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PREFACE.

In this book an endeavour is made to furnish students
of ophthalmology with a concise account of the normal
and pathological histology of the human eye and eye-
lids. An intimate acquaintance with healthy struc-
ture and the changes resulting therein from morbid
processes forms the basis of intelligent clinical work ;
and yet the space devoted to the consideration of
these matters in text-books and manuals dealing with
the medical and surgical aspects of the diseases of the
eye 1s necessarily limited. Practical instruction in the
subject is not generally available; and the literature
regarding it, which is chiefly foreign, is beyond the
reach of many. The aim throughout the following
pages has been to present the information derived from
microscopical examination of the eye in health and
disease, not only as a matter of scientific value, but
also as of importance in its direct bearing upon a
special branch of surgery. Conditions not peculiar to
this department, as, for example, some affections of the
skin of the eyelids, and also rare intra-ocular and
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extra-ocular tumours, the characters of which corre-
spond with those of similar growths occurring else-
where, are only briefly referred to; and theoretical
questions have been avoided, although, it may be con-
fessed, the temptation to include them was strong,
owing to their inherent interest.

All classifications are artificial, and so far unsatis-
factory ; at the best they are merely conveniences.
The most suitable arrangement is founded on the dif-
ferent tissues of which the eyeball is composed, and
accordingly these structures have heen considered
separately. Short clinical notes, however, are given,
where thought desirable, along with the descriptions
of the drawings of diseased conditions, in order that
the relations of the chief pathological processes to one
another may be understood.

The volume embodies the results of continuous re-
search during several years; and the specimens from
which the illustrations are drawn are such as any one
with access to a sufficient amount of material can pre-
pare for himself. The figures are careful representa-
tions of preparations selected as typical and instructive
from a large collection; and their deficiencies have
been left unaltered, without any supplementary touches
from specimens more perfect In some details. They
have all been drawn twice by myself with the help of
a camera lucida, first with pencil and again with litho-

graphic materials. The copies were then compared
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| with each other, and any little discrepancies corrected
by further reference to the originals. Tt is hoped that
| by this double labour greater accuracy has been
'secured. The mechanical part of transferring these
‘drawings to stone has been satisfactorily executed by
| the lithographers, and the use of colours for printing
| has been resorted to in order to bring out the requisite
| effect. In one or two instances it seemed preferable
to utilize specimens from the lower animals; and these
rare noted in the proper places.

As histological methods are now so familiar to the
medical profession, it need only be mentioned that the
usual reagents and appliances were employed. Most
‘of the tissues were hardened in a solution of chromic
~acid, or in Miiller’s fluid, a few with the aid of pieric
acid. The sections were cut by means of a freezing
microtome ; logwood, carmine, picrocarmine, aniline
dyes, nitrate of silver, and chloride of gold were used

for stainine :

g; and the preparations were mounted in

glycerine, dammar, or Canada balsam.

The order of the illustrations agrees as closely as
possible with that of the text, and the figures will be
most profitably examined and fully understood, when
studied consecutively in connection with the corre-
sponding section of the systematic portion of the book.
This arrangement seemed more convenient for the
reader than the use of constant references from the
first to the second part of the work, each of which,
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however, depends upon the other for its complete com-
prehension. |

It was found that a detailed notice of the biblio-
oraphy would have added greatly to the size of the
volume without commensurate advantage to those who
are likely to use it. A glance at foreign monographs,
dealing with parts of the subject, where such refer-
ences are given, will show the magnitude of the under-
taking. For statements which I have been unable to
verify, however, adequate authority is quoted.

I have to thank a few friends for some material
kindly put at my disposal; and to Dr. Arch. K.
Chalmers, of Mossend, I am indebted for a careful
revision of the proof-sheets.

CHE B

HiLuaeap, Grascow,
July 1886,
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HiBTOLOGY

OF THE

HYE AND BEYRELIDS.

EYELIDS AND CONJUNCTIVA.
I. NORMAL STRUCTURE.

II’HE eyelids are complex structures, many histological
ezlements entering into their composition. Each lid is
ccovered externally with skin, and on the surface next
ithe eyeball with mucous membrane; and contains
sstriated muscle, plain unstriped muscle, dense fibrous
itissue, loose connective tissue, fat, hairs, glands, nerves,
tblood-vessels, and lymphatics. The relations of these
ito one another and their arrangement are best studied
iin sections taken at right angles to the free edge of the
lid, although sections passing in other directions may
tbe necessary to elucidate some points. The outline of
ssuch a vertical or sagittal section of the upper lid is
long and narrow, the slightly curved surfaces running
ifrom the ciliary border more or less parallel with each
other until about the orbital margin of the tarsus, where
tthey begin to diverge, the conjunctival surface bending
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inwards towards its reflection at the cul-de-sac. The
outer corner of the free border 1s rounded off' ; the inner
is nearly rectangular. The outline of a vertical section
of the lower lid, on the other hand, is shorter and
thicker, and has rather the shape of a thick wedge, for
the surfaces form an angle at the junction of the skin
and conjunctiva.

The skin is delicate. Everything is in miniature.
The epidermis and corium are thin ; the papille are
small ; the hairs, which have frequently no apparent
sebaceous gland attached to their follicles, are extremely
fine ; and the sweat glands, with the usual confused coil
of convoluted tube in the subcutaneous tissue and a
pretty straight duct leading to the surface, are minute,
though often abundant. The surface is wavy and
wrinkled. Both in the epidermis and In the cutis a
very considerable quantity of brown particles of pigment
oceurs occasionally in clusters, and this pigmentation 18
sometimes specially noticeable in the deeper layers of
the epithelial cells and in the adjacent corpuscles of
the cutis in the neighbourhood of the cilia.

The subcutaneous layer is composed of loose connective
tissue, with its bundles of white fibres mixed with some
elastic ones and scattered corpuscles. In the tarsal
region there is no fat, but towards the orbital portion
there are collections of adipose tissue. The lymphatics
are usually numerous and distinet in ordinary prepara-
tions.

The eyelashes, or cilia, are large well-developed hairs
springing from the outer edge of the free horder in from
two to four rows. They are curved, the point bending
away from the conjunctiva ; but they do not swerve to
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eeither side. Small sebaceous glands are sometimes
fsseen connected with their sheaths, and the acarus
fifolliculorum is an occasional occupant of the opening,
wvhere the little parasite lies among the loose epithelial
sscales.
Underneath the subcutaneous tissue there is the
orbicularis palpebrarum muscle. In a vertical section
fof the lid, the variously shaped fasciculi of the striated
pmuscular fibres, bound together by connective tissue,
we seen cut across, and form a comparatively thick
{toand in the whole extent of the eyelid, terminating
anteriorly at the roots of the eyelashes. Some bundles,
separated from the others by the intervening cilia and
the glands of Moll, constitute the musculus eiliaris
10lani, part of which is situated between the roots of
she eyelashes and the ducts of the Meibomian glands,
art between these ducts and the conjunctiva, while a
{ew fibres lie behind this point between the most
anterior alveoli of the glands and the conjunctiva.
The tarsus 1s a plate of dense white fibrous tissue, in
hich numerous elongated nuclei are easily demon-
strated. The fibres run in manifold directions, and the
lensity of the structure obscures its details. It is
separated from the over-lying orbicularis by a layer of
loose connective tissue, in which a few fat cells are
sccasionally found. Corresponding with the shape of
the upper and under lids respectively, the tarsus of the
‘ormer extends much further back from the edge than
shat of the latter. In both cases the palpebral margin
s immediately under the epithelium, and ill-defined,
while the orbital margin is thinner, and continuous with
she surrounding tissue, in which there are well-marked
B 2
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bands of involuntary muscular fibres, with their elongated
nuclei, passing from the tarsus and mostly parallel with
the conjunctival surface, though the individual fibres
run in various courses. In the upper lid white fibres,
forming the tendon of the levator palpebrae superioris,
are also attached to this portion of the tarsus. In both
lids fat cells frequently are present close to the plain
muscular fibres, and amongst the strands there are
scattered large, spherical, very granular, nucleated
corpuscles.

The Meibomian glands are embedded in the tarsus.
MThe wide central duct of each opens on the free edge
of the 1id near the inner margin, and extends from this
parallel with the conjunctiva to the distal alveoli.
Among the alveoli it is badly defined, fragmentary, and
sacculated ; nearer the mouth it 1s narrower and tubu-
lar. Tt is lined with stratified epithelium, the super-
ficial cells of which are flattened and have an oval
nucleus, the deepest cells being somewhat columnar
with a round nucleus. About the sides of this main
duct are placed the roundish bulbous alveoli, which are
comparatively large cavities, and may be sub-divided,
their mouths either opening directly into the duct, or
being connected with it by a short constricted neck.
They appear as isolated spaces, if the section has passed
along by the side of the duct; but in fortunate speci-
mens, including the latter, the whole arrangement of
the gland is well displayed, and 1is exceedingly beauti-
ful. The alveoli are lined by a single layer of short
columnar or cubical cells with round nuclei, continuous
with the deepest epithelial cells of the duct, and they
are often occupied by an opaque mass, consisting of scales
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and irregular nucleated bodies filled with fatty par-
ticles, glued together with granular débris. Similar
material is found in the duct itself. One of the distal
alveoli is sometimes slightly distended, and then forms
a round open space. Successive sections parallel with
the edge of the lid enable the following facts to be
noted. Near their mouths the ducts form a series of
ircular openings in the epithelium, nearly but not
quite equally distant from the conjunctival surface ;
further back they are rings of stratified epithelium
among the connective tissue; a little further back the
outer surface of the outline of these rings is irregular,
and then immediately behind this the first appearance
of the alveoli is seen. The glands and ducts are in
this part of their course separated from the roots of the
cilia and the glands of Moll by the longitudinally cut
bundles of the musculus ciliaris Riolani, from which
some fibres pass obliquely between them towards the
conjunctival surface to mingle with the few inner
strands of the muscle running parallel with the main
outer portion. The ducts or glands are thus in a
manner embraced by the muscle. Behind this the
ducts are much larger, and are surrounded by the
alveoli on all sides, amongst which some of the oblique
connecting muscular fibres can be observed. Owing to
the direction in which many of the alveoli open into the
duct, it is not always possible to trace the connection
between the two, most of them being isolated irregular
spaces clustering round, but entirely free from, it.
Where this arrangement prevails, the duct has well-
| defined walls, but in sections, where some of the acini
happen to open into it, it seems very irregular and

) . S
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without definite boundaries. Each gland here forms a
separate group of alveoli about the wide duct, rather
aneven in outline and separated from its neighbours by
a thin partition of the dense tarsus. A little further
back the inner muscular fibres are wanting, and the
groups are somewhati square in outline with rounded
corners. They ‘retain this character throughout - the
rest of their extent beneath the orbicularis, but are still
larger, and, as the posterior border of the tarsus is
approached, some of them cease, and their place is then
taken here and there by the racemose or tubular glands
to be mentioned next.

Racemose and tubular glands occur in the region of
the fornix in the loose sub-epithelial tissue, and similar
structures are found in the adjacent part of the tarsus,
a considerable extent of the orbital or posterior portion
of which may be so occupied. The majority of sagittal
sections, however, do not show these, and the Mei-
bomian glands then extend well up to the margin of
the tarsus.

The glands of Moll are situated at the palpebral edge
of the lid, and, when present in a vertical section, are
seen near the roots of the eyelashes, close to the
musculus ciliaris Riolani. They are formed apparently
of a long, wide, bending tube; and sections of them
show a narrower portion running forwards beside the
roots of the cilia, and, further back, irregularly disposed
more or less round spaces of various sizes. Some of
these are large, and resemble the neighbouring alveoli
of the Meibomian glands. They are lined by cubical
epithelial cells, and in the deeper part these may
contain yellow or brown granules. Outside their base-
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ment membrane there are fibres and spindle cells with
elongated nuclei; and, when these are seen through
| the curved wall in glycerine preparations, they give
it a peculiar ribbed appearance, as if it were built
up of many minute arches. The spaces are generally
empty, but occasionally contain a mass of granular or
nearly homogeneous material, which has sometimes
a series of concentric lines. The glands open most
commonly into the follicle of a cilium, but sometimes
separately, though close to or associated with the follicle.
Successive sections parallel with the edge of the lid
show certain details. The deepest part of the longer
glands 1s seen as a bending tube between the anterior
portions of the neighbouring Meibomian glands; in
front of this the section of each gland is larger, and lies
outside the level of the Meibomian ones as an irregular
saccule divided imperfectly into compartments by septa,
as if a coiled wide tube had been cut across. TFurther
forwards similar empty portions among the roots of the
cilia form a prominent feature in this middle layer of
the eyelid along with the dark roots of the hairs in the
| follicles, with a few insignificant sebaceous glands, and
fibres of the musculus ciliaris Riolani. In advance of
‘this the lumen of the gland or duct is narrower, and
the cross sections of it and of one of the deeper hair
| follicles lie near each other; and then lastly it is
seen as a small round opening in a thickened portion
of the epithelium composing the follicle, or as a little
tube passing through its wall.

In some specimens glands are seen in this locality,
having the ordinary coiled knot of a sweat gland,
beneath the orbicularis, but with a wider lumen than
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usual and a long duct, proceeding cutwards in the
same direction as the eyelashes.

The conjunctive pelpebre is intimately united to the
tarsus, and consists of two layers. Superficially there
is stratified epithelium. Towards the edge of the lid
the deep cells are cubical and those on the surface
flattened ; about the fornix or cul-de-sac the deep
cells are still cubical, but the external ones are
columnar, and many of them have the characters of
ooblet cells, with a deeper tapering extremity and an
upper expanded portion filled with clear material ; and
in the furrows between the folds in this region the
superficial cells are long, large, and uniform. The
colls of the intermediate strata everywhere are irregular
in outline. The sub-epithelial layer of connective
tissue also presents different characters in different
areas. Over the tarsus it is thin and comparatively
dense ; nearer the fornix it is loose. Besides its pro-
per corpuscles, some of which now and then contain
clusters of pale-brown granules of pigment, ifi contains
many round lymphoid cells; and this adenoid tissue,
which is sparingly distributed in the portion covering
the tarsus, is very abundant about the fornix, and may
here form minute undefined collections. True lymph
follicles, such as described by Bruch in the eyelid of
the ox, apparently occur in the human eyelid only in
pathological conditions. Over the tarsus the surface of
the conjunctiva is smooth, and no papille are found, the
boundary line between the epithelium and the under-
lying tissue being quite straight or at most slightly
undulating. Nearer the fornix there are irregular folds
and ridges with intervening grooves and furrows ; and,
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when these are seen cut vertically, they have somewhat
the appearance of well-developed papillze. At the
cul-de-sac, sections of these irregularities not un-
frequently resemble the arrangement of simple glands,
a duct being formed by the close approach of the sum-
mits of two adjacent ridges, and an apparent alveolus
by the greater separation of the deeper parts. A still
closer similarity to the structure of glands is presented
in places, where roundish spaces of some size, lined with
epithelium, are embedded in the loose tissue and
1solated ; they are occupied by several layers of epi-
thelial cells, and are seemingly merely portions of de-
pressions on the conjunctival surface cut transversely.
The conjunctiva bulli covers the anterior part of the
sclerotic, and has an epithelial and a connective tissue
layer. The superficial cells of the epithelium are
flattened, the intermediate polygonal, and the deepest
somewhat columnar. Some goblet cells, swollen and
distended with clear material, may be present about
the fornix ; and near the cornea the epithelial layer is
thicker, and in the eye of the negro particles of pig-
ment tinge the cells, especially the deeper ones. The
sub-epithelial layer is a network of white and elastic
fibres, amongst which are seen the nuclei of corpuscles;
and, as large numbers of lymphoid cells are present,
the structure resembles adenoid tissue in many parts.
The blood-vessels and lymphatics are numerous, and
there are sometimes a few fat cells. The episcleral
portien immediately cutside the sclerotic, with which
it 1s continuous, is rather more dense than the parts
elsewhere, and just under the epithelium a similar
but very thin layer occurs. Thereare no papille. The
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conjunctiva overlaps the margin of the cornea for a
<hort distance, and this area receives the name of lum-
bus conjunctive. 'The plica semilunaris is a fold of con-
junctiva ; and is surmounted by the caruncula lachry-
malis, which is apparently modified skin, with fine
hairs, sebaceous glands, fat cells, and some involuntary
muscular fibres (Miiller). I haye sought in vain in the
human conjunctiva for the bodies described as the end-
bulbs of Krause.

T1I. PATHOLOGICAL (CONDITIONS.

Zdema of the Eyelids.—The loose subcutaneous
tissue of the lid is distended with serous fluid, and
sections of such a case show large irregular spaces
among bands of fibres in this region. Most of these
are empty; but some contain a coagulum of finely
granular material.

Blepharitis.—In inflammation of the edge of the lid
there is a local infiltration, with inflammatory round
cells, of the corium and subcutaneous tissue ; and in
sections from a severe case the outline is rounded off
or otherwise altered. The follicles of the eyelashes
may be involved, and pus cells occur about the roots of
the hairs. The crusts are composed of epidermic and
pus cells, glued together by an amorphous substance
(Colberg).

Hordeolum or Stye.—This is characterized by a
circumscribed collection of round cells, with necrosed
tissue and products of degeneration in the centre, about
the ciliary edge of the lid.

Chalazion or Meibomian Cyst.—In sections of an
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excised chalazion there is evidence of chronic inflamma-
tion or hypertrophy of some part of a Meibomian gland,
with accumulation of its secretion in the enlarged
alveoli. An external capsule of firm fibrous tissue
sends inwards septa or trabeculme, which divide the
enclosed cavity into imperfect compartments. On the
inner surface of these partitions there is a zone of epi-
| thelium, many cells of which are somewhat cylindrical.
| The succeeding layers of epithelial cells show partial
| fatty degemeration by the granular condition of the
| elements, and are more oval or spherical, those furthest
| from the septa lying rather loosely in a granular matrix.
This zone stains deep yellow with picrocarmine, and
forms the transition to the fatty mass occcupying the
centre, in which there are epithelial scales without
nuclei, large, dark, opaque, swollen, globular bodies,
and much molecular débris. These central collections
are very friable, and may contain a calcareous deposit
or crystals of cholesterine. They stain red throughout
with picrocarmine and deep blue with logwood. At
certain places it may happen that the fatty mass is in
immediate contact with the connective tissue frame-
work, the distended alveolus being completely filled
with the degenerated material.

These conditions correspond histologically with some
of the sebaceous cysts found under the skin of the
| eyelid.

There seem to be several varieties of chalazia. Some,
of slow growth, have the characters just described ;
others, where suppuration has occurred, have an in-
flammatory zone of infiltration surrounding them ; and
others are made up of granulation tissue, forming a
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nodule of round cells with cement substance, traversed
by many thin-walled blood-vessels. Schweigger limits
the name chalazion to this last form, arising from the
tissue of the tarsus and replacing the normal struc-
tures in the locality ; and the term atheromatous cyst
would then be applied to those tumours in which there
is simply an accumulation of degenerated epithelial
products.

Molluscum Contagiosum.—In this affection of the
skin the appearances are those of a simple sebaceous
cyst. The enlarged alveolus is lined by epithelial cells,
and contains a mass of granular and fatty detritus with
altered epithelial cells.

Dermoid Cyst.—This is a subcutaneous formation.
The capsule, formed of fibrous tissue, encloses a single
cavity. Its internal surface is lined with stratified
epithelium ; and the wall, which is smooth, unless
the contents have escaped during or after removal
of the tumour, is furnished with hair-follicles, hairs,
and, generally, sebaceous glands. The contents, which
stain deeply with logwood, are for the most part of
epithelial origin, consisting chiefly of transparent scales,
similar to those found lying in the mouth of an ordinary
hair-follicle, mixed with opaque fatty globules and
granules, cement substance, and scattered portions of
fine hairs. Crystals of cholesterine may be present.
Surrounding the cyst there is loose connective tissue,
with fat, muscle, and other normal elements.

Epithelioma of the Eyelid.—As elsewhere, this con-
sists here of an excessive development of epithelium.
From the greatly thickened superficial layers irregular
outgrowths, which may be branched, penetrate into the
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sub-epithelial tissue, and these sometimes contain cell-
nests with the characteristic concentric arrangement.
The neighbouring tissue is generally very vascular
and considerably infiltrated with round cells, and the
epithelial processes may pass gradually into this, or
have a more sharply demarcated boundary.,

Rodent Ulcer of the Eyelid is a carcinoma of the
skin, which has ulcerated. The origin of the epithelial
growth has been variously referred to the sebaceous
glands, the hair-follicles, and the sweat glands.

Sarcoma of the Eyelid occurs under the epithelium,
and involves all the various tissues. The tumour may
| be round-celled, spindle-celled, or mixed, and is some-
times pigmented.

Xanthelasma Palpebrarum or Xanthoma.— Deserip-
tions of the histological characters of this disease of the
| skin of the eyelids, with its raised, flat, yellow patches
and occasional tubercles, differ considerably from one
another. It affects the corium, and here there is a new
growth of connective tissue, which is of greater extent
in the tuberous than in the plane variety of the affec-
tion. Among the fibres there are cells containing oil,
which may be in the form of granules or globules.
Needle-shaped crystals are sometimes cbserved. Biren-
sprung found fatty particles and globules between the
fibres of the cutis. Pigment occurs as brown or yel-
lowish molecules, and some of this lies inside cells ; but
the normal presence of pigmented corpuscles in this
region must be borne in mind in estimating any excess.

lusters of this pigment are rather numerous in the
| walls of the lymphatic vessels. Distended sebaceous
| glands may form cysts in the midst of the patch of
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xanthelasma ; and serous cysts have been described by
Hutchinson.

Phtheiriasis Palpebrarum.—In this affection the
crab-louse, the pediculus which more frequently lodges
on the pubis, 18 found on the eyelashes; and all the
stages of development from the early ovum to the
mature insect are usually present. The mat is formed
of the egg firmly fastened to an eyelash near the eye-
lid by a mass of clear substance, which surrounds the
hair as a tube for a short distance, and projects at one
side like a ledge or bracket, the ovum being fixed to
this projection and to the distal part of the tube. The
ovum, with its hard transparent wall, is slightly pyri-
form, and the thinner end, directed towards the root of
the hair, is partly embedded in the bracket. The other
end, looking towards the tip of the hair, has a wide
mouth covered with a rough dome-shaped lid, the
operculum. In the early stage the nit contains a
yellow mass with large granules ; in the later stage
the limbs of the insect can be made out with more or
less distinctness ; ultimately the capsule 1s abandoned
by the young pediculus, and is then empty and without
an operculum. If several nits occur on one eyelash,
the youngest is next the root. The free pediculi are of
all sizes, from the small recently hatched to the large
fully developed specimen. The latter is broad and
short, the abdomen and thorax being welded together,
and the head with its five-jointed antennz being
inserted into a motch in front of the thorax. From
four rounded marginal projections on each side of the
abdomen there spring little wavy bristles, and some
still shorter bristles occur on the limbs. The dorsal
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surface of the transparent body is furnished with
pointed spines, and the traches throughout the interior
| with the stigmata along the margins are conspicuous.
There are three pairs of legs; the two hinder pairs
possessing curved claws, which are comparatively large,
with knob-like opposing processes. The animal grasps
| -either a hair on one side of itself, or hairs on both
| sides; and generally remains clinging to them tena-
ciously, when the eyelashes are pulled out. It bites
into the skin, and the head is found directed towards
| the root of the hair. The females are larger than the
males, and, while the posterior extremity of the former
18 notched, that of the latter is rounded off,

The following affections, occurring on the eyelids,
| -agree histologically with like conditions in other parts
of the skin :—

Tumours :(—

LPaplloma or Wart, a local hypertrophy with en-
larged papillee covered with thickened epider-
mis.

Neevus, a network of blood-vessels.

Lapoma, adipose tissue.

Iilbroma, fibrous tissue,

Gumma, with a central granular caseous mass,
surrounded by a zone of round cells and, outside
this, by newly formed connective tissue.

Inflammations :(—
Lrysipelas, Eczema, Herpes, Aene, Small-poa,
Ulcers :(—

Syphilis, Lupus.

Chemosis.—In this cedematous condition of the con-
Junctiva, the connective tissue layeris expanded, forming

—
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o loose mesh-work with irregular spaces. Inflammatory
exudation is generally noticeable to some extent.

Muco-purulent Conjunctivitis.—The hyperaemia of
this inflammation of the conjunctiva is indicated Iin
sections by the distension of the vessels with blood
corpuscles, the margin of the little clot being, as in
sections of similar vessels elsewhere, sometimes sur-
rounded by a serous coagulum, forming a yellowish,
nearly homogeneous zone, the outer edge of which 1s
scalloped by lacunae or vacuoles between it and the wall
of the vessel. Serous exudation may have rendered
the connective tissue loose in its arrangement. In both
acute and chronic conjunctivitis the irregular elevations
on the palpebral surface are often much enlarged, and
sections of the prominences with the intervening grooves
resemble compound papille infiltrated with round cells,
for the epithelium over the ridges is thicker in yarious
places, where secondary furrows existed, and the
boundary line between this and the underlying tissue
with its collections of leucocytes is very uneven. Small
closely packed accumulations of round cells may be
found in the midst of the more diffused infiltration.
The discharge consists of clear fluid, in which, entangled
among strings and shreds of mucus, there float epithelial
cells, spherical granular corpuscles with a round nucleus,
and some pus cells with their bipartite or tripartite
nuclei, the addition of acetic acid rendering the mucus
more apparent, while bringing into prominence the
nuclei of the cells in the usual way. Many bacteria
are present.

Purulent Conjunctivitis.—All the conditions de-
scribed in the last paragraph are found in preparations
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from this disease; but the infiltration with round cells
|iis more extensive and profuse, and the cedema is well
{imarked. The epithelium may be loosened and mixed
1with round cells, or partly destroyed as if macerated ;
Ibut in many sections it appears quite normal, although
tthe underlying tissue is densely crammed with leuco-
{ccytes. The conjunctiva bulbi is usually invelved, and
:also the episcleral tissue. A drop of the discharge
(consists mainly of pus cells, with much granular débris
ifloating about.

Membranous Conjunctivitis is characterized by the
jpresence of a membrane, apparently composed of
{fibrinous exudation with leucocytes, on the surface of
ithe conjunctiva, which itself contains large quantities
cof round cells (Hirschberg).

Granular Conjunctivitis or Trachoma.—'The dis-
|itinguishing feature of this form of inflammation is the
texistence of small spheres or granules, resembling grey
imiliary tubercles, of adenoid tissue in the conjunctiva
|palpebrarum. The lymphoid corpuscles of the con-
jjunctiva are abnormally abundant, and collections of
ithem constitute the globular accumulations, which are
like true closed follicles. In these there is a mass of
iround cells, crowded together in the meshes of a
(delicate reticulum, and traversed here and there by
|tthin-walled blood-vessels. Towards the periphery the
ccells are more closely packed, and less intercellular
:substance is visible, while the central cells may be more
igranular, and the reticulum more easily observed. The
|'limits of each collection are clearly marked, and one of
|ttwo conditions is present ; there is either an enveloping
1i ipseudo-capsule, which shades off into the neighbouring
| C

—
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fibres, and seems to be the normal fissue pushed aside
and so condensed, or the sharp demarcation is owing
to the sudden cessation of the adenoid tissue, no fibrous
boundary to the nodule being apparent. The connective
tissue in the neighbourhood is studded with round cells,
and possesses in addition numerous fusiform and
branched corpuscles. The inflammatory infiltration is
particularly dense towards the surface of the conjunctiva,
while in the deeper layers there are many blood-vessels.
The superficial epithelium is for the most part un-
interrupted, especially in chronic cases ; but it is some-
times partially or entirely absent over the little nodules,
and, if more than one of these occurs in the prominence
which their presence causes, the epithelium dips slightly
between them. The granules may be found to have
undergone fatty degeneration and more or less absorp-
tion ; or in their place a local formation of organized cica-
tricial tissue,with consequent contraction, may have led to
extensive fibrous changes with atrophy of the surround-
ing structures and distortion of the outline of the lid.

Phlyctenular Conjunectivitis.—Clinical observation
shows that, before ulceration, in this affection there is
on the ocular conjunctiva a small, circumscribed, sub-
epithelial exudation of fluid, n which there are either
a few leucocytes, when it forms a vesicle, or many pus
cells, when it is pustular.

Hypertrophy of the Conjunctiva is caused by chronic
conjunctivitis. Succeeding the inflammatory infiltra-
tion, there is a formation of connective tissue, so that
the sub-epithelial layer is greatly thickened. It con-
tains abundant round cells diffused throughout it, with
larger collections under the epithelium and about the
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numerous blood-vessels, and also minute isolated aggre-
| gationsin the deeper portions. The irregularities of the
surface are comparatively large; and sections of the
ridges often resemble compound papille, owing to the
inequalities in thickness of the enlarged epithelial
layer, the outer border-line of which seems compara-
tively smooth, while the deeper one is very uneven. In
many places the ridges cannot be distinguished from
each other, and at some points the boundary between
the epithelium and the underlying densely infiltrated
tissue is entirely lost, the different kinds of cells
mingling with one another.

Sub-conjunctival Hemorrhage.—In ecchymosis of
the conjunctiva the meshes of the connective tissue are
filled, and even slightly distended, with blood-clot, in
which the fine outlines of the red corpuscles form more
or less perfect rings, amongst which are scattered the
granular white corpuscles, which are brought promi-
nently into view by staining.

Episcleritis.—This inflammation of the deepest layers
of the conjunctival connective tissue, at the junction of
the cornea and the sclerotic, occurs both as an inde-
pendent disease and also as part of conjunctivitis
accompanying scleritis, cyclitis, or iritis. It is charac-
terized by local distension of the blood-vessels and
inflammatory exudation. The leucocytes abound in the
much swollen and loosened tissue.

Pinguecula.—This small prominence near the margin
of the cornea is composed of dense connective tissue,
containing few blood-vessels with remains of others,
which have been obliterated, and is covered by a
thickened layer of epithelium (Weller).

Q2
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Pterygium.—This excrescence outside the sclerotic
and spreading over the cornea is a circumsecribed
hypertrophy or growth of the sub-epithelial layer of
the conjunctiva, with the usual appearances of that
tissue. There are bundles of fibres and also blood-
vessels, which are more numerous towards the surface
than in the deeper parts, while areas with a homo-
geneous substance, in which lie many cells, occur, more
especially about the margins (Schreiter).

Xerosis.—In this condition of the conjunctiva, the
sub-epithelial tissue is more dense than usual, and the
epithelinm 1s thickened, its outer layers being horny
and mixed with granular detritus (Wedl).

Amyloid Disease of the Conjunctiva.—In this
degeneration with thickening there are bright clear
corpuscles and trabecul® with a glancing appearance,
which stain dark brown with a solution of 1odine
(Leber).

Conjunctival and Sub-conjunctival Tumours of
various kinds have been examined, their histological
characters corresponding with those of similar tumours
occurring elsewhere. 1t will be sufficient to mention
these very briefly.

A Polypus 1s mosb frequently situated about the
inner commissure of the eyelids, and is composed
chiefly of round cells and delicate blood-vessels, held
together by loose connective tissue, which forms &
matrix, in which there are little openings and spaces
pither empty or containing some amorphous material.
The tumour is sometimes more fibrous in its nature
(Fano). The surface is covered with epithelium.

Lipoma.—A fatty tumour may involve the con-
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jlunctiva, or lie underneath it, and appears to be most
pommon in the region between the superior and external
vectl muscles (Graefe).

Fibroma.—Horner has described a fibrous tumour,

fipringing from the upper part of the conjunctiva
oulbi, and presenting a papillary surface with blcod-
fressels in the sub-epithelial papille.
Osteoma.— Little nodules of bone, with all the normal
fronstruction of that tissue, have been seen under the
[:uujunctivﬂ of the upper lid. They were surrounded
»y a layer of dense fibrous tissue (Schweigger).

Angioma of the palpebral conjunctiva is congenital,

pnd similar vascular tumours have been seen on the
peccular portion also (Blessig).
Lymphangiectasis—Alt has described a tumour of the
jconjunctiva bulbi, consisting of irregular canals and
fipaces between trabecule of connective tissue, partially
ined with endothelium and containing serum.

Dermoid Growths near the cornea resemble fragments

if  skin, with epidermis, hairs, sebaceous glands,
papillee, cutis (with dense fibrous bands and looser
fronnective tissue), bloocd-vessels, nerves, and subcu-
fsaneous fat (Ryba).
Papilloma.—Sczokalsky has described a tumour,
irising from the limbus conjunctivee, in which papillary
frrocesses, composed of spindle-shaped cells and con-
jaining blood-vessels, were covered with a stratified
ipithelial layer. Alt examined a growth, in which
fthere were epithelial papille, amongst and in the cells
s which lay granules of pigment ; at some places cell
fuests were present; and there were also fine hairs and
rrlands on the surface.

—
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Serous Cysts with thin walls are found. but rarely on
the conjunctiva of the bulb (Schon).

Clysticercus Cysts, as recorded by Sichel, ocour under
the ocular conjunctiva.

Epithelioma of any part of the conjunctiva has the
usual histological features of such growths; and, when
it arises from the limbus conjunctive, the neighbour-
ing tissues may be ultimately involved. The cornea is
thus affected and destroyed, and the tumour spreads to
the iris and other structures in the interior of the eye-
ball, or the epithelial elements gain an entrance to the
globe along the sheaths of the vessels passing through
the sclerotic (Alt).

Ourcinoma of the palpebral conjunctiva has been
noted by Hirschberg.

Sarcomu.—Sarcomatous tumours of the conjunctiva
are commonly pigmented and very vascular. They
may start from minute pigmented spots. Their com-
ponent cells are round, spindle-shaped, branched, or
mixed, and lie among the fine fibres of the stroma.
When their origin is in the limbus conjunctive,
they may be found simply overlapping the cornea, or
their elements may have invaded this tissue and the
sclerotic.
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CORNEA.

I. NORMAL STRUCTURE.

A VERTICAL section of the cornea shows five successive
strata—rviz., the anterior epithelium, Bowman’s mem-
brane, the substantia propria, Descemet’s membrane,
:and the posterior epithelium. The bulk of the section
is formed of the transparent proper substance; the
‘anterior epithelium is conspicuous and of greater
opacity ; and the remaining layers are comparatively
‘thin.

The anterior epithelium is stratified ; and has exter-
‘nally two or three layers of large flattened scales.
Underneath these, in the middle zone, the cells are
rregularly roundish or polygonal; and, on isolating
‘them, it 1s seen that the lower ones have hollows on
‘their under surface, from which fine marginal processes
and delicate wing-like expansions extend between the
'succeeding cells. In the underlying deepest row the
|icells are cylindrical or columnar; and, when seen
| separately, present manifold shapes, sizes, and lengths.
'Their blunt rounded anterior end fits into one of the
hollows immediately in front, and their flat somewhat
‘expanded base rests upon Bowman’s membrane, the
‘thickening of this border sometimes giving it a brighter
| appearance. The form of their sides is modified by
their close arrangement; and, as the deeper portion
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may be slender, the cells are occasionally club-shaped.
All the cells have a nucleus; in the superficial ones
this is discoid, in the intermediate it is spherical, and
1 the lowest it is oval. The intercellular cement-
substance is demonstrated by staining with nitrate of
silver, and here and there the amount may be con-
siderable.

Bowman's membrane resembles the substantia pro-
pria, but is clearer, less fibrillated, and more homo-
geneous. It is not sharply demarcated from the next
layers, to which fibres pass; but it is destitute of cor-
puscles. In some pathological conditions it is very
distinct, suggesting an even greater normal differentia-
tion, such as an approach to the character of the pos-
terior elastic lamina.

The substantia propric is made up of delicate white
fibres cemented together to form bundles, these again
being cemented into thin sheets, the general arrange-
ment of which is parallel with the surface. This pro-
per substance of the cornea 1s, therefore, modified white
fibrous tissue. When fresh, or in glycerine preparations,
sections of it are exceedingly homogeneous and trans-
parent ; but, after macerating the cornea in various
fluids, the component fibres can, by teasing, be demon-
strated, running in all directions with the wavy course
of such fibrillse, the successive layers frequently cross-
ing one another. Though the structure is charac-
teristically laminated, the lamelle are not entirely dis-
tinct from each other, but rather intimately connected
by numerous bundles passing obliquely between them ;
and in the anterior portion, towards Bowman’s mem-
brane, such bundles traverse several layers. In this

i "I
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region also the tissue is more manifestly fibrillated,
‘the lamelle are less distinct, and the points of union
rare more abundant. A vertical section mounted in
|1 glycerine shows bright clear strata bound together by
| 1many uniting bands. It is a glassy mass with cracks.
|'The spaces or lacunze between the layers appear more
cor less fusiform or spindle-shaped in vertical sections,
Ibut, when viewed from the surface, they are large and
'branched. Each of them communicates with its neigh-
Ibours by means of longer lateral and shorter vertical
ccanals (Rollett). In a surface view of specimens
sstained with nitrate of silver, these spaces form irre-
tgular white openings, from which spread channels of
ccommunication, in the browned or darkened ground-
work. This is the lymph-canalicular system of the
ccornea, consisting of lymphatic spaces and canals. In
tthe spaces lie the corneal corpuscles, flattened cells
with a large somewhat oval nucleus, their shape and
mrrangement apparently agreeing pretty much with
ithose of the lymphatic system. In stained vertical
ssections these bodies are seen in profile with their

rominent nuclei in the spaces; but their processes are

ot visible in ordinary preparations. They are thicker
it some parts than at others, or at one end than at the
nther. A few wandering cells or leucocytes occur in
the canals and lacunz, and are readily distingmished
Oy their round nucleus. Only a portion of the spaces,
m which the corpuscles lie, appears to be occupied by
them ; and, according to Klein, the difference in size
netween the lacunz and the corpuscles is owing to the
mtra-nuclear and intra-cellular networks of fibrils taking
m the dye, while the hyaline ground-plate of the cell
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remains unstained and therefore invisible. In surface
views it is often difficult to determine what is lacuna
and what is corpuscle; and the centre of the space
may contain a nucleated mass, of irregular outline and
not corresponding in any way with the details of the
cavity, while in other instances the whole opening may
seem filled with such material.

Descemet’s membrane or the posterior elastic lamina 1
thin, bright, and homogeneous ; and in sections forms
a sharply defined clear line. In some cases fine longi-
tudinal strice suggest a fibrillated structure. It is in-
timately united with the adjacent substantia propria.
Hassall first described the minute prominences or warty
hyaline excrescences found occasionally on the posterior
surface at the periphery, especially in the eyes of the
aged.

The posterior epitheliwm is a single layer of polygonal
colls with round or slightly oval nuclei. At the angles
between some of the cells, openings or pseudo-stomata
are sometimes seen in silvered preparations, but these
may be artificial productions.

There are no blood-vessels in the cornea, except in the
fetus, when a network of capillaries occurs under the
anterior epithelium (Miiller). A ring of vascular loops
surrounds the membrane at the corneo-scleral junction.

There is an abundant supply of non-medullated nerve
fibres in the laminated substantia propria, the larger
nerves lying in the lymphatic canals and being covered
by a layer of endothelium (¥. Recklinghausen). Their
distribution can be satisfactorily studied in specimens
successfully stained with chloride of gold ; but they
are quite indistinguishable in ordinary sections. Many
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observers have described the arrangement of their
branches and of the terminal axis cylinders and
fibrillee, the accounts being at variance in some points ;
but the following statements seem to be established.
There 1s a posterior supply and an anterior supply. In
the former they have a comparatively straight course
with somewhat rectangular bends, and terminate in a
deep network close to the membrane of Descemet,
‘ through which fibres pass to the posterior epithelium.
|
|

In the superficial supply they form a stroma-plexus in
the anterior part of the substantia propria, and per-
torating branches proceed from this obliquely through
Bowman’s membrane ; these then form a sub-epithelial
network, from which fibrils penetrate between the
epithelial cells and form an intra-epithelial network
(Hoyer, Kolliker, Cohnheim, Waldeyer, Klein).

II. ParHOLOGICAL CONDITIONS.

Keratitis or Corneitis.—Inflammation of the cornea
is indicated by the presence of abnormal numbers of
round cells throughout the tissue. Much discussion
has taken place regarding the source of these, the
debated points being whether, and how far, they owe
| their origin to immigration of white blood corpuscles
| from the margin with subsequent proliferation of these,
| or to proliferation of the corneal corpuscles themselves,
| or to both sources.
| The corneal corpuscles may, under the influence of
irritation, be the seat of cloudy swelling, a condition due
apparently to excess of nutrient material with defec-
tive assimilation on the part of the cells. They are

—
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enlarged, unduly granular, and appear somewhat opaque
in the distended spaces. This renders the affected
region cloudy, and no other changes were present in a
case described by Virchow as parenchymatous keratitis.
This condition, which has the characters of @dema, also
occurs along with evidences of inflammation.

Histologically several forms of keratitis can be dis-
tinguished ; but they fall into three, partly overlapping,
groups. These are infiltration, suppuration, and ulcera-
tion.

Infiltration of the Cornea.—Round cells lie scattered
singly, in twos and threes, in short rows, or in small
collections, in the interlamellar canals and lacunae at
some part of the cornea, generally in the deeper
portions. Their presence in the more superficial layers
may be accompanied by thickening and unevenness of
the anterior epithelium, with irregular arrangement
and shape of the component cells. In specimens
where the cornea has become vascular, by a new
formation of vessels in continuity with those at the
margin, sections of blood-vessels are found along with
the round cells. At first these have exceedingly deli-
cate walls; and clinical observation shows that they,
and also the inflammatory infiltration, may entirely
disappear. In a later stage of development, however,
their walls are well marked and fibrous, and their lumen
i lined by flattened endothelial cells with large oval
nuclei. This is the condition presented in cases of
longer standing, in which the interstitial infiltration
has been followed by organization, producing corneal
opacity. Infiltration is found at the margin of a spot
where there 18 suppuration.
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Pannus.—In the superficial vascularity of the cornea,
which is known clinically as pannus, there is an infil-
| tration of round cells beneath the anterior epithelium,
| forming a layer of variable thickness, in the midst of
| which are seen portions and sections of blood-vessels.
| Lapse of time often leads to replacement of this to a
‘ large extent by a fibro-cellular or fibrous tissue, in which

there are well-developed vessels.
| Suppuration of the Cornea is characterized by the
i abundance and degeneration of the round cells together

with destruction of the corneal tissue. Diffuse purulent
keratitis may lead to destruction of the whole membrane
or the greater part of it. A circumscribed suppuration
forms a corneal abscess, which is superficial or deep, and
involves a small or a large area. Locally nothing can
be made out but an opaque mass of pus cells replacing
the normal structures, with some coagulated fibrine
and granular débris of the corneal tissue; the centre
may have undergone degeneration, and possess few
formed elements or nome at all. The surrounding
portions of the cornea are infiltrated, and may be
vascular; and, if the tissues in front have been
| destroyed, and the abscess burst externally, the histo-
logical characters present are those of an ulcer. An
abscess which has healed leaves its mark, and in such
| sections its former position is occupied by cicatricial
| tissue. Alt has described an abscess which healed
without complete absorption and left a cyst in the
B cicatrix,

| Ulceration of the Cornea.—The appearances vary in
| the different stages of a corneal ulcer. In the earlier
ones there i1s at some spot a portion of the anterior

_
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Jayers wanting, and the floor and edges of the gap are
covered with molecular detritus resting upon a zone of
more or less dense infiltration, while portions of blood-
vessels may be found in the neighbourhood. At a later
stage there is no deficiency, but in 1ts place there is a
formation of cicatricial tissue with cells, the interlacing
fibres, though more or less parallel with the surface,
having none of the regular distribution or striking
transparency of the corneal lamelle. Bowman’'s mem-
brane is absent over the spot, but its edge may extend
for a short distance into the cicatricial mass. There is
a covering over the cicatrix of stratified epithelium,
which has grown in from the edges, but the posterior
boundary line is uneven, nor do the cells present so
orderly an arrangement as those which they have
replaced. The surface of the cornea sometimes deviates
locally from the normal contour.

Keratocele—If an ulcer involves almost the entire
thickness of the cornea, and the membrane of Descemet
bulges forwards through this opening, the condition
called keratocele, or hernia of Descemet’s membrane, is
present.

Phlyctenular Keratitis.—In the early stage there is a
minute sub-epithelial collection of round cells, which,
according to Twanoff, is situated at the end of a mnerve.
There may be local destruction of Bowman’s membrane,
or the infiltration may extend even slightly deeper. At
a later stage the conditions of an ulcer are found.

Descemetitis.—In this form of inflammation, which is
also called Feratitis punctata and aquo-capsulitis, little
groups of round cells are found on the posterior surface
of the cornea with altered epithelial cells. Sections of
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|cother parts of the eye show serous iritis, irido-cyclitis,
|cor irido-choroiditis. The posterior corneal epithelium
[rmay proliferate, and yield round cells; and, judging
|ffrom the various conditions found side by side in
fortunate preparations, the stages seem to be as
|follows :—Flirst the nucleus divides and then the cell by
sa median constriction; this constriction elongates, so
tthat a new pyriform cell is formed, attached by a thin
pedicle to its place of origin ; the pedicle breaks, and a
|mew, nucleated, large, round cell is set free.

Hypopyon.—Pus is sometimes found in the anterior
cchamber in connection with inflammation of the cornea,
|respecially in cases of ulcer and abscess ; and also occurs
there in iritis or cyclitis. The cells may apparently
thave several sources; they are said to pass along the
ccorneal canals from an inflamed part and through the
:sspaces of Fontana into the aqueous humour, or a corneal
sabscess may burst into the anterior chamber, or possibly,
saccording to Stromeyer, they may come from Schlemm’s
ccanal. Another source is found in an inflamed iris or
lceiliary body, and the pus cells are then embedded in a
ccomparatively large amount of fibrine. Prolhiferation
|cof the posterior corneal epithelium may produce large,
Irround, granular cells.

Opacity of the Cornea.— When this is slight, it is
ccalled nebula ; when dense, it is known as leucoma.
‘After various forms of inflammation, the affected portion
cof the cornea is left with areas of opacity of larger or
lssmaller extent, and this is owing to the substitution for
|ithe normal structure of fibrous or cicatricial tissue of
|wariable density and opacity. Originally rich in cells,
{1t has ultimately only a meagre supply; and, while in

—
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some cases many blood-vessels are present, in others
they are few in number, or there are none at all. The
former situation of deep-seated vessels is sometimes
indicated by denser bands and cords of fibres. A con-
siderable, or even the entire, thickness of the cornea
may be involved, or only a few lamelle, near the ante-
vior surface or further back, may show any alteration.
At a spot where an abscess or an ulcer previously
existed, healing always results in a local opacity; an
infiltration of the margin of the cornea frequently leads
to a similar change, which may extend between the
adjacent lamelle for a short distance; and a long-
continued widespread inflammation sometimes leaves
the whole cornea opaque. The depth and area affected
may thus be very considerable and the change most
manifest; or, on the other hand, the dimness may be
limited and quite inconspicuous. The anterior epi-
thelium is often markedly thickened and irregular in
depth; and patches with fatty molecules, calcareous
deposit, or masses of clear highly refractive material,
are occasionally present among the fibrous tissue or in
the epithelium. Pannose tissue of some standing occurs
in some cases, and then Bowman’s membrane may be
much broken up or even indistinguishable.

