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PREFACE

TO THE

SEVENTH EDITION

Iy preparing the seventh edition of ¢ Refraction of
the Hye’ for publication, the original plan of the
book has been maintained, and no effort has been
spared to make the work more worthy of the favour
with which it has been received in this country and
abroad.

Although but a short time has elapsed since the
last large edition was brought out, every page has
been carefully revised, and alterations made in
accordance with our increasing knowledge of the
subject.

G. H.
5, GREEN STREET,
PARE LANE, W.;
August, 1894,






PREFACK

~ TO THE

PR S B e N

I mave endeavoured in the following pages to state
briefly and clearly the main facts with which practi-
tioners and students should be acquainted, in order
to enable them to diagnose errors of refraction accu-
rately, and to prescribe suitable glasses for their
correction.

Those who would do this with facility can only
acquire the requisite amount of dexterity by prac-
tically working out a large number of cases of refrac-
tion. No book, or even the knowledge gained by
watching others who are thus employed, can take
the place of this, the practical part of the subject.

To many of my readers the chapter on Optics may
appear unnccessary. I have added it for the benefit
of those whose school education did not include this
subject, since its elementary details so completely
underlie the whole subject of refraction, that every
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student should understand them thoroughly before
passing on to the real subject in hand.

I have found it necessary in several instances to
repeat important matters, and this I have done to
obviate the necessity of continnal references to other
parts of the book, as well as in some cases to impress
the importance of the subject upon the student.

The woodeuts are numerous in proportion to the
size of the work, but I consider that they are a very
great help to the thorough understanding of the
subject.

The old measurements have been purposely omitted
in favour of the almost universally adopted metrical
system. It 1s confusing to the learner to have to
do with two distinet sets of measurements, and no
possible good can accrue from perpetuating the old
system of feet and inches.

At the end of the work I have given a list of
those aunthors to whom I have been indebted for
much valuable information; and, in conclusion, I
take this opportunity of thanking my numerous
friends for their help and suggestions.

Goin

January, 1884.
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THE REFRACTION OF THE EYE

CHAPTER I

OFTICS

LiaHT 18 propagated from a luminous point in every
plane and in every direction in straight lines; these
lines of direction are called rays. Rays travel with
the same rapidity so long as they remain in the same
medium,

The denser the medium the less rapidly does the
ray of light pass through it.

Rays of light diverge, and the amount of diver-
gence is proportionate to the distance of the point
from which they come; the nearer the source of the
rays the more they diverge.

When rays proceed from a distant point such as the
sun, 1t 18 1mpossible to show that they are not parallel,
and in dealing with rays which enter the eye, it will
be sufficiently accurate to assume them to be parallel
when they proceed from a point at a greater distance
than 6 metres.

A ray of light meeting with a body may be absorbed,

1



2 THE REFRACTION OF THE EYE

reflected, or if it 1s able to pass through this body it
may be refracted.

Reflection

Reflection by a Plane Surface

Reflection takes place from any polished surface,
and according to two laws.

1st.—The angle of reflection is equal to the angle
of incidence.

2nd.—The reflected and incident rays are both
in the same plane, which 1s perpendicular to the
reflecting surface.

Fra. 1.

Thus, if A 8 be the ray incident at B, on the mirror
¢, and B ® be the ray reflected, the perpendicular
p B will divide the angle A B & into two equal parts.
the angle A B P is equal to the angle P B E; while
A B, P B, and E B lie in the same plane.

When reflection takes place from a plane surface,
the image is projected backwards to a distance behind
the mirror, equal to the distance of the object in front
of it, the image being of the same size as the object.

Thus in Fig. 2 the image of the candle ¢ is formed
behind the mirror u,at ¢/, a distance behind the mirror
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REFLECTION 3

equal to the distance of the candle in front of it, an
observer’s eye placed at ® would receive the rays
from c as if they came from c’.

Fi1a. 2.

M. The mirror, ¢. The candle, ¢'. The virtual image of the candle.
E. The eye of the observer receiving rays from the mirror,

The image of the candle so formed by a plane mirror
18 called a virtual image.

Lieflection by a Concave Surface

A concave surface may be looked upon as made up
of a number of planes inclined to each other.

Parallel rays falling on a concave mirror are re-
Hlected as convergent rays, which meet on the axis at
a point (v, Fig. 8) called the principal focus, midway
between the mirror and its optical centre ¢. The dis-
tance of the principal focus from the mirror is called
the focal length of the mirror,




4 THE REFRACTION OF THE EYE

If the laminous point be situated at ¥, then the
diverging rays would be reflected as parallel to each
other and to the axis.

If the luminous point is at the centre of the con-
cavity of the mirror (c), the rays return along the
same lines, so that the point is its own 1mage.

If the luminous point be at A the focus will be at a,

Fi1a. 8.

and it is obvious that if the luminous point be moved
to a, its focus will be at A ; these two points therefore,
A and a, bear a reciprocal relation to each other, and
are called conjugate focu.

If the luminous point is beyond the centre, its
conjugate focus is between the principal focus and
the centre.

If the luminous point is between the principal focus
and the centre, then its conjugate is beyond the
centre; so that the nearer the luminous point ap-

proaches the principal focus, the greater 18 the dis-
tance at which the reflected rays meet.
[f the luminous point be nearer the mirror than ¥




e

REFLECTION 5
the principal focus, the rays will be reflected as diver-
gent, and will therefore never meet: if, however, we
continue these diverging rays backwards, they waill
unite at a point (x) behind the mirror; this point 1s
called the virtual focus, and an observer situated in

Fig. 4.

the path of reflected rays will receive them as if they
came from this point.

Thus 1t follows that—

Concave mirrors produce two kinds of images or
none at all, according to the distance of the object, as
may be seen by looking at oneself in a concave mirror.
If the mirror is placed nearer than its principal focus,
then one sees an enlarged virtual image, which in-
creases slightly in size as the concave mirror is made
to recede ; this image becomes confused and disap-
pears as the principal focus of the mirror is reached ;
on moving the mirror still further away (that is be-
yond its focus) one obtains an enlarged inverted
image, which diminishes as the mirror is still further
withdrawn,

B e e =
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THE REFRACTION OF THE EYE

Reflection by a Conver Surface

Parallel rays falling on such a surface are reflected
as divergent, hence never meet; but if the diverging
rays thus formed are carried backwards by lines,
then an imaginary image is formed which 1s called
negative, and at a point called the principal focus (¥).

FFoei of convex mirrors are therefore virtual; and
the image, whatever the position of the object, 1s
always virtual, erect, and smaller than the object.

-

Fia. 5.

The radius of the mirror is double the l]l'illUil!:ll
focus.

Refraction

Refraction by a Plane Surface

A ray of light passing through a transparent me-
dium into another of a different density is refracted,

unless the ray fall perpendicular to the surface sepa-

rating the two media, when it continues its course
without undergoing any refraction (Fig. 6, H k).
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REFRACTION 7

A ray is called incident before passing into the
second medium, emergent after it has penetrated it.

A ray passing from a rarer to a denser medium is
refracted towards the perpendicular; as shown in
Fig. 6, the ray A B is refracted at B, towards the per-
pendicular P P.

In passing from the denser to the rarer medium
the ray is refracted from the perpendicular, B D 1s
refracted at ¢, from p r (Fig. 6).

Fia. 6.

Reflection accompanies refraction, the ray dividing
ibself at the point of incidence into a refracted portion
B ¢ and a reflected portion B E.

The amount of refraction is the same for any medinm
at the same obliquity, and is called the index of re-
fraction; air 1s taken as the standard, and is called
1 ; the index of refraction of water is 1'3, that of glass
1'5. The diamond has almost the highest refractive
power of any transparent substance, and has an index

)

e



3 THE REFRACTION OF THE EYE

of refraction of 2'4. The cornea has an index of
refraction of 13 and the lens 1'4.

The refractive power of a transparent substance is
not always i proportion to its density.

If the sides of the medium are parallel, then all rays
except those perpendicular to the surface which pass
through without altering their course, are refracted
twice, as at B and ¢ (Fig. 6), and continue in the same
direction after passing through the medium as they
had before entering it.

[f the two sides of the refracting medium are not
parallel, as in a prism, the rays cannot be perpendicu-
lar to more than one surface at a time,

Therefore every ray falling on a prism must un-
dergo refraction, and the deviation 1s always towards
the base of the prism.

The relative direction of the rays is unaltered
(Fig. 7).

FIU. ’?+ ]'11{]'. S-

If o u (Fig.8) be a ray falling on a prism (ABc) at
M, it 18 bent towards the base of the prism, assuming
the direction M N ; on emergence 1t 1s again bent at x;
an observer placed at & would receive the ray as if it
came from K ; the angle x 1 b formed by the two lines




REFRACTION 9

at 1 is called the angle of deviation, and is about half
the size of the principal angle formed at A by the two
sides of the prism.

Refraction by a Spherical Surface

Parallel rays passing through such a surface sepa-
ating media of different density, do not continue
parallel, but are refracted, so that they meet at a
point called the principal focus.

If parallel rays K, v, E, fall on A B, a spherical surface
separating the media M and ~ of which ~ is the
denser ; ray p, which strikes the surface of A Bat right
angles, pagses through without refraction, and 1s called
the principal axis ; ray x will strike the surface at an
angle, and will therefore be refracted towards the
perpendicular ¢ J, meeting the ray v at ¥ ; so also with
ray E, and all rays parallel in medium M. The point
¥ where these rays meet is the principal focus, and the
distance between the principal focus and the curved
surface is spoken of as the principal focal distance.

Frag. 9.

el in m after
passing through the refracting surface. Rays parallel

Rays proceeding from r will be paral
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in medium N will focus at ¥/, which is called the ante-
rior focus.

Had the rays in medium M been more or less
divergent, they would focus on the principal axis at
a greater distance than the principal focus, say at m;
and conversely rays coming from m would focus at 6 ;
these two points are then conjugate foci.

When the divergent rays focus at a point on the
axis twice the distance of the principal focus, then its
conjugate will be at an equal distance on the other
side of the curved surface.

[f rays proceed from a point o, nearer the surface
than its principal focus, they will still be divergent
after passing through A B, though less so than before,

and will therefore never meet; by continuing these

Fia. 10.

rays backwards they will meet at 1, so that the conju-
gate focus of o will be at 1, on the same side as the
focus ; and the conjugate focus will in this case be

spoken of as negative.




LENSES 11

Refraction by Lenses

Refraction by lenses is somewhat more complicated.

A lens is an optical contrivance usually made of
glass, and consists of a refracting medium with two
opposite surfaces, one or both of which may be
segments of a sphere; they are then called spherical
lenses, of which there are six varieties.

Fiag. 11.

5 &

1. Plano-convex, the segment of one sphere (Fig.
Il n)

2. Biconvex, segments of two spheres (Fig. 11, a).

3. Converging concavo-convex, also called a con-
verging meniscus.,

4. Plano-concave.

. Biconcave,

6. Diverging concavo-convex, called also a di-
verging meniscus,

Lienses may be looked upon as made up of a number
of prisms with different refracting angles—convex
lenses, of prisms placed with their bases together ;
concave lenses, of prisms with their edges together.

A ray passing from a less refracting medium (as

ey

e

=

E._— e e



12 THE REFRACTION OF THE EYE

air) through a lens, is deviated towards the thickest
part, therefore the first three lenses, which are thickest
at the centre, are called converging; and the others,
which are thickest at the borders, diverging.

-

Fig. 12.

A line passing through the centre of the lens
(called the optical centre) at right angles to the
surfaces of the lens, is termed the principal axis, and
any ray passing through that axis is not refracted.

All other rays undergo more or less refraction.

Rays passing through the optical centre of a lens,
but not through the principal axis, suffer slight devia-
tion, but emerge in the same direction as they entered ;
the deviation in thin lenses is so slight that they are
usually assumed to pass through in a straight line,
and are called secondary axes (Fig. 13).

Parallel rays falling on a biconvex lens are ren-
dered convergent; thus in Fig. 14 the rays A, 3, ¢,
strike the surface of the lens (1) at the points v, &, ¥;
the centre ray (8) falls on the lens at u perpendicular
to its surface, and therefore passes through in a
straight line ; it also emerges from the lens at right

e




BICONVEX LENSES 13

angles to its opposite surface, and so continues its
course without deviation ; but the ray (a) strikes the
surface of the lens obliquely at », and as the ray is
passing from one medium (air) to another (glass)

Fra. 13.

Liens with secondary axes undergoing slight deviation.

which is of greater density, it is bent towards the
perpendicular of the surface of the lens, shown by
the dotted line m x; the ray after deviation passes
| through the lens, striking its opposite surface obliquely

F1a. 14,

at 0, and as it leaves the lens, enters the rarer

medium (air), being detlected from the perpendicular
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N 0 ; it 18 now directed to u, where it meets the central
ray B H; ray ¢, after undergoing similar refractions,
meets the other rays at m, and so also all parallel rays
falling on the biconvex lens (v).

Parallel rays, therefore, passing through a convex
lens (1) are brought to a focus at a certain fixed point

Fia. 15.

(a) beyond the lens; this point is called the principal
focus, and the distance of this focus from the lens is
called the focal length of the lens.

Rays from a luminous point placed at the principal
focus (A) emerge as parallel after passing through the
lens.

Divergent rays from a point (8) outside the prin-
cipal focus (v, Fig. 16) meet at a distance beyond (¥)
the principal focus on the other side of the lens (1),
and if the distance of the luminous point (8) is equal
to twice the focal length of the lens, the rays will focus
at a point (¢) the same distance on the opposite side
of the lens; rays coming from ¢ wounld also focus at
; they ave therefore called conjugate foei, for we can
indifferently replace the image (c) by the object (n)

and the object (8) by the image (c).

S —————SEEEE
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BICONVEX LENSES 15

If the luminous point (p) be between the lens and
the principal focus (¥), then the rays will issue from
the lens divergent, though less so than before en-
tering 1t ; and if we prolong them backwards they

Fia. 16.

will meet at a point (u) further from the lens than the
point 0 ; ® will therefore be the virtual focus of p, and
the conjugate focus of p may be spoken of as negative.

Biconvex lenses have therefore two principal foei,
F and ¥, one on either side, at an equal distance from
the centre.

In ordinary lenses, and those in which the radii of
the two surfaces are nearly equal, the principal focus
closely coincides with the centre of curvature.

We have assumed the lnminous point to be situated
on the principal axis, supposing, however, it be to one
side of it as at & (Fig, 17), then the line (& F) passing
through the optical centre (c¢) of the lens (L) 1s a
secondary axis, and the focus of the point & will be
found somewhere on this line, say at F, so that what
has been said respecting the focus of a luminous point
on the principal axis (A 1) is equally true for points
on a secondary axis, provided always that the inclina-

p——
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16 THE REFRACTION OF THE EYE

tion of this secondary axis is not too great, when the
focus wounld become imperfect on account of the
spherical aberration which would be produced.

Fia. 17.

In biconcave lenses the foci are always virtual,
whatever the distance of the object.

Rays of light parallel to the axis diverge after
refraction, and if their direction be continued back-
ward they will meet at a point termed the principal
focus (Fig. 18, ¥).

Fiag. 13.

Fig. 19 shows the refraction of parallel rays by a
biconcave lens (1); the centre ray B strikes the lens
at © perpendicular to its surface, passing through
without refraction, and as it emerges from the oppo-

<ito side of the lens perpendicular to its surface, it

N —————— T
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continues in a straight line ; the ray A strikes the lens
obliquely at p and is refracted towards the perpen-
dicular, shown by the dotted line G 1 ; the ray atter

Fra. 19.

deviation passes through the lens to x, where, on
entering the medium of less density obliquely, it is
refracted from the perpendicular o p, in the direction
K M ; the same takes place with ray ¢ at r and ~; so
also with all intermediate parallel rays.

Formation of Images.—'To illustrate the formation
of images the following simple experiment may be
arried out :—Place on one side of a screen having a
small perforation, a candle, and on the other side of
the screen a sheet of white cardboard at some distance
from it to receive the image formed; rays diverge
from the candle in all directions, most of those falling
on the screen are intercepted by it, but some few rays
pass through the perforation and form an image of
the candle on the cardboard, the image being in-
verted because the rays cross each other at the ori-
fice. It can further be shown that when the candle
and cardboard are equally distant from the perforated

9
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screen, the candle flame and its image will be of the
same size. I1f the cardboard be moved further from
the screen the image is enlarged, if it be moved
nearer it is diminished ; if we make a dozen more per-

Fig. 20.

forations in the screen, a dozen more images will be
formed on the cardboard, if a hundred then a hun-
dred; but if the apertures come so close together
that the images overlap, then instead of so many
distinct images we get a general illumination of the
cardboard.

The image of an object is the collection of the foci
of its several points ; the images formed by lenses are,
as in the case of the foci, real or virtual. Images
formed, therefore, by convex lenses may be real or
virtnal.

In Fig. 21, let A B be a candle situated abt an
infinite distance; from the extremities of A B draw
two lines passing through the optical centre (c) of a
biconvex lens, then the image of A will be formed
somewhere on the line A ¢ (termed a secondary axis),
say at « ; the image of B will be formed on the line
Bc b, say at b; therefore b @ is a small inverted 1mage

i -
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of the candle A B, formed at the principal focus of the
convex lens, Had the candle been placed at twice
the focal distance of the lens, then its inverted image

Fia. 21.

Real inverted image formed by convex lens.

would be formed at a corresponding point on the
opposite side of the lens, and would be of the same
size as the object.

If the candle be at the principal focus (¥), then the
image 18 ab an infinite distance, the rays after refrac-
tion being parallel.

If, however, the candle (A B) be nearer the lens than

Frg. 22,

Virtual image formed by convex lens.

the focus, then the rays which diverge from the candle
will, after passing through the convex lens, be still
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divergent, so that no image is formed ; an eye placed
at 8 would receive the rays from A B as if they came
from a b ; @ b is therefore a virtual image of A B, erect
and larger than the object, and formed on the same
side of the lens as the object.

Images formed by biconcave lenses are always
virtual, erect, and smaller than the object. Let A B be

Fiag. 23.

Virtual image formed by concave lens.

a candle, and ¥ the principal focus of a biconcave lens ;
draw from A B two lines through ¢, the optical centre
of the lens, and lines also from A and B parallel to the
axis ; after passing through the lens they diverge and
have the appearance of coming from a b, which 1is
therefore the virtual image of A B.

A real image can be projected on fo a screen, but a

virtual one can only be seen by looking through the

lens.
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CHAPTER II
REFRACTION, ACCOMMODATION, CONVERGENCE

Tae eye may be looked upon as an optical instru-
ment, a sort of photographic camera, designed to pro-
duce by means of its refracting system a small and
inverted picture of surrounding objects upon the
retina; the stimulation produced by this picture on
the retina is conveyed through the optic nerve to the
ganglion cells of the cortex, that part known as the
optical area; this excitation of the ganglion cells
becomes sensation, and thus it is here that the object
seen comes within the domain of consciousness, and so
the brain is enabled to interpret correctly the impres-
sions thus transmitted to it. Immediately behind the
transparent retina is a layer of pigment, which absorbs
some of the rays of light as soon as the image is
formed ; were this not so the rays would be reflected
to other parts of the retina, and cause much dazzling,
considerably interfering with vision ; this is the case
in those persons who have a congenital absence of
pigment, and who are known as albinos.

The refracting system of the eye is so arranged that
but little, if any, spherical or chromatic aberration
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takes place, as is the case with ordinary optical in-
struments,

For distinet and accurate binocular vision the fol-
lowing conditions are necessary :

1. That a well-defined inverted image be formed on
the layer of rods and cones at the yellow spot of each
eye.

2. That the impression there received be conveyed |
to the brain. |

In a work of this character the first of these con- |
ditions alone concerns us, and for the carrying out of
this—the media being transpasent—three 1important
factors call for a separate deseription, viz.

Refraction,
Accommodation,
Convergence.

Refraction.—This term is used to express the optical
condition of the eye in a state of rest. There are
| three refracting surfaces in the eye—the anterior sur-
face of the cornea, the anterior surface of the lens, and
the anterior surface of the vitreous ; and three refract-
ing media—the aqueous, the lens, and the vitreous.
These together make up the dioptric system, and may
for the sake of simplicity be looked upon as equal to
a convex lens of about 23 mm. focus. What was said
about convex lenses applies equally to the eye as an
optical instrument.
A ray of light falling on the cornea does not, how-
ever, follow the simple direction we might imagine
when considering the eye merely as a lens of 23 mm.
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focus : the eye must be looked upon as a compound
refracting system, composed of a spherical surface and
a biconvex lens. To enable us to understand the

' course of a ray of light through the eye, it is necessary

to be acquainted with the cardinal points of this com-
pound system. Too much space would be occupied
to explain how the position of these points is arrived
at, but it suffices to say that, having first found the
cardinal points of the cornea and then those of the
lens, the cardinal points of the eye will be the result
of these two systems together.

The cardinal points of the eye are six in number,
two principal points, two nodal points, and two principal

Fiag. 24.

foci. Inthe above diagram of the emmetropic eye the
cardinal points of this compound system are shown,
all situated on the optic axis (r A): at B are two prin-
cipal points sitnated so closely together in the anterior
chamber that they may conveniently be looked upon
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as one point; at N are two nodal points, also close
together,—for simplicity we shall consider them as
one point; at ¥is the first principal focus, at A the
second prineipal focus. We then have the following :
| ¢, the cornea; 1,the lens; u, the macula; o, the optic
! nerve; F A, the optic axis; B, the principal point; n,
' the nodal point; m, the centre of rotation of the eye,
9:8 mm. in front of the retina; A, the second principal
focus; and ¥, the first principal focus.

The nodal points correspond nearly to the optical
centre of the refracting system and the axis ray
passing through these points is not refracted; every
ray directed to the first nodal point appears after
refraction to come from the second point, and continues
in the same direction to that which it first had : the
nodal points in the eye are situated about 7 mm.
behind the cornea (Fig. 24, w).

The prinevpal points,—When an incident ray passes

i through the first principal point, the corresponding
emergent ray passes through the second principal
point, but the incident and emergent rays are not
parallel ; the principal points are situated about 2 mm.
behind the cornea (Fig. 24, u).

The first principal focus is that point on the axis
where rays parallel in the vitreous meet ; this point is
about 137 mm. in front of the cornea (Fig. 24, »).

The second principal focus is that point on the axis
where parallel rays meet after passing through the
eye, 22'8 mm. behind the cornea (Iig. 24, A).

i A luminous point placed above the principal axis
| forms its image on the retina below this axis; and

._ |
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inversely, the image of a point below the principal
axis will be formed above it. If we replace these two
points by an object the same thing occurs, and we
get an inverted image (Fig. 25) : 1t 1s essential that
the method of formation of these inverted images be
thoronghly understood.

From every point of an object A B ¢ proceed diver-
gent rays. Some of those rays coming from A pass
through the pupil, and being refracted by the dioptric
system, come to a focus on the retina at a; some
coming from B focus at b, and some from ¢ at ¢. Inm

lI.‘I[«.}I 254

the same way rays come from every point of the object
as divergent rays, and are brought to a focus on the
retina ; so that the retina, being exactly at the focal
distance of the refracting system, receives a well-
defined inverted image.

Much has been said and written as to why images
which are formed in an inverted position on the retina
should be seen npright, and all sorts of ingenious
explanations have from time to time been given. The
whole thing is entirely a matter of education and ex-
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perience, which is supplemented and corroborated by
the sense of touch. We have no direct cognizance of
the 1mage on the retina, nor of the position of its
different parts, but only of the stimulation of the re-
tina produced by the image; this stimulation is con-
ducted by the optic nerve to the brain, producing
there certain molecular changes. We do not actually
see the retinal image, but the eye receives the rays
emanating from the object looked at, and we refer the
sensation in the direction of these rays; thus, if an
image is formed on the upper part of our retina, we
refer the sensation downwards from which the rays
must have come.

The great advantage of inverted images is, that for
a given sized pupil a much larger retinal picture can
be formed than would be the case if no inversion took
place; for in the latter case all images must necessarily
occupy a smaller space on the retina than the size of
the pupil.

The refraction of the eye is said to be normal when
parallel rays are united exactly on the layer of rods
and cones of the retina; in other words, when the
retina is situated exactly at the principal focal dis-
tance of the refracting system of the eye. This con-
dition is called emmetropia (éu, within; pérpov, mea-
sure ; @y, the eye) (Fig. 26, o). If parallel rays are
focussed behind or in front of the retina, then the
term ametropia (a, priv.; pérpov, measure; wy, the
eye) is used, and of this there are two opposite

varieties :
Hypermetropia, when the eyeball is so short that
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parallel rays are brought to a focus behind the retina

(Fig. 26, B).

Fiag. 26.

A. Emmetropic eye. B. Hypermetropic eye. e, Myopic eye.

Myopia,when the eyeball is too long, so that parallel
rays focus in front of the retina (Fig. 26, c).

Emmetropia in a strict mathematical sense is very
rare,

It we represent the eye by a biconvex lens, and the
retina by a screen, which is emmetropic when situated
at the principal focus of the lens, as &, Fig. 27, we
make it hypermetropic () by bringing forward the
screen, and myopic () by moving it further away
from the lens,

In all eyes, vision ranges from the far point or
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punctum remotum (which in the emmetropic eye 1s at
Hlﬁl’lltj":l to the near point or punctum }_]]'fj?{:l]'llll'lll.

Convex lens of 23 mm. focus, Parallel rays focus at E
(emmetropia) on the screen, forming a well-defined image
of object from which rays come; at H (hypermetropia)
they form a diffusion patch instead of an image. M (my-

opia), also a diffusion patch, the rays having crossed and
become divergent.

The near point varies in the normal eye according
to the amount of the accommodation, receding gradu-
ally as age advances; when it has receded beyond
99 cm. (which usually occurs in the emmetropic eye
about the age of forty-five), the condition 18 spoken
of as presbyopia.

Infinity is any distance beyond 6 metres, the rays
coming from a point at or beyond that distance being
parallel, or almost so.

The emmetropic eye, therefore, has its far point, or
punctum remotum, sitnated at infinity ; the hyperme-
tropic eye has its punctum remotum beyond infinity,
and the myopic eye its punctum remotum at a finite

distance.
Generally the two eyes are similar in their refrac-

-__#
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tion, though sometimes there is a very great differ-
ence. One may be hypermetropie, the other myopic ;
or one emmetropic, the other ametropic. Anisome-
tropia is the term used when the two eyes thus vary
in their refraction.,

There may be differences also between the refrac-
tion in the different meridians of the same eye—
astigmatism.

In all forms of ametropia the acuteness of vision 1s
liable to be diminished. The visual acuteness usually
decreases slightly as age advances, without any dis-
ease.

The acuteness refers always to central vision. The
yellow spot is the most sensitive part of the retina,
and the sensibility diminishes rapidly towards the
periphery. The acuteness is measured by the size of
the visual angle, that is, the angle formed at the pos-
terior nodal point, which point closely coincides with
the posterior surface of the lens, and is about 15 mm.
in front of the yellow spot.

[n Fig. 28, let ¢ p be an object for which the eye is

F1ag. 28.

accommodated. The lines ¢ ¢, » d, drawn from the
extremities of the object, cross at the nodal point .
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The angle ¢ ¥ v will be the visual angle under which
the object ¢ » is seen. The size of the angle depends
upon the distance of the object as well as upon 1ts
magnitude, and the size of the image thus formed on
the retina will also depend upon the antero-posterior
length of the eyeball.

Thus an object A B, which is as large as ¢ p, but
nearer to the eye, will be seen under a larger angle,
the angle A ¥ B being greater than ¢ ¥ . Iis also
clear that the image formed on the retina will be
smaller at 1, when the antero-posterior diameter of
the eye is less, as in hypermetropia, than it 1s at 2 in
emmetropia, and that it will be larger in myopia, as at
3, where the eyeball is elongated. It is, therefore,
easy to understand that a patient may be able to read
the smallest type and still have some defect of refrac-
tion, unless the type be read at its proper distance
(see Fig. 85).

It is by the unconscious comparison of things of
known size,and the amount of accommodation brought ;
into play, that we are able to estimate the distance ot
objects, and not by the visual angle alone.

Objects must therefore be of a certain size, and 1t
has been proved that to enable us to see a complex
figure like a letter distinctly, each part of the figure
must be separated from the other parts by an interval
equal to not less than the arc subtending an angle of
1" at the nodal point,

It has been shown (Fig. 26, B) that in the hyper-

metropic eye, when in a state of rest, parallel raysare
| brought to a focus behind the retina, so that instead

l i
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of a clear, well-defined image, we get a circle of dif-
fusion. Convex glasses render parallel rays passing
through them convergent, so that by placing a lens
of the right strength in front of the hyperme-
tropic eye, we bring forward its focus on to the
retina.,

In myopia (Fig. 26, ¢), where the focus is in front
of the retina, we succeed by concave glasses in carry-
ing back the focus.

Lenses,—These lenses are spherical, and were until
recently numbered according to their radii of curva-
ture, which was considered as equal to their focal
length in inches, a glass of 1 inch focus being taken
as a standard. To this plan there were several ob-
jections. The standard glass being a strong one,
weaker glasses had to be expressed ‘in fractions.
Thus a glass of 4-inch focus was one fourth the
strength of the standard 1inch, and was expressed as
i- In addition to the trouble and inconvenience of
working with fractions, the intervals between the
lenses were most irregular, and, moreover, the inches
of different countries vary. At the Ophthalmological
Congress in 1872 it was decided to adopt a metrical
scale of measurement. A lens of 1 metre focus is
taken as the unit, and is called a dioptre; a weak
instead of a strong glass therefore becoming the unit,
a lens of two dioptres is twice the strength of the
former, and has a focal length of half a metre. Thus
each lens is numbered according to its refracting
power, and not, as in the old system, according to its
focal length; so that we have a series composed of
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equidistant terms. The numbers 1 to 20 indicate the
uniformly increasing power of the glasses.

The focal length of a lens is not expressed in the
dioptric measurement ; we have only to remember that
it is the inverse of the refracting power, so that by
dividing 100 ¢cm. by the number of the lens we obtain
its focal length in centimetres: for example, if the
length be 2 D., then the focal length will be 50 cm.;
if 10 D., then 10 cm.

The intervals between dioptres is somewhat large,
so that decimals, 25, *50, *75 of a dioptre, are intro-
duced ; these work easily.

Convex glasses magnify, and concave ones diminish
the size of objects.

The cylindrical lens still remains to be mentioned ;
it consists of a lens one surface of which is usually
plane while the other is the segment of a cylinder,
and may be either convex or concave: if a convex
cylinder be held vertically, the verfical meridian will
be plane, exercising no influence on rays passing
through it in that meridian; while the horizontal
meridian will be convex, and will act as such on rays
passing through it. The axis of the cylinders 1s
usually indicated by a portion of the lens on each
side being ground parallel to 1ts AXI1S.

Accommodation.—In the normal eye, in a condition
of complete repose, parallel rays come to a focus
exactly on the rods and cones of the retina, and the
object from which the rays come is therefore seen

distinctly.
Rays from a near object proceed in a divergent




 convenient object being held on one side of
| 80 as to form an angle of 30° with its visual axis, an
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direction, and come to a focus behind the retina; the
object would not then be clearly seen, unless the eye
possessed within itself the power of bringing rays
which are more or less divergent into union on the
retina.

This power of altering the focus of the eye is called
accommodation, and is due to an alteration in the form
of the lens. That the eye possesses this power can
easily be proved in many ways, apart from the con-
scious muscular effort; perhaps as simple a way as
any to demonstrate it to oneself is to look through a
net held a short distance off at some distant object.
Either the net or the object can be seen distinctly,
but not both at once. If the meshes of the net he
looked at, then the distant object becomes indistinct,
and, on looking at the object, the meshes become
confused.

Accommodation, therefore, increases the refraction
of the eye, and adapts it to near objects. The changes
which take place in the lens during accommodation
are—

Ist. The anterior surface becomes more convex
and approaches the cornea.

2nd. The posterior surface becomes slightly more
convex, but remains equally distant from the cornea.
That these changes take place may be proved in
the following manner: a lighted candle, or other

the eye,

observer looking into the eye from a corresponding
position on the other side, will see three images of

3
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the flame ; the first upright, formed by the cornea ;
the second, larger, upright and formed by the anterior
surface of the lens; the third smaller and inverted,
formed by the posterior surface of the lens. When
accommodation is put in force, images one and three
remain unchanged in shape and position ; image two,
which is that formed by the anterior surface of the
lens, becomes smaller, more distinet, and approaches
image one, proving that this surface of the lens has
become more convex and has approached the cornea.
In an emmetropic eye adapted for infinity, it has been
proved that the radius of curvature of the anterior
surface of the lens is 10 mm.; when accommo-
dated for an object 135 cm. off, it i1s changed to
6 mm.

The pupil also becomes smaller, the central part
of the iris advances, while the peripheral part slightly
recedes.

The alteration in the shape of the lens is due to
the contraction of the ciliary muscle, which draws
forward the choroid, thereby relaxing the suspensory
ligament and allowing the elasticity of the lens to
come into play. This elasticity is due to the peculiar
watch-spring arrangement of the lens fibres.

When the ciliary muscle is relaxed, the suspensory
ligament returns to its former state of tension, and so
tightens the anterior part of the capsule, flattening
the front surface of the lens.

When the muscle is thus relaxed to its uttermost,
the lens has assumed its least convexity, and the eye
is then adapted for its far point (punctum remotum) (r).
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PUNCTUM PROXIMUM 3]

In this condition the eye is spoken of as being in a
state of complete repose.

Fig, 29.

Diagram of lens, cornea, &e. The right half is represented
as in a state of accommodation, the left half at rest.
A. The anterior chamber. ©. The cornea. L. The lens,
v. The vitreous humour. 1. The iris. M. Ciliary muscle.

When the ciliary muscle has contracted as much as
it can, the lens has assumed its greatest convexity,
and its maximum amount of accommodation 1s now
in force. This point is the nearest for which the eye
can accommodate itself, and 1s called the punctum
prozvmum (p).

In the emmetropic eye the punctum remotum is
sitnated at infimty.

The position of the punctum proximum can be
determined in several ways; the ordinary plan is to
place in the patient’s hand the small test-type, and
note the shortest distance at which he ecan read No. 1
with each eye separately: or we may measure it with
the wire optometer, which consists of a steel frame
crossed by thin vertical wires ; this is supported in a
handle to which a tape measure is attached, the tape

1 .
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1s placed against the temple, and held there while
the frame 1s made gradually to recede from the
patient’s eye we are examining, stopping as soon as
the wires become distinet, and reading off the number
of centimetres on the measure. Another excellent
plan by which to find the position of the punctum
proximum 1s that of Schemner; close in front of the
eye we wish to examine 1s placed a card pierced with
two small pin-holes, which must not be further apart
than the diameter of the pupil; through these two
holes the patient is directed to look at a pin held
about one metre away (the other eye is of course ex-
cluded from vision during the experiment); the pin
will be elearly and distinctly seen, we then gradually
approach it to the eye; at a certain place it will be-
come double: the point at which the pin ceases to
appear single will be the punetum proximum.

In Fig. 30, the biconvex lens L represents the eye,

Fiag. 30,

D the perforated card, p the pin, & ¥’ the two sets of
rays from p, which focus exactly at B, the retina. If,
however, the pin be brought nearer, so that the accom-
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modation is unable to focus the two sets of rays, they
will form, instead of one, two images of the pin on the
retina as at A. These will be projected outwards as
crossed 1mages.

The distance between the punctum remotum and
the punctum proximum is called the range of accommo-
dation.

The force necessary to change the eye from its
punctum remotum to its punctum proximum 1s styled
the amplitude of accommodation. The amplitude of
accommodation, therefore, is equal to the difference
between the refracting power of the eye when in a
state of complete repose, and when its maximum
amount of accommodation is in force, and may be ex-
pressed by the formula

a=7p—"r

A convex glass placed in front of the eye produces
the same effect as accommodation, 7. e. it increases ifs
refraction and adapts the eye for nearer objects. We
can easily understand that the lens which enables an
eye to see ab its near point withount its accommodation,
is a measure of the amplitude of accommodation,
giving to rays which come from the near point a
direction as if they came from the far point.

The amplitude of accommodation is much the same
in every kind of refraction. If we wish to measure
it in an emmetrope, we have merely to find the nearest
point at which the patient can read small print. A
lens whose focal distance corresponds to this 18 a
measure of the amplitude of accommodation. Thus,
supposing 20 cm. the nearest distance av which he
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18 able to read small print, we divide this into 100
cm. to find the focal distance of the lens (1,20 =
5 D.); and in this case a lens of 5 D, is the measure
we require.

Or we can measure it in an inverse manner by
looking at a distant object through a concave glass ;
the strongest with which we can see this distant object
distinetly is the amplitude of accommodation, the
concave glass giving to parallel rays coming from
the distant object such an amount of divergence as if
they came from a point situated at the principal focal
distance of this glass.

