The refraction of the eye : a manual for students / by Gustavus Hartridge.

Contributors

Hartridge, Gustavus, 1849-1923.

Lloyd, Dawson

British Library

University College, London. Library Services

Publication/Creation
London : J. & A. Churchill, 1884.

Persistent URL
https://wellcomecollection.org/works/jz88std7

Provider

University College London

License and attribution

This material has been provided by This material has been provided by UCL
Library Services. The original may be consulted at UCL (University College
London) where the originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection
London NW1 2BE UK

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/




© PUTa LMo Log HE 282
WazrebgE [ V]




THE IN§TITUTE
OPHTHALMOLOGY

LONDON

EX LIBRIS







THE REFRACTION OF THE EYE






THE

REFRACTION OF THE EYE

A MANUAL FOR STUDENTS

BY

GUSTAVUS HARTRIDGE, F.R.C.S.

ASSISTANT SURGEON TO THE ROYAL WESTMINSTER OPHTHALMIC HOSPITAL

WITH EIGHTY-SEVEN 1LLUSTRATIONS

LONDON

go& A. CHURCHILL
11, NEW BURLINGTON STREET
1884






PREFACE

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
require the requisite amount of dexterity by prac-
tically working out a large number of cases of refrac-
tion. No book, nor 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 unnecessary. 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
student should understand them thoroughly before
passing on to the real subject in hand.

I have found it necessary in several instances to



vi PREFACE

repeat 1mportant matters, and this I have done to
obviate the necessity of continual references to other
parts of the book, as well as in some cases to impress
the importance of the subject upon the student.

The woodcuts 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 is confusing to the learner to have to do
with two distinct sets of measurements, and no pos-
sible 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
authors 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.

G. H.

47, KENsineToN PARK GARDENS, W.;
Janaury, 1854.
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THE REFRACTION OF THE EYE

CHAPTER I
OPTICS

Ravs of light coming from any distant source,
although actually slightly divergent, are assumed to
be parallel.

The amount of divergence of rays is proportionate
to the distance of the point from which they come.

A ray of light meeting with a body may be
absorbed, reflected, or if it is able to pass through this
body, it may be refracted.

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.

Thus if A B be the ray incident at B on the mirror
¢ D, and B E the ray reflected, the perpendicular » B will

1



2 THE REFRACTION OF THE EYE

divide the angle ABE into two equal parts, the angle
ABP is equal to the angle PBE; and AB, pBand EB lie
in the same plane. .

Fi1a. 1.

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.
This 1s called a virtual image.

Fia. 2.

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



REFLECTION 3
Reflection from 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
reflected as convergent rays which meet on the axis at
a point (¥, Fig. 3), called the principal focus, about
equally distant from the mirror and its centre c. The
distance of the principal focus from the mirror is called
the focal length.

Fra. 3.

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

If the point is at the centre of the concavity of the
mirror (¢), the rays return along the same lines so that
the point 1s its own image.

If the point be at A the focus will be at a, and it
will be obvious that if the 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 foci.
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If the luminous point is beyond the centre, its
conjugate focus is between the principal focus and the
centre.

If between the principal focus and the centre, then
the conjugate 1s beyond the centre ; so that the nearer
the luminous point approaches the principal focus the
greater is the distance at which the reflected rays meet.

If the point be nearer the mirror than », the prin-
cipal focus, the rays will be reflected as divergent and
will therefore nmever meet; if, however, we continue

Fia. 4.

these diverging rays backwards, they will unite at a
point (&) behind the mirror, which point is called the
virtual focus, and an observer situated in the path of
reflected rays will receive them as if they came from this
point.

Thus it 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 ;
at a certain distance one sees a small and inverted
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image, at a less distance the image is confused and
disappears when at the focus ; still nearer the image
is erect and larger, being then a virtual image.

Reflection from a Convex Surface

Parallel rays falling on such a surface become
diverging, hence never meet, but if the diverging
rays thus formed are carried backwards by lines, then
an imaginary image 18 formed which is called negative,
and at a point called the principal focus (¥).

F1a. 5.

Foci of convex mirrors are only virtual, and the
image, whatever the position of the object, is always
virtual, erect, and smaller than the object.

The radius of the mirror is double the principal
focus.

The principal and conjugate foci are always on the
same side of the mirror as the luminous point, while
the wvirtual focus is always on the other side of the

° mirror.
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Refraction.—A ray of light passing through a trans-
parent medium into another of a different density is
refracted, unless the ray fall perpendicular to the
surface separating the two media, when it continues
its course without undergoing any refraction (Fig.
6. .H K).

A ray passing from a rarer to a denser medium is
refracted towards the perpendicular ; as shown n Fig.
6, the ray A B 1s refracted at B towards the perpen-
dicular pp.

In passing from the denser to the rarer medium the
ray is refracted from the perpendicular, B » is refracted
at ¢ from pr (Fig. 6). |

Fia. 6.

Reflection accompanies refraction, the ray dividing
itself 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 medium
at the same obliquity, and is called the index of
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refraction ; thus from air to water 1t 1s 3, from air to
glass 3.

If the sides of the medium are parallel, then all rays
except those perpendicular to the surface which pass
throngh without altering their course, are refracted
twice, as at B and ¢, and continue in the same direction
after leaving as before entering.

If the two sides of the refracting medium are not
parallel, as in a prism, the rays cannot be perpendicular
to more than one surface at a time.

Fi1a. 7. Fia. 8.

Therefore every ray falling on a prism must undergo
refraction, and the deviation is always towards the
base of the prism.

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

If p m (Fig. 8) be a ray falling on the prism (A Bc) at
M, 1t is bent towards the base of the prism, assuming
the direction M N, on emergence 1t 1s again bent at N,
an observer placed at & would receive the ray as if it
came from K ; the angle x 5D formed by the two lines
at ® is called the angle of deviation and is about half
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the size of the prineipal angle formed at A by the two
sides of the prism.
Refraction by lenses is somewhat more complicated.
A lens is an optical contrivance consisting of a
refracting medium with two opposite surfaces, one or
both of which may be segments of a sphere, they

FT G. 91-

are then called spherical lenses, of which there are six
varieties. '

1. Plano-convex, the segment of one sphere (Fig.
9, B).

2. Biconvex, segments of two spheres (Fig. 9, a).

3. Converging concavo-convex.

4. Plano-concave.

5. Biconcave.

6. Diverging concavo-convex.

A lens may be looked upon as made up of a number
of prisms with different refracting angles.

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

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

1 2

Fia. 10,

All other rays undergo more or less refraction.

Rays passing through the optical centre of a lens
emerge in the same direction as they entered; the
deviation in thin lenses is so small that they are
usually assumed to pass through in a straight line,
and are called secondary axes (Fig. 11).

Fre. 11.

Parallel rays passing through a convex lens (1) are
brought to a focus at a certain fixed point beyond the
lens (A) ; this point is called the principal focus, and the
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distance of this foens from the lens i1s called the focal
length of the lens.

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

Divergent rays from a point () outside the principal
focus (r, Fig. 13) meet at a distance beyond (¥) the
principal focus on the other side of the lens (L), and
if the distance of the luminous point (g) 1s 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

Fra. 13.

lens (L), rays coming from ¢ would also focus at B, they
are therefore called conjugate foci, for we can
indifferently replace the image (c) by the object (B)
and the object (B) by the image (c).
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[f the lnminous point (D) be between the lens and
the principal focus (¥), then the rays will issue from
the lens divergent, though less so than before entering ;
and if we prolong them backwards they will meet
at a point (H) further from the lens than the point b,
H will therefore be the virtual focus of p.

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

Fig. 14.

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 luminous point to be situated
on the principal axis, supposing, however, it be to one
side of it as at E (Fig. 14), then the line ( r) passing
through the optical centre (c) of the lens (1) i1s a
secondary axis, and the focus of the pomnt (&) will be
found somewhere on this line, say at », so that what
has been said respecting the focus of a luminous point
on the principal axis (A B), 1s equally true for points
on a secondary axis, provided always that the inclina-
tion of this secondary axis 1s not too great, when the
focus would become imperfect from much spherical
aberration.
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In biconcave lenses there are only virtual foci
whatever the distance of the object.

Fi1aG. 15.

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

Formation of images.—To illustrate the formation of
images the following simple experiment may be carried
out : place on one side of a screen, having a small
perforation, a candle, and on the other side a sheet of

Fia. 1A.

white cardboard at some distance from the orifice, to
receive the image formed; rays diverge from the
candle in all directions, most of those falling on the
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screen are intercepted by it, but some few rays pass
through the perforation and form an image of the
candle on the cardboad, the image being inverted
because the rays cross each other at the orifice; it
can further be shown that when the candle and card-
board are equally distant from the perforated screen,
the candle flame and its image will be of the same
size, if the cardboard be moved further from the per-
foration the image is enlarged, if it be moved nearer
it is diminished ; if we make a dozen more perforations
in the screen, a dozen more images will be formed on
the eardboard, if a hundred then a hundred, but if
the apertures come close together then the images
overlap, and 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 virtual.

In Figure 17 let A B be a candle situated at an

Fre. 17.

Real inverted image smaller than object forwed by convex lens.

infinite distance, from the extremities of A B, draw two
lines passing through the optical centre (c) of a
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biconvex lens, the image of A will be formed some-
where on this line (termed a secondary axis), say at a,
rays from B at b, so b @ is a small inverted image 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 1mage would be
formed at the same point on the opposite side of the
lens, of the same size as the object, and inverted.

If the candle be at the principal focus (¥) then the
image is at an infinite distance, the rays after refraction
being parallel.

1f, however, the candle (A B) be nearer the lens than
the focus, then the rays which diverge from the
candle will, after passing through the convex lens, be
still divergent so that no image is formed; an eye

Fiag. 18.

Virtual image formed by convex lens.

placed at € would receive the rays from A 8 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 bi-concave lenses are always
virtual, erect, and smaller than the object; let a B be
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a candle, and ¥ the principal focus of a biconcave
lens, draw from A B two lines through ¢ the optical
centre of lens, and lines also from A and B paraliel to

Fia. 19.

Virtual image formed by concave leus.

the axis, after passing through the lens they diverge
and have the appearance of coming from a b, which
1s therefore the virtual image of A B.
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CHAPTER II

REFRACTION, ACCOMMODATION, CONVERGENCE

Tue 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 an exact
picture of surrounding objects upon the retina, the
stimulation here produced is conducted by the optic
nerve to the brain. Immediately behind the trans-
parent retina is a layer of pigment, which absorbs 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, interfering
considerably with vision, as is the case with albinos.
The refracting system of the eye is so beautifully
arranged that but little, if any, spherical or chromatic
aberration takes place, as 1s the case with ordinary
optical mmstruments.

For distinct and accurate vision the following con-
ditions are necessary :

First, that a well-defined inverted image be formed
on the layer of rods and cones at the yellow spot.

Secondly, that the impression there received be
conveyed to the brain.
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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 transparent—three important
factors call for a separate description, viz.

Refraction.
A ccommodation,

Convergence.

Refraction is the term used to express the condition
of the eye in a state of rest. There are three refract-
ing surfaces in the eye—the anterior surface of the
cornea, the anterior surface of the lens, and the
anterior surface of the vitreous. These together
make up the dioptric system, and may for the sake of
simplicity be looked upon as forming a convex lens of
about 23 mm. focus. What was said about convex
lenses applies equally to the eye as an optical instru-
ment.

A ray of light falling on the cornea does not,
however, follow the simple direction we might imagine
when considering the eye merely as a lens of 23 mm.
focus, but it must be looked upon as a compound
system, composed of a spherical surface and a biconvex
lens. To enable us to understand the course of a ray
through the eye, it 1s necessary to be acquainted with
the cardinal points of this compound 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

2
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together. In the following diagram of the emme-
tropic eye the cardinal points of this compound

system are shown, all situated on the optic axis (r 4) ;
at B are two principal focal points, situated so close
together in the anterior chamber that they may con-
veniently be looked upon as one point. At N are two
nodal points, also close together; for simplicity we
shall consider them as one point, we then have the
following : c, the cornea; 1L, the lens; M, the macula;
o, the optic nerve; r A, the optic axis; B, the
principal focal point, 2 mm. behind the cornea ; N, the
nodal point just in front of the posterior surface of
the lens, 7 mm. behind the cornea; m, the centre of
rotation of the eye, 9°2 mm. in front of the retina.
Rays parallel before falling on the cornea come to a
focus on the retina 22'8 mm. behind the cornea. Rays
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parallel in the vitreous, focus at the anterior focal
point F situated 13°7 mm. in front of the cornea.

Fig. 17 shows that an image formed by a biconvex
lens is an inverted one; so also is that formed by the
refracting surfaces of the eye, as can easily be proved
by the following figure, and it is essential that the
method of formation of these inverted images be
thoroughly understood.

From every point of an object A B c, proceed
divergent rays. Those coming from A pass through
the pupil, and being refracted by the dioptric system,
come to a focus on the retina at a. Those coming

F1e. 21.

from B focus at b, and those from ¢ at ¢. In the same
way rays come from every point of the object as
divergent rays, and are brought to a focus on the
retina; the retina being exactly at the focal distance
of the refracting system, a well-defined inverted
image is formed.

Much has been said and written as to why images
which are formed in an inverted position on the
retina should be seen upright, and all sort of in-
genious explanations have from time to time been
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given. It is entirely a matter of education and ex-
perience, which is supplemented and corroborated by
the sense of touch. We have no direct cognisance of
the image on the retina, nor of the position of its
different parts, but only of the stimulation of the
retina produced by the image, which stimulation is
conducted by the optic nerve to the bramn, producing
there certain molecular changes. We do not actually
see the retinal image, but the object from which the
rays emanate, and we refer the sensation in their
direction; 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 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 1s situated exactly at the principal focal distance
of the refracting system of the eye. This condition
1s called emmetropia (Euperpoc, regular measure, o,
the eye). If parallel rays are focussed behind, or in
front of the retina, the term ametropia (a, priv., uérpov,
measure, &y, the eye) is used, and of this there are
two opposite varieties.

Hypermetropia, when the eyeball is so short, that
parallel rays are brought to a focus behind the retina
(Fig. 22, B).

Myopia, when the eyeball is too long, so that
parallel rays focus in front of the retina (Fig. 22, ).

If we represent the eye by a biconvex lens and the
retina by a screen, emmetropic when situated at the
principal focus of the lens as E, we make it hyperme-
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Fia. 22.

A. Emmetropic eye. B. Hypermetropic eye. c¢. Myopie eye.

Fia. 23.

Convex lens of 23 mm. focus. Parallel rays focus at &
(emmetropia) on the screen, forming a well-defined image
of object from which rays come; at H (hypermetropia)
forming a diffusion patch instead of an image. M (my-
opia), also a diffusion patch, the rays having ecrossed and
become divergent.
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tropic (H) by bringing forward the screen, and myopic
(a) by moving it further away from the lens.

In all eyes, vision ranges from the far point, which
in the emmetropic eye 1s at infinity, to the near point.

The near point (punctvm proximum) varies in the
normal eye. It recedes as age advances, but should
not be further off than 22 cm. (Fig. 75).

Infinity 1s 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, 13 one whose far
point, or punctum remotum, is sitnated at infinity.
The hypermetropic eye has its punctum remotum
beyond infinity, and the myopic at a finite distance.

When the near point has receded beyond 22 cm.
(which usnally occurs in the emmetropic eye about the
age of forty-five), the eye is said to be presbyopic.

Generally the two eyes are similar i their refrac-
tion, though sometimes there is a very great differ-
ence. One may be hypermetropic, the other myopic ;
or one emmetropic, the other ametropic. Anisome-
tropia 1s the term used when the two eyes thus vary
in their refraction.

There may be differences also between the refraction
im the different meridians of the same eye—astig-
natism.

In all forms of ametropia the acuteness of vision 1s
liable to be diminished. It also decreases slightly
as age advances, without any disease.

The acuteness of vision refers always to central
vision. The yellow spot is the most sensitive part of
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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

Fi1a. 24.

the posterior nodal point, which point closely coincides
with the posterior surface of the lens, and is about 15
mm. in front of the yellow spot.

In Fig. 24, let ¢ » be an object for which the eye is
accommodated. Thelines ce, » d, drawn from the ex-
tremities of the object, cross at the nodal point w.
The angle ¢ N p 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 its
magnitude, and the size of the image thus formed 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, may be seen under a larger angle,
the angle A N B being greater than ¢ N . It is also
clear that the image formed on the retina will be
smaller at 1, when the antero-posterior diameter of the
eye 1s less, as in hypermetropia, than it is at 2, as in
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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 refraction,
unless the type be read at its proper distance.

It is by the unconscious comparison of things of
known size that we are able to estimate the distance
of objects, and not by the visual angle alone.

Objects must therefore be of a certain size, and it
has been found out that to enable us to see an object
distinetly 1t must be viewed under an angle of not less
than 1°.

It has been shown (F'ig. 22, 8), that in hypermetropia,
when in a state of rest, parallel rays are brought to a
focus behind the retina, so that instead of a clear, well-
defined 1mage, we get a circle of diffusion. Convex
glasses possess the power of rendering parallel rays
passing through them convergent, so that by placing
a lens of the right strength in front of the hyper-
metropic eye, we bring forward its focus on to the
retina.

In myopia (Fig. 22, ¢), where the focus is in front
of the retina, we succeed by concave glasses in carry-
ing back the focus.

These lenses are spherical, and were until recently
numbered according to their focal length in inches, a
glass of 1 inch focus being taken as a standard. To
this plan there were several objections. The standard
glags 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 1 inch,
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and was expressed as 1. Inaddition 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 Oph-
thalmological Congress in 1872, it was decided to
adopt a metrical scale of measurement. A lens of 1
metre focus was taken as the unit and was called a
dioptre ; a weak instead of a strong glass therefore
being 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, accord-
ing to its focal length.

The focal length of a lens is not expressed in the
dioptric measurement ; this can, however, always be
found by dividing 100 cm. by the number of the lens;
if it be 2 D. then the focal length will be 50 c¢m., if
10 D. then 10 cm.

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

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

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

Rays from a near object proceed in a divergent
direction, and come to a focus behind the retina; the
object would not then be clearly seen, unless the eye
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possessed within itself the power of bringing rays of
different directions into union on the retina.

This power of altering the focus of the eye at will
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 conscious 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 be looked at, then the distant object becomes
indistinct, and on looking at the object the meshes
become confused.

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

1st. 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 small candle flame, or other
convenient object, being held on one side of the eye,
so as to form an angle of 30° with its visumal axis,
an observer looking into the eye from a corresponding
position on the other side, will see three images of
the flame, the first mpright, formed by the cornea, the
second larger, upright and formed by the anterior
surface of the lens, the third smaller and inverted,
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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 distinct, 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 lensis 10 mm., when accommodated for
135 em. it is changed to 6 mm.,

The pupil also becomes somewhat smaller, the
central part 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 ciliary body and choroid, thereby relaxing the
ligament of Zinn 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.

F16. 25.

Diagram of lens, cornea, &e. The right half is represented
as in a state of acecommodation, the left half at rest.
A..The anterior ehamber. ¢. The cornea. L. The lens.
V. The vivreous bumounr, I, The iris, M. Ciliary muscle.
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When the ciliary muscle 1s relaxed, the elasticity of
the capsule comes into play and compresses the lens
so as to make 1t flatter ; and when thus relaxed to its
uttermost, the lens has assumed its least convexity
and the eye 1s then adapted for its far point (punctum
remotum).

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

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

In the emmetropic eye the punctum remotum is
situated at infinity.

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 can read Sn. 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 1n a handle to
which a tape measure is attached, the tape is placed
against the temple and held there while the frame is
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 is that of
Scheiner. Close in front of the eye we wish to
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examine is placed a card having 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 excluded from vision during
the experiment). The pin will be clearly and dis-
tinctly seen, it is then gradually approached to the
eye, at a certain place 1t will become double, the point
at which it ceases to appear single is the punctum
proximum,

F1a. 26.

In Figure 26 the biconvex lens L represents the
eye, D the perforated card, p the pin, & g, the two
sets of rays from p, which focus exactly at Bthe retina.
If, however, the pin be brought nearer, so that the
accommodation is unable to focus the two sets of
rays, they will form instead of ome, two images of
the pin on the retina asat A. These will be projected
outwards as crossed images.

The whole amount of accommodation that can be
put in force, 7.e. the difference between the eye in a
state of complete repose and when 1ts maximum amount
of accommodation 1s i force, is styled the amplitude
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of accommodation, so that the amplitude of accommo-
dation is the distance between the punctum proximum
and the punctum remotum.

A convex glass placed in front of the eye produces
the same effect as accommodation, ¢.e. it increases its
refraction and adapts the eye for nearer objects. We
can easily understand that the lens which enables an
eye to see at its near point without its accommodation,
is a measure of the amplitude of accommodation, giving
to rays which come from the near point a direction as

1f they came from the far point.

Therefore, if we wish to measure the amplitude of
accommodation in emmetropes we have merely to find

.the nearest point at which the patient can read small

print. A lens whose focal distance corresponds to
this is a measure of the amplitude of accommodation.
Thus, supposing 20 cm. the nearest distance at which
he is able to read small print, we divide this into 100
cm. to find the focal distance of the lens (122 = 5 D.);
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
distinctly, gives the amplitude of accommodation ; the
concave glass gives 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.

A hypermetrope requires some of his accommoda-
tion for distant objects ; we must, therefore, in order
to find the amplitude of accommodation in his case,
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add on to the lens whose focal length equals the
distance of the near point, that lens which enables
him to see distant objects without his accommodation.
Thus we will assume his near point to be 25 cm.
(122 +4 D.), and that he had to use 4 D. of accom-
modation for distant objects, then the amplitude of
his accommodation would be (4 D. + 4 D.)=8 D.

In myopes we have to subtract the glass which
enables them to see clearly distant objects from that
whose focal length equals the distance of the near
point. Thus, to find the amplitude of accommodation
in a myope of 2 D., the near point being at 10 cm., we
subtract from (%% =10) 10 D. the amount of the
myopia 2 D. and the resulting 8 D. 1s therefore the
amplitude of accommodation. Hence it is obvious
that with the same amplitude of accommodation 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
(182=20) 20 cm., a hypermetrope of 2 D. whose
amplitude equalled 5 D. would require 2 D. for distance,
leaving him 3 D., which would bring his near point to
(132 =33) 33 cm.; and a myope of 2 D., who would
require a concave glass of this strength to enable him
to see at a distance, would have a near point of 14
cm, (192 = 14) with the same amplitude.

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

Absolute, 1s the amount of accommodation which
one eye can exert when the other is excluded from
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vision, 7.e. from the punctum remotum to the punc-
tum proximum.

Binocular, that which the two eyes can exert
together, being allowed at the same time to converge.

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

As age advances the elasticity of the lens diminishes,
the ciliary muscle loses power, and the accommoda-
tion therefore becomes less, the near point gradually
receding. These changes commence at a very early
age, long before the individual has come to maturity.

F1e. 27.
Dioptres.

Diagram showing by the number of squares through which
the thick lines pass, the amplitude of aceommodation at
different ages. The figures above represent the number
in dioptres of accommodation; those below, the near
point for each amount; and those on the left, the age
of the individual (affer Donders).