Wound of the Cornea.—Sections of a recent pene-
trating wound of the cornea show an opening filled
with inflammatory exudation, composed of round cells
cemented together by fibrine. The uantity corresponds
of course, with the width of the wound ; little more than
o film marks a narrow fissure; & considerable mass
plugs a large gap. Wounds passing obliquely through
the membrane have, it would appear, their sides more

|
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cclosely approximated, while vertical incisions seem more
lliable to gape. The edges are infiltrated with round
ccells ; and the distance to which this condition extends
warles very much. In instances where it is small, the
[margins of the wound are sharply defined, and this is
ccommonly the case ; but, when the infiltration is more
widely spread, the clear corneal substance shades off
wradually into the opaque exudation. A similar dis-
ssimilarity is observed in the ultimate cicatrices of
wrounds which have healed. A mnoticeable and very
ffrequent feature, especially in wounds of some width, is
ia local thickening of the cornea round the opening,
tthere being a gradual inerease in thickness from the
surrounding normal part to the margin of the inter-
ruption, and this arises from the spreading out or
lloosening of the lamelle, whose arrangement in vertical
ssections 18 rather fan-like, while the divided edges of
tthe individual laming are rounded off. Bowman’s mem-
tbrane may bend into the wound.

Where healing is in progress, the place of the exuda-
itlon is partly taken up by newly formed, more or less
wascular, spindle-celled and fibrous tissue, with an
extension of the anterior epithelium spread over it,
such an epithelial layer sometimes dipping into the
mwound and occupying a considerable extent of its
tthickness. "Where healing is complete, the site of the
injury is readily distinguished by the finely fibrous
czicatrix, which at first is a very delicate tissue and has
many cells, but afterwards becomes more dense and
lcontains fewer cells. It is then permanent, and many
jyears afterwards forms a conspicuously opaque line or
parea, with bundles of fibres running in all directions,
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mingled with patent or obliterated blood-vessels. The
corneal layers at the edges of the cicatrix are sometimes
curved backwards; and pigmentation may occur from
a deposit of blood-colouring matter as dark particles
about a wound with heemorrhage.

Neither the membrane of Bowman nor that of Des-
cemet is ever restored when wounded or perforated,
and they are therefore absent at the cicatrix; but the
latter of them is often detached for a short distance,
and a portion of it lies confusedly rolled or folded up
in the adjacent new tissue, or it is smmply bent back-
wards or forwards, with a cleanly cut termination.

There is commonly scme alteration of the normal
thickness of the cornea at the cicatrized spot, which may
either measure more from before backwards than the
neighbouring uninjured parts, or be somewhat thinner
than them. The reduction in thicknessis in some cases
very considerable indeed, a comparatively thin bridge
of fibrous tissue spanning the distance between the
divided margins ; and occasionally a cicatrix about the
periphery of the cornea is found distended outwards
and rendered cystoid, forming a vesicle filled with fluid
and communicating with the aqueous chamber by a
channel in the situation of the original opening.

If the lens has been involved in the wound and its
integrity impaired, some of the curled-up capsule is very
often embedded in the ultimate cicatrix or in similar
material immediately behind that part of the cornea.

In cases of corneal wound, which have been followed
by suppuration, sections from an eye removed in the
stage of acute inflammation exhibit all the details of
purulent keratitis.

l
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Perforation of Cornea and Prolapse of Iris.—The
ornea may be perforated by ulceration or by a pene-
rating wound ; and, more especially if this happens
fowards the margin, a common consequence is the pro-
sapse of the neighbouring portion of the iris through
the opening, with subsequent incarceration. In sections
it such a case various traces of the tissue of the irisare
mextricably mingled with the inflammatory exudation
i+ with the resulting cicatrix. The most prominent of
these are portions of the uveal pigment, as scattered
rigmented cells, free particles, or clumps of various
uzes. Blood-pigment, from heemorrhage at the time
if injury, is also found in the form of reddish-brown

anules or clusters of different kinds. Little cystic
paces occasionally occur in some part of the cicatrix,
vith cellular, molecular, pigmented, or fibrinous con-
¢ents ; and examples of an unclosed opening through
the cornea of some standing have been seen, constituting
dstula cornec.

Synechia Anterior.—This is technically the name of
m adhesion of a portion of the iris to some part of the
ornea or to a corneal cicatrix; but similar adhesion

ay also occur between the cornea and the lens, or,
m the absence of the latter, between the cornea and
the vitreous. It may arise, for example, after a pene-
rating wound of the cornea or as one of the results
if perforation by an ulcer ; or continued pressure from
ehind may drive the iris forward against the cornea,
mtil prolonged contact is followed by adhesion. In
ome instances of traumatic or inflammatory origin,
the portion of the iris lies flat against the opposing
vart of the cornea; in others it is fixed only at the
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cicatrix or even in the actual perforation, and in such
circumstances the real point of firm union is at or near
the opening in the cornea, and by means of some
inflammatory exudation. In other circumstances the
nature of the substance, which binds the membranes
together, is exceedingly difficult to determine ; or, even
when the adjacent surfaces are united over a consider-
able area, not a film of interposed material can be
defined in sections. In the majority of cases Descemet’s
membrane is wanting at the place of union, and its
margin is folded or bent. The iris may be to some
extent atrophied or destroyed ; and its pigment occa-
sionally spreads into the cornea, the particles passing
into, and lodging in, the neighbouring corneal canals
and corpuscles, so that the transparent tissue is so far
obscured by the dark dots. Cystic cavities are now
and then found between the cornea and the iris at
some place, containing coagulated, rather granular,
amorphous substance ; and the iris is then locally
atrophied and thinned by stretching.

Where the capsule of the lens is adherent to the
cornea, the union is effected by inflammatory material ;
and adhesion between the cornea and the vitreous
occurs only when the latter is at least locally replaced
by the products of inflammation.

Staphyloma of the Cornea.—A staphylomatous
bulging outwards of the cornea is either partial, as, for
example, when it is limited to the site of a cicatrix, or
it is ¢ total,” in which case an opaque cornea is largely
and more or less completely involved. Great altera-
tions are found in the cornea and the iris. At the
margin the transparent corneal tissue ceases suddenly,
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|cor passes gradually into the neighbouring cicatricial
|itissue of the protrusion ; and at this point the continuity
jrof Descemet’s membrane is interrupted, and the iris is
liadherent to the cornea. In the area of the staphyloma
itself there is either atrophy and thinning of the tunie,
tor, as seems to be frequently the case, there is great
tthickening, or again at cne part the thickness is much
rreduced, while at another it is considerably increased.
IThe tissue replacing the substantia propria is opaque
and fibrous, though often retaining an indication of
ithe normal lamellae to some extent ; it contains blood-
ivessels and collections of round cells, with occasional
cclusters or scattered particles of pigment in the deeper
Hayers. In front the anterior epithelium is unequally
thickened and irregular, its posterior boundary line in
ssections being undulating and dentated from the pre-
ssence of small extensions directed backwards. Bow-
man’s membrane is absent; and along the posterior
border, which is usually rough, uneven, and almost
ragged at some places, no membrane of Descemet can be
tlistinguished, except perhaps about the margin, where
fragments may be discovered. The adherent portion
of the iris is atrophied, or almost entirely destroyed, so
ithat the only evidence of its former presence may be a
fragmentary line of pigment ; and, although these ex-
freme changes are limited to the staphylomatous area,
nver which the adhesion has been close and intimate in
the absence of Descemet’s membrane, some degree of
itrophy may also be seen in the non-adherent portion
nf the iris. The anterior chamber is necessarily en-
croached upon, and either locally or completely oblite-
rated ; and the lens is displaced forwards or detached.
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Thickening of the Cornea.—Besides the thickening,
which occurs as a collar round a wide wound, and that
which is seen in cases of staphyloma cornes, the
measurement from before backwards of the cornea as
o whole is now and then found enlarged. This may
happen where the eyeball has undergone partial
shrinking, and the cornea is no longer stretched over
so large an expanse as formerly.

Atrophy and Thinning of the Cornea.—The entire
cornea or some portion of i, in the affection known
clinically as conical cornea and keratoconus, is bulged
forwards and reduced in thickness; and a similar
uniform but local thinning of the tissue by stretching
oceurs in some cases of corneal staphyloma. Besides
these conditions, however, a form of atrophy in shrunken
stumps of eyeballs produces great wasting of the cornea,
which is reduced to very small dimensions, sections of
it showing a wrinkled, contracted, and distorted mass,
in which the lamelle no longer have their regular
arrangement, and the lacunz are greatly altered in
shape and size, appearing as diminutive or exaggerated
openings of irregular outline with a confused distribu-
tion. A layer of loose connective tissue may be inter-
posed between this and the external epithelium. In
contracted stumps of eyeballs, after perforation of the
cornea, the situation of the opening is occupied by =
fibrous tissue, sometimes bearing a resemblance to the i
substantia propria, behind a layer of looser connective '
tissue. }

Arcus Senilis.—In this opaque condition of the:
corneal margin, most frequently accompanying old
age, there is fatty degeneration of the corpuscles |
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.of the cornea, and some granules lie among the fibres
(Canton).

Tumours of the Cornea.—The following tumours
sseem to have started rather from the limbus con-
jjunctivee than from the cornea, and they are perhaps
jproperly described in connection with the former struc-
tture :—

(rranuloma, composed of round cells (Pagenstecher
and Genth); dermoid growths (Ryba); epithelioma
(Seitz) ; sarcoma.
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SCLEROTIC.
T. NORMAL STRUCTURE.

TrE sclerotic, the external tunic of the eyeball, is
thinner towards the front than at the fundus, and is
composed of a dense felt-work of white fibrous tissue,
mingled with some fine elastic fibres. These elements,
united together by cement-substance, are in bundles,
which interlace in all directions, but maintain chiefly
either a meridianal or an equatorial course, in badly
defined layers, and the membrane is thus more or less
laminated. Some bundles run circularly round the
entrance of the optic nerve, where the sheaths of the
nerve join the sclerotic; and another set of annular
bundles forms a ring in the inner scleral layers close
to the cornea. In vertical sections of the corneo-scleral
junction these annular bundles are seen cut across, and
constitute a very distinet portion immediately outside
and behind the ligamentum pectinatum ; the most
perfectly circular course of the bundles is just behind
the canal of Schlemm, and the fasciculi further back-
wards take a more and more oblique direction, until,
opposite about the middle of the ciliary body, they can
no longer be distinguished from the other layers. It
the insertion of the tendon of any of the ocular muscles
is present in a section, the fibres are seen to pene-
trate the outer surface for a short distance at an acute
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| angle, and then mix insensibly with the surrounding
| tissue.

The appearance of sections mounted in glycerine
| corresponds with that of similar tissue elsewhere, as,
for instance, in sections of a tendon, and varies greatly
| 1n different cases according to the action of the harden-
ing agent employed, the direction in which the fibres
happen to be cut, and the thickness of the portion exa-
mined. The bundles are sometimes plainly cemposed
of fibrillae, in cther preparations they are quite homeo-
geneous. When they are cut at right angles, the part
has the characters of a transverse section of tendon,
| with a clear glassy mass, broken up by irregular epen-
‘ings and cracks between the bundles, and occasionally
| dotted by the ends of the fibrillae; when they are cut
obliquely, this granular look is at times more marked ;
‘and, when they are cut longitudinally, the course of the
fibres may be quite distinct. The thinner the section
ithe more homogeneous does it seem, and the less
'distinguishable are the component fibrillz.

In sections stained with logwood and mounted in
‘dammar numerous corpuscles are brought into view,
|:similar in appearance to those of the cornea. Seen
‘from the side in such preparations, they seem spindle-
‘shaped, and the nucleus may be elongated, though it is
coval or somewhat round, when seen from the surface.
The cells occasionally lie in pairs, with the nuclei in
ithe adjacent ends. They are said to resemble corneal
ccorpuscles with short processes, and to occupy similar
[spaces. A few of them, which lie in the inner layers,
may contain particles of pigment, and such pigmented
|branched corpuscles, when present at all, are found
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most frequently and abundantly about the entrance of
the optic nerve, and also near the corneo-scleral june-
tion. Some wandering cells or leucecytes occur here
and there.

Silvered preparations of the sclerotic show a system
of lymphatic spaces and canals with an epithelioid
Jining, recalling the familiar arrangement in the central
tendon of the diaphragm of animals, and the blood-
vessels are surrounded by a lymphatic sheath.

Most of the blood-vessels found in the sclerotic are
those which are penetrating obliquely to the deeper
structures, and which give off a few small branches
in their passage. Large ciliary nerves and vessels often
pass through together, and their connective-tissue
sheath is prominent, while occasionally its branched
corpuscles are conspicuous owing to the rich supply of

pigment in them.

The outer surface is covered with leoser episcleral
connective tissue, continuous with the conjunctiva in
front, and this again is covered by a layer of epithelioid
cells, which lines the inner surface of the lymphatic
space, surrounding the greater part of the eyeball, and
lying inside the loose fibrous tissue known as the
capsule of Tenon.

The inner surface is lined by some delicate connec-
tive tissue and elastic fibres with branched pigmented
cells, the shade of pigment in which varies from a light
to a very dark brown, the cells themselves being of all
sorts of shapes and sizes, some of them large and others
small with thinner though longer processes. This is
the lamina fusca, and its internal surface is apparently
covered with a layer of epithelioid cells, such as is
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readily demonstrated in the albino rabbit by staining
with silver. It forms the outer wall of the pericho-
roidal lymphatic space, the opposite wall of which is a
similar membrane immediately outside the choroid, the
lamaina suprachoroidee, The perichoroidal space com-
municates with that enclosed by Tencn’s capsule by
means of the lymphatic sheaths of the blood-vessels,
as they pass through the sclerotic (Schwalbe), and is

traversed by the ciliary vessels and nerves and some
fibres.

IT. ParHoLoGIcAL CONDITIONS.

Sclerotitis.—Inflammation of the sclerotic is almost
always secondary to a similar condition in some neigh-
bouring part, and the cuter or inmer layers are more
particularly affected according to the locality from
which the inflammation has spread. There may be
either an inflammatory dnfiltration, when leucocytes
occur in little collections among the somewhat loosened
fibres and bundles, especially about the blood-vessels ;
or there may be a purulent inflammation, in which case
the normal tissue is locally destroyed, and its place
densely packed with round cells. The pus may find
its way through the choroid and retina into the vitreous,
or the starting-point may be in the choroid, and the
suppuration extend outwards and inwards from that
layer; and, if a specimen is examined from a case in
which such a state of matters has ended in healing, the
spot 1s occupied by cicatricial tissue, uniting the mem-
branes,

Wound of the Sclerotic.—A wound of the sclerotic
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which has healed leaves an easily recognized cicatrix.
The newly formed fibres run from without inwards
more or less at right angles to the direction of the
normal scleral layers. If the choroid is involved, there
may be pigment in the cicatrix, and this is generally
‘1 the form of scattered dark particles. If the retina
also has been injured, its structure is replaced lccally
by the fibrous tissue joining the sclerotic, choroid, and
retina.

Thickening of the Sclerotic.—As a result of long-
continued sclerotitis the thickness of the membrane 18
sometimes considerably increased. In shrunken eye-
balls, where extensive changes have occurred inside the
olobe, and the sclerotic no longer encloses so large a
cavity as formerly, this tunic 1s often found greatly
thickened ; and towards its inner aspect there are bends
and folds, while the course of the fibres, following for
the most part this altered contour, is exceedingly wavy.

Atrophy and Thinning of the Sclerotic.—Another
result of chronic inflammation, or of prolonged imcrease
in the tension of the globe, or of obscure degenerative
and weakening changes, is atrophy of the sclerotic with
bulging outwards. Pathological conditions with thin-
ning are always present in the uveal tract as well, so
that the process is perhaps rather a sclero-choroiditis,
and the choroid is united to the sclerotic at the pro-
truding part, constituting staphyloma sclerce. Here the
retina also is adherent, bulged, and atrophied; or it
remains free and passes across the protrusion unaffected ;
or its outer layers are cedematous, and their swelling
fills the space; or finally inflammatory material
occupies the interval between the retina and the
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{cchoroid.  So far as the sclerotic is concerned, the only
fcchange is stretching with reduction in thickness. The
|:111{;+5’r- important of such alterations is staphyloma pos-
{tterior, which is considered among the diseases of the
| cchoroid,

| Calcareous Deposit in the Sclerotic.—A deposit of
|ccalcareous material is now and then found in the
|:sc!umt£c of old people and also in cases of atrophied
teyeballs.

| Tumours of the Sclerotic :—

Fibroma.—A fibrous tumour, in which many cells

were present, has been deseribed by Saemisch.

Usteoma.—A small plate of bone was found on the

outside of the sclerotic, between the superior
rectus and internal rectus muscles, by Watson.
Cysts have been observed in the sclerotic by Hasner.
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IRIS.
T NORMAL STRUCTURE.

WHEN the posterior pigment layer is brushed off, and
the anterior surface of the iris is viewed with a low
power, the general arrangement of its superficial part
can be observed, and occasionally even deeper layers
also. In some cases or at some places the opacity of
the object may be so great as to forbid satisfactory
examination, but in other instances or ab other parts
the tissue may be much more clear, and its mnature
render observation easy. In such circumstances & dark
ring surrounds the pupil, indicating the position of the
sphincter pupillae muscle. Cords and bundles of the
stroma pass from this at different depths in a radiating
fashion to the periphery or root of the iris, and closer
investigation reveals some of these bundles starting
from the edge of the pupil, and running in front of the
sphincter. They are of various thicknesses, and divide
and unite frequently; and the intervening spaces or
depressions, which differ much in size and depth, are
more or less circular, or oval, or lozenge-shaped, or
quite irregular. They are shorter and wider when
dilatation of the pupil has left the iris somewhat
narrow, and more elongated when contraction of the
pupil has left the iris rather broad with closer approxi-
mation of the bundles. Their distribution is generally




NORMAL STRUCTURE. 47

looser and more divergent towards the pupil, and more
funiformly dense and parallel about the periphery. The
fmeshes are large and subdivided in some eyes, while
fin others the ridges and cords are rather regularly
[readiating. The surface is thus exceedingly rough, with
numerous hollows and furrows between the elevations.
YAt a greater depth the blood-vessels, the walls of which
awre thick considering the size of their lumen, form
llense bands with a wavy and undulating radial course,
Hividing and anastomosing near the pupil.

The shape of meridianal sections, extending from the
nupil outwards, presents some features which are pretty
wonstant. The pupillary edge is thinnest at its posterior
norder, and from this the outline passes obliquely, and
sither fairly straight or with a slight convexity, towards
the anterior surface, which does not come so near the
nupil as the posterior one, ceasing rather at a little
listance from it. The sloping portion then joins the
wterior surface at an angle, which is rounded off, so that
m many cases the two pass insensibly into one another =
ind it is at this point that the iris attains its greatest
thickness. The anterior boundary line is very uneven,
wing to the irregularities already described. Towards
the ciliary border there is a series of large, prominent,

unded elevations, varying in number from two or
three to about six ; and these are due to the presence in
this region of concentric ridges, which are seen cut
ceross 1n such sections. When the periphery is reached,
fhe outline bends forwards at the iritic angle or angle
if the anterior chamber, where the root of the iris is
snnected with the margin of the cornea. The posterior
urface joins the edge of the pupil at a somewhat acute
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angle, and, owing to the shelving or slanting form of
the margin, extends further towards the centre of the
pupil than the anterior surface. There may be a slight
bulging backwards near this, but it is often absent.
Otherwise the thick line of pigment at the back of the
iris is comparatively straight, although the surface has
most frequently a row of small rounded projections.
At the periphery the outline bends backwards, and is
merged in that of the ciliary processes; and the iris is
usually thin at this part. In tangential sections near
the ciliary region, there may be found prominences on
the posterior surface, which are cross sections of
radiating ridges, representing prolongations of the
ciliary processes; and similar but much less clearly
defined eminences are sometimes seen a little nearer the
pupil.

The iris is mainly a structure of connective tissue,
rich in branched corpuscles.

The anterior surface is said to be covered by a single
layer of somewhat flattened granular epithelial cells,
corresponding with the posterior epithelium of the
cornea. Such an epithelioid layer can be demonstrated
by staining with silver in the case of some animals,
notably the albino rabbit ; but its presence is mot so
certain in the human eye. In children traces of such
cells can be observed ; but in adults, if normally pre-
sent at all, they must be very generally lost in the
preparation of specimens, although some appearances in.
pathological conditions do rather indicate their occur-
rence. The anterior layer of the stroma is so crowded
with cells pressed together, that the detection of a
distinet layer would be very difficult in sections.
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The most striking and obvious character of vertical
f2ctions is that almost the entire thickness is composed
't a very spongy and ragged mass of stroma. This has
nme fibres of connective tissue ; but consists chiefly of
rranched corpuscles, both spindle-shaped and stellate,
vith oval or round nuclei. The processes of neighbour-"
ng cells unite and interlace treely ; but as the cells
rre flattened, and lie with their surface parallel to that
it the iris, they are mostly seen in profile in vertical’
sctions, and then appear spindle-shaped, while their’
onnections with one another are indistinet or invisible,
They form a loose network, in the meshes of which
‘e larger and smaller, round, granular, nucleated cells.
'he tissue is more dense towards the anterior and pos-
erior surfaces, and the corpuscles are specially nume-'
»us and closely packed in front. The corpuscles may’
ontain pigment in various degrees; but, as a rule, it
' not in large quantity. In the “blue eye” of a fair
cerson, there is little or no pigment in the stroma.
imost all the corpuscles being quite destitute of it, and
ne few which are pigmented being light brown in’
plour ; but in the iris of a negro the opposite extreme:
- observed, both in the abundance of the pigmented
slls and in the depth of the shade, and the cor-
mscles appear almost swollen with dark-brown colour-
ng matter, which may be rather a stain diffused:
aroughout the cells, and different in character from
ne granules, into which the nvea breaks up. In eyes
iith a meoederate amount of pigment the cells lying’
cose to the anterior surface are much more largely’
ipplied than those more deeply placed, and the pro-
2sses of the branching corpuscles are sometimes

E
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specially easily and clearly defined owing to the
presence of the coloured particles. There are gene-
rally some large, spheroidal, darkly pigmented cells
ccattered both in front of and behind the sphincter
pupillee muscle, and they are frequently more abundant
on its posterior aspect.

At the periphery the stroma is continued forwards,
and intimately mingled with the fibres and membranes
of the ligamentum pectinatum, while posteriorly it 1s
directly continuous with a mass of tissue similar to
itself, occupying the internal portion of the cihary
body round the anterior and inner margin of the cihary
muscle.

The main blood-vessels are situated about the middle
of the thickness of the iris, and a considerable amount
of the connective-tissue fibres is associated with them,
forming part of their adventitia, and rendering them
conspicuous. Their connection with the circulus arteri-
osus iridis major in the ciliary body may be seen. There
are also some prominent bundles of fibres at the root of
the iris, passing into the matrix of the ciliary body and
among the trabecula of the ligamentum pectinatum.

Tn ordinary sections the nerves do not seem numMerous;
but fibres can be distinguished here and there, more
especially in the neighbourhood of the blood-vessels
and about the posterior surface.

The sphincter pupille is a ring of unstriped or smooth
muscular fibres round the pupil; and in meridianal
sections, where it is cut transversely, it forms a rod of
dense material, compared with the loose stroma, vary=
ing in shape and size, close to the posterior surface at
the margin of the pupil.
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Behind the general mass of the stroma, and imme-
diately in front of the uvea, there is a continuous
delicate sheet of nearly straight and almost parallel
radiating fibres, which are composed of involuntary or
unstriped muscular fibre cells with their usual elongated
nuclel. Both at the pupil and at the ciliary margin their
course, as seen In surface views of brushed specimens,
is in divergent bundles, which in some instances show
a tendency to form loops. The elements of this layer
have been variously described as constituting a dilatator
pupillze muscle, as connective-tissue spindle cells, and
|| as a membrana limitans or basement membrane.,
|  The wvea or pigment layer, which covers the back of
the iris, appears in vertical sections as a broad black
band, and at cracks or at the margins of the line the

component particles of pigment are seen cemented
" together ; but individual cells can nowhere be dis-
‘tinguished. In surface views of brushed specimens,

however, the remains of this layer are found as large
roundish or polygonal cells crammed with dark-brown
_granules. When the posterior surface of an unbrushed
Iris is examined with a low power, the pigment layer
may in some cases be observed to be composed of a
number of concentric ridges, and these again are
'divided up into portions, so that the rings are by no
‘means complete, but are made up of a series of curved
vor slightly crescentic pieces of different lengths, running
~parallel with the edge of the pupil, and ending in blunt
- points, which fit in between similar ridges on either
iside. Often, however, the posterior surface of the uvea is
tsimply a somewhat uneven mass, in which no such con-
Hfiguration can be seen, and no division into ridges with

E 2
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shallow intervening furrows can be traced. In meri-
dianal sections the uvea extends from the pupil to the
periphery, where it is continuous with the pigment
layer of the ciliary processes. It generally reaches
slightly round the edge of the pupil, and may even
cover the sloping margin for a very short distance. Its
anterior boundary line is smooth and even; but pos-
teriorly it has commonly a number of small nodules or
hemispherical swellings, differing in size and height,
which are transverse sections of the concentric ridges
just mentioned.

1I. PATHOLOGICAL CONDITIONS.

Iritis.—In preparations from eyes, in which there is
inflammation of the iris, there are locally the usual
evidences of an inflammatory condition, such as thicken-.
ing, swelling, or change of shape, distended hypersemic
blood-vessels in the midst of little knots of round cells,
or larger areas of inflammatory exudation, or turther
changes in an infiltration, tending to the formation of
some varicty of fibrous tissue or to destruction by
suppuration. The influence and effect of such altera-
tions upon the iris itself, upon the adjacent structures,
and upon the relations of the iris to the latter, give,
something special to almost every case which comes to
microscopical examination; but three forms of iritis,.
based upon the main characters of the exudation, may
be described, although they cannot be entirely separated
from one another, owing to the presence of features
common to them all.

Plastic or Simple Iritis.—In this, which 1s the most
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msual variety, the iris is infiltrated with round cells to
@ moderate extent, and there is at some part of its
surface an inflammatory exudation with characteristic
effects. It may be at any place, in front, behind, or
sabout the pupil. If recent, it is composed of fibrine
sand leucocytes, and clinical observation shows that this
eeither 1s absorbed or becomes organized. All the steps
wof the latter process are seen in different cases, accord-
ling to the stage which has been reached, or many of
ithem occur in one specimen. At an early date the
cexudation is found to be infiltrated with a large num-

lber of round cells among the strings of the fine
ifibrinous network ; at a later date the locality is occu-

jpied by a membrane formed of delicate fibres, spindle
ccells, round cells of different sizes, and collections of
pigment either as free granules or confined in cells ; at
wa still later date the membrane is densely fibrous, and
thas fewer cells. The effects of the exudation are most
marked about the posterior surface of the iris, the
ccommon result being adhesion of the uvea to the cap-
ssule of the lens, a condition known as syncehia posterior.
IIn simple synechia the uvea is joined to the capsule by
means of a small quantity of amorphous material ; in
membranous synechia the union is effected by organized
ttissue, which may be merely a thin line in sections, or
fform a thick layer. Circular or annular synechia,
where a ring of the iris round the margin of the pupil
is adherent o the lens, forming what is called exelusion

fof the pupil, leads to accumulation of fluid behind

ithe iris, which is then bulged forwards, producing a
‘funnel-shaped pupil. In sections of such globes the
idistended posterior chamber is empty, or is filled with
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a clear, slightly granular, coagulated mass; and the
pressure from behind, produced in this way, if it has

been long continued, may be found to have caused

stretching, thinning, and atrophy of the iris. A =
pupillary membrane, which is present in the condition
known as occlusion of the pupil, affords a good example
of the results of organization of iritic exudation. The
pupil is blocked by a layer of fibrous tissue, containing
cells of various shapes and frequently some pigment;
and the border of this slightly overlaps and embraces
the edge of the iris, in which thinning, or atrophy, or
distortion of some kind may have been produced by
the contraction and dragging of the membrane. In
total synechia posterior, where a very large extent or
almost the whole of the iris is adherent to the capsule
of the lens, it may be difficult or impossible to make
out a definite layer between the two over a wide area,
or, on the other hand, a comparatively bulky, vascular,
fibro-cellular membrane may have replaced the original
exudation, and bound the surfaces firmly together.
Great changes are then seen in the uvea. It is some-
times very thick and uneven, with projecting processes
extending into the inflammatory material, or it 1s
broken up, and fragments of it are lodged in the newly
formed tissue as masses of very irregular form, or as
scattered free particles, or as pigmented cells. It 1s
often extensively detached and carried away from its
normal position to some distance; or, in instances
where there are large posterior synechize, it may be
separated at intervals from the rest of the iris, so as to
leave a series of intervening cystic spaces, which con-
tain inflammatory products of various kinds, such as
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keoagulated material in small, rounded, highly refractive
<nobs along with large clear vesicles, granular amor-
fohous substance, fibrine in strings and small vesicles,
freed blood corpuscles, round cells of various sizes, pig-
imented cells apparently derived from the uvea, or cells
wvith blood pigment in the form of brownish granules
lboth large and small. These last seem to be examples
oof pigmentation of cells from absorption of red blood
ccorpuscles into their interior with subsequent shrink-
iing, contraction, and degeneration of the bloed cor-
mpuscles, the ultimate result being the production of
aa large spheroidal cell, inside the clear outline of which
llies a variable number of reddish-brown granules, some
cof considerable size, amongst which a round nucléus
ccan occasionally be demonstrated by staining. These
sare the changes deseribed in connection with this form
tof pigmentation from heemorrhage elsewhere, and many
iinflammatory conditions in the eyeball accompanied by
llocal haemorrhage show these pigmented cells, which
coccur not only in the products of iritis, but also in the
linflamed ciliary body, in membranes formed behind the
llens in cyclitis, in the inflamed choroid, near choroidal
rextravasations, and in the retina detached by extensive
ssub-retinal heemorrhage or altered by atrophy.
Purulent Iritis,—In cases of suppurative iritis there
1is often merely a layer of pus on the anterior surface of
tthe iris with some infiltration of round cells in the
sstroma. In purulent panophthalmitis, again, there is
iwidespread purulent iritis with a profuse collection of
iround cells in the swollen or distorted iris, while pus
tcells and leucocytes entangled among strings of fibrine
rare accumulated in the anterior chamber, producing the
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condition called clinically hypopyon. The stroma of the
iris is entirely obscured by the infiltration, or replaced
by a mass of round cells, cemented together by a
oranular fibrinous coagulum. The normal corpuscles
are destroyed, and the uvea broken up, so that in the
midst of the crowded leucocytes there are disintegrated
pigmented cells, free granules of pigment, and masses
of the uvea, along with compound granular corpuscles,
clear vesicles, and molecular débris. In such cases
other parts of the globe are inflamed also, the ciliary
body, the choroid, the vitreous, and the corneo-scleral
junction being more or less infiltrated with round cells.
In specimens from a later stage the iris may be repre-
sented by an atrophied membrane, or by fragments of
its original tissue such as the sphincter muscle, or merely
by some collections of pigment.

Inflammatory Edema of the Iris—In eyes affected
with ¢ serous iritis” the most characteristic features
are those of inflammatory cedema. The tissue of the
thickened iris is locser than normal, and some of ifs
spaces are filled with a gelatinous-looking finely
granular substance, which is sometimes stained a yel-
lowish colour by dissolved bloocd-pigment. Thenumber
of inflammatory round cells present is limited, both in
the iris itself and in the surrounding exudation. If
the margin of the pupil has become adherent to the
capsule of the lens from the formation of annular syn-
echia, the iris may be pressed forwards, and the dis-
tended posterior chamber is empty or cccupied by a
finely granular mass, the surface of which, as seen in
thick sections, is nodulated, while in thin sections its
margin is scalloped, and recalls the appearance of the
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|layer of coagulated serum which i1s sometimes found
|!between the central clot and the wall of hyperamic
||blood-vessels, cut across in preparations of other
{inflamed tissues after hardening. The posterior epi-
[ithelium of the cornea generally presents some changes
eeither of proliferation, or of degeneration, or of partial
ddestruction, conditions referred to in connection with
(descemetitis and keratitis punctata. In some prepara-
iflons there are appearances, which favour the view that
ithere is a proliferation of epithelial cells on the anterior
ssurface of the iris in iritis, for there are round cor-
jpuscles here, the large size of which suggests an
epithelial origin. In some of them «here is a divided
ucleus ; in others the cell has a constriction about the
middle between the nuclei ; in others this constriction
s represented by a filament, connecting the two parts
wnd giving them a pyriferm shape, and rupture of
this filament would set free two of the large, round,
granular, nucleated corpuscles, In serous iritis inflam-
matory round cells are frequently found in the neigh-
nourhood of Schlemm’s canal and elsewhere, as, for
mstance, in the sheaths of the vessels of the retina and
w6 the optic disc. Clinically the changes in serous
ritis are found to end in resolution, or to become
thronic and result in atrophy.

Wound and Prolapse of the Iris.—A wound of the
ris almost necessarily implicates the cornea, and very
rften involves the lens as well. Some of these compli-
tated injuries have been considered among the patho-
rogical conditions of the cornea, and others present
reatures the most prominent of which beleng to inflam-
{mation of the ciliary body. As a rule, therefore, speci-

e
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mens show changes in the surrounding parts in additicn
to the local circumscribed inflammation or destruction
of the iris ; and the results are often so extensive, that
the former presence of the iris may be chiefly indicated

by the remains of the uvea, embedded in a mass of pus

orin a cicatricial membrane, according to the occurrence

of purulent or plastic iritis. In simpler recent cases

the injured portion of the iris is the seat of an exuda-

tion of round cells, and may be glued to the cornea in

front or to the capsule of the lens behind. Such

adhesions lead to displacement, and, by the ultimate
formation of organized tissue, to very great distortion
or atrophy of thetiris. Where there is prolapse of the
iris through an opening in the cornea, the portion
which passes into or through the wound may be large
or small, readily recognizable as the iris, or only reveal-
ing its origin by some few characteristic elements. It
may plug the opening, or constitute a small part of an
inflammatory mass in the gap, and small growths of
granulation tissue are occasionally found on the exposed
portion. A foreign body may be lodged in a wounded
iris, and, if this is a fragment of the margin of an eye-
lid, such as part of an eyelash or a sebaceous gland, the
imported cells may proliferate, and produce a minute
cystic tumour with epithelial and fatty contents
(Krause).

Atrophy of the Iris.—The iris is found atrophied
after inflammation, after stretching produced by the
effect of adhesions between it and the neighbouring
parts, or after prolonged excessive intra-ocular pressure
as in anterior staphyloma and glaucoma. ‘When par-
tially atrophied, it is reduced in thickness and unduly
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|fibrous; in an advanced stage it is a thin membrane,
|ccomposed entirely of pretty dense fibrous tissue with an
;-Imccasinnnl cell or nucleus, a few blood-vessels, and some
|eranular material. Pigment is sparsely scattered about
s free particles, or appears more abundant than usual
[ifrom the contraction of the area, throughout which it
wvas previously spread. The sphincter muscle seems to
tbe unaffected for a considerably longer time than the
other tissues, and the uvea, which is not so much
patrophied as dispersed and destroyed, often remains
mnchanged, although the pigment of the stroma has
ddisappeared. 'When the atrophy has arisen from long-
lu:untinued pressure, as in staphyloma of the cornea,
ifragments of the uvea are sometimes the only elements
wrhich are left. An atrophied iris may be inereased in
shickness, the expansion being caused by the dragging
affect of adhesions to adjacent parts, and it is then a
doose structure, in which there is a large amount of
sonnective-tissue fibres with wasted and degenerated
corpuscles. In the stumps of shrunken eyeballs the
former situation of the iris is occasionally represented
oy a small thin plate of fibrous tissue.
Tumours of the Iris :—

Granuloma.—In addition to the granulations
which are observed on the surface of a prolapsed
iris in some instances, small nodules of granula-
tion or round-celled tissue have been found on
the iris. They may be richly supplied with
blood-vessels, and contain some spindle-shaped
cells, giant cells, and connective tissue (Hirsch-
berg and Steinheim).

Tubercle—A. tubercle in the iris consists of a
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collection of round cells with giant cells (Gra-
denigo).

Guinma.—In the mass of round cells, which form
the bulk of a gumma of the iris, the central
region may show the amorphous granular con-
dition of caseous degeneration, while the margin
is composed of spindle-celled and connective
tissue (Colberg). Clinically it is kmown that a
gumma ends in resolution, or, after absorption,
leaves a circumscribed area of atrophy.

Melanoma—A small tumour of the iris, made up
of some mon-pigmented and many pigmented
branched corpuscles of the stroma, has been
described under this name by Knapp.

Sarcoma.—Various forms of sarcomatous fumours
of the iris have been examined. The tissue may
be spindle-celled and non-pigmented (Kipp) 5
or melanotic, and composed of spindle-shaped
cells without pigment, mixed with spheroidal and
polygonal pigmented corpuscles (Hirschberg) ;
or consist of pigmented round cells (Knapp).

Cysts.—Small cystic tumours occur in the iris,
and seem to be originated by injuries. The thin
wall of the cyst is formed of the stroma of the
iris, much stretched and thinned ; and the cavity
is filled with clear fluid (Wecker).

Angioma.—A small ¢ cavernous” tumour of the
iris has been recorded by Schirmer.
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CHOROID AND PIGMENTED EPITHELIUM.

I. NORMAL STRUCTURE.

I'HE choroid, lying between the sclerotic and the retina,
ss thickest in the neighbourhood of the optic dise, and
wecomes thinner towards its anterior margin, where it
ss continuous with the ciliary body. It is a membrane
:omposed of connective tissue, richly supplied with
nlood-vessels and pigmented cells, the pigment being
the most prominent feature in a surface view, and the
nlood-vessels occupying most of the field in a vertical
section,

When it is examined from the inner surface under a
tow power, the vessels form clearer lines, so distributed
18 to leave elongated meshes; and in the latter are
tound dark masses of accumulated pigmented cells.
IThe distinctness of this configuration is toned down or
dbscured, when the pigmented epithelium has not been
removed. If the portion happens to include a venw
vorticosa, the branches of the vessel and the mtewenmg
ppaces have a stellate arrangement.
~In vertical sections the general appearance is very’
fmuch that of a mass of blood-vessels cut longitudinally,
pbliquely, and transversely, bound together by fibres,
mwmong which it is difficult to define the walls of the'
vessels. It is a loose tissue with many and large holes:
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The inner part contains a multitude of minute vessels
and capillaries, and 18 called the membrana chorio-
capillaris or membrane of Ruysch, while the larger
vessels with the greater part of the stroma pigment are
in the layers external to this.

The stroma is formed of a close felt-work of delicate
white and elastic connective-tissue fibres, amongsb
which smooth muscular fibres have been seen (Iwanoff).
Leucocytes are scattered throughout it, and form here
and there little collections resembling adenoid tissue.
Some of the connective-tissue corpuscles contain no
pigment, and are either large, round, and granular, or
flattened, irregular, and branched. Ior the most part,
however, they are pigmented, in which case the cells
— which may be roundish or spindle-shaped, but are
generally of very irregular form, flat, and branching
__are filled with brown granules, the dense packing of
which may make the cell appear black. The pigment
varies greatly in shade and quantity in different people,
and even at different parts of the same eye. It is paler
in fair persons and darker in those with dark hair and
in the dark races; and sometimes the shade is lighter
in the inner than in the outer layers of the choroid.
The nucleus usually appears as a clearer spot about the
centre, and stains deeply. The processes of the cor-
puscles are long or short, thick or thin, tapering or
club-shaped, undivided or branching, numerous or few,
~ and frequently unite with those of the neighbouring
cells. These cells are chiefly in the outer strata of the
membrane, and, as they are placed with their flat
surfaces parallel with those of the choroid, it is a side
view of them which is obtained in vertical sections.

i
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There are many nerve fibres, forming a plexus, with
prranular ganglionic nerve cells ; and, towards the scle-
[otic, portions of the ciliary nerves, as they pass for-
[7ards, are often seen in sections, thin, branched, pig-
frented corpuscles being occasionally found between
{ihe fibres of a nerve bundle.

Staining with silver brings out the ordinary endo-
jthelial lining of the abundant blood and Iymphatic
eessels ; but it is sometimes difficult to determine the
irecise nature of a given vessel in such preparations in
the human eye.

Externally, there is a thin membrane with many of
bhe characters of the choroid, of which it seems to be the
mter layer. This is called the lamina suprachoroidea,
md 1s formed of delicate connective tissue and elastic
tbres, with corpuseles of many kinds, mostly pigmented.

ome of these are large and branched with short pro-
resses, or smaller with longer and thinner processes,
7hile others have no branches, and form irregular
llates. The possession of pigment makes all of them
wch more conspicuous than the pale, round, granular,
wcleated, lymphoid cells, of which there are always a
2w present. The lamina is covered by a layer of epi-
thelioid cells, forming the inner wall of the perichoroidal
rymphatic space, the outer wall of which is the lamina
usca inside the sclerotic.

Internally, the choroid is bounded by a smooth, homo-
Feneous, transparent membrane, the lamina witrea or
piembrane of Bruch, directly continuous with the layer
It similar structureless material in which lie the
mapillaries of the chorio-capillaris.

Sattler has described perivascular lymphatic sheaths,
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and also an elastic layer between the capillaries and
the larger vessels, divided by a space, which is lined
on the opposing surfaces with endothelinm.

Pigmented Epithelium.—Resting upon the lamina
vitrea there is a sheet of pigmented epithelium, for-
merly described as part of the choroid, but now, in
consideration of its development from the outer wall
of the optic cup, regarded as belonging to the retina.
Tt is most conveniently discussed in connection with
the choroid, to which it generally adheres in examina-
tions of the eyeball, and in whose fortunes it largely
shares in disease. ¥ gt

It is a single layer of thick, flattened, polyhedral cells,
which, seen as they lie in flakes, are of varying but pretty
uniform size, and of fairly regular hexagonal shape.
In such preparations the nucleus is usually hidden, but
it is sometimes visible as a clearer or quite clear spot af
any part of the cell, often towards one side. When
seen sideways, the cells are found to differ in their
outer and inner halves ; the former, next the choroid,
is clear, highly refractive, nearly or altogether without
pigment, and contains a round nucleus, which stains
readily ; the inner part, on the other hand, next the
retina, is more or less crowded with oblong brown par-
ticles. As in the choroid, so here also the tint of the
pigment is in keeping with that of the rest of the body;
in fair persons it is comparatively light brown, in dark
persons and races it appears almost black. The cells
are joined together by a transparent cement-substance,
which stains with nitrate of silver in the usual way of
such intercellular material, and occasionally occurs as
fraoments of a network in preparations where the cells
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prave dropped out. According to Schultze and others,
feelicate processes extend from the internal surface of
the cells among the rods and cones of the retina.

In the majority of sections this layer forms a per-
eactly opaque band, in which no division into cells can
e distinguished ; the inner border is rough, and in-
ividual particles of pigment are seen there; and occa-
iwonally the clear outer portion is quite distinet, with
the nuclei lying in it at nearly regular intervals.

—

II. PatroLoGICcAL CONDITIONS.

Hyaline Excrescences of the Lamina Vitrea.—The
wwesence of small, hard, warty projections on the
nternal surface of the lamina vitrea may be a senile
thange or the result of choroiditis; and the condi-
ion 1s known as colloid disease or colloid degeneration.
‘hese little bodies have been found in the eyes of the
coung (Alt) ; and they occur at any part of the choroid
w on the ciliary processes. They are clear and strikingly
reansparent in the midst of the surrounding tissues, and
ange in size from minute points to considerably larger
rowths. If single, they are hemispherical, round, or
wal ; while, if united into small groups, the form of
the compound mass with its uneven outline resembles
that of a gland, and such nodules are called Glasdrusen
vy the Germans. They have sometimes concentric
ines in sections, and the larger aggregations thus look
ike fragments of decalcified bone. They may be some-
vhat fibrous, or contain particles of pigment or granu-
iar material, or be the seat of calcareous deposit.

The pigmented epithelium is pushed forwards before

I’
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the growth or to the sides; in the former case the
projection 1s covered, and in the latter the most promi-
nent portion is bare, while an accumulation of pigment
gurrounds the margin and base. The furrows and
depressions of the larger compound excrescences are S0
occupied, and the other parts are exposed. .

Under a low power an area of the choroid affected in
this way seems studded with clear openings, where the
absence or disarrangement of the pigment is well
marked ; but focussing shows that such spots are pro-
minences encircled by a dark ring, while the epithelium
as a whole may be greatly atrophied and destroyed.

The glassy bodies are sometimes detached and em-
bedded in a diseased retina, and, if the retina is itself
detached, they may be found in it at a distance from
their place of origin.

Intra-choroidal Heemorrhage and Pigmentation.—
Rupture of some blood-vessel, as, for example, after &
blow on the eyeball, leads to extravasation of blood in
the choroid, and the hesmorrhage is either diffused
throughout the tissue, or & clot occupies a space between
two portions, an inner and an outer, of nearly equal
thickness, into which the choroid is split.

In the neighbourhood of extravasations, and also in
cases where there are evidences of inflammation of the
choroid, such as a fibrinous coagulum and some round
cells, without any blood clot, a number of pigmenteﬂ,'
cells, of the kind referred to under © Tritis,” may be found.
These present the appearance of clear vesicles, containing:
a variable number of large granules, which are reddish-
brown or very dark brown in colour, and are often of
comparatively uniform size. Similar granules and much
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poore minute particles are generally scattered about,
ingly or in little groups.

Detachment of the Choroid.—A detachment or dis-
pllacement of the choroid is frequently observed in eyes
7hich have been enucleated. It may be circumscribed
v widespread, and the distance between the choroid
nd the sclerotic small or considerable. The space is
cupied by a sub-choroidal effusion of blood, or by
ome fluid, which is usually yellowish in colour, and
ontains cellular elements and remains of pigment, or
7y granular coagulated material, portions of which
Iing to the walls of the cavity in sections after
sardening. A common cause of detachment is the
ragging produced by cyclitic membranes, and the
iterval between the sclerotic and the choroid in such
ses often contains inflammatory products, the chief of
thich is fibrine in the familiar intricate network of
right strings.
Hyperseemia and (Edema of the Choroid.—(ldema
“the choroid may merely render the tissue excessively
se and spongy with empty spaces; but more fre-
nently, as seen in hardened eyeballs, it leads to
oliteration of many of the normal characters. When
cere is hyperemia, as shown by distension of the
vssels with blood corpuscles, it is not uncommonly
mnd that the fibrous structure is greatly disguised.
1ne sections are peculiarly glassy, and the vessels oceur

collections so entangled and confused that it is
1possible to trace their relations. In other instances
‘©© membrane is increased in thickness, and sections of
sshow nothing but a transparent, glancing, and granular
fass, in which there are round and oval openings
F 2
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corresponding with the position of the vessels, while
the pigmented cells of the stroma lie in rows. The
coagulated material, with which the choroid is thus
extensively infiltrated, has vacuoles, and is frequently
stained yellow with dissolved colouring matter from the
blood. Accompanying this condition there may be
similar serous-or fibrinous material with a few round
cells outside the choroid, separating it from the sclerotie,
or on the inmer surface, when there is detachment of
the retina, and the pigmented epithelium adheres either
to the retina or to the choroid. Such effusions assume
varied appearances in preparations from eyes which
have been submitted to the action of hardening reagents.
There may be only traces of the fluid in the form of
granules, or the space may contain a large coagulum,
and this is either structureless and almost clear, with
a scalloped and vacuolated edge, or it is much more
opaque and made up of short fibres like dense fibrine,
or it is a collection of bright highly refractive knobs.
The arrangement of the pigmented epithelium is some-
times altered, or the cells are somewhat pale and
bleached looking.

