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PREFACE. vil

writers are cited, they are introduced always with
a due regard to what I conceive to be their true
meaning, and as often as possible in their own words;
since it is of the highest importance in justice both
to them and to myself, especially where we may
chance to differ in our respective opinions, that they
should be stated with the utmost accuracy and dis-
tinctness ; and thus the charge of attempting to
pervert, or torture their sense and expressions, will
be avoided. This must form my apology for the
frequent quotations which occur in the body of the
work.

As to what may appertain more exclusively to
myself in the description of any tissue or arrange-
ment of structures, 1 deeply feel my responsibility ;
and am prepared to submit, with humility and re-
spect, to the expressions of dissent with which such
passages may be received. The consolation will
however remain, that in such parts as may be deem-
ed original, my sole aim has been the elucidation of
scientific truth.

In conclusion, I beg to refer to a note placed at
the end of the work, which has been introduced
since the chapter upon the retina had passed through
the press. As it will there appear that I have some-
what altered my opinion regarding the very interest-
ing structure to which it relates, I shall feel greatly
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G ANATOMY OF

in the preceding tables; taking a superficial view,
as we proceed, of the uses of the different tissues
of which it is composed. Thus, then, the external
globular case is made up of two membranes, which
are flexible, but firm and unyielding, destined to
support and defend both the fluids, and delicate
membranes contained within them. These tunics
differ from each other in this grand point, that the
smaller of the two fills up the fore part of the sclerotic,
which is a truncated sphere, and being transparent,
serves as a window for the admission of the rays of
light: this tunic is called the cornea. The posterior or
sclerotic, is firm, dense, opaque, and pierced behind
by the optic: nerve, which forms a communication
between the interior of the eye and the brain.
Within the external case, is a more delicate mem-
brane, named the choroid, which is concentric to the
sclerotic, and remarkable for the black pigment that
lines its internal surface, and absorbs the rays of
light, after their impression has been formed upon
the retina, or nervous layer; in this way preventing
that confusion and dazzling, that would otherwise
result from reflection from its surface. Next to this
coat or choroid, but separated from it by a fine
serous membrane named funica Jacobi, is the retina,
or expansion of the optic nerve; not n itself a
single membrane, but composed of more than one
layer. This is the surface that receives the impres-
sion made by the impinging rays, and transmits it
to the sensorium, by means of the optie nerve, which
forms a solid cord, and goes off from its posterior
portion. In order to modify the intensity of the light
























14 ANATOMY OF

Galen, he has substituted a theory of his own;
affirming, that the dura mater, which is continued
on the sheath of the optic nerve, expands to form
the outer layer of the sclerotic ; while the inner, he
argues, is formed by the pia mater descending with
the same nerve, enveloping its various fibrils, and
leaving them at their passage through the lamina
cribrosa.

- The ingenuity of certain authors, has been severely
exercised in endeavouring to establish this derivation
of the tunics of the eye, from the brain and its
membranes. Thus, Dr. Read, in his Manual of
Anatomy of Man (1650, 4th edition), speaking of the
Jirst pair, or optic nerves, says, “ These nerves can-
not be divided into many twists as other nerves are,
but frame the tunicles of the eye: for the cornea
doth proceed from the thick membrane (dura mater);
the uvea, from the thin membrane (pia mater); the
retina, from the marrowy substance.” A modern
writer, however, carries his analogy further than
any preceding anatomists, Agreeing with Galen,
that the dura mater is intimately connected, through
the medium of the sheath of the nerve, with the
sclerotic, he deduces the internal layer (which he
says, is more easily detached at the early epochs of
life than in the adult), from the arachneid. < Ce
feuillet,” says Meckel, “ tres mince, est un pro-
longement, non de la pie mere, comme on le suppose
depuis Zinn, mais de l'enveloppe, que I'arachnoide
fournit. au nerf optique, et avec laquelle il se
continue d’'une mani¢ére manifeste.” (Manuel d’Ana-
tomie, Tom ITI. p. 222.) Now, did this membrane
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exist, being of the serous class, it would follow, in
order to correspond with the known laws of these
tissues, that, after it had lined the sclerotic coat, it
would be reflected upon the tunic next to it, and
become a double reflected membrane, and a closed
sac. This state of parts, Meckel does not only not
attempt to prove, but on the contrary, he expressly
states, that this serous lining of the sclerotic coat is
intimately united to the choroid by the intervention
of a loose cellular tissue. The sheath of the optic
nerve, may be evidently traced to a continuation of
the dura mater. It, however, loses somewhat of
its firmness, as it enters the orbit; and though it
obviously continues to possess a fibrous character, it
becomes much intermixed with condensed cellular
tissue. At the posterior part of the globe, this sheath
is firmly and intimately connected with the sclerotic;
not, as it were, forming and expanding, in its own
proper structure, into the external case of the eye,
but rather blended and confounded with a tissue,
similar in general character, though differing from
it in being infinitely more dense and inelastic, com-
posed of fibres less determinately arranged, and
wanting much of the tendinous glistening appearance
of the dura mater. From all these circumstances, 1
rather incline to the opinion of Albinus and of his
disciples, together with Winslow and others, that
the sclerotic is essentially peculiar to the eye; be-
longing to the general class of fibrous membranes,
and intimately blended with the sheath of the optic
nerve.

The anterior third part of the external surface of
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20 ANATOMY OE

inference, that the cornea is a separate and distinct
formation, not, as the older anatomists believed, a
continuation of the sclerotic.

Like the sclerotic, the cornea is a fibrous mem-
brane, and the only point of affinity between them is,
that they both belong to the same general class of
elementary tissues,

In the cornea, there is no interlacement of fibres
so intimate as to be difficult, if not incapable of
separation : on the contrary, the cornea is composed
of separate and distinct lamellee, regularly applied
one over the other, concentric, beautifully trans-
parent, and connected with each other by a delicate
cellular tissue. These layers are separable from each
other, and, after a little maceration, may be exhi-
bited at once distinct and pellucid. The reticular
tissue uniting them, contains in its cells a clear fluid,
which passes readily from one cell to the other, per-
meating the layers of the cornea with great facility.
This fluid performs a most important office in main-
taining the perfect transparency of the cornea, by
an equable distension of its cells; which may be
proved by the following experiment :—If, in a fresh
eye, while the cornea is yet perfectly transparent,
we make pressure by the nail on one point, the fluid
beneath the finger passes, or is forced into other
cells, and the spot so pressed upon becomes opaque;
it returns to its former pellucid state on the removal
of the force applied. The transudation of the fluid,
also, after death, renders these lamellee opaque, and
causes them to slide over each other, when pressed
beneath the finger. Steno seems to have been the
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first in order of time, that observed this transudation
of the corneal fluid, as appears by a note of Wrisberg,
in his edition of Zinn's * Anatomy of the Human
Eye.” From the circumstance of this fine cellular
net-work being always full of fluid (*“ Cujus areole
aqué pellucidissimd semper sunt ebriee,” Zinn), ana-
tomical writers have denominated 1t, the ““ substantia
spongiosa corneze.” To it also the tunic under notice
owes a considerable portion of its substance.

The cornea is always thicker than the anterior part
of the sclerotic, where it sometimes exceeds it by
nearly half a line ; this is so evident in the feetus (in
which 1t is less transparent, and of a reddish colour),
that at no part is the sclerotic so thick; and this
difference between the coats, has, at this epoch of
life, the: effect of diminishing the space between the
cornea and iris, by nearly one third of its capacity.

As the concavity of the cornea nearly equals the
convexity, it follows of course, that this tunic is
almost equally thick throughout its whole extent,*
excepting of course at its immediate circumference,
which is cut in a sloping direction at its anterior
surface, so that the sclerotic may overlap it, as was
mentioned when speaking of the junction of those
parts. It was then remarked, that such was the
most ordinary form of union; but as there do exist
two other modes of junction, though certainly more

* We have, however, the high authority of Sir E. Home,
and Mr. Ramsden, on this subject, who made some very minute
and accurate experiments; wherein the result stated was, that
the cornea is thickest, as well as most elastic, in its very

centre.
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rare, we may, with all prnpr;ety, speak of them in

this place.
The second is, where both surfaces of the cornea

slope gradually to a sharp edge, which is received
into a furrow hollowed in the thickness of the
sclerotic, and then it may be fairly said to be set as
a watch-glass in its circular verge. The third and
most unusual variety, is, where the cornea overlaps
the sclerotic, so that the internal edge of the cornea
is less prolonged than the external, in a direction
precisely opposite to that which occurs in the first
or most common mode of union,

By aid of some very ingenious mechanism, con-
trived by the celebrated Mr. Ramsden, Sir E. Home
instituted a series of experiments, to ascertain the
changes of the figure of the eye in adapting the
organ to the vision of neur and distant objects :
and he observed that the convexity of the cornea
underwent various modifications, when the eye
rested on objects placed at different distances. In
order to account for these changes, he revived the
opinion of Morgagni and Briggs, that the tendons
of the straight muscles were rather inserted into, or
fairly expanded over the whole surface of the cornea.
Sir E. Home has also given a plate of a preparation,
in which the anterior layer of this tunic has been
skilfully stripped off, continuous with the expanded
tendons of these muscles. This question has been
amply discussed by Zinn, to whose opinion I incline,
when speaking of the theory of Briggs: *Cornea
nihil aliud esse videbatur nisi fibree motrices e scle-
roticit transeuntes,” he says, “ Sed hanc opinionem
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non necesse erit refutare, qui superius jam docuimus,
tendines neque in continuam tunicam expandi, neque
ad corneam pertingere,” #inn, p. 16.)

While treating of the so named tunica albuginea,
reference was made to a membrane, common to the
globe of the eye and eyelids, called conjunctiva,
that passed over the expanded insertions of the
straight muscles; and although it will be more con-
venient to deseribe this tunic elsewhere, we must
not omit to state our belief, that it does not terminate
by being firmly attached to the circumference of the
cornea, at its union with the sclerotic, but that it
is continued over the cornea, and affords to it an
anterior investment. The opinions on this subject
are various, such a disposition being denied by many
most respectable authorities: but we shall recur to
this point more at large when speaking of *“ the
defences of the eye.”

The figure of the cornea is not perfectly circular;
and by reference to Meckel, we find that he de-
scribes the superior edge to form the segment of a
perfect sphere, while its external side is elliptical.
Morgagni states the cornea to be elliptical generally,
and compares it to the eye of an ox. I rather hold,
however, to the opinion of Haller ; who, in his first
« Lines of Physiology,” states it to be circular to-
wards the nose, and oval at the side corresponding
to the temple : this I believe to be the natural and
most frequent arrangement of the parts.

Immediately anterior to the line of junction be-
tween the sclerotic and cornea, on the posterior
aspect of the latter tunic, a shallow groove runs
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admitted into the before invisible vessels, so that the
whole substance of the cornea will become highly
injected. We must be careful, however, not to con-
found this appearance with certain states of inflam-
matory action, where the vascularity is confined to
the membrane that covers the anterior surface of
the eye. That the cornea is highly organized, and
furnished with vessels of all kinds, is proved by the
results of unhealthy action. The effusion of lymph
into the interstitial texture of the cornea rendering
this tunic opaque, proves the secreting or deposit-
ing power of its arteries ; while, on the other hand,
the rapid ulcerations occasionally occurring, no less
clearly evince the existence either of absorbent
vessels, or an equivalent power in the veins. Nerves
cannot be traced to this tissue; but though it be
not acutely sensible, yet as pain is felt under the
circumstance of lesion, we cannot in our present
state of anatomical knowledge altogether deny their
presence.

Having thus by the addition of the cornea to the
sclerotic, completed the description of the external
case of the eye, the dimensions of the globe may,
with propriety, be here mentioned. The transverse
middle diameter of the eye, is about one inch in
extent, whilst the section dividing it into an anterior
and posterior segment, will be perfectly circular.
The measures of a section, dividing the eye into two
lateral, or into an upper and lower portion, equal
each other; but exceed the former segments, by
about two lines in length. So that, by the greater
convexity of the cornea, the antero-posterior diameter
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to the junction of the sclerotic and cornea; ter-
minating in the ciliary circle, which we shall, here-
after, have occasion more particularly to describe.
At its internal surface, it presents no point of adhe-
sion to the retina, which it surrounds, and to which
it is concentric. The choroid is highly vascular; of
a brown colour, and remarkable for a dark pigment,
which it secretes.

Many and various have been the opinions given to
the world at different periods, by the most eminent
anatomical authors, relative to the origin of this
tunic. The illustrious Morgagni conceived, that it
might be clearly divided into two laminee; the exte-
rior of which he derives from the arachnoid, the
interior from the pia mater of the brain, prolonged
upon the optic nerve. Le Cat, a name of authority
among the older writers, imagines, that the pia
mater arriving with the optic nerve at the inner
surface of the sclerotic, divides into two layers, one
of which passes into the sclerotic, whilst the other
forms the choroid membrane. The opinion held by
Albinus, by Winslow, and by Zinn, appears to be
more exact, and more consistent with fact and truth;
namely, that the choroid is a membrane essentially
peculiar to the eye. It is not, however, to be denied,
that some slight affinity in structure to the dura and
pia mater, may be observed in the sclerotic, and the
membrane of which we are now treating.

All anatomists, from the time of Galen to the
present day, have recognised the vascular formation
of the choroid. It may be said to be composed of
an infinite number of blood-vessels (arteries and



28 ANATOMY OF

veins), united by a fine cellular tissue, and inter-
woven in the most beautiful arrangement: a dis-
position, indeed, so accurate, so wonderfully distinet,
and so constant, that there are few structures of the
human body surpassing this in beauty, or more
calculated to excite the admiration of the observer.
Morgagni has stated, that besides this peculiar dis-
tribution of vessels, some black fibres, separate from
both arteries and veins, enter into the composition
of the choroid. In this opinion, Maitrejean agrees ;
observing, that these fibres pass in a radiating direc-
tion, from the point where the optic nerve pierces
towards the anterior part of the membrane. This
idea, however, did not obtain the assent of equally
respectable authorities of that day; and as it is
universally rejected by the moderns, we are fairly
entitled to deny the existence of such fibres.

If the sclerotic be carefully detached, leaving only
the optic nerve at the posterior part, we see, besides
the fine cellular tissue connecting the choroid with
the sclerotic, and which is, by contact, stained of a
dusky brown colour, a vast assemblage of nerves,
veins, and arteries, which will be observed chiefly
running from the back part of the eye forwards,
until they merge in the ciliary circle. These are
for the most part, the ciliary arteries and veins, with
the long and short nerves of the same name. A
description of these will be given in another place.

At the posterior part, the choroid may be sepa-
rated into two layers; a division, however, purely
artificial. The exterior is chiefly made up of the
first interlacement of the short ciliary arteries, and
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more anteriorly, of a remarkable arrangement of
veins, whose beautiful disposition and ramifications
are known by the name of ““vasa vorticosa. When
we turn to the concave surface of this membrane,
and wash off the dark pigment, with which it is so
plentifully lined, we observe it commencing around
the entrance of the optic nerve by a salient ring,
but so unadherent to it, as completely to annihilate
the supposition of its deriving its origin from the
pia mater of the nerve. As it passes forward to its
termination in the ciliary circle, we find the com-
mencement of some small black folds, or plice, that
become continuous with similar folds on the cihary
body. These plicee may have given rise to the idea
of the existence of the radiating fibres in the compo-
sition of this tissue, which were thought by the
ancients to be even muscular.  °

The inner surface is made up of an infinite number
of arteries, so minutely divided, and anastomosing
so frequently, as to form a complete vascular net-
work. By a successful injection, this interlacement
gives to the surface an almost villous appearance ;
and if a portion of it, well filled with red size injec-
tion, be placed in a little fluid under a strong
magnifying power, a number of minute points may
be seen to float in the water, giving the whole the
aspect of a piece of scarlet velvet. It was from one
of these splendid injections, for which Ruysch was
so celebrated, that he gave his remarkable descrip-
tion of what he termed a separate layer of the
choroid ; subsequently called by his son ‘ Tunica
Ruyschiana.” The following lines, literally trans-
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lated from that excellent writer, Zinn, are admirably
descriptive of the intricate ramifications of the
choroidal vessels on their surface. ““ When a lens is
used,” he says, ‘“ which much magnifies the object,
we meet with one of the most elegant structures
in the human body, which cannot fail to strike with
pleasure any one, who is not wholly incurious in
matters of this sort. There appear innumerable
straight arteries, larger or smaller, repeatedly rami-
fying under the most acute angles, parallel to, and
applied in the densest series against, each other ;
enclosing, as it were, a thousand little islands (plu-
rimas insulas). These arteries are spread out, on
the internal surface, into a magnificent net-work of
the most minute vessels, all nearly of the same size,
formed into quadrangular, and rhomboidal areas, and
closely resembling”a huntsman’s net; constituting a
reticular texture, like the ultimate ramifications of
the pulmonary vessels.”

Having thus described the internal surface as
almost wholly composed of a series of arteries, we
pass to the equally curious external superficies, prin-
cipally formed of veins. The primary branches of
these veins, arising from the extreme ends of the
arteries, soon arrange themselves into a peculiar
order, and pass to the exterior of the choroid, di-
rected for the most part from behind forwards;
radiating from the periphery, and divided into four
sets towards larger trunks situated between each set.
The branches, as they proceed forwards, bend sud-
denly upon themselves with a peculiar curve, towards
the main trunks, into which they open. Those near
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the main canals, have a short and nearly straight
course, making but a slight curve, previous to their
discharging themselves into the large veins. The
more remote ones, however, take a semi-circular
course ; they anastomose frequently with each other,
and receive anteriorly the veins from the ciliary body
and iris, then passing backwards on themselves, they
unite with the set coming in an opposite direction,
and form the commencement of the larger or proper
ciliary veins. From their peculiar course, they
have been termed the *‘wasa worticosa;” and their
successful injection, forms a beautiful and curious
preparation. This singular arrangement has an ar-
borescent appearance, often compared to weeping
willows ; the ciliary veins being analogous to the
trunks, and the vasa vorticosa to the pendant, and
as it were, weeping branches of these elegant trees.
The great Haller was the first who pointed out the
true nature of these vessels, anatomists prior to his
time having considered them as arteries. It is not
an unfrequent oceurrence to find them fully injected
after death with blood, where any obstruction to the
return of blood by the jugular veins has existed, as
in death by hanging, &ec.

We have observed, that the choroid is of a deep
brown colour, approaching to black : this hue per-
vades the whole texture of this tunie, and even stains
the sclerotic by the transudation of the black pig-
ment, which lines its concave surface. The “ pig-
mentum nigrum,” as it is termed, is not absolutely
black, but of a dark brown or bistre colour, secreted
from the whole of the internal surface of the choroid,
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colour, seems also to agree with the differences of
complexion exhibited by different races. Thus, in
some persons it is of a light brown, and sparing in
quantity ; in others, darker and thicker. In child-
ren, and very young people, it is more abundant,
and blacker than in the very old, in whom, indeed,
we sometimes find it nearly altogether deficient. In
the inhabitants of the frigid and torrid zones, it is
generally darker and thicker than amongst those
who dwell in the more temperate parts of the world.
In the Albino, it is wholly wanting. In its nature,
the pigment resembles a mucous secretion; and
though darker than any other secretion of the human
body, it bears some resemblance to the rete mucosum
of the Negro. If mixed with water, and submitted
to the microscope, we find it composed of an infinite
number of small globules, whose chemical analysis
gives a large proportion of carbon and iron. The
following is a translation of the fanciful hypothesis
concerning the nature and origin of the choroidal se-
cretion, by a man well known to fame among the
earlier authors, M. Le Cat. ¢ The inside of glands,
is the concourse of arterial and nervous extremities ;
in which concourse, the animal fluid is united to a
volatile part of the blood, to enable it to discharge
its functions. This union is made by means of the
nervous and vasculary tufts. These tufts, in the eye,
produce the down of the choroides. It is therefore
highly probable, that the black liguid with which
this down is embued, is nothing else than the sul-
phurcous particles of the blood diffused in this
texture by the tuflts of the arteries, and loaded with
Iy
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ciliary tunic, and, after his death, received his name:
other authors denominated them, the ¢ ciliary liga-
ments,” or “body.” Haller named the free points,
“ciliary ligaments:” Lieutard, the “*ciliary rays:”
Ruysch termed them, * tendons,” maintaining their
muscular origin, and believing them to be inserted,
by many tendons, into the crystalline lens. We
shall be content to take this structure as the ciliary
body, terminating in those free points, which are now
universally called the processes.

If an eye be cut transversely into two parts, about
one-third of an inch behind the junction of the
cornea and sclerotic, detaching the posterior part of
this last tunic with the choroid and retina from the
vitreous humour, we shall see, when the eye thus
prepared is placed upon its corneal surface, shining
through the vitreous humour and lens, a beautifully
radiated circle, surrounding the circumference of the
crystalline body ; not dissimilar to the disk of a sun-
flower. This plicated ring represents the assemblage
of the ciliary processes, attached by a common root
to the ciliary circle.

In front of the processes, the iris is placed ; these
two parts are not, however, in contact, or adherent
to each other ; a circumstance which enables us to
distinguish between them and the ciliary body, which
latter is firmly connected to the iris, and in common
with it, fixed at its greater circumference to the
ciliary circle.

The relative position of these parts, may be thus
described :—The posterior surface of the ciliary
body, is continuous with the choroid; in contact
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cleared away, the colour of the iris is either wholly
lost, or very much diluted and impaired. As was
observed in regard to the adhesion of the pigment to
the choroid, so, in this situation, it may easily be
stripped off in shreds, or, on due care being used,
even as an entire membrane; a circumstance that
will subsequently afford us occasion to offer a few
remarks upon the question, whether the iris be, or
be not, invested with a serous membrane at its poste-
rior, as well as at its anterior surface. Zinn, as will
be seen by the following quotation, was aware of
the possibility of separating the black pigment in
a body; but obviously refers this to the consistence
of the colouring matter itself. “* Posterior iridis su-
perficies semper, et in omnibus animalibus, obducitur
pigmento fusco, crasso, solidiusculo, ad paste mate-
riam magis accedente, ut in infantibus interdum,
levi agitatione in aqud, annulus fere niger, inde sece-
dere mihi visus est, albo iridis tergo relicto, ut supra
de corpore ciliari diximus.”

It has been already observed, that the aperture,
or perforation of the iris, is found of different dia-
meters at different times, and under different circum-
stances, in the same individual. By what agency,
by what faculty or power, is this remarkable result
effected? I answer, by the muscular structure of
the iris : and here occurs a point in physiology, long
questioned and still undetermined.

It will be first necessary to describe, and if pos-
sible, to shew the form and situation of these, the
moving fibres or muscles of the iris. Those ana-
tomists, who assert their presence, agree in the

E
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existence of two several sets of fibres, distinet in
shape, in place, and in action: the one set radiating,
and the other circular. The former is composed of
those proceeding from the fixed, greater, or ciliary
circumference, towards the pupillar or moveable one.
The latter set, consists of those that surround the
pupil, |

- The fibres of the ciliary circumference, whose ac-
tion must necessarily be to dilate the pupil, are
most conspicuous at the posterior surface of the iris;
and may, every now and then, be distinctly demon-
strated. They are arranged in minute folds, or
plica, that suddenly terminate at the distance of
about half a line from the pupillary edge of the iris.
Examined under a microscope, they are observed to
present bifurcated extremities, interlacing with the
circular or pupillary fibres, in a manner similar to
that in which the straight muscles of the face are
interwoven with the orbicularis of the mouth. These
fibres perform a similar office in restraining and
regulating the circular muscle, which would, if
unrestrained, nearly close the pupillary opening at
each contraction.

The circular muscles are small, and scarcely per-
ceptible fibres, situate at the anterior surface, sur-
rounding the pupil, and by their contraction reducing
the diameter of its aperture. They present a surface
of about half a line in breadth, and constitute a true,
and may with all propriety be considered and called,
sphincter iridis, 'This relation is in strict accordance
with the description given of them by Cloquet, in
his « Elements of Special Anatomy.” ““Il a reconnuy
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A l'aide d’une forte loupe, que ces fibres forment deux
sortes de plans; l'un externe, radié, plus large,
dilateur de la pupille, et correspondant a l'anneau
coloré externe; l'autre interne, plus étroit, composé
des fibres circulaires, constricteur, ou sphincter de la
pupille, et correspondant & I'anneau coloré interne.”

When I attempt to prove the muscularity of the
iris, T am aware of all the difficulties with which, in
common with those anatomists who have preceded
me in the same course, I have to contend: I know
that the most perfect anatomical demonstration of
fibres, that can be presented, although aided by the
most delicate manipulation, will, and even ought, to
fail to produce conviction, that the changes which
the pupil undergoes are attributable solely to this
cause ; unless such fibres can be shewn to obey,
under the greatest variety of circumstances, the
known and recognised laws of muscular action. If,
however, it can be proved, that the fibrous structure
above described do respond to this criterion, under
the influence of physiological and pathological rela-
tions, T certainly feel it competent to establish the
actual and essential existence of muscular structure
and of muscular function, in this most curious tissue.

The iris is capable of performing two several kinds
of motion; namely, the approximation of the smaller
to the larger circumference, producing dilatation of
the pupil ; and the contraction of this aperture, by
the contraction of the sphincter, and the relaxation
of its moderating fibres. This fact was remarked by
Bichat, who observes, that it is an action the reverse
of muscular contractility ; inasmuch as the stimulus
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manner most effective, and very beautiful, prevents
the admission of so greata portion of light, as might
rouse the quiescent retina; since it is well ascer-
tained, that through the very substance of the eyelids
such a quantity of this stimulus may be admitted,
as to produce a very powerful impression, at times
amounting to dazzling.

As distinet vision depends on the entrance of a
certain proportion of the rays of light, whenever this
portion is so much increased as to incommode or
distress the retina, the radiating fibres relax, or
rather cease from their state of contraction ; the cir-
cular fibres then contract, and regulate the necessary
size of the pupil, in order to guard the organ from
the excess of stimulus. In the same manner, when
the light is still further increased, the levator
muscle of the upper eyelid gives up its office, and
the lids close under the action of the orbicularis
muscle.

