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OF EYE DISEASES. 3

treatnent. These cases occur amongst the poor—a class to whom
the eye is, if possible, even more valuable than to the rich, because
without it they can hardly obtain their daily bread, or enjoy the
common comforts of existence,—a class, too, among whom it is pro-
bable that most of you will be called on to minister during the early
years of your professional life. More than this, I think, need not be
said to impress you with the importance of the subject which is about
to engage our attention.

It would“be easy to expatiate on the utility of an exaet knowledge
of the structure of the body to one who desires to study that body in
its morbid states ; but I am willing to hope that such an argunment
would be almost superfluous ; and at any rate, (that I may not detain
you any longer on introductory topics) I shall content myself with
observing, that, though a man of genius has now and then become a
great physician, like Hippocrates or Sydenham, by an acute and
persevering observation of disease, and of the effects of remedies, and
without much acquaintance with anatomy, yet that the common voice
of mankind proclaims that he who best knows the mechanism of the
body will, with a like study of the other departments of medicine, be
the best able to comprehend the actions of that body, both in health
and disease.

General view of the eyeball—The eyeball, gentlemen, as youn
know, consists primarily and essentially of a skeet of nervous matter
visually endowed,—that is, capable of being so affected by light,
that, when duly connected with the sensorium, what we call sigis,
or perception of light; is the result. This sheet, which we term the
retina, is brought towards the surface of the body to meet its appro-
priatestimulus; and the commissureof nervoussubstance whichconnects
it to the brain and to the opposite retina is called the optic nerve.
In front of the retina are placed fransparent media, which, as a whole,
refract the light so as to bring it to a focus on the nervous layer,
which is spread out in a concave form to receive the more perfect
jmage. The retina is supported behind by a firm resisting tunie, the
sclerotica, which is prolonged in front of the transparent media, as a
transparent, partly integumental membrane, the cornea. Between the
retina and the seclerotica i1s a very vaseular membrane, of a dark brown
colour, the choroid, which is advanced behind the cornea under the
form of a vertically-hung contractile curtain, the 7rés, in the centre
of which is an aperture, the pupil, capable, by varying its size, of












ITMPLANTATION OF THE RECTI MUSCLES. T

structure. There is also a good deal of delicate yellow elastic tissue
intermixed with the white in the sclerotica. _

But although it cannot be said that the fibres of the selerotica are
arranged with regularity, yet they appear to have a more or less
“determinate direction from behind forwards in the hinder and middle
portion ; and we may also sometimes observe on the inner surface, after
the choroid has been removed, an appearance of arching fibres, having
their convexities turned forwards; and, moreover, the anterior part
usually presents a different arrangement on its outer and inner sur-
faces, the fibres of the former being more circular, following some-
what the border of the cornea, especially over the insertion of the
recti muscles ; while those of the latter are more obviously directed
forwards,

Mode of implantation of the tendons of the reeti muscles.—
‘With reference to this subject, I may allude to the mode of im-
plantation of the tendons of the reeti muscles into the sclerotica.
These, as is well known, become flatiened and expanded somewhat
before joining the sclerotica ; and I believe it is a common opinion
that they join side to side, and spread out as a kind of external invest-
ment to the front of the sclerotica, advancing up to the cornea, and
constituting the white tunic which is visible between the lids. I do
not find, however, that this description, as regards the human eye,
agrees with nature. On the contrary, the tendons of the recti
appear to be truly implanted info the sclerotica, penetrating its sub-
stance, so as to be buried from view, and leaving its exterior layers
exposed under the conjunetiva. I have several times traced the con-
tinuation of these tendons for a considerable way forwards in the
middle substance of the sclerotica, to a certain extent making a
division of 1t into an inner and outer layer, and gradually becoming
lost to view, as they break up into laminz, and blend with the
neighbouring structure very near the margin of the cornea.

Thickness of the sclerotica at different parts.—It may not seem
very important in a practical point of view to inquire into the relative
thickness of the sclerotica at different parts of its extent. It is in-
teresting, however, in a physiological sense, especially with reference
to comparative anatomy, and is really not without its practical bear-
ings, since we find the effects of certain morbid actions to be limited
or otherwise modified in correspondence with it. The sclerotica is
thickest behind, for the support of the retina, and for the preser-
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SURFACES OF THE CORNEA. 9

early stages of its development, might throw on the true affinities and
nature of this structure, but will merely observe that there is some
reason to suppose that the cornea, considered from this point of view,
comprises two orders of parts—one belonging to the nervous vesicle
which forms the earliest indication of the appearance of the eye in
the early embryo ; the other, and the larger, pertaining to the outer
integument. I prefer, on thisocecasion, remembering the object before
us, to take the cornea as we find it in the adult human subject, and
to deseribe it, layer by layer, as it actunally exists in those in whom
you will be called upon to study and relieve its morbid states.

e, 1. The cornea is nearly circular in shape,
though we often find it wider from side to side

@ than from above downwards. Its anterior
surface is generally less extensive than its

Relative size of the two posterior, sometimes considerably so. The
surfaces of the cornea eqge, therefore, by which it is continuous with
In oné mnstance : &, all- - E
terior surface; p, pos- the sclerotica will be bevelled, so that the
terior surface. sclerotica will overlap a litfle.  Sometimes, on

looking at the surface of a vertical section carried through these parts at
their junction, we see the cornea received, as it were, into a groove of
the sclerotica ; but even here the hinder surface of the corneais almost
invariably the more extensive : and I cannot say that I have ever seen
an instance in which the bevelling was reversed, so that the cornea
should overlap the sclerotica.

The two surfaces of the human cornea are, as far as I can judge,
perfectly parallel to one another; that 1s, their corresponding points
are equidistant, and the substance of the cornea is of the same thick-
ness throughout. This has been doubted by some anatomists, who
have described the eentral part as thicker than the margins, and have
supposed that the cornea was a meniscus-convergent lens, capable of
magnifying objects. But the mode employed to prove this—uviz. that
of first dipping the detached cornea into water to smooth its surfaces,
and then, holding it over objects, finding it act as a slight magnifier—
seems open to fallacy, since the only way in which it can be conve-
niently held is with the convex edge downwards, in which position, the
water still adhering would fall to the central part, and make a lens of
it. But I have failed to find the membrane magnify when secured
against this source of error; and, moreover, an exact vertical section
of a recent cornea exhibifs an uniformity of thickness. When the






LAMELLATED TISSUE OF THE CORNEA. 11

parent ; and it is interesting to study the precise nature of its lamellee,
because there are facts which show that its transparency is very easily im-
paired by any derangement of their relative position, or by an increase of
their natural tension. For example, if a thin vertical section of this
part be made, and laid upon a slip of glass moistened with water, it
remains transparent; but if you attempt to stretch it, in whatever
direction, or to compress its parts inlo a smaller space, it instantly
becomes milky and opague. Again, if you squeeze a fresh and per-
fect eye between the finger and thumb, the cornea, it is well known,
becomes immediately opaque in your hand, but quite recovers itself
as you remit the pressure: and in all cases the degree of opacify is
proportionate to the pressure youexert. This is a very remarkable
experiment, and may serve to illustrate in some measure the opacity
or haze of the cornea, which is apt to occurat an early stage of acute
internal inflammation of the eyeball, attended with great engorge-
ment of its vessels—a state also elucidated by what occurs in artifi-
cial injections of the eye, for when the vessels become gorged, and the
globe tense and hard, the cornea invariably grows dim, and shuts off
the iris from view.

Now, that the lamelle of the lamellated cornea are not individually
co-extensive with the cornea itself, is easily proved by a vertical section,
in which we see the lines bounding the lamellz to be very limited and
interrupted, not extending far along the cut surface; the same view
proves the lamellee to run into one another at very numerous points
throughont the entire cornea, so that the interspaces are very limited
in their superficial extent; though their number is correspondingly
great. Moreover, in tearing up a flap in the way I have already
alluded to, innumerable connections between the lamelle are seen to
be torn through, and the surface exposed is not smooth, but covered
with numberless minute lacerations of tissue. It would, therefore, be
most correct to say that the strength of the tissue lies in a horizontal
rather than in a vertical direction—that the horizontally-extended
elements are thicker, and stronger, and less easily lacerable, than the
more delicate, more fragile, vertically-placed elements which connect
them with one another. Now if we endeavour to count the superposed
lamellee, it is evident that we can arrive at no very exact result, in
consequence of their mutual connexions and overlappings : but never-
theless it will be found in general, that on the surface of a vertical
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JUNCTION WITH SCLEROTICA. 15

vessels. Hence it is probable that the corneal tubes do not com-
municate directly with any other set of vessels or natural channels.

With regard to the use of these corneal tubes, we shall probably
not be far wrong in supposing that they serve to promote and
facilitate the permeation of this thick non-vaseular structure by those
fluid portions of the blood which alone have access to it. Whe-
ther the special arrangement of the tubes which I have deseribed is
concerned in endowing the cornea with its necessary transparency, it
does not seem possible to determine. It might be imagined to con-
tribute to hold all the lamellz in place, and to prevent derangement
of their relative position. A brief account of these, and other points
which T shall notice, is given in the third part of the Physiological
Anatomy and Physiology of Man, just published by Dr. Todd and
myself.

Junction of the sclevotica and cornea.—1 have already stated
that the lamellated tissue of the cornea is the only one which,
properly speaking, is continuous with the sclerotica. This con-
tinuity is so perfect that the two textures cannot be torn ssunder,
or in any way be shewn capable of detachment along the line of
junction. Even maceration is not capable of effecting their sepa-
ration ; and if we consider the close affinities of the two structures,
and their mode of union, it will be easy to understand the reason
of this. In faet, both belong to the class of fibrous iissues, and
have very similar physical and chemical properties. The fibrous
bundles of the sclerotica, intricately interlaced and intermixed with
threads of yellow elastic tissue, become continuous at the border with
the lamine of the cornea. The elementary parts of the one join on
to those of the other; the interstices, which are irregular and open on
all sides in the sclerotica, assume a regular arrangement, and become
tubular in the cornea. On the surface of a very thin vertical section
of the two structures, carried through their line of junction, the tran-
sition of one into the other can be very satisfactorily traced. By
acetic acid the sclerotica swells and becomes transparent, and exhi-
bits the yellow fibrous element of its structure, and also sparing
nuclei, like those belonging to tendinous parts. By the same agent,
the cornea first grows opaque as the arrangement of its parts is inter-
fered with by the swelling of the tissue during the progress of the
acid through if, but subsequently it all very nearly resumes its trans-






 ANTERIOR ELASTIC LAMINA. 17

manner as to take firm hold of them, and are thus gradually spent

Fie. 4. among the four or five la-
melle which lie nearest to
the surface. It is singular,
too, that these filaments are
not set vertically, but every-
where in a slanting direction
among the lamellz, so that in
a vertical seetion they appear
to cross one another at right
angles.  This arringement
might, T imagine, be shown,
on mechanical principles, to be
the best possible for the main-
tenance of the convexity of the
front of the cornea.

Vertical section of the human cornea Tt is obvious, from the ela-

near the surface. «, anferior elastic TR . tiich AL
lamina ; 4, conjunctival epithelium ; ¢, POTaL€ MANNET 1N WhIC e
::?miillatel-:ll tis.;un; d, i;lif,ervals hetwein anterior elastic lamina is thus
¢ lamell®, showing the position of the :

Bl b il d;I::, o of e tied down tu‘ the lamellated
nuclei of the lamellated tissue; g, fibrous texture, that it can hardly be
cordage sent down from the anterior elas- .3 s

fo/linria.  Mognifed 800 dimptess, | | 1700 59 @ Separate layer; and

henee, probably, the reason of

its having been hitherto overlooked. In fact, it scarcely admits of
being demonstrated, except on the face of a section of the cornea.
The anterior elastic lamina becomes exceedingly thin, and disap-
pears, at the margin ol the cornea, its attenuation being accompanied
by an increase in the number and size of the filaments which it sends
down to the lamellated tissne; so that it seems to expend itselt by
giving origin to these filaments. And from this extreme border,
where it ceases to be distinguishable, a great abundance of them runs
into the sclerotica, in that slanting course which the elastic lamina
would have itself taken, if it had been prolonged in the direction of
its own curvature. These filaments mingle with the elements of
the selerotica, and are gradually lost among its middle fibres. The
artificial mode in which the margin of the anterior elastic lamina is
thus fixed, may be roughly likened to that of the awning of a fent : it
is rendered much more obvious if a thin vertical section of the parts
at the junction of the sclerotica and cornea be treated with acetic acid.
C






POSTERIOR ELASTIC LAMINA. 19

nearly smooth refracting surface to the impinging rays of light; and
by the frequent movements of the eyelids, the particles which are de-
caying and losing their place are brushed away, and escape by the
nose. In a learned and interesting paper by Dr. Mackenzie,® you
will find deseribed a method of seeing in your own person the nature
of the corneal surface. This epithelium is rapidly renewed, if scraped
off.+ :

‘We may now, gentlemen, turn our attention to the posterior elas-
tic lamina of the cornea, a layer which has been long known as the
membrane of Demours or of Decemet, or as the elastic lamina of the
cornea, or as the corneal part of the membrane of the aqueous
humor.

This layer is very easily detached by seraping from the hinder sur-
face of the lamellated tissue of the cornea, for it adheres but shightly
to this tissue, and sends no filaments among the lamelle, as the an-
terior elastic lamina does. It is a uniform, transparent, homogeneous
layer, considerably thinner than the anterior elastic lamina (being
only from 1-2000th to 1-3000th inch thick), but, like it, not affected
by maceration, by boiling, or by the action of acids. Though very
hard, and capable of resisting much pressure, and giving a crisp sound
when divided by the scissors, yet itis very brittle and easily torn, and
its fragments then show a remarkable tendency to eurl up on all sides
into rolls, and always with the anterior or naturally convex and at-
tached surface inwards in the roll, so that it would appear to be
formed or laid down ¢ sitw in a curve precisely the reverse of that
which its elasticity inclines if fo assume.

When an ulcer has destroyed the lamellated tissue, it sometimes
happens that, for a short time, the posterior elastic lamina is thrown
forwards into the breach, by the aqueous humour behind it, and
forms there a small pellucid vesicle, which, however, almost always
soon gives way by rupture, allowing the humor to escape, and the iris

* On the Vision of Objects on and in the Eye. Edinb. Medical and Surgical

Journal, No. 164.
+ Viz. in about three days. The instantaneousness with which the blood-

vessels of the neighbouring conjunctiva, and even of the whole eye, dilate
and become turgid with blood, when this epithelium is abraded, has often
excited my astonishment. The share of the nervous system in this phenomenon
is partly indicated by the severe and apparently inordinate pain which attends so

slight an injury.






EPITHELIUM OF THE AQUEOUS HUMOR. 21

being the continuation or representative of the posterior elastic
lamina. The posterior of these fibres then ecurve backwards to the
iris, and become inserted into its anterior surface at its greater
circumference, in the form of small pillars ; and near their insertion
they begin to resemble the white fibrous rather than the yellow
fibrous tissue in chemical and other qualities.

I have found these pillars of the iris much more evident in some
animals than in others ; buf time will not allow me to enter on com-
parative details. They exist in all mammalia, and have their ana-
logues in other classes. They are in contact with the aqueous humor,
where they form the rim of the anterior chamber. A needle may be
passed underneath them from the anterior chamber, so as to suspend
by them a considerable fragment of the eyeball.

