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PREFACE

HE sale of the first edition of this book within one

year has shown a general interest in its subject among

working ophthalmologists, and gives reason to hope that it
will, to some extent, accomplish its object.

It was written to bring about the more general adop-
tion of Skiascopy as an essential part of the examination
for ametropia. It is not supposed that any ophthalmologist
is quite ignorant of the test; but many do not know its
full practical value, or how best to apply it.

The demonstrations and descriptions here given assume
a general knowledge of the eye and of physiological optics.
And the writer, having observed that students of this
subject do not generally think in the terms of algebraic
formulas, but more readily grasp the graphic or geometric
presentation of a fact, has resorted to the latter method so
far as practicable.

The claims of this subject to careful consideration are :

FirsT.—Skiascopy, is an objective test, independent
of the patient’s intelligence or visual acuteness, and more
largely than any other, independent of the patient’s coopera-
tion.

SECOND.—It is by far the most accurate objective
test. The limits of its accuracy depend on details of its
execution, and the skill and patience of the observer; but,
it does not require any rare natural qualifications, to carry

it, for many eyes, to the extreme limits of accuracy for
subjective tests.















































































FORM OF THE LIGHT AREA. 31

importance in nearly all eyes. But in eyes free from such
defects the form varies with the departure of the observer’s
eve from the point of reversal. If the magnification of the

FiG. &.

retina is so slight that all of it occupied by the light area
is visible in the pupil at one time, that area appears circu-
lar, as represented in figure 5. But when the point of re-
versal is approached so that the magnification of the retina
prevents all of the retinal light area from being seen at one
time, only a portion of its outline 1s visible asan arc of the
greatly enlarged circle, as shown in figure 6; and the nearer
to the point of reversal that the observer comes, the nearer
does the boundary between light and shade approach to a
straight line. It must be borne in mind, however, that this
is still part of the boundary of a circle, and hence that dif-
ferent parts will run in all the different directions, in con-
tradistinction to the band-like appearance of astigmatism,
the direction of which always conforms to one or the other
of the principal meridians.

From the point of reversal, however, but a single
point of the retinal light area could be visible to the ob-
server at a time, so that the form of that area could not
from this position influence the form of light and shade
apparent in the patient’s pupil. From this single luminous
point of the patient’s retina the light is not focused on the
observer’s retina, but falls there in an area of diffusion
which would take its form from the pupil of the observer, or













CHAPTER IIIL
CONDITIONS OF ACCURACY,

Since in skiascopy one has to observe the movement
of an area of light across the shaded retina, the size, bright-
ness and sharpness of the contrast between the margin of
this light area, and the shadow immediately adjoining it
are very important factors in determining the definiteness
and accuracy of the test. For reasons discussed in the pre-
ceding chapter, the contrast between light and shadow
as seen in the pupil necessarily diminishes as the point of
reversal 1s approached. It 1s, therefore, important to have
the contrast between light and shadow upon the retina as
sharp as possible.

Darkening the Room.—To secure this contrast, the
retina outside of the proper light area should be in absolute
darkness. This requires a complete darkening of the room
in which skiascopy is practiced, including the shading of
the source of light, except in the direction in which it is
used. The difference in the ease of the test applied in a
completely darkened room, as contrasted with its use in a
partially darkened room, can only be appreciated by one
accustomed to applying it under the former condition.

The Source of Light.—To secure the brilliant illumi-
nation of the light area, in contrast with the complete
shadow around it, the source of light must be as bright as
possible. On account of the difficulty about the sight hole
to be referred to later, the arc electric light cannot be
employed, except to illuminate a piece of ground glass as
suggested by Derby. ‘The incandescent electric iight 1S

(35) *










38 CONDITIUNS OF ACCURACY.

With the plane mirror the immediate source of light
is a reflection of the original source as far behind the
mirror as the immediate source is in front of it. The
closer the original source of light can be brought to the
mirror, the closer will its reflection be to the observer's eye;
and to the point of reversal, at the critical moment when
the observer's eye reaches that point. ‘The original source
of light then should be kept as close to the mirror as pos-
sible. On thisaccount it should be moveable, to follow the
movements of the observer’s eve and the mirror, when the
distance of these from the eye under observation is varied.