Assuming that these fibres of the irs are truly
muscular, we should naturally expect, that if one
plan becomes palsied, the other would act with
sudden power, and produce a corresponding effect
upon the pupil; and such I have found to be the
case. A very intelligent friend of mine, reported
the following case of attempted suicide, shewing the
effects of large doses of opium on the pupil. The
patient, when first discovered after having taken a
considerable quantity of laudanum, exhibited but
few and feeble signs of life. The lips, and extre-
mities of the fingers, were blue; the breathing was
laborious, and drawn at long intervals, with spasm;
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the pulse at the wrist, was scarcely to be felt; and
the skin was without sensation; there was a total
suspension of all voluntary motion. The lips and
the eyelids, were firmly closed. The pupil, on raising
the lids; was found contracted. The patient, after a
lapse of nine hours, exhibited signs of returning
animation, and ultimately recovered. In this case;
we observe, that under the influence of so direct a
narcotic, voluntary muscular power had altogether
ceased ; the involuntary muscles alone acted. The
pupil was as much contracted, as if the straight
fibres, in common with the rest of the voluntary
muscles, had been palsied; whilst the circular fibres;
or the sphincter iridis alone, were capable of con-
traction. A nearly similar case, in which death
ensued from the effects of an opium suppository, was
attended with similar results, as regarded the aper-
ture of the pupil. The next very remarkable case, is
an instance in which large doses of Belladonna, ad-
ministered by mistake to a delicate female, had nearly
proved fatal. The circumstances attending this error;
were as follow :—Twvo pills, each containing five grains
of the extract of Belladonna; had been swallowed in
the absence of the surgeon, who, on entering into the
sick room, observed the lady extended on a couch,
apparently without life. The face; and the extre-
mities of the fingers, were of a deep purple hue ; the
respiration was slow, and convulsive; in short, every
symptom was present, indicative of approaching dis-
solution. On separating the eyelids; the pupil was
found contracted to the minutest point: to use the
expression of the surgeon; “ The pupil was a mer¢
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pin-hole.” A result, of which the following, 1s, with
all humility, submitted as a sufficient explanation.

In divided doses, or when externally or locally
applied, Belladonna is well known to produce an
enlarged, or dilated condition of the pupil : but, like
a great variety of narcotics, may it not act as a di-
rect stimulus, when administered in minute doses,
causing contraction of the radiating fibres of the iris?
While on the other hand, if it be applied in over-
powering quantity, as in the case above related, it
will instantly, and ““wuno ictu,” paralyze the volun-
tary fibres; while the sphincter iridis remaining
unopposed, the pupil will become contracted in the
highest possible degree.

Pathological observation points out, may I not
say, absolutely demonstrates, the entire obedience of
the iris to the recognized laws of muscular action.
In apoplexy, the pupil has been generally deseribed
as in a state of dilatation. A remarkable case, among
several brought into Guy's Hospital, exhibits an
opposite state of parts. A man, whose brain, on post
mortem examination, presented an enormous effusion
of blood, filling all the cavities, and having broken
down a large portion of the cerebral structure, was
brought into the Clinical Ward, where he died in
about twelve hours. On examination, the pupil was
found gradually to contract, as voluntary power de-
clined ; and during the last hour of his existence,
when sensibility was extinct, and voluntary motion
had utterly ceased—the heart, alone, continuing to
act, whilst respiration was slowly and most imper-
fectly performed by the diaphragm only—the pupil

ser il



THE HUMAN EYE. 57

was remarked to be contracted to the smallest
perceptible opening. After death, the fibres again
became lax, as in similar states of the system hap-
pens to all circular muscles;—a circumstance obvi-
ously and utterly subversive of the theory of an
elastic ring surrounding the pupil.

At the London Ophthalmic Infirmary, during the
years 1827 and 1828, I had occasion to observe two
or three cases of palsy of the iris (to be distinguished,
however, from tremulous iris, which has frequently
been so named), in each of which, the circular mus-
cle was alone affected; the pupil was consequently
much dilated. The radiating fibres contracted to
within two-thirds of their natural length ; a space
nearly equal to that, usually allowed for muscular
contraction. As a consequence of this enlarged size
of the pupil, a confused sense of dazzling ensued,
the retina retaining its natural sensibility. In twi-
light, or during a very dull day, the patient’s per-
ceptiveness of objects was reasonably distinet.
Under the influence of a gradual, but full course of
mercury, all these cases perfectly recovered, the
pupil ultimately recovering its primitive size and
mobility. Under such circumstances’ as these, it
appears altogether impossible to account for the con-
dition of the pupil, as connected with a perfectly
sensible retina, on any other ground, than the inferred
existence of two several plans of muscular fibres, of
distinct classes and relations. A different state of
the pupil, may frequently be seen in cases of general
palsy of the muscles, supplied by the third pair of
nerves. Thus, when the upper eyelid is raised with
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the finger, which no effort of the patient’s will is
capable of effecting through the medium of the now
useless levator muscle, a fixed and contracted pupil
1s observed, evincing a participation in the affection
of the muscles of the globe of the eye, and of the
eyelids. This at least is usually the case, although;
occasionally, the pupil is remarked to be simply
without motion, in other terms, neither contracting;
nor dilating™; each series, or plan of fibres, being
equally paralytic.

In addition to the above, I have been favoured
with the following case, occurring in the practice of
Mr. B. B. Cooper, at Guy's Hospital. A man was
brought to him, having, as it was stated, fallen from
a coach-box ; he struck upon the vertex, and was
taken up insensible. The man recovered his percep-
tion in about a quarter of an hour: but at the time
of his being brought into the Hospital, he had again
become insensible : his hands and feet were cold,
pulse small and weak. The pupils of both eyes were
permanently contracted. There was also a discharge -
of bloody serum from the right ear. Whilst the
porters were carrying the patient into the ward, he
was seized with an epileptic fit. The muscles of his
whole body were thrown into violent contraction :
he was convulsed for about a minute ; his breathing
then became stertorous, and the fit subsided. During
the paroxysm, the pulse was scarcely to be felt, and
the pupils were excessively dilated. As the excite-
ment subsided, the pupils returned to the contracted
state. Two fits followed, at the expiration of an
hour, attended with the same phenomena. 1In this
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case, the straight fibres of the iris were palsied, m
common with the rest of the voluntary muscles; but
under the spasmodic action of the epilepsy, they
contracted with great force, and produced the ex-
cessive enlargement of the pupils, as observed by
my friend Mr. Roberts, Jun. who carefully watched
the case throughout.

It is well known, that all muscles acquire increased
energy from exercise ; that, in the arm of the black-
smith, or in the leg of the dancer, the greater
degree of developement of the particular sets of
muscles, is proportioned to the exertion required
and exacted from them. So do we see in the iris,
that if one plan of fibres be more constantly called
into action than another, an habitual alteration of
the size of the pupil is produced, indicating the
increased amount of power acquired by the most
frequently exercised set. Thus, in compositors, jew-
ellers, watchmakers, and others, who are constantly
in the habit of employing the eye upon minute
objects at very close distances, the pupil becomes
unusually small, ; and even when such persons are
the subjects of amaurosis (a disease in which the
pupil is generally much dilated), it most frequently
happens, that the pupil still remains in this state of
permanent contraction.

The circumstance, that we are not sensible of the
operation of the mind in the varied movements of
the iris, is not by any means an argument against
the voluntary nature of its fibres; since every day
experience proves to us, that the thousand muscular
actions, necessary to the performance of our most
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By other authors, the motions of the iris have been
attributed to the more or less free afflux of blood
into the arterial trunks, that ramify so minutely
through its texture : or in other words, on * erectility
of tissue.”—I shall take an opportunity of making
a few remarks upon this point, when we come to
consider, in detail, the subject of its organization.

The anterior surface of the iris has been described
as villous, and its varied colours have been assigned
to that cause. It is remarked by Zinn, and by
some other observers, that if this membrane be
placed in water, and examined under a powerful
lens, numerous villous points will be seen to float in
the fluid, brilliantly coloured, like the pile of a rich
velvet. This result, I have not been able to perceive
to my satisfaction; on the contrary, it appears to
me, upon this surface, as well as posteriorly, to be
covered with a fine transparent membrane, to whose
smoothness and exquisite polish, it owes its brilliancy
in health, so readily distinguished from that loss of
reflecting power and lack-lustre appearance, that
forms so marked a feature in inflamed conditions of
this tissue.

It has already been stated that the iris is plenti-
fully supplied with nerves and blood-vessels; and
although a description of the derivation of these
important parts, does certainly more properly belong
to another section of this work, when the contents
of the orbit come to be treated of; yet it will be
advantageous, perhaps even necessary, to say a few
words on the subject in this place. The nerves of
the iris are derived from the lenticular ganglion, and
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from the branches of the first division of the fifth
pair of nerves. These, the ciliary nerves, pierce the
sclerotic coat by the numerous foramina, and tra-
verse the oblique canals, spoken of in the description
of that tunic. Having thence emerged, they may
be seen proceeding from behind forwards, lying be-
tween the sclerotic and choroid, in sufficient num-
ber, and of so large a size, as to attract immediate
attention. They are flat or ribbon shaped; and at
the commencement of the ciliary circle begin to be
indistinet, and cannot be followed through this strue-
ture with any success or satisfaction. At the inser-
tion of the greater circumference of the iris into the
ciliary circle, these nerves are again seen emerging,
not however, in distinct trunks, but subdivided into
branches diverging in order to inosculate with their
fellows at each side; shortly, however, they again
disappear in the thickness of the iris, and the more
delicate manipulation fails in its attempts to pursue
their ramifications in the human eye. In the eyes,
however, of some of the larger quadrupeds, espe-
cially in certain birds, as the domestic swan, they
may be traced through many inosculations, until
they are again lost to our view, from their tenuity,
faint colour, and pulpy consistence: still enough
may always be seen by men even little practised in
these pursuits, to excite their astonishment, and lead
them to enquire wherefore so fine and delicate a
structure as the iris 1s supplied with so extensive an
apparatus of nerves. Notwithstanding the abun-
dance of its nerves, the iris is not acutely sensible
to pain. Wounds of this structure occasion but little
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suffering; even extensive inflammation is sometimes
wholly unattended with severe pain. It is also to be
observed, that the concentration of the rays of light
through a lens, produces no inconvenience or motion
in this part, other than can be explained by the
conclusion, that some portion of light traverses its
structure and produces its usual stimulus upon the
retina. On these facts, distinctly ascertained and
generally agreed upon, may we not venture to con-
clude, that these nerves are principally destined to
the functions of organic life, and to sustain the
motions of this highly irritable structure ?

The arteries of the iris, are still more numerous
and intricate than the nerves, and present, with
scarcely an exception, the most beautiful vascular
disposition in the human body. They are supplied
chiefly from two sources; namely, the long and
anterior ciliary arteries, all branches of the ophthal-
mic trunk. The long ciliary arteries, two in number,
after passing a short distance between the choroid
and sclerotic coats, one on the nasal and the other
on the temporal side of the eye, dividing it, as it
were, by an equator, arrive at the greater circum-
ference of the iris, before they have given off a single
vessel. At this point, however, situated immediately
beneath the anterior surface of this membrane, they
both divide into two branches : the superior of which
passes along the upper margin of the greater circum-
ference of the iris, to meet its fellow ; and the in-
ferior, in an opposite direction, also to inosculate
with the one of the contrary side. These four
branches then surround the iris, and unite with what
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twigs of anastomosis. They then take a similar
radiating course, from all points of the greater cir-
cumference of the iris, towards the lesser vascular
circle, frequently joining with each other, and filling
up the interstices left by the long ciliary arteries.
Arriving at about half a line’s distance from the
pupil, they inosculate so freely, as to become undis-
tinguishable from the branches of the long ciliary
arteries; so that while the greater circle may be said
to be composed almost wholly of the divisions of the
long ciliary arteries, the lesser one is, with equal
justice, said to be composed of both.

All the arteries that run from the circumference of
the iris towards the pupil, take a somewhat ser-
pentine or flexuous course, as, we may observe, do
almost all arteries that surround openings, subject to
frequent change of the size of their aperture. Fami-
liar examples may be found in the coronary arteries
of the mouth, or the palpebral vessels, that surround
the fissure of the eyelids. This circumstance is
worthy of our deep admiration, when we consider
the liveliness of motion of the membrane they are
distributed upon, and the extreme tenuity of the
coats of these minute and beautiful arteries.

The blood is returned from the iris by straight and
radiating veins, traversing the membrane in a contrary
direction to the arteries, terminating either in the vasa
vorticosa, as is most frequently the case, or in the
ciliary trunks. These are called the fridien veins.

Such is a rapid sketch of the vascular organization
of this membrane, and 1 apprehend it will be suffi-
cient to shew how freely it is supplied with blood,
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and how various is the disposition of its vessels, on
which has been based the theory of the erectile
nature of this tissue.

It is supposed that the stimulus of light upon the
retina, acting indirectly through the brain upon the
iris, causes a rush of blood into the vessels of the
part, producing increase of bulk in the iris, and con-
sequent contraction of the pupil. The dilatation is
accomplished by a return of this blood to the larger
veins, aided by a supposed elasticity of the straight
fibres. Were such elasticity present, we should in-
variably find the pupil dilated after death; and in the
event of a rupture of a large vessel in the brain,
as occurred in the case of apoplexy related above,
we should, as the patient became more and more
weak, and in the moments immediately preceding
his death, expect to find, under this supposition,
a manifest increase in the size of the pupillary
aperture.

The most successful injections with size or spirit
of turpentine properly coloured with carmine, never
reddens the iris in the same degree, as either the
choroid, or the ciliary processes; and, I have never
yet observed the slightest contraction or diminution
of the pupil to be produced in my most fortunate
attempts to fill the greater and lesser vascular circles,
a result which would probably ensue, were the
erectile tissue present. Such injections do not often
fail to raise the papillee of the tongue, the nipple of
the breast, or other structures of a similar class. |
therefore confess, I feel strongly inclined to believe,
that the muscularity of the iris, more strictly and
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more perfectly coincides with pathological and phy-
siological observations, than any other of the several
theories, with which I am acquainted.

The existence of absorbent vessels in the structure
of the iris has never been demonstrated, yet their
presence may, with some shew of probability, be
inferred by the phenomena of ulceration, and by the
result of the various morbid processes incident to
this tissue.

RETINA.

The structure next presenting itself in order, is
that nervous expansion which lines the posterior
portion of the globe of the eye, called retina.

Upon this membrane are first received all impres-
sions made by the rays of light, transmitted or
reflected from every luminous or visible body, col-
lected and condensed, or in whatsover manner mo-
dified, by the dioptric media or humours of the organ:
impressions thus formed, are communicated, by means
of the optic nerve, from the retina to the brain, in
which perception is produced, or where strictly
speaking, true vision takes place. The retina, there-
fore, like the nervous apparatus of the other organs
of sense, is the primary expansion, or surface, upon
which impresssions from external bodies are received,
and whence they are transmitted by means of a
nervous trunk, that terminates in the true percipient
organ, the brain. From the time of Hippocrates,
this medullary structure has been classed amongst
the tunics of the eye; improperly, however, if we
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are to understand the term in its true and rigorous
sense; because the retina, instead of being destined
to support, or defend any portion of the contained
mechanism of the eye, seems to be of far superior im-
portance; all other parts being subordinate to it, and
lending their combined aid, to preserve to the retina,
its integrity in the due performance of its function.

The earlier accounts of this tissue are somewhat
confused and embarassed with various names, which,
however, seem all more applicable to the vascular
portion of the retina, than to the membrane itself.
Thus Celsus, who classed it amongst the tunics of
the eye, uses a name 'given to it by one of the
earliest anatomical writers. In the Seventh book
““de Medicind,” he says, * Deinde infrd rursus tenu-
issima tunica, quam Hierophilus apayvoadyv, nomi
navit.” * Another appellation given to this structure,
is that of “ amphiblestroides,” used both by Rufus,
Ephesius, and by Galen. The term, however, by
which we are accustomed to distinguish this part,
is ‘““retina,” synonymous with the Greek term
““amphiblestroides,” in sense and intendment, not
dissimilar, to the more early words ‘ arachnoid ”
or ‘ aranea.”

Without wishing to appear fastidious on the sub-
ject of the terms made use of by different authors,
I must beg permission to remark that the word re-
tina, as well as all its synonymes, has been applied
to this membrane, from a supposed resemblance to a
net; the vascular web of this, or of any other tissue,
may possibly be likened to a net-work, but the ner-
vous organ itself, bears not the slighest similitude to
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that apparatus, from whence the name has been
derived.

The retina, taken in its common acceptation, is
not a simple membrane, but divisible into the me-
dullary and vascular portions, which latter has, some-
what unadvisedly, been elevated into the rank of a
separate tunic, essentially belonging, however, to the
former; the ounter periphery of the retina, is invested
by another structure, called after its discoverer “ Tu-
nica Jacobi.” This in the natural order of investiga-
ting and dissecting the parts, would necessarily come
to be described in this step of the process, were I
not induced, for the sake of perspicuity, to defer its
consideration until I have completed my analysis of
the retina itself.

The retina is placed within, and is concentric to
the choroid, having the same limits as to extent
with the latter. It may be traced from the point
where the optic nerve enters, up to the termination
of the choroid in the ciliary body. Itis of a pulpy
texture, and extremely delicate; so much so, indeed,
that but from the support it receives from the mem-
brane of Jacob, and its own vascular web within, it
would appear upon dissection a mere brain-like pulp:
for as Galen observes, if it be beaten into a mass, it
would not differ in any particular from an equal quan-
tity of the white medullary substance of the brain.

In the living subject it is perfectly transparent,
allowing the black surface of the choroid to shine
through, accounting thus for the intensity of colour
in the pupil. Shortly after death, instead of the
transparent structure which the retina exhibits in
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the living body, we find it to have acquired a cer-
tain milky hue, which changes gradually to a lilac
whiteness, while viewed in its relation to the cho-
roid ; separated, however, from this membrane, and
the deep black ground of the pigmentum nigrum, it
presents a faint yellowish-white, semi-opaque aspect.
The retina appears to decrease in thickness towards its
anterior edge, and though in opposition to so excel-
lent authority as Zinn, who maintained the equallity
of its thickness, and uniformity of substance through-
out, I hold, that, contiguous to the spot at which
the optic nerve enters, it is manifestly of greater
thickness than at any other part; here also it be-
comes more opaque after immersion in rectified spirits.
The anterior portion of the retina, or as some say its
termination, at the ciliary body, is formed, not by a
plane edge, but presents a scalloped border, which
corresponds to the *“ ora serrata” of the ciliary body;
this appearance may most readily be displayed, by
“suspending the retina from the optic nerve in dilute
spirit of wine, and carefully stripping off the choroid
membrane as far as the ciliary body, when the semi-
lunar indentations of the anterior edge of the retina,
will be found to correspond with the convexities pre-
sented by the serrated border of the ciliary body.
Several of the older anatomists, amongst whom
we find the names of Ruysch, and Briggs, assert
that the retina is composed of minute fibres, evi-
dently derived from the fibrous appearance of the
optic nerve, and thence radiating in the form of a
star. Haller denies this, and attributes the appear-
ance in question, to certain plice or folds, into which
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the retina probably falls, by the evaporation, or dis-
persion of the fluid of the vitreous body after death.
It has assuredly never happened to me to observe
any fibres, or any appearance that could be mistaken
for fibres, in a recent human eye, nor, always sup-
posing the dissection to be made from a recent
subject, any folds or plicee assuming a fibrous form.
One fold, as we shall presently see, does indeed
always exist, but never, so far as I have remarked,
resembling the fibrous arrangement described and
drawn by Ruysch. The following is the expression
of the illustrious Haller, * plicas in retind radiatas
potius, quam fibras distinguo;” which appearance
I believe only to exist after a continued immersion
in spirit of wine, which contracts and corrugates this
delicate membrane.

Respecting the anterior termination of the retina,
anatomists are much at variance; they, however, all
agree in fixing its origin at the point, where the
optic nerve enters. For myself, 1 should be dis-
posed to place it at the anterior border, could we,
with any propriety, determine the precise point of
origin of any single membrane in the body. The
established form of description commences with the
optic nerve, which throws off its fibrous covering at
the place, where it becomes lodged in the hollow of
the sclerotic. It does not then immediately perfo-
rate this coat, but is stopped at the bottom of the
short canal, by the lamina cribrosa, anterior to
which, 1t is said to form a small pad or button,
whence the retina expands concentric with the cho-
roid, and passes towards the anterior part of the
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elobe, investing the vitreous body. Its connection
with the nerve, has frequently been compared to the
spherical expansion of a portion of melted glass
blown from the extremity of a tube: such a simili-
tude may assist the mind in forming anidea of shape;
generally, however, it proceeds further, suggesting
an identity of structure and formation, as existing
between the optic nerve and expanded retina. This
conclusion I apprehend to be inadmissible; in
point of fact, the retina receives the impression, the
nerve conveys it; but that the latter has not the
faculty of receiving the impression is proved by an
experiment, first mentioned by M. Mariotte, shew-
ing that the place, where the two structures may be
said to unite, being the exact spot where the nerve
enters, is insensible to the stimulus of light, al-
though that stimulus may be sufficient to produce
dazzling in any portion of the retina.

I have already stated my belief that the retina is
bounded anteriorly by the union of the choroid with
the ciliary body, and ciliary circle; the opinions,
however, both of ancient and modern authors are at
variance on this subject; thus, Galen, amongst the
ancients, affirms the termination of the medullary
structure to be at the circumference of the lens, into
which it is inserted. In this doctrine he is followed
by Winslow, Lieutaud, Ferrein, and Haller; the lat-
ter author indeed speaks somewhat doubtingly, as to
whether it may not even cover the lensitself.  Ad
lentem hujus properat, in capsulam innata, et huic
obducta, si fides quorundam experimentis haberi
potest.” Vesalius, as by reference to the plate of
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this anatomist is clear, represents it as proceeding
scarcely further than the centre of the eye; and he
observes, ¢ dilatatur in latum quoddam involucrum,
posteriori vitrei humoris sedi obductum, et non mul-
tum ultra mediam oculi sedem, in anteriora per-
tinens.” Plempius, Briggs, Morgagni, and others,
followers of Albinus, agree in the termination of the
retina at the ciliary circle. Among the moderns we
have an equal variety of opinion; Monro agrees with
Galen; Cloquet asserts, that a very thin and pulpy
layer passes in contact with the ciliary body, is
stained by the interstices of the ciliary processes,
and finally arrives at the circumference of the lens,
This is the opinion, and given in nearly the same
words, of Bichat. Sir C. Bell does not affirm that
the pulpy substance of the membrane proceeds so
far, but that “ we may safely say, that the mem-
brane which supports the retina (tunica vasculosa),
1s continued over the lens, and forms part of its
capsule.” From an authority so eminent as Sir C.
Bell I dissent with great reluctance; and in a sub-
sequent part of the treatise I shall assign the reasons
by which my mind is led to a different conclusion.
I adopt the observation of Meckel, who says, speak-
ing of the retina, ‘“ qui se termine en avant, & 'ex-
trémité posterieure du corps ciliare, par un bord,
plus ou moins sensiblement renfié, entre lequel et la
capsule du cristallin, il n’ existe aucune connexion.”
To this passage 1s appended an admirable note, too
long, however, for insertion in this place, but of which
I earnestly recommend the perusal to my readers.
(Manuel d’Anatomie Generale, tom, III. p. 238.)
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to this point. The illustrious author of the dis-
covery, by the very name he has applied to it, con-
siders it as a real aperture, surrounded by a yellowish
coloured circumference; while Blumenbach attri-
butes to it an expansive and contractile power, for
the purpose of regulating, under certain circum-
stances, the admission of rays of light. Sir C. Bell
denies the existence of a real foramen, the apparent
aperture being produced by the transparency of the
retina at this point, while its remaining portions
become uniformly opaque. Blainville, in his Prin-
cipes d’Anatomie comparée, though generally correct
in his description of this appearance, falls I believe
into a similar error; “ Un petit enfoncement plus ou
moins ovalaire, translucide au milieu, autour duquel
se plisse un peu la rétine, qui I'on remarque dans
cette membrane, en quelque distance en dehors de
I'entrée du nerf optique, dans I'axe méme du globe
de T'eeil.”  For myself, I am disposed to think, that
the existence of the apparent aperture in question,
may be explained on other grounds, than that of the
transparency of the central spot. I have remarked,
that it is not, as ‘Soémmering has represented it, a
perfectly circular point, but that its figure is oval,
corresponding in this respect with the plica, in the
centre of which it is placed: this is also stated by
Blainville. This fold is formed by a duplicature of
the retina, or rather by the union of two minute
plicee, united at their respective extremities, and
leaving a depression between them in their centre.
Their extremities thus joined, extend on the one side
to the entrance of the optic nerve, while on the
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other, or temporal side, they are lost by expanding
into the general surface of the retina: the extreme
length of these folds is about one and a half lines,
in breadth nearly one line. This appearance I have
repeatedly observed in the human eye, when im-
mersed in water, as I have already described. If the
subject under observation be carefully frozen, and
neatly separated by a vertical section through the
centre of the folds, it will be still more distinetly
shewn, and exhibit the central depression, consisting
of a single layer of retina only; whilst the folds con-
sisting of two portions of membrane doubly opaque,
and standing out in relief, throw it into shade, the
dark pigment behind, adding a still greater depth of
colour, increases the effect of the shadow.

This conclusion is still further sustained by the
appearances exhibited by a preparation in my pos-
session, in which, by long immersion in dilute
spirit of wine, the central depression has partially
unfolded, shewing the continuity of the retina be-
tween the folds as perfectly opaque as in any other
portion of its surface. The yellow circumference,
or *“ limbum luteum,” has been also blanched by the
spirit, a result, as to colour, equally produced on
the grey matter of the brain by long continued
immersion.

The opinions which I have here ventured to submit
to the profession, are the result of dissections made
six years ago, the vouchers for which I still retain in
the preparations then made: they have been con-
firmed by recent and continued examination of this
point; and as the inspections afforded me, on these
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occasions, were made under circumstances the most
favourable, as regarded the recent state of the organ,
I am led to speak, with increased confidence, of the
nature of the appearances described in the preceding
paragraphs, .

It may not perhaps, be uninteresting to the reader,
to detail in this place, the method by which this
fold of the retina may be most distinctly exhibited.
If, at from twelve to eighteen hours after death, we
remove the globe of the eye, being careful not to
subject it to pressure in the extraction from the orbit,
and having divested it of its muscles, and cellular
capsule, immerse it in a mixture of pounded ice and
salt, in a short time the subject will be sufficiently
solid for our purpose, and we shall be enabled to
make the required section with considerable facility.
This should be done with a sharp and very thin
bladed knife, such as is commonly used in the ex-
traction of the cataract. The course of the incision
should be from above downwards, dividing the scle-
rotic and cornea, and the eye itself, into two lateral
portions, by a vertical section through the very axis
of vision. 1If, perchance in this manipulation, we
should not have succeeded in hitting the precise cen-
tre of the fold, we shall still be sufficiently near to
observe its exact position; and by another thin slice,
entirely accomplish our purpose. With some trifling
modifications, according to different subjects, the
folds will then present ‘themselves, divided trans-
versely, exhibiting a central depression anteriorly,
whilst, at the posterior ‘surface, there will probably,
be found a small quantity of pigment insinuated
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between the edges of the retina, as it dips to form,
by its reduplication, the folds we have described.
The central hollow will, generally, appear more shal-
low, and the edges of the folds will seem to be more
flattened in the frozen eye, than in a subject not
submitted to congelation, in which, if by a fortunate
accident, the folds have been precisely divided under
water. The explanation of this circumstance is
probably as follows: when the vitreous body begins
to assume a solid form, it expands and presses against
the resisting sclerotic ; the retina, not yet sufficiently
firm to preserve its form altogether entire, is pressed
with some force between the expanding vitreous
body, and the external membrane of the eye. The
fold becomes, in consequence, somewhat flattened,
and a minute quantity of pigment is squeezed be-
tween the separated portions of the folds behind.