Therefore the amplitude of accommodation in
emmetropia is equal to the refraction when adapted
to ibs punctum proximum, and may be expressed by
the formula

a=p—o*
ora =p—2~0
ora = p

The Accommodation of Hypermetropes.—A hyper-
metrope requires some of his accommodation for
distant objeets; we must, therefore, in order to find
the amplitude of accommodation in his case, add on to
the lens whose focal length equals the distance of the
near poinf, that convex lens which enables him to see
distant objects without his accommodation, and we
express it by the formula

a=p -+ r

Thus, to take an example, we will assume the

patient’s near point to be 25 em. (1%° = 4 D.), and

* @ is the sign for expressing infinity.
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that he has to use 4 D. of accommodation for distant
objects; then the amplitude of his accommodation
would be 4 D. + 4 D. = 8D.

The Accommodation of Myopes.—In a myope we have
to subtract the glass which enables him to see clearly
distant objects, from that whose focal length equals the
distance of the near point. The formala will then be

G =

Thus, to find the amplitude of accommodation in a
myope of 2 D., the near point being at 10 cm., we sub-
tract from (120 = 10) 10 D. the amount of the myopia,
9 D., and the resulting 8 D. is therefore the amplitude
of accommodation. |

Hence it is obvious, that with the same amplitude
of accommmodation, the near point is further away
in hypermetropia than in emmetropia, and further in
emmetropia than in myopia. Thus an emmetrope,
with an amplitude of accommodation of 5 D., would
have his near point at (12° = 20) 20 cm. ; a hyperme-
trope of 2 D., whose amplitude equalled 5 D., would
require to use 2 D, of his accommodation for distance,
leaving him 3 D., which would bring his near point to
(100 = 33) 33 cm.; and amyope of 2 D., who would
require a concave glass of this strength to enable him
to see ab a distance, would have a near point of 14 cm.

190 — 14) with the same amplitude.

Accommodation is spoken of as absolute, binocular,
and relative.

Absolute is the amount of accommodation which

one eye can exert when the other is excluded from
vision.
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Binocular, that which the two eyes can exert to-
gether, being allowed at the same time to converge.

oS :

Relative, that which the two eyes can exert tocether
for any given convergence of the visual lines,

Fia. 31,

Dioptres.

Diagram showing by the number of squares through which
the thick lines pass, the amplitude of accommodation at
different ages in emmetropia. The fizures above represent
the amount of accommodation; those below, the near
point ; and those on the left, the age of the individual.

=

Fig. 31 diagrammatically represents the amplitude
of accommodation in emmetropia.

As age advances the elasticity of the lens
diminishes, the accommodation therefore becomes
less, and the near point gradually recedes. These
changes commence at a very early age, long before
the individual has come to maturity.

The following table gives the amplitude of ac-
commodation at different ages as shown in Fie. 84

o " | - - |
p. 183.
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Years. Amplitude of accommodation.
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Convergence.—This is the remaining element of
distinet binocular vision, and with it accommodation
is very intimately linked, so that usually for every
increase of the convergence a certain increase in the
accommodation takes place.

Convergence is the power of directing the visual
axes of the two eyes to a point nearer than infinity,
and is brought about by the action of the internal
recti muscles.

When the eyes are completely at rest, the optic axes
are either parallel, or more usually slightly divergent.
The angle thus formed between the visual and the
optic axis is called the angle a, and varies according
to the refraction of the eye. In emmetropiatheangle
is usually about 5°; in hypermetropia it 1s greater,
sometimes about 7° or 8° giving to the eyes an
appearance of divergence; in myopia the angle 1s
less, often about 2°, or the optic axis may even, in
extreme cases, fall on the inside of the visual axis,
when the angle a is spoken of as negative (p. 199);
so that in myopia there is frequently an appearance
of convergence, giving one the idea of a convergent
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squint ; hence the mere look of the patient’s eyes
with regard to their axes is not always quite reliable.

The object of convergence is the directing of the
yellow spot in each eye towards the same point, so as
to produce singleness of vision; diplopia, or double
vision, at once resulting when the image of an object
is formed on parts of the retina which do not exactly
correspond in the two eyes.

To test the power of convergence prisms are held
with their bases outwards. The strongest prism
which it is possible to overcome, that is, the prism
which does not produce diplopia on looking through
it at a distant object, is the measure of the conver-
gence, and varies in different persons, usually be-
tween prisms of 20° and 30°, divided between the two
eyes. This is the relative convergence for infinity.

In considering convergence, we have not only to
bear in mind the condition of the internal recti
muscles, but also the state of equilibrium produced
by them and the action of their antagonists—the
external recti.

The nearer the object looked at, the more we have
to converge, and the greater the amount of accommo-
dation brought into play. Hence, on converging to
any particular point, we usually also involuntarily
accommodate for that point, the internal recti and
ciliary musecles acting in unison.

Nagel has proposed a very simple and convenient
plan, by which we may express the convergence in
metres, calling the angle formed by the visnal and
median lines, as at »’, the metrical angle. In Fig. 82
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E B’ represent the centres of rotation for the two eyes ;
E 0 ¥ is the base line between the eyes. When the
eyes are fixed on some distant object, the convergence
being passive, the visnal lines are parallel or almost
S0, as E A, B A"; the angle of convergence is then at
its minimum, and it is said to be adapted to its
punctwm remotum ; this then, being at infinity, is
expressed, C* = oo,

If the eyes be directed to an object one metre away,
the metrical angle 8 M 1 equals one, i.e. C = 1, If
the object is 50 em. off, then C = 2 ; if 10 em., then
(4% = 10) C = 10. If the object had been beyond
1 metre (our unit), but not at infinity, say 4 metres,
then C = 1.

When the visual lines, instead of being parallel,
diverge, then the punctum remotum is found by con-
tinuing these lines backwards till they meet at c,
behind the eye; the convergence is then spoken of
as negative,

When the eyes are directed to the nearest point at
which they can see distinctly, say at M, the angle of
convergence 1s ab its maximum, and it is said to be
adapted to its punctum provimum.

The distance between the punctum proximum and
the punetum remotum is the range of convergence.

The amplitude of convergence is the whole conver-
gence that can be put in force, and we express it by
the formula

c=p—r.
The punctum remotum of convergence is seldom

* (C is the sign for convergence.
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cituated at a finite distance ; sometimes it 1s exactly
at infinity, but in the majority of cases 1t 1s situated
beyond infinity, . e. the visual lmes diverge slightly.
In order to measure this divergence, and so obtain
the punctum remotum of convergence, we place before
the eyes prisms with their bases inwards (abducting
prisms), and the strongest through which the person
is still able to see singly is the measure of the nega-
tive convergence.

Prisms are numbered in degrees according to the
angle of the prism. The deviation produced by a
prism is equal to half its angle; thus prism 8 will
produce a deviation of the eye of 4°, and prism 20 a
deviation of 10°

When a.prism is placed before one eye, its action
is equally divided between the two eyes.

To take an example: if an abducting prism of 8°
placed before one eye (or what is the same thing, 4°
before each eye) be found to be the strongest through
which a distant object can be seen singly, then each
eye in our example has made a movement of diver-
gence equal to 2° and the punctum remotum of con-
vergence in this case 1s therefore negative, and is ex-
pressed —2° By referring to the table on page 48,
it will be seen that when the centres of rotation of
the eyes are 6'4 em. apart, then the metre angle
equals 1° 50, so we reduce the 2° to metre angles,
thus—

2 120 T’ |
1°50° 110— 09 m a

or it 1s sufficient to remember to divide the prism
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placed before one eye by seven; thus in our example
we should divide prism 8° by seven, and this would
give us approximately the same result,

Another excellent plan for finding the punctum
remotum of convergence is by Maddox’s test, which
consists of a small glass rod placed behind a stenopaic
slit; when this is held horizontally before the right
eye and the flame of a candle viewed from a distance
of 6 metres with both eyes open, the left eye receives
the image of the flame, while the right receives the
image which is drawn out by the rod into a long
vertical strip of light; and since the image received
by the two eyes is very different there is no tendency
to fusion, and the eyes take up their position of rest.
A suitable scale placed behind the candle will give us
the amount of convergence or divergence in metre
angles, according to the position occupied by the
streak of light on the scale. Should the patient be a
myope or hypermetrope he should wear his correc-
tion when this test is applied.

To find the punctum proximum of convergence,
hold a prism, base outwards (adducting prism), before
one eye, and the strongest which can be so employed
without producing diplopia divided between the two
eyes, gives the punctum proximum of convergence in
degrees. But theaccommodation must be stimulated
at the same time by means of concave glass, other-
wise we only obtain the relative punctum proximum.
This can be reduced to metre angles as before.

Or a simpler plan is to measure it with Landolt’s
ophthalmo-dynamometer, which is a small instrument
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consisting of a black metallic cylinder, A, made so as
to fit upon a candle, B. The cylinder has a vertical
slit *3 mm. in breadth, covered by ground glass: the
candle being lighted, this slit forms a luminous line,

Fia. 33.
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and will serve as a fixation object. A tape measure
is conveniently attached, being graduated in centi-
metres on one side, and on the other in the cor-
responding numbers of metre angles.

To find the punctum proximum of convergence, the
measure is drawn out to about 70 em., its case being
held beside one of the eyes of the patient, while the
object of fixation is placed in the median line. If the
illuminated line is seen singly, by pressing the knob
of the case the spring rolls up the tape, and the fixa-
tion object is brought nearer the eye. So soon as the
patient commences to see double, the nearest point of
convergence is obtained, and the maximum of conver-
gence is read off the tape in metre angles. This ex-
periment should be repeated several times.
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In a normal case the minimum of convergence is
usually about —1 m a, the maximum 95 m a; so
that the amplitude of convergence equals 10-5 m a.

We know that the accommodation increases the
nearer the object approaches, hence we see that both
the convergence and accommodation inerease and de-
crease together; and in recording the convergence in
the manner proposed by Nagel, it will be seen that
in the emmetropic eye the number which expresses
the metrical angle of convergence expresses also the
state of refraction for the same point—this is a great
advantage. Thus, when looking at a distant object,
the angle of convergence is at infinity C = o ; and
the refraction is also at infinity, A = oo . When the
object is at 1 metre the angle of convergence = 1,
and the amount of accommodation put into play
= 1D. When the object isat 25 cm., then the angle
of convergence = 4, and the amount of accommoda-
tion =4 D.

The amplitude of convergence is somewhat greater
than the amplitude of accommodation, passing it both
at its punctum remotum and its punctum proximum.

The following table shows the angle of convergence
in degrees, for different distances of the object, when
the eyes are 6'4 cm. apart:

Distance of the object The metrical Value expressed
from the eyes. angle. in degrees.
1 metre 1 1° 50°
50 cm. 2 3° 407
33 , 3 5° 307
26 4 7° 20
20 o ¥ 10°

|
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Distance of the object The metrical Value expressed
from the eyes. angle. in degrees.
16 cm. 6 111
T4 7 12° 50/
L 5 147 40°
11 9 16~ 307
10 ,, 10 18° 20/
g 11 20° 10
8 5 12 22°
795, 13 23° 50/
i 14 25° 407
65 ,, 15 27° 30/
6 16 29° 20"
5D, 18 33°
R 20 36° 40°

Although accommodation and convergence are
thus intimately linked tegether, it can very easily be
proved that they may have a separate and independent
action. If we suspend the accommodation with
atropine, the convergence is not interfered with; or
an object at a certain distant being seen clearly with-
outb a glass, can still be seen distinctly with weak con-
cave and convex glasses.

It may, therefore, be stated that although the
accommodation and convergence are intimately asso-
ciated, they may be independent of each other to a
certain degree, so as to meet ordinary requirements ;
thus the changes which take place during advancing
life, when, for the same amount of convergence, a
greater contraction of the ciliary muscle is necessary
to produce the requisite change in the accommoda-
tion, owing to diminishing elasticity of the lens.

It is obvious also that the relations between accom-
modation and convergence must necessarily be very

4
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different in ametropia, and this relation will be again
referred to when treating the varieties of ametropia in
detail,
r1 l rl o ‘I ) 11‘ £ | "
I'he following diagram (Fig. 34) shows the relative
amount of accommodation for different points of con-

Fia. 34.
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vergence in an emmeftrope aged fifteen. The amount
of accommodation in excess of the metrical angle of
convergence is called positive, and the amount below
negative.

The diagonal » » represents the convergence from
infinity to 5 em. ; it 1s also a record of the accommo-
dation. The line p " »” indicates the maximum ac-
commodation for each point of convergence, and the
line r + the minimum. The numbers on the left
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and below the diagram are dioptres and metrical
angles of convergence; thus, when the visnal lines
arve parallel, it will be seen that 3'5 D. of positive
accommodation can be put into play, 4. e. the object
can still be seen distinctly with a concave glass of that
strength ; 85 D. is therefore the relative amplitude of
accommodation for convergence adapted to infinity; or
the metrical angle of C being 5, which is a distance
of 20 cm. away, the accommodation for that point
would equal 5 D. ; the positive amount, that can be put
in force while the angle of C remains the same would
be 3 D., and the negative also 3 D., the object being
seen clearly with a concave or convex elass of 3 D,
therefore the relative amplitude of accommodation for
C5is 6 D. When the angle C = 10 or any larger
angle, the accommodation that can be put in force
will be seen to be entirely on the negative side.

Thus, the convergence being fixed, the amount of
accommodation which can be brought into play for
that particular point is the sum of the difference
between the strongest concave and convex glass
employed.

The eye being accommodated for an object at a
certain distance, the amount of convergence for that
particular point may be measured by placing in front
of the eyes prisms bases outwards ; the strongest with
which the object is still seen singly is the measure of
the positive part of the amplitude of convergence.
Prisms, bases inwards, give us the negative part—the
sum of these is the amplitude of relative convergence,
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CHAPTER III
METHODS OF DETERMINING THE REFRACTION

I xow propose to enter into the practical part of
the subject by considering the following subjective
and objective methods by which the condition of the
refraction may be determined.

1. The acuteness of vision.

2. Scheiner’s method.

3. The ophthalmoscope.

(@) The indirect method.
(b) The direct method.
(¢) Retinoscopy. -

In every case that presents itself we must proceed
in a systematic manner, and before commencing to
take the patient’s visnal acuteness, something may be
gained by noticing the general appearance of the
patient, the form of the face, head, &e.; thus a flat-
looking face i1s sometimes an indication of hyperme-
tropia; a head elongated in its antero-posterior
diameter, with a long face and prominent nose, may
indicate myopia. If the two sides of the face are not
symmetrical, or if there be some lateral displacement
of the nose from the median line, astigmatism may be
suspected. We should also notice the shape of the
eyes themselves, if large and prominent, or small; 1
the former case we may suspect myopia, in the latter
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hypermetropia. In high degrees of astigmatism it
can sometimes be seen that the curvature of one
mervidian exceeds that of the other. The distance
between the eyes should also be noted, as well as the
direction of their axes.

We next listen to the patient’s own statement of the
troubles from which he suffers; he may say that he
sees distant objects well but has difficulty in reading,
especially in the evenings, or that after reading for
some time the type becomes indistinet, so that he must
rest awhile,—here we suspect hypermetropia; or he
may be able to read and do near work, but sees badly
at a distance,—then we suspect myopia ; or both near
and distant vision may be defective,—in this case our
first object must be to decide whether the imperfect
vision is due to some error of refraction or to some
structural change in the eyes themselves; and we
possess an exceedingly simple method by which to
differentiate between them, and this method is called
the Pin-hole test.

Piv-nore Tesr.—A black diaphragm having a small
perforation in its centre (the box of trial glasses -
usnally contains such a diaphragm) is placed quite
close to the eye under examination. This perforation
gives passage to a small penecil of rays which passes
through the axis of the refracting system of the eye,
so that the image formed is clearly defined for all
distances : if then the pin-hole improve vision, the
refractive system is at fault; but if, on the contrary,
vision is not improved, then we suspect that the
transparency of the media or that the retinal sensi-
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bility is defective ; thus we possess a very simple and
reliable plan, which if used systematically, may save
much loss of time. The points to notice when apply-
ing this test are, that the illumination is good, and
that the pin-hole is immediately in front of the centre
of the pupil.

Having then found out that our patient’s refrac-
tion is defective, we proceed to the first method, the
acuteness of vision,

The Acuteness of Vision.—This must not be confused
with the refraction, and it is necessary clearly to
understand the difference between them. The acute-
ness of vision is the function of the nervous appa-
ratus of the eye, while the refraction is the function
of the dioptric system; so that the acuteness of
vision may be normal, even if the refraction be very
defective, provided it has been corrected by glasses.
The refraction, on the other hand, may be normal,
even though the eye is unable to see, as in cases of
optic atrophy, &e.

We may define the acuteness of vision as that degree
of sight which an eye possesses after any error of its
refraction has been corrected, and the glasses neces-
sary for this correction are therefore a measure of
the error of refraction.

In order to find out the acuteness of vision, we have
to determine the smallest retinal image, the form of
which can be distinguished ; it has been discovered by
experiments that the smallest distance between two
points on the retina which ean be separately perceived
is 0000436 mm., about twice the diameter of a single

S |

:
!




ACUTENESS OF VISION Do

cone ; but it is only at the macula and the part imme-
diately around 1t, which is the most sensitive part of
the retina, that the cones are so close together as 002
mm.; in the periphery of the field of vision the two
points must be further apart to appear distinet.

It is probable that rays from two points must fall
upon two different cones in order to be visible as two
distinet points.

The smallest retinal image which can be perceived
at the macula corresponds to a visual angle of 1%, so
that two stars separated by anangular interval of less
than 1’ would produce upon the eye the effect of one
star only.

The visnal angle has been shown to be an angle
included between two lines drawn from the two
opposite edges of the object through the nodal point
(Figs. 28 and 39).

Fia, 35.

Test-types have been constructed upon these prin-
ciples for determining the acuteness of vision, Snel-
len’s being those ordinarily used. Every letter 1s so
made that when at its proper distance, each part of it

is separated from the other parts by an interval equal
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to not less than the arc subtending an angle of 1 at
the nodal point, while the whole letter subtends an
angle of .

In order to estimate the refraction by the acuteness
of vision, the test object must be placed in a good
light, and so far away as to exclude as much as pos-
sible the accommodation, 6 metres has been found to
be a sufficient distance; rays coming from an object
so far off may be assumed to be parallel, and falling
on an emmetropic eye at rest, would come to a foecus
on the retina. The smallest letter which can be seen
distinetly at this distance will represent the patient’s
vision.

Snellen’s type consists of rows of letters, each being
marked above with the distance in metres at which it
should be read. The top letter should be distinet at
60 metres, the next at 36, and each succeeding row at
24, 18, 12, 9, and 6 metres respectively.* The patient
placed at 6 metres should, without any accommoda-
tion, be able to read the bottom line with either eye.
This 1s expressed in the form of a fraction, in which
the numerator 1s the distance at which it is read, and
the denominator the number of the line. We note
down the result found for each eye separately : if the
bottom line 1s read, § expresses it ; if the next, §; the
top, 4%, &c.

If our patient, however, be not able even to see

* The set of test-type at the end of the book has an additional line
to those generally used, and is marked 5, so that a greater amount of
visual acuteness than £ can be estimated, and is, of course, recorded £.
Sets of type are now made which go down to £.
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the large letter at the top, we allow him to approach
the board, telling him to stop as soon as the letter
becomes visible. Supposing hestop at 2 metres from
the board, we express that as &;; if he is not able to
read it at all, we see how far off he can count fingers.
If unable to do this, a lower degree of visual acuteness
is found out by determining the ability to distinguish
different sorts of light, as to colour, &e. Thisis called
«“ qualitative perception of light,” whereas a still lower
degree is to distinguish the difference between light
and darkness; this is ‘ quantitative perception of
light.”

Although the capability of reading the bottom line
at 6 metres is the average of acufeness at different
times, yet it is not the maximum, since many young
people will be found who are able to read line six at
7 metres, or even further, in which case their acute-
ness 1s .

Savages often have an acuteness of vision much in
excess of the normal.

Thus we have a standard of normal vision, and a
convenient method of expressing it in a numerical
manner.

We put our patient then, with his back to the light,
in front of the test-types, which must hang well illu-
minated at 6 metres distance, and having armed him
with a pair of trial frames, we exclude the left eye
from vision by placing in front of it a ground glass
dise, and proceed to test the right eye by asking him
how much of the type he is able to read; if he read
the line marked 6, then his vision is § or 1, that is to
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say, his distant vision is normal ; we may, therefore,
assume the absence of myopia or astigmatism ; but
he may have hypermetropia, and only be able to read &
by using his accommodation; this we decide by
holding a weak convex glass (+ ‘5 D.) in front of
the eye, when, if he still be able to read the same line
6 he has hypermetropia, and the strongest convex
glass with which ¢ can be read is the measure of the
manifest hypermetropia; supposing + 1 D. the strong-
est glass with which { can be read, then we record it
thus: R. V. £ Hm. 1 D, = &,

I say manifest hypermetropia, because in all cases
occurring in young people this is not the total hyper-
metropia; for in these a great part is latent, which
can only be discovered by using atropine, or by esti-
mating the refraction by the direct ophthalmoscopic
method. Many cases will come before us having
two or three dioptres of hypermetropia, who com-
plain that the weakest convex glass impairs distant
vision ; in these cases the hypermetropia is wholly
latent.

We may say, therefore, that a patient who is able
to read ¢ with one eye, must be—

Emmetropic
or
Hypermetropie, in that eye.

If hypermetropic, a part of it is usunally manifest,
as found out by the strongest convex glass which does
not impair distant vision ; or it may be wholly latent,
when it is necessary to atropise the patient before we
can demonstrate it.
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Supposing, however, our patient’s vision is below
the normal, and, instead of reading {§, he is only able
to read, say the third line (5%), and that thisis blurred
with a weak convex glass, he may have—

Myopia,

Astigmatism,

or

Spasm of accommodation (see Chapter TR
We try if a weak concave glass helps him; if it does
so, the case is one of myopia ; and we find the weakest
concave glass with which he sees best ; thus we take
an example in which the patient is a myope and sees
only &, but with —2 D. & ; we repeat the examination
with the second eye, and record it accordingly.

R.V.5—=2D. = §

il
L
(

L.V.5-2D. = &.

If our patient is not improved with concave glasses,
then we assume that some astigmatism is present,
presupposing of course that there is no other cause
for bad vision.

To estimate this astigmatism we must call to our
aid some of the methods described in the chapter on
astigmatism, p. 153, or we may find out the spherical
olass with which he is able to see best, then rotate in
front of it a weak convex cylindrical glass; no 1m-
provement occurring we do the same with a weak
concave cylinder, finding thereby the glass and 1its
particular axis, which gives the best result. It 1s
necessary that the eye be thoroughly under the mfiu-
ence of atropine, in order to enable us to arrive at
definite and reliable results by this method. With
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practice, one is able in this way to work out simple
cases of astigmatism accurately and quickly.

The object in view is always to bring up the vision
of each eye as nearly to the normal standard of £ as
possible. Frequently, however, we have to be satis-
fied with £ or -&;.

But should the case appear to be a difficult one, it
is better perhaps for the student not to waste time,
but proceed at once to retinoscopy.

When trying the patient at the distant type it is
often convenient to have two sets of letters on the
opposite sides of the same board, so that it may be
reversed when the patient gets too much accustomed
to the letters on one side.

The near type is chiefly used to estimate the ac-
commodation, by finding out the far and near point
at which any particular line is read. Snellen’s and
Jaeger’s are the types most commonly in use, many
preferring Jaeger’s, owing to the lefters being of the
ordinary shapes, but they have the disadvantage that
they are not arranged on any scientific plan, but are
simply printer’s types of various sizes: the set of
reading type at the end of the book is so arranged
that when held at the distance for which it is marked,
each letter subtends an angle of 5" at the nodal point.
It must, however, be remembered that sentences are
an inferior test to letters, many people recognising
the words by their general appearance, whereas they
would be unable to see distinetly each letter of which

the sentence was composed.
Having tested our patient’s vision at the distant
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type and recorded the result, we place in his hand the
reading type, and note the smallest type he is able to
read and the distance at which he reads it ; first with
each eye separately, then with the two together.

In cases of myopia we may thus get a valuable
hint as to the amount of the defect; we will take for
an example a case in which the patient can read
with the right eye; we give him the near type, and if
he can read the smallest, only by holding it at a
nearer point than the distance for which it is marked,
we note the greafest distance at which he is able to
read it ; if the type marked for 1 metre cannot be read
further off than 25 c¢m., our patient has then most
likely myopia of 4 D., because 25 cm. is probably his
far point. In this case a glass —4 D. would give to
rays coming from a distant point the same amount of
divergence as if they came from 25 em. (%%’ =4).

We try the patient at the distant type with —4
D.; if he now read § the myopiais confirmed, and the
weakest glass with which he reads it is the measure
of his myopia.

If the patient read §, but be unable to read the near
type, except it be held at a further distance than that
for which it is marked, the case is one of paralysis of
the accommodation, or presbyopia; and as the latter
only commences in emmetropia about the age of forty-
five, it will be clear according to the age of the patient
to which division the case belongs.

As objects seen through convex glasses appear en-
larged, and through concave glasses diminished, 1t
follows that these, when placed before the eye, will
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exercise the same influence on the size of the retinal
image. Now the hypermetropic eye sees objects
smaller, and the myopic eye larger than the emme-
trope, and if glasses which are to correct the ame-
tropia be placed at the anterior focal point, 1. e. about
13 mm. in front of the cornea, the retinal image of
the ametrope should be of the same size as that of
the emmetrope.

Before leaving this subject of the acuteness of
vision the following directions may be given :

1st. The test-type must be in a good light; the
advantage of artificial illumination is that it is uni-
form.

9nd. Commence with the right eye, or that which
has the best vision, covering up the other with an
opaque disc placed in a spectacle frame; do not be
contented to allow the patient to close one eye, as he
may not do so completely, or he will probably uncon-
sciously slightly diminish the palpebral aperture of
the eye under examination, whereby the circles of
diffusion may be somewhat diminished and so give
misleading results. Neither should he close the eye
with his hand, he may look between the fingers, or
exercise some pressure, however slight, on the eye-
ball, which may interfere temporarily with the func-
tion of the retina and so cause delay.

3rd. Having noticed what each eye sees without
glasses, always begin the examination with convex ones,
5o as to avoid calling the accommodation into action.

4th. Having noted the result found for each eye
separately, we try the two together, the binocular
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visual acuteness being usually slightly greater than
that for one eye.

5th. Test the patient with the reading type, noting
the farthest point at which the smallest type can be
read.

Scheiner's Method.— A lthough this plan for detecting
ametropia is now but little used, it is necessary the
student should understand the principles upon which
it 1s based. A diaphragm having two small perfora-
tions is placed in front of the eye we wish to examine ;
the perforations must be so near together that rays
passing through them will enter the pupil (Fig. 36).
The patient is directed to look at a small flame 6
metres off ; rays emanate from this flame in all direc-
tions, some fall on the diaphragm, the greater number
are thus cut off, but a few rays pass throngh the two
openings, and if the eye be adapted for the flame,
t.e. 11 16 18 emmetropic, these two sets of rays will

meet exactly on the retina, forming there one image

L

Fiag., 36.%

of the flame (B, Fig. 36); if, however, the eye be
hypermetropic (with suspended accommodation), then

* In the above diagram, P is represented s a near object with rays
diverging from it ; it should be a distant object with parallel rays.



64 THE REFRACTION OF THE EYE

the two sets of rays will reach the retina before
meeting, each set forming an image of the flame (a,
Fig. 36). 'The greater the hypermetropia the further
apart will the images be formed ; these are projected
outwards as crossed images, and the patient sees two
images of the flame. That convex glass (from our
trial box) which, held behind the diaphragm, causes
the flame to be seen singly, is a measure of the hyper-
metropia. If the eye be myopic, then the two sets of
rays will have crossed and are diverging when they
reach the retina, where two images of the flame are
therefore formed (c, Fig. 36). These images are
crossed again as they are projected outwards, and
having twice crossed, homonymous images are the
result. To find the amount of myopia we have only
to find the concave glass which, behind the diaphragm,
brings the two images into one. To enable us to tell
if the images are crossed or homonymous, it is usual
to have in front of one of the perforations a piece of
coloured glass. We will suppose the diaphragm held
so that the two openings are horizontal, that to the
patient’s right having in front of 1t a piece of red glass :
if only one flame is seen the case is one of emmetropia ;
if two images of it appear, one white, the other red,
with the red to the left of the other, the images are
crossed, and the case is one of hypermetropia. If the
red appear on the right, then the case is one of
myopia. The further apart the images are, the
greater is the ametropia.
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CHAPTER IV
THE OPHTHALMOSCOPE

The Ophthalmoscope furnishes us with several
methods for determining the refraction of the eyes.

a. The indirect method.

b. The direct method.

¢. Retinoscopy.

The Indirect Method.—By the indirect method we
obtain an inverted image of the disc by means of a bi-
convex lens placed in front of the eye, In emmetropia
(Fig. 37) rays coming from a emerge from the eye

Fra. 37.

parallel, and are focussed by the convex lens at a,
and rays coming from B are focussed at b, so also with
ays coming from every part of A forming an

5]
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inverted image of A B af b a, situnated in the air at the

Iu*inripul focus of the biconvex lens.

Fig. 38.

In hypermetropia (Fig. 38) the rays from A emerge

divergent, so also of course those from B; if these
are continued backwards, they will meet behind the
eye (at the punctum remotum), and there form an
enlarged upright image (a 3) of A B; it is of this
imaginary projected image that we obtain by the help
of the biconvex lens a final inverted image (b a),
‘tuated in front of the lens beyond its principal focus.

=1
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Fia. 39.

39) the rays from A and B emerge
t, forming an inverted aérial
motum.

. I‘I. .

In myopia (I1g.
from the eye convergen
imagein front of the eye at B3 a, its punctum re
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It is of this 1mage we obtain with a biconvex lens
placed between 1t and the eye, a final image (b a),
situated within the focus of the biconvex lens.

With this method we are able to detect the form of
ametropia by the changes which take place in the size
and shape of the optic disc, always remembering that
the inverted image of the disc, produced by a convex
lens at a certain fixed distance from the cornea, is
larger in hypermetropia, and smaller in myopia, than
in emmetropia. 'The lens should be held close to the
patient’s eye, and then gradually withdrawn, while the
aérial image of the dise is steadily kept in view ; the
rapidity with which any increase or decrease takes
place in the size of this image gives us an indication
of the amount of the refractive error,

If no change take place in the size of the image on
thus withdrawing the objective the case is one of
emmetropia, because the rays issue from such an eye

Fra. 40.

E. Emmetropic eye. Rays issning parallel, image formed at

the principal focus of lens, no matter at what distance the
lens is from the eye.

parallel

1, and the image formed by the object-glass will

always be situated at its principal focus, no matter at
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what distance the glass is from the observed eye (I¥ig.
40). As the distance of the image from the object-
lens is always the same, the size of the image will
also be the same.

If diminution take place in the size of the image,
the case is one of hypermetropia, and the greater the

diminution the hicher is the hypermetropia.

i, 41.

Lens at 4 em. from the cornea.

Fiag. 42.

Lens at 12 em, from the cornea.
i, Hypermetropic eye. C. The centre of the lens. A. B.
Image on the retina. a b, Projected image. B a, The
final image formed by the objective.

This change in size may be explained by remem-

bering that 1in hypermetropia the image of the disec
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formed by the object-glass is situated beyond 1bs
principal focus, owing to the rays issuing from the
eye being divergent ; the relative size of the final
image 3 @ to the object @ b will therefore vary
directly as the length ¢ a, and inversely as the length
¢ a; so that on withdrawing the lens ¢ from the ob-
served eye, ¢ a diminishes and ¢ @ increases; there-
fore the ratio of a 3 to a b diminishes, 7. ¢. the size
of the image diminishes. The two diagrams (Figs. 41
and 42) show images formed by the object-glass
when held at 4 cm. and at 12 em. from the cornea, the
latter image being the smaller.

If the image become larger on withdrawing the
object-glass, the case is one of myopia; the greater
the increase of the image, the higher the myopia.

This increase in the size of the image can also be
explained with the help of mathematics, remembering
that in myopia an inverted image is formed in front
of the eye (Fig. 45), and it is of this we obtain an
image with a convex glass placed between the eye
and the inverted image, which we must regard as the
object ; the object and its 1mage being both on the
same side of the lens.

In astigmatism, the dise, instead of appearing round,
is frequently oval. If one meridian decrease, while
the other remain stationary as the objective is with-
drawn, 1t 1s a case of simple hypermetropic astigma-
tism., If the whole disc decrease in size, one meridian
diminishing more than the other, it is compound
hypermetropic astigmatism, the meridian being most
hypermetropic which diminishes most.
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[ncrease in one meridian, the other remaining
stationary, indicates simple myopic astigmatism.

Increase in the size of the dise, but one meridian
increasing more than the other, indicates compound
myopic astigmatism, that meridian being most myopic
which 1ncreases most.

If one meridian increase while the other decrease,
mixed astigmatism is our diagnosis.

The Large Concave Mirror at a Distance.—If the
observer be able to see the disc or some of the vessels
with the mirror alone at a distance from the patient,
the case is one of hypermetropia or myopia. The
explanation of this is, than in emmetropia (Fig. 43)
the rays which come from the two extremities of the
disc (A B) emerge as two sets of parallel rays in the

Fig. 43.

same direction as the rays A ¢, B D, which, having
passed through the nodal point, undergo no refraction.
These two sets of rays soon diverge, leaving a space
between them, so that an observer, unless he be quite
close to the observed eye, is unable to bring these
ays to a focus on his retina; and, therefore, at a
distance from the eye, the observer sees only a diffused
and blurred 1mage.
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In hypermetropia (Iig. 44) the rays from the two
points A B emerge from the eye in two sets of diverg-
ing rays, in the same direction as the rays A C, B D,
which undergo no refraction. These diverging rays
have the appearance of coming from two points (a b)
behind the eye, where an erect imaginary image 18
formed (a b).

Fig. 44.

The more the rays diverge on exit, the sooner they
will meet when prolonged backwards ; and hence the
greater the hypermetropia, the nearer will the image
be to the nodal point.

Fia. 45.

The observer at a distance sees a clear, erect 1mage
which is formed behind the eye.
In myopia (Fig. 45) the rays from the two points
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(A B) emerge as two converging sets of rays, which
meet at @ b on their secondary axes, thus forming an
inverted image in front of the eye. This image can
be distinctly seen by the observer if he be at a suffi-
cient distance from the point, and accommodating for
the particular spot at which the aérial image is formed.
The higher the myopia, the nearer to the eye will this
image be formed.

From the above observations it will be understood,
that if the observer now move his head from side to
side, and the vessels of the disc are seen to move in
the same direction, the case will be one of hyperme-
tropia, the image formed being an erect one.

Should the vessels move in the opposite direction
to the observer’s head the case will be one of myopia,
the image being an inverted one formed in the air in
front of the eye.

If the vessels of one meridian only are visible, then
we have a case of astigmatism, hypermetropic if
moving in the same, and myopic if moving in the
opposite direction to the observer’s head, that meri-
dian being ametropic which is at right angles to the
vessels seen.

In mixed astigmatism the vessels of one meridian
move against the observer’s movements, and those of
the other meridian with them ; this is difficult to see.

Thus we have obtained anindication of the form of
ametropia. We may, however, estimate the amount
of error by means of a refracting ophthalmoscope, of
which there are many.

The Direct Method—By the direct examination we

iy
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obtain much more important information, not only of
a qualitative, but also of a quantitative character.

In endeavouring thus to estimate the refraction, 1t
is essential that the accommodation of both the patient
and observer be suspended. The observer first cor-
rects any ametropia that he may have, either by
having the proper correction in asuitable clip behind
the sight hole of his ophthalmoscope, or he may deduct
his own ametropia from the glass which corrects the
refraction of the patient and himself in the manner to
be presently described. He then sits or stands as he
may prefer on the same side as the eye he is about to
examine, so as to use his right eye for the patient’s
right, and his left for the patient’s left.

The light is placed on the side to be examined, a
little behind, and on a level with the patient’s ear;
then with the mirror held close to the eye to be exa-
mined, so that the ophthalmoscope may occupy as
nearly as possible the position of the spectacle glass,
the observer looks for the dise. We really wish to
estimate the refraction at the macula, but to this there
are several obstacles: the light falling on this, the
most sensitive part of the retina, has a very dazzling
unpleasant effect for the patient, and causes the pupil
to contract vigorously, the reflex from the cornea and
the lens is exactly in the line of vision, and further
there are no convenient vessels in this part which we
may fix as test objects ; whereas the disc 1s but little
sensible to light, and the vessels of this part, as well
as the margins of the disc itself, are very convenient
for our purpose, and although occasionally the refrac-
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tion of the macula and disec are not exactly the same,
still practically it is sufficiently accurate to take that
of the latter. Having relaxed the patient’s accommo-
dation by making the examination in a dark room,
and directing him to look with the eye not under
examination into space, or, what is better, having
paralysed it by atropine, then, if the observer’s own
accommodation be suspended, and the image of the
dise appear quite clear and distinet, the case 1s one of
emmetropia. This we know, because rays coming
from an emmetropic eye (Fig. 46, £) in a state of repose

Fiag. 46.

will issue parallel, and the observing eye, receiving
these rays will, if emmetropic with its accommoda-
tion suspended (which often requires great practice),
be adapted for parallel rays, so that a clear image of a
in the observed eye will be formed at b on the retina
of the observing eye.