The great portion, however, of the fibrous continuation of the pos-
terior elastic lamina goes not to the iris, but to the ciliary cirele,—
a name by which anatomists refer to a flattish circle of gray semi-
transparent tissue, which intervenes between the ciliary processes of
the choroid and the sclerotica, immediately behind its junction with
the cornea, about which extraordinary differences of opinion prevail,
but which I shall hope to show you, in a subsequent lecture, is muscu-
lar. For econvenience, therefore, I will now assume that it 1s such, and
term it the eciliary muscle. This muscle arises, then, from the
fibrous tissue coming from the posterior elastic lamina,—the fibrous
tissue passing in a sheet backwards to the anterior region of the
ciliary processes, and giving origin on its outer surface, or that turned
from the anterior chamber, to the fibres of the ciliary musele, which
then clothe the onter surface of the choreid for about one-eighth or
one-tenth of an inch, as far as opposite to the ora serrata.

There are skill other fibres derived from the posterior elastic lamina
—viz. those placed most anteriorly, and which were the first to take
origin from it. These, after a short course outwards, become sepa-
rated from the sclerotica by a narrow space all round, known as the
sinus circularis tridis, and which has been considered as a venous
canal ; afterwards they pass to be united firmly to the sclerotica be-
yond this sinus, and in so doing share principally in its formation.
But there also exists here a series of eircular fibres, those just de-
seribed being more or less radiating : the circular lie outside the
others, are opaque, white, and stiff, contributing to the formation of
the cirewlar sinus, and to that firm union, the ciliary ligament,
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MORBID STATES OF THE SCLEROTICA. 25

tubular nature and their characteristic mieroscopic appearance thence
derived, (and I have constantly found the ciliary nerves do this) we
may well be content to receive pain as sufficient evidence that a part
is not destitute of nerves. That the coruea has a degree of sensibility
‘capable under some forms of irritation of being exalted to a consider-
able height, is matter of common experience.

From what has been said, it may be safely concluded that the
sclerotica and cornea are slowly renewed in their elementary consti-
tution by the process of nutrition. No doubt the presence in or
near them of the materials of change is absolutely necessary for the
continuance of their life; but what I would endeavour to impress
upon your minds is this,—that their structure is feebly supplied with
blood, or the nutrient part of that fluid—that the process of nutrition
in them is therefore slow, inactive, and easily impaired, either by
impoverishment of the nutrient material or by any mechanical inter-
ference with its due and regnlar supply. These observations apply
more to the cornea than to the sclerotica, because the latter has
vessels, the former has none; the latter, therefore, is-supplied inter-
stitially, as it were, with the power of life, growth, and nutrition;
the latter must derive through the medium of its cireumferential
parts whatever is requisite to sustain the integrity of its more central
portions.

Morbid states of the sclerotica.—I1 shall have but few obser-
vations fo make, gentlemen, on the morbid states of the sclerotica,
in their special relation to its structure: wounds of this part readily
heal by the adhesive process, the cicatrix being semi-transparent as
in tendon ; and minute punctures are generally harmless, even when
they penetrate not only this coat, but the choroid. It is possible that
the readiness with which lacerations and incisions of the sclerotica
heal, is ascribable to the thinness of the tissue, and to the fact that it
has on both its surfaces an abundant supply of blood in the con-
tiguous textures. The experience which surgeons have acquired in
their operations on cataractous eyes, affords ample proof of the slight
tendency which simple wounds of the selerotica have to take on an
~ unhealthy action. The form of inflammation which the sclerotica
usually undergoes is the rheumatic. Into the nature and symptoms
of this it would be out of place to enter, as we must limit ourselves
at present to the anatomical condition.

In inflammation of the sclerotica, when least complicated with
conjunctival disease, its vessels are seen to be unnaturally filled with
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IN THE CORNEA. 29

wounded part,—a change which ean only be deseribed as a mechanical
interruption to those actions, and which, from the resultant train of
phenomena, has been often called a stimulus. This is speedily fol-
lowed by the presenceof an increased quantity of blood in the vessels that
are nearest to the wounded part—viz. in those of the conjunctiva and
those of the sclerotica; and thus the materials from which the breach
is to be made good are brought in greater abundance to the part that
requires them. We cannot doubt that as these vessels, comparatively
so remote, are thus affected, so the part of the corneal tissue inter-
vening between them, and the exact seat of injury, is pervaded by a
corresponding change, of which the general expression is this,—that it
is one of exalted nutritive vigour; the play of forces, and the inter-
change of material, which mark the nutritive function, being more
energetic and more rapid than before. And whatever phenomena of
this kind oceur in the intermediate tissue are concentrated in an espe-
cial manner about the wound itself. TIn a short time, even in the
course of a few hours, as I have ascertained in the ease of the lower
animals, the vicinity of the injured part begins to contain in abun-
dance those minute particles, nuelei, or cytoblasts, as they are called,
which exist naturally, though sparingly, in the corneal lamelle, and
the relative quantity of which may be regarded in most tissnes as an
index of the intensity of the nutritive function. These particles, T
say, hastily, indeed, and imperfectly formed, are speedily found
choking the interstices of the tissues in the lips of the wound, and
covering its surface, so as to occupy whatever space was left between
its opposite sides, and bringing them into temporary union. From
the presence of these embryo materials of new tissue, mtermingled
among the elements of the old, is derived that slight milky opacity
which envelopes and marks the seat of wound, and which, if the injury
be extensive, may engage a considerable extent of the cornea in the
direction of the neighbouring blood-vessels. The subsequent changes
I need not particularly dwell upon. The breach being filled, the new
material is gradually transformed ito products resembling those
tissues among which it has been poured ; the blood-vessels, at the
border of the cornea, resume their size, and at length, in the most
favourable instances, all vestige of the wonderful process which has
taken place vamshes away.

Such is the progress of the actions which usually ensue when the
surgeon punctures the cornea with his needle for the purpose of ope-
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INFLUENCE OF BLOOD-DISEASES, 35

in the way of continnous nutrition, so they cannot be removed unless
means are found for the absorption and removal of the old material
of which they are composed, and these means are mainly the vascular
channels.  As long as the material capable of being removed remains,
the vessels remain also, though gradually atrophied, and ready to
disappear ; and sometimes, when the morbid products have been so
long laid down as to have become organized into permanent forms of
morbid and opaque tissue, the vessels, in reduced number, are found
to remain also, as being necessary for the existence of that which
cannot now be taken away by any interstitial process of absorption,
and which must therefore be either nourished or die.

The presence of these vessels in parts of the cornea that have been
once inflamed, is often made evident by their sndden engorgement
with blood, under any casual irritation, such as exposure to a strong
light, or the puncture made by the surgeon’s needle.

The unity which reigns throughout an organised body of so much
complexity as our own, renders every part liable to be influenced by
the state of the great organs subservient to mnutrition; the digestive
which provide, the respiratory which renovate, the circulating which
distribute, and the excretory which purify the blood. The nutrition
of every organ or tissue is subject to derangement, when the blood
from which it derives its materials of renewal is impoverished or
altered in quality, or when that healthy balance of the circulation is
lost, to which Dr. Farre called your attention a short time ago.

It is not to be thought, therefore, that the morbid phenomena of
any of the textures of the eye, or of the body at large, can be rightly
comprehended by one who never has regard to the condition of what
1s termed “ the general heaith,” and, least of all, those of a texture
like the cornea, which, being itself bloodless, and deriving its supply
of nutriment by a frail tenure from surrounding parts, must necessarily
be obnoxious in a peculiar degree to certain of those disturbances
which another more favoured part might have sufficient vigour of
life to disregard or overcome. It would be very easy to enlarge on
so fertile a theme ; but I must dismiss it with this simple allusion, or
it would lead us too far from the proper subject of these lectures.
It is perhaps of even greater importance still that these views should
mfluence our minds in considering the propriety of an operation for
cataract in any particular case, and especially of that of extraction,

which involves an extensive division of the corneal tissue, and to the
D



34 LYMPH OR PUS IN THE CORNEAL LAMELL,

success of which, reparation of the wound by the first intention so
much contributes.

Lymph or pus in the lamellated tissue~As a result of inflam-
mation of the lamellated tissue, lymph or pus may be formed in the
interstices of the lamelle, attended, in the first instance, with irregular
haze, and then with mottled or patchy opacity, as it accumulates in
greater abundance in certain situations.  If the inflammation be of an
acute kind, and the effusion rapid, so as to gorge and distend and
press upon the lamellze too much before their supply of blood ean be
suitably augmented by newly-organised vessels, and especially if the
system be at the same time in an enfeebled state from defective
nourishment, or the secrofulous diathesis,—the lamelle become irre-
gularly separated from one another, their tissue is broken up and
destroyed, and a slough results which is usually of a flattish form,
often engaging a considerable area of the cornea, but not its entire
thickness, 7. e. following the direction of the lamellze; or a simple
abscess may form, which may discharge itself either backwards into
the aqueous chambers, or on the external surface of the cornea. In
either case it very commonly happens that the remaining part of the
thickness of the cornea gives way, making a complete perforation,
through which the aqueous humour escapes, and the iris prolapses.
The injury done to the eye by such extensive disease is severe and
permanent ; a portion of the cornea has its place supplied by new
matter, which becomes developed into an opaque tissue very different
in constitution and elementary arrangement from that which has been
removed, and the pupil is more or less dlstorted or dragged away from
the axis of vision.

If, however, the inflammation of the lamellated tissue be less acute,
and less disposed to run rapidly to destructive results, the lymph
which is poured out collects in small portions among the lamelle,
giving an irregularly mottled aspect to the cornea, because some
parts retain more of their transparency than the rest, though all are
dim ; and vessels are gradually formed in the corneal tissue, entering
it at various depths from the neighbouring sclerotica. When this
occurs, the sclerotica itself, for a short distance from the cornea,
appears of a dull red, owing to the augmented quantity of blood
passing through its vessels to supply this new demand. If the dis-
position to the formation of lymph in the corneal tissue continues, the
enlargement of its vascular supply tends to accelerate the subsequent
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changes, the whole tissne gets interfused with opaque matter and
additional vessels, and the original lamellated structure becomes
thickened, softened, and obscured.

After so delicate and important a part has been appavently spoiled
by a serious disease, it is not a little interesting to notice how coms-
pletely and how speedily, in many instances, its perfect transparency
may be restored by timely and judicious treatment. For in such
cases you will observe that the original tissue of the cornea is not in
any measure destroyed, or its arrangement permanently altered, unless
the duration of the morbid state have been considerable, and time
have been thus afforded for the organization of permanent forms of
unnatural tissue in its mterstices.

Moreover, when once the inflammatory action and the inclination
to the formation of morbid products have been subdued, the blood-
vessels which pervade the deteriorated structure begin to assist largely
in its restoration, by expediting the absorption and removal of the
newly-deposited lymph ; and in proportion as this clearance 1s effected
the vessels themselves diminish in size, and finally disappear. The
speed and completeness with which the cornea resumes its previous
state will depend much on the promptness with which the treatment
is undertaken, and the energy of the nutritive function in the part
and in the whole body. In scrofulous subjects, who are especially
prone to this affection, it is notorious that there exists in the consti-
tution a grave and deep-seated defect, which mamfests itself chiefly
in imperfect or perverted nutrition ; and until this is in some degree
corrected, this disease can hardly be checked, or its consequences
got 11d of,

The cornea evinces its near alliance with the integumental tissues,
by its disposition to the formation of small pimples, or phlyctenule,
on its anterior surface. These, too, are most common in young
strumous subjects : they are generally situated at or near the margin,
and appear on the conjunctiva at the same time. They are slow in
their progress, and ere they have reached their full size are generally
provided with a leash of conjunctival vessels, which give a characte-
ristic appearance to the eye. They are formed on the front of the
cornea, and, T shonld suppose, immediately under the anterior elastic
lamina, and the vessels they acquire also, of course, lie under that
lamina, and come from the sub-conjunctival tissue.

These pimples may contain a minute quantity of lymph, which may
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interwoven and ill-developed—ready to become the nidus of small
granules of earthy* or fatty matter, such as readily settle in parts of
deteriorated structure. From this condition recovery is not possible ;
the blemish has become indelible.

It is to be observed, however, that during the progress of the re-
parative process, there exists in the part and its immediate vicinity a
quantity of fresh material of that kind which denotes an over-activity
of the nutritive function, and which, not being employed for conver-
sion into permanent tissue, will in due course be absorbed. This
augments the opacity while it lasts ; and it is not till a certain time
has been allowed for its removal, after the healing of the breach, that
we can say how extensive or deep the permanent opacity may prove ;
we may generally venture to predict a gradual improvement during
some time, in a recent opacity, particularly in young subjects.

What T have now said applies to the greater part of the more com-
mon opacities of the cornea : I may allude to one or two other forms
which may prove interesting in regard to the question of their precise
seat. There are some varieties which appear to be on or near the
very surface of the cornea, and which it is probable may occupy the
anterior elastic lamina. The very opaque chalky-looking films which
often follow the application of quicklime or new mortar to the eye,
seem to be of this kind, and so, also, do those which have been sup-
posed by some to be stainings of the surface of the corneal tissne by
a deposit from the lead lotion in common use. Oecasionally we have
a superficial excoriation of the cornea—one can hardly call it an ulcer
—which the epithelium limits with abrupt edges, thus favouring the
accumulation, on the depressed surface, of the frothy mucus or sud
which the movements of the lid furnish. The opaeity thus produced
is often very opaque, and unless you were aware of its cause, might

* The following is an example of ossification oceurring in the centre of a
dense lencoma. A girl, wt. 14, was brought to me last antumn, suffering from
severe infliammation of the eye, which had been partially sunk several years
before, and in which no perception of light remained. The irritation was very
great, especially on every movement of the lid; and, on examination, I per-
ceived a hard angular piece of bone imbedded in the front of a dense opacity of
the cornea, and projecting beyond it, quite bare. It was easily removed with
a pair of forceps, and the patient speedily got well. The fragment was the size
of a large pin’s-head.
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another, often brownish, and therefore overlooked, and scattered
pretty uniformly over a portion or the whole of the cornea. Though
these sometimes grow fainter under appropriate treatment, I have
never seen them altogether removed.*

Warty epacity of the cornea.—1t will readily be conceived that
opportunities but seldom offer of submitting specimens of the several
forms of opacity to exact serutiny by the microscope. On this ac-
count I shall make no apology for describing the appearances of an
opague spot which occurred on the front of the cornea of an ox, and
which I examined in the fresh state. It was about an eighth of an
inch across, slightly raised, and densely opaque, and it seemed to
have been the result of an ulcer, for the lamellated tissue was involved
to a slight depth, and had been replaced by new tissue, as repre-
sented in Fig. 6. This new tissne was dense and fibrous, and hardly

Fic. 6. admitted the light to pass
i through it even when cut very
thin. It contained a large
admixture of irregular nu-
clei and elastic tissue pass-
ing in all directions. But
what was most remarkable
was, that this substitute for
the proper corneal tissue

Vertical section of an opacity of the cornea of a5 thrown up under the
an ox. & new tissue in place of destroyed

lamellated tissue : papille are developed on conjunctival epithelium in

it, surmounted by opaque and thick eon- the form of numerous pa-

junetival epithelium, or, as it might be here . :
called, epidermis. &, healthy “lamellated #?//@, arranged in much the

tissue below the opaque spot. (Magnified same way as we find them

shghtly.) in the more highly deve-
loped parts of the skin, though apparently without vessels, and of
a texture too opaque to be precisely described. The epithelium over
these papille was likewise opaque and diseased, being composed
of a compact aggregation of nucleated particles, which contained nu-
merous opaque granules, and failed to present that regular gradation
from the spheroidal to the scaly figure, which is natural in this situa-
tion. The extreme surface only was scaly. I cannot help regarding
this morbid condition as one of considerable interest, both as a proof
of the affinities of the anterior part of the cornea to the integumental

* Appendix, Case K.
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The whole substance of the cicatrix being shaved off from the front
of the globe, affords us, now and then, the opportunity of examining
its structure in the perfectly recent state, which we can seldom do
with any other of the morbid tissues of which this organ is the seat.
I had such an opportunity last summer, in the case of a little girl ;
and the following, in few words, is a description of the structure of
the tough opaque membrane which occupied the place of the lost
cornea :(—Its thickness was very unequal ; its posterior surface, to
which portions of the iris adhered, being irregularly pitied, or, as it
were, worm-eaten ; its anterior surface was formed by a thickish coat-
ing of epithelium, somewhat resembling cuticle, being composed of
eight or ten layers of cells, the deep ones globular, the superficial ones
scaly, and more like epidermic cells than those of the healthy cornea.
There was no anterior elastic lamina, and no posterior elastic lamina.
The entire remaining portion of the thickness of the staphyloma con-
sisted of a dense and most irregular interweaving of white and yellow
fibrous tissue, with imperfectly developed nuclei intermingled, and
the meshes of the tissues large, unequal, and open on all sides.