Itis hence apparent, that, in condueting the obser-
vations above described, it is important that an eye
be selected for the purpose, with a due regard to its
freshness, lest, by evaporation, or transudation of the
contained fluids, the retina may have lost that uni-
form fullness, which it possessed during life. The
process of congelation, also, shouild be performed
with the least possible delay, and may, indeed, be
generally accomplished within a period of ten or
fifteen minutes.

VASCULAR STRUCTURE OoF THE RETINA.

Upon the inner surface of the retina, and contigu-
ous to the vitreous body, the vascular net-work is
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deseribed as the * tunica vasculosa retinz.” Of the
existence of this, a separate and distinct membrane,
I do certainly more than doubt: that the blood-
vessels, which supply and support the retina, are
distributed upon its inner periphery, I am perfectly
prepared to admit, and in their ultimate ramifica-
tions they form a minute and delicate web, 1n struc-
ture and function somewhat similar to the pia
mater, in reference to the brain. Such was the
opinion of Monro, and in this I concur. Several,
however, of the best anatomists of the present time
admit and assert its presence as a separate and dis-
tinct membrane. Zinn remarks, that no human
hand is competent to separate the vascular tunic
from the retina, although the pulpy matter may, by
maceration, be entirely washed away, leaving the
vessels ““in situ,” and giving more or less the ap-
pearance of a vascular net-work, whence the name
of the entire structure was originally derived.

The ophthalmic artery gives off a small branch
early in the orbit, known by the name of * arteria
centralis retinm,” which penetrates obliquely the
sheath of the optic nerve, about three quarters of an
inch prior to the entry of the nerve through the
sclerotic. The artery then becomes placed in the
centre of the nervous bundles, and finally passes,
either in a single trunk, or in two or three minute
subdivisions, through the lamina cribrosa of the
sclerotic coat. The principal divisions of the cen-
tral artery, arve, first, one which penetrates the
vitreous body, with which we have nothing to do
in this place; and secondly, two which pass, the one
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water a few hours after death, detach and diffuse
itself in the fluid. When, however, the eye becomes
somewhat stale, the black pigment falls away in
shreds of various sizes, shewing its adhesion to a
membrane of some nature or another. If decompo-
sition is still further advanced, this delicate mem-
brane is destroyed, and the pigment now mixes with
the water, like any other colouring matter so dif-
fused. Again, if the choroid be removed from the
retina, it will be found that this last membrane, n a
great majority of instances, is wholly unstained by
the pigment; a result which Dr. Jacob explamns by
asserting that the pigment, being in fact secreted
behind his membrane, prevents the nervous expan-
sion being stained by this matter. This, however,
is by no means a satisfactory explanation, because as
Jacob’s membrane, properly so called, detaches in
close adhesion to the retina, and as its external sur-
face is, according to this author’s aceount, in contact
with the pigment, whence comes it, that it is itself
unstained ?

The extreme softness of Jacob’s membrane, and
the great tenuity of its choroidal reflection, make it
a matter of much difficulty to exhibit both laminae
in the same preparation; or in other words, to ex-
hibit them both as reflecting portions of one and
the same structure, forming a closed sac analogous
to other serous membranes. I have, however, in my
possession a preparation, which does most distinctly
shew the double portions of this membrane; one
lining the choroid, the other reflected over the pulpy
structure of the retina. The three membranes are
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here seen perfectly distinct,—the retina proper, hang-
ing from the optic nerve, the Jacob's membrane con-
centric to it, and the reflected portion in its proper
situation in close contact with the choroid. The
drawing at fig. 8, Plate III, represents this prepa-
ration taken from the eye of a fish.

There is nothing in this idea abhorrent from phy-
siological laws, nor is there any thing peculiar in a
secreting surface being covered with a membrane of
an entirely different character; we have an example
of this in the mucous surface of the mouth, the
cesophagus, and part of the stomach, where the cu-
ticle is in close contact with the secreting membrane.
There seems, on the contrary, to be a necessity for
a structure of some kind or another, in order to
prevent the black pigment from being detached in
the varied movements of the eye, and staining, or
otherwise injuring the retina. That this effect is not
produced by Jacob’s membrane is clear, as I think,
by our never finding it coloured, though I have inva-
riably found it to be the case at the external choroidal
reflection. Moreover, were this membrane single and
of a cellular nature, it is more than probable, we
should find the pigment transude it, as happens on
the outer surface of the choroid.

From the preceding observations, I am induced to
believe, that the following description will give the
true appearance and relative position of the mem-
brane in question.

At the point of entry of the optic nerve this
delicate tissue first commences; it proceeds con-
centric with, lines, and is attached to the internal
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the existence of the tapetum in the human eye, as
by this phrase I understand the brilliant and vari-
ously coloured membrane, which forms part of the
choroid in many animals. Although 1 cainot ex-
plain upon what the colours depend, any more than
I can on what depends the variety of hue in the
iris, yet for many reasons, I do not believe it to
consist in a matter secreted analagous to the pig-
ment; for in the eyes of many animals, we find the
black pigment adhering to portions of the coloured
tapetum itself, while other parts of the same mem-
brane retain their splendour and iridescent appear-
ance.

Mr. Fielding in one part of his Pamphlet (pub-
lished at Hull), states that the pigment is found
between the inner surface of the choroid and the
¢ new membrane,” and yet that this membrane is
divisible into three laminz at least. The layer, which
I have described, holds certainly the same relative
position; but not only is it not divisible into laminz
at all, but, owing to its extreme tenuity, becomes
exceedingly difficult to detach except in very minute
shreds. Again, Mr. Fielding gives to this membrane
the name of ‘* versicolor,” indicative of its brilliant
colours, varying in different animals from the green-
ish-blue, golden, or Isabella colours. Now the
membrane, which 1 believe to be part of Jacob’s
tunic, is perfectly colourless, and pellucid, appearing
black in the human subject from the adhesion of the
pigment to its choroidal periphery. Mr. Fielding,
with a degree of pleasantry, scarcely in accordance
with the severity of language required in all scien-
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The last named anatomist, in some experiments
made on eyes previously frozen, endeavoured to dis-
cover the exact arrangement and configuration of
the cells, of which the vitreous body 1s composed.
Thus he observes, that the fragments of ice which
represent these vesicles, are of larger size at the
periphery or circumference of the vitreous body, and
that they gradually diminish as they approach the
central portion and advance towards the lens. The
most external of the cells are two, three, or even
four lines in length, and something less in breadth;
their convex surfaces are placed externally, whilst
the opposite or concave ones are towards the centre
and lenticular body. From this arrangement we are
entitled to conclude, that the vitreous fluid is re-
tained within its cells, in a manner similar to that (to
use a familiar comparison) in which the juice of an
orange is contained within the cells of its pulp.

If the vitreous body be immersed in a strong
solution of caustic potash, it acquires an opaline
tint; the membrane shewing a slight opacity, while
the fluid is but little changed: similar results are
produced by mineral acids, and rectified spirit of
wine. In this way the cellular character of the
vitreous body, which, by reason of its perfect trans-
parency was previously invisible, may be most
satisfactorily displayed, and the cause of its jelly-
like appearance made manifest. Again, the cellu-
larity of the structure of the part in question may
be still further exemplified by making a slight punc-
ture into its exterior investment, when a small
hernia-like protusion will present, being the fluid
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““ hyaloid canal.” The following quotation from H.
Cloquet, (Paris, 1822) does not appear to authorize
such a conclusion. ** Au niveau de I'entrée du nerf
optique dans I'ceil, la membrane hyoloide se réfléchit
sur elle méme pour former un canal, qui traverse
directement d’arri¢re en avant le corps vitre.” Now,
I suspect, that this canal only refers to the tract of
the artery that traverses the vitreous body in order
to gain the capsule of the lens, and has no relation
to that described by Martegiani, which, I confess, I
have never been able to observe.

Vascularity of the vitreous body.—In the adult eye,
no blood-vessels are perceptible: our most success-
ful injections have totally failed to give colour, even
in the slightest degree, to this structure. In the
feetal eye, however, a minute artery conveying red
blood may be observed. This artery traverses the
vitreous body from behind forwards, beginning to
appear at the point where the optic nerve enters the
globe ; and terminating, by distributing a number of
delicate branches over the posterior surface of the

“crystalline capsule. This is the vessel which tra-
verses what I believe M. Cloquet proposes to call the
hyaloid canal, and is given off from the arteria cen-
tralis retinge. I have never seen any branches spring-
ing from the trunk in its passage through the vitreous
body; but it is hardly to be doubted that some
extremely minute, serous, and exhalent vessels do
supply the hyaloid membrane, forming the cells men-
tioned in the account of this structure. In some
rare instances a few fine vessels may be traced,
passing off from the anterior branches of the arteries

1
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of the retina, to the external portion of this tunic,
near to the canal of Petit.

The morbid changes, that are occasionally observed
in the vitreous body, incontrovertibly establish the
existence of vessels both secreting and absorbent.
In certain forms of disease, the fluid of this peculiar
structure is greatly increased. At other times, the
texture of the entire globe becomes soft, and the
quantity of fluid is diminished. The cellular struc-
ture, also, at times is apparently absorbed or des-
troyed, as in those cases where the vilreous humour is
said to be fluid,—an expression, as may be collected
from the anatomical description of the part already
given, which is a mere manner or form of speech,
since the fluid, that flows from the cells, is not more
dense in health, than that which escapes, in the
operation for cataract for instance, when this morbid
change, or the so called ‘“fluidity of the vitreous hu-
mour ” has taken place. The truth is, that in this
form of disease of the vitreous body, the cells being
either broken down or absorbed, the fluid makes its
escape, when the cataract is extracted, in inecreased
quantities, and destitute of that viscid appearance
and character which has been deseribed as depen-
dant on the cellular nature of that body.

In the disease called ‘¢ Glaucoma,” the vitreous
body assumes a yellowish-green, or opaline tint, and
loses a portion, more or less according to circum-
stances, of its transparency: a result, perhaps, of
chronic inflammation of the cells, inducing thick-
ening or opacity as in similar conditions of serous
membranes ; and in which, also, the natural and
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is the segment, varies from four and a half to five
and a half lines. The mean between the two, both
as regards the anterior and posterior surfaces, may
be correctly taken as the general admeasurement of
the adult crystalline lens. Kepler, with mathema-
tical accuracy, compares the anterior segment to a
portion of a spheroid, the posterior to a hyperbolic
cone. The axis of the lens is the line drawn from
the middle of the anterior convexity to the middle
of the posterior, this line being drawn accurately
through the centre of the lens. The axis does not,
however, correspond with the axis of the eye, but
inclines, as being opposite the centre of the pupil,
towards the nasal side; it measures one and three
quarter lines. T'he diameter, is the line drawn from
any point of the circumference to the similar oppo-
site point, dividing the lens into an anterior and
posterior segment, or into a superior and inferior half’;
its measurement is three and a half lines. Hence it
follows that the crystalline body is composed of two
plano-convex lenses, applied against each other at
their flat surfaces; or perhaps, rather as a double
convex lens, the greater convexity of which 1s
placed at its posterior surface. The circumference
is circular, though by some stated to be slightly
elliptical.

In an adult subject, the lens is perfectly colourless,
and transparent; immersed, however, in boiling
water, spirit of wine, and certain acids, it instantly
becomes opaque,—a similar result obtains, from sub-
mitting it to a freezing mixture; but in the latter
case, it readily recovers its primitive transparency
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under the operation of a higher temperature, and
when, in consequence, it becomes thawed. After
death, and when the body has lost its heat, the lens
contracts a slight opacity, which according to Zinn,
on the authority of Petit, disappears on being brought
near a fire, or when warmed in the hand.

Immersion of the lens in spirit of wine greatly
facilitates the investigation of its intimate structure,
not only by rendering it opaque, but also by harden-
ing its texture; for in its natural state, the lens is not
equally solid in every part, being much softer at its
circumference than at its centre: in fact, the nucleus
alone approaches to the state of a semi-solid body, the
remaining portion uniformly decreasing in firmness
as it approaches the circumference, where it becomes
almost altogether fluid.

In regard to structure generally, the lens is com-
posed of several concentric lamine, lying one upon
the other, in a manner similar to the arrangement of
the several scales or coats observed in the bulb
of an onion.

In order to ascertain with equal facility and pre-
cision, the more intimate structure and arrangement
of the constituent parts of the crystalline lens, an
eye should be selected that has been macerated
during a few days in dilute spirit of wine; by which
process, its surface will be generally observed to be
radiated in a stellated form, from the centre to the
circumference, by three, six, or nine lines: and when
taken between the fingers and pressed with a slight
degree of force, it most frequently separates into
several equal portions corresponding to these lines.
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angle, so that the posterior are placed opposite to
the middle of the interstices of the anterior; and
planes passing through each of the six, and through
the axis, would mark on either surface, six regular
equidistant rays. The fibres arise from both sides
of each line; they diverge till they reach the great-
est circumference of the coat, and having passed it,
they again converge, till they are attached respec-
tively to the sides of the nearest lines of the opposite
surface. The anterior or posterior portion of the
six viewed together, exhibits the appearance of three
penniformi-radiated muscles. The anterior lines of
attachment of all the coats are situated in the same
planes, and the posterior ones in the continuations
of these planes beyond the axis. Such an arrange-
ment of fibres can be accounted for in no other suppo-
sition than that of muscularity. This mass is en-
closed in a strong membranous capsule, to which it
is loosely connected by minute vessels and nerves,
and the connection is more observable near its great-
est circumference.” Such is the explanation of Dr.
T. Young of the structure of the lens of an ox, and to
which in the same paper he states his belief, that the
human lens bears an almost perfect resemblance. In
a subsequent paper, however, read also before the
Royal Society in the year 1800, the opinions of this
eminent person seem to have undergone some change ;
inasmuch as he conceives the number of the radia-
tions to be much more numerous in the human lens,
amounting to ten. Dr. Young also observes, that he
has laboured with the utmost degree of perseverance,
though unsuccessfully, to trace nerves into the body
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of the lens. Notwithstanding this failure, he fully
announces his conviction of their existence.

There can be but little doubt that the general
views of the composition of this curious structure,
as detailed by Leuwenhdeck and Young, are correct
as far as the laminated and fibrous arrangement is
concerned; it is difficult, however, to bring the
mind to admit the refinement of penniform muscles,
and transparent colourless tendons necessary to the
developement of an internal change of figure in the
lens itself, as the means of adapting the eye to vision
at various distances. It may be objected to this
inferential conclusion respecting muscular structure
and function (and most fatally too for the theory),
that the lenses of fishes are perfectly spherical, and
incapable therefore of changing their figure by such
an action as that described by Young, in other
words, by assuming a more convex form; whilst
both the laminated and the fibrous or rather thread-
like composition is precisely similar to that of the
human lens, with the exception that the texture of
the former is considerably more dense than that of
the latter. In point of fact, the nucleus of the lens
of a fish's eye, though both laminated and fibriform,
is still so hard as scarcely to be divided by a knife.

Thus the apparent structure of the lens consists
of a series of transparent threads, coiled up in a pe-
culiar and determinate arrangement from the centre
to the circumference, wound in a stellated form,
radiating towards each of the poles of the lens, and
disposed in separate lamelle, to use a famihar com-
parison, very similar to a ball of cotton thread tightly
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According to Chenevix, the lens contains a con-
siderable quantity both of gelatine and albumen;
and when it has undergone the action of fire and has
been reduced to ashes, we find distinct traces of
iron.

The result of such an analysis invalidates, nay,
destroys the theory, that assumes a muscular struc-
ture to the lens; at least, if such a structure and
function depend upon an organization similar to what
occurs in the moving powers of our limbs; because
in this body, we find not the slightest trace of
fibrine, the essential basis of all muscle in all parts
of the animal system.

Tue CAPSULE OF THE LENS.

The crystalline lens is surrounded by a capsule,
like itself perfectly colourless and transparent; in
shape, also, it exactly corresponds to the body it
encloses. It is imperforate and entire; neither does
it appear to possess, at its internal surface, any redu-
plications to connect it with the surface of the lens.
Externally, it is embedded in the cup-like de-
pression formed at the front of the vitreous body,
where it is adherent by a fine cellular tissue to the
hyaloid membrane. At its circumference it is con-
nected and fixed, by firm adhesions, to the radiated
membrane of the anterior surface of the canal of
Petit; by which arrangement the crystalline lens
is kept permanently lodged in the hollow of the
vitreous body. Anteriorly it is, as we shall hereafter

— el
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see, covered with the membrane of the aqueous
fluid : it is much firmer at this point than posteriorly.
It is highly elastic, and preserves its form even if
immersed in alcohol.

Haller describes the capsule as closely resem-
bling in its tissue the cornea: this observation is
more applicable to the lining membrane, or what is
more generally called the aqueous membrane, ac-
cording to the recent observations of Dr. Jacob.
Bichat is confirmed, however, in Haller's opinion,
by the observation of capsular cataract, which he
remarks is to be compared to the specks and opa-
cities of the cornea. This, indeed, is nothing more
than the natural result of the deposition of lymph
on the surface, or in the interstitial texture of any
transparent membrane. We might by a parity of rea-
soning, compare the crystalline capsule to the peri-
cardial covering of the heart, because the latter shews,
sometimes, the opaque results of inflammation. In
point of fact, I believe there to be a much greater
resemblance between the latter membrane and the
crystalline capsule, than between the capsule and
the cornea. Kenneday in his “ Ophthalmographia,”
(1713) observes of the lens, ““Its coat, I think, being
something to it not unlike the pericardium.”

Neither acids nor boiling water render it perfectly
opaque; but exposed to the action of these agents,
its transparency undergoes a marked change, and
acquires a hue not unlike mother of pearl.

Liquor Morgagni.—If we puncture the capsule
with a fine needle, we observe a small quantity of
fluid to escape; this, which is known by the name of
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canal of Petit, yet I have thought it advisable to
follow the plan of Baerens (““ Radius Script: Oph:
Min:”) and class it with the structures more or less
connected with the crystalline lens. Itseems, indeed,
to hold a place, in regard to the internal membranes
and dioptric media, somewhat similar to the ciliary
circle, in regard to the outer investments of the
globe ; for, in fact, at this spot are bound together
and brought in direct relation to each other, the
following structures, namely, the retina, ciliary body
and processes, the vitreous and crystalline bodies.

It has been observed, that the retina is in contact
with the periphery of the hyaloid membrane, up to
the margin of the ciliary body (ora serrata), where
the nervous structure ceases; there remains, then, a
space between this point and the circumference of
the crystalline capsule, which is occupied by the
membrane known by the name of “lamina ciliaris,”
or “ zonula Zinnii.”

On exposing the vitreous body, with the lens in
its true position, around the circumference of the
latter a plicated circle may be observed, marked
alternately with black and colourless radiating lines
corresponding, as it were, with the ciliary processes,
against which it is applied. On close examination,
a fine but strong membrane may be seen, collected
into folds like the plaiting of the wristhand of a
shirt, entirely surrounding, and attached to the cir-
cumference of the capsule of the lens. So soon as
we have traced it to this spot, it ceases to be visible
in consequence of its close adhesion to the capsule ;
nor are we in possession of any direct proof, whether
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cavity into which the lens is received, whilst the
other ascends to the circumference of the lens,
where it becomes intimately connected with its
capsule, surrounding it and giving it an investment
anteriorly. Other anatomists, and amongst them
several of high authority, argue that the tunica
vasculosa retinee passes more forward than the pulpy
layer of this body, and that it advanced to the very
margin of the lens in close and intimate connection
with its capsule, leaving around its immediate cir-
cumference that free space denominated the canal
of Petit.

The opinion entertained by Sir C. Bell, differs
essentially from either of these conclusions; and
impressed as my mind is with the originality and
extreme ingenuity of the theory, I cannot doubt that
1 shall be excused if I quote the very words of that
distinguished observer. ‘1 conceive,” says Sir C.
Bell, “ that it is the membrana vasculosa tunicee
retinee, or membrana vasculosa Ruyschii, which forms
the vascular capsule of the lens in the feetus, and
also the canal of Petit in the adult. The crystalline
lens has, in the first place, its proper capsule, which
surrounds it on all sides: again, the transparent
web of membrane that is continued onwards from
that part of the retina which has upon it the pulpy
and nervous expansion, splits when it approaches
the margin of the lens. One lamina goes round be-
hind the lens, and the other passes a little before it,
forms an adhesion to the capsule of the lens, and is
then reflected off to the points of the ciliary pro-
cesses and to the membrana pupillaris of the feetus.
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Betwixt these split lamine of the continued mem-
brane of the retina, the canal which surrounds the
lens is formed. The membrana vitrea is simply
reflected over the back of the lens, and has no part
in forming the Petitian canal. Where the retina
advances forwards upon the ciliary processes, it
forms an adhesion, beyond which the medullary part
is not continued; but the membrana vasculosa pass-
ing onwards, as I have described, embraces the
lens, and the lamina, which passes behind the lens
and before the vitreous humour, receives and con-
veys the artery of the capsule; on the fore part of
the lens, the anterior lamina only touches the cap-
sule of the lens, adheres, and is then reflected oft to
form the membrana pupillaris.”

From the theory of the splitting of the tunica
hyaloidea, as supported by Winslow and others, I
dissent, because at the identical spot, where this
division is said to take place, the lamina ciliaris is
denser in its texture, and capable of greater resist-
ance than the consolidated or united layers at any
other part, insomuch that the entire vitreous body
may be raised and suspended by it; whilst in any
other spot, the tunica hyaloidea would be torn by less
than half the weight. The same observation applies
to the splitting of the tunica vasculosa retinee, even
did T agree in the separate and distinet existence of
such a membrane. Notwithstanding, therefore, the
ingenuity of the theory of Sir C. Bell, 1 rather in-
cline to the opinion of the so often quoted Zinn, who
supports the existence of a distinct membrane to
form this anterior layer of the canal of Petit. ““Annon



138 ANATOMY OF

autem ad veri speciem proprius accedit, ex tener-
rim4 tunicA vitreAd novam hic ortam fuisse membra-
nulam, quam si quis nobis persuadere vellet, tunice
vitrese lamellas duas, posterius sibi agglutinatas, an-
terius A se invicem ad constituendum illum annulum
secedere, cum nullibi vel levissimum vestigium du-
arum lamellarum observari possit, neque ab ulld arte
humani in tunicd vitreA duas demonstrari posse la-
mellas, expectari posse videatur?” Zinn, however,
believes that the membrane which has been called
by his name, passes further than the mere circum-
ference of the capsule, even to the investiture of its
whole anterior surface. This also is the opinion of
Baerens; who adds a third coat to the same capsule,
namely, the membrane of the aqueous humour: this
latter, I do indeed believe covers the capsule of the
lens ; but at the same time I would limit the lamina
ciliaris to its marginal circumference.

Amongst other theories even still less probable
may be mentioned, that which derives its formation
from Jacob’s membrane, and the one which gives a
muscularity to this pellucid tissue; the latter was
supported by Sir E. Home, who described the ap-
pearances thus:—¢ Between these membranous pro-
cesses (process. ciliares) there are bundles of muscular
fibres of = of an inch in length, which have not
before been described ; they originate all round from
the capsule of the vitreous humour, pass forward over
the edge of the lens, are attached firmly to its capsule,
and there terminate as seen in the drawings. They
are unconnected with the ciliary processes or iris,
In the human eye and that of quadrupeds, they form
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This fluid occupies all that portion of the cavity
of the globe of the eye, which is situated before the
crystalline lens. It bathes both the anterior and
posterior parts of the iris, filling certain small cavi-
ties, called in anatomical language the ‘“ chambers
of the eye.” In a pathological point of view, as
well as in reference to certain surgical operations
upon the organ of sight, it is essential to mark, in
a distinct and decisive manner, the respective limits
and the mutual relations of the anterior and posterior
chambers, separated as they are from each other by
the iris, and communicating only through the pupil-
lary opening of that membrane.

By the older anatomists much variety of opinion
seems to have been entertained respecting the ab-
solute and the relative size of these cavities; and
as the practical value of the established division,
purely artibrary in its nature, depends on a correct
understanding of the space which each of them
occupies in relation to the other, a short survey of
some of the older authorities on the subject will be
necessary.

In the engraved representations of the eye by
Vesalius and Briggs, it is evident, that by an error in
placing the lens in the centre of the globe, the ciliary
processes have been removed to the extent of several
lines from the posterior surface of the iris, giving as
a necessary consequence to the posterior chamber,
occupied by the aqueous fluid, an incorrect and
disproportionate size. In fact, the anterior space,
in the plates referred to, is smaller than the posterior
cavity by at least five parts in six—a proportion



THE HUMAN EYE. 141

which, if reversed, would much more nearly express
the truth. Subsequent observations corrected this
error, and demonstrated the actual fact; not, how-
ever, without much difference of opinion amongst
the most celebrated anatomists of the day. Petit,
and Haller, and Morgagni agree in the existence of
a posterior chamber of considerably smaller dimen-
sions than that exhibited by Vesalius, whilst this
cavity is altogether denied by Winslow and Lieutaud.
Nor is this discrepancy matter of marvel. Almost
all the observations upon this subject were made
upon eyes previously frozen, in order to determine
by the congelation of the aqueous fluid, the relative
space occupied by each of the two chambers. Hence,
seeing that the aqueous fluid escapes very rapidly
by transudation after death, and that in order to
obtain identity of result, the subjects acted upon by
each observer ought to have been perfectly and
equally fresh, the notable difference of facts remark-
ed. In truth, in all experiments of so delicate a
nature as that under consideration, no observation
should be commenced, since none can be success-
fully followed out, but upon eyes removed from the
orbit immediately after the death of the body. In
conclusion, as the aqueous fluid transudes so much
more quickly than the vitreous, the latter will pos-
sess a greater relative preponderance in quantity, as
well as in expansive power during the act of conge-
lation ; whence a forced projection of the vitreous
body and crystalline lens, together with eventual
obliteration of the space previously occupied by the
aqueous fluid. True indeed it is, that this effect is
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not invariably produced ; yet it occurs most fre-
quently, and has in all probability given rise to the
error, into which Winslow and Lieutaud have fallen,
respecting the question of the posterior chamber of
the eye. If the conclusions of these eminent ana-
tomists were correct, the anterior surface of the iris
would be convex, in consequence of its being forced
into close contact with the lens; and during every
motion of the iris, a certain degree of friction would
be produced, materially injurious to parts so fine
and so delicate in their textures as this membrane
and the capsule of the lens; an effect which has
been most simply and beautifully prevented by the
interposition of a small quantity of fluid between
them, so that the functions of the iris are performed
altogether in an aqueous medium.