Supposing the image does not appear clear and dis-
tinct without an effort of accommodation, then we turn
the wheel of the ophthalmoscope so as to bring for-
ward convex glasses in front of the observing eye.
The strongest positive glass with which we are able to
oet a perfectly clear image is a measure of the hyper-

"

——
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metropia, because rays coming from a (Fig. 47) 1n the
hypermetropic eye (1) issue in a divergent direction as
thongh coming from g, the punctum remotum behind
the eye. The convex lens (1) renders them parallel,
and they then focus at b, on the retina of the observing
emmetropic eye (E).

Fiag. 47.

In practice many observers find 1t difficult or im-
possible to tell if their own accommodation be com-
pletely relaxed, so that if they see clearly the disc of
the patient under examination, they do not at once
assume that he is emmetropic, but only do so on find-
ing that the weakest convex glass behind the ophthal-
moscope impairs the clearness of the image.

[f, however, the image of the disc appear indistinct,
and the convex glass, instead of rendering the image
clearer, have the opposite offect, we must turn the
wheel of the ophthalmoscope in the other direction,
and so bring forward the concave glasses. The wealest
with which we can see the details of the fundus clearly
is a measure of the myopia, because any stronger glass
merely brings into play the accommodation of the
observer. Rays from a (Fig. 48) leave the myopic
eye (M) so convergent, that they would meet at (r) the
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punctum remotum. The concave lens (1) renders
them parallel before falling on the relaxed eye () of
the observer.

Fia. 48.

[f the ophthalmoscope is not held very close to
the eye, we must deduct from the focal distance of
the lens the distance between the cornea and the in-
strument in hypermetropia, adding them together in
myopia (p. 115).

If astigmatism exist, the plan 1s to find the glass
which enables the vertical vessels and lateral sides of
the dise to be seen distinctly, and then the glass with
which the vessels at right angles are best seen.

Suppose the vertical vessels and lateral sides of the
disc appear distinct without any glass, then the hori-

" |

zontal meridian, 7, e. the meridian at right angles to
the vessels clearly seen, is emmetropic; and suppose,
also, that the horizontal vessels with the upper and
lower borders of the disc reguire a convex or con-
cave glass to render them clear and distinct, then the
vertical meridian is hypermetropic or myopic, and
the case is one of simple hypermetropic or myopic
astigmatism.

It both the vertical and horizontal vessels can be
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seen with convex glasses, but with a stronger one for
the horizontal than for the vertical, then the case 1s
one of compound hypermetropic astigmatism, the
vertical meridian being the more hypermetropic.

If both meridians had required concave glasses,
but of different strengths, then the case would be one
of compound myopic astigmatism.

If the vertical vessels and the lateral sides of the
dise can be seen distinetly throngh a convex glass,
while the horizontal vessels require a concave glass,
the case is one of mixed astigmatism, the horizontal
meridian being hypermetropic, the vertical meridian
myopic.

The essential point to remember is, that the glass
with which the vessels in one direction are seen 1s a
measure of the refraction of the meridian at right
angles to them.

The estimation of the refraction by the direct oph-
thalmoscopic method is exceedingly valuable, but
requires great practice; some observers find con-
giderable difficulty in relaxing their accommodation
completely, even after long practice.

The stundent should take every opportunity to
become thoroughly proficient in estimating the re-
fraction by this method ; in fact, every case that is
not of an inflammatory character should be examined
with the ophthalmoscope, and the refraction as esti-
mated by the direct method recorded as a matter of
routine; the ophthalmoscopic examination may con-

veniently follow the testing of the patient’s visnal
acuity.
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In cases of hypermetropia and myopia one is able
to estimate the amount of error accurately, and in
cases of astigmatism where the chief meridians are
horizontal and vertical one can come very near the
exact correction, and without necessarily subjecting
the patient to the inconvenience of a mydriatic :
when the meridians are oblique the estimation is more
difficult, because we may find no vessels whose course
exactly corresponds with the chief meridians; still
the more this method is practised the more accurate
will be the results obtained. The correciion must
always be confirmed by trying the patient at the test
types, making any slight alteration that may be
necessary.

It is also an additional advantage that one can
estimate the refraction at the same time that one
makes an examination of the fundus.

The comparison of the direct and indirect methods
of examination is also very useful in astigmatism. If,
for instance, the disc is elongated horizontally in the
erect, and oval vertically in the inverted image, we
know that the curvature of the cornea is greater in
the horizontal than in the vertical meridian (see
Figs. 81 and 82).

The ametropic observer must always remember,
when using the direct method for the estimation of
errors of refraction, that he must correct his own
defect either by wearing spectacles or by having a
suitable glass in a clip behind his ophthalmoscope ;
he is then in the position of an emmetrope ; but, if
he prefer it, he may subtract the amount of his own

e —
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]I;,'pm'n'mt.-ml‘riﬂu or myopia from the glass with which
he sees clearly the patient’s dises. Thus, if the ob-
server have 2 D. of hypermetropia and require + 3 D.
to see the fundus clearly (+3D.) — (+ 2D.) =+1D,,
the patient would have 1 D. of hypermetropia; had he
required — 2 D., then the observed would have 4 D,
of myopia, because (— 2 D.) — (4 2 D)= — 4 D.
The same with the myopic observer : 1if his myopia
amount to 3 D., then he will require — 3 D. to see
clearly the emmetropic fundus; if he see the disc well
without a glass, then the eye under examination has
3 D. of hypermetropia ; if he require a + 2 D., then
the hypermetropia will be 5 D., and so on.
Ametropia may also be easily recognised in the
following manner :—The fundus being illnminated by
a mirror about one metre from the patient, if the eye be
emmetropic the rays of light will return parallel to one
another, and a red reflex can only be obtained when
the observing eye is in the path of these rays, that is,
behind the perforation of the mirror. If hyperme-
tropic the returning rays will diverge (Fig. 49), and

Fia. 49,

the observer will notice, as he moves his eye (B) from
behind the mirror at . (and at right angles to the
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visnal axis of the patient, who should fix on the centre
of this mirror), that the last ray of light (a’ ') 1s seen,
or, in other words, the red reflex disappears, on the
same side of the pupil as that to which the observer
moves his head. If myopic the rays will converge,

cross, and diverge (Fig. 50) ; when the error 18 1 D.

Fia. 50.

or more the last ray of light 1s seen, or the red reflex
disappears, on the opposite side of the pupil. A single
trial of this will prove its correctness.

The endeavour to estimate the amount of myopia
or hypermetropia by measuring the distance between
the perforation of the mirror, and the point at which
the last ray was seen, has been unsuccessful, owing to
the varying size of the pupil.

The ophthalmometer of Javal and Seibtz, and
Tweedy’s optometer can, I think, be more conveniently

considered when treating of astigmatism.
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CHAPTER V
RETINOSCOPY

ReriNoscory, or the shadow test, is deservedly one
of the most popular methods of estimating refraction
here, though in some countries it is less used than
other methods.

The chief advantage is that it 1s entirely objective,
and is therefore very useful in the cases of young
children, in those that are amblyopie, and in malin-
gerers ; besides, the method is very easily learnt and
quickly carried ount, saving much time in difficult cases
of astigmatism,

Retinoscopy also enables us easily to detect small
degrees of astigmatism which frequently exist, and,
but for this method, would probably escape notice.

It light be reflected into the eye by means of a con-
cave mirror, at a distance of a metre or so, an observer
looking through the sight hole of the mirror will notice
the ordinary red fundus reflex; on slightly rotating
the mirror the illuminated area of the pupil may dis-
appear (or, what may be more easily seen, the edge
of the shadow bounding this illuminated area may
appear), on the same side as the rotation or in the
opposite direction, according to the refraction of the
eye under observation ; thus if the mirror be rotated

6
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to the right, and the edge of the shadow move across
the pupil also to the right, . e, in the same direction as
the rotation of the mirror, the case is one of myopia,
whereas if the shadow had moved in the opposite
direction to the mirror, the case would be one of
hypermetropia.

This method of employing retinoscopy is so simple
that a few practical trials will suffice to make it
understood, although, of course, as in all other mani-
pulations, some little practice is required in giving to
the mirror the necessary movements, and enabling
one to appreciate what 1s seen.

Atropine is not absolutely essential ; still, when we
have to examine young people and children, 1ts use 1s
most certainly advisable. In the first place, the con-
sequent dilatation of the pupil renders our examination
so much easier; and secondly, atropine helps us to a
more definite conclusion by thoroughly paralysing the
accommodation: for although the examination takes
place in a dark room, and with the patient looking
into distance, it must be remembered that there 1s
often (especially in the case of children) some accom-
modation, due to the normal tone of the ciliary muscle,
or to a condition of spasm common in hypermetropia
and myopia.

Another great advantage of atropine is, that it
allows the refraction at the macula to be measured,
whereas when the pupil is not dilated we have to be

satisfied with the refraction at the optic discs, which
may occasionally vary considerably from that found at

the macula; and the estimation of the refraction at

= SRR e S —
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the macula constitutes one of the chief advantages
that retinoscopy possesses over the measurement ob-
tained by the direct method.

To examine the patient, then, we dilate his pupils,
and seat him in a dark room, with a lamp placed over
his head, so far back that it throws no direct rays
upon his face, and consequently requires no moving
during the examination of either eye. Then the ob-
server takes up a position about 120 em. in front of
the patient, and directing him to look at the per-
foration in the mirror, which should be a conecave one
and of 25 em. focus, he will be enabled to reflect the
light along the visunal axis, and thus obfain the
ordinary red fundus reflex.

If atropine has not been used, this procedure will
cause the pupil so to contract, that 1t will be difficult
to see the shadows; and in that case the observer
must make the patient look a little inwards, so that
the light may be reflected along the optic axis. If we
now rotate the mirror slightly from side to side on its
vertical axis, we see a shadow come out from behind
the pupil, moving horizontally across the illuminated
part. The edge of this shadow may be linear or
somewhat crescentic; its direction may vary, being
either vertical, or oblique if astigmatism exist. The
shadow moves either in the same or the opposite
direction to the mirror, so that when the latter is tilted
to the right the shadow may come from the left, or
VICE VETS(L.

Thus, assuming the shadow’s edge to be vertical, if
it move with the mirror the case is one of myopia;
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but if it move against or in the opposite direction to
the mirror, it is either one of hypermetropia, emme-
tropia, or low myopia.

What is this shadow whose edge we see?! How
and where is it formed? and what influences its
movements and clearness ?

To enable us to answer these questions, we will
place before a screen a convex lens, at such a distance
from it that converging rays from a concave mirror,
having erossed and become divergent, are brought to
an exact focus,and there is then formed a very small,
erect, well-defined image on the screen of the lamp

Fig. 61.

a@. The concave mirror. b&. The candle., e. The lens. d. Small
image of candle formed on screen. e. The screen. f. Dark
shadow around.

from which the concave mirror received 1ifs rays;
erect, because it has suffered two inversions.

This image of the lamp is surrounded by a sharply

defined and dense shadow.
If we move the lens nearer to, or farther from the
screen, the area of light becomes larger, and the illu-

mination feebler.
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The mirror being rotated on its vertical axis, the
mage of the candle, with the surrounding shadow,

Fig. b2.

At e a small image of the candle is formed ; at d and f, circles
of diffusion,
will always be found to move in the opposite direction
to the mirror, whatever be the distance of the lens
from the screen.

I'1a, 53.

r

M, The mirror. M.

The mirror after rotation. The ex-

tremities of the dotted line have moved in the opposite
direction to the rotation of the mirror.

This is exactly what takes place i the eye, of
which our screen and lens are a representation.

It may therefore be stated that the illumination
and shadows which we see are an enlarged image of
the lamp with the surrounding shadow, brought more

e
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or less to a focus on the retina according to the re-
fraction of the eye. They always move against the
mirror, but as these movements are seen through the
transparent media of the eye, and thereby undergo
refraction, the “apparent ” may differ from the * real”’
movements. The image we see of the lamp, and its
surrounding shadow, are formed in the same manner
as all other images ; and it may be well to repeat here
what has already been said with regard to the for-
mation of these images.

In emmetropia the image is formed at infinity, thus
the rays which come from the two extremities A, B,
emerge as two set of parallel rays, in the same direc-

Fia. 54.

tion as the rays A ¢, B p; which, having passed through
the nodal point, undergo no refraction. These two
sets of rays soon diverge, leaving a space between
them, so that an observer, unless he be quite close to
the observed eye, is unable to bring these rays to a
focus on his retina; and, therefore, at a distance from
the eye the observer sees only a diffused and blurred
image.

In hypermetropia the image is formed behind the |
eye; thus the rays from the two points A, B, emerge
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from the eye in two sets of diverging rays, in the
same direction as the rays A ¢, B D, which undergo no

F'1a. 55.

refraction. These diverging rays have the appear-
ance of coming from two points a, b, behind the eye,
where an erect image is formed, a b.

The more the rays diverge on exit, the sooner they
will meet when prolonged backwards ; and hence, the
greater the hypermetropia, the nearer will the image
be to the nodal point.

The observer, at a distance, sees a clear, erect
image, which is formed behind the eye.

In myopia an inverted image is formed in the air

Fra. 56.

in front of the eye; thus the rays from the two points
A, B, emerge as two converging sets of rays, which
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meet at a, b, on their secondary axis, thus forming an
inverted image in front of the eye. This image can
be distinctly seen by the observer, if he be at a suffi-
cient distance from the point, and accommodating for
the particular spot at which the aérial image is formed,

We have already seen that the real movements of
the shadows on the retina are against the mirror.

In hypermetropia the final image of the candle and
its surrounding shadow, produced by the concave
mirror, is an erect one formed behind the eye, and as
1t is viewed through the dioptric system of the eye, it
therefore moves against the mirror,

In myopia the final image is an inverted one, pro-
jected forwards. This, therefore, moves with the
mirror, it having undergone one more inversion.

To this rule, that in myopia the image moves with
the mirror, there are two exceptions :

Ist. If the observer be nearer the patient than his
far point, but not within the focal distance of the
mirror, the image will move against the mirror. This
is frequently the case in low degrees of myopia, where
the patient’s far point is beyond 120 cm.

2nd. If the observer be within the focal distance of
the mirror, although beyond the far point of the
patient, the image will in this case also move against
the mirror. This latter source of error can always be
avoided by using a concave mirror of 25 cm. focus,
and keeping 120 cm. from the patient.

Therefore, if the image move with the mirror, the
case is certainly one of myopia. If it move against
the wirror, it is most likely one of hypermetropia ;

Sy,
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but it may be emmetropia, or a very low degree of
myopia.

The movements tell us the form of ametropia we
have to deal with. The extent of the movements on
rotation of the mirror, the clearness of the image, and
the brightness of its edge, enable us to judge approxi-
mately the amount of ametropia to be corrected ;
some practice, however, is required before we can
form an opinion with anything like accuracy.

The extent and rate of movement is always in
inverse proportion to the ametropia; the greater the
error of refraction, the less the movement, and the
slower does it take place. This may be explained in
the following way :

Suppose A to be the image of a lumimous point
formed on the retina, and that a line be drawn from A
through the nodal point B to c. Now, if the case be

one of myopia (Fig. 57), an inverted projected image

Fig. 57.

of A is formed somewhere on this line, say at c. The
higher the myopia, the nearer to the nodal point will
this image be; and hence we may suppose it formed
as near as p. 1f the mirror be now rotated, so that it
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takes up the position of the dotted line »’, ¢ will have
moved to ¢, and » to d; whence it is clear that ¢ has
made a greater movement than .

Had the case been one of hypermetropia (Fig. 58),
the image would have been projected backwards, and,

Fia. 58.

as in myopia, the higher the degree of hypermetropia
the nearer to the nodal point is the image formed.

In this case the line from the nodal point B to A 18
prolonged backwards, and the image of the luminous
point in a low degree of hypermetropia is formed,
say at ¢, and in a higher degree, say at . On moving
the mirror into the position of the dotted line o, c
moves to ¢ and D to d ; whence 1t i1s clear that ¢ has
made a greater movement than o.

Therefore, as the ametropia increases, the extent
of the movement of the image decreases. The clear-
ness of the image and the brightness of 1its edge
decrease as the ametropia imcreases.

It was shown in Fig 51, that on placing before
a screen a convex lens, at such a distance that con-
verging rays from a concave mirror, having crossed

NS
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and become divergent, are brought to an exact
focus, forming a small erect, well-defined image
on the screen of the lamp from which the concave
mirror received its rays. On moving the lens
nearer to or farther from the screen, the larger
becomes the area of light, and the feebler the illumi-
nation, owing to the circle of diffusion formed on the
screen.

Therefore, in the case of the eye, the greater the
ametropia, the larger is the circle of diffusion and the
weaker the illumination, so that the image we see 18
less bright and its edge less distinct.

It is, therefore, in the lower degrees of ametropia
that we get the brightest and best defined shadows ;
and when we thus see them, we may assume that we
are approaching the stage of correction.

Having thus answered the questions concerning
the shadows which we see in retinoscopy, we are in
a position to pursue further the practical working of
the subject, with special reference to the correction of
any existing error of refraction by glasses.

The patient, then, being seated in the dark room,
the pupils dilated, and the lamp over his head, as
before described, we take up our position 120 em.
in front, with a concave mirrcr of 256 cm. focus (a
Galezowski mirror is the one commonly used, and is
found convenient). The patient is then directed to
look at the centre of the mirror, so that the light
from the lamp may be reflected along the visual axis.
On looking through the perforation of the mirror we
get the ordinary fundus reflex, bright if the patient
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be emmetropic, less so if he be ametropic; and the
greater the ametropia, the less bright will the fundus
reflex be. We now rotate the mirror on its vertical
axis to the right; if a vertical shadow come across
the pupil from the patient’s right, 7. e. in the same
direction as the movement of the mirror, or, what is
the same thing, if the shadow move in the same
direction as the circle of light on the patient’s face,
the case is one of myopia. Should the edge of the
image appear well defined and move quickly, in addi-
tion to a bright fundus reflex, we infer that the
myopia is of low degree, and proceed to correct it.

Bach eye must, of course, be tried separately.

The patient having put on a pair of trial spectacle-
frames, we place a weak concave glass, say — 1 D,
before the eye we are about to correct. If the image
still move with the mirror, we place in the frame
— 15 D., then — 2 D., and so on, until we find the
point at which no distinet shadow can be seen,
Supposing this to be —2 D., and that on trying —2-5
D. the image move ;L‘I‘H.l[l*it- the mirror, —2 D. is
assumed to be the correcting-glass. This, however,
will be found not to be the full correction of the
myopia, because, being situated at 120 em. from the
patient, when his far point approaches that distance,
we are unable to distinguish the movements of the
shadow; and when the far point of the observed,
though not situated at infinity, i1s still at a greater
distance than the observer, we get a shadow moving
in the opposite direction. Hence it is customary in
cases of myopia to add on — 1 D. to the correcting-
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olass, and this would give us —3 D. as the proper
glass for our case.

In correcting myopia, it is a convenient and reli-
able plan to stop at the weakest concave glass which
makes the image move against the mirror, and put
that down as the correcting-glass.

When the myopia is of high degree, and a strong
concave glass has to be used for its correction, the
light reflected from the mirror is so spread out by the
concave glass, that fewer rays pass into the eye, and
therefore the illumination is not so good as in other
states of refraction.

Had we obtained a reverse shadow we should then
try convex glasses, when, if +°5 D. neutralised, we
should assume the case to have been one of low
myopia. Had it required +1 D., then it would be
one of emmetropia; above this, hypermetropia. We
proceed exactly as before, putting up stronger and
stronger glasses, until we are unable to make out the
movements of the image. This is assumed to be the
correcting-glass ; and just as in the above case the
myopia was under-corrected, so in this the hyperme-
tropia is slightly over-corrected, and hence it is usua
to deduct from this glass +1 D.; or we may stop at
the strongest convex glass with which we still get a
reverse shadow.

To sum up, therefore, if the shadow move with the
mirror, it 18 a case of “myopia ;”’ if against, it may be
weak myopia if 45 D. canse the image to move with
the mirror; emmetropia if +1 D. neutralised it;
hypermetropia if a stronger glass is required.
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The points to be observed are—(1) the direction of
the movement of the image, as indicating the kind of |
ametropia ; (2) the rate and amount of movement, (3)
the brightness of the edge of the image, (4) and the |
amount of fundus reflex all indicate the degree of
ametropia.
We have taken notice only of the horizontal axis, |
but any other meridian will, of course, do equally well, ! li
1

if the case be one of hypermetropia or myopia simply.
If, however, the case be one of astigmatism, then the
axes are different.

In astigmatism, the flame of the candle on the
retina, instead of being, as in emmetropia, a small
well-defined image, or as in myopia or hypermetropia, |
a circle of diffusion, is distorted so as to be more or
less of an oval form, according to the position of the |
retina and the maximum and minimum curvatures of |
the cornea.

In the normal eye the focus of the vertical meridian |
of the cornea 1s slightly shorter than that of the hori- -
zontal. So long as no impairment of vision occurs,
the eye is said to be mormal. When, however, the
acuteness of vision is diminished, then astigmatism is
said to exist.

Parallel rays, passing throngh a convex spherical
lens, (disregarding some slight irregularities due to
aberration,) form a cone, any section of which, per-
pendicular to its axis, will be a circle. The size of
the circle depends upon the distance of the point at
which the lens is from its focus. If the cone be di-
vided beyond the focus as in myopia, the rays having

I S
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orossed and become divergent, a circle of diffusion i1s
formed on the retina. In hypermetropia the cone is
divided before having come to a focus, and thus
forms a diffusion circle. But in astigmatism the
divided cone is circular only at one point, No. 4
in Figs. 71 and 72. To explain this, we place in
front of the convex spherical glass, a weak convex
cylindrical glass, with its axis horizontal. The result
of this is, that parallel rays passing through this
combination do not form a circular cone, because the
rays which pass through the vertical meridian come
to a focus before those passing throngh the horizontal
as shown in Fig. 71.

The rays being divided at 1,an oblate oval isformed;
at 2, a horizontal straight line, the vertical rays
having come to a focus; at 3, 4, 5, the vertical rays
have crossed and are diverging, and the horizontal
rays are approaching ; at 4, a circle is formed ; at 6,
a vertical straight line, the horizontal rays having met
while the vertical are still diverging ; a large prolate
ellipse is formed at 7.

So that, in astigmatism, the image on the retina is
more or less of an oval, instead of being either a
small well-defined image of the candle, or a circle of
diffusion, according to whether the eye be emmetropic,
myopiec, or hypermetropic. This oval may have its
edges horizontal and vertical; frequently, however,
they are more or less oblique.

The oblique movements of the shadows are inde-
pendent of the direction in which the mirror is
rotated.
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This obliquity is produced thus:—(Fig. 59) if we
cut a circular opening in a piece of cardboard to
represent the pupil, and then place behind it an oval
nece of card which is to represent the shadow. so that
1 ] )
that part of 1ts udge which occupies the pupil has an
oblique position, then on moving the card across in

Fia. 69 (Charnley).

the direction o p, it has the appearance of moving in
the direction ¢ o, at right angles to the edge of the
card, Hence the direction of the shadow’s movement
is deceiving, and its oblique edge is due to the fact
that only that edge which coincides in direetion with
one of the principal meridians is seen well defined by
the observer. Therefore the apparent movements
are always at right angles to the edge of the shadow.

The same takes place in astigmatism, the two chiet
meridians of which are parallel and perpendicular to
the shadows. In retinoscopy, therefore, when the
edge of the image is oblique, we know at once that
the case is one of astigmatism. If, however, 1t should
be horizontal or vertical, we judge if one shadow
be more distinct or quicker in its movements than the

—#
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other, thongh we are not always able to say at once
that astigmatism exists. We therefore proceed to
correct one meridian. If the shadow move against in
all meridians, we first take the vertical, and put up
in front of the patient, in the spectacle-frame, convex
spherical glasses, until we find the strongest with
which the shadow still moves against the mirror. We
put this down as the correcting-glass for the vertical
meridian, and let us suppose that glass to be + 2 D.
We next take notice of the horizontal meridian, and
if + 2 D. is also the highest glass with which we still
get a reverse shadow, then of course we know the case
is one of simple hypermetropia. But supposing the
highest convex glass had been + 4 D., we indicate 18

conveniently thus : LoD,

—|—+4D.

The case is one of compound hypermetropic astigma-
tism, and should require for its correction + 2 D.
sphere combined with + 2 D. cylinder axis vertical.

We will take another case—that in which the verti-
cal meridian requires —2 D. to give a reverse shadow,
while in the horizontal meridian +2 D. is found to be
the highest convex glass with which we still obtain
a reverse shadow. Here we have a case of mixed
astigmatism, which can be corrected in either of the
three following ways:

Ist. —2 D. cylinder axis horizonfial combined with
+2 D. cylinder axis vertical; this is a plan seldom
used, and is not so easy to work with as a sphere and
a cylinder.

7
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2nd. —2 D, sphere combined with +4 D. cylinder
axis vertical, or
3rd. +2 D. sphere combined with — 4 D. cylinder
axis horizontal. This last i1s perhaps the preferable
plan. Opticians like working — cylinders on to +
spheres, rather than + cylinders upon — spheres.
Supposing the axis of the shadow to be oblique, we
know at once that astigmatism exists, and we pro-
ceed to correct each meridian separately, moving the
mirror at right angles to the edge of the shadow, not |
horizontally and vertically. We judge of the amount |
of obliquity by the eye, and can frequently tell within
a few degrees. If the vertical meridian be 20° out,
and require for its correction —2 D)., and the axis at
right angles to this (which will therefore be at 110°)
require — 3 D., we express it as Fig. 60, and correct

Fia. 60.

it with sphere —2 D. combined with cylinder —1 D.
axis 20° : this case is one of compound myopic astig-
matism.
Often one is able to put up the cylinder in the
spectacle-frame with the exact degree of obliquity.
Having found the glasses which correct the two

—_
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meridians, we put up the combination in a spectacle
trial frame, and if we now get only a slightly reversed
shadow in every direction, the glasses are assumed to
be the right ones, and we proceed to confirm it by
trying the patient at the distant type, making any
slight alterations that may be necessary.

I cannot too strongly recommend the use of atropine
in solution, gr. iv to 3j, frequently dropped into the
eyes for three days prior to the examination, so as
thoroughly to relax the accommodation. It can be
used without fear, and without a great amount of in-
convenience in most young people under twenty years
of age. I have worked out a great many cases of
astigmatism, and feel more and more the necessity of
using this drug to enable one to arrive at exact
results. I might almost say that I have never seen a
young person whose astigmatism has been worked out
without atropine wearing the right correction ; and
the inconvenience entailed upon the patient for two
weeks by its use is not to be compared to the trouble
and asthenopia from which he is so hable to suffer if
the glasses worn are not the proper ones.

In old persons with small pupils, in whom it is
difficult to see the movements of the shadow, and in
whom solutions of atropine of the ordinary strength
are dangerous, on account of the occasional occurrence
of that much-dreaded disease ‘‘ glancoma,’” which has
been clearly traceable to its use, the pupil may be
conveniently dilated with homatropine in solution,
gr. i] to 3] of water, or with an exceedingly weak
solution of atropine ;; gr. to 5 of water, or with a
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watery solution containing 2 gr. of hydrobromate of
homatropine, with 5 gr. of hydrochlorate of cocaine
to the ounce; I have had very satisfactory results
with this combination, full dilatation is quickly pro-
duced, and it passes off again in a few hours.

I will now briefly describe two modifications of
retinoscopy.

First, Mr. Story has proposed the use of a plane
mirror, in the place of the concave one already de-
seribed ; it certainly possesses several advantages, and
1s preferred by some surgeons.

With this mirror the movements of the shadow are
in the same direction as those of the disc and blood-
vessels, as seen with the mirror at a distance from the
eye (page 70), viz. in the same direction as the
observer’s movements in hypermetropia, and in the
opposite direction in myopia.

No additions or subtractions have to be made to the
glass found by this method.

The disadvantage is the distance at which the
observer must work, viz. 4'5 metres from his patient.

The second modification of retinoscopy has been
proposed by Dr. Jackson of Philadelphia, who uses a
plane mirror, and thus describes the practical appl-
cation of this modification in the various states of
refraction :

“ Simple myopia.—Rays of light from any given
point of the retina emerge from the myopic eye con-
vergent, and meet at the point in front of the eye, for
which the eye is optically adjusted. The accommo-
dation being in abeyance, this will be the far point of

—————————
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distinct vision. So that there is formed at the far
point of the myopic eye an inverted image of the
rebina. If now the eye of the observer be placed
between the patient’s eye and its far point, there will
be seen an erect image of the patient’s retina ; but if
the observer view the patient’s eye from somewhere
beyond its far point, he will see not an erect image,
bt the inverted image formed at the far point. In
the first case the boundary of light and shade which
marks the border of the retinal area will appear to
move with the facial area; in the second case, against
it. In practice the surgeon begins the examination
somewhat more distant from the patient than the far
point of the eye under examination. Then he slowly
approaches the patient, all the while watching the
apparent movement of the retinal area produced by
slightly rotating the mirror from side to side about 1its
axis. As long as this apparent movement is opposed
to that of the facial area, the surgeon knows he 1s
watching the inverted image at the patient’s far point.
Presently, however, the direction of the movement of
the retinal area cannot be distinguished, the far point
has now been reached ; and coming still closer the
apparent movement again becomes distinct, but 1s
seen to correspond in direction with the real move-
ment, the far point has now been passed, and the
patient’s retina is being viewed in the erect image.
By noting the point at which this reversal occurs,
the surgeon notes the far point of the eye under ob-
servation ; by measuring the distance from this point
of reversal to the eye, he measures the distance from
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the patient to his far point of distinet vision ; and
the reciprocal of this distance, of course, expresses
the degree of his myopia. Thus, supposing the point
of reversal to be one fourth of a metre in front of the
eye, one divided by one fourth equals four, the
number of dioptres of myopia present.
“Theorefically, the method as now described is
complete, but for convenience and accuracy in its
application, one or two other points must be attended
to. When the observer’s eye has come quite close to |
the patient’s, say to within one eighth of a metre, '|
and the inverted image is still seen between them, it
i8 best to place a concave lens ( — 8 D.) before the
patient’s eye, and then to estimate the amount of
myopia remaining uncorrected ; and by adding it to
the amount which the lens used has corrected, deter-
mining the total myopia present. When the observer
has approached so near the inverted image that it lies
closer to his eye than his near point of distinet vision,
he can no longer see that image distinctly. Still he
can distingnish in which direction the retinal area
appears to move, until he approaches somewhat
nearer to the image, when the circles of diffusion
upon his own retina become so large that the retinal
area of light, seen in the patient’s pupil, seems very
diffuse and faint, and the direction of its apparent
movement uncertain. Because of this there is great
practical difficulty in determining exactly where the
point of reversal is situated. Now it is evident that
if the point of reversal is within a few inches of the
eye, an error of two or three inches as to its position

#
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ontails an error of some dioptres in the amount of
myopia present. Therefore, when by the method
above described the degree of myopia has been
approximately ascertained, place before the patient’s
eye a concave lens strong enough to remove the point
of reversal a metre or more from the cye. At such
a distance, an error of two or three inches as to the
position of the point of reversal 1s of no consequence ;
and an accurate determination of the remaining, and
hence of the total myopia can readily be made.
Having determined the amount of myopia present,
the surgeon will of course be guided by the rules he
would follow had the myopia been measured by any
other method.

« Hypermetropia.—On viewing the fundus reflex it
.« found that at all distances the erect image 1s seen,
and the retinal area appears to move with the facial
area. Place before the patient’s eye a convex lens
strong enough to over-correct the hypermetropia.
Ihen, by the method given above, determine the de-
gree of myopia so produced. Deduct this amount of
myopia from the strength of the convex lens used ;
and the remainder will express the degree of hyper-
metropia present. Suppose, for example, the hyper-
metropia amounts to four dioptres. Placing a five-
dioptre convex lens before the eye, it is found that one
dioptre of myopia is produced, the point of reversal
being at one metre. Thenfive, minus one, equals four,
which expresses in dioptres the amount of hyper-
metropia present. Should it be found that the + 5 D.
lens leaves the eye hypermetropic, so that the erect
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1mage is seen at all distances, replace it by a + 10 D,,
and proceed as before. As in myopia, however, the
final accurate determination should be made at a dis-
tance of not less than one metre. It may be noticed
that low degrees of myopia may be measured without
the use of any lens, but that to determine the degree
of hypermetropia present, a convex lens is always
necessary.

“ Bmmetropia is determined by the method for
measuring hypermetropia. The convex lens being
placed before the eye, the resulting myopia is found
to equal exactly the strength of the lens in use.

“ Regular astigmatism.—In applying the test to
the measurement of regular astigmatism, instead of
rotating the mirror about any axis, vertical, horizontal,
or oblique, as may be done when the curvature of the
cornea 18 the same in all directions, it is rotated
about axes perpendicular to the directions of the
principal meridians of curvature, and the point of
reversal thus found for each principal meridian. To
determine the direction of these principal meridians,
the eye, if not previously so, should be rendered my-
opic in all meridians, and then viewed from different
distances. Tt will then be found that at certain points
the fundus reflex takes the shape of a more or less
distinet band of light stretching across the pupil,
while on one or both sides of it may be seen a shaded
area, the ‘somewhat linear shadow’ of Bowman.
This band of light is very readily moved in a direction
perpendicular to its length, but in the direction of its
length cannot be made fo move at all. The point
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where this appearance 1s presented is the point of
reversal for that principal meridian of the cornea,
whose direction coincides with the length of the band.
The other principal meridian 1s, of course, at right
angles to this, and the observer, by placing his eye at
its point of reversal, will be in position to see a
similar band extending in a direction perpendicular
to that of the band first observed. This use of the
shadow-test may be made clearer by the consideration
of what occurs in a particular case. Suppose the
patient’s cornea to have such a curvature as to
cause in the horizontal meridian (axis vertical) a
hypermetropia of four dioptres, and in the vertical
meridian (axis horizontal) a myopia of one dioptre.
Place before the eye a + 5 D. spherical lens. On
approaching it from a distance, it 1s found that the
retinal area moves against the facial area in all
directions. But as the distance of one metre 1s
approached, it is noticed that the retinal area takes
the form of a horizontal band, readily moveable
upward or downward, but difficult to move to the
right or left; and when the point of one metre is
reached, all movement to the right or left ceases,
and the band is more distinct. Going still closer,
the point of reversal for the horizontal meridian
being passed, movement to the right or left re-
appears, but it is now with the facial area. The
movement upward or downward is still against
that of the facial area. As the patient is still ap-
proached, the appearance of a horizofital band fades
out, and presently is replaced by that of a vertical
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band. The vertical band moves readily to the right
or left, but less distinctly upward or downward, and
at one sixth of a metre all vertical motion is lost.
This is the point of reversal for the vertical meridian. |
On approaching still closer, vertical movement re-
appears, but like the horizontal movement it is now
with the facial area, not against it. Thus it is found
that for the horizontal meridian the point of reversal
i1s one metre distant from the eye, and that for the |
vertical meridian the point of reversal is one sixth
metre distant. That 1s, the use of the convex lens
has made the eye myopic in the one meridian one
dioptre, in the other meridian six dioptres; and by
taking into account the effect of the spherical lens
used, the mixed astigmatism is seen to be what we
supposed it. But for accurate work, as in simple
myopia and hypermetropia, the degree of ametropia
for each meridian should be finally determined with
such a lens before the eye as would place the point of
reversal, for that meridian, one metre or more distant.” 1

A few cases from my note-book will do more than
any description to make the subject of retinoscopy

clear.
Case 1. Spasm of Ciliary Muscle—Boy aged 11
years.
R.V.% -1 D.=8.
LV.&—1D.=8

Bright fundus reflex, shadow moves with the mirror,
but with — *5 D. a reverse shadow is seen. The case,
therefore, looks like one of weak myopia. Ordered
gutte atropie gr. iv to 3j three times a day ; on the
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third day, with retinoscopy, + 1'5 D. still gives an
opposite shadow. On trying the patient ab the distant
type with + 1'5 D. both eyes read & well. This, there-
fore, was a case of hypermetropia simulating weak
myopia, due to ciliary spasm : such cases are not rare.

Case 2. Hypermeh*ﬂp’iu.—(}irl aged 13, suffering

from ¢ tinea tarsi.”
R.V.2 Hm.1D.=§.
L.V.S Hm.1D.=§.

