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PREFACE.

Pernaprs no affection of the eyes has attracted more notice than that of
squint, and yet it is only within the last few years that attempts have
been made to remedy it by means of an operation. It is scarcely a
quarter of a century since Cunier and Dieffenbach operated for the
cure of squint, by cutting the recti muscles—an operation which became,
at once, popular. Thousands of cases were thus treated, and many of
them very successfully; but in a comparatively short time this operation
fell, more or less, into disrepute, and for years has, in these countries,
been but little heard of.

Giraud Teunlon, in his Legons sur le Strabismé,® says,in speaking of France,
“The study of strabismus may, in effect, be considered among us as not
only in a state of sleep, but as absolutely dead.” This arose, in some
measure, from the fact that so little was really known as to the etiology
of this affection; for we find that on this subject the most diverse
opinions were held, and the literature of this portion of ophthalmic
surgery is as excursive as it is large. Among the causes most commonly
assigned for the origin of squint, in the numerous manuals and text
books of the present day, are—convulsions, diffieult dentition, WOrms,
blows on the eye, irritation, and many other such like; thus, Dr. Mac-
kenzie,® in his classical treatise On the Diseases of the Eye, enumerates,
among other causes of squint, fits of passion, fright, children looking at
the point of their noses, &e. ; and Dr. Haynes Walton,® while he ventures
a guess a3 to ““ the balance of antagonistic power in the orbital muscles
being very nice, and having something to say to squint,” yet candidly

* Legons sur le Strabismé, et la Diplopie Pathogénie, et Thérapeutique, par
F. Giraud Teulon. Paris, 1863.

* Practical Treatise of Diseasea of the Eye. 4th edition, 1854, p. 848.

* Surgical Diseases of the Eye. 2nd edition, 1861, p. 875.
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eye accommodates itself for its farthest point, brought to a focus befors
the retina, so that distinet images are formed on the retina only of those
objects the rays of which impinge divergently upon the eye. In the
myopic eye, when in a state of rest, the focal point of the dioptric system
lies before the retina.

3rd. Hypermetropic eyes are adjusted for convergent rays. In this
case parallel rays are brought to a focus behind the retina when the eye
is at rest; for in hypermetropic eyes the focal point of the dioptric
system lies, when the eye is in a state of rest, behind the /aci'llar' layer
of the retina.

The accompanying illustrations, taken from Professor Donders’s work
On the Anomalies of Accommodation and Refraction of the Eye® will make
this classification more easily understood. Figure 1 represents the emme-

tropic eye, where the principal focus of the media of the eye at rest
falls on the anterior surface of the most external layer of the retina, as
at (/. In Fig. 2 the principal focus, (", of the eye at rest falls in front
of, and in Fig. 3 behind, the retina. In the former case divergent (dotted
in the figure), in the latter convergent rays come to a focus on the retina.
In the first case, therefore, in the condition of rest, objects are accurately

* Translated by W. D. Moore, M.D. New Sydenham Society for 1864. From this
excellent translation of & most valuable work I have borrowed freely in writing these
pages.
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results the use of convex glasses.* In comparatively high degrees of
hypermetropia, the prevention of squint is in fact more particularly
desirable, becanse subsequently, even after complete tenotomy, the ten-
dency to squint continues; and in order to prevent a relapse, the use of
convex glasses, at least for close work, is still most necessary.

Here, perhaps, it is advisable to show, by means of a diagrammatic
sketch, the difference in the angle 4, so often referred to in this transla-
tion, of the emmetropie, myopie, and hypermetropic eye—referring, for
more minute details, to page 4 of the Translation. In Figs. 4, 5, and 6,
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‘these eyes are seen in horizontal sections, carried through the optic nerve;
A is, thf-.-.refqre, the innermost, and B the outermost part of the eye.
The axis of the cornea, a, b, cuts the cornea in the middle; to this, in
fact, the apex of the ellipsoid of the cornea corresponds. But this axis
is by no means directed to the object fixed, which, as such, has its image
in the yellow spot ¢. A line drawn from the retinal image of this spot
towards its object is the line of vision ¢, d, and this may be considered

'.I am aware of Dr, A. Griife’s paper in answer to these statements of Dr. Mooren,
which appears in the same journal,
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more or less deficient, can, by convergence, assist this defective action.
But the convergence, in changing the line of vision, brings on, as its
consequence, diplopia. And we have a dislike to double images ; there is,
therefore, a combat between the desire to see objects sharply, and the
necessity—not less imperious—to see single. More often the accommoda-
tion is sacrificed—sometimes, however, it is the simple binocular vision.
This is what happens, for example, when the eyes are very unequal in
quality. In the other case one sacrifices, without hesitation, the less
distinct image. When the convergence is fearlessly called to the aid of
the defective accommodation, it produces a convergent squint.’ It has,
unhappily, escaped the notice of my distingnished confiére, that I admit,
however, ‘two orders of auxiliary conditions, which, in the case of
hypermetropia, contribute to produce this affection. The first, I state,
is a certain facility—a congenitally too great convergence—a disposition
which can be connected with the insuficiency of action of the external rectus. The
second is in conmexion with external causes’ (Vide Compte-rendu,
p- 151.) Now if my memoir had been published in full, in French,
before the publication of these Legons, M. Giraud Teulon could have
better convinced himself that I was far from neglecting the primitive
tendency of these muscles. He would have found, demonstrated in an
exact manner, that this tendency may favour, in general, the development
of squint among hypermetropic people, on account of the relatively large
divergence of the optie axes, which correspond to the direction parallel
to the lines of vision. He would, again, have seen that I collect into two
classes the circumstances which favour the development of squint among
hypermetropic people, the difference of the eyes, and the tendency of the
muscles, either absolute or relative. My excellent friend is, it appears to
me, wrong in neglecting the first of these, and attributing all to the
second. But he goes still further. That which is for me a circumstance
which favours squint, is for him the true cause, principal, or unique.
This cause is not, according to his view, hypermetropia itself, and the
difficulty of accommodation proportionate to the convergence, but it is
the insufficiency of the external recti which so often accompanies hyper-
metropia. M. Giraud Teulon cites the following experiment, which, he
says, he has often tried:—¢Let us place before one of our eyes a
concave glass proportionably strong (%) ; the other eye having a convex
glass of the same number, we thereby render ourselves hypermetropic on
the one side, and not less myopic on the other; now, fixing our looks on






ON THE

PATHOGENY OF STRABISMUS.