The shape of the space, which for practical pur-
poses has been subdivided, is thus very distinctly
described by an old mathematical anatomist, Christr.
Scheiner (Fundam. Optica, London, 1652.) “Aqueus
enim, quia corned, uved, processibus, et araned con-
tinetur, illorum figuras internas induit : unde ante-
riore sui portione convexus, secundum corneam,
posteriore concavus, secundum crystallini insinua-
tionem, existat oportet, in medio insectus et in collum
quasi quoddam strangulatus apparet, crassius aut
tenuis, pro majore vel minore uvese dilatatione, aut
coitione.” '

Thus the posterior chamber is bounded posteriorly
by the anterior surface of the capsule of the erys-
talline lens, and the free points of the ciliary pro-
cesses ; anteriorly it is bounded by the uvea, or
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Of its general chemical qualities, the following

passage from Henry affords the best explanation.
““ The aqueous humour,” says he, ““is a clear trans-
parent fluid, of the specific gravity of 1009 (water
taken as the standard at 1000). It has little smell
or taste, and scarcely affects blue vegetable colours;
by evaporation it leaves a residuum of about eight
per cent; boiling occasions a slight coagulation, and
tan precipitates both before and after being heated.
Nitrate of silver precipitates muriate of silver from
it, but no other metallic salt affects it. Hence it
may be inferred, that the aqueous humour consists
of a large proportion of water, of albumen, gelatine,
and several neutral salts.” The most remarkable
difference between these two celebrated chemists,
is in the large per centage of solid residuum, which
Henry gives as eight in one hundred ; while Ber-
zelius gives only about one and nine-tenths. By
a comparison of the tables of the analysis of the
aqueous and vitreous fluids, we find their constitu-
ents altogether the same, as far as the prineiples are
concerned, and that they only vary in the proportion
in which the fluids and solids are blended. The
refractive power of this fluid is given by Sir D.
Brewster, as 1:3366.

Tue Aeueous MEMBRANE.
Various are the tissues and internal structures of

the eye, that, at different times, have been supposed
to be the secreting organs of the aqueous fluid. In
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a chapter of Zinn, headed ¢ Natura et Fontes Hu-
mois Aquei,” we find most of these opinions quoted,
and the authors of them named. Thus Nuck, a
Dutch anatomist, believed he had discovered a pro-
per source of this secretion in what he denominated
aqueeducts. He wrote a treatise on this subject,
under the title of ““Tractatus de ductubus oculorum
aquosis,” and defended it against some of his cotem-
poraries in a work denominated, * Defensio ductuum
aquosorum.” Haller, however, completely disproved
this doctrine ; and made it manifest, that the two
vessels supposed by the Dutch observer to bring the
fluid into the aqueous chambers, were, in fact, only
the long ciliary arteries that, in chief, form the two
vascular circles upon the iris. St. Yves imagined
that this aqueous fluid was produced by a kind of
transudation or sweating through the tunic of the
vitreous humour, and even of the crystalline itself.
Others of some note attributed its secretion to the
arteries of the anterior surface of the iris: while
Zinn and Haller suspected the ciliary processes, from
their considerable vascularity, to be the proper or-
gan of the secretion of the fluid. Many and cogent
arguments may be brought against any and all of
these hypotheses: we must therefore look to some
other tissue as formed for, and destined peculiarly to
this purpose. Let us therefore examine that mem-
brane, at present known to us by the term “aqueous
membrane or capsule.”

Who the discoverer of this tissue was, does not
appear to be distinctly ascertained, although it is ge-
nerally attributed by English anatomists to Sawrey,

I
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the uvea; lastly, it turns over the extreme points of
the ciliary processes upon the circumference of the
crystalline capsule, which it covers most intimately
at its anterior segment, thus completing the invest-
ment of both chambers of the eye.

At the point where the aqueous membrane lines
the cornea it is tough, and has been compared by
Dr. Jacob of Dublin, to a semi-cartilaginous struc-
ture. When reflected upon the iris, it is so exqui-
sitely thin, that it escapes the unassisted eye, and
the scalpel of the anatomist, and is only shewn to
exist by the very apparent effects of disease. Itis
little affected by boiling, or immersion in acids.
Spirit of wine, however, impairs the brilliancy of
the iris, by thickening the aqueous membrane, and
troubling its transparency. At this particular point,
and while in the anterior chamber generally, some
forms of disease demonstrate its existence most per-
fectly. For instance, in iritis, one of the earliést
symptoms of this malady is a loss of polish and bril-
liancy in the iris, followed by a diminished trans-
parency of the posterior surface of the cornea: the
anterior chamber frequently becomes changed with
soft lymph, not easily to be distinguished from pus,
and which has often erroneously been confounded
with true Aypopion. As the inflammation advances,
the membrane is seen covered with tubercles of
lymph, which in some cases become organized, and
destroy vision by adhesions of the iris, terminating
in perfeet closure of the pupil. Agam, if a wound
be made through the cornea, and the aqueous fluid
escapes, often we find adhesive inflammation set up,
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and if the iris comes in contact with the cornea, ad-
hesion immediately ensues. When an ulcer forms on
the anterior surface of the cornea, and goes on without
controul until it destroys successively each separate
lamina, before it absolutely penetrates the anterior
chamber a little membrane is observed to be pushed
forward into the excavation, convex, and resisting
for a long time the ulcerative process: this same
little hernia, or vesicle as it appears, is the serous
membrane of the anterior chamber.

The same train of observation applies to the de-
monstration of the membrane in the posterior cham-
ber, as exemplified in cases of synechia posterior,
adhesions of the margins of the pupil, opacities of
the anterior capsule of the lens, &c.

In order at once and clearly to understand the
anatomy of this delicate tissue, it is necessary to
anticipate the relation of a structure, called the
¢ membrana pupillaris,” which exists naturally only
in the feetal state. Prior to the seventh month of
utero-gestation, the iris appears to be an entire and
continuous membrane, absolutely dividing the two
chambers of the eye. The pupil of the feetus at that
age is filled by a fine vascular tissue, to which the
above-mentioned name is applied. Now it is certain-
ly true, that in each chamber or compartment of the
eye, even while no communication exists between
them, a quantity of fluid, more or less, may be
found. This, the aqueous, which we have just de-
scribed, completely disproves the older theories of
its source; for it is clear, that the ciliary processes
or uvea could have nothing to do with the existence
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contra-distinguished from the spheno-maxillary fis-
sure. The anterior part of the roof is bounded by
the strong and well defined orbitar ridge of the
frontal bone, uniting at the inner side with the as-
cending process of the superior maxillary bone,
forming the internal angular process. At the outer
side, the external angular process is produced by the
junction of the frontal with the malar bone. Imme-
diately within the orbitar ridge, and at the inner.
angle, a small depression is placed, sometimes made
rough by a spicula of bone, and more easily detected
by the finger than the eye; this gives attachment
to the pulley of the superior oblique muscle of the
globe. About three-fifths of an inch from the m-
ternal angle of the frontal bone, the orbitar ridge 1s
interrupted by a deep notch, sometimes formed into
a complete foramen, in the hollow of which, the
frontal division of the ophthalmic branch of the fifth
pair of nerves passes out from the orbit to gain the
forehead. The ophthalmic artery accompanies the
nerve, and each of them at this point gives off a
slender twig, that passes through a minute foramen
in the centre of the notch, to be distributed to the
membrane of the frontal sinus. A similar indenta-
tion, but much shallower than the notch, is found at
its inner side, and 1s occupied in a like manner by a
branch of the frontal nerve and artery. Above the
inner angle and orbitar ridge a rough prominence
is found, more or less developed in different indi-
viduals, and commonly most observable mm male
subjects. This part forms the superciliary tubero-
sity, which diverges from its fellow of the opposite
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side, somewhat arched, and in direction and shape
resembling an inverted comma (). Itis perforated
by several minute holes, which give to it a some-
what spongy appearance. Corresponding in shape
to and arising from it, is the corrugator muscle of
the eyebrow, which is placed immediately above the
orbitar ridge.

Above the outer angle, but within the orbit itself,
is felt rather than seen, a shallow depression destin-
ed for the reception of the lachrymal gland.

Two foramina yet remain to be described ; these
are found at a little distance from each other, in the
suture uniting the pars plana of the =thmoid with
the frontal bone; they are usually common to each,
though sometimes confined and proper to the frontal
bone. They are known under the names of foramina
orbitaria interna, and are distinguished from each
other by the addition of anterius and posterius.
Through the anterior foramen pass the nasal twig
of the first division of the fifth pair of nerves, and a
branch of the ophthalmic artery; through the poste-
rior solely an arterial twig.

The great fissure, separating the roof from the
outer side of the orbit, and dividing the smaller from
the greater wing of the sphenoid bone, is known by
the name of the sphenoid fissure, or foramen lacerum
orbitale superius. Its form is triangular, having its
base directed towards the bottom of the orbit, and
separated by a narrow neck of bone from the optic
foramen ; from this point it is directed upwards and
outwards towards the junction of the frontal with
the greater wing of the sphenoid bone,—a junction
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which converts the fissure into a foramen. Through
this opening the third, fourth, and first division of
the fifth, and sixth pair of nerves, enter from the
brain; whilst by the same passage the ophthalmic
veins leave the orbit to gain the cavernous sinus
between the lamine of the dura mater. Inasmuch
as these trunks do not entirely occupy the area of
the fissure, the remaining space is covered and filled
up by the strong fibrous membrane that lines the
orbit generally.

The outer side of the orbit is formed by the sphe-
noid and malar bones uniting into a sort of triangular
plane, the apex of which is bounded by the upper,
and as we shall presently also see, by the lower
lacerated openings; or, to speak in more strictly
anatomical language, by the sphenoid, and spheno-
maxillary fissures. The anterior and external edge
of this plane commences above at the articulation of
the outer angular process of the frontal bone with
the ascending process of the malar bone. Thus
both the inner and outer angular process of the orbit
may be said to be formed by the union of the facial
with the cranial bones. The separation of the roof
from the outer side of the orbit, is formed by a line
drawn from the apex through the outer angular
process ; while the floor is separated by a similar
imaginary line, prolonged in the direction of the
spheno-maxillary fissure, through the tuberosity of
the malar bone, which completes the limits of the
anterior circumference of this side. This triangular
plane is more flat than either the roof, or the floor,
and is perforated by two small holes, through which
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some minute twigs of the lachrymal nerve pass to
anastomose with the facial nerve upon the cheek.
Some anastomoses take place by the same foramina
between the external and internal carotid arteries.

The spheno-maxillary fissure, or foramen lacerum
orbitale inferius, is placed between the orbitar plate
of the sphenoid bone and that of the superior max-
illary—it is of greater extent, and more irregular in
shape than the sphenoid fissure ; its direction is from
the apex of the orbit, outwards, downwards, and
forwards, and, as we have before observed, sepa-
rates the outer side from the floor of the orbit. This
space gives passage to some vascular twigs, and to a
small branch of the lachrymal nerve to anastomose
with the superior maxillary nerves ; more particu-
larly, however, to the large branch of the second
division of the fifth pair of nerves, destined to supply
the skin of the cheek and lower eyelid. The re-
maining space is filled up in the recent subject by
fat and cellular membrane.

The floor of the orbit is chiefly composed of the
orbitar plate of the superior maxillary bone, which
is smooth and hollowed out to serve as the resting-
place for the globe of the eye, and that portion of
the malar bone below the imaginary line heretofore
mentioned. Anteriorly it is bounded by the orbitar
ridge continued from the malar bone to the base
of the os unguis; posteriorly it is finished by the
articulation of the superior maxillary with the palate
bone, which, however small, helps to complete the
floor forming its extreme apex. At the inner side it
joins in front with the base of the os unguis, and
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between this point and the palate bone, with the
pars plana of the wethmoid bone. The orbitar plate
of the superior maxillary bone or floor of the orbit,
is composed of two thin lamina of bone, enclosing
between them the canal of the infri-orbitar nerve;
the commencement of the canal, is, however, un-
covered above for nearly one-third of its extent at
the most posterior part. Again, the floor of the
orbit, forms the roof to the antrum Highmorianum,
which, in a pathological sense, is exceedingly in-
teresting to the ophthalmic surgeon, since the dis-
eases to which this cavity is liable, include exostosis,
caries of the floor of the orbit, ulcerations of the
eyelids, ectropion, and various other morbid states,
implicating the organ of vision. Towards the junc-
tion of the superior maxillary bone with the os
unguis and within the margin of the orbit, the
inferior oblique muscle of the eye takes its origin.
Finally, the inner wall of the orbit proceeds, as
stated above, almost directly backwards, parallel
with its fellow of the opposite orbit. It is made up
of the ascending process of the superior maxillary
bone in front, forming the feebly defined orbitar
ridge, and hemming in the os unguis. This latter
bone, a mere scale, covers at its inner or nasal side
the anterior @thmoidal cells, but on its orbitar or
outer surface it is divided into two portions by an
acute perpendicular ridge ; the anterior of the two
divisions in conjunction with the superior maxillary
bone forms a deep groove at its upper part, which
lodges the lachrymal sac; then passing downwards,
backwards, and inwards, towards the lower cham-
M
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bers of the nose, it takes the name of ¢ ductus ad
nasum ” or lachrymal channel. The posterior divi-
sion joins with the pars plana of the wthmoid bone,
which being flat and equal completes the inner wall
of this four-sided pyramid. The pars plana is
notched at its upper edge, commonly m one, some-
times in two places, to complete with the frontal
bone the anterior and posterior orbitar foramina.
Thus we are to consider the orbit built up, as it
were, by the complex articulation of several bones,
formed of four sides, and bounded in three-fourths
of its extent by a well defined and prominent ridge ;
the remaining fourth side, common to the nose as
well as to the orbit, assists in forming that division
between the two, which is appropriated to the organ
of smell. From the projection of this inner beyond
the outer side we have demonstrated the general
obliquity of the axis of the orbit; the globe of the
eye itself does not partake of this direction, on the
contrary its aspect is directly forwards. From this
circumstance it results, that the eyes are more com-
pletely defended at their inner than outer sides, and
this apparent inconvenience or defect, is amply com-
pensated in the much greater extent of the field of
vision thereby produced. Winslow in his “ Anatomy
of the Head,” has well described this position of
the eyes in relation to the orbits. ** The globe,”
says he, « is naturally placed in such a manner, as
that during the inaction or equilibrium of all the
muscles, the pupil is turned directly forwards, the
inner edge of the orbit is opposite to the middle of
the inside of the globe, the outer edge of the orbit
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because of its obliquity is behind the middle of the
outside of the globe.”

The orbit is lined by a dense periosteum, some-
times called periorbita, which is continuous with the
dura mater at the great cerebral openings; with the
periosteum of the base at the spheno maxillary
fissure—anteriorly with the pericranium of the fore-
head, and the periosteum of the face, as well as with
the tarsal ligaments of the eyelids. The orbit when
viewed in the recent subject presents a very dif-
ferent aspect from what it does in the macerated
skull. This arises from the manner in which the
membrane is continued over the larger openings of
this cavity, merely allowing room for the passage of
the nerves and arterial trunks, that enter to supply
the globe of the eye and its accessories.

THE MUSCLES OF THE EYEBALL.

The orbit contains in all seven muscles; of these
six are proper to the eyeball, the seventh belongs to
the upper eyelid, and its description will therefore
be deferred till the defences of the eye come under
consideration.

Owing to the almost universally prevailing custom,
in the earlier periods of our art, of confining direct
anatomical observation exclusively to the dissection
of brute animals, the ancients were exposed to many
and great errors in their inferred descriptions of the
anatomy of man. Thus they added to the eye a
certain muscle, which Vesalius deseribes, evidently

M 2
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surprised at the inaccurate accounts given of it by
preceding observers, who had divided it into two,
three, and in some cases even into four palpable and
distinet muscles. Arguing with great gravity on the
uses, and even on the necessity for the presence of the
part in question, he lays claim to the actual dis-
covery of it in these words. ¢ Musculus hic nul-
Jam prorsus descriptionem obtinet.” — ¢ Unde etiam
miror, hunc non unius musculi loco, ab anatomicis
enumeratum fuisse, sed ab aliis duorum, ab alus
trium, &c.” From the very excellent drawing which
Vesalius has given of this muscle, it is clear that his
description of it, as well as the descriptions of his
predecessors, had been derived from the suspensory
or retractor muscle of certain quadrupeds. This error
was first pointed out by Fallopius. ~ Columbus again
was widely wrong, he not only invented a new mem-
brane formed by the union of the four straight muscles,
and to which the examination of the eyes of amimals
might have led him, but he even described the su-
perior oblique muscle as belonging to the eyelids,
under the name of ‘¢ tertius palpebrarum.” For a
full explanation of the progress of the myology of
the human eye, I must refer my readers to Zinn, who
has devoted a chapter of his admirable work to an
elaborate survey of its history.

There are two classes of muscles, by which all the
varied movements of the eyeball are performed;
these are distinguished, owing to their general direc-
tion, by the terms straight, and oblique. The former
are four in number, flat, and ribbon-shaped, rising
fleshy and tendinous from the posterior part of the
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orbit, surrounding and embracing the optic nerve at
its immediate entrance into this cavity, and inserted
at four cardinal points into the anterior part of the
sclerotic coat by broad and thin tendons. -

Various, indeed, are the names that have been
applied to these muscles according to the different
systems adopted. Thus, one particular muscle has
received no less than twelve different appellations.
Vesalius, for instance, in a certain numerical and |
perfectly arbitrary order, has called the superior
straight muscle of the eye the ¢ tertius oculi.”
Fallopius, still more obscure, calls it ¢ unus ex qua-
tuor, qui rectis motibus prefecti.” Fabricius ap-
plies to the same muscle, the term ““ rectus superior.”
Molinet, according to a certain physiognomical sys-
tem, names it ““superbus:” others, the ‘‘elevator
oculi,” &e. &e.

The same observation applies to nearly all the
muscles of the eye. To avoid confusion, therefore,
we shall name them indifferently, according either
to their position or their function: for example, the
rectus superior, as synonimous with levator oculi,
and either term to be used at pleasure.

Tue Four Straicur MuscLEs.

The four straight muscles arise immediately around
the foramen opticum, which perforates the base of
the wing of Ingrassias, but neither separately, nor
altogether by a common root. Thus the rectus su-
perior rises conjointly with the levator of the upper
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eyelid; the three others by a fascia common to
them and sometimes also to the superior oblique.
As the nature and mode of insertion of all these
straight muscles are very similar in all essential
points, although opposed in direction, a particular
description of one will suffice for all.

The levator oculi, or superior straight muscle, arises
in common with the levator of the upper eyelid, at
the superior edge of the optic foramen, which is here
slightly prominent and rough, and in the angle
formed between the periosteum of the orbit and the
sheath of the optic nerve, which are at this point
closely connected with each other, and continuous
with the dura mater within the cranium. Its origin
is fleshy interspersed with a few tendinous threads,
which run intermingled with the muscular fibres,
both at its upper and lower sides, where the muscle
is exposed to the friction of the levator of the upper
lid above, and of the globe below. It is soon sepa-
rated from the sheath of the optic nerve by small
lobules of oily fat, and from the globe of the eye,
by an interposed cellular membrane to be more
particularly adverted to hereafter. Its fleshy and
ribbon-shaped belly advances above the globe of
the eyc; separated from the roof of the orbit, by the
levator of the upper eyelid. At somewhat about
two-thirds of its whole course it begins to send off a
fine broad and glistening tendon, that bends over,
and is closely applied to the fore part of the scle-
rotic coat. This tendon is inserted, by a beautifully
thin edge, into the sclerotic at about one-fifth of an
inch from its junction with the cornea. Its fleshy
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belly is red and flat, or nearly so, and about half an
inch in breadth.

Although one of the straight muscles, properly so
called, its course is somewhat oblique ; because as
the eye is nearly in the centre of the orbit, and as
the muscle is inserted into the median centre of the
eye, its origin will be found considerably to the inner
side of this line. The same remark applies to the
inferior, and still more forcibly to the external straight
muscle; the internal one only, owing to the direction
of the inner wall of the orbit, preserves a direct
course from behind forwards. All the straight mus-
cles, however, bend considerably towards the front of
the eye, since their tendons are closely applied to,
and follow the convexity of the anterior part of the
sclerotic coat.

The internal, inferior, and in part the external
straight muscles, arise by a common fascia. This
aponeurosis, semi-circular in shape, is closely at-
tached to the elevated ridge at the under part of the
circumference of the optic foramen, and forms a firm
point of adhesion for these muscles.

The depressor oculi, or inferior straight muscle, com-
mences by uniting with the internal and one of the
heads of the external, in a semi-tendinous bundle.
From this union it soon separates, and assuming a
narrow, fleshy, ribbon-like form, it pursues a course
directly opposed to the levator oculi, and finally is
inserted into the under and fore part of the sclerotic
coat. To this muscle the name of “ humilis” has
been applied.

The internal, or adductor oculi muscle, arises from
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the above-mentioned fascia, pursues a straight course
to the inner side of the globe of the eye, and is in-
serted into the inner and fore part of the sclerotic
coat, midway between the levator and depressor
muscles. Some anatomists describe this muscle as
two-headed : this may, indeed, sometimes be the
case, since it is not rare to find varieties in the origins
of the muscles generally. Perhaps, however, the

fan-like divergence of its primary fibres, where ap-

plied against the sheath of the optic nerve, may have
led to some confusion upon this subject, especially as
nothing is more easy, than by roughly detaching it,
to produce the appearance adverted to. This mus-
cle has been named ¢ bibitorius,” because it draws
the eye towards the nose in the act of drinking.

The abductor, or exvternal straight muscle, has un-
doubtedly a double origin, and in the variety of
names given to this muscle, it is somewhat singular
that it should never have been denominated the
“biceps oculi.” It is, indeed, of some importance to
mark its double head, since several nerves of conse-
quence enter the orbit between these two portions.
The lower head, and the larger of the two, arises
from the tendinous fascia, in common with the de-
pressor oculi, with which it is connected for some
little distance before it separates into a distinet
muscle. The outer head rises somewhat above this
last, from the periosteum of the orbit, a little to the
outside of the optic foramen, and at the very edge of
the sphenoid fissure. This origin passes over, or
bridges as it were, the entrance of the third, nasal
division of the fifth, and sixth pair of nerves. Both

o
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its origins then unite and form a fleshy belly,
whose tendon is inserted into the anterior and outer
part of the sclerotic coat. This is the < iracundus™
of Molinet. The abductor muscle is the longest
and most oblique of the four straight muscles of the
eye—the adductor is the shortest and most direct in
its course ; the depressor and levator oculi holding
a middle place, in regard both to length and di-
rection.

The nerves which supply the voluntary power to
the straight muscles, are the third pair, dividing into
a branch for the levator, depressor, and adductor
muscles ; and the sixth pair, specially destined to
the abductor oculi. From whatever source derived,
the nerves always enter the muscles in a similar
manner, on the ocular aspect at the posterior quarter
of their length ; they divide into two, three, or more
filaments, before penetrating between the fibres.

The muscles are supplied with blood from irre-
gular branches of the ophthalmic artery, called the
muscular.

Tur Oprique MuscLEs.

The oblique muscles, two in number, the superior
and inferior, differ much from the preceding, not
only in the obliquity of their position, but in the
points of their insertion, and in their action upon the
globe of the eye. We have seen that the tendons
of the four straight muscles are inserted into the
anterior part of the sclerotic coat, not far from
its junction with the cornea, applied against and
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bending over the globe from its transverse centre for-
wards. On the other hand, the oblique muscles are
attached to the eyeball bekind its centre of motion,
commencing at the posterior part of the middle third
of the sclerotic coat. We shall soon see how widely
different are their actions, owing to the peculiari-
ties of their several attachments. To these muscles
the name of ‘‘circumductors of the eye ” has been
given.

The obliquus superior muscle, arises by a fine ten-
dinous head from the sphenoid bone, not far from
the optic foramen, and between the origins of the
superior and internal straight muscles. It does not
mingle with these muscles, nor with the common
fascia before mentioned ; but gradually increasing in
bulk, instead of being like all the other muscles of
the eye flat and ribbon-shaped, it is round and
tapered, taking a slightly oblique course, upwards,
forwards, and inwards, along the suture of the frontal
and =thmoid bones. As it approaches the fore part
of the orbit, it sends off a fine tendon, which pursues
the original direction of the musecle, until it meets
with a small cartilaginous loop or pulley, fixed im-
mediately behind the internal angular process of the
frontal bone, and midway between it and the super-
ciliary notch : at this point, the tendon is round and
smooth. Having passed through the loop, it sud-
denly turns backwards, downwards, and outwards,
until it reaches the posterior part of the globe of the
eye. In this part of its course, it passes over the
adductor and beneath the levator museles ; and is
finally inserted by a broad and thin tendon, which
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has been gradually diverging and expanding from the
pulley, into the posterior third of the sclerotic coat,
between the bellies of the levator and abductor
oculi muscles. The tendon, as it approaches and
passes the pulley, is round ; but as it proceeds to-
wards the eye, it becomes more and more flat,
terminating fan-like with divergent fibres, giving it
a triangular shape from the pulley to the point of its
insertion.

It appears that Galen was profoundly ignorant of
the origin of this muscle, as in his description of the
muscles, he says, that the superior oblique arises -
from the inner angle of the eye: and Vesalius, again,
who gives the commencement of the muscle cor-
rectly, from the neighbourhood of the optic foramen,
makes no mention of the pulley ; which is the more
remarkable, since the very error of Galen as to
the immediate origin, clearly refers to this point.
Columbus falls into a third kind of mistake, who,
while he describes the muscle correctly, pursues it
no farther than the inner angle of the eye, and calls
it ““ tertius palpebrarum;” evidently inferring that it
ceased at this point, by being inserted into the eye-
lids. Fallopius was, I believe, the first who pointed
out the pulley; and the anatomy of this muscle was
perfected by Eustachius. The best account of it,
however, is given by Albinus, in his excellent work
of *The History of the Muscles in Man.” The
nerve specially destined to the superior oblique mus-
cle, is the fourth pair.