Convergence is the remaining element of distinct
binocular vision, and with it accommodation is very
intimately linked, so that usunally for every increase of
the convergence a certain increase in the accommoda-
tion takes place.
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Convergence is the power of directing the visunal
axes of the two eyes to a point nearer than infinity.
This 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 emmetropia the angle is
usually about 5°. In hypermetropia 1t is 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, so
that no angle a is formed (p. 157). In myopia, there-
fore, there is frequently an appearance of convergence,
giving one the idea of a convergent squint, and hence
the mere look of the patient’s eyes with regard to their
axes 18 not always quite reliable.

The object of convergence is the directing of the
yellow spot in each eye towards the same object, 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 con-
vergence, and varies in different persons, usually

3
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between prisms of 20° and 30°, divided between the
two eyes.

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

The nearer an object, the more we have to use the
power of convergence and so also with the accom-
modation. Hence usuaily on converging to any par-
ticular point we also involuntarily accommodate for
that point, the internal recti and ciliary muscles
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 visual and
median lines as at M, the metrical angle. The
following is the plan, in Fig. 28: E, E” represent the
centres of rotation for the two eyes; ® m & is the
base line between the eyes. When the eyes are fixed
. on some distant object, the convergence being passive,
the visual lines are parallel or almost so, as A, £ &/,
the angle of convergence is then at its minimum, and it
is said to be adapted to its punctum remotwm, this, then,
béing at infinity is expressed, C = oo.*

If the eyes be directed to an object 1 metre away,
the metrical angle B ' B equals one, t.e. C=1. If
the object is 50 cm. off then C=2; if 10 cm. then
(122 =10) C=10. If the object had been beyond 1
metre (our unit), but not at infinity, say 4 metres, then
Ci=1.

* (! is the sign for convergence, and o the sign for expressing infinity.
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F1a. 28 (Nagel).
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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 ¢, 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 is at its maximum, and it 1s said to be
adapted to its punctum prozimum.

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

As the angle of convergence is greater the nearer
the object approaches the eyes, we may say that the
angle of convergence isinversely proportionate to the
distance of the object from the eyes.

We know also that the accommodation increases
the nearer the object approaches, hence we see that
both the convergence and accommodation increase and
decrease together; and in recording the convergence
in the manner proposed by Nagel, it will be seen on
referring to the foregoing figure, that in the emme-
tropic eye the number which expresses the metrical
angle of convergence, expresses also the state of refrac-
tion 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 = . When the object is at 1
metre the angle of convergence = 1, and the amount
of accommodation put into play = 1 D. When the
object is at 25 cm. then the’angle of convergence =
4, and the amount of accommodation = 4 D.

It has been found by experiment that the amplitude
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of convergence is somewhat greater than the ampli-
tude of accommodation, passing it both at its punctum
remotum and its punctum proximum.

The following table from Wecker and Landolt,
shows the angle of convergence in degrees for different
distances of the object when the eyes are 64 cm.

apart :
Distance of the object The metrical Value expressed
from the eyes. angle. in degrees.
1 metre 1 e 1° 50
50 cm. 2 3° 40’
S8 3 5° 30v
25 . 4 7° 20/
a0, 5 9° 10/
16 ,, 6 3 11°
4 7 12° 50"
3 8 14° 40/
1 1 e 9 ass 16° 30’
10 ,, 10 18° 20/
2 . 11 20° 10/
PR 12 22°
5 13 ‘i 23° 50"
i = 14 25° 4
65 , 15 27° 30/
B, 16 29° 20’
0'd , .rs 18 33°
By e 20 o 367 40°

Although accommodation and convergence are thus
intimately linked together, it can easily be proved
that they may have a separate and independent action.
If we suspend the accommodation with atropine, the
convergence 1s not interfered with, and if by division
of both internal recti for squint, the power of con-

vergence 1s for the time lost, the accommodation can
still be brought into play.
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Again, an object at a certain distance being seen
clearly without a glass, can still be seen distinetly with
weak concave and convex glasses. The following dia-
gram shows the relative amount of accommodation
for different points of convergence in an emmetrope
aged fifteen. The amount of accommodation in excess
of the metrical angle of convergence is called positive
and the amount below negative.

F16. 29 (Donders).

The diagonal p D represents the convergence from
mfinity to 5 cm.; it is also a record of the accommo-
dation. The line p P’ p” indicates the maximum
accommodation for each point of convergence, and the
line 7 7 the minimum. The numbers on the right
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and below the diagram are dioptres and metrical
angles of convergence; thus, when the visual lines
are parallel it will be seen that 3'5 D. of positive
accommodation can be put into play, 7.e. the object
can still be seen distinctly with a concave glass of that
strength, 35 D. is therefore the relative amplitude of
accommodation for convergence adapted to infinity ;
or the metrical angle C being 5, which is a distance
of 20 em. away, the accommodation for that point
would equal 5 D. The positive amount that can be
put in force while angle C remains the same, would be
3 D., and the negative also 3 D., the object being seen
clearly with a concave or convex glass of 3 D., there-
fore the relative amplitude of accommodation for C 5
18 6 D., t.e. from 12 to 50 em. 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 beiug 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 1s 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 ERRORS OF REFRACTION

Ix this and the following chapters I propose to con-
sider some of the numerous objective and subjective
methods by which errors of refraction may be dia-
gnosed and estimated. These methods will embrace :

The objective examination of the patient.

The acuteness of vision.

The indirect and direct ophthalmoscopic examina-
tions.

Scheiner’s method.

Retinoscopy.

First with regard to the objective examination, we
notice the general appearance of the patient, the form
of the face and head ; a flat-looking face is frequently
an indication of hypermetropia, a head elongated in
its antero-posterior diameter, with a long face and
prominent nose, indicates 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 notice
also the shape of the eyes themselves, if large and
prominent, or small. In high degrees of astigmatism
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it can often be seen that the curvature of one meri-
dian exceeds that of the other. The distance between
the eyes should also be noted, as well as the direction
of their axes,

The acuteness of vision is of great value in estimat-
ing errors of refraction, and is the most used of all sub-
jective methods; for, although it may be impaired by
other causes, such as a loss of sensibility of the retina,
a want of clearness of the retinal images by opacities
in the media, &c., yet the proper adjustment of the
refraction of the eye is probably the most common
cause of a diminution in the acuteness of vision.

In order to measure the acuteness of vision, it has
been discovered by various and numerous experiments,
that the smallest distance between two points on the
retina which can be perceived separately is 000436
mm., about the diameter of a single rod or cone, and
this only at the macula and the part immediately
around it, which is the most sensitive portion of the
retina. In the periphery the two points must be fur-
ther apart to appear distinct. Such an image as that
formed at the macula corresponds to a visual angle
of 1'.

The wvisnal angle (Fig. 24) has been shown to be an
angle included between two lines drawn from the
two opposite edges of the object through the nodal
point.

Test types have been constructed upon these princi-
ples for determining the acuteness of vision; Snellen’s
being those now universally used. The letters are so
made that the strokes composing them are seen under
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an angle of 1’ and the whole letter itself under an
angle of 5 when placed at their respective distances.

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, and 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
focus on the retina. The smallest letter which can be
seen distinctly at this distance will represent the
acuteness of 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 15 expressed in the form of a fraction in which
the numerator is the distance at which it 1s read, and
the denominator the number of the line. We note
down the result found for each eye separately, if the
bottom line is read, £ expresses it, if the next §, the
top %, &e.

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 the normal § can be estimated, and is, of course,
recorded §. This set of type is also convenient for those who prefer
working at five metres.
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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 he stop at 2 metres from
the board we express that as 2, if he be able to read
it at no distance, we see how far off he can count
fingers. If not able 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, &c. This is 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 six metres 18 the average of acuteness at different
ages, yet 1t 1s not the maximum, since many young
people will be found who are able to read line six at
7 metres, in which case their acuteness is 7.

When the acuteness of vision is nmot up to the
normal, the patient frequently has some error of
refraction.

If he is able, however, to read with each eye sepa-
rately £ we assume the absence of myopia or astig-
matism, although he may be using some accommoda-
tion, which might enable him to read £, even if hyper-
metropic. This we decide by holding weak convex
glasses in front of each eye separately, when if he still
be able to read § he has hypermetropia. The
strongest convex glass with which £ can still be read,
will be the measure of the manifest hypermetropia
(Hm.). But if the weakest convex glass make § in-
distinct, we judge the eye to be emmetropic, or per-
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haps, to speak more correctly, we may say that the
patient has no manifest hypermetropia.

Supposing that our patient, instead of reading &, is
only able to read say the third line, %5, and that this
becomes blurred with a weak convex glass, we place
in his hands the near type. If he can read the
smallest (Snellen 1), though at a nearer point than
the distance for which it is marked, we note the
greatest distance at which he is able to read it. Let
us suppose this to be 25 cm., he 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 cm. (100 = 4).

We try the patient at the distant type with — 4 D.
If he now read ¢ the myopia is confirmed, and the
weakest glass with which he reads it, 1s the measure of
his myopia. If the myopia be of high degree, then
probably no glass will enable him to read £, and we
note the glass with which he gets the greatest acute-
ness of vision.

If our patient be able to read only -, and we are
unable either by positive or negative glasses to bring
up his vision to &, there may be some astigmatism
present, presupposing of course that there is no other
cause for bad vision.

We find out the spherical glass with which he 1s
able to see best, then rotate in front of it a weak
convex cylindrical glass. No improvement occurring
we do the same with a weak concave cylinder, finding
thereby the glass and the particular axis which gives
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the best result. It is absolutely necessary that the
eye be thoroughly under the influence of atropine in
order to enable us to arrive at definite results by this
method. With 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 -,

If the patient read §, but be unable to read the near
type except it be held at a further distance than that
for which i1t 1s marked, he has presbyopia. If, how-
ever, he be much younger than forty-five, the age at
which presbyopia usually commences in the emme-
tropie, it is probably a case of paralysis of the accom-
modation.

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

The near type is chiefly used to estimate the accom-
modation by finding out the far and near point at which
any particular line is read—Snellen and Jaeger’s are
the types most commonly in use, many preferring
Jaeger’s, owing to the letters being of the ordinary
shapes. It must, however, be remembered that sen-
tences are an inferior test to letters, many people
recognising the words by their general appearance,
whereas they would be unable to see distinctly each
letter of which the sentence was composed.
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As convex glasses magnify, and concave glasses
diminish the size of objects, it follows that these,
when placed before the eye, will exercise some influ-
ence on the size of the retinal image. Now the hyper-
metropic eye sees objects smaller, and the myopic eye
larger than the emmetrope, and Landolt says that if
glasses which are to correct the ametropia be placed
“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.

2nd. 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, and 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 eyeball, which
may interfere temporarily with the function of the
retina and so cause delay.

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

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

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

By the indirect method we obtain an inverted image
of the disc by means of a biconvex lens placed in front
of theeye. In emmetropia (Fig. 30) rays coming from

Fra. 30.

A emerge from the eye parallel, and are focussed by
the biconvex lens at a, and rays coming from B are
focussed at b, so also with rays coming from every
part of A B, forming an inverted image of A B at b a,
situated in the air at the principal focus of the bi-
convex lens.

In hypermetropia (Fig. 31) the rays from A emerge
divergent, so also of course those from B; if these rays
are continued backwards, they will meet behind the eye
(at the punctum remotum) and there form an enlarged
inverted image (a [3) of A B; it is of this imaginary
projected image that we obtain by the help of the bi-
convex lens a final inverted image (b a) situated in
front of the lems beyond its principal focus. In
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myopia (Fig. 32) the rays from A and B emerge from
the eye convergent, forming an inverted aérial image

Fra. 31.

Fia. 32.

in front of the eye at 3 a, its punctum remotum. It is
of this image we obtain with a biconvex lens placed
between it 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 as it is gradually withdrawn, the
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aérial image of the disc being steadily kept in view
the while, 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 1s one of
emmetropia, because rays issue from such an eye
parallel, and the image formed by the object glass will
always be situated at its prineipal focus, no matter at
what distance the glassis from the observed eye {(Fig.
33). As the relative distances of the image and the
object from the lens is the same, the size of the image
will also be the same.

E, Emmetropic eye. Rays issuing parallel, image formed at
the principal focus of lens, no matter at what distance
the lens is from the eye.

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

This change in size may be explained by remem-
bering that in hypermetropia the image of the disc is
projected backwards (Fig. 36), and it is of this pro-
jected image we obtain a final image with the help ot

4
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the objective. The two diagrams 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.

Fie. 34.

Lens at 4 em,

Lens at 12 cm.

H. Hypermetropic eye. ¢©. The centre of the lens. A B.
Image on retina.. @ b. Projected image. 3 «. The final
image formed by the objective.

The following explains this :

The ratio of a (3 to @ b varies directly as the length
¢ a, and inversely as the length ¢ a; on withdrawing
the lens ¢ from the observed eye, ¢ a diminishes and
¢ @ increases ; therefore the ratio of a 3 to a b dimi-
nishes, i.e. the size of the image diminishes.

It the image become larger on withdrawing the
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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. 37), and it i1s 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 image being both on the
same side of the lens.

In astigmatism the disc, instead of appearing round,
18 frequently oval. If one meridian decrease while
the other remain stationary as the objective 1s with-
drawn, it is a case of simple hypermetropic astigmatism.
If the whole disc decrease in size, one meridian dimi-
nishing more than the other, it is compound hyper-
metropic astigmatism, the meridian being most hyper-
metropic which diminishes most.

Increase in one meridian, the other remaining
stationary, indicates simple myopic astigmatism.

Increase in dise, but one meridian more so than the
other, indicates compound ‘myopic astigmatism, that
meridian being most myopic which increases most.

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

By the direct examination we obtain much more
important information, not only of a qualitative but
also of a quantitative character.

The observer first of all corrects any ametropia that
may exist in his own eye. If he be able to see the
disc or some of the vessels with the mirror alone at a
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distance from the patient, the case is one of hyper-
metropia or myopia. The explanation of this is that in
emmetropia (Fig. 35) the rays which come from the
two extremities of the disc (A B) emerge as two sets
of parallel rays in the same direction as the rays A c,

Fi1a. 35.

B D, which, having passed through the nodal point,
undergo no refraction. These two sels 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 (Fig. 36) the rays from the two

Fia. 36.
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points A B, emerge from the eye in two sets of diverging
rays in the same direction as the rays A ¢, B D, which
undergo no refraction. These diverging rays have the
appearance of coming from two points (« b) behind the
eye, where an erect imaginary image 1s 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 1s formed behind the eye.

In myopia (Fig. 37), the rays from the two points (a
B) emerge as two converging sets of rays, which meet at
a b on their secondary axes, thus forming an inverted

F1a. 37.

image in front of the eye. This image can be dis-
tinctly seen by the observer if he be at a sufficient
distance from the point, and accommodating for the
particular spot at which the aérial image is formed,
and the higher the myopia the nearer to the eye will
this image be formed. If the observer now move his
head from side to side, and the vessels of the disc are
seen to move 1n the same direction, the case would be
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one of hypermetropia, the image formed being an
erect one.

Had the vessels moved in the opposite direction to
the observer’s head, the case would 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 an indication of the form of
ametropia. We may, however, estimate the amount

of error by means of a refracting ophthalmoscope, of
" which there are many. - Mr. Couper has lately shown
at the Ophthalmoscopical Society a very long instru-
ment, containing seventy-two lenses, with most inge-
nious movements, the advantage claimed being that
one never looks through two lenses at once, thereby
reducing the thickness of the instrument and allowing
us to approach nearer the cornea than can be done
with other ophthalmoscopes.

In endeavouring thus to estimate the refraction,
it is essential that the accommodation of both the
patient and observer be suspended. The observer
places both himself and the lamp on the same
side as the eye he is about to examine, then with
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the mirror close to the patient’s eye, so that the
ophthalmoscope may occupy as nearly as possible the
position of the spectacle glass, he 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 refraction of the macula and disc are
not exactly the same, still practically it 1s sufficiently
accurate to take that of the latter. Having relaxed
the patient’s accommodation by making the examina-
tion in a dark room and directing him to look with
the eye not under examination into space, or, what is

Fra. 38. (Landolt.)

better, having paralysed it by atropine, then, if the
observer’s own accommodation be suspended, and
the 1mage appear quite clear and distinct, the case is
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one of emmetropia. This we know, because rays
coming from an emmetropic eye (fig. 38, ) in a state
of repose, 1ssue parallel according to the law of conju-
gate foci, and the observing eye receiving these rays
will, if emmetropic with its accommodation suspended
(which often requires great practice), be adapted for
parallel rays, so that a clear 1mage of ¢ 1in the observed
eye will be formed at b on the retina of the observing
eye.

Supposing the image does not appear clear and dis-
tinet 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
oget a perfectly clear 1mage i1s a measure of the hyper-
metropia, because rays coming from a (Fig. 39) in the

Fig. 39. (Landolt.)

hypermetropic eye (H) issue in a diverging direction, as
though coming from g, the punctum remotum behind
theeye. The convex lens (L) renders them parallel and
they then focus at b on the retina of the observing
emmetropic eye (E).

If the convex glass, instead of rendering the image
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more distinet, had the opposite effect, we must turn the
wheel of the ophthalmoscope in the other direction,
thus bringing forward the concave glasses. The weakess
with which we can see the details of the fundus is a mea-
sure of the myopia, because any stronger glass merely
brings into play the accommodation of the observer.
Rays from a (Fig. 40) leave the myopic eye (M) so

F1a. 40. (Landolt.)

converging that they would meet at () the punctum
remotum. The concave lens (1) renders them parallel
before falling on the relaxed eye () of the observer.

If the ophthalmoscope 1s not held very close to the
eye, we must deduct from the focal distance of the lens
the distance between the cornea and the instrument in
hypermetropia, adding them together in myopia.

If astigmatism exist, the plan is to find the glass
which enables the vertical vessels and lateral sides of
the disc 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
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lower borders of the disc require a convex or concave
glass to render them clear and distinet, then the ver-
tical meridian is hypermetropic or myopie, and the
case 1s one of simple hypermetropic or myopic astig-
matism.

If both the vertical and horizontal vessels require
convex glasses, but a stronger one for the horizontal
than for the vertical, then the case i1s one of compound
hypermetropic astigmatism, the vertical meridian
being most 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
disc require a convex glass to render them distinct,
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, is a
measure of the refraction of the meridian at right
angles to them.

The estimation of the refraction by the direct oph-
thalmoscopic examination requires very great practice,
Some observers are able to estimate the amount of
error within half a dioptre, and in cases of astigmatism
to find out the chief meridians accurately; they pro-
fess to be able to do this without subjecting the
patient to the inconvenience of having their accom-
modation paralysed with atropine, which in many
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cases must be of great advantage. In my hands,
however, this method of examination gives less satis-
factory results than retinoscopy ; especially is this so
in cases of myopia of high degree. I am inclined to
think the reason isthat the direct, requires much greater
practice than any other method of examination; pro-
bably many observers can never relax their accommo-
dation so completely as to give satisfactory results.

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. 71 and 72).

The observer must always remember, when using
the direct ophthalmoscopic method for the estimation
of errors of refraction, to correct any ametropia that
he may have, either by wearing spectacles or by
having a suitable glass in a clip behind his ophthal-
moscope ; he is then in the position of an emmetrope,
but, if he prefer it, he may subtract the amount of his
own hypermetropia or myopia from the glass with
which he sees clearly the patient’s dise. Thus, if the
observer have 2 D. of hypermetropia and require +
3 D. to see the fundus clearly (3 D. — 2 D. = 1 D.),
the patient would have 1 D. of hypermetropia; had he
required — 2 D. then (— 2 D. + (— 2 D) = —4 D.)
the observed would have myopia of 4 D.

The same with the myopic observer, if his myopia
amount to 3 D., then he will require — 3 D. to
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see clearly the emmetropic fundus; if he see well
without a glass, then the eye under examination has
3 D. of hypermetropia ; if herequirea + 2 D., then the
hypermetropia will be 5 D., and =o on.

Scheiner’s method.—Although 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 1s 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. 26).
The patient is directed to look at a small flame
6 metres off; rays emanate from this flame in
all directions, some fall on the diaphragm, the
greater number are thus cut off, but a few rays
pass through the two openings, and if the eye be
adapted for the flame, 7.e. if 1t 1s emmetropic, these
two sets of rays will meet exactly on the retina,
forming there an image of the flame (B, Fig. 26) ; if,
however, the eye be hypermetropic (with suspended
accommodation) then the two sets of rays will reach
the retina before meeting, each set forming an image
of the flame (A, Fig. 26). The greater the hyper-
metropia 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 dia-
phragm, causes the flame to be seen singly is a mea-
sure of the hypermetropia. If the eye be myopic,
then the two sets of rays will have crossed and are
diverging when they reach the retina, where two
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images of the flame are therefore formed (c, Fig. 26).
These images are crossed again as they are projected
outwards, and having twice crossed, the result 1s homo-
nymous images. 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 en-
able us to tell if the images are crossed or homony-
mous, it is usual to have in front of one of the per-
forations a piece of coloured glass. We will suppose
the diaphragm held so that the two openings are hori-
zontal, that to the patient’s right having in front of
it a piece of red glass; if only one flame is seen the
case 18 one of emmetropia, if two 1mages of 1t 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 appeared on the right
then the case is one of myopia. The further apart
the images are, the greater 1s the ametropia.
Ametropia may also be easily recognised in the
following manner, as was recently pointed out to
me by Mr. W. Odillo Maher, house surgeon at Moor-
fields. The fundus being illuminated by a mirror
about 1 metre from the patient, if the eye be emme-
tropic 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. 41), and
the observer will notice as he moves his eye (B) from
behind the mirror at 1, and at right angles to the
visual axis of the patient, who should fix on the centre
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Fre. 41.

of this mirror, that the last ray of light (a’ p’) is 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 at R, and diverge (Fig. 42); when the error is

F1a. 42.

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

Mr Maher endeavoured 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 ; at present the varying
size of the pupil is the obstacle.

The ophthalmometer of Javal and Schiotz and
Tweedy’s optometer can, I think, be more conveniently
considered when treating of astigmatism.
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CHAPTER IV
RETINOSCOPY

Rerivoscory is a method of determining the refrac-
tion of the eye, and of correcting any error that may
exist, by means of ordinary trial glasses, without help
from the patients themselves—a matter of no small
importance in children and persons of weak intellect,
as will be readily acknowledged by those who have
to do with large numbers of hospital patients.

We are also able to estimate the refraction in
amblyopic eyes caused by squint, tobacco, alcohol, &e.

Retinoscopy is carried out by means of a concave
ophthalmoscopic mirror alone. Twenty years since,
Mr Bowman noticed that it was possible to discover
astigmatism, and find out its chief meridians, by
employing the mirror of the ophthalmoscope. Mr
Macnamara has shown me a number of concave
mirrors of different focal lengths, which he used years
ago in India, employing them much in the same way
as we do the concave mirror in the method retinoscopy.

The first systematic description of it, however, was
by Dr Cuignet, of Lille, who gave to it the name
¢ Keratoscopy,” thinking, as he did, that the shadows
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which he saw and described were formed on the cornea.
This has since been clearly proved not to be the case.
Monsieur Parent, who has also worked and written
on the subject, proposed the name Retinoscopy, and
although a better term, not suggesting, as kerato-
scopy does, a false theory, it is not sufficiently definite,
as all other ophthalmoscopic examinations of the
roetina, whether direct or indirect, might equally be
described by the same name ; perhaps Umbrascopy
would have been a better term, though the introduc-
tion of fresh names is to be deprecated unless quite
satisfactory. Landolt has recently proposed the name
Pupilloscopy. Several English surgeons have also
written on this subject.