When the observer withdraws to the distance of two
metres or more from the patient, it may not be practicable
to keep the light very close to the mirror, but at such a
distance, the separation of the source of light from the
mirror becomes of small importance. For, if the original
and immediate sources of light were at the mirror, the rays
from the latter would have a divergence of one-half dioptre
when they reached the eye; and, if the original source of
light were one metre in front of the mirror, so that the
immediate source would be one metre behind the mirror,
that is three metres from the eye, the ravs from it would
reach the eye one-third dioptre divergent, and the difference
between the one-half and the one-third dioptre of divergence
is so trifling as to be in this connection of no practical
importance.

On the other hand, when the surgeon approaches close
to the patient’s face, the slight distance that must necessa-
rily remain between the original source of light and the
mirror becomes a source of imperfect focusing of the light
on the retina, and therefore of inexactness in the deter-
mination of the point of reversal. Suppose the mirror to
be at five inches from the eye and the original source of
light three inches from it, this will make the immediate
source of light eight inches from the eye, and the rays from

























46 REGULAR ASTIGMATISM,

the one amount from the other, to find the amount of
regular astigmatism.

The Band-like Appearance.—This difference in the
position of the points of reversal for the different meridians,
gives rise to certain phenomena of great practical import-
ance in skiascopy. Itis true of the astigmatic as of the
non-astigmatic eye, that, as the point of reversal is ap-
proached, the image of the retina seen through the pupil
becomes magnified (see page 29). And, it necessarily fol-
lows that when the observer’s eye is nearer to the point of
reversal for one meridian than it is to the point of reversal
for the other meridian, the retinal image is more magnified
in the direction of the principal meridian, to which the
nearer point of reversal belongs.

When the observer’s eye 1s placed at the point of re-
versal for one meridian, the retinal image becomes indefi-
nitely magnified in the direction of that meridian, while
comparatively little magnified in the direction at right
angles to it. Each point of the retina then appears in the
pupil as a line running in the direction of that principal
meridian, and the retinal light area, which consists of a
number of these points, takes the form of an elongated band
of light, running in the direction of the principal meridian
which has its point of reversal at the observer's eye. This
is the band-lilke appearance of the light in the pupil, char-
acteristic of astigmatisin ; and the less illuminated part of
the pupil beside it is the ‘linear shadow” of Bowman.
Figure 7 represents this appearance when the eye is placed
at the point of reversal for one principal meridian, repre-
sented about twenty degrees from the vertical; and figure
8 represents the appearance presented at the point of re-
versal for the other principal meridian, twenty degrees
from the horizontal.

Its direction is always that of the principal meridian, at
whose point of reversal it is seen ; and it is more pronounced:




THE BAND-LIKE APPEARANCE. 47

In proportion to the degree of astigmatism : |

The nearness-of the observer’s approach to the point of
reversal :

And the perfection of the focusing of the light upon
the retina in the direction perpendicular to this principal
meridian, that is, in the other principal meridian.

FIG. 7.

In estimating astigmatism by skiascopy, two distinct
things are to be done, which require different arrangements
of the source of light. The first is to determine accurately
the direction of the principal meridians by bringing out
most distinctly this band-like appearance in the pupil, in-
dicating the direction of one of these principal meridians;
the other being always, for regular astigmatism, at right
angles thereto. The second thing to be done is to measure
accurately the refraction in each of these principal merid-
lans.

