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2 THE OPHTHALMOSCOPE

A ray of hght meeting with a body may be absorbed ;
reflected ; or 1f 1t 1s able to pass through this bedy, it
may be refracted.

Reflection
Reflection by a Plane Surface
leflection takes place from any polished surface,
and according to two laws:

Ist. The angle of reflection is equal to the angle of
incidence.

2nd. The reflected and incident rays are both in
the same plane, which is perpendicular to the reflect-

ing surface.

Fia. 1.

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

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

Thus in Fig. 2 the image of the candle ¢ is formed

behind the mirror m, at ¢/, a distance behind the
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mirror equal to the distance of the candle in front of
st and an observer’s eye placed at ® would receive
yh& - o

the rays from ¢ as if they came from c".

Fia. 2.

at. The mirror. c. The candle. ¢'. The virtual image of the candle.
E. The eye of the observer receiving rays from mirror.
The image of the candle so formed by a plane

mirror 1s called a virtual tmage.

eflection by a Concave ,.rm',l".f;r'n
Reflection by a Concave Sur

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 mrror are
reflected as convergent rays, which meet on the axis
at a point (v, Fig. 3) called the prinecipal focus, about
equally distant from the mirror and its centre ¢. The
distance of the principal focus from the mirror is
called the focal length of the mirror.
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If the luminous point be situated at F, 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 (c), the rays: return along the same lines, so
that the point is its own image.

[f the point be at A the focus will be at a, and it

F1a. 3.

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.

If the Iuminous point is beyond the centre, its
conjugate focus 1s between the principal focus and the
centre,

If the luminous point 1s between the prineipal
focus and the centre, then its conjugate 1s beyond
the centre; so that the nearer the luminous point
approaches the principal focus, the greater i1s the
distance at which the reflected rays meet.

[f the point be nearer the mirror than (r) the prin-
cipal focus, the rays will be reflected as divergent,
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and will therefore never meet; 1f, however, we con-
tinue these diverging rays backwards, they will unite

at a point (1) behind the mirror; this point is called

Fig, 4.

the virtual focus, and an observer situated in the path
of reflected rays will receive them as if they came
from this point.

Thus 1t follows that—

Concave mirrors praduce two kinds of images or
none at all, according to the distance of the object, as
may be seen by looking at oneselt 1n a concave mirror.
[t the mirror be placed nearer than its prineipal focus,
then one sees an enlarged erect virtual image, which
imereases slightly in size as the mirror i1s made to
recede ; this image becomes confused and disappears
as the principal focus of the mirror is reached ; on
moving the mirror. still further away (that is, beyond
1ts focus) one obtains an enlarged inverted mage,
which diminishes as the mirror 1s still further

withdrawn,
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fi’r"_.ffr'i'f."rai.r IJH a Convex J“‘:Ha:f'ur':-

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

Foel of convex mirrors are virtual ; and the image,
whatever the position of the object, is always virtual,

erect, and smaller than the object.

F1a. 5.

The radius of the mirror 1s double the }11‘ill[:i]r;1] focus.

Refraction
Refraction by a Plane Surface

A ray of light passing through a transparent
medinum into another of a different density 1s refracted,
unless the ray fall perpendicular to the surface
separating the two media, when it continues its course

without undergoing any refraction (I1g. 6, H X).
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]

A ray is called incident before passing into the
second medium, emergent after 1t has penetrated 1t.

A ray passing from a rarer to a denser medinm 1is
refracted towards the perpendicular ; as shown in Fig.
6, the ray A Bis refracted at B, towards the perpen-
dicular p »p.

In passing from the denser to the rarer medium the
ray 1s refracted from the perpendicular, 8 v 1s refracted
at ¢ from p » (Fig. 6).

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

F1a. 6.

The amount of refraction is the same for any medium
at the same obliquity, and is called the index of
refraction ; air is taken as the standard, and is called
L; the index of refraction of water is 13, that of glass
1'5. The diamond has almost the highest refractive
power of any transparent substance, and has an index
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of refraction of 2'4. The cornea has an index of

refraction of 1'3 and the lens 1-4.

The refractive power of a transparent substance is
not always in ]n‘upmtmn to its density.

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

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

Therefore every ray falling on a prism must under-
go refraction, and the deviation i1s always towards
the base of the prism.

The relative direction of the rays i1s unaltered

(Fig. 7).

Fiag. 7. Fia. 8.

[f p m (Fig. 8) be a ray falling on a prism (A B ¢) at
M, it 18 bent towards the base of the prism, assuming
the direction M N ; on emergence it 13 again bent at n ;
an observer placed at 8 would receive the ray asif it
came from k ; the angle x n n, formed by the two lines
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at m, is called the angle of deviation, and is about half
the size of the principal angle formed at A by the two

sides of the prism.

.r"fr'_.l"j"{'rf'h'ru.!. I'T;‘rj,r il .t_\r)_rurfr'r:r:'r.ff :'ﬁ'.'u:,u"‘-f_.r:_'r!

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

[f parallel rays, k, 0, , fall on A B, a spherical sur-
tace separating the media @ and ~, of which ~ 1s the
denser; ray v, which strikes the surface of A B at right
angles, passes through without refraction, and is called
the principal axis; ray x will strike the surface at an

Fia. 9.

angle, and will therefore be refracted towards the
perpendicular ¢ j, meeting the ray p at ¥ ; ray E will be
refracted in the same way, likewise all rays parallel
n medium M. ‘The point r where these ravs meet is
the principal focus, and the distance between the
principal focus and the curved surface is spoken of

as the principul focal distance.
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Rays proceeding from r will be parallel in m after
passing through the refracting surface. Rays parallel

m medium N will focus at ¥, which 1s called the

2y
antervor focus.

Had the rays in medium m been more or less diver-
gent, they would focus on the principal axis at a
greater distance than the principal focus, say at 1, and
conversely rays coming from #m would focus at G;
these two points are then conjugate foct.

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

If rays proceed from a point o, nearer the surface
than its principal focus, they will still be divergent

after passing through A B, though less so than before,

Fia. 10.

and will therefore never meet; by continuing these
rayvs backwards they will meet at 1, so that the conju-
:,1':1‘.“- focus of o will be at 1, on the same side as the
‘i'.m-u.«:; and the conjugate focus will in this case be

ﬁ]nn]wn of as negative.
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Refraction by Lenses

Refraction by lenses 1s somewhat more complicated.

A lens is an optical contrivance usually made of

olass, and consists of a refracting medium with two
Fig. 11.

opposite surfaces, one or both of which may be
seements of a sphere; they are therefore called
spherical lenses, of which there are six varieties:

. Plano-convex, the segments of one sphere (Fig.

L

2. Biconvex, segments of two spheres (Fig. 11, ).
3.- Converging concavo-convex, also called a con-
Verging meniscus.

4. Plano-concave.

Biconcave.

6. Diverging concavo-convex, called also a diverg-
INg meniscus,

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

A ray passing from a less refracting medium (as
air) through a lens, 1s deviated towards the thickest
part, therefore the first three lenses, which are
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thickest at the centre, are called converqing ; and the.

others, which are thickest at the borders, diverging.
F1a. 12,

| =2 b 4 0 b

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

All other rays undergo more or less refraction.

lays passing through the optical centre of a lens,
but not through the principal axis, suffer slight de-
viation, but emerge in the same direction as they
entered ; the deviation in thin lenses is so shight that
they are usually assumed to pass through m a straight

line ; these are called secondary axes (F1g. 135).

Fia. 13.

l,!,'l'l:-:l'.‘-i "-"-':“_]] :41“'_'"1‘1:”,}. nxes I'lll'[i"l';_":'--'i”f—'-— "-\.ll'_::-.E|t ':]1.~1|.'1ili|i"|]1.
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BICONYEX LENSES )

Parallel rays falling on a biconvex lens are rendered
convergent ; thus in Fig. |4 the rays A, B, ¢, strike the
surface of the lens (1) at the points p, g, ¥; the centre

Fia, 14.

ray (B) falls on the lens at ® perpendicular to its sur-
face, and therefore passes through in a straight line;
it also emerges from the lens at rght angles to 1ts
opposite surface, and so continues its course without
deviation ; but the ray A strikes the surface of the lens
obhquely at b, and as the ray 1s passing irom one
medium (air) to another (glass) which is of greater den-
sity, 1t 1s bent towards the perpendicular of the surface
of the lens, shown by the dotted line  k ; the ray after
deviation passes through the lens, striking its opposite
surface obliquely at o, and as it leaves the lens, enters
the rarer medium (air), being deflected from the per-
pendicular x 0; it 18 now directed to B, where it meets
the central ray B m; ray ¢, after undergoing similar
refractions, meets the other rays at u, and so also all
parallel rays falling on the biconvex lens (1)

Parallel rays, therefore, passing through a convex

lens (1, Fig. 15) are brought to a focus at a certain

fixed point (a) beyond the lens; this point is called
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the prineipal focus, and the distance of this focus from
the lens 1s called the focal length of the lens.

Fig 156.

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

Divergent rays from a point (8) outside the principal
focus (v, Fig. 16) meet at a distance beyond (') the

Fia. 16.

principal focus on the other side ot the lens (L), and
1t the distance of the luminous pomnt (B) 1s equal to
twice the focal length of the lens, the rays will focus
at a point (c¢) the same distance on the opposite side
of the lens, rays coming from ¢ would also focus at

=9

B; they are therefore called conjugate foci, for we
can indifferently replace the image (c) by the object

(B) and the object () by the image (¢).
[f the luminous point (p) be between the lens and
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the principal focus (¥), then the rays will issue from
the lens divergent, though less so than before enter-
ing; and if we prolong them backwards they will meet
at a point (H) further from the lens than the point b ;
i will therefore be the virtual focus of b, and the con-
jugate focus of p may be spoken of as negative.

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

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

We have assumed the luminous point to be sitnated

on the principal axis; supposing, however, it to be

one side of it as at ® (Fig. 17), then the line (= ») pass-

g through the optical centre (c) of the lens (1) is a
Fia. 17.

secondary axis, and the focus of the point E will be
found somewhere on this line, say at ¥, so that what
has been said respectinge 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
inclination of this secondary axis is not too oreat

,

when the focus would | become mmperfect from much
spherical aberration.
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In biconcave lenses the foei are always virtual,
whatever the distance of the object.

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

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

Fi1a, 19.

site side of the lens perpendicular to its surface, it
continues 1n a straight line; the ray A strikes the
lens obliquely at » and is refracted towards the
perpendicular, shown by the dotted line ¢ 1 ; the ray
after deviation passes through the lens to k, where



FORMATION OF IMAGES [ 7
on entering the medium of less density obliquely, 1t
is refracted from the perpendicular o p, in the direc-
tion K m; the same takes place with ray c, at r and
so also with all intermediate parallel rays.

Formation of Images.—To illustrate the formation of
images the following simple experiment may be

N,

carried out. Place on one side of a screen having a
small perforation, a candle, and on the other side a
sheet of white cardboard at some distance from the
sereen, to receive the image formed; rays diverge
from the candle in all directions, most of those falling
on the screen are intercepted by it, but some few
rays pass throngh the perforation and form an image
of the candle on the cardboard, the image being
imverted because the rays cross each other at the
orifice ; 1t can further be shown that when the candle

Fia. 20.

and cardboard are equally distant from the perfo-
rated screen, the candle flame and its image will be
of the same size. If the cardboard be moved further
from the perforation the image is enlarged, if it be
moved nearer it 1§ diminished ; if we make a dozen
more perforations in the screen, a dozen more im: ages
will be formed on the cardboard, if a hundred, then
)

e
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a hundred; but if the apertures come so close
together that the images overlap, then instead of so
many distinet images we get a general illumination of
the cardboard.

The image of an object is the collection of the foci
of 1ts several points; theimages formed by lenses are,
as in the case of the foci, real or virtual. Images
tormed, therefore, by convex lenses, may be real or
virtual,

In' e, -2

inhnite distance; from the extremities of A B draw

, let A B be a candle sitnated at an

Fia. 21.

Real inverted image formed by convex lens.

two lines passing through the optical centre (c¢) of a
biconvex lens, the 1mage of A will be formed some-
where on this line A ¢ @ (termed a secondary axis), say
at a ; the image of B will be formed on the line B ¢ b,
say at b ; therefore b @ 1s 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 image would
be formed at the same point on the opposite side
of the lens, of the same size as the object, and in-

verted.
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If the candle be at the principal focus (r), then the
image 1s at an infinite distance, the rays after refrac-
tion being parallel.

If, however, the candle (A B) be nearer the lens
than the foeus, 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
placed at B would receive the rays from A B as if they

Virtual image formel by convex lens.

came from a b; a b is therefore a virtual imace of
A B, erect and larger than the object, and formed on
the same side of the lens as the object.

F1a. 23.

Virtual image formed by concave lens,

Images formed by biconcave lenses are always
virtual, erect, and smaller than the object; let A B be
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CHAPTER 1]
THE OPHTHALMOSCOPE

WaEN an eye is looked at, the pupil appears black
although the media are perfectly transparent ; this 1s
because the rays entering the eye return to the point
from which they emanate, and therefore, unless the
observing eye can be placed in the path of returning
rays, none of them will pass through the observer’s
pupil, and so no illumimation will be seen.