Plastic Choroiditis.—In ordinary cases of choroiditis
the changes are confined to separate spots; but the
affected areas may have united, or the inflammation be
more diffused. There are hyperamic blood-vessels and
inflammatory exudation of serum, fibrine, and round
cells, the last being confined to, or specially numerous
in, the neighbourhood of the vessels. In addition,
there is often a profusion of pigmented cells which
contain dark-brown particles of the normal kind or
larger, or reddish-brown granules, as in localities where
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there has been haemorrhage. The pigmented cells of
the stroma may possess no processes, and form roundish
bodies with larger particles of pigment than usual ; and
they may show the successive stages of division and
proliferation. Some cedema is frequently present. The
pigmented epithelium is generally thinned, disarranged,
or wanting over the place of disease ; and at the margin
there is an accumulation of particles of pigment, either
in cells or lying free.

The lamina vitrea has occasionally hyaline excre-
scences on its surface,

At a later stage the inflammatory exudation is re-
placed by conmective tissue, and locally the choroid is
fibrous, atrophied, and thin, being either deficient in,
or destitute of, pigment, or containing clumps of it in
the cicatricial tissue or in the immediate neighbour-
hood.

If the exudation has passed through the lamina
vitrea, it lies under the pigmented epithelium, the rods
and cones of the retina being altered or destroyed, or
1t 18 mingled with the remains of the broken-up pig-
mented cells, and forms a layer between the choroid
and retina. If it has penetrated into the retina, there
1 an interstitial inflammation of the latter, constituting
choroido-retinitis with, as a rule, ultimate formation of
cicatricial tissue and adhesion between the two mem-
branes over the area involved. The consequent atrophy
of the retina may be confined to the outer portion,
extending no further inwards than the external nuclear
layer, and some cells from the pigmented epithelium,

which is absent at the place of adhesion, are found in
the retina.
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Tny retinitis albuminurice the condition of the choroid
‘hdicates in many specimens a certain amount of
inflammation, such as an cedematous and spongy
character with empty spaces or masses of coagulated
serum, or an increase in the number of leucocytes. In
more advanced cases of Bright’s disease some of the
choroidal blood-vessels haye thickened walls, which are
clear and conspicuous in sections.

Purulent Choroiditis.—This is almost always diffuse,
and is recognized by the large number of round cells
throughout the choroid with an intercellular granular
coagulum. There is great thickening and swelling of
the part, with destruction of the proper structures in the
later stage, although the pigmented cells of the stroma
appear for long, and in the midst of many marked
alterations, apparently unchanged. Ultimately there
is nothing but a mass of round cells with scattered
collections of pigment. The lamina vitrea is generally
interrupted, and the pus found spreading into the
interior of the eyeball at some place ; and the retina 1s
thus infiltrated, or separated from the choroid by an
acoumulation of granular and vacuolated amorphous
substance into which the pus extends. In the earlier
stages the pigmented epithelium 1is unchanged, or
shows signs of breaking up with dispersion of the dark
particles ; but in other cases it is considerably thickened
or entirely absent. It may be pushed inwards along
with the lamina vitrea by an accumulation of pus in the
inner layers or chorio-capillaris, while the outer layers
of the choroid remain intact. The inner layers of the
sclerotic,'if attacked, are infiltrated with round cells.

Suppurative choroiditis is usually part of purulent
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panophthalmitis ; but the result is sometimes chronic
mflammation, and specimens may come for examination,
| which have reached a very advanced stage, with forma-
| tion of fibrous tissue and atrophy of the globe.

Wound of the Choroid.—At the point of injury
| there are signs of choroiditis, the form, stage, and effect
| of which vary in different cases and at different dates.
| The local condition is perhaps lost or concealed in
|1 extensive purulent choroiditis or even panophthalmitis,
|1to which it has given rise; or cicatrization may have
Itaken place, and the wounded tunics of the eye be thus
firmly united together. The choroid is then joined
locally to the sclerotic, which is pigmented, or to both
fthe sclerotic and the retina, with pigmentation of the
itissues about the spot.

Formation of Bone in the Choroid.—Chronic cho-
iroiditis of any kind is now and then followed by the
iformation of a fibrous membrane on the inner surface,
iin which, or under which, there lies either a calcareous
tdeposit among the fibrillated material or a plate of
tbone with the usual irregular trabecula, intervening
|sspaces, lacunw, and canaliculi, and occasionally sur-
wounded by osteoblasts. This also occurs along with
ithe presence of hyaline excrescences of the lamina,
witrea. A lamella of bone is sometimes found under
ithe lamina vitrea and occupying the whole thickness of
ithe choroid, its size varying from a very small nodule
ito a plate of some thickness and extending over a con-
fsiderable area. In a large scale at the fundus there is
2 perforation corresponding with the normal aperture
fin the choroid, allowing the passage of the optic nerve

[fibres, and in other examples the optic disc is sur-




73 CHOROID AND PIGMENTED EPITHELIUM.

vounded by a ring of bone. The lamina vitrea is
generally distinguishable, even although widespread
changes have caused destruction of the other choroidal
tissues.

Atrophy of the Choroid.—An atrophied choroid 1s a
thinned fibrous membrane, from which all pigment has
vanished, or in which bands of pigment render the
details of the dense tissue very obscure in sections.
Choroiditis commonly causes the former condition;
prolonged intra-ocular pressure often results in the
latter. The degree of atrophy ranges from a slight
thinning with increased density to almost total destruc-
tion of the normal appearances, there being few cells
present, and the blood-vessels not being visible, while
in extreme cases there may be no characteristic ele-
ments in the situation of the choroid.

Over a white non-pigmented spot the pigmented
epithelium is wanting ; but the adjacent cells are very
dark, and the layer generally shows an increased thick-
ness here. The pigmented cells of the stroma sur-
rounding such an atrophied portion seem more con-
spicuous than usual, and amongst them lie masses of
dark particles. If the atrophied choroid 1s simply
condensed, the pigmented epithelium is frequently un-
altered.

Where the choroid is undergoing disintegration and
destruction, as, for instance, when it 1s being invaded
by a malignant growth, numerous fatty cells occur in
oroups, which are derived from the corpuscles of the
stroma, either those with or those without pigment.
All degrees of the change are seen, from a few glisten-
ing fatty granules in the body of the cell to distension
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| of the corpuscle with bright shining globules. One
| part of a cell may show mnormal pigmented contents,
|| while another part has little molecules of oil. If the
| cells break up, their contents are dispersed throughout
the neighbourhood.

Staphyloma Posterior.—This is a localized bulging
| backwards at the fundus. It is almost always at the
side of the optic nerve next the macula lutea; but it
| sometimes encircles the disc, and then similar changes
are found on each side of this in sections. There is
thinning of the sclerotic and atrophy of the inner tunics,
| all the membranes bending outwards, and being occa-
| sionally united together. In vertical sections including
the optic disc in"a well-marked case the somewhat
thinned sclerotic has a greater curve at the protruding
spot than in the rest of its extent, and is placed further
back than the opposite unaffected side of the dise. In
normal circumstances a ring of the sclerotic round the
disc is usually thin, the position of this corresponding
with the anterior extremity of the interval between the
junction of the sclerotic with the inner sheath of the
optic nerve and the point at which the outer sheath
unites with the scleral layers. In staphyloma posticum
this part is stretched, and the end of the inter-vaginal
space is often prolonged behind the staphyloma for a
short: distance from the optic nerve. Vessels passing
through the staphylomatous region of the sclerotic are
sometimes affected ; but they are not always obliterated,
nor are the nerves destroyed. The atrophy of the
choroid is very marked ; and in advanced cases there is
only a thin, dense, fibrillated membrane, with neither
corpuscles, nor pigment, nor vessels, The pigmented
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epithelium is absent over this area, which, when confined
to its usual locality at the side of the disc, is called
from its shape, as seen with the ophthalmoscope, the
crescent. At the outer border of the crescent, however,
the pigmented epithelium 1s frequently accumulated
ihto a small dark heap, and here there are also round
epithelial cells with little or no pigment. The plane of

the inner surface of the disc may be oblique. The '

retina is atrophied locally to a greater or less degree;
and, when glaucoma has accompanied the staphyloma,
the disc is excavated.

Tubercle of the Choroid.—The presence of a tubercle
-1 the choroid causes a circumscribed swelling or pro-
minence, composed of a collection of round cells in the
stroma. Giant cells may be found in 1t (Alt) ; and the
occurrence of the bacillus tuberculosis has been demon-
strated several times. The pigmented epithelium either
covers the little tumour, or is absent to some extent
over it. Part of the mass may have undergone caseous
degeneration (Manz). The disease also occurs as &
general tuberculous infiltration of the choroid (Poncet).

Granuloma of the Choroid.—Minute granulations,
composed of round-celled tissue, may form on the
choroid, and project inwards. They occur after wounds
(Alt), or along with trachoma of the eyelids (Leber);
but do not constitute granulation tumours in the strict
sense of the term, although they have been recorded
under that name.

Cysts of the Choroid.—Small cystic spaces in the
periphery of the choroid, with a thin wall lined by
endothelial cells, have been deseribed by Alt, which
were possibly distended lymphatics.
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Angioma of the Choroid.—Panas has described a
|:small cavernous tumour, occupying the whole thick-
|1mess of the choroid, at a spot near the disc, under this
ilname. It consisted of fibrous tissue with numerous
[1minute spaces filled with blood corpuscles.
Sarcoma of the Choroid.—Several varieties of sar-
| ccomatous tumours, round-celled, spindle-celled, non-
|pigmented, or melanotic, spring from the inner and
|touter layers of the choroid. The round cells are small
|cor large, and so also are the spindle cells ; the branched
ccells are very irregular ; and the different cellular forms
imay be found in separate districts of the same tumour.
"The characters and course of the disease differ accord-
|iingly, just as in other parts of the body. The inter-
ccellular substance is, as a rule, exceedingly scanty ; but
|1in some cases it is more noticeable, and even gives the
(growth an alveolar structure, resembling carcinoma.
The blood-vessels are abundant, and are often without
rapparent walls, rather forming canals through the
|ttissue ; if specially numerous, the tumour has a cavern-
(ous appearance.

In the earlier stages, or where there is slow growth,
|ithere may either be a circumscribed prominence pro-
Jjecting into the interior of the eyeball from the choroid,
iwhen the lamina vitrea is broken through, and, if seen
tat the margins, forms folds there, or the choroid may
uﬂae thickened over a large extent by a diffused growth.

IIn the later stages the place of origin of the more
immalignant kinds is quite beyond detection, or the globe
|1is so destroyed that only fragments of it are found in
tthe midst of the irregular mass. When seen as it is
:spreading inwards, the tumour may be covered with a
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kind of capsule, which represents the inner layers of
the choroid, or these united with the retina, or the
retina alone. It is sometimes newly formed ; but even
when merely fibrous, it may be derived from the pre-
vious mormal structures, as can be determined at its
margin, Fatty degeneration, crystals of cholesterine,
fragments of hyaline cartilage, areas with myxomatous
gelatinous material, calcareous deposit, and possibly
small formations of bone, have been observed in choroidal
sarcomata.

Examples of the different kinds of tumours will be
most conveniently mentioned separately :—

PRownd-celled.—This is soft, and consists of masses of
round cells. Its distribution and arrangement present
many variations. It is very vascular, and fatty degene-
ration and caseation occur in spots.

Spindle-celled. —Here there is usually a firm tumour,
arising from some part of the choroid, and projecting
into the vitreous, It is made up of spindle-shaped
cells, which are often so bound together by cement-
substance that the individual elements cannot be dis-
tinguished in sections. The remains of the pigment of
the choroidal stroma and of the pigmented epithelium
are distributed throughout it, and give it a grey tint
darker in certain areas; and pigmented cells are
commonly abundant at the outer surface and the
margins, especially where the growing tumour passes
into the normal choroid. There are narrow vessels
with delicate walls through it, and occasionally ill-
defined spaces with blood corpuscles or heemorrhages ;
but this is much firmer and less vascular than the other
forms of sarcoma.
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Melanotie.—The component cells of these growths
| are of various sizes and shapes, spheroidal, spindle-
shaped, branched, and irregular, and most of them con-
tain brown granules, the roundish cells appearing
| specially dark or black. One part of the tumour may
| be pigmented and another part not so; and cells lying
side by side may show great diversity in regard to pig-
mentation, having either abundant dark-brown particles
or being quite free from these. The particles are of
different sizes, and are either inside the cells or
between them ; they are sometimes confined to definite
districts, and may be mostly arranged at the margin
of the growth or along its base next the sclerotic.
Pigmentation from extravasations of blood also occurs.

The neighbouring parts are affected by the sarcomata
according to the nmature of the tumour. In the less
malignant forms or in the early stages, the retina either
acdheres to the surface of the tumour, or is widely
detached by it, or infected and destroyed. Glaucoma-
| tous changes in the ciliary region and the optic disc
are frequently present. The elements of the sarcoma
are found in the blood-vessels and also as groups in the
otherwise normal choroid at the edge of the growth.
In the more malignant forms or in the late stages all
the tissues of the eyeball are liable to show invasion
and destruction, so that in an extreme case the normal
structures and arrangement of the globe are entirely
lost, while the sarcomatous elements have penetrated
into the orbit and spread there. Several stagesin the
extension from within outwards have been observed ;
if the perichoroidal space is obliterated locally, the
remaining edge of the lamina supra-choroidea can be
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traced for a little distance outside the margin of the
tumour ; if the sclerotic is attacked, its tissue is found
loosened and containing mnests and colonies of the
tumour cells, or these are present along the sheaths of
the penetrating vessels and nerves. Even where this
last has been the apparent mode of extension, and
secondary tumours have arisen outside the sclerotic, no
connection between the intra-ocular and the extra-
ocular portions may be discoverable in many sections ;
but at an advanced stage there may be direct con-
tinuity between them over a large extent, the inter-
vening structures having been by that time destroyed.
If the tumour spreads backwards, its elements may be
seen in the inter-vaginal space and along the sheaths
round the optic nerve, or in the substance of the nerve
itself, where it seems to involve the supporting trabe-
cular framework in the first place. Suppuration of the
cornea with perforation opens another passage to the
tumour from within, and the growth has also been
observed extending through a corneal cicatrix. Fuchs
has described an cedematous condition of the anterior
part of the cornea in cases of glaucoma from choroidal
sarcoma. Pressure of an intra-ocular tumour may alter
the shape, position, or transparency of the lens in
various ways ; and there may be evidences of cyelitis.
Changes in the Pigmented Epithelium.—In almost
all pathological conditions of the choroid the pigmented
epithelium is affected, and these alterations have been
mentioned in the proper places. The hexagonal form
of the cells suffers, and the mosaic appearance is lost;
the distribution of the dark particles inside them is
disturbed, and the pigment is diminished or wanting ;
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| the cells degenerate and break up, and the granules lie
loose or dispersed, or they are partially destroyed or
|:altogether absent. On the other hand, changes of an
[copposite kind occur. The cells are enlarged and
|ccrammed with pigment; they accumulate and form
{/heaps; minute tumours of them even extend into the
|1 retina, causing local disorder or destruction of the outer
llayers of that membrane; or they may pass inwards,
tand produce what is called pigmentation of the retina.
(One form of this is found in retinitis pigmentose, where
tthe choroid remains intact (Donders); and similar
iretinal changes are present in choroido-retinitis, speci-
mmens of which are got in eyes lost from other deep-
‘seated disease. This is, however, deseribed in connection
1with the retina,
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CILIARY REGION.
T. NORMAL STRUCTURE.

Tue ciliary region includes the junction of the cornea
and sclerotic, the overlying conjunctiva, the ciliary
body with its union to the iris in front and the choroid
ehind, and the pars ciliaris retinge. The relative posi-
tions and proportions of these are most satisfactorily
demonstrated in meridianal sections radiating from the
centre of the cornea. !

Corneo-scleral Junction.—The anterior epithelium
of the cornea is continued directly into the similar, but
thicker, layer of the conjunctiva. In the eye of the
negro, brown granules occur in this locality, chiefly in
the deeper strata of cells.

The conjunctive usually becomes slightly separated
from the sclerotic in preparations, and its histological
elements have been already described under ¢ The Con-
junctiva Bulbi.” The border of the connective tissue
extends over the margin of the cornea, and stops as
o thin film under the corneal epithelium, this por-
tion with the episcleral tissue forming the limbus
conjunctive.

Bowman's membrane hecomes gradually thinned to a
fine edge, the actual termination of which is not sharply
defined between the delicate fibres on its anterior and

posterior surfaces.
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The transition from the substantic propria of the
|ccornea to that of the sclerotic is rather abrupt and
ssudden, although the exact point may not be everywhere
|ceasy to determine. The continuity of the two sets of
|tfibres is complete, the main difference between them
|ibeing that of transparency. The more orderly, clear,
|sand homogeneous lamelle of the cornea cease, and the
more Irregular, opaque, and fibrillated bundles of the
ssclerotic begin ; but there is no break, as they pass into
cone another. The margin of the cornea, or limbus cornee,
s bevelled off; and is overlapped by the sloping edge
wof the sclerotic, so that the line of union is oblique or
sslanting. Occasionally the scleral tissue, besides spread-
ing thus over the front, reaches a short distance over
ithe posterior aspect also, and the periphery of the
ccornea 1s then wedged in between the inner and outer
I[portions.

The border of Descemet’s membrane is thin, and, along
with some fibres of the adjacent substantia propria,
jjoins thick and sometimes more cpaque cords, which
iform a complicated network at the angle of the anterior
cchamber. This is the lgamentum pectinatum iridis,
ccomposed of successive sheets closely connected with
oone another, each consisting of a mesh-work of cords
wvarying in thickness and running in all directions.
[These trabeculse have epithelial cells adhering to their
ssurface, and the roundish or somewhat oval nuclei of
tthese are conspicuous in all preparations, while only
there and there can some delicate cell-substance be
|(distinguished about them. When Descemet’s membrane
lis stripped off from the cornea—and this can only be
tone with difficulty—the inner portion of the liga-
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mentum comes away with it, and the two structures are
seen to be directly continuous. In such specimens there
i seen a band of fine annular fibres immediately outside
the edge of the membrane. In gsections are seen the
other attachments of the ligamentum to the sclerotic,
the ciliary muscle, and the ivis. As regards the first of
these, the outermost cords pass backwards, and are lost
sight of among the annular scleral bundles which occcur
at this place, and some of them are apparently connected
by means of fibrous tissue with the external layers of
the ciliary muscle, as the latter arise among these
bundles. As regards the second attachment, the cords
pass backwards and inwards, and give origin to fibres
of the ciliary muscle, between which they penetrate
shortly. Thebulk of the ligamentum terminates in this
way. The cords of the third or innermost group, after
passing backwards and inwards, curve still more
inwards and even somewhat forwards, and give attach-
ment to the root of the iris, with the stroma of which
they are intimately connected. The form of the liga-
mentum varies exceedingly in different eyes; in one
it is large with wide spaces and a most intricate
arrangement, in another it is so insignificant that it
can be defined only with difficulty. Frequently the
layers lie close together, and the region is opaque; ab
other times they are wide apart and very clear ; but
usually the thick fenestrated membranes are in a series
of plates which, owing to sections of their irregularities
and cords, have little knobs and swellings in their
course. The channels between the trabeculae are the
spaces of Fontana, which intervene between the aqueous
chamber and Schlemm’s canal.
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The canal of Schlemm generally appears in sections
|:as an elongated cpening of irregular shape in the inner
taspect of the sclerotic, outside the ligamentum pectina-
ttum. It may be subdivided, and sometimes shows a
|!lining of nucleated cells. The canal is situated further
tback, that is to say, nearer the equator of the eyeball,
tthan the anterior edge of the limbus conjunctive.
WStill further back, as a rule, and therefore well
removed from the conjunctival margin, springs the
root of the iris.

The annular arrangement of the scleral bundles
thehind, and sometimes outside, the canal of Schlemm
thas been already noted. In the eyes of children the
part of the sclerotic next the cornea bends inwards,
where the curves of the two membranes meet. The
inner part about Schlemm’s canal, and especially the
sannular portion behind that space, projects internally,
mnd there may be a corresponding depression on the
outside, or the latter may be wanting owing to the
ggreater thickness of the tunics here in the child.
In adults this projection is only slightly marked, or is
eentirely absent.

Sections of a considerable number of blood-vessels
ooccur in preparations of the corneo-scleral junction.
They are branches of the anterior ciliary and the con-
jjunctival vessels, which terminate in a series of loops
in the conjunctiva, offshoots from which penetrate the
Eeclemfic, and are connected with the vessels in the

siliary body, while some capillaries are found in the
adjacent corneal tissue.

Ciliary Body.—The corpus ciliare is an annular band,
liining the anterior portion of the inner surface of the
G 2
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sclerotic, extending in breadth from the iris to the
choroid. As it is thickestin front, and the inner surface
slopes backwards and outwards to the level of the choroid,
meridianal sections are somewhat prismatic in shape,
the base of the prism being directed forwards, and the
tapering narrow edge towards the fundus, while the
‘hmer anterior angle is rounded off. It is divided into
an anterior part, carrying the prominent cilidry pro-
cesses, and a posterior smoother and thinner part; the
former is the pars plicata and the latter the pars non-
plicata. Tts front border is continuous with the root
of the iris and the ligamentum pectinatum ; the hinder
border joins the choroid at the situation of the ora
serrata of the retina. Outside the ciliary body there
are continuations of the lamina supra-choroidea and
lamina fusca with the intervening lymphatic space;
and, as it is therefore only loosely connected with the
sclerotic, it generally falls away from the latter in the
course of preparing specimens, remaining attached,
however, in the neighbourhood of the ligamentum
pectinatum.

The stroma agrees with thab of the iris, and is com-
posed of connective tissue with many corpuscles, which
are either round and of various sizes, or branched and
irregular, pigmented or non-pigmented. In the case of

fair persons, almost no pigment is present; in those =

with dark hair, a few cells with a pale, diffused, brown

L

o

i
8
R

%

" |

colour are usually seen ; but In preparations from the =
eye of the negro there is an abundance of branched =

corpuscles, filled with very dark particles.
Embedded in some of the stroma, and constituting
the greater part of the ciliary body, lies the ciliary
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|imusele, a ring of the smooth or unstriped kind of
mmuscular fibres. Between its fasciculi the fibres and
ccorpuscles of the matrix may be seen, especially the
dark cells of a richly pigmented eye. Anteriorly it
[sarises from the sclerotic and the liganmentum pectina-
ttum ; and the external fibres can be traced among the
|sannular scleral bundles behind Schlemm’s canal ; while
tthose further in start from the trabecula of the
ligamentum. The fasciculi have mostly a meridianal
idirection ; and the external layers spread backwards from
itheir origin ; then they divide into diverging bundles,
which unite with one another and may form knots, and

mgain divide, ultimately ending partly in brush-like pro-
ccesses, which are lost to view in the outer strata of the
|cchoroid, a few fibres sometimes seemingly adhering to
ithe sclerotic. ~The middle or “ radial 7 bundles course
tbackwards and inwards; but at the same time diverge
‘to the sides from their anterior attachment, and thus
ccross, and unite with, each other. This divergence
uncreases further inwards, until the most central and
anterior bundles have a circular path. In antero-
[posterior sections the layers of radiating bundles are
sseen to unite at many points, and they thus form a net-
mwork with elongated spaces, the outer laming extending
cover a greater distance from before backwards than the
inner ones. An expansion, covering the whole internal
ssurface, may be distinguished, composed of annular
tbundles, which are continuous with the adjacent bands.
The anterior and internal circular portion of the muscle
thas been described as a separate muscle, the compressor
llentis of Miiller. Owing to this arrangement of the
warlous parts, meridianal sections show the outer or
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longitudinal bundles cub length-ways, the middle
or radial cut obliquely, and the inner or annular cub
transversely ; while in transverse or equatorial sections,
on the other hand, the external fibres are cut across, the
middle obliquely, and some internal ones longitudinally.
In such preparations the different sets gradually merge
into one another, and are not clearly separated ; they
are all firmly united to the surrounding stroma.
Iwanoff thought that the circular bundles generally
were rolatively largely developed, and projected for-
wards, in the short eyeball of hypermetropia, while
the meridianal bundles preponderated, and the anterior
boundary of the muscle sloped backwards and inwards,
in the long myopic eye ; but he found that this rule did
not always hold good. There is a relation between the
form of the ligamentum pectinatum and the variations
in the ciliary muscle; if the ligamentum terminate to a
large extent in the sclerotic, the external or meridianal
fibres of the muscle, arising from this locality, are
proportionally numerous ; whereas, if the ligamentum
be more loose and spreading in its arrangement, many
of its cords pass directly to the muscle, and the quantity
of annular fibres is greater. This may be stated in
another way : the annular portion 1s increased with a
wide, and diminished with a small, angle of the anterior
chamber, which coincides with the fact that in the
hypermetropic eye the narrower ciliary muscle is rela-
tively further forwards than the broader one found in
the eyeball usually accompanying myopia. The size of
the ciliary muscle does not seem less in the child than
in the adult.

A layer of stroma, free from muscular fibres and
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|fforming a prolongation of the similar tissue of the iris,
iccm-'ers the internal aspect of the ciliary muscle; and
|cextensions of it form the main substance of the ciliary
[iprocesses. Blood-vessels are abundant in the ciliary
|Tbody, but especially so in this inner region; and a
|ccommon object in the anterior part of the ciliary body
|iis a transverse section of the vessels composing the
ccirculus anteriosus iridis major, from which branches
|pass into the iris. Many nerves are distributed through-
cout the whole body, more particularly in its outer part,
:and among them there are ganglionic cells in little
ccollections or isolated.

The layer of stroma is bounded by a clear homo-
(geneous membrane, which is a continuation of the
Hamina vitrea choroidew, passing over the ciliary pro-
(cesses, but not so well defined there as between them.
"When viewed from within, its surface is seen to be un-
teven. Next the ora serrata it is pretty smooth, some
¢slightly raised lines being visible, enclosing vaguely
imarked areas; further forwards there are well-defined
relevations surrounding small irregular depressions ;
rabout the posterior part of the pars plicata, among the
lower ciliary processes, these raised ridges become pro-
'minent, and the intervals are larger; between the
higher ciliary processes the lines are pronounced, and
\enclose comparatively deep hollows of many kinds,
large and small, round or polygonal. Everywhere the
' deeper parts are irregular in outline, and vary in size,
“while 1 some of the spaces masses of pigment remain
‘after brushing the specimen. This configuration gives
the surface a worm-eaten or eroded appearance. In

vertical sections the walls of the pits appear as short
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rods projecting inwards, and the intervals between
them are occupied by black prominences of the pigment
layer, the arrangement being better or only seen when
the latter has become slightly detached from the
Jamina vitrea in preparing the specimen, and the
billowy outline of the pigment is separated from the
clear membrane. It is sometimes impossible to dis-
tinguish the glassy lamina on the surface of the ciliary
processes in sections, or it may appear as an extremely
delicate line.

The pigment layer comes immediately inside the
Jamina vitrea, and is composed of roundish cells filled
with dark-brown particles, amongst which the nuclei
are rarcly visible. As a rule, individual cells cannot
be observed, and the layer forms a dense black mass,
which in sections is a broad band, continuous in front
with the uvea of the iris, and behind with the pig-
mented epithelium on the inner surface of the choroid.
The posterior portion is the thickest, and the crests of
the ciliary processes have often a considerably thinner
layer over them.

Ciliary Processes.—The pars plicata or anterior region
of the ciliary body owes its name to the presence of a
series of meridianal folds or ridges, running from
before backwards, and projecting inwards and forwards.
These are the ciliary processes, and consist of exten-
sions of the stroma, covered by the lamina vitrea, the
pigment layer, and the pars ciliaris retine. Posteriorly
they begin as slight elevations ; but gradually increase
in prominence, until anteriorly their height is con-
siderable ; near the iris they rapidly diminish, and
mostly cease. On examining the inner surface of the
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| corpus ciliare with a low power, it is found that the
posterior zone, the pars non-plicata, is comparatively
| smooth, then in front of this there is a zone with more
or less parallel ridges passing across it, then a zone of
| small secondary processes, and lastly the anterior zone
| bearing the prominent or primary folds, with interven-
ing smaller or secondary ones. The ridges run forwards
and stop between the hinder ends of the prominent folds,
or they sink into the general level again, terminating
either suddenly or gradually, or they divide and unite
with the neighbouring secondary processes at this
part. The posterior extremities of the primary pro-
cesses rise steeply or slopingly, or have a free tail pro-
Jecting backwards and ending in a blunt point. They
have bulgings and swellings at the sides and on the
‘surface, and are somewhat wavy in their course. In
‘front their terminations cease abruptly, or project
forwards and hide the root of the iris, or are continued
ron to the posterior surface of the latter. Between the
:adjacent primary processes, and quite independent of
ithem and of each other, there are lower and shorter
ridges; and, if more than one occupies the furrow, as
iis usually the case, two or three may rise from the
tbottom of the main groove.

Transverse sections afford further information. The
[processes may be sub-divided or compound, having
ttwo or three crests; and their outline is very irre-
tgular, owing partly to lateral undulations or bendings
Hrom side to side in their course forwards, but arising
cchiefly from twistings, with hollows and projections in
ithe sides at different levels, Where they attain their
greatest height, they show great diversity of form ;
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starting from the base in one direction, they change to
another, then shift to a third, and so on, till the summib
is reached, the outline being complicated by thicken-
ings and excavations at the sides and by sub-divisions
with similar characters. Thus, while one side of a
process may continue to run in one direction, there may
be a bulging on the opposite side at this level, giving
the outline there a totally different course ; or one spot
may be hollowed out quite irrespective of any such
mark on the other side. The distances between the
folds are short and pretty regular; and in some of them
lie secondary processes. The front of the ciliary body
behind the root of the iris has a number of depressions
or indentations, some of which are of considerable
depth, while others are more shallow. They extend
backwards in the anterior aspect of the thick portion of
the ciliary body, behind the point at which the sides
of adjacent ciliary processes sometimes unite with one
another. A series of transverse sections ab intervals
from before backwards illustrates these facts very well.
In such a section in front of the ciliary body, near the
oot of the iris, low rounded projections on the pos-
terior surface indicate prolongations forwards of the
ciliary processes. A little nearer the ciliary body long
processes are attached to the iris, and these are the most
anterior projections of the high folds. Behind this,
where the ciliary body begins, & thin band of stroma
anites the bases of long sub-divided processes. Slightly
behind this the processes are shorter, and between them
lie secondary ones, while, outside the band joining their
bases and in the main mass of the ciliary body, there
are openings edged with black, which are the mouths
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of the depressions just mentioned. A short distance
further back the folds are smaller still, and in the thick
band of the ciliary body, which passes across their bases,
| there are irregular openings lined with pigment, which
-are portions of the depressions. Still further back the
processes are lower and simpler, and the openings have
~given place to black masses of pigment, corresponding
with the floor of the depressions. After this the folds
rcontinue to decrease in height and size, and the thick-
‘ness of the ciliary body to diminish steadily, until the
' pars non-plicata is reached, where the pigmented out-
'line is nearly straight and the whole body comparatively
{thin.

Meridianal sections show, as might be expected, an
tequally great variety of outline. If taken from a part
'between two folds, there is little or no projection ; if
ithe whole height of a process is included, there is a
llarge projection directed inwards and forwards ; if the
ssection is from a place where a process is continued on
tto the iris, and if almost all the rest of the fold has been
teut off, there is a mass left adhering to the iris and
lhardly connected with the ciliary body. The base of
ta process may be cut off, and leave the crest attached
tto the iris and coursing freely backwards, or a similar
{fragment of a fold may be left united posteriorly to the
ceiliary body and passing forwards. The middle of a
‘fold may be shaved off, and present an opening irregular
iin form and edged with black ; or in a similar locality
‘a mass of pigment may represent the deepest part of
‘a lateral depression, the more prominent parts of which
thave been sliced off. In the same way the excavations
:about: the front of the ciliary body may be indicated by




92 CILIARY REGION.

spaces or by lines of pigment running backwards,
according as their centres or their walls are present.

Pars Ciliaris Retinee.—The periphery of the retina
terminates at the ora serrata, where the choroid also
ceases ; but from that region there is a single layer of
granular cells, which extends forwards over the ciliary
body, until the periphery or root of the iris is reached,
when it stops suddenly. This is called the pars ciliaris
retinge. Its elements are often badly preserved in
hardened eyeballs; but in fayourable circumstances
various points can be determined. Near the ora the
cells are elongated or columnar, and contain a long oval
nucleus; and in this posterior region they appear
comewhat curved, their inner extremities having points
directed forwards and mingling intimately with one
another. More anteriorly the cells become shorter and
more flattened ; and on the pars plicata they are nearly
cubical, and have a round or sli ghtly oval nucleus. Here
they are covered with a delicate membrane, which olves
the internal surface of the layer a sharp boundary in
sections, especially at the sides and summits of the
ciliary processes. At places in this front area, however,
they may be more elongated. The cells sometimes
contain particles of pigment, and possess short pro-
cesses. Their union with the pigment layer is obscured
by some of the dark granules, which are always scat-
tered over this line in sections; but in some patho-
logical conditions there 1s an indication of the presence
of something like a basement membrane.  Bright
straight fibres of the zonula of Zinn usually adhere t0
their internal surface.
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1I. PatHOLOGICAL CONDITIONS.

Cyeclitis.—The ciliary region is regarded as *dan-
| gerous,” owing to the untoward results which follow
the mfliction of an injury upon it or the lodging of a
foreign body inside the globe in its proximity. A con-
siderable proportion of the eyeballs, which are enucle-
ated to protect the safety of the other eye, are affected
with cyclitis or inflammation of the ciliary body ; but
the disease is then rarely, if ever, confined to this spot,
inflammatory products occurring also in the iris, or in
the choroid, or in both ; and these cases are therefore
classed clinically as irido-cyclitis, cyclo-iritis, irido-
choroiditis, irido-cyclo-choroiditis, and so on. In the
majority of such eyes, submitted to microscopical ex-
amination, there is inflammatory material about the
ciliary region with organization into fibro-cellular mem-
branes ; but the chief character in some instances is an
effusion of albuminous fluid, which coagulates on harden-
ing, while in others the main changes are suppurative,
Histologically, therefore, the varieties tend to overlap.

Infloammatory Edema of the Ciliary Body.—In addi-
‘tion to hyperemic vessels and a few round cells near
‘them, there is an exudation in the enlarged ciliary
body, which has rendered it spongy, separating even
‘the muscular bundles from one another, In sections
‘the meshes of the loosened tissue are empty, or filled
with a transparent slightly granular substance, the
margins of which usually show vacuoles ; and there
|iare also large granular cells, mostly rounded, but
| 'sometimes with processes, having one nucleus or two
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nuclei, and occasionally a few particles of pigment, or
showing vacuoles or a clear envelope. The posterior
chamber may contain a mass of similar serous exudation,
which passes behind the lens and into the vitreous; and, if
the edge of the pupil is fixed by synechia posterior, the
iris is bulged forwards. Inflammatory round cells are
usually seen in the exudation and in the pars ciliaris
retinzse, the posterior part of the latter frequently
exhibiting small spaces among 1ts elements. Strings
of fibrine appear here and there in the exudation,
These conditions, if of long standing, are accompanied
by changes and wasting of the pars ciliaris retine, of
the pigment layer, and of the muscular bundles.

Purulent Cyelitis—The local alterations consist of a
profuse collection of round cells in the swollen eiliary
body and the presence of pus on its inner surface, in
the posterior chamber, and in the adjacent vitreous,
mixed with strings of coagulated fibrine. In the
earlier stages the round cells are situated in the layer
of stroma internal to the ciliary muscle and in the pars
oiliaris reting; but subsequently, though they may
form more densely packed masses in the inner part,
they are distributed throughout the whole ciliary body,
in which there are also fibrinous exudation, remains of
pigmented corpuscles, and vessels distended with blood-
clot. At that stage there are signs of purulent iritis
and choroiditis, with little colonies of round cells in
the corneo-scleral junction and limbus conjunctivee;
it is then part of panophthalmitis.

Plastic Cyclitis—This 1s characterized by its ten-
dency to result in the formation of membranes.
Various quantities of round cells are present in the
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| ciliary bedy, especially in the inner layer near the
| hypereemic blood-vessels ; and an exudation of fibrine
| and round cells lies on the inner aspect, either among
|

“the cells of the pars ciliaris retina or outside a detached
portion of them, or among the fibres of the zonula. It
may have spread into the posterior chamber or across
the eyeball behind the lens in the vitrecous. Patches
vof the ciliary body are occupied by additional elements ;
rand these may be accumulations of blood corpuscles, or
‘the results of the degeneration of such extravasations,
ras reddish-brown molecular débris, or pigmented cells
iin the form of large rounded vesicles, containing
Ibrownish granules of considerable or small size,
tamongst which a nucleus is occasionally distinguish-
table.  This corresponds with the pigmentation of
lleucocytes and connective-tissue corpuscles by absorp-
[Itic}n, shrivelling, and disintegration of red blood cor-
|puscles, described as occurring in the neighbourhood
|cof haemorrhages elsewhere. Other patches, particularly
iin the outer and posterior part of the ciliary body,
coften show coagulated serum, with its clear or granular
tamorphous appearance and vacuolated border, At other
[places there is a deposit of fibrine in strings of various
tthicknesses, forming the usual branching network, or
|iin beaded irregular rods, or in knobs, or clear vesicles,
iwhich may be minute with thin walls or larger with
tthicker walls. There are often compound granular
uccnrpuscles, large granular cells with one or two nuclei
tand perhaps some brown particles, cells surrounded by
cclear enveloping material, and small, delicate, trans-
[rparent, empty, and collapsed vesicles. Inflammatory
round cells are occasionally found in considerable
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numbers about Schlemm’s canal. The pigment layer
frequently appears oreatly increased in thickness, or is
broken up and partially destroyed, the cells and free
particles being in the adjacent exudation.

At a later date the exudation is replaced by a eyclitic
membrane. 'This occupies part of the yitreous chamber,
and its extent ranges from a thin layer over the ciliary
body to a mass occupying the greater part of the
vitreous humour, and causing extensive changes
around. In one case, for example, it covers the ciliary
body, and includes the zonula; in another it 1s con-
tinued forwards, and unites with a membrane causing
widely spread synechia posterior between the iris and
the lens, or even obliteration of the posterior chamber
ond union of the iris with the ciliary body ; in another
it stretches across the eyeball behind the lens; in
another the lens is gone, and a mass of the new tissue
occupies its place, and adheres to the adjacent struc-
tures. As regards the constituents of the membrane,
very varied elements are found in different cases and
at different parts of the same case, according to the
severity, the complications, and the stage of the
original inflammation. The basis is delicate connective
tissue with interlacing bands; and among this are
spindle cells, large round cells, leucocytes in larger or

smaller groups or scattered, irregular corpuscles, pig-

mented corpuscles, blood-vessels, brown or black masses
of pigment, granular detritus, fibrine, and areas with
fatty degeneration, calcareous deposit, or formation of
bone. Hgemerrhages are common ; and these are par-
tially organized, some portion of them being invaded by
round cells or replaced by fibrous tissue, or their remains
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|:are seen as granular groups of colouring matter from
|ithe blood. The effects of the new formation present
|ssome features peculiar to each case ; but among the most
[1usual conditions may be mentioned the following. The
ceiliary body 1s atrophied ; or contraction of the membrane,
|'which is firmly united to its inner surface, has caused
cdetachment, and the ciliary muscle is then dragged
sway from the sclerotic, especially at the posterior part,
remalining attached about the ligamentum pectinatum,
sand curving thence inwards towards the centre of the
ceyeball, while the space outside of it is empty, or filled
nwith blood-clot, serum, fibrine, or a more cellular in-
flammatory exudation. The ciliary processes are much
idistorted, thickened, thinned, or broken up. The whole
cciliary region may be drawn towards the centre of the
weyeball, and the opposite sides of the ring thus approxi-
mated ; or traction may have caused the corneo-scleral
jjunction to bend inwards locally. The anterior part of
‘the choroid 1s detached along with the detached ciliary
tbody, and the interval between it and the sclerotic
lccontains some form of exudation. The lens and iris
iare sometimes pushed forwards; and the lens is
(legenerated, calcareous, or greatly distorted in shape
or, if it has been wounded, all that is left is the capsule
ccurled up in the membrane. If the retina is detached
—and this is of very frequent occurrence—its remains
pare folded up at the border or in the midst of the
imembrane ; and the different layers often retain their
ptharacters and relations to a large extent ; but at other
iimes the whole thickness of the retina is composed of
hu loosely arranged tissue with fibres and abundant
nuclei, or it is so much destroyed that only here and
H
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there can its characteristic elements be clearly distin-
guished.  Portions of hyaline excrescences of the
lamina vitrea choroidee are not unfrequently found
separated, and embedded in the cyclitic membrane
among such altered traces of the retina, forming glassy
bodies with irregular outlines and made up of several
spheres with concentric lines. The optic disc may be
atrophied or excavated. In an extreme case, the whole
globe is atrophied and shrunken.

Ciliary Wound.—If the eyeball has been enucleated
at an early date after the injury, a wound of the ciliary
region is filled with an accumulation of fibrine and
round cells; if later on, it 1s occupied by more or less
organized material ; if at a still later period, there 1s
only cicatricial tissue. In addition there are the
evidences of cyclitis in its various forms and with 1ts
manifold variations and results, for an injury here 18
generally the starting-point of marked inflammatory
changes.

A foreign body lodging on the ciliary body, after
penetrating some other part of the eyeball, is usually
found surrounded by the products of plastic or purulent
cyelitis, which may have been part of panophthalmitis
or atrophy of the bulb, or may have been merely
localized about the foreign body. If the substance is a
fragment of iron or steel, if produces a rusty stain 1n
the vicinity.

Atrophy of the Ciliary Body.—This is occasionally
the result of cyclitis, and is also found in eyes which
have for some time shown excessive intra-ocular
tension. All the layers are affected, wasted, and
thinned ; but the pigment and the pars ciliaris refina
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|suffer to a much less degree than the other structures.
IThey may be the only parts left, and are then united
tto the sclerotic by a small amount of fibrous tissue.
‘At other times the ciliary muscle has been observed
with fatty degeneration or a deposit of calcareous
mmatter.  Clear transparent bodies with concentric
llines, and surrounded by masses of pigment, corre-
fsponding with hyaline excrescences of the lamina vitrea
choroidese, sometimes occur; and in a few instances
fsmall portions of bone form in the ciliary body in
sstumps of eyes with chronic atrophy of the globe.

| Atrophy of the ciliary body is present in advanced
irglmwuma. In old people the atrophy produces great

ceduction in thickness with transformation into dense
iibrous tissue ; but in young persons it is accompanied
[0y stretching of the whole anterior portion of the eve-
hoall, constituting buphthalmos, where the size of the
rrlobe is increased in all its diameters.

Ciliary Staphyloma.—This is a bulging outwards of
nart of the ciliary body and of the sclerotic external to
't. These portions are thinned, atrophied, and gene-
rally adherent; the ciliary processes are displaced or
ilistorted, and sometimes covered with membrane ;
ivhile the ciliary muscle and vessels ave wanting, when
the atrophy has proceeded to a certain extent. Ulti-
mately the ciliary body is represented by a thin layer,
rzaving on its internal surface some pigmented cells 1) 4
??Liem may be nothing distinguishable but a line of pig-
ment. The staphyloma shades off gradually into the
icormal condition at the margin of the protrusion.
| Corneo-scleral Staphyloma.—In this affection the
!L-‘eriphory of the iris is adherent to, and bulged out-

H 2
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wards with, some part of the corneo-scleral junction, the
Jocal adhesion being either with or without an inter-
vening delicate layer of clear and sometimes fibrillated
material. The external tunics are more or less stretched
and reduced in thickness ; the Jigamentum pectinatum
and Descemet’s membrane at the spot are altered or
partially destroyed ; and the spaces of Fontana and
canal of Schlemm are obliterated locally. The iris
looks in sections as if its roob had been advanced, an
‘nterval occurring between the front of the ciliary body
and the point at which the iris becomes free from the
cornea, so that the origin of the iris no longer lies
behind the edge of the limbus conjunctivee, but con-
siderably in front of 1t. At this interval is situated the
staphylomatous protrusion of the corneal and scleral
tissue, having on the tnside the remains of the iris, the
atrophy of which may be so extreme that only an
irregular line of nveal pigment is left. In other in-
stances the stroma of the iris at this part is much
looser than normally, but more fibrous. Examples of
this affection are found In sections of glaucomatous
eyes, and the ciliary body is then generally united to
the sclerotic and atrophied also.

Ciliary Region in Glaucoma.— VY hen the intra-
ocular tension is increased SO that the eyeball feels
hard, and the condition called glaucoma is established,
gections from eyes removed in the advanced stage
reveal changes at the ciliary region. The normal angle
of the anterior chamber is obliterated by the contact of
the periphery of the iris with, or its adhesion to, the
periphery of the cornea. There is either simple apposi-
tion of the surfaces, nothing being seen between themy
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cor the peripheral synechia is effected by means of a thin
llayer, which is transparent and sometimes shows longi-
|itudinal strize. TFontana's spaces are thus obliterated,
|:and Schlemm’s canal cut off from its communication
| with the aqueous chamber, by the apparent advancement
cof the root of the iris. The antero-posterior extent as
sseen in sections, over which the parts are united, varies ;
Ibut 1s usually considerable, and occasionally compara-
rtively large. Locally there are commonly atrophic
cchanges present, such as wasting of the iris and
rreduction of it to a thin membrane, more especially over
tthe adherent area ; and the ciliary body is also atrophied,
tthe ciliary processes being then greatly shrunken or
ralmost gone, and the mass of the ciliary muscle and
sstroma being compressed to a pigmented layer of little
tthickness inside the sclerotic, which may itself possess
tevidences of thinning. Weber has described com-
jpression of the circulus anteriosus iridis major, whereas,
saccording to Brailey, the blood-vessels are dilated and
tthin-walled. Fuchs has noted them as normal, widened,
marrowed, or invisible in different cases. They are
salmost destroyed in the atrophied ciliary body. A
ssimilar apposition of the periphery of the iris to the
ccornea has been seen in earlier stages, in which the
ceiliary processes were pressed forwards against the
posterior surface of the iris, as if pushing it before
tthem. The ciliary processes may be swollen, hyper-
wemic, and cedematous. The circular portion of the
cciliary muscle, with the anterior part of the -ciliary
tbody, has been observed advanced in a like manner,
sand applied against the adherent portion of the iris.
The pupillary edge of the iris has some tendency to
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oversion forwards, and the uvea may be found con-
tinued round this margin and on to the anterior surface
for a short distance. The sphincter pupillee may bend
round the pupil like the uvea, or in a late stage may
not be distinguishable. |
Tn a few cases, instead of the peripheral adhesion of
the iris and cornea, the angle of the anterior chamber 18
occluded by a formation of fibrous tissue, or the liga-
mentum is transformed, apparently by pressure, into a
solid-looking mass of dense finely fibrillated material,
and the canal of Schlemm is no longer recognizable.
Leprosy of the Ciliary Region.—The researches of
Bull and Hansen showed that little collections of leprous
round-celled tissue may form nodules about the canal
of Schlemm, and that from this point the disease extends
into the corneal layers in front of Descemet’s membrane,
or into the iris. The spaces among the trabecule of
the ligamentum pectinatum are packed with round
cells, and the disease also spreads to the limbus
conjunctive.
Tumours of the Ciliary Body :—
Sarcoma.—Sarcomata of the ciliary body have
been described, both round-celled and spindle-
celled, melanotic and non-pigmented.
Myoma.—A case of myoma, or myo-sarcoma, of
the ciliary body has been recorded by Lwanoff.
Gumma and Tubercle—A gumma in the ciliary
body, like a tubercle in a cyclitic membrane,

consists of a circumscribed accumulation of round
cells (Weiss).