The pulley, is formed by a semi-circular cartilage,
which is fixed at cach horn by ligaments to the
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frontal bone, at the point indicated when speaking
of the roof of the orbit. It offers a smooth groove
for the play of the round part of the tendon of the
superior oblique, while to facilitate the motion where
these two parts are in contact, we find a small bursa
smucosa lubricating the tendon, which is accompanied
from thence to the insertion by, and involved in, a
loose cellular sheath lost afterwards by being con-
founded with the membranous coverings of the
straight muscles.

The inferior obligue muscle, differs in form, origin,
and direction from all the preceding muscles. It
commences near the front of the orbit, from a slightly
roughened line immediately below the groove of the
lachrymal duct as seen in the orbit, and within the
prominent orbitar ridge, formed by the superior max-
illary bone : from thence, by fleshy fibres, as far
back as the thin plate of bone that covers the canal
of the infri-orbitary nerve. From these attachments -
the muscle proceeds, ribbon-like, along the floor of
the orbit, in a semi-circular form and oblique direc-
tion, outwards and backwards, at first between the
floor of the orbit and the depressor oculi, and then
ascending, is applied against the globe, to be inserted
by a broad tendon into the posterior and outer part
of the sclerotic coat, nearly opposite to the tendon of
the superior oblique muscle, and immediately above
the line of the belly of the abductor oculi. This
muscle is supplied by a branch of the third pair of
nerves : it is important to mark, however, the fact
of this branch of the common oculo-motor nerve
invariably receiving a twig from the lenticular gang-
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lion. A few of the primary fibres of this muscle are
said to be attached to the lachrymal sac itself.

Tue Acrions or THE MUsCLEs.

When any one of the straight muscles contracts, its
tendency is of course to bring its point of insertion
towards the origin or fixed point, in a straight line
between the two: the action of each, therefore, 1s
very properly expressed by the names these muscles
have received, as levator, depressor, abductor, ad-
ductor; the two latter having reference to the mesial
line of the body. When either of the lateral muscles
acts together with the upper, or lower one, the eye
will be carried in a line drawn directly between the
two, if the forces be equal ; or it will be inclined to
that side on which the contraction shall be the
greatest. If all the straight muscles act together,
they will retract the eye further within the orbit.
As, however, the ball of the eye is nearly spherical,
the contraction of any one of them will slightly
rotate the eye, but in a direction opposed to that of
the oblique muscles.

In considering the action of the superior oblique
muscle, particular notice should be taken of the point
of insertion, and of the trochlea or pulley. The
point -to be moved is the outer side of the globe,
posterior to its centre of motion taken as a vertical
centre, and considerably behind the insertion of the
straight muscles. The pulley, or fixed point, is an-
terior to the insertion, above, and to its inner side,
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Thus contraction of this muscle, by bringing the in-
sertion towards the pulley, has a tendency to direct
the back of the globe forwards and inwards; but as
its tendon embraces, as it were, a spherical body,
and is implanted obliquely, it rolls the eye upon its
axis; and in bringing the posterior part upwards to
the inner angle of the frontal bone, it depresses the
fore part of the globe, and the pupil is directed
downwards and outwards, towards the promontory
of the cheek. Such is the action described by
Albinus : and by actual experiments, and by its
accordance with the known laws of muscular con-
traction, I am persuaded of its correctness.

The action of the inferior oblique muscle, 1s to
roll the eye upwards and inwards under the superior
eyelid.

The actions of the oblique muscles, have been the
subject of much dispute amongst anatomists; and
even at the present day, the question is far from
being completely set at rest. As the point is not
without its interest, let us take a rapid view of the
opinions of some of the more eminent ancient and
modern anatomical writers.

It is clear that Galen and other authors down-
wards to the time of Fallopius, who discovered the
pulley of the superior oblique, must have been igno-
rant of the true action of this muscle; since this dis-
covery, however, little doubt has existed upon this
head, but with regard to the action of the inferior
oblique much variety of opinion has existed. Albi-
nus states that this musecle, opposed to the superior
oblique, directs the pupil upwards towards the tail
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of the eyebrow (*“ caudam supercilii™) or towards
the temple, while it rotates the eye from the outer
side, along the floor and inner edge of the orbit. It
also draws the posterior part of the globe, like the
superior oblique, forwards but downwards. Ken-
neday, in his ¢ ophthalmographia,” says, that * the
superior oblique draws the eye forwards and directs
the pupil downwards, The inferior oblique draws
it forwards and upwards, and acting together draws
the globe fixedly towards the nose.” This author
says nothing of the rotating action, or of the direc-
tion of the pupil to either side. Dr. Porterfield,
who is exceedingly precise in his description of the
action of these muscles, gives that of the superior ob-
lique as above : but with regard to the lower, which
he calls the ““ the brevissimus oculi,” merely states it,
as rolling the eye about its axis from the nose, at the
same time drawing the globe forwards, and direct-
ing the pupil upwards. A short way further on, he
says, ‘“ Though the action of these muscles seems
pretty evident, yet there is scarcely any part of the
human body about which anatomists have differed
more than in assigning them their proper offices.”
The celebrated Cowper, whose opinion Porterfield
followed, is among the first who began to reason
justly concerning them. His opinion of the office of
the oblique muscles consists, principally, in their
conjoint action; that they preserve the eye suspended
in its orbit, for the better receiving the motions of
the straight muscles, and antagonise each other.
Somewhat similar to this is the doctrine of Winslow,
who says, that * the use of the oblique is chiefly to
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balance that of the recti, and to support the globe
in the actions already mentioned.” Zinn does
not describe the actions of these muscles. Bichat
writes, ¢ Les movemens de rotation, I'un en dedans,
Pautre in dehors, mouvemens dans lesquel T'ceil ne
se deplace point, mais se meut seulement sur son
axe, sont dus, le premier au grande rotateur (s. ob-
lique). Le second au petit, muscle antagoniste, I'un
de l'autre sous ce rapport.”  Meckel’s opinion is as
follows, “ The inferior oblique muscle rolls the eye
upon its axis, first, outwardly, then downwards, and
lastly inwards, at the same time bringing it for-
wards.” Sir . Bell has discussed the action of
these muscles at great length. The action of the
superior oblique, according to this eminent physiolo-
oist, consists in turning the pupil downwards and
outwards, the inferior upwards and inwards under
the upper eyelid, at the same time they perform the
traversing motions of the globe independent of the
will, or in other words they belong to the class of
involuntary movements. To prove this point, Sir C.
Bell has made many observation upon the eye, in
states of disease, when under artificial excitement,
upon its position during sleep, &c.; he has also insti-
tuted some ingenious experiments which lead him
to the conclusion offered in a note at page 211 of his
4to. edition, on the Nervous System of the Human
Body, (1830). He found that during sleep, or when
the eye was involuntarily guarded from the effects
of a strong light, the pupil was rolled upwards and
inwards, under the inner canthus of the upper lid.
The same effect was produced, when an attempt was
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made to close the eye, the lids being forcibly held
open: also mn difficult respiration, in sneezing, and
the like. He refers this action to the agency of the
fourth pair of nerves as instrumental in aiding this
involuntary motion, but as this nerve is solely dis-
tributed to the superior oblique muscle, and as the
contraction of this muscle turns the pupil downwards
and outwards, he has recourse to the new theory as
explained in the note alluded to, to which especial
attention is requested. In the general text, after
having detailed the curious origin of this nerve, and
its sole destination, he proceeds, ‘* What office can
this nerve have in reference to this one muscle? we
now reflect with increased interest on the offices of the
oblique muscles of the eye, observing that they pro-
duce an insensible rolling of the eyeball, and hold it
in a state of suspension between them; we have seen
the effect of dividing the superior oblique, was to
cause the eye to roll more forcibly upwards, and if we
suppose the effect of the fourth pair of nerves is, on
certain occasions to cause a relavation of the muscle to
which it goes, the eyeball must be rolled upwards.”
To this paragraph is appended the following note,
““The nerves have been considered so generally, as
the instruments for stimulating the muscles, without
any thought of their acting in the opposite capacity,
that some additional illustration may be necessary
here. Through the nervesis established the connec-
tion between the muscles, not only that connection,
by which the muscles combine to one effort, but
also that relation between the classes of muscles in
which the one relaxes while the other contracts.
N
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I appended a weight to the tendon of an extensor
muscle, which gently stretched it, and drew out the
muscle; and 1 found the contraction of the opponent
flexor was attended with a descent of the weight,
which indicated the relaxation of the extensor. To
establish this connection between two classes of
muscles, whether they be grouped together, as in
the limbs, or scattered widely, as the muscles of
respiration, there must be particular and appropri-
ate nerves to form this double bond, to cause them
to conspire in relaxation, as well as to combine in
contraction.  If such a relationship be established,
through the distribution of the nerves, and between
the muscles of the eyelids, and the superior oblique
muscle of the eyeball, the one will relax while
the other contracts.” 1 confess this reasoning to be
somewhat startling, and if established, is of great
importance in physiology: we, in consequence, ask,
if the fourth pair of nerves relax the superior oblique
«occasionally,” does it not on other occasions cause
it to contract? or, in other words, does not this
theory imply two very opposite modes of action to
this nerve, since the very term to ““cause a relaxa-
tion”" implies an active influence of the nerve? If,
however, we look to the source of the nervous
supply to the inferior oblique muscle, we find that
although it receives a branch from the voluntary
third pair, yet we also invariably find that this branch
is joined by a twig from the lenticular ganglion, or
from the involuntary system of nerves. This, 1 be-
lieve, at once changes the function of this muscle,
and takes it out of that class, which is subjected to






ARTERIES AND VEINS OF THE ORBIY.

Tiur OPHTHALMIC ARTERY.

All the arteries of the human body are more or
less subject to deviations in their origin and dis-
tribution; and none, perhaps, offer more frequent
varieties in different individuals, than the one which
heads this paragraph: consequently, the description
of this vessel, taken from any one subject, should
be considered in detail as applicable to that only
from which it was selected, not as a distribution
common to all. Haller has recorded the varieties
of the primary and secondary branches of the oph-
thalmic artery, in no fewer than twenty-four bodies,
specially injected with coloured fluids, and traced
with the greatest care to their ultimate terminations.
Zinn expressed his regret, that he did not possess
equal facilities of anatomical examination with his
illustrious friend, but he has, nevertheless, given us
a particularly minute, and correct account of the
course, division, and inosculations of the smaller ar-
teries of the interior of the eye. Add to the labours
of these two anatomists, the valuable work on the
arteries, by the late Dr. Barclay of Edinburgh, and a
most full and accurate knowledge of the progress of
the ophthalmic artery and its orbitar branches may
be acquired, I shall, in the first instance, content
myself with giving a description of the course which
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this artery commonly takes, and subsequently, an
account of the most frequent varieties observed by
these authors.

The internal carotid artery, immediately after
emerging from the cavernous sinus within the cra-
nium, and as it ascends by the side of the anterior
clinoid process, gives off its first considerable branch,
the ophthalmic artery. This vessel springs from the
outer and anterior part of the internal carotid trunk
at the convexity which it makes at this place. The
ophthalmic artery is at first placed below, and to the
outer side of the optic nerve, to whose sheath it is
closely attached by dense fibres of dura mater. It
next passes through the optic foramen, and upon its
entry into the orbit it is still below and to the outer
side of the nerve, having immediately before it the
lenticular ganglion.  Speedily ascending to the level
of the nerve it gives off some important branches.

The ophthalmic artery still ascending, passes with
an obliquity forwards and inwards, above and across
the optiec nerve. In this part of its course, it gives
off four or five secondary branches.

It is now directed forwards, at the inner side of
the nerve, lying between the adductor and superior
oblique muscles, and finishes its course at the inner
canthus of the eye by dividing it into two terminal
ramifications,

Throughout the whole of its progress the oph-
thalmic is a very tortuous artery, and its branches
both in name and destination will be found to bear a
resemblance to the distribution of the first division
of the fifth pair of nerves, more especially if it be
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vessels, that inosculate through the spheno-maxillary
fissure with ramifications of the internal maxillary
artery. A little further onward it furnishes a twig,
that perforates the malar foramen, and having given
a supply to the diploe or cellular structure of the
malar bone, it appears upon the cheek to anastomose
with the transverse facial branches of the temporal
artery. At its inner side, the lachrymal artery gives
several minute vessels to the levator oculi muscle;
and having reached the lachrymal gland, where it is
situated above and a little to its outer side, it divides
into many ramuli, supplying to the gland the blood
necessary for the secretion of the tears. Beyond
the gland, the terminal divisions of the lachrymal
artery are found distributed to the upper eyelid. Of
these, some, taking a direction outwards, meet at
the external canthus with branches of the temporal
artery, with these they anastomose in the skin of the
lids and neighbouring parts. The central of the ter-
minal branches are distributed to the orbicularis pal-
pebrarum muscle, to the fat, skin, and to conjunc-
tival membrane of the upper eyelid, where they
meet and inosculate with branches from the superior
muscular division of the ophthalmic artery. Finally
those vessels most to the inner side anastomose with
divisions of the frontal, and the proper tarsal arches
of the palpebral arteries.

9. The central artery of the retina may be divided
into two sets, both requiring, on account of their
minuteness, the most careful injections to display
them. The first division consists of slender twigs,
which are distributed to the lenticular ganglion, and
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twine around the sheath of the optic nerve, anasto-
mosing in the soft fat about the ganglion with some
of the short ciliary arteries. The second and most
important branch penetrates the sheath of the optie
nerve, with an obliquity from behind forwards ; it
gives some minute vessels to the fibrille of medul-
lary matter of which the nerve is composed, and
whose centre it now gains. Arriving with the optic
nerve at the posterior part of the sclerotic coat, it
penetrates through the centre of the cribriform la-
mella, by that hole which has been called the ““ porus
opticus ;” thence having gained the inner surface of
the retina, it divides into three principal branches:
two of these are destined to the retina, the other to
the supply of the vitreous and lenticular bodies.

Of the two branches distributed to the retina, one
passes above, and one beneath the entry of the optic
nerve, in a curvilinear direction, giving off numerous
subdivisions from the convexity and concavity of
their course. These anastomose so frequently by
arches, as to form an intricate net-work of vessels,
which has gained for the retina generally its present
distinctive appellation, as well as those names by
which it was known to the ancients, as ““amphibles-
troides,” or * arachnoides,” as Hierophilus called it.

The two main branches of this artery still pass
forward, towards the anterior edge of the retina, and
there subdividing each into two parts, they anastomose
reciprocally to form an undulating circle, around the
ultimate circumference of the medullary membrane.
Some minute vessels have been seen, occasionally,
to pass still more forwards upon the anterior layer
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of the canal of Petit, and have given occasion to
some authors to describe the retina itself as passing
to the very edge of the circumference of the lens.
The net-work formed by the numerous subdivisions
of this artery, and the fine cellular tissue which
connects them and supports the medullary matter of
the retina, as the pia mater does that of the brain,
have gained for the whole the anatomical term of
“ tunica vasculosa retinee.”

Immediately upon the separation of the above-
described branches to the retina, the central artery
terminates in one exceedingly minute vessel, which
has received the name of ““ the central artery of the
vitreous humour.” In the adult eye, the finest in-
jections, excepting in most rare instances, fail to
display its existence; but in the faetal state it is
easily shewn, and its course 1s then no less remark-
able and beautiful than important. It seems to
penetrate directly through the vitreous body, with-
out giving off a single branch, until it arrives at the
~ posterior capsule of the lens. Probably, however,
this arises from the coarseness of our injections, in
consequence of which its branches have escaped
detection ; though these are doubtless distributed in
all directions to supply the hyaloid cells of the vi-
treous body. (Vide note to page 115.)

The ramifications, which this artery sends to the
posterior capsule of the lens, radiate from the centre
to the circumference, anastomosing frequen:ly with
each other, towards the extreme edge of the capsule.
Many authors assert that these minute arteries pene-
trate the capsule itself, and give branches to the
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body of the lens. Under the head of the crystalline
lens, I have quoted the authority of Mr. Mackenzie
of Glasgow, who has seen in certain stages of in-
flammation these branches distributed to the sub-
stance of the lens, and whose arborescent appearance
he has most carefully deseribed.

The late Dr. Barclay, of Edinburgh, in a note to
his description of the arteria centralis retinze, with
a candour which constantly accompanies true genius,
says, ‘I must confess, though I never have seen one
or other of these branches (vessels to the vitreous
and lenticular bodies), I feel no inclination to doubt
the veracity or accuracy of those who have men-
tioned them. Sabatier, however, who has seen the
branch that penetrates the substance of the vitreous
humour, suspects the existence of the branch or
branches, that are said to enter the body of the lens.
His suspicions seem to arise from the circumstance,
that they have seldom appeared to anatomists after
the most anxious and minute research. But if they
convey a transparent fluid in their healthy state,
how is it possible that they can appear, excepting
after rare and lucky injections, or rare cases of
violent inflammation ? If the natural functions of
both the lens and tunica hyaloides require the most
perfect degrees of transparency in every part of them,
can it be supposed, that their arteries or veins are
naturally to admit the gross and opaque parts of the
blood; or, whenever we choose to make the experi-
ment, the colouring materials of our injections?”
After commenting upon the various hypotheses of
the nourishment of the lens, Dr. Barelay concludes
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in these words :—* I should be inclined to continue
in the old vulgar opinion, that the lens is nourished
by transparent vessels; an opinion though vulgar,
accompanied only with this single absurdity, if it be
an absurdity, that good fortune, which has shewn
them occasionally to other anatomists, had never
shewn them to Sabatier and Petit.”

Tn the first number of the Journal of the Royal
Institution of Great Britain (Oct. 1830), there is a
paper entitled, ¢ Contributions to the Physiology of
Vision;” and a very curious experiment is quoted
from an Essay by Dr. J. Purkinje, of Breslau, by
which a luminous figure of the ramifications of the
central artery of the retina may easily be seen by any,
even little skilled, experimentalist. The following
passage is explanatory of this interesting observa-
tion :—< If a flame, at about two or three inches
distance, is slowly moved before the right eye in
various directions, a figure appears painted, as it
were, in the luminous area round the flame. The
vessels, for such they evidently appear to be, seem
to proceed from the insertion of the optic nerve,
and consist of two upper and two lower principal
branches, which are variously ramified towards the
middle of the field of vision, where a dark point is
seen, which frequently appears concave. * % %
The origin of the vessels is a dark oval spot, with a
light areola ; the figure itself, or rather fragments of
it, are seen under various other circumstances. As
was observed above, there can be no doubt that the
figure is formed by the central vessels of the retina,”
To this description is appended a note, well worthy
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the attention of the curious, in which directions are
given for performing the experiment in a more exact
manner, rendering more minute, at the same time
more distinct, the ramifications of this spectrum.

3. The inferior muscular artery is uncertain in its
origin ; often arising from the ophthalmic trunk at
the outer side of the optic nerve, and sometimes at
the inner. Its course as a single vessel is very
short, dividing almost immediately into several ra-
muli, that enter the depressor, the inferior oblique,
and adductor oculi muscles, and which penetrate
‘these muscles at the posterior part of their ocular
aspect. They also give twigs to the cellular sheaths
and tendinous expansions, whence some minute
branches penetrate the sclerotic coat near its junction
with the cornea, after having freely anastomosed with
similar branches from the superior muscular artery.
These twigs have received the name of the ‘‘anterior
ciliary arteries.”

4. The posterior choroidal branches are numerous
and irregular. They are very minute, and enter the
sclerotic coat, immediately around the optic nerve,
to gain the most posterior portion of the choroid
membrane, to which they are distributed, anasto-
mosing frequently with the short cihary arteries.

In the second part of the course of the ophthalmic
artery, or where it crosses above the optic nerve, we
have—

5. The short ciliary arteries, which are from twelve
to fifteen in number, small, delicate, and very tor-
tuous vessels, that inosculate frequently with each
other and the preceding arteries, prior to reaching
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the globe of the eye. Having arrived at this point,
they penetrate the sclerotic a little anterior to the
posterior choroidal branches, giving some few twigs
to the cellular covering, as well as to the fibrous
structure of the sclerotic itself. They are accompa-
nied by nerves of the same name, and penetrate
obliquely through those small canals, which were
spoken of in the description of the sclerotic. They
then enter the choroid membrane, and gain its inner
surface. They next radiate forwards, towards the
iris ; but before reaching this structure, they give
numerous branches to the choroid, dividing and sub-
dividing with infinite variety, anastomosing under
repeated angles, forming in conjunction with the pos-
terior choroidal vessels a most intricate and splen-
did mesh-work, admirably described by Zinn in the
chapter on the choroid membrane. A successful
injection of these arteries gives to the whole an ap-
pearance of scarlet velvet, and produces a vascularity
as intense as that of a minutely injected feetal sto-
mach. Towards the anterior part of the choroid coat,
the ciliary arteries assume a greater regularity of
appearance, and send an infinity of branches to the
ciliary processes, some few alse to the iris. The
former, indeed, are as highly vascular as any part of
the choroid coat, and have each of them the appear-
ance of a small pointed leaf folded longitudinally ;
the nerves of the leaf and their subdivisions convey
a pretty accurate idea of the arterial ramifications of
the ciliary processes. The iridien branches will be
spoken of in conjunction with the following vessels.
G. The long ciliary arteries, are two in number,
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and commonly arise from the trunk of the ophthalmic
artery: their course towards the eye is tortuous, and
they are placed at each side of the globe, parallel to
its longitudinal diameter. They are, perhaps, the
most regular in their direction and distribution of
any of the arteries of the orbit.

Having pierced the sclerotic coat, anterior to the
line of the last-mentioned arteries, they are placed
between it and the choroid membrane ; and so pre-
cisely do they divide the eye into two horizontal
equal portions, that they have been termed the
“equators of the eye;” and directions have been
laid down, in order to their avoidance in certain
surgical operations upon this organ.

As they pass forward, they enter the ciliary circle
and gain the greater circumference of the iris, placed
more upon its anterior surface than any of the other
vessels of the part. Here they divide each into two
branches, which passing above and below, and around
the circumference of the membrane, mutually anas-
tomose upon the middle perpendicular line of the
iris, in order to form a complete circle, called the
outer vascular ring. From the lesser or inner cir-
cumference of this ring, pass off many straight twigs
towards the centre, which gathering together and
anastomosing with each other, and also with numer-
ous branches of the anterior ciliary arteries, form a
second vascular ring, at the distance of about a line
from the pupillary margin of the iris.

The anastomoses of these different vessels are so
frequent and so minute, as to require the aid of a
magnifying power distinetly to discern them. From
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this last ring many ramuli proceed to the very edge
of the pupil, where some anatomists describe ano-
ther and a similar circle of vessels. Between the
first ring formed by the double branches of the long
ciliary, and of the anterior ciliary arteries, some in-
osculations take place, leaving small rhomboidal
areolee in their interstices ; but the general appear-
ance of a well injected iris shews a radiated dispo-
sition of vessels between two well defined circles of
tortuous and minute arteries.

The more particular description of the iridien
vessels has been given in the section devoted to the
organization of the iris; but before I conclude the
subject, T may be permitted to observe, that I can-
not coincide in the remark of Dr. Harrison, in his
““ Surgical Anatomy of the Arteries,” where he des-
cribes the posterior surface of the iris to be more
vascular than the anterior. 1 have invariably found
that a successful injection of the arteries of the iris,
displays much more perfectly the two arterial circles
on the anterior surface, even after the black pigment
and ciliary processes have been carefully removed
from behind. The brightness or depth of colour
of the anterior surface of the iris 1s insufficient
to prevent the accurate display of the vessels, pro-
vided the injection has been made with that best of
colouring materials, carmine.

7. The supra-orbitar artery is of considerable size,
frequently as large, and sometimes larger than the
lachrymal : its course is forwards to the inner side,
and a little above the levator palpebrae superioris
muscle, closely accompanying the frontal nerve.
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The first branches it gives off are to the levator oculi,
and levator palpebra superioris muscles, ramifications
to the frontal nerve, and some anterior ciliary arteries.
When the supra-orbitar artery arrives at the anterior
part of the orbit, it sends off a trochlearis branch,
some of whose ramuli are distributed to the pulley
and sheath of the tendon of the superior oblique
muscle; small twigs are also sent to the upper eyelid,
and inner canthus of the eye anastomosing with
the frontal artery. At this spot the suprd-orbitar
artery seems as if increased in size, and passes out of
the orbit, ascending through the notch with an ac-
companying nerve, giving, as it passes this point, a
minute ramification that enters a small foramen to
supply the lining membrane of the frontal sinuses.

The artery now turns over the brow, dividing into
many branches, the outermost of which inosculate
with the temporal artery in the skin of the eyebrow
and forehead. The central branches pass upward to
the forehead, dividing to the occipito-frontalis mus-
cle and skin for some inches space; radiating to
anastomose outwards with the temporal, and on the
inner side with the frontal artery. The innermost of
all the branches expend themselves on the upper
eyelid, inosculating with the superior palpebral ar-
tery towards the inner angle of the eye. This artery
if wounded near the notch, gives some trouble to
the surgeon, from its retracting within the orbit and
producing extensive ecchymosis amongst the mus-
cles and fat of this cavity.

8. The superior muscular arlery is not very con-
stant or uniform, its place being often supplied by
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any artery in its neighbourhood. Like the inferior
branch, it chiefly divides to the muscles in its vici-
nity, such as to the levator, adductor, and superior
oblique muscles. Some of its twigs supply the ten-
dinous expansions, and furnish ramuli to the cellular
membrane of the orbit, as well as some anterior
ciliary branches.

These anterior ciliary branches, thus derived, as
we have seen, from various sources all in the im-
mediate neighbourhood of the anterior part of the
eyeball, freely inosculate with each other, prior to
_piercing the sclerotic coat, a few lines distance from
the circumference of the cornea. In the healthy
condition of the eye they seldom, except the largest
of them, carry red blood, but under inflammation of
the deeper seated membranes of the eye, as in iritis,
their infinite number and great minuteness are
evinced by the vascular zone constantly accompany-
ing that disease. Their ultimate terminations have
been described in the article upon the organization
of the 1ris.

The third division of the ophthalmic artery, com-
prehends those vessels which are given off by the
ophthalmie, whilst pursuing its course to the inner
angle of the eye, to be finally expended upon the
forehead and face.