The method of employing retinoscopy is so simple
that a few practical trials will suffice to make it under-
stood, although, of course, as in all other manipula-
tions, some little practice is required in giving to the
mirror the necessary movements, and enabling one to
appreciate what is seen.

Atropine is not always absolutely essential ; still,
when we have to examine young people and children
its use is most certainly advisable. In the first place,
the consequent 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 ex-
amination takes place in a dark room, and with the
patient looking into distance, 1t must be remembered
that there is often (especially in the case of children)
some accommodation, due to the normal tone of the
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ciliary muscle, or to a condition of spasm common in
hypermetropia and myopia—it also enables us easily
to detect small degrees of astigmatism which fre-
quently exist, and, but for this method, would probably
escape notice. In mixed astigmatism the time that
is saved by this plan is enormous.

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
observer—having previously corrected any ametropia
that may exist in his own eye—takes up a position
about 120 em. in front of the patient, and directing
him to look at the perforation in the mirror, which
should be a concave one and of 22 cm. focus, he
will be enabled to reflect the light along the visual
axis.

If atropine has not been used, this procedure will
cause the pupil so to contract that it 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—thus we
obtain the ordinary red fundus reflex. 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 will vary, being
either vertical, or it may be oblique if astigmatism
exist. The shadow moves either in the same or the

9
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opposite direction to the mirror, so that when the
latter is tilted to the right, the shadow may come from
the left, or wvice versa.

On the behaviour of these shadows the method
retinoscopy depends.

Thus, assuming the shadow’s edge to be vertical, if
it move with the mirror, the case is one of myopia;
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 1s it formed ? and what influences its move-
ments and clearness ?

To enable us toanswer 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
crossed and become diverging, are brought to an
exact focus, and there is then formed a very small,
erect, well-defined image on the screen of the lamp

Fia. 43.

a. The eoneave mirror, &. The candle. e. The lens. e. The sereen.
d. Small image of candle found onscreen. . Dense shadow around.
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from which the concave mirror received its rays ; erect
because 1t has suffered two inversions.

This image of the lamp is surrounded by a sharply
defined and dense shadow.

Fia. 44.

At e a small image of the candle is found ; at d, f, circles of
diffusion.

If we move the lens near to or farther from the
screen, the area of light becomes larger, and the
illumination feebler, owing to the circles of diffusion
on the sereen.

Fia. 45.

M. T'ne mirror. M’. 'l'he mirror afver rotation. The extremi-

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

The mirror being rotated on its vertical axis, the
image of the candle, with the surrounding shadow,
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will always be found to move in the opposite direction
to the mirror, whatever be the distance of the lens
from the screen.

This 1s exactly what takes place in 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 or
less to a focus on the retina according to the refrac-
tion of the eye. They always move against the mirror,
but as these movements are seen through the trans-
parent media of the eye, and thereby undergo refrac-
tion, the ¢ apparent ”’ may differ from the “ real”” move-
ments. The image we see of the lamp, and its sur-
rounding shadows, are formed as all other images are
formed.

In emmetropia the image is formed at infinity, so
that the observer at a distance sees it only diffused
and blurred (Fig 39).

In hypermetropia it is formed behind the eye (Fig.
36), the higher the hypermetropia, the nearer will
the 1mage 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
in front of the eye, which can be clearly seen by the
observer, if he be at a sufficient distance from 1it, so as
to be able to accommodate for the particular spot at
which the aérial image is formed (Fig. 37).

We have already seen that the real movements of
the shadows on the retina are against the mirror.
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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
it is viewed through the dioptric system of the eye, it
therefore moves against the mirror.

In myopia the final image 1s 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 :

1st. 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 22 cm. focus
and keeping 120 cm. from the patient.

Therefore, if the image move with the mirror, the
case 18 certainly one of myopia. If it move against
the mirror, it is most likely one of hypermetropia;
but it may be emmetropia, or a 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 ;



70 THE REFRACTION OF THE EYE

some practice, however, is required before we can
form an opinion with anything like accuracy.

The extent and rate of movement is always in
direct proportion to the ametropia; the greater the
error of refraction, the less the movement, and the
slower does 1t take place. This may be explained in
the following way :

Fia, 46.

Suppose A to be the image of a luminous 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. 46), an inverted projected image of A is
formed somewhere on this line, say at ¢. The higher
the myopia, the nearer to the nodal point will this
image be; and hence we may suppose it formed as
near as D. If the mirror be now rotated so that it
takes up the position of the dotted line, ¢ will have
moved to ¢, and D to d ; whence it is clear that ¢ has
made a greater movement than p.

Had the case been one of hypermetropia (Fig. 47),
the image would have been projected backwards, and,
as in myopia, the higher the degree of hypermetropia,
the nearer to the nodal point is the image formed.
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In this case, the line from the nodal point B to A is
prolonged backwards, and the image of the luminous
point in a low degree of hypermetropia is formed,

F1a. 47.

say at ¢, and in a higher degree, sayat p.. Onmoving
the mirror into the position of the dotted line, ¢ moves
to ¢ and D to d ; whence 1t 18 clear that ¢ has made a
greater movement than .

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

As shown in Fig. 43, it was before stated that on
placing before a screen a convex lens, at such a
distance that converging rays from a concave mirror,
having crossed and become diverging, are brought to
an exact focus, there is then formed a very 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
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the illumination, owing to the circles of diffusion
formed on the screen.

Therefore, in the case of the eye, the greater the
ametropia, the larger 1s the circle of diffusion and the
weaker the illumination, so that the image we see 13
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 working out cases by retinoscopy, we may
assume to be approaching the stage of correction
when we thus see them.

In myopia and hypermetropia of high degrees, the
shadow becomes more or less crescentic in shape,
instead of linear, due to the shape of the circle of
diffusion formed on the retina. 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 refer-
ence to the correction of any existing error of refrac-
tion by glasses.

The patient, then, being seated in the dark room,
the pupils dilated, and the lamp over his or her head,
as before described, we take up our position 120 cm.
in front, with a concave mirror of 22 em. 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
be emmetropic, less so the greater the ametropia.
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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.c. in the same direction as
the movement of the wmurror, or what 13 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 addition to a bright
fundus reflex, we infer that the myopia is of low
degree and proceed to correct it.

Each 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
—1'5 D., then —2 D., and so on, until we find the
point at which no distinct shadow can be seen.
Supposing this to be —2 D., and that on trying —2-5
D. the image move against 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 cm. 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, is 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 —*5 D. to the correcting-
glass, and this would give us —2-5 D, as the proper

glass for our case.
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In correcting myopia, I find it a convenient and
reliable plan to stop at the weakest concave glass
which makes the image move against the mirror, and
put that down as the correcting-glass.

Had we obtained in our case a reverse shadow, we
should then try convex glasses, which, if +-5 D.
neutralized, we should assume the case to have
been one of low myopia. Had it required +1 D.,
then 1t 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 hypermetropia is slightly over-cor-
rected ; and hence it is usual 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, it the shadow move with the
mirror it is a case of “myopia ;”’ if against, 1t may be
weak myopia if 45 D. cause the image to move with
the mirror; emmetropia if +1 D. neuntralized it;
hypermetropia if a stronger glass is required.

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 as indicating the degree.

We have taken notice only of the horizontal axis,
but any other meridian will, of course, do equally well,
if the case be one of hypermetropia or myopia simply.
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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 medium curvatures of
the cornea.

In the normal eye, the focus of the vertical meridian
of the cornea is slightly shorter than that of the
horizontal. So long as no impairment of vision
occurs, the eye is said to be normal. When, however,
the acuteness of vision is diminished, then astig-
matism is said to exist.

Parallel rays, passing through 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 beyond the focus
the cone be divided, as in myopia, the rays having
crossed and become divergent, a circle of diffusion is
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
m Figs. 61 and 62. To explain this, we place in
front of the convex spherical glass a weak convex
cylindrical glass, with its axis horigontal. The result
of this 1s, that parallel rays passing through this com-
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bination do not form a circular cone, because the rays
which pass through the vertical meridian come to a
focus before those passing through the horizontal, as
shown in Fig. 61.

The rays being divided at 1, an oblate oval is
formed; 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 hori-
zontal rays are approaching ; at 4, a circle is formed ;
at 6, a vertical straight line, the horizontal rays
having met and the vertical still diverging ; a large
prolate ellipse is formed at 7.

So that in astigmatism, the 1mage 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 emme-
tropic, myopic, or hypermetropic. This oval may
have its horizontal and vertical edges, corresponding
to the horizontal and vertical meridians of the cornea.
Frequently, however, they have an intermediate posi-
tion, which, as will be presently shown, 1s the cause
of the oblique shadows in cases of astigmatism.

The 1mage of this oval 18 formed by the dioptric
apparatus of the eye in the same way as all other
images are formed, as has been ably explained by my
friend Mr Charnley, in a paper by him in the ¢ Royal
London Ophthalmic Hospital Reports’ for August,
1882. Thus:

“ Suppose the retina of the eye to be so situated (1
in Fig. 61) that the cone of light passing through the
pupil makes an oblate oval, then rays proceeding
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from any point (A) on the horizontal edge, after
refraction through the unequally curved meridians of
the astigmatic eye, converge to, or diverge from, not
a point, but two straight lines. The 1mage of the
edge will be referred to the position where the image

F1G. 48 (Charnley).

of adjacent points on the edge are drawn out into
ovals, whose long axes are horizontal, and therefore
overlap, and so cause. the greatest condensation of
rays. Now, this position is at the far point of the
vertical meridian, where, indeed, the image of A and
adjacent points are ovals, so elongated that they may
be considered as horizontal straight lines.

“ The position of the image of the horizontal edge of
the retinal image depends, then, on the refraction of
the vertical meridian of the eye, and is in front of,
behind the eye, or at infinity, according as the eye is
myopic, hypermetropic, or emmetropic. The hori-
zontal edge, then, of the retinal image, and the vertical
meridian of the astigmatic eye, stand then in the same
relation as the whole image and any meridian in the
spherical eye.
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“ The image of the vertical edge of the oval retinal
image, depends on the refractive condition of the-
horizontal meridian of the eye.

‘“ Of the part of the edge of the oval near c, inter-
mediate between A and B, we get no distinet image
formed, because the images of adjacent points are
ovals, whose long axes are either horizontal or vertical,
whilst these adjacent points are arranged neither
horizontally nor vertically with respect to one another.
Hence we have only two distinet shadows, which are
perpendicular to the principal meridians of refraction
—that 18, horizontal and vertical.”

The meridians have been assumed to be horizontal
and vertical. Frequently they are so, but often they
are more or less oblique, and then the shadows, being
at right angles to the chief meridians, are also oblique,
and so also will the movements be.

The oblique movements of the shadow are inde-
pendent of the direction in which the mirror is
rotated.

This obliquity 1s produced thus : if behind a circular
opening, which is to represent the pupil, we place
obliquely an oval piece of card, which is to represent
the image on the retina, so that that part of its edge,
which occupies with regard to the circular opening an
oblique position, on moving it across in the direction
0 D, 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 shape of the image, and
not to the direction in which the movements of the
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Fra. 49 (Charnley).

mirror are made. Therefore the apparent movements
are always at right angles to the edge of the shadow.
The same takes place in astigmatism, the two chief
meridians of which are parallel and perpendicular to
the shadows. In using retinoscopy, therefore, when
the edge of the image is oblique, we know at once
that the case is one of astigmatism. If, however, it
should be horizontal or vertical, we judge, 1f one
shadow be more distinct or quicker in its movements
than the other, though we are not always able to say
at once that astigmatism exists. We therefore pro-
ceeded to correct one meridian. If the shadow move
against 1n all meridians, we first take the vertical, and
put up in front of the patient, in a 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 this
meridian, and let us suppose that glass to be + 2 D.
We next take notice of the horizontal meridian, and
if + 2 D. 1s also the highest glass with which we still



80 THE REFRACTION OF THE EYE

get a reverse shadow, then of course we know the
case 1s one of simple hypermetropia. But supposing
the highest convex glass had been + 4 D., we indicate
it conveniently thus :

+2 D,
—|—+4D.

The case is one of compound hypermetropic astigma-
tism, and should require for its correction + 2 D.
spherical combined with 4 2 D. cylinder axis vertical.

We will take another case—that in which the
vertical meridian requires — 2 D. to give a reverse
shadow, and the horizontal + 2 D., this being the
highest 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:

1st. — 2 D. cylinder axis horizontal combined with
+ 2 D. cylinder axis vertical; this is a plan seldom
used, and 18 not so easy to work with as a sphere and
a cylinder.

2nd. — 2 D. spherical combined with + 4 D.
cylinder axis vertical, or

3rd. + 2 D. spherical combined with — 4 D. eylinder
axis horizontal. This last is perhaps the preferable
plan. Opticians like working — cylinders on to -+
spheres, rather than 4 cylinders upon — spheres.

Supposing the axis of the shadow to be oblique, we
know at once that astigmatism exists, and we proceed
to correct each meridian separately, moving the mirror
at right angles to the edge of the shadow, not hori-



RETINOSCOPY 81

zontally 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 of
the vertical, and require for its correction — 2 D.,
and the axis at right angles to this (which will be
therefore at 110°) require — 3 D. we express it thus:

F1a. 50.

and correct it with sphere — 2 D. combined with
cylinder — 1 D. axis 20° the case being one of com-
pound myopic astigmatism.

Often one i1s able to put up the cylinder in the
spectacle frame with the exact degree of obliquity.

Having found the glasses which correct the two
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 a solu-
tion of atropine, gr. ii, to 3j., frequently dropped into
the eyes for three days prior to the examination, so as

6
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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 with-
out 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 or she is so liable to suffer
if the glasses worn are not the proper ones.

In old persons with small pupils, in whom it 1s
difficult to see the movements of the shadow, and n
whom solutions of atropine of the ordinary strength
are dangerous, on account of the occasional ocecurrence
of that much dreaded disease ¢ glaucoma,’” which has
been clearly traceable to 1ts use, I have often found it
convenient to dilate the pupil with homatropine in
solution, grs. 11, to 3]. of water, or with an exceedingly
weak solution of atropine f; gr. to 3j. of water.

A few cases from my note-book will help to make
the subject clear.

Case 1.—Boy, aged 11 years.

R.&-1D.=%
L- Tﬁf_]. U-=%

Bright fundus reflex, shadow moves with the mirror,
but with —*5 D. a reverse shadow is seen. The case,
theretore, looks like one of weak myopia. Ordered
guttee atropise grs. ii, to 3j., three timesa day ; on the
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third day, with retinoscopy + 1 D. still gives an oppo-
site shadow. On trying the patient at the distant
type with + 1 D. both eyes read & well. This, there-
fore, was a case of hypermetropia simulating weak
myopia, due to ciliary spasm.

Case 2.—Girl, aged 13, suffering from ¢ tinea tarsi.’

Guttee atrop., grs. ii, to 3j. 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. is 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 is the measure of the
patient’s total hypermetropia.

Case 3.—Young man, aged 20.

R-gai'l'q: Do=g-
L. E“;‘i"i']}.:%

Under atropine ; right eye at distant type sees only
5. 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 distinct
and its movements quicker. We try + 6, 7, 8, 9, and
the last gives a shadow moving with the mirror. +
8 D. 1s the highest, which still leaves the shadow
moving against. On trying the eye at distance, type
¢ and 4 letters of ¢ are at once read. No alteration in
the glass improves sight.

Left eye. Fundus reflex, and movements as in right.
We commence by trying + 8 D. which we found the
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other eye required. In the vertical meridian the
movement is against the mirror, while + 9 D. causes
1t to move with 1t. 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.
—— I
and on trying the combination at the distant type.

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

the patient 1s able to read & ; and on decreasing the
sphere from 7 D.to 65 D., & is read, so that the
proper correction for this eye is,

eatin DoEp:

+1 D. ¢y. axis horizontal ;
in this case, therefore, hypermetropia was present in
one eye, compound hypermetropic astigmatism in the
other. .

CasE 4.—Young woman, age 17, sees with either eye

2 — 1 D. = %. Retinoscopy without atropine—
~35D. N A—ED.
R. —[—-11}. I /\ o

Ordered guttae atrop., grs. ii, to 3]. for three days ;
then with Retinoscopy the result is—

-25D.
R. —|—Em

- \/ -2'D. +1D.sp.
"/ \\ +1D.  =3D.cy. axis 180°, reads .

Case 5.—Mary E—, age 15, pupil teacher, brought

=cy. 2'5 axis horizontal, reads §.
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up from Cardiff about her eyes; suffers much from
headache and pain in eyes, especially the right, during
the evenings. Has tried many opticians to get spec-
tacles to suit her, but has always been unable to do so.
R. 5 slightly improved with — 1 D. 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 astigmatism, and the chief
meridians horizontal and vertical ; we proceed to cor-
rect each meridian, and the result 18—

-5 D. -5 D.
R.—|—+1D. L.—|—+15D.

On trying the combination thus formed before the
right eye, -% 1s read. We express the vision of right
eye thus—

R. 35+ 1 D. sp. = =6 D. cy. axis horizontal =-%.

With the left eye the combination gives, with the
cylinder not quite horizontal, but slightly outwards
and downwards, S.

L. 75+ 156 D.gp. < —6° D. cy. axis 170°=¢£.

The patient remarked that she had never seen things
so clearly before. This result was very satisfactory,
and was arrived at in about ten minntes, thus sparing
one’s self an infinite amount of time and trouble, which
would have been required to work out such a case by
any of the older methods. As is my usual practice in
cases of astigmatism, I ordered guttee atrop., grs. ii,
to 3j. three times a day for four days, when the result
Was—
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R. & +2D.sp. <= =5 D. cy. axis 175°=4§.
L. &5 +2D.sp. < =5 D. ey. 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 :

R.+1 D. sp. L +1-5 D. =p.
— 6 D. cy. axis 175° "—6 . cy. axis 170°.

In all cases before ordering spectacles, the effect of
the atropine must be allowed to pass off and the result
confirmed, which can usually be done in about a week
or ten days; 1t is then frequently found that the
spherical glass, in cases of hypermetropia and hyper-
metropic astigmatism, requires slightly diminishing,
usually about 1 D., owing to the tone of the ciliary
muscle. In myopia and myopic astigmatism, the
spherical glass has to be slightly increased for the
same reason.

Dr. Storey, of Dublin, has lately advocated the use
of a plane mirror in retinoscopy (* Ophthalmic Review,’
Aungust, 1883), the observer being 4-5 metres from his
patient. The advantages he claims for the plane over
the concave mirror are :

1st. That the movements of the shadow are in the
same direction as those of the disc and blood-vessels
in the method of testing refraction, by the use of the
mirror alone, viz. in the same direction as the observer
or the mirror’s movementsin hypermetropia and in the
opposite direction in myopia.

2nd. The more accurate estimate of the error of
refraction, having no additions or subtractions to make
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on account of the patient’s far point, thus, supposing
the patient to be myopic, the observer at 4'5 metres,
can estimate the myopia to within *25 D.

srd. The exercise which it compels the ophthalmic
surgeon to take in walking backwards and forwards to
change the trial lenses. '

To some observers this last may hardly appear in
the light of an advantage.
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CHAPTER V
HYPERMETROPIA

HyrermeTROPIA (H) ("Y7i0, In excess; ufrpov, mea-
sure ; and w, 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 retina (the accom-
modation being at rest). In other words, the focal
length of the refracting media is greater than the
leneth of the eyeball.

Fra. 51.

Parallel rays focus at & behind the retina; those cowing irom
the retina emerge as diverging rays.

In the passive hypermetropic eye, therefore, parallel
rays ¢ and ¢ come to a focus behind the retina at b,
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forming on it at @, a circle of diffusion instead 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 point
(k) which is the punctum remotum, and being situated
behind the eye it 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 1t
situated 20 em. behind the retina 4%° = 5, 5 D. will
be the convex glass which will render parallel rays
so convergent that they will focus on the retina, or
cause rays from the retina to be parallel after passing
through it ; allowance must be made for the distance
between the cornea and the convex lens.

The hypermetropic eye at rest i1s 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 only be made convergent by
means of accommodation or by a convex lens held in
front of the eye.

Parallel rays focussed on retina by accommodation. The
dotted line shows the lens more convex as a result of the
contraction of the ciliary muscle.
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F1a. 53.

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

So that a person with hypermetropia, having to use
some of his accommodation for distance, starts with
a deficit for all other requirements equal to the amount
of hypermetropia.

Thus, supposing an individual hypermetropic to the
extent of 4 dioptres, and possessing 6 D. of accom-
modation, he will by the exercise of this power to the
extent of 4 D., be able to bring parallel rays to a
focus on the retina, leaving 2 D. of accommodation
for near objects. This brings his near point to 50
cm., a distance at which he would be unable to do
near work.

Besides, 1t must be remembered that only a part of
the accommodation can be used for sustamed wvision,
fatigue soon resulting when the maximum amount of
accommodation 1s put 1n foree.

The following diagram is intended to show by the
number of spaces, each representing a dioptre, through
which the thick lines are drawn, the amount of accom-
modation possessed by a patient who i1s hypermetropic
to the extent of 38 D., at different ages as given on the
left of the diagram. The figures above, indicate the
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Fi1a. 54.

Dinntres,

number of dioptres, and those below, the near point
for each dioptre of accommodation.

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 possibly be found out 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 visnal lines accommodation for parallel rays is not
attained ; this variety is seldom met with in young
people.

Relative, when 1t 1s possible to accommodate for
a near point by converging to a point still nearer, in
fact, by squinting.
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Facultative, when objects can be clearly seen with
or without convex glasses.

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

We will now consider the causes of hypermetropia
and the points in which the hypermetropic eye differs
from the emmetropic.

By far the most common cause of hypermetropia is
imperfect development, the antero-posterior diameter
of the eyeball being too short. To this variety Lan-
dolt has given the name awxial hypermetropia. It may,
however, arise from absence of the lens, from a
flattened condition of the cornea produced either by
disease or occurring congenitally, from detachment
or protrusion of the retina owing to a tumour or exu-
dation behind it.

The hypermetropic eye is less than the normal in
all its dimensions, especially the antero-posterior.
The optic nerve 1s smaller, and contains fewer fibres,
while the expansion of the retina is also less. For
these last two reasons, when the hypermetropia is
high the acuteness of vision i1s frequently below the
normal. When the development 1s very imperfect it
constitutes the condition known as ‘ microphthal-
mos.”’

So constant and regular is this decrease in the
antero-posterior diameter of the hypermetropic eye,
that from the amount of hypermetropia can be esti-
mated the diminution in length of the axial line.
The axial line In emmetropia is estimated to be
22:824, mm. in length.
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For *5 D. of H. there is a diminution in the axial line of 16 mm.
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Hypermetropia may be looked upon as a con-
genital defect, frequently also it is hereditary,
several members of the same family suffering from
1t.

