THE LIGHT-SENSE 1IN STRABISMUS,

especially in tae Amblyopia of Strabismus,

examined by means of a new photometer.
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THE LIGHT - SENSE,

e e re e e e

DEFINITION, - The Light-Sense ig one ot the three Visua

Percepticns or Sub-senses of which the Sense ¢t Sight
consists,--(the other twu being the Colour-Scnse and the

Form-Sense, ) It is thre power the retina

(6]

, or the visual
centre, has of perceiving gradaticns in the intensity of
illumination, without reference to the coclour, or sgize, or
form, coif the object from which the illuminetica comes

(Swanzy's "Handbook," and Freeland Fergus on "The Light

Sense in relation to Navigation,") Whether this power
resideg in the retina cr the visval centre, we cannct

say, tor we arc almest wholly ignorant ss to what part of

the sensory system it is in which changes determiring the
specific nzture of senszticns take place (Rivers, in Schaeler's

"Text Bock of Physiclegy," 1900, Vol, Z,p. 1052,

PHYSIOLOGY; ~ The estimaticn ot the Light-Sense is attended
with not a little difficulty, and the results as reached in
ordinary clinical examinatione may be considered deoubtiul

Lol -

zg to their mathematical accuracy, when we remember how



rreat is the perscnal element thst enters into the recce-
nition of the sensaticn by the patient.
Measurements made tv trained observers upon jrained

subjects are naturelly more reliahle; hut,obviously, the

*-J
7]

number of such sulbjecls limited, and practically, cof

~

course, they are selder availakle exéept when physiclop-
ically sound.
But even in their case, there afélsources cf fallacy.
Captain Abney, in his paper reszd buioré the Noval Scciety
on "The Sensitiveness cof the Retina te Light and Ceclour"
(1897), pointed out that the sensitiveness of the eye (his
own, and his trained assistant's ), vafiedlconsiderably at
times, due, 1in all probability, he tﬁouyht, to the
state ¢f health, mental and hodily, ot the observer,
Only as *lLe =2ye becume practised to.observaticn, he said,
did the liability te varistion vs=ry largely disappear.
Besides the condition of bhedy and mind, there are in the
rhysiclogicel exemination,as well a8 in the pathclogical ,
a number of circumstances vhich may Influence the character,
guantitative and qualitative, of the sensationsifor example,
the nature and duraticn of the previcus stimulation of the
retina, the size and position cf the area stimulated, the
duration of stimulus, and the rate at which the indiviaval
stimulil succeed onc another, the nature ¢t the stimulaticn
éf other parts of the same retina, of the other retina, and
even o1 other sense-corgans,(Rivers, in Schéter's "Paysiclogy,"

a8 hefore)s



The nature of the previous stimulation is intimately

associated with what is called "the adaptaticn of the

retina,"- adaptation, that is, to different degrees of
illuminaticn or to darkness,
On complete exclusion of light from the eye, the retinal

sensitiveness to lignt increases. The increase at first
is rapid, the sensitiveness being multiplied fifteen to
twenty times in the first two minutes, Later,the increase
is less rapid, until,in twenty minutes, the maxinmum is
almest reached. Still the sensitiveness continues to
increase for two hoﬁrs, and then, according to Aubert,

it is thirty-five times greater than at first. Charpen-
tier,however, puts the maximum amount of increase at

one thousand times, and also points oﬁt that the increase
is not affected by differences in the size of the pupil
(Rivers, in Schafers' "Physiology" Vol.l , p. 1056).
Abney's observations were made after the eye had been
placed in darkness for at least twelve minutes,

In estimating the sensibility of the eye to light,
there are two directions from which the subject may he
approached,

15 Beginning from complete darkness, one may determine
the smallest amount of lignt capable of being perceived;

this is the threshold of sensibilitv.- Or-

-

2 Beginaning with a certain perceived amount of light
cne may increase it, or diminish it, until it is just

perceived to he different; this is the threshold of

discrimation, ('Riv.r;rg,in SCl’léll.feI'B’ "Physiology, " ‘f01.2,’
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p. 1053.)

. If the tareshold of sensihility (which is Riverds
term for any of the senses), be called, in the casc of
the light-sense, the Light-Minimum (L.¥, ), then the thres-
hold of discrimation may be called the Light-Difference,
(LB )

In estimating the light-sense, there are various
considerations, which have a direct bearing upon the
results, It is extremely difficult, for exampile,
especially in measuring the L.M,, where one 1is beginning
from darkness, for the patient to keep the axis of the
eye in a line with the spot where the light will be seen
as soon as it is sufficiently strong,. Even in the most
willing observer, the eye 1is restless, and may roam round
wihile the inercase of illumination, not yet perceived, is
taking place; and it may be, that at the instant when
the eye could perceive the light, if it were directed
straight upon it, it is, instead, directed to a spot
many degrees distant; and so an unexpected region of the
retina receives the stimulus of the 1ight.Fﬁhcn the
retina has not undergene adaptation, there has been found
a gradual diminution of sensitiveness, from the centre
to the periphery; but after adaptation, the threshold is
the same in the central ( except, however, the fov§?$

and the peripheral parts of the retina,

iy

Some observers, however, notably Schoenyhave found

a marked difference in the lignt-sensibility of the nasal

and temporal halves of the retina,—tihe temporal veing

1



the less sensitive.

The fovea is generally admitted to have a higher
threshold of stimulation than the surrounding parts of
the retina. The fact that faint stars are best seen
when obscrved indirectly, is given in illustration of
this. 8till, the eye looks instinctively at a lumin-
ous point, in such a way as to sec it most distinctly,
(Rivers, in Schafers' "Physiolocy," Vol. II, P P. 1086,
1083. )

The only enguiries as to the light-sense at various

ages, which I have found, are those of Wallace Henry,
who, using a photometer of his own invention, and examin-
ing his subjects clinically, after five minutes' adapta-
tion to darkncss, reported on the light-sense, in regard
to the L.M,, in fifty healthy eyes. The figures show
that the L.M. is slightly less in early and middle life,
and that it gradually increases with the advance of years.
(Wallace Henry's own statement that the light perceptive
power is greatest in early and middle life, is obviously
just another way of stating the samefact, as in my text).
Further, nine cases which he ¢xamined, in which one eye
was hesaltay, while the other was either totally blind or
had been removed, indicate as far as they go, that the
loss of an eye renders the L.M, of the remaining eye,when
nealtay, less than usual ("The Ophthalmic Review," ¥Feb,

1896. )

PATHOLOGY ; -

Since Berry's%aper on "Defeccts of the Tight and
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Colour Senses,"included in his"Subiective Symptoms in
Rve Diseases," (1886, ) there has no* been much to add
to his statement of the extent of knowledge of the light-
sense in pathological conditicns. Berry's summary was
to the effect that Bjerrum had demonstrated that in dis-
and
eases primarily involving the choroid&retina, there is a
tendency to imperfect percepticn of light;--in other
words, to increased L.lM But, in diseases primarily
involving the nervous elements in the retina or optic
nerve,there is a tendency to imperfect recogniticn of
changes in the intensity of illumination,— in other
words, to increased L.D.

Henry's paper on "The Tight Perceptive Power," which
has been already referred to, was published in 1896, and
contained results quite in adcord with those of Bjerrum,
For example, in optic neuritis and optic atrophy there
was not shown much varistion from normal in recard to the
L., but in choroide-retinal atrophy, glaucoma, hemeral-
cpia, and & retinitis, there was very marked increase
in the L.V,

Amongst the subsidiary reports of Henry is a table
contrasting the form-sense (testcd by Snellen's types for
distance,without correcticn of refractive error, if any)
and the TL.M,, from whick it would appear that,though the

6 A
form-sense might vary fromé to g%_;there was no marked
variation in the L,M, Unfortunately, the cause of the
defective form-sense is not given:—~ possibly scme of the
eyes would have come uy to normal had thev been tested
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with glasses, and possibly some were diseased, and others
amblyopic witaout obvious lesions

In association with this may be taken Henry's state-
ment, that it has heen said tha'l eyes, with a hypermetro-
pia of four dioptres or over, have an increased T..M., and
his own observation,that in the few myopes he had examined.
there was certainly a diminished T.M.

Henry gives no evidence of having examined many casgs
of toxic amblyopia, but he found in those he did examine,
that the L.M., was not affected. The cause of this,; he
thought, might be, that the fibres of the optic nerve,
which pass to the light-sense centre, are of a nature
less prone to degenerate than these which pass to the form-
sense or colour-sense centre, It has been proved, how-
gver, that in advanced cases of toxic amblyopia, the
papillo=macwlar bundles of the cptic nerves are structur-

Swaniy's
ally affected ("Handbook", Edition 5, P. 441),s0 possibly
the cases referred to were early.