9. The posterior ethmoidal artery, which passes
below the posterior part of the superior oblique mus-
cle towards the back of the inner wall of the orbit ;
it first gives a few branches to the periosteum of its
vicinity, and then enters the nose by the posterior
and internal orbitar foramen, sometimes accom-
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panied by a minute filament of the nasal nerve. It
ascends from the nose by one of the cribriform fora-
mina of the @thmoid bone, gives a small twig or two
to the dura mater lining the cribriform fossa, and
descends again into the nasal sinuses to ramify upon
the Sneiderian membrane, inosculating with nasal
ramuli of the internal maxillary artery.

10. The anterior ethmoidal artery is smaller than
the posterior, and gains the nasal sinuses in company
with the nasal nerve by the anterior and internal orbi-
tar foramen. It does not, however, enter the cranium,
as the nerve does, but is distributed to the lining
membrane of the w=thmoidal cells, anastomosing
with the last described artery and the lateral nasal
branches of the internal maxillary.

11. The superior and inferior palpebral arteries.
As the ophthalmic artery proceeds tewards the inner
canthus of the eye, it gives off a sufficiently regular
branch immediately below the pulley, which from
its destination is known as the superior palpebral
artery. A common trunk, however, very often gives
origin to a branch to the lower as well as to the up-
per eyelid; in which case, it divides behind the liga-
ment which connects the tarsal cartilages. The first
branches are to the lachrymal sac, to the caruncle,
and to the semi-lunar fold of the conjunctiva. The
artery, or if there be two, they then gain respec-
tively the upper and lower eyelid; they describe
a somewhat tortuous course, giving a great num-
ber of branches to the orbicularis palpebrarum
and ciliaris muscles, to the skin, and to the conjunc-
tiva. From the arches which they form, a great
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number of parallel and straight branches pass to-
wards the edges of the tarsal cartilages, supplying
with great freedom the Meibomean glands and con-
junctival membrane. In theupper eyelid, this artery
anastomoses with the frontal, nasal, supra-orbitar,
lachrymal, and sometimes with the temporal arteries;
in the lower eyelid, with the nasal, angular of the
facial, and infra-orbitar of the internal maxillary
artery.

12 and 13. The frontal and nasal arteries. We
have now followed the ophthalmic trunk nearly out
of the orbit, immediately prior to which point, how-
ever, it divides into its two terminal branches. The
smaller of these is named the frontal, which, having
furnished an anastomotic twig to the pulley where it
meets the suprd-orbitar artery, escapes from the
orbit by ascending at the side of the internal angular
process of the frontal bone, turning over the brow
with a corresponding nerve. It enters the corru-
gator supercilii, and in this muscle it divides freely
and anastomoses with the supri-orbitar and frontal
branches of the temporal arteries. Some branches
of the artery penetrate this muscle and the occipito-
frontalis, gain the skin, and unite with branches from
its fellow of the opposite side. The nasal artery is
the true termination of the ophthalmic trunk, and
leaves the orbit at its innermost edge, between the
pulley and the ligament of the tarsi. It gives nu-
merous branches to the lachrymal sac, to the carun-
cle, and to the tunica conjunctiva; then descending
at the side of the nose, it gives, laterally, twigs to
the levator labii superioris, nasal slip of the occi-
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contrary. It is often as large as the lachrymal itself,
from which artery it sometimes takes its origin, and
in that case it frequently gives off two or three short
ciliary, or posterior choroidal branches. —Meckel
traces its ramuli to the antrum maxillare and the
sphenoidal sinuses. In minute injections, where
the anastmoses are so numerous, it becomes almost
a matter of speculation where an artery begins or
ends, as we are able to trace with ease, in any point
of this intricate net-work, branches in a direction
towards, or from the suspected original.

T'he supra-orbitar artery is not very constant in its
commencement, but its course and distribution are
sufficiently regular. It emerges from the orbit and
turns over the brow, either in company with the
nerve, or anterior to the bony or ligamentous bridge
that sometimes separates the two parts.

T he anterior @thmoidal artery arises sometimes from
the posterior ®thmoidal, or from the supra-orbitar
artery. Its volume is variable; it never, I believe,
enters the cranium like the posterior, but merely
sends a few twigs to the dura mater lining the cri-
briform sinuses.

The palpebral branches, as already stated, either
arise singly or from a common trunk. When the
former happens to be the case, the superior comes
off from the supra-orbitar artery, the inferior from
the nasal, or angular termination of the ophthalmic
trunk. Their anastomoses constitute the  arcus
tarseus superior et inferior.”  Sometimes a branch is
seen coasting the margin of the tarsal cartilages,
which is denominated ** arteria marginalis.”
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The frontal and nasal arteries vary much in size;
in the feetus the former is the larger, in proportion as
the cranium is at that period of life relatively so
much more ample than the face. It is always one
of the terminations of the ophthalmic artery.

The nasal is, occasionally, but an anastomotic twig,
a descending branch of the frontal ; but in the ma-
jority of instances it is the larger of the two, and
sometimes it exceeds in volume the nasal branch of
the facial artery, passing down as far as the ale of
the nose, of which it perforates the cartilages, and
anastomoses on the lining membrane with the proper
nasal arteries. It is called by some the angular
nasal artery.

Tue Veins oF THE ORrBIT.

The blood which has been distributed by the
branches of the ophthalmic artery is returned to the
circulation by different routes; thus, that which has
been supplied to the skin and muscle of the fore-
head is brought back by the frontal and temporal
veins; from the upper and especially from the lower
eyelid by the facial vein, at their nasal sides; and at
their outer sides by branches of the temporal vein.
The blood, however, which has circulated through
the eyeball itself, and through the greater part of the
orbit, is returned by the reunion of many branches
into one trunk called éhe ophthalmic vein, which enters
the cavernous sinus of the dura mater, the blood
flowing from thence through the lateral sinus into
the internal jugular vein, and so back again to the
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mal branch on its outer side, joining which it enters
by a common trunk into the ophthalmic vein.

The outer branch arises by numerous minute ra-
muli from every part of the lachrymal gland, anas-
tomosing anteriorly with branches of the superior
tarsal arch and of the temporal veins. To the inner
side and posteriorly it inosculates with the deep tem-
poral vein. It receives muscular trunks from the
abductor oculi muscle ; anastomotic ramuli from the
superior ophthalmic branch, and from the veins of
the levator palpebrae superioris. It then sinks be-
neath the edge of the abductor oculi muscle and
receives a ciliary vein: uniting then with the before
described superior division, their common trunk
empties itself into the ophthalmic vein. This branch
may be named the lachrymal vein.

T he lower division arises like the upper, by radicles
from the conjunctiva, and the neighbouring skin and
muscle of the lower eyelid. It receives veins from
the inferior oblique and depressor oculi muscles, and
then passes between the globe and the last named
muscle, having anastomosed or received small ramuli
from the infri-orbitar vein, and those of the perios-
teum of the floor of the orbit, it is joined by one,
sometimes by two ciliary veins, and by small twigs
which ramify on the sclerotic itself. Finally, collect-
ing veins from the fat and membrane in its immediate
neighbourhood, it empties itself by a large trunk
into the ophthalmic vein.

The inner division anastomoses freely, at the in-
ternal canthus of the eye, with the oculo-angular and
frontal veins: it then receives branches from the
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membranous sheath of the superior oblique muscles.
The anterior and posterior @thmoidal veins, which
are true vena comites of the arteries of the same
name, enter this inner branch. Other twigs, from
the superior oblique and adductor oculi muscles, a
ciliary vein, and anastomotic ramuli from the upper
division, join this trunk, which finally enters the
ophthalmic vein at the back of the orbit.

The ophthalmic vein, thus formed, is very short in
its course, and of considerably larger volume than
the artery of the same name. It is placed below and
external to the optic nerve, nearly immediately
under the ciliary or lenticular ganglion; it then
passes directly backwards, beneath the aponeurotic
origin of the muscles, penetrating the sphenoidal
fissure to gain the cavernous sinus, to the outer side
of the bundle of nerves which enter the orbit at this
place. The ophthalmic vein sometimes escapes from
the orbit in two separate trunks, which is the only
variety that is worth while recording. It seems in
this case to correspond to the variety, where the
lachrymal artery springs from the middle meningeal
artery, instead of from the ophthalmic trunk.

Tur CAVERNOUS SINUS.

T he cavernous sinus is so connected with the ar-
teries, veins, and nerves of the orbit, as to demand
some consideration in this place. It is to be remem-
bered that it receives nearly all the blood that has
circulated through the globe of the eye, and through



" | 3 .
3 - . | i .







206 ANATOMY OF

septa, excepting perhaps the sixth pair, whose cover-
ing, if any, is exceedingly thin and transparent: the
carotid artery, surrounded by ganglionic filaments,
passes through this sinus, invested also with a cellular
sheath.

Vieq. d’Azyr explains, satisfactorily at least to
himself, the critical heemorrhages from the nose, that
take place occasionally in fever, on the ground of
the communication of the ophthalmic vein and the
cavernous sinus, it being remembered that the an-
terior and posterior @thmoidal veins are branches of
the ophthalmic trunk.

OF THE NERVES OF THE ORBIT.

The orbit contains several pair of nerves exercising
distinct functions, all more or less connected with
the organ of vision. Of these, four pair are exclu-
sively, and one pair partially subservient to this
function. One set conveys sensation to the globe of
the eye; another communicates voluntary motion; a
third is of mixed character; whilst a ganglion is
present which involves all the mysteries of organic
life; and lastly, a pair peculiar to the globe of the
eye, the nerves of actual vision. In order to facili-
tate the description of these intricate structures,
which involve so many interesting physiological phe-
nomena, we shall arrange them on a plan adopted
rather according to their importance, than to their
numerical order. The following is proposed as a
table of the nerves of the orbit.
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meet in the space between the two anterior clinoid
processes above, and immediately before the fossa
that receives the pituitary gland. For a short space
both nerves seem to be blended and compressed into
a sort of rhomboidal mass, from the posterior edge of
which mass they again emerge, no longer round as
heretofore, but in a flattened form. After diverging
for a short distance, they wind round the crura cere-
bri in the line called * tractus opticus 7, and are at
length blended with the posterior part of the cere-
brum, immediately anterior to the valve of Vieussens.
In their passage from the point where they unite,
called the commissure of the optic nerves, they are
in constant communication with the different masses
of grey matter they meet with at the base of the
brain, either giving fibres, or receiving them from the
tuber cinereum. For reasons previously stated it is
probable that the nerves furnish filaments to this
point, as from this spot it is evident that they are
sensibly diminished in size. During the whole
course of the tractus opticus, the nerves are in con-
stant relation with the fibres of the inferior parts of
the middle lobes of the brain, by a succession of
minute fibrilla, Proceeding posteriorly they spread
out into medullary planes adherent to the posterior
part of the thalami optici, giving fibres to the corpora
geniculata, externa and interna, and eventually ter-
minating by intimate union with the corpora quadri-
gemina, especially with the posterior pair. These
nerves are not only in close connection with each
other, at the anterior part of their course, but they
are also brought into reciprocal and intimate relation
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in several different ways. Of these the most obvious
one is by the posterior commissure of the brain,and the
transverse fibres that join the corpora quadrigemina.
The anterior commissure of the brain, by accurate
dissection, shews the connection subsisting between
the fibres of the superior part of the anterior, and the
fore part of the middle lobe of the brain of either
side, thus indirectly uniting the optic nerves.

In relation to the question of the commissures,
although the subject is in its nature exclusively
physiological, I cannot resist the opportunity it
presents, of submitting a few observations on cer-
tainly one of the most interesting phenomena apper-
taining to the sense of sight; viz. single vision, as
exhibited in the fact, that only one picture or image
of external objects is impressed upon the brain, al-
though we are possessed of two separate and equally
perfect organs of sight, I am aware that in a work
avowedly anatomical, it may seem to be travelling
unnecessarily out of the direct path to introduce a
subject essentially connected with the theory of
vision. My apology is to be found in the curious
nature and deep interest of the enquiry, replete with
intricacies and difficulties of no ordinary weight, and
at the present time but imperfectly understood.

I have already, in another place, asserted an
opinion, that the origin of certain nerves ought to be
placed at the periphery of the particular organ, over
whose functions they preside; whilst the origin of
certain other nerves might with propriety be pla-
ced in the brain itself. To the former class the
nerves of sensation belong; to the latter, the nerves of

r
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volition. The first class appear to terminate in the
brain; but considerable distinction is to be made in
relation to the mode, in which the terminationis ulti-
mately effected in the different kinds of nerves of
sensation. Of the five several senses, properly so
called, three of them possess double sets of organs,
with single mental perceptions, and this phenomenon
of concentration is produced, as I conceive, simply
and solely by the agency of the commissures. The
impressions conveyed to the brain are involuntary,
or, at the utmost, only partially under the control
of the will; in strict fact produced by the nerves
proceeding from the organs of these senses. The
three senses, seeing, hearing, and smelling, which
with each a two-fold external apparatus produce
a single perception, may be called #he concentrated
senses. 'The other two, taste, and touch or feeling,
may be denominated diffused. ~ The last indeed
seems to be distributed over nearly the whole sur-
face of the body; and is capable of being exer-
cised over several points at one and the same
instant, and of effecting one or more perceptions.
In each of the first class, the concentration 1is
not equally perfect; but in the organ of sight the
function is decisive and complete. Here we find an
apparatus placed at either side of the mesial line,
performing separately the self same functions, both
stimulated by the same rays of light, and both giving
to the retina the same picture or impression; this
picture or impression is conveyed, with equal pre-
cision, by each nerve to the brain, where it becomes
concentrated, or condensed as it were, so as ulti-
mately to produce one only perception.
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The external impression being transmitted to the
sensorium with equal perfection at either side, the
brain also being symetrical ; it follows of course,
that one side of this organ is capable of exercising
its functions in perfection, as well as the other
side. In this case, then, behold two distinct pic-
tures or impressions of one and the same object,
presented to two separate percipient organs! Whence
comes it, therefore, that we are not sensible of a two-
fold perception? TIs not the explanation to be
sought for, and may it not be found in the com-
missures ?

It has been supposed, that two pictures are ac-
tually presented to the brain, and that the incon-
venience which would ensue is corrected by educa-
tion, in the same manner, that the inverted position
of the image impressed upon the retina has been
supposed to be rectified by the force of habit. This
hypothesis has been disproved by the facts observed
in cases of congenital cataracts, cured at an advanced
period of life.

Recollecting what has heretofore been stated res-
pecting the anatomy of the optic nerve, it might be
inferred that the actual junction of the two nerves, at
the processus olivaris of the sphenoid bone, consti-
tutes the actual commissure of concentration; but
these nerves, in their subsequent course, again diverge
and pursue each a distinct and separate passage to
the brain; so may each nerve, be presumed to con-
tinue to carry a separate, yet similar impression to
the percipient organ. Let us advert then, to the
actual termination of the nerve, and here we may
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observe distinct transverse bundles bringing into
relation with each other the opposite, though syme-
trical sides of the brain, that receive the ultimate and
terminal fibres of the nerves.

Under certain circumstances of functional disorder,
a two-fold perception, or double vision occurs, and
these cases often prove highly instructive in our
endeavours to follow out this interesting subject.

In certain unnatural or unhealthy states of various
organs, as in dyspepsia, or where the sensorium has
been overstrained by undue tension, or by an exces-
sive indulgence in the use of intoxicating liquors,
instances of double vision not unfrequently occur.
Now, as under similar circumstances, it is well
known that other functions of the brain, as the sense
of hearing, the power of voluntary motion, the judge-
ment, &c. are also troubled and impaired, why, it
may be asked, should the commissures of the optic
nerves alone be excepted from the general distur-
bance?

1 am not aware of any congenital case of double
vision, where the disorder may not be accounted for
by the existence of some actual physical imperfection
of the eye. In certain cases of palsy of the third
pair of nerves, the eye is distorted outwards by the
action of the abductor muscle, and double vision
ensues. Or, if one eye be distorted from exact
parallelism with the other eye, an effect that may be
produced by artificial means, the same phenomenon
occurs, and will at once be recognised, as arising out
of an altered condition of the axis of the two eyes.
The images in this case do not correspond, oF
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In the organ of hearing, a loud noise overpowers a
weaker sound, which istherefore lost to the sense and
not perceived or heard. Sir Charles Bell hints at the
analogy subsisting between the organs of sight and
hearing in this respect, while quoting two cases of
double hearing reported by Sauvages. Of these
cases I beg leave to introduce the second. ¢ Very
lately, a foreigner came for advice in a similar situ-
ation (double hearing). He complained, that when
any person spoke to him, he heard the proper sound
of the voice, and at the same time another sound
accompanying it an octave higher, and almost
intolerable to him; as it must have happened, if the
accompanying sound had preserved the true octave
above the voice, and been synchronous with it, the
ear would have received them as one sound, and
have been pleased with their concord, it 1s probable
that the accompanying sound was not in unison with
the true.” (Sauvages, Vol. I1l. p. 352). The author
in the preceding case supposes that the natural
tone of one of the ears was altered, and that the
sound appeared dissonant, so that one of the ears
being weakened or otherwise altered by disease, no
longer transmitted to the percipient part of the brain
a sound corresponding with that of the healthy side.
The commissures, therefore, could not perform their
accustomed office of recognising and blending similar
sounds or similar degrees of tone; thus an effect was
produced like that which takes place in non-accord-
ance of the axis of vision, or as if two distinct
sounds, differing in key and intensity, had been
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offered in regard to the sense of hearing, or two dif-
ferent pictures or images had been presented to the
brain, in reference to the organ of sight.

Tue Tuirp Pair or NERVES

The nerves destined to preside over the move-
ments of the eyeball, are derived from three distinet
pairs or sets; viz., the third, fourth, and sixth.
The two latter being distributed to the superior ob-
lique, and to the external straight muscles respec-
tively ; the third pair, to all the remaining muscles:
in consequence the third pair, in the order of
their succession, are named the common oculo-
motors. They arise from the brain, and pass, toge-
ther with several other orbitar nerves, during a
certain space, through that cleft or division of the
layers of the dura mater called the cavernous sinus.
They enter the orbit through the superior lacerated
opening, subdividing in order to supply the levator
palpebree superioris, the superior, internal, and infe-
rior straicht muscles, and the inferior oblique; which
latter receives an involuntary power, in consequence
of the connection of the branch of the third pair,
which supplies it with a filament from the lenticular
ganglion,

Before the origin, progress, and final distribution
of the third pair of nerves, be stated in detail, it
may be observed, that, as the method of enumerating
the nerves emanating from the brain is altogether
arbitrary in its character, we may expect to find
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A short distance before the third nerve escapes
from the sinus, it divides into two distinct branches,
one above the other, and thus enters the orbit at the
most ample part of the superior lacerated opening,
in company with the nasal branch of the ophthalmic
division of the fifth, and with the sixth nerve, to
which it is united by fine cellular tissue. In com-
bination with these latter nerves, it passes between
the origins of the external straight muscle, and
divides in the following manner :(—

The superior branch, passes forwards, and obliquely
inwards, above the optic and nasal nerves ; then pro-
ceeding to the ocular aspect of the superior straight
muscle, it supplies to it many branches, anastomos-
ing with some of the nasal twigs of the fifth pair of
nerves. The remaining filaments of this branch are
distributed to the levator palpebra superioris muscle.

The inferior branch, of greater size than the form-
er, passes downwards and forwards, between the
outer and inferior edge of the optic nerve and the
depressor oculi muscle ; it divides into three distinct
branches, of which the first and shortest enters at
once into the depressor muscle, to which it is distri-
buted by numerous ramifications. The internal, or
larger division, passes obliquely to the inner side,
beneath the optic nerve, and is supplied to the sub-
stance of the adductor oculi muscle. The external
division is by far the longest, and at the distance of
about a line from the point where it separates from
the others it receives a twig from the lenticular
ganglion. This connection is remarkable, as it seems
to furnish, to a certain extent, an involuntary action
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to the muscle which this filament supplies ; as pre-
viously observed, when treating of the action of the
oblique muscles. The external branch then, with
this addition, passes between the inferior and exter-
nal straight muscles, without furnishing any branch:
it proceeds for some lines beneath the globe of the
eye, finally entering, at nearly a right angle, the
inferior oblique muscle, at a short distance from the
commencement of its tendon; to the fleshy part of
this muscle it is entirely distributed. '

The third pair of nerves gives voluntary motion to
all the muscles of the eye, except the superior
oblique and the abductor; and probably a mixed,
or involuntary kind of action to the inferior oblique,
by reason of its connection with the sympathetic
system of nerves.

Tiue Fourtn Pair oF NERVES.

The fourth nerve, is destined solely to the superior
oblique muscle of the eye. It is the “radix graci-
lior tertii paris ™ of the ancients. Fallopius was not
far from the truth, when he represented it as a
distinct nerve, and derived it from the corpora
quadrigemina. Eustachius and Santorini, however,
more accurately assigned its origin to the transverse
tract behind these bodies. Soémmering describes its
origin, indifferently, from the posterior pair of the
corpora quadrigemina, or from the valve of Vieussens.
Sir Charles Bell associates the roots of this nerve
with those of the seventh or facial nerves, and in-
cludes it amongst the assistant respiratory nerves.
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The fourth pair of nerves ave the longest, and most
slender of all the cerebral nerves. They arise by
three or four roots from the lateral parts of the valve
of Vieussens, immediately behind the posterior pair
of the corpora quadrigemina. The upper or anterior
roots appear sometimes to join, or anastomose with
those of the opposite side. The posterior filaments
arise somewhat nearer to the cerebellum, and are
connected with the lateral pillars uniting the cerebel-
lum with the brain. The number of roots vary from
two to five, sometimes of unequal number at the
different sides. These roots are then collected into
one body, and the nerve separates from the valve,
and in the first instance, passes forwards, downwards,
and outwards, round the processus a cerebello ad
testes; subsequently, anteriorly around the crus ce-
rebelli, here placed immediately above the superior
artery of the cerebellum: it then proceeds forwards,
and after a course of about one inch and a half in
length from its commencement, it enters the caver-
nous sinus.

When the fourth nerve first separates from the
valve of Vieussens, its texture is extremely soft and
fragile ; it does not seem to be invested, or, to speak
more strictly, to be intersected with pia mater; so
that, by Dr. Gordon, it is considered to be without
either filaments, or fasciculi. Inthe course of its pas-
sage through the interior of the cranium, this nerve is
nowhere above the fortieth part of an inch in thick-
ness ; butits figure is round, and its texture becomes
firmer, and more resistant than at the earlier part of
its course, being here strengthened by the arachnoid
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~ membrane. The nerve next proceeds along the
smaller circumference of the tentorium cerebelli, to
enter the cavernous sinus opposite to the posterior
clinoid processes. In this eavity it is first placed at
the outer side, separated by a thin cellular plate,
from the third nerve, which is placed above and to
the inner side of the fourth. In its progress for-
wards, its relative position becomes changed: about
half way through the cavernous sinus, it takes an
upward course, ascending at the inner side of the
common oculo-motor nerve, accompanied by the
frontal division of the fifth pair of nerves, with which
it enters the orbit by the superior lacerated opening.
Here, divested of its arachnoid covering, it 1s seen
placed above the origins of the levator oculi, and le-
vator palpebrz superioris muscles, and beneath the
periosteum of the roof of the orbit. Having some-
what increased in size, it proceeds obliquely inwards,
reaching the belly of the superior oblique muscle, in
which it is eventually expended. Throughout its
entire course, it is said not to give off a single branch,
or even an anastomotic twig; an assertion, however,
that may be questioned; for in some recent dissec-
tions, I certainly have observed a junction or union by
anastomosis, not only between the nerve in question
and the lachrymal branch of the fifth pair of nerves,
but also between it and some of the smaller fila-
ments of the sympathetic plexus, that intertwine
around the internal carotid artery in its passage
through the cavernous sinus. The fourth pair of
nerves are also called * the pathetic,” from their
expressing through the agency of the superior oblique
muscles, the passions of love or pity.
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Sir Charles Bell, unless I much misunderstand the
passage at page 213 of his 4to volume on the Ner-
vous System (1830), beginning, ‘* the expression of
the eye in passion,” associates this nerve with the
nerves of respiration, and consequently with those of
expression. But is it necessary that all respiratory
nerves should peculiarly preside over expressions, and
vice versd? Since all the nerves of the eye, which
have any power over its movements, even to the
motions of the iris, are equally expressive of certain
passions, without the necessity of shewing them to
be connected with respiratory action. Thus Gall
and Spurzheim remark, ‘ Every nerve subordinate
to the brain can be put in action as an instrument of
the passions, but independently of the brain, no
nerve is the organ of any sentiment whatever; the
expression of anger, love, pity, or pride, &c. is not
attached to this or that position of the eye, but to
the general disposition of the features produced by
the affections or passions.”

It is right, however, to state with reference to the
association of the roots of the fourth and seventh
pair of nerves, that Sir Charles Bell, although un-
questionably the best English anatomist and ob-
server of these very interesting subjects, does not
consider the point as absolutely demonstrated, and
states the case with great candour. ¢ I must con-
fess that the point of anatomy is still a desideratum.
I have not in a manner satisfactory to myself, made
out the relation between the roots of the portio dura
and fourth nerve.” (Ibid. p. 213.)
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ThHE SixTH PAIR oF NERVES.

The history of the sixth nerve has partaken of that
obscurity and error in which a large proportion of
the cerebral nerves has been involved. Thus, when
Vesalius classed the fourth pair, as the ‘“ minor pro-
pago tertii paris” (the same with our fifth), so he
also described the sixth nerve, as *“ a branch of his
second ” or our common oculo-motor nerve. Fallo-
pius commencing with the optic nerves, names this
sixth as the fourth nerve. Since the time of Willis,
anatomists have been pretty well agreed as to the
numerical classification and arrangement of the seve-
ral nerves ; and although on the present occasion, in
the description of the nerves of the orbit, some devi-
ation from such arrangement, in favour of the more
natural order of function, may be remarked, still old
and established terms have been respected, and on
all reasonable occasions have been retaineds

Respecting the origin of the sixth nerve much
difference of opinion has arisen. The distinctive
appellations given to it, by the more ancient writers,
sufficiently mark the errors into which some of them
have fallen: but even among anatomists of high
name, and of periods not remote, much variety and
discrepancy of opinion are apparent. Vieussens, Mor-
gagni, Winslow, Vicq. d'Azyr, and Sabatier, all differ
in their respective relations of its origin. That there
may be varieties and peculiarities of origin in various
subjects is indisputable; and in the writings of these
very authors, we have abundant proof, that the actual
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number and position of the primary fibres of the
sixth nerve do, occasionally, vary at the two sides of
the body, even in the same individual person; that
this nerve, at its commencement, presents a double
or two-fold appearance; and that this variety may,
in some cases, occur at one side only, without au-
thorizing the conclusion, that any notable or impor-
tant functional difference is necessarily connected
with, or resulting from the fact in question. It has
never yet happened to me, however, to observe the
sixth nerve, out of its established line of succession,
or distributed to other structures, than those here-
after to be described—in this respect differing, in a
sufficiently marked manner, from the vascular sys-
tem, in which a large variety of anatomieal distribu-
tion occurs. Indeed the order and arrangement of
the nerves is nearly always uniform; and probably
this very uniformity has given rise to the observation
and description of the very rare varieties in question
by the great names above mentioned.