B T

VITREOUS. 103

VITREOUS.
I. NORMAL STRUCTURE.

'THE vitreous humour is a substance, very like ego-
ralbumen, filling the space or chamber which is bounded
'by the retina, the pars ciliaris retinee, the zonula of
Zann, and the lens. TUnder the microscope it is
:structureless and granular, and apt to have folds or
(creases. In this matrix, and chiefly in its outer
jportion, there are a few corpuscles with the characters
cof leucocytes, spheroidal, granular, and nucleated, now
tand then containing dark particles of pigment. Iwanoff
tasserts the presence of spindle-shaped and stellate cells,
iwhile, according to Schwalbe, the vacuoles which some-
ttimes are found in the corpuscles are due to imbibition
cof fluid. A vague appearance of fibrillation is seen
there and there, and about the ora serrata there are
ssome fibres, which join the zonula ciliaris or suspensory
ligament of the lens. This zonula of Zinn begins at the
tora as delicate wavy fibrillee, which pass forwards and
ware intimately united with the pars ciliaris reting ;
tbut 1t soon hecomes composed of characteristic stiff,
sstraight, smooth, transparent, gl ancing fibres, cemented
ttogether, which extend from the ciliary processes to the
margin of the capsule of the lens: and bundles of these
ialmost always adhere to the ciliary folds in sections of
[ithis region. A few leucocytes are entangled among

|
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them. A homogeneous hyaloid membrane, limiting the |
external surface of the vitreous, has been described,
but the evidence in favour of its existence is not con-
clusive. The hyaloid canal 1s a channel, which passes
forwards from the optic disc towards the posterior
surface of the lens (Stilling).

11. PaTHOLOGICAL CONDITIONS.

‘Hyalitis is the name given to the condition in which
inflammatory products are present in the vitreous, and,
as this humour is apparently entirely passive in the
process, merely suffering invasion, the affection 1s
always secondary to inflammation of the surrounding
membranes.

Plastic Hyalitis—This is found most frequently along
with eyclitis or after wounds involving the vitreous, and
its histology therefore corresponds so far with that of
cyclitis or cyclo-choroiditis. Thus some part. of the
chamber behind the lens contains inflammatory exuda-
tion, or there are bands of wavy fibres, among which lie
blood-vessels and groups of round, spindle-shaped, and
other corpuscles of various forms and sizes, sometimes
branched and occasionally pigmented, or collections of
blood corpuscles with partial degeneration or organiza-
tion, or molecular and fatty débris, or formations of bone.
An extensive hemorrhage into the vitreous with hyalitis
may result in almost complete disappearance of the
blood-clot, only a little granular detritus being after-
wards found, or in a new fbro-cellular formation. A
membranous growth may have its origin in the optic
disc, which is diseased or excavated, or may be sitnated
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|iin the neighbourhood of the disc with retinitis. A
sshrunken vitreous is often enclosed by the detached
iretina in the form of a funnel, the wide base of which is
sattached about the ora serrata, while the apex is fixed
mb the disc. In the absence of the lens, as, for example,
nwhere a penetrating wound of the cornea and lens has
led to the destruction of the latter, synechia or adhesion
tbetween a newly formed inflammatory tissue and the
ccornea or the iris may be found, the corneal cicatrix
tbeing continuous with the similar fibrous structure in
‘the vitreous.

Purulent Hyalitis—This is an effect of suppuration
oof the choroid or the ciliary body, and of panophthal-
mitis, or it follows a wound of the vitreous. The
witreous is largely infiltrated with, or even completely
'veplaced by, an accumulation of pus cells, among which
ithere are areas with degeneration and fatty granules.
|[The process may have culminated in perforation of the
jouter tunics of the globe and subsequent cicatrization
|sand contraction ; or it may have become chronic, and
ithe eyeball come to examination, when the altered
witreous is partially replaced by fibrous tissue, containing
# variety of cells, such as branched and spindle-shaped
ccorpuscles, or roundish cells with two or more nuclei.
Soft Vitreous or Synchisis.—This is a senile change,
0or it accompanies chronic disease of the uveal tract ; and
i the midst of the more than normally fluid humour
tthere may be discovered minute collections of cells, or
iiragments and films of fibrous tissue, or granular or
pigmented material. In synchisis scintillans plates of
crholesterine occur, and also acicular crystals of tyrosin
iand granular globular masses of phosphates (Poncet).

il

——

p—




106 VITREOUS.

The Cysticercus Cellulose, Or scolex of the teenia
solium, has been observed several times in the vitreous °
as well as in the aqueous chamber ; and microscopical
oxamination showed the ordinary structure of the para-
site, with its vesicle and neck surmounted by a head,
furnished with four lateral: discs or suckers and a
ring of hooklets.
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OPTIC NERVE.
I. NorMAL STRUCTURE.

TAE optic nerve has two enveloping tubular sheaths,
sseparated from one another by the inter-vaginal space ;
sand from the inner one a supporting framework, accom-
panied in its ramifications by numerous blood-vessels,
eextends throughout the nerve itself. These protecting
pand supporting tissues are composed of white and some
2lastic fibres, in the midst of which abundant elongated,
oval, and spindle-shaped nuclei are seen in stained
fspecimens mounted in dammar. The trabeculse are
iten separated from the enclosed nervous bundles by
iz small interval, on the surface of which oval nuclei of
ecells can sometimes be distinguished.

The nerve fibres are medullated, having an axis
c2ylinder surrounded by a tube of the white substance
Ot Schwann. They are said, however, to possess no
gorimitive sheath, or sheath of Schwann, outside of this
(‘Schwalbe). In unstained sections of hardened nerves
fmounted in glycerine they are very opaque, owing to
fthe presence of the fatty matter of the medullary sheath,
fand the bundles are bound together by the much more
frransparent fibrous framework. In stained specimens
pnounted in dammar, on the contrary, the trabecule,
which take on the dye, while the fatty matter remains
aearly unaffected, are deeply tinted, and enclose the
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clearer nervous elements. In Jongitudinal sections
almost nothing can be made out of the characters of the
individual fibres; but transverse gections show that
they are of various thicknesses, and the coloured axis
cylinders appear as dots. They are united or cemented
together by the newroglia, a ground-substance with
fine fibres and nucleated corpuscles, which 1s very
oranular in preparations. Its nuclei stain readily, and
it frequently contains clear bodies of some size. The
inmer sheath, which is continuous with the pia mater, is
closely applied to the nerve, and is comparatively thin.
Outside of it, and between it and the thicker dense
outer sheath, which is continuous with the arachnoid
and dura mater, occurs the inter-vaginal  (sub-
arachnoid) space, an interval lined with epithelioid
cells and crossed by a loose network of fibres covered
with similar cells. These fibres are in branching and
re-uniting fasciculi, and vary in amount from a few
scattered cords to a considerable quantity, which re-
semble minute tendons, the cut ends of which are often
curled up.

In transverse sections the supporting septa or tra-
beculee form continuations of the inner sheath, passing
inwards and dividing the nerve into irregular areas of
different shapes and dimensions; in longitudinal sec-
tions a much more regular arrangement of the same
framework is seen, with long cords running length-
ways and giving off transverse or oblique connecting
strands. |

The arteria centralis vetine with its yein passes in
from the side at a short distance behind the eyeball,
and then proceeds forwards in the centre of the nerve,

- B —— T W
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|:accompanied by a sheath of connective tissue. The
|'whole nerve is richly supplied with small vessels and

(capillaries.
According to the observations of Schwalbe, Axel
Key, and Retzius, there is an elaborate series of [ym-
iphatic spaces throughout and around the nerve. Thus,
inside the inner or pial sheath a space can be injected,
ccontinuous with spaces inside the trabeculse, and between
tthe trabecula and the bundles of nerve fibres, and be-
ttween the nerve fibres themselves. Then, besides the
‘inter-vaginal, there is a sub-dural space, lined with
tendothelial cells, between the arachnoid and dura mater,
Ibut not seen in health ; and in addition there is a supra-
waginal space outside the outer sheath, forming a con-
ttinuation of the cavity enclosed by Tenon’s capsule
ssurrounding the sclerotic.

II. PATHOLOGICAL CONDITIONS.

L

Neuritis.—Under this heading, inflammation of the
textra-ocular portion only of the optic nerve and its
ssheaths is here considered, although clinically the name
11s applied to papillitis or inflammation of the optic disc,
ithe anterior extremity of the nerve, where it passes
iinto the retina, that part alone being visible during
life.  Pathologically the diseases are distinct, and may
coccur ¢uite independently of one another.

It is an interstitial inflammation, and is denoted by
tthe presence of round cells in the connective tissue;
ssections show the leucocytes surrounding the blood-
wessels, distributed in the course of the septa, or, in a
ssevere case, diffused through the whole affected extent
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of the nerve. In stained sections mounted in dammar
the abnormally numerous roundish nuclei are prominent
and conspicuous. If the sheath is involved in the
round-celled infiltration, this constitutes vaginitis ; and
the inner sheath is more frequently attacked than the
outer. The inflammation may be accompanied by peri-
neuritis, or by distension of the inter-vaginal space by
sorous fluid ; and different forms of perineurites have
been found, in which in the interval between the
cheaths there was an inflammatory exudation of
fAbrine and round cells or of pus. In the former or
plastic variety some formation of organized fibrous
tissue may occur, and the space be partly obliterated.
Interstitial neuritis tends to the production of such
tissue in the stem of the nerve itself, with consequent
atrophy.

Medullary Newritis has been described, in which there
were granular and fatty cells, with softening and
degeneration of the nerve fibres, forming a gelatinous
mass, with amyloid bodies (Tiirck).

Atrophy of the Optic Nerve. — This condition
follows interstitial inflammation, and another cause of
it is pressure on the nerve, as, for example, by an orbital
tumour. Owing to the increase of fibrous tissue, the
trabeculse are thickened and closer together, while the
nerve fibres are either simply reduced in number or
size, or are much broken up, atrophied, and more or
less destroyed. The diameter of the nerve is ultimately
greatly diminished. The atrophy may be limited to
some zone or sector, and 1s most common towards the
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circumference; or it may be diffused, and the nerve be
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weplaced by a comparatively thin fibrous cord, with
|igranular and fatty débris representing the remains of
|ithe nervous elements.

Grey Degeneration of the Optic Nerve.—Here the
{merve is somewhat shrunken, grey, and rather gela-
itinous in appearance. In the degenerated portion,
wvhich stains more deeply than the rest, the arrangement
of the bundles is so far preserved ; but the fibres have
llost: their medullary sheath, and become granular, or
itheir place is occupied by slender transparent fibrillee
pand  thickened trabeculm. Fatty particles and com-
poound granular corpuscles occur in the earlier stages ;
and bright, smooth, glancing, round or oval, amyloid
odies are frequently present at a later date (Leber).

| Pigmentation of the Optic Nerve.—An accumula-
fiion of black pigment between the sheaths round an
hitrophied nerve, and also in the atrophied nerve and
lisc themselves, has been seen (Knapp).

Tumours of the Optiec Nerve :—

Sarcoma.—The inter-vaginal space may contain,
and be distended by, sarcomatous elements,
forming an expansion of a sarcoma of the
choroid, which has spread backwards along the
sheaths. Intra-ocular sarcoma also attacks the
stem of the nerve.

Glioma.—Glioma of the retina extends backwards
in the first instance along the substance of the
nerve itself (Leber).

Myroma.—A myxoma or myxo-sarcoma of the
optic nerve consists of a gelatinous basis, with
connective-tissue fibres and cells, such as sphe-

e
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roidal and stellate corpuscles; and it may
undergo cystic degeneration (Rothmund).
Newroma.—Perls examined a tumour of the optic
nerve, which was composed of grey and medul-
lated nerve fibres along with nucleated cells,
and was surrounded by the distended sheaths of
the nerve.
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OPTIC. DISC,
I[. NoRMAL STRUCTURE.

[[~¥ studying the optic disc and the portion of the fundus
with the entrance of the optic nerve into the eyeball,
ithe most useful sections are those, which divide the
merve longitudinally, and show the adjacent parts of
'he retina, choroid, and sclerotic cut at right angles to
ttheir surfaces.

The outer sheath passes into, and blends with, the
paxternal two-thirds or so of the thickness of the sclero-
iic. The énner sheath in a similar way becomes directly
continuous with the remaining internal third of the
clerotic, which often contains a considerable number
3t pigmented corpuscles here ; and it also helps to form
the lamina cribrosa, some strands passing between the
nundles of nerve fibres. The inter-vaginal space gener-
Illly extends further in than the outer scleral layers,
ind in myopic eyes its extremity may bend away from
the nerve, and penetrate for a short distance between
the portions of the sclerotic, with which the sheaths
wecome incorporated. The inner third of the sclerotic,
therefore, with which the pial sheath is united, grasps
the nerve, and is applied to it more closely than the
ter two-thirds, for the latter portion is separated from
lhe nerve by the inter-vaginal space. In hyperme-
rropic eyes, however, this space may terminate at the

|
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level of the outer surface of the eyeball, or even further
back than that. The scleral opening is wider pos-
teriorly than anteriorly, its most nNarrow part being
immediately behind the choroid, from which point it
widens out backwards; and across the front portion
there is stretched the lamina eribrosa, which corre-
sponds histologically with a sudden and great increase
in the amount of the connective-tissue framework of
the nerve, where the nerve fibres lose their white sub-
stance of Schwann. It appears in sections as a well-
marked pretty thick layer, composed of numerous bands

of fibrous tissue; and, as the bundles run frequently at =

right angles to one another in passing across the open-
ing, some of them are seen cut longitudinally, while
others are cut transversely, and form rows of dots. It
is continuous with the inner scleral layers ; and derives
its fibres from these and the conjoined Inner sheath,
from the trabecule of the optic nerve, and sometimes
to a small extent from the junction of the choroid and
the sclerotic, where there are SOme circular fibres. It
has usually a slight convexity directed backwards ; buf
a fow scattered fasciculi in the anterior part of the.
papilla, in front of the choroidal plane, have a curved
course with the convexity directed forwards, as they
pass inwards towards the centre from the choroido-
scleral junction and outwards from the adventitia of
the central vessels. Transverse sections of the optic
nerve ab the level of the lamina cribrosa show this as

a denser plate of the trabeculs, the bundles being

thicker, closer together, and enclosing smaller spaces
than further back.
The nerve becomes thinner, as it passes through the
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|ssclerotic ; and, when the lamina cribrosa is reached, it
ssuddenly diminishes in diameter, as the fibres lose their
medullary sheaths, only the slender, more transparent,
mnd easily stained axis cylinders passing in bundles
fforwards through the cribriform membrane, accom-
jpanied by a little clear material of the neuroglia. The
tboundary line between the part with and the part
without the white substance of Schwann varies in form
in different eyes. According to Alt, in high degrees of
inypermetropia it is funnel-shaped, the apex of the
i‘funnel being directed backwards and situated in the
rcentre of the nerve some distance behind the level of
ithe posterior surface of the sclerotic, while the base or
rim of the funnel is at the circumference of the nerve in
i line with the outer scleral layers. In high degrees of
ymyopia, on the other hand, the boundary line runs
straight; across, or bends somewhat towards the front,

und 1s placed as far forwards as the inner surface of the
pzhoroid.

The opening in the choroid is in some cases smaller
flhan that in the sclerotic, and in sections its edges
pproach nearer one another ; but at other times it is
sarger than the scleral gap, the edges of which are then
fvithout an anterior choroidal covering. Portions of
nlood-vessels are frequently seen in this region, as the
tihort: posterior ciliary vessels traverse the sclerotic to
coin the choroid,

About the middle of the nerve lies the arteric centralis
velince with its vein, embedded in connective tissue ;
wnd in fortunate preparations their branches, which
asually reach the anterior surface of the dise, curve to
'he sides, and portions of them are seen in the nerve-

| I 2
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fibre layer of the retina. Offshoots from the arterie
ciliares posteriores breves may pass into the mnerve at
the lamina cribrosa from the vascular ring of Haller,
which surrounds it at this part.

In front of the lamina cribrosa the nerve fibres along
with some connective-tissue elements bend to the sides,
in faintly distinguishable bundles, to form the inner
or anterior portion of the retina. This is the optic dise,
the papille nerv optici, and its diameter corresponds
with that of the terminal portion of the nerve. As all
the nerve fibres of the retina are present at the disc,
and as they gradually decrease in number towards the
periphery, the thickest portion of this layer is next the
disc, and in vertical sections this in some instances
shows a slight prominence ; but in other eyes there 1s
no such perceptible elevation above the surrounding
retina. There is generally a nearly central depression
of very variable size ; and, although this is commonly
merely a shallow indentation, it may be of some depth,
and constitute a ¢ physiol ogical cup ” or hollow extend-
ing backwards. In such cases the outer layers of the
retina, it may be noticed, do not reach the margin of
the scleral opening ; but form a curved or sloping edge,
the anterior layers ceasing further from, and the

posterior ones extending nearer o, the centre, while =
the individual layers similarly become thinner as they =

approach this point. In other eyes the border of the
retina terminates much more abruptly, and the various
layers are somewhat suddenly rounded off. Schywalbe
observed that the side furthest from the macula lutea
has a more sloping margin than that opposite to it.
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1I. ParHoLoGICcAL (CONDITIONS.

(Edema of the Optie Dise.—An cedematous dise is
fewollen, and projects forwards as a rounded mass
hoeyond the level of the retina, having generally a wide,
kkhallow, central depression, where the blood-vessels
penter, between the more prominent margins. It con-
iists of the nerve-fibre layer, the strands and bundles
pbf which are pushed asunder, so that the tissue is
sjpongy, and even forms a loose network in some
nlaces, the little spaces being either empty or filled
ivith a granular coagulum of serous fluid. The blood-
ressels may be found distended with blood-clot, and
flhe outer layers of the retina displaced from the edge
f the disc by the greatly thickened nerve-fibre layer,
which bulges outwards over the internal surface of the
tthoroid round the opening in that membrane.

Papillitis or Optic Neuritis.—In this affection there
3 interstitial inflammation. The disec is edematous
nnd swollen, so that it projects forwards; and there is
isually a central depression, although this exaggera-
lion of the physiological cup is often wanting. The
tessels are more or less surrounded with leucocytes,
m accumulation of which may distend their sheath ;
md the nerve fibres have a looser arrangement than
the normal one. They may appear swollen, and some
nay have fusiform thickenings in their course, filled
i7ith granules (Pagenstecher). Among them there is
im infiltration of round cells, either localized at certain
jpots or more extensively diffused. A similar collec-
don of inflammatory cells cccurs about the lamina
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cribrosa, which may seem thickened ; and the numerous
nuclei are prominent objects in stained specimens
mounted in dammar. The plane of the lamina cribrosa
is sometimes altered; thus the fibres bulge decidedly
backwards or only some of them take this direction,
or the anterior layers are pushed forwards. Hsemor-
rhages occur ; and the blood corpuscles lie about the
vessels, or among the mnerve fibres, or the remains of
extravasations arve present as collections of blood-
pigment.

The retina is most frequently displaced from the
edge of the scleral opening by the swelling of the
nerve-fibre layer here, the outer portion of the greatly
thickened and spongy tissue spreading over the
surrounding choroid, and so carrying the external
layers of the retina before it. The nuclear layers may
seem thickened or be blended ; and the retina in the
immediate neighbourhood of the disc is somewhat
detached, and looks as if lifted up from the choroid by
the papilla, a small quantity of coagulated granular
material occupying part of the space which intervenes -
between the membranes. The outer surface of the =
retina in this region has frequently a series of projec-
tions or folds, and in sections these prominences give )
it a wavy outline, some of the sub-retinal coagulum *
generally adhering between the undulations. The~
pigmented epithelium may be absent at the edge of the™
disc behind the swelling, which has overlapped the ".
choroidal surface, and then there 1s a little accumula-"
tion of pigment at the margin of the displacement,
while some pigmented cells and free particles of pig-
ment occur between the. external retinal folds and:

-
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samong the coagulated substance on the surface of the
cchoroid.

When the retina also is inflamed, the condition is
tknown as newro-retinitis.

Atrophy of the Optic Disc.—In an atrophied disc,
[whether resulting from the interstitial inflammatory
|;exudation of papillitis, or forming part of the effects of
[a more widespread though local affection like choroido-
[rretinitis, or accompanying disease elsewhere either in
|ithe brain or spinal cord, cicatricial tissue has usurped
[ithe place of the nerve fibres. The disc has suffered from
|ithe formation and contraction of fibrous, with disappear-
|iance of nervous, tissue. When the atrophy is advanced
iand complete, the surface of the disc has a shallow
cexcavation with a sloping floor, and the fibrillated fabric
iforms a rather thin layer in front of the lamina cribrosa
oof variable density, in which the blood-vessels, if seen,
sare found to be narrowed, with their walls thickened
iand their lumen diminished or obliterated. The exca-
wation extends to the level of the cribriform membrane,
pand this may show increase in thickness and density ;
[but its position remains normal. The area of the disc
is sometimes lessened, or only part of it may be affected
with atrophy and contraction, and occasionally the
eighbouring choroid is wasted.

A former dislodgement of the retina from the edge
oof the disc by the swelling of the latter may be found
reepresented in post-papillitic atrophy by a permanent
[Hisplacement at this spot, by means of a mass of connec-
iive tissue in place of the swollen nerve-fibre layer
{ ‘Pagenstecher).

In some shrunken eyes the diameter of the optic




120 OPTIC DISC.

nerve at its entrance is reduced, although the merve
fibres appear normal or merely slightly less in quantity ;
in other instances, even where extensive and destructive
changes have occurred in the globe, the nerve seems
normal as far forwards as the posterior boundary of the
lamina cribrosa; but throughout this membrane and in
front of it there is wasting of the nervous elements and
excess of fibrous tissue.

Chronic inflammatory products mnow and then are
present on the anterior surface of the disc; and the
adjacent portion of the vitreous becomes the seat of a
connective-tissue formation, into which vessels extend,
so that an atrophied disc may be occupied or covered
by a small growth, which projects forwards into the
vitreous chamber.

When there has been increased intra-ocular ten-
sion, there are, besides atrophy, other characteristic
alterations in the dise, which are described under
““ (1laucoma.”

Optic Disc in Glaucoma.—lhe changes found in the
ciliary region in sections from cases, which have reached
an advanced stage of glaucoma, have been already men-
tioned. The alterations found at the same time at the
dise are marked and distinctive. The whole extent of
the disc is hollowed out into a cup of variable size,
depth, and shape; and this is called a glaucomatous
excavation. It looks as if the surface of the disc had
qunk backwards behind the level of the retina ; and the
lamina cribrosa, which may be thickened, or more dense
than usual, or reduced to a thin layer, seems pushed
backwards to a smaller or greater extent, even perhaps
beyond the level of the posterior surface of the sclerotie.
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There are sometimes inequalities in the depth of the
| excavation at different parts. The nerve-fibre layer is
| wasted and much thinned over the floor and sides of
| 'the depression. The walls of the hollow are, as a rule,
:*‘.undprmined, the diameter at the mouth of the cup
'being somewhat less than at a short distance further
'back, and those nerve fibres which are left make a sharp
'bend, as they pass round this overhanging edge. If
ithe blood-vessels happen to be present at this part of
‘the section, they lie behind the projecting margin of
‘the opening, and make a similar sudden bend round
iit. They are often seen situated in a slight promi-
mence, of which they form the bulk, projecting from
tthe general level of the walls or floor. In some in-
sstances, while the edge is conspicuously overhanging at
tone side of the dise, it is less so, or not at all so, at the
other side, or the wall may descend as a steep slope to
ithe floor of the excavation. The nerve fibres outside
tthe lamina cribrosa are occasionally atrophied, as after
interstitial neuritis, with thickening of the fibrous
iframework and the inner sheath ; and delicate connec-
rive tissue sometimes covers the surface of the cup or
part of it. There may be a second smaller cup in the
liloor of the main one ; and this arises apparently from
wvidening of the passage of the central vessels.
The choroid in the immediate neighbourhood may be
[fuite normal, or contain a few extra round cells; but
s usually atrophied, and the pigmented epithelium is
franting,

The retina about the disc may be cedematous,
thickened, or somewhat thinned and atrophied ; or it
nay show complete detachment, and proceed forwards




122 OPTIC DISC.

from some part of the cup as a fibrous cord. The
dragging forwards of the papilla by a detached retina
may mask or prevent an excavation in glancoma.

At the side of the disc a posterior staphyloma is
sometimes present ; and, when the glancoma has been
produced by an intra-ocular tumour, such as a sarcoma
of the choroid, the excavation may be covered over, or
filled up, by the growth pushing the detached retina
before it.

Tn heemorrhagic glaucoma minute miliary aneurisms
of the small blood-vessels and capillaries of the retina
with thin walls have been observed.

Connective-tissue Formation on the Optic Disc.—A
cather uncommon condition of the dise occurs, in which
there is a vascular connective-tissue growth, arising
from the papilla or its neighbourhood and extending
into the vitreous. A loose network of fibres encloses
large spaces, and may have masses of dark pigment, or
pigmented cells, or free brown particles throughout it.
The course of the fibrous bundles is irregular, and the
spaces are empty, Or filled with finely granular material,
collections of blood-vessels, or compact accumulations
of blood corpuscles. The blood-vessels in such areas,
which may form a considerable proportion of the
growth, are thin-walled and very numerous. Small
extravasations may be found, or the traces of former
hemorrhages as reddish-brown molecular masses, Or
pigmented nucleated cells, such as result from the
absorption and degeneration of blood corpuscles in cells
elsewhere. Many large, nucleated, granular, spheroidal
corpuscles are scattered about, and also cells, which
have undergone partial degeneration and destruction.
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An amorphous substance with many molecules or fibres
1s arranged somewhat concentrically round some of the
spaces, the successive layers being separated at intervals
by fatty débris and cells of various shapes. The margins
of such a growth may spread as a membrane beyond
| the disc, and either terminate in a free border over-
| lapping the retina, or be attached to the inner surface
of the latter here and there, and finally merge with
that structure, which is in such cases diseased and
degenerated.
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RETINA.
I. NORMAL STRUCTURE.

THE retina consists of several layers, which are easily
distinguished in a vertical section. These are, in order
from within outwards, the membrana limitans interna,
the nerve fibres, the ganglionic nerve cells, the internal
molecular, internal nuclear, external molecular, and
external nuclear layers, the membrana limitans externa,
the rods and cones, and the pigmented epithelium.
The fibres of Miiller pass vertically between the two
limiting membranes.

The nomenclature of the refina is very confusing,
owing to the variety of names applied to several layers
in different books ; and a note of the most common of
these may prove convenient :—

The membrana limitans interna is spoken of as the
limitans.

The fibres of Miiller are called the radial or radiating
fibres.

The ganglionic nerve cells are called the ganglion
cells or simply the nerve cells.

The rods and cones form the bacillary layer or Jacob’s
membrane.

The pigmented epithelium 1s known as the pigmen-
tary layer, the hexagonal pigment, the hexagonal pig-
mented cells, or the hexagonal pi gmented epithelium.
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| None of these terms can lead to doubt as to the
| tissue indicated ; but with the intervening four layers
| great uncertainty is apt to arise; and, as the terms
| first given are apparently those most widely used, they
| are the ones employed here.

The internal or inner molecular is called the inner or
| internal granular, the finely granular, and the internal
| granulated layer.

The internal or inner nuclear is called the internal
cor inner granular, the inner nuclei, and the internal
rgranule layer,

The external or outer molecular is called the inter-
'nuclear, the middle granular, the inter-granular, the
‘outer or external granular, and the external granulated
layer.

The external or outer nuclear is called the external
tor outer granular, the outer nuclei, and the external
igranule layer.

The pigmented epithelium has been already described
iin connection with the choroid.

The relations of the different elements are most satis-
Hactorily studied in vertical sections; and considerable
ivariations in their appearance, thickness, and relative
iproportions are met with in different regions and in
(different eyes. In specimens mounted in glycerine the
sstructure is comparatively fibrous, owing to the abun-
cdant delicate fibrillaz coursing throughout it, mostly in
@ vertical direction; and the bright nuclei are con-
spicuous, appearing like clear round cells. In other
L‘ipﬂﬂiﬂlﬁllﬂ mounted in the same way, the ground-work
i1s more granular, close inspection showing that this
resembles a most minutely spongy tissue with ex-
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ceedingly fine and intricate meandering septa, suggest-
ing collections of particles where they are cut across.
In the great majority of cases little or nothing can be
made out of the merve cells, and it is only I very
fortunate instances indeed that their connections and
processes can be traced for any distance. The rods
and cones always show some post-mortent changes, even
in sections where the other elements are beautifully
preserved ; they are softened and broken down, or
confused together, or form a oranular mass, in which
only a vague indication of their former structure can be
distinguished, or they are entirely absent. It seems,
therefore, that little reliance can be placed upon
elaborate descriptions of pathological alterations in
this layer found in sections. In stained specimens
mounted in dammar or Canada balsam, much of the
fibrillated appearance of the retina is lost, most of
the fibres seen being those of Miiller. Here again
the nuclear layers are prominent, for they take on
the dye readily; the nuclel of corpuscles among the
nerve fibres are also deeply stained, as well as those
of the nerve cells. When double staining with magenta
and iodine green is employed, the nuclei become green
and the rest of the retina red.

The larger blood-vessels, which are branches of the
central vessels seen at the disc, are found almost
entirely among the nerve fibres, and capillaries are
found here and also mearer the outer surface, but not
beyond the external molecular layer. The vessels are
surrounded by a peri-vascular lymphatic sheath, which,
according to Schwalbe, can be injected from the lym-
phatics of the optic nerve.
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The fibres of Miiller ave the most prominent parts of
a supporting matriz, which pervades the retina. They
run in a vertical direction between the inner and outer
surfaces, and in sections, where the nerve fibres have
been cut longitudinally, collections of the radial fibres
form, at intervals, columns, which are clearly defined
and fairly straight in this layer, with expanded bases
spreading towards each other at the inner surface. In
sections with the nerve fibres cut transversely, the fibres
of Miiller do not present such a regular arrangement,
appearing rather as an irregular network between the
nervous bundles. Although many of them are almost
mmmediately lost sight of, some of them can be traced
|outwards, after passing between the nerve cells, in the
internal molecular and internal nuclear layers, ceasing
ito be distinguishable in the external molecular or the
rexternal nuclear layer, while others can occasionally be
tobserved penetrating through even this outer region to
|1their termination in the membrana limitans cxterna. As
ta rule, owing to their delicacy and the intricacy of the
|itissue, it is not possible to demonstrate direct continuity
cof the individual fibres to any great length, though
sslender bundles can be followed longer. Their minuter
tdetails can be examined at cracks and breaks in sections,
tor where cedema has loosened the structure ; and in such
[places it is seen that they give off fibrille and ex-
(qquisitely fine lamellee in their course, especially in the
muclear layers, which bind the various elements together.
Near the inner conical base there is scmetimes a nucleus,
#and a nucleus is connected with them as they penetrate
tthe internal nuclear layer. Their inner extremities
wonstitute the membrana limitans interna, which bounds
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the retina next the vitreous, and, when the surface of
this is stained with silver, it shows a pattern of dark
lines, recalling an epithelioid or endothelial layer of
cells, the substance which cements the fibres together
being darkened. The markings, which are due to the
distribution of the ends of the radial fibres, are very
irregular, and over the vessels the enclosed spaces are
smaller than elsewhere, and in some parts are slightly
elongated across the path of the vessel.

The nerve fibres are destitute of a medullary sheath,
and this layer, which diminighes in thickness from the
dise to the ora serrata or anterior margin of the retina,
ia a collection of thin fibres of different diameters,
running parallel with the surface, and in their course
sometimes exhibiting, under a high power, varicose
thickenings, which are apparently artificial. Some sepa-
ration into bundles is observed in sections in which they
are cut across. They are the continuations of the axis
cylinders of the optic-nerve fibres, mixed with neurogla,
of which connecting substance Very little is seen except
the nuclei of its corpuscles in stained preparations.
Scattered round lymphoid cells occur in it, and in
stained sections some branched fibres are found, which
have taken a deeper colour than the others, and pursue
a horizontal, an oblique, or a vertical path for a con-
siderable distance, showing thicker and thinner portions.

The ganglionic nerve cells form a single layer of large
and usually multipolar qucleated bodies of varying size
and shape. They are generally very badly defined, and
it is only in specially successful specimens that they
can be recognized, their former situation being frequently
empty or partially occupied by some débris, in which a
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| nucleus is occasionally noticed. If well preserved, they
| 1are granular, and possess a large round nucleus with a
| nucleolus ; and, while one pole or process seems to extend
‘inwards among the nerve fibres, amongst which, however,
1t can be only very shortly traced, other poles pass
coutwards and branch. Mingled with the fibres of
Miiller, these can be occasionally followed over a greater
tor smaller area, and many such fibres, some of which
'may be nervous, pass outwards without being obviously
tconnected with the ganglionic nerve cells. About the
ccells the tissue is often looser, with empty spaces, and,
‘as this layer encroaches partly on the one outside of it,
‘the boundary between them is uneven, and the cells
:seem partially embedded in the internal molecular layer.
The wnternal molecular layer is composed of exceed-
iingly delicate and short fibrille matted together, and
thaving the appearance of small molecules or particles in
:sections. It resembles a finely granular, amorphous,
cground substance, or a spongy basis, with here and there
ia more definife arrangement of little threads distributed
like a mesh-work., There are a few nuclei present, and
tthrough it some radial fibres pass, while others are lost
in the maze.

The internal nuclear layer consists chiefly of trans-
iparent bodies of various shapes and sizes, which are
mostly spherical, though some are oval, or appear even
'tusiform, from the presence of cell-substance enveloping
tthem. After staining they are granular, and show
fnucleoli. Among them are seen fibres of Miiller, to
wvhich some of them belong; but, for the most part,
!Ethe}r are the nuclei of bipolar cells or elongated spindles,

the processes of which extend between the two mole-
K

_—

||
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cular layers. The nuclei here are larger than those of
the external nuclear layer ; but, as there are fewer of
them, the band, which they form in sections, is not so
broad. A cementing or supporting substance, con-
nected with the radial fibres, permeates the layer.

The external molecular layer agrees in its composition
with the internal one; but it is thinner, and 1ts
boundaries are better defined.

The external muclear layer also corresponds so far
with the internal one ; but it is thicker, and the nuclei,
though smaller, are more numerous and closely packed
together, in some cases also staining more deeply.
They often appear round, but some are oval, and, in
other instances, they almost all seem fusiform from the
substance of the fibre, in a swelling of which they are
embedded, or only a few have this shape, while at the
outer surface for a similar reason some are often found
to be conical, the base of the cone resting on the mem-
brana limitans externa. They belong mostly to vertical
fibres, distally connected with the rods and cones ; and
the nuclei of the cone fibres are near the membrana
limitans externa, those of the rod fibres, on the other
hand, forming the inner strata. This layer occasionally
in the fundus has a division into two parts, the outer
one being studded with the nuclei as just described, and
the inner one consisting of bundles of fine, wavy, ver-
tical fibres, unobscured by the presence of nuclei, and
forming pillars, starting from the external molecular

layer, and losing themselves among the nuclei or being
directly continuous with them. Some similar fibres are
prolongations of the fibres of Miiller, but such a con-
nection is only exceptionally detected.
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The rarity of finding the rods and cones in a state of
| good preservation in sections has been already men-
| tioned, and few specimens are satisfactory; but occa-
sionally somewhat rod-shaped or club-like bodies are
visible, and even a division into outer and inner seg-
ments. The following points have, however, been
ascertained by special methods of preparation, such as
the use of osmic acid for hardening. They have each
an outer and an inner segment : in the case of the rods,
the outer one is cylindrical, and the inner one, which is
of about the same length, but broader, bulges slightly
in the middle ; in the case of the comes, both segments
are conical, and the more slender outer one is shorter
than the outer segment of a rod. The external seg-
ments of the rods appear striated longitudinally on the
| surface, and a similar linear marking is present on the
inner segments of both rods and comes. The outer
segments of both kinds break up in fresh specimens
nto discs. Schultze asserts that the inner segments
are directly connected with rod and cone fibres and
nuclei respectively.,

Macula Lutea—The retina is thicker at this spot,
and sometimes contains diffused yellowish pigment. In
the centre there is a wide and deep depression on the
anterior surface, the fovex centralis. The rods are
almost entirely wanting (Henle), and the inner part of
the external nuclear layer is therefore formed of the
cone fibres, the path of which corresponds pretty
much with the sloping walls of the fovea. The
|| fibres of Miiller have a similar course through the
retina here. According to Schultze, there are several
layers of bipolar ganglionic cells at the macula, and

K 2
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towards the fovea the rods disappear, leaving only
cones, which are longer and thinner than elsewhere.
The other layers become greatly reduced in thickness
towards the centre of the hollow, until there are
only cones, the membrana limitans externa, and the
external nuclear layer, having anteriorly some fibres
and nuclei representing the remaining retinal layers.

Ora Serrata—Towards the mnotched and dentated
anterior border or periphery of the retina, the ora ser-
rata, the thickness of the individual layers, and there-
fore of the membrane as a whole, gradually diminishes.
Then, just at the edge, the elements become merged 1n
o fabric with fibres running in all directions, among
which nuclei are scattered irregularly. This suddenly
ceases, and is rounded off at the junction with the pars
ciliaris retinz.

II. PaTHOLOGICAL CONDITIONS.

(Bdema of the Retina.—When a portion of the
retina at the fundus is affected with cedema, its thick-
ness is augmented ; and, in place of a compact arrange-
ment, there is a loose tissue. As a rule, however, the
alterations are not diffused through all the strata; but
are confined to, or most manifest in, the nuclear layers,
in which there are relatively large spaces, empty 1n
gections, and separated from one another by cords and
columns of fibres and nuclel. When the external
nuclear layer is involved, the inner fibrous portion of
this seems to suffer chiefly, the normal intervals between
the bundles being elongated and widened ; when only the
internal nuclear layer has been attacked, large and long
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| (openings occur between oblique or more vertical rows of
|'nuclei mingled with, and embedded in, collections of
|/fibres. The layer is greatly expanded, and the elements,
|'which look pushed aside or compressed, may be rather
|copaque, granular, and swollen, apparently from being
|:soaked in the effused serous fluid. Modifications of these
{ltmdema‘mus changes occur, and the appearances pre-
|:sented are then altered accordingly. Thus the spaces
{1may be small and less confined to definite layers, or the
[whole thickness of the retina may be loosened and
ssoftened.

Cysts and (Edema at the Ora Serrata.—The con-
«dition of the periphery of the retina to which the name
tedema has been applied is seemingly a senile change.
(Cavities, separated from one another by vertical septa,
fsare found in the nuclear layers of the thickened mem-
\brane, or the external molecular layer is interrupted,
@and the same cavity extends through the two nuclear
layers and this one. The alteration resembles a cystoid
Hmﬂege*nemtinn, accompanied by atrophy of the mnervous,
mnd increase of the connective, tissue elements.

Another variety of cystic formation is seen in spots
cespecially at the anterior margin of the retina. In an
walmost completely atrophic and delicately fibrous felt-
work numbers of spheroidal cavities with some larger
sspaces occur. The retina may be divided locally into
itwo layers of nearly equal thickness by one of the
ccomparatively large intervals, situated about the ex-
tternal molecular layer, as can be determined at the edge ;
@nd through this opening there pass pillars, composed
of radial fibres, while in its walls among the fine fibres
tthere are many small cystoid cavities, the boundaries of

B
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some of which project into the large aperture, while
others bulge into the vitreous. Most of them are empty ;
but a few are filled with a clear amorphous or faintly
granular mass. A fow retinal nuclei may be left in
the outer portions of the membrane.

Retinitis.—Several varieties of inflammation of the
retina can be distinguished microscopically, if the main
characters or tendencies be taken as a guide. A de-
generative form finds a typical example in the albu-
minuric inflammation, the histological changes in which
are not peculiar to retinitis accompanying Bright's
disease, the name owing its origin to the clinical fea-
tures and the ophthalmoscopic appearances; & plastic
form tends to atrophy ; and a suppurative kind leads to
destruction.

Albuminuric Retinitis.—Retinitis albuminurica affects
the fundus, especially about the macula, and, the disc
being involved, 1s & neuro-retinitis.

So far as the papillitis is concerned, there is nothing
recuiring special description. The papilla is cedema-
tous and swollen, almost always having some infiltration
with inflammatory round cells, and appears in sections as
a rounded prominence with the usual central depression.
The surrounding retina is slightly detached and dis-
placed from the edge of the choroidal opening by the
swelling of the disc; and its outer surface may have
wavy folds, while the tissue is distended with cedema-
tous and inflammatory effusion, the rods and cones being
partly destroyed or, it is said, considerably elongated.

. The affected portion of the retina may be similarly
cedematous, and the somewhat expanded nerve-fibre
layer, which projects inwards and also encroaches on
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the outer layers, may, near the disc, contain inflammatory
round cells. The radial fibres, as they pass through
this layer are swollen, and have a clear shining look,
this condition being spoken of as “sclerosis.” The
nucleated cells here are more numerous than in ordi-
nary circumstances, and compound granular corpuscles
may be present. Some of the nerve fibres either have
a more uniform thickening, or show a series of suc-
cessive swellings (as if from imbibition of fluid) filled
with granules or fatty globules, these fusiform dilata-
tions giving them a varicose outline (Miiller). The
blood-vessels are sometimes surrounded by leucocytes,
‘a condition which, when occurring alone in the retina,
1s known as peri-vasculitis or peri-arteritis. At other
times their walls are thickened and their lumen di-
minished, like those in other organs in Bright's disease,
presenting a hyaline, highly refractive appearance, to
which the name sclerosis is applied. The capillaries
are more conspicuous than usual, apparently from some
'similar thickening of their walls. Hamorrhages are
'seen as collections of blood corpuscles both in the inner
layers and as far outwards as the external molecular
layer. The ganglionic nerve cells are mostly unaffected,
‘apart from the ordinary post-mortem changes.

In the outer strata, the supporting connective tissue
rand the fibres of Miiller are thicker than in the normal
tcondition ; and the two molecular and nuclear layers,
reither separately or together, have in sections a series
tof somewhat round or oval areas, separated from each
cother by bundles of vertical and sometimes rather
tgranular fibres, the spaces containing more or less clear
tamorphous material or bodies resembling cells. The

|
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last are large, spherical, or irregular, and crammed
with fatty®granules, while some possess a distinct
nucleus, and they often have a faint brown or yellowish
tinge. Many of them are compound granular corpuscles.
They may be pressed together, and form masses with
uncertain limits; and between them there are clear
spots like small drops of fat or vesicles of various sizes,
suggesting vacuoles n a coagulated and hardened
albuminous fluid. These granular and clear bodies
<eem to be the remains of inflammatory exudation, and
<ome of the material is derived from degeneration of
collections of blood corpuscles, an obvious indication of
their previous structure being found at places where
only partial degeneration has occurred. Compound
granular corpuscles have been observed in the inner
layers of the retina also.

The rods and cones are rarely present as such in
sections, and their place is taken by granular sub-retinal
exudation. The gangliform swelling of the nerve
fibres may not be present, when the most noticeable
features are the thickening of the connective tissue and
the occurrence of the products of fatty degeneration.

Plastic Retinitis—This is an interstitial inflammation,
and is found in shrunken globes or eyeballs with
phthisis bulbi, detached retina, retinal wounds, choroido-
retinitis, staphyloma posterior where it is local, or
glancoma where it is near the disc. The process is
confined to the inner layers at first ; and the outer ones,
except the rods and cones, may not be affected for a
long time (Iwanoff).

In the acute stage the merve-fibre layer is swollen
and infiltrated with round cells, especially along the
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sides of the blood-vessels, constituting peri-vasculitis.
At a later period the fibres of Miiller are hypertrophied,
i ‘and their ends may project into the vitreous from the
‘growth of fibrous tissue, especially about the disc; and
iin a section of that region they sometimes form a series
frof arches, in which lie some remaining nerve fibres.
| |In such cases the infiltration has been succeeded by a
|rfmma,’r10n of cicatricial tissue, and the ensuing con-
ttraction, accompanied by defrnctiDu of the nervous
relements, has resulted in the obliteration of the lumen
of the vessels and' conversion of them into fibrous
ccords. The nerve-fibre layer, and therefore the retina
@ms a whole, is consequently thinned. The molecular
sstrata disappear ; and the nuclear layers unite, and are
mltimately destroyed. It is said that the rods and
fcones at an early stage are elongated and club-shaped or
jpyriform ; they are fnmllv lost (Klebs). If any traces :
mf them are present in sections, they are embedded
iin a granular mass ; but the post-mortem changes occur-
rring in this layer must not be forgotten.
The later changes are characteristic of atrophy ; and,
in a case where there has been conjoined 1uﬂammatmn
of the choroid, the retina is pigmented.

Leukeemic Retinitis, or inflammation of the retina in
oatients with leukaemia, seems to be of an interstitial
nature, and is characterized by the presence of little
‘mots of white blood corpuscles in the retina (Leber).

Purulent Retinitis—Suppuration of the retina is
rrenerally examined microscopically, as it occurs in eyes
vith purulent panophthalmitis. There is a profuse in-
‘ammatory infiltration in the thickened nerve-fibre
ayer; and the leucocytes are most abundant in the
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initial stage round the blood-vessels. At a later date,
however, they are widely diffused, with destruction of
the normal constituents, so that nothing but a crowd of
round cells is to be seen. Ultimately the entire thick-
ness of the retina is affected and destroyed in this way.
Areas of hemorrhage are present; and the pigmented
epithelium usually appears increased and broken up.
Atrophy of the Retina.—In a retina which has
undergone atrophy, as, for instance, after interstitial
retinitis, the process, when complete, leaves a compara~
tively thin fibrous membrane with a few more or less
obliterated vessels with thickened walls, or denser cords
representing their former situation. In some localities
a less thorough transformation is shown by the
occurrence of scattered nuclear elements in the external
portion of the thinned and wasted membrane, and the
arrangement of the fibrous tissue in this outer part is
rather that of a mesh-work, as compared with the more
Jinear distribution of it in the inner strata. The mem-=
brana limitans interna is occasionally considerably
thickened, and appears as a loose fibrous fabric.
Pigment derived from the epithelial cells or from:
heemorrhages is frequently present, producing the con-
dition known as pigmentation of the retina, which is’
always a sign of atrophy.
When the wasting is secondary to disease of the optic
nerve, as in atrophy of the disc and glaucoma, only the
inner layers, the nerve fibres and cells, are involved for
a long time; and the outer strata may be almost or
quite perfect after many years.
In glaucoma with heemorrhage, Pagenstecher and
Genth found obliteration and degeneration of vessels,
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|
| \varicose veins and capillaries, and accumulations of
'blood corpuscles dispersed throughout the atrophied
iretina, which was expanded by the extravasations.
Choroido-Retinitis and Pigmentation of the Retina.
-—The changes which are produced in the retina in
cconnection with disease of the choroid and alterations
iin the pigmented epithelium have been alluded to in a
{former place ; there remain to be considered the effects
cof inflammatory conditions occurring in the choroid
tand retina together, with atrophy and deposit of pig-
]]:111@11t-+ In addition to the atrophic results of choroiditis
with disorder or destruction of the pigment and thin-
ming of the choroid, that membrane is united to the
sltered retina either extensively or at circumseribed
sareas, and there is loss of the normal elements of the
retina with substitution of fibrous tissue, in which
pigment is embedded. The outer layers are first
saffected ; but the whole thickness is found involved at
w later period, and is composed of a loose net-work
cof bundles of fibres. The nerve fibre layer, in which
ithere are conspicuous columns 'of Miiller’s fibres, seems
fto be the last and least affected, and is usually dis-
itinguishable, even when most of the other structures
ware wanting ; but many of the longitudinal fibres here
may in reality be cicatricial and not nervous. There is
in some instances a covering of delicate connective
ttissue on its surface. Until an advanced stage, there
dare some nuclear elements disposed irregularly in the
outer parts. The blood-vessels show thickening of their
walls, with narrowing or obliteration of the lﬁmen; or
ifibrous strings mark their former situation. The most
sstriking character, however, is pigmentation, which is

..
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present only when there is atrophy. In any or all
of the layers, and especially along the walls of the
vessels, there are large black and brown masses,
spheroidal pigmented cells, clusters of granules re-
sembling cells, or free dark particles. This pigment
is derived from, and possesses the characters of, that
found in the choroid and the pigmented epithelium,
with which, indeed, dark brownish bands are sometimes
continuous.