Fic. 7. In this condition
we have an eminent
example of those re-
sults of the reparative
action, after loss of
substance of the cor-
nea, which we have
already had oceasion
to nofice as the con-
S sequence of ulcers or
Section of staphyloma ; treated with acetic acid: small sloughs, the

from a girl.  (Slightly magnified.) chief difference being
that here the new material is derived in a great measure, or wholly,
from the vasenlar iris, rather than from the cornea itself. We see
how far the reparative powers fall short of restoring the complex and
elaborate structure of the cornea as it is originally laid down in the
development of the body. The thickness of the new cuticle is attri-
butable in part to the constant friction of the lids.
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and curvature that these have. It is essentially a vascular coat, and
consists chiefly of blood-vessels, amongst which, however, in most
cases an abundant pigment is interspersed in nucleated cells, which
diverge into very irregular, oflen branching, processes, variously in-
clined as regards the other tissues. A peculiar fibrous tissue is added,
which holds ali in place, and confers some little toughness upon the
membrane.

If we remove the sclerotica and cornea from a recent human eye
under wafer, we find that the choroid is of a dark sepia colour,
slightly adherent to the outer case, near where the optic nerve passes
through them both to terminate in the retina, but in the rest of its
extent hardly, if at all, united to that dense fibrous membrane; ex-
cept, indeed, at the anterior margin, where the sclerotica joins the
cornea, and where the adhesion of the choroid is of such a kind as to
require a separate description afterwards.

The exposed surface of the choroid is slightly flocculent, and some
of the pigment easily separates and diffuses itself in the water. The
ciliary nerves, which have pierced the sclerotica a little in front of the
optic nerve, are seen now taking a forward course (having become
flattened), and dividing sparingly into branches till they enter the
ciliary muscle, which presents itself as a broad semi-transparent
areyish belt intervening between the sclerotica and choroid for about
an eighth of an inch all round the cornea. ‘When the choroid has
been so fully injected through the ciliary arteries that the fluid has
traversed the capillaries, and also the veins, we see its outer surface to
be composed of the arterial and venous branches, and its inner sur-
face of the capillaries. The arteries, comparatively small, take a
meandering course forwards between the veins, while the veins run in
curves, vasa vorticosa, to four or five principal trunks, by which the
blood leaves the organ. The capillaries form on the inner surface of
the choroid a plane plexus with close meshes, known as the furica
Ruyschiana. This network is closer, ¢. e. its meshes are smaller
the hinder part than in front, and the vessels finer. It is the most
important part of the choroid, because the capillaries are a more im-
portant structure than either arteries or veins—more important, I
mean, in regard to the function of the membrane, and also as respects
its diseases. In no other part of the body are the arteries and veins
so separated by a natural disposition from their own capillaries; and
1t is most interesting to notice, in accordance with this circumstance,
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stréata of Zinn. Then commence the ciliary processes of the cho-
roid, which run as far as the edge of the lens, and often a little beyond
the edge, so as to overlap it, but not to touch it. These ciliary pro-
cesses, the pars plicata, are true and very decided foldings of the
choroid, running in between corresponding folds of the vitreous
humor, and thus taking firm hold of it. Theyare from 60 to 65
in number ; but it is impossible to enumerate them with esactness,
because there intervene smaller ones of various size, some of which
may be either counted or not with the rest. Bxamining the ciliary
processes individually, each commences gradually from the strie
already mentioned, and projects into the cleft between two corre-
sponding folds of the vitreous, increasing in depth forwards, until
close to the border of the lens asit lies imbedded in the front of the
vitreous humor. Axrived here, each ciliary fold aitains its greatest
depth, and terminates abruptly by its extreme edge changing its
direction and turning forwards and outwards from the lens towards
the back of the iris, with which latter it becomes continuous and then
suddenly ceases. In thus bending away from the lens, each ciliary
process, of course, leaves the vitreous humor, and is no longer buried
i its surface and united to it, but leaves a very narrow space around
the lens, in which the vitreous humour appears to contribute to
bound the posterior chamber of the eye; the remainder of each
ciliary process, in passing to the back of the iris, likewise helping to
limit the same chamber near its rim.

Thus you will observe, looking at the eye in the living subject,
that aneedle passed through the sclerotica towards the axis of the eye
at any distance within an eighth of an inch of the cornea, would first
pierce the ciliary musele ; then, if in the hinder part of this space, it
would traverse the pars striata and enter the vitreous humor; if in
the fore part, it would pass through or between the ciliary processes
of the choroid, and according to the direction given to it might be
made to enter the vitreons humor behind the lens, or the Iﬂns itself,
for the posterior chamber of the eye; but that to enter the latter
without wounding the lens would be almost impossible, so narrow is
the space.

Internal structure of the ciliary processes—The ciliary pro-
cesses are covered with a modification of the choroidal epithelinm, of
a dark brown colour, which is deepest in the clefts between them,
their tips being generally pale in the adult human eye, though not in
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To understand the position of the iris, we will revert for a moment,
if you please, to that most important region, that key to the anatomy
of these parts, the line of junction of the sclerotica and cornea, on
their inner surface. Here, you will remember, the posterior elastic
lamina of the cornea terminates in a network of plexiform elastie
fibres which run backwards so as to form a threefold connexion—
some to the sclerotica, on the further side of the eircular sinus ; a
large quantity to furnish the origin of the ciliary muscle ; and, lastly,
a smaller set, which, after bounding the aqueous humor at the rim
of the anterior chamber, implant themselves into the anterior surface
of the iris at its circumference. By these, then, the iris in part
arises, or acquires an attachment to the outer case.

These are what I have termed the pillars of the iris ; they are
much more developed in some animals than in man, but in the human
eye they nevertheless are very distinet, and to be seen without diffi-
culty. 1 have drawings on the table of their appearance in several
of the lower animals. In the bird they are very largely developed,
and come not merely from the posterior elastic lamina, which is not
thick in that class, but also from the posterior lamellze of the cornea
proper. Behind the pillars the iris is fixed to some of the fibres from
which the ciliary muscle arises, and which are there passing almost
direetly backwards towards the tips of the ciliary processes, which
last abut in the posterior chamber against the iris, and become con-
tinuous with its posterior surface. The iris is, therefore, intimately
connected at its origin with the ciliary muscle ; a fact important to
remember with reference to some of the functions of these parts.

The iris has two surfaces, which are nearly parallel ; the anterior
is that which we see so elegantly bright through the cornea; the
posterior, commonly known as the wvea, is always dark brown, with
pigment disposed in cells which form a layer easily detached, and of
the nature of an epithelium, traceable into that covering the ciliary
processes of the choroid. This epithelium I have seen raised in
blisters by the imbibition of water after death. In the fwtus the
particles are fusiform, and early loaded with pigment, except at the
transparent nuclei. The posterior surface of the iris usually presents
small folds converging towards the pupil, especially when that aper-
ture is contracted. It forms the anferior wall of the posterior
chamber of the eye.
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VESSELS OF THE IRIS. 19

lieve that this lateral junetion of fibre with fibre may in effect answer
the same purpose —viz. that of dimimshing the central aperture of the
iris—as a belt of circular fibres would do.

Fibres of the iris.—The fibres which make up the proper sub-
stance of the iris are of a peculiar kind, very nearly allied to the
ordinary unstriped muscle, but not by any means identical with it.
They are pale, soft, easily torn and separated from one another, and
are intermixed with very numerous nuclei or eyto-blasts, either cir-
cular or elongated, according to the direction of the fibres, and, indeed,
very probably changing their shape in correspondence with the con-
tracted or relaxed condition of the fibres themselves, as I have ob-
served those to do which exist on and within the striped kind of
elementary muscular fibre. In the iris we find abundance of fibres
of a peculiar kind, extremely slender, looking under high powers like
very fine hairs, and apparently not branching. Among these are
numerous cireular nuclei, and I do not know whether they are to be
regarded as contractile or not.

The fibres which we see on the front of the s, with the ring of
knotty elevations in which they join each other near the margin of
the pupil, all consist of fibres loaded with nueler, and must be regarded
as of a confractile nature, although they are not in all respects the
same as fibres which we know to be muscular in other parts. We
have, however, the certainty that there is a stiueture in the iris which
enables it to change its form. That this is not of an erectile nature
I shall be able to show you, and we have no other resource, therefore,
than to consider the fibres contractile of which we find it to econsist.
When we further discover that the corresponding fibres in birds and
reptiles are of the striped variety of muscle, we need not hesitate to
-admit the muscularity of the unstriped fibres of the mammalian iris ;
for we have the same general grounds for doing so as for admitting
the muscularity of unstriped muscle in other parts, and the latter
confirmatory argument in addition.

Vessels of the iris—The iris is vasenlar—about as vasenlar as
unstriped muscle in general, and the vessels very similar in size
and arrangement to those found elsewhere in like structures. They
are slender, distributed among and along with the fibres, so that ina
dry injected specimen you might infer the direction of the fibres from
that of the vessels. Having already deseribed the general course of

the fibres, I need not detain you with that of the blood-vessels, but
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OF THE VITREOUS BODY. 55

the vitreous humor, the general opinion has been that it is made up
of an infinite number of interlacing fibres traversing it thronghout,
and holding water in their meshes. 1In favour of this view, it is said,
with truth, that, if the hyaloid be punctured, the water rapidly drains
off, leaving a vestige of solid animal matters ; while the escape of its
water is much more slow when its texture is not cut into. If the
globe be frozen, the vitreous is found divided into a number of small
portions, which might be supposed to be thus separated by the or-
ganic network. When, moreover, the vitreous humor is immersed
for a long period in certain fluids, such as aleohol or dilute nitric
acid, it becomes more or less opaque throughout, and gives some in-
dications of such a fibrous structure as I have just alluded to. These
appear to be the chief grounds on which this notion rests. It seems
to me, however, impossible to discern in the fresh state, and with the
best instruments, the faintest trace of fibres in this humor. 1 was
formerly of a different opinion, but believe T was deceived by the
fibrous aspect of the suspensory ligament of the lens, which 1s in close
contact with the front of the vitreous humor. In the examination of
parts so delicate and transparent, the greatest care is requisite to avoid
error. The texture of the specimens rendered opaque is not fibrous,
but homogeneous, and finely granular.*

The fluid collected from the vitreous humor by suspending it over
a glass differs but little from water : it contains a little albumen, and
some salts.

The vitreous body 1s in contact with the retina as far forwards as
the retina extends, viz. up to the ora serrata, and presents a smooth
surface, having but a slight connection with the retina, by means of
a layer of very transparent cells. Near the bottom of the eye, how-
ever, at that part of the vitreous which corresponds to the entrance
of the optic nerve, a more iutimate union subsists between the hyaloid
and the outer case, by an inflection of it inwards upon a structure
which advances into the vitreous towards the lens, and which, in the
earlier periods of development, appears to have been a process of the
retina, together with the vessels, now altogether atrophied, which
supplied the lens with blood.

* For more recent information concerning the vitreous body, see the paper
on the structure of the vitreous humor in the present volume; also Appendix,
Cases M and N.
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from, or a process of, the other. The capsule of the lens is much
thicker in front than it is behind : and I shall now mention a circum-
stance that I believe has not been noticed before, but which bears on
the view I have just expressed. Ii is this: that the capsule dimi-
nishes very suddenly in thickness at the line of attachment of the
suspensory ligament, just as if a portion of its substance passed off in
that shape,—or, in other words, as if the suspensory ligament, on be-
coming fixed into the anterior portion of the capsule, a little way from
the rim, added its own substance to that of the capsule, so as to
strengthen all that lay in front of the line of its attachment. It ap-
pears that the greatest strength is needed in the front part of the cap-
sule, as there its surface is free, and the aqueous humor ean scarcely
afford it so good a support as the vitreous. If we trace the eapsule
of the lens backwards, we find it still getting gradually thinner till
beyond the rim of the hinder surface, where it becomes so attenuated
as in many cases not to exceed one-quarter, or even one-sixth part of
the thickness of the anterior portion.

Thus the suspensory ligament of the lens commences behind at the
ora serrata, where its onter or granular layer seems to be continuous
with the edge of the retina; it increases in substance forwards by
fibro-membranous tissue derived from the inner surface of its gra-
nular layer, which layer is in intimate union with the ciliary body of
the choroid ; and it finally leaves the ciliary processes near their
summits, to pass to the anterior part of the capsule of the lens a little
within the rim, where it is fixed.*

Now, what is its relation to the vitreous body, or rather to the
hyaloid membrane which bounds that body ?

Relation of the suspensory ligament of the lens to the hyaloid
membrane.—The relation appears to be this; and T state it with
diffidence, becanse the parts we are now upon are extremely difficnlt
of investigation, and have been the source of much difference of
opinion among anatomists of the greatest acumen and industry. The
account of what I am now going to speak of, as well as of the struc-

* The strength of the suspensory ligament and capsule of the lens, con-
sidered as one structure, is manifested in the not uncommon fact of the reten-
tion of the vitreous humor and lens, where the cornea has sloughed away, and
where the iris, suspensory ligament, and capsule, consequently come to form the
face of the organ until they are coanted with lymph, Two examples of this will
be found in the Appendix, Cases D and H.
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into the ecanal ; forms, in fact, its inner wall, and is free, as I before
stated. I say free, and it is so in the main, but I have several times
seen isolated elastic fibres of the suspensory ligament passing from
the eciliary processes to the very margin of the lens, and there im-
planted. The width of the canal of Petit is about 1-10th or 1-12th
of an inch.*

I find that I shall not be able to give a full description of the
crystalline lens in the remaining part of the time allotted to the
present lecture, and I shall therefore defer that subject, and now
merely detain you for a few moments with some remarks on one part
of the mechanism which the eye appears to contain for its adjustment
to distinet vision at different distances.

Adjustment of the eye to vision of objects at different distances.
—You are aware that when we look at a distant object, the inter-
vening ones at a less distance appear indistinet, but that when by a
voluntary effort we render near objects distinet, distant ones become
confused. If we use both eyes, the distant or near object which is
indistinet, is at the same time double, but, with one eye, it is merely
confused. 1In the former case the convergence of the optic axes can
only be towards one of the objects at once, and the image of the
other consequently falls on non-corresponding parts of the two retina,
and is seen double. DBut in the latter case it is clear that the con-
fusion arises simply from the rays from one of the objects not coming
to an exact focus in the refina, while those from the other object
meet exactly there, and form a distinet image, to which the attention
is at the same time directed. This results from optical laws; and
hence the necessity of a power in the eye to adjust its dioptric appa-
ratus, so that objecls at various distances may be brought successively
into distinct view.