StrABISMUS may be defined as a deviation of the eyes, in consequence of
which the two yellow spots receive, simultaneously, the impression of
different objects. The lines of vision do not interseet at the point which
one wishes to see—one of the two only, that of the unaffected eye, being
directed towards this point. This deviation not only alters the physiog-
nomy, by the want of symmetry of the parts of the face which contribute
the most to its expression, but it troubles the vision at least of one of the
eyes, and there is, in every instance, a loss of the advantages of binocular
vision.

Strabismus, however, does not, by itself, constitute a definite patho-
logical condition; it is only a symptom which depends upon affections
of a very varied nature, and which may accompany other very different
pathological signs. Those who would undertake to write a manual of
ophthalmology, and to treat, systematically, of all eye affections, would,
in many places, have to treat of strabismus as more or less belonging to
very different diseases. Strabismus will frequently present itself as a
constituent of a composite anomaly, in which it is connected with the
originating cause, and with all the functional disturbances which result
therefrom ; but it cannot be treated of as a special malady—it is only the
semeiologist who could treat of strabismus in general. Although this
proposition has been admitted for a long time as true, yet it has by no
means been acted npon. Open a manual of ophthalmology. A chapter
i3 devoted to the subject, and in it all that relates to the deviations of
the eyes is alluded to; elsewhere it is but referred to in passing. Even
when it treats of its etiology, we find the different forms of strabismus
brought together, although in their origin they do not resemble each other

B






Donders on the Pathogeny of Strabismus. 3

I have treated only* incidentally of hypermetropia, as a cause of
convergent strabismus; nevertheless, it is now some fime since I
published the results of my observations relative to this subject. Indeed,
I never lost sight of the subject; but I desired to examine, thoroughly,
and investigate, for every class of cases, what those anomalies of vision
are with which the different forms of strabismus may be connected: it
appeared to me that researches of this nature would tend, most surely, to
elucidate the pathogeny of strabismus. These anomalies are treated of,
from a general point of view, in the following pages, wherein I give the
result of particular cases.

The inquiry is one best determined by statistics, and I have already
investicated in a very great number of cases affected with strabismus—
and for both eyes—all that appeared to me to be either a cause, or a
consequence of the deviation of the visual line, or to be of a nature to
throw light, some day, on the development of these affections. I have
taken notes of the sex, age, and habitual occupations in all these cases.
The state of refraction has been accurately ascertained for each individual
eye—the extent of accommodation, the degree of acuteness of vision,
the extent of movements, these latter in connexion with the variable,
or not variable, angle of deviation; and to these I have added others
concerning the time and manner of the origin of the deviations; heridi-
tary influence, and the different complications and functional disturbances
(diminution of the extent of the field, of vision, diplopia, &e.) which accom-
pany it. I have been very warmly assisted in these researches by many of
my pupils, among others by Dr. Haffmans; I have thus been able to
register over 280 cases. It is true that in many of these it was not
possible to determine all the points above alluded to, and that in others all
the precision desirable was not to be obtained. This will not surprise those
who know, by experience, how arduous and difficult a thing it is to
examine the eyes, with respect to their functions, in children or in
adults, with but little mental cultivation. Nevertheless, this need not
hinder us from determining, in a very satisfactory manner, from the
collected data, a large number of questions of the greatest importance
in the treatment of strabismus. At present I intend to oceupy myself
more especially with the pathogeny of this affection, and to examine, in
particular, the influence which the various states of refraction of the eyes
have upon it.

* Archiv fiir Ophthalmologie. Bd. vi, 1, 8. 92,
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of the axis of vision. It was Senff who discovered the small divergence
which exists between the axis of the cornea and the line of vision, Helmholtz
found in three eyes the angle a to be equal 4° 19; 6° 43"; and 7° 35",
Knapp obtained almost the same results. T also confirmed these state-
ments, employing two different methods to do so ; at first I tried Knapp’s
method,® which, I believe, was borrowed from Helmholtz. It consists
in determining the radius of the curve, both of the line of vision and of
a fixed number of degrees at its inner and outer sides. Another method
has been employed by Dr. Doyer and myself. It presupposes that which
is proved by the results obtained by Helmholtz, Knapp, and myself, viz.,
that the axis of the cornea cuts exactly the centre of that membrane.
The angle « is found by determining the angle at which the line of
vision and the axis of the ophthalmometer must be inclined, in order that
the reflection of a flame, placed in this axis, may fall exactly on the centre
of the cornea; the reflected image is so placed when its double images
touch simultaneously the edge of each of the double images of the cornea
which is opposite to it. In more than fifty eyes, almost emmetropic, I
have found, in this way, that the line of vision always cuts the cornea on
the nasal side of its axis, More precise observations made on fifteen
emmetropic eyes have given to « & maximum value 7°, and a minimum of
3° 5, the mean being 5° 028’,

From which it follows that in vision at infinite distance, the axes of
the cornea in the emmetropic eyes diverge 2 X5=10°,

This condition, however, does not give one the impression of a diver-
gence in the axes, but rather of a parallelism. Apparent diverging
strabismus is only detected when the required angle is greater; and when
there iz an approach to parallelism, we fancy that a converging strabis-
mus exists, The first of these is peculiar to hypermetropia, the second
to myopia.

In my researches made according to the first method, it had struck
me that in certain very pronounced cases of myopia, the axis of the
cornea coincided very nearly with the line of vision, the value of angle
a being very small. In examining seventeen eyes by the second method,
I found for « as a maximum 51°, as a minimum, 14°, the mean a trifle
below 2°. In not less than five of these eyes, the value of « being
negative, the angle lay on the outer side of the visual axis, In general

* Verslagen en mededeelingen van de koninglijke Academie van weetenschappen.
D. zi., bl. 150,
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towards the yellow spot. The unequal distension of the external
segment carries the yellow spot more and more towards the point which
corrésponds to the axis of the cormea; which it can even pass, the
consequence of which is a negative value to a.

The comparative greater value of a in the hypermetropic eye depends,
in the first instance, on the smaller distance between the optic centre of
the eye and the retina. But it is also necessary to look for the cause in a
congenital displacement, outwards, of the yellow spot ; I think to the study
of development must we principally look for a solution of this point. Every-
thing seems to indicate that the hypermetropic eye must be considered as
an incompletely developed organ ; and this not only from its structure, but
also from the very imperfect manner in which it executes its funections.