Another kind of pigment, which occurs along with
that just mentioned or apart from it, is of a heemor-
rhagic nature, and comes from the colouring matter of
the blood. Glancing bodies, which are reddish-brown
in colour, mingled with brown or yellow granular
débris, are distributed in the atrophied retinal layers.

Detached Retina.—The retina is found detached
from the choroid by such materials as serous fluid,
inflammatory effusion, or extravasation of blood, or
displaced by a sarcoma of the choroid. In the first
case the interval is partly or entirely occupied in
sections by a clear amorphous mass, with granular areas
and scalloped or nodulated margins ; in the second case,
leucocytes abound in the coagulated exudation ; a sub-
retinal clot is, of course, formed of blood corpuscles
mainly ; and, when a sarcoma is present, the retina
may rest upon the surface of this, or be separated from
it by some form of exudation, and also detached else-
where. In any case the interval is frequently empty 1n
preparations.  Crystals of cholesterine and granular
globular phosphatic masses have been seen in the sub-
retinal fluid (Panas).

The detachment is partial and local, or < complete,”
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["when the membrane has a funnel-shaped arrangement,
wemaining attached only about the ora serrata and at
‘the disc. In other instances it passes straight forwards
s a cord or tube from the disc to the posterior pole of
tthe lens, and then the anterior part spreads outwards,
e:losely applied to the posterior surface of the lens and
rzonula, and backwards over the pars ciliaris retinze to
the ora, where it makes a sudden bend forwards at the
unction with the pars ciliaris,. Even the posterior
wttachment at the disc is in some cases wanting ; and
the retina, totally unconnected with the fundus, lies as
v crumpled mass in the front part of the vitreous
thamber. Extensive detachments are often found in
syeballs removed on account of cyclitis or intra-ocular
mmours. '
The retina is most commonly cedematous, appa-
ently from imbibition of the fluid in which it has
ceen  immersed, so that, for instance, where there
ras been cyclitis leading to great detachment of the
>tina, it is softened and macerated, and appears as a
ipongy tissue with small empty spaces. In cases of
mg standing the retina has been found unaffected.
it a late date, however, the nervous elements usually
aye dnappmr&d and there is a formation of hbmuh
sssue, the membrane ultimately having become hard.
ough, and more or less distinctly fibrous, with some
nick tendinous bands and granular areas, sfmnulg
ringing into view elongated oval and round nuclei. In
I advanced case of complete detachment the remains
" the retina pass forwards from the dise as a dense
h]muq cord, and the papilla may look as if drageed
rrwards slightly, while the inner layers of the choroid

B
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and even of the sclerotic reach for a short distance
over the stalk of the retina. At the border of a cyclitic
membrane the retina is often observed attached to this,
folded up, and partially wasted ; while, in other cases,
st is curled up in the midst of the newly formed
nembranous mass, and sections display a loose net-work
of fibres with nuclear elements.

Tn cases where there has been heemorrhage, the
products of the degeneration of the clot form granular
masses, both large and small, of a reddish-brown colour,
part of them finding lodgment in nucleated corpuscles.

The pigmented epithelium remains attached to the
choroid, or adheres to the detached retina, in which
some of its particles are frequently noticed.

Small nodules of the lamina vitrea choroidese with
hyaline excrescences sometimes occur in a detached
retina ; and calcareous deposit in the walls of the blood-
vessels has been observed.

Wound of the Retina.—Apart from the changes i
the sclerotic and choroid to which allusion has already
been made, a wound in the retina causes circumscribed
:nterstitial inflammation ; and, if examined at an early
date, the edges of the wound are infiltrated with round
cells, while at the injured spot there is an exudation of
Gbrine and leucocytes. At a late period, after healing;
a local formation of cicatricial tissue, which is sometimes
stained with blood colouring matter, replaces the retinal
Jayers; it is continuous with similar tissue in the cho
roid and sclerotic where these also have been wounded,
while pigmented cells or traces of them, as free brown
particles, are usually embedded in the cicatrix.

Opaque Nerve Fibres in the Retina.—An abnor-
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mality of the retinal nerve fibres in a spot adjoining
ithe disc is known clinically under this name. In such
ian area some nerve fibres possess a sheath of the
wvhite substance of Schwann. They lose their medullary
ssheath as they enter the posterior border of the lamina
ribrosa, but are again enveloped in it in front of this
membrane or at a short distance from it, and then
yradually or abruptly become once more free from the
tatty tube (Virchow).

Tubercle of the Retina.—Miliary tubercles in the
rretina have been examined by Perls.

Connective-tissue Formation on the Retina,— Mem-
loranes and minute nodules of fibrous connective tissue
torm on the inner surface of the retina, as a result of
thronic inflammatory changes.

Glioma of the Retina.—The name glioma retinge was
pplied to this tumeur on account of its origin from the
teuroglia, or supporting tissue, which pervades the
tina. Histologically, its characters agree with those
if a small round-celled sarcoma ; and, as it is malignant.
nfecting and destroying the various tissues of the eye-
pall, in an advanced case the point from which it sprung
fannot be distinguished.

It is composed of granular round cells, with a large
{ipherical nucleus, pressed against one another, and
remented together by a small (uantity of molecular
jmbstance. A few cells of other forms are occasionally
resent, such as spindle-shaped and branched curpusclesa:;
md some large spheroidal cells may also be discovered.

t5 1s very vascular, having many thin-walled blood-
ressels or spaces, and heemorrhages occur in it.
[T the tumour freque

p—t

Areas
ntly undergo fatty degeneration, and

R
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form caseous masses ; and calcareous deposit has also
been seen. Attacks of irido-choroiditis in the affected
eye leave inflammatory products, round cells, granular
coagula of serous fluid, fibrine, and heemorrhages. In
preparations mounted in glycerine the component cells
with their round nuclei, which are not easily distin-
guished from the cell-substance, are found to be larger
than the bright conspicuous nuclear elements of the
retina, which they resemble in many respects. In
stained specimens mounted 1n dammar the two kinds of
deeply tinted nuclei are in some places very similar to
one another, while in other parts, where the infiltration
with the cells of the tumour is slight, the rounded out-
line of these distinguishes them from the oval or fusi-
form shape of the normal elements, and from the smaller
round nuclei, which may be seen in the external nuclear
layer. In sections stained with magenta and iodine
green the nuclel of the glioma acquire a purplish tint.
It is exceedingly difficult to determine in some
instances the precise retinal tissue, from which the
growth has begun. Judging from the conditions at the
margin of the tumour or of secondary nodules, or from

minute isolated foci of infiltration in advance of the
main mass, its starting-point 18 generally in the outer

strata, in one of the nuclear layers ; but 1t may com=
mence among the nerve fibres, and has also been
observed to arise from other layers, or 1n several
together. The strata from which it has not originated
may remain inaffected for a considerable time ; but the
malignancy of the disease does not spare them ulti-
mately, and they are involved in the tumour, thel
proper structure being entirely lost.
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The primary tumour is a mass of round cells, occupy-
‘ing the former situation of some part of the retina and
‘encroaching on the vitreous ; separate secondary nodules
rof similar tissue replace the whole thickness of the
| retina at spots in the neighbourhood, for the growth
rextends not only by continuity, but also by centres at a
| !little distance from the advancing margin. Still further
ifrom the original source there are, at intervals, minute
{ipoints infiltrated with tumour elements, and it is here
tthat it is possible to distinguish which layer is affected.
|Even in the same case one such focus may be in the
linternal nuclear, while another is obviously in the
cexternal nuclear layer, and a third is manifestly related
tto the blood-vessels or their sheaths among the nerve
ffibres ; or one collection may predominate in a given
llocality, while minor accumulations are present in other
|llayers there also; or all the layers may apparently suffer
ssimultaneously.

|
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LENS.
T. NORMAL STRUCTURE.

TaE lens is enclosed in a tramsparent, homogeneous,
elastic capsule, varying in thickness ab different parts,
and described as thickest at the anterior and thinnest
at the posterior pole. Near the margin the fibres of
the zonule of Zinn join, and gradually sink into, the
anterior surface of the capsule ; and in flat preparations
of this part their exact termination, as they ultimately
lose themselves in the clear membrane, cannot usually
be recognized. The anterior segment of the capsule 18
lined internally by a single layer of granular polygonal
cells, the epithelium, each of which has a large round
or somewhat oval nucleus with a nucleolus, cemented
together by an intercellular substance, which stains with
silver in the usual way. Towards the equator, these
cells are progressively longer and more cylindrical,
finally appearing as fibres of the lens.

The body of the lens is made up of fibres, which are
flattened riband-shaped bands, transverse sections show-
ing them to be hexagonal prisms, the broad sides of
which, parallel with the surface of the lens, are con-
siderably larger than the others. They are finely
granular, and of different widths in different parts;
and, running from before backwards in concentric
lanmtinge, the external ones unite to form a series of
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successive shells round the central part or nucleus of the
lens.  The cortical fibres possess a granular oval nucleus
with a nucleolus, and their edges are more smooth and
even, while the harder fibres, which compose the central
portion, have no nucleus, and their edges are often
uneven or dentated, especially near the extremities of
‘the fibres. In microscopical preparations some of the
fibres are expanded at their ends.

The concentric lamellz are intersected by sutures o
Ilines, where the ends of one set of fibres meet
tthose of another set ; and, as these sutures are super-
imposed upon one another, the lens as a whole is
tdivided into sectors along planes radiating from the
ccentre, the arrangement producing a star-like figure,
when the lens is viewed from before or behind.,

There is some cement-substance between the fibres,
most observable in the cortex, which can be readily
Hemonstrated by staining with nitrate of silyer. A post-
mortem softening or deliquescence of the fibres yields
bhe liquor Morgagni, which is seen as clear material in
irregular drops or globules and masses,

IT. PaTHOLOGICAL CoNDITIONS,

Cataract.—Cataractous, opacue lenses present several
mistological varieties, although, from the unsatisfactory
vesults of hardening and mounting in many cases, and
the uncertainty attaching to many appearances in fresh
[pecimens, it may remain doubtful whether some of the
Adterations recorded are not rather post amortem and
irtificial in their origin, or inferences from clinical and
waked-eye observations.

e
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Hurd Cataract.—The affected fibres resemble those of
the normal central mass, destitute of a nucleus, irregular
in outline, thickened, and so adherent to each other
that individual fibres are not easily isolated. They are
mingled with accumulations of drops and dispersed
globules of coagulated material.

Soft Cataract.—There is here an excess of fluid ; the
liquor Morgagni is increased ; and the fibres, which
appear swollen, perhaps from imbibition of fluid, may
be varicose. They show degeneration, containing mole-
cules and little globules ; and are partly destroyed, fatty
débris being set free. Some of them have irregular
transverse strize ; and there are drops of clear material,
occasionally with acicular crystals apparently of mar-
garic acid.

Over-ripe Cataract—In cases where an opaque lens
has undergone further degeneration, there is generally,
in addition to changes similar to those found in soft
cataract, great shrinking of the lens substance, and
a deposit of calcareous granules or of cholesterine
crystals,

Anterior Polar or Pyramidal Cataract.—In this form
there is a circumscribed, small, rather conical projection
at the anterior pole of the lens, covered with the cap-
sule, which is thinned at the summit. The epithelial
lining is wanting locally. According to Becker, the
apex is filled with coagulated serum and the base with
spindle-cells ; Miiller and Schweigger say that it 1s
occupied by a fatty and calcareous mass; and Al
describes the material in the apex as laminated and
opaque, containing cells, and the substance in the base
as fatty drops and calcareous granules, the base bulging
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backwards and the surrounding epithelium being nor-
mal. 1t would seem, therefore, from the discrepancies
in the various records, that more than one kind of pyra-
midal cataract cccurs.

Wound of the Lens.—If the capsule is wounded, so
as to admit the entrance of fluid from the aquecus or
vitreous humour, the substance of the lens becomes
opacue, and this traumatic cataract belongs histo-
logically to the soft variety, The fibres are swollen and
excessively molecular, and at a later stage are broken
down into particles. Masses of coagulated material
with a cellular or vacuolated appearance are present,
and the capsule is, in the majority of cases, partly rolled
up, while the epithelium is quite normal, or in little
accumulations, or absent.

If there is inflammation of the ciliary body or of
some other part of the uveal tract, an exudation of
fibrine and round cells, with areas of granular detritus,
1s found invading the lens; and in many instances an
organmized fibro-cellular formation occupies the former
site of a portion of it. At other times pus occurs here.
The capsule is confusedly curled up, and embedded in,
or attached to, a cyclitic or iritic membrane ; and union
between the lens and the iris or cornea, by means of
nflammatory material, is common. Calcareous de ‘posit
may be found among the remains of the lens fibres ;
and spicules of bone have been obsery ed, where ossifi-
cation has taken place in the fibrous new-formation
(Wagner).

Cellular or fibrous inflammatory products, attached
to portions of the capsule, and mixed with degenerated
fibres of the lens, sometimes form secondar y membranes
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or capsular opacities behind the pupil after an opera-
tion for cataract.

Inflammatory Deposits not unfrequently remain
connected with the surface of the capsule after iritis,
and are composed of collections of uveal pigment as
black clumps and free particles, granular débris, and
delicate fibrous tissue. Adhesion between the lens and
the iris, constituting synechia posterior, has been already
considered under ¢ Iritis.”

The centre of the anterior surface of the capsule may
lLave attached to it traces of an inflammatory exudation,
left there at a former period, when the lens was locally
applied to the cornea at a perforation in the latter.
This is described clinically as ¢ anterior polar cataract.”

When the lens has been pushed forwards, and a
portion of the capsule for a long time pressed against
the cornea, as, for example, in some cases of staphyloma
anterior, adhesions may be found between them..

Inflammatory shreds are occasionally present on the
posterior aspect of the lens after cyclitis ; the greater
changes brought about by inflammation of the cihary
body are noticed 1n connection with that subject.
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DEVELOPMENT OF THE EYE.

Ix this sketch only the more important points con-
nected with the formation of the eye, and apparently
established, are noted. The illustrations of the earlier
stages are taken from that most convenient field of
study, the hen’s egg.

The blastoderm, or embryonic area on the surface of
the ovum, is composed of three layers—viz., the epiblast,
mesoblast, and hypoblast; and, as the eye is formed
from the two outer layers, it contains epiblastic and
mesoblastic elements. The middle of the blastoderm
s more transparent than the margin, and about the
centre of this arce pellucide the first trace of the
embryo is a slight local thickening of the epiblast and
mesoblast, forming a comparatively opaque line, the
promutive streak.  This shortly afterwards has a furrow
along its surface, the primitive groove. A similar
thickening and furrowing occur immediately in front
of one end of the primitive groove, and result in
the formation of the medullary  groove, bounded by
lateral ridges, which receive the name of lumine dor-
sales. These ridges become higher, and bend over
towards one another, meeting first towards that end of
the groove, which ultimately becomes the cephalic
extremity of the embryo, and which their union con-
verts into a tube, After contact of their edges has
occurred, the layer of epiblast, which originally lined
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the medullary groove, separates from its continuation
covering the outer aspect of the laminae dorsales, the
former being left isolated as the lining of the medullary
canal, beneath the latter, which roofs it over as a
separate external continuous sheet.

The cephalic end of the tube is soon closed, and
dilates into a bulb, which is the first stage in the
formation of the brain, and is called the anterior cere-
bral wesicle and afterwards the thalamencephalon. This
expands at both sides; and the expansions, becoming
marked off by constrictions from the anterior cerebral
vesicle, turn downwards and backwards, and form the
primary optic vesicles with short pedicles; but their
“nternal cavities remain in communication with that
of the central vesicle through the hollow stalks, which
afterwards pass inwards from the optic vesicles, and
ultimately become the optic nerves. All of these
structures are derived from the involuted epiblast
beneath, and separate from, the external epiblast; and
they are composed of several layers of somewhat
columnar cells.

At a spot in front of each primary optic vesicle the
external epiblast becomes thickened and depressed ; and
this shallow pit lies in a corresponding hollow in the
adjacent wall of the vesicle. This hollow increases in
depth, until the anterior segment of the vesicle bulges
backwards instead of forwards, and almosb touches the
posterior, and there 1s formed a cup with double walls.
This is the optic cup, and the inner wall of this
secondary optic wvesicle is transformed into the retina,
while the outer or posterior one becomes the pig-
mented epithelium. Owing to the fact that the invagi-
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nation of the optic vesicle takes place not directly
from before backwards straight towards the stalk,
but rather from below upwards and backwards simul-
taneously, a cleft or slit is, in the subsequent growth,
left along the under surface of the cup from its
open mouth to the pedicle. This is the choroidal
Jissure.

The thickened portion of the external epiblast is
more and more deeply depressed until, the mouth of the
little pit closing, it is a small sac. It is then detached
from the rest of the outer epiblast, which passes over it
as an uninterrupted layer, just as happens with the
medullary canal. This sac is the rudiment of the lens,
and at first it nearly fills the optic cup ; but afterwards,
as the latter enlarges, it lies in the mouth of the cup,
and the space behind it is occupied by vascular rather
fibrous tissue in the place of the future vitreous.

The walls of the optic cup, as they grow, cease to
resemble one another, the inner being much thicker and
presenting large numbers of nuclei and delicate fibres
passing vertically between its surfaces, while the outer
remains thin, and is the seat of a granular pigmentary
deposit. The situation of the choroidal fissure is easily
distinguished, even after the cleft is in reality closed,
from the absence for some time of pigment along this
line from the edge of the cup to the optic stalk, A
congenital absence of part of the choroid and of the irig,
known as coloboma choroides and coloboma iridis, has
been referred to arrested development in this region.
The optic stalk undergoes a somewhat similar process
to that traced in the formation of the optic cup. It
becomes flattened, and the original central canal is
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obliterated by thickening of the walls. It is then
folded lengthways so as to enclose a new canal con-
tinuous with the cavity of the vitreous chamber through
the hinder end of the choroidal fissure. The optic cup
is surrounded by mesoblast consisting of branched
irregular cells, the inner portion of which becomes the
choroid with its branched pigmented cells, and the outer
portion of which forms the sclerotue,

Anterior to the line, which is afterwards the position
of the ora serrata, the epiblastic elements of the optice
cup, blended with the mesoblast immediately outside ot
them, are thrown into folds behind the margin of the
lens, and these form the processes of the ciliary body.
A continuation of this anterior epiblastic portion passes
inwards in front of the lens to become part of the wris.
and narrows the opening or mouth to the aperture,
which remains permanently as the pupil. Pigment is
deposited in the layers in this region, which are said to
become the uveal layer of the iris and ciliary processes
and also the pars ciliaris retine, while the rest of the
ciliary body and iris, with their muscles, vessels, con-
nective fibres, and corpuscles, is derived from the
mesoblastic layer continuous with the choroid.

Cornea—The anterior epithelium of the cornea &
produced from the external epiblast and the substantia
propria from the mesoblast. A ring of homogeneous
material forms round the edge of the optic cup in front
of the lens, and spreads towards the centre, until it 1s &
continuous covering or lid ; and behind this a layer of
cells appears to grow from the corresponding edge of
the mesoblast in the situation of the posterior epithelium.
Then the mesoblast round the plate of homogeneous
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substance becomes divided into two layers, the posterior
one extending inwards as the stroma of the 4ris imme-
diately in front of the lemns, while the anterior one
spreads similarly as a layer of corpuscles in the midst
of the transparent corneal substance, which is then split
mto two strata, which become ultimately the membranes
of Bowman and Descemet respectively, while the cor-
puscles develop into the substantia propria, which is
therefore continuous with the mesoblastic structures.
Lens—In its early stage the lens is a vesicle with a
central cavity, the walls consisting of a single layer of
columnar cells derived from the epiblast, as already
mentioned. Those in the anterior portion become
somewhat flattened, and remain as the epithelium lining
this segment of the capsule. Those in the posterior
portion become elongated into fibres, until they touch
the anterior layer and obliterate the cavity, a ring of the
original space at the equator of the lens seeming to be
the last part obliterated. The nuclei of the cells persist
as the nuclei in the anterior or nuclear zone, and con-
tinued elongation and multiplication of the cells yield
the fibres of the lens, from many of which the nuclei
disappear, while the lens assumes more and more of its
mature rather flattened shape, and increases by the
formation of new fibres towards the margin. In hardened
specimens the fibres stop at some distance from the
posterior wall of the lens, and the remaining space
contains globules of a coagulated material, in which
there are many vacuoles, and which is apparently

‘derived from the softened posterior extremities of the

fibres. The capsule seems to be either deposited by the
‘epithelial cells of the lens (Kslliker), or to arise from
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some mesoblastic cells carried in with the lens, which
also form the zonula of Zinn (Lieberkiihn).

Vitreous.—The embryonic vitreous is a substance,
chiefly fluid and sometimes with a few cells, originating
from a vascular growth of mesoblast, which extends
into the interior of the optic cup through the choroidal
fissure. At a later date a continuation of the blood-
vessels, which are afterwards enclosed in the folded
optic nerve, is found passing forwards through the
vitreous humour to the posterior aspect of the lens,
where it gives off branches, which run round the edge
to the anterior surface, and anastomose with those of
the iris. This vascular sheath of the lens is called the
membrana capsulo-pupillaris, and the posterior half of
it is almost entirely composed of vessels, while the
anterior segment has in addition a delicate stroma
continuous with the posterior corneal epithelium, and
constitutes the membrana pupillaris, which, on the
formation of the iris, lies in front of the latter. These
structures disappear before birth, although in rare cases
persistent fragments of the pupillary membrane are
observed, and portions of what appear to be remains of
the vessels passing forwards from the disc have been
seen in the mature vitreous.

Retina.—The thickened anterior or inner wall of the
optic cup, consisting of nuclel, fibres, and several layers
of spindle-shaped cells, with some fibrous tissue at the
surface, is afterwards differentiated into the various
layers of the retina.

Pigmented Epithelium.—The posterior or outer wall
of the optic cup, on the other hand, is reduced to a
single layer of cells, in which dark granules of pigment
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are deposited, and the shape of the cells becomes more
or less hexagonal.

Optic Nerve—When the nerve fibres have appeared
in what was formerly the stalk of the optic vesicle, the
connection with the outer wall of the optic cup is no
longer seen; and the nerve, passing through this,
1s continuous with the inner wall with its retinal
layers. This perforation or opening is the only portion
of the choroidal fissure which is left permanently, the
rest closing entirely and being obliterated. Blood-
vessels are enclosed in the longitudinally folded optic
nerve, and pass with it into the vitreous chamber,
finally forming the arteria centralis retinz and its vein,
branching in the retina.

Lyelids.—The eyelids are developed from folds of the
external epiblast with an enclosed layer of mesoblastic
elements.
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brane ‘co45—'ol mm. (Henle).

Thickness of Descemet’s membrane about centre ‘006 —
*008 mm., near margin "OI—"0I2 mm, (Miiller).

Selevotic.

Merkel's
Schema.
Thickness of posterior part 1'1—1°2 mm. ... I mMm. ... I mm.

» anterior i 331 ErmRE it e ah )

Jaeger. Henle.




MEASUREMENTS. 159

|

Iris.

Thickness near pupil "4 mm., middle ‘3 mm., periphery
'2 mm. (Jaeger).

Breadth after death 3 5—4'5 mm,
Sphincter, breadth *‘8—1 mm., thickness ‘07—'25 mm.
Pupil, diameter 4 mm. (Jaeger), 4'5 mm, (Henle), 4 mm.

(Merkel's Schema).
Choroid.

Thickness near disc *12—'15 mm. (Jaeger), ‘07 mm. (Henle),
‘09 mm. (Merkel’s Schema).

¥ near margin ‘06 mm. (Merkel’s Schema),
s of lam. vitrea ‘ooo6—'0008 mm,

Pigmented Epithelial Cells,

Size 12—18 micro-mm., thickness 9 micro-mm.
Length of pigment particles 1—35 micro-mm.

Ciliary Muscle.

Jaeger. Henle. Merkel's
- A Schema.
Greatest thickness g mm. Fmm. .. Tmm,
Length T
Optic Nerve,

Diameter behind eyeball, with sheath, 3'9—4'3 mm., thick-
ness of outer sheath *5 mm.

5 through sclerotic 1°; mm., at level of choroid
1'2 mm,

Optic Dise.

Diameter 1'2—1'6 mm. (Jaeger), 1°4 mm, (Henle), 1°4 mm,
(Merkel’s Schema),




160 MEASUREMENTS.

Retina.

Thickness in millimétres (Miiller).
At distance from dise of

Lens.

‘s mm, 8 mm. 18 mm.
Whole retina ... ... ‘428 216 o BTARD
Nerve-fibre layer ... "2 -
Nerve-cell ,, ... 0I5 } 0257020 } 04—'045
¥
Int. moleec. , ... '036—04 ... j‘
, nuclear , ... '033-—038 ... ... ‘o16—02
Ext. molee. , ... 03—°04 ... ... 'o12—016
, nuclear ,, ... ':::45—'065 i ‘025
Rods and cones ... 05 . 045 vanie 0]
Thickness of nerve ﬁbres ‘5—3 Or 5 mMiCro-mm. (Schultze).
Size of nerve cells 15—30 micro-mm. -
Length at fundus of rods s0—60 micro-mm., uf
cones 32—36 micro-mm. . ; 5
Thickness at fundus of rods 2 micro-mm., crf cones
6—7 micro-mm. ... i -
Thickness at fovea of cones 3 micro- mm,lang'bh
60—100 micro-mil. v
Jaeger. Henle. ]g:i];ﬂ:
Antero-posterior diameter 377 mm. ... 4 M. ... 3'7 mm.
Transverse 1) IO'3 3y s Oi5im s:x 9 -

Capsule, thickness at ant. pole "o11— 018 mm., at post. pole
*005—'008 mm.
Bpithelial cells, size "019—"032 mm.

Fibres, breadth : * .
of l:ﬂl'tiﬂ&l} o1—'012 mm., of central ‘0o7—"008 mm.

i t-hiﬂkﬂe&'ﬂ } '0‘345—"0055 mim. '0023 ‘002 8 u
of cortical




INDE X.

Acanrcs follicalorum, 3
Amyloid disease of conjunctiva, 20 |
Angioma of choroid, 75

of conjunctiva, 21

of 1r1s, 60
Anterior cerebral vesicle, 152 ; figs.

223, 224 |
Anterior chamber, angle of, 47, 81 ;
figs. 117, 118, 121

pus in, 31, 56 ; figs. 155, 156
Aquo-capsulitis, 30, 57 l
Arcus senilis, 38

Brastonery, 151

Blepliaritiz, 10
Eone, in choroid, 71 ; figs. 104, 105
in ciliary body, 99
in cyclitic membrane, 96 3 #iy. I
149
in lens, 149 |
Bowman's membrane, normal, 24,
80 ; fig. 24
in opacity of cornea, 32; fig. 34
in pannus, fig. 33
in staphyloma of covnea, 37
in uleer of cornea, 30
in wound of cornea, 34; figs,
47, 50
| Bright’s disease, choroid in, 70:
hg. 97 |

Bright's disease, retina in, 134 ;
Sigs. 173, 194-196
Bruch, follicles of, 8
membrane of, 63
Buphthalmos, 99

Carsure of Tenon, 42, 109; fg.
57
Carcinoma of conjunctiva, 22 *
Caruncula lachrymalis, 10
Cataract, 147 ; fig. 51
Cerebral vesicle, 152 ; figs. 223,
224
Chalazion, 10; fig. 8
Chemosis, 15, 17 ; fig. 23
Chick, embryo, figs. 218-22
Clioked disc (zee Optic disc, cedema)
Chorio-capillaris, 62 ; fig. 8o
Choroid, angioma of, 75
atrophy of, 72 ; figs. 91, 106-
108, 205-207
in choroiditis, G9
in choroido-retinitis, 139
in glaucoma, 121
in staphyloma posterior,
73
blood-vessels of, 63 ; fig. 84
bone in, 71 ; figs, 104, 105
calcareous deposit in, 71
cicatrix of, 44, 71; fig. 60

(1)




INDEX,

Choroid, colloid disease of (see

Hyaline excrescences)
cysts of, T4
detachment of, 67, 68, 97;
figs. 51, 77, 139 150, 151,
215
development of, 154
fatty cells in, 72 ; fig. 100
in glaucoma, 121; figs. 178
180
granuloma of, 74
heemorrhage, intra-choroidal,
66 ; figs. 94, 99, 152
gub-choroidal, 67 ; figs. 51,
152 '
hyaline excrescences of, 65,69,
71, 98, 142 ; figs. 90-93
hyperemia of, 67 ; fig. 95
inflammation of, 68, 70 ; figs.
49, 77: 97-99; 101-103
internal surface of, G3; figs.
78, 79
Iymphatics of, 63 ; fig. 83
measurements of;, 159
nerves of, 63 5 fig. 82
normal section of, figs. 52, 80
structure of, 61
cedema of, 67 ; fiys. 95, 96
pigmentation of, 66, 68 ; figs.
99, 152
pigmented cells of, 62 fig.

81
in retinitis albuminurica, 70 ;
Jig- 97

sarcoma of, 75, 111, 140 ; fig.
1c9

stroma of, 62

in staphyloma posterior, 73 ;
figs. 107, 108

tubercle of, T4

wound of, 44, 71

Choroidal fissure, 153 : fiys. 225,
226
Cheroiditis, plastie, 63; figs. 77,
g3
purulent, 70; figs. 101-103
Choroido-retinitis, 69,79, 136, 1593
figs. 175, 177, 205, 200
Cilia, normal, 2, 7; figs. I, 2, 4
with lice, 14; figs. 15-17
Ciliary body, atrophy of, 95; fins.
51, 155-163
in cyclitis, 94, 97
in glancoma, 101
blood-vessels of, 87
bone in, 99
cells of stroma, 84 ; fig. 110
detachment of, 97 ; figs. 77;
139, I51, 215
development of, 154
fibrine in, fig. 138
foreign body on, 98
Lemorrhagic pigmentation of,
05 ; figs. 142, 152
hyaline excrescences in, 63, 19
inflammation of, 78, 93; sigs.
77, 140-146, 152
inflammatory exudation in,
figs. 137, 138
inner layers of, figs. 133, 135
Jamina vitrea of, 87 ; figs. 133,
134
of negro, 84 figs. 120, 133
nerves of, 87
normal section of, meridianal,
figs. 116-118
transverse, figs. 127-i32
normal structure of, 85
cedema of, 93; figs. 130, 140,
151
pars ciliniis retinme, 92, 132 ;

figs. 133, 135, 130




INDEX,

| Conjunctivitis, muco-purulent, 16 ;
Jigs. 18, 23, 146
phlyctenular, 18
purulent, 16 ; fiy. 19
Cornea, abscess of, 29, 31
arcus senilis, 38
atrophy of, 38; fig. 76

cicatrix of, 83, 33, 78; figs-

Cillary Lody, pigment layer of, 88
stroma of, 84, 86
tumours of, 102

Ciliary muscle, 82, 85
measurements of, 159
Ciliary processes, 48, 87, 88 ; figs.
117-132
Ciliary region, in glancoma, 77, 99,

100 5 figs. 45, 155-163
leprosy of, 102
normal, 80 ; figs. 116-126
staphyloma of, 99
wound of, 98; fig. 154

39, 4148, 50, 77, 152,
215
cystoid, 34
cloudy swelling of, 27
conical, 38

corpuscles of, 25; figs. 30, 31

descemetitis, 30 ; fig. 36

development of, 154

epithelium of, anterior, 23, 80 ;
Jigs. 25, 26

Colloid disease of choroid (sce Hya-
line excrescences)
Culoboma of choroid, 153
of iris, 153
Conjunctiva, amyloid disease of,

20
chemosis, 15, 17 ; fig. 23
cicatrization of, 18
ecchymosis of, 19
episcleritis, 19; fig. 23
of eyeball, 9, 80; figs. 3, 117,
118
of eyelid, 8; figs. 4, 6, 7
glands of, 6; figs. 5, 7
granular, 17 ; figs. 20, 21
heemorrhage under, 19
hypertrophy of, 18; fig. 22

inflammation of, 16; figs. 18- |

23, 146
leprosy of, 102
eedema of, 15, 17 ; fig. 23
pinguecula, 19
pterygium, 20
tumours of, 20
xerosis of, 20

Conjunctivitis, chrouie, 18; fig. 22

granular, 17 ; figs. 20, 21
membranous, 17

posterior, 26 ; figs. 29, 114

fibres of, 24; fig. 28

fistula of, 35

in glaucoma, 78 ; fig. 44

infiltration of, 28 ; figs. 32, 409,
51

inflammation of, 27 ; figs. 32-
36, 44, 49

keratocele, 30

lacunze of, 25; fiy. 27

leprosy of, 102

limbus of, 81

measurements of, 158

nerves of, 26

normal section of, figs. 24, 30

structure of, 23

cedema of, 28, 78

opacity of, 28, 31; figs. 34, 37,
44, 51

pannus, 29, 32 ; figs. 34, 35, I

perforation of, 35, 130 ; figs.
33: 49

pigment in, 35, 86 ; fig. 45




INDEX.

Cornea, staphyloma of, 36, 58 ; figs.
37, 51
substantia propria of, 24, 81
guppuration of, 20, 34, 73]
Jigs. 33, 49
synechia  anterior, 35, 37 ;
figs. 37, 39, 46, 51, 77,152
215
thickening of, 38 ; figs. 37, 77
thinning of, 38 ; figs. 37, 51
tumours of, 39
ulceration of, 29, 31; fig. 5t
wound of, 32, 105; figs. 38,
40, 46, 77, 152, 215
Corneitis (see Keratitis)
Corneo-scleral junction, normal, 80;
figs. 113, 116-118
staphyloma of; 99
Cyelitic membrane, 07, 06, 142
figs. 49-51, 77, 147-154
215
bone in, 96; fig. 149
calcareous deposit in, 96
hyaline bodies in, 98; Jig. 92
Cyclitis, plastic, 94; figs. 49, 77,
140-144, 152, 153, 215
purulent, 94 ; figs. 145, 146
episcleritis in, 19
lens in, 150
retina in, 141
Cyclo-choroiditis, 94 ; figs. 150, 151
Cyst, cysticercus, of cunjunctiva,
22
of choroid, 74
dermoid, 12 ; fig. 13
of iris, 36, 58, 60
Meibomian, 10; fig. &
at ora serrata, 133; figs. 192,
193
of sclerotic, 45
sebaceous, 11 ; figs. 9, 14

Cyst, serous, of conjunctiva, 22
of eyelid, 14
(ysticercus under conjunctiva, 22
in vitreous, 106

Deryorn eyst, 12 ; fig. 13

Dermoid growth of conjunctiva, 21
of cornea, 59

Descemet’s membrane, Hassall's

warts of, 26 ; fig. 114
hernia of, 30
injury of, 34; figs. 33, 39; 48
49
in staphyloma, 37, 100 ; fig. 37
in synechia anterior, 36
normal, 26, 81; figs. 30, 114
Descemetitis, 30, 57 ; fig. 30
Development of eye, 151 ; figs. 218~
230

Dise (see Optic disc)

Feoonymosts of conjunctiva, 19

Epithelium of conjunctiva, 8; fi. 3
of coinea, 23, 26; figs. 25,

20, 29, 114
of iris, 48; fig. 62
of lens, 146 ; figs. 210-213
pigmented, G4 ; figs. 78, Eo,
38, 89

Epithelioma of conjunctiva, 22
of cornea, 39
of eyelid, 12 ; jig. 10

Episcleritis, 19; fig. 23

Exclusion of pupil, 53

Eyeball, measurements of, 158

Eyelashes (see Cilia)

Eyelids, clinlazion, 10 ; jig. 8
dermoid cyst, 12; fig. 13
developmeunt of, 157
distortion of, 15
epithelioma of;, 12; jig. 10
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Eyeclids, glands of, 4, 6, 7; figs.5, 7 | Glaucoma, iris in, fig. 75

granular, 17 ; figs. 20, 21

inflammations of, 15

lice on, 14 ; figs. 15-17

Meibomian cyst, 10; fig. 8
gland, 4; fig. 6

normal section of, figs. 1, 2, 4
structure of, 1

adema of, 10

phtheiriasis of; 14 ; figs. 15~17

rodent ulcer of, 15

sarcoma of, 13; figs. 11, 12

sebaceous cyst of, 11; figs. g,

14

serous cyst of, 14

skin of, 2

tumours of, 15

ulcers of, 15

xanthelasma of, 13 ; fig. 14

IFizroya of cenjunctiva, 21
of eyelid, 15
of sclerotic, 45
Foutana, spaces of, 82
in glancoma, 101
in staphyloma, 100
IFovea centralis, 131 ; fiys. 186, 187
Frog, corneal corpuscles of, fig. 31

Graxps, in fornix conjunctivee, G ;
Jig. 5
Meibomian, 4; figs. 1, 2, 4, 6
of Moll, 6; fig. 4
schaceous, 3,7
in tarsus, 6 ; fig. 7
Gilasdrusen (see Hyaline excres-
cences )
(ilaucoma, ciliary region in, 77, 99,
100; figs. 45, 155-163
choroid in, 121 ; figs. 178-180
cornea in, 78 ; fiy. 44

optic disc in, 74, 77, 120 ; figs.
105, 107, 109, 178-180
pupil in, 101, 102 ; figs. 150~
161
retina in, 121, 136, 138; figs.
178-1582, 109
Glioma of retina, 111, 143 ; figs.
208, 209
Granular eyelids, 17 ; fiys. 20, 21
Granuloma of chorvid, 74
of cornea, 59
of ivis, 59
Gumma of ciliary body, 102
of eyelid, 15
of iris, GO

HarvLer, vascular ring of, 116
Hassall's warts of cornea, 26; fig.
114
Hordeolum, 10
Hyaline excrescences of choroid,
65 ; figs. 9o, 91
in choroiditis, 69, 71 ; fiy. 93
in ciliary body, 99
in cyclitic membrane, 93 ; fig.
92
in detached retina, GG, 142
Hyalitis, plastic, 104
purulent, 105
Hyaloid canal, 104
Hypermetropia, ciliary region in, 56
optic disc in, 115
Hypopyon, 31, 56 ; figs. 69, 155,
150

Irpo-cycrimis, 93; figs. 73, 137,

152
Iris, atrophy of, 58 ; fig.
in glaucoma,

45, 75, 150,

yiv)
101; figs.
162




INDEX,

Tris, atrophy of, in iritie, 54
in staphyloma, 37, 100;
Jigs. 37, 51

in synechia anterior, 36
blood-vessels of, 50, 87
cells of stroma, figs. 64, 65
cysis of, 36, 68, 60
development of, 154
cpithelium of, anterior, 48;

Sfig. 62
eversion of pupil, 102; figs.
159, 160

foreign body in, 58
in glancoma, 101 ; fig. 75
inflammation of; 19, 52 ; figs.
39, 49
leprosy of, 102
measurements of, 159
of negro, 49 ; fig. 66
nerves of, 50
normal section of, meridianal,
47 ; figs. 116, 121,
124
outline, fig. 61
peripheral, fig. 130
vertical, figs. 63, 66
structure of, 46, §2, 90
surface of, anterior, 46,
fig.- 67
posterior, 51; fig. 65
cedema of, 56
prolapse of, 35, 57 ; figs- 49,
48, 49, 152
radiating fibres of, 51; fig. 65
sphincter pupille, 50 : figs. 61,
67
eversion of, 102
stroma of, 49
tumours of, 59
uvea, detachment of, 54 ; figs.

46, 51, 71, 72, 77

Iris, uvea, eversion of, 102 ; figs.
159-161
noimal, 51; figs. 61, 03,
66, 117, 118
wound of, 57 ; figs. 77, 215
Iritic angle, 47, 81
Tritis, anterior layers of iris in, jigs.
68, 69
hypopyon, 81, 56; figs. €9,
155, 156
plastic, 52, 150 ; figs. 72, 77
purvlent, 55 ; figs. 49, 70, 146
serous, 31, o6
synechia, anterior, 35, 37 ; figs.
37, 39 46, 51, 77, 152,
215
posterior, 53, 94, 96 figs.
5I,71-74,77, 137, 152,
215

KeraTrs, cloudy swelling, 27
" descemetitis, 30
infiltration, 28 ; figs, 32, 49; 5I
glancomatous, fig. 44
hypopyon, 31
wdema, 28
pannus, 29, 32 ; figs. 34, 35, 51
phlyctenular, 30
punciate, 30, 57
purulent, 29, 34, 78; figs. 33,
49
ulceration, 29, 31
Keratocele, 30
Keratoconus, 38

Layixa cribrosa, 114 ; figs. 170-
172

fusca, epithelioid cells on, 42 3

. 56

normal, 42, 84 ; figs. 52,

54




INDEX,

Lamina fusea, pigmented cells of, |
Jig. 55 |
supra choroiden, 43, 65 '
Jigs. 85-87
vitrea, of choroid, 63
of ciliary body, 87 ; figs.
133, 134
colloid disease of (see |
Hyaline excrescences)
Laminge dorsales, 151 ; figs. 221, |

35 |

Lens, bone in, 149

caleareous deposit in, 97, 1485,
149 ; fig. 51 |

capsule of, 146 ; figs. 210, 212, |
213 -

eataract, 147 ; fig. 51 |

cholesterine in, 148 !

development of, 153, 155 ; figs.
225, 230

displacement of, 37, 97; figs.
51, 152, 215 |

epithelium of, 146 ; figs. 210,
213 |

fibres of, 146 ; figs. 213, 214

inflammatory deposits on, 150

measurements of, 160

normal structure of, 146

in sarcoma of choroid, 78

synechia, 149, 150

wound of, 34, 97, 149; figs.
39, 49, 48, 49, 72, 77, 152,
215-217 !

| Leprosy of ciliary region, 102 i
31; figs. 34, 37, 44

ilLeucrmm, 28,
5L, 77
|1 Lice on eyelashes, 14 ; figs. 15-17
|ILigamentum pectinatum, 50, 81, |
| 86; figs. 113-118 |
ILimbus conjunctivae, 10, 80 |
cornem, 81

Lipoma of eonjunctiva, 20

of eyelid, 15
Liquor Morgugni, 147
Linpus of eyelid, 15
Lymphangicctasis of conjunctiva, 21
Lymphatics of choroid, 63

of cornea, 25

of eyelid, 2

of optic nerve, 100

of retina, 126

of sclerotic, 42
Lymphoid tissue of conjunctiva, 8,

]

Macura lutes, 131 ; figs. 186, 187
in retinitis, 134
Measurements, 153
Medullary canal, 152
groove, 151 ; figs. 220-222
Meibomian cyst, 10 ; fig. §
gland, 4 ; figs. 1, 2, 4, 6
Melanoma of iris, GO
Membrana capsulo-pupillaris, 156
chorio-capillaris, 62
limitans, 127
pupillaris, 156
Moll, glands of, 6; jig. a4
Molluscum contagiosum, 12
Monse, embryo, fig. 228
Miiller, fibres of, 127
Muscle, ciliaris Riolani, 8, 5; figs.
I,2,4
ciliary, 83 ; figs. 116-129.
compressor lentis, 85
involuntary, of eyelid, 4 ; fiys.
Ty 2
orbicularis palpebrarum, 3;
Jigs. 1,2, 4
sphincter pupille, 50; figs.
61, 67
Myoma of ciliary body, 102




INDEX.,

Myopia, ciliary region in, 86
optic dise in, 115
Myxoma of optic nerve, 111

N.zvus of eyelid, 15

Nebula, 31

Negro, ciliary body of, 843 Jiy.

120

conjunctiva of, 9, 80 ; fig. 3
iris of, 49 ; fig. 66

Neuritis, 109, 117 ; fig. 167

Neuro-retinitis, 119, 134 ; figs. 173,

174
Neuroma of optic nerve, 112

Oceruston of pupil, 54 ; fig. 74
Qpacity of cornea, 28, 31; figs. 34,
37, 44 51
lens, 147
Opagque nerve fibres in retina, 142
Optic cup, 152 ; figs. 225-228
Optic dise, atrophy of, 98, 119, 138;
Jig- 175
detached retina at, figs. 105,
203, 204
glaucomatous excavation of,
74, 77, 120; figs. 105, 107,
109, 178-180
inflammation of,
figs. 173, 174
in 1ritis, 57
measurements of, 159
membranous growth on, 104,
120
normal section of, figs. 170,

172
structure of, 113

cdema of, 117 ; figs. 173, 176

physiological cup, 1165 fig. 171

in retinitis albuminurica, 134 ;
Jig. 173

117, 134;

Optic dise, in staphyloma posterior,

74
vascular growth on, 122 ; fig.
177
Optic nerve, atraphy of, 110 ; figs.
168, 169

development of, 152, 153, 157
in glioma, 111
grey degeneration of, 111
inflammation of, 100; fig.
167
lymphatics of, 109
measurements of, 159
normal seetion of, figs. 164-
166
structure of, 107, 113
pigmentation of, 111
in sarcoma, 78, 111 ; fig. 169
gheaths of, 73, 113
tumonrs of, 111
Optic neuritis, 117 ; figs. 173, 174
Optic vesicles, 152 ; figs. 223, 224
Ora serrata, cystic degeneration of,
133 ; figs. 192, 193
normal, 132 ; figs. 116, 136
cedema of, 133
Osteoma of sclerotic, 45
sub-conjunctival, 21

Paxxus, 29, 32; figs. 34, 35 51
Panophthalmitis, choroid in, 71
ciliary body in, 94, 98
iris in, 55
retina in, 137
vitreous in, 105
Papilla (see Optic disc)
Papillitis, 117, 134; figs. 173, 174
Papilloma of conjunctiva, 21
of eyelid, 15
Pars ciliaris retinee, 92, 132; figs.
133, 135, 130




INDEX.