Henry had two cases of marked anaemia with extreme
dilatation of the pupil, and in these there was increased
L.M, In connectlion with thesc,Bales suégested that the
dilated pupil in marked anaemia might be due to defective

lignt-sense.
=, =



THE PRESENT INQUIRY.,

STRABISNUS; -

I have now referred to all the results I am acquaint-
ed with,of observations upon the light-sense, in either
healthy or diseased eyes,

So far as I am aware, no effort has been made to
examine the light-sense in the eyes of squinters, nor
indeed in any little-understcod eye affection, with the
possible
exception of toxic amblyopia.

In our present state of knowledge—or ignorance— of
the whole subject of strabismus, it seems worth while to
attempt to contribute a little solid fact to the few facts
that are known, in the hope that, with the increase of
knowledge, some universally-accepted thecry may finally
be propounded; gnd who knows then, but that the nineteenth
century%herapeutics of strabismus may undergo a radical
change?

Amongst the questions that oppress one, in regard to
strabismus, are such as these:-

¥hy does a squinting eye frequently have defective
acuity of vision? is the defective vision dependent upon
the squint, or the squint dependent upon the defective
vision?

What causative relation can there be between refract-
ion and squint, seeing that high hypermetropia, low
hypermetropia, emmetropia, and myopia, may any of them be
assoclated withconvergent strabismus or with divergent
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strabismus?

If the answer to these, and other, questiocns rests in
the eye itself, or in thgig:;tral parts of the visual
apParatus:- as distinct, that is, from the muscular and
muscular- innervation apperatus, it is quite conceivable
that the examinaticn of the light-sense may vield some
useful knowledge. The ordinary methods of examinaticn,
including the ophthalmoseope, dont help us, (for I am éx-

cluding cases of gress lesion); does the photometer yield

anything?

THE PHOTOMETER: -

And first,one must decide ﬁhich photometer to use.

A good photometer should supply, it seems to me,
three desiderata:- |
18, It shouléd permit of the light-sense, pure and Bimplé,
being measured, without either assistance or hindrance
from the form-sense.

2. The nearer its sowrce of light is to invariableness,
the nearer does it approach perfection,

9, It should permit of the estimaticn of the two ele-
ments of the light-sense;—not only of the I.M,, but also
of the L.D.,—and therefore should permit of the compari-
scn of two luminous surfaces or points,

All the photometers, that I have seen or had describ-
ed to me, come short in onc¢ or more of the above qualifi-
cations,

For example, Izard and Chibret's photometer, which
Swanzy describhed as the most convenient clinicel method

s
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of testing the light sense, in the bth edition of his
"Handbook,"has, fcr the socurce of light,the sky,—a
source which,Henry justly observes (Op.cit. ) is anything
but constant in this country.

Again, Foerster's photometer, in which the source
is the light of a standard candle, paseing through a sneet
of paper, end illuminating two piececs ¢f white paper in
the Interior of a box, into which the observer lcoks, may
be admirably adapted for estimating the T.M., if it is
constructed as describved by Berry in his paper already
referred to. But evidently it is not always so construct-
ed, for Henry (op.cit.)criticises the one supplied to him,
on account ot the obseFVeﬂsbeing required to recognise
a woré placed in the inside of the instrument. And ,
further, Foerster's photometer is not applicable to the
estimation of the L.D,

Henry's own instrument has received the imprimatur
of Swanzy, in the seventh editicn of his "Handbook." Inr
this photometer, the source of light is a standard candle,
and the variation in the intensity of the illumination is
produced by the removal of opal disce of siandard density,
the size of the illuminatedlarea always remaining the
same. But it is constructed only for determining the L.M,
an;fnot adaptable for determining the L.D.

Bjerrum's test-types-———grey letters on a white qround,
constructgd on the same principle as Snellen's test-types —
have the fatal objecticn that,with them,the form-sense is
conicunded with the light-sense,
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Masson's discs,‘which are the means usually employed for
the examinaticn of the L,D., are confessedly not intended

for the examination of the L.M.

A NEW PHOTOMETER:-= In the absence therefore, of any

entirely satisfactory instrument, I have designed and con-
structed a new photometer, which possesses all the desid-
erata I have enumerated on p.g9, sc that,with the one .
instrument, I have been able to examine both the L.M. and
the L.D,

In designing it, I have not hesitated to make use of
what seemed good in the priﬁciples of construction of the
-older photometers, and, at the same time, I have avoided,

I believe, the deficiencies and faults of them all. The

new rhotometer, therefore, is a composite one, which does

not claim to be a special creation but the natural evolution
of its predecessors. Henry's instrument, the latest of these,
has suggested the most points, as was to be expected.

The new photometer consists of a wooden oblong box,
measuring, inside, 67 c.m. long, <20 c.m. wide, and 20 c.m.

high, and having one end open.

|
|
: F@_i

It is divided transversely by two partitions, Yy 2g

(see fig. 2,p.®) the first,y, 13 c.m. from the closed end,
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x; and the second, 2z ,34 c.m, from the same end (x),
leaving about 33 c.m, between the second partition,z, ard
the open end. Bach partition reaches right across the

box, and from

X y 3
Ground -plan
F. Ba of rﬁ\eforncltr
1g. . not deawn &
A ,'4 C scale ), A
Bb

floor to roof. The box is thus divided into three com-
partments, Compartment B is then divided into two again,
B a and B b, by a longkitudinal partition, p., which
extends from y to z, and from floor to roof, as before,

50 that the ground plan of the whole box presents the
appearance shown in figure 2, above.

The roof of the box stops short at y,compartment
ji_puing open to the alr therefore (though it can bhe
closed at will when the instrument is not in use).

In the partition y are two circular apertures,
symmetrical as to position, each of which opens into one
of the cavities,Ba and Bb,fig.4,below. The centre of each

aperture is 12 c.m. from the

@)
>
al

.0

ch.a. Diageam of hsrcgontal section threugh abeut the middle of the box. Fig.H. View ot p leokimg from x,

s chaw eireular aptrtures,
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Bisgran—-ol -—nerigonral seebtien throusn Hew—of—p, look-
inc from x . abobt—tuo—srdid e —of—tae—box e oW —e -
slar—spertures, floorsand &.5 c.m. from the cenire of
the partition p.(see fig. 4,p.. Into each aperture

is fixed an iris-diaphragm, opening in the usual way to
50 m,m, diameter. As, however, the manufacturers could
not supply a diaphragm of such size, wvhich would also
close down to zero, I had to be content with a diaphragm
closing down to & mym, diameter; znd so that the aperture
might be perfectly closed, when the handle of the diaph-
ragm was turned down, I placed a piece of plane glass
behind each diaphragm, having precisely in its centre a
cylinder of woed, 5 m.m. in diameter, which sufficed to
clese the opening entirely (m,n, in fig. 4,p.), Opposite

to the handle, (or pointer) of each diaphragnm,

Fig_!‘.
Di.;rhugru (pactly open)
with geale.

Pol‘ah.r [or haadie
near 10 e

is dréwn, on the partitioq_il_a scal%corruspcnding te the
number of millime®tres of the varying diameters of the
diaphragm as it is opened,—~— from 5 m.m. to 50 m.m,

In partition z (see fig. 3,p.1),10 c.m., from the
floor, and 13 m.m, from the centre of partition p, one on
each side, are two small circular apertures,j,k., each
of which is 4 m.m, in diameter, and is backed by a piece
of opal glass,
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The compartments,B a and B b , therefore, are symmetrical,

and each has,at the far end, a large aperture, capable of
being closed to zero, and of being opened, circularly,

to any diameter wup to 50 m.m, (the central disc of dark-
ness, 5 m.m., in diameter, being constantly present ); and,
at the near end, a small aperture backed by a piece of
opal glass,

In compartment A ( p.l%, fig.3), is placed a Priest-
EB'Smith's candle-lamp, without the bull's eye, and fitted
with one of Price's best stearine candles, specially
prepared. It stands precissly midwaybetween the two
sides of the compartment,~ the wick being 3.5 c.m. from
the wall x , and 9.5 c.m, from the partition y, the sper-
tures m,n, just described, in the partition, having been
so placed as to be precisely on a level with the flame of
the candle when 1it,— the spring of the Priestﬁ% Smith
lamp , of course, keeping the flame of the candle at a
constant level,

Behind the candle, covering the whole inside of the
wall x, is a sheet of opal glass, to serve as a reflec-
tor.,

G (etga, . 12, )iis éimply an oblong compartment,
covered on the inside with dull black paint, and having
the two apertures, j, k, at the far end, and the near
end open,

Jt is easy to see that this new photometer can be

used to determine both the L.M, and the L.D. TFor,the

candle having been 1it, so long as the diaphragms are
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are closed, no light will pass into the compartments,Ba,
Bb,and so none will reach the opal-covered apertures, j,k.
As soon, however, as either diaphragm, say, m , is opened,
no matter how slightly, a certain amount of light will
enter Ba (fig. E,pJﬂ,and impinge upon j . The amount

of light entering Ba, and reaching j, can, within the
necessary limits, be varied at will by simply turning the
handle of the diaphragm; and, so long as the aperture,n,
is kept closed, no light will enter Bb and impinge upon

k. Immediately however, one hegins to open n, light

will enter Bb, and reach k, (fig.3,p.12.). And since the
candle occupies precisely the same relative position to
each aperture, the amount of illumination in each compart-
ment, and therefore on each opal disc, is precisely the
same, provided always the diaphragms are open to the

same extent,

The advantage of the c¢pal glass in the discs,j, Kk,
as in Henry's Photometer, is that it diffuses the light;
and, as the openings,j,k, are so placed, 2 c.m, apart,
and at such a level,that they are not opposite the source
of light, no matter how widely open the diaphragms may be,
the light falling on the discs is only the light filling

the compartments,Ba and Bb.