F'ra, 24.,

In Fig. 24 rays will be seen entering the eye from
candle A, and since the refractive system of the eye
1s exactly adjusted for the candle flame, the |':1‘;.'.~4
returning from the eye will traverse the same path as
those entering it ; if the eye be not adapted for the
candle flame, then the rays will return towards the
source of light.
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In the albino, as in the white rabbit, the pupil may
appear 1lluminated ; this is due to the transparency
of the iris, so that the returning rays cover a larger
area than is the case when passing through an ordinary
pupil, then some of the outer rays may pass through
the observer’s pupil, if his eye be placed nearly in the
line of light from which the observed eye receives its
rays: that this is the correct explanation can easily
be proved by covering up the part corresponding to
the 1ris by an opaque diaphragm, when the pupil will
at once appear black, as in the normal eye. In
hypermetropia and myopia with a dilated pupil, one
frequently gets a slight fundus illumination. This 1s
1llustrated in the following ficures.

In hypermetropia, Fig. 25, the returning rays,

Fia. 25,

instead of being parallel as in emmetropia, diverge
somewhat, so that the observing eye placed at ®
would receive some of the returning rays.

In myopia, Fig. 26, the returning rays converge,
cross, and diverge, so that the eye placed at B would
receive some illumination.

The ophthalmoscope is a contrivance which enables
the observing eye to be placed in the path of the re-
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turning rays, and consists of a reflector with a hole in

the centre.

Fia. 26.

Although the invention of the ophthalmoscope
is of recent date, it had long been known that the
eye was illuminated by rays entering the globe,
and it was thought that these rays were entirely
absorbed by the pigment contained in the retina and
choroid, but it was afterwards pommted out that some
parts, such as the dise, must even then reflect some
light, and that the apparent blackness of the pupil
must be due to the optical law ‘“that rays of light
leaving the eye, return towards the souwrce of illumi-
nation,” so that unless the eye of the observer can be
placed m the path of the returning rays, no illumina-
tion can be obtained. Briicke was very nearly solving
the problem by placing a tube through the flame of a

looking through it, to

candle, which enabled him, on
catch some of the returning rays of light; but it re-
mained for Helmholtz to overcome the difficulty by
producing his first ophthalmoscope.

Helmholtz’s ophthalmoscope, which he introduced
in 1851, was composed of three pieces of plane glass.
Fig, 27.

Rays reflected from a light a, are projected into
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the eye B, by the mirror m, the light returning from
the observed eye hy the same path will fall on the

olass M, a part 1s reflected to A, and a part passes

Fig. 27.

through the glass towards c¢; an observing eye placed
behind the mirror will, therefore, receive some of the
returning rays.

Ophthalmoscopes have undergone numerous modi-
fications, and the instrument with which we now
work consists of a silvered concave glass mirror, with
a central perforation.

In Fig, 28, divergent rays from a candle ¢, falling
on the mirror M, are rendered convergent, and when
reflected into the eye m, cross in the vitreous and
light up the fundus between the points ¢ and p; if
point H of this illumined area be taken, the rays
will (in the emmetropic eye) 1ssue parallel, and pass-
ing through the sight-hole of the mirror, will enter
the observing eye A, forming on the retina at n’ an
image of H.

The amount of fundus 1llumination obtaimed wall
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rwt.’mr::'u'il:n,' (h*pvnd upon the source and infvns-:il}' of

the light, the concavity of the mirror used, the dis-

tance from the eye at which the examination is made,
and the size of the pupil in the observed eve,
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sight-hole. The strength of the glass before the
sight-hole is recorded by an index wheel, which,
being geared to the driving wheel, keeps pace with
it, and therefore with the lens series. 'I'he minus
glasses are contained in white rings, and are in-
dicated by white numbers; the convex glasses are
in red rings and have red numbers.

Fia. 29,

This series of lenses 1s usually sufficient for most
ordinary purposes, but occasionally other lenses are
required, and are provided on a special disc. Some-
times a strong convex glass 1s required for the
examination of the cornea or lens; at other times a
strong concave lens is necessary for a case of high
myopia. This separate dise, therefore, has a + 20 D.
and a — 50 D, so placed that they can be instantly
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Focal Illumination

T'he patient being seated opposite a good artificial
light, the observer takes up the large biconvex lens
of 13 D. between the thumb and forefinger of one
hand, and concentrates the light :ﬂ:“f{m*]}‘ on the
cornea, 1ris, and crystalline lens successively. By
this means opacities and irregularities of the cornea,
attections of the iris, opacities of the lens, and even
disease mvolving the anterior part of the vitreous may
be detected. To examine every part of the lens and
the vitreous, 1t is absolutely necessary that the pupil
be dilated with a mydriatic. Then, tumours of the
ciliary region, vitreous opacities, sparkling synchysis,
and even detached retina, may be seen.

=5 i
F1a. 32.
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The Large Concave Mirror at a Distance

The light should now be placed on one side of the
patient, on a level with the head and slightly behind,
so that no direct hight falls on his face; the observer,
sitting opposite, places before his eye the large coneave
mirror, and at a distance of about two thirds of a
metre reflects the light into the eye he wishes to exa-
mine ; usnally a red reflex is obtained, but no details
will be visible because rays are received only from
one point of the fundus: should any of the vessels or
a part of the disc be seen, then we shall know that
the eye under examination is ametropic, and the
observer is receiving rays from two points.

Because in emmetropia (Fig. 34), the rays which come from
the two extremities of the disc (A B) emerge as two sets of

Hia. 34,

parallel rays in the same direction as the rays A ¢, B b, which,
having passed through the nodal point, undergo no refraction.
These two sets of rays soon diverge, leaving a space between
them, so that an observer, unless he be quite close to the
observed eye, is unable to receive rays from more than one
point ; therefore at a distance from the eye the observer sees
only a diffused and blurred image.

In hypermetropia (Fig. 35) the vays from the two points (A B)

emerge from the eye in two sets of diverging rays, in the same
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direction as the rays A ¢, B D, which undergo no refraction.
These diverging rvays have the appearance of coming from two
points (a b) hehind the eye, where an erect imaginary image 18
formed (a b).

Fra. 35.

Here the observer at a distance sees a clear, erect 1mage,
which is formed behind the eye.
[n myopia (Fig. 36), the rays from the two points (A B) emerge

Fia 30.

as two converging sets of rays, which meet at a b on their
secondary axes, thus forming an inverted image in front of the
eye. This image can be distinctly seen by the observer if he
he at a sufficient distance from the point, and aceommodating
for the particular spot at which the aérial image is formed. The
higher the myopia the nearer to the eye will this image be
formed.

From the above observations it will be understood that if the
observer now move his head from side to side, and the vessels of
the disc are seen to move in the same direction, the case would
be one of hypermetropia, the imace formed being an erect one.
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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 ustigmatism, hypermetropic if moving in the same,
and myopic if moving in the opposite direction to the observer's
head, that meridian 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.

Should no fundus reflex be obtained when the light
1s thus properly reflected into the eye, the case may
be one of hamorrhage into the vitreous, or other
serious lesion ; but the reflex may be good, and yet it
may appear irregular by the presence of black spots
here or there; in this case probably some opacity
exists in the cornea, lens, or vitreous, which interferes
with the returming rays of light, and so appears
black, whatever the real colour of the opacity may
be ; and if nothing was seen by careful inspection
with focal illumination, the opacity 1s in all proba-
bility situated in the vitreous; this is certainly the
case 1if the opacity 18 floating. The movements of
these floating opacities will be more conspicuous if
the patient be directed to first look upwards, then
downwards, and finally straight in front of him ; the
rate of movement will be a guide as to the consist-
ency of the vitreous.

Sometimes the vitreous opacities may be so thin
that some of the returning light may pass through
them; they will then appear more or less white or
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has to remember to accommodate for the image at
this distance.

It is convenient to use the mirror before the right
eye with the right hand when examining the patient’s
right eye, and before the left eye with the left hand

Fia. 37.

when examining the patient’s left eye; then the
objective will be held between the finger and thumb
of the opposite hand. This may be steadied if neces-
sary by resting the little finger against the forehead.
By adopting this procedure the hand holding the
objective is not over the patient’s face. Some ob-
servers, however, always use the same eye for the
indirect examination ; thus if the right be the one
preferred, the observer will always hold the ophthal-
moscope in his right hand, using the objective with
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the left: this is simply a matter of individual con-
venience. The eye of the observer not in use may
with advantage be kept open.

Although not necessary it is a good plan to use a
+ 4 D. behind the ophthalmoscope ; one thus obtains
a somewhat larger image, which can be seen without
accommodating, at the focus of the biconvex lens used.
Thus when examining the fundus of an emmetrope,
the aérial inverted image will be formed at the focus
of the objective, which in the case of a + 13 D. lens
will be a hittle less than 8 c¢m., the observer (with a
+ 4 D. behind his mirror) sitnated at 25 cm. from
this image will see it clearly and well defined at this
distance without any accommodation : the advantage
of this planis that the observer sits nearer the patient
than when the examination is made without the+44 D.,
and does not have to stretch his arm out so far when
holding up the objective.

The first part to which attention should be directed
is the disc. If ome is examining the right eye, the
patient should be told to look towards one’s right
car, or, what is perhaps better, at the upheld little
finger of the right hand which is holding the mirror ;
the fundus reflex being obtained, it will be noticed
to be somewhat whiter when coming from the optic
disc ; the large convex glass is held between the
thumb and finger of the left hand, about 3 or 4 cm.
directly in front of the observed eye; this will
form an inverted image of the dise, which should
be clearly seen by the observer. The beginner will
find some difficulty at first in performing these asso-
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will cause some variation in the size of the imaces obtained ;
thus in l"T]lIIIFll:I'n]:_Ji.'l, I'ays comime from A, Fie. 39, emeree from
the eye parallel, and are focussed by the hiconvex lens at a, and

t‘:l:l,'H L'1r]1]II];_{' fl'ultl B are ]'Ful-u_«;;-wtl a1 { : B ;J]mu '-"-5'[]'[ !':H'r-n-n]ui]l:'

Fia. 39,

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 hiconvex lens.
In hypermetropia (Fig. 40) the rays from A emerge divergent,

so also, of course, those from B; if these rays are continued

Fia. 40.

backward, they will meet behind the eye, and there form an
enlarged upright image (a 3) of A B; it is of this Imaginary
projected image that we obtain, by the help of the biconvex
lens, a final inverted image (b a), situated in front of the lens
beyond its principal focus.

In myopia (Fig. 41) the rays from A and B emerge from the
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eye convergent, forming an inverted aérial image in front of the
eye at B a, its punctum remotum. It is of this image we obtain,

Fia. 41.

with a biconvex lens placed between it and the eye, a final
image (b a) situated within the focus of the biconvex lens.
The inverted image of the dise, produced by a convex lens at
a certain fixed distance from the cornea, is larger in hyper-
metropia, and smaller in myopia, than in emmetropia. The
lens should next be held close to the patient’s eye, and then
gradually withdrawn, while the aérial image of the disc is
steadily kept in view ; if any increase or decrease take place in
the size of this image, we shall know that the eye is ametropic.

Fig. 42,

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

If no change take place in the size of the image on thns
withdrawing the objective the case is ome of emmetropia,
because rays issue from such an eye parallel, and the image
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formed by the object-glass will always he sitnated at its
principal focus, no matter at what distance the glass is from
the observed eye | Fig. 42). As the distance of the imace from
the object-lens is always the same, the size of the image will
also be the same.

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

hicher is the ]]‘H'lli"l‘I]]!"[t‘tJl]I:I.

Fig. 43.

Lens at 4 em. from the cornea.

Fig, 44.

Lens at 12 em. from the cornea.,

. Hypermetropic eye. c¢. The centre of the lens. A B.
[mage on the retina. ab. Projected image. 3 a. The
final image formed by the objective.

MThis change in size may be explained by remembering that
in hypermetropia the image of the dise formed by the object-
olass is situated beyond its principal focus, owing to the rays
issuine from the eye being divergent ; the relative size of the
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the distance between the nodal point and the
retina.,

Suppose, for example, we wish to know the amount
of enlargement of the image in the case of an emme-
trope with a glass of 13 D. Then f equals the focal
distance of the lens 13 D., which is 77 mm.; and n
equals 15 mm., that is the distance between the nodal
point and the retina; we shall then have for our
formula—

77

— 0" = hfimes:
15

X

Therefore the enlargement will be five times, and
if on measuring the image thus obtained we find it to
be 7:5 mm., then we shall know that the real size of
the disc was 15 mm.

In hypermetropia we must find the amount of
shortening of the eyeball (3 D. = 1 mm.), and deduct
this from the 15 mm. which is the distance between
the nodal point and the retina, and then proceed as
before.

In myopia the increase in length of the eyeball
must be added on to the 15 mm.

To carry out this experiment practically a demon-
strating ophthalmoscope such as Beale’s is necessary,
provided with a screen marked out in millimetre
squares on which the image is received.  With
Frost’s artificial eye the experiment can be easily
demonstrated.