The test proceeds at first as for myopia or hyperopia in
a non-astigmatic eye, until a point of reversal is found.
Then it is discovered that this point of reversal is only for
the movement of light and shadow in one direction, and
does not hold for movements at right angles to that direc-
tion. The observer has now brought his eye to one point
of reversal where the band-like appearance can be best per-
ceived. But, as he has been working with the original
source of light in the position most favorable for the meas-
urement of hyperopia and myopia, the position that brings




48 REGULAR ASTIGMATISM.

the immediate source of light as close as possible to the
mirror (see page 37), he will probably see very little ap-
pearance of the band in the pupil, even with the higher
degrees of astigmatism. The reason for this is, that with
the immediate source of light in this position, the light is
most accurately focused on the retina in the direction that
the band should take. And, in the direction at right angles
to the band, the focusing is quite incomplete, so that the
diffusion at what should be the sides of the band partly or
entirely neutralizes the effect produced by the greater mag-
nification of the retina in the direction of the band, which,
otherwise, would cause the band-like appearance.

In order to bring out this band-like appearance, it is
necessary to make the focusing from side to side of the band
as perfect as possible. And, to secure the perfect focusing
in the principal meridian at right angles to the one in
which the band is sought, the immediate source of light
must be brought to the point of reversal for that other
principal meridian.  The band-like appearance is most per-
fectly developed when the observer's eye is at the point of reversal
for one principal meridian, and the immediate source of light at
the point of reversal for the other principal meridian.

Fic. q.

In figure g, the solid lines represent the vertical merid-
ian of an astigmatic eye; and the rays emerging, so turned
in that meridian as to give the point of reversal at . The
broken lines represent the less curved horizontal meridian
of the cornea, and the rays so turned in that meridian as to
give a point of reversal at /I, The dotted lines represent a

























ob ABERRATION AND IRREGULAR ASTIGMATISM.

With the irregular astigmatism due to preceding cor-
neal inflammation, or to the changes in the refraction of the
lens that sometimes precede cortical cataract, the pupil ap-
pears broken up into a considerable number of distinct
areas, each of which has its separate movement of light and
shadow, constituting the typical ophthalmoscopic or skia-
scopic picture of irregular astigmatism. The appearance

FI1G. II. Fig. 12,

caused by irregular astigmatism following corneal disease
is shown in figure 11. That due to changes in the lens
such as may precede cortical senile cataract is shown in
figure 12, in which the black lines represent fixed spicules
of actual opacity, while the other parts of the pupil indicate
merely refractive differences, and change from light to dark,
or dark to light, as the inclination of the mirror is varied.
Some such appearance is sometimes presented by young
persons, indicating a congenital defect which may not
noticeably increase in many years.

If the differences of refraction in the different parts of
the pupil are slight—that is, if the aberration or irregular
astigmatism is of low degree—these differences of illumina-
tion and movement will not be perceptible until the ob-
server brings his eye close to the point of reversal. But at
the point of-reversal, they become perceptible and consti-
tute a striking phenomenon in almost all eyes; and, to the
observer who does not understand their significance, one
that is extremely confusing. In the nature and arrange-









THE APPEARANCES OF POSITIVE ABERRATION. 59

The Appearances of Positive Aberration.—The ap-
pearances presented by an ordinary case with positive aberra-
tion may be considered in the order in which they will be
developed with the plane mirror, the observer starting to
examine the eye from within the point of reversal for the
most myopic part of the pupil, and gradually withdrawing
his eye until it is beyond the point of reversal for the least
myopic part of the pupil. From the first position, the light
area in the pupil is seen to move with the light on the face
entirely across the pupil; its motion in the edges of the
pupil being more rapid than in the centre. If, now, the
observer's eve is withdrawn to the point of reversal for the
margin of the pupil, there appear in the margin points in
which no movement of the light can be seen. Some of
these may be points of stationary light, and others, points
of stationary shadow.

