge of attachment. As the membrane projects over
the crest of the limbus, it swells out below into a pad-like projection (fig. 136}
which covers in and partly fills up the spiral groove, and rests below upon the rods
of Corti and contignons structures. Towards its external edge the membrane again
thins out, and overlies the outer hair-cell region as a delicate film presenting a
somewhat reticular appearance, as if impressed by or moulded on the subjacent
strnetures.  The thickened part of the membrane is distinctly fibrous in appearance
(the fibrillation extending obliquely from within out) (fig. 141), and after immersion
in weak solutions of omic acid, chromic acid, or bichromate of potash, it appears to

ess considerable toughness and elasticity. Trom its position the hairlets borne
by the hair-cells must necessarily be in contact with the under surface of this
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membrane. In its situation relative to the anditory epithelinm it corresponds to
the otolithic accumulations of the macule.

Har‘lraa_ of tha‘ cochlea.—The branch of the anditory nerve which goes to the
cochlea is given off in common with those to the saceule and the posterior ampulla.

Fig. 142, —GENERAL VIEW OF THE MODE OF Dig-
TRIBUTION OF THE COCHLEAE NERVE, ALL THE
OTHELR PARTS HAVING REEN REMOVED. (Arnold,)

It is shorter, flatter, and broader than any
of the other branches. It perforates the
bone by groups of minute foramina at the
bottom. of the internal meatus, below the
opening of the Fallopian agueduct. These
groups are arranged in a shallow spiral
furrow (tractus spiralie foraminulentus) in
the centre of the base of the cochlea ; and
they lead into small bony canals, which
first follow the direction of the axis of the
cochlea, through the modiolus, and then radiate outwards, between the plates of the
the bony spiral lamina (fig. 129). In the centre of the spiral tract is a larger foramen
which leads to the central canal of the modiclus. Through this foramen and canal the

Fig. 143. —DISTRIBUTION OF THE co0m
LEAR NERVEE IN THE SPIRAL LAMINA.
{After Henle. )

Thix figure shows part of the modiolus
and spiral lomina, viewed from the brase,
showing the plexiform arrangement of the
eochlear nerves ; 1, filaments of the nerve
iggning from the tractns spiralis foramian-
lentus ; 2, branches of the nerve entering
the central canal of the modiolus ; 3, wide
plexus in the hony lamina spiralis ; 4,
close plexus at its border.

Fig. 144.—PaRT 0F 0B XERVES EX-
TRACTED AND MORE HIGHLY MAGKI-
FIET.

2, twigs of the merve from the
modiolus close to the lamina spiralis
ossen ; ge, spival ganglion i f¥, nerve-
fibres running spirally along the outer
part of the ganglionic swelling 3, wide
plexus ; 4, cloze plexus of nerve-filres as
in fig, 143,

filaments for the last half-turn of
the spiral lamina are conducted ;
whilst the first two turns are
supplied by the filaments which
occupy the smaller foramina and bent canals. Near the root of the spiral lamina
the nerve-fibres pass outwards through a spirally wound ganglionic cord (ganglion
spirale), situated in the special bony canal (spiral canal of the modiolus) already
mentioned. The cells of this ganglion are bipolar and each nerve-fibre appears
to have one of the cells interpolated in its course. From the outer side of the
ganglion, the fibres, having resumed their medullary sheath, pass onwards with a
plexiform arrangement, at first in distinct but anastomosing cords (fig. 144, 3),
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contained in separate canals in the bony lamina, but afterwards spreading out
into & stratum of intermingling fibres, to be again gathered up, near the edge

fimbrig membirang teatorie outer haiv-cellz
- i 2l | =

nere filires iuncr vod tas  basilar  outer cells of Deiters
spivale  membrane

Fig. 145.—BecTioy THROUGH THE oReax oF ComTi OF THE MIDDLE TURX OF THE HUMAN COCHLEA.
{G. Retzins.) Highly magnified.

of the osseous lamina, into conical bundles which turn abruptly upwards, and
passing through the elongated apertures previously deseribed (p. 112 and fig. 132, p),

Fig. 146.—Esmixe oF HERVE-FIBRES IN THE
COCHLEA, sHows By Gorer's arrmon. (G,
Retzins.) Much magnified.

g, acell of the spiral ganglion ; k., inner
hair-cells ; o.k., outer hair-cells, with the
nerve-fibres running spirally between the cells.

lose their medullary sheath, and enter
the epithelinm in the region of the
inner hair-cells (fig. 145). Some of
the nerve-fibres appear to end here by
ramifying with a spiral course amongst
the bases of the inner hair-cells, but
others are continued as fine threads
bebween the inner rods, and form a
second spiral band cloge to the outer
side of these and in contact with the
protoplasmic cell which ensheaths them.
Other fibres may be seen in sections to
pass across the tunnel of Corti between
the rods and to enter the region of the
onter hair-cells. Here the fibres, which
now again branch and alter their direc-
tion, run spirally parallel with the
successive series of hair-cells. They
rest against the corresponding cells of
Deiters, and in man form a bunch
of spirally-running fibres immediately
below the expanded part of cach hair-cell (fig. 145). They form, therefore, altogether
five or six spiral strands of fibrils, which lie between the epithelium-cells of the organ
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of Corti. In most animals they are less gronped together and more distributed
along the length of each eell of Deiters (fig. 139), but with the same spiral arrange-
ment and in the same relative position.