I believe that the so-called strabismus incongruus of Johannes
Miiller,7 of which the very existence has been a little too carelessly denied,
is nothing less than the apparent strabismus of which I have just given-
the deseription. It is true that the relations which exist between this
deviation, and the anomalies of refraction, were not known to him ; and
that he has not expressly connected it with the position of the yellow
spot; mnevertheless, what other affection could he have had in view
in expressing himself as follows :—* Besides, this kind of strabismus is-
not rare ; but in general the deviation is but lLitle marked; often even so
much so as to pass unperceived, both eyes being equally capable of a
steady gaze, and the sight of both perfect.” He adds, that the muscles
of the eyes are perfectly sound. Then the definition which Miiller gives
applies very well to our apparent strabismus. ¢ This strabismus,” he says,
“is congenital (which is certainly the case so far as the apparent diverging
strabismus of hypermetropia is concerned) and incurable. It depends on a
difference in the position of the corresponding points of the retina, in the
two eyes ; so that these subjectively are quite one, but those which are iden-
tical in both eyes, belong to different meridians ; as, for example, the central
point of one of the retinas has not its exact analogue in the centre of the
other eye, but at a certain distance from its centre.” He is less exact
in what concerns myopia, when he adds—* The same difference exists
in all the identical parts of the two eyes.” "He illustrates his views by a
figure, from which one might conclude that, in his opinion, the line of
vision (his optic axis) and the axis of the cornea (his axis of the eye)
were non-coincident in one eye only.

7 Zur vergleichenden Physiologie des Gesichtssinnes. Leipaig, 1826. B. 280.
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II. ON CONVERGING STRABISMUS.

Experience teaches us that converging strabismus is, in by far the
great majority of cases, accompanied by hypermetropia, Out of a
hundred and seventy-two cases which we have examined, hypermetmpm
of the nondiverging eye was proved to exist in a hundred and thirty-
three; in nine myopia existed, in five to so high a degree that the form
of the extended, and but slightly movable eye-ball allowed of no other
position ; in thirteen cases a difference in the refraction of both eyes was
noticed; in five inflammation was the cause; in at least five paralysis had
occurred; thrice the strabismus was complicated with congenital cataract,
and twice with nystagmus. From this we see what a prominent position
is occupied by hypermetropia, occurring, as it does, in more than seventy-
seven per cent. of the cases; and yet, I am convinced, that if we could
investigate, indiseriminately, all the cases of converging strabismus which
occur among a given population, a still larger proportion of hypermetropia
would be found. In the first place cases of but slight converging
strabismus present themselves but rarely to the ophthalmic surgeon, and
yet these are precisely those in which hypermetropia is the sole cause of

centre and the retina is greater; but, on the other hand, the retinal surface is larger,
owing to its extension. In cases where these two factors compensate each other the
projected images on the retina might preserve the same gize ; but in consequence of the
disproportionately large dimensions of the posterior pole in very advanced myopia, an
object seen by direct vision will be projected smaller than before the extension, i.e.,
smaller than in a normal eye. Nevertheless, in regarding an object, its size can be
correctly estimated, and its limits at once accurately defined by the finger. If the
lines of vision be directed one after the other towards the outlines of an object, the
change which is made in the relation between the necessary muscular contraction and
the projected dimensions of the object are not betrayed by any apparent displace-
ment. When one looks at different objects—through spectacles with concave glasses
—alternately by moving the head, such an apparent displacement really takes
place; and if this is not observed on moving the eyes, it is to be attributed to the
fact that the disturbance of the connexion between the projected size and required
motion is compensated for by the deviating direction with which we regard an object
through convex or concave glasses,—From what has been said it appears that, in
consequence of a displacement taking place gradually, by extension, a point of the
retina ia projected outwards in a direction different from its original one. Now if this
direction can be changed for one and the same retinal element, so as in cases of
displacement to preserve its relation with the other means of perception, then it is to
be supposed that the direction in question is not a congenital one, but has arisen with
the other means of perception.

In the same way, the projection of the whole field of vision may, in abnormal
circumstances, be changed, In a certain equipoise of the muscles, an object looked
directly at, lies straight before the eyes. If this position be changed—while we

C
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that converging strabismus is generally dependent on hypermetropia, and I
had imparted these views to many of my colleagues viva voce. This induced
Dr. Pagenstecher and Dr. Saemisch!3 to turn their attention to this subject,
and they inform us that in sixty-two cases of concomitant converging
strabismus hypermetropia was found in only twenty-nine. This result
I readily accept; they have in reality only detected manifest not latent
hypermetropia, and in consequence of this they are themselves convinced,
% that slichter degrees of hypermetropia have been certainly overlooked,
stronger ones have been under-valued.” I see, therefore, in their com-
munication a complete confirmation of my views; for I have not been
able myself to directly establish manifest hypermetropia in much more
than fifty per cent. of the cases.

The most frequently occurring hypermetropia equalled Jyj, 415, rarely
1 or more. Absolute hypermetropia did not exist in the majority of
cases; but it attained in young individuals a considerably higher degree.
In manifest hypermetropia of sl;, the absolute hypermetropia might be
estimated at &, or something more; when in the cases of a complete
absence of manifest hypermetropia, the absolute hypermetropia was
estimated during paralysis of accommodation, it still rarely remained
under -l

Since, therefore, hypermetropia as a rule exists in all cases of converging
strabismus, no other explanation is conceivable than that hypermetropia
is the caunse of the squint. It is, at any rate, the primary anomaly in the
construction of the eye to be sought for, and is originally peculiar to it.
Strabismus is a secondary condition, which enly arises some years after
birth. In a very early stage, or at the very commencement of the so-
called periodical squinting, it can be indisputably proved that hyperme-
tropia is already present, so that it must precede the squinting; and if we
add to this that éncipient squinting immediately begins to disappear if the
hypermetropia be neutralized by a proper convex glass, then we must
inevitably conclude that it is the hypermetropia that causes the strabismus.
The only question remaining is—How can it do this? There is no
difficulty in answering this question.

In order to see distinctly, the hypermetropic patient must make great
efforts of accommodation ; and this while looking at objects at every dis-
tance. Even while looking at very remote objects, he must endeavour, by

13 Klinische Beobachtungen aua der Augenheilanstalt zu Wiesbaden. Erstes Heft,
Wiesbaden, 1861.






Donders on the Pathogeny of Strabismus. 13

to suffer different objects to pourtray their images on the two yellow
spots.

We herein discover the reason why the majority of hypermetropic eyes
do not squint. Let any person with hypermetropic eyes cover one eye
with his own hand, both eyes, however, being open, and in most cases th
line of vision of the covered eye will, very soon deviate inwards. The same
thing will happen if a negative glass is held before a normal uncovered eye.
The question which now naturally arises is, what circumstances, in the case
of hypermetropic people, must co-operate to cause the existence of squint?
They are of two kinds—first, A, those which diminish the value of bino-
cular vision, and secondly, B, those which facilitate convergence.