Pars ciliaris retine, inflammation
of, figs. 143, 144

Pediculus on eyelash, 14 ; figs. 15~ |

17
Perch, embryo, figs. 226, 227
Perichoroidal space, 43, 63, 84 ;
Jig. 52
Perineuritis, 110
Perivasculitis,
195
Phlyctenular conjunctivitis, 18
Phtheiriasis palpebrarum, 14 ; figs.
L5, 17
Physiological cup of optic dise, 116 ;
fig. 171
Pigment in conjunctival epithelium,
9; fig. 3
in skin of eyelid, 2
Pigmentation of choroid, 66, 68;
Jigs. 99, 152
of ciliary body, 95 ; figs. 142,
152
of cornea, 35, 36 ; fig. 45
of optic dise, 118
of optic nerve, 111
of retina, 69, 79; figs. 177,
202, 205
Pigmented epithelium, atrophy of,
79 ; figs. 90, 98, 108
development of, 152, 156
measurements of, 159
normal, 64 ; figs. 78, 8o, 88, 8o
outgrowth of, 79 ; fig. 207
Pinguecula, 19
Plica semilunaris, 10
Polypus of conjunctiva, 20
Posterior elastic lamina (see Des-
cemet’s membrane)
Primitive groove, 151 ; figs. 218-
220
streak, 151

135, 137; fig.

Pterygiom, 19
Pupil, eversion of, 102 ; figs. 159~
161
exclusion of, 53, 56
funnel-shaped, fig. 73
measurement of, 159
normal, 47, 52
occlusion of, 54 ; fig. 74
Pupillary membrane, 54 ; fig. 74

Raserr, choroid of, fig. 83
cornea of, figs. 26, 27, 29
embryo of, figs. 229, 230
iris of, fig. 62
sclerotic of, fig. 56
Retina, aneurisms in, 122, 138
arteria centralis of, 108, 115
atrophy of, 138 ; figs. 199-204
in choroido-retinitis, 69,
139 ; figs. 205, 206
in glaucoma, 121; figs.
105, 107
in retinitis, 137 ; figs.199-
204
in staphyloma posterior,
74; figs. 107, 108
calcareous vessels in, 142
cicatrix of, 71, 142 ; fig. 6o
connective-tissue formation on,
123, 143 ; fig. 177
cysts at ora, 133; figs. 192,
193
detachment of, 68, 140 ; figs.
203, 204
in choroiditis, 69, 70
in cyclitis, 97 ; figs. 49,
77152, 218
in glaucoma, 121; fig.

105
in papillitis, 118; figs.
173, 174

(2)
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TRetina, detachment of, by sarcoma, |

77 fig. 109
in staphiyloma, fig. 51
with hyaline bodies, 66,
142 ; fig. 92
development of, 152, 156 ; figs.
228-230
fovea centralis of, 131; figs.
186, 187
in glaucoma, 121, 136, 138 ;
figs. 178, 180, 199
glioma of, 111, 143 ; figs. 208,
200
hyaline bodies in, 66, 142;
Jig. 92
inflammation of, 69, 70, 134 ;
figs. 173, 174, 194-198
in iritis, 57
macula lutea of, 131; figs.
186, 187
measurements of, 160
pormal section of, figs. 52, 170~
172, 181-184, 188, 189
structure of, 124
surface, internal, 128 ; fig.
185
wdema of, 121, 132-134, 141 ;
figs. 178, 179, 199, 191
opaque nerve fibres in, 142
ora serrata, cysts at, 133; figs.

192, 193
pormal, 132; figs. 116,
136

edema at, 133
pars ciliaris, 92, 132 ; figs.
133, 135, 130
inflammation of; figs. 143,
144
pigmentation of, in choroido-
retinitis, 69, 137-139 s figs.
177, 202, 205

Retina, pigmentation of, in cicatrix,
142
in retinitis pigmentosa, 79
in sarcoma of choroid, 773
Jig- 109
in staphyloma posterior, 74,
136 ; figs. 107, 108
tubercle of, 1435
wound of, 44, 136, 142 ; fig.
6o
Retinitis, albuminuric, 70, 134
figs. 173, 194-190
choroid in, 70 ; fig. 97
leukaemic, 137
pigmentosa, 79
plastic, 136 ; figs. 174, 197,
108
purnlent, 137
Rodent ulcer of eyelid, 13
Ruysch, membrane of, 62

qancoma of choroid, 75, 140 ; fig.
104
of ciliary body, 102
of conjunctiva, 22
of cornea, 39
of eyelid, 13 figs. 11, 12
of iris, 60
optic nerve in, 111 ; fig. 169
recurrent, figs. 111, 112
sclerotic in, 78 ; fig. 110
Sattler, layer of, 64
Schlemm, canal of, 83 figs. 113,
117
inflammation about, 57, 96
in glaucoma, 101
in staphyloma, 100
Scleritis (see Sclerotitis)
Sclero-choroiditis, 44
Sclerosis of fibres of Miiller, 135
of retinal vessels, 135 ; fig. 1 g6




Bclerotic, atrophy of, 44
calcareous deposit in, 45
cicatrix of, 44, 71 ; fig. 60
cysts of, 45
development of, 154
inflammation of, 43, 70 ; fig.

58
Junction with cornea, 80
lamina fusca, 42
measurements of, 159
normal section of, figs. 52, 53,
113, 117

structure of, 40

near cornea, 81, 83

at optic dise, 73, 113
in sarcoma, 78; fig. 110
staphyloma of, 44
thickening of, 44 ; fig. 59
thinning of, 44
tumours of, 45
wound of, 43 ; fig. 60

! Sclerotitis, 19, 43 ; fig. 58

tSebaceous cyst of eyelid, 11 ; figs.

9, 14

! Serous cyst of conjunctiva, 22

of eyelid, 14

iShrunken eyeball, anterior portion

of, figs. 49, 50, 76
choroid in, 71
ciliary region in, 98, 99
cornea in, 38 ; fig. 76
s in, 59 ; fig. 76
optic disc in, 119
retina in, 136
sclerotic in, 44 ; fig. 59

$5kin of eyelid, 2
tumours of, 15

SSphincter pupille, 50 ; figs. 61, 67
eversion of, 102

sstaphyloma, ciliary, 99
corneal, 36, &8 ; figs. 37, 51

|

INDEX.,

Staphyloma, corneo-scleral, 99
posterior, 73 ; figs. 107, 108
optic disc in, 122
retina in, 136
sclerotic in, 45
scleral, 44
Stilling, canal of, 104
Stump of eyeball (see Shrunken
eyeball)
Stye, 10
Synchisis, 105
Synechia, anterior, 35, 37; figs.
37, 39, 46, 51, 77, 152, 215
peripheral, 100 ; figs. 45, 155-
163
posterior, 53, 94, 96 ; figs. 51,
J1-74, 77, 137, 152, 21}
Syphilitic ulcer of eyelid, 15

Tamsus, 3; figs. 1, 4, 6, 7
Tenon, capsule of, 42, 109 ; fig. 57
Trachoma of eyelid, 17 ; figs. 20,
21
Tubercle of choroid, 74
in cyclitic membrane, 102
of iris, 59
Tumours of choroid, 74
of ciliary body, 102
of conjunctiva, 20
of cornea, 39
of eyelids, 15
of iris, 59
of retina, 143
of sclerotic, 45

Uvea, detachment of, 54; figs.

46, 51, 71, 72, 77
eversion of, 102 ; figs. 159-

161
normal, 51 ; figs. 61, 63, 66,
117, 118




Vacrsims, 110

Vitreous, cysticercus in, 106
development of, 153, 156
hemorrhage into, 104
inflammation of, 104
normal, 103 ; fig. 136
goft, 105
synechia anterior, 36, 105

Warr of eyelid, 15

Wound of choroid, 44, 71
of ciliary region, 98
of cornea, 32, 105

|

Wound of iris, 57
of lens, 84, 97, 149
of retina, 44, 136, 142
of sclerotic, 43

X axTHELASMA palpebrarum, 13 ;
fig. 14
X erogis of conjunctiva, 20

Yerrow spot (see Macula lutea)

ZoxurLa of Zinn, 92, 103, 146;
figs. 117, 118, 120, 210







PLATE I.

T'i6. 1.—Vertical Section, in outline, of Upper Eyelid.

% 6 diam. Dammar preparation.

1. Skin with hairs and sweat-glands. 2. Orbicularis pal-
pebrarum muscle. 3. Subcutaneous fat. 4. Fat beneath
orbicularis. 5. Involuntary muscular fibres behind tarsus, near
fornix. 6. Conjunctiva palpebree. 7. Mouth of Meibomian
gland, in tarsus, at edge of lid. Above and below the duct is
seen the musculus ciliaris Riolani. 8. Eyelashes.













PLATE 1L

Ti6. 2—Vertical Section, in outline, of Lower Eyelid.

% § diam. Dammar preparation.

1. Skin with hairs and sweat-glands. 9. Orbicnlaris pal-
pebrarum muscle. 3. Subcutaneous fat. 4. Fat beneath
orbicularis. 5. Involuntary muscular fibres behind tarsus.
6. Conjunctiva palpebra. 7. Mouth of Meibomian gland, in
tarsus, at edge of lid. Above and below the duct is seen the

musenlus ciliaris Riolani. 8. Eyelashes.

—Vertical Section of Epithelium of Conjunctiva
Bulbi of Negro.

% 300 diam. Glycerine preparation.

16, 3.

1. Trom behind limbus conjunctive. Pigment in deepest
eells, 2. From posterior parb of limbus conjunctivee. Pigment
in cells of different layers. 3. From anterior part of limbus
conjunctivee, near cornea. Pigment in various layers.












PLATE IIL

T16. 4—Vertical Section of the Edge of Upper Eyelid.

% 80, Dammar,

1. Skin. 2. Anterior part of orbicularis palpebrarum
muscle, cut transversely. 3. Musculus ciliaris Riolani, cut
transversely. Some fibres of this muscle are seen beneath the
Meibomian gland. 4. Tnternal or conjunctival surface of
tarsus; fibrous tissue. 5. Conjunctiva; connective tissue and
stratified epithelium, 6. Inner angle of free edge of lid.
7. Eyelashes in follicles. 8. Gland of Moll. 9. Meibomian
gland. 10. Duct of Meibomian gland, opening on free edge

of Iid.

Fic. 5.—Section of Racemose Giland in Fornix
Conjunctivee.

% 45, Dammar,

1. Lobules of gland. 2. Duct, cut across. 3. Loose connec-
tive tissue.













PLATE IV.

Fic. 6.—Part of Longitudinal Section of Meibomian
Gland in Upper Eyelid.

% 45, Logwood, Dammar,

1. Epithelium of conjunctiva. 2. Sub-epithelial connective
tissue. 3. Internal surface of tarsus; dense fibrous tissue,
with blood-vessels. 4. Anterior part of duct of Meibomian
gland. 5. Posterior part of Meibomian gland. 6. External
surface of tarsus. 7. Connective tissue outside tarsus, with
transverse section of an artery.

Fi6. 7.—Vertical Section of Racemose Glands in
posterior part of Tarsus of Upper Eyelid.

% 45, Logwood, Dammar.

1. Epithelium of conjunctiva. 2. Sub-epithelial connective
tissue. 3. Internal layers of tarsus, with blood-vessels. 4. Ex-
ternal surface of tarsus. 5. Posterior border of tarsus.
6. Lobules of glands.













PLATE V.

Fie. 8.—Vertical Section of Chalazion (Meibomian
Cyst).

% 10. Glycerine,

1. Stratified epithelium, continued over the surface. 2, Con-
nective tissue outside tumour. 3. Capsule of fibrous tissue,
from which septa pass inwards, dividing the cyst into lobules.
4. Bpithelial cells inside capsule. 5. Fatty material occupying
centre of lobules, the outer layers being more opaque.

Fig. 9,—Part of Sebaceous Cyst in Upper Eyelid.
% 300. Glycerine.

1. Trabeculse of fibrous tissue. 2. Epithelial cells. Only
those in the outer layer are well defined. 3. Fatty bodies and
granular material. 4. Opaque fatty bodies and granular sub-
stance.
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PLATE VL

Tic. 10.—Vertical Section of Epithelioma of Lower
Eyelid.

% 30, Logwood, Dammar.

1. Normal epidermis. = 2. Subcutaneous tissue. 3. Hair-
follicles and hairs. 4. Sweat-glands. 5. Epithelioma, with
processes extending from the deeper surface. 6, Subcutaneous
tissue, with infiltration of inflammatory round cells.













PLATE VIL

Fic. 11 Vertical Section of Sarcoma of Lower Eyelid.

% 30, Dammar.

1. Normal epidermis, with hair-follicles. 2. Atrophied epi-
dermis over tumour. 9. Epithelial scales. 4. Subcutaneous
tissue with sweat-glands. 5. Tumour (sarcoma).

Fie. 12.—Cells from Sarcoma of Eyelid.
% 300. Glycerine.

These are from a portion of the tumour drawn in Fig. 11,
teased out. Both spindle-shaped and round cells are present.













PLATE VIIL

Frc. 13.—Vertical Section of the Wall of an Orbital
Dermoid Cyst.

% 80, Glycerine.

1. Contents of cyst; epithelial scales and fine hairs. 2. Stra-
tified epithelium, lining cyst. o. Fibrous capsule, with hair-
follicles and hairs. 4. Conmective tissue outside tumour.
5. Fat and blood-vessel. 6. Striated musecular fibres, cut
transversely.

Tis. 14—Vertical Section of Skin of Lower Eyelid
with Xanthelasma Palpebrarum and Sebaceous
Cyst.

% 50. Glycerine.

1. Fpidermis with hair-follicles. 2. Subcutaneous tissue
with some large fatty cells, collections of pigment, and scattered
pigmented cells. 3. Cyst, containing epithelial scales and
sebaceous material. 4. Stratified epithelium lining the cyst,
with root of hair embedded in it. 9. Large cells with fatty
contents outside fibrous capsule of cyst. 6. Subcutaneous
tissue with portions of hairs.
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PLATE IX,

6. 15— Phtheiriasis Palpebrarum.
% 30, Glycerine,

Attached to an eyelash by cementing substance c, there 1is
a nit, b, containing an immature pediculus. The operculum 1is
wanting.

T1g. 16.—Phtheiriasis Palpebrarum.

x 80. Glycerine,

1. a. Operculum of nit. 0. Nit with granular contents.
c. Attachment to eyelash. 2. Empty nit, without operculum.
3. Young pediculus. '

Tie. 17.—Phtheiriasis Palpebrarum.

% 80, Glycerine.

Mature female pediculus, grasping eyelash.












PLATE X.

Fie. 18.—Vertical Section of Conjunctiva with
Muco-purulent Conjunctivitis.

x 200. Glycerine.

This is from a child, eleven months old, who died nine days
after the onset of measles.

1. Epithelium. 2. Sub-epithelial tissue, infiltrated with in-
flammatory round cells.

Fic. 19.—Vertical Section of Conjunctiva of Upper
T.id with Purulent Conjunctivitis.

x 45, Glycerine.

This is from a girl, five years of age, who died from meningitis
after scarlet fever. The eye became affected on the seventeenth

day from the beginning of the scarlatina; and remained in-
flamed till death, five weeks later.

1. Tnternal surface with prominent elevations.

2. Sub-
conjunctival tissue with dilated vessels.













PLATE XL

Fic. 20.—Vertical Section of Conjunctiva of Eyelid
with Granular Conjunctivitis (Trachoma).

% 80. Logwood, Dammar.

1. Epithelium. 2. Inflammatory cells on surface without
epithelium. 3. Round cells and traces of epithelium. 4. Sub-
epithelial infiltration of leucocytes. 5 Trachoma follicle;
spherical mass of round cells. 6. Connective tissue with blood-
vessels, and some round cells especially abou® the follicle.

Fre. 21.—Vertical Section of Conjunctiva of Eyelid
with Granular Conjunctivitis (Trachoma).

% 80, Logwood, Dammar.

1. Epithelium, continued over entire surface of elevation.
9. Depression between two adjacent follicles. 3. Sub-epi-
thelial infiltration of inflammatory round cells. 4. Two tra-
choma follicles in the same prominence. o. Connective tissue
with blood-vessels and a few leucocytes.
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PLATE XIL

Tie. 92.—Vertical Section of Conjunctiva of Lid with
Chronic Conjunctivitis and Hypertrophy.

% 30, Logwood, Dammar.

1. Epithelium, continued over irregular prominences on
surface. 2. Sub-epithelial tissue, infiltrated with round cells.
The surface has in section the appearance of papille; the
boundary between round cells and epithelium is not everywhere
distinct. 3. Thickened sub-epithelial tissue with many blood-
vessels and some collections of lencocytes.

1. 23.—Vertical Section of Limbus Conjunctivee
with Episcleritis and Conjunctivitis.

% 30, Logwood, Dammar.

This is from an eye, in the ciliary region of which a piece of
iron lodged after passing through the cornea, iris, and lens.
Inflammation of the iris, ciliary body, and choroid, with great
chemosis, followed ; and nineteen days after the accident the
eyeball was removed.

1. Seclerotic. 2. Cornea. 3. Anterior epithelium of cornea,
4. Epithelium of conjunctiva. 5. Great swelling outside
sclerotic. It is partly due to cedema (chemosis), partly to
inflammatory exudation outside the gclerotic (episcleritis), and
partly to inflammatory infiltration of the conjunctiva (conjunc-
tivitis). There are many blood-vessels. 6. Loose connective
tissue with some round cells.
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PLATE XIIL

Tic. 24.—Vertical Section of Cornea.

% 120. Glyeerine.
1. Anterior epithelium, stratified. 2. Bowman’s membrane.
3. Substantia propria with fusiform spaces between the lamelle.

The anterior layers are more fibrous and irregular. 4. Descemet’s
membrane. 5. Posterior epithelium, single layer.

Fie. 25.—Isolated Cells from Anterior Epithelium of
Cornea.

% 300. Glycerine.

1. From anterior layers, surface view; flattened cells.
2. From deep middle layers, side view ; roundish with processes.
3. From deepest layer, side view ; columnar with flat base.

Tic. 26.—8urface of Anterior Epithelium of Cornea.
% 300, Silver, Glycerine.

This is from the cornea of an albino rabbit. The inter-
cellular substance is stained with the silver,
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PLATE XIV,

Fic. 27.—Lacunge in Cornea.

X 800, Bilver, Glycerine.

This is from the cornea of a rabbit, viewed from the posterior
surface.

1. Substantia propria, stained with silver. 2. Lymphatic
spaces,

Fig. 28.—Fibres of Cornea.

* 300,

This is from a cornea, macerated in a solution of bichromate
of potash, and teased out in acetate of potash solution.

Fic. 20.—Posterior Epithelium of Cornea.

% 800, Silver, Glycerine.

This is from the cornea of an albino rabbit. The inter-
cellular substance is stained with the silver ; and some pseudo-

stomata are seen. The nuclei of some of the cells are well
defined.













PLATE XY.

Fic. 30.—Vertical Section of Cornea.
% 200, Logwood, Dammar.
1. Anterior epithelium, nuclei stained deeply. 2. Bowman's
membrane, undefined. 3. Substantia propria, with lacunz.
The elongated nuclei of the corneal corpuscles and the round

nuclei of the lymphoid cells are stained deeply. 4. Descemet’s
membrane. 5. Posterior epithelium.

F1e. 31.—Corneal Corpuscles.

% 400, Gold, Logwood, Glycerine.

These are from the cornea of a frog. A nerve fibril is seen
crossing the corpuscle on the right side.













P A TR S AV

Fig. 32.—Vertical Section of Cornea with Inflam-
matory Infiltration.

%200, Glycerine.
1. Lamellee of cornea, between which there are round cells,

singly or in groups. 2. Larger collection of round cells, and
transverse section of thin-walled blood-vessel.

T1e. 33.—Vertical Section of Cornea with Purulent
Keratitis.

X 85, Glycerine,

1. Anterior epithelium, irregular. 2. Bowman’'s membrane,
aneven and interrupted. 3. Descemet’s membrane, bending
outwards. 4. Substantia propria, with groups of round cells
and some blood-vessels. 5, Dense mass of pus. This is at the
margin of a large perforation in the cornea.













PLATE XVI1I

F16. 34.—Vertical Section of anterior portion of Cornea
with Pannus and Leucoma.

% 55. Glyecerine.

1. Anterior epithelium, irregular. 2. Thick sub-epithelial
layer of round cells with some blood-vessels (pannus). 3. In
this region there are many blood-vessels and also fragments of
Bowman’s membrane. 4. Substantiz propria, replaced by
cicatricial tissue (leucoma) with blood-vessels.

Fie. 35.—Vertical Section of anterior portion of
Cornea with Pannus.

% 800. Glycerine,
1. Anterior epithelium. 2. Thin sub-epithelial layer of round

cells. 5. Anterior layers of substantia propria. Bowman’s
membrane is not seen.

Fic. 36.—Vertical Section of posterior portion of
Cornea with Descemetitis.

% 200. Glycerine.

1. Posterior layer of substantia propria, with some round
cells. 2. Descemet’'s membrane. 3. Large round cells in irre-
gular heaps in place of posterior epithelinm,













PLATE XVILL

TFic. 37.—Vertical Section of anterior portion of
Eyeball with Corneal Staphyloma.

% 9. Glycerine.

This is from a woman, forty-five years of age, with a large
staphyloma of the cornea of long standing.

1. Conjunctiva. 2. Sclerotic. 3. Ciliary body. 4. Iris,
much thinved and atrophied. The periphery is pressed against
the cornea, and the anterior chamber is almost obliterated.
5. Anterior corneal epithelium at edge of staphyloma, over
which it is continued as an irregularly thickened layer.
6. Most prominent part of staphyloma. 7. Posterior margin of
staphyloma. Descemet's membrane ceases at this point; and
the iris becomes adherent to the dense fibrous tissue (leucoma),
which has replaced the substantia propria. The staphyloma is
an uneven bulging forwards of this cicatricial connective tissue
with blood-vessels and round cells, 8. Remains of pigment and
sphincter pupille muscle adherent to staphyloma. 9. Traces
of uvea of iris adherent to staphyloma, which is of considerable
thickness opposite this spot. 10. Black masses of pigment
from uvea of iris, attached to staphyloma, which is compara-
tively thin at this part.













PLATE XIX,

T'ie. 38.—Vertical Section of Corneal Wound.

x 10, Glycerine.

This is from a girl, fifteen years of age, who received a con-
tused wound of the cornea. ~There was an extensive prolapse
of the iris with free heemorrhage, and the globe was very soft.
Inflammation of the iris ensued, and nineteen days after the
injury the stump of the collapsed eyeball was removed.

1. Cornea. Near the wound the lamell® are spread out, and
the cornea is thus thickened. Descemet’s membrane bounds the
posterior wavy outline. 2. Inflammatory exudation, occupying
the wide wound. 3., Remains of pigment from iris in the
exudation. 4. Anterior epithelium, spreading irregularly over
the wound. It is separated from the underlying exudation,
probably owing to the hardening of the specimen, Bowman's
membrane is interrupted.

Tic. 39.—Vertical Section of Corneal Ciecatrix with
adherent Iris and Wounded Lens.

% 556. Glycerine.

This is from an eyeball removed eight weeks after a penetrat-
ing wound of cornea, iris, and lens.

1. Anterior epithelium. 2. Bowman's membrane, interrupted
at wound. 8. Substantia propria. The edges of the lamellae
at the wound are rounded off. 4. Descemet's membrane, in-
terrupted at the wound and wavy. 5. From this point an
oblique cicatrix runs through the cornea, composed of dense,
opaque, fibrous tissue. It is continued beneath Bowman’s
membrane to the right and above Descemet’s membrane to the
left. 6. Iris, infiltrated with inflammatory round cells, and
showing remains of pigment. It is adherent to the cicutrix,
and to the posterior surface of the cornea at a little distance
from this (synechia anterior). 7. Inflammatory exudation
inside capsule of lens. 8. Capsule of lens, interrupted at
wound. 9. Amorphous coagulated material adherent to pos-
terior surface of capsule.













PLATE XX,

Fi6. 40,—Vertical Section of Wound at Margin of
Cornea, with Prolapse of Iris.

% 10, Glycerine.

This is from a child, four years of age, who received a pene-
trating wound at the margin of the cornea four weeks before
the enucleation of the eyeball.

1. Cornea, thickened near wound by spreading out of
lamellae. 2. Sclerotic. 3. Conjunctiva. 4. Wound, gaping
and occupied by remains of prolapsed and inflamed 1iris,
5. Remains of iris with pigment.

Tic. 41.—Fatty Déebris in Anterior Epithelium over
a Corneal Cicatrix.

* 300, Glycerine,

Tic. 42.—Calcareous Deposit in a Corneal Ciecatrix,

« 300. Glycerine,












PLATE XXIL.

Fie. 43.—Part of Vertical Section of Corneal Cicatrix.
x 200, Logwood, Dammar.

The cicatrix was very narrow, and ran in the direction from
1tol. Thereis a great increase in the number of the cells,
the stained nuclei of which are abundant.

Fic. 44.—Vertical Section of Cornea with Glaucoma-
tous Keratitis, Leucoma, and Débris.

% 45, Logwood, Dammar,

This is from the same case as Fig. 180.

1. Anterior epithelinm, thickened irregularly. 2. Dense
fibrous tissue (leucoma), with clear masses, blood-vessels, and
collections of inflammatory round cells. 3. Substantia pro-
pria. 4. Posterior surface. Descemet’s membrane is indis-
tinguishable.

Tr6. 4h.—Meridianal Section of Ciliary Region twenty-
eight days after Sclerotomy for Glaucoma. Syn-
echia Anterior. Pigment in Cornea.

% 10. Logwood, Dammar,

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Iris, thinned
and atrophied. 5. At this point the iris is adherent to the
cornea, where the incision was made. Descemet’s membrane 1s
interrupted here, and there is a considerable amount of pigment
in all the layers of the cornea at this part, and also between the
inner layers from this towards the ciliary body. The periphery
of the iris is adherent to the cornea from 5 to 6. 6. Anterior
part of ciliary processes. 7. Ciliary body, atrophied.













PLATE XXIIL

T16. 46.—Anterior portion of Eyeball with Wound
of Cornea, Cicatrix, Synechie, and Traumatic
Cataract.

% 10, Glycerine.

This is from a girl, eleven years of age. The cornea was
wounded near the centre, and at the same time the capsule of
the lens was injured. Slight prolapse of the iris occurred, and
the lens became opaque. This was followed by irido-cyclitis
and cicatrization of the wound; and forty-eight days after
the injury the eyeball was enucleated.

Tn addition to the changes drawn in the figure, the shallow
anterior chamber was found to contain a little pus; but this
dropped out of the sections in the course of preparation.

1. Conjunctiva. 2. Sclerotic. 3. Ciliary body, infiltrated
with round cells. 4. Cornea. 5. Wound in cornea, occupied
by cicatricial tissue varying in density at different parts, con-
taining pigment and blood-vessels; it is continuous with a mass
of similar tissue in place of the lens. 6. Iris, infiltrated with
round cells. The pupillary region is thickened, and adherent
to the cornea and the cicatrix (synechia anterior). The uveal
pigment layer has been detached at various places, and drawn
into the inflammatory material. The peripheral portion of the
iris is thinned, and bulges forwards. 7. Folded remains of the
wounded capsule of the lens. A delicate band of fibres connects
this with the pars ciliaris retine on the right side. 8. Inflam-
matory material in the situation of the lens and adjacent
vitreous, composed of a fibrous mass with many cells, and some
pigment, both free and in cells.
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Fi6, 47.—Vertical Section of anterior portion of
Corneal Cicatrix.

x 80, Glycerine,

For the history of this case see Fig. 77.

1. Anterior epithelium, irregularly thickened. 2. Bowman’s
membrane, interrupted and folded at the cicatrix. 3. Sub-
stantia propria. 4. Cicatricial tissue. 5. Pigment from iris
in the cicatrix. 6. This is in front of the cicatrix. Under a
layer of epithelinm there is a space containing round cells,
pigmented cells, and fibrinous cords. It is bounded posteriorly
by epithelinm and Bowman’s membrane at the sides, and by
cicatricial tissue in the middle.

Frc. 48.—Vertical Section of margin of Corneal
Cicatrix with Prolapsed Iris.

»% 30, Glycerine.

1. Anterior epithelium. 2. Bowman’s membrane, bending
packwards at the cicatrix. 3. Substantia propria. 4. Des-
cemet’s membrane. Part of it is rolled up and embedded in the
cicatrix. 5. Fibrous tissue in the cornea, continuous with the
cicatrix. 6. Iris near prolapsed portion. The uvea is broken
up and partly destroyed. 7. Capsule of lens. Part of it is
curled up in the posterior portion of the cicatrix. 8. Some
fbres of the lems. 9. Granular débris behind the capsule.
10. Cicatricial tissue with pigment from the iris. 1l. Cica-
tricial tissue with part of the capsule of the lens embedded in
:t. 12. Some denser bands occur here, and a higher power
showed these to be blood-vessels filled with corpuscles, with
which the anterior portion of the cicatrix was abundantly
supplied. 13. Epithelium in front of cicatrix.
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PLATE XXIYV,

F1e. 40.—Anterior portion of acutely inflamed Stump
of Eyeball after Injury.

» 10, Glycerine,

This is from the atrophied stump of the left eye of a man,
forty years of age. It was blinded by an injury eleven years
before $nuclea,tmn, and was acutely inflamed at the time of
removal.

1. Conjunctiva, with collections of round cells. 2. Sclerotic.
3, Margin of perforation in the cornea, which was contracted,
vascular, and suppurating (purulent keratitis). 4. Cornea,
infiltrated with inflammatory cells near the part with suppo-
ration. Descemet’s membraneis detached, and lies loose behind
this. 5. Cornea. 6. Swollen and distorted iris, plugging the
opening in the cornea (prolapse). It is crammed with round
cells (purulent iritis); and the uvea is much broken up, and
separated from its posterior surface. Descemet’s membrane 1s
ceen intervening between the iris and the inflamed cornea.
The anterior chamber is obliterated. 7. In front of this 1s a
Enrticm of the iris, infiltrated with leucocytes; its uvea is partly

etached and destroyed, and partly embedded in the inflamma-
tory products behind this. 8. In front of this the iris is
normal. Behind it the ciliary processes are much elongated ;
the pars ciliaris retina 1s inereased in thickness and contains
many round cells. A similar condition of the ciliary processes
is seen on the opposite side. 9. This 18 behind the ciliary body,
which is detached and dragged inwards by the inflammatory
membrane. Its inner layers are filled with leucocytes. The
distance between the ciliary processes on the opposite sides of
the eyeball is decreased. 10. Choroid. The pigment layer is
wanting at the right side. 11. In front of this are fibres of the
zonula of Zinn, passing inwards from the ciliary body. There
is some pigment amongst them. 12. Inflammatory membrane.
It is attached in front to folds of Descemet’s membrane and the
inflamed iris. In this part, which 1s rich in round cells, the
remains of the capsule of the lens are seen folded and curled
up. Laterally it is attached to the zonula and the ciliary body,
and contains masses of pigment. 13. Posterior part of the
inflammatory tissue with E’Erea and cells and some retinal
elements. At the left side it 1s seen passing backwards to be
connected with a newly formed membrane in front of the
choroid, in which there was a formation of bone. 14. Collec-
tions of inflammatory round cells. 1o Peripheral portion of
detached retina, forming a loose network of fibres with

abundant nuclel
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PLATE XXV,

Fis. 50.—Anterior portion of Eyeball with Shrinking
after Injury.

% 10, Glycerine.

This is from the right eye of a man, seventeen years of age.
A thin scale of iron passed backwards through the lower and
outer part of the cornea, iris, and lens, and lodged in the scle-
rotic near the optic disc. The accident was followed by loss of
lens substance, irido-cyelitis, complete detachment of the retina,
and, ultimately, partial shrinking of the globe. Three months
after the injury the eyeball was enucleated.

1. Conjunctiva. 2. Sclerotic. 3. Cornea. The anterior
epithelium is irregularly thickened, and the posterior surface 18
uneven. 4. At this part the corneal wound was inflicted. It
ie covered by a thick layer of epithelium, behind which
Bowman’s membrane is wanting. 5. Large gap in the cornea,
hounded in front by a comparatively thin layer of cicatricial
tissue, in which Bowman’s membrane is folded up. 6. Choroid.
* 7. Ciliary body. 8. Inflammatory membrane, resulting from
cyclitis. It is chiefly fibrous tissue, rich in cells; pigmented
cells and free particles of pigment are scattered throughout it.
In front are masses of pigment, which form the only traces of
the iris present. 9. Fragment of the capsule of the lens.
10. Remains of retina. 11. At this side all that is left of the
ciliary body is the ciliary muscle with a little of the surround-
ing stroma.
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PLATE XXVI.

T'e. 51.—Anterior portion of Eyeball with Corneal
Staphyloma and Ulcer, Cataract, and Detachment
of Retina and Choroid.

% 10. Glycerine.

This is from a man, thirty years of age, with complete staphy-
loma of the cornea, towards the centre of which there was an
ulcer. The retina was detached, and passed as a cord forwards
from the disc towards the posterior surface of the lens. The
choroid was detached by heemorrhage; its anterior portion is
shown in the figure, and posteriorly it was attached to the
margin of the disc, )

1. Conjunctiva, infiltrated with round cells. 2. Sclerotic.
3. Cornea. It is considerably thinned; behind the anterior
epithelium is a layer of round cells with blood-vessels (pannus);
and the posterior surface, covered with Descemet’s membrane,
‘s uneven. 4. Cornea, with pannus and infiltrated with
leucocytes. 5. At this part the cornea is uneven owing to
ulceration. The position of the ulcer, in front of the corneal
layers, is occupied by cicatricial tissue, covered with epithelium.
6. Between this point and the ulcer the corneal substantia
propria was replaced by dense cicatricial tissue (leucoma),
covered anteriorly by thickened and uneven epithelinm, and
united posteriorly to the iris (synechia anterior). Descemet’s
membrane is wanting. 7. In front of this the altered irs
forms a thin layer of varying thickness. Tt is adherent to the
cornea (synechia anterior); and the uvea is much broken up
and detached. 8. Space intervening between the iris and the
uvea, containing fibrine, round cells, and collections of pigment
both free and in cells. 9. Remains of iris, forming lttle
more than a pigmented line behind the cornea. 10. Ciliary
body, detached. The ciliary processes are much atrophied.
11. Choroid, detached by extensive sub-choroidal hsemorrhage.
Tt contained some collections of round cells and blood cor-
puscles. 12. Blood-clot. 13. Capsule of the lens, which is
displaced forwards. It is adherent in front to the cornea, and
united to the remains of the iris by inflammatory membranes
(synechia posterior). 14. Cortical lens fibres. 15. Calcareous
deposit in the lens. 16. Traces of the detached retina.
17. Fibrous tissue, with remains of the zonula of Zinn, uniting
4he capsule of the lens to the surrounding structures. 18. Por-
tion of detached retina, in which indications of the layers can
be distinguished. It is adherent anteriorly to the tissue about
the lens.
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PLATE XXVIL

Tie. 52.—Vertical Section of Sclerotic, Choroid,
and Retina.

% 200, Stained, Dammar.

This is from the eyeball of a child, nine months old; 5 milli-
métres behind the ora serrata.

1. Loose connective tissue outside gclerotic. 2. Sclerotic.
3. Pigmented cells in the inner Jayers of the sclerotic. 4, La-
mina fusca, outside peri-choroidal space. 5. Choroid. 6. Pig-
mented epithelium, inside lamina vitrea of choroid. 7. Rods
and cones of retina. 8. Txternal nuclear layer of retina.
9. Tnternal nuclear layer. 10. Ganglionic nerve cells and
nerve fibre layer. 11. Membrana limitans interna.
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PLATE XXVl

Tc. 53.—Vertical Section of Sclerotic, showing Pig-
mented Cells in Sheath of Blood-vessel and

Nerve.
» 45. Glycerine.

1. Lamina fusca, lining internal surface of sclerotic.
9. Seclerotic. 3. Blood-vessel. 4. Nerve, cut obliquely.

Fic. 54—O0Oblique view of Lamina Fusca.
»* 200, Dammar.

1. Internal surface of sclerotic, seen obliquely, and showing
pigmented cells.

Fie. 55.—Two groups of Branched Pigmented Cells
from Lamina Fusca.

% 300, Glycerine.

Fic. 56.—Layer of Epithelioid Cells lining Internal
Surface of Sclerotic.

% 800, Silver, Glycerine.

This is from an albino rabbit. The intercellular substance is
stained by the silver. '

Fic. 57.—Layer of Epithelioid Cells covering the Sur-
face of the Scleral portion of the Capsule of
Tenon.

% 800. Bilver, Glycerine.

The silver has stained the intercellular substance and also
some of the cells in different degrees.
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PLATE XXIX,

Ti6. 58.—Portion of Vertical Section of Sclerotic
with Seclerotitis.

X 800. Glycerine.

1. Bands of scleral fibres. 2. Inflammatory round cells
between the bundles of white fibrous tissue.

Ti6. 50.—Vertical Section of Thickened Sclerotic.

¥ 6. Dammar.

This is from the stump of an eyeball with chronic atrophy.
The contracted cornea was converted into a vascular fibrous
mass; the iris was quite destroyed; and a loose fibrous tissue
with pigmented cells occupied the position of the ciliary body.
The remains of the choroid and retina were massed together, as
a fibrous pigmented structure with spicules of bone, inside the
shrunken globe.

1. External surface. 2. Internal surface, with wavy folds.
3. Anterior portion, of normal thickness. 4. Posterior portion,
greatly thickened.

Fre. 60.—Vertical Section of Cicatrix of Sclerotic,
Choroid, and Retina.

% 20, Dammar.

This is from a man whose right eye received a blow, resulting
in rupture of the sclerotic at the anterior part of the inner side.
Intra-ocular hemorrhage was followed by cyclitis and ultimate
softening of the globe; and forty-three days after the accident
the eyeball was removed.

1. Sclerotic. 2. Choroid, interrupted at the cicatrix. 3. Re-
tina, detached, folded, and adherent to the cicatrix. 4. Cica-
tricial tissue running obliquely through the sclerotic. 9. Re-
mains of choroid and retina in cicatricial fibrous tissue.
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PLATE XXX,

T'16. 61.—Outlines of Meridianal Sections of Iris.

% 12. Glyecerine.

These are all from adults. 1. and II. are from the same eye;
III. and 1V. are from different eyes.

1. Anterior surface. The outline has large waves. 2. Uvea.
The posterior surface has many small prominences in I, 1L,
and IV.; the pigment layer is continued round the pupillary
edge in L., II., and III. 3. Ciliary margin, or root, of iris.
4. Pupillary margin. The transverse section of the sphincter
pupillee muscle appears as a rod of variable shape and size.

T16. 62.—Epithelioid Cells covering Anterior Surface
of the Iris of an Albino Rabbit.

% 800, Silver, Glycerine.

The intercellular substance is stained by the silver.
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PLATE XXXI.

Fig, 63.—Vertical Section of Iris.

% 300. (Glycerine.

This is from a fair person with “ blue eyes.”

1. Anterior surface, rich in cells. 2. Stroma, with many
branched and round granular cells and fibres of connective
tissue. The fibrous tissue is more abundant towards the
posterior surface. Two pigmented cells occur about the centre
of the fizure, and a small collection of pigment is seen nearer
the posterior surface; a cross section of a small blood-vessel is
present towards the lower corner on the left side. 3. A merve.
4. Layer of radiating fibres. 5. Uvea or pigment layer.

F1c. 64.—Isolated Branched Cells from the posterior
part of the Iris.

®x 300. Glycerine,

The processes of two of them unite,.

Fic. 65.—Portion of Posterior Surface of Iris.
% 300. Stained, Glycerine.
The uvea has been brushed off; a branched cell of the

stroma is seen covered by the layer of radiating fibres with their
nuclei.
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PLATE XXXIL.

F1e. 66.—Vertical Section of Iris of Negro.
x 300. Glycerine,

1. Anterior surface; individual cells cannot be distinguished.
2. Stroma, with large branched cells filled with brown pigment,
pigmented round cells, unpigmented round cells, and connective-
tissue fibres. Some of the pigmented masses, which appear as
round cells, may be transverse sections of branched cells or of
their processes. 3. Uvea.

Fig. 67.—Anterior Surface of Iris.

% 80, Glycerine,

The uvea has been brushed off, and only the inner two-thirds
of the breadth of the iris are seen.

1. Pupillary edge. 2. Region of sphincter pupille muscle,
in which little can be distinguished owing to the density of the
tissue and the presence of pigment. 3. Bundles of stroma,
radiating irregularly from the pupil. An indication of their
continuation over the sphincter can be made out here and there.
The peripheral third of the iris, which is not drawn, was similar
in appearance to the lower margin of the figure.



Li

XX

™}
oy
A b

Oarrs & Husciwan, Giansow, Iup

G.Faen.PoLacs, onL









PLATE XXXTII.

Fi6. 68.—Vertical Section of anterior layer of Iris
with Iritis.

*x 300. Glyeerine,

1. Large granular cells on surface of iris; one has Lwo nuclex
and a constriction about the middle; others are attached by a

slender pedicle. 2. Anterior layer of iris, with inflammatory
round cells, '

Fi6. 69.—Vertical Section of anterior layer of Iris in
Purulent Iritis with Hypopyon.

x 300, Glyecerine,

For the history of the case see Fig. 146.
1. Anterior layer of iris, with inflammatory round cells.
2. Adherent material in anterior chamber, composed of thin

strings of fibrine forming an irregular network, round cells,
pus cells, and a small collection of pigment.

Fie. 70.—Vertical Section of posterior layer of Iris
with Purulent Iritis.

X 300, Glycerine.

1. Muscular fibres from sphincter pupille. 2. Closely
packed infiltration of round cells and fibrinous coagulum.
3. Uveal pigment, breaking up into masses and free granules.

Fie. 71.—Vertical Section of posterior layer of Iris

in Iritis with Synechia Posterior and detachment
of Uvea.

®x 300, Glycerine.

This is from the same case as Fig. 51.

1. Posterior layer of stroma of iris, with inflammatory round
cells and collections of pigment. The layer of radiating fibres
cannot be distinguished. 2. Uvea, separated from the stroma,
and irregular. 3. Interveming space, containing granular
material, strings of fibrine, inflammatory round celis, large
round granular cells, clumps of pigment, and large cells with
clear walls and brownish granules of considerable size.
4. Layer of inflammatory exudation behind uvea.
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PILATE - XKLV

6. 72.—Vertical Section of posterior layer of Iris in
Iritis with detached Uvea, Synechia Posterior, and
Wound of Lens.

® 800, Glycerine.

This is from the same case as Fig. 77.

1. Posterior layer of iris, with inflammatory round cells and
small collections of pigment. 2. Uvea, detached and of
unequal thickness. 3. Capsule of lens. 4. Granular coagu-
lated material, with more or less clear vesicles and knobs of
various sizes, between the stroma of the iris and the uvea.
5. Newly formed tissue uniting uvea to capsule of lens, formed
of fibrous tissue, round cells of different sizes, pigmented round
cells, large cells with clear walls and brownish granules, free
particles of pigment in small accumulations, and some granular
amorphous substance. 6. Inflammatory products inside cap-
sule of lens, composed of round cells of various sizes and many
fibres, along with granular substance.

Trc. 73.—Meridianal Section of Ciliary Region in
Irido-cyelitis with Synechia Posterior at the
Pupil.

x 10. Glycerine.

1. Cornea. 2. Conjunctiva. 3. Sclerotic. 4. Ciliary body.
5. Tris, bulged forwards. The pupillary edge is adherent to the
capsule of the lens; and the pupil was funnel-shaped, owing to
the protrusion of the iris. 0. Capsule of lens.
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PLATE XXXYV.

Fic. 74—Vertical Section of Cornea, Iris, and Lens

in Traumatic Iritis, with Pupillary Membrane and
Synechia Posterior.

*x 30, Glycerine,

1. Anterior epithelium of cornea. 2. Bowman's membrane.
o. Substantia propria of cornea. 4. Coagulated fibrine in
anterior chamber. 5. Pupillary portion of iris. The contracted
pupil is occupied by a layer of fibrous tissue, which was attached
all round to the iris (occlusion). 6. Capsule of lens, to which
the iris is adherent (synechia posterior). 7. Granular material
inside capsule of lens. 8. I'ibres of lens.

TFie. 75.—Vertical Meridianal Section of Atrophied
Iris in Glaucoma.

* 300, Glyeerine,

1. Anterior surface. 2. Uvea. The iris is very thin, and the
stroma is replaced by fibrous tissue, in which there are a few
cells and some granular pigment.

Fic. 76.—Vertical Section of Atrophied Cornea and
Iris.

% 10. Glycerine,

This is from a boy, nine years of age, whose right eye was
injured by a shot. Partial shrinking of the globe occurred, and
the stump was removed fifteen weeks after the accident.

1. Conjunctival tissue. 2. Central portion of atrophied and
shrivelled cornea. The surfaces are uneven, and the laminm
are no longer regularly disposed. Towards the margin the
normal arrangement is partly retained. 3. Sclerotic. d. Iris,
represented by a thin fibrous membrane, stretching across
behind the cornea, and attached at the corneo-scleral junction.












PLATE XXXVI.

Fi6. 77.—Anterior portion of Eyeball with Wound
of Cornea, Iris, and Lens.

% 10, Glycerine,

This is from a man, nineteen years of age, who received awound
at the margin of the left cornea fifty-four days before the eye-
ball was enucleated. The injury was followed by atrophy and
softening. The condition of the anterior segment is shown in
this figure, and the parts about the disc in Fig. 174.

1. Conjunctiva. 2. Sclerotic. 3. Cornea, greatly thickened,
especially towards the wound. 4. At this spot the anterior
corneal layers are replaced by fibrous tissue (leucoma), ap-
parently indicating the position of an ulcer, which has healed.
2. The cornea is dragged backwards in this region, where the.
wound passes through. The cicatrix contains pigment from
the iris, and is continuous with some fibrous tissue, occupying
the whole thickness of the cornea nearer the ciliary region, the
result of local keratitis. 6. Iris. The periphery is pressed
against the ligamentum pectinatum, the spaces in which are,
however, quite open. The pupillary margin is adherent to
the cornea at the cicatrix (synechia anterior). The uvea is
much broken up, and lies as large masses of pigmented cells
in the inflammatory exudation behind the iris; towards the
periphery, spaces occur between the stroma of the iris and
the uvea, in which there is granular coagulated material.
Nothing can be seen of the iris at the opposite side except some
scattered pigment. 7. Ciliary body, detached and dragged
inwards. It is infiltrated with round cells, which are specially
numerous in the inner layers (cyclitis). The distance between
the ciliary body on the opposite sides of the eyeball is dimi-
nished. 8. Choroid, infiltrated with round cells (choroiditis),
and detached. 9. Fibrinous coagulum, in the form of strings
and vesicles, among the loose tissue between the choroid and
the sclerotic. 10. Portion of capsule of lens, with some cortical
fibres of the wounded lens. 11. Peripheral part of the retina,
detached, and adherent to the cyclitic membrane. 12. Blood-
clot. It is becoming organized, where it is continuous with the
inflammatory exudation in front. 13. Delicate fibrous tissue,
with many cells and containing traces of the zonula. 14. In-
flammatory exudation behind iris, with remains of capsule of
lens, masses of detached uvea, scattered particles of pigment,
cells from the iris, and a considerable amount of blood-clot.
15. Some retinal elements.












PLATE XXXVIL.