Vessels of the cochlea.—The branches of the internal auditory artery to the
cochlea, twelve or fourteen in number, arising at the hottom of the internal auditory
meatus, traverse small canals in the modiolus and bony lamina spiralis, and also pass
to the outer wall of the cochlea, forming at the root of the septum, between the
turns of the cochlear tube a spirally-arranged glomeralus-like arterial plexas,
which sends vessels to the subjacent stria vaseularis and to the periostenm lining
the adjacent scalw (Schwalbe). From this plexus offscts are distributed in the
form of a fine network on the periosteum, but the vessels do not anastomose across
the membrana basilaris. The bony cochlea also receives through the fenestra rotunda
a twig from the stylomastoid branch of the occipital artery.

The veins of the cochlea issue from the grooves of the cochlear axis, and join the
veins of the vestibule and semicirenlar canals at the base of the modiolus. A small
sinus-like vein passes through the aqueductus cochlem, from the lowermost turn of
the cochlear tube, and joins the commencement of the internal jugular vein.

Development of the organ of Corti.—The organ of Corti is at first com-
posed of columnar epithelium-cells forming part of the layer of epithelinm which

membiran inner
tectorin  Raiv-cell  outer hair-cells

ditet of cochioa
stilcus spiralis inner heaiv-cell  outer haiv-cells

inner rodl  vas spirale  outer rod
Figs. 147 and 148, —Two STAGES I¥ THE DEVELOPMEXT OF THE ORGAN oF CORTI OF THE CAT.
(. Retzins.)

fIn the preparation represented in fig. 147 the hair-cells are diferentinted ; in that shown in fiz. 148
the rods of Corti arve also beginning to be formed, and the nerve-filires have reached the organ of Corti,
and are already running spirally below the hair-cells.

lines the whole of the membranons labyrinth., After a time certain of these cells
begin to be differentiated and become distinguishable from the rest as the inner and
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THE NOSE.

———

THE nose is the special organ of the sense of smell. Tt has also other fanckions
to fulfil :—for, communicating freely with the cavities of the mouth and lungs, it is
uunuerqed in respiration, voice, and taste ; and by means of its muscles it assists in
expression.

The nose forms a prominence composed of bone and hyaline ecartilage with
certain muscles, and a general covering of integument. At its lower extremity or
base the nostrils (anterior nares) open downwards., Its upper end is the roof, the
rounded or flattened ridge along its middle is termed the dorsum, and this ends
below in the point of the nose. The upper or bony part of the dorsum is often
spoken of as the &ridge; it frequently forms an angle with the cartilaginons part
(aquiline type). The root springs from below the clabella of the frontal bone,
with which it usnally forms a more or less marked angle, so that the nose appears
to spring from a well-marked groove : if this groove is absent, and the line of the
dorsum is continuous with the plane of the forehead, the Grecian type of nose is
produced. The sides of the nose, which form an open angle (naso-facial angle)
with the general anterior surface of the face, diverge from the dorsum at an
increasing angle as we trace them down from the root; the nose is therefore
broadest below at the nostrils. This lowest part of the lateral wall is glightly bulged
outwards, and is separated from the rest by a slight groove ; it is known as the als
of the nose, and is mobile, its form being capable of alteration by the action of
certain muscles, which therehy dilate or contract the nostrils. A median parti-
tion (sepfum nasi) divides the interior of the nose into two approximately equal
parts, the right and left nasal fosse. These open above and behind into the
pharynx by the posterior nares (choanz), and below on to the exterior by the
anterior nares. The septum is composed of bone and cartilage in the greater part
of its extent, but at its lower end it is formed only of integument and connective
tissue (sepfum mobile, or columna nasi). This part of the septum forms the mesial
boundary or separation between the anterior nares ; in the rest of their extent they
are bounded by the enrved free margin of the alwe,

From the development and complexity of the nasal fossm and olfactory lobes of the
cerebrum mammals are divided by Turner into the three subdivisions of macrosmaties,
including rodents, carnivora, marsupials, and most mammals; micrasmatics, including man
and most primates, monotremes, and some cetacea ; and anosmatics, including certain cetacea

(e.9., porpoise). '

The nasal fosse communicate with hollows in the neighbouring bones (ethmoid,
sphencid, frontal, and superior maxillary). The skin of the nose is studded,
particularly in the grooves of the ale or outer walls of the nostrils, with numerous
small openings, which lead to sebaceous follicles. Within the margin of the nostrils
are a number of short, stiff, and slightly curved hairs—wibrisse—which grow from
the inner surface of the ale and septum nasi.

As iz well known the nose presents great variety in gize and shape in different
individuals. Into most of these it is unnecessary here to enter, but there is
one kind of variation which is of comsiderable anthropological importance, viz.,
the extent of lateral expansion of the anterior nares as compared with the
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total length of the organ. This relationship is expressed by the cephalometric nasal
index ( greatest breadth x ll]_lll) It is found that in the white races of man-

length measured vertically SR
kind the nasal index is below 70 ; in the black races (African, Australasian) it is
85 and upwards : in the yellow races (Asiatie, American-Indians, Eskimo) from 70
to 85 (Topinard).