A. To the first belong—

1. A Congenital Difference in the Visual Power, or in the Refraction of the Two
Eyes—In hypermetropic people, sharpness of sight is often deficient in
one or both eyes. This is partly to be ascribed to astigmatism, partly to
an imperfection of the retina, as yet unaccounted for. If one eye is
affected, then the image in this eye will not, in the case of too great
convergence, be very troublesome.

The same is the case when the degree of hypermetropia is rather
high in the one eye, and the image in this eye is consequently less
distinet. In both these cases strabismus is most likely to develop itself;
but the disposition is greatly increased, when, as is often the case, both
circumstances are united in the one eye, viz., diminished sharpness of
vision, and a high degree of hypermetropia. If the eye has been long in
a state of squint, then, as a consequence of the strabismus, a secondary
diminution of sharp-sightedness has arisen, to which we shall hereafter
refer. Even then, however, a high degree of hypermetropia can, with
the help of the ophthalmoscope, be proved to exist.

II. Spots on the Cornea,~It is often observed in strabismus that the
squinting eye, or indeed both eyes, exhibit opacities or spots on the
cornea. Very recently Pagenstecher and Saemisch directed attention to
this frequent occurrence of spots on the cornea in cases of strabismus.
It does not, however, appear to me likely, that spots on the cornea would
of themselves alone be sufficient to cause strabismus. Even if the image
in the unaffected eye should be less perfeet, still experience teaches us,
that even then the preference is given to binocular vision; and it is not
very easy to comprehend how that one of the eyes should be disposed to
diverge solely for the purpose of allowing a totally different picture to
fall on its yellow spot, rather than allow a picture, slightly different, it is
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particular disposition to strabismus was hereditary; but in this I wish
to be properly understood. Hypermetropia is, to a very great extent,
inherited ; it is rare, in cases where the eyes are hypermetropic, not
to find hypermetropia present in one or other of the parents, and also
in some of the other children; but whether this hypermetropia be com-
plicated or not with strabismus in the parents, has, at all events, a very
slight influence, if any, in the development of the same anomaly in their
hypermetropie children. If there exist in a family a case of converging
strabismus, we may be almost sure that hypermetropia is present in some .
other of the members; but it has seldom fallen under my notice to find
the majority of the hypermetropic eyes in the same family squinting.

II. The Relation between the Line of Vision and the Azis of the Cornea.—
We have seen above that in the case of hypermetropic patients in general
a more than ordinary divergence of the corneal axes is required, in order
to give a parallel direction to the lines of wvision, whence apparent
diverging strabismus arises in so many hypermetropic patients. On the
other hand, we know that the majority of eyes are only with difficulty
brought to diverge ; a weak prism held before the eye, with the refracting
angle outwards, is sufficient to produce double images, which most people
are unable to overcome by a divergence of the lines of vision. KEven
for the sake of single vision, many cannot succeed in diverging their eyes
a few degrees. It may, therefore, be easily taken for granted that when,
for simple vision, a more than ordinary divergence of the optic axes is
required, such divergence will not be very easily effected. This takes for
granted, that in looking at mear objects it will be easy to converge too
much. The causes that were treated of in Section I. promote convergence:
in an absolute manner. The connexion between the line of vision and
the axis of the cornea, in hypermetropic people, has relatively the same
result. Now if, on looking at a greater distance, the divergence of the
corneal axes remains often too feeble; then, on looking at a near object,
under the influence of hypermetropia, the convergence will be relatively
too great. The conditions requisite for the development of strabismus
are thus obtained. I bave often, in reality, observed, that in squinters,
after tenotomy, a considerable divergence of the corneal axes was
requisite to make the lines of vision take a parallel direction. Often the
eyes are apparently perfectly well directed ; and still it will be remarked
that, on looking at a distant point alternately with either eye, covering
the other eye with the hand, the opened eye must still make each
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In case No. 8 there existed a permanent strabismus which, wonderful
to relate, disappeared during the time when the pupil of the sharp-seeing
richt eye was dilated. The left eye then assumed a correct position,
without there being any deviation of the right.

This table again shows what had been before manifest, viz., that as a
rule the angle a for both eyes of the same individual is pretty nearly the
same. For this reason, in the cases of No. 4, Od. and No. 9, Od., which
in consequence of impaired vision did not fix, we in calculating the mean
value for both eyes assumed that a = a of the left eye. As mean we
then obtained « =7°:63. This exceeds, by but a very little, the mean
of @ =7°'3 in non-squinting hypermetropic people; but here in order to
give a prominent place to the influence on the position of the centre of
motion, particularly high degrees of hypermetropia were purposely
seleeted, for which cause also the value of o is increased. In order
to obtain, therefore, a better basis for comparison, the value of « was,
moreover, determined in some cases of hypermetropic people, whose degree
of hypermetropia was about the same that we meet with among squinters.
The results are to be found in the following table :—

TABLE IL
Refraction
Persoma| Sex Age Eya i, L R} A. 5. Observations
Hm. H. H?
1 m 19 Od. o ? T 49-5 080 | Astig?
Os. . e 4 39+6 0:85 Astig ?
2 50 0Od. s ¥ T 5° 1
Os. g5 1 T 5° 1
3 I711] Od. +z H T 6° t
Oa, T ¥ ' 5° 1
4 m 60 Od. P ? *a 6°75 1=
Os. 2 ) e 5°56 -85
5 21 Od. Al t Tr 6°-25 14
Os. o ? 15 5%9 TE
6 D Od. Tz ¥ 3 695 1
Os, 5 { 3 i g 1
7 m 14 Od. + 3 4 7° 0-4 Astig,
Oa. s % i ik 0-82 | Astig.
8 m 62 Od. 4 1 4 e 0:-26
Os, } 1 + 7° 0:25
9 f 13 Od. M 1 3} RO5 1-
Os. oy 1 3 8754 1
10 m a6 Od. . ? T 89:8 L
On, ot 1 P 992 1
11 m 21 Od. 5 ] & e 09
Oa, i 1 } ge 00

The eolamn marked H 1 givea the total hypermetropia as it has been valued in young
individuala.
b}
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such, for example, as a feather in the nurse’s cap, the flame of a candle,
and so on. It will by this be sufficiently evident, that I attach but
little importance to these notions; at least, I am persuaded that the
emmetropic eye will never, by such means, be taught to squint. How-
ever, I would not assert so positively, that in the hypermetropic eye there
would be no danger in such things—the fixing of the eye on objects
having an oblique direction might especially exercise some influence on it.
In such cases it often happens that the point fixed on may be seen by but
one eye, whilst the field of vision of the other islimited by the nose ; and
when the one eye only sees an object then the second eye misses a guide
to direct its movements, and there is, therefore, nothing to hinder it, if
hypermetropie, from converging too strongly in order to see distinetly.
It cannot, I think, be denied, that in this way the rectus internus might
acquire a certain preponderance which would pave the way for a further
development of strabismus.