The use of this photometer, therefore, is quite
simple. The candle having bheen 1it, and one of the
eyes covered, the patient is placed looking into the open
end, and towards the apertures,j,k. If he has heen pre-
viously shown what he is likely to see, he will be pre-
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pared to recognise a disc as soon as it emerges from the
darknsss.

He is now directed to call out the moment he can
discern, no matter how faintly,one disc of light appearing
on the wall,z (fig.3,p.12. ). The operator then slowly
moves the handle of the diaphragm, so as to open it grad-
ually and admit light into the corresponding compartment,
As soon as the patient calls out, the operator stops, and
notes down the diameter of the aperture in the diaphragm.
This represents the L.M.

He then opens. the other diaphragm to an equal extent,
and now the patient announces that he can see two discs,
side by side. The examiner next informs him, that he is
about to make one disc a little brighter than the other,
and asks him to signify the moment he can discern even
the slightest difference in the intensity of the illumin-
ation, and to say which disc is the brighter. The oper-
ator then continues to open one of the diaphragms still
further, leaving the other as it was, and, proceeding
slowly, only pauses when the patient calls out that he
sees a difference, and that either the right or left
disc is the brighter. The diameter of the larger aper-
ture is next noted, and the IL.D, is got by subtracting
the diameter of the smaller from that of the larger aper-
ture, For example, suppose a disc is first discerned
when the diaphragm registers 7 m.m.,— this is put down
as the L.M. When one of the diaphragms, in the second
part of the observation, has reached 10m.m, diameter of
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aperture, there is seen a difference in the intensity of
illumination. The L.D. then equals 10 minus 7, or 3.

For purposes of comparison it is well to have the L.D.,
as thus obtained, reduced to a fraction, proper or impro-
per, of the L.M. To do this it is necessary to know
the area. of the aperture 'in the diaphragm for each dif-
ferent length of diameter. The total area of aperture for
the passage of light then, is the area of the circular
ring between the central cylinder, 5 m.mflhiameter (p.13),
and the free edge of the diaphragm when, in the present
example, the aperture has a diameter of 7 m.m,. The rule
for such areas is (vide Todhunter's "Mensuration") :
multiply the sum of the radii by their difference, and

22 T o L9 bl xi @R lEGR =

the product by 7 . That is §Ef+§% _%E “E% ey e
18, 85715
This is the L.M. in square millimetres.

To estimate the L.D.y one gets similar¥ly the area
of the circular ring,when the diaphragm is opened to 10

m.,m, diameter:

1045 Elo-—5) X 22 = 825 = 58,9286....
e o 1 e R R

Therefore,the L.D. is 58,9286 less 18.8571 = 40,0710;
- 40.0715 = 40 ahout.
and its proporvion of the L.,M, is I8.8571 i 2,1,
This is the method I have adopted in comparing the
L.D. of different L.M.” s.
The points in this photometer which seem to me teo
specially commend it, are:-

(1) It combines the means of estimating both the L.M.

and the L.D.
..17..



(4)

It has a constant source of light.

It requires the observer simply to say when he
recognises an illuminated spot, so that the form-
sense does not enter into, and confuse,the examin-
ation.

In every case the L.D. is estimaled from the individ-
ual T.M. The disc remains at the threshold of sen-
sibility, and is therefore at every moment available
for comparison with the one being more illuminated.
Presumably the disc representing the L.¥. seems the
same to each observer, whatever its absolute illu-
mination is, so that in every case the estimation

of the difference begins from the same amount of
illumnination. 6ther instruments have a fixed

minimum, which is likely to affect different patients

in unequal degrees. There is a good deal of extira

a
labour involved in measuring the compertive: I.D.,

but I think it is repaid by the advantage of having
more uniform results.

A disadvantage is that the diaphregm needsa central

plug; but this is merely a detail, and can he rectified

when the makers attain to the construction of diaphragms

that close to zero.

It is an infinitely more comfortable apparatus for

the patient to be examined by, than Henry's, which requires

that he bury his head in the cloth hood, to prevent any

light reaching him from the candle except through the

opals,
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In the new photometer the hcod has not been neededy be-
cause the light of the candle is confined to the compart-
ment A, and the patient runs no risk of its embarrassing

him therefore.

AMBLVOPIA: -

In undertaking *this research I set before me these
questions, whieh urgently need answers:
(1) 1In the ambly-opic eye associated with strabismus,
is there any difference in the light-sense?

But what have I understood by ambly-opia? Berry
( op.cit,) says , "When the visual acuity,after correction
if necessary of any existing error in refraction, does

not come up to the normal standard, there is said to be

ambly-opia."
C;f:;;;;;ijia may be the result of defects in any

part of the visual apparatus," including nehulae of cor-
nea, conical c%bea, lamellar cataract,etc..‘?Swanzy oDy
cit.) says, "Amblyopia 1is nowadays usually employed to
signify defective vision due to diseage or functicnal
disturbance of the retina, optic nerve, or visual centre,
but with healthy ophthalmoscopic appearances, or with
signs only of optic atrophy.
much

But I have beenﬁpore strict in regard to the cases
I have classed under the heading of "the ambly-opia of
squint," than either Berry or Swanzy in the above quota=
tions. I have only called an eye ambly-opic,when, with

Berry, I have found the visual acuity, after correction

it necessary of any existing error in refraction, does
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not come up to the normal standard, and provided alsc,

and rigidly, that there are healthy ophthalmosgopic

appearances. In other words,I have only called an eye
amblycpic when, after complete ophthalmoscepic examin--
ation, both of the fundus and the media as far forward
as the anterior epithelium of the cornea, I have found
nothing that, after a considerable experience of healthy,
normal,eyes, I could describe as anything but normal.
The ophthalmosccpic result having been noted as "nil"
therefore, I have tested the form-scnse, basing my
correction: on the information derived from retinoscopy;
and only if the visual acuity failed to come up to normal
then,have I called it amblycpia,
But even then, can one say of every eye that does not
read _thhat it is amblyopic; and if an eye seeing"g_is
passed a8 non-amblyopic, what about one With_%ﬁ, and
6 6

similarly withl8,. and 74':? Obviously, it is necessary to
draw the line,— &arbitrarily it may be,— somewhere,—
the difficulty is to know where. It has seemed to me
that, if I only recognised as amblyopic, eyes that failed
to see more than T%T I should be leaving a wide-enough
margin, I have adopted this 1limit therefore, and when--
ever I have noted an amh}ropic eye, it is one that read
less than I%:br part ofI%f G

Those eyes, however, that reached T%T but not“"é}, I

have made & separate table for, as occupying a sort of

middle position,

T



The first question (see p.19 ) then is, if one eye
aiffers from its fellow only in tweo recognised conditions,
namely, that it sees less thaﬁI%—,while its felloW'sees_%?
and that it turns either in or out, is there any differ-
ence in its light-sense—— either L.M, or L.D,,—as
revealed by the photometer, In regard to the turning
in or out, I have included not only those with present
squint, but also those which have had squint, but in which
it is not now present as the result of

(a) Operation,
(b) VWearing of glasses, or -
(c) Natural improvement.
In those cases where the squint was not actually made out
at the time of the photometric examination, the evidence
of previous squint required, was
(a) My personal observaticn and note at an
earlier time;-
(vr) The observation and note of a colleague at
the Liverpool Eye and Ear Infirmary; - or
(c) A clear and definite history from a person
apparently reliable.
(2)( see p19 ).In the squinting eye of those people who
have-good visual acuity in both eyes, so that the only
difference ordinarily recognisable is the squint (which
may be permanent or occasional, or alternate, ) is there
any difference in the light-sense from that in the normal
eyel

(3) But there are some amblyopic eyes, ordinarily called

"congenitally amblyopic,“ in which there is no evidence,

either present or past, of strabismus. Do such eyes dif-
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fer in their light-sense from their normal fellow?

THE PHOTOMETRY: =

The cases that I have examined to the end of answer-
ing these questions, are divided, in each group, into
two classes: -

A, Those that wore the correcting glasses during

the photometry,

By Those that were examined with the eyes naked.

The wearing of glasses was adopted in accordance
with a suggestion made by Henry.