The blood-vessels of the outer nose are branches of the ophthalmic and facial.
The lymphatics pass to the submaxillary lymphatic glands. The sensory nerves
are branches of the first and second divisions of the fifth, and the motor nerves are
derived from the facial. All of these have been already noticed in previous parts of
this work. .

CARTILAGES OF THE NOBE.

These are the chief support of the outer part of the organ. They occupy the
triangular interval seen in front of the nasal cavity in the dried skull (anterior

upper lateral enrtilage = ‘ .‘l. s

eartilage of aperture,
lateral crus

cartilage of aperture, 5N
mesial crus

Fig. 140, —LATERAL VIEW OF THE CARTILAGES 0F THE ¥0SE. (Modified from Arnold. )

nasal aperture), and assist in forming the septum between the nasal fossm. There
are two large cartilages, one on each side, partly enclosing the aperture of the
anterior nares, and known as the cariilages of the aperture or lower lateral cartilages,
and one winged median ecartilage which forms part of the septum nasi, and spreads
externally and superiorly into two large flattened expansions which are commonly
known as the upper lateral cartilages, and may conveniently be described separately,
although part of the cartilage of the septum.

The upper lateral cartilages (figs. 149 and 150) are situated in the middle part
of the projecting portion of the nose, immediately below the free margin of the
nasal bones. Each is flattened and triangular in shape, with one surface looking
outwards, and the other inwards towards the nasal cavity. The anterior margin,

E D
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thicker than the posterior, is united with the edge of the cartilage of the septum
above, but is separated therefrom by a small fissure below. The posterior edge is
closely attached to the free margins of the upper maxilla and of the nasal bone,
and the inferior margin is connected by fibrous membrane with the lower lateral

Fig. 150, —FroxT viEw oF THE
CARTILAGES oF THE Nosk. | Modified
from Arneld. )

cartilage ; and there are often
small portions of cartilage
(carlilagines epactiles) lying in

Haailbue the fibrous tissue in this situa-
tion.

B The lower lateral cariilages

A ﬂﬂ"n’-lﬂﬂsf!‘ nfa::_nmm or l:a-fﬁllﬂffﬁ'ﬁ {::r I'.lir!ﬂ ﬂf.-'l!’-fhf?'ﬂ

(figs. 149, 150, 151) are
thinner than the preceding,

wpper lateral covtilages below which they are placed,
g and are characterized by their
i | sirior cartilages peculiar curved form. Iach
cartilage of aperiure consists of an elongated plate,

80 bent upon itself as to pass
: in front and on each side of
- the nostril to which it belongs,
and by this arrangement serve
to keep it open. The outer
portion is somewhat oval and
flattened, or irregularly con-
vex externally. Behind, it is
attached to the margin of the upper maxilla by tough fibrous membrane, enclosed
in Which there is usually to be met with either a prolongation backwards of the
posterior angle of the carbilage, or two or three separate cartilaginous nodnles
(cartilag. minores vel quadraim) (figs. 149, 150) ; above, it is fixed, also by fibrous
membrane, to the upper lateral cartilage, and to the lower and fore part of the

Fig. 161.—VIEwW OF THE CARTILAGES OF THE
B0SE  FRoM BELoW. [Modificd from
Arnold. )

eartiloge of aperiuie

cartilage of the septum. Towards
the middle line it is corved hack-
wards (fiz. 151), bounding a deep
median groove, at the bottom of
which it meets with its fellow of
the opposite side, and continues to
pass backwards, Iying in the upper
' part of the columna nasi, below the
level of the cartilage of the septum. This inner part of the cartilage of the aperture
is thick and narrow, curls outwards, and ends in a free rounded margin which
projects ontwards. The ala of the nose, like the lobule of the ear, is formed of
thickened skin with subjacent tissue, and s unsupported by cartilage.
The eartilage of the sepfum (fig. 152) is quadrilateral in form, and is thicker
ab the edges than near the centre. It is placed nearly vertically in the median plane
of the nose, but often with an inclination to one or uther side, and completes, at the

miinor cartilage
cartiloge of septum
wvintor cartlags ——
cartilage of Jocolson -4
subrufancous tissue - -
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fore part, the separation between the nasal fosse. The anterior margin of the
cartilage, thickest above, is firmly attached to the back of the nasal bones near
their line of junction ; and below this it lies snecessively between the upper and the
lower lateral cartilages, united with the former, which constitute its ale, and
connected loosely by fibrous tissue with the latter. The posterior margin is fixed
to the lower and fore part of the central plate of the ethmoid bone (¢) ; and the
lower margin is received into the groove of the vomer (), and rests anteriorly on the
incigor crest of the superior maxille.

This cartilage is the persistent anterior extremity of the primordial cartilaginous

{min per-
ethmovomerine suture pendiculoris

11'.'

nasad lomne

o

sinusaf 3
sphensid cartilags of
J R e R R B T geptum
proe. post.
eart. .;fp\!fi
cartilage of
aperfiure
. cartilage of
Jaeoleo

Fig. 152.—0SSROUS AXD CARTILAGINOUS SEPTUM OF THE KOSE, SREN FROM TME SIDE.  (Arnold.)

cranium. In young subjects it is prolonged back to the body of the pre-sphenoid
bone 3 and in many adults an irvegular thin band remains between the vomer and
the eentral plate of the ethmoid (processus posterior s. sphenoidalis, fig. 152). The
vomerine cartilages (Huschke) or carlilages of Jacobson, are two small longitudinal
strips of cartilage which lie along the lower border of the cartilage of the septum,
attached to the vomer. They are not always distinct from the cartilage of the
septum and are relatively better developed in the embryo and in many of the lower
mammals conformably with the greater extent of development of the organ of
Jacobson (see p. 143), which, in some animals, they partly enclose.