The large lens used as a condenser and magnifier.
—The indirect examination being completed, before
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considerable part of the posterior hemisphere of the
eye. A strong prism placed behind the ophthalmo-
scope will allow a still more peripheral part of the
fundus to be seen.

For the direct examination the tilted short focussed
mirror is used ; it may be quite small, as only those
rays reflected from the part immediately around the
sight-hole enter the pupil,—this is especially the case
when the pupil is small; the sight-hole should not be
larger than about 2} mm., for if the sight-hole be
larger than the pupil, then no rays may enter the eye,
and we shall fail to get any illumination. The ob-
server first corrects any ametropia that he may have,
either by having the proper correction in a suitable
clip behind the sight-hole of his ophthalmoscope, or
he may deduct his own ametropia from the glass
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which corrects the refraction of the patient and
himself in the manner to be presently described ; he

T Y
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candle from which
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vs fall on the mirror B, and beine reflected into the
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'ds an enlarged upright image of 1 ¥ will

Fi1a.

47, A is the observing eye, E the observed,

By continuing these rays backwar

area between G and »; rays from the point 1 and r pass through the
be formed behind the eye at u’ ¥'.

of the mirror and enter the observing eye A, forming on A’s retina an 1m

divergent ra

H F.

In Fig.

then sits or stands as he may prefer on the same side
as the eye he is about to examine, so that the observer
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uses his right eye for the patient’s right and his left
for the patient’s left.

The light is placed on the side to be examined a
little behind and on a level with the patient’s ear;
the examinee’s head may with advantage be inclined
shghtly towards the observer, while the observer
inelines his own head élig]lt]y in the reverse direction ;
t.e. In examining the right eye the patient inclines
his head slightly to the right, while the observer
inclines his slightly to his own right, so that the two
eyes may come very close together, the brows even
may touch, while the respiratory orifices of patient
and observer are away from each other.

The patient is directed to look straight in front
of him, and take as little notice as possible of the
surgeon, who resting the edge of the ophthalmo-
scope agamst his brow, reflects the light into the
eye, and approaching close to the patient, first looks
for the disc; then scans the periphery by directing
the patient to look in different directions; and
finally examines the macula region.

The great difficulty which the beginner finds with
this method is to keep his accommodation passive ;
usually some practice is required before this can be
managed, so that a concave glass has to be used
behind the sight-hole of the mirror (-3 or 4 D.)
before a clear view of the fundus can be obtained. By
using a weaker concave glass each time, the accommo-
dation will be gradually relaxed. Should the disc,
when first seen, appear quite clear and distinet, one
must not at once assume that the patient is emme-
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tropic, but only on finding that the weakest convex
glass behind the ophthalmoscope impairs the clear-
ness of the image. Another difficulty the beginner
has, is to disregard the corneal reflex, which 1s most
troublesome when the macula region is inspected.

Magnification of the image seen by the direct method.
—The estimation of the amount of enlargement by
means of the direct method of examination 18 more
difficult and less exact than with the indirect method.

The s1ze of the 1mage of the dise of an emmetrope
formed on the retina of the emmetropic observer will
* be exactly the same size as the dise itself. This is
clearly shown in Fig. 48,

F1a. 48.

The 1mage is therefore of considerable size, and
covers a good many retinal elements; and to find out
the magnification, we have only to consider some
external object which, placed at a certain distance
from the eye, forms a retinal image of the same size,

viz. 1'75 mm,; half-a-crown held 25 em. from the
eye will produce a retinal image of about this size.
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If we divide the distance at which the coin is
placed (25 cm.) by the distance from the retina to
the nodal point, 15 mm., we shall arrive at the
amount of enlarcement ;

25 cm. 250 mm. =
— == ir,

15 mm. 1D mm.

The diameter of our coin should therefore be 17
times larger than its retinal image; we know the
size of the retinal image i1s 1°75 mm., therefore the
diameter of the half-erown should be about 30 mm. ;
on measuring it this will be found to be the case.

Fiag. 49,

—
|
Ea

[t i1s obvious that the dise or any part of the fundus
will appear more magnified, the greater the distance
to which its image 1s projected.

Hence the ophthalmoscopic image of the same disc
does not always appear of the same size to dafferent
observers, owing to the varying distance to which
the image 1s mentally projected by them., To still
further elucidate the subject, the following explana-
tion may be of service.

Every student is familiar with the plan sometimes
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greater distance from the eye, and since the apparent
size of the image is larger in proportion to the dis-
tance to which it is projected, it is necessary to fix
some distance at which the measuring scale shall be
placed so as to render this method of any value;
33 centimetres has been decided upon, a distance at
which we ordinarily look at near objects.

Therefore, to estimate the amount of enlargement
by the direct method of examination, we look with
one eye through the ophthalmoscope at the dise of
the observed eye, while with the other we look at

Fia. 50.

a sheet of paper on which is ruled a milhimetre
scale placed 33 em. away; with a little practice the
student will be able to project upon this scale the
image of the dise which he sees with the other eye,
and, by counting the number of squares on the scale
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eye for the distance at which the aérial image will be
formed.

The dvrect method gives a smaller field but greatly
magnified, so that minute changes which are not
visible by the indirect method can be detected ; it also
gives us more accurate information of any lesion with
regard to its level, ete. ; being an upright image every-
thing is seen in its proper position, whereas with the
indirect method the image is inverted ; and finally with
the direct, the refraction of the observer and observed
must be corrected.

The estimation of the refraction by the direct method.
—To estimate the refraction of the patient by the direct
method, it is mecessary that the patient's accommodation
should be relaxed ; this will generally be the case when the
examination is made in a dark room, or atropine may be used ;
then if the observer's own accommodation be suspended, and
the image of the disc appear quite clear and distinct, the case
ii‘] one l.':l'f Ellllll(!tl'[llliﬂ; I.H_‘{'Ellli"'-l'.'- 1';!}'5 l'[ﬂ]lil'lg fl'U‘l" an emime-
tropic eye (Fig 51, E) issue parallel, and the observing eye

Fra, 51.

receiving these rays will, if emmetropie with its accommodation
suspended, be adapted for parallel rays, so that a clear image
of @ in the ohserved eye will be formed at b on the retina of
the nilHl‘l‘l'iH]_I; eye.

Supposing the image does not appear clear and distinet
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without an effort of the accommodation, then we turn on
convex classes behind the sight-hole of the ophthalmoscope.
The strongest positive glass with which we are able to get a
perfectly clear image is a measure of the hypermetropia, be-
cause rays coming from a (Fig. 52) in the hypermetropic eye
(H) issue in a divergent direction, as though coming from R,

Fig. 62.

the punctum remotum behind the eye. The convex lens (L)
renders them parallel, and they then focus at b, on the retina
of the ohserving emmetropic eye (E).

If, however, the image of the dise appear indistinet, and the
convex glass, instead of rendering the image clear, have the
opposite effect, we must tum the wheel of the ophthalmoscope
in the other direction, and so bring forward the concave glasses.
The weakest with which we can see the details of the fundus
clearly is a measure of the myopia, because any stronger glass
merely brings into play the accommodation of the observer.

Fia. 53.

Rays from a (Fig. 53) leave the myopic eye (M) so converzent,
that they would meet at (r) the punctum remotum. The con-
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cave lens (L) renders them parallel before falling on the relaxed
eye (B) of the observer.

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

If astigmatism exist the proceeding is more difficult, because
one wishes to find out not only the refraction of the two chief
meridians, but also the axis of these meridians. To discover
the meridian of greatest refraction, and to estimate it by the
direct method, we keep in view the disc, then if the case be one
of hypermetropic or mixed astigmatism, we find the strongest
convex lens through which one of the vessels still remains dis-
tinct (vessels going in other directions will be indistinet) ; this
lens will be the measure of the refraction of that chief meridian
which is at right angles to the vessel. To estimate the other
chief meridian we select a vessel whose course is at right angles
to that first chosen ; the strongest convex glass through which
this vessel is seen distinctly will give us the measure we require.

Had the case been one of myopic astigmatism, then the
weakest concave glass with which any vessel is first clearly de-
fined will indicate the strength of one meridian ; to estimate
the other meridian we must as before select a vessel which is
at right angles to that first clearly seen, then the weakest
concave lens which allows us to see it well defined will indicate
the refraction of the other chief meridian. The estimate is
more easy to make when the chief meridians are vertical and
horizontal ; but unfortunately many cases occur in which they
are more or less oblique, und it is not always easy to find a
vessel whose course exactly coincides with these oblique
meridians.

The essential point to remember in estimating astigmatism
by this method is, that the glass with which the vessel in one
direction is clearly seen, is the measure of the refraction of
that meridian which is at right angles to the vessel; the
student needs only to recall to his mind the principles of the
perception »f a line by an astigmatic eye to understand this.
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the direct method for the estimation of errors of refraction,
that he must correct his own defect, either by wearing
spectacles, or by having a suitable glass in a clip behind his
ophthalmoscope ; he is then in the position of an emmetrope:
but, if he prefer it, he may subtract the amount of his own
hypermetropia or myopia from the glass with which he sees
clearly the patient’s disc. Thus, if the observer have 2 D. of
hypermetropia and require 4+ 3 D. to see the fundus clearly,
(+ 8 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 4 D. of myopia.

The same with the myopic observer; if his myopia amount
to 3 D., then he will require — 3 D. to see clearly the emme-
tropic fundus ; if he sees well without a glass, then the eye
under examination has 8 D, of hypermetropia ; if he require a
+ 2 D., then the hypermetropia will be 5 D., and so on.

Retinoscopy.

Rerivoscory will conclude our systematic ophthal-
moscopic examination; this test becomes especially
necessary when the vision has been found defective
and nothing abnormal has been detected to account
for 1t.

The electric focal lamp of sixteen candle power
or the ordinary Argand gas light are either suitable
for retinoscopy.

The light is usually placed over the patient’s head
and slightly behind, so as to leave the eyes in shade.
Some observers prefer a bright, screened light
coming from a diaphragm opening of 5 to 10 mm.
placed 3 cm. from the mirror: the illummation 18

brighter the nearer the light is to the mirror.
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The patient having his pupils dilated and being

seated in the dark room, the observer takes up his

Fia. 54.

position one and a quarter metres away or further,
and reflects the light into the eye with a plane
mirror ; a fundus illumination 18 now obtained which

Fia. 55

];.I' METRES

will be bright if the patient is emmetropie, less so
it he be ametropic ; the greater the ametropia, the
less bright will the fundus reflex be.
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It is usually necessary for the patient to be under
a mydriatic, as 1t renders the examination easier and
allows the refraction at the macula to be estimated :
whereas when a mydriatic is not used the pupil con-
tracts so vigorously when light is thrown on the
macula that we have to be satisfied with the refraction
at the optic dise, which may occasionally vary con-
siderably from that at the macula.

Therefore, when the patient is under a mydriatic,
he should look directly at the sight-hole of the mirror ;
when not under a mydmatic he must look a lhttle
inwards, so that the light is reflected along the optic
axis.

The observer having obtained with the mirror the
ordinary fundus illumination, if the mirror be now
rotated slightly from side to side on its vertical axis,
he may see a shadow come out from behind the pupil
moving horizontally across the illuminated part. The
edge of this shadow may be linear or slightly cres-
centic, it may be vertical or oblique, and it may move
with or against the movement of the mirror.

The explanation of retinoscopy is that with the
mirror an image of the lamp is thrown upon the fundus,
and this image with its surrounding shadow is
brought more or less to a focus producing the shadows
we see.

Therefore when diverging rays of light fall on a
plane mirror they are reflected as divergent rays, as
if coming from a point behind the mirror forming a
virtual image; the diverging rays passing through
the pupil of the eye under observation are brought
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more or less to a focus according to the retractive
condition of the eye; on rotating the mirror in one
direction the retinal image will move 1n the same
direction.

The following diagram (Fig. 56) may help to make

this clear,

Fi1a. 56.

Rays of light from 1 fall on the plane mirror A, and
are reflected as divergent rays into the eye, as 1I
coming from point ¢ behind the mirror; these rays
focus on the retina at c.  On tilting the mirror into
position B, the rays from 1 diverge from the mirror
(as if coming from u) and focus at »; therefore the
real movement of the light on the retina is with the
mirror. But as these movements are seen through
the refracting system of the eye the apparent move-
ments may differ from the real ones.

In hypermetropia the image seen by the observer
18 an upright one, and therefore moves with the
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mirror. In myopia it is an inverted one, and
therefore moves against the movement of the mirror.

Thus assuming the shadow’s edge to be vertical, if
it move with the mirror the case is one of hyperme-

Fia. 57.

tropia; but if it move against or in the opposite
direction to the movement of the mirror, the case is
one of myopia. If the shadow’s edge is oblique, then
we know at once that astigmatism is present.

The movements of the shadow tell us the form of
ametropia we have to deal with. The extent of the

Fia. 58.

movements on rotation of the mirror, the clearness of
the image and the brightness of its edge, enable us to
jndge approximately the amount of ametropia to be
corrected.

A few examples will assist in making this descrip-

tion clear,
Having placed in position a pair of trial frames, we com-
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suppose that glass to he 4+ 2 D. We next take notice of the
horizontal meridian, and if + 2 D. is also the glass reguived
we know the case is one of simple hypermetropia. But
supposing + 4 D. is necessary, we indicate it conveniently

thus:
+ 2 D.