All the photometric examinations were carried out
in & dark room, in which the patient had been sitting, as
a preliminary, for at least five minutes ( vide Henry,
op.eit., p 6, ),s0 that the eyes had undergone & ceriain
amount of adaptation. Had the examination been conducted
without this precaution, on the ground that adaptation
may alter the relative acuity of the light-sense from
the normal, the results would hardly have been suitable for
comparison, becausgse the condition of the visual apparatus
would have varied greatly, according as the time of exami-
nation was morning, twilight, or evening with artificial
light in the room.

In every patient, of.course, the tvufsgire examined
separately, the one not under examination at the momént
having a shade suspended in front of it, and so arranged
as not te touch it, for pressure on an eye soon becomes
painful, and would lead to unreliable results if the eye
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were examined soon after in the photometer.

In many cases, especially amongst the later ones, the

examination was gone through twices the full prelimin-
ary five minutes' darkness being given each time; and

in those cases in which there was a difference in the two
results, which was practically always in the direction

of gréater acuteness, the second result alone has been
introduced intec the tables,

It may be objected that the light-sense, however
estimated, 1s sure teo show fallacious records, seeing
that so much depends on the mental acuteness of the indi-
vidual.,

I am fully conscious of the difficulty,——-pay, the
impessibility, of attaining to what Berry called (op. cit,
De 74 )“ mathematically accurate measurementsnof the light-
sense. rut this ig just the difficulty that every prac-
tical oculist finds bvefore him, when he sets out t¢ mea-
sure the form-sense. Qor ?xample, a child en firet
examination may read cnly _gﬁr——— yet,when he is tested again
two or thnree weeks later, he may easily come up to"I%—_-
And, in ‘the case of adults, it is quits_common to find
a difference of a whole line of Snellen's types, in two
consecutive examinations. If these variations occur,
as I have found them tc do in my own practice, it is only
to be expected that in the much more elusive light-sense
siﬁilar variations should be found. RBut that is no rea-
son for rejecting the results altogether; it would be as
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reagsonable to refuse to use Snellen's types to test visicn
with.

I claim that the limits of error in phctometry do
"not transgress.the bounds of practical utility" (vide
Berry, op.cit,p 74 ).

However, I have found it desirahle to exclude from
examination all very young patients. Only & few who
were not more than ten years old have been emploved for

the purposes of this paper, while the bulk of the patients

were boys and girls in their teens.



TABULAR STATEVENTS.

The cases I have to repaort upon, consist in all of
135; 90 wore cerrecting glasses, 45, were without glasses.
They are reported on & under these heads following:=--

" 10'.§
n ll.i

DIVISION 1. With glasses;
Group.l. Convergent Strabismus with Amblycpla——m—m 24,
" 2 ditto without ditto,—— 18,
i 5. Doubtful Convergent Strabismus, with Ambly-
. opia, = 4
4, ditto without —— ditto)
" 5. Alternate Oonvergent Strabismus, with douhle}Q.
Amblyopia, —_——e
i’ 6. Divergent Strabismus, with Amblyopiay——— 5.
” Ve @dtto——  withonte— @itto ——— 4.
n 8. Amblyopia without Strabhismus, 130
DIVISION 2. Without glasses:-
Group.%. Convergent Strabismus with Amblyopvia y— <&,

— aditto——————— i thopt—agitto

13.
Alternate Convergent Strabismus, without§
Amblycpia,

Divergent Strabismus, with Amblycpia , §
4,

— dittc— with double Amblycpia ,

In addition I shall refer incidentally to:-

Group.12.

Toxic Amklyopia, 6

And in conclusiorn, I shall give a table cf all the non-

squinting eyes, which are normal, ancd their light-sense.

-25-



GROUP.1., Convergent Strabismus with Amblycpia, !
(that is, visual acuity of less than I%'in the
squinting eve. )
I have arranged the 44 cases in various ways, in the
hope that a glance at each table will show whether there

is any rule or order of variation.

TABLE.I; Convergent Strabismus, with Amblyopia, arranged

in accordance with the wvisual acuity of the

sauinting syel-

In the third and fourth columns, the letters, G.,n .,
and L., indicate that the L.M, or L.D. of the amblyopic
eye 1is respectively greater than,equal to,or less than, the

L.M. or L.D. of the normal eyes



Form Sense

|
Registen
No.

L. M.

Iln D|

Hand Movements

===

Fingers

b=}

]-J_

r

=6

=

E

Ja

(2
(2)
H

B

60

|
(&

75 — |-G

|
QM

I

89— |-G

12

96 —

98—
125 — |-G

|
o o Wy

46—

il ==

Q==&
100—

B

102—

==

L

JlEk—— =
==

118=—

124 —

1

21— G

41— |-G

S
74—

82—

E

-

= == =

95—

4
u

108—
LIS

4

Ll6—|=G

i)

T)

B

63—

L

Total




Three of the above cases, viz, Nos. 27,35, and 89, are

&re marked in the fourth column with a query. In each
cf them,after the first disc had been discerned,—— the
L.M.,-— the second disc, althcugh the second diaphragm
wasg turned'to correspond to the first, was not seen;

and although both diaphragms were then graduvally and
equally opened until each disc had the full illuminaticn
of an aperturekf 50 m.m., the setnd disc was never secen

at all. Consequently, it was nct possible to estimate the

IJ. D-

TABILE 2.--Convergent Strabismus with Amblycpie,

arranged in accordance with the age of the

patienti-
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Age in years

|
No.

Registef

',

93—

1

10

1l16—
125—

1‘]_‘

ElL

e

L

12

-

#p] 5]

13

= | |=

-G

== E =

L

L
L

14

1§ 2

IJ__-

K

TJ

18

18

19

65 —

3

73
T8 —
B

22

42=

23

46—

TJ

25

=
108 —

27

124-—

31

105—

HE || HEE A

590

LLY-—-——]|-

86 —

41

28—

46

100 —




Tahble Go=—= Convergent Strabismus, with Amblyopia;- those
5]

patients seeing only "Fingers,""Ja," or ©60,arranged

in accordance with their age:

Form-scense Age No. L. M. TisT0s

Fingers | 11— |—105— E =15
12— [— 61— |—G D)
5 — 0= 0 =il
14 — ] eg— i it
16 — 29— D
16 — H2—

Ja 15 —— | —42&— E
e e | T E i
31— |—103— i) B

-6 TO—— =125

) 11— | — 36-
11— | —T75~ D)
=l i)
14 ——|— 70~ B
16 —— | — 55—
18— | —98 -
19 — 80— "
20— | — 57—
36 ——86—
4] —28— i)
8 =79 5] = 9 = @
Table 4, - Convergent Strabismus with Amblyopia, arrang-

¢d in accordance with the glasses worn, In each case the

sphericael glass only is noted, although, where a cylinder

alsc was used, the fact is mentioned.
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T ABLE.

4.

Glass worn

No.

L.M.

70—

Ii2—=

2% —

o=

+ 44+ FHE]
‘.n—‘
=
|_I
ot
=
[
tO

2, with ==ey
25 With 1+ ey

YL

e
65—
78—
103—
OH—
Yb—

IJ_

== G

]

B

E

-

-

&l
— G

2. 295,withicy

25—

B

=z

e 0O

+  HEH+F

2.5, witatey

41—
75—
46—
82—
100 -

td =

==

TJ

+
(&)

+ %,with + cy

Q—

B
61—
]
81—

100—
$08 =
115%—
55—
124—

]-1‘_

—G

-G
=l

— G

I—

= A

= =

=1

— =t

2il=

= =

TS 2D
-} b

56 —
43—
90—
98 =
102—
18 B

I—

=G
—312]

Hi | =

Ui

I16—

DR
74—

=

++| 4|+

G

9in==

'

B6—
115—
123—

AT AR S

9




ramneii

The summary cf these is, that of the 44 cases, the

(a) L.M. of the squinting amblyopic eye was egual to that
of the normal in 15

1

(b) L.M. of the squinting amblycpic eye was greater than
that of the normal eye in 1 i S

(c) L.M. of the squinting— ditto—— — less than
thats of the normal. eyeidne—se— oo T 1o & -

L

Thus there was no absolute rule found as to the L.M,
though a slight majority of the eyes ( 18+ ¢,= 27, out of 44)
appeared to have, at least, normal L.M., while In 18 there was
defective L.M.

(d) L.D. of the squinting amblyopic eye was equal to that‘ld,
cf the normal, in

(e) L.D. of the gquinting amblyopic eye was greater than

that of the normal, in 16,
(f) L.D. of the squinting— ditto——— was less than

that of the normal, in 9,
whiley,from various causes, it was not determined in — 4,

That is, the T.D. was defective in 16 out of 40 cases,
in the others (15+9 = 24) being normal or more acute.
As, howsver, many of these results, put down as greater

or less, were not far from eqgual, I have thcught it well to

prepare yet another table, including only those cases which

the
showed a marked difference in either the L.¥. or,L.D., or in both.
€1 only,out of the 44, are qualified for inclusion here,

and they are arranged in three divisions,as follow:



TABLE 5.--Convergent Strabismus with Amblyopda, having
a marked difference in the Light-sense.