As the observer's eye is still farther withdrawn, the
points of stationary light run together and form a complete
ring of light in the periphery of the pupil, shown in figure
13, which is presently seen to have an inverted motion—to
move against the light on the face. Within this is a ring

Fi1G. 13. F1G. 14.

of comparative shadow where the movement is swift, and
difficult or impossible to recognize; and still within this
lies an area of light—what remains of the light area first
seen, now considerably reduced in size—which still moves
with the light on the face,







THE APPEARANCES OF POSITIVE ABERRATION. 61

movement in the margin of the pupil with the light on
the face. The central area of light is then encroached
upon by the ring of faint illumination, and this in turn by

F1G. 15.

a ring of more brilliant illumination in the margin, moving
with the light on the face, which latter finally occupies the
whole area of the pupil.

If the point of reversal be approached from the oppo-
site direction, that is, starting with the observer’s eye beyond
it, we have, with the plane mirror, at first, inverted move-
ment across the whole pupil. Then, as the point of re-
versal for the centre of the pupil is approached, the light
in the central zone becomes feeble and its movement indefi-
nite. When the point of reversal for that part is passed,
there appears, in this central zone, an erect movement of
light and shade, at first rapid and hard to see, but growing
slower, gaining 1n distinctness, and occupying a larger and
larger part of the pupil as the patient’s eye is approached,
until, finally, it occupies the whole area.

With the concave mirror, starting with the strongest
convex or weakest concave lens, the inovement is first with
the mirror throughout the pupil, then, as the lens is
changed, it becomes indefinite at the centre ; presently it is
against that of the mirror at the centre, while still with it
at the margin; and, with still weaker convex lenses, or
stronger concaves, it becomes against the mirror through-
out the whole pupillary area.
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APPEARANCE OF CONICAL CORNEA. 6o

will be somewhat triangular, its base resting on the margin
of the pupil and its apex at the apex of the corneal cone.
Sometimes the triangle covers almost half of the pupil, in
other conditions of light it is considerably narrower, but
the constant and characteristic phenomena is the wheeling
of the light area about the fixed point at the apex.

This is shown in figures 17 and 18, which represent
the appearances of the pupil with the mirror inclined in
opposite directions.

It was for the detection of these appearances, to which
attention was called by Bowman, in 1857, that the test was
first employed. Bowman mentions that he was able by
means of it to detect low degrees of conical cornea, which
could not be detected in any other way. It is certain that
among those cases that have been classed as low degrees of
conical cornea, on account of their presenting such appear-

FI1G. 17. FIc, 18,

ances, a considerable proportion were not of conical cornea
at all, but were cases of high aberration from other forms
of defect in the dioptric surfaces.

The appearances in question occur in all cases of high
aberration. Where the aberration invades the central por-
tion of the pupil, and is not confined to the periphery, the
phenomena are quite as striking and characteristic, as in
cases of conical cornea. And cases of high positive aberra-
tion are more common than cases of true conical cornea, The
conditions for their recognition are that the observer's eye







SCISSORS-LIKE MOVEMENT. 67

pupil, as an upper or lower half, is more myopic in a cer-
tain meridian than is the other part of the pupil. This
causes an inverted movement of light in the one portion of
the pupil, while there is an erect movement in the other.
These two areas are distinct, and separated by an interme-
diate zone of feeble illumination. As the light is made to
move back and forth in the proper direction, the two areas
of light in the pupil are seen alternately to approach and
separate, narrowing or widening the intermediate zone. As
the areas, under these circumstances, are generally band-
like, or have comparatively straight margins, the effect
1s stmilar to that of the opening and closing of a pair of
scissors. ‘These appearances are represented in figure 1g,
which shows them with the mirror so turned as to separate
the two areas ; and figure 20, which represents them brought
together by an opposite inclination of the mirror. Suppos-
ing the upper part of the pupil to be more myopic, figure
19 corresponds to the plane mirror facing down or the con-
cave mirror facing up; and figure 20 shows the plane mir-
ror facing up or the concave mirror facing down.