I have already observed that squinting varies both in kind and in
form, according to its etiology and according to the affection of which it
is the result, and with which it makes its appearance as a pathological
whole. This applies, in every respect, to strabismus, the consequence of
hypermetropia. Since, then, this form of converging strabismus is the
most common—the typical form one might say—it is very natural that
what has been written on strabismus in general should answer here.
Let me be allowed to give a brief sketch of it; and in doing so I shall be
obliged to mention many well known facts; but in this way I shall the
better find an opportunity of adding some further remarks on the nature,
symptoms, and pathogeny, of this affection.

Converging strabismus, the result of hypermetropia, seems, for the
most part, to manifest itself about the fifth year, probably because the
effort to acquire a sharp distinet vision commences then to develop itself ;
moreover, the accommodation is then sufficiently strong to overcome
the hypermetropia, by a somewhat increased convergence, with ease.
Little faith, as a rule, is to be placed in the stories respecting its appear-
ance at or shortly after birth, in consequence of convulsions or other
diseases. As an exception to the above, it is sometimes met with after
the seventh, up to the eighteenth, year, without any appreciable caunse
existing. At first the deviation is transient, being intimately connected
with the act of fixing—that is with the effort to acquire distinet vision ;
sometimes it is only found when the eye is fixed on some near object,
disappearing when the stare is over or the eyes are closed. This is the
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and I have also succeeded in doing the same, although only after two
days of fruitless labour. Many people cannot make their eyes con-
verge save for the purpose of seeing binocularly some distinct object;
but even such will at last succeed in doing so if they only attempt it
frequently. The straining of the muscles in the act of convergence is
evidently quite different from that which takes place when the one eye,
holding the same position, the other looks outwards. DBut of this here-
after.

In the majority of instances strabismus ends by becoming habitual.
The rule is that one and the same eye always deviates (strabismus sim-
plex). This was already the case when the strabismus was still periodie.
If the strabismus alternates in a hypermetropic patient, other causes are
frequently at play. The strabismus is generally concomitant; the move-
ments are free; the area of movement is normal save that there is an exces-
sive mobility inwards, and a more limited one outwards in bath eyes. The
one and the same eye alone deviates; the other is invariably well
directed. Notwithstanding the internal recti muscles must be considered
as shortened. This shortening, at first dynamie, in the case of constant
strabismus becomes organic. It is the consequence of excessive use com-
bined with feebleness of the antagonistic museles; there is no pathological
change present. That both the internal recti muscles are shortened results
from the habit of keeping the object intently on the side of the distorted
eye, so that even in the normal eye the internal rectus is brought into rela-
tively strong contractions. In this position the hypermetropia of the non-
deviating eye is best overcome. Even when squint has become habitual,
there is in connexion with fixation a relatively stronger contraction of the
internal recti muscles whereby the angle of squint increases; in the case
where there is already a large angle of deviation, this will be only in a
slight degree, because their increased straining occasions less motion.
After tenotomy the increase of convergence in these cases, while regard-
Jing some object intently, appears again very strongly, This increasing
of convergence in the act of fixation, after a correct position has been
obtained by tenotomy, is important from a two-fold point of view. First,
because we have adults who declare that they distinctly feel the conver-
gence, and perceive, at the same time, that they induce it, as it were,
voluntarily in order to see more distinctly. A more direct proof that
hypermetropia may determine strabismus could, I think, not be given,
for here we have, in a manner, a return to the first period of strabismus,
with this difference—that the deviation can now be appreciated by the
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person himself; and, just as in the original stage, the first appear-
ance—so here the relapse must be guarded against by the use of convex
glasses sufficient to centralize the hypermetropia. The practical direc-
tion to use proper convex glasses while working, after tenotomy, is the
second reason why we considered the symptom in question important.
In simple strabismus the sharpness of sight becomes, in the affected nerve,
more and more enfeebled. At firstif the hand is held before the normal eye,
the squinting eye directs itself properly towards an object, and may even
remain thus fixed when the hand is removed; but it soon, however, gives
place to the other, usually when some new motion is attempted, often even
at the first winking of the eyelids. Sharpness of sight will now have
already diminished in the deviating eye; but it is still, for a considerable
length of time, nearly sufficient, and it may, by exercise, be restored ;
it improves, too, most generally, immediately after tenotomy. In the
course of time, however, the deviating eye no longer directs its line
of vision on the object when the normal eye is excluded; but this
line passes along on the inner side, so that the image of the object
falls on the inner side of the retina. When such is the case we may
conclude, that the sharpness of sight of the deviating eye in the line
of vision, as well as in the common visual field of both eyes is diminished ;
whilst, on the other hand, that of indirect vision on the innermost portion
of the retina, so far as this portion has its own field of vision and sees
objects not represented in the retina of the other eye, has remained
undiminished.

Von Graefe was the first to investigate this loss of physiological
sensibility by psychical abstraction. Truly a remarkable phenome-
non! It is a well known fact that we can, by attention, increase the
acuteness of our organs of sense. That which precedes proves, on the
other hand, that a nerve may lose the power of receiving those impres-
sions from which we desire psychically to abstract ourselves, and pre-
sents us, therefore, with a very important example of this fact. In such
cases, although no organic changes are to be noticed in the retina, yet,
neither by constant practice nor by tenotomy, is there any considerable
improvement to be obtained.