HABATL, FOBBA,

The nasal fossm are, as already stated, the cavities which occupy the interior of - |
the nose and effect a communication between the exterior and the pharynx. They
have been describedin Vol. IL. as they exist in the skeleton, but they are much
narrower in the living condition owing to the thickness and vascularity of the
lining membrane, which also covers over many of the apertures seen in the macerated
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The turbinals on the lateral wall of each fossa are usually described as three in
number, viz., two on the lateral mass of the ethmoid, which are known as the
superior and middle turbinals (superior and inferior ethmoidal conchz), and one,
the inferior turbinal, on the superior maxillary bone (maxillary concha). Hach
concha overhangs and partially separates from the general cavity of the fossa a
groove-like space, which 1s known as the corresponding meatus (superior, mididle, or
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Fig. 1564, —VIEW OF THE RIGHT NASAL FOSSA AS SEEN IN A SECTION THROUGH THE BKULL, TAKEN JUST
ro THE RIGHT oF THE sEerum. (B, A, B.)

1, incisor canal ; 2, bone of hard palate; 3 and 4, parts of the mesial crus of the cartilage of the
aperture ; 5, anterior part of the same ecartilage: 6, cartilage of the septum ; 7, groove leading to
middle meatus ; 8, agger nasi ; 9, frontal sinus ; 10, inferior ethmoidal concha ; 11, superior ethmaidal
concha ; 12, recess of upper meatus above superior concha ; 13, entrance to sphenoidal sinus; 14,
pitnitary fossa ; 15, sphencidal sinus ; 16, inferior turhinal (maxillary concha) ; 17, rod passed into
Eustachian tube ; 18, salpingo-pharyngeal fold : immediately behind thiz is the lateral recess of the
pharynx, not specially indicated in the drawing ; 19, soft palate ; 20, uvula; 21, tongue.

inferior, as the case may be). The groove of the superior meafus between the
superior and middle conche is also termed the ethmoidal fissure. This meatus is
relatively small, corresponding with the small size and extent of its overhanging
concha : into it the posterior ethmoidal eells open by one or two apertures (fig. 155).

The middle turbinal or concha is large, and overhangs a correspondingly large
middle meatus, which can only be properly seen on cutting away the concha (fig. 155).
It is then found that the meatus extends under the anterior part of the turbinal
into a gradually narrowing funnel-shaped diverticulum (énfunditulum) which leads
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There may also be found a third parallel fissure above the second fissure, effecting o further
separation of the upper concha, so that in these cases there are four distinet conchee on the
athmoid bone alone, ¥iz., suprems, superior, medin, and inferior (bhesides the lowermost or
maxillary concha), This condition represents one which is met with in macrosmatic mam-
mals in @ much more developed form. The most common condition, however, in man,
according to Zuckerkandl, is that with three ethmoidal conchee, but the middle one, when
present, is frequently hidden beneath the superior concha, and thus often escapes oheervation.
Hence the usual description of the ethmoidal conchm as superior and inferior only, the
inferior being the one which is spoken of above as the middle turbinal.

Fig. 156.—CORONAL SROTION OF THE NASAL FOSSE SEEN FROM BEHIND. THE SEOTION PASSES
THROUGH THE LAST Monae TeeTd, (Testut.)

1, septum nasi ; 2, superior turbinal; 3, middle turbinal ; 4, inferior turbinal; 5§, posterior
=4

ethmoidal cells opening at 5' (on the right gide) into the superior meatus; G, maxillary antrum,
opening at 6 into the middle meatus : the head of the arrow iz in the hiatus semilumariz ; 7, bulla
ethmoidalis ; 8, frontal sinvses ; 9, crista galli; o', falx cerebri; 10, ecrebral hemispheres ; 11, right
orbit containing the globe of the eye (surrounded by orbital fat) and its muscles; 12, proat wing of
sphenaid ; 13, spheno-maxillary fissure ; 14, fatty tiesue of zygomatic fossa ; 15, buccinator muscle ;
16, last molar tooth ; 17, vault of palate; 18, zygoma ; 18, left orhit.

Resides the ethmoidal fissures which separate the conchm from one another, the superior
turbinal iz often marked by a distinct groove at its posterior part, which leads backwards into
the spheno-ethmoidal recess (fig. 154).

The superior and middle turbinals are conjoined in front and may be said
to spring from the cribriform plate, through which pass the branches of the
olfactory nerve. Their free edges slope downwards and backwards, that of the
middle turbinal gradually becoming nearly horizontal. The lower margins of both,
covered by thick mucons membrane, are free and overhang respectively the superior
and middle meatns ; the middle turbinal has also a nearly vertical free border
anteriorly, which, together with the adjoining part of the concha, forms an
operculum covering the corresponding part of the middle meatus, and concealing
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they are small and thinly scattered, and both the hairs and glands are absent near
the posterior limit of the vestibule, which is marked off' by a curved prominence
(limen vestibuli) from the nasal fosse proper. At this line the stratified epithelinm
of the vestibule passes into the ciliated epithelium of the fossee, and the cutaneous
glands are replaced by compound mucous glands, At the front of the vestibule,
enclosed by the curved cartilage of the aperture, is a shallow eul-de-sac known as the
venlricle of the nares.