F1G. 19,

The relative size of the two areas will depend on the
distance of the observer from the eye or upon the strength
of the lens employed. As the observer withdraws to a
greater distance, or the convex lens is made stronger, or the
concave lens 1s made weaker, the area of inverted move-
ment encroaches upon the zone of feeble illumination sep-














































82  PRACTICAL APPLICATION WITH THE PLANE MIRROR.

measurement of it would reveal the fact that the cylindri-
cal lens employed was o0.50 D. too strong,

Aberration and Irregular Astigmatism.—The differ-
ence in the refraction of different parts of the pupil is to be
ascertained by measuring the refraction for each part sep-
arately, just as though it were a case of simple hyperopia
or myopia, care being taken to confine each observation
strictly to the little portion of the pupil the refraction of
which 1t 1s desired to ascertain.

The amount of aberration or irregular astigmatism
that is thus ascertained is of some scientific interest, and
occasionally of practical importance as bearing on the
prognosis of conical cornea, or of the changes of refraction
in the lens which precede cataract.

(Generally, however, the important practical point
about aberration or irregular astigmatism 1s its distribution,
For practical purposes, the surgeon desires to ascertain
which part of the pupil is free from any such defect, as
that part will furnish the best visual zone ; and by what
lenses that visual zone can be made most useful to the
patient. T'he need for careful study to develop these points
is sometimes great. Figures 22 and 23 represent the ap-
pearances brought out by thorough investigation of a case

FIG. 22. FiG. 23.

of considerable astigmatism, coincident with equally pro-
nounced positive aberration. Without careful study of the
visual zone at the proper distances, it would have been easy
to set the case down as one of aberration, and to have over-










































96 APPLICATION WITH THE CONCAVE MIRROR.

move the axis of the cylindrical lens to its proper position,
pushing it toward the axis of a convex cylinder that would
be required to correct this remaining astigmatism,

If the case be one of slightly myopic, or high mixed
astigmatism, the first inspection may show a movement
with the light on the face in one direction, while the move-
ment is against the light on the face in the other meridian.
This, of course, will indicate at once the presence of astig-
matism. The fact, that it may oceur, makes it important
that the first observation on the pupillary movements should
include the movements in different meridians.

With the concave mirror [the immediate source of light
necessarily lying as far in front of the mirror as its princi-
pal focus, or even farther] if the astigmatism be of quite
low degree, when the least myopic point of reversal is at
the surgeon’s eye, the more myopic point of reversal will
be at the immediafe source of light, or even closer to the
mirror without any change in the position of the original
source. Thus, the most distinct band-like appearance of the
light in the pupil, the clearest difference between the move-
ment against the light on the face in one meridian and the
indefinite movement in the other merdian will be attained
without bringing the original source of light any nearer to
the mirror than its usual position. This must be born in
mind for low degrees of astigmatism.

Aberration and Irregular Astigmatism.—With the
concave mirror, and the need of bringing the point of re-
versal toa fixed distance from the patient’s eye, the measure-
ment of the amount of aberration and irregular astigmatism
becomes very much more tedious and difficult than with the
plane mirror, though not impossible. It is, however, not
difficult to detect the presence of such defects; and to as-
certain which portion of the pupil they occupy, and which
portions being comparatively free from them are available
as a visual zone. As to the importance of such a study of


















102 GENERAL CONSIDERATIONS.,

p- 282), Burnett, Doyne, Couper, (Trans. Am. Ophthalmaol.
Soc., 1888, p. 223), Wiirdemann, and others, to
save time by facilitating the changes to the
lens required. Some of these have been de-
signed for the patient to make the change of
lens under the direction of the surgeon, and
others to give the surgeon himself control of
their movements,

One of the simplest arrangements is that
described by Wiirdemann (dmerican Journal
of Ophthalmology, 1891, page 223), shown in
figure 25. The lenses are inserted in a sheet
of hard rubber which the patient holds by
the handle, bringing before his eye the lens
the surgeon may indicate.

In an instrument suggested by the writer
the disk is rotated by a rod one metre long and
attached by a universal joint, so that it drops
out of the way when not in use.