To enter upon a discussion of the several modes in which it has
been supposed that this adjustment is or might be effected, would be
now impossible. It has been thought that the antero-posterior axis
of the eye is capable of elongation,—that the cornea, or lens, may
become more convex, or that the lens may be advanced towards the

* For some cases in which the attachments of the lens became destroyed
during life, especially for a very remarkable instance in which the lens became
loosened from its connexions, except at one point, and yet retained its trans-
parency, see Appendix, Cases O, P, Q, and R.
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FIBRES OF THE LENS. 65

become so completely altered from their original texture as to be the
seat of earthy deposits ; but this is rare.

Of the structure of the body of the lens—If we now turn our
attention to the lens itself, that solid transparent mass thus enclosed
and protected, we find it to be soft and pulpy in the outer portions,
more firm, dense, and glutinous towards the centre, which is dis-
tinguished es the nuclens. Not that there is any special plane of
division between the nucleus of the lens and its exterior or superficial
portions : the change to more and more density is very gradual.
No language derived from other objects ean adequately describe the
precise texture of the lens, as appreciated by the finger, simply because
it is not a homogeneous texture, but ene highly complicated and
peculiar, which it will require some attention fo understand.

Fibres of the lens.—The lens is composed of flattish riband-like
albuminous fibres, having an average thickness of ;5 of an inch,
united side by side, so as to form plates, which are placed one within
the other, somewhat like the leaves of an onion. The fibres all pass
from the front to the back, so that each has two extremities, an
anterior and posterior ; and a middle part, which is directed towards
the side or rim of the lens. In the lens of simplest construction—
the spherical or spheroidal lens of many fishes, reptiles, and birds—
the ends of the fibres all meet in the antero-posterior axis; and the
surface of such a lens, viewed either before or behind, has the appear-
ance of a globe marked by the lines of longitude passing from pole
to pole. The same appearance, too, i1s seen after removing any
number of the layers of fibres down to the centre. The individual
fibres are of course narrower at the extremities and broader in the
middle ; and they would come to quite a point in the axis were it not
that their lateral union becomes so intimate as they approach it, that
the eye can no longer distinguish them individually, nor the skill of
the anatomist isolate them. Moreover, it would appear that those
coming from opposite sides do not form a firm junction across the
axis, but rather that the axis is occupied by a substance of less
density than the fibres themselves ; so that, under ordinary circum-
stances, the lens may be made to break up, and its opposite sides to
fall asunder along that line. In the lenses I am now referring to it
is not uncommon to find a cup-shaped depression—a kind of crater
at each pole ; but I have never seen this so large as in the prolate-
spheroidal lens of the cuttle-fish,

F
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Nucleus of the lens.—1t is further to be observed that the indi-
vidual fibres become narrower and denser, as well as more intimately
held together, as they approach the centre of the lens ; and it is
obvious that they must also become shorter and shorter. The degree
in which their density angments varies, however, very widely: in
the bird, for instance, it is far less than in the fish ; so that the lens
of the former is soft and pulpy, even to the centre, while the nucleus
of the latter is often of almost stony hardness.

‘What I have now said as to the shape and texture of the lenticular
fibres applies in general to the eyes of most animals. These fibres
are always narrowest at their ends, shorter and denser towards the
centre of the lens. The mode, however, in which their extremities
are arranged at the poles, exhibits many very curious modifications,
of the use and meaning of which T am not aware that any explanation
has hitherto been offered.

Central planes—The first departure from the simple arrangement
already mentioned—in which all the fibres diverge from, and terminate
in, the antero-posterior axis of the lens—is met with in some fishes
and some mammalia, of which the porpoise is one. Looking at the
front of the lens, we see a straight line passing through the pole, and
reaching about one-quarter or one-third of the way towards the
margin or equator on each side. From this line the fibres diverge in
an uniform manner, and passing over the edge, may be traced con-
verging on the opposite surface to a line of similar length passing
through the pole, but at right angles to the first,—so that if the one
is vertical the other is horizontal. ~This being so, a moment’s con-
sideration will enable you to understand that none of the fibres reach

“half round the lens—that, for instance, one which starts from the
anterior pole (or the centre of the anterior line) cannot reach the
posterior pole, but terminates at the extremity of the posterior line;
while one which starts from the end of the anterior line is necessarily
brought to the posterior pole; and the intermediate ones in a similar
manner, according to their position. Now, if we remove the more
superficial strata of fibres, we still find the deeper-seated fibres
diverging from similar lines, and discover, in fact, that the lines seen
on the surfaces are but the edges of planes which penetrate even to
the central region of the lens,—these planes being productions or
expansions of that axis in which, in the spherical variety of lens, all
the fibres meet. '
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Object of the central plunes.—These planes are widest where
they appear on the surface of the lens, and are gradually narrower
inwards ; and those of opposite sides meet, although at right angles,
somewhere in the antero-posterior axis, at a point the position of
which (cr, in other words, the respective depth attained by the planes),
s determined by the various curvatures of the opposite surfaces of
the lens. But as every fibre has in each plane a point answering to
one of its extremities, it follows that the area of the two planes must
in all probability be equal, and therefore that where one plane passes
from the surface more deeply into the lens, the other must extend
from the pole more widely towards the margin.

It certainly appears to me that the expansion of the axis into the
planes pow described, and the concomitant complexity of the
arrangement of the fibrous constituents of the lens, are designed to
furnish the mechanical means of modifying the curvature of the
surfaces of the lens. It would appear that by carrying the points of
termination of many of the fibres away from the antero-posterior
axis, and towards the margin of the lens, this axis is shortened, and
the surfaces are rendered flatter in the middle part than towards the
edge ; are made to resemble ellipsoids of revolution round the lesser
axis, rather than spheres; and this in a degree proportionate to the
extension of the central planes towards the cirenmference. Thus we
have the central planes wider in front than behind, in correspondence
with the greater flatness of the anterior surface.

If we pass to the examination of other lenses, further modifications
of the axial planes, and consequently of the arrangement of the fibres,
are met with. TFor example, in some of the cetacea T have found the
planes to bifurcate irregularly, and to a variable extent, towards the
margin of the lens—a disposition not, I believe, before observed ;
but the most elegant arrangement is certainly that well known one of
the mammalia in general, in which three equidistant planes diverge
from the axis,—those of the front and back holding intermediate
positions, precisely as in the more simple case already described.

Their complexity in the adult human lens—DBut of all the
specimens that have come under my own observation, those of the
adult human lens have presented the greatest multiplication or sub-
division of these planes; for whiie our own lens adheres to the ordinary
mammalian type in possessing a triple divergence from the pole, each
of the three planes is almost immediately branched, if I may use
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the arrangement of the lenticular fibres, we will consider briefly the
mode in which they are united into the forms T have desecribed, and
organically attached to the capsule; for it would be a mistake to
regard them, as we are apt to do, simply in the light of independent
parts placed in artificial juxtaposition. And more especially is it
necessary to consider the lens as a whole, if we would form a correct
notion of the actions which contribute to the maintenance of its
organic life, and comprehend the reason of the alterations of texture
which 1t exhibits under aceident or disease.

Mode of union of the fibres.—As the ends of the fibres approach
the ceniral planes in which they terminate, they are found to he
more or less fused together into a solid hyaline mass, which retains
only for a short way a trace of the interval between the contiguous
fibres. Sometimes the fibres may be torn np as far as the central
planes ; at others they break off short, rather than split up, as they
approach the planes : and this is more the case towards the nuclens.
Near the planes, therefore, we cannot properly say that they have a
well-defined border or limit; but in the infermediate portions of
their extent their edges are found to be doubly bevilled, so that one
fibre is adapted by each of its edges to two other fibres—one a little
above, and the other a little below it; and if we consider these
bevillings as separate sides, each fibre would be six-sided. DBuf we
further remark that the bevilled margins are more or less jagged, and
that the projections and sinuosities of the opposed fibres mutually
interlock. Thus each fibre is intimately united by its toothed edges to
fouir others, and by its smooth flattened surfaces it touches two others
—one over and the other under it.  The lateral union of the fibres,
being the more intimate, determines the division of the lens into
layers enclosed one within another, rather than into segments.  But
if we obtain a fortunate view of the fibres ¢z sitw and in seetion, if
is easy to perceive that the lateral junctions of the fibres of successive
layers lie in regular order one within another; and that if the
splitting of the lens could be made to follow these joinings, we should
reduce the organ to a number of segments, the thickness of which
would correspond with the width of one fibre.

The indented margins of the fibres are much more obvious, and
are no doubt really much more developed, in some classes of animals
than in others. It was in the eye of the cod that Sir David Brewster
first detected them, and they are nowhere more evident. The teeth
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have a certain average size; but, like those of the eranial sutures,
they are irregular in shape, and have been manifestly formed by the
shooting together of contiguouns parts during growth. In the lens
of the bird, and in that of mammalia and man, they are even less
regular in shape, and far less defined; and it is often difficult to see
more than a soft gelatinous margin.  The toothed borders are usually
most apparent when the albuminous basis of the fibres has heen
hardened by heat, or a chemical reagent.

Use of the toothed margins of the jfibres.—What, now, is the
use of the serrations of the fibres of the lens, and why do they exist
only at the sides? In the fish, which has the fibres very flat, and
consequently with thin edges, and a small surface for lateral contact,
the teeth are large, stiff, and well-defined ; whereas in the higher
animals, where the fibres are thicker, and their bevilled edges present
a broader surface of union with those on either hand, the teeth are
softer and less developed; and in all cases the broad surfaces of the
fibres are not toothed at all. 'We may therefore regard the serrations
simply as an artificial mode of increasing the points of union between
the edges of the fibres according as their thickness or thinness renders
necessary. If the fibres had been six-sided, and the sides equal, we
may suppose, either that there would have been no teeth at all, or, if
any, that they would have been developed to an equal extent on all
thesides. Thus far, perhaps, it is legitimate to speculate on the final
cause of this remarkable and elegant structure.

Intra-capsular cells of the lens—Immediately within the capsule,
separating it from the superficial fibres, is a layer of cells, extremely
thin and transparent, of unequal size, and nucleated. These cells
form an organie union between the body of the lens and its capsule,
and it is through them that the nutrition of the fibrous part is
conducted. Tt is by the multiplication and successive transformation
of these cells into fibres that the body of the lens increases in size; and
when its growth is complete, a single layer of them rémains. The
superficial fibres, even of the adult, often retain some of the nuclei,
in an extremely transparent form, at pretty regular distances in their
substanee.

The “lquor Morgagni” a result of disease or post-mortemn
change—When, after death, the lens is placed in water, or allowed
to lie in contact with the aqueous humor, the water passes through
the ﬂapsule, angd distends and bursts these cells, collecting between
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the lens and the capsule, and raising the capsule as I mentioned at
an earlier period of the lecture; but no fluid exists during life
between the capsule and fibres of the lens, except what belongs to
the texture of the cells. There is, then, no such fluid as the Ziguor
Morgagni in the healthy lens. When this fluid exists in the
cataractous lens, between the body and the capsule, or when it is
found there after death, it is to be regarded as a morbid or false
condition, indicative of the destruction of the layer of cells which has
been just deseribed.

The “capsule of the agueous humor” does not exist.—Some
authors speak of another layer of cells on that portion of the outer
surface of the capsule which contributes to form the posterior chamber
of the aqueous humor behind the iris, and they consider it to resemble,
and to be a continuation of, the epithelium lining the back of the
cornea, and which I have termed the epithelium of the aqueous
humor. Such a layer has been imagined necessary to the completion
of that serous sac which has been very generally supposed to enclose
the aqueous humor, and which has passed under the name of the
aqueous capsule, or capsule of the agueous humor. Now, with
regard to its existence on the front of the lens, T can only say that T
have sought for it with great care, but in vain; and I therefore do
not believe that it exists. Taking the perfectly fresh eye of a large
animal, I have removed the cornea by a cireular cut with scissors,
without allowing the cornea to touch or rub against the lens. I
have then, with equal eaution, cut away the iris, so as fully to expose
the front of the lens; I have then most carefully made a circular
imeision in the front of the capsule, near its rim, and have placed the
portion so detached on glass, flat or variously folded, and always
without being able to distinguish any trace of such cells. Now, with
far less nicety, it is most easy to see the posterior epithelium of the
cornea, and the intra-capsular cells of the lens; and the evidence,
therefore, seems to me sufficient for disbelieving in the existence of
the layer now spoken of; particularly as I am not aware that
any author who has described it has stated that he has actually
seen it.

I shall now say a few words on some varieties of cataract, the
appearances of which (capable of being discriminated during life)
derive illustration from what I have now explained of the structure
and arrangement of the lenticular fibres.
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REMARKS ON SOME APPEARANCES OF CATARACTOUS LENSES.

1. The congenital opacity of the lens, so frequent in children,
affects the entire substance. 'We may sometimes, thongh rarely,
observe upon its front surface the simple trilinear division into
segments.which, in the human subject, is peeuliar to early life.

2. In the commencing cataract of middle or declining age, we not
uncommonly find the posterior surface of the lens first affected, so
that we look through the transparent lens upon an obviously concave
opacity. This opacity sometimes, and indeed generally, encroaches
from the margin in distinct streaks of irregular thickness, length,
number, and distance apart; and we usually find that, when the
pupil is widely dilated by belladonna, some at least of these streaks
are traceable round the margin for some way over the anterior surface.
So long as small portions of the hinder surface of the lens remain
elear, the body and front being also elear, it is surprising how much
visual power may remain. At a subsequent period, the centre of the
lens begins to be cloudy, and then the progress towards blindness is
more rapid. Now I can entertain no doubt that the streaks in these
cases are sets or bundles of the superficial layer of lenticular fibres,
reduced to a state of opacity by some nutritional change. There
seems to be a disposition in the fibres of the lens to become opaque
m their entire length when once they are morbidly altered at a single
point : and hence the linear figure of the opacity. The opaeity pro-
bably commences in the middle part of the fibres near the margin of
the lens ; and the arrangement of the fibres would account for the
different length of the streaks, some approaching nearer than others
to the central point on the surface.

8. In another variety of opacity in adults, there are streaks visible,
either on the anterior or posterior surface, before the nucleus manifests
any tendency towards dulness, but instead of converging from the
border of the lens, they rather diverge from the central point. These
streaks are also irregular in number and direction ; and it has never
occurred to me to distinguish in them any exact representation of
the edges of the mesial planes as they are seen on the surface of the
prepared lens : never, certainly, any trilinear figure. But a glance
at the representation above given of the complex arrangement of the
mesial planes in the adult human lens, will suffice to explain why
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they are rarely seen in such opacities. Tn the healthy lens they are
in reality too near together, and too irregular, to be detected without
a glass. The triple divergence from the axis can, even then, only be
recognised for a short distance, beyond which the planes seem to
diverge and branch without any attempt at geometfrical precision.
We cannot, therefore, wonder that an opacity, spreading from the
centre of the surface of the lens, and which consists of broad, ill-
shapen streaks, should fail to disclose the radiation of the mesial
planes : although it seems highly probable that its seat is, primarily
and essentially, rather in the edges of those planes than in the fibres
themselves.*

4. In the lenticular cataract of adults, the glistening, silky, fibril-
lation of the lens may be often seen; but you will fail, even in the
best-marked of these cases, to discover, with the naked eye, any thing
like regularity in the mode in which the fibres pass off from the
central region. Before becoming acquainted with the complex
arrangement of the planes of the human lens, I could not satisfy
myself why the triple line of the mammalian lens should be unseen;
but the actual complexity is a sufficient reason. .It explains, too,
the appearances of many cases of opacity of the body of the lens,
where the fibrous texture is in general obvious enough, but where,
towards the centre, an amorphous, indefinable obscurity exists.