MUCOUS MEMERANE.

The pitaitary or Schneideriun membrane, which lines the cavities of the nose, is
a highly vascular mucous membrane, inseparably united with the periosfenm and
perichondrium over which it lies. It is continuous with the skin through the
nostrils ; with the mucons membrane of the pharynx through the posterior nares ;
with the conjunctiva through the nasal duct and lachrymal canaliculi ; and with
the lining membrane of the several sinuses which communicate with the nasal fossz.

wpper  caridage
lateral af
cartilage  aperfure

ephemoidal antrum——=——==

Eustachion aperfure -
salpingo-phar. fold
aoft palate

1
I
i
I
I
i
i
1
1
!

]
i
! ]

sl seplim vestilule

Fig. 167.—View of THE SEPTUM ¥ASI FROM THE RIGHT SIDE.

The pitnitary membrane, however, varies much in thickness and vascularity in
different parts. It is thickest and most vascular over the turbinate bones
(particularly the inferior) and on the septum nasi it is also very thick and spongy ;
but in the intervals between the turbinate bones, and over the floor of the nasal
fossee, it is considerably thinner. TIn the maxillary, frontal, and sphenoidal sinuses,
and in the ethmoidal cells, the lining mucous membrane is very thin and pale, and
contrasts strongly with that which lines the nasal fosse.

The character of the epithelium varies in different parts, and by this, in a general
way, three regions of the nasal fossee may be distinguished. Thus, the region of
the external nostrils (the vestibule) is lined with stratified squamous epithelium ;
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und the remainder is divisible into two parts, viz., the upper or olfactory region in
which the epithelinm is non-ciliated and columnar, and the lower or respiratory
region in which, as also in the sinuses, it is ciliated and columnar. The membrane
in the respiratory part covers the middle and inferior turbinals and all the lower
portions of the fosse, and is studded with racemose glands, which open hy orifices
apparent on the surface. They are most numerons about the middle and hinder
parts of the nasal fosse, and are largest at the back of the septum near the floor of
the nasal cavity. Glands which are much smaller and less numerous are stated to
open into the several cavities which communicate with the nasal fosse, but many
observers have failed to find them. Besides the glands the mucons membrane of
the fossee contains a variable amount of lymphoid tissue, oceasionally accumulated
into *“ nodules,” In some parts large venons plexuses are found, encircled, as well
as the alveoli of the glands amongst which they lie, by bundles of plain muscular
fibres (Klein), thus forming a sort of cavernous tissue,

Olfactory mucous membrane.—The olfactory region, or that in which the
olfactory nerve is distributed, includes in man only the uppermost part of the fossm

Fig. 158, —SEcTIox 0P THE OLFACTORY MUCOUS MEMBRAXE. (Cadiat.)
«t, epithelium ; &, glands of Bowman ; ¢, nerve-bundles,

(superior turbinal and corresponding part of the septum). It is extremely vascular,
a close plexus of large capillary vessels being found under the lining membrane
thronghout its whole extent. Its mucous membrane is covered by a very thick
non-ciliated epithelium, and it is more delicate in consistence than that of the
ciliated region, being indeed soft and pulpy. It has a distinet yellow colour in
man . (locus lufews) ; brown in some animals; the colonr may extend however
beyond the true olfactory part of the mucons membrane. The glands of this
region (glands of Bowman) are numerons, and are of a more simple strncture
than those in the lower part of the fosse. They open by fine ducts lined with
fiabtened cells which extend to the surface between the olfactory epithelinm cells
(fig. 158). In the mucons membrane itself, the gland-tube is somewhat convoluted
and enlarged, and it may have one or two branches. It is limited throughont by a
basement membrane, and lined and almost filled with columnar or polyhedral
secreting cells. These are of the “serous” type in man, but in some mammals
there are “ mucous " cells intermingled with the serous (Paulsen). The gland-cells
contain yellowish brown pigment. In man the gland-ducts frequently open into a
small sub-epithelial receptacle lined with flattened epithelinm, from which a fine
tube passes to the surface between the epithelium cells. Oceagionally the opening
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is into a ciliated crypt. Here and there the epithelium of the surface, as shown by
Max Schultze, is ciliated and not olfactory ; where this is the case, the ordinary
racemose glands are found (Klein)., On the other hand, Bowman's glands are not
entirely confined to the olfactory mucous membrane, but may extend a short
distance beyond it into the respiratory part of the fossa.

The colomnar cells on the surface of the olfactory mucous membrane (fig. 159, a)
are prolonged at their deep extremities into a process which is generally somewhat

Fig. 159.—CkuLs oF THE OLFACTORY REcIoN. (M. Schultze.)
Highly magnified.