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 contraction in
which it 1s kept. This contraction 1s  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 excessive accommodation is
that the convergent power with which it is so inti-
mately linked is kept in a state of constant tension,
se that in many children convergent strabismus is
gradually produced. To understand how this con-
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vergent strabismus becomes developed, I must refer
the reader to the chapter on that subject.

As the lens and iris are more forward, the anterior
chamber 1s shallower, the centre of motion is rela-
tively further back, while the angle a which is
formed between the visual and optic axis is invariably
greater, averaging about 7° (see p. 157). The result of
this large angle a in hypermetropia is, that the eyes
often have an appearance of divergence, so that it has
been mistaken for real divergence, whereas in myopia
the small angle causes the eyes to look as if they
converged.

The external appearance of the hypermetropic eye
is often characteristic. The sclerotic looks flat in
front, and makes a strong curve backwards in the
region of the equator; this can be well seen on ex-
treme convergence; the anterior chamber is shallow,
the pupil small, and there 1s apparent divergent
strabismus.

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

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

Symptoms of hypermetropia.—If the patient be
young, his accommodation good, and the error 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 accommodation is not equal to reading and
near work, and accommodative asthenopia is the result
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(p. 174). This is especially liable to show itself after
an illness, or if the patient’s health has deteriorated
from over work, anxiety, or other causes. He then
complains that after working or reading for some
time, especially during the evenings, the type becomes
indistinct, and the letters run 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 weak, water, &e., frequently headache
supervenes. When the hypermetropia 1s of high
degree the patient may be said by his friends to be
shortsighted, because when reading he holds the book
close to his eyes; by doing this he increases the size of
his visual 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 approach-
ing the book to his eyes some of these are cut off; so
that the advantage 1s in favour of holding the book
close, especially as the patient is probably not accus-
tomed to clear well-defined images. The manner in
which the patient reads the distant type is often a
guide to us, 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, especially of the
lower lids, is hypersemic, the papille frequently
enlarged, and the edges of the lids sometimes affected
with sycosis. All these symptoms are probably the
commencement of troubles which, if allowed to go on,
may develop into granular lids, derangements of the
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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 intractable are often easily and
quickly cured when the proper glasses have been
prescribed.

To test the hypermetropia and measure the amount
we take the patient’s visual acuteness, each eye
separately, 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 1s excluded from vision.

The strongest convex glass with which he 1s 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 not, however, the total
hypermetropia, for if the accommodation be paralysed,
by applying a solution of Atropie sulp., grs. iv to 3j,
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 (HI.).

The following plan, which I learnt from Mr.
Tweedy, is an excellent one for measuring the mani-
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fest hypermetropia. Place in spectacle-frames before
the eyes such convex glasses as over correct the Hm.
(+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. 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. (+4D.—2 D.=+2 D.). Asageadvances the
accommodation diminishes, and the latent hyper-
metropia becomes gradually manifest. Thus, a person
may have 6 D. of hypermetropia latent at 10 years
of age, 3 of which may become manifest at 35, and the
whole of it at about 65 or 70, when the total hyper-
metropia is represented by the manifest.

With the advance of age certain changes take place
in the structure of the crystalline lens, by which its
refraction becomes diminished ; this takes place in all
eyes, and at a regular rate, thus at fifty-five the refrac-
tion has diminished ‘25 D., at sixty-five *75 D., at
sixty-eight 1* D., and at eighty as much as 25 D.
Hypermetropia when thus occurring in eyes previously
emmetropic is styled aequired hypermetropia, in con-
tradistinction to the congenital form, which is called
original hypermetropia.

Cohn and Erismann are of opinion that the normal
refraction of the eye in early childhood is hyper-
metropic; some remain so, a greater number become

7
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emmetropic as they get older, and a certain percentage
of these pass on to myopia.

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 fofal hypermetropianothing remained
but to give such positive glasses as exactly neutralize
the defect, 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 accus-
tomed 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
1t 1s 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
the spectacles have to be constantly changed, the
asthenopia 1s 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 become so convex that
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parallel rays are even made to focus in front of the
retina, thus simulating myopia.

It must always be borne in mind that it is dangerous
to atropize patients above the age of thirty-five, many
well-marked cases of ‘“ glaucoma ™ having been traced
to the use of this drug; moreover, as age advances
the latent hypermetropia gradually becomes manifest,
so that the necessity of 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 neutralize the manifest hypermetropia only,
while others, after estimating the total, deduct perhaps
1 D. from this. It will be found that patients vary
much as to the amount of correction which is most
comfortable for them.

Donders has given the following practical rule, that
we should prescribe such glasses as correct the mani-
fest and one fourth of the latent hypermetropia, and
this will be found to work well.

For example, a child having 6 D. of hypermetropia,
of which 2 only are manifest, will require +3 D. for
reading. At the age of twenty about 4 D. will have
become manifest, and the patient will then want +4°5
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.
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In some young people we may find out the total
hypermetropia under atropine, and then give the full .
correction, deducting 1 D. for the tone of the cihary
muscle; this plan is especially useful where we are
endeavouring to cure strabismus with spectacles alone.
Only by experiment can we find out what amount of
correction each case of hypermetropia will bear ; when
spectacles are to be worn constantly, our object is to
give as near the total correction as is consistent with
the patient’s comfort. It is obvious that if a hyper-
metrope and an emmetrope have the same amount of
accommodation, the near point of the former will be
further from the eye than that of the latter, hence it
follows that presbyopia will commence at an earlier
age 1n hypermetropia than in emmetropia.

The question arises should spectacles be worn con-
stantly or only for near work? So long as distant
objects (£) can be seen comfortably, their use is unne-
cessary except for reading and near work. This is
usually the case in young persons where the hyperme-
tropia does not exceed 3 D. When a convex glass im-
proves distant vision then such can be constantly worn,
somewhat stronger ones may be required for reading,
&c., as 1s frequently necessary in 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 the diagnosis and estimation of hypermetropia
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geveral methods are useful. We first estimate the
acuteness of vision, then 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 hypermetropia (see page 74).

With the ophthalmoscope by the indirect method of
examination, the image of the disc is larger than in
emmetropia and becomes less on withdrawing the ob-
jective from the eye (p. 50).

By the direct examination at a distance, an erect
image of the disc i1s seen which moves in the same
direction as the observer’s head (page 52). On ap-
proaching the eye, the accommodation of the observer
and observed being relaxed, a convex glass is necessary
behind the ophthalmoscope, to enable the observer to
bring the diverging rays from the observed, to a focus
on his retina. The strongest convex glass with which
it is possible to see the details of the fundus clearly
1s the measure of the total hypermetropia, Fig. 39.

Asthenopia and convergent strabismus, two of the

most frequent results of hypermetropia, will be treated
of in Chapters IX and X.

APHAKIA.

APHAKIA is the name given by Donders to that con-
dition of the eye in which the lens is absent. There
are several causes, by far the most frequent being one
of the various operations for cataract, extractions,needle
operations, &e. Besides these, aphakia may be caused



102 THE REFRACTION OF THE EYE

by dislocation of the lens from injury, or may occur
spontaneously, the latter being probably the cause of
congenital 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) to bring parallel rays to a focus on the retina
1s 30 mm., whereas normally the antero-posterior dia-
meter of the eyeball is only about 23 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 posterior surface of the
lens. On moving the flame up or down, the erect
images move with i, and the inverted one in the oppo-
site direction. In aphakia two of these images are
absent, viz. those formed on the two surfaces of the
lens.

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 hyper-
metropic, stronger glasses will be required ; if myopic
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
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glass, one whose focal length equals the distance at
which we wish our patient to see. Thus if he require
+ 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 bring up his vision to 25 cm.

The patient may be taught a sort of artificial accom-
modation by moving his spectacles along his nose,
nearer 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 that the
vision 18 below the normal. Frequently also there is
some amount of astigmatism, especially in cases after
cataract extraction.
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CHAPTER VI

MYOPIA

Myoria (M), (Méw, to contract ; wi, the eye) is the
opposite condition to hypermetropia, to express it
Donders proposed the name of ‘ Brachymetropia,”
but we have been so long accustomed to the term
myopia that 1t seems better to make no change.

It owes its name, as its derivation implies, to the
habit which so many short-sighted people acquire, viz.
of peering between their eyelids; by doing this they
decrease the circles of diffusion and thus somewhat
improve their vision.

In myopia the visual axis is too long, so that
parallel rays focus in front of the retina, cross, and
form circles of diffusion (Fig. 55) in place of a clear
1mage.

Divergent rays only focus on the retina, and hence
it 1s necessary that objects be brought so near, that
rays coming from them are sufficiently divergent
(Fig. 56), or they must be rendered so by passing
through a concave lens (Fig. 57).

In myopia the retina is at the conjugate focus of an
object, situated at a finite distance. The accommoda-
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Fia. 55.

F1a. 56.

tion being at rest, an object situated at this pomnt will
be distinctly seen, further off it will be indistinct,
nearer it can still be seen distinctly by putting in force
the accommodation.

The distance at which objects can be seen clearly
(the eye being in a state of rest) is called the far point
(punctum remotum), and i1s always at a definite
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distance. The higher the myopia the nearer to the
eve is the punctum remotum.

This definite distance is the exact measure of the
myopia; for instance, if the far point be at 1 metre,
a concave glass of that strength (~ 1 D.) would render
parallel rays so divergent, as if they came from a
distance of 1 metre, and with a glass of this focus the
person would be able to see distant objects clearly.

Myopia was at one time thought to be due to an
increase in the convexity of the cornea, but as a matter
of fact, the cornea in myopes is usually less convex,
and, as a rule, the greater the myopia the less the
convexity.

Conical cornea at its commencement often simulates
myopia.

Myopia has also been attributed to an increase of
the index of refraction of the lens, and such may
occasionally be the case in the development of a
cataract.

It may therefore be stated that myopia almost inva-
riably depends upon a lengthening of the visual axis,
due to the formation of a posterior staphyloma, thereby
increasing the antero-posterior diameter of the eyeball.
This bulging takes place at the outer side of the optic
nerve towards the macula, and consists of an extension
and thinning of the sclerotic and choroid backwards
with more or less atrophy of the latter. This is some-
times called axial myopia.

So constant is this lengthening of the visual axis in
myopia that from the number of dioptres of myopia
can be calculated the increase in the visual length.
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The following table from Wecker and Landolt gives
the calculation up to 10 D.:

Degree of Distance of the p. r. Increase of length of the
myopia. in millimetres. myopic eye in millimetres.
5 D. 2000 ‘16
iy " 1000 32
1'5 6666 49
2+ 800 ‘66
2:5 400 83
3 8333 1
35 2857 119
4 250 1-37
4'5 222-2 155
5 200 174
6" 1666 aes 213
7 1428 2:52
8 125¢ 293
9 1111 3:35
10 100" e 380

Fig. 58 shows a section of a myopic eye from a case
at Moorfields, in which the outside measurements
were :—Antero-posterior diameter 30} mm.; vertical
diameter 25 mm. ; transverse diameter 25 mm.*

Fia. 58.

* For the particulars of this case I am indebted to Mr. Jennings
Milles.
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With the ophthalmoscope a crescentic-shaped patech
of atrophy is frequently seen on the outer side of the
optic disc, embracing it by its concave edge; this is
called the “myopic crescent.”

In an early stage the crescent looks somewhat
white, showing the large choroidal vessels often more
distinctly than on the adjoining parts, gradually the
blood-vessels disappear, leaving the white sclerotie,
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 in this atrophy much less than
might have been expected.

Although the atrophy usualiy assumes the crescentic
form, as shown in (1) of the plate 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 nerve (i), or it may
extend outwards (111) ; the broadest part being usually
between the disc and the macula, sometimes there is
excavation of the atrophic part.

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

The formation of the crescent is much influenced by
the amount of myopia. In slight degrees in young
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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.

Secondary choroidal changes are also apt to take
place in the yellow spot, as shown in (1v), which 1s
copied from the ¢ Atlas’ of Wecker and Jaeger ; when
these changes take place they cause great impairment
of vision, due either to extension of the atrophy
outwards, or to disease commencing there inde-
pendently. If the disease be progressive the vitreous
becomes disorganized, opacities forming in 1t; the
lens may become cataractous, especially at the poste-
rior pole, heemorrhages may occur, and detachment of
the retina sometimes takes place.

In addition to the far point, which is situated at a
definite distance, there is of course also a near point,

F1a. 59.
Dioptres.

Diagram showing the amount of accommodation at ditterenc
ages in a case of myopia of 2 D.

determined by the amount of accommodation. To
find out the punctum proximum we place in the
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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
range of accommodation is often equal to that in
emmetropia, but in the higher degrees of myopia it
diminishes much.

In Fig. 59 the amount of accommodation is indi-
cated by the number of spaces through which the
thick line passes, thus at the age of 30 the accommoda-
tion is equal to 6 D. and his near pomnt will be 12 cm.
The distance of the punctum proximum is given for each
dioptre at the bottom of the diagram.

As the punctum remotum in myopia is situated at
a finite distance, therefore for the same amplitude of
accommodation the punctum proximum is nearer the
eye in myopia than in emmetropia. The near point
gradually recedes with advancing age at the same rate
whatever the refractive condition of the eye; it is
clear, then, that the near point in myopia will be
longer in reaching that point (22 cm.) at which
presbyopia is arbitrarily stated to commence than in
the emmetrope, so that in prescribing glasses for
presbyopia 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 cm., when looking at an object at this
distance it 1s necessary for him to converge to this
particular point, his angle of convergence being 4,
while his accommodation remains passive.

Donders divides myopia into three classes:

1st. The stationary, where it does not exceed 2 D.
at ten years old, nor 2'5 D. at forty.

2nd. The temporarily progressive, which may pro-
gress from 4 to 8 dioptres between the ages of ten
and thirty. If the general health be good it seldom
increases much after the age of twenty-six.

grd. The progressive, which increases steadily and
constantly from an early age.

Causes—Myopia is one of the results of civilisation
and education, and in these days of high pressure and
competitive examinations it is constantly on the
increase. The result of the very numerous statistics
which have been collected, especially by German
ophthalmologists (myopia in Germany is exceedingly
common), points to the production of myopia in direct
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proportion to the amount of education. The amount
of myopia was found to be much greater in town than
in country schools, no doubt becaunse the general
health was better amongst those living in the country.
Erismann 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 “ myopic.” It behoves us
therefore to endeavour by good general advice and
hygiene to do all in our power to control the onward
march of this disease. To those who are interested
in the construction of schools where the object 1s to
educate the young, and at the same time to reduce, as
far as possible, the causes which are liable to produce
or increase myopia, I would refer the reader to a lec-
ture on this subject by my colleague, Mr. Power, in
the ¢ Lancet ’ of September 22nd, 1883.

Myopia is almost unknown among the savage races.

Donders says that hypermetropia never gives way
to myopia, but Cohn and Erismann are of opinion that
the normal refraction of the eye in childhood is hyper-
metropic, that some few remain so, a great number
becoming emmetropic as they get older, and that a
large percentage of these pass on to myopia.

Though seldom or never congenital, it not unfre-
quently 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 several generations, under
favorable circumstances for its development, becomes
very decided.
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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 predisposition in
8 per cent., with predispositionin 19 per cent. In the
higher schools the result was : without predisposition
17 per cent., with predisposition 26 per cent.

It may be acquired by those of studious habits,
especially when these habits become developed at an
early age, and by any who use their eyes much for
near work.

The cause to which myopia 1s most frequently attri-
buted, 1s the extreme convergence which 1s necessary
to enable the patient to see at the limited distance to
which he is confined, the result being that the
weakest part of the globe, in fact, the part least sup-
ported, gradually bulges, forming a posterior staphy-
loma. In support of this method of production of
myopia may be stated the well-known fact that people
who use one eye only for close work, with a strong
convex glass, however long their hours, such as
watchmakers and jewellers, are not especially hable
to myopia, proving that close work without converg-
ence is not liable to produceit. As the eyeball becomes
elongated its movements become more difficult, and
the pressure produced by the muscles during pro-
longed convergence 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 .

8
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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 converg-
ence 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 nebulse, cataract, and other causes of im-
perfect sight in children, may give rise to myopia
from constantly holding objects close to the eye.

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. Hserine
acts in the same manner, so does the nipping together
the eyelids, which is so characteristic of patients
suffering from myopia. 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. 60).

Frequently limitations in the field of vision occur
in the form of scotomata due to patches of retinal
atrophy ; in addition to seeing distant objects badly
the patient complains of pain, fatigue, and intoler-
ance of light, with a state of irritation, especially
after using the eyes by artificial light. There may be
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Fra. 60.

A (Accidentally omitted in figure). The retina in an emme-
trepic eye. B. The retina in a myopic one. ¢. The visual
angle. N. The nodal point. The distance from NB is greater
than ¥A, and the image of oP is greater at B than at A.

hypersemia of the eyes and lids, spasm of the accom-
modation (which increases the apparent amount of
myopia), pain in the eyeballs on pressure, photopsia,
an appearance of convergence due to the small size
of the angle a (p. 159), together with “musca
volitantes.” These last 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 musca are probably the
remains of vitreous cells which, being situated a con-
siderable 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.
These appear to the patient as black spots.

The internal recti muscles often act badly, so that
convergence becomes painful and difficult, often going
on to strabismus divergens.

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.
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The popular impression that myopia decreases with
advancing age 1s incorrect ; the far point can at best
remain stationary, while the near point gradually
recedes, and i1f a person of fifty reads at a further
distance than he did at twenty the reason is that at
the latter age he did not read at his far point. A
young myope with fair accommodation may find it
difficult to keep this function passive while converging
to the mecessary distance for reading; the pupil
becomes smaller with age, thus cutting off some of the
patient’s circles of diffusion and enabling him to see
objects somewhat more clearly. According to
Donders, the refraction of the eye does somewhat
diminish as age advances, in this case the myope’s
vision would improve (see p. 97).

The diagnosis 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 is apt to choose too strong
a glass if left to himself. On placing the near type
of Snellen 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 1s thus able to read it is his far
point, the measure of which is also a measure of his
myopia. This is a most useful guide to us; for
instance, he reads Sn. 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 em.
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Had he been able to read it at 10 cm. only, then (120
=10 D.) —10 D. will 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 (Chap. IV).

With the ophthalmoscope, by the indirect examina-
tion, the disc looks smaller than in emmetropia, and
becomes larger on withdrawing the objective farther
from the eye.

By the direct method of examination at a distance
with the mirror alone, an inverted magnified image of
the disc can be clearly seen, provided always that the
observer be not nearer the aérial image than his own
near point (Fig. 37). The lower the myopia the
greater the image, because 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. When we bring the ophthalmoscope close to
the eye the fundus cannot be clearly seen until a con-
cave glass is placed in 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 accommoda-
tion relaxed) is a measure of the myopia (Fig. 40).
This test may be relied upon for the lower but not for
the higher degrees of myopia.

The chief indications for the treatment of myopia
are :

1st. To prevent the increase of the myopia.

2nd. To enable the patient to see distant objects.
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3rd. To prevent the various troubles from which
myopes are so liable to suffer, as asthenopia, divergent
strabismus, &c.

To carry out the first of these indications, strong
convergence and the stooping position, both of which
play so important a part in the production of myopia,
must be avoided, the patient being directed never to
read In a tramn or carriage where every movement
requires a change in the accommodation, nor to look
at near objects for too long together—the natural
tendency 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 cm. away from the book or paper, use
books printed in good, bold type, and not write too
small. Do as little as possible by artificial light ;
when necessary it 1s 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 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 eye-
ball, producing hyperemia with symptoms of irrita-
tion, and possibly some slight increase of tension.
When reading or writing he should sit with his back
to the window, so that the light may fall on his 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
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internally often being especially useful, combined with
regular outdoor exercise. 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. ij to 3j) 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. 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 the time being kept under atropine. He
may require glasses to enable him to do this. Thus,
if he have myopia of 3 D. he will not require them, his
far point being at 83 cm. ; if he has — 15 D. he would
require + 1'5 D. to enable him to read at about 35
cm. (+ 8 D. — 1'5D. = + 15 D.); if the myopia
is 6 D. he will require — 8 D. to put back his far
point to 35 ecm. (+3 D. — 6 D. = —3 D.).

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

To enable the patient to see well both near and
distant objects, 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.
We must, however, always bear in mind that there
may be some spasm of the accommodation, which
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spasm would apparently increase the myopia, in which
case we should be in danger of over-correcting it. To
prevent this, and to enable us to make an exact
record of the condition of refraction, by which we may
judge if the myopia is stationary or progressive, it is
much the best plan to thoroughly atropize the patient
in the manner previously described. If the myopia
amount to 4 or 5 D., the accommodation may be im-
paired and the full correction will give the best
distant vision ; the patients, however, are unable with
this full correction to use sufficient accommodation to
bring the near point up toreading distance. To such
people we must give glasses which enable them to
read comfortably at 385 cm., and a second stronger
pair, those with which they get the greatest acute-
ness of vision, for distance. Glasses may also be
required for music.

One reason why we should not give the full correc-
tion in cases of high degree, for reading, &c., is
because the glasses so much diminish the size of the
retinal images that the individual is induced to make
them larger by bringing the object closer.

To find the glass for reading we may subtract from
the glass which gives the best acuteness of vision,
that glass whose focus represents the distance at
which the patient wishes to read or work. Thus,
— 9 D. gives the best distant vision, the patient
wishes for glasses with which to read at 35 cm., then
— 9D. +3D.=—6D, so — 6 D. would place
our patient’s far point at 35 cm., and enable him to
read at that distance without using his accommodation.
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It is often found that after spectacles have been
worn for some time the accommodation so far im-
proves that the full correction will be comfortable for
constant use.

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

We must remember when the myopia has been
estimated under atropine to add on to the glass so
found, — ‘5 D. for the tone of the ciliary muscle, as it
will be found that the full correction under atropine
is usually this much weaker than the correction found
without it.

I should mention that in myopia the ciliary muscle
is smaller than in emmetropia, the circular fibres
(which are so hypertrophied in hypermetropia) being
almost absent.
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CHAPTER VII

ASTIGMATISM AND ANISOMETROFPIA

ASTIGMATISM, 'A Priv, ervypa a point.

Hitherto we have seen that the cornea usually takes
but little part in the defects we have been considering.
It has been shown that hypermetropia is almost in-
variably 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, then, may be defined as that state in
which the refraction of the several meridians of the
same eye is different; for instance, the horizontal
meridian may be emmetropic, the vertical hyper-
metropic.

It is usually congenital, but may be acquired, and
frequently there is some hereditary tendency.
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Astigmatism may be divided into two chief divi-
S101S

1. Irregular.

2. Regular.

The irregular variety, which consists in a difference
of refraction in the different parts of the same meridian,
may be further subdivided into normal and abnormal :—
(a) The 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 is the case when looking at a star,
which is 1 reality round. (b) The abnormal variety
may arise from the condition of the lens or of the
cornea ; when the lens is in fault it may be due to
changes taking place in the lens itself, to partial dis-
placement by accident, or it may be congenital. The
changes in the cornea which may produce it are:
conical cornea, nebulae, 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 are worn,
the opening being made to suit the peculiarity of each
case.

We now pass on to the much more common form,
which can be frequently exactly corrected by the help
of plano-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
the chief meridians, and are always at right angles to
each other.
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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 is not
impaired it goes by the name of normal astigmatism
or regular astigmatism of the normal eye.