Fic. 78.—Internal Surface of Choroid, covered with
Pigmented Epithelium.

®x 10. Glycerine,
This is from a person with fair hair. The collections of pig-

ment in the stroma between the blood-vessels are seen as
darker areas.

Fre. 79.—Internal Surface of Choroid without
Pigmented Epithelium.

*x 10, Glycerine.
This is from a person with dark hair. The pigmented

epithelinm has been brushed off; and the distribution of the
pigment in the stroma is very distinet.

Frc. 80.—Vertical Section of Choroid.

x 300, Glycerine,

This is from the fundus, at a short distance from the optic
disc.

1. Pigmented epithelium on inner surface. 2. Lamina
vitrea. 3. Membrana chorio-capillaris. 4. Stroma, with sec-
tions of large empty blood-vessels, fibrous tissue, pigmented
corpuscles, and some lencocytes. 5. External surface.
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P LAYYE XXXV

Fr1e. 81.—Isolated Branched Pigmented Cells from
Stroma of Choroid.

% 800, Glycerine,

F16. 82.—Nerve from Choroid, with Pigment among
the Fibres.

*% 800. Glycerine,

Fic. 83.—Lymphatics of Choroid.

x 300, Silver, Glycerine.

This is from an albino rabbit.

1. Rootlets of lymphatic capillaries, consisting of spaces left
white among areas of connective tissue stained with the silver.
9. Origin of lymphatic vessels, the outlines of the endothelial
cells being stained by the silver.
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PLATE XXXIX.

Fic. 84 —Endothelium of Choroidal Blood-vessels.

®x 800. Silver, Glycerine.

The intercellular substance is stained by the silver; one or
two small openings occur in it.

Fic. 85.—Epithelioid Cells covering External Surface
of Lamina Supra-choroidea.

% 300, 8Silver, Glycerine.

The intercellular substance is stained by the silver; the
nuclei of some of the cells are well defined.

Fic, 86.—Group of Branched Pigmented Cells among
Fibres from Lamina Supra-choroidea.

% 800, Glycerine,

T16. 87.—Group of large Unbranched Pigmented Cells
from Lamina Supra-choroidea.

% 300. Glycerine,

Fic. 88, Pigmented Epithelium.

% 800. Glycerine.

1. Surface view of cells in group. 2. Isolated cells, seen from
the side, showing the clear outer portion.

F1c. 89.—Pigmented Epithelium.

% 300. Silver, Glycerine.

This is from a person with fair hair, and the two groups are
from the same region of the fundus.

1. Group of larger cells. 2. Group of smaller cells. The
intercellular substance is stained by the silver.
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PLATE XI.

1. 90.—Internal Surface of Choroid with Hyaline
Excrescences of Lamina Vitrea.

x 45, Glycerine,

There is an accumulation of pigment round and over the
raised nodules ; and the pigmented epithelium is partly atro-
phied, especially towards the right side of the figure.

Fic. 91 —Vertical Section of Hyaline Excrescences
of Choroidal Lamina Vitrea.

»x 300. Glycerine,

1. Tnternal surface of choroid, with large compound excre-
scences and some smaller simple ones. The pigmented epithe-
linm is wanting; and there is an accumulation of pigment
about the nodules. 2. Bxternal surface of choroid. The
choroid is greatly atrophied and thinned, consisting of fibrous

tissue with lines of pigment. 3. Near this there is a blood-
vessel with some blood corpuscles.

Fi6. 92.—Vertical Section of Hyaline Excrescences in
Detached Retina in Cyclitic Membrane.

x 200, Glycerine.

This is from the same case as Fig. 139.

The clear highly refractive masses have delicate and some-
what concentric lines through them. Collections of pigment
cover their surfaces at various places; and they are embedded
in a loosely fibrous mass, which formed the greatly altered
remains of a portion of detached retina embedded in a cyclitic
membrane.
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PLATE XLI.

Tic. 93.—Vertical Section of Hyaline Bodies in
Altered Choroid.

* 300. Glycerine.

This is from a boy, eleven years of age. Part of the right
eyeball was removed when he was five years old, and the
remaining stump six years later.

1. Fibrous tissue of atrophied choroid, 2. Masses of pigment,
dark in some places and lighter in others. The compound
hyaline bodies occupy the centre of the figure, and are com-
posed of clear glassy structures, in which the marking with
concentric lines is very distinet.

Fig. 94—Vertical Section of Choroid with Intra-
choroidal Hemorrhage following injury.

* 30. Glycerine,

1. Tnternal surface. 2. External surface. 3. Blood-clot,
dividing the choroid into two layers.

Tic. 95.—Vertical Section of Periphery of Choroid
with Hypersgemia and (Edema.

% 300. Glycerine.

1. Pigmented epithelium. 2. Lamina vitrea and chorio-
capillaris. 3. Larger blood-vessels, distended with blood
corpuscles. 4. Pigmented cells of stroma. 5. Longitudinal
section of nerve on outer surface of choroid. 6. Coagulated
granular material, concealing the proper structure of the
choroid. The spaces in it are mostly empty blood-vessels,
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PLATE XLII

Ti6. 96.—Vertical Section of Choroid with (Edema.
x 300, Glycerine.

1. Pigmented epithelium. 2. Lamina vitrea and chorio-
capillaris; the latter is almost indistinguishable. 3. External
layer of choroid. 4. Pigmented cells of stroma. 5. Amorphous
irregularly granular material, which almost entirely conceals
the normal structure of the choroid. There are empty spaces
in it, some of them vacuoles in the coagulated substance and
others sections of blood-vessels, The thickness of the choroid
is considerably increased.

6. 97.—Vertical Section of Choroid in Retinitis
Albuminurica.

% 300, Glycerine.

1. Pigmented epithelium. 2. Lamina vitrea and chorio-
capillaris. 3. External layers of choroid, to which the pig-
mented cells of the stroma are confined in this case. 4. Near
this there is an area occupied by coagulated granular material,
in which are small spaces. Transverse sections of two arteries
are seen, with thickened, transparent, and highly refractive
walls. Between them there are some inflammatory round cells.
MThe choroid is comparatively thin.
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PLATE XLIIL

Tic. U8 —Vertical Section of Choroid with
Choroiditis.

% 200. Glycerine.

1. Pigmented epithelium. 2. The pigment layer is absent
here. 3. Chorio-capillaris and lamina vitrea. 4. Outer layers,
with coagulated granulal material, in which there are lacuna
and pigmented cells. 5. Normal choroidal tissue. 6. Very
wide vessels, filled with blood corpuscles. 7. Local infiltration
of inflammatory round cells. To the left side of this are
sections of empty blood-vessels.

Fie. 99.—8mall part of Section of Choroid with
Choroiditis and Intra-choroidal Hemorrhage.

* 300. Glycerine.

1. Fibrous tissue. 2. Branched pigmented cell of stroma-
3. Large roundish cells, with clear walls and containing brown-
ish granules.

Fic. 100.—Fatty Cells in Choroid.
x 800. Glycerine.

Mhis is from a case of intra-ocular round-celled sarcoma.

1. Fibrous tissue. 2. Pigmented cells of stroma, breaking
up, and surrounded with free particles of pigment and fatty
granules. 3. Cells filled with fatty granules. 4. Cells dis-
tended with fatty globules Some separate molecules of fat lie
near them.
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PLATHE XI.IV:

Fig. 101.—Vertical Section of Choroid with Purulent
Choroiditis.

x 45. Glycerine,

This is from an eye enucleated five weeks after an injury.

1. Pigmented epithelium. 2. Quterlayers. The thicknessof
the choroid is greatly increased, owing to a dense infiltration
with round cells. The pigmented cells of the stroma are

intact ; and sections of blood-vessels occur here and there, one
being filled with blood-clot.

Fic. 102.—Vertical Section of inner layers of Choroid
with Purulent Choroiditis.

% 300. Glycerine.

This is a portion of Fig. 101 more highly magnified.

1. Pigmented epithelium, thicker than usual. 2. Clear outer
portion of the pigmented cells, in which the nucleil are very
distinet. 3. Lamina vitrea. 4. Chorio-capillaris. 5. Choroidal
tissue, crammed with round cells, among which only the
pigmented corpuscles of the normal stroma can be distin-
guished.

Tic. 103.—Vertical Section of inner layers of Choroid
with Purulent Choroiditis.

% 800, Glycerine.

1. Granular coagulated material lying on the internal surface
of the choroid, with lacunz. 2. Mass of pigment in place of
pigmented epithelium. 3. Lamina vitrea. 4. Dense infiltra-
tion of round cells. 5. Place at which the inflammatory
exudation has spread through the internal layers of the
choroid.
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PLATE XLV.

Ti6. 104.—Vertical Section of Choroid with
Formation of Bone.

* 30. Glycerine.

This is from the same case as Iig. 49.

1. External surface of choroid. 2. Fibrous tissue forming
membrane on internal surface of choroid. There is no trace of
the pigmented epithelium. 3. Bone, with irregular spaces,
some of which are Haversian canals with the ordinary con-
centric arrangement of the lacuna round them, while others are
occupied by granular and fibrous material.

Fie. 105.—Longitudinal Section of Entrance of Optie
Nerve; Bone in Choroid, Disc excavated, Retina

detached.
x 80, Glycerine,

This is from the left eye of a woman with advanced glaucoma.
The margin of the cornea was opaque and vascular, and had a
staphylomatous bulging. The lens was opaque and shrunken ;
and the retina was attached only at the optic disc and the ora
serrata. This figure shows the condition of the disc, and Fig.
161 represents the ciliary region.

1. Bundles of nerve fibres. 2. Inner sheath of optic nerve.
3. Quter sheath. 4. Sclerotic. 5. Choroid, with excess of
fbrous tissue. The pigmented epithelium is wanting. 6. De-
neath this is seen a section of bone, which formed a ring round
the disc, embedded in the choroid. 7. Disc, with glancomatous
excavation. 8. Posterior portion of retina, attached to the
floor and margin of the dise. It is simply a fibrous cord.
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PLATE XLV

T, 106.—Vertical Section of Atrophied Choroid.
% 800. Glycerine.

1. Choroid, converted into a thin layer of dense fibrous tissue,
without vessels, in which the remains of the pigmented cells of
the stroma are embedded. 2. Pigmented epithelium unaltered.
3. This layer has become detached here in preparing the speci-
men. 4. Clear granular material, with nodulated surface, lying
on the inner surface of the choroid.

Tre. 107 Longitudinal Section of Entrance of Optic
Nerve in Posterior Staphyloma and Glaucoma.

x 80. Glycerine,

MThis is from the right eye of a woman, forty-five years of age,
which had been affected for years with glancoma along with pos-
terior staphyloma and a staphylomatous bulging in the upper
ciliary region. Tig. 157 shows the condition of one part of the
ciliary region.

1. Bundles of mnerve fibres. 2. Central blood-vessels,
3. Sheaths of optic nerve. 4. Selerotie. 5. Choroid. 6. Re-
tina. 7. Choroid, over the staphyloma at the side next the
macula lutea. It has become accidentally detached from the
sclerotic in mounting the specimen, and is much atrophied,
especially close to the disc. 8. Retina, with its layers greatly
thimned. 9. The retina and choroid are here represented by
thin layers of fibrous tissue. 10. Glaucomatous excavation of
optic dise. This 18 much more marked in the part next the
staphyloma; and very few fibres pass to the retina at this
gide.




P1.XL V1

5

E.

Qarras & Ausciman, Geasaow, IMe

C.Fago. Pococe, oEe










PLATE XLVIIL

Fic. 108.—Vertical Section of Margin of Optic Disc
with Posterior Staphyloma.

® 200, Glycerine.

This is from another section of the same eye as Fig. 107; it
corresponds in position with No. 9 in that figure.

1. Internal layers of sclerotic. 2. Above this there is a
transverse section of a blood-vessel near the inner surface, with
gome pigmented cells in its neighbourhood. 3. Atrophied
choroid, consisting of dense fibrous tissue, with some pigment
towards the left side. 4. Pigmented epithelium. It is absent
for some distance at the side of the disc, and at the margin of
this area there is an accumulation of pigmented cells, while
immediately nearer the disc than that there are a few large
non-pigmented cells. 5. Rod and cone layer of retina. 6. Ex-
ternal nuclear layer. 7. Internal nuclear layer. 8. Layer of
nerve fibres. The nerve cells are wanting, and the refina is
considerably thinned in this region. 9. The retina and choroid
are here represented by firmly united thin layers of fibrous
tissue, sloping downwards at the edge of the excavatefl disc.
The internal nuclear layer extends much closer to the disc than
the others.
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PLATE XLVIIL

Fie. 109.—Vertical Section of Fundus with Spindle-
celled Sarcoma of Choroid and Glaucoma.

® 6. Stained, Dammar,

This is from a man, sixty years of age. There was a history
of repeated attacks of iritis during the four years which preceded
the enucleation of the eyeball. The condition of the ciliary
region is shown in Figs. 159 and 160.

1. Longitudinal section of optic nerve. 2. Inmer sheath of
nerve. 3. Outer sheath. 4, Sclerotic. 5. Choroid. 6. Retima,
detached. 7. Clear granular , coagulated material between
choroid and retina. 8. Choroid, nmear tumour. 9. Anterior
margin of tumonr, with much pigment. 10. Tumour, in which
are seen sections of vessels. Scattered pigment gave the whole
growth a grey appearance. 11. Fibrous remains of retina,
covering part of the tumour. The optic disc has a glauco
matous excavation.
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PLATE XLIX.

T16. 110.—Section of Round-celled Sarcoma, invading
the Sclerotic.

% 400, Glycerine,

This is from a case, in which the eyeball was completely
destroyed by an intra-ocular round-celled sarcoma.

1. Fibrille of sclerotic, near the place where the tumour had
penetrated from within outwards. 2. Large round cells of
sarcoma, lying between the bundles of fibres.

T1c. 111.—Isolated Spindle-shaped and Roundish Cells,
without Pigment, from Sarcoma recurrent after
Enucleation of the Eyeball.

¥ 800, Glycerine,

Tic. 112.—Isolated Spindle-shaped and Roundish
Pigmented Ceils from Recurrent Sarcoma.

% 300. Glyeerine.

This is from the same case as Fig. 111
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PLATE IL.

T16. 113.— Meridianal Section of Corneo-scleral
Junection, with Schlemm’s Canal.

% 120, Glycerine.

1. Inner layers of cornea. 2. Margin of Descemet’s mem-
brane. 5. Posterior epithelial layer of cornea. 4. Inmer layers
of sclerotic, behind the canal of Schlemm. The annular bundles
are cut transversely. 5. Anterior part of ciliary muscle. 6. Liga-
mentum pectinatum. The layers pass from the margin of Des-
cemet’s membrane to, the sclerotic, the ciliary muscle, and
the iris. 7. Layers of sclerotic. The most internal bundles
have an annular course, and are cut tramsversely. Beneath
them is the space, known as the canal of Schlemm. 8. Below
this there is a cross section of a small blood-vessel.

Tic. 114.— Internal Surface of the Periphery of
Descemet’s Membrane and adjacent part of Liga-
mentum Pectinatum.

% 200, Stained, Glycerine,

1. Descemet’s membrane. 2. In this region there are many
small, clear, hyaline prominences. (Hassall’s warty bodies.)
3, Posterior epithelial layer of cormea. 4. Nuclei between
Hassall's wart-like projections. The epithelial cells, to which
they belong, are not distinguishable. 5. The membrane of
Descemet is here directly continuous with the ligamentum
pectinatum, and some fine an nular fibres, adherent to the outer
surface, are seen through this part. 6. Inner fibres and
attached nuclei of ligamentum pectinatum.

T, 115.— Ligamentum Pectinatum.
% 500, Stained, Glycerine.
The coarse fbres have an intricate arrangement, and form a

fenestrated membrane. Nuclei adhere to them, and remains of
epithelial cells are present at some places.
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PLATE LT,

Tre, 116—Meridianal Section of Ciliary Region.

% 6, Glyvcerine.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Iris. 5. Ciliary
body. This has fallen away from the sclerotic, as frequently
happens in mounting specimens. 6. Choroid. 7. Periphery of
retina. 8. Ora serrata, where the retina passes into the pars
ciliaris retine.

Tre. 117.—Meridianal Section of Ciliary Region
of Child.

x 80. Glycerine.

This is from a child, nine months old.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Ligamentum
pectinatum and Schlemm’s canal, at iritic angle or angle of
anterior chamber. 5. Iris. 6. Ciliary muscle. 7. Ciliary
process. 8. Anterior part of ciliary process. 9. Pigment layer
of ciliary body, with pars ciliaris retinee. 10. Fibres of zonula
.of Zinn.
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PLATE LII.

T16. 118.—Meridianal Section of Ciliary Region of
Adult.

% 80, Glycerine.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Ligamentum
pectinatum and Schlemm’s canal, at angle of anterior chamber.
5 TIris. 6. Ciliary muscle. 7. Ciliary process. 8. Anterior
part of ciliary body. The circulus arteriosus iridis major 18
seen cut across. 9. Pigment layer and pars ciliaris retinz.

10. Fibres of zonula.

Fic. 119—Isolated Branched Pigmented Cells from
Ciliary Body.

¥ 300, Dammar,

The processes of two of them unite. :

Fie. 120.—Meridianal Section of Ciliary Body of
Negro.

% 30. Glycerine,

. Anterior extremity. 2. Posterior part. . Fibres of

sonula. Many pigmented cells lie between the bundles of the

ciliary muscle
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PLATE LITI.

Fic. 121 —Meridianal Section of Ciliary Region.

% 10, Glycerine,

1. Conjunctiva. 2. Cornea. 3. Sclerotic. 4. Iris. 5. Cili-
ary body, fallen away from sclerotic in mounting the specimen.
6. Ligamentum pectinatum and Schlemm’s canal, at angle of
anterior chamber.

Fie. 192.—Meridianal Section of Ciliary Regilon.
% 10, Glycerine.
Numbers as in Fig. 121. The ciliary body is short and thick

in this specimen.

Fie. 193.— Meridianal Section of Ciliary Region.

% 10, Glycerine.

Numbers as in Fig. 121. The ciliary body is long and thin
in this specimen, which is from the same eye as Fig. 122.
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PLATE LIV.

F16. 124.—Meridianal Section of Ciliary Region.
¥ 10, Glyeerine,

1. Conjunctiva. 2. Cornea. 3. Sclerotic. 4. Iris. 5. Cili-
ary body, 6. Ligamentum pectinatum and Schlemm’s canal,
at angle of anterior chamber.

F16, 125.—Meridianal Section of Ciliary Region.

% 10, Glycerine,

Numbers as in Fig, 124,

Fie. 126.—Meridianal Section of Ciliary Region.

x 10, Glycerine.

This is from a child eleven months old.
Numbers as in Fig. 124.




G F.'lﬂ p'!lll",i',r_n:.l

Oxrre & Runcivan, Guasaow, Twe









PLATE LYV.

T16. 127.—Transverse Section of Ciliary Body.

% 80. Glycerine.

This ig from the anterior part of the pars non-plicata.

1. Outer surface. 2. Pigment layer. 9. Pars ciliaris retine.

Tig. 128.—Transverse Section of Ciliary Body.

% 80. Glycerine.

This is from the posterior part of the pars plicata, a short
distance in front of Fig. 127.

1. Outer surface. 2. Pigment layer and pars ciliaris retine.
The hinder portions of the ciliary processes arve seen cub

ACTOSS.

Fic. 129.—Transverse Section of Ciliary Body.
% 80, Glycerine.

This is from the pars plicata, a short distance in front of

Fig. 128.
1. Outer surface. 2. Inner surface, with ciliary processes

cut across. In the middle of the figure there are masses of
pigment, covering the floors of depressions running backwards

from the anterior surface of the eiliary body.
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PLATE LVL

Fic. 130.—Transverse Section of Iris with Ciliary
Processes.

% 80. Glycerine,

As the section is from a ring (the iris), it is necessarily
tangential and, therefore, somewhat oblique. The right side of
the fizure is nearer the pupil than the left.

1. Anterior surface of iris. 2. Tramsverse sections of ex-
tremities of ciliary processes, continued as radiating ridges on
the posterior surface of the iris, 3. Anterior portions of promi-
nent ciliary processes.

Fre. 131.—Transverse Section of Ciliary Body.

% 80. Glycerine.

This is from the most anterior part of the pars plicata, a
short distance in front of Fig. 132.

1. Ciliary body, close to iris. 2. Compound ciliary processes,
cut across.

Tre. 132.—Transverse Section of Ciliary Body.

¥

x 30. Glycerine,

MThis is from the pars plicata, a short distance behind Fig. 131
and in front of Fig. 129.

1. Outer surface. 2. Inmer surface, with ciliary processes cub
across. The section is somewhat oblique, and the right side 1s
further back than the left. Towards the right and in the
middle of the figure depressions, running backwards in the
substance of the ciliary body, are seen as spaces lined with
pigment. At the left side the anterior border of a depression
is cut obliquely, and forms a large irregular space.
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PLATE LVIIL

Fi6. 133.—Vertical Section of inner layers of
Ciliary Body.

» 300, Glyeerine.

This is from a negro, at the pars non-plicata.

1. Tnner part of ciliary body. 2. Lamina vitrea, with de-
pressions and ridges on the internal surface. 3. Pigment
layer. It is very thick, and the outer surface has rounded
clevations. Tt has become separated from the lamina vitrea in
preparing the specimen. 4. Pars ciliaris retinge.

Fic. 134—Internal Surface of Lamina Vitrea of
Ciliary Body.

% 200, Glycerine,
This is from the middle zone of the corpus ciliare, and the
pigment has been brushed off.

1. Ridges. 2. Intervening depressions, some of which are
still occupied by masses of pigment.

Fre. 135.—Vertical Section of Pars Ciliaris Retinee®.
% 300. Glycerine,

1. Inner part of ciliary body. 2. Pigment layer, thin.
3. ‘Pars ciliaris retina, near its posterior margin.

Fic. 136.—Vertical Section of Ora Serrata and Pars
Ciliaris Retinge.

% 800. Glycerine,

1. Tnner part of choroid. 2. Pigment layer. 3. Periphery
of retina, or ora serrata. 4. Membrana limitans interna.
5. Inner part of ciliary body. G. Pars ciliaris retinse. 7. Vitre-
ons. 8. Fibrillated area in vitreous.
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PLATE LY ILL

P16, 137.—Meridianal Section of Ciliary Region in
Irido-cyclitis with Exudation into Posterior
Chamber.

x 10. Glycerine,

This is from a boy, fifteen years of age, whose left eye was
wounded in the ciliary region at the upper and outer part.
The wound healed; but irido-cyclitis supervened, and then
softening with partial shrinking of the globe. The eyeball was
enucleated five months after the injury. Besides the condition
shown in the figure, the retina was completely detached from
the choroid and funnel-shaped, passing forwards as a cord from
the dise (see Fig. 204), and expanding to its other attachment
at the ora serrata.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Ciliary body.
5. Iris, adherent to capsule of lens at pupil, stretched, and
bulged forwards. 6. Capsule of lens. 7. Fibres, passing from
ciliary body to posterior surface of capsule. 8. Transparent
slightly granular material, behind iris and between ciliary body
and lens.

Fic. 138.—Fibrine in Ciliary Body with Cyeclitis.

% 300. Glyecerine,

1. Thick fibres. 2. Thin fibres. 3. Large vesicles and
wcircles. 4. Small vesicles, circles, and cup-shaped bodies.
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PLATE LIX.

Fic. 139.—Meridianal Section of Ilateral portion of

Eyeball with Enlarged and Spongy Ciliary Body
in Cyeclitis with (Edema.

®x 6. Glycerine,

This 1s from the left eye of a girl, which was enucleated when
she was fourteen years of age. It was then blind and partially
atrophied, having been troublesome since infancy. The cornea
was opacque and vascular; the anterior chamber was obliterated ;
and fragments of the iris with pigment adhered to the cornea.
A cyclitic mass occupied the anterior portion of the vitreous
chamber, connected with the ciliary body and the remains of
the iris; it contained the folded-up capsule of the lens, traces of
the otherwise destroyed retina, and hyaline bodies. The choroid
lined the remaining part of the eyeball.

1. Sclerotic at fundus. 2. Sclerotic at junction with cornea.
3. Conjunctiva. 4. Choroid. 5. Blood-vessel, passing through
sclerotic to choroid. 6. Anterior extremity of ciliary body.
7. Border of ecyeclitic membrane, which passed across the
anterior segment of the globe. The ciliary body and adjacent
part of the choroid are much swollen; they are separated from
the sclerotic by a fibrinous exundation, and form a loose tissue,
in the meshes of which lie larze masses of fibrine.

L

Fie, 140.—Part of Enlarged and Spongy Ciliary
Body in Cyeclitis.

x 300. Glyecerine,

1. Connective-tissue fibres, forming loose mnet-work. 2.
Branched pigmented cells of stroma. 3. Large round granular
cells, some of which show a nuclens. There are also some
smaller granular nucleated round cells. 4. Red blood corpuscles.
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PLATE LX.

T'ie. 141.—Stroma of Ciliary Body with Cyelitis.

% 300, Glycerine.

1. Connective tissue. 2. Small collection of inflammatory
round cells. 3. Branched and round pigmented cells of stroma.
4. Scattered granular corpusecles.

T're. 142.—Pigmented Cells in Ciliary Body with
Cyclitis and Hemorrhage.

® 300, Glycerine.

Embedded in the stroma there are pigmented cells from the
neighbourhood of a blood-clot ; they are of various sizes, with
clear walls, containing large brownish granules,

T1c. 148.—Vertical Section of inner layers of Ciliary
Body with Cyclitis.

® 200. Glycerine.

1. Inner part of ciliary body, crammed with round cells.
2. Pigment layer; the outer surface is broken up and irregular,
and the lamina vitrea cannot be seen. 3. Pars ciliaris retinwm,
detached at one spot, where there is a sharply defined space,
containing round cells. Leucocytes are present in the inner
part of this layer also.

Tic. 144 —Vertical Section of Pars Ciliaris Retinse in
Cyclitis.

£a)

x 300. Glycerine.

1. Pigment layer of ciliary body. 2. Pars ciliaris retine,
swollen and infiltrated with round cells. 3. Fibres of zonula,
with some inflammatory cells.
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PLATE LXI.

1. 145.—Inner part of Ciliary Body with Purulent
Cyeclitis.
% 300. Logwood, Dammar.

1. Fibres of ciliary muscle, nuclei stained. 2. Inflammatory
round cells. Some irregular pigmented cells of the stroma are
present (brown in the specimen). 3. Pigment layer (black in
the specimen). 4. Pars ciliaris retine. 5. Fibres of zonula,
with one or two round granular cells.

T, 146 —Meridianal Section of Ciliary Region with
Purulent Cyeclitis and Iritis.

% 20. Logwood, Dammar,

This is from a woman, forty-two years of age, whose left eye
received a blow five weeks before enucleation. Some cicatricial
tissue, in which the iris was involved, existed in the ciliary
region at the upper and outer part of the eyeball. Elsewhere
iritis and hypopyon were present; the ciliary body was n-
flamed ; and the choroid was greatly thickened by purulent
infiltration.

1. Cornea. 2. Sclerotic, with collections of round cells about
the blood-vessels. 3. Conjunctiva, with leucocytes in the
neighbourhood of the vessels. 4. Limbus conjunctivas, with
infiltration of inflammatory cells (conjunctivitis). 5. Iris,
erammed with inflammatory cells. 6. Ciliary body. This is
greatly enlarged, and is infiltrated throughout with round cells,
which in the inner layers of the stroma form densely packed
masses.












PLATE LXTI.

Fi6. 147.—Fibres and large round granular Cells from
Cyclitic Membrane.

% 300, Glycerine,

Fic. 148.—Pigmented Cells in Cyclitic Membrane.

» 300, Glycerine,

1. Pigment layer of ciliary body. 2. Free granules of pig-
ment. 3. Large roundish pigmented cells in eyclitic membrane.
The pars ciliaris retine cannot be distingunished.

Fic. 149.—Formation of Bone in Cyclitic Membrane.
% 30, Glycerine.

This is from the same case as Fig. 150.

1. Cyclitic membrane, 2. Masses of pigment, 3. Sectione
of spicules of bone.












PLATE LXIIL

Fie. 150.—Meridianal Section of lateral portion of
Eyeball with Cyclo-choroiditis and Detachment of
Ciliary Body and Choroid.

* 6. Logwood, Dammar.

This is from an eye, which was injured by a blow ten years
before enucleation. Cataract resulted at the time of the aecci-
dent, and an operation of some kind was performed. On ex-
amining a horizontal section of the eyeball from before back-
wards, the pupil was found to be small and displaced to the
side, lying behind a cicatrix in the cornea. The centre of the
globe was occupied by a dense membranous formation, conical
in shape, with the base stretched across the anterior part from
the ciliary processes, and the apex attached at the optic disec.
In this membrane, which contained spicules of bone, the retina
was lost and could not be distinguished. A space oceurred
between the central mass and the choroid. This figure shows
the condition of the ciliary region and the adjacent parts on
the side furthest from the pupil; and Fig. 153 the ciliary region
near the displaced pupil. Between the point marked 6 in Fig.
150 and the optic disc a plate of bone, 6 by 11 millimetres in
breadth, was situated in the choroid.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Iris. 5. Cik-
ary muscle. 6. Choroid, which is detached in front of this
pomnt. 7. Fibrous membrane, rich in cells, attached to the
ciliary body and the choroid, which are both dragged away
from the sclerotic. 8. Loose spongy tissue outside ciliary body
and choroid, with fibres and blood-vessels; the large spaces of
the tissue contain masses of granular material.

Fic. 151.—Meridianal Section of Ciliary Region with
Cyclo-choroiditis and Detachment of Ciliary Body
and Choroid.

% 80. Logwood, Dammar,

1. Inner layers of cormea. 2. Imner layers of sclerotic.
3. Periphery of iris. 4. Ciliary body. 5. Choroid. 6. Newly
formed membrane, attached to ciliary body and choroid, which
are detached from their normal position. 7. Spongy tissue
outside ciliary body and choroid. It is composed of a loose
net-work of delicate fibrous tissue, with many cells and blood-
vessels, and some masses of pigment. The bulk of this area is
occupied by amorphous, granular, coagulated material and some
strings of fibrine.
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PLATE LXIYV.

Prg. 152.—Anterior portion of Eyeball with Irido-
cyclitis.

% 10, Glycerine,

This is from the right eye of a man, thirty years of age. The
cornea received an extensive wound, which led to immediate
and copious hamorrhage, followed by prolapse of the iris and
loss of vitreous. The lens became opaque, and an iritic mem-
brane filled the pupil. The eyeball began to shrink, and was
removed thirty-nine days after the accident.

1. Conjunctiva. 2. Sclerotic. 3. Cornea. 4. Cicatrix of
wound, passing obliquely through the cornea, with some pigment.
5. Tris, stretched and partly atrophied; it is adherent over
most of its posterior surface to the capsule of the lens (synechia
posterior), and is pushed forwards by the lens. 6. Pupillary
margin of iris, involved in inflammatory material, with adhesions
to cornea (synechia anterior) and lens. 7. Capsule oflens. The
substance of the lens has dropped out of the section. 8. Folded
yemains of part of capsule, imbedded in cicatricial tissue.
9. Newly formed connective-tissue membrane, passing across
eyeball behind the lens, which 1s displaced forwards. 10. Por-
tions of detached and folded retina. 11. Ciliary body, dragged
inwards. Some coagulated granular material and part of a
ciliary process lie between this and the capsule of the lens.
12. Pigment layer of pars non-plicata of ciliary body. 13. Col-
lections of pigmented cells in chovoid, some of them from the
stroma, and some containing blood-pigment, similar to the
cells drawn in Fig. 99. 14. Choroid. 15. Blood-clot, splitting
choroid into two layers. 16, Newly formed inflammatory mem-
braue, replacing the various tissues in front of the ciliary body
ot this side. Tt is composed of fibres, round cells, blood-vessels,
masses of pigment, and some remains of the stroma of the iris;
and is covered externally by thickened epithelium, embedded
in which are pigmented cells, granules of pigment, and other
traces of the incarcerated and destroyed iris. Internally it is
continuous with the membrane, extending across to the ciliary
body on the opposite side.
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PLATE LXV.

Fre. 153,—Meridianal Section of Ciliary Region after
Cyclitis.

¥ 10, Logwood, Dammar.

For the history of the case see Fig. 150.

1. Cornea. 2. Sclerotic. 3. Conjunctiva. 4. Choroid de-
tached from sclerotic. 5. Ciliary body. 6. Loose fibrous tissue
outside choroid. 7. Remains of ciliary processes. 8. Pupillary
portion of iris, isolated and attached to anterior surface of
cyclitic membrane. 9. Cyclitic membrane, chiefly fibrous, and
containing collections of round cells and scattered masses of
pizment. 10. The corneo-seleral junction, dragged inwards by
the adherent cyclitic membrane.

Fic. 154.—Meridianal Section of Ciliary Region with
Wound.

% 10. Logwood, Dammar.

This is from a man, thirty-seven years of age, whose right eye
received an extensive wound about the corneo-scleral junction,
involving the ciliary body and iris. The wounnd healed in the
course of a week ; but the painful, tense, and blind eyeball was
vemoved fifteen days after the injury. The region of the
wound is shown in the figure; elsewhere the iris was attached
to the capsule of the lens, the lens was cataractous, the retina
was inflamed and partly detached by blood-clot and clear
amorphous material, the choroid was the seat of heemorrhage,
and the vitreous behind the eyclitic membranc was replaced by
blood-clot.

1. Cornea. 2. Sclerotic. 8. Choroid. 4. Ciliary body.
5. Ciliary processes. 6. Iris. 7. Inflammatory membrane,
attached to the posterior portion of the ciliary body and to the
wound, composed of delicate fibres and many cells. 8. Collec-
tions of inflammatory round cells. 9. Coagulated fibrine outside
choroid. 10. At this place the wound penetrated the sclerotic,
and divided the ciliary body. It is occupied by inflammatory
material, covered by a thick layer of epithelium.
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PLATE LXVL

F1c. 155.—DMeridianal Section of Ciliary Region in
Inflammatory Glaucoma.

® 10, Glycerine,

This is from the right eye of a woman, twenty-five years of
age, with glancoma of about three years’ duration. There was
inflalnmation of the cornea and iris at the time of enucleation.
The optic disc is drawn in Fig. 178.

1. Conjunctiva. 2. Cornea. 3. Sclerotic. 4. Free portion
of iris with inflammatory cells. 5 to 6. Peripheral portion of
iris, adherent to cornea and somewhat atrophied. This region
bulges outwards slightly. 7. Ciliary body, much atrophied.
8. Layer of round cells and fibrine in anterior chamber
(hypopyon).

Fic. 156.—Meridianal Section of Ciliary Region in
Glaucoma.
® 10. Glycerine,
This is from the opposite side of the same eyeball as Fig. 155.

Numbers as in that figure. The adherent peripheral portion of
the iris is greatly atrophied.












PLATE LXVIIL

Fie. 157.—Meridianal Section of Ciliary Region in
Chronic Glaucoma.

x 10. Glycerine.

This is from the same case as Fig. 107.

1. Conjunctiva. 2. Cornea. 3. Sclerotic. 4. Pupillary
portion of iris. 5. The iris is much atrophied in this region.
6. Peripheral part of iris, adherent to cornea, thick, and com-
posed of loose tissue. 7. Ciliary body, greatly atrophied.

16, 158.—Meridianal Section of Angle of Anterior
Chamber in Glaucoma.

% 45. Glycerine.

This is from the same case as Fig. 180.

1. Inner layers of cornea. 2. Sclerotic. 3. Anterior layers
of iris near periphery. 4. Anterior extremity of ciliary muscle
with ligamentum pectinatum. 5. Dense tissue, fillmg angle of
anterior chamber.
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F1c. 159.—Meridianal Section of Ciliary Region in
Glaucoma secondary to Intra-ocular Tumour.

» 10. Glycerine.

This is from the same case as Fig. 109.

1. Conjunctiva. 2. Cornea. 3. Sclerotic. 4. Pupillary
margin of iris, everted. The uvea is continued on to the
anterior surface. 5. Periphery of iris, adherent to cornea and
somewhat atrophied. 6. Ciliary body, partially atrophied.

Fic. 160.—Meridianal Section of Ciliary Region in
Secondary Glaucoma.

*x 10. Glycerine.

This is from the opposite side of the same eyeball as Tig.
159. Numbers as in that figure. The pupil was displaced from
the centre towards the side, from which Fig. 159 was taken.
The difference in the extent of the iris is very marked.

Trc. 161.—Meridianal Section of Ciliary Region in
Glaucoma.

x 10, Glycerine.

This is from the same case as Fig. 105.

1. Conjunctiva. 2. Cornea. 3. Sclerotic. Many distended
blood-vessels are present at the corneo-scleral junction. 4. Pupil-
lary margin of iris. 5. The iris is at this point firmly at-
tached to the opaque and vascular cornea, the part nearer the
ciliary margin being quite free. 6. Peripheral portion of ins,
adherent to cornea. 7. Ciliary body, greatly atrophied. The
pars ciliaris retine 1s wanting; it was separated from the
pigment laycr by hemorrhage and effusion of clear granular
material.
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PLATE LXIX.

Tic. 162.—Meridianal Section of Ciliary Region in
Glaucoma.

% 10. Glycerine,

For the history of the case see Fig. 177.

1. Conjunctiva. 2. Cornea. d. Sclerotic. 4. Free portion of
iris, atrophied. 5 to 6. Periphery of iris, adherent to cornea and
atrophied. 7. Ciliary body, greatly atrophied.

Tre. 163.—Meridianal Section of Ciliary Region in
Glaucoms.
= 10, Glycerine,

This is from the opposite side of the same eyeball as Fig. 162.

Numbers as in that figure.












PLATE LXX,

Fic. 164.—Transverse Section of Optic Nerve.

¥ 10, Carming, Dammar.

The section is taken behind the entrance of the central
vessels.

1. Outer sheath. 2. Inter-vaginal space, with some fibres
here and there. 3. Inner sheath. 4. Nerve fibres, in bundles
of various sizes, separated by trabecula of fibrous tissue con-
nected with the inner sheath.

Fic. 165.—Part of Transverse Section of Optic Nerve.
¥ 45, Carmine, Dammar.
Numbers as in Fig. 164. The axis cylinders of the nerve fibres

are seen as red dots.

Fic. 166.—Part of Longitudinal Seetion of Optic Nerve.

% 45, Carmine, Dammar.

1. Inner sheath. 2. Trabeculs, forming frame-work, dividing
the nerve into bundles. $. Bundles of nerve fibres.
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PLATE LXXI.

Tig. 167.—Part of Longitudinal Section of Optic
Nerve with Interstitial Neuritis.

X 45. Logwood, Dammar.

1. Inner sheath, infiltrated with round ecells, the nuclei of
which are stained. 2. Trabeculs, with many nuclei of inflam-
matory cells. 3. Bundles of nerve fibres, with some nuclei.

T'1e. 168.—Transverse Section of Atrophied Optic
Nerve.

x 10. TLogwood, Dammar.

The margin is formed of the inner sheath ; inside this there is
a thick zone of dense cicatricial tissue replacing the nerve fibres,
which have entirely disappeared; the centre is occupied by
granular débris of nerve fibres, among which the remains of the
central vessels are seen cut across.

Tic. 160.—Part of Transverse Section of Optic Nerve
with Sarcoma.

¥ 45. Logwood, Dammar.

This is from the same case as Fig. 110.

1. Outer sheath. 2. Innersheath. 3. Round-celled sarcoma
distending the inter-vaginal space. <. Iixternal layers of
atrophied nerve, replaced by dense fibrous tissue, the bundles
of which are eut across. 5. Granular mass, representing the
degenerated central nerve fibres












PLATE LXXIL

Fig. 170.—Vertical Section of Optic Disc and
neighbouring parts.

% 80. Carmine, Dammar.

1. Optic nerve; the connective-tissue trabecule are more
deeply stained than the bundles of nerve fibres. 2. Central
vessels, passing forwards to centre of disc. 3. Inner sheath of
nerve. 4. Outersheath. 5. Sclerotic, with many blood-vessels.
6. Choroid. 7. Retina. 8. Centre of disc, with slight depres-
sion, between the somewhat raised margins.




Pl LXXl1!

3
3
i
3
£
g
£
o

ﬁ.ﬁﬂl & Ruweises, Guassow. Dkie










PLATE LXXIIL

Tic. 171.—Vertical Section of Optic Disc.

w 10, Stained, Dammar

1.. Optic nerve, with trabeculie stained. 2. Central vessels.
3 Tiner sheath. 4. Outer sheath. 5. Sclerotic. 6. Choroid.
7. Retina. 8. Optic disc.

There is a deep physiological cup in the centre of the dise ;
and the central artery passes along the side of this. Pigmented
cells are very numerous in the inner layers of the sclerotic near
the lamina cribrosa.

Fic. 172.—Vertical Section of Optic Disc.
X 10. Glycerine,

Numbers as in Fig. 171.

In this specimen there is no physiological cup in the dise.
The bundles of optic-nerve fibres appear very opaque, owing to
the fatty nature of the medullary sheaths,
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PLATE LXXIV.

Tic. 173.—Vertical Section of Optic Disc with Papillitis.

% 30. Glycerine,

This is from a case of retinitis albuminuriea.

1. Optic mnerve. 2. Central vessels. 3. Inner sheath.
4. Outer sheath. 5. Sclerotic. 6. Choroid. 7. Centre of swollen
disc, with a few loose conmective-tissue fibres on the surface.
8. Arteria centralis retine, passing to the side, and surrounded
with inflammatory cells. 9. Nerve-fibre layer at margin of disc,
cedematous and greatly thickened. The other retinal layers
are pushed away from {he edge of the opening in the choroid,
and the pigmented epithelium is wanting n the same region.
10. Retina. 11. Coagulated granular material, containing pig-
mented cells, between the choroid and the slightly detached
retina.
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PLATE LXXY.

T'ic. 174.—Vertical Section of Optic Disc with
Neuro-retinitis.

X 30, Glycerine,

This is from the same case as Fig. 77.

1. Optic nerve. 2. Central vessels; the sheath of the artery
is distended with an accumulation of inflammatory round cells.
9. Tnner sheath, 4. Outer sheath. 5. Sclerotic, with large
blood-vessels. 6. Choroid. 7. Outer layers of retina, shightly
detached, and forming wavy folds. Some granular sub-retinal
material is still present on the left side. * 8. Nerve-fibre layer
of retina. 9. Collection of round cells in the greatly thickened
retina (retinitis). 10. Centre of swollen dise. 11. Infiltration
with inflammatory cells, extending deeply into dise (papillitis).












PLATE LXXVL

Fi6. 175.—Vertical Section of Atrophied Optic Disc
and neoighbourhood with Choroido-retinitis.

% 10. Carmine, Glycerine.

This is from an eye, in which inflammatory attacks during
many years had led to extensive changes, in addition to those
drawn in the figure. The cornea was opaque and vascular; and
the anterior two-thirds of the globe were occupied by a firm
organized fibrous mass, attached to the remains of the ciliary
body and the adjacent part of the choroid, and passing through
the pupil to be united to the central portion of the cornea, near
which the curled-up capsule of the lens was embedded in the
mass. The iris, infiltrated with round cells, thickened and
distorted, was adherent to the cornea in front and to the
cyclitic formation behind, the uvea being much broken up and
detached. The anterior chamber was very shallow; but its
angle was free and open. The ciliary body contained groups
of inflammatory cells, and was enlarged and spongy, its internal
outline being lost in the attached membrane, and the cihary
muscle being drawn towards the centre of the eyeball. Between
the fibrous formation and the disc there was a space, bounded
by a thick membrane replacing the retina and choroid; and
the almost complete absence of pigment about the fundus was
noticeable. :

1. Optic nerve. 2. Centra vessels. 3. Inner sheath.
4. Outer sheath. 5. Sclerotic. 6. Inflammatory membrane,
composed of fibres and cells, containing traces of the choroid.
7. In this part of the membrane some refinal elements were
scattered about. 8. Choroid and retina replaced by a thick
membrane, in which some of their tissues were distinguishable
with a higher power. 9. Atrophied dise. 10. Delicate con-
nective tissue, in front of the more dense layer.












PLATE LXXVIL

Fie. 176.—Vertical Section of Optic Disc with (Edema.

® 10. BStained, Dammar,

1. Optic nerve. 2. Central vessels. 3. Inner sheath.
4. Outer sheath. 5. Seclerotic. 6. Choreoid. 7. Retina.
8. Centre of swollen disc. 9. Prominent margins of dise. The
nerve-fibre layer is cedematous, forming a loose spongy tissue.
The retina and the pigmented epithelinm are pushed aside
from the edge of the disc by the swelling ; and some granular
material, containing detached pigmented cells, intervenes be-
tween the retina and the choroid.

Fis. 177.—Vertical Section of Optic Disc with Vascular
Connective-tissue Growth.

% 10. Glycerine.

This is from a woman, twenty years of age. A year before
removal, the right eye was affected with an “inflammatory
attack.” Tt remained irritable and troublesome, with occasional
pain; but increased tension was mnot observed till a month
before enucleation, at which time there were arcas of opacity in
the cornea and discoloration of the iris. The condition of the
ciliary region is shown in Figs, 162 and 163.

1. Optic nerve. 2. Central vessels. 3. Sheaths of nerve.
4. Seclerotic. 5. Retina and choroid, united, atrophied, and
forming a pigmenied membrane. . Growth, projecting from
atrophied dise, cousisting of delicate fibres running in various
directions, large thin-walled blood-vessels, knots of smaller
vessels with fine walls, collections of pigmented cells, and
masses of pigment. There are large spaces, and some of these
were filled with granular or finely fibrillated material. 7. Mem-
branous extension from growth, composed of fibrous tissue with
pigmented cells, spreading over retina, to the surface of which
o similar membrane is seen adhering on the other side of the
dise.













PLATE LXXVIII.

Fre. 178.—Vertical Section of Optic Disc in Glaucoma.

x 10, Stained, Dammar,

This is from the same case as Fig. 155.

1. Optic nerve, with the connective-tissue frame-work deeply
stained. 2. Centralvessels, 3. Inner sheath. 4. Outer sheath.
5. Sclerotic. 6. Choroid, atrophied and thin. 7. Retina. It
is partially atrophied, and the layer of merve fibres is thin.
8. Retina. At this side it is considerably atrophied ; but appears
thickened, owing to cedematous spaces in the internal nuclear
layer. 9. Deep glaucomatous excavation of the dise.

Fie, 179—Vertical Section of Margin of Optic Disc
in Glaucoma.

% 10. Glycerine.

This is from the same dise as Fig. 178.

1. Optic nerve, with darl bundles of nerve fibres. 2. Inner
sheath. 3. Outer sheath. 4. Sclerotic. 5. Choroid, atrophied
and forming a thin pigmented membrane. 6. Retina, some-
what atrophied. 7. Partially atrophied retina, with cedema.
3. Section of overhanging edge of excavated disc. The tissne
sn the centre is a thin membrane with delicate fibres; at both
<ides it contains some nerve fibres; and at the left side there
are indications of blood-vessels. 9. Posterior part of glauco-
matous excavation of dise, under the anterior overhanging edge.
The sides and floor of the excavation are markedly fibrous.












PLATE LXXIX,

Ti6. 180.—Vertical Section of Optic Disc in Glaucoma.

¥ 30. Carmine, Dammar.