Ll e 24D

The case is one of compound hypermetropic astigmatism, and
will require for its correction + 2 D. sphere combined with +
2 D. eylinder axis vertical.

Take another case—that in which the vertical meridian
requires — 2 D,, and the horizontal + 2 D. Here we have a
case of mixed astigmatism which can be corrected by a + 2D
sphere combined with — 4 D. eylinder axis horizontal.

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 horizontally and vertically. We judge
of the amount of obliquity by the eye, and can frequently tell
within a few degrees. If the vertical meridian be 20° out, and
require for its correction — 2 D., and the axis at right angles
to this (which will be therefore at 110°) require — 3 D., we
express it as in Fig. 59, and correct it with sphere — 2 D,
combined with eylinder — 1 D. axis 20°, the case being one of
compound myopic astigmatism,

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

Having found the glasses which correct the two 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 test type,
making any slight alterations that may be required.

The student must remember that the glass which neutralises
the shadow in retinoscopy is not an exact estimate of the
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refraction, because he does not sit at infinity but about 120 cm.
from the eye under examination, so that when no shadow 1s

Fia. 59.

obtained he is sitting practically at the patient’s far point: for
this reason, therefore, the hypermetropia is slightly over-
corrected (4 1 D.) and the myopia is under-estimated (— 1 D.),
so that in hypermetropia 1 D. must be deducted,and in myopia
1 D. added to the correction-glass when confirming the result
with test types.

A few observers still prefer the use of a concave
mirror in retinoscopy ; the movements then obtained

Fia. 60.

are the reverse of those already described, the shadows
moving against the movements of the concave mirror
in hypermetropia and with them in myopia, the image
having suffered an additional inversion.



74 THE OPHTHALMOSCOPE

CHAPTER IV
THE APPEARANCES OF THE NORMAL FUNDUS

It is essential that the learner should become
familiar with the different varieties of the normal
fundus before passing on to the various pathological
conditions. The beginner may think this a very easy
matter, but he will soon discover that it is far
from being so ; for instance, in cases of slight indis-
tinctness of the margin of the dise, it may sometimes
be exceedingly difficult for even the most experienced
and skilful ophthalmoscopist to know exactly when
this slight blurring has passed the border line of
health and become pathological.

As the complexion and the colour of the hair varies
greatly in' the human race, it is not to be wondered
at that the colour and appearance of the back of the
eye, which depend in great measure on the amount
of pigment contained in the tissues, should also show
great variations. Plates I and II are intended to
illustrate some of the types of the normal fundus
and when we consider that no distinct line separates
these different varieties, but that one type passes
imperceptibly into another, it will be realised what
great differences may be met with,
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choroid. At the macula, its thinnest part, the retina
1s only 1 mm. thick.

The retina anterior to its epithelial layer is trans-
parent ; this is necessarily the case, since it is so con-
structed, that rays of light entering the eye have to
pass through the superficial layers to reach the layer of
rods and cones on which images must be formed.

In dark complexioned persons a sort of shimmer or
bloom may be sometimes detected, especially in the
region of the macula ; occasionally a striated appear-
ance 18 visible at the upper and lower margins of the
disc, spreading a considerable way over the retina.
This is due to the nerve-fibres being slightly visible
over the part where they are thickest, and is best
seen in young hypermetropic children. The case
from which Fig. 1, Plate II, was drawn, afforded a
good example of this striation. But, speaking gene-
rally, the retina, except for its large vessels, 1s trans-
parent, so that in most medium or dark complexioned
people one looks with the ophthalmoscope through the
retina on to the retinal epithelium, which, if fairly
pigmented, allows the red of the choroid to shine
through, but effectually hides any of the vessels or
details, so that one gets a uniform red reflex, often
having a slightly granular appearance when viewed
by the direct method, due to the pigment contained
in the epithelial layer; this is, perhaps, the commonest
type of the normal fandus, and is shown in Fig. 1,
Plate I. When the epithelial layer contains but
little pigment or pigment of a light colour, as in fair
people, then we can see through this layer more or






PLATE L.

Fig. 1.—Fundus of a child aged 10 years; of medinm com-
plexion, light brown hair, grey irides, fair skin. Erect image.
Left eye.

The disc is not so sharply defined as in many cases; there is
slight pigmentation of the outer edge of the dise, which indicates
the edge of the choroidal ring, and may be looked upon as
physiological. There is no physiological cup.

Fi16. 2.—Fundus of an albino aged 24; white hair, eyebrows,
and eyelashes; irideslight grey and translucent. Invertedimage.
Right eye.

The absence of pigment is here well shown; each vessel of the
deep layer of the choroid can be seen. The dise appears darker
than normal, in contrast with the lightness of the rest of the
fundus. The light-coloured interspaces between the choroidal
vesgels are due to the white of the sclerotic. On the outer side of
the disc is a slight crescent, caused by the choroidal opening
being rather larger than the sclerotic ring, so that a small portion
of the seclerotic is here exposed.
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gradually merges into the next, so that every possible
variation may be met with.

In old persons the epithelial layer may become
deprived of its pigment, and so allow the deeper
parts of the choroid to come into view.

It must be remembered that the arteries and veins
of the choroid cannot be distinguished from each
other by the ophthalmoscope.

The macula lutea, which 1s the part of most distinct
vision, 1s free from any visible vessels, nevertheless it
1s exceedingly vascular, the capillary meshes being
much closer together than in any other part, except
at the fovea centralis, where they are absent. The
macula is situated about 2 mm. on the temporal side
of the disc and 1 mm. lower ; it is directly in the line
of vision, and is slightly larger than the disc, being in
shape an ill-defined oval with its long diameter hori-
zontal ; the colour is darker than the rest of the fundus,
and shades off gradually into the general orange red
colonr. Its centre is marked by a depressed, whitish
pink spot, the fovea centralis. The macula is some-
times surrounded by halo, which is due to reflection
from the sloping edge of the depression; this halo 1s
often seen in dark children with the indirect method,
and is shown in Plate II, fig. 2. It requires much
practice before this region can be satisfactorily exa-
mined and usually a mydriatic must be employed.
The macula never appears yellow with the ophthal-
moscope.

Sometimes a good deal of reflex takes place from
other parts of the retina, and is spoken of as a
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and the connective tissue, the result heing a pinkish
rose tint; considerable variations of colour are found
in different parts of the disc; thus the pinkish colour
is often most pronounced on the nasal side, while the
whitest part of the discis often its centre and towards
the temporal side; in most cases the nerve-fibres
separate 1mmediately after perforating the lamina
cribrosa, leaving a conical depression, the “physio-
logical cup.” This cup may vary much in size and
shape, but always has the one characteristic, that it
never involves the whole dise, as is the case with the
glaucoma cup. The physiological is usually a deep
shelving cup, while that due to glaucoma is over-
hanging. When the physiological cup is large and
deep, its nasal side may be steep or even excavated,
but the temporal side has almost invariably a gradual
slope, which may extend in this direction to the
margin of the disc. Frequently a stippling is seen at
the bottom of a deep cup; this is due to the details
and perforations of the lamina cribrosa being visible.
Fig. 63 represents a deep physiological cup, and should
be compared with the figures illustrating the other
two varieties of cupping, Figs. 64 and 65.

The disc has usually a well-defined margin with
some traces of pigment ; thisis known as the choroidal
ring, and 18 well shown in Fig. 61 ; though spoken
of as an opening, it is not so in the true sense of the
word, since fibres pass into the nerve on all sides,
and cases occasionally occur in which the choroidal
tissue can be traced for some distance on to the face
of the nerve; the edge of the choroidal opening is
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with them and know how they are formed; (a) cho-
roidal ring, -(b) sclerotic ring, (c) physiological cup.
(d) The retina, (¢) the choroid, (f) the sclerotic, (¢)
the central vessels,

The central artery and vein of the retina are seen
issuing from near the centre of the dise, usually a

F1a. 61.

little to the nasal side, the artery being on the nasal,
the vein on the temporal side; they divide into
branches which spread out on the nerve-fibre layer of
the retina ; when seen in a microscopical section, the
vessels project above the surface of this membrane.
The retinal vessels are exceedingly small, although,
with the direct method, they give one the idea of
being of fair size; the main divisions of the retinal
artery may be about *4 mm. in diameter, while the
smallest visible vessels will be about ‘06 mm.; the












S0 THE OPHTHALMOSCOPE

may easily escape detection when small, unless great
care 1s exercised ; mnebulw, irregularities, ulcers of
various kinds—opaque, transparvent, shallow, deep,
etc.—are very frequently met with. The curvature
of the cornea may be much altered, as in conical
cornea ; this can best be seen in profile. Vessels may
be found on the corneal surface as in pannus or
phlyctenular keratitis, or in the tissue of the cornea
itself as in interstitial keratitis (in this condition it is
not possible to distinguish the separate vessels, which
are often closely grouped together, forming what is
known as a “salmon patch 7).

Keratitis punctata may also be detected by focal
illumination ; it consists of small particles of lymph
deposited on the posterior part of the cornea ; these
small dots increase somewhat in size by proliferation
of the epithelium ; frequently the spots are arranged
in the shape of a pyramid, with the apex to the centre
of the cornea and the base downwards. The focal
illumination may be supplemented with advantage by
the high magnifying glass (IFig. 33).

This examination having been extended to the ante-
rior chamber, 1r1s, and lens, the large concave murror
1s next taken up, and light reflected into the eye from
a distance of half a métre ; corneal opacities will now
appear as black spots in the red of the fundus, due
to the interruption of the returning rays of lLght
from the back of the eyeball. In conical cornea a
central illumination will be seen with the mirror,
surrounded by a dark, circular shadow, corresponding
to the base of the cone. On moving a little further







88 THE OPHTHALMOSCOPE

pupillary edge, but from the junction of the radiating
and circular fibres ; these fibres are the remains of the
pupillary membrane which existed during intra-
uterine life. Perforation of the iris from a penetrat-
ing wound may be readily detected with the oblique
illumination, and with the mirror the red reflex will
be seen through the opening ; in these cases the lens
is usually wounded and soon becomes opaque; the
iris may have become more or less detached from its
ciliary border (¢ridodialysis), as the result of a violent
blow. Atrophy of the iris and growths of the iris or
cihary body may also be conveniently examined by
these means ; finally, the iris may be examined with the
ophthalmoscope, having a + 16 D. behind the sight-
hole.  Foreign bodies may occasionally be detected
in the anterior chamber, and now and then a cilium is
carried into this chamber by a perforating body, and
may form the starting-point of a cyst of the iris.

The lens.—To examine the lens thoroughly, the
pupil must first be dilated with a mydriatic (p. 32).
The examination should be commenced with the
focal 1llumination; and here a word of warning 1s
necessary—do not be too hasty to assume that the
lens is becoming opaque. This mistake is very
liable to be made by the inexperienced, especially
when light from a window is concentrated on the eye
with the biconvex lens. 'The reason of this apparent
opacity is, that as age advances, the lens becomes
harder, so that a good deal of reflection takes place
from the anterior surface of the lens, and gives some-
what the appearance of diffuse opacity.
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of opacity present; the opacities in this method of
examination show up as black spots, patches, or strie,
against the ordinary red of the fundus, the return-
ing rays of light being interrupted by the opaque
portions of the lens. Inlamellar cataract the opacity
will appear denser at the margin of the opague portion
than 1t does in the centre. Finally the lens may be
il]r-'fw't*l[_'i{ with the direct method, ]l:n'in:_{‘ a 4+ 16 D.
behind the sight-hole of the instrument.

Sometimes 1t 1s difficult by foeal illumination to
make out the exact pnr‘itilm of a fixed H]};tt'iiy in the
anterior part of the eyeball ; we may then employ the
concave mirror and notice the displacement which the
opacity makes with regard to the pupil when we move
our head slowly from one side to the other. Thus

Fiz. 62.

supposing, as in Fig. 62, we have three opacities all
situated on the optic axis, A an opacity on the cornea,
B one on the anterior surface of the lens, and ¢ one at
the ]Hmh)l'int' ]:H!w, then it i1s clear that the observer

looking along the optic axis will see these spots exactly
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CHAPTER VI

THE VITREOUS

Tue two chief indications of disease of the vitreous
are loss of transparency and diminished consistency.
The focal illumination is sometimes useful in detect-
ing disease in the anterior part of the vitreous, but to
use this method to the best advantage it is necessary
to dilate the pupil and to place the light in front of
the patient, so that the rays may be concentrated on
the part we wish to examine, almost at right angles
to the cornea (Fig. 82). In this way blood, large
vitreous opacities, or even the erystals of cholesterine
in sparkling synchysis may be detected when near the
posterior surface of the lens; a growth or a detached
retina projecting a long way forward may occasion-
ally be seen. This method of examination has the
distinct advantage of allowing things to be seen in
their proper colour and in their true position; but,
as a rule, much fuller information will be gaimed
by the concave mirror, though the examination
of the cornea and lens by the focal illumination
should always extend to the vitreous before taking up

the mirror,
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lation of the albuminous elements of the vitreous
itself.