Parallel rays passing through a convex spherical
glass come to a focus at a point. If the cone of light
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 diverging,
a circle is formed. In astigmatism the case is
different ; if parallel rays pass through a convex lens
which is more curved in the vertical than in the hori-
zontal meridian, those which pass through the vertical
come to a focus sooner than those which pass through
the horizontal ; and the resulting cone, instead of being
circular, as in the previous case, will be more or less
of an oval, forming a circle only at one point (4, Figs.
61 and 62). Let us now divide this cone at different
points at right angles to its axis, and notice the shape
of the diffusion patches thus produced.

At 1 an oblate oval is formed, at 2 a horizontal
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Fia. 61.

Fia. 62.

Section of cone of light at 1, 2, 3, 4, 5, 6, 7, Fig. 61.

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 1s formed; at 6 a vertical straight line,
the horizontal rays having met and the vertical still
diverging ; a large prolate ellipse is formed at 7.

The space between the two points at which the
vertical v v and the horizontal ' H rays focus at H and
v is called the interval of Sturm I (Fig. 63).

Fia. 63 (Donders).
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Regular astigmatism was at one time thought to be
due to defects in the curvature of the lens, but it has
since been proved to depend almost entirely on asym-
metry of the cornea. The lens may, however, influ-
ence it in two ways:—I1st. Its two chief meridians
may not correspond to those of the cornea; 2nd.
Owing to the position of the eye the lens may be
sitnated obliquely.

It has been experimentally proved that slight
amounts of corneal astigmatism may be corrected or
disguised by the unequal contraction of the ciliary
muscle (one segment of the muscle acting while the
rest of the ecircle remains passive) ; the curvature of
the lens is thus increased in the direction of the
ciliary contraction only.

Astigmatism was first discovered by Thomas
Young in 1793, who was himself astigmatic.

In astigmatism the vertical meridian has usually the
maximum, and the horizontal the minimum of curva-
ture, corresponding to the astigmatism of the normal
eye. 'To this, however, there are numerous exceptions.
Thus, the chief meridians may occupy an intermediate
position, or the vertical may occasionally have the
minimum, and the horizontal the maximum of curva-
ture. Whatever the direction of the two chief meri-
dians, 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.
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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 (u), focus
behind the eye. Thus, instead of a point, as in em-
metropia, a horizontal straight line i1s formed on the
- retina (Fig. 64).

Fra. 64.

In the second variety both sets of rays focus behind
the retina (Fig. 65).

In the third variety the vertical rays focus in front
of the retina, the horizontal ones on the retina, thus
forming a vertical straight line (Fig. 66).

Fra. 66.
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In the fourth variety both sets of rays focus in front
of the retina (Fig. 67).

F1a. 67.

In the fif’h varietr one set of rays has its focus in
front, and the other Lehind, the retina (Fig. 63).

Fig. £8.

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 oreyua). It 1s necessary that it should be
thoroughly understood how the image of a line is
formed on the retina. The clear perception of a line
depends upon the distinctness of its edge, and to gain
a clear 1mage of this line 1t 1s necessary that the rays
coming from a succession of points which make up
this line (they of course also emerge in every direc-
tion) should be brought to a focus on the retina,
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having passed through the cornea at right angles to
its axis. Should they not do so, circles of diffusion
are formed, which overlap each other and so render
the edges ill-defined. The rays which diverge from
the line parallel with its axis overlap each other on
the retinal image, increasing its distinetness, except
at the extremities, where they overlap and cause some
slight indistinctness. Thus, a person with simple
astigmatism, myopie in the vertical and emmetropic in
the horizontal, sees distinctly verfical lines, because
the rays coming from the edges of the vertical line
pass through the horizontal 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 1s parallel with his ame-
tropic, and most indistinctly the line parallel with his
emmetropic meridian.

Symptoms.—There is frequently a want of symmetry
about the patient’s head or face. If young, and the
astigmatism hypermetropic and of low degree, few
symptoms may be present; usually, however, the
patient complains of defective vision with asthenopia,
especially if his work be such that his accommodation
is in constant use; 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 astig-
matism affecting it most, and mnext the compound.
We sometimes notice when trying the acuteness of

9
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vision that the patient sees much better if 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 pupil; he thus diminishes his
circles of diffusion. It is possible also 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 images
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 distor-
tion, the distance between the corneaand retina being
insufficient.

Usunally both eyes are affected, sometimes quite
symmetrically. Frequently, however, there is a great
difference, one being almost emmetropic, the other
very astigmatic.

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 hypermetropie, 2 D. in the vertical
meridian, emmetropic in the horizontal ; the left em-
metropic in the vertical, hypermetropic in the hori-
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zontal 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 vertical ones indistinctly ;
with the two eyes all the lines will appear 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 correction takes place.

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

As hypermetropia is more common than myopia, so
also 1s hypermetropic astigmatism of more frequent
occurrence than the myopic variety, though few
myopes will be found who are quite free from astig-
matism. Mixed astigmatism is the least frequently
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 concave
glasses, we may suspect astigmatism and pass on to
some of the special tests by which it may be dia-
gnosed and estimated. 1

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 facts of the perception of a line. An astigmatic

eye, looking at a test object composed of lines

e
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radiating from a centre, and numbered for convenience
sake like the face of a clock, is unable to see all the
lines equally clearly. The line seen most distinectly
indicates the direction of one 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 of Mr Brudenell
Carter, are all convenient test objects. The striped
letters of Dr Pray are convenient for indicating one
of the chief meridians.

To test and measure the astigmatism, we place our
patient at a distance of 6 metres in front of the clock,
covering up one eye with a ground glass dise. Sup-
posing he see plainly the 3 lines from 12 to 6, all the
other lines being more or less indistinet, those from 3
to 9 most so0, and further, if on placing before the eye a
weak positive glass we find that lines from 12 to 6 are
blurred, we know then that the horizontal meridian,
that is, the meridian at right angles to the clearly
defined line, is emmetropic, as well as being one of
the principal meridians. We now direct him to look
steadily at the lines from 3 to 9, d.e. those at right
angles to the lines first seen. We try what spherical
glass enables him to see these lines distinctly and
clearly. This glass is the measure of the refraction of
the wvertical meridian, and therefore also of the
astigmatism.

To obtain reliable results the eye must be thoroughly
under the mfluence of atropine.

Supposing lines from 12 to 6 be clearly seen, bu
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F1a. 69.

that with a weak convex glass they are blurred ; and
that on looking at lines 3 to 9 no convex glass im-
proves their clearness, while —1 D renders them quite
clear, the case i8 one of simple myopic astigmatism.
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With the ophthalmoscope the astigmatism may also
be recognised. Firstly, by employing the indirect
method we find that the shape of the dise, instead of
being circular, is more or less oval, changing its shape
as the objective, which must be held exactly perpen-
dicular, is withdrawn. Secondly, by the direct method
we find that the disc appears oval, the long axis of the
oval corresponding to the meridian of greatest refrac-

Fia. 71.% Fia.72.

Erect image. Indirect image of disc.

tion. Fig. 71 and 72 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

* ] have to thank Mr Nettleship for the electros of these two
figures from the woodcut in his excellent work on ¢ Diseases of the
Eye.
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guide, not only of the chief meridians, but also of the
kind and amount of error. To detect this 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 glass with
which these are distinctly seen, using a refracting
ophthalmoscope. We then take a horizontal vessel
with the upper and lower margins of the disc, and
estimate their refraction in the same manner. Thusa
vessel going upwards is first taken. It is seen well
with a convex 1, the horizontal meridian therefore
is hypermetropic 1 D. A horizontal vessel is now
looked at and can be best seen with concave 1, show-
ing that the vertical meridian is myopic to one
dioptre. The case 1s, therefore, one of mixed astig-
matism. Some observers profess to be able to esti-
mate and order the proper correcting glasses by this
method alone. I should, however, be exceedingly
sorry to trust to it entirely.

Retinoscopy is, I think, without doubt the most
valuable and trustworthy of all the objective methods.
The patient being fully atropized, the principal axes
can be seen at a glance, and the proper glasses for
correcting the error easily found, by anyone who has
taken the trouble to familiarise himself with this
method of examination. For a full description I
must refer the reader to the chapter on that subject.

Astigmatism requires for its correction a cylindrical
glass, that is, one which instead of being the segment
of a sphere, as is a spherical glass, is the segment of
a cylinder. It may be either concave or convex, and
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- the result upon rays will be, that those which pass
through the cylinder parallel to its axis undergo no
refraction. All other rays are refracted, those most
8o, which pass at right angles to the cylinder. It
thus possesses the power of exactly neutralising the
astigmatism.

On referring back to Fig. 64, which represents a
case of simple hypermetropic astigmatism, the vertical
meridian being emmetropic and the horizontal meri-
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.
cylinder, this not only corrects, but is itself a measure
of the astigmatism. If a patient with astigmatism of
1 D. be able to read & at 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. 65 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 41 D., and the hori-
zontal 42 D., if we place our positive cylinder 41 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 4+1 D. with
cylinder +1 D. axis vertical is made in one glass by
the optician grinding upon one side the sphere +1 D.,
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and on the other the cylinder +1 D. The lens thus
formed is called a spherico-cylindrical one.

Fig. 66 represents simple myopic astigmatism, in
which the vertical meridian is myopic and the hori-
zontal emmetropic. To correct this error it i1s neces-
sary to cause the rays which pass through the vertical
meridian to be so refracted that they meet at, instead
of vn front of, the retina. Here it is obvious that a
negative cylinder with its axis horizontal will accom-
plish this object.

Fig. 67 represents compound myopic astigmatism.
Both sets of rays focus in front of the retina, one set
in advance of the other. This is corrected by putting
back the most anterior focus by a cylinder, and then
correcting the simple myopia left by a negative
sphere. This glass i1s called a negative spherico-
cylindrical glass.

Fig. 68 represents mixed astigmatism. One set of
rays focus in front of the retina, the other set behind
1t. The difference between these is the amount of
astigmatism, and may be corrected in three different
ways. Thus supposing the vertical meridian myopic
1 D., and the horizontal hypermetropic 1 D., the
correction may be made by —1 D. cylinder, axis hori-
zontal, which puts back the vertical rays so as to
focus on the retina, combined with a +1 D. cylinder,
axis vertical, which brings forward the horizontal rays
to the retina. This compound lens is called a con-
cavo-convex cylinder. There are, however, some diffi-
culties in using this method of correction. The axes
of the cylinders have to be arranged with such exact-
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ness that the slightest variation may upset the whole
result. Besides, it is difficult when using such a com-
bination at the distant type to make alterations with
the same facility with which one does other combina-
tions. Moreover, during the grinding very great care
1s required of the optician, so that either of the following
plans seems preferable. By a 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.

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. The
patient must be allowed a week to thoroughly re-
cover from the atropine, and the result then finally
confirmed, remembering that we shall have to reduce
the convex and increase the concave glass slightly ;
spectacles are then ordered, which must be worn con-
stantly.

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 a
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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
instrument for measuring the amount of corneal
astigmatism. 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 price will prevent its coming into general use,
especially 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
disadvantage 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 are of
white enamel, one quadrilateral in shape, the other of
the same size except that on one side 1t is cut out
into five steps; these two objects slide on a semi-
circular arm, which rotates round the tube through
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 lime 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
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then 1s the merdian 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 quadrilateral one, 1s equal to
one dioptre ; thus if it overlap three steps, there 1is a
difference of 3 D. between 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 has obtained some interesting statistics
with this ophthalmometer (‘ Ophthalmic Review’ for
July, 1883) in 226 school children. As a result of
these statistics he is of opinion :

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

2nd. That corneal astigmatism amounting to one
and a half dioptres is incompatible with normal acute-
ness of vision.

His observations add also to the opinion of Javal
that astigmatism predisposes to myopia.

Tweedy's optometer affords an easy method of
estimating the refraction in astigmatism. It consists
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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 1s 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

Fia. 73.

the bar is a semi-circular clip marked with degrees
corresponding to those on the dial and intended to
hold the cylindrical lens. In order to use the instru-
ment properly the following instructions must be
strictly complied with :

Ist. The eye about to be examined having previously
been placed completely under atropine and made
artificially myopic to about 4 D. by means of a strong
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convex lens placed in a spectacle frame and the oppo-
site 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 distinct vision, should then be gradually
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.

If 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 is clearly seen that at
right angles to it is blurred, there is astigmatism
which may be corrected by placing in the semi-
circular 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 minimum
refraction; (b) the presence or absence of hyper-
metropia or myopia and the degree; (c) 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 distinct 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.
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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 calculation: The
greatest distance of distinet vision minus the focal
length of the lens divided by multiple of these
numbers equals the degree of ametropia.

(e) 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
distinct 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. Tweedy’s
optometer is made by Swift, of Tottenham Court
Road.

The stenopaic slit, which consists of a metal disc
having an oblong opening in it about 2 mm. broad, is
used by some for working out cases of 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 1s
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obtained is noted, convex and concave glasses tried 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 now turn the dise 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 the slit in the vertical direction, the patient
reads &, while convex glasses in front of the slit make
it indistinct, the vertical meridian is emmetropic ; now
turn the slit so that it is horizontal, the patient reads
&, but with +2 D. in front §, the horizontal meridian
is then hypermetropic; the case is therefore one of
simple hypermetropic astigmatism, requiring for its
correction +2 D. cylinder, 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 direc-
tion of the sht.

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 oculist, the position of the screen
on a graduated bar shows the refraction.

The inventor claims for his instrument the
following 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
adjunct if wished.

2. An image thrown on the retina being used as an
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object, the error arising from the vessels or optic
nerve being before or behind the retina is 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.

ANISOMETROPIA

i3 the term applied to cases which occasionally occur
where the two eyes vary in their refraction. The
defect is usually congenital, but it may be acquired
as 1n aphakia or loss of accommodation in one
eye. One eye may be emmetropic the other myopic
or hypermetropic; or one more myopic, hyperme-
tropic, or astigmatic than the other. When the
difference is not very great (1 or 1'5D.), and vision
in both eyes is good, we may give each eye its cor-
rection ; for so long as the eye whose refraction is
the most defective still co-operates in binocular vision,
sight 1s improved thereby. Kspecially is this full
correction useful in cases of myopia with divergent
strabismus, the increased stimulus to binocular vision
being sometimes sufficient to prevent the squint. When
one eye 1s emmetropic and the other myopic, no glass
will probably be required, the emmetropic eye being
used for distance, the myopic for reading, &c. When
the difference in the refraction is greater than 1-5 D.
10
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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. Frequently no attempt can
be made to correct the two eyes, and then we gene-
rally give glasses that suit the best eye. In cases of
aphakia, &c., where one eye is entirely used, the other
still possessing 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
amblyopic, and can at any time be utilised should
occasion require.
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CHAPTER VIII
PRESBYOPIA. Pr. (mpésfSuc, old; oy, eye)

Wira 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 diminution in the perceptive and con-
ductive powers of the retina and the optic nerve. At
thirty years the acuteness of vision is almost unaltered,
the bottom line of the distant type being read at a
little over 6 metres. At forty it can still be read at
6 metres, but after this time it diminishes regularly, so
that by the eightieth year vision has decreased to one
half. In addition to these changes the accommoda-
tion gradually diminishes from a very early period,
the near point slowly but steadily receding. This
change in the accommodation occurs in all eyes what-
ever their refraction, and is due to an increased firm-
ness of the lens, whereby its elasticity is lessened, and
perhaps also in some slight degree to a loss of power
of the ciliary muscle in advanced 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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Fra. 75.

Diagram from Donders, showing the course of accommoda-
tion in an emmetropic eye. The figures at the top of
the diagram indiecate the age, those on the side the
amount of accommodation; the obligue line represents
the course of the punctum proximum, and the horizontal
line that of the punetum remotum ; the space between the
two lines gives the amplitude of accommwodation. From
this diagram we can calculate the amplitude of accommo-
modation possessed at any age.

So soon as the binocular near point has receded
beyond the distance at which we are accustomed to
read and write do we become restricted in our work.
Donders has fixed this point at 22 cm.

Presbyopia, therefore, may be arbitrarily stated to
exist when the binocular near point has receded to 22
cm., and this occurs usually in the emmetropic eye
about the age of forty-five.
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To find the punctum proximum of an emmetrope
we have only to divide the number of dioptres of
accommodation into 100 em. Thus at twenty there are
10 D. of accommodation ; this would give us 10 cm. as
the near point. At forty there are 5 D., in which
case the near point 1s 20 cm.

When the near point 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 cm., 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 cm. ; this is far too great a distance.
We bring back the near point by convex glasses,
which 1s practically the same as increasing the accom-
modation.

Although we have said that only about one half of
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 perhaps in another a surplus of 3 or
4 D. is necessary.

In the emmetropic eye, then, it is usually about
the forty-fifth year that inconvenience begins to arise,
showing itself by a feeling of weariness in the eyes
after reading, especially in the evening, small objects
being less easily seen than formerly, because having
to be held further from the eye they form a smaller
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visual angle. The patient seeks a strong light, by
which the size of his pupil is diminished, avoids small
print, and holds the book or work further away.
These symptoms are due to a recession of the near
point, and if asthenopia occur, this may be dependent
upon a disturbance of the balance between accommo-
dation and convergence; the convergence being the
same for any given point, a much greater accommo-
dative effort i1s necessary 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 wision 1is, of
course, good.

The following table gives approximately the strength
of glasses required by emmetropes at different ages to
bring back their punctum proximum to 22 em. :

Amount of aceommodation Glass reqguired to
possessed at that The near bring back
Age. age. poiut. p-p-to 2 c.m,
45 35 . e 28 c.m. +1D.
50 - 2'5 43 +2D.
55 15 67 +3D.
60 D 200 +4 D.
70 0 infinity. +5 D,

To find the glass required in presbyopia we sub-
tract from the glass which represents the receded
near point, the glass whose focus represents the point
we wish to make the near point. Thus the near point
has receded to 50 cm.; the glass representing this
point is +2 D, (422 =2). We wish to bring the
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near point to 20 cm. This would be +5 D. (152 =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 some 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 them. There exists a popular prejudice
against the use of strong glasses, all sort of maladies
having been attributed to their use. This prejudice
18 quite unfounded, the only possible harm that can
arise from wearing too strong glasses is that the
patient may suffer from asthenopia.

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. Iif
hypermetropia exist the amount must be added to
the presbyopic glass; if myopia it must be sub-
tracted. Thus a patient with hypermetropia requiring
+2 D. for its correction, at the age of forty-five will
require + 3 D. for reading (H. 2 D. + Pr.1 D. =
+ 3 D.).

If with myopia 1 D. at forty-five, no glass will be
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required (M. 1 D.—Pr. 1 D.=0.). If the myopia
be 4'5 D. then the patient can never require a glass
for presbyopia, his far point being 22 cm. 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, thongh at that distance only.

Donders thinks that as age advances the refraction
of the eye diminishes, in other words, the eye if
emmetropic becomes hypermetropic (called acquired
hypermetropia). The myopic eye becomes less myopic,
so that a real improvement 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., at sixty-eight 1 D., and at eighty as much as
25 D. Thus at eighty an emmetrope will have
acquired 25 D. of hypermetropia, and will therefore
require a convex glass of 2'5 D. for distant objects to
be seen clearly. A myope of 25 D. would at eighty
have become emmetropic, and require no glass for
distance. A hypermetrope of 2'5 D. will add on to
his defect 2'5 D., and will require a + 5 D. for
distance. This change is due to an alteration which
takes place in the structure of the crystalline lens by
which its refractive power is diminished.

Some observers, while admitting that many old
people who have been assumed to be emmetropic, see
distant objects better with a convex glass, say that
this is due to a small amount of latent hypermetropia
becoming manifest, and not to any decrease in the
refractive power of the eye.
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Dr. Scheffler some years ago proposed the use of
what he called orthoscopic lenses, that 1s, 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
presbyope, aged fifty, requiring +2 D. to make him
read comfortably at 30 c¢m., it would be combined
with a prism base inwards, that would bring the optic
axes to exactly that point, the effect being complete
repose both for the accommodation and convergence.
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. Never-
theless cases do occur in which, though the presbyopia
18 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, so that he
looks through the outer part of them, making thereby
convex prisms.

Much care should moreover be used to see that the
glasses are properly centred unless they have been
ordered otherwise, and that the frames are not too
broad, in which case the lenses form prisms with their
bases outwards, and are very apt to give rise to
asthenopia by disturbing the relations between con-
vergence and accommodation.

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 it
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appear, no glasses must be allowed, as it is of the
greatest importance to avoid all possible tension.

The commencement of cataract also appears to
hasten presbyopia.

In each case of presbyopia, having tested the
patient’s distant vision, so as to detect any hyper-
metropia, myopia or astigmatism, and having found
the glasses which appear to suit, make a trial with
them by directing the patient to read for half an hour
or s0; if found satisfactory we order spectacles of this
strength.

PARALYSIS OF THE ACCOMMODATION

It arises from loss of power in the ciliary muscle,
due to paralysis of the third nerve, or of that
branch of it which supplies the muscle of accom-
modation and the circular fibres of the iris. Cases
do occasionally occur, though very rarely, of para-
lysis of the ciliary muscle, not involving the con-
strictor papille. Generally both eyes are affected,
frequently however only one. The cause of the para-
lysis may be diphtheria, fever, any complaint of a
lowering character, cerebral trouble, syphilis, or some
reflex irritation, e.g. decayed teeth, &c. ; the cause may
however not be apparent. When the whole third
nerve is involved, ptosis, external strabismus, &ec.
occur; 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, asthe-
nopia, dilatation of the pupil, and loss of the power of
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accommodation, whereby the patient though able to
see distant 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
is 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 distance to 35 cm. +3D. 18
required (1%°=3 nearly). We must bear in mind
that by encouraging the action of the ciliary muscle,
we hasten the patient’s recovery ; this we do by giving
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 grs. j to 3j, causes contraction of
the ciliary muscle as well as of the iris, and tempo-
rarily 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 con-
tract, relaxing again as the effect of the myositic
passes off. Attention must be paid to the general
health, iodide of potassium or nerve tonics being
given, when indicated by the cause.

SPASM OF THE ACCOMMODATION

It is due to excessive contraction of the ciliary
muscle, and occasionally occurs in eyes whatever
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their refraction, though most commonly in cases
of hypermetropia and low myopia. It may occur
as a result of uncorrected ametropia, or in emme-
tropia from overwork, especially when such work
has been done in a bad light. It gives rise to sym-
ptoms of asthenopia, and sometimes to myosis, due
to excessive contraction of the circular fibres of the
iris. 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
hypermetropes going about wearing concave glasses,
to correct their supposed shortsightedness. In
myopia the real defect is apparently increased, and
we might be in danger of ordering too strong concave
glasses, &c. 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 1s suspected, 1s to
drop into the eyes three times a day, a solution of
atropine grs. iv to 3) for two or three weeks, as by
this means we give the eyes complete rest, to correct
any ametropia that may exist, and to attend to the
patient’s general health, adwinistering tonics if
necessary.
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CHAPTER IX
STRABISMUS (oTpépw, I turn aside)

INTIMATELY connected with hypermetropia and
myopia is strabismus. It exists when there is a
deviation in the direction of the eyes whereby the
visual axes are not directed to the same object. The
one eye fixes the object, the other deviates, usually
immwards or outwards, and the condition 1is spoken of
as convergent or divergent strabismus. By it the ex-
pression of the patient becomes much changed, and
he gradually loses the advantage of binocular vision.