Gutte atrop., gr. iv to 3]. Fundus reflex mode-
rate; a reverse shadow 1s seen moving somewhat
slowly. On trying + 2 D. shadows become much
more distinet and the movements quicker; + 4 D. 1s
found to be the strongest glass with which we still
get a reverse shadow. With + 4 D. & was read, but
with no stronger glass ; this, therefore, 1s the measure
of the patient’s total hypermetropia.

Case 3. Hypermetropic Astigmatism.—Young man
aged 20.

R.V.:& Hm. 4 D.=3§.
L.V Hm. 4 D.=+4.

Under atropine, right eye at distant type sees only
6. Fundus reflex very dull, movements of shadow
slow and against the mirror. On putting up + 5 D.
the reflex is much brighter, the edge of shadow dis-
tinet, and its movements quicker. We try + 6,508,
9, and the last gives a shadow moving with the
mirror. + 8 D.is the highest, which still leaves the
shadow moving against. On trying the eye at the
distant type, & and four letters of § are at once read.
No alteration in the glass improves sight.

Left eye : fundus reflex and movements as in right.
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We commence by trying + 8 D., which we found the
other eye required. In the vertical meridian the
movement 1s against the mirror, while 4+ 9 D. causes
1t to move with it. In the horizontal meridian with
+ 8 D. the shadow moves with the mirror, and + 7 D.

causes 1t to move against. We express it thus:

+8 D,
—|—+T7D.:

and on trying the combination at the distant type,

+7 D. sp.
+1 D). eylinder axis horizontal,

the patient is able to read ¢ ; and on decreasing the
sphere from 7 D. to 6:5 D., & is read, so that the
proper correction for this eye is—
+ 65 D. sp. i
+ 1 D, ey, axis horizontal ; ’ I[
in this case, therefore, hypermetropia was present in 1|
one eye, compound hypermetropic astigmatism in the

other.
Case 4. Astigmatism.—Young woman, aged 17,
" 1 3 r (1] -0 o -
sees with either eye ;% — 1 D. = &. Retinoscopy

without atropine— {
=30 D. _

-2D.
Rn—-J—-l D. \ / ]
| /\+] D. |
Ordered guttee atrop., gr. iv to 3j, for three days; |
then with retinoscopy the result is—

R— :E;,:, =¢y.—2'0 D. ey. axis horizontal, reads :’: .
NS =2, _ +1D.sp. reads &, |
/\\+II] =3 D, cy. axis 130° : |
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After recovering from atropine the result was con-
firmed, and the following correction ordered to be

worn constantly :
=1 D.sp.

“_ 95 D. cy. axis horizontal.
L.—3 D. cy. axis 130°.

Cask 5. Mized Astigmatism.—Mary E—, aged 15,
pupil-teacher, brought up from Cardiff about her eyes ;
<uffers much from headache and pain in the eyeballs,
especially the right, worse in the evenings. Has tried
many opticians to get spectacles to suit her, but has
always been unable to do so. R. .5 slightly improved
with —1D. L. % also slightly improved with — 1 D.
On placing the patient in the dark room, retinoscopy
at once shows the case to be one of mixed astigma-
tism, with the chief meridians horizontal and vertical ;
we proceed to correct each meridian, and the result
is—

It

l——ED‘. - o D.
R.——+1D. L—|—+15D.

On trying this combination before the right eye, 1
is read. We express the vision of right eye thus:
R 41 D. sp.C ~ 6 D, cy. axis horizontal = 1
With the left eye the combination gives, with the
cylinder not quite horizontal, but slightly outwards
and downwards, .
L% +1'5 D. 8p.Z — 6 D. ey. axis 1'?(]""':—'&.
The patient remarked that she had never seen things
so clearly before. This result was very satisfactory,
and was arrived at in about ten minutes, thus saving
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an infinite amount of time and trouble, which would
have been required to work out such a ease by any of
the older methods. Ordered guttae atrop., gr. iv to
31, three times a day for four days, when the result
was—
-4 D. -4 1.
R.—|-— +2D. L——+2D.

R.V.5%+2 D.sp.C —6D. cy. axis 175°=4.
L.V.g%+2D. sp.C —6 D, cy. axis 170°=4.

)

In this case the glasses were again tried after atro-
pine was recovered from, and the following glasses
ordered, which were of course to be worn constantly :

+1 D sp. +1:5 D. sp.
RS- T Jfj e
— 6 D. cy. axis 175°. —5°6 D. cy. axis 170°,

Case 6. Mized Astigmatism.—Mr. C—, aged 24,
has noticed that for the past few years the eyes
become very tired at night, especially when much
writing or reading has been done; he thinks he sees
distant objects less clearly than formerly.

R. V. 3% not improved with convex or concave
glasses ; with pin-hole test ;.

L. V. & not improved with convex or concave
glasses; with pin-hole test -5.

After using atropine for four days, retinoscopy gave
the following results : '

+3 D. +2:5D.
R.—|—+-5D. L.—|—+-5D.
R+*5D.E~]l._ o L.+.5 D.sp_. Loh
"4+ 2:5D. cy. axis 160° 6" + 15 D. cy. axis 1656° &°

We direct the patient to return after the effects of

. . ﬁ—dﬂ—:ﬂ
PSS SRS ae——— :—hm,;_ .
:
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the atropine have passed oft, which he does in ten
days; we then try our correction, deducting + 1 D.
sphere for the atropine.

—6D.sp.
"+2'5 D, ey. axis 160°

-5D.

=g =D g
b +1'5 D. cy.axis 165° 5°

This correction was accordingly ordered to be worn
constantly.

Case 7. Astigmatism.—Sarah K—, aged 21, com-
plains that her eyes have of late been very painful,
and she has also suffered much from headaches, which
have sometimes ended with an attack of sickness.

R.V.{%—1D.=+5. L.V.3% -2 D.={%
After atropine, retinoscopy gave—

: +1D.
R.—/—+1D. L-\Y
| \_-85D.

+1 D. sp. +1 D, sp.

Lt S8 3 - S =3
—2:25 D, cy. axis horiz. ° ~ 4 D. cy. axis 125° 2

After the effects of atropine had passed off, the
correction which gave the best results was—

L +'25 D. sp.

R.—2:25 D. cy. axis lmrizp——-—Er. il o =6
—4D.cy.axis125° ?

These spectacles were ordered to be worn con-
stantly.

Case 8. Simple Hypermetropic Astigmatism.—Jane
()—, aged 11, has always seen near things badly ; she
turns her head to one side instead of looking directly
at the object.

R. V. % mnot improved with spheres, with pin-
hole +%.
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L. V. 5% not improved with spheres, with pin-
i
hﬂ]B T'H't
Retinoscopy after atropine gives—

| +1D. | +-76 D,
I{r—|_+ E ]]- ]Jl-" -_+‘i! I)i
+1 D, sp. . + 75 D, sp.
B : =iy LB =1y

+4 D. ey. axis vert. + 35 D. cy. axis vert.

After the atropine had passed off—

R.+4D. cy. axis vert.=-f;. L.+ 85 D. cy. axisvert.=-6,

Spectacles of this strength were ordered for con-
stant use.

Case 9. Myopic Astigmatism.—Jane P—, aged 23,
has always seen rather badly, and has had a good
deal of pain and discomfort in the eyes for the past
six months, especially when using them by gas-light.
About a week ago she noticed, on closing the left eye,
that the vision of the right was almost gone, though
she admitted never having tried them separately
before : occasionally the right eye turns outwards.

RV 4]
D e e b

Homatropine was applied once, and at the end of

half an hour retinoscopy gave—
—5'5 D. —1D.
R.—‘—-—SIJ. L.—| —Em.

With glasses—
R.V.

—3 D.sp. 8
—-2:5 D, cy. nIl‘i]IE
H

L.V.=1 D. ¢y. axis By = &
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This correction was ordered for constant use.

In most cases thus worked out the glasses may be
ordered at once, without waiting for the effects of
the atropine to pass off—in fact, experience teaches
that it is a good plan to continue the atropine until
the spectacles have been made ; remembering when
ordering the correction that hypermetropia and
hypermetropic astigmatism the spherical glass will
require slightly diminishing, usnally about 1 D.;
in myopia and myopic astigmatism the spherical
olass has to be slightly increased.
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CHAPTER VI
HYPERMETROPTA

HyeermeTrROPIA (H.) “Ymrip, in excess ; wérpov, mea-
sure ; and &y, the eye) may be defined as a condition
in which the antero-posterior axis of the eyeball is so
short, or the refracting power so low, that parallel
rays are brought to a focus behind the refina (the
accommodation being at rest). In other words, the
focal length of the refracting media is greater than
the length of the eyeball.

Fia. 61,

Parallel rays focus at & behind the retina ; those coming from
the retina emerge as diverging rays, D, E.

[n the passive hypermetropic eye, therefore, paral-
lel rays ¢ and @ come to a focus behind the eye at b,
forming on the refina at @, a circle of diffusion instead
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of a point. Rays coming from the retina of such an
eye, emerge having a divergent direction (p and E) ;
these, if prolonged backwards, will meet at a poinb
(k) which is the punctum remotum, and this point
being situated behind the eye is called negative.

The distance of the punctum remotum behind the
eye will equal the focus of the convex lens which
corrects the hypermetropia ; thus, supposing it situ-
ated 20 ¢m. behind the retina (5% = 5), 9 D. will be
the convex glass which will render parallel rays so
convergent that they will foens on the retina, or
cause rays from the retina to be par: 1lel after passing
through it ; to be mathematically correct, allowance

'ra. 62,

Parallel rays focussed on the retina by accommodation. The
dotted line shows the lens more convex as a result of the
contraction of the ciliary muscle.

nust be made for the distance between the cornea
and the convex lens; thus, for instance, if the lens
be placed 20 mm. from the cornea, then the exact
amount of I:}'pm'umtrnpiu which the +5 D. glass will
correct will be

1000 _ 1000 _ EER

200—20 180
In low degrees of hypermetropia the difference is
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so slight as to be unimportant; in the higher degrees
the difference is very great. -

The hypermetropic eye at rest is only able to
bring convergent rays to a focus on the retina. All
rays in nature are divergent, some so slightly so, that
when coming from a distant object they are assumed
to be parallel. Rays can be made convergent by
passing them through a convex lens placed in front
of the eye; or the refraction of the dioptric system
may be increased by the accommodation, so that
parallel rays may then focus on the retina of a hyper-
metropie eye.

Therefore a hypermetrope with relaxed accommo-
dation sees all objects indistinetly. So that such a
person, having to use some of his accommodation for
distance, starts with a deficit for all other require-
ments, equal to the amount of hypermetropia.

Fia. 63.

Parallel rays rendered so convergent by passing through a convex
lens that they focus on the retina.

Thus, supposing an individual hypermetropic to
the extent of four dioptres, and possessing 6 D. of

accommodation, he will, by the exercise of this power
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to the extent of 4 D., be able to bring parallel rays
to a focus on the retina, and so see distant objects
clearly ; this leaves him 2 D. of aceommodation
for near objects, which will bring his near pomt to
50 e¢m., a distance at which he will be unable to do
near work.

Besides, it must be remembered that only a part of
the accommodation can be used for sustained vision,
fatigue soon resulting when the whole of the accom-
modation is put in force.

The following diagram is intended to show the
amount of accommodation possessed by a hyperme-
j[.I'H[H.‘HE 3 D.; each space represents a dioptre, and

the thick lines drawn through the spaces give the

Fra. O4.

Uluptwﬁ.

amplitude of accommodation for different ages as
given on the left of the diagram. 'The figures above
indicate the number of dioptres, and those below, the
near point for each increasing dioptre of accommo-
dation,
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The amount of hypermetropia is calculated and
expressed by that convex glass which makes parallel
rays so convergent that they meet on the rods and
cones of the retina, the accommodation being sus-
pended.

The commonest amount of error is about 2 D.

Small degrees may require some trouble to discover,
and can only be found out possibly after the eye has
been atropized.

Hypermetropia is divided into latent and manifest.

The manifest, Donders subdivides into absolute, rela-
tive, and facultative :

Absolute, when by the strongest convergence of
the visual line accommodation for parallel rays is
not attained—in other words, when distant vision is
impaired ; this variety is seldom met with in young
people.

Relative, when it is possible to accommodate for
a near point, by converging to a point still nearer—
in fact, by squinting.

Facultative, when objects can be clearly seen with
or without convex glasses.

In youth the hypermetropia may be facultative,
becoming in middle age relative, and in old age
absolute.

Causes of Hypermetropia :

1. The antero-posterior diameter of the eyeball
is too short (axial hypermetropia). This is
by far the most common cause, and is con-
genital.




9. A flattened condition of the cornea, the result
of disease or occurring congenitally.

HYPERMETROTIA

3. Absence of the lens (aphakia).

Hypermetropia,
ing of the axis of
The following tab
for each dioptre of hypermetropi
emmetropia being estimated at 22'824 mm.

therefore, is usually due to shorten-
he eyeball.

le shows the amount of shortening
a, the axial line in
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4. Detachment or protrusion of the retina, owing
to a tumour or exudation behind it.
5 A diminution in the sndex of refraction of the

aqueous, lens, or vitreous.

For *5 of D. of H. there is a diminution in the axial line of 16 mm.

1-D.
1'5
2-
2'D

3.

&a
g gn

© o =T & BB "

1.—|
=

Hypermetropia is by far the most frequent condi-
It may be looked upon as a
congenital defect; frequently also it is hereditary,
soveral members of the same family suffering from it.

Hypermetropia is usually due to an arrest of deve-

tion of the refraction.
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lopment, which varies from the slightest degree to
the extreme condition known as microphthalmos.”

The following are some of the chief points in which
the hypermetropic differs from the emmetropic eye :
the eye looks small, being less than the normal in all
its dimensions, especially the antero-posterior; the
sclerotic is flat and makes a strong curve backwards
in the region of the equator, which can easily be seen
on extreme convergence, or can be felt by the finger.
The lens and iris are more forward, the anterior
chamber is shallow, and the pupil small ; the centre of
rotation of the eye is relatively further back, while
the angle a, which is formed between the visual and
optic axis, is invariably greater, averaging about 7°
(see p. 195). The result of the large angle a in
hypermetropia, is that the eyes often have an appear-
ance of divergence, which has sometimes been mis-
taken for real divergence; whereas in myopia, the
small angle gives to the eyes an appearance of con-
vergence.

The ciliary muscle, upon the action of which the
accommodation depends, is much larger than in em-
metropia, the anterior portion, which consists chiefly
of circular fibres, being especially developed; no
doubt hypertrophied by the constant state of con-
traction in which it is kept. This contraction is
called into action by the instinctive desire for clear
images which all eyes possess, the accommodation
having to be used for distant as well as for near
objects. Another result of the constant and exces-
sive accommodation is that its linked function—the

R —
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convergence—is liable also to be used in excess, in
this case an object at a certain distance being accom-
modated for, one eye will be directed to the object,
while the other, taking up the excessive convergence,
will be directed inwards, and so a convergent stra-
bismus will be produced. To tully understand how
this convergent strabismus becomes developed, 1
ust refer the reader to the chapter on that subject
(Chap. X).

When the hypermetropia is of high degree, the
optic nerve is smaller and contains fewer fibres, so
that the visual acuteness is frequently below the
normal.

Sometimes the face also has a characteristic appear-
ance, being flat-looking, with depressed nose, shallow
orbits, and the eyes set far apart. Frequently,
however, there is no distinetive physiognomy.

The hypermetropic eye is very liable to asymmetry,
as will be shown when speaking of astigmatism.

Symptoms of Hypermetropia.—The patient usually
sees well at a distance, but has difficulty in main-
taining clear vision for near objects ; and since the
hypermetropia can be more or less corrected by ac-
commodation, if the error be of a low degree (as 2 or
3 D.), no ill effects may for some time be noticed; at
length, however, a point is reached when the accom-
modation is mot equal to long-sustained efforts of
reading and near work, then accommodative asthe-
nopia is the result (p. 216). This is especially liable
to show itself after an illness, or if the patient’s
health has deteriorated from over-work, anxiety, or
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other causes. He then complains that after working
or reading for some time, especially during the
evenings, the type becomes indistinct, and the letters
ran together: after resting awhile the work can be
resumed, to be again shortly laid aside from a
repetition of the dimness: the eyes ache, feel wealk,
water, &c., frequently headache supervenes ; there is
a feeling of weight about the eyelids, and a difficulty
of opening them in the morning. When the hyper-
metropia is of high degree, the patient may be said
by his friends to be short-sighted, because when
reading he holds the book close to his eyes; by
doing this he increases the size of his visunal angle,
and thus gets larger retinal images ; this is counter-
balanced by increase in the circles of diffusion, but as
the pupils also contract by approaching the book to
his eyes, some of these are cut off; so that the advan-
tage is in favour of holding the book close, especially
as the patient is probably not accustomed to clear,
well-defined images. In some cases the ciliary
muscle contracts in excess of the hypermetropia, so
that parallel rays focus in front of the retina, and the
patient therefore presents many of the symptoms of
myopia: we should always be on our guard against
such cases. The manner in which the patient reads
the distant type is often a guide to us in hyperme-
tropia; he takes a considerable time to make out each
line, and yet, if not hurried, eventually reads the
whole correctly. On looking at the eyes one notices
that they are red and weak, the lids look irritable,
and on eversion the conjunctiva is hypersemic, espe-
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cially that of the lower lids, the papillae being fre-
quently enlarged ; the edges of the lids sometimes
become inflamed and thickened. All these symptoms
are probably the commencement of troubles which, if
allowed to go on, may develop into conjunctivitis, de-
rangements of the lachrymal apparatus, &c.,—this
much we can see; how much more injurious must be
the changes which are liable to take place in the
interior of the eyeball from prolonged hypersemia !
It cannot be too forcibly insisted on, that in all
ophthalmic cases, except those of an acute character,
the refraction should be taken and recorded as a
matter of routine, since complaints which prove very
i ntractable are often easily and quickly cured when
the proper glasses have been prescribed.

As the patient advances in age he will become pre-
maturely presbyopic, so that at thirty-five he may
cuffer from the same discomforts as an emmetrope of
fifty.

To test the hypermetropia and measure the amount,
we take the patient’s visual acuteness, each eye sepa-
rately, and having found that they are alike in their
refraction, we try the two together ; stronger glasses
being often borne when both eyes are used, than when
one is excluded from vision.

The strongest convex glass with which he is able
to read &, or with which he gets the greatest acute-
ness of vision, is the measure of the manifest hyper-
metropia (Hm.). This is mnot, however, the total
hypermetropia, for it the accommodation be para-
lysed by applying a solution of atropie sulph., gr. v




124 THE REFRACTION OF THE EYE

to 3], three times a day for four days (when we may
feel sure that not the least vestige of accommodation
remains), a much stronger glass can be tolerated, and
will be required to enable the patient to read . This
strong glass represents the total hypermetropia, the
additional amount to that found as Hm. being called
latent (H1.).

The following plan is an excellent one for measur-
ing the manifest hypermetropia. Place in spectacle-
frames before the eyes such convex glasses as over-
correct the Hm. (4 4 D. will usually do this); then
hold in front of these, weak concave glasses, until we
find the weakest, which thus held in front of + 4 D.
enables § to be read; the difference between the
glasses is then the measure of the Hm. By this plan
the ciliary muscle is encouraged to relax, and we get
out a larger amount of manifest hypermetropia than
is obtained by the ordinary method. Thus, supposing
— 2 D. the weakest glass which, held in front of the
convex 4 D., enables the patient to read &, + 2 D.
is the measure of the Hm. (+ 4 D.) + (= 2 D. =
+ 2 D.).

As age advances the accommodation diminishes,
and the latent hypermetropia becomes gradually
manifest. Thus a person may have 6 D. of hyper-
metropia latent at ten years of age, 3 of which may
have become manifest at thirty-five, and the whole of
it at about sixty-five or seventy, when the total
hypermetropia is represented by the manifest.

With the advance of age certain changes take
place in the structure of the crvstalline lens, by
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which its refraction becomes diminished. This
change takes place in all eyes, and at a regular rate;
thus at fifty-five the refraction has diminished °25
D., at sixty-five *75 D., at sixty-eight 1 D., and at
eighty as much as 2:5 D. Hypermetropia when thus
oceurring in eyes previously emmetropic is styled
acquired hypermetropia, in contradistinction to the con-
genital form, which is called original hypermetropia.

The normal refraction of the eye in early child-
hood is hypermetropic; some remain so, a CON-
siderable number become emmetropic as they get
older, and a certain percentage of these pass on to
myopia.

In the diagnosis and estimation of hypermetropia
several methods are useful. We first estimate the
acuteness of wision, remembering that being able to
read & does not exclude hypermetropia, and that we
must in all cases try convex glasses; and if the same
letters can be seen with as without them, then the
patient certainly has hypermetropia, and the strongest
convex glass with which he sees them is the measure
of his Hm.

We next proceed to retinoscopy ; with this method we
get a reverse shadow : the quicker the movement and
the brighter its edge, the lower is the degree of hyper-
metropia (see p. 90).

With the ophthalmoscope by the indirect method of
examination, the image of the disc is larger than n
emmetropia, and diminishes on withdrawing the
objective from the eye (p. 68).

With the mirror alone at a distance, an erect image
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of the dise 1s seen, which movesin the same direction
as the observer’s head (p. 71).

By the direct method the accommodation of the ob-
server and observed being relaxed, a convex glass is
necessary behind the ophthalmoscope, to enable the
observerto bring the diverging rays from the observed,
to a focus on his retina ; the strongest conver glass with
which it is possible to see the details of the fundus
clearly, is the measure of the total hypermetropia
(Fig. 47).

The treatment of hypermetropia consists, obviously,
in prescribing such convex glasses as will give to rays
passing through them an amount of convergence, so
that they will meet on the retina without undue accom-
modation. It might be thought that, having obtained
the measure of the fotal hypermetropia, nothing
remained but to give such positive glasses as exactly
neutralise the defeect, and that we should then have
placed the eye in the condition of an emmetropic one.
Such at first was thought to be the case, though it is
by no means so, because persons who have been
accustomed to use their accommodation so constantly,
both for near and distant objects, as is the case with
hypermetropes, have very large ciliary muscles which
they cannot suddenly completely relax; possibly
also the elasticity of the lens capsule is somewhat
impaired.

In children and patients under twenty years of age
it is much better to atropize them at the first, and so
measure once and for all the amount of total hyper-
metropia ; otherwise it will frequently be found that
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the spectacles have to be constantly changed, the
asthenopia is unrelieved, and probably the patient has
to be atropized after all, or becomes dissatisfied and
ooes off to some one else. Another reason in favour
of atropine is, that with it we cannot possibly mistake
cases of spasm of the ciliary muscle in hypermetropia
for myopia, which might otherwise happen, since the
spasm causes the lens to bhecome so convex that
parallel rays are even made to focus in front of the
retina, thus simulating myopia.

It must always be borne in mind that it 1s danger-
ous to atropize patients above the age of thirty-five,
many well-marked cases of “ glancoma ” having been
traced to the use of this drung; moreover as age
advances the latent hypermetropia gradually becomes
manifest, so that the necessity for paralysing the
accommodation becomes less.

There exists some difference of opinion among
ophthalmic surgeons as to the amount of the total
hypermetropia we ought to correct ; some give such
glasses as neutralise the mantfest hypermetropia
only, while others, after estimating the total, deduct
perhaps 1 D. from this. 1t will be found that patients
vary much as to the amount of correction which is
most comfortable for them.

A good practical rule is to prescribe such glasses
for reading as correct the manifest and one fourth of
the latent hypermetropia.

For example, a child having 6 D. of hyperme-
tropia of which 2 only are manifest, will require
+ 3 D. for reading. At the age of twenty, about
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4 D. will have become manifest, and the patient will
then want + 45 D.; at forty, 5 D. will be manifest,
and he may then be able to bear full correction.

Hence it will be seen that, as age advances, the
spectacles will have occasionally to be changed for
stronger ones, as the latent hypermetropia gradually
becomes manifest.

The question arises, should spectacles be worn con-
stantly or only for near work? So long as distant
objects (§) can be seen comfortably without them,
their use is unnecessary except for reading and near
work; this is generally the case in young persons
where the hypermetropia does not exceed 3 or 4 D.
When a convex glass improves distant vision, then
such can be constantly worn; somewhat stronger ones
may be required for reading, &c.; this is usually the
case with old people.

The disadvantage of using spectacles constantly 1s,
that after wearing them for some time the patient
finds he is unable to see without them, which is a
serious inconvenience, so that the plan is, not to give
spectacles for constant use until the hypermetropia
has become relative or absolute.

In cases of concomitant squint, spectacles which
correct the hypermetropia are to be worn constantly,
and here our object must be to give as near the full
correction as is consistent with the patient’s comfort ;
this we can only find out by experiment in each case.
The best plan is to measure under atropine the total
hypermetropia, deduet 1 D., and give this correction
for constant use : the reason for making this dedunc-
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tion is that the ciliary muscle is never so completely
relaxed as when under atropine.

Asthenopia and convergent strabismus, two of the
most frequent results of hypermetropia, will be treated
of in Chapters X and XI.

See Cases 1 and 2, p. 106; also 10, 12, and 17,
p. 231.

APHAKIA

ArrAkIA (A, priv.; ¢axdc, lens) is the name given
to that condition of the eye in which the lens is absent,.
There are several causes, by far the most frequent
being one of the various cataract operations. Besides
this, aphakia may be caused by dislocation of the
lens from injury, or dislocation may occur spontane-
ously, and this is probably the cause of those congeni-
tal cases where no lens can be seen.

Aphakia necessarily converts the eye into a very
hypermetropic one, The length of the eyeball which
would be required (the curvature of the cornea being
normal and the lens absent) to bring parallel rays to
a focus on the retina is 30 mm., whereas normally the
antero-posterior diameter of the eyeball is only about
22:8 mm.

To test aphakia: when a bright flame is held in
front of and a little to one side of a normal eye, three
images of the flame are formed, one erect on the
cornea, another erect on the anterior surface of the
lens, and a third inverted, and formed on the pos-
terior surface of the lens. On moving the flame up
and down, the erect images move with it, and the

9
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inverted one in the opposite direction. In aphakia
two of these images are absent, viz. those formed on
the two surfaces of the lens.

Treatment.—Strong convex glasses will be required
to take the place of the absent lens, the previous
refraction of the eye of course influencing their
strength. If hypermetropie, stronger glasses will be
required ; if myopie, weaker.

The glass usually required by an eye previously
emmetropic, to bring parallel rays to a focus on the
retina, is from 10 to 13 D.

As every trace of accommodation is lost with the
lens, stronger glasses will be required for reading or
near work, and to find out the necessary glass for a
certain distance, we have only to add to the distance
glass, one whose focal length equals the distance ab
which we wish our patient to see. Thusif he require
4+ 10 D. for distance, and wish to see to read at 25
cm., we add + 4 D. to his other glass,and the result-
ing + 14 D. will adapt the eye to 25 cm.

The patient may be taught a sort of artificial
accommodation by moving the spectacles along his
nose, neaver or farther from the eyes, his working
point being thereby moved away or brought nearer
to him.

In correcting aphakia it will often be found thab
the vision is below the normal. Frequently also there
is some astigmatism, especially in cases after cataract
extraction.

See Case 23, p. 244.
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CHAPTER VII
MYOPIA (M.)

Mryoria (Miéw, I close; @y, the eye), or short-sight,
is the opposite condition to hypermetropia.

We saw that the hypermetropic eyeball was too
short, so that parallel rays focussed behind the retina ;
it is therefore not adapted to any real distance, be-
cause in order to see any object clearly, it is necessary
that the defect should be corrected either by its
accommodation or by means of a convex glass. Now
1 myopia, although the eyeball is too long to allow
of distant objects being seen clearly, it is perfectly
adapted for near vision, so that a low degree of my-
opia may not be a very serious disadvantage.

We spoke of hypermetropia as congenital, due to
an arrest of development; myopia is an acquired
defect, and may be looked upon as an effort of nature
to adapt the eye to near objects, as a result of civili-
sation and 1ts incessant demands on near vision.

Myopia is peculiar to the human race, and is met
with much more frequently in civilised than in un-
civilised races.

Low degrees, such as 1 D., may have no very serious
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drawbacks, becanse although the full visual acuteness
can only be obtained by the help of concave glasses,
many people go half through life, playing ecricket,
tennig, shooting, &c., without finding out the defect ;
their near vision is really better than that of the
emmetrope, for they obtain larger retinal images, and
they have to accommodate less: against these advan-
tages it may be stated that many myopes suffer from
asthenopia, the result of disturbance of the harmony
between the two functions, accommodation and con-
vergence, though this disturbance will, of course, he
more marked in the higher degrees of ametropia.

Medium degrees of myopia, from 2 to 6 D., are ex-
ceedingly common ; the visual defects are more pro-
nounced, and it becomes necessary to use glasses for
many things; often they have to be worn constantly.
Such patients are liable to suffer from asthenopia, or
from divergent strabismus and its accompanying evil
—Iloss of binocular vision.

The higher degrees of myopia which increase
steadily and constantly from an early stage, reaching
often a very high degree, and carrying in its wake
destruction and damage to important ocular tissues,
must be looked upon as a serious disease ; it is desig-
nated by the name progressive myopia.

We must now refer to the optical condition of the
myopic eye.

Parallel rays, falling on a myopic eye, focus in front
of the retina, cross and form a cirele of diffusion (Fig.
65), in place of a clear image.

Only divergent rays focus on the retina, and hence
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it is necessary that the object looked at be brought
so mear, that rays coming from 1t are sufficiently
divergent (Fig. 66), or they must be rendered so by
passing through a concave lens (Iig. 67).

Fra. 65.

Fig. bG.

We may say, then, that in myopia the retina is at
the conjugate focus of an object, sitnated at a finite

1 A LI ] m a Fal ¥ 2 3
distance. 'he accommodation bemg at rest, an
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object situated at this point will be distinetly seen ;
further off 1t will be indistinet, and nearer it can still
be seen clearly by putting in force the accommodation.

The greatest distance at which objects can be seen
clearly is called the far point (punctum remotum),
and 1s always at a definite distance. The higher the
myopia the nearer to the eye is its punctum remotum
(pacr

The nearest point of distinet vision is the punctum
proximum (p. p.), and 1s determined by the amount
of the accommodation. To find out the punctum
proximum, we place in the patient’s hand the near
type, and note the shortest distance for each eye
separately at which the smallest type can be read,
or we measure it by the wire optometer in the manner
before described. The amplitude of accommoda-
tion is often equal to that in emmetropia, but in
the higher degrees of myopia it becomes considerably
diminished.

The greatest distance at which an object can be
clearly seen is the exact measure of the myopia ; for
instance, if the far point be at one metre, a concave
glass of that strength (—1 D.) would render parallel
rays as divergent as if they came from a distance of
one metre, and with a glass of this focus the person
would be able to see distant objects clearly.

Myopia was for a long time thought to be due to
an increase in the convexity of the cornea, but as
a matter of fact the cornea is usunally less convex,
and, as a rule, the greater the myopia, the less the
convexiby. |

§ e R e
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Causes of Myopia :

1. Too great length of the antero-posterior dia-
meter of the eyeball (axial myopia). This
is the common canse of myopia.

9 Tnerease of the index of refraction of the lens.
This may occasionally occur in the develop-
ment of cataract.

3. Conical cornea: this disease simulates myopia
at its commencement.

It may therefore be stated that myopia almost
invariably depends upon a lengthening of the visunal
axis accompanied in many cases by the formation of
a posterior staphyloma which further increases the
antero-posterior diameter of the eyeball. This bulg-
ing, when it occurs, takes place at the outer side of
the optic merve towards the macula, and consists
of an extension and thinning of the sclerotic and
choroid backwards, with more or less atrophy of the
latter.

So constant is this lengthening of the visual axis,
that from the number of dioptres of myopia can
be calculated the increase in the length of the eye-
ball.

The following table gives the calculation up to 10 D.

Degree of Distanee of the p. r. Increase in length of the
myopia. in millimetres. myopic eye in millimetres.
5 D, 2000 16

1 1000 32

1'56 Wud 666°6 “as 49

7 500 60

2:D 400 ‘B3

3 3833 1L
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Degree of Distance of the p. r. Increase in lenglh of the
myopia, in millimetres. myopic eye in millimetres.

35 2857 1-19

4 250 1-37

45 1 2222 155

o 200 1'74

6 10666 213

i 142-8 2:52

8- 125 293

9 1111 3'35

10 100 380

Fig. 68 shows a section of a myopic eye, in which
the outside measurements were

antero-posterior
diameter 30} mm.; vertical diameter, 25 mm.; trans-
verse diameter, 25 mm.

Fia. 68.

It will be remembered that the emmetropic eye
measures in the antero-posterior diameter 22824 mm.

In Fig. 69 the amount of accommodation i1s indi-
cated in a myope of 2 D. by the number of spaces
through which the thick lines pass; thus at the age of
thirty the accommodation is equal to 7 D., and the
near point will be 11 em. ; the distance of the punc-
tum proximum 1is given for each dioptre at the
bottom of the diagram.
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As the punctum remotum in myopia is situated at
a finite distance, therefore, for the same 'unphtudu of
accommodation, the punctum proximum is nearer the
eye in myopia than in emmetropia. The near point

Fia. 69.
Dioptres.

Diagram showing the amount of acecommodation at different
ages in a case of myopia of 2 D,

oradually recedes with advancing age at the same
rate, whatever the refractive condition of the eye ; 1t
is clear, then, that the near point in myopia will be
longer in reaching that point (22 cm.) at which pres-
byopia is arbitrarily stated to commence than in
emmetropia, so that in prescribing glasses for pres-
byopia, the amount of myopia has to be deducted from
the glass which the emmetrope would require at
any given age.

If the myopia amount to 45 D., then the patient
can never become presbyopic, because his punctum
remotum is only 22 cm. away, so that he will always
be able to see at that distance. Most people imagine

that those who do not require glasses with advancing
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age have very strong eyes; how frequently does one
hear the remark, when inquiring of a patient’s family
history, “Oh, my father had excellent sight, he
was able to read at sixty without glasses.” 'This is
proof positive that he had myopia, though probably
you will be unable to convince the patient of this
fact.

In hypermetropia it was shown that the power of
accommodation had to be used in excess of the con-
vergence. In myopia we have the opposite defect,
the patient having to converge in excess of his accom-
modation ; thus, if he be myopic 4 D., his far point
will be at 25 e¢m.; when looking at an object at this
distance, 1t 1s necessary for him to converge to this
particular point, his angle of convergence being 4,
while his accommodation remains passive.

Determining Causes.—The chief factors in the pro-
duction of myopia are: the constant use of the eyes
for near work, especially at an early age, when these
organs are developing ; disturbances of nutrition in
the tissues of the eye, together in some cases with a
peculiar conformation of the skull.

In alarge majority of cases myopia is acquired, but
in a small proportion of cases i1t may be congenital ;
this latter form frequently attains a high degree in
early life, may occur in one or both eyes, and bears
no relation to the occupation of the patient. Though
seldom congenital it not unfrequently happens that
one or other of the parents has suffered from myopia.
There is little doubt that in many cases there is an
hereditary tendency to it, which transmitted through
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several generations, under favorable circumstances
for its development, becomes very decided.

As in the greater number of cases of myopia the
factor which tends to produce it is the prolonged use
of the eyes on near objects, especially while young,
we may set down myopia as one of the results of
civilisation and education, and in these days of high
pressure and competitive examination it is constantly
on the increase. The result of the very nmumerous
statistics that have been collected, especially by
German ophthalmologists (myopia in Germany 1is
exceedingly common), points to the production of
myopia in direct proportion to the amount of edu-
cation. 'I'he amount of myopia was found to be
much greater in town than in country schools, no
doubt because the general health was better amongst
those living in the country. KErismann has come to
the pleasant conclusion that, if myopia increase in
the same ratio as it has done during the last fifty
years, in a few generations the whole population will
have become ““ myopie.”

The normal refraction of the eye in childhood is
hypermetropic; some few remain so, a great number
becoming emmetropic as they get older, and a large
percentage of these pass on to myopia.

In proof of this hereditary tendency to myopia,
Dr. Cohn has summarised the statistics of various
German writers on this subject. Thus in public
schools, myopia was found to exist without predis-
position in 8 per cent., with predisposition in 19 per
cent. In the higher schools the result was—without
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predisposition 17 per cent., with predisposition 26 f
per cent,

Residence in towns is also conducive to short-
sight by causing people to gaze constantly at near
objects, h

The cause why myopia when once established is
very liable to increase, is that the extreme con-
vergence, which is necessary to enable the patient to [
see at the limited distance to which he is confined, .'
causes the weakest part of the globe (that part, in
fact, which is least supported) to bulge, forming a
posterior staphyloma. -In support of this method of
the production of myopia may be stated the well-
known fact, that people, such as watchmakers and
jewellers, who habitually use a strong convex lens
before one eye, and work at the focal distance of that
lens, are not especially liable to myopia, proving that
close work without convergence does mot tend to
produce it. As the eyeball becomes elongated, its
movements become more difficult, and the pressure
produced by the muscles during prolonged con-
vergence tends still further to increase the myopia.