Has the origin of strabismus been a.ccounted for on any former occasion
by the presence of hypermetropia? This question may, I think, be
answered in the negative; indeed it is almost natural that it should be
s0, because it is only for the last few years that hypermetropia has been
understood, and total hypermetropia, and, to a considerable extent, latent
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hypermetropia had been overlooked, until that, having convinced
myself of their existence, I commenced to perceive their connexion
with strabismus. My perceptions have been, without any doubt,
assisted by what has been discovered and recorded by my prede-
cessors. Not to speak of some few isolated observations!? which, since
the discovery of hypermetropia, proved it to exist along with stra-
bismus, I would, in the first place, refer to Bohm’s?® investigations
respecting squinting, where it is plainly stated that squinters can distin-
guish a certain type, with the assistance of conver glasses, at a greater
distance than they would with unassisted vision. This observation was
of great importance, and it might have led to the discovery of hyperme-
tropia, and, in particular, of the connexion of hypermetropia with stra-
bismus, had Béhm, with a thorough knowledge of dioptrics, understood
and rightly explained the facts which he had observed. Instead, how-
ever, of thinking of a condition in which the focal point of the dioptrie
system should lie behind the retina, Bohm had recourse to a mysterious
connexion of ** physical presbyopia,” with “vital myopia;” and he was very far,
at all events, from seeking in this for the cause of squint. Ininvestigating
the origin and cause of strabismus he falls into the same error as all his pre-
decessors—investigating them, not for a distinct form of squint—for a real
form of disease—but for a symptom—squinting in general. The causes,
resulting from totally different conditions are then sought for and inves-
tigated indiscriminately. It might have been forseen that the pathogeny
of squint could not in this way be revealed. And further, when Béhm
treats of the “origin of squinting having ils source in the eye itself;” and
also, of the * atiology of squinting as originating in the eye,” the condition
of the deviating eye is, and remains with him, the important matter; he
speaks of the “short-sightedness of one eye, while the other preserves its
normal condition,” of “asthenopia of one eye,” of “feebleness of vision
of one eye;” and, according to him, it is this eye always that deviates.
In this deviation he sees an effort to exclude this eye from vision, without
recognising in it an effort to try to improve the distinctness of the images
of the undistorted eye. That which we have admitted farther back as
one of the circumstances under which the eye more easily allows itself
to be withdrawn from binocular vision, is, for him, the all important

19 Vorgl. de Haas, Geschiedkundig onderzoek omtrent hypermetropie en hare
gevolgen, 1862, p. 61.

3 Bohm, das Schielen. Berlin, 1845. I follow here de Haas almost word for word
a8 he mentions that he has printed this part of his dissertation from my Lecturea,
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cause of squint. So Béhm was as far from understanding the reason of
converging strabismus as any one else.

In later years von Graefe?! was certainly very nearly discovering the
cause of strabismus to be hypermetropia. He did not, however, exactly
treat of the pathogeny of squint; and he even apologises when, in passing,
a few remarks respecting it escape from his pen. These remarks,
however, we regard as well worthy of attention; but, as it did not oceur
to him to introduce hypermetropia as an element into the subject, they
remained, for the most part, fruitless. Von Graefe mentions, as a well-
known faet, that an ‘ intercurrent or periodic squint” frequently, if not
generally, precedes a permanent one. Further on, he remarks that
all cases of intercurrent squint do not pass into permanent squint. So
long as this has not taken place, these cases would require some special
remarks, from the point of view of operative assistance. For this
reason von Graefe mentions them. But he has obviously also felt that
the symptoms incident to these cases had a peculiar significance as
regards the investigation of their pathogeny; at least, he considers, from
a pathogenetic point of view, the three following categories distinguished
by himself :—

First Category comprehends those patients whose eyes, while in a state
of repose, show no appreciable deviation; but do so the moment they
fix them steadily on a certain object, whether it be near or remote.
Von Graefe thinks there is a possibility that a cause of disturbance
might result to binocular vision from the deviating eye; and that, there-
fore, its image might be voluntarily deviated. That, in this way, a
permanent squint might possible arise is plain—Von Graefe does not,
however, consider everything as hereby explained. “If the deviation
manifests itself only under certain conditions, for instance, in the case of
a vivid perception of the images on the retina, and not where this fails,
one must suppose the existence of some link between the act of vision
and the muscular movements” (von Graefe, 1. c., p. 281) ; and again—* if
this latter is not the disturbance of the images on the retina of either
side, then, in the next place, the circumstances of the accommodation
present themselves for investigation.”

With respeet, however, to the first mentioned supposition, von Graefe
remarks that the one eye deviates while intently regarding an object at
any distance, and even when the hand is placed before it; and whilst it

1 Archiv. f. Ophthalm. B.iii. Abth.i, 8. 277.
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did not oceur to him, with respect to the last mentioned case, that hyper-
metropia might account for it, so he knows no other explanation to
give save the following somewhat obscure one:—*Every act which has
for its aim the exact perception of objects throws on the altered muscle
the incentive to abnormal contraction.

Second Category comprehends those cases in which, up to a certain
point (eight inches, a foot, four feet), the axes of vision have a normal
direction, whilst beyond that distance a striking deviation is manifest.
Such cases are generally connected with myopia.

Third Category comprehends cases of which he says * that the patholo-
gical convergence appears only in the case of accommodation for near
objects. The symptom appears just as well marked when the ﬂquinting:
eye is covered, and must, consequently,” he says, “have its origin in the
condition of the accommodation, probably in an inerease of the resistance
of the muscles, accompanying an increased state of the refraction of the
eyes. The increase of the tension of the muscles,” he continues, *arouses the
glumbering impulse to abnormal contraction in the affected muscle.”—He
further refers to the peculiar cases in which, while looking at near or distant
objects, converging strabismus arises; but in which, when looking at objects
at a moderate distance binocular vision is preserved. He explains this as
partly due to myopia; but frequently both presbyopic and hyperpres-
byopic patients belong to this category; myopia in distans sometimes
too appeared to exist. He sums up as follows:—* A feeble degree of
pathological convergence of the lines of vision, corresponding to the
natural tendencies to straining of the muscles, exists, for all and every
distance of the object. If the refraction of the eye be augmented, either
by bringing the object nearer or holding up a concave glass, then the
morbidly increased contraction commences; for moderate or short dis-
tances, and relatively large retinal images, the prevailing tendency of the
muscles is, in order to preserve single vision, resisted; for a greater
distance, the retinal images decreasing in size, this no longer happens,
and double images arise which, owing to an abnormal contraction of the
muscles, appear at greater distances from each other.”

Finally, Alfred Graefe,?? in a case of intermittent squint—called also,
but less correctly, * spastic squint ”—asks himself the question whether
“It is the circumstances of accommodation which oceasion the deviation
of the right eye?” and replying to it as follows :—*Certainly not; for it

# Klinische Analyse der Motilititastérungen des Auges. Berlin, 1858, 8. 292,
|
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The researches which I made conjointly with Dr. Doyer, establish that
the centre of motion is situated behind the centre of the optic axis, so
that the portion of this axis situated in front of the centre of rotation is
to that behind, as 15: 11, (Vide the annexed table given from the

TasLe of the mean obtained by the examination of 19 emmetropic eyes.