In examining a patient for strabismus it is neces-
sary to be on our guard against mistaking the apparent
for the real. This may arise from confusing the visual
axis, which 1s the line passing from the macula through
the nodal point to the object looked at, with the optic
axis, which passes from the inner side of the macula,
through the nodal point and the centre of the cornea,
forming, with the visual axis, an angle of about 5° in
emmetropia (Fig. 76). This angle is called the angle
a; and when thus formed by the crossing of the two
axes 1t 1s also said to be positive.

In hypermetropia (Fig. 77) the angle (a) increases
with the degree of hypermetropia, and if it be high
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may attain 7° or 8° or even more; this large angle
gives to the eye an appearance of divergence.

F1a. 76.

M. The macula. N. The nodal point. B. Opt.e nerve. v. The
obhject, v M., The visnal axis. 0 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 formed at the centre of
rotation of the eyeball by the optic axis, and a line drawn
from the centre to the object looked at.

Fia. 77.

F1a. 8.
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In myopia (Fig. 78) the angle (a) decreases, and in
high myopia the visual axis may approach the optic
axis, so that the angle (a) is very small, and it may
coincide with it when no angle is formed, or even be
altogether on the outer side of it, when it is said to
be negative. This small angle (a) gives to the eye an
appearance of convergence.*

Of strabismus there are two chief varieties :

1. Convergent.
2. Divergent.

Convergent strabismus.—On looking at any object
one eye only is directed to it; the other, as the name
implies, looks inwards, so that the metrical angle is
much greater in the deviating than in the fixing eye.

It 1s almost always due (except in cases of paralysis
of the sixth nerve) 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 accommodation and
convergence.

The convergence is most marked when looking at
near objects ; sometimes there may be no squint when

distant objects are viewed.
A hypermetropic person requires to use some of
his accommodation for distant objects; for near
objects he must, of course, use still more, since for
every increase in the accommodation there 1s a desire

* 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. 76.
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Fia. 79.

k. Right eye directed to objeet 0. x. Lelt eye diverging
inwards. . Macula.
for a certain increasing degree of convergence. Thus
an emmetropic individual, accommodating for an
object at 30 cm., would at the same time converge for
that particular pomnt. If the individual were hyper-
metropic to the extent of 4 D. he would probably
possess the same amount of accommodation as if
emmetropic, we will suppose 8 D., whilst of these, one
half (4 D.) would be required to enable him to bring
parallel rays to a focus on the retina. He would have
the tendency at the same time to use half his con-
vergence. Thus for distant objects he would have an
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inclination to converge, his internal recti acting, and
it is only by the increased temsion 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 converge the more can we
accommodate ; so that on looking at near objects—
which means an increase of the accommodation—
an increased tendency to convergence is produced.
Therefore 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 with hypermetropia prefer binocular
indistinet vision, others, single clear vision with a
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 in which
convergent strabismus is produced in a hypermetrope.

Hence 1f 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 image may be made still weaker by falling on
a more peripheral part of the retina. At first the

11
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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.

In high degrees of hypermetropia, when no amount
of accommodation can make vision distinct, squint is
less likely to occur. It is usually, therefore, in cases of
from 2 to 4 D. that convergent strabismus is most
frequently met with, and it generally makes 1its
appearance about the fifth or sixth year, so soon in
fact, as the child begins to use its accommodation
much for near objects. Anxious parents frequently
have all sorts of excellent reasons to which they
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 omne
direction.

Any cause which by rendering the image in one
eye less distinet than that in the other, as nebul,
ulcers 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 impalse for binocular vision is lessened, and the
eye in which the fainter image 1s formed converges.

It is thus seen that convergent strabismus gradually
destroys binocular vision. In cases of hypermetropia,
where binocular vision does not exist owing to great



CONVERGENT STRABISMUS 163

difference in the refraction 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 concave glass with which
he, having binocular vision and being at a distance of
six metres, can still read §, i1s the measure of the
relative accommodation. The absolute accommodation
1s 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 dis-
tinctly, —4-5 D. renders it indistinct, and each increase
in the glass increases the indistinctness, but produces
no diplopia. Separately each eye can overcome —7
D. Armed with —4 D. before each eye, I am able to
see ¢ distinctly, using of course 4 D. of my accommo-
dation. If a colored glass be placed before one eye,
homonymous diplopia at once appears, proving that
one eye has deviated inwards, with —3 D. and the
colored glass, squint was produced, but with no
weaker concave glass.

On repeating the experiment in an individual with
'5 D. of myopic astigmatism in one eye, and emmetropia
in the other, —2 D. before each eye was the strongest
glass with which ¢ could be seen clearly and singly,
—2:'5 D. did not render it indistinect, but produced
diplopia. The absolute accommodation for each eye
amounted to 6 D. With —2 D. before each eye, the
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colored glass was placed before the astigmatic one,
and diplopia was produced. With —1 D. and the
colored 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, when 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 instinctive
desire to see clearly and singly is so great, that the
external recti contract, thereby balancing the 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 main-
tain binocular vision being greater than that for
clear images. On placing the colored glass before
one eye we diminish the retinal impression 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
results.

In the second experiment the retinal impression in
one eye, even with so slight an amount of astig-
matism, is reduced, so that with 2 D. of accommodation
without convergence, the desire for clear images is
greater than that for binocular vision, and diplopia
the symptom of squint results.

Our first object must be to ascertain to which class
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the squint belongs. First, if it be real or apparent ;
and secondly, if it be paralytic, or due to disturbance
of the muscular balance. We first direct the patient
to look steadily at some object held about one metre
in front of him and gmdually bring it nearer so as to
call into action the accommodation as the object
approaches; both visual axes may continue to be
directed steadily to it, it is then a case of apparent
strabismus ; the one eye may fix it, while the other
after following it up to a certain distance suddenly
deviates inwards proving it to be a concomitant squint,
or it may follow the one eye to a certain point, when
it stops after perhaps making a few jerking oscillating
movements, then 1t belongs to the paralytic variety.
Again, having covered one eye with a card or what is
better with an opaque glass disc which, while prevent-
ing the patient seeing with that eye, yet allows us to
gsee the movements that take place behind it; we
direct him to fix with the other eye some object, as a
pencil held about half a metre in front of him. If the
covered eye make a movement inwards, 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 from vision may
make a movement inwards; this movement of the
sound eye 18 called the secondary deviation.

When the primary and secondary deviations are
equal the squint is said to be concomitant. :

The range of movement in concomitant squint is as
great as in emmetropic eyes, it is simply displaced, in
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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 and 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 peri-
phery, 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.

When either eye fixes indifferently, the vision being
equally good in both, 1t i1s called alternating stra-
bismus. Monolateral or constant when the same eye
always squints ; the vision in the squinting eye being
usually below that in the fixing one.

Periodie 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 con-
stant forms.

In the strabismus of hypermetropia the primary and
secondary deviation are equal. In the paralytic form
the secondary deviation usually exceeds the primary.

A certain number of cases of convergent stra-
bismus get well with advancing age ; the probable
‘explanation of this is, that as the accommodation
diminishes, the time at length arrives when the
amount of accommodation at the patient’s disposal is
not sufficient to produce clear images, he therefore
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relaxes his accommodation and with it extreme con-
vergence. This spontaneous cure 1s most likely to
take place when the sight in both eyes is good.
Divergent strabismus exists when one eye only fixes
the object looked at, the other deviating outwards (Fig.
80). It is usually dependent on myopia, but it may

Fra. 80,

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 internal rectus muscle in attempting to cure a
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case of convergent strabismus. It may also be
paralytic.

The divergent is much less common than the con-
vergent variety of strabismus.

In myopia the antero-posterior diameter of the
eyeball 1s elongated, the range of movement 1is
diminished, and the extreme convergence which is
necessary to enable the patient to see objects within
his far point, tires out the internal recti muscles,
giving rise to muscular asthenopia, to relieve which
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.

The amount of squint must be estimated and
recorded. There are several ways of doing this. We
may indicate it in the form of a diagram, the position
of the pupil to the internal canthus when looking as
far as possible to one side, will show the extreme
range of the eye mmwards. Then direct the patient
to look in the opposite direction so that we may find
the extreme range outwards, this we indicate by
the position of the outer edge of the cornea with the
external canthus. Our diagram must of course
mclude both eyes, so that we may judge of their
relative range of movement.

The strabismometer consists of a handle sup-
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porting a small ivory plate shaped to the lower Lid
and having on it a scale by which we measure the

F1a. 81.

Strabismometer.

amount of deviation of the centre of the pupil. This
is an easy method of measuring the strabismus, but is
not to be depended upon.

The measurement of the angle of the strabismus
18 the only reliable and exact method of recording the
amount of squint. Landolt defines this angle, as that
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 the patient is placed, with the quadrant
according to the kind of squint we are about to
measure ; 1f 1t be a convergent or divergent one, then
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the quadrant is placed horizontally. The patient being
seated so that his deviating eye is in the centre of the
instrument ; we direct him to fix some distant object
(0, Fig. 82) in a line with the centre of the perimeter,

Fic. 82.

with both eyes; a lighted candle is moved gradually
along the inside of the quadrant from the centre of the
instrument outwards; the observer, following the
movement ot 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 us the direction of the optic axis, what we really
wanted was the direction of the visual axis, but for all
practical purposes the former 1is sufficient. The
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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 deviation for near
vision, by requesting the patient to look at the centre
of the perimeter and proceeding with the candle as
before, recording the degree found.

The treatment of squint consists in prescribing
proper glasses, and in some cases tenotomy.

In children when the squint is of small amount,
and has existed only a short time as in the periodic
form, the case can usually be cured by spectacles.
The child is placed under atropine in the manner
described when speaking of hypermetropia, and the
amount of error of refraction found out by retino-
scopy. If the case be convergent strabismus with
hypermetropia, we order glasses that will correct § or 2
of the total error (sometimes even full correction will be
tolerated) with directions that they be worn constantly.
It also frequently assists the cure to keep the child
atropized for two or three weeks, wearing the glasses
at the same time. Had the case been one of the less
common forms of squint, divergent with myopia, we
endeavour to give the patient as nearly as possible his
full correction. When the vision in the two eyes is
different, that in the squinting one being more or less
amblyopic, 1t 1s of service sometimes to exercise each
eye separately for a certain fixed time daily.

When the squint is periodic it can always be cured
by spectacles alone.

After the spectacles have been worn some time
without improvement, or when the strabismus amounts
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to 6 mm. or more, a tenotomy must be done. I think
better results follow a limited operation on both

muscles, than a free division of one.
Paralytic strabismus does not come within the

province of this work.
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CHAPTER X

ASTHENOFPIA

Asthenopia (A priv. ofsvoe strength, &y the eye) is a
convenient term to designate a condition of fatigue of
the eyes which often accompanies hypermetropia,
myopia, and astigmatism, and has been frequently
referred to when speaking of these. It also occurs in
a certain number of cases where no ametropia can be
found. It shows itself by the inability to continue a
steady and prolonged convergence, so that the patient
complains that he is unable to read or write for any
length of time, without the letters becoming indistinct
and running together, pain over the eyes supervening.
After a rest, he is able to resume his work, to be
again interrupted after a shorter interval, and this is
especially the case in the evening after a day’s work.
There is then moreover the disadvantage of an
artificial light which always tends in these cases to
increase the asthenopia. 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, with headache
which sometimes passes on to nausea and sickness,
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and a generally uncomfortable feeling about the eyes
themselves, which become red and irritable. In some
cases the symptoms have been so severe as to lead to
the diagnosis of brain disease, and there is little doubt
that frequently reflex nervous disorders are caused by
asthenopia.

Two forms of this complaint have usunally been
described, viz. that accompanying hypermetropia,
which is styled accommodative asthenopia, and that
occurring with myopia, called muscular asthenopia.

When Donders discovered the common occurrence
of hypermetropia, he soon became aware of the
intimate connection which existed between it and
asthenopia ; and was at first inclined to attribute
every case to this cause. Where no manifest hy-
permetropia was present, he gave a solution of
atropine to paralyse the accommodation, feeling con-
fident that some latent hypermetropia would then
display itself: such cases were usually completely
cured by proper convex glasses. Thisaccommodative
asthenopia is due to the constant state of contraction
in which the ciliary muscle is kept, an emmetrope
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 so much the more for reading
or near work. The ciliary muscle practically gets no
rest. A young and vigorous patient whose hyper-
metropia 1s not very high, may resist asthenopia for a
long time, but as he gets old, or his health suffers from
any cause, if he become anzmic, or if the patient be a
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woman, symptoms of this disorder are apt to appear
during lactation. In some cases where convex
glasses do not produce the desired relief, prisms of 2°
bases inwards combined with the spherical correction
are often of great use, or what comes to the same thing,
we place the convex glasses somewhat near together
so that the patient looks through the outer part of the
glass (Fig. 84). This plan is also frequently very
useful in presbyopia. Here the asthenopia is in part
due to a disturbance of the balance between the
two functions, accommodation and convergence, and
perhaps also in part to the difficulty of maintaining
an exact state of equilibrium between the internal and
external recti muscles. An individual with hyper-
metropia has to use his accommodation in excess of
his convergence. When we correct his refraction with
glasses, he will have to use these two functions in an
equal degree, or at least in different proportions to
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 at once
throw off the acquired habit of using the accommo-
dation in excess of the convergence. You must not,
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
spectacles. 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 system
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of the individual; one hypermetrope will have no
uncomfortable feelings, while another whose condition
seems exactly similar will suifer much.

Hypermetropes who squint are not usually tronbled
with asthenopia.

A very slight amount of astigmatism will in some
people produce accommodative asthenopia.

Muscular asthenopia is almost invariably due to
myopia. In this form of ametropia the eyeball is
elongated, impeding somewhat its free movements.
Von Graefe declared the cause of the symptoms in
these cases to be the strain thrown upon the internal
recti in maintaining a prolonged convergence, and
described it as due to ““insufficiency of the internal
recti.”” Since then this canse has been universally
accepted, and for the relief of this insufficiency,
division of one or both external recti has been
practised, with the object of weakening them. Von
Graefe proposed two tests by which we might find out
this weak condition of the internal recti.

The patient 1s to look steadily at the point of the
finger, about 30 cm. away. One eye is then covered
with a card, so as to conceal the object from it, but so
as not to prevent the observer from seeing the move-
ments of the eye behind the card. If the eye which
is thus excluded from vision retain its direction
unchanged, the interni are normal, but if it deviate
the interni are insufficient.

The other and more accurate test, is to place a
prism of about 15° with its base downwards, in a
spectacle frame before one eye; by this means we
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cause a displacement of the eye upwards, and of
course also vertical diplopia, thus doing away with the
possibility of fusion. The patient is now
directed to look steadily at a card on
which is drawn a line with a dot in its
centre, placed at the patient’s ordinary read-
ing distance (Fig. 83). 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, however, two lines
are seen with a dot on each, then insuffi-
ciency is supposed to exist ; and the strength
of the prism which is necessary with its base
inwards to produce fusion, is the measure of
the insufficiency.

This theory of Von Graefe was implicitly
followed by ophthalmologists until a few
years ago, when Mr Brudenell Carter, Dr
Theobald, and others paid some attention to
this subject, with the effect I think of upset-
ting the theory itself and the value of the
tests, which they say merely show that there is a dimi-
nution of the nerve stimulus by which convergence is
produced. Many emmetropes and even hypermetropes
tested in this way could be thus proved to have
insufficiency of the internal recti, if these tests were
reliable. Many myopic eyes, which answer well to
this test of the two lines and two dots, and in which
one was accustomed to say that insufficiency existed,
have nevertheless good powers of convergence of each
eye, and a range of movement equal to normal eyes.

12

Fr1a. 83.
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It seems probable that muscular asthenopia is due
to a cause somewhat similar, but of an opposite
character, to that producing the accommodative form.
In hypermetropia the patient has to use his accommo-
dation in excess of his convergence; but in myopia
the convergence has to be used in excess of the
accommodation. Thus a patient with 4 D. of myopia
has his punctum remotum at 25 ecm. To see at that
distance he must converge to that point, maintaining
a passive condition of his accommodation. Such
cases are at once relieved by weak prisms with their
bases inwards, which diminish the amount of con-
vergence mnecessary. It 1s sometimes useful to
combine prisms with concave glasses, or by separating
the glasses somewhat widely, we produce the same
result. Fig. 84 shows concave spectacles acting also
as prisms by being somewhat separated, and convex
ones having the same effect when placed so close
together that the patient looks through the outer part
of the lenses.

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 intraocular muscular systems, everyone will
occasionally meet with cases in which no ametropia
exists, as proved by placing the patient under
atropine and then testing his refraction. Keflex
asthenopia has been the name given to these cases,
they are often exceedingly troublesome, and occur
most frequently in young unmarried girls of an
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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,

Fr1a. 84 ( Landolf).

heat, &c., 1s 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 disc. This



180 THE REFRACTION OF THE EYE

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
doubt the bright materials here worked with had
something to do with the production of the asthe-
nopia. Complete abstinence from work does not
always bring relief. It seems generally accepted by
all authorities on this subject, that in such cases the
nervous system 1s exceedingly sensitive and unstable.
Frequently there is disturbance of the uterine organs,
when leucorrhcea exists in young unmarried 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 out
the cause and remove it, with rest for the eyes during
certain fixed portions of the day.

Some hypermetropic ladies refuse to wear glasses
because they think them unsightly, preferring to
suffer from asthenopia.
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CHAPTER XI

SPECTACLES

As T have already treated the subject of spectacles
somewhat fully when considering the correction of
different forms of ametropia, 1t will only be necessary
here to make a few general remarks concerning
their use.

Glasses may be made of rock crystal or crown
glass. There is an impression abroad that those
made of the former material (which are called pebbles)
are the best, because they are harder and therefore
less liable to be scratched. In reality, however, those
made of crown glass are superior, because they refract
more regularly, besides being much cheaper.

The frames may be made of gold or steel. They
should fit the face well. The bridge must suit the
nose and be of such a height, that each eye looks
exactly through the centre of its glass. When worn
for myopia or hypermetropia they should not be
further from the eye 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.
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They have this disadvantage, however, viz. that some-
times 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 parallel; for near vision
they should slightly converge, so as to be exactly at
right angles to the visual axes. In addition to
concave, convex, and cylindrical glasses, others are
sometimes used.

Stenopaic spectacles consist of an oval plate with a
small central aperture which may be of any shape
according to the case, so that all the peripheral rays
are cut off ; only such as are in the optic axis being
allowed to pass through. They can be combined with
convex or concave glasses, and are often exceedingly
useful in cases of leucoma, nebule, irregular astig-
matism, myopia, &c., where the vision is much
disturbed.

Prismatic spectacles may consist of prisms alone, or
in combination with concave or convex lenses. Their
use 1s called for in certamn cases of paralysis of
muscles, to prevent diplopia; also in some cases of
hypermetropia, when they are combined with convex
glasses of the strength of 2° or 3°. With their help
the patient is able to converge more, and therefore
accommodate more, for a given point. Some myopes,
who can read well without glasses, suffer from asthe-
nopia, which can be relieved by prisms, bases inwards ;
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because without them, they have to use their conver-
gent power, their accommodation being at the same
time passive.

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 too much light, in cases of irritation or inflamma-
tion of the retina, or of photophobia from various
causes, as myopia, &c. Inthese caseslight blue, which
cut off the orange rays are the best, but smoke colored
are preferred by some surgeons. Tinted glasses 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 last have the
disadvantage of being too heavy. Workmen wear
different sorts of protectors to keep off dust, fragments
of stone, &c. which may be made of glass, tale, or
other materials.

It 1s 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
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window or any similar object, we move the glasses
to and fro in front of the eye, if the line remain
immovable the neutralization is complete, if it move in
the same direction the concave glass is too strong;
if in the opposite direction it is not strong enougkh.

(CASES

Commence the examination in a systematic manner:

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, writing
down the result, remembering always to commence
with convex glasses. Then place the near type in the
patient’s hand, noting the punctum proximum and the
punctum remotum. Next pass on to the ophthalmo-
scope, first applying the “retinoscopic 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:

Case 1.—E. M—, a young woman, a bookbinder,
setb. 17, suffering from tinea tarsi, complains that
her eyes get very tired at night, so much so, in fact,
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that she is unable to read for any length of time.
Her general appearance 1s healthy, and nothing
special is noticed about her face, except that the eyes
are small. The acuteness of vision for both eyes is
normal. We try weak convex glasses 1 D. and she
says that she sees somewhat clearer with them. We
next try +2 D., then +3 D., and find that with these
last the patient is unable to read ¢&. + 2 D. for each eye,
is the strongest convex glass with which § can be read,
and is therefore the measure of her Hm.

We next place the patient in the dark room,
directing her to look at some distant object or at a
black wall, so as to relax as much as possible her
accommodation, and apply the retinoscopic test. The
shadow we perceive moves slowly against the mirror,
we put +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 disec becomes smaller on with-
drawing the objective from the eye. 'With the mirror
alone at a distance, we see an image of the disc which
moves with the observer’s head, showing it therefore
to be an erect image. On approaching the eye the
disc is not seen well, unless we put in force our own
accommodation ; with our accemmodation suspended
if we turn the wheel of the ophthalmoscope so as to
bring forward convex glasses, the clearness of the
fundus will be improved. +8 D. is the strongest
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convex glass with which the details can be distinctly
and clearly seen by myself.

We might be satisfied with this result, assuming
3'5 D. to be the amount of total hypermetropia; but
in young people 1t 1s much more satisfactory to be
able to record once and for all the total hypermetropia
beyond doubt. I therefore order the patient Guttee
Atrop., grs. iv to 3], two or three drops to be placed
in both eyes three times a day for four days,
warning her that she will be unable to see so 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 enable her toread £. We
also find with retinoscopy that +5 D. is the strongest
glass with which we get an opposite shadow.

Our patient, therefore, has a total hypermetropia of
5 D., two 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., and may then begin to wear them
constantly ; about forty she may be able to bear her
full correction.

We must remember that when atropine has been
used it 1s necessary to take off 1 D. from the measure-
ments thus found, for the tone of the ciliary muscle.

Casg 2.—A young man, set. 20, next presents him-
self. He has a long intellectual face with prominent
nose. The palpebral apertures are wide ; on directing



CASES 187

him to look inwards as much as possible the eyeballs
seem elongated in an antero-posterior diameter.

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
in his hand the near type, and he reads Sn. 1, at
once and easily. The farthest point at which he can
read it, is 25 cm. (12°=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 weakest with
which he reads the same, and with —3'5 D. he reads
1, though hardly so well ; with —3 D. he reads only
8 —35 D. is therefore the measure of his myopia.
If we employ retinoscopy —3'5 D. 1s the weakest
concave glass with which a reverse shadow 1s
produced.

We next examine the eye with the indirect opthal-
moscopic examination. The disc becomes larger on
placing the objective near the eye and gradually with-
drawing it, and in addition we see also a slight myopic
crescent on the apparent inner side of the disc. From
this case disc I was drawn (Page 108).