In which element No. L. M. LoD
of light-gense
1.Both LoM: and TeD. 52— — =G
8= =1
125—|—G -G
1 - 0 - 2 Si= SO ()
2 In L.M. alone 41 —|—G
42— -G
Bl
T0—=l=
74— 1
\ 81__ TJ
10— =G
(T T L Tt
2 In T.D. alomne 28= -G
46— L
Gl — -G
55 - =G
79— T
Sh =T =
86— =3
95— = 4B
98— -G
102— 1,
106— -G
T TR

From tais it appears, that in 6 out of 10 (divisicns
1 and 2 ) the L.M. is markedly defective, waile in 4 out
of the 10,1t is more acute. On the other hand, in ten out
of 14 (divisions 1 and 3 ) the L.D. is defective, while in
4 out of the 14,1t is more acute.

I have one more tabulation of this group of 44 to
display,—— consisting of 13 caseg in which the second
dise was not at once seen when equally illuminated with the
Tirst, For example, the L.M. was noted, say at 8, bui when

the second diaphragm registered 8,

-7 2
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the second disc was not visible.

In such

cases both diaphragms were equally increased in aperture,

until both discs were seen,

Of these 15,-2 said that the two discs seemed to be

four.

The other 11 are arranged in two different ways and

without conment.

TABLE 6.

-Convergent Strabismus witha Amblyopia,

in which

the second disd_ﬁas not seen at once when made equally

brilliant with the first disc;-

arranged in accordance

with the form-sense in the squinting eye.

Form—-Sense No. L. M. T ADY-
Fingers 0= B -G
Ja 27 —. B did not seec second at all
20— | G dittao
106 — 1D i)
6 56— I—| —G
B0 57— —— L—|—G
89— | & = -| did not see second at alﬂ
98 1] | FrlE
123 — | G - G
6 81— = Ti
36 100— i) L
TABLE ~7-Convergent Strabismus with Amblyopia,in which the

second disc wzs not seen at once when made eqgually brilliant

with the first disc:- arranged in accordance with the

patients' ages---




Age No. L.M. L. D.
10 123- |-G -G
11 O6— I—| -G
1A 105- ) -G
18 27-|———8 —— |-did not see second at all
18 G¥= =IG— - | Ditto
18 98- B i
19 Gl |[=————— il L
2l 33—| -G —did not seersecondl!at all
25 97~ I—|- G
a1l OS5 — I §D)
46 100=| E )

TABLE 8.--Convergent Strabismus with Amblyopia in which

the second disc was not secn at once when made equally

brilliant with the first disc,and in which,firallys the two

discs seemed to he four,

Form-Sense Age No. Lo Mg L.D.
6 16— |— 55— |-G —G
60
5
36 55 —117— |-G L

Group 2. (p.25 )- The next group is that containing the
cases of convergent strabismus, without amblyopia,—
those seeing, that is, more than 138 with the squinting eye;—

18 cases.



Table 9= Convergent Strombismus without Amblyopia,

arranged in order of examination,

No. L.V, LeDe
14~ |- E -G
75 I—|—4
2= Ty D)
c4—|-G — G
25—|—— I— |- G
49— B —G
51— i) i
96— E B
60—=|-G L
D5 - ) s
69—1-G E
71— L— B
72— B -G
83~ B R -
85— B =G
94—- G —@
9= 15— B
115= T i
4= Fi0ssw D 9= Sipe=s 2

It is thus seen that of the 18 cases with strabismus,t-he -

o1 the squinting eve was equal to that of the normal eye 512 BN

ditto ——— greater than —— ditto—— 4,

ditto ——— — 1ess than dlittn) ———————— O

Phis result is similar to that of the amblyopic eyes

Table 1,etc,p.32 ),14 out of 18 cases having a normal
or more acute L.M., and 4 out of 18 being defective.

. Yef,on the whole, there is less difference between the

two eyes in this group than between those in the first

group. .




(d) L.D. of the squinting eye was equal tc that of the
normal eye, in 7

(e) L.D. of the squinting eye was greater than that of
the normal eye, in 9

(f) L.D. of the squinting eye was less than that of the
normal eye in 24

That is, again, the L.D. was defective in ¢ out of
1
18 cases, or 2, as compared with a like defect in ~ 5 of

no

the amblyopic eyes (p.32 ).

TABLE.-10.Besides the above eyes, there were 4 cases of

Alternate Convérgent Strabismus, in which the visual acuity

of each eye was equal.

No. . of one eye of same eye
L. M. L. T).
Po— =iim G e e
o e Bt o P et e it 8
1065 o=l o R
1 50 ——"——il==NE ==t

Jiken B S I 2t=" 8 ~2iG

There is thus a tendency to equality in the light-
sense of the two eyes.

In one case of Table 9 (p.36 ), No. 24, the second
disc was not seen as early as the first.
In Table ¢, those cases, 6 in number, in which the

o) 5]
squinting eye saw only IZ, or a part of 12, have been separ-"

ated, and arranged )
(1) 1In accordance with the age of the patient, and
(2) 1In accordance with the glasses worn.

They can thus be considered as an appendix to Group 1.

..3'?..-



TABLE 1l.Convergent Strabismus, in which the squinting
6 [§
eye saw only 12 or T2 partly, arranged in accordance

with the age of the patient:

Age No. L. M, L.D.
1= == 2 = — R
14— — | —--17—-|— — — -L—|-G
l4— — | —85-|— —-BE— - —-|— - --E
16— - |=--71 |- - = --L-|=- —-E
8 =S| Salt Qe S S ISSRES | v e
1T A it et P RS e el B R
Q== = B T R ¢

" TABLE 12“Convefgent Strabismus, in which the squinting
6 6

eye saw only 12, or 12 partly, arrenged in accordance

with the glasses worn.

Glasses worn - No. L. M. T, De
plane,with + cy— |— 56 —|—— E B

Fol, Witk oy |——ae B =G

32 83 L) E

+ 2.5 49— E - G

+ 2.8with + cy— |— 71— L E

+ 5 — A= =8 P et

0O- 4= 2 = &= 0

In these the TL.M. in the squinting eye is either equal
to that in the normal eye, or more acute; while the I.D.
is either equal or_defective.

The: next table contains those cases of the second
group, in which the two eyes have equal form-sgense.

=38-



TABLE 13-Convergent Strabismus, in which the two

—

eyes

have equal visual acuity;—

No. L. M. of“8g; L.D.
eye

17— L—|-G

49— E -G

56— E E

NN I-|— |

72 - , ———— |-G

85— B B

94— |- G -G

99— | —————=Ti— |- -
145 4 % 4 4 -

Here again,the L.M. is either ( except in 1 out

of &

cases ) egusl to or more acute than that in the non-sguint-

ing eye, while the L.D. is either equal & or defective.

For the sake of comparison with Table 5 (p.33 ),

I have selected from these casegs ofconvergent strabismus

without amblycpia, those in which there is 2 marked

difference,2ither in both L.M. and T.D., or in only one.

Qut of the 18 cases, 10 come into the next table.
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TABLE 14--Convergent Strabismus without Ambylopia, having

a marked difference in the Light-Sense.

In which element of No. sl o Lis Ds
light-sense
(1)Both T8 LoD {—20=—M=6 i
1 =-0-t@ 1= 0
(.2) InT K. alone—|— 17— T
69— -G
N
Gy
1= 0~ 3
(3) In L.D. alone- |[— 14— -G
25— - G
49— =13
85 - -6
94— - G
5= 0= 0

Those in which the T.M. is markedly aifferent (divi-
siongl and 2 ),show that in 3 out of 5 cases, it ls more
acute. Those in which the L.D. is markedly different, show
that in 6 out of 6 ( divisions 1 and 3 ),it is defective.

Grouvs 3 eand 4 contain 4 cases of doubtful convergert

squint— doubtful,because no équint was made out at the
time of photometry by myself,’' or at any previOus time by
myself or collesgues, but in which there was either a note
of "tendency to squint," or a history.

I have arranged these in three divisions; —
(1) Permanent squint with Amblyocpia.
(2) Permanent squint without Amblycopia,
(3) Alternate squint without Amblycpia.

..40_



TABLE 15-Doubtful Convergent Strebismus, with Amblyopia.

No. Lo, L. Ds
40— E L
Gl R s Sl O e |
TABLE 16-Doubtful Convergent Strabismus, without Ambly-
cpila.
No. L. M, L.D.
44 - T -E
52— | G -G
= S0 = ik S R )

No. 44 did not see the second disc, with either eye,

as soon as it was equally trilliant with the first,

TARLE 17.Doubtful Alternate Convergent Strabismus without

Amblyo;ia,—-‘the visual acuity-being equal in both eyes:
No. L. M, of L. D.
one eye
92-1| G B
T s Q=00 Q=T -« -0

The cases in this group are too few to be of value;

and indeed they show as great & varilety in the measuremert

of the light-sense as 1is possibe in 4 cases,

In Group 5, I have 2 cases of altermate

convergent

strabismus with double amblyopia, that ie, each eye saw

Pl

o
less than IZ.