When the opacities are very fine, they may simply
cause a shght blurring of the details of the fundus,
while the disc may appear very red, and the case may
then be easily mistaken for papillitis. These very
fine opacities should be looked for with the direct
method of examination having a + 8 D. behind the
sight-hole ; they can best be seen against the lighter
coloured background of the dise, and a plane mirror
1s an advantage. Iine opacities are generally due
to the migration of cells accompanying the exudation
of inflammatory materal of a serous character from
some part of the adjacent uveal tract.

To thoroughly examine every part of the vitreous
the observer must vary his distance from the patient
as well as the strength of the lens behind the
ophthalmoscope; the stronger the lens required the
more forward will the vitreous opacity be. When
haemorrhage takes place into the vitreous, or the
exudation is rich in fibrin, the opacities are liable to be
large and membranous, and may, if very numerous,
prevent any details of the fundus from being seen.

Opacities usually appear as black spots, whatever
their real colour may be, owing to the interruption to
the returning light, unless they happen to be partially
transparent, when they will appear grey. Should
they reflect light from their surface, as do crystals of
cholesterine and tyrosin, then they may sparkle like
particles of gold-leaf. A beautiful illustration of
this condition may be occasionally seen, and goes by



THE VITREOTS 95
the name of sparkling synchysis ; 1t is a degenerative
process, usually accompanied by great fluidity of the
vitreous.

In making a diagnosis of opacities in the vitreous,
corneal and lenticular affections should first be ex-
cluded by focal illumination; the position of any
opacity may be judged of partly by its direction and
amount of movement, and partly also by the convex
glass through which it can best be seen.

To estimate the depth of any fixed opacity, we
Illuminate the eye by the concave mirror at a distance ;
then, if the patient be directed to look upward, it will
be obvious that any opacity sitnated in front of the
point round which the eye turns (4, Fig. 63), will also
move upward, while if the opacity be behind this point,

Fi1a. 63.

1t will move downward ; and the farther the opacity 1s
from the point of rotation, the greater will its move-
ment be, and therefore the deeper will be the position
of the body. A glance at the above drawing will
make this clear. A is the centre of rotation of the
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eye, B 18 an opacity on the anterior surface of the lens,
which on movement of the eye upwards will move
with it to 3°; ¢ and p are vitreous opacities, which,
being situated behind A, will move in the opposite
direction to the eye, so that on turning the eye
upwards ¢ will move to ¢/, and o to 0" ; sinee pis deeper
than ¢, o will have made a greater change in its posi-
tion than c.

The real movement, therefore, which fixed opacities
in the media make, is with the eye when the opacities
are in front of the centre of rotation, and in the re-
verse direction when behind this centre. Some
practice is required to enable one to correctly inter-
pret what is seen, because with an undilated pupil
when a point some distance behind the iris but in
front of the centre of rotation is watched while the
eyeball is moved in different directions, this point may
have the appearance of going against the movement
of the eyeball though really with it ; this is owing to
the greater displacement of the iris, as explained on
page 90.

Foreign bodies, such as chips of metal, may some-
times be seen in the vitreous more or less covered
with lymph according to the time which has elapsed
since the accident. Now and then a few air-bubbles
are carried in with the foreign body, which the ob-
server might easily mistake for the foreign body itself
unless aware of this possibility ; air-bubbles are round,
reflect light from their centres, and have dark mar-
gins, whereas the reflex from a foreign body is chiefly
from its edges.
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CHAPTER VII
THE CHOROID

THE 1mportant part taken by the choroid in the
ophthalmoscopic picture of the fundus has already
been fully described in Chapter IV. Variations from
the normal produced by disease of this structure are
frequently met with, and produce very various and
striking ophthalmoscopic appearances.

These alterations may display themselves as—

1. Changes in colour, pigmentation and level, due

to inflammatory exudation.

2. Atrophic patches and scars, the permanent

results of previous mischief.

3. Haemorrhages from one of the choroidal vessels.

Hypersaemia of the choroid, though probably {fre-
quently present, is not recognisable with the ophthal-
moscope.

The choroid, owing to its great vasculanty, 1s espe-
cially prone to inflammation; the term choroiditis
must be accepted in its widest sense, to include not
only those cases in which the inflammation is in
actnal progress, but others in which all inflammatory
symptoms have long subsided, and of which we have
permanent evidence in the shape of atrophic patches,
and spots variously pigmented, as well as those cases
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vitreous opacities are usually present, and will
more or less veil the appearances of the choroidal
mischief: in some acute cases no details of the
fundus can be made out owing to the number and
density of the vitreous opacities, and it may only -
be after these have partially cleared up that the
patches of choroiditis come into view. So that in
all cases of choroiditis, vitreous opacities must be
carefully looked for with the direct method and a
+ 8 D. glass behind the sight-hole of the ophthalmo-
scope, as described on page 94.

As the inflammatory symptoms diminish, the exu-
dation undergoes absorption together with destruc-
tion of the affected portions of the choroid, so that
ultimately a white patch or scar remains, surrounded
or dotted over more or less with pigment, and fre-
quently involving the retina in the cicatrix. The
pigment in many of these cases has two sources: first
and chiefly, the pigment cells contained in the tissue
of the choroid; second, the pigment which has escaped
from the epithelium. The white patches are the
bare sclerotic, and may be described as patches of
choroidal atrophy. The time occupied from the com-
mencement of the exudative stage of choroiditis to
that of complete atrophy of the patches may extend
over many months, or even years; and when it is
remembered that the disease gives no external sign
of its presence, and produces no subjective symptoms
so long as the retina and vitreous are not implicated,
and then makes itself known to the patient, only by
the impairment of vision which results, it will not be
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The clinical varicties of choroiditis usually recog-

mised by the ophthalmoscope are—
Disseminated choroiditis,
Central choroiditis,
Myopic choroidites,
Senile choroiditis,

though many cases present mixed characters.

Disseminated choroiditis (Plate I1I, figs. 1 and 2) is
perhaps the most common variety of the disease, and
commences as a number of small spots or cireular
patches of exudation which are scattered over the
fundus, chiefly in the periphery; as the inflammatory
exudation becomes absorbed, the tissue of the choroid
becomes atrophied and destroyed, leaving circnlar
patches of bare sclerotic, surrounded more or less by
pigment. These spots of choroidal atrophy frequently
have a sharply defined and punched-out appearance,
with pigment surrounding them like a collar : in some
cases no white patches are seen, but spots of pig-
ment surrounded by a lighter margin; at other times
the patches may run together, forming one large
patch.

Usually both eyes are affected, though frequently
the mischief 1s further advanced in one eye than in
the other. Syphilis, either acquired or inherited, 1s
almost invariably the cause of this form of choroiditis ;
the only distinetion that can be made with the ophthal-
moscope is, that usnally there is a greater amount of
pigment present in the inherited form of the disease.
Vitreous opacities are frequently met with during the
exundative stage, and are then generally of a fine dust-
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Myopic choroiditis. — Choroiditis is exceedingly
common in high myopia; besides the congestion and
thinning of the choroid, which take place with the
formation of a large crescent and posterior staphy-
loma, mischief is apt to begin in independent centres,
frequently in or about the macula, and the case is
often complicated with choroidal hemorrhages; the
patient usually complains of great impairment of
vision, together with metamorphopsia and general dis-
comtort of the eyes.

Senile choroiditis (Plate 111, fig. 3) occurs in several
varieties ; in one kind the changes are chiefly con-
fined to the superficial layers of the choroid, with
atrophy of the epithelial layer of the retina, affecting
the parts immediately around the disc or extending
over the greater part of the fundus. Seen by the
ophthalmoscope the choroidal vessels are unusually
distinct, with thickening of their sheaths; some of the
epithelial pigment which has been set free may travel
forward into the retina; the disease is usually sym-
metrical in the two eyes; vision is much reduced,
and 1s generally worse at might. In another variety
of senile choroiditis a central patch of an irregular or
circular form takes place at the macula of each eye,
producing a scotoma; this variety of the disease
shows but little tendency to spread, so that although
central vision is lost, absolute blindness is not to be
feared.

A third form of semile central choroiditis 1s that
in which a number of very small whitish-yellow spots
may be seen at the macula, with but little or no dis-
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bemg dragged away from the margin of the disc
together with a certain amount of choroidal atrophy ;
the crescent is always found on the temporal side of
the disc; sometimes it completely surrounds the
disc, but even then its greatest breadth is usually
at the outer side. In high myopia, where a large
posterior staphyloma is present, a good deal of thin-
ning of the choroid may take place, the retinal epi-
thelium may be more or less atrophied, and in
addition to all this some horizontal markings may be
seen midway between the disc and yellow spot ; these
are probably slight tears in the superficial part of the
choroid and pigment layer of the retina. The myopic
crescent is again referred to on page 142,

Rupture of the choroid occasionally takes place as
the result of a severe blow on the eye; the rupture
is usnally curved, with the concavity towards the disc.
When the case is seen early, the details of the rupture
are usually hidden by the haemorrhage that has taken
place ; later, a white curved scar will be seen having
pigmented edges. The degree of impairment of vision
of course depends upon the situation of the rupture ;
when near the macula 1t may be very great.

Tubercle of the choroid may occur either in the
miliary form or as a large tubercular mass; though
not very frequently met with, it probably often exists
undetected in cases of tuberculosis, The disease ap-
pears in small white or yellowish-white spots, some-
what raised ; sometimes several spots become confluent,
forming a mass as large as, or larger than, the dise.

Coloboma of the choroid (Plate 1II, fig. 4) is a con-
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(2) Swelling of the retinal tissues is generally most
marked near the dise, being due partly to increased
fulness of the capillaries with hypertrophy of the
connective-tissue elements, together with swelling of
the nerve-fibres. The most obvious ophthalmoscopic
signs of this swelling of the retina are, that the
striations of the nerve-fibres are more distinet than
normal, while the vessels are more tortuous, the
tortuosity showing itself not only in a lateral but also
in an antero-posterior plane ; this is proved by the
change of colour where the vessel bends backwards,
and signifies great irregularity of the retinal surface.

(3) Inflammatory exudation into the retina may be
serous, fibrinous, or purulent in character. Retinitis
may affect the whole retina or be limited to one part.

The clinical varieties commonly met with are—

Albuminurie retinitis,

Diabetic retinitis,

Syphilitic retinitis,

Leucocythemic retinitis,

Septic retinitis ;
but cases are sometimes seen in which the cause is
obscure, and these are called idiopathic.

Retinitis produces no subjective sign of its presence
beyond impaired vision. The ophthalmoscopic sym-
ptoms are loss of transparency, hamorrhages, white
patches, increased fulness and tortuosity of the veins,
with swelling of the retinal tissue.

The white patches are usually irregular in shape,
with softish-looking edges, and occur most frequently
around the macula or between it and the disc. These
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are more scattered, having little tendency to form the
stellate arrangement so characteristic of the albumi-
nuric variety, This form of retinitis may be com-
plicated with vitreous opacities.

Syphilitic retinitis may occur with or without
choroiditis ; when the retina is alone affected the
most marked ophthalmoscopic sign is a diffused haze
over the whole retina, which diminishes the bright
red fundus reflex.

Leucocythaemic retinitis is characterised by the
great tortuosity and size of the retinal vessels as well
as by the light yellow colour of the fundus reflex,

Septic retinitis may occur in pysemia as a result of
septic emboli, the retinitis becoming purulent and
extending to the other tissues of the eye, ending in
general panophthalmitis.

(4) Heemorrhages in the retina come most frequently
from the capillaries, but they may take place from
the veins or the arteries, and are usually sympto-
matic of some general disease. Retinal heemorrhages
may be caused either by increased pressure within
the vessels, by degeneration of the coats of the vessels,
by changes in the blood itself, or by trauma; they
may be met with in retinitis, papillitis, embolism of
the central artery, thrombosis of one of the veins,
angemia, pressure on any part of the optic nerve
between the disc and the point where the vessels
pierce the nerve-sheath, cardiac disease, glaucoma, or
any of the numerous accidents to which the eye 1s
liable. The shape and extent of the hamorrhages
depend in great measure upon the part of the retina
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doubt by gravitation of the blood-corpuscles, and
partly also by absorption, so that when the case is
seen later it may have taken the form of a half-circle
or crescent with its convexity downwards, the upper
part of the circle being of a light colour and the
lower part dark red, separated by a well-defined line
of demarcation. Vision in these cases is usually
completely restored.

Recent retinal haemorrhages are of a bright red
colour; they may retain this colour for a long time
and then become of a dirty, reddish-brown tint, ulti-
mately turning black ; or the colouring matter may
be absorbed, leaving white or yellow patches, which
gradually undergo degeneration : ultimately they may
leave no trace behind, or there may be irregular spots
left to mark their previous position. These spots
may be white or light coloured, showing more or less
of the structure of the choroid, with some pigment
about their margins. Sometimes the spots are very
small, consisting merely of pigment, which may be
either the remains of the colouring matter of the
blood, or pigment set free from the hexagonal epithe-
lial cells. It is not always possible to make a dia-
gnosis between inflammatory and haemorrhagic scars
in the retina and choroid.