The stooping position which so many myopes take
up, causes an accumulation of blood in the eyeball,
which tends to raise the tension as well as materially
to interfere with its nutrition. Hence results a state
of congestion, softening, and extension, leading to a
further increase of the myopia. The more advanced
these changes, the more difficult is it for the myopia
to become stationary.

In addition to these two causes, extreme con-

S =
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vergence and the stooping position, it is possible that,
as a result of the constant convergence, the optic
nerves may be somewhat pulled upon, and thus
further assist in producing myopia.

(Cases of nebule, cataract, and other causes of im-
perfect sight in children may give rise to myopia by
causing them to hold objects they wish to see close to
the eyes. _

Symptoms.—The patient sees distant objects badly
and near objects well. The eyes look prominent ;
the pupils are usually large in young people ; as age
advances they contract, thus diminishing the circles
of diffusion, and so slightly improving vision. Ese-
rine acts in the same manner, so does the nipping
together of the eyelids, which is so characteristic of
patients suffering from myopia, and to which the
disease owes its name. The acuteness of vision is
frequently below the normal, though objects within
the patient’s far point appear larger than they do to
the emmetrope, the distance between the nodal point
and the retina being greater in myopia (Fig. 70).
This, however, may be partly counterbalanced by the
stretching of the retina, so that, although the image
may be somewhat larger, it may not cover a greater
number of cones than would be the case in an emme-
tropic eye.

_ 1f the myopia be progressive, frequent limitations
1n the field of vision occur, in the form of scotomata
due to patches of retinal atrophy.

Besides seeing distant objects badly, the patien?
complains of pain, fatigue, and intolerance of light,
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with a state of irritation, especially after using the
eyes by artificial light. There may be hyperamia

Fra. 70.

A. The retina in an emmetropic eye. B. The retina in a

myopic eye. ©. The visual angle. N. The nodal point.
The distance from ¥ B is greater than ¥ A, and the image of
oP is greater at B than at A.

of the eyes and lids, spasm of the accommodation
(which increases the apparent amount of myopia),
pain in the eyeballs on pressure, photopsia, an ap-
pearance oi convergence due to the small size of the
angle a (p. 195), together with “musce volitantes.”
These are often a source of great anxiety ; the patient
may, however, be assured that, although they cannot
be removed, there is no cause for uneasiness; these
muscae are probably the remains of vitreous cells,
which, being situated a considerable distance in front
of the retina, throw shadows on it, and are projected
outwards as much larger images than would be the
case in an emmetropic eye; they appear to the patient
as black spots.

The ciliary musele is smaller than in emmetropia,
the ' circular fibres (which are so hypertrophied in
hypermetropia) being almost absent.
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The internal recti muscles often act badly, so that
convergence becomes painful and difficult, often
going on to divergent strabismus.

In myopia the convergence has to be used in
excess of the accommodation ; some patients as they
become myopic learn to use these two functions in
unequal degrees, while others are unable thus to dis-
sociate them, so that on looking at an object situated
at the myope’s far point, no accommodation and no
convergence take place, it becomes necessary then
that the two eyes shall make a conjugate movement
in one direction, so that one eye may receive the
image of the object on its macula, while the other eye
as a result of the conjugate movement has deviated
outwards,—in other words, divergent strabismus
has occurred.

When the myopia is of high degree, the patient
often uses one eye only for reading, then of course he
does not require to converge.

The refraction diminishes slightly with advancing
age (see p. 125); the pupils also become smaller,
thus cutting off some of the patient’s circles of dif-
fusion ; so that frequently a marked improvement
takes place in the vision of myopes as they get older.

Ophthalmoscopic Appearances.—With the ophthalmo-
scope, a crescentic-shaped patch of atrophy is fre-
quently seen on the outer side of the optic dise,
embracing it by its concave edge; this is called the
‘““ myopic crescent.”

In an early stage the crescent looks somewhat
white, the large choroidal vessels often appear more
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distinet than on the adjoining parts, while gradually
the blood-vessels disappear, leaving the white scle-
rotic, which shows up plainly against the red of the
fundus. Some remains of pigment about the convex
border of the crescent are often seen, and frequently
there is some thinning of the choroid beyond. The
retina seems to participate i this atrophy much less
than might have been expected.

Although the atrophy usually assumes the ecres-
centic form, as shown in Plate 1, which was drawn
from the fundus of a young man, aged twenty, with a
myopia of 4 D., yet it may vary much, sometimes
forming a complete ring round the optic disc (11), or
it may extend outwards (111), the broadest part being
always between the disc and the macula. Sometimes
there is excavation of the atrophic part.

The optic nerve is occasionally displaced somewhat
inwards, and the disc, instead of being directed for-
wards, looks forwards and outwards, making 1t appear
oblong in shape from its being seen obliquely (111);
the retinal vessels that pass over the atrophied part
are often straight in their course, and show up very
clearly aguninst the white sclerotic.

The formation of the crescent is much influenced by
the amount of myopia. In slight degrees in young
people it is often absent, but in cases of 6 D. or more,
at the age of twenty, we invariably find a well-marked
crescent.

In very high degrees of myopia the epithelial
layer of the retina atrophies, secondary changes may
take place in the yellow spot, as shown 1n Plate 1v:
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when such changes take place they cause great
impairment of vision, due either to extension of the
atrophy outwards, or to disease commencing there
independently. If the disease be progressive, the
vitreous becomes disorganised, with floating opaci-
ties; the nutrition of the lens may suffer, opacities
forming in it, especially at the posterior pole; choroidal
hewmorrhages may occur, and detachment of the retina
sometimes takes place.

Further, it may be said that myopes, owing to their
defective vision, are especially liable to accidents,

The diagnosis and estimation of myopia is easy. At
the distant type the patient requires a concave glass
to enable him to read §. The weakest lens with which
he is able to read it is the measure of his myopia;
always remember the patient 1s apt to choose too
strong a glass if left to himself; to prevent this and
enable us to make an exact record of the condition of
the refraction, by which we may judge if the myopia
15 stationary or progressive, it is much the best plan
in young people to atropize them in the manner
previously described. Great differences will be found
in myopes when testing them at the distant type : in
some, each increase in the strength of the glass causes
a corresponding increase of vision ; while in others,
with the same amount of myopia, but little improve-
ment takes place until nearly the full correction is
reached, when 1t suddently becomes almost normal :
hence it is not sufficient after trying two or three
concave glasses without any visual improvement, to

at once assume the absence of myopia. On placing

10




146 THE REFRACTION OF THE EYE

the near type in his hand, he will be found to be
able to read the smallest print, though at a shorter
distance than that for which it is marked. The
extreme distance at which he is thus able to read it
18 his far point, the measure of which 1s also a measure
of his myopia ; this is a most useful guide to ns: for
instance, he reads No. 1 at 25 em. but no farther;
100 = 4 D., therefore 4 D is the measure of the
myopia, and such a glass will render parallel rays so
divergent that they will seem to come from 25 cm.
Had he been able to read it at 10 cm. only, then
(120 = 10 D.) — 10 D. would be the measure of the
myopia.

With retinoscopy the shadows move in the same
direction as the mirror so long as the observer is
beyond the patient’s far point (p. 83).

With the ophthalmoscope, by the indireet exami-
nation, the dise looks smaller than in emmetropia, and
becomes larger on withdrawing the objective farther
from the eye (p. 69).

With the mirror alone, at a distance an inverted
magnified image of the dise can be clearly seen,
provided always that the observer be not nearer
the aérial image than his own near point (Fig. 495).
The lower the myopia the greater the image, becanse
the longer is the distance between the image and
the myopic eye. On moving the head from side to
side the image will always move in the opposite
direction, showing that it is an inverted one.

By the direet method of examination the fundus can-
not be clearly seen until a concave glass is placed
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front of the observing eye. The weakest concave glass
with which the details of the macula and disc can be
clearly seen (the observer’s eye being emmetropic
and the accommodation relaxed) is a measure of the
myopia (Fig. 48). This test may be relied upon for
the lower, but not for the higher degrees of myopia.

The treatment of myopia.—The chief indications
are—

1st. To prevent the increase of the myopia.

9nd. To enable the patient to see well.

3rd. To prevent the various troubles from which
myopes are so liable to suffer, as asthenopia, divergent
strasbismus, &e.

To carry out the first of these indications, strong
convergence and the stooping position, which play
so important a part in the production of myopia,
must be avoided, the patient being directed never to
read in a train or carriage, where every movement
requires a change in the accommodation, nor to look
at near obects for too long together: the natural
tendeney for a myope who is excluded in great mea-
sure from seeing distant objects, is to devote himself
to near ones. In reading, writing, or working, he
must keep 35 em. away from the book or paper, use
books printed in good bold type, and not write too
small, while the desk and seat should be conveniently
arranged so as to avoid stooping. He should do as
little as possible by artificial light ; when necessary,
it 18 best to use a reading lamp, so placed that it
throws the light down upon the work, leaving the
remainder of the room in comparative darkness, so
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that when the eyes become tired they may be rested
by turning them from the light. The stooping
position must be strictly avoided, as it causes an
increased flow of blood to the interior of the eyeball,
and at the same time, by compressing the veins in
the neck, obstructs the returning blood, and so pro-
duces hypersemia with symptoms of irritation, and
possibly some slight increase of tension. When
reading or writing he should sit with his back to the
window, so that the licht may fall on the book or
paper over his left shoulder, the shadow of his pen
being thus thrown to the right, enabling him to see
plainly the letters he is forming.

Attention must be paid to the general health;
iron internally often being especially useful, combined
with regular outdoor exercise and good nutritious
food.

When symptoms of irritation show themselves,
with a rapid increase in the myopia, complete rest
must be given to the eyes, and in no way can this be
so conveniently carried out as by dropping into the
eyes a solution of atropine (gr. j to 3]) three times a
day, for some two or three weeks; counter-irritation
may be applied to the temples and behind the ears in
the shape of small blisters, or by a solution of
iodine: no spectacles must be allowed. Sometimes,
where there are symptoms of congestion present, the
artificial leech applied to the temple once a week
for a few weeks does much good. As the irritation
gradually subsides, the patient may be allowed to
do a little reading daily in a good light, the eyes all
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the time being kept under atropine; he may require
glasses to enable him to do this. Thus if he have
myopia of 8 D. he will not require them, his far point
being at 83 cm. ; if he has —1'5 D. he will require +
1:5 D. to enable him to read at about 33 em. (+ 3 D.)
+ (= 1'5D.) = + 15 D.; if the myopiais 6 D. he
will require — 3 D. to put back his far point from 16
to 33 cm. (+ 3D.) + (—=6D.) = — 3 D.

So long as the myopia is progressive it must always
be a source of anxiety to us.

To enable the patient to see well both near and
distant objects, as well as to prevent extreme conver-
gence, we must correct the myopia. In young people
with good accommodation and with a low degree of
myopia the full correction may be well borne, the
patient wearing such glasses constantly ; and it has
been observed that in those who from their youth
have worn their full correction constantly, for both
near and distant objects, the myopia has usually
remained stationary.

There are two exceptions to this general rule of the
full correction of myopes :

1st. Where the myopia is of high degree, and the
acuteness of vision is reduced, then the concave
glasses so much diminish the size of the retinal
images, that the individual is induced to make these
images larger by bringing the object closer.

2nd. When the myopia is of high degree, and the
patient has, from long custom, become used to
exercise the function of convergence in excess of his
accommodation, the full correction, which gives him
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perhaps excellent distant vision, causes him pain
when used for near objects. Here we must give two
pairs of spectacles, one for distant vision, and the
other for near objects; the latter may be gradually
increased in strength as the patient becomes ac-
customed to them, so that after a time, possibly a
year or so, the full correction may be comfortable for
constant use.

In those cases where the myopia is of high degree,
and the patient is unable to bear the full eorrection
for reading, we find out the necessary glass by sub-
tracting from the lens which gives the best acuteness
of vision, that glass whose focus represents the
distance at which the patient wishes to read or work.
Thus, for example, =9 D. gives the best distant
vision ; the patient wishes for glasses with which to
readat 33 em. (=9 D.) + (+3D.) = —-6D.; — 6 D.
will be the glass required, and will enable the patient
to read at 33 cm. without using his accommoda-
tion.

Glasses may also be required for music. When the
myopia is of low degree, and we are certain that the
disease is stationary, folders may be allowed for dis-
tance, no glass being used for near work.

Single glasses are occasionally allowed in low
degrees of myopia for looking at distant objects;
they have the disadvantage that they encourage the
patient to give up binocular vision, and may so assish
in the development of a divergent squint.

When muscular asthenopia is present, prisms with
their bases inwards (which diminish the necessity for
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convergence), with or without concave glasses, are of
great value.

When photophobia is a prominent symptom tinted
spectacles may be comfortable (p. 229).

It is important to impress on the patient that the
glasses for reading are not given to enable him to see
better, but to increase the distance ab which near work
can be done.

When the myopia has been estimated under atro-
pine, it is often necessary to add on to the glass so
found — 5 D., as the full correction under the
mydriatic is usually this much weaker than the cor-
rection found without it, the reason being that the
ciliary muscle is never so completely relaxed as it 1s
by atropine.

I am of course aware that the above optical treat-
ment of myopia is at variance with the teaching of
French authorities.

Landolt considers that the action of the ciliary
muscle may have a tendency to increase the myopia,
and therefore states that myopes should never wear
glasses which require the patient to use his accommo-
dation ; so that in low degrees of myopia glasses are
only allowed for distant objects ; in medium degrees,
glasses which under-correct the myopia are given for
near objects, so as to enable the wearer to see at a
given distance without accommodation.

My own opinion is, that every case requires treating
on its own merits ; very many myopes wear their full
correction constantly with comfort, and if not with
benefit to the eyes most certainly without injury;
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while other myopes will occasionally be found who

suffer from asthenopia when using their full correction

for near vision. In extreme degrees of myopia, and

in those where the disease is increasing rapidly, rest for

the eyes, and not spectacles, is the essential treatment.
See Cases 11 and 19, pp. 238 and 242.

—
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CHAPTER VIII

ASTIGMATISM AND ANISOMETROFIA

Asriemarisa (A, priv.; oriypa, a point).

Hitherto we have seen that the cornea usually
takes but little part in the defects we have been con-
sidering. It has been shown that hypermetropia is
almost invariably due to the eyeball being too short,
and myopia to its being too long. We now come to
a defect in which the curvature of the cornea plays
a very important part, with or without some decrease
or increase (from the emmetropic standard) in the
antero-posterior diameter of the eyeball; I refer, of
course, to astigmatism, which is the commonest of
all the refractive errors, few cases of hypermetropia
being entirely free from it, and still fewer cases of
myopia. Astigmatism may be defined as that state
in which the refraction of the several meridians of
the same eye is different; for instance, the vertical
meridian may be emmetropic, the horizontal hyper-
metropic.

Astigmatism is usually congenital, but may be

acquired : frequently there is some hereditary ten-
dency.
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Astigmatism was first discovered by Thomas Young
in 1793, who was himself astigmatie,

Astigmatism may be divided into two chief varie-
ties:

1. Irregular.

2. Regular.

Irregular astigmatism consists in a difference of
refraction 1n the different parts of the same meridian,
and may be further subdivided into normal and
abnormal. (@) Normal irregular astigmatism is due
in great measure to irregularities in the refracting
power of the different sectors of the lens; it causes a
luminous point to appear stellate, as in the case of a
star, which 1s, in reality, round. (b) The abnormal
variety may arise from the condition of the lens or
of the cornea : when the lens 1s at fault, it may be
a congenital defect, or it may be acquired from changes
taking place in the lens itself; or it may result from
partial displacement. The changes in the cornea
which may produce it are, conical cornea, nebula, and
ulcers. Little can be done in the way of glasses
towards correcting this form of astigmatism, though
much improvement of vision sometimes occurs when
stenopaic spectacles areworn, the opening being made
to suit the peculiarity of each case.

We now pass on to the much more common variety,
which can [requently be exactly corrected by the
help of planc-cylindrical lenses.

Regular astigmatism is due to the curvature of the
cornea being different in the two meridians, that of
maximum and minimum refraction ; these are called
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the chief meridians, and arve always at right angles to
each other.

In the normal eye the cornea is the segment of an
ellipsoid and not of a sphere, so that there is a slight
difference in the refraction of the two chief meridians,
the focus of the vertical meridian being slightly
shorter than that of the horizontal.

This can easily be proved by looking at a card on
which is drawn two lines crossing each other at right
angles ; the card is held close to the eye and gradually
made to recede; both lines cannot be seen at the
same time with equal clearness, the horizontal being
seen clearly at a shorter distance than the vertical
- line. So long, however, as the acuteness of vision 1s
not impaired it goes by the name of normal astig-
matism, or regular astigmatism of the normal eye.

Parallel rays passing through a convex spherical
glass come to a focus at apoint. If the cone of ight
thus formed be divided perpendicular to its axis, at
any point between the lens and its focus, or beyond
the focus after the rays have crossed and are diverg-
ing, a circle is formed. In astigmatism the case 1s
different : if parallel rays pass through a convex lens
which is more curved in the vertical than in the
horizontal meridian, those rays which pass through
the vertical meridian come to a focus sooner than
those which pass through the horizontal; and the
resulting cone, instead of being circular as in the pre-
vious case, will be more or less of an oval, forming a
circle only at one point (4, Figs. 71 and 72). Let us
now divide this cone at different points at right angles
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to 1ts axis, and notice the shape of the diffusion
patches thus produced.

At 1, an oblate oval is formed ; at 2, a horizontal
straight line, the rays passing through the vertical

meridian having come to a focus; at 3, 4, 5, the rays

Fra. 71.

Section of cone of light ut 1, 2, 3, 4, 5, 6, 7, Fig. 71.

passing through the vertical meridian have crossed
and are diverging, and the rays passing through the
horizontal meridian are approaching ; at 4 a circle 1s
formed ; at 6 a vertical straight line, the rays passing
through the horizontal meridian have met, while those
passing through the vertical meridian ave still diverg-

ing ; a large prolate ellipse is formed at 7.
The space between B and v, u being the point at |
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which the rays passing through the horizontal meri-
dian focus, and v the point at which the rays passing
through the vertical meridian meet, is called the
interval of Sturm (1, Fig. 73).

Regular astigmatism was at one time thought to
be due to defects in the eurvature of the lens, but it
has since been proved to depend almost entirely on

Fie. 73.

asymmetry of the cornea. The lens may, however,
influence it in two ways:—Ist. Its two chief meri-
dians may not correspond to those of the cornea.
2nd. Owing to the position of the eye the lens may
be situated obliquely.

It has been experimentally proved that shight
amounts of corneal astigmatism may be corrected or
disguised by the uuequal contraction of the ciliary
muscle (one segment of the musecle acting while the
rest of the circle remains passive) ; the curvature of
the lens 1s thus increased in the direction of the
cihary contraction only.

In astigmatism the vertical meridian of the cornea
has usually the maximum, and the horizontal meri-
dian the minimum of eurvature, corresponding to the
astigmatism of the normal eye. To this, however,
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there are numerous exceptions. Thus the chief
meridians may occupy an intermediate position, or
the vertical may have the minimum, and the hori-
zontal the maximum of curvature. Whatever the
direction of the two chief meridians, they are always
at right angles to each other.

There are five varieties of regular astigmatism :

1. Simple hypermetropic astigmatism.

2. Compound hypermetropic astigmatism,

3. Simple myopic astigmatism.

4. Compound myopic astigmatism.

5. Mixed astigmatism.

In the first variety, one set of rays (we will assume
the vertical, v) have come to a focus on the retina,
while those at right angles, the horizontal (m), focus
behind the eye. Thus, instead of a point, as in em-

ight line 1s formed on the

-

metropia, a horizontal stra

retina (Fig. 74).

In the second variety, both sets of rays foecus be-
. - . n: ol =
hind the retina, forming an oblate oval (Iig. 75).
In the third variety, one set of rays (we will assume
the vertical) focus in front of the retina, the other set
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on the retina, thus forming a vertical straight line
instead of a point (Fig. 76).
In the fourth variety, both sets of rays focus 1n

Fig. 75.

front of the retina, forming an upright oval (Fig.
77).

Fia. 77.

In the fifth variety, one set of rays has its focus in
front, and the other set behind the retina (Fig. 78).
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In the five foregoing figures, the focus of the ver-
tical rays has been placed in front of the focus of the

Fra. 78.

horizontal rays; of course it will be understood
that the position of these two foci are frequently re-
versed.

From what has been said it will easily be seen, that
when an astigmatic eye looks at a spot, it sees not a
spot, but a line, an oval, or a circle; hence its name
(a and oriyu a).

It is necessary that it should be thoronghly under-
stood how the image of a line is formed on the retina :
the clear perception of a line depends upon the dis-
tinctness of its edge, and to gain a clear image of this
line it is necessary that the rays coming from a suc-
cession of points which make up this line (they of
course emerge in every direction) should be brought
to a focus on the retina, having passed throngh the
cornea at right angles to the axis of the line. Should
they not do so, circles of diffusion are formed, which
overlap each other and so render the edgesill-defined.
The rays which diverge from the line parallel with its
axis, overlap each other on the retinal image, in-
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creasing ifs clearness, except at the extremities,
where they overlap and cause some slight indistinct-
ness. Thus a person with simple astigmatism, myopic
in the vertical and emmetropic in the horizontal, sees
distinctly wertical lines, because the rays coming from
the edges of the vertical line pass through the hori-
zontal or emmetropic meridian, while those which
come from the line parallel with its axis pass through
the myopic meridian and overlap each other without
causing any indistinctness of its edges. Therefore
a patient with simple astigmatism sees clearly the line
which is papallel with his ametropic meridian, and
indistinctly ?Z;]"lﬂ line parallel with his emmetropic
meridian.

Causes :

1. Congenital malformation of the cornea, which
may in astigmatism of high degree be part
of a general malformation of the face and
skull.

This variety of astigmatism usually re-
mains unchanged throughout life.

2. Operations involving the cornea or sclerotic,
such as cataract extractions, iridectomy, &c. ;
these operations often cause by their cicatri-
sation a high degree of astigmatism, which
changes considerably with time.

Symptoms.—There 1s frequently a want of sym-
metry about the patient’s head or face. If young,
and the astigmatism hypermetropie and of low degree,
few symptoms may be present; usually, however, the
patient complains of defective vision with asthenopia,

1l
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especially if his work be such that his accommoda-
tion 1s in constant use ; sometimes headache i1s a very
marked symptom, either frontal or occipital ; he has
probably tried all sorts of spectacles, and can find none
to suit him. On trying him at the distant type, his
acuteness of vision is always below the normal, the
mixed variety of astigmatism affecting it most, and
next the compound. "The way the patient reads the
type may be an indication of the defect: he may be
able to read certain letters better than others; thus
he may decipher some letters of % only, and yet
be able to read some of % and even some of .
We sometimes notice, when trying the acuteness of
vision, that the patient sees much better it allowed
to hold his head on one side ; by doing this he places
his nose somewhat in the line of vision of the eye
he is using, and so cuts off some of the rays which
would otherwise enter his pupils ; thus diminishing
his circles of diffusion. It is possible, that if his chief
meridians are oblique, by thus tilting them he brings
them to correspond with the meridians of the object
looked at. Whether this explanation be the correct
one I know not, but we may generally feel pretty
confident, when we see the patient looking at the
test-type with his head on one side, that astigmatism
is present. One frequently hears it said that 1mages
formed on the retina in astigmatism are distorted ;
this, however, is not the case, as can readily be proved
by making one’s own eye astigmatic, by placing in
front of it a cylindrical glass; a certain amount of
blurring and indistinctness is produced, but no actual
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distortion, the distance between the cornea and retina
being insufficient.

Usually both eyes are affected, sometimes quite
symmetrically. Frequently, however, there 1s a great
difference, one eye being almost emmetropic, the other
very astigmatic.

In astigmatism, when the chief meridians of one
eye are at right angles to the chief meridians of the
other, binocular may be much better than monocular
vision ; we will illustrate this by a simple example.
The right eye we will assume to be hypermetropic
2 D. in the vertical meridian, emmetropic in the hori-
zontal ; the left emmetropic in the vertical, hyperme-
tropic in the horizontal 2 D. We know that the
patient, looking at the fan of radiating lines with the
right eye only, will see the vertical lines distinctly,
the horizontal only by accommodating ; with the left
eye the horizontal lines will be clearly seen, the ver-
tical ones indistinctly ; with the two eyes all the
lines will appear fairly distinct, the image in one eye
overlapping that of the other. We seldom find a
case in which the correction is so complete as in our
example, but we meet with cases where partial cor-
rection takes place.

In my experience vision is less impaired when the
chief meridians are vertical and horizonal than when
they are oblique.

As hypermetropia is more common than myopia,
80 also is hypermetropic astigmatism of more fre-
quent occurrence than the myopic variety, though
few myopes will be found who are quite free from

-
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astigmatism. Mixed astigmatism is the least fre-
quently met with.

If, after trying the patient at the distant type, we
are not satisfied with the result, though perhaps we
have some improvement with either convex or con-
cave glasses, we may suspect astigmatism, and pass
on to some of the special tests by which it may be
diagnosed and estimated.

If astigmatism exist, our first object must be to
find out the direction of the two principal meridians,
viz. those of maximum and minimum refraction.

Most of the tests for astigmatism are based upon
the principles of the perception of a line.  An astig-
matic eye looking at a test object composed of lines
radiating from a centre, and numbered for conve-
nience like the face of a clock, is unable to see all the
lines equally clearly. The line seen most distinctly
indicates the direction of ome of the two chief
meridians ; the other chief meridian being of course
at right angles to the one most clearly seen. The
fan of radiating lines now very commonly used, as
well as the clock face with moveable hand, are
all convenient test objects. The striped letters of
Dr. Pray are useful for indicating one of the chief
meridians.

To test and measure the astigmatism, we place our
patient at a distance of six metres in front of the
clock, Fig. 79, covering up one eye with a aground-
glass disc. Supposing he see plainly the three lines
from 12 to 6, all the other lines being more or less
indistinct, those from 3 to 9 most so, and further, 1if
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on placing before the eye a weak positive glass we
find that lines from 12 to 6 are blurred, we know then

Fia. 79.

that the horizontal meridian—that is, the meridian
at right angles to the clearly defined line—is emme-
tropic, ag well as being one of the principal meridians.
We now direct him to look steadily at the lines from 3
to 9, 4. e. those at right angles to the lines first seen;
we try what spherical glass enables him to see these
lines distinetly and clearly ; this glass is the measure
of the refraction of the vertical meridian, and there-
fore also of the astigmatism.

To obtain reliable results, the eye musi be
thoroughly under the influence of atropine.

Supposing lines from 12 to 6 be clearly seen, but
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that with a weak convex glass they are blurred ; and
that on looking at lines 3 to 9 no convex glass im-

Fra. 80.

proves their clearness, while — 1 D. renders them
quite distinct, the case is one of simple myopic astig-
matism.

With the ophthalmoscope the astigmatism may also
be recognised. Ist. With the #ndirect method we
find that the shape of the disc, instead of being ecir-
cular, is more or less oval, changing its shape as the
objective, which must be held exactly perpendicular,
is withdrawn., 2nd. With the direcf method we find
that the disc appears oval, the long axis of the oval
corresponding to the meridian of greatest refraction.
Figs. 81 and 82 show the same disc as seen by the
direct and indirect examination.

It is, however, the difference in degree of the clear-
ness of the retinal vessels that is to be taken as the
guide, not only of the chief meridians, but also of the
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kind and amount of error. To detect this, assuming
that the chief meridians are vertical and horizontal,

Fig. S1.% Fiag. 82.

Erect image. Inverted image.

we take notice first of the lateral margins of the dise,
and of a vessel running in the vertical direction, and
find out the strongest positive, or the weakest negative,
olass with which these are distinctly seen, using a re-
fracting ophthalmoscope. We then take a horizontal
vessel with the upper and lower margins of the disc,
and estimate their refraction in the same manner,
Thus a vessel going upwards is first taken ; 1t 1s seen
well with convex 1, the horizontal meridian therefore
is hypermetropic 1 D. A horizoutal vessel is now
looked at and can be best seen with concave 1, show-
ing that the vertical meridian is myopic one dioptre ;

# [ have to thank Mr. Nettleship for these woodcuts, from his work
on ‘ Diseases of the Eye.’
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the case is, therefore, one of mixed astigmatism.
When the chief meridians are not vertical and hori-
zontal, we must endeavour to find a vessel which coin-
cides with one of the chief meridians, and having
estimated this, we look for a vessel at right angles to
that first chosen, and find out its refraction in the
same way ; this gives us the other chief meridian.
srd., Retinoscopy. This is, I think, the easiest and
most trustworthy of all the objective methods. 'The
patient being fully atropized, the prineipal axes can
be seen at a glance, and the proper glasses for cor-
recting the error easily found by anyone who has
taken the trouble to famiharise himself with this
method of examination. For a full deseription of
retfinoscopy the reader must refer to Chap. V.

Astigmatism requires for its correction a cylindrical
glass, and reference has aiready been made to such a
leng on p. 32.

This eylindrical glass is the segment of a eylinder ;
whereas a spherical glass is the segment of a sphere.
I'he eylinder may be either concave or convex, and is
numbered according to the refraction of the meridian
of greatest curvature; the result upon rays that pass
through it is, that those which pass through parallel
to its axis undergo no refraction ; all other rays are
refracted, those most so which pass at right angles
to the eylinder. A cylinder thus possesses the power
of exactly neutralising the astigmatism,

On referring back to Tig. 74, which represents a
case of simple hypermetropic astigmatism, the vertical
meridian being emmetropic and the horizontal meri-
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dian hypermetropic, it will be seen that a convex
cylinder can be found, which with its axis vertical
will increase the refraction of rays passing through
the horizontal meridian, so that they meet exactly on
the retina. Suppose the glass required be + 1 D.
eylinder, this not only corrects, but 1s itself a measure
of the astigmatism. If a patient with astigmatism of
1 D. be able to read -5 of the distant type and with
the cylinder + 1 D, axis vertical £, it may be ex-
pressed in the following manner: % + 1 D. cy. AXIS
vert, = §.

Fig. 75 represents compound hypermetropic astig-
matism. We find out the refraction of each chief
meridian by retinoscopy or the clock face. Assuming,
then, the vertical meridian to be + 1 D., and the
horizontal + 2 D., if we place our positive cylinder +
1 D. with its axis vertical, we shall have corrected
the astigmatism, and the error will be reduced to one
of simple hypermetropia, requiring for its correction
+ 1 D. sphere. This combination of sphere + 1 D.
with cylinder + 1 D. axis vertical is made in one
glass, by the optician grinding upon one side the
sphere + 1 D. and on the other the cylinder + I D.
The lens thus formed is called a spherico-cylindrical
lens.

Pig. 76 represents simple myopic astigmatismn, in
which the vertical meridian is myopic and the hori-
zontal emmetropic. To correct this error 1t is neces-
sary to cause the rays which pass through the vertical
meridian to be so refracted that they meet at instead
of in front of the retina. Here 1t 18 obviouns that a
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negative eylinder with its axis horizontal will accom-
plish this object.

Fig. 77 represents compound myopic astigmatism,
Both sets of rays focus in front of the retina, one
seb in advance of the other. This is corrected by
carrying the focus back by a negative sphere and so
reducing the case to one of simple myopic astig-
matism, which is corrected by a negative cylinder.
This glass 18 called a negative spherico-cylindrical
lens.

Fig. 78 represents mixed astigmatism. One set of
rays focus in front of the retina, the other set behind
it. The difference between these is the amount of
astigmatism, and may be corrected in three different
ways. Thus supposing the vertical meridian myopie
1 D., and the horizontal hypermetropic 1 D., the
correction may be made by — 1 D. eylinder, axis
horizontal, which puts back the vertical rays so as to
focus on the retina, combined with a + 1 D. eylinder,
axis vertical, which brings forward the horizontal
rays to the retina. This compound lens is called a
concavo-convex cylinder. There are, however, some
difficulties in using this method of correction; the
axes of the cylinders have to be arranged with such
exactness, that the slightest variation may upset the
whole result. Besides, it is difficult, when using such
a combination at the distant type, to make alterations
with the same facility with which one does other
combinations. Moreover, during the grinding, very
oreat care is required of the optician; so that
either of the following plans seems preferable: by a
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minus concave spherical glass of 1 D., combined
with a convex cylinder of 2 D. axis vertical ; or by a
+ 1 D. sphere, combined with — 2 D. cylinder axis
horizontal.

Treatment—Having found out by one of these
numerous methods the refraction of the two chief
meridians, we confirm the result by trying the patient
at the distant type with the combination so found,
making any slight alterations which may be necessary.
These glasses may be ordered at once, remembering,
when atropine has been used, that in hypermetropic
astigmatism we must reduce the convex sphere
about 1 D., while in the myopic variety the con-
cave sphere must be slightly increased by about 1 D.

We frequently have to be satisfied with glasses
which do not raise the vision to £, and if such have
been carefully chosen, we often find that after they
have been worn for some time the vision improves,
due no doubt to the retina becoming more sensitive to
well-defined images, a condition of things to which it
was previously unaccustomed.

In ordering glasses for astigmatism, we must be
careful to give the exact axis of each cylinder ; opti-
cians supply us with convenient forms, having the
diagram of a frame marked in degrees; we indicate
the axis by drawing a line through this diagram.

The Ophthalmometer of Javal and Schiotz is an
mmstrument for measuring the amount of corneal
astigmatisn, Scientifically it may be of much value,
as by it we are enabled to separate astigmatism due
to the cornea from that due to the lens; but the
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price will prevent its coming into general use, espe-
cially as we possess so many other methods by which
astigmatism may be estimated, and probably the
separation of the two forms of astigmatism is a dis-
advantage practically, when we are seeking to correct
the defect.

With the ophthalmometer two objects are reflected
on to the cornea of the observed eye; these objects
are of white enamel, one quadrilateral in shape, the
other of the same size except that on one side it is
cut out into five steps; these two objects slide on
a semicircular arm, which rotates round the tube
thronugh which the observer looks, one object on
either side of the tube ; the observer looking through
this tube, which contains a combination of convex
glasses and a bi-refracting prism, sees four magnified
images in a line on the cornea under examination.
First find out the meridian of least refraction; this
we are able to do by finding the position of the semi-
circular arm, in which the two central images (one
quadrilateral, the other with steps) are furthest apart.
We slide the two objects together until we see the
two central images on the observed cornea just
touch, the lowest step of the one with the side of the
other; this, then, is the meridian of least refraction,
and we note it down as such; now turn the arm at
right angles to this meridian, and notice the amount
of overlapping of the two central images, each step
in the one figure that is overlapped by the quadri-
lateral one is equal to one dioptre: thus if it over-
lap three steps, there 1s a difference of 3 . between
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the meridians of least and greatest refraction; we
know this to be the meridian of greatest refraction,
because it is at right angles to the one first found.

As there are only five steps, when there is a differ-
ence of 5 D. between the two meridians, the one
figure will exactly overlap the other; for higher
degrees we have to calculate how much the figure
with the steps projects beyond the quadrilateral
figure, or we may place in the tube a stronger bi-
refracting prism, then each step may be counted as
two dioptres instead of one.

Nordenson hag obtained some interesting statistics
with this ophthalmometer (¢ Ophthalmic Review ” for
July, 1883) in 226 school children. As a result of
these statistics he 1s of opinion—

1st. That the correction of corneal astigmatism by
means of the lens in young persons is the rule.

9nd. That corneal astigmatism amounting to one
and a half dioptres is incompatible with normal
acuteness of vision.

Nordenson’s observations agree with the opinion
expressed by Javal that astigmatism predisposes to
myopia.

Tweedy's optometer affords an easy method of
estimating the refraction in astigmatism. It consists
essentially of a plate carrying the figure of a dial
marked with fine dark radiating lines at angles of 15°
with each other ; the plate is attached to a horizontal
bar half a metre long, divided into centimetres, on
which it may be made to slide ; at the proximal end
of the bar is a semicircular clip, marked with degrees
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corresponding to those on he dial, and intended to
hold the cylindrical lens. 1In order to use the instru-
ment properly, the following instructions must be
strictly complied with :

1st. The eye about to be examined having pre-
viously been placed completely nnder atropine, and
made artificially myopic to about 4 D. by means of a

Fia. 83.

strong convex lens placed in a spectacle frame, and
the opposite eye excluded by an opaque disc, the
patient should sit down before the instrument, place
the eye with the lens before it close to the clip, and
with the head erect should look straight in front at
the radiating lines of the dial.

2ndly. The dial having first been removed beyond
the point of distinet vision, should then be gradually
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approximated along the bar, until at least one of the
lines is clearly and distinctly seen ; after this the dial
should on no account be moved, but its distance from
the eye accurately noted.

It all the radiating lines come into view with equal
clearness at the same time, there 1s but shght astig-
matism ; but if whilst one line 18 clearly seen, that at
richt angles to it is blurred, there is astigmatism,
which may be corrected by placing in the semicir-
cular clip a concave cylindrical lens with its axis
parallel to the blurred line, or at right angles to that
first distinctly seen.