19 myopic eyes, M=1:16uptoM =1:225

12 emmetropie eyes, H=1:16 , H=1:3875
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H 22°10 13-22 888 = 5608 :402 217 7255

About the same proportions, however, were also found in the case of the
longer axes of myopic people; here, consequently, the centre of motion
lies further away from the posterior surface of the sclerotic. The
excursions are therefore, in these cases, for equal degrees of rotation
larger, and the movements necessarily limited ; this limitation would be
still greater were not the entrance of the optic nerve, on account of the
disproportionate extension of the external posterior portion of the seg-
ment, moved further inwards, and thus removed considerably less from
the centre of motion. To this limitation, moreover, the greater distance
between the centre of motion and the insertion of the muscles may help
to contribute, to which distance, the arc of rotation, obtained with a
given shortening of the muscles, stands in inverse proportion.

Apart from the consideration of all this, the elongation of the axis of
the eye gives of itself a sufficient explanation of the diminution of the
movements of the globe; this latter affects the movements inwards as
well as outwards, With myopic people it is so general that out of seven-
teen eyes examined, nine could not turn themselves sufficiently far so as
to bring, without modification, our method for ascertaining the centre of
motion, into use—a method which requires an excursion of not more
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inwards; this is true up to a certain point. If we try, however, to define
this relative squinting, it then appears that it is inseparable from high
degrees of myopia; and that even if, in such cases, motion was not limited,
the squint would nevertheless be present. Relative diverging strabismus
takes place, in fact, when the close proximity of an object which one wishes
to see distinetly, excludes binocular vision; it consequently makes its
appearance, even in cases of unlimited convergence, the moment that the
farthest point of distant vision lies nearer the eye than the point which
can be reached by the strongest convergence. In this sense, when the
myopia for example is greater than ,; relative diverging strabismus is
necessarily present, one eye is certainly (cases of converging strabismus
excepted), if the person at the time sees distinctly without glasses, always
directed outwards.

From what has been stated it will be seen that relative diverging
strabismus may arise, on the one hand, in cases of considerable insufficiency
of the internal recti, myopia being completely absent; and, on the other
hand, in cases of high degrees of myopia, without any insufficiency of
the musecles. The fact is, it occurs in its most important forms, when
myopia and insufficiency of the musecles are both present in a moderate
degree. Myopia may be considered as the starting point. If it be wanting
the muscular insufficiency will only lead to muscular asthenopia, and will
seldom develop itself into diverging strabismus. If myopia be present,
then a number of circumstances conjoin to bring on relative diverging
strabismus, and by this very means prevent muscular asthenopia.24 The
explanation is simple, and has already been given when treating of muscular
insufficiency ; myopia requires a greater convergence of the lines of vision,
because the object of sight lies nearer the eye, and it is exactly in myopia
that convergence is, for two reasons, more difficult: first, because of
impeded motion, and secondly, because of the altered direction of the
line of vision (the smaller angle a). That relative diverging strabismus
chiefly oceurs in cases of myopia is herewith explained; to this must be
added, that the want of binocular vision and the aversion to double
images furnish, in this instance, no considerable counterpoise. It is

# Thus we read also in von Graefe (Archiv. fiir Ophth., B. VIIIL. 8. 343) :—*“ We
have already mentioned above that myopia furnishes indeed an important, but not an
absolutely preponderating contingent (to muscular asthenopia). The latter would
doubtless be the case if those patients affected in a high degree by myopin did not
pass much more quickly from the asthenopic condition into diverging strabismus than
either hypermetropic or emmetropic ones.
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of a concave glass, the object is once more seen with both eyes; fre-
quently, however, complaints of fatigue coming on will now be heard; and
experience teaches to look for its cause, not in the effort of accommo-
dation, but in the requisite convergence, even if this be comparatively
slicht ; consequently muscular asthenopia is in existence; and here, in
order to make binocular vision possible, the combination of prismatic with
the concave glasses becomes necessary. In such cases it is particularly
obvious that we must seek for the cause of the relative diverging stra-
bismus in the impeded motion inwards, whilst the tendency to use both
retine for the sake of binocular vision may continue undisturbed. Tt is
only in the case of an absolute diverging strabismus that this tendency,
as will appear, is not unfrequently lost.

We have seen above, that in progressive myopia binocular vision of
near objects, can only with great difficulty be retained. There are, how-
_ever, exceptions. According to von Graefe—*an energetic co-operation of
the internal recti is consequent on relative myopia;” he even goes so far
as to assert, that it is to be regarded as a pathological condition * when the
contractibility of the internal recti does not progress harmoniously with
the increase of the refraction (myopia).” 26

Indeed, even in cases of high degrees of myopia, whether in consequence
of a favourable size of the globe of the eye, or in consequence of an
original or acquired preponderance of the internal recti musecles;
the lines of vision may sometimes, while looking at near objects, be
correctly placed, and may, without much effort, be kept in that direction.
This mostly happens at the expense of mobility ontwards. A limitation
of mobility is, in such a ecase, never wanting, and it may reach such a
degree, that in looking at distant objects the lines of vision cannot be
brought into a parallel direction; relative converging strabismus will
now present itself. The ecases mentioned at page 9 have had their
origin alluded to ; even in these cases convergence is not sufficient, and
then the strange combination arises of relative diverging strabismus
while looking at near objects, and of relative converging while looking
at those which are distant ; whilst looking at moderately distant objects
binocular vision is retained. This reminds one of the combination of
myopia with presbyopia; all such cases, however, are exceptional. The
rule is, that facility of eonvergence does not keep even pace with the
development of the myopia, and that, in a very short time, the tendency to

% Archiv. fiir Ophthalm,, B. 1., Abth. 1, 8, 300,
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disturbance of the muscles (paralysis, inflammation, contraction, com-
plicated congenital anomalies, &c.; a blind eye frequently also deviates
outwards), yet myopia does not occupy the same prominent position as
a cause of diverging strabismus, as hypermetropia does in relation to
converging strabismus; at the same time, however, myopia is found in
about two-thirds of the cases of absolute diverging strabismus. If we
add to these cases those of relative diverging strabismus, then the
diverging form of squint is quite as frequently met with as the con-
verging, if not even more so, and the extraordinary causes, proceeding
originally from affections of the muscles, or from blindness of one eye,
retire completely into the back ground, for in at least ninety per cent. of
the cases of relative diverging strabismus, myopia is found. It has
often been remarked, that while converging strabismus is chiefly to be
met with in children, diverging strabismus but rarely occurs until much
later in life. The observation is correct; the fact is closely connected
with the canse of its existence—progressive myopia.

Now, although absolute diverging strabismus is, as a rule, chiefly
developed out of relative, yet in by no means every instance does the
absolute follow the relative ; the reason of this lies in the circumstances
we have mentioned; and it seems indeed to be rather the exception. We
find here, as in converging strabismus, a similar relation to the cause. Thus
as the majority of hypermetropic people remain free from it, so it is also
certain that many myopic people will be found with relative diverging
strabismus, and yet the absolute form never developed therefrom. Here,
then, the question likewise arises—what collateral circumstances operate
to produce the true absolutely diverging strabismus ?