With the direct ophthalmoscopic examination at a
distance from the eye, the disc cannot be well seen,
because in our case the aérial image would be formed
25 em. 1n front of the eye. To enable us to see this
aérial 1mage 1t is necessary we should be some 30 cm.
away ; so that we should require to be 25+ 30=55 cm.
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from the observed eye, and at that distance the illumi-
nation will be very weak. With the mirror close to the
patient’s eye, the details appear blurred until we put
on a concave glass, by turning the wheel of our
refracting ophthalmoscope. The weakest concave
glass with which we are able to see the details of the
fundus clearly 1s the measure of the myopia. Thus
we have four distinct plans of measuring our case of
myopia :

1st. The farthest distance at which the near type is
read 25 cm. (352 =4 D.).

2nd. 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 direction
to the movement of the mirror.

4th., The weakest concave glass with which the
details of the fundus can be distinctly seen by the
direct ophthalmoscopic examination close fo the eye.

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 described, and at the end of four days
go over the ground again, remembering that when
atropine has been used, 1t 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. Therefore
we add —-5 D. for what is called the tone of the
ciliary muscle.

Having found then that our patient’s myopia
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amounts to —3'5 D. we give folders of that focus for
distance. He will also require a weaker pair of
spectacles for reading or music —1'5 D. will answer
this purpose well. These glasses would remove his far
point to 50 em. (3'5—1'5=2 D. 100+-2 D.=50 cm).
Probably, after a time, if the myopia is not pro-
gressive, the patient may be allowed his full correction
to be worn constantly. In addition to ordering
spectacles we give him also some very important
general directions; he must always hold his book or
work 35 cm. away, bring the work to his eyes, and
not his eyes to the work, his 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 3.—A gentleman, @&t. 60, 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 vision, 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 3 D., and we add on to this +1 D. for
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 + 35 D., telling him that he will require them
changed for slightly stronger ones in about five years.
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Case 4 is that of a young girl, «et. 12, who 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 light. Hence we
suspect paralysis of the accommodation. We test her
acuteness of vision, and she sees ¢ with each eye.
We try convex glasses 5 D., and she still reads £, but
1 D. she rejects. Our diagnosis is therefore con-
firmed. We next find the weakest glass with which
she 1s able to read, weakest because we are anxious to
encourage the ciliary musele 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 saw that there was some accommo-
dation left, enough at least to correct this, otherwise
she could not have read £ without +°5. She was
given a tonic containing iron and strychnine.

Case 5.—A young woman, @t. 20, has never seen
well, 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 nose 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 somewhat
improved ; with +1:5 D. it is made worse. Still
armed with +1 D. we direct the patient to look at the
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fan of radiating lines (Fig. 70). She sees plainly the
horizontal lines, whilst all the others are more or less
indistinct, the vertical line most so; still looking at
the horizontal line, we alternately hold in front
of +1 D.,, +-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 +1 D., then +2
D.; and 1t becomes clearer with 43 D.; a stronger
glass than this renders it slightly indistinct. It is
evident, therefore, that her horizontal meridian is
hypermetropic +3 D. We put up the correction
found, +°75 D. sp., +2:25 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 +3 D. for the vertical, and
+5 D. for the horizontal meridians. On trying this
correction, however, the vision i1s 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 seems indistinct, and having thus far no data to go
upon, we, instead of wasting time, at once pass on to
retinoscopy. We get oblique shadows, the horizontal
moving with the mirror and the vertical against it;
here then i1s a case of mixed astigmatism. We find
out that —2 D. is the weakest concave glass, with
which we get a reversed shadow horizontally, and
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+ 3 D. the strongest convex with which an opposite
shadow is still obtained in the vertical meridian, the
degree of obliquity being about 25°. This result we
note down as—

25°,

,\': +3D.
¥ / ~2D.
We, therefore, place in a spectacle frame +3 D.
spherical combined with —5 D. cylinder, axis deviating
outwards from the vertical 25°. With this correction
the patient at once reads -%. We are not to be satis-
fied with this result, but give the patient a solution of
atropine grs. 4 to 3] with directions to come again in
four days. At the end of the time she returns, and
we find with retinoscopy—

o S +85 D.

R.—-E—+ 4:5 D. D S

The right eye with this correction reads £ and the
left also 8. 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 we found for the right eye the best
vision with 415 sp. = +2 D. cy. axis vertical &; the
left +3 D. spherical = —5 D. cylin. axis 20°from the
vertical gave §. These spectacles were therefore
ordered and the patient directed to wear them
constantly.

Case 6. Jane W—, =t. 30, presents herself com-
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plaining that the sight in her left eye has been
gradually dim for some months. She is a small,
healthy-looking woman, with nothing characteristic in
her appearance. We test the acuteness 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. overcorrects,
+1:5 D. being the highest glass with which we get
an opposite shadow. The vertical meridian appears
emmetropic. There is, therefore, no doubt that the
defective vision in this eye is due to astigmatism.
The patient complained that the examination had
made her eyes ache, so we do not proceed further, but
order a solution of hydrobromate of homatropine (2 gr.
to the 3j) to be used every two hours, and direct her

to come again on the following day. Then the result
with retinoscopy i1s—

R.+15D.
+'5D.
L.—|—+2 D.

We try this at the test type.

g o 018D, =5
Legg + 15 D. cy. axis.vert. °
The effect of the homatropine soon passes off on
discontinuing its use, and in a couple of days we
confirm the result.

13
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Finally we then find—
R.$+1D.=8.
L. 3% +1'5 cy. axis. vert.=§.
These spectacles are to be worn constantly. Other
cases are given at the conclusion of the chapter on
retinoseopy.

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 21 centi-
metres, a lens of 1-metre focus is called a dioptre, a
lens of 2 metres is 2 D., 10 metres 10 D., &c.

In the old system the lenses were numbered accord-
ing to their focal length in inches, a lens of 1-inch
focus being the unit; a lens of 2-inch focus was
expressed by the fraction §, one of 10-inch focus 1,
and so on. If we wish to find the number of a given
glass in dioptres, its corresponding number according
to the old system of inches, we have only to remember
that the unit 1 metre=40 English inches, so that a
olass of 1 D.=4; in the old system, 2 D.=2=.1- 5
D.=j;=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 inches. French inches. Centimetres.
‘25 160 146 400
50 80 73 200
‘75 52 a0 130

! Lol 40 36 100
1:25 31 29 77
1-50 26 24 65
1'75 22 21 &9
2. 20 18 20
225 17 16 43
2:50 16 15 40
275 14 13 35
3 13 12 33
350 11 10 27
4 10 9 25
450 9 8 22
o 8 7 20
550 vy 6% 17
6 64 6 16
i 6 2 15
8- 5 43 12}
9 4% 4 11

10- 4 a3k 10

11- 3% 3% 9

12- 33 3 ] 8

13 3 2% ; i

14- 2% 2% i 7

15 2% 24 63

16 23 2% 6

15 2% 2 ok

20 2 13 5

=
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TEST TYPES (AFTER JAEGER)

No. 1.—Brilliant.

For the three ensuwing days [ was in a =tate of anxiety to know what reception my letter might meet with; bat
in the meantime was frequently solicited by my wife to submit to any conditions rather than remain here, and
every hour received repeated accounts of the decline of my deughter's health., The third day and the fourth
arrived, bt T received no answer to my letter: the complaints of o stranger against a favourite nephew were no
way likely to succeed ; so that these hopes soon vanished like all my former. My mind, however, =till supported

05 No. 2.—Peayrl.

to comfort, to strengthen her, to receive her last wishes, and teach her soul the way to
heaven. Another account came—she was expiring, and yet I was debarred the small
comfort of weeping by her. My fellow-prisoner, some time after, came with the last
aceount. He bade me be patient—she was dead! The next morning he returned and found
me with my two little ones, now my only companions, who were using all their innocent

06 No. 4. —Minion.

efforts to comfort me. They intreated to read to me, and bade me not
to ery, for I was now too old fo weep. * And is not my sister an angel
now, papa?’ cried the eldest; “and why then are you sorry for her?
I wish I were an angel, out of this frightful place, if my papa were
with me.” *‘Yes,”’ added my youngest darling, * heaven, where my sister

No. 6.—Bourgeois.

1s,is a finer place than this, and there are none but good
people there, and the people here are very bad.” Mr Jenkinson
interrupted their harmless prattle by observing that, now my
daughter was no more, I should seriously think of the rest of
my family, and attempt to save my own life, which was every

No. 8.—8Small Pica.
day declining for want of necessaries and wholesome air.
He added that it was now incumbent on me to sacrifice
any pride or resentment of my own to the welfare of those
who depended on me for support; and that I was now,
both by reason and justice, obliged to try to reconcile my
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No. 10,—Piea.

landlord. ¢ Heaven be praised!” replied I,
‘““there 13 no pride left me now. I should
detest my own heart if I saw either pride or
resentment lurking there. On the contrary,
as my oppressor has been once my parishioner,

No. 12.—English.
I hope one day to present him up an unpol-
luted soul at the eternal tribunal. No, sir,
I have no resentment now ; and though he

has taken from me what I held dearer than
all my treasures, though he has wrung my

No. 14.—Great Prsmer.

heart—for I am sick almost to
fainting, very sick, my fellow-
prisoner—yet that shall never in-
spire me with vengeance. 1 am

No. 16.—2-line Great Primer.

the white light
from the paper
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INDEX

A

Accommodation, 25
produced by, 27
amplitude of, 30
absolute, 31, 163
relative, 31, 163
hinoenlar, 31
at different azes, 32
paralysis of, 154
spasm of, 155
Accommodative asthenopia, 94, 174
Acquired hypermetropia, 97
Acuteness of vision, 41
in hypermetropia, 92, 96
in myopia, 114
in asticmatism, 129
diminishes with age, 147
Aérial imave, 53
Alternating strabismus, 166
Amerropia, 20
Amplitude of accommodation, 30
of convergence, 36
Anderson, Dr Tempest, 144
Angle a, 33, 94, 157
v, 159
metrical, of convergence, 34
of dev la’r_.lln::-g 7
principa
VISMIPES
;iliisametrnp;a 22, 145
correction of, 145
Anterior foeal point, 19
Aphakia, 101
Asthenopia, 173
accommodative, 94, 174
muscular, 121, 176
reflex, 178
retinal veins in, 179
Astigmatism, 22
irregular, 123
recular, 125
simple hypermetropic, 126

compound hypermetropic, 126

simple myopic, 126
compound myopic, 126

Astigmatism, mixed, 127
principal meridians in, 151
symptoms of, 129
shape of dise in, 154

Astizmatic clock face, 133
fan, 135

Asymmetry of cornea, 122

:‘!.Lrup] ne, 44, 6a
in astigmatism, 132
in myopia, 120
in retinoscopy, 81
in hiypermetropia,

Axial hine, 93
hvpermetropia, 92
myopia, 106

B

Biconeave lenses, 15
Biconvex lenses, 10
Binocualar accommodation, 31
vision, 162
Brachymetropia, 104

C

Capsule of lens, 28
Cardinal points, 18
Cataract, 154
in myopia, 109, 114
Cases, retinnscopy, 52
others, 184

Centre of motion of the eye, 18

Charnley, Mr, 76
Choroid, thmllln-r of, in myopia, 108
Ciliary |1||L3LJI:.“I11 iction of, 27
in hypermetropia, 93
in myopia, 121
body, 27
Cohn, 97, 113
Compound hypermetropic astigmatism, 126
myopic astigmatism, 126
svstem, points of, 17
Concave lenses, 15
wirror, in retinoscopy, 65

14
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Concomitant squint, 165
Conjugate focus, 3, 10, 104
Conjunectiva, 95
Convergence, 32

metrical angle of, 34
Convergent strabismus, 159
Cone, 41
Convex lenses, 10
Cornea, image formed on, 26
Couper’s, ophthalmosecope, 54
Crescent, mi,fupic, 108
Crystalline lens, 27, 97
Cylindrical glasses, 135

D

Detachment of retina in myopia, 109
Deviation, angle of, 7

primary, 165

secondary, 165
Dioptrie system, 25
Diplopia, 33, 163
Dise, shape of, in astizcmatism, 154
Distant type, 42
Divergeut strabismus, 115, 167
Diverzence. appearance of, 33, 157
Donders, 91, 101,111, 174

E

Elasticity of capsule, 28
of lens, 27
diminution with age, 32
Elongation of eyeball in myopia, 106
Emmetropia, 20
Erect image, 5
Erigmann, 97, 112
izerine, 114, 155
Eye, 16

B

Face, asymmetry of, in astigmatism, 40
in hypermetropia, 40, 94
in mycpia, 40
Far point, see punctum remotum, 22, 98
Tocal length, 25
interval, 125
points, 18
Focus, conjurate, 3, 10
principal, 3, 5
Formation of images, by lenses, 12
by the eye, 19
Fundus, 108

G

Glaucoma, 82, 99, 153
Glasses, 181
biconcave, 8, 182

Glasses, biconvex, B, 182
cylindrical, 135
stenopaie, 123, 182
pantoscopie, 183
prismatic, 182
orthoscopic, 153
spherical, 24
tinted, 183

Goggles, 183

Graefe, 176

Granular lids, 95

H

Hereditary tendency in hypermetropia, 43

tendency in myopia, 112
Homeatropine, 52
Homonymous images, 61
Hypermetropia, 20

absolute, 91

relative, 91

facnltative, 92

original, 97

acquired, 97

manifest, 91

latent, 91

axial, 92

diagnosis of, 96, 100

estimation of, 56, 96, 100

amount of, 96

symptoms of, 94

treatment for, 98

spectacles for, 99

length of eyeball in, 93
Hypermetropic astigmatism, simple, 126

compound, 126

Images, formation of, 12
on cornea, 206
on lens, 26
virtual, 14
crossed, 61
homonymous, 61
in emmetropia, 47
in hypermetropia, 48
in myopia, 48
in astigmatism, 76
real, 13
projected, 53
Insufficiency of internalrecti, tests for, 176
Internal recti, 115
Interval of Sturm, 125
focal, 125
Inverted ophthalmoscopic images, 47
Inversion of images by lenses, 15
by the eye, 19
Iris in accommodation, 27
in hypermetropin, 94
Irregular astigmatism, 123
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J

Jaeger, test type, 45
Javal and Schiotz ophthalmometer, 139

K
Keratoscopy, 63

L

Lachrymal apparatus, 96
Landelt, 46, 169
Lengih, focal, 25
Lens, crystalline, 27, 97
Lenses, iconeave, 8
hiconvex, 8
converging, 8
diverging, 8
evlindrical, 135
spherical, 24
foel of, 10, 11
images formed by, 13, 14,15
decentred, 175, 178
conjuzate focus, 3
principal focns, 5
table for preshyopia, 150
influence of, ou the size of the
retinal image, 46
Light, arificial, 118, 173
Long sight, see presbyopia, 147

M

Macula, 41
Medium, refraction by, 6
Metrical angle, 3+
system of lenses, 24
Microphthalmos, 92
Mirror, econcave, for retinoscopy, 65, 72
plane, for retinoscopy, 86
reflection from a plane, 2
from a concave, 3
from a convex, 5
Mixed astigmatism, 127
Monocular vision in myopia, 115
Monolateral strabismus, 166
Movements of mirror in retinoscopy, 65
Muscz volitantes, 115
Muscle, ciliary, 27, 93, 121
iris, 27, 94
Museular asthenopia, 176
Myopia, 20, 104
axial, 106
causes of, 106, 111
diagnosis of, 116
estimation of degree; 57, 116
formation of image in, 53
length of eyeball in, 106
symptoms of, 114
treatment for, 117

Myopic astigmatism, 126
crescent, 108

N

Nagel on convergence, 34
Near point (punctum proximum), 22
Negative image, 5
Nerve optie in hypermetropia, 92
in myopia, 108
Nodal points, 18
Nordenson, statistica of, 140

O

Ohbjective examination, 40
Outies, Chap. 1
Optic disc in myopia, 108
nerve in hyperme ropia, 92
in myopia, 108
Optical centre, 9
Ophthalmological congress, 25
Ophthalmometer of Javal and Schiotz, 139
Ophibalmozcope, Couper’s, 54
direct examination, 51
indirect examination, 47
Optometer of Tweedy, 140
wire, 28
Original hypermetropia, 97
Orthoseopic lenses, 153

P

Paralysis of accommodation, 45, 154
treatment of, 155
Pantoscopic spectacles, 183
Perimeter, 169
Periodie strabismus, 166
Puint, anterior foeal, 19
Points, principal focal, 3, 5
cardinal, 18
nodal, 18
Position in myopia, 118
Posterior staphyloma, 106
Power, Mr, 112
Pray, test letters of, 132
Presbyopia, 22, 147
definition of, 148
symptoms of, 149
treatment of, 150
age at which it commences, 149
table for, 150
Principal angle, 8
focus, 3, &
Prisms, 7
to test convergence, 33
Prismatic spectaeles, 182
Protectors, 183
Punctum proximum, 22, 28
i preshyopia, 149
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Punctum proximum in hypermetropia, 90 |
in mvopia, 110 '
remotum, 22, 28
in hypermetropia, 89
in myopia, 105
Pupil in aceommodation, 27
in hypermetropia, 9k
in myopia, 114
Pupilloscopy, 6%

R

Ranee of aceommodation, 29 |
Reflection, 1
Refiex asthenopia, 178
Retraction, 6 |
by prisms, 7 : |
by lenszes, 9 |
by the eye, 17 {
diminution of, 152 |
estimation of, 41, 47 |
Resular astizmatism, 123
Relative accommaodation, 33,165 E
Remotum, punctum, 22, 28 |
in emmetropia, 28 '
in hypermetropia, 89
in myopia, 105
Reting, 16,19
Retinalimage, size of, in hypermetropia, 46
in myvopia, 46
Retinoscopy, 65
in hypermetropia, 69
in myopia, G2
in astigmatism, 76
mirror for, 72
rate of movement in, 70
obligue movements in, 78
cases, 52
Rods and cones, 41 |

S

Scheffler, 153 ]
Schemer, 28, 40, 60
Scotomata, 114
Secondary changes in myopia, 109
Shadows in retinoscopy, 66
snellen, 41, 116
Short sizht (myopia), 104
Spasm of accommodation, 155
treatment for, 156
Spectacles (see also glusses), 181
for hypermetropia, 98
for myopin, 119
for strabismus, 171
for presbyopia, 150
Simple hypermetropic astigmatism, 126
myopic astizmatizm, 126
Staphyloma, posterior, 106

Statistics in mvopia, 113
Stenopaic slit, 143
rlasses, 152
Storey, Dr, 86
Strabismometer, 169
Strabismus, convereent, 159
diverzent, 118, 167
apparent, 157
alternatine, 166
monolateral, 166
paralytie, 172
periodie, 166
Stwrm, interval of, 125
Surfaces, refracting, of the eye, 17
Symptoms of hvpermetropia, 94
myopia, 114
astigmatism, 129

T

| Table for preshyopia, 150

of inches snd doptres, Appendix
of length of axial line in hyperme-
tropia, 93
in mvopia, 107
of angles of convergence, 37
Test for aphaki, 102
letters, Pray's, 132
tvpes, Snellen, 41, 45
Juerer, 45
alij=cts, 132
clock-face, 130
fan, 133
Treatment of hepermetropia, 98
]Il]’D‘plm 117 E
preshyopia, 150
astigmati=m, 1535
strabamusz, 151
asthenopia, 180
Tweedy’s optometer, 140

u
Umbrascopy, G+

Vv

Virtual focus, 4

imazes, 2, 5, 14
Vision, acnteucss af, 41
Visual angle. 23
Yitreous, 109

¥,

Yellow spot, 41
Young, 116
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and its Development. S8ixth Edition, revised by the Author and
Jawmes Bavrer, F.R.C.8., Assistant-Surgeon to 8t. Bartholomew’s

Hospital. With 61 Lithographic Plates and 89 Engravings.
Royal 8vo, 16s.

ALEO,

Landmarks, Medical and Surgical. Third
Edition. 8vo, 3s. €d.

MORRIS—The Anatomy of the Joints of Man,

By Hewry Mogrris, M.A., F.R.C.8,, Burgeon to, and Lecturer on Ana-
tomy and Practical Surgery at, the Middlesex Hospital. With 44
Plates (19 Coloured) and Engravings. 8vo, 16s.

The Anatomical Remembrancer; or, Com-
plete Pocket Anatomist. Eighth Edition. 32mo, 3s. 6d.

WAGSTAFFE —The Student’s Guide to Human

Nateology. By Wu. Warwick Waastarre, F.R.C 8., late Assigtant-
Burgeon to, and Lecturer on Anatomy at, 8t. Thomas's Hospital.
‘With 23 Plates and 66 Engravings. Fecap. 8vo, 10s. 6d.

WILSON — BUCHANAN — CLARK.— Wilson’s

Anatomist’s Vade-Mecum : & Systemn of Human Anatomy. Tenth
Edition, by GrorcE BucHANAW, Professor of Clinical SBurgery in the
University of Glasgow, and Hexry E., Crarg, M.R.C.8., Lecturer on
Anatomy in the Glasgow Royal Infirmary School of Medicine. With
450 Engravings, including 26 Coloured Plates. Crown Svo, 18s,
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BOTANY.

BENTLEY.—A Manual of Botany. By Robert
Bextiey, F.L.B., M.R.C.8., Professor of Botany in King’s College
and to the Pharmaceutical Society. With 1185 Engravings. Fourth
Edition. Crown Svo, 158,

By the same Author.
The Student’s Guide to Structural,

Morphological, and Physiological Botany. With 660 Engravings.
Feap. 8vo, 7s. 6d.

BENTLEY AND TRIMEN.—Medicinal Plants:

being descriptions, with originzl Figures, of the Principal Plantas
employed in Medicine, and an account of their Properties and Uses.
By Roeeer BextreEy, F.L.8., and Hewxsy Tmiuer, M.B,, F.L.B,
In 4 Vols.,, large 8vo, with 306 Coloured Plates, bound in balf
moroces, gilt edges, £11 11s.

CHEMISTRY.

BERNAYS.—Notes for Students in Chemistry;

being a Syllabus of Chemistry compiled mainly from the Manuals of
Fownes-Watts, Miller, Wurz, and Schorlemmer. By AveerrJ. BERNATS,
Ph.D., Professor of Chemistry at 8t. Thomas's Hospital. Bixth
Edition. Feap. Bvo, 3s. 64,

By the same Author.

Skeleton Notes on Analytical Chemistry,
for Students in Medicine. Feap. 8vo, 2&. 6d.

BLOXAM.—Chemistry, Inorganic and Organic;
with Experiments. By CranrLeEs L. Broxawy, Professor of Chemistry in
King’s College. Fifth Edition. With nearly 300 Engravings. 8vo, 16s.

By the same Author.

Laboratory Teaching; or, Progressive
Exercises in Practical Chemistry. Fourth Edition. With 83
Engravings, Crown 8vo, 53. 6d.
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CHEMISTRY —continued.
BOWMAN AND BLOXAM.—Practical Chemistry,

including Analysis. By Jorx E. Bowuax, formerly Professor of
FPractical Chemistry in King's College, and CmarLeEs L. Broxawm,
Professor of Chemistry in King's College. With 98 Engravings.
Seventh Edition. Feap. 8vo, 6s. 6d.

BROWN.—Practical Chemistry: Analytical

Tables and Exercises for Students. By J. CampeerL Broww, D Sc.
Lond., Professor of Chemistry in University College, Liverpool.
Second Edition. B8vo, 23, 6d.