From the result of (2) we learn (a) the direction of
the two principal meridians, of maximum and mini-
mum refraction ; (b) the presence or absence of
hypermetropia or myopia, and the degree; (¢) the
presence or absence of abnormal regular astigmatism,
including its direction and degree. (@) The meridian
of greatest refraction is parallel to the line seen at
the greatest distance of distinet vision, while the
meridian of least refraction is always at right angles
to it. (b) The presence or absence of ametropia is
determined by the distance at which the radiating
lines are clearly seen. If there be emmetropia, the
lines will be seen exactly at the distance of the focal
length of the lens employed to produce the artificial
myopia : if there be hypermetropia, the lines will be
seen beyond that point; if myopia, within. The degree
of ametropia may be estimated by the following cal-
culation. The greatest distance of distinet vision,
minus the focal length of the lens, divided by




176 THE REFRACTION OF THE EYE

multiple of these numbers, equals the degree of ame-
tropia.

(¢) If, however, there be astigmatism, the above
calculation will give the refraction for the meridian
of least refraction only; the degree of astigmatism
will be represented by the focal length of the weakest
concave cylinder, which, placed with its axis parallel
to the blurred line, makes this line as clear and
distinet as that first seen. . The whole ametropia may
then be corrected by combining the spherical lens
required for the correction of the meridian of least
refraction, with the weakest cylindrical lens which
by actual experimentation has been found sufficient
to correct the astigmatism.

Placido’s disc consists of a cireular sheet of tin on
which is painted concentric circles of black and white;
it enables one to detect the chief meridians of the
cornea at a glance. The patient being placed with
his back to the light is directed to look at the centre
of the dise, while the observer, holding the instru-
ment close to his own eye and at a convenient dis-
tance from the patient’s, looks through the hole 1in 1ts
centre; he sees an image of the concentric circles
reflected on the cornea; if astigmatism exist, the
rings will appear elliptical, with the long axis corre-
sponding with the meridian of least curvature. Cases
of irregular astigmatism and conical cornea are easily
detected by this method.

The stenopaic slit, which consists of a metal disc
having an oblong opening in it about 2 mm. broad,
is used by some observers for working out cases of
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astigmatism. The disc is placed in a trial frame in
front of the eye we wish to examine ; and while the
patient looks steadily at the distant type the disc is
slowly rotated, so that the slit is brought successively
in front of each meridian, the position in which the
best vision is obtained is noted ; we then try convex
and concave glasses in front of the slit, to see if any
improvement take place. The slit is now in line with
one of the chief meridians ; let us turn the disc round
90°, so that the slit may occupy the position of the
other chief meridian, and find out what glass most
improves vision. Thus, supposing with the slit in the
vertical direction the patient reads §, while convex
glasses in front of the slit make it indistinct, the
vertical meridian i1s emmetropic; and on turning the
slit so that 1t 1s horizontal, the patient reads 4%, but
with + 2 D. in front &, the horizontal meridian is
then hypermetropic, and the case is therefore one of
simple hypermetropic astigmatism, requiring for its
correction 4 2 D. eylinder axis vertical. On looking
through the slit, placed between the principal meri-
dians, circles of diffusion are formed, and the object
has the appearance of being drawn out in the di-
rection of the slit.

Dr. Tempest Anderson, of York, has invented an
ingenious instrument by which astigmatism may be
estimated in a subjective manner; an image of an
illuminated radiating screen is thrown on the
retina, and is visible to the observer; the position

of the screen on a graduated bar shows the refrac-
tion.
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The inventor claims for his instrument the follow-
ing advantages :

1. The observations and measurements are made by
the observer, and are entirely independent of the
patient’s sensations, though these may be used as an
adjunet if wished.

2. An 1mage thrown on the retina being used as an
object, the error arising from the vessels or optic
nerve being before or behind the retina i1s avoided.

3. The refraction and accommodation of the
observer does not affect the result. It is only neces-
sary that he should be able to see whether certain
lines are sharply defined.

In addition to the methods already described for
estimating astigmatism, many others are known.

See Cases 3, 4, 5, 6, 7, 8, 9, p. 107, &e. ; also 20
and 21, p. 243.
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ANISOMETROPIA

Anisometropia (a, priv. ; icoc, equal; pérpov, mea-
sure; @y, the eye) is the term applied to cases which
frequently occur, where the two eyes vary in their
refraction. The defect is usually congenital, but it
may be acquired, as in aphakia or loss of accommo-
dation in one eye. Every possible combination may
exist : one eye may be emmetropic, the other myopic
or hypermetropic; or one more myopic, hyperme-
tropic, or astigmatic than the other.

Anisometropia may be met with under three chief
forms :

1. Cases where binocular vision is present.

2. When the eyes are used alternately.

3. One eye is permanently excluded from vision.

1. In the first variety the difference in refraction is
usually not very great; and if it were possible for the
patient to accommodate unequally in the two eyes, he
might be able to obtain clear images on each retina ;
but it is probable that the two ciliary muscles make
the same effort, with the result that in one eye the
image 18 well defined, in the other indistinct.

2. When the eyes are used alternately, then one
eye i1s usually emmetropic or hypermetropic, and is
employed for distant vision; while the other is myopie,
and is used for near work.

3. When the difference between the two eyes is
very great the best eye may be used exclusively,
while the vision in the other is very bad, and fre-
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quently deviates outwards or inwards; in many of
these cases one eye i1s emmetropic or slightly hyper-
metropie, the other highly myopic.

Treatment.—When the difference is not very great
(1 or 1'5 D.), and vision in both eyes is good, we may
give each eye its correction for constant use; for so
long as the eye whose refraction is the more defective
still co-operates in binocular vision, sight is improved
thereby. Especially is this full correction useful in
cases of myopia with divergent strabismus, the in-
creased stimulus to binocular vision being sometimes
sufficient to prevent the squint.

Many cases do not stand their full correction for
each eye with comfort ; they complain of strain, dis-
comfort, and headache, though the younger the patient
the less liable is he to suffer from these symptoms.

The asthenopia which often results from giving
each eye its exact correction may possibly be due to
the different prismatic effect which must result when
the patient looks obliquely through his two glasses
which have a different refractive power, and 1t has
been suggested by Mr. W. A. Dixey to overcome this
difficulty by using a bifocal glass before the eye
whose refraction is more defective. This can be done
by grinding a small central portion of the glass—that,
in fact, which is immediately in front of the pupil—
of such a focus as to fully correct the error, while the
other part of the lens will be ground of the same
focus as the glass in front of the less defective eye.
Thus, to take an example, a patient has 4 D. of myopia
in the right eye and 2 D. in the left ; for the right eye
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he would require a glass which was — 4 D. in the
centre, — 2 D. at the margin, while the left eye would
be supplied with — 2 D.

When one eye is emmetropic and the other
myopic, no glass will probably be required, the
emmetropic eye being used for distance, the myopic
eye for reading, &. When the difference in the
refraction is greater than 1'5 D. we may have to
be satisfied with partially correcting the difference,
and this result can only be arrived at by trying
each case, some people tolerating a much fuller
correction than others, our object being to give as
near as possible the full correction for each eye.
When binocular vision does not exist, frequently no
attempt can be made to correct the two eyes, and
then we generally give glasses that suit the best eye.
In cases of aphakia, &c., where one eye is used almost
entirely, while the other though defective still pos-
sesses vision, it is an excellent plan to insist on the
latter being daily exercised with a suitable glass,
the good eye being at the same time covered ; by this
means the bad eye is prevented from becoming worse,
and can at any time be utilised should ocecasion
require.

See Cases 4, p. 108 ; 14 and 15, pp. 237 and 240,
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CHAPTER IX
PRESBYOPIA. Pr. (mpeofuc, old; &y, eye)

Wirn advancing age many changes take place in
the eye. The acuteness of vision becomes less, owing
partly to a loss of transparency in the media, and
partly also to a diminuntion in the perceptive and con-
ductive powers of the retina and the optic nerve. At
the age of forty the acuteness of vision 1s almost
unaltered, the bottom line of the distant type being
read at a little over 6 metres ; at fifty it can still be
read at 6 metres, but after this time it diminishes
regularly, so that by the eightieth year vision may
have decreased to one half. In addition to these
changes, the accommodation gradually diminishes
from a very early period, the near point slowly buf
steadily receding. This change in the accommo-
dation occurs in all eyes, whatever their refraction,
and is due to an increased firmness of the lens,
whereby its elasticity is lessened; and perhaps also
in some slight degree to loss of power iu the ciliary
muscle due to advancing age. The lens also
approaches the cornea, and becomes somewhat
flatter. This failure of the accommodation begins
as early as the tenth year, at an age when all the
functions of the body are still developing.
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When the binocular near point has receded beyond
the distance at which we are accustomed to read
and write with comfort, we become restricted i our
work. Donders has fixed this point at 22 cm.

Fig. 84.

8
1
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Diagram showing the course of accommodation in an emme-
tropic eye. The figuresat the top of the diagram indicate
the age; those at the gide the amount of accommodation
and the p. p. in centimetres ; the oblique line represents
the course of the punctum proximum, and the horizontal
line that of the punctum remotum ; the space between the
two lines gives the amplitude of accommodation. From
this diagram we can caleulate the amplitude of accommo-
dation possessed at any age.

) L] T y 8 A = ¥ i 5 . .
Presbyopia, therefore, may be arbitrarily stated to
exist when the binocular near i:{_]iut has receded to 22
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em., and this occurs usually in the emmetrope about
the age of forty-five. Because in order to see at 22
cm, a positive refractive power of 45 is necessary
5y = 4'5); at the age of forty, the eye possesses
Just this amount of refractive power; but if the eye
has not so much accommodation, then we must give
such a convex glass which, added to it, brings' up
the positive refraction to 4'5 D.: for example, at the
age of fifty-five, when the eye possesses only 15 D.
of accommodation, we give a convex glass of 3 D).,
because 1'5 D. 4+ 3 D. = 45 D. (see table, p. 186).

To find the punctum proximum of an emmetrope,
we have only to divide the number of dioptres of
accommodation which he possesses into 100 cm.
Thus at twenty there are 10 D. of accommodation ;
this would give us 10 cm. as the near point. At
forty there are 45 D., in which case the near point is
22 cm.,

When the punctum proximum has receded to
22 cm., the point at which it is convenient to read is
considerably further away, since for sustained vision
only about half of the accommodation can be used.
Thus a person with 4 D. of accommodation would
have his near point at 25 em. with the maximum
contraction of his ciliary muscle, and if he can only
comfortably use about half this for continuous work,
his. reading point would be 50 em. ; this is far too
great a distance. ‘We bring back the near point by
convex glasses, which is practically the same as in-
creasing the accommodation.

Although we have said that only about one half of
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the accommodation can be used for sustained vision,
this is not absolutely correct : the amount which must
be in reserve varies much with different individuals ;
thus in one case with a surplus of 1 D. much work
can be done, whereas in another a surplus of 3 or
4 D. is necessary.

Symptoms.—The presbyope sees well at a distance,
but has difficulty in maintaining clear vision for near
objects ; the chief symptoms are a feeling of weari-
ness in the -eyes after reading, especially in the
evenings, small objects being less easily seen than
formerly, because, having to be held further from the
eye, they subtend asmaller visual angle. The patient
seeks a strong light, or places the lamp he is using
between his eye and the book; by doing this he
causes his pupils to confract, and so lessens his cireles
of diffusion; he avoids small print, and holds the
book or work further away. These symptoms are
due to a recession of the mear point, and if asthe-
nopia occur, this may be dependent upon a disturbance
of the balance between accommodation and conver-
gence ; the convergence being the same for any given
point, a much greater accommodative effort is neces-
sary than was formerly the case.

The treatment of presbyopia consists in prescribing
convex spectacles for reading and near work, so as to
bring back the near point to a convenient distance.,
In uncomplicated presbyopia distant vision is, of
course, good. We have only to remember to add on
1 D. for every five years up to sixty, commencing at
the age of forty-five.
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The following table gives approximately the
strength of glasses required by emmetropes at dif-
ferent ages to bring back their punctum proximum
to 22 cm. :

Amount of accommodation Glass required to

possessed at that The near bring back
Aye, age, point. | P.p. to 22 em,
45 3:5 D. e 28 cm. +1 D,
50 2:5 I, 5 40 cm, +2 D.
55 1-5 D. 67 cm. +3 D.
60 5 D. 200 cm. +4 D.
70 0 D. infinity +4'5 D,

To find the glass required in presbyopia, we sub-
tract the glass which represents the receded near
point, from the glass whose focus represents the point
we wish to make the near point. Thus the near point
has receded to 50 em.; the glass representing this
point is +2 D (4% = 2). We wish to bring the
near point to 20 cm., ; this would be +5 D. (1% = 5);
hence +2 D. from +5 D. gives +3 D. as the glass
required.

Although glasses can be frequently thus ordered
by a sort of rule of thumb, it is always well to bear
in mind that the definition given of presbyopia with
reference to its near point is entirely an arbitrary one,
and that we must take into account the distance at
which the individual has been accustomed to read and
work. In this there is great variety. Many small
people work and read at 20 cm., whereas very tall
people may be uncomfortable unless the book they are
reading is 35 or 40 cm.away. The distance for which
the presbyope requires spectacles will also vary much
according to the occupation for which he requires
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them. There exists a popular prejudice against the
use of strong glasses, all sorts of maladies having
been attributed to their use. This prejudice is quite
unfounded ; if too strong they may bring the reading
point inconveniently near, or they may produce asthe-
nopia, but nothing more.

Before ordering glasses for presbyopia, it is neces-
sary to try the patient’s distant vision, so that any
hypermetropia or myopia may be recognised. If
hypermetropia exist, the amount must be added to
the presbyopic glass; if myopia, it must be sub-
tracted. Thus a patient with hypermetropia requir-
ing + 2 D, for its correction, at the age of forty-five
will require + 3 D. for reading (H. 2 D. + Pr. 1 D.
= -+ 5 D.).

A myope of 1 D. will require no glass at the age of
forty-five (M.1D. + Pr. 1 D. = 0). If the myopia
be 45 D., then the patient can never require a glass
for presbyopia, his far point being 22 em. always.
His near point may recede to this distance when all
accommodation is lost, but he will still be able to read
at that distance, though at that distance only.

But allowance must be made for the fact that as
age advances the refraction of the eye diminishes;
in other words, the eye if emmetropic becomes hyper-
metropic (called acquired hypermetropia). The my-
opic eye becomes less myopie, so that a real improve-
ment in vision takes place. The hypermetropic eye
becomes more hypermetropic. This change takes
place at a regular rate in all eyes; at fifty-five the
refraction has diminished ‘25 D., at sixty-five ‘75 D.,
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at sixty-eight 1 D., and at eighty as much as 2:5 D.
Thus at eighty an emmetrope will have acquired
2:5 D. of hypermetropia, and will therefore require a
convex glass of 2'5 D. for distant objects to be seen
clearly. A myope of 2:5D. would at eighty have be-
come emmetropie, and require no glass for distance. A
hypermetrope of 2:5 D. will add on to his defect 2:5D.,
and will require a + 5 D. for distance. This change
is due to sclerosis and enlargement of the crystal-
line lens, by which its refractive power is diminished.

Dr. Schefller some years ago proposed the use of
what he called orthoscopic lenses, that is, lenses with
two elements, a sphere and a prism, so proportioned
that the amount of accommodation and convergence
should exactly correspond. Thus in the case of a
presbhyope aged fifty, requiring + 2 D. to make him
read comfortably at 25 em., it would be combined
with a prism of 2 m, a. base inwards, the result being
that the patient wounld then have to put on 2 D. of
his accommodation and 2 m. a. of convergence, and
thus these two functions would be used in equal
degrees. The results, however, are not so good as
might have been hoped ; the glasses are too heavy,
and on looking at a flat surface some distortion is
produced. Nevertheless cases do ocecur in which,
though the presbyopia is corrected, the patient after
reading a short time complains of asthenopia. Such
cases are frequently at once and completely relieved
by combining with their spheres, prisms of 2° or 3°
with their bases inwards; or by having the lenses
decentred, forming convex prismo-spheres (Fig. 94).
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A lens of 1 D. must be decentred 87 mm. to pm«;
duce a prismatic effect of 1°. Thus in order to find
out the amount that a lens should be decentred
to produce a given prismatic effect, it 1s necessary to
multiply 8:7 by the number of the prisms we wish to
use, and divide the result by the number of the
lens. Thus, to take an example, with a + 6 D. we

wish to produce a prismatic effect of 2° then
g ?-;-2 = % = 2'9 mm. ; the glasses would require
to be decentred 29 mm.

Care must be taken to see that the glasses are
properly centred, unless they have been ordered
otherwise ; for if the frames are too broad, the pris-
matic effect produced is very apt to give rise to
asthenopia, by disturbing the relations between con-
vergence and accommodation. i

In cases where the convex glasses have frequently
to be changed for stronger ones, ““ glaucoma > should
be carefully looked for; and if any symptoms of
1t appear, no near work must be allowed, as it is
of the greatest importance to avoid all possible
tension.

The commencement of cataract may in some cases
hasten presbyopia.

In each case of presbyopia, first test the patient’s
distant vision, so as to detect any hypermetropia,
myopia, or astigmatism ; and having recorded this, we
add the glass which he requires for his presbyopia
and try him with the reading type: should they suit,
we direct the patient to read with them for half an
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hour or so; if found satisfactory we order spectacles
of this strength.

See Cases 12, 16, 17, and 18, p. 236, &c.

PARALYSIS OF THE ﬁﬂcm:mnnyrmm

Paralysis of the accommodation, either partial or
complete, arises from loss of power in the ciliary
muscle (cycloplegia), and is due to paralysis of the
third nerve, or of that branch of it which supplies the
muscle of accommodation and the circular fibres of
the iris. Cases do occasionally occur, though very
rarely, of paralysis of the ciliary muscle, not involving
the constrictor pupillze. Generally both eyes are
affected ; frequently, however, only one.

When the paralysis is confined to the ciliary muscle
and iris, it goes by the name of ophthalmoplegia
interna.

Causes.—Atropine is the most common cause, but it
may be due to diphtheria, rheumatism, fever, any
complaint of a lowering character, cerebral trouble,
syphilis, diabetes, or some reflex irritation, e. g. decayed
teeth, &ec. ; the cause may, however, not be apparent.
When the whole third nerve is involved, ptosis, ex-
ternal strabismus, &c., oceur; but in those cases
where the branch supplying the ciliary muscle and
the circular fibres of the iris is alone implicated, the
indicating symptoms are asthenopia, dilatation of the
pupil, and loss of the power of accommodation,
whereby the patient, though able to see distant
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objects well (if emmetropic), is unable to read or do
any near work. If hypermetropic, both near and
distant vision will be impaired ; if myopic, he 1s able
to see only at his far point. We try the patient at
the distant type, and if he is able to see & and yet is
not able to read near type, the diagnosis is obvious.

Treatment consists in giving such convex glasses as
enable him to read. In order to bring the emme-
trope’s far point from infinity to 33 em., + 38 D. is
required (%%° =3). We must bear in mind that
by encouraging the action of the ciliary muscle we
hasten the patient’s recovery; we therefore order the
weakest convex glasses with which he is able to read,
changing them for weaker ones occasionally as the
ciliary muscle gains strength. Sulphate of eserine in
solution, gr. j to 3], causes contraction of the ciliary
muscle as well as of the iris, and temporarily relieves
the symptoms. I think much good sometimes results
from its use once every other day for some weeks ;
the ciliary muscle being made to contract, relaxing
again as the effect of the myotic passes off: some-
times the local application of electricity is useful.
Attention must be paid to the general health, iodide
of potassium or nerve-tonics being given when indi-
cated by the cause.

See Case 13, p. 236.

SPASM OF THE ACCOMMODATION

Spasm of the accommodation may be of two kinds,
Clonic or Tonic.

R
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Clonic spasm occurs only when the eye is in use,
ceasing as soon as it is in a condition of repose.

Tonic spasm is more permanent, requiring atropine
or one of the other mydriatics for its relief ; the ex-
pression spasm of accommodation usually refers to this
variety of the disorder.

Tonic spasm of the ciliary muscle may be occasion-
ally met with in eyes whatever their refraction,
though most commonly in cases of hypermetropia and
low myopia; it has the effect of increasing the re-
fraction of the eye, and is found most frequently in
children.

Causes.—It may occur as a result of uncorrected
ametropia, or in emmetropia from overwork, espe-
¢ially when such work has been done in a bad hight;
as a result of contusion of the eyeball, and sometimes
it occurs with eyclitis. |

Symptoms.— 1t usually affects both eyes, giving rise
to symptoms of asthenopia with a feeling of con-
striction and discomfort in the eyes themselves ; there
may be:an increased secretion of tears with or without
blepharospasm ; the acufeness of vision is usually
diminished and is very variable, while the size of the
pupil usually remains unaffected. In emmetropia we
may get symptoms of myopia, owing to the parallel
rays coming to a focus in front of the retina. In
hypermetropia the symptoms may also simulate
myopia, and for this we should always be on our
guard. I have on several occasions seen hyper-
metropes going aboub wearing concave glasses to
correct their supposed short-sightedness. Some
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time ago I saw a young man who had worn — 7 D.
constantly for years, though his refraction was really
emmetropic. In myopia the real defect 1s apparently
increased, and we might be in danger of ordering too
strong concave glasses, &e. For these reasons the
systematic use of atropine in young people(whereby
one is enabled to estimate and record the exact state
of the refraction) cannot be too strongly insisted
upon. The treatment, where spasm of the ciliary
muscle is suspected, is to drop into the eyes three
times a day a solution of atropine, grs. 1v to 3, for
two or three weeks; this quickly relieves the spasm,
and gives the eyes complete rest ; any ametropia that
may exist must be corrected, and the patient’s
general health attended to, tonies being administered
if necessary.

A few cases of acute spasm of the accommodation
have been recorded which resisted the treatment by
atropine ; the spasm, though relaxed by this means,
returned as soon as the atropine was discontinued.

See Case 1, p. 106,

13
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CHAPTER X

STRABISMUS (orpépw, I turn aside)

StrapismMus exists when there is a deviation in the
direction of the eyes, so that the visnal axes are not
directed to the same object.

The points to note, when a case of strabismus pre-
sents itself, are—

1. Is the strabismus real or apparent ?

2. If real, to which variety does it belong ?

3. Which is the deviating eye ?

4. In which direction is the deviation ?

5. What is the degree of the deviation?

6. What is the cause of the strabismus ?

Apparent may be mistaken for real strabismus by
confusing the visual awzis (which is the line passing
from the macula, through the nodal point, to the
object looked at) with the optic axis (which is the line
passing through the nodal point and the centre of
the cornea to the inner side of the macula) ; these
two axes form an angle of about 5° in emmetropia
(Fig. 85). This is called the angle a, and when thus
formed by the crossing of the visual and optic axes
it is said to be positive.
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In hypermetropia (Fig. 86) the angle a icreases
with the degree of hypermetropia, and if it be high

Fia. 85.

Fia. 86.

Fra. 87.

M, The macula. ¥. Thenodal point. B. Optic nerve. v. The

object. Vv M, The visual axis, o0 H. The optic axis. a.
The angle alpha formed between the visual and optic axes,
€. The centre of rotation of the eyeball situated on the
optic axis. y. The angle gamma (Fig. 85) is formed at
the centre of rotation of the eyeball, by the optic axis
and a line drawn from the centre to the nhjm-t. looked at,
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may attain 7°, 8° or even more; this large angle
gives to the eyes an appearance of divergence.

In myopia (Fig. 87) the angle a decreases, and in
high myopia the visual axis may approach the optic
axig, so that the angle « is very small; or it may
coineide with it, when no angle 1s formed ; or even be
altogether on the outer side of it, when the angle is
said to be negative. This small angle a gives to the
eyes an appearance of convergence.*

In order to find out the variety to which our case
of strabismus belongs, as well as to decide which 1is
the deviating eye, we direct the patient to look at an
object held about a metre in front of him, then
gradunally bring this object nearer to him, so as to call
into action the accommodation ; if both visnal axes
continue to be directed steadily towards the object
as it is made to approach the eyes, the case is one
of apparent strabismus; but if one eye fix the object
while the other, after following it up to a certain dis-
tance, suddenly deviates inwards or outwards, the
condition is spoken of as concomitant (convergent or
divergent) strabismus; or both eyes may follow the
object up to a certain point, when one stops, after
perhaps making a few jerking oscillating move-
ments ; it then belongs to the paralytic variety of
strasbismus.

Again, having covered one eye with a card, or, what

# Another angle sometimes mentioned is the angle y, which is the
angle formed at the centre of rotation of the eye, by the optic axis and
a line drawn from this centre to the object looked at, Shown in
Fig. 85,
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is better, with an opaque glass dise, which, while
preventing the patient seeing with that eye, yet
allows us to see the movements that take place behind
it, we direct him to fix with the other eye some
object, such as a pencil held about half a metre in
front of him. If the covered eye make a movement
inward, the squint is real, and this movement is called
the primary deviation. If now the fixing eye be
covered, the squinting one uncovered and made to fix
the object, the first eye, which is now excluded {rom
vision, may make a movement inward ; this move-
ment of the sound eye is called the secondary deviation.

This variety of squint is called concomitant because
the squinting eye follows the fixing one in all its
movements, the amount of squint always being the
same whatever be the direction in which the eyes are
turned ; therefore the range of movement in con-
comitant squint is as great as in cases where no squint
exists, it is simply displaced. In the paralytic form,
the movements of the squinting eye are usually much
curtailed ; this we easily detect by holding up the
finger about 50 em. in front of the patient, and
directing him, while keeping the head still, to follow
the movements of the finger, which is moved to either
side, then up and down. In the concomitant form
the squinting eye will almost exactly accompany the
other, the visual lines being at the same angle except
perhaps in the extreme periphery, whereas in the
paralytic form the movement in one eye will stop at a

certain point, while the other eye continues to follow
the finger.
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Concomitant squint is characterised by the fact
that the primary and secondary deviations are equal ;
in paralytic strabismus the secondary deviation ex-
ceeds the primary ; in paralytic squint the diplopia is
the most prominent subjective symptom, while in the
concomitant variety it is seldom complained of.

When either eye fixes indifferently, the vision
being equally good in both, it is called alternating
strabismus ; monalateral or constant when the same
eye always squints : the vision in the squinting eye 1s
usually below that in the fixing one.

Periodic is the name applied to the squint when 1t
only comes on occasionally, as after looking for some
time at near objects. If judiciously treated this
variety can be cured without operation ; if neglected
it generally passes on into one of the constant
forms.

There are several ways by which we may estimate
the amount of the deviation. We may record it in
the form of a diagram, thus : first direct the patient to
look as far as possible to his right, and indicate in a
diagram the positions of the edge of the richt cornea
to the external canthus and of the left pupil to the
internal canthus; then ask the patient to look as far
as he can to his left, and note on the diagram the
positions of the edge of the left cornea to the ex-
ternal canthus and of the right pupil to the internal
canthus.

The strabismometer (Fig. 88) consists of a handle
supporting a small ivory plate, shaped to the lower
1id, and having on it a scale by which we measure the
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amount of deviation of the centre of the pupil. This
is an easy method of measuring the strabismus, but 1s
not to be depended upon.

Fig. 88.

Strabismometer.

The measurement of the angle of the strabismus is
the only reliable and exact method of recording the
amount of squint, and is the method therefore recom-
mended. The angle of the strabismus may be defined
as that angle which the visual axis makes with the
direction it should have in a normal state.

For this measurement we require a perimeter, in
front of which we seat the patient, with the quadrant
placed according to the kind of squint we are about
to measure; if it be a convergent or divergent one,
then the quadrant is placed horizontally. The patient
being seated so that his deviating eye is in the centre

B
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of the mstrument, we direct him to fix with both eyes
some distant Uhj:'t'i. I',:H, l"']"uj'. oY) }IJ:II'[H] in a line with
the centre of the perimeter: a lighted candle is
moved gradually along the inside of the quadrant
from the centre of the instrument outwards; the
observer, following the movement of the candle with
his head, stops as soon as the reflection of the candle
on the cornea of the squinting eye occupies the centre
of its pupil, this gives the direction of the optic axis;

Fig. 80.%

what we really wanted was the direction of the visual
axis, but for all practical purposes the former 1s sui-

* In the above diagram, 0 is intended to represent a distant object ;
it is placed near the perimeter in order to take up less room.,
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ficient. The degree is read off the quadrant at the
point where the candle was stopped, and this result
recorded. We must next measure the angle of devi-
ation for near vision, by requesting the patient to look
at the centre of the perimeter, proceeding with the
candle as before, and recording the result.

Strabismus may be concomatant or paralytic.

The concomitant variety is invariably connected
with errors of refraction; in it the deviating eye
maintains unaltered its relative position to its fellow
in every direction of vision, whereas in the paralytic
variety the movements of the deviating eye are much
curtailed.

Concomitant strasbismus is intimately connected
with hypermetropia and myopia ; it may be—

Convergent
or
Divergent.

Convergent Concomitant Strasbismus.—On looking at
any object, one eye only is directed to it; the other,
as the name implies, turns inwards so that the metri-
cal angle is much greater in the deviating than in the
fixing eye.

It is almost always due to hypermetropia, probably
at least 80 per cent. of the whole being due to this
cause ; its method of production depends upon the
intimate connection that exists between accommoda-
tion and convergence.

The convergence is most marked when looking at
near objects ; sometimes there may be no squint when
distant objects are viewed.
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A person who is hypermetropic requires to use some
of his accommodation for distant objects; for near
objects he must, of course, use still more, and for
every increase in the accommodation there is a desire
for a certain increasing degree of convergence. Thus

Fra. 90,

E. Right eye directed to object 0. L. Left eye deviating
inwards. M. Macula.

an emmetropic individual, accommodating for an
object at 80 cm., would at the same time converge
for that particular point. If the individual were
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hypermetropic to the extent of 4 D., and supposing
the amplitude of his accommodation was 8 D. ; then he
would require to use half this (4 D.) to enable him to
bring parallel rays to a focus on the retina; he would
have the tendency at the same time to use 4-metre
angles of convergence. Thus for distant objects he
wounld have an inclination to converge, his internal
recti acting ; and it is only by the increased tension
of the external recti, called into action by the desire
which all eyes possess for singleness of vision, that
convergence is prevented. The more we accommo-
date the greater is the stimulus to converge, s0 that
on looking at near objects—which means an increase
of the accommodation—an increased tendency to
convergence is produced.

Now, if the hypermetropia be of such a degree,
that for any given point of convergence it exceeds
the positive part of the relative accommodation (Fig.
34, p. 50), one of two things must occur ; either the
patient must see indistinctly by not accommodating
sufficiently, or one eye must be allowed to converge.
Some patients will prefer binocular indistinct vision ;
others, single clear vision with squint.

One occasionally finds an individual who can thus
choose which he will do; we are trying his acuteness
of vision at the distant type perhaps; he stops at
some place, we will suppose %, and says that he is
unable to read the next two lines unless he squint.
The accommodation necessary to read § makes a
heavier call on the convergence than can be borne ;
such a case forms a good illustration of the manner
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i which convergent strabismus is produced in a
hypermetrope.

Hence, if the impulse to see distinctly is greater
than the desire to retain binocular vision, one eye
yields, and squint occurs; at first diplopia follows
the convergence, and is always in the opposite direc-
tion to the deviation. Possibly the convergence of
the deviating eye is increased by the desire that the
weaker 1mage may be made still weaker, by falling
on a more peripheral part of the retina. At first the
diplopia may be very annoying, but by degrees the
sensorium learns to suppress the image of the
weaker eye, which after a time becomes amblyopic.
The earlier the age at which the squint appears,
the sooner does the sight in the deviating eye thus
deteriorate.

Some observers deny that amblyopia 1s ever
developed as a result of squint, but consider the
amblyopia so frequently met with as congenital, and
therefore one of the combining causes of the strabis-
mus ; at present there is but little evidence in support
of either theory.

In high degrees of hypermetropia, when no amount
of accommodation can make vision distinet, squint 1s
less likely to occur. It is usually, therefore, in cases
of from 2 to 4 D. that convergent strasbismus is
most frequently met with, and it generally makes its
appearance about the fifth or sixth year,—so soon, in
fact, as the child begins to use his accommodation
much for near objects. Anxious parents frequently
have all sorts of excellent reasons to which they
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attribute the defect ; they say that the child has been
imitating its playmate, or that the nurse did some-
thing which caused it to squint, perhaps by making
the child look too much, or too constantly in one
direction.

Any cause which by rendering the image in one
eye less distinet than that in the other, as nebula,
ulecers of the cornea, a difference in the refraction
of the two eyes, or even wearing a shade for a few
days for some trivial complaint, may, where hyper-
metropia is present, combine to produce strabismus ;
the impulse of binocular vision is lessened, and the
eye in which the fainter image is formed converges.

It is thus seen that convergent strabismus gra-
dually destroys binocular vision. In cases of hyper-
metropia, where binocular vision does not exist owing
to great difference in the vefraction of the two eyes,
divergent strabismus may occur.

This intimate connection between accommodation
and convergence, together with the method of the
production of strabismus, will be more easily under-
stood by carrying out some such simple experiments
as the following. We will assume the observer to be
emmetropic : the strongest conecave glass with which
he, having binocular vision and being at a distance
of six metres, can still read &£, is the measure of the
relative accommodation. The absolute accommodation
18 measured by the strongest concave glass with which
each eye separately can read ¢. In my own case,
with — 4 D. before each eye, & can be seen singly
and distinctly, —4°5 D. renders it indistinct, and each
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increase in the glass increases the indistinctness, but
produces no diplopia. Separately each eye can over-
come —7 D. Armed with —4 D. before each eye,
I am able to see & distinctly, using, of course, 4 D. of
my accommodation ; if a coloured glass be placed
before one eye, homonymous diplopia at once appears,
proving that one eye has deviated inwards; with
—3 D. and the coloured glass, squint was produced,
but with no weaker concave glass.

On repeating the experiment in an individual with
5 D. of myopic astigmatisn in the right eye, and
emmetropia in the left, —2 D. before each eye was
the strongest glass with which ¢ could be seen
clearly and singly, —2'5 D. did not render it indis-
tinct, but produced diplopia. The absolute accom-
modation for each eye amounted to 6 D. With
—2 D. before each eye, the coloured glass was placed
before the astigmatic one, and diplopia was pro-
duced. With — 1 D. and the coloured glass the
result was the same, except that the two images were
nearer together. With —'5 D. actual diplopia was
not produced.

These experiments require but little explanation.
In my own case, whea using 4 D. of accommodation,
I have the tendency also to use a corresponding
amount of convergence; I am conscious of this
muscular disturbance by the effort I make and by
a feeling amounting almost to giddiness, produced
when first looking through the —4 D. The instinc-
tive desire to see clearly and singly is so great, that
the external recti contract, thereby balancing the
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increased contraction of the internal recti. Any
increase of my accommodation above 4 D. when
looking at ¢ causes the letters to become indistinct,
the desire to maintain binocular vision being greater
than that for clear images. On placing the coloured
glass before one eye we diminish the retinal impres-
sion in that eye ; the demand for binocular vision is
lessened, the external recti cease to act, and as a
result of the increased action of the internal recti
squint occurs,

In the second experiment the retinal impression
in one eye, even with so slight an amount of astigma-
tism, is reduced so that with 2 D. of accommodation
the desire for clear images 18 greater than that for
binocular vision, and diplopia, the symptom of squint,
results.

A certain number of cases of convergent strabismus
get well with advancing age; a possible explanation
of this is, that as the accommodation diminishes, the
time at length arrives when the amount of accommo-
dation at the patient’s disposal is not sufficient to
produce clear images ; he therefore relaxes hisaccom-
modation, and with it extreme convergence, This
spontaneous cure is most likely to take place when the
sight in both eyes is good.

Divergent Concomitant Strabismus exists when one
eye only fixes the object looked at, the other deviat-
ing outwards (Fig. 91). It is usually dependent on
myopia, a state of refraction in which the converg-
ence has to be used in excess of the accommodation if
a well-defined image is to be formed on the macula
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of each eye; but divergent strabismus may occur in
any eyes in which binocular vision does not exist, as
in some cases of high hypermetropia or astigmatism ;
or it may result from a too free division of the n-
ternal rectus muscle, in attempting to cure a case of

convergent strabismus.

I have seen one case in a young person w ith hyper-
metropia 1 D., whose visual acuteness was & for each
eye; the cause of the divergence here was a con-
genital insufficiency of the internal recti.

The divergent is much less common than the con-

vergent v ariety nf concomitant strabismus.
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In myopia the antero-posterior diameter of the
eyeball is elongated, the range of movement is dimin-
ished, and the extreme convergence which 1s neces-
sary to enable the patient to see objects within his
far point tires out the internal recti muscles, giving
rise to muscular asthenopia; to relieve this, one of
the internal recti gives way, and the eye deviates
outwards,

Sometimes the deviation only takes place after the
patient has been working some time and the eyes feel
fatigued ; in others it is only noticed when looking
at objects beyond their far point. Soon, however, the
squint becomes constant, and a divergent strabismus
once established usually increases.