* Since this lecture was delivered, I have seen two cases (one under the
care of Mr. Dixon) in which the opacity ra-
diated from the centre in -eclearly-defined

Fic. 12. branching lines, corresponding exactly in
character with the branchings of the central
planes. The opacity was confined to the

Cataractous lens, in which the i i L el e e

opacity follows some of the tlue:ctmllf:ul‘.t_he planes ; neither did it occupy
divisions of the central planes all the divisions of the central planes. It
of the lens, and some of the was accompanied, in both cases, with other

%}i::s “aiél il'][;_tpglbﬂ m;ff_;m.mz' streaks of opacity at the border of the lens,
Ma,gﬁﬁgd two dimgters‘ P evidently in some of the fibres.
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front of the iris, the epithelinm being very imperfeetly, or not at all,
continued over that part. Behind, it has the anterior surface of the
iris, which I believe is not invested with any definite epithelial struc-
ture distinguishable from its own peculiar fibrous and nucleated tissue,
but is, as it were, bare and exposed to the contact of the aqueous
fluid,—so that in cases where we are able to perceive the delicate
fibrous cordage of the iris, as if elegantly dissected, in the natural and
living eye, this cordage 1s not seen through a film of epithelium; and,
in those instances, especially of the darkly-tinted eve, where the inte-
rior arrangement of the iridial fibres is unseen, it 1s simply concealed
from view by the quantity of pigmentary particles accumulated both
in its interior and on its surface, not more on the latter than in the
former, and not on the latter in the nature of an epithelial lamina.

In the feetal eye, previous to the seventh month, and imperfectly
at a later period, the membrana pupillaris passes across the pupil,
and closes the anterior chamber, then very small. Tt passes from a
circle on the front of the iris, a short way from the true pupil, where
the knotted appearance of the fibres is so often visible in the adult
eye, and where it sometimes leaves faint traces of its existence through-
out life, in the form of minute threads or spurs standing off from the
original line of attachment into the aqueous humor.

The posterior chamber is bounded .in front by the surface of the
iris, on which is a layer of epithelium, loaded with dark-brown pig-
ment, and easily separable from the proper tissue of the iris. If we
place a fresh human eye in water after having divided it through the
middle, it is not uncommon to find this layer of pigmented epithelium
rising in the form of a small blister from the surface of the iris, in
consequence of the imbibition of the water; and sometimes after
death the same thing occurs, from the imbibition of the aqueous
humor itself, just as the agueons humor is generally absorbed into
the capsnle of the lens, and distends it under the like circumstances.

Cyst of the iris.—1 may here mention a very remarkable and
interesting, but rare disease of the iris, which appears to me to consist
in the morbid formation of transparent fluid between the iris and
this posterior layer of epithelium (the #vea, as I omitted to say it is

_called). This disease is not accompanied by any other, is of slow pro-
gress, and appears first as a bulge of a portion of the iris towards the
cornea. I imagine that the first formation of the fluid is attended
with a swelling of the uvea backwards towards the suspensory liga-
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Between the tips of the ciliary processes and the lens, the suspen-
sory ligament of the lens, forming the anterior wall of the canal of
Petit, bounds the posterior ehamber, which is completed by the front
of the capsule of the lens. Neither of these structures is covered by
any epithelium, both being in immediate contact with the aqueons
fluid.

Aqueous humor : - its source—~The aqueous humor itself is little
more than water, less than one-fiftieth of its weight being solid matters
(chiefly chloride of sodium). Thus, it is very different from the serum
of blood, and may be strictly regarded as a secretion, depending for
its infegrity on a healthy state of the parts which furnish it, What
these parts are, it is difficult to define with accuracy, although doubt-
less they are a porfion of the walls of the chambers in which the fluid
lies. It seems to me to be certain that portions of both anterior and
posterior chamber secrete this fluid, not merely because it is found in
both before the removal of the membrana pupillaris, but also from
the fact, which we see in practice, that after the complete closure of
the pupil by adhesive deposit, both anterior and posterior chambers
may retain their aqueons fluid.* When the pupillary margin has
become adherent to the lens, we very frequently find the contents of
the anterior chamber recovering their natural condition. = But it may
not be so generally known, that in some cases of slow enlargement of
the globe, and distension of the anterior portion of the sclerotica,
consequent on perforating ulcer of the cornea, and obliteration of the
anterior chamber by adhesion of the iris to the corneal cicatrix, the
aqueous humor, secreted into the posterior chamber in too great
abundance, but in a natural state as regards its quality, is the occa-
sion of the enlargement. It appears probable from their structure,
that the posterior surface of the cornea, and both surfaces of the iris,
with the tips of the ciliary processes, are all concerned in the forma-
tion of the aqueous humor, and that the suspensory ligament of the
lens, and the anterior capsule, do not share in this function.

Blood effused into the ehambers.—1t is a wonderful thing to see
blood which has been poured into the aqueous chambers by some
accidental blow upon the eve, disappear in the course of a few days
by solution in the agueous fluid and absorption.  If the organ escapes
active or disorganizing inflammation, a week or ten days are often

* See Appendix, Case U.
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of which are of the most interesting character, and most instructive to
the student of pathology.

I propose now to pass from the review of those parts of the eye
which lie within the range of the operations usually performed on the
globe, and to devote the rest of this lecture to a brief sketch of the
structure of the retina ; for I should be unwilling to conclude the pre-
sent short course without some account, however imperfect, of that
portion of the eye, which, in a physiological sense, is the most essential
of all, and which will be found to be as wonderfu! and elaborate in
structure as it is important in function.

OF THE REETINA.

The retina is that peripheral nervous sheet on which the images of
external objects are received. It is continuous with the optie nerve,
and is expanded within the globe between the choroid and vitreous
humor, as far forwards as the ora serrata, the situation of which has
been already pointed out. Its surfaces may be styled choroidal or
outer, and hyaloid or inner ; and by these surfaces it is organically
conneeted, on the one hand with the choroidal epithelinm, on the other
with the hyaloid membrane. It has the pinkish-gray colour of the
surface of the cerebral convolutfions, is very soft and easily torn,
and is arranged in certain layers, the inner of which contain the blood-
vessels that imi]art the pink tint to the whole, while the outer are non-
vascular. All the superposed layers of the retina are thicker at the
bottom of the eye, around the entrance of the optic nerve, than in
front, near the ora serrata ; and the entire nervous sheet becomes gra-
dually thinner forwards, until it ends abruptly at the line indicated,
being there continuous with that granular tissue which lines the
ciliary processes of the choroid, and gives origin to the fibrous part
of the suspensory ligament of the lens.

Constituents of the retina.—Now, the retina contains in itself all
the structural elements which are to be found in other parts of the
system, ewcept nerve-tubules, which are not present in the human
retina, nor in the retina of the higher animals, but only in the optic
nerve; and it moreover contains, besides these, other structural ele-
ments not elsewhere met with, but peculiar to this part, and which



S0 COMMON AND PECULIAR ELEMENTS.

we are therefore led to suspect may be in some way or other subser-
vient to the proper action of the retina as a recipient of the vibratory
impressions of light.

The elements common to the vetina with other portions of the
nervous system are placed internally, or towards the hyaloid surface.
These are :—1. Gray fibres, radiating on all sides from the entrance
of the optic nerve, towards the anterior border of the retina, and being
a continuation of the nerve-tubules of the optic nerve, They are gra-
dually less abundant forwards, terminating in succession among the
next mentioned elements, 2. Gray nervous matter, similar to the
cineritious part of the cerebral convolutions (being an amorphous,
finely granular matrix, containing nucleated nerve-vesicles). 3.
Caudate nucleated globules, analogous to those found in the gan-
glia, spinal cord, and certain parts of the brain. 4. dgglomerated
granules, usually highly refractive, with very little intervening mate-
rial, and allied to the nuclei of cells, such as are met with in some
portions of the encephalon. Capillary bloodvessels are distributed
among all but the last of these.

The elements peculiar to the retina are situated externally, and
together form the coat commonly known as Jacob’s membrane. They
are of two kinds—>5. Columnar particles, or rods, arranged verti-
cally in a single series ; and 6. Bulbous particles, interspersed at
regular intervals among the former. Both of these are found among
the lower animals in many most remarkable modifications, some few
of which I shall presently mention, ou acecount of their singularity,
and to shew that they probably play an important part in the physio-
logy of vision, though into the nature of their function we have as
yet no particular insight. These elements, like the agglomerated
granules, have no bloodvessels proper to tliem.

Of the gray fibres of the retina.—We may now pass these several
elements more distinctly in review : and first, of the gray fibres. If
we make a section of the coats of the eyeball through the part at
which the optic nerve traverses them to join the retina, we see that
this nerve becomes reduced in bulk as it is passing through the sclero-
tica, so that a transverse section of it, where it approaches the
sclerotica, has nearly double the area of its intra-sclerotic termination,
and the sclerotic canal is a truncated cone. We also observe that
whereas the nerve behind, and for a little way within, the sclerotic
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canal, is opaque white, the tubules having their proper investment of
white substance, it becomes gray and semi-transparent ere it touches
the retina, and the retina itself has never any white glistening aspect
such as the nerves have. In different animals, indeed, even among
the mammalia, you will find great variety as to the precise point at
which the nerve loses its whiteness, this point being sometimes only
at the very junction of the nerve with the nervouns expansion within ;
and in certain cases (of which the rabbit is the best example) the
nerve advances a certain way within the choroid, and spreads out on
the surface of the retina before it loses its whiteness, so that the retina
in these animals appears to present a white area of an oval shape, and
an eighth of an inch long, at the sclerotic aperture ; and in some ani-
mals yet lower in the scale, nerve-tubes, with a very delicate layer of
white substance, ean be traced even further, and in more uniform
distribution over the retina. PBut still it remains true, as I believe,
for all, and certainly for man, that nerve-tubules, such as form the
optic nerve, do not exist as a part of the retina, and that where they
enter within the sclerotica, they are to be regarded as still the optic
nerve in its course to the retina.

Now, what is the nature of the change in the constituent tubules
of the optic nerve by which they lose their whiteness as they pene-
trate the sclerotica? They certainly do not terminate in the sclerotic
canal ; they cease to be characterized by their dark outline, and by
their tendency to fall into the varicose or beaded state, but remain
fibrous; i a word, they lose their white substance, but retain their
axis or central fibre, and these fibrous parts coming together, advance
and form the gray fibres of the retina. T have made many very thin
sections through the nerve and refina in connection; and you will
find, if you do the same, that these fibres, on entering the globe and
encountering the hyaloid, pour themselves as 1t were on all sides in
bundles over the hyaloid surface of the retina, and become coated at
once, on their opposite or choroidal surface, with the elementary
structures which I have enumerated as forming the other strata of the
retina.

It follows, of course, that in the space occupied by the evolution of
these grey fibres from the optic nerve, i. e. for the area of the inner
orifice of the optic foramen or sclerotic canal, these other strata of
the retina do not exist—that ke retina, in fact, does not exist ;
therefore it is no wonder that this spot should be blind—insusceptible

G
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Section of the coats of the human eye at the enfrance of the optic nerve, to
shew the mode of origin of the layers of the retina. s, selevotica ; ¢, choroid ;
#, plexiform bundles of optic nerve; o, line at which these lose their white
substance ; ¢, grey fibres advancing to the retina, and becoming clothed on
their choroidal surface with other layers, constituting », the retina.

of stimulation by light. The blindness of the spot (proved by a well-
known experiment), in connection with the anatomical fact which I now
point out, shows how essential to the visual power of the retina are its
non-fibrous parts, so that we might almost say that the visnal impres-
sion 1s received by the non-fibrous parts, and merely propagated by the
fibrous ; that the true retina is not an expansion of the optic nerve,
but a nervous organ of independent structure, brought into co-opera-
tion with the brain through the nerve. But to proceed with the
anatomy of the grey fibrous stratum.

In some animals (I allude particularly to some fishes) their radia-
tion over the whole refina may be very easily made evident to any
one by a slight maceration, for the refina shaken in water becomes
divested of all but these fibres, and they seem to form a brush directly
continuous with the nerve.

But in the higher animals it is usually more diffienlt to demon-
strate such a disposition ; both because this layer is much less readily
detached from the rest, and because its fibres are disposed in bundles,
which, after anastomosing together for some way, become blended
with each other into a uniform lamina, and are lost among the grey
nervous matter (2). In the fresh human retina they may be seen by
looking directly on the inner surface, near the optic nerve, with a
power of 50 diam. (fig. 14.)

The bundles there are large, but of different sizes, and anastomose
so as to form very elongated meshes, in which large nucleated vesicles
soon begin to appear. The bundles of the plexus are not cylindrical,
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Anastomosing grey fibres of human retina, seen on their hyaloid surface, near
the optic nerve : magnified.

but much compressed on their eontiguous sides, so that, on a vertical
section, they appear oval ; otherwise this plexiform arrangement is a
mere continuation of that of the bundles of tubules in the optic nerve,
now spread out as a sheet, instead of being gathered up into a cylin-
drical cord.

Of the central artery and vein.—While speaking of the manner
of evolution of the optic nerve at its coalition with the retina, it may
be mentioned that the blood-vessels of the retina enter and leave it
along the centre of the optic nerve, by two fibrous canals there pro-
vided, among the fibrous meshes in which the plexiform nerve-bundles
lie. Arrived within the sclerotica, they subdivide and ramify upon
the retina, the large branches which they form being, for a short way,
interposed between the hyaloid and the plexiform grey fibres, but very
speedily sinking in among these, and breaking up, by successive divi-
sions, into the capillaries which supply and occupy the substance of
those layers to which I have already described them to belong. Just
within the ora serrata the plexus terminates by a marginal vessel.

2. Of the grey vesicular matter of the retina.—This lies con-
tiguous to the hyaloid surface, in close relation with the last mentioned
layer. It is the most vascular coat of the retina, and, in fact, receives
the greater portion of the blood brought by the retmal artery. The
capillaries form a very beautiful plexus, with meshes about as close as
those of the grey matter of the cerebral convolutions, though arranged
nearly on one plane. The walls of the capillaries are a simple mem-
brane, with nuclei at intervals. Tt is easy, at a suitable period after
death, to wash out the nervous matter from their intervals, and to
obtain a separate view of the whole vascular system of the retina ; and
in a perfectly recent specimen, also, the capillaries can be discerned
among the matter of the layer now under consideration, often with the
red corpuscles still within them. The finely granular matter of this
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layer is readily seen with a sufficient magnifying power, and also
numerous nuclei ; but it is not easy to discern the delicate nucleated
vesicles, which it so abundantly contains ; for, like those of the grey
matter of the cerebral convolutions, they are very rapidly destroyed or
altered by pressure or water. On some occasions they can be most
distinctly seen, especially in one part to which I shall have to refer
presently ; and it is almost always possible enough to discover their
clear globular vesicular nuclei, in a detached state, floating about the
fragment examined.

3. Of the caudute nucleated vesicles.—It is most interesting to
meet with these very singular forms of nervous tissue in the retina,
though we at present know little of their use. We have, now, ample
proof of their being centres, from which, in many parts at least, nerve-
tubules pass, the slender processes of the vesicles becoming con-
tinuous with the axes of the tubules, and aequiring, at a certain dis-
tance from their origin, a coating of white substance.