CLOWES—Practical Chemistry and Qualita-

tive Imorganic Analysis. An Elementary Treatise, specially adapted for
use in the Laboratories of Schools and Colleres, and by Beginners.
By Fraxk Crowes, D.Sc., Professor of Chemistry in University College,
Nottingham. Third Edition. With 47 Engravings. FPost 8vo, 7s. 6d.

FOWNES—Manual of Chemistry.—See WATTS.
LUFF.—An Introduction to the Study of Che-

mistry. Specially designed for Medical and Pharmaceutical Students.
By A, P. Lurr, FI1.C.,, F.C.8,, Lecturer on Chemistry in the Central
School of Chemistry and Pharmacy. Crown 8vo, 2s. 6d.

TiDY.—A Handbook of Modern Chemistry,

Inorganic and Organic. By C. Mevumorr Tioy, M.B., Professor of
Chemistry and Medical Jurisprudence at the London Hospital, Svo, 16s.

VACHER.—A Primer of Chemistry, including

Analysis. By ArtHUR VACHER. 18mo, 18.

VALENTIN.—Introduction to Inorganic Chem-

istry. By WiLniam G. VaiLexTiv, F.C.8. Third Edition. With 82
Bogravings, 8vo, 6s. 6d.

By the same Author.

Chemical Tables for the Lecture-room and
Laboratory. In Five large Sheets, bz. 6d.
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CHEMISTRY —confinued.

VALENTIN AND HODGKINSON.—A Course of

Qnualitative Chemical Analysis. By W. G Vacexrmiy, F.C.8. Fifth
Edition by W. R. Hopckixsox, Ph.D. [Wiirzburg), Demonstrator
of Practical Chemistry in the Scienee Training BSehools. With
Engravings. 8vo,7s. 8d.

WATTS—Physicai and Inorganic Chemistry.

By Hexry Warrs, B.A., F.R.8. (being Vol. 1. of the Thirteenth Edition
of Fownes’ Manual of Chemistry). With 150 Wood Engravings, and
Coloured Plate of Spectra. Crown 8vo, 9s.

By the same Author.

Chemistry of Carbon -Coempounds, or

Organic Chemistry (being Vol. II. of the Twelfth Edition of
Fownes' Manual of Chemistry). With Engravings. Crown 8vo, 10s.

CHILDREN, DISEASES OF.

DAY.—A Treatise on the Diseases of Children.

For Practitioners and Students. By WiLLiay H. Day, M.D., Physician
to the Samaritan Hospital for Women and Children. Crown Evg,
12s. 64.

FELLIS—A Practical Manual of the Diseases

of Children. By Enwarp Ervis, M.D., late Senior Physician to the
Victoria Hospital for Bick Children. With a Formulary. Fourth
Edition. Crown 8Svo, 10s.

SMITH. — Clinical Studies of Disease in
Children, By Evatace Swita, M.D., F.R.C.P., Physician to H M. the

King of the Belgians, and to the East London Hospital for Children.
Second Edition. Post 8vo. [In preparation.

By the same Author.

On the Wasting Diseases of Infants and
Children. Fourth Edition. Post 8va. [ Nearly ready.

STEINER.—Compendium of Children’s Dis-

eases; a Handbook for Practitioners and Students. By Jomaxw
Breiver, M.D. Translated by Lawsox Tair, F.R.C.8., SBurgeon to the
Birmingham Hospital for Women, &e. Svo, 12s. 6d.
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DENTISTRY.

SEWILL.—The Student’s Guide to Dental

Anatomy and Surgery. By Hexzy E. Bepwiur, M\R.C.8.,, LD.B,, late
Dental Surgeon to the West Londom Hospital. Second Editiom.
With 78 Engravings, Feap. 8vo, 5s. 6d.

STOCKEN.—Elements of Dental Materia Medica

and Therapeutics, with Pharmacopeia. By J axzs Stocxey, L.D.B.R.C.B.,
late Lecturer on Dental Materia Medica and Therapeuties and Dental
Surgeon to the National Dental Hospital, assisted by Taoxas Gapbes,
L.D.8. Eng. and Edin. Third Edition. ¥eap. Svo, 7s. 6d.

TAFT.—A - Practical Treatise on Operative

Dentistry. ByJowarsax Tarr, D.D.8., Professor of Operative Burgery
in the Ohio College of Dental Surgery. Third Edition. With 184

Engravings, 8vo, 18s.

TOMES (C. 8.).—Manual of Dental Anatomy,

Human and Comparative. By Cmasues 8. Tours, M.A,, F.R.E.
Second Edition. With 191 Engravings. Crown Svo, 12s. 6d.

TOMES (J. and C. 8.)—A Manual of Dental
Surgery. By Jomw Toumes, M.R.C.8., F.R.8., and CearLes B. Touss,
M.A,MRCS, F.RS.; Lecturer on Anatomy and Physiology at the
Dental Hospital of London. Second Edition. With 262 Eangravings.
Feap. Svo, 14s.

EAR, DISEASES OF.

BURNETT.—The Ear: its Anatomy, Physio-
logy, and Diseases. A Practical Treatise for the Use of Medieal
Students and Practitioners. By Cmazizs H. Buzxerr, M.D., Aural
Surgeon to the Presbyterian Hospital, Philadelphia. With 87 Engrav-
ings. Bvo, 18s.

DALBY.—On Diseases and Injuries of the Ear.

By Wistiam B. Davey, F.R.C.8., Aural Surgeon to, and Lecturer on
Aural Surgery at, St. George’s Hospital. BSecond Edition. With
Engravings. Feap. 8vo, 62 6d.

o
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EAR, DISEASES OF— continued.

JONES.—A Practical Treatise on Aural Sur-

gery. By H. MacwavanToxy Jowes, M.D., Professor of the Queen’s
University in Ireland, late Surgeon to the Cork Ophthalmic and Aural
Hospital. Second Edition. With 63 Engravings. Crown Svo, 8s. 6d.

By the same Author.

Atlas of the Diseases of the Membrana

Tympani. In Coloured Plates, containing 59 Figures. With Ex-
planatory Text. Crown 4to, 21s.

FORENSIC MEDICINE.
OGSTON.—Lectures on Medical Jurisprudence.

By Frawcis Ocstow, M.D., late Professor of Medical Jurisprudence
and Medieal Logic in the University of Aberdeen. Edited by Fraxcis
Ogstox, Jun., M.D., late Lecturer on Practical Toxicology in the
University of Aberdeen. With 12 Plates. Svo, 18s.

TAYLOR.—The Principles and Practice of

Medical Jurisprudence. By Avrrep 8. Tavior, M.D., F.R.8.
Third Edition, revised by Tromas Strevexsox, M.D., F.R.C.P., Lec-
turer on Chemistry and Medical Jurisprudence at Guy’s Hospital ;
- Examiner in Chemistry at the Royal College of Physicians; Official
Analyst to the Home Office. With 188 Engravings. 2 Vols. Svo, 31s. 6d.

By the same Author.

A Manual of Medical Jurisprudence.
Tenth Edition, With 55 Engravings. Crown 8vo, 14s.
ALSO,

On Poisons, in relation to Medical Juris-

prudence and Medicine, Third Edition. With 104 Engravings.
Crown Svo, 16s.

TIDY AND WOODMAN.—A Handy-Book of

Forensic Medicine and Toxicology. By C. Mevmort Tioy, M.B. ; and
W. BaraursT Woopmaw, M.D., F.R.C.P. With 8 Lithographic Plates
and 116 Wood Engravings., Svo, 31s. 6d.

. i W—
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HYGIENE.

PARKES—A Manual of Practical Hygiene.

By Epmouxp A. Parkes, M.D., F.R.8, S8ixth Edition by F. DE CHAUMONT,
M.D., F.R.8., Professor of Military Hygiene in the Army Medical
Bchool. With 9 Plates and 103 Engravings. 8vo, 18s.

WILSON.—A Handbook of Hygiene and Sani-

tary Science. By Groree WiLsox, M.A., M.D., Medical Officer of
Health for Mid Warwickshire, Fifth Edition. With Engravings.
Crown 8vo. [ Nearly ready.

MATERIA MEDICA AND THERAPEUTICS.

BINZ AND SPARKS.—The Elements of Thera-

peutics: a Clinical Guide to the Action of Medicines. By C.
Binz, M.D., Professor of Pharmacology in the University of Bonn.
Translated and Edited with Additions, in conformity with the British
and American Pharmacopceias, by Epwarp I. Seramks, M.A.,, M.B,,
F.R.C.P.Lond. Crown 8vo, 8s. 6d.

OWEN.—A Manual of Materia Medica; in-

corporating the Author’s ** Tables of Materia Medica.” By IsaMBARD
Owex, M.ID., Lecturer on Maferia Medica and Therapeutics to 8t.
George’s Hospital. Crown 8vo, 6s.

ROYLE AND HARLEY.—A Manual of Materia

Medica and Therapeutics, By J. Forees Rovire, M.D., F.R.8., and Jorx
Harrey, M.D., F.R.C.P., Physician to, and Joint Lecturer on Clinical
Medicine at, 8t. Thomas’s Hospital. Sixth Edition. With 13% Engrav-
ings. Crown Bvo, 15s.

THOROWGOOD. — The Student’s Guide to

Materia Medica and Therapeutics. By Jomy C. Taorowcoon, M.D.,
F.R.C.P., Lecturer on Materia Medica at the Middlesex Hospital.
Becond Edition. With Engravings. Feap. 8vo, T8,

WARING—A Manual of Practical Therapeu-

tics. By Epwarn J. Waring, C.LE.,, M.D,, F.R.C.P. Third Edition.
Feap. Bvo, 12s. 6d.
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MEDICINE.

BARCLAY.—A Manual of Medical Diagnosis.
By A, WryTte Barcray, M.D., F.R.C.P.,, late Physician to, and
Lecturer on Medicine at, 8t. George’s Hospital. Third Edition. Feap.
8vo, 10s, 6d.

CHARTERIS.—The Student’'s Guide to the

Practice of Medicine. By Matruew CEArTERIS, M.D., Professor of
Materia Medica, University of Glasgow ; Physician to the Royal Infirm-
ary. With Engravings on Copper and Wood. Third Edition. Feap.
Bvo, 78,

FENWICK.—The Student’s Guide to Medical

Diagnosis. By Sawmver Fexwick, M.D., F.R.C.P., Physician to the
London Hospital. Fifth Edition. With 111 Engravings. Feap. 8vo, 7s.

By the same Author.
The Student’s QOutlines of Medical Treat-

ment. Becond Edition. Feap. 8vo, 7a.

FLINT.—Clinical Medicine : a Systematic Trea-
tise on the Diagnosis and Treatment of Disease. By Auvstixy Frixr,
M.D., Professor of the Principles and Practice of Medicine, &c., in
Bellevue Hospital Medical College. 8vo, 20s.

HALL.—Synopsis of the Diseases of the Larynx,
Lungs, and Heart : comprising Dr. Edwards’ Tables on the Examina-
tion of the Chest. With Alterations and Additions. By F. De
Havirrayxp Hawn, M.D., F.R.CP., Assistant-FPhysician to the West-
minster Hospital., Royal 8vo, 2s. 6d.

SANSOM.—Manual of the Physical Diagnosis

of Diseases of the Heart, including the use of the Bphygmograph
and Cardiograph. By A. E. 8axsom, M.D., F.R.C.P., Assistant-
FPhysician to the London Hospital. Third Edition. With 47 Woodcuts.
Feap. 8vo, Ts. 6d.

WARNER.—Student’s Guide to Medical Case-
Taking. By Frawcrs Warxer, M.D., F.R.C.P., Assistant-Physician
to the London Hospital. Feap. 8vo, 5s.

WEST.—How to Examine the Chest: being a

Practical Guide for the Use of Students. By Samver West, M.D.,
M.R.C.P., Physician to the City of London Hospital for Diseases of
the Chest, &ec. With 42 Engravings. Feap. 8vo, bs.
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MEDICINE—continued.

WHITTAKER —Students’ Primer on the Urine.

By J. Teavies WaITTAKER, M.D,, Clinical Demonstrator at the Royal
Infirmary, Glasgow. With Illustrations, and 16 Plates etched on
Copper. Post 8vo, 4s. 6d.

MIDWIFERY.

BARNES —Lectures on Obstetric Operations,
including the Treatment of Hemorrhage, and forming a Guide to the
Management of Difficult Labour. By Rosert Barxes, M.D., F.R.C.F.,
Obstetric Physician to, and Leeturer on Diseases of Women, &c., at, St.
George’s Hospital, Third Edition. With 124 Engravings. &vo, 188,

CLAY.—The Complete Handbook of Obstetric

Surgery; or, Short Rules of Practice in every Emergency, from the
Simplest to the most formidable Operations connected with the Science
of Obstetricy. By Cuarres Cray, M.D., late Senior Surgeon to, and
Lecturer on Midwifery at, St. Mary's Hospital, Manchester. Third
Edition, With 91 Engravings, Feap. 8vo, 6a. 6d.

RAMSBOTHAM.—The Principles and Practice

of Obstetric Medicine and Surgery. By Frawcis H. Ramspornay, M.D.,
formerly Chstetric Physician to the London Hospital. Fifth Edition,
With 120 Plates, forming one thick handsome volume. 8vo, 22s.

REYNOLDS.—Notes on Midwifery: specially

designed to assist the Student in preparing for Examination. By J. J.
Revworps, L.LR.C.P., M.R.C.8. Feap. 8vo, 4s.

ROBERTS.—The Student’s Guide to the Practice

of Midwifery. By D. Luovp Roeerts, M.D., F.R.C.P., Physician to
8t. Mary’s Hospital, Manchester. Third Edition. With Engravings.
Feap. 8vo. [In the Fress.

SCHROEDER.—A Manual of Midwifery ; includ-

ing the Pathology of Pregnancy and the Puerperal State. By Karwn
ScaroepER, M.D., Professor of Midwifery in the University of Erlangen.
Translated by Caarces H. CarTer, M.D. With Engravings. 8vo,
12s. 6d.
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MIDWIFERY —continued.

SWAYNE.—Obstetric Aphorisms for the Use of

Students commencing Midwifery Practice. By Josepn G. BWAYNE,
M.D., Lecturer on Midwifery at the Bristol School of Medicine. Seventh
Edition. With Engravings. Feap. 8vo, 3s. 6d.

MICROSCOPY.

CARPENTER—The Microscope and its Revela-

tions. By WiLLiam B, CareexTEr, C.B., M.D., F.R.8. Sixth Edition.
With 26 Plates, a Coloured Frontispiece, and more than 500 Engravings.
Crown 8vo, 16s.

MARSH.—Microscopical Section-Cutting: a

Practical Guide to the Preparation and Mounting of Sections for the
Microscope, special prominence being given to the subject of Animal
Bections. By Dr. SvivesrEr Marsa. Second Edition. With 17
Engravings. Feap. 8vo, 3s. 6d.

MARTIN.—A Manual of Microscopic Mounting.

By Jouxy H. MarTin, Member of the Bociety of Public Analysts, &e.
Second Edition. With several Plates and 144 Engravings. Svo, 7s. 6d.

OPHTHALMOLOGY.

DAGUENET.—A Manual of Ophthalmoscopy

for the Use of Students. By Dr. Daeueser. Translated by C. 8.
JEAFFRESON, Surgeon to the Newcastle-on-Tyne Eye Infirmary. With
Engravings. Feap. 8vo, 53.

HIGGENS—Hints on Ophthalmic Out-Patient

Practice. By CuarreEs Hiceexs, F.R.C.8,, Ophthalmic Surgeon to,
and Lecturer on Ophthalmology at, Guy's Hospital, Seeond Edition.
Fﬂﬂp. E?ﬂ, BEI

JONES—A Manual of the Principles and

Practice of Ophthalmic Medicine and Surgery. By T. WHaRTON JONES,
F.R.C.8., F.R.8., late Ophthalmic Surgeon and Professor of Ophthalmo-
logy to University College Hospital. Third Edition. With 9 Coloured
Flates and 173 Engravings. Feap. 8vo, 12s, 6d.
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OPHTHALMOLOGY —continued,
MACNAMARA —A Manual of the Diseases of

the Eye. By CoarvLes Macvamara, F.R.C.8., SBurgeon to, and Lecturer
on Surgery at, Westminster Hospital, Fourth Edition, With 4 Coloured
Plates and 66 Engravings. Feap. 8vo, 10s. 6d.

NETTLESHIP.—The Student’s Guide to Diseases

of the Eye. By Epwarp Nerriesarr, F.R.C.8., Ophthalmic Surgeon
to, and Lecturer on Ophthalmic Surgery at, 5t. Thomas’s Hospital.
Second Edition. 'With 187 Engravings, and a Set of Coloured Papers
llustrating Colour-blindness. Feap. 8vo, 7s. 6d.

WOLFE.—On Diseases and Injuries of the Eye:

a Course of Systematic and Clinical Lectures to Students and Mediecal
Practitioners. By J. R. Wovrg, M.D., F.R.C.8.E., Benior Surgeon to
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine
and Surgery in Anderson’s College. With 10 Coloured Plates, and 120
Wood Engravings, 8vo.

— i

PATHOLOGY.

JONES AND SIEVEKING.—A Manual of Patho-

logical Anatomy. By C. Hawprierp Joxes, M.B., F.R.8., and EowArD
H. Bievegixg, M.D., F.R.C.P. Second Edition. Edited, with consider-
able enlargement, by J. F. Payxe, M.B., Assistant-Physician and
Lecturer on General Pathology at 8t. Thomas's Hospital. With 185
Engravings. Crown Svo, 16s.

LIANCEREAUX.—Atlas of Pathological Ana-

tomy. By Dr. Laxcereavx, Translated by W. 8. GreexrFierLp, M.D.,
Professor of Pathology in the University of Edinburgh. With
70 Coloured Plates. Imperial 8vo, £5 bs.

VIRCHOW. — Post-Mortem Examinations: a

Description and Explanation of the Method of Performing them,
with especial reference to Medico-Legal FPracticee By Professor
Ruporrr Vikcwow, Berlin Charité Hospital. Translated by Dr. T. B.
SmiTH. Second Edition, with 4 Plates, Feap. 8vo, 3s. 6d.

WILKS AND MOXON.—Lectures on Pathologi-

cal Anatomy. By Sawver Witks, M.D., F.R.B., Physician to, and late
Lecturer on Medicine at, Guy’s Hospital ; and Warrer Moxox, M.D.,
F.R.C.P., Physician to, and Lecturer on the Practice of Medicine at,
Guy’s Hoepital. Becond Edition. With 7 Bteel Plates. Bvo, 18s.
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PSYCHOLOGY.

BUCKNILL AND TUKE.—A Manual of Psycho-
logical Medicine: containing the Lunacy Laws, Nosology, Atiology,
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity,
with an Appendix of Cases. By Jomx C. Buekwsmn, M.D., F.RS,,
and D. Hack Tukg, M.D., F.R.C.P. Fourth Edition, with 12 Flates
(80 Figures). 8vo, 25s.

CLOUSTON, — Clinical Lectures on Mental

Diseases. By Tuouas 8. CLovstox, M,D., Lecturer on Mental Diseases
in the University of Edinburgh. With Coloured Plates. Crown 8vo.
[ Nearly ready.

PHYSIOLOGY.

CARPENTER.—Principles of Human Physio-
logy. By WirLiax B. CarrextER, C.B,, ML.D., F.R.8. Ninth Edition.
Edited by Henry Power, M.B.,, F.R.C.8. With 3 Steel Plates and
377 Wood Engravings. 8vo, 3ls. 6d.

DALTON.—A Treatise on Human Physiology :

. designed for the use of Students and Practitioners of Medicine. By
Joux C. Danrox, M.D., Professor of Physiology and Hygiene in the
College of Physicians and Surgeons, New York. Seventh Edition. With
252 Engravings, Royal 8vo, 20s.

FREY.—The Histology and Histo-Chemistry of

Man. A Treatise on the Elements of Composition and Structure of the
Human Body. By Hemxrice Frey, Professor of Medicine in Zurich.
Translated by Arrour E. Barkesr, Assistant-Surgeon to the Uni-
versity College Hospital. With 608 Engavings. 8vo, 21s.

SANDERSON.—Handbook for the Physiological

Laboratory : containing an Exposition of the fundamental facts of the
Science, with explicit Directions for their demonstration. By J. Borpox
Sawprrsox, M.D., F.H.8.; E. Kveix, M.D., F.R.8.; MicaarL Foarrr,
M.D., F.R.B.; and T. LavpEr Bruxton, M.D,, F.R.8. 2 Vols,, with
123 Plates. 8vo, 24s.

SURGERY.

BRYANT. — A Manual for the Practice of
Surgery. By THomas Bryawt, F.R.C.8., Surgeon to, and Lecturer on
Surgery at, Guy’s Hospital. Third Edition. With 672 Engravings
(nearly all original, many being coloured). 2 vols. Crown 8vo, 28s.
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SURGERY —continued.

BELLAMY.—The Student’s Guide to Surgical

Anatomy ; a Deseriplion of the more important Burgical Regions of
the Human Body, and an Introduction to Operative Burgery. By
Epwarp Berraxy, F.R.C.8,, and Member of the Board of Examiners ;
Surgeon to, and Lecturer on Amnatoray at, Charing Cross Hospital.
Becond Edition. With 76 Engravings. Feap. Bvo, 7s.

CLARK AND WAGSTAFFE. — Outlines of

Burgery and Burgical Pathology. By F.Le Gros Craiex, F.R.CB,,
F.R 8., Consulting Surgeon to 8t. Thomas's Hospital. BSecond
Edition. Revised and expanded by the Author, assisted by W. W.
WaasTarFe, F.R.C.8., Assistant-Surgeon to Bt. Thomas’s Hospital.
8vo, 108, 6d.

DRUITT. — The Surgeon’s Vade-Mecum; a

Manual of Modern Surgery. By RoeerT Druitr, F.R.C.B. Eleventh
Edition. With 369 Engravings. Fcap. 8vo, 14s.

FERGUSSON.—A System of Practical Surgery.

By 8ir WiLLiam Fercusson, Bart.,, F.R.C.8,, F.R.8,, late SBurgeon and
Professor of Clinical Surgery to King’s College Hospital. With 463
Enpravings. Fifth Edition. 8vo, 21s.

HEATH.—A Manual of Minor Surgery and

Bandaging, for the use of House-Burgeons, Dressers, and Junior Practi-
tioners. By Curisrornek Hearn, F.R.C.8., Holme Professor of Clinical
Surgery in University College and Burgeon to the Hospital. Beventh
Edition. With 129 Engravings. Feap. 8vo, 6s.

By the same Author.

A Course of Operative Surgery: with
Twenty Plates drawn from Nature by M. LeveiLLE, and Coloured
by hand under his direction. Large 8vo, 40s.

ALS0,

The Student’s Guide to Surgical Diag-
nosis. Second Edition. Feap. 8vo, 6. 6d.

MAUNDER.—Operative Surgery. By Charles
F. MaunpEs, F.R.C.8,, late SBurgeon to, and Lecturer on Surgery at,
the London Hospital. Second Edition, With 164 Engravings. Fost
8vo, Bs.
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