Perhaps we shall be able to invert the question, if we, in the first place,
reflect—why the relative distortion, in general, disposes to the absolute.
The result of this examination may be thus formularised.

Relative diverging strabismus determines the formation of different
images on the two yellow spots of the retin®, at least in the case of close
vision. The great desire that these impressions should correspond—the
struggle for simple binocular vision, must, in general, be thereby very much
weakened. A deviation commencing at the first attem pt at convergence, at
once becomes considerable, whilst the individual simply yields to the mus-
cular impulse; perhaps this oceurs, too, in order to remove (however
unconsciously), the double images further from each other, or even to
exclude the effort of accommodation, which is associated with troublesome
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strabismus, the desire for the same impressions on the two yellow, and
further corresponding spots, has been weakened, yet it has not been
destroyed. In some cases it is this desire for binocular sight that alone
resists the deviation. In many people the one eye will actually turn out-
wards behind the covering hand; and when this is removed, again resume
its proper position; and, where the deviation does not take place, the
application of a weak prismatic glass, with the refracting angle turned
towards the nose, will be sufficient to eonvince us of the struggle to
maintain binocular vision. It is only in cases of the highest degree of
myopia, in which not even well marked objects form comparable images,
that, during this experiment, convergence fails to appear. From this it
15 manifest that sharp sight is not an absolute condition, even when the
wish for single vision is clung to with the very greatest tenacity.

We look, in the next place, for the cause of the absence of absolute
strabismus in limited mobility of the eyes; not only the inward, but
sometimes also the outward rotation of the large ellipsoidal eyeball of
myopic people is obstructed. This obstruction may go on so far that,
as we have remarked above, when sharp vision, at a short distance, is
required, relative converging may be joined on to relative diverging
strabismus. If, however, it does not attain to this degree, it at least
prevents an immoderate deviation outwards, especially where the desire
to preserve binocular vision assists it.

Then, again, we find, just as in converging strabismus, various pro-
pelling and assisting forces opposed to each other; and it is, in fact,
difficult to say under what conditions the former acquire the prepon-
derance. Experience, at all events, has not, as yet, made us acquainted
therewith.

Without any doubt, however, the following must be taken into
account:—1. All those circumstances which facilitate motion outwards.
2. All those that lessen the importance of binocular vision. Among the
former we reckon an original preponderance of the external recti; greater
displacement of the lines of vision than is usual as a consequence of
myopia (unusually small, or even negative value of the angle ) ; further,
a form and superficial position of the eyeball, favourable to outward
motion. Among the latter may be reckoned diminished sharpness of
vigion of one eye, and above all, difference of refraction in the two eyes;
this last-mentioned is a factor of great importance. If the difference in
refraction is great, one strong, the other emmetropic, or very slightly
myopic, then it is, perhaps, the rule that in looking at distant objects
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of the two retine, are more troublesome than images of objects altogether
different (and, under certain circumstances, this may be the case), and
that this is the reason why one of the eyes instinctively deviates. Buffon,
in so writing, had in view, particularly, I might almost say exclusively,
converging strabismus ; but, towards the close of his memoir, he speaks
of other cases, ¢ where one eye was employed to look at distant, and the
other at near objects, and where the one that remained unemployed,
deviated, sometimes inwards, sometimes outwards.” Moreover, Buffon
supposes that to whatever extent the field of accommodation of the two
eyes may coincide, even when their limits are partially different, both
eyes can receive sharp impressions of the same object, so that the
effort of accommodation of each eye, independently of the other, can be
regulated according to the distance of the object. On this error a great
deal of his demonstration rests.

Joh. Miiller, while he admits the faet, is not satisfied with the expla-
nation given by Buffon. He proposes another?® very remarkable, because
he assumes, for the purpose, a disturbance between the convergence and
accommodation of the eyes. We do not find in Miiller’s work any dis-
tinction made between presbyopia and hypermetropia; he does not even
distinguish whether it is convergent or divergent strabismus which he
means to explain ; in this way it was not possible to consider the question
properly. But we find mention of an experiment which consisted in
determining convergent strabismus, by placing a concave glass before one
of the eyes, and then making the person regard steadily a fixed object;
an experiment which explains those exceptional cases of convergent
strabismus in which the correctly directed eye is hypermetropie, whilst
the deviating eye is somewhat less hypermetropic; even, perhaps, emme-
tropie, but originally amblyopic. If Miiller had placed negative glasses
before both eyes it could not have escaped him but that there was an
easily caused deviation inwards, and perhaps, with his penetrating glance,
he would have, on the moment, recognised the nature of hypermetropia
and its relations to strabismus.

The inequality of any two eyes, with respect to their sharpness of
sight, or their refraction, as a case of squint, has been too much regarded
by some?® too little by others.3! I think I have proved that this

¥ Vergleichende Physiologie des Ges,, 8, 228.

¥ Compare Bohm Daa Schielen, L. ¢, and Arlt, Die Krankheiten des Auges, B, ITI.,
8. 306., u f., Prag. 1856.

3 Compare Reute Lehrbuch der Ophthalmologie, B, I1., 8. 524,
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abundant literature of strabismus for to discover its etiology. In fact, for
a long period, diverging strabismus has been completely neglected. A
distinetion of the various causes, according to the different forms, is not to
be found, and each time that the etiology of strabismus, in general, is
considered, it is evident that it is converging strabismus alone that is
meant. I have yet only to allude to the writings of von Graefe, relative
to the insufficiency of the internal recti, in the numerous modifications of
which the gradual transition to diverging strabismus is to be sought, and,
certainly, was sought for by von Graefe, and so we read in his last work:34
“One might define insufficiency, in general terms, as a dynamiec diver-
gent strabismus, of which the degree varies, according to the distance of
the objects, and which is temporarily overcome by the effort to see objects
simply.” We have only to recollect that this effort, in the myopic eye,
becomes more and more enfeebled, for to perceive in some sort, that
absolute diverging strabismus necessarily develops itself as an effort of
myopia.

So our task is summed up in the following two propositions, whose
antithesis is remarkable :—

1. HYPERMETROPIA DETERMINES ACCOMMODATIVE ASTHENOPIA, WHICH
IS ACTIVELY OVERCOME BY CONVERGING STRABISMUS,

2. MyOPIA LEADS TO MUSCULAR ASTHENOPIA, WHICH IS PASSIVELY
ELUDED BY DIVERGING BTRABISMUS,
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