The lens series runs from 7 concave to 7
convex spherical, with 0.5 D. intervals, requir-
ing to be supplemented by lenses in the trial
frame, for high hyperopia and myopia, or
astigmatism,

An ingenious piece of apparatus having a complete
series of lenses, both spherical and cvlindrical, arranged for
the purpose, is described by Lambert ( Trans. Amer. Ophthal-
mol. Soc., 1894, p. 196). It has the lenses arranged in two
disks for the spherical lenses, and detachable slides for the
cylinders, enabling the surgeon to reach the lenses wanted
quickly. To be compelled to run over the lens series to
find the one sought, would be a way of consuming time
rather than saving it. Other forms of elaborate apparatus
for the purpose have been suggestedby Sureau of Paris,
and one by Perkins and Tait of Philadelphia. A series
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MERIDIAN INDICATORS. 103

sufficient for the approximate testing of the majority of
eyes may save time where many are to be tested, especially
if the concave mirror be employed. The writer, using
habitually the plane mirror, has discarded all special forms
of apparatus, and depends on the trial frame and test lenses.

Meridian Indicators.—In working with lenses 1n the
graduated trial frame one may refer to its graduation to
ascertain the direction of the bands of astigmatism. But
in the darkened room this is not convenient. To meet
this want, Thorington (Medical News, March 3, 18g4) and
Prince (Ophthalmie Review, July, 1894) have suggested disks
specially graduated for the purpose. The former, figure 26,
is called an awonometer ; the latter, figure 27, an inclinometer.

F1c, z7.

A Distance Measure.—Where the concave mirror is
employed, the distance remaining fixed throughout the test,
it is only necessary that the surgeon should properly place
himself at the beginning, and retain his position. He can
then dismiss the consideration of the distance, or provide
for it by the addition of 1. D. to the concave spherical
lens or the subtraction of 1. D. from the convex spherical
lens that brings the point of reversal to his eye,

With the plane mirror no measure is necessary where
the test is used only to approximate the refraction. the sur-
geon soon learning to guess at the distance closely enough to
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BY JOHN B. ROBERTS, A.M.,M.D.,
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An exposition of the points of similarity and differences between homaeo
pathy and the science of medicine at the end of the nineteenth century.

16 mo,; Cloth; 75 Cents.

“ Those who wish to hecome ae- |

quainted with the tenets of the
homceopathic sect, in their rela-
tions with modern medicine, will
do well to procure this little work—
which, while giving the points in
which ‘ homceopathy * still adheres
to the teachings of modern medi-
cine, sets forth clearly and without
abuse the fallacies and distorted
views held by some of the sectar-
ians under consideration.’'— Jeur-
nal of the American Medical Assoc,

““The papers are conservative
and dignified in the highest degree,
and nobody who reads them can
doubt how firm the writer is in his
convictions and how uncompromis-
ing in his ‘ regularity,’ and yet the
breadth and liberality of all he says
are in most admirable contrast with
the conduct of those who have not
yet learned that the best way to put
out a fire is not necessarily to blow
at it."'—New York Medical Jovrnal.
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This book consists of a number of lectures delivered at the N. Y. Paly-
clinic during the last eight years, and more particularly of a number of lec-
tures or lessons in a practical course delivered to the graduating classes of
the College of Physicians and Surgeons, N. Y.

‘ This book is the result of the
author’s experience for a number of
years as a teacher. It recognizes,
consequently, the difficulties which
beginners often feel in approaching
the subject, and is calculated to be
a good guide. The style ig plain
and somewhat colloguial, not with-
out intention. The author deals
with an important subject, and he
has well performed his task."'— T#e
Medical Bulletin, Philadelphia.

‘¢ Contains the facts necessary for
the examination of the eye as per-
taining to refraction expressed in a
simple, clear and attractive manner
—a fit companion for the author's
previous work on the ophthalmo-
scope. The type and binding are
also excellent,— File Caniaaian Med-
ical Review.,
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