In high myopia which is uncorrected by glasses,
the patient has to hold objects so close to enable him
to see them, that the necessary convergence becomes
impossible, and binocular vision is therefore sacrificed.

Treatment of concomitant squint consists in pre-
seribing proper glasses, with or without a course of
mydriatics, supplemented in some cases by tenotomy.

In concomitant convergent strabismus, when the
squint has just commenced, and arises only under the
influence of excessive accommodation necessary to
enable the child to see near objects (periodic squint),
then resting the eyes by allowing no near work to be
done may suffice to remove the deviation, and so
preserve binocular vision,

It is obvious that such treatment cannot be indefi-
nitely carried out, and therefore we endeavour to
relieve excessive accommodation by means of convex

14
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glasses: the child is placed under atropine, and the
amount of hypermetropia found out by retinoscopy,
or some other method, and such glasses ordered that
will correct the total error within 1 D. or so (the
nearer the full correction the better). These glasses
must be worn constantly.

If any astigmatism is present this should be cor-
rected at the same time, so as to relieve the ciliary
muscle as much as possible, and bring up the visual
acuteness of the patient to its highest standard.

When the convergent strabismus has already
become permanent we must keep the patient under
atropine for a week or two, correcting his hyperme-
tropia with glasses at the same time, while he must
be cautioned to abstain as much as possible from
looking at near objects, the mere impulse of conver-
gence being sufficient to produce the squint. In
some cases this treatment will cure the strabismus;
and if at the end of a year or so no recurrence of the
squint has taken place, an attempt may be made to
leave off the spectacles when out of doors, using them
only for near work.

If the case be one of the less common form of
squint, divergent with myopia, we endeavour to give
the patient as near as possible his full correction.
When the vision in the two eyes is different, that in
the squinting one being more or less amblyopie, it is
of service sometimes to exercise each eye separately
for a certain fixed time daily.

It will be seen that after the use of atropine the
squint may be diminished, or, in slight cases, have
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disappeared ; this is, of course, due to accommodation
being rendered impossible. Eserine has also been
used with the same object.

Should the child be too young for spectacles (under
three years), we must endeavour to prevent the
increase of the squint, and also prevent the deviating
eye from becoming amblyopic; this can best be done
by keeping the child atropized for a few weeks at a
time, and occasionally tying up the eye which does
not squint, and so compelling the deviating eye to be
used, thus preserving its visual acuteness; it has of
course no effect on the deviation, the covered eye
converging under the bandage. After the age of
three, spectacles may be prescribed. _

In many cases, after the spectacles have been worn
for some months, it will be found that the strabismus
still exists, and it will then be necessary to supple-
ment the treatment by tenotomy. A free division of
one muscle may cure a deviation of 15°; when a
greater effect is required, both internal recti may be
divided, or the tenotomy may be combined with ad-
vancement of its antagonist.

In some cases after operation it will be found that
binocular vision is not obfained, the image in the
squinting eye being disregarded or projected in a
wrong direction, producing diplopia: here good may
be done by Orthoptic Exercises; these exercises may
be carried out with a stereoscope.

Box stereoscopes are now made without prisms,
and fitted with a clip at each sight-hole capable of
taking the lenses of the orvdinary trial box, The
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patient being emmetropic will require in the clip a
convex glass, whose focal length corresponds with the
length of the stereoscope; thus if it be 16 cm. long,
he will require + 6 D.; had the patient been hyper-
metropic, 8 D.; then he will require +9 D.; if
myopic 3 D., then + 3 D. would be the glass re-
quired ; the object is to enable him to see the slide at
the end of the stereoscope without accommodating.

A convenient slide may be made, composed of two
vertical lines, one above and the other below the
same horizontal line, so arranged that the two lines
can be made to recede or approach each other: this
test object is placed in the box instead of the ordinary
views, The two lines being now separated to a
distance equal to that between the two eyes, and the
clips containing the necessary convex glasses, the
patient will see the lines without accommodation or
convergence, and should succeed in fusing the two
lines into one. When this is done binocular vision is
obtained with parallelism of the lines of fixation. We

Fia. 92 (Landolt).

endeavour at future trials to obtain fusion with an
equal amount of convergence and accommodation.
This is done by sliding the two lines towards each
other about 1 em,; this will call into play something

T e ———
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like 1 m. a. of convergence; we then diminish the
convex glass 1 D, so that the amount of accommoda-
tion provoked(l D.) may correspond to the amount of
convergence. In this way we slide the lines nearer
and nearer together, diminishing the + glasses at the
same time, until the two form one vertical line, then
binocular vision is obtained with 6 m. a. of conver-
gence and with 6 D. of accommodation ; when this
point has been reached, stereoscopic pictures may be
used as slides.

Paralytic strabismus does not come within the
province of this work.

See Case 22, page 244.
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CHAPTER XI
ASTHENOPTA

AsraeNoris (CA, priv. ; ofévoe, strength; df, the
eye), or weak sight, is a term used to designate a
group of symptoms which indicates a condition of
fatigue of the intra- or extra-ocular muscular systems.

Asthenopia frequently accompanies hypermetropia,
myopia, astigmatism, and presbyopia, and reference
has often been made to it when speaking of these
errors of refraction. We also meet with it in a
certain number of cases where no ametropia exists,
and then it may be due to over-fatigne or diminished
power of accommodation, &e.

Asthenopia shows itself by the inability to continue
a steady and prolonged convergence, and 1s accom-
panied with more or less pain; it is exceedingly
common, and one may state with confidence that pain
in the eyes, unconnected with inflammation, is almost
invariably due to asthenopia, and but seldom to any
deep-seated disease. The more acute the pain, the
more does it point to asthenopia ; as a rule, however,
the pain is not very severe : it may be situated in the
eyes themselves, or around the orbits, and is always
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increased when the eyes are used for near objects; 1n
some cases no pain is felt, but after reading for a
while the type becomes indistinet or double, so that
the patient has to stop and look about the room, or
rub his eyes, after which he will be able to resume
reading for a short time, to be again quickly inter-
rupted by a repetition of the same symptoms. If the
work be still persisted in, the pain around the eyes
increases, there is photophobia, a sensation of dazzling
and dimness, more or less conjunctival congestion,
and the eyes becoming red and irritable; all these
symptoms are liable to be worse in the evening after
a day’s work, when there is the additional dis-
advantage of an artificial light, which is in itself hot
and irritating.

Headache is often a prominent symptom of asthe-
nopia ; it may take the form of heaviness or pain
over the brow (which may or may not be combined
with general headache) ; it is often periodic in cha-
racter, and is always made worse by reading; fre-
quently there is a tender spot on the top of the head,
or pain in the occipital region, occasionally also there
is pain in the back of the neck. These symptoms may
be associated with dyspepsia, palpitation, and vomit-
ing, and in some cases insomnia 1s a marked
symptom.

This train of symptoms has occasionally been so
severe as to lead to the diagnosis of brain disease,
hence it is a good rule to test the refraction under
atropine in all cases of persistent headache not giving
way to ordinary medical treatment, and it must be
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remembered that a very slight amount of astigmatism
left uncorrected, even though the chief portion of it
may be corrected, will be sufficient in some cases to
keep up the headache.

There is little doubt that frequently reflex nervous
disorders are caused by asthenopia.

Asthenopia may be divided into—

I. Accommodative.
2. Muscular.
3. Reflex.

Accommodative Asthenopia is exceeedingly common,
and is produced by an inability to maintain the
necessary accommodation, and may arise (a) from a
weak condition of the ciliary muscle, (b) from ex-
cessive use, as in hypermetropia, (¢) from unequal
demand, as in astigmatism, (d) from unequal demand
in the two eyes, as in anisometropia, (e) from dimin-
ished elasticity of the lens, as in presbyopia.

When Donders discovered the common oceurrence
of hypermetropia, he soon became aware of the inti-
mate connection which existed between it and asthe-
nopia, and was at first inclined to attribute every
case to this cause. Where no manifest hyperme-
tropia was present, he gave a solution of atropine to
paralyse the accommodation, feeling confident that
some latent hypermetropia would then display itself :
such cases were usually completely cured by proper
convex glasses. This accommodative asthenopia is
due in great measure to the constant and excessive
action of the ciliary musecle, but partly also to the
abnormal relations existing between the two func-
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tions accommodation and convergence; this state-
ment is supported by the fact that hypermetropes
who squint seldom suffer from asthenopia. An em-
metrope looking at distant objects, does so without
any accommodation, the ciliary muscle being passive ;
but the hypermetrope has to use his ciliary muscle
even for distant objects, and therefore much more
for reading or near work; so that the cihary muscle
practically gets no rest. A young and vigorous
patient whose hypermetropia is not very high, may
resist asthenopia for a long time, but as he gets
old or his health suffers from any cause, symptoms
of this disorder are apt to appear, and when
once established.they are wvery liable to continue,
notwithstanding  improvement in the patient’s
general condition. If the patient be a woman,
asthenopia is very apt to come on during lacta-
tion.

Treatment.—We order such glasses as are neces-
sary to correct the refraction according to the rules
given. In some cases where convex glasses do not
produce the desired relief, prisms of 2° bases inwards
combined with the spherical correction are of great
use, or in shight cases we place the convex glasses
somewhat near together, so that the patient looks
through the outer part of them (Fig. 94). This plan
is frequently very useful in presbyopia. Here the
asthenopia is due to a greater muscular effort being
required to produce the necessary change in the
shape of the less elastic lens, and perhaps, also, in
part to the difficulty of maintaining an exact state of
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equilibrium between the internal and external recti
muscles.

In the hypermetrope there is a want of harmony
between the accommodation and the convergence,
the two functions having to be used in unequal
degrees; and when we correct his refraction with
glasses he will have to use these two functions
equally, or at least in different proportions from that
to which he has been accustomed. Many people are
able at once to accommodate themselves to this new
state of affairs; but there are others in whom the
force of habit is so strong, that they cannot thus
throw off the acquired habit of using the accommo-
dation in excess of the convergence. You must nof,
therefore, be discouraged if occasionally your patient
is not at once and completely relieved of his asthe-
nopia, as soon as you have given him convex spec-
tacles. A fortnight’s trial should be made before
we can decide that such spectacles will not relieve
the patient of his asthenopia.

Asthenopia depends much upon the nervous sys-
tem of the individual; in some a very slight amount
of astigmatism will produce accommodative asthe-
nopia ; one hypermetrope will have no uncomfortable
feelings, while another, whose condition seems exactly
similar, will suffer much, so that it is essential to
attend to the patient’s general health and nervous
system.

Muscular Asthenopia is most frequently due to
myopia, though it occasionally occurs in emmetropia
or even hypermetropia; it is characterised by the
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inability to maintain prolonged convergence. The
patient complains that the eyes become .tfred, espe-
cially during the evenings, reading or writing ca.nni::t
be continued for any length of time; he has pain
in and around the eyes, with headache; objects
look dim and indistinct, and there is a tendency to
see things double ; sometimes the patient experiences
a sensation as if one eye had turned outwards, which
may really be the case; frequently the patient finds
relief by closing one eye. :

Muscular asthenopia is due to insufficiency of con-
vergence, the amplitude of convergence being more
or less diminished. The internal recti are weaker
than their antagonists the external recti, so that they
are obliged to keep up a vigorous action to prevent
the eye from deviating outwards: this leads to
fatigne of the internal recti, with its accompanying
symptoms. As in the accommodative variety we find
great individual differences, due, no doubt, to the
fact that some persons are able to dissociate the two
functions accommodation and convergence more than
others.

In myopia the disturbance of the two functions, ac-
commodation and convergence, may in some measure
tend to the production of this form of asthenopia.
Thus a patient with 4 D. of myopia has his punctum
remotum at 25 cm. ; to see an object at that distance
he must converge to that point, maintaining at the
same time a passive condition of his accommodation.

The two following tests for detecting insufficiency
of the convergence are commonly employed.
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The patient is directed to look at some small object
(such as the point of a pencil) about 30 em. off, with
one eye, while the other is excluded with a ground
glass disc; the pencil is now gradually approached,
the covered eye being watched. At a certain point it
will be seen to deviate slightly outwards ; as soon as
the eye is uncovered it makes a corresponding move-
ment inwards to fix the object. On repeating the

experiment with the other eye, exactly the

Fia. 93.  same takes place.. The reason of this is,
that when one eye is covered the stimulus
for binocular vision is lost, so that the eye
which 1s excluded from vision is abandoned
to the unbiassed action of its muscular
system and deviates outwards, returning
to its normal position when again allowed
to take 1ts part 1n vision.

The second test is to place a prism of
about 15°, with its base downwards, 1n a
spectacle frame before one eye; by this
means we cause a displacement of the
eye upwards, and, of course, also vertical
diplopia. The patient is now directed to
look steadily at a card on which i1s drawn
aline with a dot in its centre, placed at the
patient’s ordinary reading distance (Fig.
93). Naturally he will see two dots. 1f he
see one line only with two dots on it, his muscles
are assumed to be of the normal strength ; if, how-
ever, two lines are seen with a dot on each, then in-
sufficiency exists; and the strength of the prism
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which is necessary with its base inwards to produce
fusion is the measure of the insufficiency.

The most satisfactory test for muscular insufficiency
is the rod test described on page 46; and having
tried the patient with this test at a candle 6 metres
off and recorded the amount of latent convergence or
divergence, we next ascertain if there is any latent
deviation in near vision.

A prism of 12° base upwards being placed before
the right eye in a spectacle frame, the scale is held
1 metre from the eyes. The scale used by Maddox
consists of a horizontal line i the centre of which is
an arrow pointing upwards. The line is divided into
degrees which are marked by figures, black on the
right of the arrow, red on the left. The prism of
course causes two arrows and two lines to be seen :
the patient is directed to fix the fine print just below
the arrow, and if there is no deviation the two arrows
will be seen one immediately below the other; if the
lower one points to the right (black figures) there is
latent convergence, but if to the left (red figures)
latent divergence for this distance : the amount of
deviation is read off the scale and duly recorded.

Treatment.—In cases of myopia we give such
glasses as correct the refraction, and when worn
constantly these frequently succeed in relieving the
asthenopia, When such is not the case weak prisms,
bases inwards, by which we diminish the amount of
convergence necessary, often give instant relief. It
is sometimes useful to combine the prisms with
concave glasses, or by separating the glasses some-
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what widely we may produce the same result. Fig.
94 shows concave spectacles acting also as prisms by

Fia. 94.

being slightly separated, and convex glasses having
the same effect when placed so close together that the
patient looks throngh the outer part of the lenses.
Or the lenses, instead of being thus displaced, may be
decentred by so grinding the glass that its optical
centre is not the centre of the glass. These de-
centred glasses are spoken of as prismospheres, and
when ordered the amount of decentration should be
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’ stated in millimetres on the order card, because the
more the glasses are decentred the greater will be the
prismatic effect producd (page 189).

When actual divergence of one eye takes place,
advancement of the internal rectus with division of
its antagonist may be necessary.

Reflex Asthenopia.—In addition to these cases of
asthenopia occurring with hypermetropia, myopia,
and astigmatism, which should be relieved by the
glasses which are necessary to correct these errors,
and restore the balance of their extra- and intra-
ocular muscular systems, every one will occasionally
meet with cases in which the visual acuteness is very
good, often £, and in which no ametropia exists, as
proved by placing the patient under atropine and
then testing his refraction. Reflex asthenopia has
been the name given to these cases; they are often
exceedingly troublesome, and occur most frequently
in young unmarried girls of an hysterical or nervous
temperament. If it occur in men, such are usually
feeble, hypochondriacal, and nervous. Frequently
the only symptom present in addition to the patient’s
feelings of pain, tension, photophobia, heat, &c., is a
certain amount of conjunctival trouble and increased
secretion, with a feeling of itching and pricking.
Sometimes with the ophthalmoscope the retinal veins
seem rather full, with or without a slight amount of
haziness about the edges of the dise. This form of
the disorder may be attributed to long hours of
working, reading, or writing. I have met with
several cases amongst those making gold lace and no
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doubt the bright materials here worked with had
something to do with the production of asthenopia.
Complete abstinence from work does mot always
bring relief. It seems generally accepted by all
authorities on this subject, that in such cases the
nervous system is exceedingly sensitive and unstable.
Frequently there is disturbance of the uterine organs;
when leucorrheea exists in young nnmarried women
with troublesome asthenopia, masturbation may be
suspected. Irritation of the fifth nerve from carious
teeth may also be a cause. The treatment of this
reflex form of asthenopia is to endeavour to find ount
the canse and remove it, with rest for the eyes during
certain fixed portions of the day.
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I CHAPITER XII
SPECTACLES

Having referred to the subject of spectacles when
considering the correction of the different forms of
ametropia, I will now briefly recapitulate what was
then said, even at the risk of being accused of un-
necessary repetition.

Hypermetropia.—So long as & can be read with
each eye, no glass is necessary for distant vision ; for
reading and near work, we give such glasses as
correct the manifest and } of the latent hyperme-
tropia.

If distant vision be improved by convex glasses,
then such may be prescribed.

In hypermetropia complicated with strabismus we
estimate the total hypermetropia under atropine, then
give the full correction to be worn constantly.

f Myopia.—In cases of low degree we may prescribe
l' folders for distance, and allow the patient to read and
write without glasses if only he keep a sufficient dis-
tance (30 em.) from his book and suffer no inconveni-
ence. In medium degrees the best results often

15
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ensue when the full correction is worn constantly
both for near and distant objects.

Where the myopia is of high degree the full cor-
rection may be satisfactory for distance, but uncom-
fortable or impossible for reading, owing to the
accommodation being insufficient; such glasses also
have the disadvantage of diminishing the size of
objects; here we give two pairs of spectacles, one for
distance and a weaker pair for reading.

Astigmatism.—Our object is to give as near as
possible the full correction (found by atropizing the
patient) ; these glasses should be worn constantly.

Atropine is seldom necessary in patients over thirty
years of age.

Convex glasses render parallel rays which pass
through them convergent ; they add therefore to the
refraction of the dioptric system, and are called posi-
tive. .
Concave glasses render parallel rays divergent ;
they therefore diminish the refraction of the dioptrie
system, and are called negative. -

Convex glasses add to the quantity of hight entering
the eye, while concave glasses diminish 1it,

The size of the image 1s modified ; thus positive
glasses bring forward the nodal point and so increase
the size of the image, while negative glasses carry the
nodal point backwards and so diminish the size of
the image.

Glasses may be made of rock crystal (commonly
called pebbles) or crown glass. Those made from the
former material have the advantage of being harder,
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and are therefore less liable to be scratched than
olass ; the weight is much the same in both cases.
Pebbles absorb more heat, and unless cut exactly at
right angles to their optic axis they are apt to refract
unequally ; besides, 1t is difficult to get rock crystal
free from strise, so that lenses made from good crown
glass are quite equal to the best pebbles, very much
cheaper, and almost universally used.

The method of mounting spectacle glasses is of the
greatest importance ; they must be accurately centred
in frames that are light, strong, and fit comfortably,
otherwise the good effect of the most carefully chosen
correction may be entirely frustrated by a faulty
position of the glasses, or even a fresh source of eye-
strain may be introduced. The bridge of the frame
should be moulded to suit the shape of the nose,
resting on it by a broadish surface so as not to cut
or indent the skin, while the glasses should be a
sufficient distance from the eyes to just clear the
lashes. The sides of the frames should pass back
immediately above the ears, and in many -cases,
especially where glasses are required to be worn
constantly, they may with advantage bend directly
round the ears, fitting the posterior part of the
concha ; these ear-pieces may be made of twisted
wire, which gives them considerable elasticity and
strength. The frames may be made of gold or steel ;
the latter material has the disadvantage of rusting
easily.

When glasses are worn for myopia or hyper-
metropia they should not be further from the eye
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than 13 mm. For presbyopia the person may be
allowed to suit his own convenience and comfort,
24 cm. being an ordinary distance.

Single glasses may occasionally be allowed in low
degrees of myopia for looking at distant objects.
They have the disadvantage of encouraging mon-
ocular vision, and sometimes one eye is used so
entirely that the sight in the other may deteriorate
from want of sufficient use. Folders (pince-nez) may
be used in similar cases to the above, and also to
read or work with in presbyopia. Spectacles are as
a rule to be preferred, since they are more accurately
centred and fit better. For distant vision the glasses
should be in the same straight line; for near vision
they should slightly converge, so as to be exactly at
right angles to the visual axes. In addition fo
concave, convex, and cylindrical glasses, others are
sometimes used.

In cases of astigmatism it has hitherto been the
custom to order spectacles and not folders, as in the
latter it is difficult to be certain that the cylindrical
glasses are always in their proper axis; but lately
several ingenious pince-nez have been brought onb
which are free from this objection. That form in
which the glasses slide on a horizontal spring are so
arranged that they fit on the nose very easily, and
are exceedingly comfortable, and may be recom-
mended in many cases.

Stenopaic spectacles consist of an opaque screen
with a small central aperture which may be of any
shape according to the case, so that all the peripheral
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rays are cut off, only such as are in the optic axis
being allowed to pass through. They can be com-
bined with convex or concave glasses, and are often
exceedingly useful in cases of leucoma, nebulae, ir-
regular astigmatism, myopia, &e., where the vision
is much disturbed.

Prismatic spectacles may consist of prisms alone, or
they may be in combination with concave or convex
lenses. It is mot convenient to use prisms much
stronger than 3° or 4,° owing to their weight. They
arve useful in certain cases of paralysis of muscles, to
correct the diplopia, and in some cases of hyper-
metropia, myopia, and astigmatism which are mnot
relieved by their proper correction; prisms are also
used for testing the ocular muscles and for detecting
malingerers. When ordered in cases of asthenopia
with errors of refraction, they may be combined with
the glasses which correct these errors (p. 188).

Pantoscopic Glasses.— The upper half of these
glasses have one focus, the lower half another. Thus
a presbyopic person may also be myopic. The upper
half of the glass would then be concave for distance,
the lower half convex for near work. Painters some-
times find such glasses very useful.

Tinted glasses are sometimes required for diminish-
ing excessive light, especially where there is irrita-
tion or inflammation of the retina; they are also
useful in some cases of photophobia, arising from
various causes, as myopia, &e. Where the aim is to
relieve the retina without injuring the distinctness
of vision, the light blue glasses are the best, as they
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cut off the orange rays; where the object is to act on
the quantity and not the quality of the light, smoke-
coloured glasses are to be preferred. Tinted glasses
sometimes do real harm, as in cases of asthenopia by
increasing the sensitiveness of the retina; they are
always somewhat heating to the eyes, in proportion
to the amount of rays they absorb. We sometimes
combine them with convex or concave glasses.

" There are also various forms of protectors ; those
hollowed out like a watch-glass, so as to fit closely,
are to be preferred to those with wire sides called
goggles, or those with sides of glass, which have the
disadvantage of being too heavy. Workmen wear
different sorts of protectors to keep off dust, frag-
ments of stone, &c., which may be made of glass, tale,
or other material.

Shot-proof spectacles are also made for sportsmen.

It is sometimes necessary to find out and record
the strength of glasses that are being worn ; this is
easily done. If convex, we take a concave glass out
of the trial box, hold it against the glass we are
trying, and look through them at a line, e. g. the bar
of a window or any similar object. We move the
glasses to and fro in front of the eye, if the line
remain immoveable, the neutralisation 1s complete ;
if it move in the same direction, the concave glass is
too strong; if in the opposite direction, it is not
strong enough.

Cases

Commence the examination in a systematic man-

ner :
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First, notice the general appearance of the patient,
then the shape of the head and face. Next the
eyes, as to whether they are large and prominent, or
small and sunken-looking. Listen patiently to the
sufferer’s complaints, and having submitted to this
ordeal, test the acuteness of vision of each eye
separately, and afterwards together, writing down
the result, remembering always to commence with
convex glasses. Then place the mear type in the
patient’s hand, noting the number of the type and
the distance at which it can be read. Next pass on
to the ophthalmoscope, first applying the ““refino-
scopic test,” then the “indirect examination,” and
finally the  direct method,” first at a distance, and
then close to the eye. If any ametropia exist, the
advisability of paralysing the accommodation with
atropine must be considered.

In order to illustrate this method of examination, I
will give a few cases in addition to those which will
be found at the end of the chapter on Retinoscopy.

Case 10. Hypermetropia.—E. M—, a young woman,
a bookbinder, @®t. 17, suffering from tinea tarsi,
complains that her eyes get very tired at night, so
much so, in fact, that she is unable to read for any
length of time. Her general appearance is healthy,
and nothing special is noticed about her face, except
that the eyes are small. The acuteness of vision for
both eyes is normal. On placing + 1 D. in front of
the right eye, 4 is seen more distinctly than without,
with + 2 D, £ is still read, with 4 25 D. vision 18
not so good ; the same result is obtained with the
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left eye. + 2 D. for each eye is the strongest convex
glass with which & can be read, and is therefore the
measure of her Hm.; on trying the two eyes together
+ 2:5 D. still gives . We record it thus :

R.V. ¢ Hm, 2 n.=g}
Hm. 2'5 D.=8,
LV, $ Hm, 2D.=sJ T

On placing the patient in the dark room, and
directing her to look at some distant object or at a
black wall, so as to relax as much as possible the
accommodation, with retinoscopy the shadow we
perceive moves slowly against the mirror. We put
4+ 2 D. in a spectacle frame, in front of the eye; the
shadow is more distinct, and moves more quickly.
We try stronger glasses, and then find that + 3:5 D.
is the highest with which we still get a reverse
shadow. Both eyes are alike.

Next examine with the ophthalmoscope. By the
indirect method the dise becomes smaller on with-
drawing the objective from the eye. With the
mirror alone at a distance, we see an image of the
dise which moves with the observer’s head, proving
the image to be an erect one. On approaching the
eye the disc is not seen well, unless we put in force
our own accommodation. With our accommodation
suspended, we turn the wheel of the ophthalmoscope
so as to bring forward convex glasses, the clearness
of the fundus is improved ; + 4 D. is the strongest
convex glass with which the details can be distinctly
and clearly seen by myself.

We might be satisfied with this result, assuming
4 D. to be the amount of total hypermetropia, but
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in young people it is much more satisfactory to be
able to record once and for all the total hyperme-
tropia beyond doubt. Atropme (grs. iv to 3)) was
therefore ordered, one or two drops to be placed in
both eyes three times a day for four days, warning
her that she will be unable to see well, and that the
pupils will be dilated during their use. We also
recommend a shade to be worn to protect the eyes
from the light.

On her return she reads only (% with each eye,
and she now requires + 5 D. to emable her to read
8, ‘We also find with retinoscopy, that + 5 D. 1s
the strongest glass with which we get an opposite
shadow.

Our patient, therefore, has a total hypermetropia
of 5D., two dioptres of which were manifest and
three latent. For work and reading we order her
spectacles + 3 D. At present she will not require
them for distance. About thirty she will probably
require her glasses increased to + 4 D.; about forty
she may be able to bear her full correction, and may
then begin to wear them constantly.

‘We must remember that when atropine has been
used it is necessary to take off 1 D. from the measure-
ments thus found, as explained on page 128.

Case 11. Myopia.—A young man, @b, 20, next
presents himself. He has a long intellectual face
with prominent nose; the palpebral apertures are
wide ; and on directing him to look inwards as much
as possible, the eyeballs seem elongated 1n the antero-
posterior diameter.
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His eyes, he says, are excellent, but he is unable to
recognise people as well as formerly. We test the
acuteness of vision, and find that he reads -& with
each eye. Convex glasses make even that line in-
distinet.  Our patient is probably myopic. We place
m his hand the near type, and he reads No. 1 at
once and easily. The farthest point at which he can
read it is 25 em. (1%° = 4 D.) — 4 D. should be the
measure of his myopia. We try — 4 D., directing
him again to look at the distant type. He reads with
each eye § ; we reduce the glass to find the wealkest
with which he reads the same, and with — 3:5 D. he
reads 1t though hardly so well ; with — 3 D, he reads
only 8; — 35 D. is therefore the measure of his
myopia, and we record it thus :

RV. & -35 D.=$.
L.V. -85 D.=2.

If we employ retinoscopy — 35 D. is the weakest
concave glass with which a reverse shadow is pro-
duced.

We next subject the eye to the indirect ophthalmo-
scopic examination. The image of the disc becomes
larger on placing the objective near the eye and
gradually withdrawing it, and in addition we see also
a slight myopic crescent on the apparent inner side
of the dise. From this case, disec No. 1 was drawn
(p. 144).

With the mirror alone at a distance from the
eye, the disc cannot be well seen, because in our
case the aérial image will be formed about 25 em. in
front of the patient’s eye. To enable us to see this
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aérial image it is necessary we should be some 30 em.
away from it ; so that we should require to be 25+ 30
—55 em. from the observed eye, and at that distance
the illumination will be very weak.

With the direct method the details appear blurred
until we put on a concave glass by turning the wheel
of our refracting ophthalmoscope. The weakest con-
cave glass with which we are able to see the details
of the fundus clearly is the measure of the myopia.
Thus we have four distinet plans of measuring our
case of myopia:

1st. The farthest distance at which the near type
is read, 25 em. (120 = 4 D.).

ond. The weakest concave glass which gives the
greatest acuteness of vision.

3rd, The weakest concave glass with which we get
a retinoscopic shadow moving in the opposite direc-
tion to the movement of the mirror.

Ath. The weakest concave glass with which the
details of the fundus can be distinctly seen by the
direct method.

Should any of these results vary much, we should
suspect that the myopia is increased by spasm of the
accommodation, and we atropize the patient in the
manner before deseribed, and at the end of four days
go over the ground again, remembering that when
atropine has been used, it is necessary to add on
about — *5 D. to the glass found, because the ciliary
muscle is probably never so completely relaxed as
when it is under the influence of atropine.

Having found, then, that our patient’s myopia
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amounts to —3'5 D., we give spectacles of that focus
for constant use. In addition to ordering spectacles
we give him also some very important general direc-
tions: he must always hold his book or work 35 cm.
away, bring the work to his eyes, and not his eyes to
the work ; writing should be done at a sloping desk ;
he should sit with his back to the window, so that
the light comes over his left shoulder on to his work,
and do as little near work as possible by artificial
light.

Case 12. Hypermetropia and Presbyopia.—A gentle-
man, get. 56, comes with the complaint that he cannot
see to read as comfortably as formerly, though he
sees distant objects well. We try his acuteness of
vigion, and find that he reads § badly. With +1 D.
he sees much better, reading some of the letters of £.
We then try 1'5 D., and these he rejects. Hence we
conclude that he has Hm. 1 D. We know from his
age that he will also be presbyopic 8 D., and we add
on to this +1 D. for his hypermetropia, directing
him to read the newspaper with + 4 D. for half an
hour. He thinks these rather strong for him, as they
make his eyes ache. With + 3'5 D. he feels quite
comfortable, and we therefore give him + 3:5 D.
telling him that he will require them changed for
slightly stronger ones in about five years.

Case 13, Paralysis of the Accommodation.—Kate
L—, wt. 12, has been very ill from diphtheria, but is
now much better. She complains that she is unable
to read or work, though able to see distant objects
well, The pupils are very large, and act badly to
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light. Hence we suspect paralysis of the accommo-
dation. We test her acuteness of vision, and she
sees & with each eye. We try convex glasses "5 D.,
and she still reads 8, but 1 D. she rejects. Our dia-
gnosis is therefore confirmed. We next find the
weakest glass with which she is able to read, weakest
because we are anxious to encourage the ciliary
muscle to act, since by replacing it entirely we should
prolong the patient’s recovery.

The glasses must be changed for weaker ones as
the ciliary muscle recovers tone.

We saw that she had a slight amount of hyper-
metropia, and also that there was some accommoda-
tion left, enough at least to correct this, otherwise
she could not have read & without + 5. A tonic con-
taining iron and strychnine was also prescribed.

Case 14. Anisometropia.—A young woman, ®t. 20,
has never seen well, either at a distance or near at
hand ; has tried spectacles of all sorts, but never been
able to find any that suited her. The eyes look
somewhat irritable, but there is nothing conspicuous
about their size or shape. There is some want of
symmetry about the face, the mose being deviated
from the median line slightly to the left.

We first try the acuteness of vision of the right eye.
She reads &, and with + 1 D. vision is somew hat
improved ; with + 15 D. it i1s made worse. Still
armed with + 1 D. we direct the patient to look at
the fan of radiating lines (Fig. 80). She sees plainly
the horizontal lines, whilst all the others are more or
less indistinct, the vertical line most so; still looking
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ab the horizontal line, we alternately hold in front of
+ 1 D. which is before the eye under examination,
+ 25 D. which makes it worse, then — ‘25 D. which
she says at once makes it perfectly clear and distinct.
We therefore put down + ‘75 as the correction for
the vertical meridian, and pass on to the horizontal.
Our patient is directed to look steadily at the vertical
line. We try convex glasses, these improve it, + 3 D.
making it quite clear; a stronger glass than this
renders it slightly indistinet. It is evident, there-
fore, that her horizontal meridian is hypermetropic,
+3 D. We put up the correction found, + 75 D,
sp., + 225 D. cylinder axis vertical, and direct her
again to look at the distant type; & is read, though
with some difficulty. This result is not, however,
reliable, and we proceed to confirm it by retinoscopy,
obtaining + 2 D. for the vertical, and + 4 D. for the
horizontal meridians. On trying this correction,
however, the vision is not so good. We now test the
acuteness of vision in the left eye; she sees %, and
neither convex nor concave glasses improve it. On
looking at the fan of radiating lines, all seem indis-
tinct, and having thus far no data to go upon, we,
mstead of wasting time, at once pass on to retino-
scopy. We get obligue shadows, the horizontal
moving with the mirror, and the vertical against it ;
here, then, 1s a case of mixed astigmatism. We find
out that — 2 D. is the weakest concave glass with
which we get a reverse shadow horizontally, and
+ 3 D. the strongest convex lems with which an
opposite shadow is still obtained in the vertical meri-
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dian, the degree of obliquity being about 25°  This
result is noted down thus :

c -
LI.'.."-

/+3D

/\_21}

We therefore place in a spectacle-frame + 3 D.
spherical combined with — 5 D. cylinder, axis devi-
ating outwards from the vertical 25°. With this cor-
rection the patient at once reads {%. We are not to
be satisfied with this result, but give the patient a
solution of atropine, grs. iv to 3j, with directions to
come again in four days. Atthe end of that time she
returns, and we find with retinoscopy—

M - -
+2:5 D. \K/+35D.

R.—|—+45 D. L.
N3,

The right eye with this correction reads { readily,
and the left also &, but rather slowly. This result is
very satisfactory. We now allow the patient to
recover from atropine, and at the end of a week
confirm the result before ordering spectacles. Then
for the right eye the best vision was obtained with
+ 1'5 sp. = + 2 D. cy. axis vertical (3) ; and for the
left + 3 D. spherical = — 5 D. cylin. axis 20° from
the vertical (&). These spectacles were therefore
ordered, and the patient directed to wear them con-
stantly.
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Case 15. Awisometropia.—Jane W—, wt. 30, pre-
sents herself, complaining that the sight in her left
eye has been gradually getting dim for some months.
She is a small healthy-looking woman, with nothing
characteristic in her appearance. We test the acute-
ness of vision :

Right $ Hm. 1 D. = &£,

Left %, not improved with spherical glasses.

We try retinoscopy, but the pupils are so small
that the result is not very satisfactory. We are,
however, able to make out in the left eye a reverse
shadow in the horizontal meridian, which + 2 D.
over-corrects, + 1'5 1. being the highest glass with
which we get an opposite shadow ; the vertical meri-
dian appears emmetropic. There is, therefore, no
doubt that the defective vision in this eye is due to
astigmatism. The patient complains that the exami-
nation has made her eyes ache, so we do not proceed
further, but order a solution of hydrobromate of homa-
tropine (2 grs. to the 3j) to be used every three hours,
and direct her to come again on the following day.
Then the result with retinoscopy is—

R.+1%5 D.
|+-5 D.
L.——+ 2 D.

We try this at the test type.

R‘r ':InI+1.5 D-='Ei
‘6 D. sp.
L. fs+ 15 D. cy. axis vert. =Lt

We make a slight deduction from the sphere in



s o R

CASES 241

each case for the homatropine, and order for constant
| use—

R-+1 D. sph.

L.+1'5 D, cy. axis vert.

Case 16. Presbyopia.—John G—, et. 50, has
always enjoyed good sight; he still sees distant
objects well, but finds some difficulty in reading,
especially during the evenings.

R.V. &, no Hm.
L.V. & no Hm,

We try him with + 2 D, for reading, and with
these he sees perfectly; this, therefore, 1s a simple
case of presbyopia, requiring a pair of folders + 2 D,
for reading, writing, &c.