In each case,

..41..
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is different



in the two eyes; I have therefore taken the worse eye as
one to rank with the amblycpic eye in the tables.

TABLE 18, Alternate Convergent Strabismus with Double

&mblvopia.

=

NO. IJ-I'-—. IJ. D.
20 — |-G — il
| R s BN o S

In Case 20, the seecond disc was not seen at all,

even with the less amblyopic eye; while the first disc was not

seen with the more amblyopic one.

In this group, argain, the cases are too few to be of

value for comparison,

the

Group 6 contains 5 cases of divergent strabismus with

amblyopia of the squinting eye.

TABLE 19—Divergent Strabismus with Amblyopiayarranged in

accordance with the age qf the patient:

—
Age Wo, L. M. L. D.
12 — |— 47- Lz =G
16 — |— 16— ki rl
17— |— 66— |-G el
18— |—110— |-G E
50 — | — B4— |-G L
. 3 I ok T R |

TABLE <0-Divergent Strabismus with Amblyopia, arranged in

accordance with the glasses worn—
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Glasses worn No, Tl e e

s L —110— |-G E
plane 66— |-G -G

+ 0.75,with + cy |— 47— Ll G

+ 1, with + cy | — 16 e

1o = 0= |5& L

No. 47 did not see the second disc at once, when the
second diaphragm was turned to the same aperture as the
first,

From tables 19 and 20, it:appears that:-

(a) L.M. of the squinting amblyopic eye was equal to that

of the normal, in 1)
(b) T..M. of the squinting amblyopic eye was greater than

that of the normal, in 3,
(c) L.M. of the squinting amblyopic eye was less than that

' of the normal, in 1,

(d)L.D.of the sguinting emblyopic eye was equal to that of

the normal eye in i
(e) L.D. of the sguinting amblyopic eye was greater than :

that of the normal, in 3,
(f) L.D: of the sguinting amblyopic eye was less than

that of the normal, in : 9%

So that in both the L.M. and the L.D. there is a
tendency to defect.

Three of these cases presented a marked difference in
the L.M. and the L.D.

TABLE 21.Divergent Strabismus with Amblyopia having a marked

difference in the light-sensei--

- 'ii:"—



In which element of No. L. M. L.D.
Light-sense
(1) In both L.M. & L.DJ 47— L— |-G
54— |-G L
66— |—G - G
2= 0 = f 2.= 10 s

The tendency in each element is to defect therefore.
There are alsc two cases of alternateé strabismus with dou-
ble amblyopla, the worse eye being reckoned for compar=
ison as the amblyopic one in the second case, while in the

first the visual acuity was equal in the two eyes.

Table 22.-Alternate Divergent Strabismus with Double

' Amblyopia.
No. L. M, LeDe
26— |-G in one eye G in one eye
39—|-G B

Group 7 contains 4 cases of divergent strabismus

without amblyopisa.

Table 23, - Divergent Strabismus, without Amblyopia.
No. Lo Mo L.D.
18— E - G
59— |-G =i
84 - L— |-G
121— |-G L
o S o e et 300 S
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The divergence in No. 18 was due to the pressure of an
orbital tumour,

All the four were cases of marked difference ih the
light-sense; in three the L.D. was defective, though in
one more acute.

Group 8 eonsists of 12 cases of unilateral amblyopia

in which there was no evidence at all of strabismus, either
past or present; and of one.case of double amblyopia,equal-
1y without evidence of strabismus. I have arranged the
unilateral ones in the thrée ways eas bhefore.

Table 24.- Unilateral Amblyopia, without Stebismus,

arranged according to the vigual acuity of the amblyopic

eye.
Form=gensge No. Tie e Tl
o 45— |-G L
58_ _G IJ
67— |-G —— | =G
e 6 37— | -G E
60
48 — Al L
80— |-G (h
90— — L-|——8H&
=6 i ) L
86
34 — L-|-G
6 20— B -G
24
OB — |-G E
| 88- |- G — ——1L
| 6 91— E i)
18
i’ g8 - 2 - 3 3- 4~ 5




Table 25.-

Unilateral Amblyopia without Strabismus,

. arranged according to the age of the patient?

Age No, L. M. Lo Do
11 = e E— E
16— | — 54— L—|=G
14 gk F -G
15— |— 80- |-¢ (%)
18 — 36— |-G i)
goat L [l mRslle T,
2R — — 90— L— E
2E—— | — 48— L— T
29 — 5= tl=G L
29 — 37— G B
=9 = 6= | -G
39 —— 88="1=G = T,
47 — | — 45— |-G - L
8 A=y o) 4 = D
Table i 26.= Unilateral Amblycpia without Strabismus
arranged according to the glasses worn.,
Glasges worn No. L. M, Lo Ds
Plane 45— |-G L
— 58— |-G L
plane,with—-cy— | — 16— |-G == L
plane,with+4cy — 38— |- @ B
— $0- Tie==| = J
+ 1, with+cy— |— 88— |-G L
+1.75,with- cy— | — 48— L— L
+ 2 — 80 -|-G —(™
— 91— E E
¥ Oid — 23 - E =
— 67— |-G -G
+ 4,5 — 37— |-G : 50
+5 — 54 - I- [-G
& 2= 3 & & - 5
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The sum of these shows us that the:-

M. in the amblycpic eye is equal to that in the normal eve in 2

dittoe— greater than ——  ditto— 8

ditto—  less than ————  ditto - &

in which we clearly see a distinct tendency to defect in the

wDe in the amblyopic eye is equal to that in the normal eye in 4,

——— ditto —— - greater than — —— ditto — Oe
— — ditto— -———— legs|then——— - ¢ @3ttt ————— S

in which there is no particular tendency to any other than

normality.
Table 27.= Double”Amblyopia, without Strabismus, in
which one eye was more amblycpie than the-other:
Form—-sense Age Glasses worn No. | LeMs| LielDs
% (28} — |-20.
36 (24) — |-=20- — 45 -381- |—— EB- G

If one selects those ceses from the above,in which
there is a marked difference in one c¢r both elements of

the light-sense, one finds this table:

Table 285 Amblyopia without Strabismus, having a mark-

ed differencs in the Light-Sense:-

Tep—wdeigk olomant o4 o, P Jrbe
e S e

S



In which element of NG . L. M. Wiz W
the light-secnse | i

(1) Both LuM. & L.DJl~- 33— -¢@ L

s g S e & =0 =. 1

(2) In L.M. alone — |— 37— |-G

ALl B3 i

(3) In L.D. alone— |— 31— -G

== -G

== 88_ IJ

e = < Q=

Thus,of 5 cases in which the L.M. is markedly different
(divisions 1 and 2),it is greater in 2, and less in 2,
While of 7, in which the L.D. is markedly different (divi-
sions 1 and 3),it is greater in threeyand less in 4.

While the summary of Tables 24 to 27,p.47, sugeested
a defect in the L.M., the L.D. remaining normal, thus
being the opposite of those cases in which the amblyoplia was
associated with eonvergent squint (see pjﬁ);-this does
not hold in the cases selected for grcss variation, and
so need not be pressed.
DAvds lonsie = The remaining cases are those in which the
patients, though tested with glasses before the distance-
types, were examined as to the Light-Sense withoul glasses.
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Group 9Y.-

I have arr

(1)
(2)

(8) JAs to

Convergent Strabismus, with Amblyopia.

anged

As to

As to

the refraction ,

retinoscopy.

The figures given as the

the age of the patient,and:-

these in the three different ways:-

the visual acuity of the Amblyopic eye.-

as determined by

result of the retinoscopic

examination are the measure of the lens with which the

shadow was turned, a plane mirror being used throughout;

astigmatism has not been recorded in the tables.

Table 29,-

Convergent Strabismus, with Amblyopia,

arranged in accordance with the visual acuity cof the

amblyopic eye:

Form-Sense No. Ty Mes L. Ds
Hand 125— —l=c
Fingers 114— |-G (W

158— E -G
157 — E — R
159 - |-G B
160— | —G = ===
SJa 12 - L-| —— B
A = E B
TH5= E L
136— E -G
144 — |-G B
147 — E E
& 146 — E ———1K
50 la9— IH il
162— |-G 0
161— L— B
6 1S0— |-G - G
24 ld2—="- G W
o] Ted=ilE -G
18 Tl == =8 E
154 - H—— G
166 — E S=seenn, g
R OIS 7 - 12 - 1
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Nos. 114 and 142, did not see two discs at any time.

Nos. 12, 125, and 13¢, did not sec the second disc at once.