The sivth nerve arises by several fibres (which
Vieq. d’Azyr, and other French, and some German
authors of our own day, consider as separate and
distinct origins), from the line between the pons
Varoliiand the medulla oblongata. These fibres are
commonly to be perceived at the side of the processus
pyramidalis, and close to the mesial line. Whether
separated into distinct roots, or otherwise, they
are observed to be speedily collected into a single
bundle, holding in respect to size and substance,
an intermediate place between the third and fourth
pair of nerves. In some instances the sixth nerve
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the cranium by the carotid canal. Thesetwigs, which
previously surrounded the internal carotid artery,
are soft in their texture and of a pale red colour;
they unite with a branch of the fifth pair of nerves
called the recurrent pterygoideal, forming anintricate
plexus surrounding the artery, and communicating
by other minute filaments with almost every nerve
contained in thesinus. In the older language of ana-
tomy, this union of the sixth nerve with the recurrent
pterygoideal nerve is described as the origin of the
sympathetic; a term probably totally misapplied.
In point of fact it is now nearly, if not completely
established, that the various communications of the
nerves of organic life with those of the cerebral and
spinal nerves are effected by filaments sent off from
the different ganglia, as centres of a new influence,
and probably to associate separate nerves to com-
bined action.

Emerging from the cranium by the lacerated open-
ing, the sixth nerve, accompanied by the third and
nasal branch of the fifth nerves, enters the orbit
between the two origins of the external straight mus-
cle. It speedily separates, however, and reaching
the ocular surface of the abductor muscle, it enters
it at the posterior portion, and distributes its fila-
ment to the fleshy fibres of this muscle alone. Pre-
vious to this, it sometimes anastomoses with the
nasal branch of the fifth nerve, and with twigs from
the lenticular ganglion.

Its action is to give power to the external straight
muscle of the eye, and hence has been called the
eaternal motor nerve.
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Varolii, says, Il rencontrai les racines antérieures
des nerfs trijumeaux sur les cotés des pyramides
antérieures; elles ¢taient adossées a la partie qui cor-
respond au-dessus dela place des olives; elles adhe-
raient ensuite 3 la partie latérale de la moelle
allongée.” With regard to the posterior roots the
same author observes ¢ Leur implantation a lieu sur
les parties laterales du pédoncle du cervelet; ils me
paraissent correspondre aux faisceaux postérieurs
des nerfs rachidiens.” (Vol. I., 370 to 374).

From these origins or terminations, for strictly
speaking they are both the one and the other, may
be traced the nerve composed of many filaments,
and, in a flattened shape, proceeding towards the
superior extremity of the petrous portion of the tem-
poral bone, where the arachnoid membrane being
reflected, the nerve enters the cavernous sinus by
perforating the dura mater. This is effected in a
direction obliquely outwards, so that the internal
and anterior edge of the nerve is longer, by about two
lines, than its external and posterior; the total length
of the nerve from its disengagement from the brain
to its entry into the cavernous sinus is about half an
inch; its breadth about three lines.

In the cavernous sinus it assumes a very different
shape, bearing some resemblance to the webbed foot
of a duck: it becomes flat and extended. Its fila-
ments at first are disgregated, then intricately plexi-
form: bathed in a thin serum, and mingled with a
dense reddish fleshy body, which by its intimate
interlacement with the fibres of the nerve forms the
ganglion semilunare, or ganglon Casserii. It is cres-
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cent-shaped, with its convexity looking forwards and
outwards. No fibres can be traced through the
ganglion entire, but beyond it they are again col-
lected into trunks, which pursue their respective
courses in three different directions.

Such is the appearance of the fifth nerve at its
upper surface; but if it be raised from its bed, a
bundle of white fibres, firm and of compact texture,
may be observed, that do not intermingle with the
ganglion, but loosely connected by cellular and
fibrous tissue, pursues a course independent of it,
towards the most posterior and external of the open-
ings (foramen ovale), by which it makes its escape
from the cranium, accompanied by a ganglionic
portion of the same nerve. The only portion, whose
destination it is our province to describe, is that
which constitutes the anterior or ophthalmic division
of the nerve, which passes into the orbit to supply
the contents of this cavity, the nose, the skin of the
eyelids, forehead, and contiguous structures.

Previous however to quitting the subject of the
ganglion, it ought to be observed, that the dura
mater is firmly adherent throughout the whole ex-
tent of its surface, and that too by so many minute
fibrous threads, as to leave anatomists in doubt,
whether this membrane receives at this part any
branches from the fifth nerve. Probably it does
receive some; but as there is no direct or demon-
strative proof of the fact, for the present at least
nothing conclusive upon the subject can be advanced.
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closely adherent to the fourth nerve. After it has
escaped from the cavernous sinus, we find it placed
beneath the periosteum of the root of the orbit, at

‘the outer side of the superior straight muscle of the
eye, and the levator palpebre superioris. It then
passes forwards, lying upon the last named muscle,
and divides speedily into two branches, sometimes
of equal size, but generally the outermost of the two
is the larger.

The external frontal branch having reached the
great anterior opening of the orbit, passes out by
the superciliary notch or foramen ; if by the former,
it is protected by a ligament, which, in the recent
subject, converts the notch into a foramen. At this
part of its course it gives off a minute filament, that
pierces the bone to gain the frontal sinus, where its
divisions are distributed upon the membrane lining
this cavity. The principal trunk, emerging from
the orbit, goes directly to the forehead, giving off
branches at the inner side to anastomose with the
internal frontal nerve; and some filaments exter-
nally, to join, in the skin and muscular structure of
the upper eyelid, with divisions of the lachrymal and
facial nerves. It now separates into two divisions,
superficial and deep. The former penetrates the
corrugator supercilii and occipito-frontalis muscles,
to each of which it sends filaments anastomosing
with the facial nerve. Having reached the skin of
the forehead, it pursues a course directly backwards
to anastomose at the very vertex with the occipital
nerve. In this tract the nerve frequently subdivides
and unites with itself; but its general direction is
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radiating from the notch to expand in the skin of
the upper part of the head. Some anatomists have
asserted the presence of its ultimate fibrillee in the
roots of the hairs.

The deep branch divides into shorter filaments
than the superficial, which are principally expended
in the muscles of the brow and skin of the fore-
head, and even of the root of the nose. All these
branches will appear, more or less numerous, ac-
cording to the skill and patience of the dissector
employed in the exhibition of them.

The internal branch of the frontal nerve, or as it
is sometimes called, the nervus super-trochlearis,
proceeds, after its separation from the main trunk of
the frontal nerve, forwards and obliquely inwards,
towards the cartilaginous pulley of the superior ob-
lique muscle of the eye, where it may be seen lying
at its outer side. Here it gives off a branch, that
anastomoses by arch with the anterior filaments of
the nasal nerve, sending thence other filaments to
the caruncle, and lachrymal sac. The remaining
branches, of larger size, pass out of the orbit by a
notch seen in its superciliary line, immediately an-
terior to the pulley of the superior oblique muscle ;
having reached the muscle and skin of the brow and
forehead, it subdivides in the following manner:—
The innermost of its filaments are expended in the
substance of the corrugator supercilii muscle ; the
middle and larger branches pass through this muscle
to the occipito-frontalis, and supply the skin of the
forehead at the inner side up to the median line :
they anastomose with each other, but not with the
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line of the nasal bone, and the septum of the nose,
giving off fibrille to the Scheiderian membrane that
lines the cartilage and anterior @thmoidal cells.
One or two filaments ascend into the frontal sinus to
meet and unite with divisions of the frontal nerve.
The nasal nerve is at length continued down, along
the anterior edge of the cartilaginous septum to the
very extremity of the nose, and ultimately separates
into twigs distributed to the skin of this part, and to
the ale nasi, where it anastomoses with branches of
the second division of the fifth pair of nerves.

Occasionally the nasal nerve has been observed to
be twofold throughout its whole course. I have now
before me a subject, in which a second wthmoidal
branch penetrates by the posterior and internal orbi-
tar foramen, to be expended at once upon the lining
membrane of the nasal fosse; and in which there is
also a second trochlear branch, that terminates by
joining the super-trochlear nerve, as did its primitive
branch. The anastomosis in this case exists, how-
ever, only on the left side.

Tur LacuryMAL NERVE.

The last and smallest branch of the ophthalmic
division of the fifth pair of nervesis the lachrymadl,
which sometimes comes off separately, though gene-
rally from a trunk common to it and to the nasal
nerve. It takes an outward course to the orbit,
through a distinct fissure in the dura mater two or
three lines in extent. In this canal it forms a very
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complicated plexus, of a pale red hue, intimately
entangled with the fibrous laminz of the dura mater,
and exceedingly difficult to trace without destroying
some of its filaments. Nothing in fact can be more
close than its adhesion to this membrane, and if once
the thread of the nerve be broken, we may look long
in vain to discover its passage through this particular
part of the cavernous sinus. Although 1 have never
actually observed a branch of the sympathetic system
to join it here, yet its plexiform appearance, its soft-
ness of texture, and its reddish colour, indicate its
connexion with the involuntary class of nerves.

Escaping from this plexus, in a single trunk, it
enters the orbit by the sphenoid fissure, between the
periosteum and the outer root of the abductor muscle
of the eye. Here it divides into two branches ; the
external, by far the smaller of the two, anastomoses
with the superior maxillary branch of the second
division of the fifth pair of nerves, and occasionally
with the external temporal branch of the same nerve,
through the spheno-maxillary fissure.

The larger portion, in fact the continuation of the
lachrymal nerve, passes forwards to the lachrymal
gland, which it usually enters in two divisions. To
this gland and to its several lobules it gives many
branches, dividing and subdividing in its interior
structure. Some twigs, however, again emerge, of
which one, penetrating by a small foramen in the
malar bone, gains the cheek, where it anastomoses
with the facial nerve, The remaining fibrils are
distributed to the muscle and skin of the upper eye-
lid, as well as to the conjunctiva. Here they anas-
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with the nasal branch of the ophthalmic division of
the fifth pair of nerves. Then separating from the
nasal nerve, and ramifyingon the sides of the internal
carotid artery, and within the bony canal that contains
this blood wvessel, it unites with other sympathetic
nerves communicating directly with the superior cer-
vical ganglion. The other posterior branch unites
with that filament of the common oculo-motor nerve,
whichsupplies the inferior oblique muscle of the eye-
ball, and is probably the source of the involuntary
description of power of this muscle.

From the anterior angles of the lenticular ganglion
two bundles of fibres are sent off, known under the
name of ciliary nerves : these are divided into supe-
rior and inferior. The superior and smaller set,
containing commonly about six filaments, and passing
above the level of the optic nerve, diverge towards
the posterior part of the globe of the eye; the in-
nermost fibres anastomosing, by subdivisions, with
the ciliary threads furnished by the nasal nerve:
they also unite in like manner with the inferior fas-
ciculi. These latter nerves consist of about ten or
twelve twigs, and pursue a like course with the
former set, with this difference, however, that their
direction 1s beneath instead of above the optic nerve.
In this part of their course all the ciliary nerves are
tortuous, anastomose frequently with each other, are
accompanied by several small arteries of the same
name, and embedded in soft and semifluid fat,
Having arrived at the posterior part of the eye, the
ciliary nerves begin to enter the sclerotie coat, at
the distance of about one-third of an inch from the

R






¥ - i R
. : -




244 ANATOMY OF

of this secreting organ, have been considered and
designated by certain anatomists, the “ glandula la-
chrymalis minor.”

The absence of absolute demonstration, however,
does not authorize the conclusion, that no such
vessels aslymphatic absorbents exist in the eye, or in
the orbit. Every other circumstance, whether phy-
siological or pathological, leads to an opposite in-
ference ; and on the whole it is more than probable,
that lymphatic vessels do not only exist, but exist
in great abundance, although concealed from the.
eye of the enquirer by their extreme minuteness and
transparency.

Sir Everard Home has, indeed, expressed his con-
viction that a lymphatic absorbent vessel does ac-
tually pass through the so called foramen of Soém-
mering : but I conceive no such opening exists;
and certainly, since the expression of Sir E. Home's
opinion, although this subject has excited and ob-
tained much attention, the existence of such a vessel
continues still a question, and remains to this hour
unconfirmed by the observations of any subsequent
enquirers. In addition it may be remarked, that in
a physiological point of view, it is hardly probable
that that precise spot in the retina, which of all
others appears to be possessed of the most exquisite
sensibility, should be oceupied by a vessel utterly
devoid of any similar property.,

Secretion, too, and absorption, are constantly oc-
curring in the globe of the eye, and both so nicely
balanced in the healthy state of the organ, that a
peculiar kind and degree of firmness and resistance



THE HUMAN FYF. 245

1s at once recognized by the finger of the ophthalmic
surgeon. If by a wound or puncture of the cornea,
the aqueous fluid be discharged, in twelve or four-
teen hours it will be reproduced; demonstrating,
under certain circumstances, the rapid progress of
secretion. Nor is it probable, that the action of
absorption is less vigorously performed ; because, if
in certain morbid states of the organ the balance of
these two opposite functions be destroyed, a drop-
sical condition of the eye ensues, and occasionally
an enormous distention of the globe occurs.

In the severer cases of iritis, large effusions of
lymph are poured out, either in a tubercular or
arborescent form, and deposited upon the surface of
the iris: the serous membranes, also, lose their
natural and healthy transparency. As soon, how-
ever, as the excessive vascular action is arrested by
the use of mercury, so soon do these deposits of
lymph begin to disappear. In no other organ of the
entire system is the “ modus operandi” of the remedy
so distinctly shewn, or the peculiar functions of the
absorbent vessels so easily observed, as through the
cornea, or true window of the eye.

In observing the progress of cure in the treatment
of iritis, as soon as the mercurial influence is well
established in the system, the depositions of lymph
may be seen eaten into, as it were, and varying in
form from day to day, by the successive abstractions
and removal from their surfaces. The tubercles and
effusions disappear; the adhesive bands are loosen-
ed ; the opaque membranes recover their transpa-
rency; and the iris regains its original brilliancy
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admire the beauty of this provision ; for when we
recollect the sharp angle at which the tendon turns,
and the hard substance over which it plays, we are
struck at once with the necessity which existed for
some means of diminishing friction, and of increasing
the facility and the rapidity of the motion peculiar
to the eye: in no way could this have been more
perfectly accomplished than by the intervention of
a bursa, as occurs in various other parts of the body,
where tendons play over hard or bony prominences.

The sheath which invests this tendon, and those
that are found on the inferior oblique, and the ocular
aspect of the straight muscles, coalesce into one
membrane, and form a cellular capsule loosely ad-
herent to the sclerotic coat as far back as the entry
of the optic nerve. Some mention was made of this
investment at page 166; and it will be easily recog-
nized by those who are in the habit of dissecting the
human eye for preservation in spirits of wine, since
without a removal of this capsule, the preparation
always exhibits a ragged and unneat appearance.

The use of this cellular capsule is to diminish the
friction of the muscles playing over the globe of the
eye, and to facilitate the motion of the organ, in a
manner somewhat similar to the action of the inter-
articular cartilages of certain joints.
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greatest freedom in any direction, towards the various
external objects by which we are surrounded. This
aperture exists then in form, position, and extent, the
most favourable to secure the perfect performance of
this important function ; but, as an inevitable conse-
quence, exposure to external annoyances and liability
to injury are incomparably greater in front than
either laterally or behind, hence the necessity of some
apparatus or contrivance, at once sufficiently mobile
and sensitive, to protect in the most perfect man-
ner possible the anterior part of the organ of vision
from the noxious influence of external agents.
This result is accomplished by the beautiful provision
of the eyelids, a sort of muscular curtain, endowed
with a sensibility alive to the lowest degree of irrita-
tion, and closing with the quickness of almost light
itself, by a process of contraction denominated nicti-
tation, to prevent the intrusion of any foreign body,
and to protect the cornea from all causes calculated
to impair its polish, or lessen its transparency. On
the perfect co-operation of all the textures, and on
the exact performance of all the functions of the eye-
lids, depends not only the beautiful expression of the
eye, but also the perfection of vision. In conclusion,
as disease, in various forms and degrees, so frequently
commits its ravages on this somewhat complicated
mechanism, the investigation of its minuter organiza-
tion, and the actual working of its various component
parts, becomes at once a highly interesting and use-
ful duty.
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temple. The extent and degree of curvature of the
eyebrow differs in different persons and sexes. The
hairs of which the brow is composed are short, curv-
ed, and highly elastic; implanted into the skin
obliquely, with their convexities directed forwards,
their apices outwards and towards the transverse
centre of the brow; so that they form a slightly
prominent ridge, which runs through the centre of
the line from within to without. The eyebrows oc-
casionally meet in the middle line above the root of
the nose, where, however, the hairs are implanted
more sparingly than elsewhere; they are always
most thick above the superciliary notch, and ter-
minate in a thin series towards the outer angle of
the frontal bone, in what is called the tail of the
eyebrow (““caunda supercilii”). The fulness of the
brow is increased by a small quantity of fat and
muscle beneath. Its motions are two-fold: it is
raised by the occipito-frontalis, and depressed by
the corrugator supercilii muscles.

Tue Occirrro-Frontaris MuscLE.

This muscle arises by tendinous and fleshy fibres
from the posterior part of the temporal and occipital
bones, at the upper of those transverse lines marked
upon the latter bone. From this point are formed
two fleshy bellies, distinguished from each other by
a fine cellular mesial line, and which soon give place
to a broad tendinous aponeurosis, that covers the
parietal bones, and part of the temporal fascia at
each side. Arriving at, or just passing the upper
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and posterior border of the frontal bone, the tendon
gives place to two new fleshy planes descending to-
wards, and somewhat contracting in breadth as they
approach the eyebrows. At the central line the
muscle sends off two fleshy slips, which - passing
down on each side of the root of the nose, meet the
ascending origins of the levator labii superioris
aleeque nasi muscles. The greater part of the occi-
pito-frontalis muscle is inserted into the skin and
cellular membrane of the eyebrows, covering the
corrugator supercilii, and covered in turn by the
upper portion of the orbicularis palpebrarum muscle.
At the outer angles it gradually loses itself, by n-
serting its disgregated fibres into the external part
or tail of the brow, and outer portion of the orbicu-
laris muscle, with which it is closely interwoven.
Its anterior fibres are intimately adherent to the skin
of the forehead, and traversed by many twigs of the
frontal and superciliary nerves. Its source of mus-
cular power is derived, in the fore part from branches
of the facial nerve, and behind from the occipital
nerve. In its action, it not only throws the skin of
the forehead into folds, but raises and expands the
brow, and slightly opens the outer angle of the eye-
lids. Its action is best exemplified when staring
attentively upwards in a moderate light.

Tie CORRUGATOR SUPERCILII.

This muscle arises by tendinous and fleshy fibres
from the nasal process of the frontal bone, shortly
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above the internal angular process, and increasing
in breadth and thickness, is placed over the promi-
nence which marks the situation of the frontal sinus;
it terminates by a still broader, but very thin fleshy
expansion, which is lost in the skin of the outer
part of the eyebrows, intermixing with the anterior
portion of the occipito-frontalis and orbicularis pal-
pebrarum muscles. The shape of this muscle is
somewhat crescentic, its convexity being turned
obliquely upwards and inwards. Its action is to
depress the eyebrow, and with its fellow of the op-
posite side to draw them closer together, shading
the eye from excessive light. So far as the eye-
brows are concerned, it is an antagonist muscle to
the occipito-frontalis; and when called into strong
action, produces that sombre expression of deep
thought and majesty, so remarkable in some of the
antique statues of Jupiter Olympus: it also express-
es the more energetic passions of anger or hate; this
action is termed frowning.

The eyebrows are raised and depressed by the
two muscles just described, but the orbiculars pal-
pebrarum, when strongly contracted, also acts some-
what upon them ; but as this muscle more properly
belongs to the eyelids, its origin and insertion will
be given hereafter.

The uses of the eyebrows are to defend the eye
from various inconveniences, as for instance,—to
shade the eye in too vivid a light, to prevent the
perspiration from flowing down from the forehead to
the fissure of the lids ; also to express various pas-
sions and emotions of the mind ; and lastly, to give
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‘individuals.  The reverse, however, is the case in
the Chinese, where the peculiar expression of the
eyes, to a considerable extent, depends on the greater
depression of the internal angle of the palpebral fis-
sure. The upper eyelid is much more moveable
than the lower, and has a muscle, the levator palpe-
bree superioris, specially destined to its use; its name
implies its action. On the contrary, the closure of
the lids is effected by a muscle common to both,
known by the name of orbicularis palpebrarum.
The eyelids upwards are continuous with the skin
of the brows and forehead, downwards with the
cheek: they are bounded internally by the nose, and
externally by the temple. The orbitarridge and the
eyebrow, is a sufficient indication above of the sepa-
ration of the skin of the lids from the integument of
the forehead ; while from the inner angle of the eye
a furrow, more or less strongly marked, passing in a
curvilinear direction downwards and outwards, and
terminating towards the temple, isolates, as it were,
the peculiar cellular tissue of the eyelids from that
which covers the face generally. This line or palpe-
bral furrow it is essential to mark, as in operations
for the removal of tumours from this situation, it
points out the direction of the necessary incisions.
When the eye is closed, the lids present a convex
surface anteriorily, corresponding to the shape of
the globe, and divided unequally by the transverse
line garnished with rows of hairs.

The skin composing the exterior of this appara-
tusis very thin and delicate, allowing the veins in
their serpentine course to shine through, as is so






258 ANATOMY OF

organization of the properties of the ligamenta sub-
flava. Their ocular aspect is lined with mucous
membrane, and anteriorly they are covered by the
fibres of the orbicularis palpebrarum muscle, and by
the skin of the eyelids. Their free edges give support
to the line of the palpebral fissure, and are anteriorly
bounded by the row of eyelashes, posteriorly by the
openings of the Meibomian glands. They form the
point also where the external skin comes in contact
with, or is resolved into, mucous membrane. The
upper tarsal cartilage is more than double the size
of the lower.

From the circumference of the bony orbit, almost
close up to the convex edges of the tarsal cartilages,
a strong ligamentous fascia may be observed, inter-
posed between the skin and muscles and the mucous
surfaces of the lids. This has been called the liga-
mentum latum palpebrarum, not that it has any
strict claim to be considered as a proper ligament,
but rather as a fascia giving firmness and support,
and connecting and binding together their various
tissues. Tt issaid to arise from the periosteum of the
orbit, which arriving at the circumference, splits
into two lamina ; one of which passing over the fore-
head above becomes pericranium, and below upon
the cheek periosteum of the face; while the other
layer converges towards the palpebral fissure, is
covered anteriorly by the orbicularis palpebrarum
muscle, and is lost by a few scattered fibres at the
convexities of the tarsal cartilages.

Through this fascia penetrate the nerves and ves-
sels of the orbit to reach the forehead, and to form
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when they are closed over the front of the eye, a
small triangular canal is formed between them and
the globe, which facilitates the passage of the tears
from the upper and outer extremity of the eye,
towards the inner canthus or lacus lachrymarum.
Between the skin and the edge of these fibro-
cartilages, are implanted double or triple rows of
hairs, well known by the name of eyelashes. These
hairs are highly elastic, longer and more numerous
in the upper than in the lower lids; fine and scarce
at the inner angle of the eye, they become more
densely arranged, and firmly set about the centre of
the palpebral fissure, and decrease again in length
and frequency towards the outer canthus. In the
upper lid they are curved, with their convexities
looking downwards, their points upwards and for-
wards ; the reverse is the case in the lower lid : so
that when the palpebra are closed, the lashes inter-
mingle and intersect each other at their extreme
convexities, which thereby forms a sort of mesh-
work that intercepts flying particles of dust, and
other light substances, whose contact with the eye
or sensible mucous surface of the lids would cause
great uneasiness and inconvenience. That this evil
does follow the absence of the eyelashes, is well
exemplified by the irritability of the eye and dim-
ness of vision, so constantly attendant upon the dis-
ease called Lippitudo. The lashes are covered by
an oily fluid, which is secreted by numerous cuti-
cular follicles, placed along the external margins of
the lids: this secretion tends to keep the hairs sepa-
rate from each other, and prevents the agglutination
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and much thicker than elsewhere, while those more
in the centre are paler, thinner, and less curved.
This muscle is situated on the frontal bone, covering
the whole superciliary ridge, the external and inter-
nal angular processes, the orbitar ridge of the malar
bone, and the nasal process of the superior maxillary
bone. Its upper fibres are intermixed with those of
the occipito-frontalis ; below it covers one of the
zygomatici muscles as well as one of the origins of
the levator labii superioris aleeque nasi; its Inner
fibres interlace with the long head of the last named
muscle, with the nasal fibres of the occipito-frontalis,
and with the corrugator supercilii muscles. The few
pale and horizontal fibres which immediately cover
the tarsal cartilages and which are continued to the
edge of the palpebral fissure itself, have received the
name of ¢ musculus ciliaris.” The facial nerve sup-
plies the orbicularis with muscular power ; its sensi-
bility is derived from the first and second divisions
of the fifth nerve. Its use is to cover and close the
eye, and should be classed according to Albinus ¢ in
sphincterum numero.”  Its action is called nictita-
tion or winking. By compressing the lachrymal
gland it produces a free flowing of the tears, diffusing
them over the surface of the globe of the eye and
inner part of the eyelids, conducting them in a direc-
tion from without, inwards. Sir Charles Bell has
observed, that in closing the lids, the upper one de-
scends perpendicularly, while the lower one performs
a sort of traversing movement, which he compares to
the direction of a shuttle through the threads of a
loom. The tonic power of the orbicularis muscle,
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conjunctiva. 'With a view of facilitating description,
more especially in pathological cases, it has also
been subdivided into two portions, ocular and pal-
pebral.