The only conditions which might be mistaken for
a hemorrhage of the retina are—(i) The cherry-
coloured spot which occurs at the macula in cases of
embolism of the central artery. (ii) A red spot at
the macula met with in traumatic cases, and 1s pro-
bably produced by a tear in the retina at this part.
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given of this peculiar arrangement taken up by the
pigment.

While these changes are going on, the walls of the
vessels are becoming thicker at the expense of their
internal capacity, and this diminution of the blood-
stream 1s frequently the first ophthalmoscopic sign of
the disease. The diameter of the vessels continues to
decrease, while the retina undergoes a gradual sclerosis
until ultimately the different layers become unrecognis-
able, the rods and cones being quite destroyed. Early
in the disease the disc becomes pale,assuming gradually
a waxy opaque look ; both eyes are always affected.

The chief symptoms which accompany this disease
are, great torpor of the retina, with decreasing vision,
concentric contraction of the visual fields, might-
blindness, etec. Frequently posterior polar cataract
accompanies retinitis pigmentosa, and may be due to
pigment travelling forward from the retina along the
central lymph channel to the back of the lens, where
1t adheres and prohferates.

Retinitis pigmentosa may be congenital, or it may
occur in early life. Some varieties of specific choroido-
retinitis present much the same ophthalmoscopic
appearances,

Exposure to a strong light, as looking at an eclipse
of the sun, or an electric light, may produce pigmen-
tary disturbance at the macula.

It is most important to distinguish refinal from
choroidal pigmentation.

Retinal pigmentation.—The pigment is lace-like or
has the appearance of bone corpuscles.
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the light is reflected differently. Not only is there an
alteration in the reflex of the part, especially when
the detachment 1s opaque, but a portion of the details
may come into view, while nothing can be seen of the
rest of the fundus; this 1s because the detached
portion 1s very hypermetropie, so that an upright
image of that part will be seen. The detached portion
may, 1f opaque, appear in white undulating folds, on
which some of the vessls may be clearly seen; on
movement of the eye 1t may float about. When,
however, the retina retains its transparency, the
ordinary fundus reflex from the choroid will be seen,
and the diagnosis will rest upon the position of the
vessels on the detached transparent retina. When
a retinal vessel on a transparent detachment thus
comes into view it has a characteristic appearance ; it
shows up very clearly, appears smaller than normal,
undulates when the eye 1s moved, and is more
tortuous than usual. Besides all this it has a much
darker look than mormally, while the central light
reflex on it will have disappeared. The darker appear-
ance is due to the light reflected from the choroid being
somewhat obstructed by the vessel, so that it is seen
partly by reflected and partly by transmitted light ;
this appearance is quite characteristic, and should at
once set one on the right track. Then, on putting
up the objective for the indirect method, the detached
retina or the vessels on it will appear different from
the rest of the fundus ; and on moving the lens slightly
from side to side while the image is kept in view, the
detached portion will look to slide over the other
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behind the detachment being in direct communication,
the retina can float about with every movement of the
eye. The edges of the torn retina will be found
turned in towards the vitreous.

When the detachment takes place in the macular
region, the retina usually remains adherent to the
macula itself, thus producing an ophthalmoscopic
appearance somewhat like the cherry-red spot of em-
bolism ; this red spot might also be mistaken for a
haemorrhage by an inexperienced observer.

The character of fluid behind the detachment can-
not often be diagnosed ; it is most frequently serum of
a light straw colour, but it may be blood: a more
important point, however, to arrive at is—is the de-
tachment due to fluid or is it due to a new growth ?
Other points not resting on the ophthalmoscope must
be called to our aid to enable an accurate opinion to
be formed. Thus the history of the case, the position
of the detachment, and the tension of the eyeball may
help us to arrive at a correct conclusion. In simple
detachment the tension is liable to be diminished,
while in that due to a growth the tension is usunally
above the normal at some period of its growth. Asa
rule the surface of a growth is more prominent, some-
times a heemorrhage being visible upon it. No undnu-
lation of the detachment will be detected on moving the
eye, and if the case be watched for some weeks it may
be noticed if any increase is taking place. Detach-
ments are most frequent in myopic eyes, but a new
growth may occur in any eye, whatever its refraction.
Detachments are frequently accompanied by vitreous
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in the size of the arteries is most marked in retinitis
due to leucocythaemia,

Decrease in the size of the arteries is much more
common, and 1s often very marked in optic atrophy,
retinitis pigmentosa, or any other disease causing
atrophy of the retina; it is also a frequent result of
the retrogressive changes following papillitis and reti-
nitis ; other causes are, increase in the intra-ocular
tension, embolism, thrombosis, and ansemia.

Increase in the size of the veins is frequently met
with, and it is usually due to inflammation of the retina
involving the walls of the vessel, or to some disease
producing general venous congestion, or to direct pres-
sure on the venous trunk as it leaves the eye ; the in-
crease 1n the size of the vein is generally accompanied
by an increase in its length which shows itself by
greater tortuosity than normal ; all the veins may be
thus affected or only one, or even only a part of one.

Decrease in the size of the veins is much less
common than increase, and may be due to atrophy
of the retina or optic dise, embolism, thrombosis, or
any degenerative process taking place in the vein
itself. When the veins seem slightly enlarged, espe-
cially if the disc is redder than usunal, the case may
be one of hyperamia.

In an@mia the arteries are slightly diminished, and
the disc and general fundus pale, owing to the blood
being of a lighter colour than normal from a defi-
ciency in the number of red blood-corpuscles.

In albuminuric retinitis the coats of the arteries
are always thickened and their calibre diminished,
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disc ; sometimes the blood-stream is broken up into
segments, retinal heemorrhages are usually present,
and a white hazy, opaque appearance surrounds the
macula, the centre of which is occupied by a bright
red spot (cherry-coloured spot). Thisopaque appear-
ance 18 due to cedema of the nerve-fibre layer. The
retina of the fovea centralis is very thin, and contains
but little conneective tissue, so that no cedema takes
place here, therefore the red of the choroid shows
through ; this colour is much intensified by the white
appearance around, and possibly also by congestion
of the choroid; so that really the cherry-coloured
spot 1s produced chiefly as the result of contrast.
Should the embolus be too small to plug the central
artery, then it may block up one of the main branches,
and the ophthalmoscopic picture will vary accordingly.
Later, the disc becomes atrophic, the cedema subsides,
and therefore the red spot disappears, while the
arteries will always remain very small. A similar
condition may be produced by a hemorrhage into the
optic nerve sheath.

Thrombosis of the central vein produces somewhat
analogous appearances, but the arteries are larger, the
veins much fuller, while retinal haemorrhages are more
numerous and larger.

() The vessels may be unusually tortuous, which is
expressed by their increased length; these tortuosi-
ties when present are usually lateral. The condition
may be met with in cases where a nwmvus of the
skin of the lids or brow exists, or it may be one of the
permanent remains of an attack of neuro-retinitis ; it
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side of the vessels, and therefore the blood passes on
in an almost continuous stream. In glaucoma the
intra-ocular tension is greater than that in the vessels,
so that the blood is able to flow along the retinal
arteries only during the systole of the heart ; when the
pressure is lowered during the diastole, the arteries
are occluded by the intra-ocular pressure.

Venous pulsation is usually physiological, but it
may occur with an increase of the intra-ocular tension.
This pulsation can best be seen on the dise, sometimes
at the point where the main vein is formed by the
junction of the upper and lower retinal veins. It
consists of a gradual emptying and refilling of the
vessel, and 1s possibly due to the slight increase of
the intra-ocular tension which occurs with each con-
traction of the left ventricle, thisinerease being trans-
mitted through the wvitreous to the veins, causing
them to empty. The veins, however, quickly refill as
the tension is lowered.

(d) Alterations i the light streak of the reltinal
vessels.—It must be remembered that the retinal ves-
sels on section are oval, the perpendicular diameter
being less than the horizontal ; the fuller the vessels
the more they tend to the circular. This condition
influences considerably the breadth of the light reflex ;
the flatter the vessels the broader the reflex. The
colour of the blood in the vessels also makes some
difference ; the lighter the colour, the better marked
is the central streak.

The light reflex is better marked and more regular
in the case of the arteries than the veins, and can be
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Commotio retine.—Sometimes after a severe contu-
sion of the eyeball some part of the retina may
assume a white clouded appearance, which may be
accompanied by impaired vision, ciliary redness, and
photophobia. These symptoms usually pass off in
thirty-six hours. The condition is probably one of
cedema of the retina.

Retinitis proliferans is the name given to that con-
dition in which new vessels grow out into the vitreous
supported by connective tissue. Bands may be seen
stretching from one part of the fundus to another.
Some observers think that these cases commence as
large vitreous heemorrhages,

Glioma of the retina is a very malignant disease,
commencing usually in the neuroglia of one of the
granular layers of the retina. It is most common in
infants, but may occur up to the age of ten or twelve
years. Sometimes both eyes are affected. This con-
dition 1s best examined by focal illumination, when the
growth will be seen of a pink-whitish colour, smooth
or lobulated, and frequently with blood-vessels on its
surface.

Glioma may be mistaken for inflammatory exuda-
tion in the vitreous, a condition sometimes called
pseudo-glioma ; the distinguishing points are, that in
pseudo-glioma the colour is usunally yellow or straw-
coloured, the surface is flat, posterior synechie fre-
quently exist, while the iris itself is pushed forwards
in the centre and retracted in its ciliary portion ; the
tension is usually subnormal ; whereas in glioma the
whole of the iris is pushed forward, and the tension
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CHAPTER IX
THE OPTIC NERVE

Tur only part of the optic nerve to be seen with
the ophthalmoscope is the dise. Changes taking place
in the nerve may or may not cause alterations in the
disc. It is necessary to remember that the optic nerve
passes through the rigid sclerotic opening, which is
somewhat funnel-shaped, the narrowest part being in
front ; the nerve fits it closely, so that when any swell-
ing takes place in this part, the sclerotic opening acts
as a hgature, and may cause serious changes m the
nerve-fibres as well as considerable obstruction to the
retinal circulation.  These changes may be made
apparent by swelling, ete., of the optic disc.

The central artery and vein are for the nutrition of
the retina, and have nothing to do with the nutrition
of the disc itself. Since no anastomoses take place
between these vessels and those of the surrounding
structures the retinal circulation is terminal.

Abnormal conditions of the disc may canse—

1. Alterations in colour and transparency.

2. Alterations in surface level.

3. Changes in the margins of the disc.
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may in a young individual indicate a condition border-
ing on atrophy.

Atrophy of the optic nerve may be divided into—

Primary.
Secondary.
Consecutive.

Primary atrophy is that condition which is not
preceded by any inflammatory action ; though it must
be remembered that since failing vision is almost the
only symptom of atrophy, the disease may have been
in progress for a long time before being detected,
and any inflammatory action which may have pre-
ceded the degenerative processes may have vanished,
leaving mno indication behind. Primary atrophy
may exist as a purely local disease, but is most com-
monly met with in association with locomotor ataxy
and disseminated sclerosis.

Secondary atrophy is the term used by most authors
to signify an atrophy due to some injury or disease of
the nerve or retina; common causes are pressure on
any part of the nerve, embolism of the central artery
of the retina, retinitis pigmentosa, choroido-retinitis,
syphilitic retinitis, ete.

Consecutive or post-neuritic atrophy is due to the
gradual destruction of the nerve fibres of the optic
nerve following upon inflammation of the papilla.

In atrophy the disc is usually very white, or in some
cases grey, but the ophthalmoscopic appearances will
vary considerably with the stage of the disease and
its cause. The whiteness of the disc is due to degenera-
tion of the nerve-fibres, together with the capillaries
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waxy-looking dise, while the vessels are often very
small, '

‘Very great differences in sicht will be found in
optic atrophy; some may have very white discs and
yet retain fair vision, while others have extremely bad
vision and yet the discs may not be very white.
Sometimes the margins of the disc are a safe guide
to the cause of the atrophy, while at other times this
1s not the case.

2. Alterations in surface level.—Although the dise is
spoken of as the papilla, it is really but very slightly

Physiological cup.

raised above the general level of the fundus. The disc
may be depressed so as to form a cup, of which there
are three kinds: (1) the physiological cup; (2) the
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reaching almost to the edge of the dise on the temporal
side, and being excavated on the nasal side, which is
unusual ; the stippling of the lamina cribrosa is well
seen.

The atrophic cup involves nearly the whole disc, but
18 shallow, and formed by a very gradunal slope from
the disc margins. The vessels can be traced down the
cup without any interruption. This form of cup is
common in cases of primary atrophy.

The glawcoma cup is produced by an inerease of the
intra-ocular pressure driving the nerve backwards,

Fia. 66.

Glauncoma cup.

and displacing the Jamina cribrosa. The optic nerve
entrance is the weakest part of the coats of the eye-
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ball, and is therefore the part which gives way first
to increased intra-ocular pressure. The essential
characteristics of this cup are, that it involves the
whole dise, 1s more or less excavated, and the vessels
are pushed over to the nasal side of the dise. =~ When
these characteristics are well marked 1t 1s 1mpossible
to mistake them ; but in others when the cup 1s only
forming, it 1s very easy to mistake 1t for one of the
two preceding varieties. Besides, in some cases the
two conditions may co-exist; thus a case of glancoma
occurring 1n an eye with a well-marked physiological
cup may be some time before it develops the charac-
teristics belonging to the glanucoma cup.