Table 30,- Convergent Strabismus with Amblyopia, arrang-

ed 1n accordance with the age of the patient:

Age No. Lo e L. De
12 136— E ~G
157— E B
13 149— i) =0
152—|-G E
159—| -G E
160—|-G B
161 L- E
14 1472 G | Kl
15 127— E E
144— |-G E
17 130— |-C -G
18 146— B ' i3
19 125— |————— 1— |-G
147— E E
154 — B - G
20 e e B
21 135— E L
156— B E
20 114— |-G (O
I 27 Tal—[- & B
| 35 1286—]-G -G
| 58 158— E - G
{ W s e e R R |
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Table "Sl.-

Convergent Strabismus with Amblyvopis

arranged in accordance witn tne retinoscopy of the AmFT»Lr

g ieye.
Retinoscopy No., L. M, L.D.
= O8N0 130— [-G— - G
4 0.25 138— B -G
SRl TAS =G (X
+ 2 125— Tt
127— E B
146— E E
+ 2, 5 149 — B =G
b= B E
+ 3 144— |- G E
+ 4 136— B —G
a4, B T4 —| ¢ 7
+ 5 135— B L
154 — E - G
1'56— E B
+ 6 281G —G
+7. 5 160—|-G E
8 1569 — =G E
+8. 5 147 — E 1D
+ 10 161— Sl
+ 11 152— |-G— 2 B
I o 1= 3= 3




Of the 22 cases:-

(a) L.¥M. of the squinting amblyopic
¢f the normal eye in

(b) T.M. of the squinting amblyopic

that of the normal eye in

(c) L.M, of the squinting amblyoypic
that of the normal eye in

(d) L.D. of the squinting amblyopic
that of the normal eve in

(e) L.D. of the squinting amblyopic
than that of the ncrmal eye in

(f) L:;D. of the squinting amblyopic

that of the normal eye in

eye was equal to that
eye was greater than
9y
eve was less than
Yy
eye wag equal to
[ ]
12,
eye wag greater
71
eye was less than
11

a result not much different from that on p. 3%, where

glasses had heen worn during the phctometry, the maoast

1

notable difference being in the fewer cases ( 20, instead

9)

A g4
of " 40)in which the L.D. was more acute.”

s

the cases

. could not have the L.D. determined, because ihey never saw

the two discs,. co

I have, as usual made a spearate table of those

amongst the above cases, in which there was a marked differ-

ence in one or hoth elements of the Light-sense.

Table 32:= Convergent Strabismus with Amblyopia,

having a marked difference din the light-sense!'.

-H2-



mTable 32.-

E;_which element of No. L.Y. .

— the Light-Sense iy
(1) Both L.M. & L.D, [1125- T |l—¢
130— |-G -G

3 e T e ) O

(2) L.M, alone 12- L

128- |-G

Semiy i) = L

(3) L.D. alone 135- ! i

156- =

138— = a

154 - g

L N e A

5 cases had the marked variation in their L.M. (divisions
1 and 2,)— in 3, it was greater, and in 2 less. 6 cases
nad the variation in their L.D, (divisions 1 and 3, )~ in
5 it was greater, anﬂhn 1 less. In this summary then,
there is a general agreement with the summary on PIT, ==

showing a tendency to defective L.D.

The next group (10) contains those cases having con-
vergent strabismus but no amblyopia,—15 cases in all,

arranged in the same three ways as before.



Table 33.=

Convergent Strabismus without Amblvonia, arranged in

accordance with the visual acuity of the squinting eye.

Form=-sense No. L.M. L.D.
Ig — 148 E it
— 151 — |-G B
— D8 —— B B
S A 68 Sy B B
6
2 — 126—— |-G
— 134— |-G E
=159 T+ ——
=l A0 — E —
6
6 ==l Bl B E
— 143 E E
— 150 — |-G E
—— 158 T e
7 ST S 2 =10 - 0
Table 34.=- Convergent Strabismus without Amblyopia, arranged in

accordance with the age of the patient:

Age No. L., L.D.
111 139 L=|—— B
140 =@
148 B - G
150 -G B
158 B E
162 E =il

continued




Age No. L.M., LDy
13 131 — E B
LB ——"F= B
s 14 126 —— | — G B
15 143 E E
E 16 184— g E
Tigy 153 - B E
4 - 7 - 1 2 =10 - O
Table 35.- Convergent Strabismus without Amblyopia, arranged in
accordance with the retinoscopy of the squinting eye.-
Retinoscopy o LM, Tields
=05 150—— |-G E
+ 0.D 143 B i
'3 158 B B
+3 140 B — ¥
126 — B
153 I === Y
+ 3.5 131 B B
+ 4.5 134 ———— | =G E
148 B = &
b 162 E B
AR 139 Ui o e
+ 6 151 - G E
4 « 7 = 1 2- =10 = 0
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Alternate Convergent Strabismus, without Amblyopis,

in which the visual acuity of the eyes was equal.

Form=gense

Age

Retinoscopy

No

L-L”'.. L.DO

6
[

15

4 2375

129

G in one B

In this group (tables 33-36) there is no marked variation from the

normal, for the:-

(a) L.M. of the squinting eye was equal to that of the normal eve in7,

(b)
(c)

(d) L.D.

(e)
(£}

ditto——

ditto
ditto
ditto
ditto

less than

equal to

greater than ——

greater than

less than

ditto — 4y
aithe —— 14
gitto——— gyl
ditton o o 8
dhtto = —— 0

The tendency observed in the former group,2,(p.%6é ),to equality

of the L.M.,i8 here also, and in addition a tendency to equality of

the L.D.

Only 2 cages in this group show a marked variation in the light-

sense between the two eyes, and these two cases incline, if anything

to the same view.

Table 37 .=

Convergent Strabismus, without Amblyopla, having a

marked difference in the light sense:-

In which element of
the light- sense No. Lo, LeD.
(2) L.M alone 139 = B
151 —— |- G
l - 0 =

_56_.




Group llcontains 3 cases of divergent strabismus with Amblyopia, and

1 with double amblyopia, which I have arranged in the usual manner.

Table 38, - Divergent Strabismus with Amblyopia, arranged in
accordance with the visual acuity of the squinting  eye:-
Form=gense o - LI L.D.
Ja 68— |— G —G
2
36 S ol e e B
6
18 AR B = = 5l
2w e 0 1=l = 1

No 133 did not see the second disc at once, with either eye.

Table 39,- Divergent Strabismus with Amblyopia, arranged in accord-

ance with the 2gé of the patient:-

Age No LIl L.D
23 : 68 o ({ I -G
26 TS 8i—= =G E
31 —132 ' E . L
2= - O le = 1= I

Table 40- Divergent Strablsmus, wlth Arﬁ“olyoi)ia., arranged in

accordance with the retinosconyv of the squintinr;‘eye:

|Retinoscony No L.M L.D
=025 —132— E —— L
B SR N TR S I E 53
=] S ) 0 i S =
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Table 41.- - Divergent Strabismus, with Double Amblyopia,.

the eye having the less visual acuity being taken for com-

parison with the amblyocpic eyes in other tables:-

Form—-sense Age | Retinoscopy No.| LeM. L.D.
6
18.2 21 115 155 iy E
The cases in this group (Tables S5=5 41) are too

few to permit of any genmeralization upon them, but any ten-
dency they have to abnormality is in the directicn of
defective L.M.
2 only have any marked difference in the light-sense
of the two eyes:

Table 42.= Divergent Strabismus, with Amblyocpia,having

a marked difference in the light-sense:-

In which element of No. L. M. ) phii
the light-sense

(1) Both L,M, & L.D.,| 68—|-G -G

) 3 o A U O

(3) L.D. alone 10— " 55
6= Gu~ 1

Conc¢lusions, =~ One is now in a positien tc draw conclusions,

I nave put together all the cases of convergent
strapbismus with amblyopia, examined &s to the light-sense
eithzr with or without glasszs, which show a marked differ=

ence in their light-sense ( groups 1 and 9).



Table 43.- Convergent Strabismus, with Amblycpiaghaving

a marked difference in the lirht-gense of the two eyes?

(Tables 5 and 32)

In which element of No., | L. M, TieDa
the light-sense

52 | -
(1) Poth L.M. & L.D.| 57 1- 0- 2 3 = =0
123
125

1350

[@] ]
[
O
i
H

(2) L M. alone B B B

(3) L.D. alone <
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That is, of 15 cases ( Divisicns 1 and 2), in which the
L.YM. is affected markedly, 9 have it increased, and 6 have
it diminished.

On the other hand, of 20 cases ( divisions™ and 3 ),
in which the L.D. is similarly affected, 15 have it
increased, and 5 have it diminished.

In 1ike manrer I put together those cases of conver-
gent strabismus, without amblyopia, in which there was a
marked difference in the light-sense of the twc eyes., (Tab-
les 14 and 37 ).

Table 44,- Convergent Strabismus, without Amblyocpia,

having a marked difference in the light- sense of the twe =ves!