1, from the frog ; 2, from man ; @, epithelial cell, extending deeply
into a ramified process; b, olfactory cells; e, their peripheral pro-
cesses : e, their extremities, seen in 1 to be prolonged into fine hairs ;
o, their central filaments,

branched towards its deeper end. The nuclei of these
cells are oval in shape and lie all at about the same level
(zone of oval nucled), de., in the deeper part of the
columnar portion of each cell. The protoplasm of the
columnar cells contains granules of yellowish-brown pig-
ment. Amongst the branching central ends of these
columnar cells there are a large number of peculiar
spindle-shaped cells (fig. 159, &), each consisting of a
large, clear, nearly spherical, nuclens swrounded by a
relatively small amount of granular protoplasm. From
each cell proceeds a superficial and a deep process. The
superficial process (c) is a eylindrical or slightly tapering
thread passing directly to the surface, and terminating
abruptly at about the same level as the free surface of
the epithelial cells between which it lies, or a little
beyond ; the deep process () is more slender, and passes vertically inwards. This
last usually presents a beaded appearance similar to that observed in fine nerve-

Fig. 180.—Ax oLFACTORY CELL, HUMAX. (v. Brunn.)

n, central process prolonged as an olfactory nerve fibril ; &, body of cell with nucleus ;
p, peripheral process passing towards free surface ; ¢, knob-like clear termination of
peripheral process ; k, bunch of olfactory hairs.

filaments. These cells were termed by Max Schultze, olfwclory cells,
to distinguish them from the columnar epithelium cells, which are much
fewer in mumber, and which are entirely surrounded with the fine
rod-like peripheral processes of the smaller cells. The nucleated bodies
of the olfactory cells are several rows deep, and form a layer of
considerable thickness beneath the columnar cells (zone of round nuclei).

In the rabbit and gninea-pig Ilein, in confirmation of a statement
by Sidky, describes a lowermost layer of conical vertical cells resting
by their bases upon the membrana propria.

The total thickness of the olfactory epithelinm in man is 0°06 mm.,
whereas in macrosmatic mammals it 18 0°1 mm, or more (v. Bruon).

The olfactory (but not the columnar) cells are said to project
through apertures in, a cuticolar lamina which bounds the mucous
membrane superficially (exfernal limiling membrane, v. Bronn)., The
existence of this cuticle has been, however, called in question by other
observers.

The peripheral process of the olfactory cell was observed by Schultze to be
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The nerves ramify so as to form flattened tufts, the filaments of which, spreading
out laterally and communicating freely with similar offsets on each side, form a
close plexus, with elongated and narrow meshes.

Fig. 162, —NERVES OF THE SEPTUM ¥ASI, SEEN FROM THE RIGHT SIDE. {From Sappey, after
Hirschfeld and Leveille.) §

I, the olinctory bulb ; 1, the n]_hgt;n-:,r METYES 11:3;1'1-',i11g throngh the foramina of the eribriform 1]];1,t.13:,
and descending to be distributed on the septum ; 2, the internal or septal twig of the nasal branch of
the ophthalmic nerve ; 8, naso-palatine nerves.

In their structure the olfactory nerve-fibres differ much from the ordinary
dark-bordered fibres of the cerebral and spinal nerves : they possess no medullary

Fig. 163.—NERvES OF THE OUTER WALL OF THE NASAL
vossx.  (From Sappey, after Hirschfeld and
Leveillé.) 3

1, network of the branches of the olfactory nerve,

descending upon the region of the superior and middle
turbinated bones ; 2, external twig of the nasal nerve ;
3, spheno-palatine ganglion ; 4, ramification of the
large palatine nerve ; 5, small, and 6, external palating
nerves: 7, branch to the region of the inferior tur-
binated bone ; 8, branch to the region of the superior
and middle torbinated bones ; 9, naso-palatine branch
to the septum cut short.

sheath, but are axis-cylinders provided with
a distinct nucleated sheath, much more
distinet than that of the fibres of Remak
and with nuclei at less frequent intervals
(fig. 164).

The greater part of the mucous mem-
brane of the nasal fosse is provided also
with nerves of common sensibility, derived from branches of the fifth pair: the
distribution of these has already been described. They appear to end amongst the
epithelium eells in arborisations which have been noticed by several observers in
preparations made by the silver chromate method.

The Organ of Jacobson.—In the anterior and lower part of the nasal septum
a small aperture may sometimes be seen opening obliquely on to the surface of the
mucons membrane slightly above and in front of the orifice of the nasopalatine canal
(see fig. 157). This aperture leads into a minute canal which passes backwards for
a ghort distance along the septum to terminate blindly a few millimeters from the
orifice. The canal, which is lined with epithelinm continuous with that of the
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THE ORGANS OF 'TASTE,

I'ne gustatory organs are represented by certain patches or groups of peculiarly
modified epithelinm cells which are lodged in the thickness of the stratified epithe-
lium of certain parts of the tongue and pharynx. These groups of cells have in
mammals a bud-like arrangement and have therefore been termed fuste-buds, They
veeur in man at the sides of the papille vallate of the tongue, forming a zone around
the papillie and also upon the opposed wall of the vallam, They are also found on

Kig. 167, —PAPILLARY SURFACE OF THE TONGUE, WITH THE FAUOES AND ToNsILE.  (Sappey.)

1, 2, circumvallate papillse ; 8, fungiform papille 5 4, 5, filiform and conical papille ; 6, glands
and glandular recesses ; 7, tonsils ; 8, tip of the epiglottis ; 9, frenum epiglottidis,

the fungiform papille of the back and sides of the tongue, extending to the lip, and
here and there in the epithelium covering the general surface of the same parts of
that organ. They are especially numerous over a small area just in front of the
anterior pillar of the fauces ( Simbria lngue)., This area usually displays four or
five longitudinal folds or elevations of the mucous membrane and appears to
represent a much better defined oval lnminated structure which is found in a similar
situation in the tongue of some mammals (e4., rabbit), and which is known as the
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papilla foliate (fig. 169). Taste-buds are also found over the anterior surface jﬁl’
the soft palate, and are very numerous over the posterior surface of the epiglottis.