Case 17. Hypermetropia and Presbyopia.—Mr.
K—, @t. 60, sees badly both near and distant objects ;
he wears + 4 D. for reading, but they are not com-
fortable.

R.V. % Hm. 3 D,—2
L.V. \-fu- HHL i D-

He therefore requires + 8 D. for distance; and to
find the glass he will require for reading, it is neces-
sary to add on to this distance lens, the glass he
would require for presbyopia if he were an emme-
trope, viz. + 4 D. We therefore try him with + 7 D,,
but these make his eyes ache; we next try + 6:5 D.
and with these he sees comfortably.

This patient, then, requires two pairs of spec-
tacles,—

2

+3 D, for distance;
+ 65 D, for reading, &e.

16
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Case 18. Myopia and Presbyopia.—Mrs, C.—, wt.
59, complains that her eyes become tired at night ;
she has tried several pairs of spectacles, but withont
finding any that exactly smit her,

R.v. EHE s 2 Du"—'— _I"I:.

L.V. +G — 2 D.=§.

Our patient requires, therefore, this correction for
distance, but she also wants spectacles for reading
and near work; an emmetrope of fifty-five requires
presbyopic glasses + 3 D.; she is, however, a myope
of 2 D.,s0 we have to deduct this from the preshyopic
glass ((+3D.) + (— 2D.) = + 1 D.), and try the
4+ 1 D. for reading. With these she is able to read
the smallest type comfortably; we therefore pre-
seribe two pairs of spectacles,—

—2 D, for distance ;
+1 D. for reading.

Case 19. Myopia.—Annie C—, t. 9, was brought
becaunse she was unable to see the black-board at
school.

R.V. & -85 D.=¢.
L.V. & —25 D.=§.

After nsing atropine—

R.V. & -3 D.={.
LY. &-2D.=4.

Ordered spectacles for distance R. —3 D., L. —2
D., with directions to present herself again in six
months, when, should the myopia have increased, or
should the child complain of asthenopia, it may be

necessary to prescribe spectacles for constant use.
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Case 20. Simple Myopic Astigmatism.—Thomas
—, wt. 20, sees rather badly both near and distant
objects.

R.V. &, not improved with glasses ; with pin-hole=§,
L.V. 4%, not improved with glasses; with pin-hole=§.

After atropine had been used for four days retin-
oscopy gave—

+1 D, ;+11‘L

| |
[ —— 1 jri Toi—i=—— Fim.

R.+1 D. ey. axis horiz, =,
L.+ 1 D, cy. axis horiz.=§.

After the atropine has passd off—

R.=1 D. ey. axis vert.= 2.

L.-1 D. cy. axis vert.=32.

This correction was given for constant use.

Case 21. Compound Myopic Astigmatism.—Miss
M—, @t. 13, has seemed short-sighted for the last
year or two. Mother and father both have good
sight.

RV, & —9 D=t
L.V. §%5-9 D.=3%.

The pupils are large, so that retinoscopy can be

easily carried out.

-10 D, S10)
R]—=6D. L.|—-7 D.
Rv.—SD-8p o and 2 letters of .
— 4 D, cy. axis horiz. |
LY. -7 D, sp. S0

13"

-3 D. cy. axis, horiz,
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On examination of the eyes with the ophthal-
moscope the choroid is found to be exceedingly thin,
there is a large crescent in both eyes, and in the right
three or four patches of choroiditis, with one haemor-
rhage near the macula.

The patient was ordered the full correction for dis-
tance, and advised to do no reading, writing, or near
work for six months, then to return for inspection ;
she was also recommended to spend as much of her
time as possible in the open air, and a mixture
containing syrup of the iodide of iron was pre-
scribed.

Casge 22. Concomitant Squint.—George W—, @t. o,
has squinted inwards for the last three months. On
covering the mnon-squinting eye and directing the
little boy to look at the finger held a short distance
from him, the deviating eye immediately righted
itself and fixed the finger, the covered eye at the
game time turning in. We prescribed a solution
of atropine to be applied to both eyes, and at the
end of a week the patient is brought back; the
squint is now much less apparent, and with retin-
oscopy we find 3:5 D. of hypermetropia in each eye.
The direct examination gives the same result. We
order our patient spectacles + 25 D. to be worn con-
stantly.

(Casg 23. Aphakiu.—Thﬂmas B—, =t. 50, game-
keeper. Had the right lens removed for cataract
nine months ago, and last week the opaque capsule

remaining was needled. |
R.V.¢ + 11 D.=3, and with + 14 D.No. 1 of the
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near type was read with comfort, the patient was
therefore ordered the following spectacles :

+ 11 D. for distance;
4+ 14 D. for near work.

These were arranged in a reversible frame, so that
either glass could be brought in front of the right eye
as occasion required.
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APPENDIX.

In the metrical system the unit of length is a
metre, equal to 100 centimetres, 1000 millimetres, or
40 English inches; so that 1 inch is equal to 2} cen-
timetres. A lensof 1 metre focus 1s called a dioptre,
a lens of 1 a metre (50 cm.) is 2 D., {4, of a metre
(10 cm.), 10 D., &e.

In the old system the lenses were numbered
according to their focal length in inches, a lens of
I-inch focus being the unit: a lens of 2-inch focus
was expressed by the fraction {, one of 10-inch focus
&5, and so on. If we wish to convert a dioptric
measurement into the corresponding inch measure-
ment of the old system, we have only to remember
that the unit 1 metre = 40 English inches, so that a
glass of 1 D. = 44; in the old system, 2 D. = % = 5%,
O D. = f =1, and so on.

The table on the next page gives approximately
the equivalent of each dioptre or part of a dioptre in
English and French inches and in centimetres.
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Dioptres. . English inclies. French inclies. Centimetres.
25 160 146 400
"50 80 73 200
7D a2 a0 130

115 40 436 100
1-2p 31 29 77
1:50 26 24, 65
175 22 21 59
2: 20 18 a0
2:95 17 16 43
2:50 16 15 40
275 14 13 45
3 13 12 a3
3:50 15k 10 27
4 10 9 25
4:50 J 8 22
2° 8 7 20
250 7 61 17
6 6% 6 16
/I b 5 16
8 5 4% 123
9 4% 4 11

10° 4 34 10

11: 31 3% 9

12 31 3 8

L 3 2% 73

14+ 23 24 7

15* 2% 2} 61

16° 21 21 6

18: } 2 53

20¢ 2 13 5




248 THE REFRACTION OF THE EYE

Regulations for Candidates for Commissions in the
Army.

A candidate must be able to read at least . with
each eye separately without glasses, and this must
be capable of correction with glasses up to £ in one
eye and % in the other; he must also be able to
read No. 1 of the near type with one or both eyes,
without the aid of glasses.

Squint, colour-blindness, or any serious disease of
the eye renders the candidate ineligible.

Navy.

A candidate must be able to read § with each eye,
and the near type at the distance for which it is
marked, without glasses.

Colour-blindness, squint, or any disease of the eye
disqualifies,

Indian Civil Service.

A candidate must be able to read § with one eye
and & with the other, with or without correcting
lenses.

Any disease of the fundus renders the candidate
ineligible. Myopia, however, with a posterior sta-
phyloma, may be passed if the ametropia do not
exceed 25 D., and the candidate has a visual acute-
ness equal to that stated above.

Indian Medical Service.

The candidate must have a visual acuteness of § in
one eye and 4% in the other. Hypermetropia and
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myopia must not exceed 5D., and then with the pro-
per correction must come up to the above standard.

Astigmatism does not disqualify a candidate, pro-
vided the combined spherical and cylindrical glass
does not exceed 5 D., and the visual acuteness equals
% in one eye and 4% in the other. Colour-blindness,
ocular paralysis, or any active disease of the fundus
renders the candidate ineligible.
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PEST TYERES

33 em.* No. 1.

A dall grey aky, Tills and irees, and meadsw banks and bosts deepaning duwn
are plashing abweut, Dowan by the lock y-:-ml-rr & lamfirs is

into unditinguishable masses of neutral thot ] the

river like apotler grey aky—ns smooth and unruMed, save when bosts

shooting up & roddy glare ints the dask gathering absut the wooded hill in the background, wmd white kil bents mrn dotied hers anid

ilere §m the walley, eold and speciral, or all aglow wiih lights within. Up sader Lhe willows, weird-looking fgurea are rigging ap
awnings over boals, in which iheyars golng to sleep for the night, and in many of which brilltant lights are bringlog kra=my

50 em. No. 2.

oarsmen into bold reliel apainst the Llack shadows in the trees behind, Just above the bridge acres of small
boats lie slumbering along the towing-path, the water sofily plashing a Iullaby beneath them. Lower down, far
as the eye can reach; lights are twinkling and fiashing in countless multitudes, and sounds of music, soltened by
distanece, come tinkling over the gleaming river. It is ten o'clock and past, and the great throng of holiday-
smnkers has for the most part dispersed apparenily; but with the fading out of daylight there has gradually

60 cm. No. 3.

beamed out upon the river, a scene which, if it were to be enjoyed only in Venice, and
once every five years, would draw spectators from all the ends of the earth, Oune side
of the river is seemingly all but deserted, and lies hidden in darkness as profound as
darkness can be in the height of summer, with nothing but a thin curtain of clouds
spread out beneath a nearly full moon. But the side of the river opposite to the towing

90 cm. Hﬂ. 4.,

path is one long line of sparkling light, while over the dark glistening
river seemingly hundreds of boats are paddling abount, many of them
decked ont with Chinese lanterns and riding lights at their tiny mast-
heads. The brilliancy and vivacity of the scene, combined with its
quietunde and placidity, is difficult to describe, without appearing to

* The number indicates the distance at which the type should be
seen by a normal eye.
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1 m. No. 5,

indulge in somewhat extravagant langnage. Henley
Regatta seems to be year by year growing in popular
favour—unfortunately, no doubt, many will think—and
the line of house-boats which a few seasons ago extended
no great distance down below the winning flag and the

1:5 m. No. 6.
grand stand may be said now to reach right
down the course of a mile and a quarter or
so. By day these house-boats are exceedingly
gay and pleasant-looking, with their coloured
awnings, their profusion of brilliant bunting,

15, No. 7.
their extemporised flower gardens,
the brightly-coloured boating cos-
tumes of the men, and the gay dresses
of the ladies. Until quite a recent

period the display by day was

2 m. No. 8.
to be sufficient, but one or
two boats began the fashion
of illuminating after dark,
and it has now become
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correct tc:mlight up.
Small boats followed

No. 10.

in the wake,
the br1111ant

No. 11.

ZEDAOP

BAE
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By the same Authar.
Bazaar Medicines of India, and Common

Medical Plants. With Full Index of Diseases, indicating their Treat-

ment by these and other Agents procurable throughout India, ete.
Fourth Edition, Feap, 8vo, ba.
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Climate and Fevers of India, with a Series

of Cases (Croonian Lectures, 1882). By BSir JosEPH FAYRER
K.C.S8.1., M.D. &vo, with 17 Temperature Charte, 125,

By the same Author.
The Natural History and Epidemiology of
Cholera : being the Annual Oration of the Medical Society of London,
1588, 8vo, 3s. 6d.
A Manual of Family Medicine and Hygiene

for India. Published under the Authority of the Government of
India. By Sir Witniam J. MOORE, K.(.I.E., M.D., late Surgeon-
‘ General with the Government of Bombay. Sixth Edition. Post 8vo,

with 71 Engravings, 12s.
By the same Author.

A Manual of the Diseases of India: with a
i Compendinm of Diseases generally. Second Edition. Fost 8vo,

! 10s. 2ian

The Constitutional Requirements for Tropical
Climates, ete. Crown 8vo, 4s.

The Prevention of Disease in Tropical and

i
|| Sub-Tropical Campaigns. (Parkes Memorial Prize for 1886.) By
il AxDREW Duwncaw, M.D,, B.S.Lond., F.R.C.S., Surgeon, Bengal

Army. B8vo, 12s, 6d. ,
A Commentary on the Diseases of India. By
It Norsax CHeEveERs, C.I.E., M.D,, F.R.C.S., Deputy Surgeon-General
‘ H.M. Indian Army. 8&vo, 24s.
il Hooper's Physicians’ Vade-Mecum : a Manual
:‘ of the Principles and Practice of Physic. Tenth Edition. By W. A.

Guy, F.R.C.P,, F.R.5,, and J. HarrLEy, M.D., F.R.C.P. With 118
Engravings. Feap. 8vo, 12s. 6d.

The Principles and Practice of Medicine.

l (Text-book.) By the late C. Hinro¥ Faeer, M.D.,, and P. H.
Pye-SyitE, M.D., F.R.8, F.R.C.P., Physician to, and Lecturer on
Medicine at, Guy's Hospital. Third Edition. 2 vols. 8vo, cloth, 40s. ;
Half Leather, 46s.

Manual of the Practice of Medicine. By
FrepERicE Tayror, M.D., F.R.C.P., Physician to, and Lecturer
on Medicine at, Guy's Hospital, Third Edition. QOr. 8vo, with
Engravings, 15s.
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A Dictionary of Practical Medicine. By

various writers. Edited by Jas. HixesTon Fowler, M.A., M.D.,
F.R.C.P., Physician to Middlesex Hospital and the Hospital for Con-
sumption. 8&vo, cloth, 21s.; half calf, 25s.

The Practice of Medicine. (Student's Guide

Series.) By M. CHARTERIS, M.D., Professor of Therapeutics and
Materia Medica in the University of Glasgow. BSixth Edition. Feap.
Bvo, with Engravings on Copper and Wood, 8s.

How to Examine the Chest: a Practical

Gunide for the use of Students. By SimvueErL West, M.D., F.R.C.P.
Assistant Physician to 5t. Bartholomew's Hospital. Second Edition.
With Engravings., Feap. 8vo, bs.

The Bronchi and Pulmonary Blood-vessels:

their Anatomy and Nomeneclature. By Wizirim EwarTt, M.D.,
F.R.C.P., Physician to 5t. George's Hospital. 4to, with 20 Illustra-
tions, 21s.

An Atlas of the Pathological Anatomy of the

Lungs. By the late Wirsoxn Fox, M.D., F.R.5., F.R.C.P,
Physician to H.M. the Queen. With 45 Plates (mostly Coloured) and
Engravings. d4to, half-bound in Calf, 70s.

By the same Author.

A Treatise on Diseases of the Lungs and
Pleura. Edited by SIpN¥EY CoupraNDp, M.D., F.R.C.P., Physician to
Middlesex Hospital. Roy. 8vo, with Engravings; also Portrait and
Memoir of the Author, 36z,

The Student’s Guide to Diseases of the Chest.
By VincENT D. Harris, M.D. Lond., F.R.C.P., Physician to the City
of London Hospital for Diseases of the Chest, Victoria Park., Fecap.
Bvo, with 55 Illustrations (some Coloured), 7s. 6d.

Antiseptic Dry-Air Treatment of Consump-
tion. By Jomx J. HartyeTT, M.D., M.Ch,, Q.U.I. With Engravings.
Crown &vo, 3s. 6d,

Guy’s Hospital Reports. By the Medical and
Surgical Staff. Vol. XXXIV. Third Series. 8vo, 10s. 0d.

St. Thomas’s Hospital Reports. By the Medical
and Surgical Staff. Vol. XXI. New Series, 8vo, 8a, 6d.
Westminster Hospital Reports. By the Medical
and Surgical Staff. Vol. VIII. 8vo, 6s.
11, NEW BURLINGI1TON STREET.
11



[ T

A== S

J. & A. Churchill’s Recent Works.

Medical Diagnosis. (Student’s Guide Series.)
By SimuErn FEswick, M.D., FP.R.C.P., Physician to the London
Hospital. Seventh Edition., Feap. 8vo, with 117 Engravings, 7s.

By the same Author.

Qutlines of Medical Treatment. Fourth Edition.
Crown 8vo, with 35 Engravings, 10s.

i Algo.

Clinical Lectures on some Obscure Diseases

of the Abdomen. Delivered at the London Hospital. B8vo, with
Engravings, 7s. 8d.

Also.

The Saliva as a Test for Functional Diseases
of the Liver. Crown 8vo, s,

The Microscope in Medicine. By Lionel S.
BeALE, M.B., F.R.5., Physician to King's College Hospital, Fourth
Edition. 8vo, with 86 plates, 21s.

By the same Author.

| The Liver. With 24 Plates (85 Figures). 8vo, bs.

f Also.

On Slight Ailments: and on Treating Disease.

| Third KEdition. 8vo, &s.

. Medical Lectures and Essays. By Sir G.

[ Jomwsox, M.D., F.R.C.P., F.R.5., Consulting Physician to King's

! College Hospital. 8vo, with 46 Engravings, 25s.

| By the same Author.

An Essay on Asphyxia (Apncea). 8vo, 3s.

:' The Climate of Rome and the Roman

Malaria. By Professor ToMMasI-CRUDELI. Translated by CHARLES
CrAMOND Dick. Crown Bvo, bs,

Uric Acid as a Factor in the Causation of

Disease. By ALEXANDER Hals, M.D., F.R.C.P. Physician to the
i Metropolitan Hospital and the Royal Hospital for Children and
Women. Second Hdition. 8vo, with Illustrations, 10s. 6d.

Bronchial Affections: Pneumonia and Fibroid

Pneumenia (their Pathological Histology) An Original Investiga-
tion. By A. G. AvLp, M.D., Assistant Physician to the Glasgow
Royal Infirmary. 8vo, with Illustrations, 7s. 6d.
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Bronchial Asthma: its Pathology and Treat-

ment, By J. B. BERkART, M.D,, late Physician to the City of
London Hospital for Diseases of the Chest. Second Edition, with 7
Plates (35 Figures). B8vo, 10s, dd.

Vaccinia and Variola: a Study of their Life

History. By Jomx B. Buist, M.D., F.R.5.E., Teacher of Vacecination
for the Loeal Government Board, Crown 8vo, with 24 Coloured
Plates, Ts, 6d.

Treatment of Some of the Forms of Valvular

Disease of the Heart. By A. E. Saxsosm, M.D,, F.R.C,P., Physician
to the London Hospital, Second Edition, Feap. 8vo, with 26 Engrav-
ings, 4s. Bd.

Medical Ophthalmoscopy: a Manual and Atlas.

By W. R. GowERs, M.D., F.R.C.P., F.R.S., Physician to the National
Hospital for the Paralyzed and Epileptic. Third Edition. Edited
with the assistance of MARCUS GuUNX, M.B., F.R.C.5., Surgeon to
the Royal London Ophthalmic Hospital. With Coloured Plates and
Woodents. 8vo, 16s.

By the same Author.

A Manual of Diseases of the Nervous System.

Vor. I.—Diseases of the Nerves and Spinal
Cord. Second Edition. Roy. 8vo, with 179 Engravings, 15s.

Vor.Il.—Diseases of the Brain and Cranial

Nerves: General and Funetional Diseases of the Nervous System.
Second Edition. Roy. 8vo, with 182 Engravings, 20s,

Algo.

Diagnosis of Diseases of the Brain. Second
Edition. 8vo, with Engravings, 7s. 6d.

Also.
Syphilis and the Nervous System: being a

Revised Reprint of the Lettsomian Lectures for 1880, Delivered before
the Medieal Society of London. 8vo, 4s,

The Nervous System, Diseases of. By J. A.

OrMEROD, M.D., ¥.R.C.P., Physician to the National Hospital for the
Paralysed and Epileptic. With 66 Illustrations. Feap. 8vo, &8s, 64,
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Dlse::v-;es of the Nervuus System. Lectures
delivered at Guy's Hospital, By Samver Wicks, M.D,, F.R.S.
Second Edition. 8vo, 18s,

Handbook of the Diseases of the Nervous
Bystem. By James Ross, M.D.,, F.R.C.P., late Professor of Medicine

in the Victoria University, and Physician to the Royal Infirmary,
Manchester. Roy. 8vo, with 184 Engravings, 18s.

By the same Author.
Aphasia : being a Contribution to the Subject

of the Dissolution of Speech from Cerebral Disease. 8vo, with En-
gravings, ds. 6d.

Stammering : its Causes, Treatment, and
Cuare. By A. G. BErxarn, M.R.C.S., LR.C.P. Crown 8vo, 2s.

Secondary Degenerations of the Spinal Cord

(Gulstonian Lectures, 1880). By Howarp H. Toors, M.D,, F.R.C.P,,
Assistant Physician to the National Hospital for the Paralysed and
Epileptic. With Plates and Engravings. 8vo, 3s. 6d.

Diseases of the Nervous System. Clinical
Lectures. By Tuomas Buzzarp, M.D., F.R.C.P., Physician to the
National Hospital for the Paralysed and Epileptic. With Engravings.
Bvo, 15s,

By the same Author.

Some Forms of Paralysis from Peripheral
Neuritis; of Gouty, Aleoholie, Diphtheritic, and other origin, Crown
8vo, 58,

Algo.
On the Simulation of Hysteria by Organic

Disease of the Nervous System, Crown 8vo, 4s. 6d.

Gout in its Clinical Aspects. By J. Mortimer

GRANVILLE, M.D. Crown Bvo, 68,

Diseases of the Liver: with and without
Jaundice. By GeoreE HARLEY, M.D,, F.R.C.P., F.R.8. 8vo, with 2
Plates and 36 Engravings, 21s.

Rheumatic Diseases (Differentiation in). By
Huea LANE, Surgeon to the Royal Mineral Water Hospital, Bath,
and Hon. Medical Officer to the Royal United Hospital, Bath, Second
Edition, muech Enlarged “1tI181‘Iatﬂu Cruv-n Bvo, 3s. 6d.
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Diseases of the Abdomen, comprising those

of the Stomach and other parts of the Alimentary Canal, (Esophagus,
Cmcum, Intestines, and Peritonenm. By 5. 0. HaBErsHON, M.D.,
F.R.C.P. Fourth Edition. 8vo, with 5 Plates, 21s.

On the Relief of Excessive and Dangerous

Tympanites by Puncture of the Abdomen. By JouN W. OGLE,
M.A., M.D., F.R.C.P., Consulting Physician to St. George's Hospital.
8vo, bs, Od.

Headaches : their Nature, Causes, and Treat-
ment. By W. H, Day, M.D., Physician to the Samaritan Hospital.
Fourth Edition. Crown 8vo, with Engravings, Ts. 6d.

Health Resorts at Home and Abroad. By
M. CHARTERIS, M.D., Professor of Therapeutics and Materia Medica
in Glasgow University. Second Hdition. Crown 8vo, with Map,
hs, 6d,

The Mineral Waters of France, and its

Wintering Stations (Medical Guide to). With a Special Map., By A.
VinTrAS, M.D., Physician to the French Embassy, and to the French
Hospital, London. Second Edition. Crown Svo, 8s.

Health Resorts of the Canary Islands in their

Climatological and Medical Aspects. By J. CLEASEY TAYLOR, M.D.,
M.R.C.5. 8&vo, ds. 6.

Homburg-Spa : an Introduction to its W aters
and their use. By Dr. ARNOLD ScHETELIG. Crown 8vo, with Sy-
noptical Table, 2s. td.

Surgery: its Theory and Practice. (Student’s

Guide.) By Wintaxm J. Warsmam, F.R.C.S., Senior Assistant
Surgeon to, and Lecturer on Anatomy af, St. Bartholomew's Hospital.
Fourth Edition. Feap. 8vo, with 335 Engravings, 12s.

Surgical Emergencies : together with the
Emergencies attendant on Parturition and the Treatment of Poison-
ing. By W. PauL SwAIN, F.R.C.S., Surgeon to the South Devon
and Bast Cornwall Hospital, Fourth Edition. Crown 8vo, with 120
Engravings, bs.

Illustrated Ambulance Lectures: to which is

added a NURSING LECTURE., By Jomx M. H. Marrix, M.D., F.R.C.5.,
Honorary Surgeon to the Blackburn Infirmary. Third Edition,
Crown 8vo, with 60 Engravings, 2s.
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Operations on the Brain (a Guide to). By
ALEC FRASER, Professor of Anatomy, Royal College of Surgeons

in Ireland, Illustrated by 42 life-size Plates in Autotype, and 2
Woodeuts in the text. Folio, 83s,

Surgery. By C. W. Mansell Moullin, M.A.,

M.D. Oxon., F.R.C.S., Surgeon and Lecturer on Physiology to the
London Hospital. Large 8vo, with 497 Engravings, 34s,

A Course of Operative Surgery. By Chris-
TOPHER HEATH, Surgeon to University College Hospital. Second
Edition., With 20 Coloured Plates (180 figures) from Nature, by
M. LEVEILLE, and several Woodecuts. Large 8vo, 30s.

By the same Author,

The Student’'s Guide to Surgical Diagnosis.

Second Edition. Feap. Bvo, Bs. 6d.
Algo.

Manual of Minor Surgery and Bandaging. For
the use of House-Surgeons, Dressers, and Junior Practitioners, Tenth
Hdition. Feap. 8vo, with 158 Engravings, s,

Y sagh Also.

Injuries and Diseases of the Jaws. Fourth
Edition. By HENrY PErcy DEAN, M.S., F.R.C.5,, Assistant Surgeon
to the London Hospital. 8vo, with 187 Wood Engravings, 14s,

Alzo.
Lectures on Certain Diseases of the Jaws,

Delivered at the R.C.S., England, 1887. 8vo, with 64 Engravings,
2. 8d. Also.

Clinical Lectures on Surgical Subjects. De-
livered in University College Hospital. Feap. 8Svo, with 23 En-
gravings, fs,

The Practice of Surgery: a Manual. By
TroyAs BRyANT, Consulting Surgeon to Guy's Hospital, Fourth
Edition. 2 vols. crown 8vo, with 750 Engravings (many being
Coloured), and including 6 chromo plates, 32,

By the same Author.

On Tension : Inflammation of Bone, and Head

Injuries. Hunterian Lectures, 1888, Bvo, Bs.

Diseases of Bones and Joints, By Charles

MaicwamaRra, F.R.C.S., Surgeon to, and Lecturer on Surgery at, the
Westminster Hospital. 8vo, with Plates and Engravings, 12s,
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The Surgeons Vade-Mecum : a Manual of

Modern Surgery. By R. Druirr, F.R.C.S. Twelith Edition. By
STANLEY Boyp, M.B., F.R.C.8., Assistant Surgeon and Pathologist
to Charing Gmsu Hﬂsp‘:t{l] Crow n 8vo, with 373 Engravings, 16s.

The Operations of Surgery : intended for use

on the Dead and Living Subject alike, By W. H. A. JicoBsox,
M.A., M.B.,, M.Ch. Oxon., F.R.C.S., Assistant Surgeon to, and

Lecturer on Anatomy at, Guy’s Hospital. Second Edition. 8vo, with
235 Ilustrations, 30s.

On Anchylosis. By Bernard E. Brodhurst,
F.R.C.8., Surgeon to the Royal Orthopmdic Hospital. Fourth
Edition. 8vo, with Engravings, 5s.

By the same Author.

Curvatures and Disease of the Spine. Fourth

Edition. B8vo, with Engravings, 7s. 6d.
Alsgo.
Talipes Equino-Varus or Club-Foot. 8vo,

with Engravings, 3s. 6d.

Surgical Pathology and Morbid Anatomy.
(Student’s Guide Series,) By Axtmosy A. Bowrey, F.R.C.S.,
Assistant Surgeon to St. Bartholomew's Hospital. Second Edition.
Feap. 8vo, with 158 Engravings, 9s.

By the same Author.

Injuries and Diseases of Nerves, and their
Surgical Treatment, 8vo, with 20 Plates, 14s,

Illustrations of Clinical Surgery. By
JoNATHANY HutcHINsON, F.R.8., Senior Surgeon to the London
Hospital. In 23 fasciculi. 8s. 6d. each. Fase. I. to X. bound, with

Appendix and Index, £3 10s. Fase. XI. to XXIII. bound, with Index,
£4 10s.
By the same Author.

Archives of Surgery; Quarterly. Nos. I. to

XX. 8vo, 2s. 6d. each. Vols. I. to V., each containing 4 Nos.,
cloth, 10s. 6d. each,

The Human Foot: its Form and Structure,
Functions and Clothing. By THoMAS 8. ELuis, Consulting Surgeon

to the Gloucester Infirmary. With 7 Plates and Engravings (50
Figures), 8vo, Ts. éd,
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Clubfoot: its Causes, Pathology, and Treat-

ment. By W Apams, F.R.C.8,, Consulting Surgeon to the Great
Northern and other Hospitals, Second Edition. B8vo, with 106
Engravings and 6 Lithographic Plates, 15s.

By the same Author.

Lateral and other Forms of Curvature of the
Spine ; their Pathology and Treatment. Second Edition. 8vo, with
5 Lithographic Plates and 72 Wood Engravings, 10s. 6d.

Algo,

Contraction of the Fingers (Dupuytren’s
and Congenital Contractions): their Treatment by Subeutaneous
Divisions of the Fascia, and Immediate Extension, Also on Hammer
Toe ; its Curability by Subcutaneous Division. And on The Oblitera-
tion of Depressed Cicatrices by a Subcutaneous Operation. Bvo, with
8 Plates and 31 Engravings, 6s. td.

Treatment of Internal Derangements of the
Knee-Joint, by Operation. By HErBEaT W. ALLINGHAM, F.R.C.5.,
Surgeon to the Great Northern Central Hospital, ete. 8ve, with
Engravings, 5s.

Short Manual of Orthopzdy. By Heather

Bica, F.R.C.8.Ed., Part I. Deformities and Deficiencies of the
Head and Neck. 8vo, 2s. 6d.

Face and Foot Deformities. By Frederick

CrunrcHILL, C.M. 8vo, with Plates and Illustrations, 10s, 6d.

Royal London Ophthalmic Hospital Reports.
By the Medical and Surgieal Staff, Vol. XIII, Part 4. 8vo, bs.

Ophthalmological Society of the United King-

dom, Transactions. Vol, XIII. 8vo, 12s. 6d.
The Diseases of the Eye. (Student’s Guide

Series.) By Epwarp Nerriesmre, F.R.C.S., Ophthalmic Surgeon
to S8t. Thomas's Hospital. Fifth Edition. Feap. 8vo, with 164
Engravings and a Coloured Plate illustrating Colour-Blindness.
7s. 6d.

Diseases and Refraction of the Eye. By
N. O. Macvamara, F.R.C.S., Surgeon to Westminster Hospital, and
GusTAvUs HARTRIDGE, F.R.C.S., Surgeon to the Royal Westminster
Ophthalmic Hospital. Fifth Hdition, Orown 8vo, with Plate, 156

Engravings, also Test-types, 10s, 6d.

-

11, NEW BURLINGTON STREET.
18




J. 3, .A O'fmrchiﬂ ’s Recent Works.

On Diseases and Injuries of the Eye: a Course

of Systematic and Clinical Lectures to Students and Medieal
Practitioners. By J. R. WorLrg, M.D., F.R.C.5.E. With 10 Coloured
Plates and 157 Wood Engravings., 8vo, 21s.

Normal and Pathological Histology of the
Human Eye and Eyelids, By C. Frep. Porrock, M.D., F.R.C.5,,

and F.R.8.E., Surgeon for Diseases of the Eye to Anderson's College
Dispensary, Glasgow. Crown 8vo, with 100 Plates (230 drawings), 15s.

Diseases of the Eye: a Handbook of Ophthal-

mic Practice for Students and Practitioners. By G. E. DE SCHWEINITZ,
M.D., Professor of Diseases of the Eye in the Philadelphia Polyelinic.
With 216 [llustrations, and 2 Chromo-Lithographic Plates. Bvo, 18s.

Atlas of Ophthalmoscopy. Composed of 12

Chromo-lithographic Plates (59 Figures drawn from nature) and
Explanatory Text. By RicEArD LrepreicH, M.R.C.8. Translated by
H. RosporovcH Swanzy, M.B. Third Edition, 4to, 40s.

Refraction of the Eye: a Manual for Students
By Gustavus HArRTRIDGE, F.R.C.S., Surgeon to the Royal West-
minster Ophthalmie Hospital. Sixth Edition. Crown 8vo, with 98
Illustrations, also Test-types, ete., 6s.

By the same Author.

The Ophthalmoscope : a Manual for Students.

Second Edition. Crown Bvo, with 67 Illustrationsand 4 Plates, 4s. 6d.

Glaucoma : its Pathology and Treatment. By

PRIESTLEY SmITH, Ophthalmic Surgeon to the Queen’s Hospital,
Birmingham, 8Svo, with 64 Engravings and 12 Zinco-photographs.
Ta. Bd.

Hints on Ophthalmic OQOut-Patient Practice.
By CmaArLeEs Higeess, Ophthalmic Surgeon to Guy’s Hospital.
Third Edition. * Feap. 8vo, 3s.

Eyestrain (commonly called Asthenopia). By

ErNesT CLARKE, M.D., B.5. Lond., Surgeon to the Central London
Ophthalmic Hospital, Surgeon and Ophthalmic Surgeon (o the
Miller Hospital. 8vo, with 22 Illustrations, bs.

Sore Throat: its Nature, Varieties, and Treat-

ment. By PRrossER James, M.D. Fifth Edition. Post 8vo, with
Coloured Pla.taes ﬂ.nd Enp;rmings, s, 6d.
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Diseases and Injuries of the Ear. By Sir
Wrtrram B. Darey, F.R.C.8., M.B., Consulting Aural Surgeon to
St. George's Hospital. Fourth Edition. Crown Svo, with 8 Coloured
Plates and 38 Wood Engravings. 10s. 6d.
By the same Author.
Short Contributions to Aural Surgery, between

1875 and 1839, Second Edition. S8vo, with Engravings, 3s. 6d.

A System of Dental Surgery. By Sir John
TomEes, F.R.S., and C. 8. Tomes, M.A., F.R.S. Third Edition. Crown
8vo, with 292 Engravings, 15s.

Dental Anatomy, Human and Comparative:
A Manual. By CHArrLes 8. Tomes, M.A., F.R.S5. Fourth Edition.
Crown 8vo, with Engravings. [fn the press.

A Manual of Nitrous Oxide Anzsthesia.

By J. FreEpErick W. Smkx, M.D. Lond., M.R.C.S., Assistant
Anwmsthetist to Guy’'s Hospital, Anmsthetist to the Dental School of
Guy's Hospital, and to the Royal Free Hospital. 8vo, with 26 En-

gravings, oa.

Notes on Dental Practicee By Henry C.
Quinby, L.1).5.1., late President of the British Dental Assoeciation.
Becond Hdition. B8wvo, with 92 Illustrations, 8s.

Elements of Dental Materia Medica and

Therapeutics, with Pharmacopamia. By JAMES STOCKEN,
L.D.8., R.C.8., Pereira Prizeman for Materia Medica, and THOMAS
GADDES, L.D.S. Eng. and Edin. Third Edition. Feap. 8vo, 7s. 6d.

Practical Treatise on Mechanical Dentistry.
By JosEpH RicHARDSON, M.D., ID.D.5. Sixth Edition, revised and
edited by GEoRGE W Wairgrex, D.D.S. Royal 8vo. With 600 Engrav-
ings, 21s.

Papers on Dermatology. By E. D. Mapother,
M.D., Ex-Pres. R.C.5.1. Bvo, 8s. 6d.

Atlas of Skin Diseases. By Tilbury Fox,
M.D., F.R.C.P. With 72 Coloured Plates, Royal 4to, half moroceo,
£6 6s.

Leprosy in British Guiana. By John D. Hillis,

F.R.C.S,, M.R.I.A., Medical Superintendent of the Leper Asylum,
British Guiana. Imp. 8vo, with 22 Lithographic Coloured Plates and
Wood Engravings, £1 11s, 6d.
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Diseases of the Skin (Introduction to the
Study of). By P. H. Pyre-SmiTH, M.D,, F.R.5., F.R.C.P., Physician
to Guy’s Hospital. Crown Bvo, with 26 Engravings, Ts. 6d.

Diseases of the Skin: a Practical Treatise for

the Use of Students and Practitioners. By J. N. Hypg, A.M,,
M.D., Professor of Skin and Venereal Diseases, Rush Medical College,
Chicago. Second Edition. B8vo, with 2 Coloured Plates and 96 En-
gravings, 20s,

Sarcoma and Carcinoma : their Pathology,
Diagnosis, and Treatment, By Hexry T. BurLiy, F.R.C.S., Assistant
Surgeon to St. Bartholomew’s Hospital. 8vo, with 4 Plates, 8s.

By the same Author.
Malignant Disease of the Larynx (Sarcoma
and Carcinoma). Bvo, with 5 Engravings, 5s.
Also.

Operative Surgery of Malignant Disease. 8vo,
14s,

On Cancer : its Allies, and other Tumours:

their Medical and Surgical Treatment. By F. A. PurceLr, M.D.,
M.C., Surgeon to the Cancer Hospital, Brompton. B8vo, with 21
Engravings, 10s. 8d.

Cancers and the Cancer Process: a Treatise,

Practical and Theoretic. By HerBerT L. Svow, M.D., Surgeon to
the Cancer Hospital, Brompton, 8vo, with 15 Lithographic Plates.

158. By the same Author.
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