I am not aware that any one else has yet discovered this kind of
vesicle in the retina. In man, and the higher animals, it is by no
means easily distinguished, for the examples of it are small, and hard
to detach from the substance of the last layer, with which they are in
connection, and yet so similar in texture to that substanee as not to
be visible in it without separation. Nor have they here any pigment,
as in so many other parts of the nervous system. That they do exist,
however, is certain ; for, on different occasions, I have seen many
unequivocal examples of them, and especially in two or three speci-
mens of diseased retina, in which the texture was somewhat broken
down by a morbid process. Among the mammalia, I have seen them
in the human subject and in the horse; but I have never witnessed
so satisfactory a demonstration of them é» sitii as n the retina of the
turtle, where they lie at or near the hyaloid surface, dispersed at pretty
equal distances, and with long and branching arms, which spread
abroad indifferently in all directions, so widely as to approach each
other near enough to anastomose together, though I have never seen
them actually coalesce.

In making a vertical section of the retina in the higher animals,
we very generally find an ill-defined, dark, but broken line, running
parallel with the surface, in the substance of the vascular portion ;
and it has often occurred to me that this may be an indication of the
position of a layer of these caudate vesicles intervening between the
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fibrous and the gray vesicular matter (1 and 2); but this explanation
of the appearance requires confirmation.

1t would not be diffieult to hazard conjectures as to the connections
of these caudate vesicles with the fibrous elements, and as to some
special purpose they may serve in the economy of the retina; such,
for example, as that of bringing into functional relation the several
parts which their cande may connect, &e., but such conjectures can
at present lead to nothing. When we come to know the general
history of the caudate corpuscles in the several organs, and in the
: animal scale, we shall probably ob-
tain some clearer insight into the
meaning of their existence in the
retina.

4. Of the agglomerated gra-
nules,—Lying externally to those
already described, the agglomerated
granules form a very considerable
proportion of the entire thickness
of the retina, viz. about one-fourth
or one-third. They lie in two
layers, (fig. 15, n and ¢), between
which intervenes a thin layer, p, of
which T am able to give no definite
account, except that it 1s more
transparent, exhibits no globules,
nor any distinet texture, though
sometimes looking finely fibrous,
and that it apparently contains no
blood-vessels. The inner of the

Fic. 15.

Vertical section of human retina (Ere-
viously dried when quite fresh) half
an inc{n from the ora serrata. r, Rods

detached at the line ¢ from the cho-
roidal epithelium; &, bulbs; g, onter
layer ugglﬂhu]ar agglomerated gra-
nules ; p, intermediate more tran-
sparent layer, obscurely fibrous; s,
inner layer of flattened agzlomerated
granules (nummular); gr, grey ner-
vous layer, fibrous and vesicular, and
containing capillary vessel; A, hya-
loid; w, deep or inmer surface of
Jacob’s membrane, shewing rods and
bulbs. The appearances in this speei-
men were beautifully distinct, pre-
cisely as represented. (320 diam.)

two layers (#) is always much
thinner than the outer, and often
consists of but two or three series
of granules, which are also different
in figure from the others, being
flattened, with their surfaces more
or less corresponding to those of
the retina, and often looking much
like pieces of money seen edgeways.
From this fanciful resemblance,
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slight cone or pyramidal process, which is received into a corresponding
recess in the contiguous particle of the choroidal epithelium, each
particle of this pigmentary epithelinm thus imbedding the pointed
extremities of many of the rods. The shaft of the rod is very apt,
a short time after death, to become separated by a sharp transverse
line, from the pointed process or leg, and the leg will then gather
itself into a ball and- disintegrate, while the shaft will bend into a
hook at the outer end, or roll into a globule, or split up into trans-
verse plates, or be reduced to a shapeless granular mass. These
changes are assisted by immersion in water.

These points in the anatomy of the rods counld, with difficulty,
have been made out in the human retina, without the indications of
structure provided in the corresponding parts of the lower vertebrata,
where they are developed to a much greater size. Hannover has
given a very admirable description of them in the vertebrate class, in
all the great divisions of which they are constantly present ; being
very large in some fishes, especially the pike, and in batrachian
reptiles.

From a careful examination of a perfectly recent human eye, I
ascertained that the rods were longest, and cousequently Jacob’s
membrane thickest, at the hinder part of the globe, and that
anteriorly, close to the ora serrata, they gradually shortened by
more than a half, still retaining their general characteristics.

Of the bulbs.—These, in the human retina, are very much less
numerous than the rods, among which they are scattered at even
distances. On looking at the outer surface of Jacob’s membrane
with a sufficient power, (fig. 15, m,) we see an infinite number of
minute globules (the ends of the rods), and among these, but at a
deeper level, 7. e. not coming quite up to the outer surface, solitary,
larger, transparent, rounded objects, which are the bulbs. When
fortunate enough to obtain a view of the whole layer in section, cut
or torn across, we see the bulbs sessile upon the layer of agzlome-
rated granules, and distributed, at their proper intervals, among
the rods, where these rest upon the granules. They appear to be
globular or egg-shaped, and sometimes to have a small blunt spur
upon them, turned towards the choroid. When looking down upon
the choroidal surface of the retina, the bulbs, when best seen, have a
small elear circle within their proper outline, and this seems referable
to this projecting part.
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Some light is thrown upon the nature of these bulbs by what
seems to be a very large development of them in fishes, and here
they present themselves in a very remarkable form, and with no less
remarkable properties, as Hannover has well portrayed.®* They are
divisible into legs and a body, of about equal length; the body
directed inwards—the legs outwards ; the body implanted vertically
among the rods—the legs tapering in the opposite direction, and
imbedded among the pyramidal processes of the rods, and, in a
similar manner, within sheaths furnished by fibrous prolongations
of the particles of the choroidal epithelium. The body is thicker
than the legs, and has an oval or circular section. It is also
partially subdivided into two lobes: it has a distinet membranous
covering, enclosing a colourless, transparent, highly refracting
material, which soon changes after death. The legs are also double,
one descending from each lobe and tapering to a point; and where
they join the body, there is a transverse line of division, at which
they readily break off. When placed in water, the body swells and
shortens, assuming the form of a somewhat flattened balloon, which
retains the bilobate form, and sometimes looks not unlike a coffee
berry. The investing membrane readily gives way; the clear
contents become coarsely granular, and may break up into irregular
masses, or disintegrate. DBy the same medium there is oceasioned
first a transparent line of division between the body and legs, and
then the legs curl up at the end, or split into many transverse pieces,
having a high refracting power.

Hannover supposes that these bodies (which he terms cénes
Jumeauzx) do not exist in reptiles (except chelonian). I have,
however, met with objects which appear very similar to the bulbs of
the human retina in the frog. Examining it quite fresh, under
albumen, we find the appearances represented in Fig. 16  The
bulbs seem nearly as numerous as the rods, among which they lie:
they rest upon their proper base, are globular, with a projecting
process, ascending towards the choroidal epithelium, and, near the
root of this process or leg, contain a minute colourless oil-globule.

This leads me to a very interesting point in the structure of both
rods and bulbs in many animals, viz. the occurrence, in their outer
or choroidal ends, of globules resembling oil, either colourless or

# Recherches microscopiques sur le systéme nerveux, 1844, pl. iv.
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is such, that T would not speak too confidently on this point.*
The adhesion of the hyaloid o the retina is more intimate than
that of the choroid to the same part; and, therefore, it is even
more difficult to examine the hyaloid surface of the yellow spot with
high magnifying powers, without disturbanee of it, than the choroidal ;
for if the vitreous be detached from over the yellow spot, some
derangement of it is sure fo oceur: and to cut through the vitreous,
so as to leave a thin film of it é» siti upon the yellow spof, is a very
nice matter. When this is satisfactorily done, we observe the border
of the spot to rise into a gentle eminence, so that its middle part
projects a liftle towards the vitreous humor; and in its eentre is an
oval or sht-like hollow, formed by the hyaloid surface dipping on all
sides from the hyaloid, and the opposite sides coming into contact,
the vitreous not entering the hollow. Thus the surface of the retina
at the yellow spot appears to present a slanting surface to the rays
of hght.

Modification of the vetinal layers at the yellow spot.—The
texture of the several layers at the yellow spot is much modified.
In particular, the grey fibres do not pass over it in a direct course
from the optic nerve to the side of the refina beyond the spot, but
take a circuitous course, so as to avoid the spot, and only that small
number approach the spot which properly belong to it, and terminate
in it. In this respect it differs from the rest of the deeper portion
of the retina, and must be regarded as more perfectly organized.
In the same way, as is well known, this portion of the retina, though
so near the main vessels, is not encumbered by any of the large
branches, but the branches which supply the spot and the regions
beyond it arch above and below it at such a distance as mot to
interfere with its perfection, and the spot itself has only capillaries,

# T had lately an opportunity of examining the yellow spot in the recent
eye of a monkey, and found a space in the centre of the spot, about the size of
a small pin’s head, almost perfectly transparent, confrasting strongly with the
surrounding nervous matter, which was but slightly yellow for a short space
from this apparent hole. The nervous elements could not be seen over this
transparent part, but only a membrane with a few granules and nueclei, as though
the several layers had been atrophied there, leaving only a residual web, con-
tinnous with the borders of the circumambient yellow matter, and separating
the choroidal epithelium from the hyaloid.

T would also refer to a notice of a preparation of this region in a human fetal
eye, in the paper on the vitreous body, fu/fid, p. 100.
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which communicate with the arterial and venous twigs on all sides.
This arrangement of the blood-vessels ocenrs also in animals which
have no yellow spot.

The plexiform fasciculi of grey fibres approaching the spot have
nucleated vesicles of large size interposed in the meshes; and as
the fibres gradually lose themselves from view, these vesicles increase
in number so as at length to occupy the whole surface. Tt is possible
to see the fibres reduced to smaller and smaller bundles, and become
mingled with the vesicles; but I have never been able to distinguish
any special relation subsisting between the individual fibres and the
vesicular elements. The nucleated vesicles of which T now speak
are not exactly like those met with in the retina generally; and
whether they are a modification of those of the layer (2) or of the
caudate vesicles, T cannot say ; for at the yellow spot the inner layers
are less distinguishable from one another than elsewhere: on a
vertical seetion they are more confused, and present, in common, a
rather obscure, dark, yellow aspect. I am inclined to believe, how-
ever, that the vesicular nervous matter (2) is here in a high state of
development, the vesicles being very numerous, and of more stable con-
stitution than elsewhere. The layer, which I suggested (p. 84) might
be that of the caudate corpuscles, appears to be considerably thicker,
and to blend with the vesicular on the surface of the yellow spot.
The layers of the agglomerated granules pass into the yellow spot,
the granular layer g, being thinner, the nummular, », thicker than
elsewhere. The two elements of Jacob’s membrane are found over
the yellow spot as on the surronnding parts of the retina; the rods
are of the same length, but thicker, and the bulb-like bodies are
nearer together.

The colour of the spot does not appear to be confined to any single
texture, but appears to bathe all the textures, except those of Jacob’s
membrane, in a common cloud of rich yellow, deepening towards the
centre. The colour is here and there in minute grains of deeper hue ;
but in general it does not seem to lie in proper pigment cells, but to
stain fibres, vesicles, and granules alike. The colour soon disappears
after death, or in water. I recently, however, left a retina in water
for a fortnight, and still found it retaining some of its original hue at
this spot: in the dried retina it is permanently retained.

Such, gentlemen, is a brief account of the retina as I have found
it In numerous examinations in man and animals during the last four
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cellular constitution, in reality accords with, and even favours that
which he had previously advocated—viz. that the vitreous body is
made up of concentric membranes, enclosed one with another. He
states that if a well-frozen eye be brought into a warm room, so as to
thaw the tunics investing the vitreous, and if these be then carefully
removed, the frozen vitreous body appears as a coherent mass of ice,
from the surface of which minute flakes may be detached with the
point of a scalpel, as the external warmth gradually acts upon it.
These flakes he has traced to near the lens, and as they seem to him
to have the same direction as those exhibited by the aid of the metallic
salt, he concludes that they are the result of the same membranous
stratification which he had before demonstrated.

Another distinguished physiologist has also devoted a paper to this
interesting subject.* He made his observations on the eyes of mam-
malia, after immersing them for at least six months in a solution of
chromic acid. He describes somewhat more particularly the concen-
tric layers which had been noticed by the previous authors, and states
that if the eye be divided by a median transverse section the appear-
ance 1s that of an onion similarly cut ; and this he finds in the cat,
dog, ox, and sheep. But in man he says that a different structure
obtains, rudely comparable to that of an orange, there being segments,
of which the convexities are turned outwards, while the angles con-
verge towards, but do not reach, the axis of the eye, where the hyaloid
canal exists in infants. In two specimens Hannover was able to count
180 rays, and he therefore concludes upon that number of segments :
he was unable to ascertain whether each segment had its proper con-
taining membrane, or whether a single membrane was common to
two contiguous segments. HExamined with the microscope, he finds
the walls of the segments to present the aspect of transparent mem-
brane without structure, covered with numberless granules, which he
thinks are probably the result of a precipitation. He concludes with
an account of the exact arrangement of the parts about the zone of
Zinn, into which it is unnecessary here to follow him.

As T am not aware that these researches have been at all prosecuted
as yet by any anatomist in this country, and as it seems probable
from my own investigations that much difference of opinion is likely
to exist with regard to the true interpretation of the appearances

* Hamnover, Entdeckung des Baues des Glaskdrper’s, Miiller’s Archiv, 1845.
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which have been above briefly described, I am desirous to communi-
cate in a simple form the result of my own observations on the
vitreous humor of man and other mammalia, and of birds and fishes.
In doing so, T am very sensible how much is still wanted to render
them complete.

Aetion of chromic acid on the huwman vitreous body. —
Having more than a year ago placed several kuman eyes, as frf.:sh
as possible (7. e. within twenty-four hours after death), and which
had been removed from the orbits with special care, to avoid com-
pression of the humors, in dilute solution of chromic acid (the
strength indicated by a light straw colour), I soon found them to have
become distended and tense, and the outer coat hardened, and T re-
cently made sections of them in various directions, with a very sharp
knife, taking care in making the sections that the globes were not
squeezed or cut unevenly. The best marked examples are delineated

in figs. 1 to 7.%

* Sections of the human vitreous hody, made after being immersed for up-
wards of a year in weak solution of chromic acid. TImmersion commenced within
twenty-four hours after death, and every care being taken to avoid injury.

Fr. 1.—Horizontal section of the globe. The dark lines in the figure indi-
cate the situation of the white lines in the preparation; in the centre is an irve.
gular cavity.

Fie. 2.—Vertical antero-posterior section of the globe ; @, white lines ranning
up to the hyaloid at the ora serrata.

Fie. 3.—Vertical transverse section of the globe, anterior half seen from be-

H
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which had more or less of a convergent direction towards the centre,
In the centre, in all the specimens, was an irregular cavity of varia-
ble size, apparently formed by breaking up of the tissue. In some
specimens, where the ecireular lines were deficient, more transparent
lines, of from one-twentieth to one-eightieth of an inch wide, traversed
the otherwise homogeneous substance, from the central cavity or its
vieinity towards or even up to the hyaloid. These were straight or
slightly curved, and of unequal width, and were proved to be tubular
channels by cutting them across, when their orifices became eclearly
visible. In one specimen there were nearly twenty of these near the
surface of the section, and in all probability many more too deep for
view. Other tubular spaces were seen in one case (fig. 4, d) passing
in the eurve of the concentric layers.