Fig. 168, —VERTICAL SECTION OF CIRCUMVALLATE PAPILLA, FROM THE CALF. (Engelmann.) 4

A, papilla; B, vallum ; n, bundles of nerve-fibres entering papilla ; o, duct of a serous gland
opening into fossa around papills,

According to W. Krause they follow the distribution of the glosso-pharyngeal
nerve.
Flask-shaped organs similar to taste-buds were discovered by Leydig in fishes in

Fig. 160.—View FROM ABOVE OF THE RABBIT'S TONGUE SHOWING THE PApILLE roLraz®. (E. A, B.)

certain parts of the skin, and they also occur in the mucous membrane of the mouth
and throat in those animals, In amphibia the taste-organs take the form of patches
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Fig. 170, —VERTIOAL SECTION OF A FOLTATE PAPILLA OF THE RABRIT, PASSING ACROSS THE FOLIA,
(Ranvier.) .
py central lamina of folium ; », vein ; #, lateral lamina of folium ; g, taste-bud ; n, sections of
nerve-bundles ; @, serous gland.

of modified epithelinm-cells set on the suirface of certain papill of the tongue. The
strueture of the taste-buds is most easily studied in sections of the papilla foliata of
the rabbit (figs. 170, 171).
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INDEX AND GLOSSARY TO VOLUME III. PART IIL

Crystalline lens. See Lexs.
Copola, 102
Copula (vault) terminalis, 112

Darwix, tubercle of, 72
Dieiters, cells of, 121, 127
Demenrs, membrane of, 15
Denissenko, on retinn of eel, 46
Deseemot, membrans of, 19, 22
Diameters of cornea, 17
of ayeball, 14

Dilatator conchee, 75

pupile,. 32

tubm, 8

- Dimensions. &ee MEASUREMENTS.

Dise, optie, 38

Divisions of anditory nerve, 108

Dog, orifice of nasal duct of, 10

Dogiel, on spongioblasts, 44

Dirum of ear, 8o

Duet, nasal, 7, 9, 138, 143

Ductus cochlearis, 113
endolymphaticus, gg, 105
naso-pharyngens, 138

Eanr, 71
external, 71
index of, 72
internal, g8
literature of, 127
middle, 5o
oszicles of, Sg
Eu.r-guint. =z
Earthworm, sensory cells amd nerves of, 152
Eel, vessels of retina of, 46
Eighth nerve. Ses AupiToRY NERVE.
Elastic lamina, posterior, 17, I9
lﬂlipsui[l_ 49
Eminentia [I'Ellﬁliﬂ'l'iﬂ-, 55
End-bulba of conjunctival nerves, 16
End-knohb, 46
Endolymph, 98, 104, 113, 152
Endotheliwmn of cornea, 17, 20, 22
lamina suprachoveiden, 25
ligamentum pectinatum, 21
sclerotic coat, 16
Tenon's eapsule, 11
zonula of Zinn, 62
Epiglottis, 149

Episeleral (éxf, upon ; selerotic) plexus of veins,

ir)
Epithelinm, of ampulle, 110
auditory, 103
of comjunctiva, 16
of eornea, 1y, 22
of Eustachian tube, 37, g6
of iris, 31, 66
of lens capsule, 66
of imbus, 116
of mastoid eells, gb
of membrane of Heissner, 118
of membranous cochlea, 113
of nasal fosse, 130
neErve —— 152
olfactory, 140, 141
of organ of Corti, 117, 119; 126
af argan of Jacobson, 144
of ratina, 46, 50, 54
of semicirenlar canals, 1og, 110

Epithelium—continued,
sengs ——, 152
of tympaniim, g6
Ethmoidal arteries; 144
bulla, 136
cells, 135, 136, 139
conche, 135, 136
fissure, 135, 136
Eustachian canal, 86
cartilage, 87, ob
tube, Bo, 81, 86, g4, ob
muscles of, 88
vessels and nerves of, 88
Ewart, on lens fibres, 65
External anditory canal. See CANAL
enr, 71
palpebral arteries, 5
Eye, 1
axes of, 11
chambers of, 21, 22, 66
choroid coat of, 23
coverings of, 1
lobe of, 10
ens of, 63
literature of, 67
‘measurements of, 14, 17, 63
retina of, 35
selerotic coat of, 13
snspensory ligament of, 12
vitreous humour of, 58
Evelashes, 4
Eyelids, 1, 2, 10
lymphatics of, 6
nerves of, 7
smooth musele of, 4
structure of, 2
vessals of, 5

FALLOPIGS, aqueduct of, 83
Fascin (band), palpebral, 2, 3
silpingo-pharyngea, 87
Fat, orbital, 1o, 11
Fenestra (window) ovalis, 83, o1, 95, 99
rotunda, 83, g5, 104
Fibre-cells, 111
Fibres of lens, 64
of M i,i,l!ﬂ:" 30, 41, Sur 34
radial, 5o
Fibril of Landolt, 44, 57, 154
Fibrous tympanic plate, 70
Fimbria (fringe) linguae, 148
Fingered cells, 17