This is from the right eye of a woman, sixty-nine years of
age, which had been affected for six months before enucleation.
The condition of the cornea is shown in Fig. 44, and of the
angle of the anterior chamber in Fig. 158.

1. Optic nerve. 2. Central vessels, with thick adventitia.
3. Tnner sheath. 4. Outer sheath. 5. Sclerotic. 6. Retina.
This is thinned; but all the layers can be recognized with a
higher power. 7. Retina, somewhat atrophied at this side.
8. Deep glaucomatous excavation of dise, the floor of which is
composed of connective tissue. 9. The lamina cribrosa is greatly
thickened by a formation of dense fibrous tissue. The choroid
surrounding the disc was represented by a thin fibrous layer
with some granules of pigment.













PLATE LXXX.

Fie, 181.—Vertical Section of Retina.
» 800. Glycerine.

This is about 8 millimétres from the edge of the optic dise.

Layers as follows:—1. Membrana limitans interna, from
which the fibres of Miiller extend vertically. 2. Nerve fibres.
3. Large vessel with blood corpuscles. 4. Nerve cells. The
tissue is very loose at this part. 5. Internal molecular. A
capillary vessel is present here. 6. Internal nuclear. 7. Ex-
ternal molecular. 8. External nuclear. 9. Membrana limitans
externa. 10. Rods and cones. Only indications of these can
be seen.

Tr1c. 182.—Vertical Section of Retina near Periphery.

% 800. Glycerine.

This is about 2 millimétres behind the ora serrata ; from same
eye as I'ig. 181.

Layers as follows :—1, Membrana limitans interna. 2. Nerve-
fibres. 3. Internal molecular. 4. Internal nuclear. 5. External
molecular. 6. External nuclear. 7. Membrana limitans ex-
terna. 8. Rods and cones.



Ff‘ﬁ'. 787.

ff'_g}?. 782.

Gragtiow, IMe

Garrn & Runciwas

+ Fapo. Powocs,. pen

-










PEATE LXXXI.

Fic. 183.—Vertical Section of Retina.
w 800, Glycerine,

This is about 5 millim&tres from the edge of the optic disc.

Layers as follows:—1. Membrana limitans interna, from
which the fibres of Miiller extend vertically in bundles.
9. Nerve fibres. 3. Nerve cells. 4. Internal molecular. 5. In-
ternal nuclear. 6. External molecular. 7. Esternal nuclear,
with well-marked inner fibrous portion. 8. Membrana limi-
tans externa. 9. Rods and cones, not well preserved, 10. Pig-
mented epithelinm.

Fre. 184.—Vertical Section of Retina near Disc.
® 45. Glycerine,
Layers as follows :—1. Nerve fibres, cut tran sversely, divided
into bundles by the connective-tissue frame-work. A large
vessel and some smaller ones are cut across. 2. Internal mole-

cular. 3. Internal nuclear. 4. Fibrous portion of external
nuclear. 5. External nuclear. 6. Rods and cones,

Tic. 185.—Internal Surface of Retina.

% 800. Silver, Glycerine.

The dark lines are produced by the staining with silver.

TFic. 186.—Vertical Section of Macula Lutea.
% 45, Glycerine,

Layers as follows :—1. Nerve fibres. 2. Internal molecular.
3. Tnternal nuclear. 4. External molecular and inner fibrous
portion of the next layer. o. External nuclear. 6. Rods and
cones. The fovea centralis is in the middle of the figure, where
the layers are thinned.












PLATE LXXXIL

'ic. 187.—Vertical Section of Macula Lutea.

w 200, Glycerne.

Retinal layers as follows:—1. Membrana limitans interna.
2 Nerve fibres and internal molecular. 3. Internal nuclear.
4. External molecular and inner fibrous portion of next layer.
5 Txternal nuclear. 6. Rods and cones. In the middle of the
“figure is the fovea centralis, and the neighbouring radial fibres
Mave a slanting direction towards this point.












PLATE LXXXIIL

Fic. 188.—Vertical Section of Retina.

% 500. Logwood, Dammar.

This is about 4 millimétres from the edge of the optic dise.

Layers as follows:—1. Membrana limitans interna, from
which the fibres of Miiller extend vertically. 2. Nerve fibres.
3. Nerve cells. 4. Internal molecular. 5. Internal nuclear.
6. External molecular. 7. External nuclear. 8. Membrana
limitans externa. 9. Rods and cones, an indistinet granular
mMass.

Fre. 189.—Vertical Section of Retina near Disc.
% 45, Logwood, Dammar.

Layers as follows :—1. Membrana limitans interna. 2. Nerve
fibres. 3. Nerve cells. A blood-vessel is present here. 4. In-
ternal molecular. 5. Internal nuclear. 6. External molecular
and inner fibrous portion of the next layer. 7. External nuclear.
8. Membrana limitans externa. 9. Rods and cones.

Fi. 190.—Vertical Section of Retina with (Bdema.

» 45. Logwood, Dammar.

Layers as follows :—1. Membrana limitans interna. 2. Nerve
fibres. 9. Internal nuclear. 4. External molecular and fibrous.
portion of the next layer. o. External nuclear. 6. Rods and
cones. Towards the left side of the figure the retina is normal;
about the middle both the internal and the external nuclear
layers are affected and thickened$containing empty spaces; at
the right side only the internal nuclear layer is affected, being
greatly thickened, and having its elements separated by large

gpaces.
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Fic. 191.—Vertical Secticn of Retina with (Edema.
» 800. Glycerine.

Layers as follows:—1. Membrana limitans interna, from
which fibres of Miller pass vertically. 2. Nerve fibres. J.
Nerve cells and internal molecular. 4. Internal nuclear, greatly
thickened and containing large empty spaces. 'The fibres pass-
ing through it arve very distinct, and form bundles between the
spaces ; and the nuclei are embedded among the fibres in fusi-
form thickenings. 5. External molecular. 6. External nuclear.
7. Membrana limitans externa. 8. Rods and cones.












PLATE LXXXYV.

Tie. 192.—Vertical Section of Retina near Ora
Serrata with Cystic Degeneration.

x 45, Glycernne.

This is from an eye with chronic glaucoma.

1. Tnternal surface. 2. Bxternal surface. None of the
normal structure can be distinguished. The retina is split by a
large cavity into two layers of fibrous tissue, and in each of
these numbers of empty spaces occur.

Ti6. 193.—Vertical Section of Retina near Ora Serrata
with Cystic Degenerdtion.

% 300, Glycerine.

This is from the same eye as Flig. 192.

1. Tnternal surface. 2. Exiernal surface. Numerous small
cysts are seen as empty spaces among fibrous tissue, and between
the two main layers part of a large cavity intervenes. One of
the cysts contains amorphous granular material; towards the
outer surface some of the nuclear elements are present.












PLATE LXXXVL

Tic. 194.—Vertical Section of Retina with Retinitis
Albuminurica.

» 800. Glycerine.

Layers as follows:—1. Membrana limitans interna, from
which the fibres of Miiller pass vertically. 2. Nerve fibres.
3. Internal molecular. 4. Internal nuclear. o. External
molecular. 6. Bxternal nuclear. The rods and cones are
absent. The internal nuclear and external molecular layers
are much altered, and contain compound granular corpuscles
and large granular masses, some of which have a nucleus, lying
in spaces between bundles of vertical fibres. Omne or two
similar masses occur in the internal molecular layer. Portions
of two capillaries are very prominent.

1. 195—Vertical Section of Retina with Retinitis
Albuminurica.

% 800. GI}'curiuc,

Layers as follows :—1. Membrana limitans interna. 2. Nerve
fibres, cut transversely. 3. Nerve cells, 4. Internal molecular.
5. Internal nuclear. 6. External molecnlar. 7. External
nuclear. 8. Membrana limitans externa. 9, Rods and cones,
not well preserved. 10. Pigmented epithelium.

In the external molecular layer there are large round grant-
lar masses and prominent capillaries. In the nerve-fibre layer
there is a blood-vessel, cut transversely, and surrounded by an
infiltration of inflammatory round cells (peri-vasculitis); this
has displaced the adjacent layers somewhat, and the nerve cells
are absent locally.












PLATE LXXXVIIL.

Fic. 106.—Vertical Section of Retina with Retinitis
Albuminurica.

*x 800, Glycerine,

Layers as follows :—1. Membrana limitans interna. 2. Nerve
fibres, cut across, divided into bundles by the connective-tissue
frame-work. A transverse section of an artery is present in
this layer, with thickened clear walls (sclerosis). At the outer
part of this layer there is a longitudinal section of a blood-
vessel with thick walls. 3. Nerve cells. 4. Internal molecular.
5. Internal nuclear. 6. External molecular. 7. External
anclear. 8. Membrana limitans externa. The rods and cones
are not preserved.

Fie. 197.—Vertical Section of Retina with Plastic
Retinitis.

w 300. Glycerine.

This is from an eye enucleated fifteen days after a wound in
the corneo-scleral region.

Layers as follows : —1. Membrana limitans interna. 2. Nerve
fibves. 'This layer is thickened with an infiltration of
inflammatory round cells. 3. Internal molecular. 4. Inter-
nal nuclear. 5. External molecular. 6. External nuclear.

2 Membrana limitans externa. 8. Rods and cones, not well
preserved.












PLATE LXXXVIIIL

Fic. 1908.—Vertical Section of Retina with Plastic
Retinitis.

% 45, Glycerine.

This is from the same case as Fig. 197.

Layers as follows :—1. Nerve fibres. At the left side this
layer is greatly thickened, and has a copious infiltration with
inflammatory cells. 2. At this point the retina ceases to be
ofected. 3. Internal molecular. 4. Internal nuclear. 5. Ex-
ternal molecular. 6. External nuclear. 7. Membrana limitans
externa. 8. Rods and cones.

Te. 199.—Vertical Section of Atrophied Retina.

w 45. Glycerine.

This is from a case of chronic glancoma.

1. Tnternal surface. 2. External surface with pigmented
epithelium. At each end of the figure the atrophy 1s very great,
the retina being reduced to a thin fibrous membrane; and even
in the central portion it is well advanced, although indications
of different layers can be distinguished.












PLATE LXXXIX,

Fic. 200.—Vertical Section of Atrophied Retina.
» 800, Glycerine.

The thickness of the retina is greatly diminished, and the
inner layers are replaced by fibrous tissue.

1. Membrana limitans interna, much thickened. 2. Nerve-
fibre layer, chiefly fibrous tissue, in the midst of which a denser
portion indicates an obliterated blood-vessel. The outer layers
are thin:; but their remains can still be distinguished as
follows :—3. Internal molecular. 4. Internal nuclear. o. Hx-
ternal molecular. 6. External nuclear. 7. Membrana limitans
externa.

T'e. 201.,—Vertical Section of Atrophied Retina.

»* 8300, Glycerine.

This portion of retina shows very advanced atrophy.
1. Membrana limitans interna. 2. The inner layers are re-
placed by a stratum of fibrous tissue, with a dense cord represent-
ing an obliterated blood-vessel. 3. The outer layers are quite
indistinguishable, and their position is occupied by granular
material and interlacing fibres.

Fre. 202.—Pigment in Detached and Atrophied Retina.

» 800, Stained, Dammar,

This is from the same eye as Fig. 203, and from a position
near No. 7 of that figure,

There are elongated and round nuclei, stained, among fibrous
tissue. The deposit of pigment was in the form of dark brown
granules of various sizes in loose roundish cellections and in
large cells, some of which were nucleated.












PLATE XC.

Fic. 200.—Vertical Section of Optiec Disc with
Detached Retina.

x 10, Stained, Dammar.

For the history of the case see Fig. 215.

1. Optic nerve; the connective-tissue frame-work is stained.
2. Inner sheath. 3. Outer sheath. 4. Sclerotie. 5. Choroid.
6. Remains of retina, passing forwards as a fibrous cord from
the centre of the dise. It spread out anteriorly, and was
attached about the ora serrata. Portions of the central vessels
are present. 7. At this place there was a deposit of pigment
continuous with the adjacent choroid. The dise appears
drageed forwards ; and the inner layers of the choroid extend
over the retinal cord.

Fic. 204.—Vertical Section of Optic Disc with
Detached Retina.

x 10, Glycerine.

For the history of the case see Iig. 137.

1. Opticnerve. 2. Innersheath. 3. Outersheath. 4. Scle-
rotic. 5. Choroid. 6. Remains of retina, passing forwards from
the dise. 7. At this point the retina became funnel-shaped ;
the periphery was attached at the ora serrata.













PLATE XCL

Fic. 205.—Vertical Section of Atrophied and
Pigmented Retina.

¥ 800. Glycerine.

The retina is greatly reduced in thickness, and is converted
into a loose fibrous net-work, in which masses of pigment,
pigmented cells, and scattered free granules of pigment are
embedded.

1. The membrana limitans interna, connected with the
radiating fibres of Miiller. 2. In the inner layers the direction
of the fibres is more or less parallel with the surface. 3. The
outer layers are indicated by nuclei distributed throughout
the tissune, which is loose and irregular in its arrangement.
4, Some of the picmented epithelium is still present in its
normal position. 5. The atrophied choroid forms a thin band
of dense fibrous tissue with some pigment.

1. 206.—Vertical Section of Choroid and Retina
after Choroido-retinitis.

% 45, Glycerine.

1. At this place retinal elements ave present, level with the
choroid, with which they are incorporated; large masses of
pigment surround them. 2. Tuner surface of choroid. 3. Outer
curface of choroid. The choroid is atrophied and very fibrous;
the normal pigment is wanting; and large empty vessels are
seen, ent across.
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PLATE XCIL

Fic. 207.—Vertical Section of Retina and Choroid
with Accumulation of Pigmented Epithelium.

»* 300. Glycerine.

Layers of retina as follows:—1. Membrana limitans in-
terna. 2. Nerve fibres. 3. Nervecells. 4. Internal molecular.
5. Internal nuclear. 6. External molecular. 7. External
nnelear, with well-marked inner fibrous portion. 8. Membrana
limitans externa. 9. Rods and cones. 10. Pigmented epithe-
lium. From this there is a small nodular ount-growth, which
has destroyed the rods and cones and displaced the external
nuclear layer locally. 11. The choroid is atrophied, and forms
a, thin fibrous layer, with lines of pigment.

Tic. 208.—Section at Margin of Glioma Reting.
% 800. Glycerine.
1. Round granular nucleated cells of glioma, invading the

external molecular layer of the retina. 2. Part of the external
nuclear layer.
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PLATE XCIIIL

Frc. 200.—Vertical Section of Periphery of Retina
with Glioma.

x 45. Logwood, Dammar.

1. is continuous with II.; A.is the most posterior part; B.1is
directly continuous with C.; D. is the most anterior part, near
the ora serrata. The retina was folded and thickened by the
growth advancing from the fundus.

1. Internal surface. 2. External surface, with granular
traces of the rods and cones at some places. 3. Anterior
border of main tumour, which involved the whole of the retina
at the fundus. Nearer the periphery than this there 1s an
interval, where the retina is unaffected. Then at 4 comes a
nodule of glioma, quite separate from the mamn tumour, involv-
ing all the retinal layers, which are replaced by its tissue,
though the external nuclear layer is at one part unchanged,
and can be everywhere distinguished. At 5 some gliomatous
tissue, detached from a softened part of the primary growth,
lies on the inner surface of the retina, and some cells are
present about a blood-vessel n the nerve-fibre layer. The
nuclear layers ave no longer distinet from one another. At b a
similar condition of the nerve-fibre layer oceurs, with some cells
neaver the outer surface. At 7 the inner layers are diffusely
affected. In the neighbourhood of 8 the internal nuclear layer
is the only one changed, or 1s chiefly affected. Near 9 all the
layers contain some cells. 10. This marks the extreme anterior
margin of the gliomatous infiltration, in the external nuclear

layer.












PLATE XCIYV.

Fi1e., 210.—Capsule of Lens with Epithelium and
Fibres of FZonula.

x 300. Stained, Glycerine.

This is from the anterior segment of the capsule.

1. Portion of transparent homogeneous capsule. 2. Epithelial
cells, lining the internal surface. 3. Fibres of zonula of Ziny,
passing to the external surface, on which they are lost.

Fie. 211.—Epithelium from Capsule of Lens.
® 800. Bilver, Glycerine.
The intercellular substance is stained by the silyer; a nuncleus
is visible in some of the cells.
Fie. 212.—Vertical Section of Capsule of Lens.

% 800. Glycerine.

L. is from near the anterior pole; IL nearer the margin; and
I1I. near the equator.
1. Capsule. 2. Epithelium, lining the internal surface.

Fi6. 213.—Vertical Section of Anterior Layers of Lens.

¥ 300. Stained, Dammar.

1. Capsule. 2. Epithelinm. 3. Fibres of lens, some with a

nucleus.

Fic., 214.—Portions of Fibres of Lens.

x 800, Glycerine,
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PLATE XCY.

Fi6. 215.—Antericr portion of Eyeball with Wound
of Cornea, Iris, and Leuns.

¥ 10. Glycerine,

This is from a man, thirty-six years of age. Tifty-three days
before the enucleation of the eyeball a fragment of iron passed
through the upper part of the cornea, iris, and lens, and lodged
in the vitreous behind the lower part of the lens. The injury
led to irido-cyclitis and softening of the globe. The condition
of the optic disc is seen in Fig. 203,

1. Conjunctiva. 2. Sclerotic. 3. Cornea. 4. Cicatrix of
wound in cornea ; Bowman's membrane is interrupted and the
anterior epithelium is thickened here. 5. Iris; the pupillary
margin is adherent to the cormnea at the cicatrix (synechia
anterior), and to the capsule of the lens (synechia posterior).
6. Peripheral portion of iris, near wound. 7. Remains of uvea
in inflammatory exudation. 8. Cihary body, detached and
dragzed inwards. 9. Loose tissue, between ciliary muscle and
gclerotic. 10, Choroid, detached. 11. Cyclitic membrane,
composed of delicate fibres and many cells, with blood-vessels
and traces of zonula. 12. Portions of lens; only some cortical
fibres and the capsule are left in the preparation. The wound
divides the lens into two parts. 13. Coagulated material,
inside capsule. 14. Mass of inflammatory exudation in the
path of the wound; it is continuous with the wounded iris in
front, and with the cyclitic membrane behind. 15. Portion of
cyclitic membrane, rich in cells and with many blood-vessels.
16. At this place the piece of iron was found lying, covered with
rust. The neighbourhood was stained with the rust, and con-
tained much blood-pigment in the form of brownish granules of
varions sizes, and also pigmented cells, some of which were
broken up. 17. Newly formed membrane, with fibres and
spindle-shaped and round cells. 18. Peripheral part of de-
tached and altered retina. 19. Blood-clot, between retina and
choroid.












PLATE XCVL

'ie. 216.—8ection of Wounded Lens.

® 45. Glyeerine.

This is from an eyeball, removed eight weeks after injury.

1. Capsule of lens, at margin of wound. 2. Flibres of lens.
3. Granular amorphous material. 4. Inflammatory esudation,
replacing the substance of the lens. 5. Part of iris, infiltrated
with round cells. 6. Uwvea of inis.

Fic. 217.—Section of Capsule of Lens after Wound.

% 45. Glycerine.

This is from an eyeball, removed seven weeks after injury.

1. Inflammatory membrane, composed of fibres and cells, m
which the capsule of the lens is embedded. The capsule is
rolled up and folded irregularly, and it varies in thickness at
different parts. At the left side some of the epithelium is
attached to the internal surface. 2. Pigmented cells, derived
from the iris. 3. Pigment from the uvea.




R TE

WO DNy
aithn 4 Ruywsiwias, Giancow e









PLATE XCVIL

Fic. 218.—Blastoderm of Hen’s Egg, after 18 hours’
incubation.

w 30. DPicric Acid, Glycerine.

This shows the primitive groove.
1. Cephalic end. 2. Caudal end.

Fic. 219.—Blastoderm of Hen’s Egg, after 18 hours’
incubation.

x 80. Piecric Acid, Glycerine.

This shows the primitive groove, in a more advanced stage.

1. Cephalic end. 2. Caudal end.

Fic. 220.—Blastoderm of Hen’s Egg, after 18 hours’
incubation.

x 80. Picric Acid, Glycerine.

This shows a further stage of development.

Opposite No. 1 is the medullary groove, in front of, and
separate from, the primitive groove, which is opposite No. 2.
3 Told in front of future head. 4. Similar fold behind caudal
extremity of embryo.













PLATE XCVIIL

Fie. 221.—Embryo of Chick, after 21 hours’ incubation.
X 80. Pieric Acid, Glycerine.
Only the cephalic end is drawn. The lamine dorsales rise

up from the sides of the medullary groove, and approach one
another.

Fic. 222.—Embryo of Chick, after 21 hours’ incubation.

x 80. Pieric Acid, Glycerine.

Only the cephalic end is drawn. The development is more
advanced than in Fig. 221, and the lamina dorsales are close to
one another, so that part of the embryo is almost tubular.

F16. 223.—Embryo of Chick, after 36 hours’ incubation.

% 30. Picric Acid, Glycerine.

Only the cephalic portion is drawn. This is now tubular,
and from the enlarged extremity (anterior cerebral vesicle)
there is a bulging on each side (primary optic vesicles). Three
pairs of proto-vertebra are seen, and the ammiotic membrane
covers the embryo.













PLATE XCIX.

Fic. 224, —Cephalic portion of Embryo of Chick, after
24 hours’ incubation.

x 80, Picric Acid, Dammar,

The primary optic vesicles are well marked at the sides of the
anterior cerebral vesicle.

Fie. 225.—Head of Embryo of Chick, after 48 hours’
incubation.

% 30, Picric Acid, Canada Balsam.

Only the left eye is drawn in detail, the rest of the figure
being in outline,

The involution of the primary optic vesicle has taken place,
and its double walls form dark crescentic lines, surrounding the
rudimentary lens, which lies in the mouth of the secondary
optic vesicle. The anterior extremity of the choroidal fissure 1s
seen at the lowest part.

Fic. 226.—Head of Embryo of Perch.

x 30, Diecric Acid, Dammar.

The embryo was 6 millimétres in length, and is viewed some-
what obliquely from the left side, the right eye being obsenred
by the intervening tissues. In the left eye the lens is seen
lying in the mouth of the deeply pigmented optic cup, and the
anterior portion of the choroidal fissure is vistble. In the right
eye the posterior part of the choroidal fissure is distinguish-
able.

Tie. 227.—Head of Embryo of Perch.

% 80, Picric Acid, Glycerine.

The embryo, which was 8 millimétres in length, is viewed
from the dorsal surface. The pigmented optic cups are very
prominent ; and in the mouth of each of these the lens is seen,
covered by the external epiblastic layer of the embryo.












PLATE C.

Fic. 228.—Antero-posterior Section of Eye from
Embryo of Mouse.

¥ 45, Pierie Acid, Dammar.

The embryo was about 1 centimétre in length.

1. External epiblastic layer. 2. Outer pigmented wall of
optic cup. 3. Thick inner wall. From No. 2 some tissue
passes forwards through an opening in the inner wall, and
spreads out behind the comparatively large lens, which occupies
most of the cup.

F16. 229.—Horizontal Section of Anterior part of
Eye from Embryo of Rabbit.

% 830, Pieric Acid, Glycerine.

The embryo was about 3 centimetres in length.

1. External layers, corresponding in position with eyelid and
cornea. 2. Mesoblastic elements, in position of sclerotic and
choroid. 3. Thin outer pigmented wall of optic cup. 4. Thick
inner wall, with indications of retinal elements. This has been
broken off, and is absent, at the opposite side. 5. Vascular
tissue behind lens in vitreous cavity. 6. Lens; the anterior
part is composed of fibres, running mostly from before back-
wards ; the posterior part contains coagulated granular and
vacuolated material.

Tre. 230.—Meridianal Section of Ciliary Region of
Eye from Embryo of Rabbit.

% 800. Picric Acid, Glycerine.

This is from the same embryo as Fig. 229.

1. Anterior cellular layer of epiblast (corneal and conjuncti-
val). 2. Mesoblastic layer (corneal and scleral). 3. Pigmented
outer wall at edge of optic cup. 4. Inner wall. 5. Fibrous
membrane, passing behind lens. 6. Epithelium at external
surface of lens. 7. Fibres of lens.
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Medical Jurisprudence. By JOHN ABERCROMBIE, M.D., F.RC.P.,
Senior Assistant to, and Lecturer on Forensic Medicine at, Charing
‘ross Hospital. Feap Svo, 7s. 6d.

OGSTON.—Lectures on Medical Jurisprudence.
By ¥FraNcIs OgsToN, M.D., late Professor of Medical Jurisprudence
and Medical Logic in the University of Aberdeen. Edited by Fraxcis
0@sTON, Jun., M.D., late Lecturer on Practical Toxicology in the
University of Aberdeen. With 12 Plates. S8vo, 18s,

TAYLOR.—The Principles and Practice of
Medical Jurisprudence. By ALFRED 8, Tavior, M.D., F.R.S.
Third Edition, revised by THOMAS STEVENSON, M.D., F.R.C.P., Lec-
turer on Chemistry and Medical Jurisprudence at Guy’s Hospital ;
Examiner in Chemistry at the Royal College of Physicians; Official
Analyst to the Home Office. With 188 Engravings. 2 Vols, 8vo, 31s. 6d.

By the same Author,

A Manual of Medical Jurisprudence.
Eleventh Edition, revised by THOMAS STEVENSON, M.D., F.R.C.P.
With 56 Engravings. Crown 3vo, 1ds,

ALSO,

On Poisons, in relation to Medical Juris-
prudence and Medicine. Third Edition. With 104 Engravings.
Crown Svo, 1l6s.

TIDY AND WOODMAN.—A Handy-Book of
Forensic Medicine and Toxicology. By C. MEYMOTT TiDY, M.B. ; and
W. BATHURST WoOoDMAN, M.D., F.R.C.P. With 8 Lithographic Flates
and 116 Wood Engravings., 8vo, 31s. 6d.
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J. & A. Churchill’s Medicat Class Books.

HYGIENE.

PARKES. — A Manual of Practical Hygiene.

By EDMUND A. PARKES, M.D., F.R.S. SBixthEdition by F. DECHAUMONT,
M.D., F.R.8., Professor of Military Hygiene in the Army Medical
School. With 9 Plates and 103 Engravings. 8vo, 18s.

WILSON.—A Handbook of Hygiene and Sani-
tary Science. By GEOrRGE WILSoN, M.A., M.D., F.R.8.E., Medical
Officer of Health for Mid Warwickshire. Sixth Edition. With En-
eravings. Crown Bvo. [In the press.

MATERIA MEDICA AND THERAPEUTICS.
BINZ AND SPARKS.—The Elements of Thera-

peutics; a Clinical Guide to the Action of Medicines. By C.
Binz, M.D., Professor of Pharmacology in the University of Bonn.
Translated and Edited with Additions, in conformity with the British
and American Pharmacopeias, by EDWARD I. SPARES, M.A., M.B.,
F.R.C.P. Lond. Crown 8vo, 8s, 6d.

LESCHER—Recent Materia Medica. Notes

on their Origin and Therapeutics. By F. HARW0OD LESOHER, F.C.5.,
Pereira Medallist. Second Edition. 8vo, 2s. 6d.

OWEN—A Manual of Materia Medica; in-
corporating the Author's “ Tables of Materia Medica.” By ISAMBARD
OWEN, M.D., F.R.C.P., Lecturer on Materia Medica and Therapeutics
to St. George's Hospital. Second Edition. Crown 8vo, Gs. Gd.

ROYLE AND HARLEY.—A Manual of Materia

Medica and Therapeutics. By J. ForBES ROYLE, M.D., F.R.5., and
JoHN HARLEY, M.D., F.R.C.P., Physician to, and Joint Lecturer on
Clinical Medicine at, St. Thomas's Hospital. Sixth Edition, including
addition and alterations in the B.P. 1885, With 139 Engravings.
Crown 8vo, 158.

THOROWGOOD. — The Student’s Guide to

Materia Medica and Therapeutics. By JoHX C. THOROWGOOD, M.D.,
F.R.C.P., Lecturer on Materia Medica at the Middlesex Hospital.
gecond Edition. With Engravings. Feap. 8vo, 7s.

WARING.—A Manual of Practical Therapeu-

tics. By EDWARD J. WaARING, C.I.E., M.D., F.R.C.P. Fourth Edition,
revised by the Author and DUDLEY W. BuxtoN, M.D., M.R.C.P,
Crown 8vo, 14s.
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J. & A. Clhurehill’'s Medical Class Books.

MEDICINE.
BARCLAY.—A Manual of Medical Diagnosis.

By A. WHYTE BARCLAY, M.D., F.R.C.P., late Physician to, and
Lecturer on Medicine at, St. George's Hospital. Third Edition. Feap.
8vo, 105, Gd.

CHARTERIS.—The Student's Guide to the

Practice of Medicine. By MATTHEW CHARTERIZ, M.D., Professor of
Therapeutics and Materia Medica, University of Glasgow ; Physician
to the Iloyal Infirmary. With Engravings on Copper and Wood.
Fourth Edition. Feap. Svo, s,

FAGGE.—The Principles and Practice of Medi-
cing. By the late C. HILTON FaGGE, M.D., F.R.C.P., Edited by P. H.
PYE-SMITH, M.D., F.R.C.P., Physician to, and Lecturer on Medicine
at, Guy's Hospital. 2 Vols. 8vo. Cloth, 36s. ; half Persian, 42s.

FENWICK.—The Student's Guide to Medical

Diagnosis. By SAMUEL FENWICK, M.D., F.R.C.P., Physician to the
Loudon Hospital. Sixth Edition. With 114 Engravings. Feap. 8vo, 7s.

By the same Author.
The Student’s Outlines of Medical Treat-

ment. Second Edition. Feap. 8vo, 7s.

FLINT.—Clinical Medicine : a Systematic Trea-
tise on the Diagnosis and Treatment of Disease. By AUSTIN FLINT,
M.D., Frofessor of the Principles and Practice of Medicine, &e., in
Bellevue Hospital Medical College. Svo, 20s.

WARNER—The Student’s Guide to Clinical
Medicine and Case-Taking, By Fraxcis WARNKER, M.D., F.R.C.P,,
Assistant-Physician to the London Hospital. Second Edition. Feap.
Bvo, bs.

WEST—How to Examine the Chest: being a
Practical Guide for the Use of Students. By SAMUEL WEsT, M.D.,
F.R.C.P., Physician to the City of London Hospital for Diseases of
the Chest, &c. With 42 Engravings. Fecap. 8vo, 5s.

WHITTAK ER.—Student’'s Primer on the Urine.
By J. TrRAvIs WHITTAKER, M.D., Clinical Demonstrator at the Royal
It]!lrnml'}"l Glasgow.,  With Illustrations, and 16 Plates etched on
Copper. Post 8vo, 4s. Gd.
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J. & A. Churchill’'s Medical Class Books.

MIDWIFERY.
BARNES.—Lectures on Obstetric Operations,

including the Treatment of Hemorrhage, and forming a Guide to the
Management of Difficult Labour. By ROBERT BARNES, M.D., F.R.C.P,,
Consulting Obstetric Physician to St. George’s Hospital. Fourth
(and cheaper) Edition. With 121 Engravings. 8vo, 12s. 6d.

BURTON.—Handbook of Midwifery for Mid-

wives. By JoHN E. BurtoN, M.R.C.8., L.R.C.P., Surgeon to the
Liverpool Hospital for Women. Second Edition. With Engrav-
ings. Feap 8vo, Gs.

GALABIN.—A Manual of Midwifery. By Alfred
LEWIS GALABIN, M.A., M.D., F.R.C.P., Obstetric Physician and
Lecturer on Midwifery, &c., to Guy's Hospital, Examiner in Mid-
wifery to the Conjoint Examining Board for England. With 227
Engravings, Crown 8vo, 15s,

RAMSBOTHAM,—The Principles and Practice
of Obstetric Medicine and Surgery. By FRANCIS H. RAMSBOTHAM, M. D.,
formerly Obstetric Physician to the London Hospital. Fifth Edition.
With 120 Plates, forming one thick handsome volume. B8vo, 22s.

REYNOLDS. — Notes on Midwifery: specially
designed to assist the Student in preparing for Examination. By J. J.
REYNOLDS, L.R.C.P., MLR.C.S. Second Edition. "With 15 Engravings.
Feap. 8vo, 4s.

ROBERTS.—The Student’s Guide to the Practice
of Midwifery. By D. LLoyDp RoBERTS, M.D., F.R.C.P., Lecturer on
Clinical Midwifery and Diseases of Women at Owen's College, Phy-
sician to St. Mary's Hospital, Manchester. Third Edition. With 2
Coloured Plates and 127 Engravings. Feap. 8vo, 7s. 6d,

SCHROEDER.—A Manual of Midwifery; includ-
ing the Pathology of Pregnancy and the Puerperal State. By KaRL
SOHROEDER, M. D., Professor of Midwifery in the University of Erlangen.
Translated by C. H. CARTER, M.D. With Engravings. Svo, 12s. 6d.

SWAYNE.—Obstetric Aphorisms for the Use of
Students commencing Midwifery Practice. By JOSEPH G. SWAYNE,
M.D., Lecturer on Midwifery at the Bristol School of Medicine.
Eighth Edition. With Engravings. Feap. 8vo, 3s. fid.
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MICROSCOPY.
CARPENTER.—The Microscope and its Revela-

tions. By WiILLIAM B. CARPENTER, C.B., M.D., F.R.8. Sixth Edition.
With about 600 Engravings. Crown Svo, 16s.

LEE. — The Microtomist’'s Vade-Mecum: a

Handbook of the Methods of Microscopic Anatomy. By ARTHUR
BoLLES LEE. Crown 8vo, 8s. Gd.

MARSH. — Microscopical Section-Cutting: a
Practical Guide to the Preparation and Mounting of Sections for the
Microscope. By Dr. SYLVESTER MARsH. Second Edition. With
17 Engravings. Feap. 8vo, 3s, 6d.

MARTIN.—A Manual of Microscopic Mounting,

ByJ. H. MARTIN. Second Edition. With Plates and Wood Engravings.
8vo, Ts. 6d.

OPHTHALMOLOGY.
HARTRIDGE—The Refraction of the Eye. By
GUSTAVUS HARTRIDGE, F.R.C.5., Assistant Surgeon to the Royal

Westminster Ophthalmic Hospital. Second Edition. With 94 Illus-

trations, Test Types, &c. Crown Svo, 5s. 6d.
HIGGENS.—Hints on Ophthalmic Qut-Patient

Practice. By CHARLES Hiceexs, F.R.C.8., Ophthalmic Surgeon to,

and Lecturer on Ophthalmology at, Guy's Hospital. Third Edition.
Feap. 8vo, 3s.

JONES.—A Manual of the Principles and
Practice of Ophthalmic Medicine and Surgery. By T. WHARTON JONES,
F.R.C.8., F.R.8,, Inte Ophthalmic Surgeon and Professor of Ophthalmo-
logy to University College Hospital. Third Edition. With 9 Coloured
Plates and 173 Engravings. Feap. 8vo, 12s. 6d.

MACNAMARA.—A Manual of the Diseases of

the Eye. By CHARLES MACNAMARA, F.R.C.8., Burgeon to, and Lecturer
on Surgery at, the Westminster Hospital. Yourth Edition. With
4 Coloured Plates and 68 Engravings. Crown Svo, 108, 6d,

NETTLESHIP.—The Student’s Guideto Diseases

of the Eye. By EDWARD NETTLESHIP, F.R.C.8., Ophthalmic Surgeon
to, and Lecturer on Ophthalmic Surgery at, 3t. Thomas's Hospital.
Third Edition. With 157 Engravings, and a Set of Coloured Papers
illustrating Colour-blindness. Feap. Svo, 7s. Gd.
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OPHTHALMOLOGY —continued.

TOSSWILL.—Diseases and Injuries of the Eye

and Eyelids. By Louls H, TosswiLL, B.A., M.B. Cantab., M.R.C.8,,

Surgeon to the West of England Eye Infirmary, Exeter. Feap. 8vo,
28, Gd.

WOLFE.—On Diseases and Injuries of the Eye:

a Course of Systematic and Clinical Lectures to Students and Medical
Practitioners. By J. R. WoLFE, M.D., F.R.C.8.E., Senior Surgeon to
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine

and Surgery in Anderson's College. With 10 Coloured FPlates, and 120
Wood Engravings, 8vo, 21s.

PATHOLOGY.
JONES AND SIEVEKING.—A Manual of Patho-

logical Anatom By C. HANDFIELD JONES, M. B., F.R.8., and EDWARD
H.SIEVEEING M.D., F.R.C.P. Second Edition. Edited, with consider-
able enlargement, by J. F. PAYNE, M.B., Assistant-Fhysician and
Lecturer on General Pathology at St. Thomas's Hospital. With 195
Engravings. Crown 8vo, 16s.

LANCEREAUX.—Atlas of Pathological Ana-

tomy. By Dr. LANCEREAUX. Translated by W. 8. GREENFIELD, M.D.,
Professor of Pathology in the University of Edinburgh. With
70 Coloured Plates. Imperial 8vo, £5 5s. .

SUTTON. — An Introduction to General
Pathology. By JoHN BLAXD SurroN, F.R.C.8., Sir E. WILsON
Lecturer on Pathology, R.C.5. ; Assistant Surgeon to, and Lecturer on
Anatomy at, Middlesex Hospital. With 149 Engravings. Svo, 14s.

VIRCHOW. — Post-Mortem Examinations: a

Description and Explanation of the Method of Performing them,
with especial reference to Medico-Legal Practice. By Professor
RUDOLPH VIRCHOW, Berlin Charité Hospital. Translated by Dr. T. B.
SyITH. Second Edition, with 4 Plates. Feap. 8vo, 3s. G4.

PSYCHOLOGY.
BUCKNILL AND TUKE.—A Manual of Psycho-

logical Medicine : containing the Lunacy Laws, Nosology, Ftiology,
Statistics, Deseription, Diagnosis, Pathology, and Treatment of Insanity,
with an Appendix of Cases. By JoHX C. BUCKXILL, M.D., F.R.5,
and D, HACK TUKE, M.D., F.R.C.P. Fourth Edition with 12 Flates
(30 Figures). 8vo, 25bs.
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J. & A. Churchill’s Medical Class Books,

PSYCHOLOGY —runtinuerd,
OLOUSTON. — Clinical Lectures on Mental

Diseases. By THoOMAS 8. CLousTON, M.D., and F.R.C.P. Edin.: Lec-
turer on Mental Disenses in the University of Edinburgh. With
8 Plates (6 Coloured), Crown Svo, 128 6.

PHYSICS.
DRAPER—A Text Book of Medical Physics,

for the use of Students and Practitioners of Medicine By Jouw C.
DRAPER, M.D., LL.D., Professor of Chemistry amnd Physics in the
University of New York. With 377 Engravings. Svo, 18s.

PHYSIOLOGY.
CARPENTER.—Principles of Human Physio-

logy. By WILLIAM B. CARPENTER, C.B., M.D., F.R.5. Ninth Edition.
Edited by Henry Power, ML.B., F.R.C.8. With 3 Steel Plates and
377 Wood Engravings. Svo, 31s. 6d.

DALTON.—A Treatise on Human Physiology :
designed for the use of Students and Practitioners of Medicine. By
Jomx . Davron, AM.D., Professor of Physiology and Hygiene in the
College of Physicians and Surgeons, New York. Seventh Edition.
With 252 Engravings. Koyal 8vo, 205,

FREY.—The Histology and Histo-Chemistry of
Mai., A Treatise on the Elements of Composition and Strncture of the
Human Body. By HEINRICH FREY, Professor of Medicine in Zurich.
Translated by ARTHUR E. BARKER, Assistaut-Surgeon to the University
College Hospital. With 608 Engravings. Svo, 21s.

PYE-SMITH.—Syllabus of a Course of Lectures
on Physiology. By PHILIP H. PYE-SMITH, B.A., M.D., F.R.C.P.,
Physician to Guy's Hospital. With Diagrams, and an Appendix of
Notes and Tables. Crown 8vo, 53.

SANDERSON.—Handbook for the Physiological
Laboratory : containing an Exposition of the fundamental facts of the
Seience, with explicit Directions for their demonstration. By J.
BURDON SANDERSON, M.D., F.R.8.; E. KLEIN, M.D,, F.R.8.; MICHAEL
FosTER, M.D., F.R.8., and T. LAUDER BRUNTON, M.D., F.R.5. 2 VYols.,
with 123 Plates. Svo, 24s.

YEO.—A Manual of Physiology for the Use of
Junior Students of Medicine. By GERALD F. YEo, M.D., F.R.CS,,
Professor of Physiology in King's College, London. With 301 Engray-
ings. Crown Bvo, 14s.

=
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: SURGERY.
BELLAMY.—The Student’s Guide to Surgical

Anatomy; an Introduction to Operative Surgery. By EDWARD
BELLAMY, F.R.C.5., and Member of the Board of Examiners ; Surgeon
to, and Lecturer on Anatomy at, Charing Cross Hospital. Third
Edition. With 80 Engravings. Feap. Svo, Ts. 6d.

BRYANT—A Manual for the Practice of

surgery. By THOMAS BRYANT, F.R.C.8., Burgeon to, and Lecturer on
Surgery at, Guy's Hospital. Fourth Edition. With 750 Illustra-
tions (many being coloured), and including 6 Chromo-Lithographic
Plates. 2 Vols. Crown 8vo, 32s.

CLARK AND WAGSTAFFE. — Outlines of

Surgery and Surgical Pathology. By ¥. LE Gros CLARE, F.R.C.8,,
F.R.S., Consulting Surgeon to St. Thomas's Hospital. Second Edition.
Revised and expanded by the Author, assisted by W. W. WAGSTAFFE,
F.R.C.8., Assistant Surgeon to 8t. Thomas's Hogpital. 8vo, 10s. 6d.

DRUITT. —The Surgeon’s Vade-Mecum; a

Manual of Modern Surgery. By LRoBERT DRUITT, F.R.C.8. Twelfth
Edition. With many Epgravings. Feap. 8vo. [In the press.

FERGUSSON.—A System of Practical Surgery.

By Sir WILLIAM FERGUSSON, Bart., F.R.C.8., F.R.8., late Surgeon and
Professor of Clinical Surgery to King's College Hospital. With 463
Engravings. Fifth Edition. B8vo, 21s.

HEATH.—A Manual of Minor Surgery and
Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi-
tioners. By CHRISTOPHER HEATH, F.R.C.5., Holme Profeszor of
Clinical Surgery in University College and Surgeon to the Hospital.
Seventh Edition. With 129 Engravings. Fcap. 8vo, (5.

By the same Author.
A Course of Operative Surgery: with

Twenty Plates (containing many figures) drawn from Nature by
M. LEVEILLE, and Coloured. Second Edition. Large Evo, 30s.

ALSO,

The Student’'s Guide to Surgical Diag-

nosis. Second Edition. Fecap. 8vo, 6s. Gd.
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SURGERY—contfinued,
SOUTHAM.—Regional Surgery : including Sur-

gical Dingnosis. A Manual for the use of Students. BY FREDERICK
A. SoUTHAM, M.A., M.B. Oxon, F.R.C.5,, Aszistant-Surgeon to the
Royal Infirmary, and Assistant-Lecturer on Surgery in the Owen's
College School of Medicine, Manchester.
Part I. The Head and Neck. Crown 8vo, Gs. 6d.
., II. The Upper Extremity and Thorax, Crown 8vo, 7s. fd.
,» HI. The Abdomen and Lower Extremity. Crown Svo, Ts.

TERMINOLOGY.
DUNGLISON.—Medical Lexicon : a Dictionary

of Medical Science, containing a concise Explanation of its various
Subjects and Terms, with Accentuation, Etymology, Synonyms, &c.
By ROBERT DUNGLISON, M.D. New Edition, thoroughly revised by
RicHARD J. DUusGLIsoN, M.D. Raoyal 8vo, 28s.

MAYNE.—A Medical Vocabulary: being an
Explanation of all Terms and Phrases used in the various Departments
of Medical Science and Practice, giving their Derivation, Meaning,
Application, and Pronunciation. By ROBERT G. MAYNE, M.D., LL.D.,
and JoEN MAYNE, M.D., L.R.C.8.E. Fifth Edition. Crown 8vo,
10s. Gd.

WOMEN, DISEASES OF.
BARNES.—A Clinical History of the Medical

and Surgical Diseases of Women. By ROBERT BARKES, M.D., F.R.C.I,,
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St.
yeorge's Hospital. Second Edition. With 181 Engravings. 8vo, 28s.

COURTY.—Practical Treatise on Diseases of
the Uterus, Ovaries, and Fallopian Tubes. DBy Professor COURTY,
Montpellier. Translated from the Third Edition by his Pupil, AGNES
MLAREN, M.D., M.K.Q.C.P. With Preface by Dr. MATTHEWS DUNCAX.
With 424 Engravings. &vo, 248,

DUNCAN.—Clinical Lectures on the Diseases
of Women. By J. MATTHEWS DUNCAN, M.D., F.E.C.E., F.R.8.E,
Obstetric Physician to St. Bartholomew's Hospital. Third Edition.
gvo. [fn the press,

EMMET. — The Principles and Practice of
Gynmeology. By THoMAS ADDIs EMMET, M.D., Surgeon to the
Woman's Hospital of the State of New York. Third Edition. With
150 Engravings. Toyal 8vo, 24s.
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WOMEN, DISEASES OF—continued.

GALABIN.—The Student’'s Guide to the Di

eases of Women. By ALFRED L. GALABIN, M.D., F.R.C.P., Obstet
Physician to, and Lecturer on Obstetric Medicine at, Guy's Hospi
Third Edition. With 78 Engravings. Fecap. Svo, 7s. 6d.

REYNOLDS.—Notes on Diseases of Wome

Specially designed to assist the Student in preparing for Examinati
By J. J. REYNOLDS, L.R.C.P., M.R.C.3. Third Edition. Fcap. 8v
2s. Gd.

SAVAGE.—The Surgery of the Female Pelvi

Organs. By HENRY SAVAGE, M.D., Lond., F.R.C.8., one of the Co
sulting Medical Officers of the Samaritan Hospital for Women. Fif
Edition, with 17 Lithographic Plates (15 Coloured), and 52 Wooden
Royal 4to, 36s.

WEST AND DUNCAN.—Lectures on the Di

enses of Women. By CHARLES WEsT, M.D.,, F.R.CP. Fo
Edition. Revised and in part re-written by the Author, with numero
additions by J. MATTHEWS DuUNcaw, M.D.,, F.R.C.P., F.RS.
Obstetric Physician to St. Bartholomew's Hospital. 8vo, 16s.

ZOOLOGY.
CHAUVEAU AND FLEMING.—The Compar

tive Anatomy of the Domesticated Animals. By A. CHAUVEA
Professor at the Lyons Veterinary School; and GEORGE FLEMIN
Veterinary Surgeon, Royal Engineers. With 450 Engravings. Sv
31s. 6d.

HUXLEY.—Manual of the Anatomy of Inverte

brated Animals. By THomaAs H. Huxigy, LL.D.,, F.R.8. With 1]
Engravings. FPost 8vo, 16s.

By the same Author.
Manual of the Anatomy of Vertebrate

Animals. With 110 Engravings. Post 8vo, 12s.

WILSON.—The Student’'s Guide to Zoology
a Manual of the Principles of Zoological Science. By ANDREW WILSO
Lecturer on Natural History, Edinburgh. With Engravings. Fea
8vo, Gs. Gd.
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