In the sections carried through the optic nerve and lens, and
dividing the eye into an upper and lower, or into two lateral halves
(figs. 1, 2), a few lines of greater opacity were seen, preserving a more
or less exact parallelism with the cut edge of the retina, and obviously
the edges of lamine more opaque than the rest. A very slight touch
with a pin sufficed to tear the vitreous in the direction of these lines,
and to convert the laminge into separate sheets, and this has been done
to a slight extent in one of the specimens figured (fig. 2). In these
specimens the broken central cavity comes so near the optic nerve
that the layers are hardly to be seen there, but in front their disposi-
tion is not doubtful. Several, and those the outer ones, run towards
the ciliary body, and there seem to approach the very surface of the
vitreous near the ora serrata, probably uniting with the hyaloid in
contact with the zone of Zinn, as described by Briicke. Then those
next within bend inwards towards the margin and back of the lens,
of course behind the canal of Petit, and they appear rather to cease
in succession at the surface of the lens than to be continued con-
centrically behind it, though on this point the preparations do not
speak positively. Between the layers that pass towards the ora serrata
and those inclining to the lens the texture seems less coherent, for
in some of the specimens the central cavity has spread here and there
in this direction, so as even to reach the ciliary processes and expose
them to view from behind when the cavity is laid open by a vertical
transverse incision.

Viewed with a high power these specimens exhibit no special tex-
ture ; nothing but a finely granular mass appears, which is merely
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very fine, delicate, and closely arranged, so as hardly to be visible with-
out the aid of a pocket-glass (see fig. 8). The diffieulty of making a
clean section at this part, even with a sharp knife, in consequence of
the tendency of the structure to be drawn before the blade, caused
some uncertainty with regard to the ultimate destination of these lines
in the ciliary region. However, after examination of many specimens,
I was enabled to feel assured that they passed up to the hyaloid at or
in front of the ora serrata, and did not pass round at the back of the
lens, in parallelism with the anterior surface of the vitreous body.
This being the general arrangement, I noticed in some specimens, of
which fig. 9 was the best marked, white layers of irregular character
behind the lens at ¢, and others obviously dipping backwards from
the side of the lens, behind the canal of Petfit, into the central portion
of the vitreous, and there breaking up into fine layers, d. Others,
again, followed the posterior wall of the canal of Petit from the ciliary
body to the lens. It will be observed that the layer marked & corre-
sponds nearly in direction with those which diverge from the ciliary
body, and run up to the lens in figs. 1 and 2 from the human eye.
In one section throngh the close and fine lines near the ora serrata
I found the appearance delineated in fig. 10, where the lines ¢ are
inclined at an angle to those at #. In the specimens thus pre-
pared there was usually a disposition to tear in the direction of the
white lines, especially behind, where the lines were more opaque and
wider apart.

There can be no doubt that the white layers now described are
composed of a precipitate of the lead. Examined with a high power
the grains of precipitate are obvious enough. They, are scattered
irregularly in the transparent tissue of the vitreous wherever the solu-
tion has penetrated, but in the white layers they are infinitely more abun-
dant. Still no sudden bounding line can be distinguished which
would warrant the belief that any membrane like the basement mem-
brane of other parts had intercepted the precipitate. In some parts
the grains of the precipitate had arranged themselves on the surface
of the more opaque layers in something of an areolar form.

It is easy to understand how an accumulation of a multitude of pre-
cipilated particles in a certain plane would, so far as their presence
extended, serve to break up the continuity and strength of the vitreous
substance in that direction; therefore the splitting or tearing of
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the tissue along such lines adds nothing to the evidence afforded by
the simple deposit of the precipitate for the existence of real lamellee
in the oviginal tissue.

Feeling uncertain whether the layers of precipitate thus parallel to
the surface exposed to the salt might not be due to some purely
physical cause, I procured some perfectly fresh eyes of oxen and
sheep, and, before immersing them in the solution of the diacetate of
lead, divided them right across with a very sharp instrument, with
the greatest care to avoid dragging, or disturbing the texture of the
vitreous humor. Some were divided horizontally, and others into an
anterior and posterior half. The halves were then placed in the dia-
cetate for forty-eight hours, some with the vitreous upwards, others
downwards. When examined at the end of that time, the cut surface
of the vitreous, which had been in contact with the salt, was of a
dense white, like that of the unent surface in the former experiments,
and on making an incision into it, white lines were found running
parallel with it, just as they had been found running parallel with the
uncut surface. To make this more apparent I have added some
figures.*

* Fig. 11.—From the ox. This eye was cut vertically into an anterior and
posterior half. The anterior half, having lain forty-eight hours in diacetate of
lead solution, was divided so as to show the surface delineated. e, the line of
section previous to the immersion in salt,—parallel to this are several lines
of white precipitate, coarse and far apart; &, other lines of precipitate, also
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meability, or chemical constitution of the vitreous snbstance in the
two sitnations,  Or it may possibly depend on the different access of
the solution to the two parts. But however such variations may be
explicable, they are proved, I think, by the last-cited experiments,
not to depend on any difference in the number or thickness of actual
membranes in the two situations. The fine, close lines in fig. 8 and
9, and the equally fine ones in the same region of fig. 11 &, traverse
the vitreous substance in directions too dissimilar for us to imagine
them to be the exponents of an anatomical lamination ; but they are
in both cases parallel to the surface previously exposed to the salt.

The frozen witreous huwmor.—In his later paper, Briicke
draws an argument for the existence of the concentric layers as
a true structure from the condition of the vitreous when frozen ;
but in this I confess he appears to me to have been warped by
the idea previously in his mind. He says that when the thawing
of the frozen mauss commences, thin flakes of ice may be picked
off from the surface, as though the ice had taken the form of
the concentric lamellee while freezing. For my own part I have been
unsuceessful in finding any indication of the concentric flakes in this
way. The ice appears to shoot in the substance of the vitreous ina
crystalline form, quite irrespective of any structure existing there, and
as it melts, layers and angular fragments may be got off it in a
variety of directions. T feel sure that the ice never takes the figure
of the cup-shaped lamelle supposed.

Vitreous humor of the bird.—1 have examined the vitreous
humor of the eye of the common fowl after a
month’s Immersion in the solution of chromic
acid. After this period of immersion, short as
compared with that recommended by Hannover,
the vitreous—as shown in the annexed wood-cut,
fig. 15%—was found throughout rendered slightly opaque; no con-
centric lamelle or layers, in any respect parallel to each other, were
discovered ; but a very evident arrangement of more opaque fibres

* Fie. 15.—Fresh eye of a common fowl, immersed during three weeks in
dilute solution of chromic acid; section carried obliquely through, and parallel
to, the plates of the pecten ; strim are seen proceeding from the summit of the
pecten, chiefly towards the ciliary body, but also towards the lens; others ap-
pear to pass from the ciliary body towards the lens.
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General conclusions.— The  re-
searches now described have not been
numerous or varied enough to satisfy
me with regard to many points which
it is still desirable to clear up; but
they will serve, I think, to place in
its true light the remarkable pheno-
menon on which Briicke has founded
his view of a very complex and arti-
ficial construction of the vitreous body. If I may venture to deduce
a conclusion from the experiments I have detailed, I would say that
the construction he has deseribed is not in the least supported by the
experiments with the salt of lead, which may be made to indicate a
lamination in any direction at the pleasure of the anatomist; but,
nevertheless, there remains good reason for supposing that there do
exist certain layers in the vitreous substance, capable of being ren-
dered visible by art. T think in the sections of the human eye (figs.
1 and 2), the uniformity of the arrangement of the layers disclosed in
the neighbourhood of the lens could hardly have been produced, m-
dependently of a pre-existing structure, by simple immersion in the
chromic acid. The same view is supported to some extent by the
appearance of fig. 9, «, which could not have been due to a merely
physical cause. Then, again, we have the manifest existence of sets
of fibres stretching in determinate directions through the vitreous in
the eye of the bird, and the still more decisive lamellated arrange-
ment in the fish, which last affords the most striking and conclusive
evidence for the artificial conformation of this exqusitely transparent
part that we yet possess. The great solidity and weight of the lens of
the fish may, perhaps, be the occasion of this.

It 1s certainly remarkable that in all specimens of the adult human
vitreous humor preserved in chromic acid, a central ecavity was dis-

vitreous hody, occasioned by the collapse of the latter ; £, the vitreous body de-
scending in distinet layers from near the junction of the choroid and iris, and
passing to the side and hinder part of the lens; the lens gy, probably by ifs
weight during the immersion, has pressed out all fluid from the hinder part of the
vitreous body, and so, apparently, come into contact with the retina: the hard
nucleus of the lens, seen in the centre, is not acted on by the acid ; the anterior
soft portion has advanced through the pupil.
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APPENDIX,

CONTAINING NOTICES OF A FEW MISCELLANEOUS CASES OF OPHTHALMIC
DISEASES, CHIEFLY ILLUSTRATIVE OF POINTS REFERRED TO
IN THE FOREGOING LECTURES.

Case A.—Small intractable wlcers of the sclerofica.
(Partly from the notes of my friend Mr, WyarT.)

July 13, 1848.—John Kemster, =t. 38, a house-painter, of slender frame,
looking sallow, and out of health, (but never having suffered from colica picto-
num), had had slight opacities from his youth, with some dimness of sight in
his left eye. Five weeks ago had a lacerated wound of the right brow, and
while this was slowly healing, the eye became painful, and discharged much hot
watery fluid. He, however, continued his work until last week, when the great
pain oblized him to desist.

There is now a deep round ulcer, about the size of a mustard seed, all buf
throngh the sclerotica, over the ciliary muscle, close to the lower border of the
cornea. It looks just as if a small piece had been punched out, the edges abrupt
and yellowish, with considerable redness of the surrounding conjunctiva and
sclerotica : but no chemosis. The iris and agqueous humor are healthy. Onthe
other eye, there is a yellowish deposit in the conjunctiva and sclerotica, in the
horizontal axis, close to the cornea, on the outer side, with a little vascularity
around. This seems an early stage of what has become an uleer in the right
eye. Tongue clean ; bowels confined ; appetite very bad; pulse 80, cannot sleep
at night. Lunar Caustic to the ulcer. Drops of the same (1 gr. to the ounce)
every morning.—Pil. Purg. C. gr. v, every night. Quinine gr. j., three times a
day.

jlr?‘l,JL-JI‘]m hole now filled to the level with yellow non-vascular lymph.
Aching, shooting pain in brow.—Repeat.

20th.—The lymph gone, and the ulcer as on the 13th.

24th.—The ulcer deeper in the centre, where a dark point seems to indicate
its complete peforation to the pigment. Aqueous chambers still natural. The
surrounding vascularity less, and purplish. The yellow spot in the other eye is
more distinet, contains no red vessels, is not raised, but, on the contrary,
slightly depressed, as though the conjunctiva were superficially uleerated over
it. Has been living low for three weeks, being out of work, and is besides
much depressed in spirits, having six children dependent upon him.—Repeat.
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OF OPHTHALMIC DISEASES. 114

Casg C.—Central uleer of the cornea—healing slowly, without the development
of vessels.

A hoy, ®t. 7, of rather feeble health, had slight ophthalmia, with a small speck,
for which the ordinary treatment was adopted, but without good result, and
after four months, a small central ulcer was found on the cornea, attended with
much lacrymation and intolerance of light. It was carefully (reated with nitrate
of silver, alterafives, sedatives, and tonics, but at the end of a month remained
without action, deep, clear, and without vessels. Bark and steel were freely
administered and agreed well, and under their use an almost imperceptibly slow
improvement took place, until, in about three months, the health was completely
restored and the ulcer healed, leaving a dense opacity accurately limited to the

affected spot. The healing process had been unaccompanied with the formation
of any vessels in the cornea, or even with any nebulosity between the uleer and
the margin. Perhaps this would not have happened if the uleer had been much
nearer to one side than the other, so as to attract the materials of repair from
some definite portion of the neighbouring blood-vessels.

Case D.—Sloughing of the whole cornea, from acute inflammation—releution of
the lens by its suspensory ligament—subsequent progress of the reparative aclion.

October 2ud.—Sarah Stenning, @t. 52, a charwoman, subject to chronic
ophthalmia for 5 years (after erysipelas of the face), 18 days ago had a * violent
cold in the right eye :” the lids were swollen and closed, and she suffered great
pain. She was immediately treated by a surgeon, but when she came under my
care, 5 days ago, the cornea was nearly all detached in a slonghing state, and
she was very weak and low. Itreated her with bark, Dover’s powder at night,
and soothing applications.

To-day she is in rather better health. The eye presents the following re-
markable condition: considerable chemosis, the enfire cornea is gone hy
slough, and the iris and lens are exposed, forming the front of the globe. The
iris is covered with a thin film of yellow exudation in the outer 2-3rds of its
breadth ; the inner third, round the pupil, retaining its natural dark brown
aspect. The pupil (O) is occupied by the front of the lens, which has its satural
ransparency. The iris is conical, the pupillary horder being projected by the
lens, which pushes forwards from behind. It is singular that the lens has not
escaped. Notwithstanding the transpareney of the lens, she has no perception
of light with that eye. She has no pain in the ball, only in the brow. Delicate
pressure on the globe moves the iris gently on the lens, and shows that the two
structures are but loosely adherent, or simply in contact.

She was admitted on the 6th : the lens did not appear to have eseaped. The
same system was pursued. The iris became gradually covered with a thicker,
and at length vascular, layer of soft lymph, obscuring the {rue texture. At first
the pupillary border was simply fringed with yellow Iymph ; this lymph became
red with vessels, and then threw out more on its border, and so on till the pupil



e Coalls o
AL
Il ]




APPENDIX OF CASES. 113

rheumatic fever when 13 years old, and has since been subject to rheumatic
pains, but otherwise of good constitution ; had ivitis of the »ight side in 1845,
but rapidly got well under eupping, blisters, and mereury. About May, 1847,
he had another attack in the e/t eye, from which he recovered by similar treat-
ment, no less promptly, under the care of the same able surgeon, Mr. Holthouse.
In February, 1848, he was again seized with severe inflammation in the same
eye (the left), which appears to have involved the iris, but was at the same time
attended, either at first or at an early date, with a curved ulcer at the inner
margin of the cornea, which at length penetrated to the aqueous humor, and
led to prolapse of the iris, and displacement of the pupil inwards. All the re-
medies which are usual in such a case were judiciously employed, and the per-
foration closed, but still the ulcer remained, and even enlarged in area, spreading
upwards and downwards within the margin of the cornea, till, in May or June,
when I first saw the patient with Mr. Holthouse, it was in shape like a quarter
moon, its pointed extremities reaching over beyond the median line, and threat-
ening to encircle the whole comea. As caustics and astringents had been em-
ployed, and bark freely administered, and as on a careful examination of all his
secretions nothing wrong could be detected, it was hard to discover the reason
of so obstinate a form of uleeration, or to devise a rational treatment. There
was 1o syphilitic or other specific taint. As he was suffering much pain, opium
was given freely, with sarsaparilla, and the jodide of potass internally, and
mild solution of nitrate of silver to the uleer itself.

No relief being felt from this plan, he came under my care at the Ophthalmic
Hospital in July. I then left off all local applications, and gave him Ext. Conii
et Pil. Hydr. Chl. C. aa. gr. v. 0. n. with a bitter Decoction. At first a favourable
change appeared to be taking place; the ulcer had a cleaner surface, and was
smaller; the irritation was less; there was still a dull, muddy vascularity of
the neighbouring conjunctiva and sclerotica.

Aug. 3d.—The uleer is about the same in aspect; the edge, towards the
centre of the ecornea, very sharply defined ; less constant pain,—but a sudden
sharp pain now and then seizes him, as if something was in the eye, probably
from friction. A new ulceration is appearing on the outer and lower horder.
The congestion in the vicinity of the old uleer has a venous character; and
one large vein courses over the base of the ulcer. Gums very slightly sove;
tongue clean; appetife very good; pulse quiet and regular. He has a worn
countenance ; has bheen out of work seven months, and rather badly off for
food.—Lig. Cinchon. gtt. xv. t. d.; Ext. Conii, gr. v. 0. n.; Gutt. . ¥. 0. m.
Good diet; Beer. The eye to be covered with a light wadding to prevent
friction of the lids.