With the indirect examination one will see, on

moving the objective slightly from side to side, a
well-marked parallaxr, 1. e. the margin of the dise will
appear to shde over the bottom of the cup. This is
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due to the image of the margin of the disc making a
greater movement than the image of the bottom of
the cup. Thus, in Fig. 67, let a represent the edge
of a glaucoma cup, and b the lower part of the same ;
the image of a will be formed at A, and b at B. On
moving the lens ¢ to b, B will move to 8" and A to A’;
therefore the image A, which represents the margin
of the edge of the cup, will have made a greater
movement than B, which is the image of the bottomn
of the cup.  With the direct method a parallax may
also be seen. We may estimate the depth of the cup
by the direct method, if we remember that 3 D. =1
mm. ; first find the glass through which the edge of
the disc is seen clearly, and then the glass through
which the bottom of the dise 1s seen well defined ;
for example, if the edge of the disc is seen clearly
with a +2 D., whilst the lowest part of the cup
requires —4 D., we should know that the cup was
2 mm. deep.

This deep excavated cup is found most marked in
cases of chronic glaucoma.

With the ophthalmoscope the vessels of the retina
will appear to stop at the edge of the disc as they
twist under the overhanging edge; they will be seen
again at the bottom of the dise, only more or less ont
of foens. Other characteristics of the glancoma cup
are, that the vessels are pushed towards the nasal
side, and frequently pulsation can be detected m the
arteries. This pulsation will be found referred to on

p. 125,

Newritis.—Inflammation may attack any part of
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may exist alone or in conjunction with retinitis, and
may be caused by pressure on any part of the optic
nerve; by brain mischief; or by some general disease
- such as albuminuria, diabetes, syphilis, rhenmatism,
influenza, ete. '
No distinet line of demarcation exists between
hypereemia and inflammation of the dise, the ome
passing imperceptibly into the other. When the
edge of the disec has become slightly indistinet, ac-
companied by distinet swelling, papillitis may be said
to have commenced. Papillitis may exist in varying
degrees ; 1t is usually manifested by increased red-
ness, with swelling of the optic nerve, which fills np
the physiological cup, and gradually raises up the
centre of the dise, sometimes to an enormous extent.
The swollen disc overlaps its edges, so that the
margins are very ill-defined or quite lost, while the
colour of the disc may be increased, being much the
same as the surrounding choroid. The disc margins
have a striated or woolly appearance, due partly
to opacity and swelling of the nerve-fibres, and
partly to exudation of inflammatory material. The
arteries may be diminished in size, and at places
hidden from view by exudation ; the veins are dilated
and tortuous, the bendings taking place mnot only in
a lateral direction, but often in an antero-posterior
plane, especially when the swelling is very great
A few heemorrhages may be seen near the disc,
radiating from it in the direction of the nerve-fibres.
This condition may be well seen by the indirect
method, but the indistinctness of the disc margins
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been referred to under the diseases papillitis and
post-papillitic atrophy. In the first condition the
margin of the disc is often completely lost, as is shown
in Fig. 68 ; in slight cases or in an early stage of the
inflammation, the edge of the disc can still be made
out, but it has a woolly striated appearance, more
marked at some parts than at others. In post-papil-
litic atrophy the margin of the disc is usually some-
what irregular, with disturbance and heaping up of
displaced pigment.

The most common cause of change in the margin
of the disc is, however, that produced by myopia, a
crescent being formed on the outer edge. Myopia
is nearly always due to an increase in the antero-
posterior diameter of the eyeball. This increase in
length 1s usually produced by a stretching of the
tissues at the back of the eye; the sclerotic bulges
at the point of least resistance, 7. e. on the outer side
of the optic nerve, between it and the macula, while
the choroid, instead of stretching with 1t, becomes
dragged away from the disc margin, exposing a
crescent-shaped portion of the sclerotic. In shght
cases a mere increase of the sclerotic ring will be-
come visible on the outer side of the disc; while in
high degrees of myopia the crescent may attain an
enormous size, completely surrounding the dise and
extending a long way towards the macula, the broadest
part of the myopic crescent being invariably out-
wards. This myopic crescent is occasionally seen in
cases of emmetropia, and even in hypermetropia ; here
probably the eye was originally hypermetropic, and
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near its margin upwards and downwards for some
distance on to the retina. Sometimes isolated patches
are seen a short way from the disc. They are always
white and opaque-looking, somewhat flame-shaped
with well-defined lateral margins and feathery ends,
shading off gradually into the normal retina. The
opacity occupies the anterior part of the retina, and
may even hide the retinal vessels more or less com-
pletely, When the patches are large, and extend a
long way over the retina, they bend out towards the
macula. Opaque nerve-fibres may exist in one or
both eyes, and when once seen are not likely to be
mistaken for a pathological condition; their dense
white appearance, elongated shape, and feathery ends
are quite characteristic. It may be mentioned that
in the rabbit opaque nerve-fibres are the normal con-
dition ; here they are arranged in two tufts extend-
ing in a horizontal direction on both sides of the
disc. Opaque nerve-fibres should be examined both
by the indirect and the direct methods.

Connective tissue on the disc.—Some part of the disc
or its vessels is occasionally more or less obscured by
a small shred, band, or irregular mass of connective
tissue ; sometimes resembling a very small piece of
cotton wool, just faintly blurring the vessels beneath
it, at other times forming a very opaque white patch
concealing a good portion of the disc and vessels.
The condition is usually a congenital one, being
the remnant of the feetal hyaloid artery; when not
congenital it may be the organised remains of inflam-
matory exudation poured out in papillitis.
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+ 20 D. behind the ophthalmoscope, the observer
approaching close to the patient.

2. Next take up the large concave mirror, and
reflect the light into the eye from a distance. Opaci-
ties of the cornea and lens will then appear as black
spots on a red ground. The cornea and lens being
transparent, notice if any vitreous opacities are
visible ; these are usually floating, and can best be
set in motion by directing the patient to look quickly
up, then down, and finally straight in front of him.
Should any vitreous opacities be detected, they may
be further examined with a plane mirror and a 4+ 8
D. behind the ophthalmoscope. Nothing being de-
tected in the vitreous, notice 1f the disc or any part
of the fundus come into view. Should a vessel be
seen, note 1if it appear to move with the observer’s
head, in this case it will be hypermetropic; if it
move agaimst the movement of the observer’s head
then it will be myopic.  Should a detachment of the
retina exist, then, of course, this part will be very
hypermetropic, and will answer the tests for that
condition. If the detachment be transparent, then a
vessel may be seen on the detached portion of retina;
the vessel will appear darker than usual, more tor-
tuous, have a foreshortened appearance, and move
with the undulations of the detached retina.

3. Nothing being detected by the mirror alone,
the large biconvex lens should be held up in front of
the eye we are examining, while the light is still re-
flected by the large concave mirror : thus one obtains
an inverted image of the fundus. Notice first the
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Concave mirror at a distance, 38
Congenital erescent, 143
Conical cornea, 86
Connective tissue on dise, 144
Consecutive optic atrophy, 132
Convex lens, 11
Cornea, 85
Corneal opacities, 86
Couper’s ophthalmoscope, 28
Crescent, congenital, 143
myopie, 105, 142
Cribrosa, lamina, 80, 135
Cup, atrophie, 135
cglancoma, 136
physiological, 80, 135

D
Detachment of retina, 117
Deviation, angle of, 9
Diabetic retinitis, 111
Direct examination, 53
positions for, 54
Dise, optie, 79
an®emia of, 181
atrophy of, 132
hypersemia of, 131
image of, 41
inflammation of, 138
size of, 79
Disseminated choroiditis, 102

E
Embolism of central artery, 123
Emergent ray, 7
Estimation of refraction by reti-
noscopy, 66
by the direct, 62
Euphthalmine, 33

INDEX

Examination, methods of, 32
direct, 53
Examination, focal illumination,
36
indirect, 41

F

. Floating opacities, 40, 93
| Foeal illumination, 36

Focus, anterior, 10
conjugate, 4, 10
negative, 10, 15
prinecipal, 6, 14
virtual, 5

Formation of images, 17

Fovea centralis, 78, 124

Frost’s artificial eye, 34

Fuchs, 143

G

(#lass, index of refraction of, 7
magnifying, 31

Glaucoma cup, 136

(Glioma of the retina, 128

Guttate choroiditis, 129

H
H@emorrhage, choroidal, 105
into nerve-sheath, 124
into vitreous, 93
macular, 113
retinal, 112
subhyaloid, 113
Hemorrhagic retinitis, 113
Helmholtz, 23
Homatropine, 32

| Hyaloid artery, 89, 97

Hyperemia of choroid, 98
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Optie nerve, 79, 130
Opties, 1

P

Papillitis, 139
Parallax, 119, 137
Physiological cup, 80, 135
Pigmentation, changes in, 115
Pigmentosa, retinitis, 115
Plane mirror, 26, 67
Positions for direct, 54

for indirect, 42
Primary atrophy, 133
Prineipal angle, 8

axis, 9

focal distance, 9

focus, 6, 14
Prisms, 8
Pseudo-glioma, 128
Pulsation, arterial, 125

venous, 126
Punctata, keratitis, 86
Puarulent choroiditis, 101

R

Rays, 1

Real image, 20

Reflection, 2
by a concave surface, 3
by a convex surface, 6
by a plane surface, 2

Refraction, 6
by a plane surface, 7
by a prism, 8
by a spherical surface, 9
by lenses, 11
estimation of, 62, 66
index of, 7

INDEX

Retina, 76, 109
detachment of, 117
glioma of, 128

. Retinal hemorrhages, 112

pigmentation, 115, 116
vessels, 121
Retinitis, 111
albuminurica, 110
diabetie, 110
lencocyth®emie, 110
pigmentosa, 115
proliferans, 128
septie, 110
syphilitie, 110
Retinoscopy, 66
Ring, choroidal, 81
sclerotic, 81
Rupture of choroid, 106

S

Sarcoma of choroid, 107
Sclerotic ring, 81
Secondary axes, 12

optic atrophy, 132
Senile choroiditis, 105
Septic retinitis, 110
Shadows in retinoscopy, 68
Sparkling synchysis, 95
Subhyaloid heemorrhage, 113
Suppurative choroiditis, 101

T

| Thrombosis of central vein, 124

Tilted mirror, 26
Tubercle of choroid, 106
Tyrosin, 94
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Hecond Edition, With 60 Illustrations. 2& Gd. net. E,
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The Effects of Borax and Boric Acid on the Human

System. Third Treatise. With Diagrams, By Dr. Oscar LIEBREICH,
Gg. net.

A Simple Method of Water Analysis. By Joux C.
TrresE, M.D.Vic., D.Sc.Lond., D.P.H.Camb. Sixth Edition. 2s. 6d.net.
By the same Author.
The Examination of Waters and Water Supplies.
19 Plates and 11 Fignres in the Text. 14s. net.
Also, with Arthur E. Porter, M.D., M.A.Cantab.
Preservatives in Food and Food Examination.
8 Plates. 14s. net,

Foods and their Adulteration. By Harvey W.

Wirey, M.D., Ph.D. With 11 Coloured Plates and 87 other Ilustrations.
Second Edition. 2ls. net.

A Manual of Bacteriology, Clinical and Applied.

By R. Taxwer Hewrerr, M.D,, Professor of General Pathology and
Bacteriology in King's College, London, Fourth Edition in FPreparation,

By the same Author.

Serum and Vaccine Therapy, Bacterial Thera-

peutics and Prophylaxis, Bacterial Diagnostic Agents. Second edition.
32 Figures. 7s. 6d. net.
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Clinical Diagnostic Bacteriology, including Serum-
and Cyto-diagnosis. By Aurrep C. Covres, M.D., D.Sc., F.R.B.E.
2 Coloured Plates. B8s. net.

Lessons in Disinfection and Sterilisation. By F.W.

Awprewes, M.D., F.R.C.P., Lecturer on Pathology, St. Bartholomew's
Hospital, Second Edition, 31 Illustrations. 3s. 6d. net.
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A Text-Book of Medicine. Begun by the late C.

Hivroxy Fagcee, M.D.; completed and re-written by P. H. Pye-Smrrn
M.D., F.R.8. Fourth Edition. 2 vols, 42s. : 2

Manual of the Practice of Medicine. By Freperick

TayLor, M.D., ?‘.R.E:.PI.. Consulting Physician to, and Lecturer on
Medicine at, Guy's Hospital, Eighth Edition. 8 Skiagram Plates and
46 Tllustrations, 16s net. Some Disorders of the Spleen. 3s. net.

A Short Practice of Medicine. By Roserr A.

Fresmine, M.A,, M.D., F.R.C.P.E, F.R.B.E.,, Lecturer on Practice of
Medicine, School of the Royal Colleges, Edinburgh ; Assistant Physician,
Royal Infirmary, Edinburgh, 48 Illustrations (10 Coloured). 10s. 6d, net.

The Practice of Medicine. By M. Cmarrteris, M.D.,,

Professor of Therapeutics and Materin Medica in the University of
Glasgow. Ninth Edition. Edited by F. J. Cmawreris, M.D., Ch.B.
Illustrated, 9s. 8d. net.