In which element of the | No. L. M, iy
light-seanse

(1) Both L.M. & L.D. 94 13 = "0=_0 1= 0= 0

(2) L.M. alone 17
69kl 1 - 0~ 3

77

LY

99
139

IR L S
151

(3) L.D. alone 14
25

49
85

Here then, of 7,which have & variation in the L.w., in
S the L.M. is greater, and in 4 less. 0f €ywhich vary as
tc the L.D., in all the L.D. 1s lncreased.

-50-



In the next place,I have made a similar summary of
‘the cases of divergent strabismus, with amblyopia, which,
with or without glasses, shcw a marked difference in the

light-sense of the two eyes (Tables 21 and 42).

Table 45,- Divergent Strabismus, with amvlyopia, having

a marked difference in the light-sense of the twe eyes:

In which element of the| No. T call Tiabs
light-sense
(1) Both IL.M. & L.D. 47
o R (O | S Q= o ST
o4
66
A8 i PN O T S O bsew s @a= 20
: Feft SO T = e Oge=e 1)
(3) L..D. alone 132 Bary Quwy 1

That is, where the L.M. is affected markedly, in J
out of 4 it is increased, and in 1 diminished.

Where the L.D. is markedly affected, out of O cases
it 1s increased in 3, and diminished in 2.

So far as it goes,this table points to defect in the
L.M., and also, though in less degree, to defect in the L.D.,
but the number of cases is too small to permit of useful

generalisation,

Also, the number of cases of divergent strabismus with-
out amblyopia (Group. 7.) is too small to be worth comsider-
ing.

Lastly, I may recall the fact (p.48) that, in amblyopic
eyes without strabismus, there is no overwhelming evidence
pointing either to the L.M, or the L.D.y, though either may
be affected.

SIS~ B



This inquiry then has a negative result, for no abso-
Iute rulé as toc the light~sense in squinting or amblyopic
eyes, as compared with that in their normal fellows, has
been revealed. In all the groups, a large proportion of
the casés present equal or nearly equal light-sense in the
two eyes. 0f the remainder, some have defective L.M.,
and some defective L.D., some have more acute L.M., and
some more acufte L.D. And neither acuity of vision, age,
nor refractive error, seems to assist in determining any
classification of each kind. Of those cases of Convergent
Strabismus however, either with or without amblyopia, in
which the light-sense is markedly different in the squint-
ing eye from that in the normal eye, the majority show
a deféctive L.D. In other words, these cases seem to
have some affection of the optic nerve or nervous elements
of the retina.

Oneis forced to the conclusion, therefore, that
probably the light-sense is not primarily responsible for
the squint or for the amkblyopia. The explanation of squint

is still hidden.

PHOTOMETRY OF NORMAL EYHES: - In order that I might report

on the cases of toxic amblyopia, which I have examined the
light~sense of, it is necessary to determine the average
of the normal eyes, as to their L.M. and L.D.

In doing this, I have included all the eyes of the
precedding study, which did not squint, and a few extra
ones which were seen during the same time,
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All were perfectly healthy, as evidenced by the ophthalmos-
cope and the visual acuity, I have accordingly made
tables of 75 eyes,whose light-zanse was examined while taey:
wore the correcting glasses necessary, and of 29 eyes which

were examined naked, I have tabulated each lot in accord-
ance with their decades of life, having sub-tables of the
different acuities of vision under each decade.

Table 46,- Average L.M, and T.D. in terms of square

millimetres of area of diaphragmatic aperture,and also in

millimetres of dilameter of the same; glasses being worn

during'photometry:—

Azge [form-sense L. M, Teia T.e M. e
In S5¢q. m.m in in m, m.,|
Proportion
z
1-10 ] — 31 1.0 - 8— —3
O
11-20 6 e e b e o el e
5 28 —1.3— |—-8— |— 3
_6
12 Spelim sl s 8 a— .4
6
21-3 a 29— | —1.6— |—8— |- &
6}
S0 24 —1.8— |[—8 — | — 4
6 .
6
31-40 6 —gg— — 01— |- 9 — |—=.2
. ;
e 31 s RS e L e N
6
41-50 9 29 —1,0—— | —8 — |— 2

The figure in the third column is the area of the
circular ring formed by the partly opened diaphragm and
the central cylinder of wood. That in the fourth column
is the proportion expressed as a decimal fraction, of the

extra area, needed to enable the observer to note a differ-
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ence in the brilliancy of the discsg, to the L.M.

The figure in the fifth column is the diameter of the
diaphragmatic aperture at the first reading, and that in
the éixth column is the diameter at the second reading

(p.16) -.

and
Table 47, - Average L.MN, 9£er L.D., in terms of square

millimetres of arca of diaphrammatic aperture, and also in

millimetres of diameter of the same; no glasses being

worn during photometry.

The form-sense ic that obtained by correcting the
refractive error with glasses, which were removed before

introduction to the photometer,

Age \Form-sense L. M. G115 L. M. L.D.
. in 8q. in
Millimetres proporticn IR T,
=
Tl 20050 — 23 150 — 7 — |-lor2
' (@)
g — | —Z85 0.L9— |—8—| —2
6
12 14 g —7— |-1or2
6
21-30 6 26 TRt — 8 — —'0
5 :
41=50lL 6 31 0.9 —8— | — 2

These two tables collected into cne,under the decades

of age, give a result as follows:

Table 48,- Average L.M, and L.D. in terms of square

millimetres of area of diaphragmatic aperture, and also in

millimetres of diameter of the same:-

—-(4=-



Age \Form-sense LJ 1, L.D. T. M. Tis Di
in in
8Q.m.m. proporticn m.m,
_8
1-10 6 — |— 3l —— |—— 1.,0— |— &8 — )
6
11=20| "Tg—— |— 23 j (gt R S ) | SR
6
g 26 SOl = T cord
Q
Ig— — 22 1.5 et
21-30 6 27 1.5— |— 8 — | — 3
6
-9 34 1.8— | —8— |[— 4
5
12 18 1.0 — |[— 7 — lor2
6
31-40 | 6 44 1.0 — |— 9— — 2
6
g gk 0.9— |— 8 ==
B g
41-50 | 6 30 leO——= J=— 8= |- or%
6
G 29 1.0—— |— 8— | — 2

These,again collected together under the decades, give

the following figures as the averages for the five decades

named, and they are seen to be all similar;

Table 49

Average L.M.

S..!".d I—I. T)Q

in terms of square

millimetres of area of diaphragmatic aperture, and alsc in

millimetres of diameter of the same.

Age L. M. L.D. L. M. Te De
Sq. m.m, proportion m, m,
1=10 51 10— lL— 8= | —— 5
11=20 24 e e e [P 1)
21-30 26 e —ull= 8 —_
31-40 28 —1.,0— | —8— |— Z20rd
41-50 29 ——3j——8= ] —— 2
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GrOUyY L. "™ i0Daccoc Amblyople,

We can now reckon the cases of Tobaccu aumblyopia,

of which I have 12 eves to report on,

Table 50,= Tobacco Amblyopia, arranged in accordance

with the visual acuity.

Form-Sense No.| L.M. L. M. Tiohe
5G. M., m.m, proporticn,

Ja 93—;——— -157—— |—156 0. 25

157—— [=1% = 1532

e | A e e ) i 1,32

E% — 93 —44—— |— 9- - 4,54

10——— |44 —— |— 9=— Jae 1% B X

SHeli— v [ il | 0. 90

?5% 87 -59— |—10 2.08

112—= Lo —— =15 0. 52

a2 134 — 14 0. 35

163- —44 __ _ | — 9 — 0.34

. | 165 LSl ——= =8 1—— 0,42

E% } B e e = 2,11

3 of these eyes have distinct increase in the L M. one of
6

them seeing Ja, and two, 36 . ,

6 €
3 have markedly increased L.D. one seeing BO,one 36 4 and

ae

one 24 : : :
In most of these cyes,therefore,there is no affection ol tlne
L.M. or the L.D., so that neither the retina nor the optic
nerve, so far as its connection with the light-sense centre
is concerned, necd be affected. The cases are too few,
however, to'permit of dogmatism. So far as the observation
coes, it is in accord with Henry's (op.cit.), who elso found

with his photometer that the L.M. was not affected in toxic-

amblvopia. -66-



I have placed in this appeéndix a table of all thne cases
I have reported on, 1n their numerical order, so as to be
easy of reference from any of the tables in the body ci the
paper.

The media and fundi are in all cases healthy and nor-
mal, wnere gaps occur in the table, it is to be under-
stood that the sye or eyes omitted had some conditian.
which prevented their heing put with certainty under such
a description,

In most cases the retinoscopy was done during myé-
riasis, usually from atropine,—— at other times from
homatropine or cocaine,— The figures under L.M. are the
measure in millimetres of the diameters of aperture of the
diaphragms. Those under L.D. are the proportion that the

area of the L.D. bears to the area of the L.M., in square

mill imetres.
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