10th.—Decided relief from closure of the lids ; but the uleeration is slowly
extending. The two ulcers have eoalesced, and all but encircle the cornea.—
Rep. Liq. Cinch. gtt. xx. ter die. :

Sept. Tth.—More irritation. The ulcer encroaches slowly on the central
part of the cornea, but is not so deep; and at the inner border is healing up to
the level, and contains large veins.—Castor Oil to be dropped in frequently to
diminish frietion. An issue in the temple. Continue the Bark and Hemlock.

I
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and easily fill on irritation ; the pupil is large,—irregular; sight very dim ; has
had seintillations, &e.

The cornea is perfectly clear; but the epithelium over one-fourth of the area,
near the centre, is loosened from the cornea, with a very little fluid beneath if,
as in a vesicle. When the lower lid is pushed upwards, against and over the
cornea, the loose epithelium is wrinkled, and bulges with the fluid behind it.
When the front of the cornea is untouched, the epithelium lies smooth, so small
is the quantity of the enclosed fluid. This affeetion seems a consequence of general
impairment of nutrition in the organ, and not of any inflammation in the cornea,
which is quite transparent. 1 have seen the same state in several other instances.

CasE H.—deule glawcoma ; subsequent slow disorganizafion of the cornee ;
and (in oxe eye) escape of the humors and reting. Eramination of these struc-
furres.

June 26, 1848.—Mary Kilby, mt. 54, was led to the Ophthalmic Hospital,
having been totally blind for nine months. She had suffered from had health
for some time, with occasional slight dimness of sight, when she was taken ill in
the street, with some head affection, of which she does not give any distinct ac-
count, but it was unattended with paralysis or loss of consciousness. Being
taken home, she found herself totally without sight next morning, and she has
not had the least glimmer since. The attack was attended with great pain in
the temples, which has been, and still is, her principal grievance. She kept her
bed for seven months. ;

Present state of the eyes.—The cornes dewy, as though breathed upon ; selero-
ticze contain large congested vessels; irides brown and slate-coloured ; pupils
dilated, irregularly oval, and fixed; lenses greenish and semi-opaque. She has
constant pain in the brows, or, if not there, in the ocecipul, aggravated at in-
tervals.

Appetite very good; bowels regular; tongne clean; usually sleeps well.
Tartar emetie ointment to the temples; Haust. Pot. Iodid. bis die.

Oct. 2.—Less pain in the brows ; irritation of the right globe from vesication
of the conjunetival epithelium of the cornea, a portion of which is detached.
The rest is dim.— Gutte Zinei Sulph. 0. m.

30th.—The right eornea opaque : its surface dim, especially near the centre,
with more inflammation.

Dec. 2nd.—The right cornea thickly nebulous in the inner half, with imper-
fect pannws. The left cornea is in process of slow disorganization; the anteror
layers are loose and flaccid, as though in a state of slough, and yet they do not
separate. On the outer side there is a semi-circle of opaque yellow deposit in
the lamelle, alittle way from the margin ; there is also much chronic vascularity
of conjunetiva, and tendeney to chemosis. Much pain in the left eye, and some
in the right. That in the left eye and brow is sudden and darting, night and
day, and often so severe as to cause her almost to start from her chair; yet her
- appetite is good, and she says she is “ pretty well in health.”—Emp. Lytte pone
aur. sinist.; Ung. Hyd. e. Opio supereilio.
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be formed by the running together of adjacent bulbs (¢), others by the
great enlargement of the bulbs, or of the beds in which these had rested
(#). These latter large transparent spaces seemed to occupy nearly
the whole thickness of the retina, where they were close together: the
retina looked cribriform. They were occupied by transparent fluid, in which
lay a few small and very delicate caudate bodies, like small caudate nerve-vesi-
cles, but without nuclei (¢).

In the middle of January she left the hospital, still suffering a good deal of
pain in the region of the brow.

Case L—Symmetrical opacity of both cornew, extending horizontally over the cen-
tral region, and obstructing vision ; consisting of an earthy deposit limited to the
anterior elastic lamina, and swecessfully removed by operation.

James Kemp, wt. 55, for forty years a house-painter, a man of healthy con
stitution, but of late reduced by deficiency of food, arising from want of power
~ to follow his oceupation, came under my care in January, 1849. On each cornea
was a horizontal band, of brownish opacity, extending from side to side, and =o
much broader opposite the pupil as completely to hide it from view, unless the
pupil was dilated, or was examined either from above or below, through the still
transparent cornea. Both the iris and the pupil could then be seen to be per-
fectly natural and active. When the pupils were considerably dilated, he ob-
tained some useful vision, especially with the left eye, where the opacity was
not quite so extensive as on the right. The opaque part was very finely mottled
with dark dots, some of which were only to be seen with a lens: its margins
were shaded off rather abruptly, and the cornea beyond them was perfectly clear
The opacity had the appearance of oceupying a superficial position, and of being

Fic. 34.

Left eye of Kemp, showing the appearance of the opacity, when the pu];jl was rather
more than usually d}latnﬂ He could then see his way about, the light entering

abeve the opacity. Magnified 2 diameters. Drawn by Dr. Westmacott.
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perfectly transparent lamellated texture, behind the opacity. It was now easy
to chip off the opaque film over a space corresponding to the pupil, and when
this was done he could see large letters plainly, for the exposed surface was
nearly smooth.

The pain attending this little operation was great, and the poor fellow fainted ;
but the subsequent inflammation was slight, and in a few days the epithelium
was restored, without any return of opacity, and he could see very much betfer.

The frazments which had been removed became of an opagque white when dry,
and when examined under a sufficient magnifying power presented the appear-
ance of an aggregation of rounded, highly refracting grains, disposed in a sort
of net-work. They all lay nearly in one plane, and the epithelium which had
covered them was perfectly healthy. -.
Having a vague notion, derived from the
shape of the opacifies, that the deposit might
possibly consist of some material exhaled from
the paint he had so long used, I requested my
friend, Professor Miller, to examine it with che-
mical tests under the microscope ; and, though
the result did not bear out my conjecture, I
shall give it in Dr. Miller’s own words.

“ Chemical examination of @ superficial deposit

Fic. 36.

wupon the cornea.
 Jan. 22, 1849.—Placed in acefic acid, the
=S granular matter very slowly dissolved out of the
b e : tissue containing it.

“ Hydrochlorie acid attacked it briskly, at-
@, Earthy deposit on the front of tended with effervescence, and completely dis-

1:;[1;}:0 El?rnea—-l'k[agniﬁa& about golved it.

&, Epit-]l:;?u:m covering it in a “ _Ammonis, added to the h}"ﬂl‘ﬂﬂlﬂ.ﬂﬁﬁ solu_

healthy state. tion, cansed an amorphous coherent precipitate,

(Case of Kemp.) mixed with a few of the well-known serrated
stellate erystals of phosphate of magnesia and ammonia,

 Oxalate of ammonie, added to the preceding, produced a uniformly diffused,
coarsely granular precipitate of oxalate of lime,

¢ Hydrosulphate of ammonie produced no blackening, showing the absence of
lead. !

“The deposit, therefore, appears to consist of the same ingredients as ordinary
bone—viz. Phosphates of lime and magnesia, with a considerable proportion of
carbonate of lime.”

On the 22d February, the area exposed by the operation on the right eye
remaining clear, I performed the same operation on the left, and with precisely
corresponding results, so that in a few days afterwards he could see almost as
well as eight years before. With this eye he could, in fact, with some care read
the type called * Pearl type”—viz. (London.)

The above case is one of those referred to in the Lecture (p. 38), as of a
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the opacity down to the level of the healthy cornea. The eut surface bled at
numerous points (blood cozed from the whole eut surface) ; and when I examined
the slices under the mieroscope, I found them to contain a great abundance of
papille, which had, of course, been cut across: many of these had still blood in
their vessels. The epithelium was very thick about them and over them, and
they had not been reached in the previous operation. The interior of the
papille consisted of blood-vessels and an obscure tissue, with many nuclei (see
fig. 7). The operation gave her very little pain, No nerves were seen by
the microscope.
Oct. 5th.—The part is much flatter, and her sight is improved.

Case M. — Phlebitic ophthalmitis affer amputation : with an account of the post-
mortem examination of the lextures of the eye ; and remaris.

(This case appeared in the London Medical Gazette of October 30, 1546.)

Farly in August 1846, in consequence of Mr. Simon’s absence from town, I
assumed the care of a young man, whose leg he had amputated about ten days
previously, on account of disease of the ankle and tarsus.

The case was going on unfavourably : there had been a shivering fit on the
fifth day from the amputation, followed by decisive symptoms of nflammation
of the veins of the stump, advancing even above the groin. He was already in
a state of high irritative fever, with a sallow and exhausted countenance ; and
on the 5th he was attacked with diarrheea, which required starch and opiate
enemata, with small doses of gray powder and Dover’s powder. This symptom
soon ceased, but bed-sores were appearing, and he had repeated rigors, with
parched tongue, very rapid pulse, a hot skin, and an anxious and sunken look,
which indicated serious internal disease. The stump itself was meanwhile
assuming a more healthy action, and the ligatures had separated ; yet there was
some projection of the bone, in spite of our efforts to prevent it.

On the morning of the 6th he complained of his left eye smarting and aching,
and it appeared to be affected with slight catarrhal ophthalmia. There was
superficial redness, with mucous discharge. Alum lotion was applied.

On the following day the inflammation had increased with frightful rapidity :
there was excessive florid chemosis, partly concealing the cornea; the lids were
turgid, and the eye wanted none of the characters of a severe attack of purulent
ophthalmia, except the purulent discharge. The pain in the globe was of an
aching darting kind. The cornea remained clear, but the agueous humor and
iris were muddy, and sight was totally lost. The chemosed membrane was
scarified, and four leeches were applied, which had the effect of speedily reducing
the scarlet colour of the conjunctiva to a pale yellowish-pink tint, and the
chemosis became of that sort which is known as “serous.” This speedy
change was accelerated by his weakened state, and showed that active depletion
was inadmissible. Fomentations were then applied. The general treatment
was confinued, with an opiate at bed-time.

On the 8th, dull pain in the eye continued, and the chemosis had increased
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of nucleated lymph-particles, with many shapeless granules in the conmeeting
material. Scarcely any fibres could be discovered. I emptied the cavity
between the choroid and retina, in which this effusion had collected, by syringing
it under water, and the inner surface of the choroid then exhibited a coating of
yellow lymph, which appeared to be deposited not merely on the surface, but
also in the interstices of the capillary network which lies under the epithelium
forming that surface ; almost all trace of this epithelium (the “membrane of
the black pigment” of Mr. Wharton Jones) being lost. The vitreous humor, in
its enveloping hyaloid membrane, together with the broken remains of the re-
tina, had been thrown by the effusion to the central part of the globe, where
they occupied only about half their natural space. The retina was not at all
coated with lymph, and its capillary network was perfect, but the nervous sub-
stance was in a great measure destroyed, as though macerated; yet what re-
mained exhibited the characteristic elements of the nervous substance of
that part. In particular, I discovered several well-marked examples of the
caudate nerve-vesicles, which I had never before unequivocally seen in that mem-
brane, although strongly suspecting their existence. Jacob’s membrane was
nowhere visible.

The hyaloid eapsule (that homogeneons glassy membrane which forms the
outer covering of the vitreous humor, and in the adult eye shuts it off, as the
capsule does the lens, from the capillary blood-vessels of surrounding parts, and
constitutes it a non-vascular texture)—the hyaloid texture, was everywhere entire,
but thrown into inmumerable minute folds, in consequence of its collapsed form.
A good many lymph-globules were accumulated on its exterior in certain parts,
and the nuclei naturally present on its inner surface were very distinetly visible.
But what 1 wish speeially to notice was the state of the vitreous humor itself. This
highly delicate strueture, from its transparency and exquisite texture, displayed
with remarkable clearness themorbid changes that had been taking place within it.
In a state of health the vitreous body presents no corpuscles, but here
every part of it was turbid and cloudy, from a finely granular and amor-
phous deposit in its substance. This deposit might be supposed to be a
simple coagulation of albuminous matter; no trace of organization could be
detected in it. But, in addition to this, there were disseminated through the
vitreons humor innumerable nucleated cells, like those of the lymph already de-
scribed. These nucleated particles were much more numerous immediately
within the hyaloid capsule, in the superficial portions of the vitreous humor,
than towards its centre, where they very gradually ceased. They were all dis-
tinet from one another, placed apart in the vitreous tissue, and had everywhere
the same appearance and size. Mingled with them, however, were several
smaller, more granular, and irregular particles, which might be in process of de-
velopment. I could perceive no appearance indicating a multiplication of the
particles by splitting or division. In the central part of the vitreous humor
there were none of the nucleated particles, but in the neighbourhood of the optie
foramen and yellow spot, and particularly near the ciliary processes at the
border of the lens, and near its posterior surface, they were so abundant as
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{
quinine were discontinued, and ammonia with more wine given. There had
been delirium.

6th.—In the morning about nine o’clock he became quite incapable of recog-
nizing any one, but lay in a low muttering delivium. Pulse from 130 to 160,
very feeble, and unequal. Constant profuse perspiration. Bowels since
yeslerday have been repeatedly moved unconsciously. A rubbing sound is still
heard over the heart. The pupil is oceupied by opague milky effusion. The
chemosis is gone, and there is much less redness.

He is now having wine and beef-tea every half hour, and takes it pretty well,

After this he continued delirious till his death, which took place at about ten
o’clock next morning, being the 12th day of his acute disease.

Eramination tiwenty-seven hours after death.

Chest.— Lungs natural, exeept slicht recent adhesion of the right where over-
lapping the pericardium. Pericardium distended with several ounces of turbid,
flaky serum. The entire surface of the pericardium and heart covered with
mossy fibrine, in most parts drawn into threads half an inch long, but over the
pulmonary sinus of the right ventricle, and at the base of the left ventricle
behind, it was thicker, and formed a closer pile. The heart was hypertrophied.
One of the aortic valves was perforated by a large hole, with smooth, though
irregular and tuberculated edges. This seemed to be in part at least an old dis-
eased condition, and was, perhaps, (together with the hypertrophy) assignable to
the old attack, of which mention has been made. But, besides this, there was
on the semi-lunar valve, corresponding to the mitral valve, a large mass of
rageed tuberculated fibrine; and, in continuation of this, down upon the flap of
the mitral valve, another still larger, which almost concealed this flap. The
central part of this was so rageed that the valve seemed to be destroyed, and on
looking at the opposite or auricular surface, a correspending, but smaller spot,
covered with fibrine, was seen. The valve was, in fact, perforated here, and the
aperture occupied with loose, soft fibrine. The lining membrane of the heart,
except at these points, was natural.

Abdomen —Natural.

Head —The arachnoid natural on its free surfaces. Underneath, on the sor-
face of both hemispheres, in the tissue of the pia mater, chiefly in the sulei, an
abundance of recent pale yellow lymph. Much, also, at the base; and, in the
fourth ventricle, half a drachm of creamy pus. No uleer or abscess. Sinuses
healthy. Substance of the brain healthy.

Teft eye.—All chemosis and outward redness had subsided, and the globe
looked very much as the other, except that the pupil was rendered opaque by an
effusion of lymph, adherent to its border, and to the capsule of the lens. The
front of the iris had hardly lost any of its brilliance: the aqueous humor was
clear, and the cornea transparent. On dissecting the outer surface of the eye-
ball, the areolar tissue contignous to the sclerotica was found in some parts
thickened, and rendered semi-transparent by the effusion which had attended the .
external inflammation,

K
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