159

Fishes, epithelium of semicirenlar canals of,

110
Ingena of, 114
ulﬁmtﬂry cellz of, 142
vods and eones of, 40
tagte-orgaus of, 140
Fissure, ethimpidal, 135, 136
of Glaser, 81, go
petroso-squamosal, 84
petro-tympanie, 8t
Fissures of Santorini, 74, 80
Fold, naso-pharyngeal, 138
salpingo-palatine, 87
salpingo-pharyngenl, 87
Folds, tympauo-malleclar, 52
Foutana, spaces of, 21, 66
Foramen centrale, 1oz
ineisor, 138
simgulare (solitary), 1o8

1
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Muscles or Muscls, of antitragus, 75
ciliary, 20, 30
circular, 30

dilatator conche, 75

pupille, 32

tubae, 87
of Enstachian tube, 88
of eydlid, 2, 3, 4, 9, 10
of helix, 75
laxator tympani, oz
levator palati, 88
of pim;g, I”
syramidalis,
-rl:gRinlan, 2 7
salpingo-pharyngens, 8g
smooth, of iris, 32

of cupsule of Tenon, 11
spheno-maxillary, 4
sphineter pupilla, 32
stapedius, 85, 94, 95, 58
tensor choroides, 30
tensor palati, 87, 88
tensor tarsi, 9, 10
tensor tympani, 81, 86, 03, 04, 95, 98
of tragus, 75
transverse, of pinna, 75
of tympanum, 93

Myeloid granules, 5o

NanEs, anterior and posterior, 130
vontriele of, 139
Nasal arteries, 144
duct, 7, 9, 10, 138, 145
fossm, 130, 133
measurements of, 134
mueous membrane of, 134
vossels of, 144
index, 131
Naso-facial angle, 130
Naso-palatine avtery, 144
conal, 138
Naso-pharyngeal fold, 138
Naso-turbinal, 138
Negro, plica semilunaris of, 2
Nereis, sensory cells and nerves of, 152
Nerve-epithelinm cells, 151
Nuﬁ'mt{ﬂ&rn luyer of retina, 38, 52, 54. 57
Nerves or nerve, auditory, 99, 104, 108, 124, 152
auricular, 70
chorda tympani, 81, g6, 98, 151
of ehoroid, 31, 34
ﬂﬂfﬂr]ﬁ 13, 15 17, 22, 34
of cochlen, 108, 114, 124
of conjunctiva, 16
of cornen, 22
of Kustachian tube, &8
of external anditory canal, 79
of eyelid, 7
intrabulliar, 151
of iris, 34
of Jacobson, gF
of lnchrymal gland, §
of nnsal duct, 1o
fossm, 143
of nose, 131
olfactory, 140, 142
optie, 10, 11, 15, 16, 35, 39, 47, 55, 56, 57
peribulbar, 151
petrosal, 97
of pinna, 76
of retina, 39

INDEX AND GLOSSARY TO VOLUME III. PART IIL

Nerves—oontined,
of saceule, 108
of selerotic, 17
of taste-buds, 151
_of tympanum, 51, 83, g7
Nearoglin-cells, 40
Neurosponginm, 41
Nose, 130
cartilages of, 131
literature of, 146
septum of, 130, 142, 145
vessels and nerves of, 131
Notch of Rivinus, 81, 82, g3
Nuelear layer, inner, 38, 41, 54, 57
outer, 38, 46, 53, 54
zone of lens, 65
Nucleus of lens, 63

Opriour muscle of pinna, 75
Ocular conjunctiva, 5
Oil-globule of retinal cones, 49
ﬁ]ﬁmm?— cells, 141, 154

cloft, 134

eTitI:cIium, T40, 141

glomeruli, 142

hairs, 142

mitcous membrane, 140

NETVes, 140, 142

organs, 131

literature of, 146

Optic dise, 38

nerve, 10, 11, 15, 16, 35, 47, 55, 56, 57

papilla, 55, 59

viesicle, primary, o
Ora serrata (notched edge), 35, 54
Orbicularis palpebrarum muscle, 2, 3, 9, 10
Organ of Corti, 119, 126

of Jacobson, 133, 143
O3 orbiculare 5. lenticulare, g1
Osseous labyrintl, g8, oo
Ossicula anditus, 89, g6

niovements of, g5
Ostinm {entrance) pharyngeum, 87

tympanicum, S6

Otoconia (ofs, drds, ear ; xowfa, dust), 105
Otoliths (@rds ; Alfos, stone), 105, 112
Otter, dilatator iridis of, 33
Outer fibrous layer of retina, 53
Ox, ligamentum pectinatum of, 21

PAarATE, soft, 149
Palatine artery, 144
Palpebrse (eyelids), 1
Pulpebral arteries, 5, 16
conjunctiva, 4
fasgin, 2, 3
lignment, 2, 3
Papilla (nipple) folinta, 149
Tutq_.',-ifnrtrr, 148
lnerimalis, 1, g
optic, 55, 59
vallatee (velium, mmpart), 148
Papillary arteries, 55
Puars choroidalis iridis, 31
ciliaris retinm, 35, 54, 60
irvidica reting, 3I, 35, 54
Incrimalis, 9
rotinalis iridis, 31

| Peribulbar nerves, 151
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