When mucous membranes open upon the external
surface of the body, there is a certain definite point
at which the skin ceases to exist; or rather, perhaps,
where its conversion into mucous membrane begins.
Thus at the place where the Meibomean glands open
upon the edges of the eyelids, the common integu-
ment loses its original character, and is converted into
conjunctiva; an effect which takes place throughout
the whole extent of the palpebral fissure. If the
conjunctival membrane be now traced from the mar-
ginal edges of the tarsi, it will be found closely
adherent to the posterior surfaces of these fibro-
cartilaginous bodies, and covering the vertical ranges
of the Meibomean glands. Leaving the arched cir-
cumference of the tarsi, it is attached, though very
loosely, to the fibrous fascia of the eyelids; and
through the intervention of a fine and loose cellular
tissue the palpebral conjunctiva terminates in a
large and scarcely adherent circular fold. From this
point onwards the membrane, now called the ocular
conjunctiva, is reflected upon the anterior third part
of the sclerotic coat, to which it is closely attached :
here, also, it is very thin and transparent, and covers
the expanded tendons of the straight muscles, allow-
ing them to shine through, and giving the brilliant
lustre to that part of the organ, which in popular
language is called the “white of the eye.” At the
immediate circumference of the cornea, the con-
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that the whole membrane becomes distended with
blood, and assumes the appearance of a piece of
scarlet velvet. Its vessels are principally derived
from the muscular and anterior ciliary arteries, whose
general direction is from the circumference towards
the centre. Its nervous sensibility is wholly sup-
plied by the ophthalmic division of the fifth nerve.
It has been observed, that it is a work of much
difficulty to exhibit the conjunctiva upon the surface
of the cornea, because that the closeness and inti-
macy of its connections with this tissue, together
with the extreme delicacy of its texture, withdraw
it at once from the eye and knife of the anatomist.
Bichat, however, asserts that it may be separated
and shewn by maceration. In this instance, again,
we shall find that pathological observations are of
the very first importance in enabling us to solve a
question of mere structure. In the disease called
pustular ophthalmia, an incipient vesicle is often
raised upon the surface of the cornea, and sometimes
so near to its very circumference as to be partly
upon it and the sclerotic portion of the eyeball.
Now as it is certain that the vesicle in question is
wholly formed in the conjunctiva, we are enabled to
trace with great ease and certainty the continuity of
the surfaces. The conjunctival vessels that pass
from either angle of the eye, frequently proceed di-
rectly to the pustule placed on the cornea. Again,
m a particular case, in which there were two or
three small fleshy tumours situated upon the tunica
adnata, or the sclerotic portion of the conjunctiva,
one was placed immediately upon the circumference
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at a very remote period, have attracted the attention
of anatomists ; yet it is certain that their real source
eluded the researches of the earlier observers and
authors. In the first instance, the little caruncle,
situated at the inner angle of the eye, was supposed
to be the fountain; and even after the actual dis-
covery of the lachrymal gland, the minute body
above mentioned was continued in its office under
the denomination of *“ glandula lachrymalis inferior.™
From the habitual employment of brute animals, as
subjects for dissection, the function or office of se-
creting the tears was assigned to an organ (* glandula
Harderi”), absolutely non-existent in man.

The lachrymal apparatus may be divided into two
distinet portions: one secreting; the other distribut-
ing and conveying away the fluid furnished. The
former of these, consisting of the gland and its duets,
is situated at the upper and outer part of the orbit.
It is wholly distinct from, and independent of the
latter, which is placed principally at the inner angle
of the eye. The tears must, therefore, pass from
without inwards, over the anterior surface of the
sclerotic and corneal membranes ; or more strictly
speaking, over the conjunctival coverings of these
membranes, before they are finally conveyed through
the lachrymal puncta and canals into the nasal

cavities.
Tue Lacarymalr GLAND.

The lachrymal gland is a compound structure, hav-
ing an irregularly oval shape, about the size of a
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bitter almond, but somewhat broader, and consisting
of an assemblage of small granular bodies, collected
into lobules, and again into one entire mass by in-
terstitial cellular and fibrous tissue. It is situated
a little above and behind the internal angular pro-
cess of the frontal bone, within the orbit, in that
depression or hollow noticed and included in the
general description given of the several bones of
which the orbit is composed. Beneath and to the
inner sideit has the anterior extremity of the abductor
oculi muscle, and it lies upon some of the outermost
expanded fibres of the levator palpebree superioris
muscle, separated, however, from it by the interpo-
sition of a layer of soft fatty matter. In front it is
protected by the broad fascia of the upper eyelid,
and by the orbicularis muscle. Tt is retained within
the orbit solely by the fascia, which may be consi-
dered as its proper limit anteriorly ; upwards and to
the outer side it is protected by the roof and outer
wall of the orbit. It is concave on its ocular aspect ;
convex where it corresponds to the roof of the orbit ;
its thin edge and long axis are placed anteriorly and
obliquely across the line of the orbit.

The ultimate divisions of the lachrymal artery
ramify through the little glandular grains, and termi-
nate in their respective veins and excretory ducts:
the latter, inosculating amongst themselves, finally
produce six or seven minute tubes, that conduct the
tears to the conjunctival surface of the upper eyelid.
These tubes in the human eye are so minute, that it
is found to be exceedingly difficult to trace them

T
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without some artificial preparation. To this end,
the eyeball and the eyelids, with the lachrymal
gland attached, should be carefully removed from
their position within the orbit. ~After due immersion
inwater, colored with indigo, ink, or blood, the ori-
fices of the ducts in question may be seen on the pal-
pebral conjunctiva of the upper eyelid ; prosecuting
the observation by injecting them with mercury, the
ducts may be traced even into the very gland itself.

The tubes are from three to four lines in length,
exceeding minute and transparent, terminating in
the conjunctival membrane, where it begins to be
reflected from the surface of the upper lid, and arran-
ged in a curved line, above, and to the outer side of,
the globe of the eye.

The lachrymal gland is supplied with nervous
power, through the medium of the lachrymal branch
of the ophthalmic division of the fifth nerve.

The secretion of the tears goes on without inter-
mission, even, as is inferred, during sleep.  This fluid
has the property of dissolving and holding in solution,
as well the mucous secreted by the conjunctiva, as
the sebaceous matter of the glands of Meibomeus.
Its chemical analysis, as given by Dr. Henry, fur-
nishes water, an animal fluid resembling albumen,
another fluid probably mucous, and various neutral
salts; towhich may be added uncombined alkali(pro-
bably soda), because of the known fact, that the tears
do change theblue colour of syrup of violet to green.

The functions of the lachrymal gland, within cer-
tain limits, are involuntary ; but there is scarcely an
orcan in the animal body more powerfully acted
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side of the caruncle, forming the outer boundary of
the lacus lachrymalis. These openings are situated
in the centre of small eminences, or papille, that
incline slightly towards the anterior surface of the
eye. They are so minute as to admit with diffi-
culty a small bristle, and are said to be surrounded
with muscular fibres in the form of a sphincter, ena-
bling them to contract upon irritation.  Itis more
probable, however, that this apparent contractile
power is derived from the swelling of the contiguous
and lining membranes, upon the access of mechani-
cal irritation, and is attributable to arterial rather
than to muscular action.

Tracing the lachrymal canals from the puncta la-
chrymalia, it is at once perceived that they do not
proceed directly downwards to the Jachrymal sac,
but, that in the instance of the upper lid they ascend,
and descend in the lower lid, in a perpendicular di-
rection to the extent of about a line and a half, when
they bend at a right angle upon themselves and
pursue a horizontal, or at least but a very slightly
inclined, course towards the lachrymal sac and duct.
Before they reach this point they usually unite and
form one single canal; in some instances, however,
they enter separately; whilst in other examples
when viewed externally there appears to be only one
canal, a more careful examination shows that the
apparently single tube is divided by an inner septum
of fine cellular membrane into two separate ducts.
In the perpendicular portion of the canals their
diameter, or calibre, scarcely exceeds that of a ca-
pillary tube, but at the angle, which they form upon
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themselves, a very sensible dilatation occurs with
one or two minute mucous crypte, not unlike in
general structure the lacunz of the urethra.

This enlargement of the canals, the sudden turn
they make upon themselves from a perpendicular to
a horizontal direction, and the looseness of the lining
membrane, frequently occasion embarrassment to
the surgeon in his endeavour to pass the fine gold
probe, adapted for this purpose, into the lachrymal
duct ; the point of the instrument becoming entan-
gled in the loose folds of the membrane and mucous
crypte.  This difficulty may be overcome by ex-
tending the lids outwardly, so as to make the line of
the canals as nearly straight as possible, and having
introduced the probe to the bottom of the first part
of their course, by suddenly elevating the point
slightly, and directing it obliquely inwards, it passes
readily towards the lachrymal sac.

The exterior covering of the lachrymal canals is
formed of fibrous membrane, not, as many have sup-
posed, of muscular fibres. They are separated from
the conjunctival surface of the lids by fine cellular
tissue, corresponding anteriorly to the orbicularis
palpebrarum, or rather to that portion of the muscle
which has received the distinctive name of ciliaris.

It may be proper to mention in this place, that an
American anatomist has described a small muscle,
whose origin is given as arising from the perpendicu-
lar line which divides the os unguis into two parts,
and thence passing round, and to the outer side of
the lachrymal sac, to which it adheres, splits into
two portions to be inserted into the extreme inner
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angles of the tarsal cartilages, close upon the puncta
lachrymalia. This muscle, which has received the
name of ungui-palpebralis, is supposed to act upon
the lachrymal points and canals, in order to direct
them towards the lacus lacrymalis, and to facilitate
the absorption of the tears.

The lachrymal puncta and canals, however, are
retained in their proper relative situations, in refer-
ence to the lacus, by the ligament that connects the
cartilages to the bone, as well as by the elasticity of
the cartilages themselves, a condition of the very first
importance to the functions of these minute structures.
The slightest deviation from the natural situations
of these parts, in certainmorbid conditions ofthe lids,
such as ectropion and entropion, frequently gives ori-
ointo theaffection called epiphora orwatery eye. This
complaint may indeed arise from an impervious state
of the canals, from thickening of the lining membrane,
or from a similar condition of the fibrous coat ; but it
is evident, that if either the puncta lachrymalia be
too closely applied against the front of the globe of
the eye, as in entropion, or if as in eversion of the
eyelids, they be drawn outwards from the lacusla-
rymarum, the tears will not find their way into the
canals, the sac and duct; but will on the contrary
make their escape over the surface of the cheek,
producing the distressing disease above mention-
ed. It is the very different kind of treatment,
which epiphora, arising from its several various cau-
ses, requires at the hands of the surgeon, that makes
it of the first importance, that the structure and
relative anatomy of these tissues should be investiga-
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or inferior half of this tube, is enclosed in a bony
canal, taking a course downwards, backwards, and
slightly inwards, contracting as it descends, until
it terminates in the inferior chamber of the nose,
nearly in the centre of the outward wall of this cavi-
ty. The proportions here stated are taken of course
with reference to the recent subject.

Looking into the cavity of the nose, the termina-
tion of the nasal duct is not instantly perceived, forit
is concealed, and as it were, roofed over by the infe-
rior turbinated bone, which forms the upperboundary
of this chamber of the nose. The mucous lining of
the nasal fosse is raised into a sort of membranous
eminence, surrounding the termination of the duct;
and when, as in some catarrhal affections, it becomes
inflamed, it gives rise to a stillicidium lachrymarum,
by obstructing the regular descent and exit of the
of the tears.

The lachrymal sac, with the lachrymal canals and
puncta, have been compared to a syphon, of which
the nasal duct has been supposed to represent the
longer leg. By this somewhat forced comparison,
certain theorists have endeavoured to account for the
descent of the tears into the nose. Other Physiolo-
oists have conceived and taught, that the puncta
lachrymalia absorb the fluid secretion of the lachry-
mal gland by the force of capillary attraction; and
the minuteness of the puncta do certainly give some
coloring to this hypothesis. That there is no direct

vital sympathy between the secretion and absorption
of the tears, seems clear from several facts, amongst

which, that which follows is the most prominent.
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Looking to the source whence the lachrymal gland
derives its supply of nervous power, together with
the plexiform appearance, the soft texture and red
hue indicative of a connexion with the ganglionic sys-
tem, which is presented by the lachrymal nerve in
the early part of its course, no surprise needs to be
felt, why the secretion of the gland is liable to be
suddenly excited, or increased by direct sympathy
with the organ it ministers to, or remotely by the
influence of the passions, such as grief, or anger, and
sometimes even of unexpected joy. Thus, in an ex-
ample familiar to all, when the smallest foreign body
offends the exquisite sensibility of the conjunctiva,
the tears are observed to be so suddenly and so copi-
ously poured forth, that the puncta lachrymalia
are incapable of absorbing them with proportionable
celerity ; the fluid is at first accumulated at the inner
angle of the eye, overflows the margin of the lower
eyelid, coursing down by the side of the nose and
over the cheek. Had the absorption in this case,
therefore, not been dependent on some mechanical
principle or power, it is probable that the collected
fluid would have been carried off by a corresponding
increase of energy on the part of the excretory appa-
ratus. In ordinary states of the organ, a large pro-
portion of the lachrymal secretion is abstracted by
evaporation from the surface of the eye. In conclu-
sion it must certainly be confessed, that a sound
explanation of the laws, that govern as well the
secretion, as the excretion of the tears, is still a desi-
deratum in the science of Physiology.
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tissue has been observed as early as the third month,
and continues a septum between the anterior and
~ posterior chambers of the eye, up to the middle of
the eighth or sometimes the beginning of the ninth
month of utero-gestation. A more particular des-
cription of this membrane will be given separately.

The sclerotic and corneal membranes are propor-
tionally thicker at the earlier periods of feetal life;
and at the term, the cornea is absolutely double
the thickness of that membrane at the adult period.
This state of the cornea dependschiefly on an mfiltra-
tion of a serous fluid between its lamina, which, being
of a dull red colour, greatly diminishes its transpa-
rency.

The choroid is relatively thicker, though lessdense,
than at any future period ; the black pigment is not
altogether so dark at the posterior part, but is more
pulpy, and adheres less firmly than in the adult: it
may also be detached in larger masses; it does not
however transude the external surface of the choroid.
The retina, like the other membranes, is thick and
soft, the medullary matter bearing a larger propor-
tion to the vascular web, than in the more advanced
periods of life. The central fold is always present,
and according to Meckel is absolutely larger than in
the grown man: its central depression may be ob-
served, but without the least trace of its yellow
circumference.

The crystalline lens is greatly more convex in the
feetus, much softer, and of a dull red colour. Its
capsule is plentifully supplied with blood-vessels,
which are sometimes found injected with the coloring
particles of the blood.
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The vitreous body is also colored with the same
fluid ; and at this time it is by no means a matter
of difficulty to fill its central artery, and the various
branches distributed on the posterior capsule of the
lens, with the minuter descriptions of colored injec-
tion,

The eye of a new-born child is, compared with
the bulk of the body, greatly larger than in the
grown man : the cornea is more convex, but now
transparent. It may be observed, that infants are
always near-sighted, which may account for the
little notice they take of any objects, excepting
those which are very close to the organ, or of a
peculiarly bright and luminous appearance.

After the middle period of life the eye undergoes
a series of changes, of which the opaque ring
surrounding the cornea is the most obvious. This
ring, or “arcus senilis,” is a deposition of grey
lymph between the laminz of the cornea, generally
about half a line in breadth, but varying according
to the age or peculiarity of health of the individual.
It is observed at the circumference of the cornea,
leaving, however, a more transparent edge at the ex-
treme point where this membrane joins the sclerotic.
The cornea also flattens somewhat in advanced age,
either by interstitial absorption, or from the dimi-
nished secretion of the fluid which distends the
anterior chamber. This circumstance explains the
improvement in the sight of such as have been
previously myopic, or short-sighted ; it not being
unfrequent to hear of these persons laying aside
their spectacles in old age.
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The choroid now begins to secrete less and lighter
colored pigment. The iris loses somewhat of its
brilliancy and vivacity of motion.

The retina is thinner, and at the expense of its
medullary portion: the fold gradually becomes flat-
ter, and even almost disappears. The yellow stain
is also so pale as to be scarcely distinguishable.

The crystalline lens diminishes in transparency,
acquires a pale opaline tint, sometimes even ap-
proaching to an amber hue: it is also manifestly
harder in texture, and less convex in extreme old
age; which latter circumstance may probably be a
reason why convex glasses are assumed so generally
by old people, where no morbid alteration can be
perceived in the organ.

The vitreous body is more fluid and less transpa-
rent, in the aged than in the adult.

Owing to the diminished secretion of the pigment,
and its lighter color, combined with the opaline tint
of the lens, the pupil instead of presenting the intense
blackness of the earlier periods of life, is often in age
of a greenish hue. This has frequently been con-
founded with the disease cailed ““glaucoma;” while
the thinness and loss of energy in the retina itself
aids the deception, by furnishing in the consequent
failure of vision, one of the symptoms of that dis-
tressing malady.

I am inclined, however, rather to look upon such
appearances in very old people, as indicative of a
natural change in the organ, than as a true morbid
 affection, unless accompanied by other and unequi-
vocal symptoms.
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MemBraNA PurIiLLARIS.

No point in anatomy has been more debated than
the question of who first observed and described the
““ membrana pupillaris.”” Most modern authors aseribe
the honor to Wachendorf. It appears that this ana-
tomist published his account of the membrane in
1740, but that he had discovered it two years earlier.
Haller is said to have observed the same structure
in the same year, but his published description was
not given to the world till 1742, Albinus, according
to his own description, had observed this delicate
structure so early as the year 1731, and had even
caused a representation of it to be engraved in 1737,
or one year before Wachendorf claims his first dis-
covery. It is probable that all these authors, as well
as Dr. W. Hunter, made their observations without
previous knowledge of the discovery of each other.
To whomsoever we owe the first history of the pu-
pillary membrane, it is nevertheless true that it was
left to modern anatomists to explain its real strue-
ture, and relative bearings with reference to the
important tissues with which it is connected. To
Cloquet this merit chiefly belongs, who published a
monograph on the subject of the membrana pupil-
laris, at Paris, in the year1818. A still more recent
treatise by F. G. Henle (Bonn, 1832), although it dif-
fers to a certain extent from the memoir of Cloquet,
still adds somewhat of valuable information to our
previous knowledge of this structure
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Passing, therefore, the descriptions of the older
anatomists, among whom, however, that of Wrisherg
may be selected as one of the best, we shall consider
the membrane in question according to the more
recent observations of the two authors above men-
tioned.

If we examine the eye of a feetus in the beginning
of the seventh month of utero-gestation, we shall
find the pupil shut up by a fine membranous septum,
which divides the anterior from the posterior cham-
ber of the eye. Each cavity is in fact occupied by a
small guantity of aqueous fluid, although this fact
has been denied by several anatomists of note; some
maintaining that the anterior chamber contains no
fluid secretion prior to the rupture of the membrana
pupillaris. In a note to Majendie’s Physiology, we
find that such is the opinion of M. Edwards.
Cloquet, on the contrary, and Meckel, assert its
presence ; and the former points out many modes of
provingthe fact. All these authors, however, agreein
the circumstance of the posteriorchamber being filled
with this secretion. These positions must be borne
in mind as having a distinct relation to the nature
and function of the membrana pupillee.

Let us first investigate the opinion of Cloquet, as
to the anatomical situation of the membrane. He
says that it is formed of two lamine, applied one
against the other at the pupillary opening : that the
anterior layer proceeds at first from the concave sur-
face of the cornea, which it lines, and to which it
firmly adheres ; that it is then reflected on to the
anterior surface of the iris, even up to the margin
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of the pupil at this point it leaves the iris and
stretches across the pupil, and closes it at the centre,
forming one complete and continuous membrane, a
shut and serous sac. Of the posterior lamina he
says but little, in fact simply that “le postérieur
appartient 4 la chambre correspondante de I' cell, et
néit du pourtour de la pupille.”

Henle however, goes considerably further, and,
after attributing the first mention of the discovery to
Professor Miiller, describes the posterior layer as the
“membrana capsulo-pupillaris.” “Oritur,” says this
anatomist, “ uni cum membrand pupillari ex iridis
superficie anteriori, quam tegit ab ortu usque ad
marginem pupillarem; hinc, cum partibus adjacenti-
bus nusquam coheerens, retrorsum et ab axi visionis
extrorsum inclinata, oculi cameram posteriorem per-
curret, et ad capsule superficiem anteriorem adjun-
gitur, ubi zonulee Zinnii marginem internum ponere
solemus,” Thus we have a second closed and pro-
bably serous sac, since in the posterior chamber the
same aqueous fluid is found as in the anterior,

At the pupil the two layers are adherent to each
other, and unless artificially prepared, they are
colorless, transparent, and apparently deprived of
blood vessels. Minute injections of size, or turpen-
tine colored with carmine, may, however, with a
little care be so forced into the arteries of the iris
and ciliary processes, that we shall have little diffi-
culty in discovering them distributed in a peculiar
order between the two lamine of the membrana
pupillaris. It will be remembered when descri-
bing the vessels of the iris at page 65, that the
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two long ciliary arteries were said to form, by their
anastomoses with each other, the larger vascular
circle ; and that from its concavity several radiating
branches, accompanied by many similar divisions of
the anterior ciliary trunks, passed towards the pu-
pil to form the lesser circle, a short distance from its
extreme margin. According to Cloquet, this lesser
circle does not exist in the feetus, but that instead
of such a disposition the vessels pass beyond the
edge of the pupil between the two laminz of its
closing membrane. “lls s" advancent,” says this
author, ““jusque vers le centre de la pupille, en repré-
sentant des anses trés flexueuses, de grandeur et de
figures variables, dont la concavité repond a la cir-
conférence de cette ouverture. Ces anses sont fort
nombreuses, elles ne s’ anastomosent pas avec cel-
les qui leur sontdiamétralement opposées, maisseule-
ment avec celles qui sont sur les edtés; il résulte de
cette disposition fort curieuse, qu'il reste entre la con-
vexité de toutes les anses vasculaires, et vers le centre
de la pupille, un espace assez irrégulier, dans lequel
la membrane est dépourvue de vaisseaux, et beau-
coup plus foible par conséquent que partout ailleurs.”

The arteries ef the posterior lamina Henle derives
from the branches of the posterior capsular artery of
the centralis retinee, which arriving at the extreme
circumference of the capsule are distributed to the
membrane lining the posterior chamber, and anasto-
mose with twigs given off from the arteries which
supply the ciliary processes. Dr. William Hunter
was also clearly aware of this fact, since he says
“the membrana pupillee receives two different sets

v
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of arteries; one larger, from the iris, and the other
much smaller, but very numerous, from the crystal-
line capsule.”

Towards the end of the eighth month, often earlier,
and sometimes at a later period, the membrana pu-
pillaris begins to disappear. The absorption or rup-
ture of this tissue generally commencesin the centre
and the vascular arches gradually contract, till
nothing except some minute vascular shreds are
seen floating in the fluid of the chambers of the eye.
The radiating arteries now withdraw into the edge
of the iris, and anastomosing with each other form
the lesser vascular circle. After birth they still con-
tinue to retire, until in the adult, the lesser vascular
circle is found situated entirely on the anterior sur-
face of the iris at some httle distance from the edge
of the pupil. Shortly before birth the vessels of the
capsule of the lens are so far diminished in their
calibre, that they no longer carry red blood, and
except in very rare instances, our most minute injec-
tions fail to display their existence on the anterior
capsule.

The central portion of the membrana pupillaris
having thus broken in the centre, and retiring to the
edge of the pupil, the two laminz come once more
in contact, and are closely united to each other at the
extreme margin of this opening. Thus, mstead of
two closed serous cavities, we have both the anterior
and the posterior chamber united, and lined by a
continuous tissue, which secretes the fluid, and is
known by the name of the aqueous membrane, here-
tofore limited to the posterior surface of the cornea.
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It would carry us into too lengthy a discussion,
were we to name the various hypotheses which
have been advanced by different authors on the sub-
ject of the membrana pupillaris. It is sufficient for
me to state, that I agree in the existence of the mem-
brana capsulo-pupillaris, in so far as, that it lines the
posterior surface of the iris, and is reflected off the
points of the ciliary processes upon the anterior cap-
sule of the lens. Still I cannot agree with Henle
in his description of its origin from the anterior sur-
face of the iris. On the contrary, I believe that itis
adherent to the uvea, in like manner as the anterior
layer is attached to the colored aspect of the iris,
with this exception owing to the different nature of
the surface; viz. that the black pigment, which is
deposited upon the uvea, is placed between the iris
and the membrana capsulo-pupillaris, as the same
secretion is situated, with regard to the choroid,
external to the reflected portion of Jacob’s membrane.

Up to the fifth month of the feetal life, the pupil-
lary membrane exhibits no trace of vessels, it is soft
and almost gelatinous : again at the end of the eighth
and the beginning of the ninth month, it begins to
disappear, and finally is altogether wanting at the
term. Some rare instances are mentioned by Law-
rence, Wardrop, Jacob and others, where its pre-
sence was observed even after the birth of the child.
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NOTE TO PAGE T79.

Subsequently to the sheet containing the deseription of
the retina being printed off, I had an opportunity of dissect-
ing a human eye within a very few hours after death; in
this instance, no appreciable escape of the fluids had taken
place, the cornea was bright, and the globe firm: the ex-
amination was therefore carried on under the most favourable
circumstances,

The consequence of this investigation has been somewhat
to shake my belief in the existence of a fold in all the pro-
portions stated at pages 76 and 77, except as a post mortem
appearance. Should future enquiry prove the non-existence
of such an arrangement of parts, I shall feel exceedingly
happy in thus having had an opportunity of myself correct-
ing the error into which I had fallen, The appearances
presented in the case to which I allude, were as follow :—

On making a transverse section through the eye, about
one-fourth of an inch behind the cornea, and immersing the
posterior portion in water, I observed the retina without fold
or plica throughout. At the usual place of the spot of
Soemmering, I found a minute cuplike depression with an
elevated yellow colored lip around it. Instead of a duplica-
ture of the retina, it appeared as if this membrane was in-
deed thicker at the immediate circumference of the central
hollow, but still there was neither fold, nor real foramen.
As soon, however, as the vitreous fluid partially escaped, the
circular edges of the depression became elongated, elevated,
and finally came in contact, presenting precisely the same
fold which I had so often before remarked. This preparation,
which I possess, shews at this time exactly the same ap-
pearance as is exhibited in Plate IlI, fig. 3. The original
from which that drawing was made, is also in existence,



CIIAIT N0 are g [ . I A 0 g | .



















7 .
¥
. =
J
1 i
















; ]
1 T . 2 1 " 1 11 ' | | | 1
" s | 1 » 'y I 1 ] ! |
i ! ] f 1 [ L LLbkT | ; .

.- - | ] ; : :

T k. 3 J L)} 3 o
e - - |
i ir ] l
I t ] . i =3 [ 101 I Sy
- r, T’ B 1 4 | 1 -l











