A Medical Vademecum, in German and English.
By B. Lrwis. With a Preface by Prof. Dr. A. Porirzer. 15s. net.

S

A Manual of Physical Diagnosis. By Brerxey R.

O'Reriny, M.D., C.M., M.R.C.8.Eng., L.R.C.P.Lond., Demonstrator in
Clinical Medicine and in Pathology, University of Toronto. With 6
Plates and 49 other Illustrations. Ss. 8d, net,

A Dictionary of Medical Treatment for Students and

Junior Practitioners, By ArraEur Latmasm, M.D.Oxon., F.R.C.P.Lond.,
Physician and Lecturer on Medicine at St. George’s Hospital, 6s, 6d, net.

Text-Book of Medical Treatment (Diseases and

Symptoms). By Nestor 1. C, Tirarp, M.D., F.R.C.P., Professor of the
Principles and Practice of Medicine, King's College, London. 15s.

A Manual of Family Medicine and Hygiene for

India. Published under the Authority of the Government of India, By
Bir Winriax J. Moore, E.C.LE., M.D., B8eventh Edition revised by Major
J. H. Tonn Wanss, ILM.B. 70 Engravings. 0Gs net.

Waring's Bazaar Medicines of India. By Lt.-Col.
C. P. Luxis, I.M.8., Principal of the Medical College, Calcutta. Sixth
Edition, 6s. net.

The Blood: how to Examine and Diagnose its

Digeages. By Arrnep U. Cores, M.D,, D.Sec., F.R.B.Edin. Third
Edition. 7 Coloured Plates. 10s. Gd. net,

Lectures on Medicine to Nurses. DBy Herperr E.

Curr, M.D., F.R.C.8., late Medical SBuperintendent, North-Eastern Fever
Hoepital, London. Fifth Edition. 28 Illustrations, 3s. Ud. net,

How to Examine the Chest: a Practical Guide for

the use of Students. By Samurr Wesr, M.D,, F.R.C.P., Physician to SBt.
Bartholomew’s Hospital, Third Edition. 46 Engravings. 5.
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The Practice of Surgery. By W. G. Seexcer, M.S,,

F.R.C.8., Surgeon and Lecturer on Surgery, Westminster Hospital, and
G. E, Gasx, F.R.C.8., Assictant Surgeon and Demonstrator of Practical
Surgery, St. Bartholomew's Hospital. 28 Skiagram Plates, i.’:l} Colour
Plates. 707 Text-figures, 22z net.

Surgical Pathology and Morbid Anatomy. By
ANTHONY A. BowLey, F.R.C.8., Burgeon to 8t. Bartholomew’s Hospital,
assisted by F. W. Axprewes, M.D., Lecturer on Pathology, St. Bartholo-
mew's Hospital. Fifth Edition. 196 Engravings. 10s. 6d. net,

A Manual of Surgical Diagnosis. By James Brrry,

B.8.Lond,, F.R.C.8., Surgeon to, and Lecturer on Burgery at, the Royal
Free Hospital, 6s, net,

A Synopsis of Surgery. By R. F. Tosmy, F.R.CS.L,

Surgeon to BEt. Vincent's Huspil:u'li, Dublin. Second Edition. Inter-
leaved, leather binding. Gs. 8d.

Ovariotomy and Abdominal Surgery. By HARRIsON

Crrees, F.R.(.8., Burgical Staff, St. Bartholomew's Hospital. Numerous
Plates, 2bs,

By the same Author.
On Diseases of the Rectum and Anus, including

the Fifth Edition of the Jacksonian Prize Essay on Cancer. Third
Edition, With 13 Plates and 34 [llustrations, 10s. 6d. net.

Also

Cancer of the Rectum, especially considered with

regard to its Surgical Treatment. Jacksonian Prize Essay. Fifth Edition,
With 13 Plates and several Engravings. 06s. net.

Diseases of the Rectum, Anus, and Sigmoid Colon.

By F. Swixrorp Epwarps, F.R.C.B., Benior Surgeon to St. Mark's
Hospital for Fistula and other Diseases of the Rectum. Third Edition.
102 Illustrations, 10&, Gd, net,

A Manual of Minor Surgery and Bandaging.

Fourteenth Edition of Heath's, By Brutox Pornakp, F.R.C.8., Surgeon
to University College Hospital. 250 Engravings. 7. 6d. net.

Injuries and Diseases of the Jaws. By CHRISTOPHER
Hearm, F.R.C.8., Fourth Edition, Edited by Hexzy Prrey DEaN,
M.8., F.R.C.8., Assistant Surgeon to the London Hospital. 187 Wood

Engravings, lds,
By the same Author.

Clinical Lectures on Surgical Subjects delivered at
University College Hospital. First Series, 6s. ; Second Series, Os,

An Essay on the General Principles of the Treat -
ment of Spinal Curvatures. By R. HEATHER Biae, F.R.C.8.Edin.
Illustrated by Photographs and Sketches. 6s, net.
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A Text-Book of Nervous Diseases. By W. ALprexw
Terwenr, M.D., P.R.C.P., Physician and Lecturer on Neurology, King's
College Hospital ; and T, GrarNger Srewarr, M.B,, M R.C.P., Assistant
Physician, National Hospital for Paralysed and Epileptic. With 188
Ilustrations, 18 net.

Paralysis and other Nervous Diseases in Childhood
and Early Life, By James Taxnog, M.D., F.R.C.P., Physician, National
Hospital for Paralysed and Epileptic, Queen Square, 74 Illustrations.
128, 8d. net.

A Manual of Diseases of the Nervous System.
By Bme Wirtrau R. Gowess, M.D., F.R.5,

Vor. I.—Nerves and Spinal Cord. Third Edition, by
the Author and James Taynor, M.D., F.R.C.P. 192 Engravings. 15
By the same Author. :
Subjective Sensations of Sight and Sound, Abio-

trophy, and other Lectures on Diseases of the Nervous System. 18 Illus-
trations, 0s. net,
Also

Epilepsy and Other Chronic Convulsive Diseases:
their Causes, Symptoms, and Treatment. Second Edition. 10s 6d.

Also
The Borderland of Epilepsy, Faints, Vagal Attacks,

Vertigo, Migraine, Sleep Symptoms, and their Treatment. 4s. 6d. net.

Text-Book of Nervous Diseases and Psychiatry.
By Cmannks L. Dawa, AM., M.D.,, LL.D., Professor of h_"-:aljv_-:rus
Dligeases in Cornell University Medical College. Seventh Edition,
With 3 Plates and 261 Text-figures. 25s. net.

Selected Papers on Stone, Prostate, and other
Urinary Disorders. By Resi¥aip Harrisow, F.R.C.B,, Surgeon to St.
Peter's Hospital. 15 Illustrations, B&s.

By E. Hurry Frxwrick, F.R.C.8,, Burgeon to the London Hospital.

Atlas of Electric Cystoscopy. 384 Coloured Plates.

21, net.

The Value of Radiography in the Diagnosis and

Treatment of Urinary Stone. With 80 Plates. 10z 6d. net,

Obscure Diseases of the Urethra. 63 Illustrations.
P

Operative and Inoperative Tumours of the Urinary
Bladder : a Clinieal and Operative Study based on 500 cases, 30 Illus-
trations. be net.

Tumours of the Urinary Bladder. Fas. . 5z net.

Ulceration of the Bladder, Simple, Tuberculous, and
Mnlignant : a Clinical Study. Illustrated. Obs.
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Ophthalmology
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Lectures on Medical Jurisprudence and Toxicology.
By Frep. J. Samrra, M.D,, F.R.C.P., F.R.C.8.Eng., Physician to, and
Lecturer on, Forensic Medicine and Toxicology at the London Hospital,
Second Edition. B8s. 6d. net.

Medical Jurisprudence: its Principles and Practice.

By Avrrep 8, Taviog, M.D,, F.R.C.P., F.R.8. Bixth Edition, by FrED.
J. Sy, M,D., F.R.C.P.,, Physician to, and Lecturer on Forensic
Medicine at the London Hospital. 2 vols. 20 Engravings. 425 net.

Medical Ophthalmoscopy: a Manual and Atlas.

By Sir Winriam R, Gowers, M.D., F.R.C.P., F.R.8B. Fourth Edition.
Edited with the assistance of Makcus Guxw, M.B., F.R.C.8., Surgeon to
the Royal London Ophthalmic Hospital. Autotype Platesand Woodcuts,
14z, net. '

Manual of Ophthalmic Surgery and Medicine. By

W. H. H. Jrssor, M.A., F.R.C.8., Senior Ophthalmic Surgeon to St.
Bartholomew's Hospital, Second Edition. 8 Plates and 155 other
Illustrations, ©Os O6d, net.

Refraction of the Eye: a Manual for Students.

By Gusravus Hawrrinee, F.R.C.8., Burgeon to the Royal Westminster
Ophthalmic Hospital, Fifteenth Edition. 107 Illustrations, also Test-
types, ete.  Be. net.

By the same Author.
The Ophthalmoscope: a Manual for Students.

Fifth Edition. 08 Illustrations and 4 Plates. 4s. net,

Diseases of the Eye: a Manual for Students and

Practitioners, By J. Hersrrr Pansoxns, D.Se., M.B,, B.S,, F.R.C.8.,
Assistant Ophthalmic Surgeon, University College Hospital ; Assistant
Surgeon, Royal London (Moorfields) Ophthalmic Hospital, 308 Illustra-
tions and 15 Plates, 10s, Od, net.

By the same Author.
Elementary Ophthalmic Optics, including Ophthal-

moscopy and Retinoscopy. 66 Illustrations. 6s, 6d.

Sight-Testing Made Easy, including Chapter on
Retinoscopy. By W. W. HARDWICKE, M.D., M.R.C.P., late Hon,
Physician, Molesey and Hampton Court Cottage Hospital, Second
Edition. 12 Engravings. 2s, 6d. net.

Royal London Ophthalmic Hospital Reports. By the

Medical and Surgical Staff, Vol. XVIII, Part I. 5s. net.

Ophthalmological Society of the United Kingdom.
Transactions, Vol. XXX, 1% 6d. net. Alsoin three Fasciculi at
4s. net. each,
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Dermatology # Tropical Diseases

Diseases of the Skin. By J. H. Sequeira, M.D.,

F.R.C.P.,, F.R.C.8,, Physician to S8kin Department, and Lecturer on
Dermatology at the London Hospital. With 44 Plates in Colour and 179
Text Illustrations. 25#, net. '

A Handbook on Leprosy. By S. P. Inrey, M.D., late
A

Supt., Robhen Island Leper Asylom, Oape Colony. 38 Plates. 12s,

Manual of Diseases of the Skin, with an Analysis

of 20,000 Consecutive Cases and a Formulary. By Duxcax E. BuLELey,
M.D., New York. Fourth Edition. 6. Gd.

Skin Diseases of Children. By Gro. H. Fox, M.D,,

Olinical Professor of Diseases of the Bkin, College of Physicians and
Burgeons, New York. 12s, 6d.

Maternal Syphilis, including the Presence and
Recopnition of Syphilitic Pelvie Disease in Women. By Joux A, Spaw- |

Mackexzig, M.D. Coloured Plates. 10s. 6d.
The Diagnosis and Treatment of Syphilis. By Tom

Rominson, M.D.St. And., Physician to the Western Skin Hospital,
Second Kdition. 3s 6d. The Diagnosis and Treatment of Eczema.
Second Hdition. Ss Gd. )

. Ringworm, and some other Scalp Affections: their
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e

{ Cause and Cure. By Hayox Broww, L.R.C.P.Ed. B&e,

. The Malarial Fevers, Hazmoglobinuric Fever and
) Blood Protozoa of Man. By CHaries F. Craig, M.D,, Captain U.B.
_ Army. With 4 Coloured Plates and numerous Charts and Drawings,
\ 20z, net.,

{ ]

. Waring’s Bazaar Medicines of India. See page 6.

) .

The Malarial Fevers of British Malaya. By

Hasmirrow Werenr, M.D. (MeGins), Director of the Institute for Medical
Research, Federated Malay States. Map and Charts. 3 met. The
Etiology and Pathology of Beri Beri. With Map and Charts. 3s net.

Studies from Institute for Medical Research,
Federated Malay States. Vol, ITI. 10s net.

Prout’s Elementary Hygiene and Sanitation. See
page

Report on the Prevention of Malaria in Mauritius.

By Roxatp Ross, D.P.H., F.R.C.8., F.R.S., Professor of Tropical
Medicine, University of Liverpool. With 25 Illustrations. 5s. net. .

On the Causes and Continuance of Plague in Hong
Kong, By W. J. Siwpson, M.D.,, F.R.C.P. Numerous Charts and
Diagrams. 10s net. Report on Plague in the Gold Coast in 1008,
Tllustrated. 2 net.

On the Outbreak of Yellow Fever in British Honduras
in 1905, By Sir Ruperr Boycr, M.B., F.R.5. 3= 6d. net.
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Microscopy <2 Miscellaneous

A Text=book of Physics. Edited by A. Winmer DuFr,
D.Se¢., Professor of Physics, Polytechnic Institute, Worcester, Mass.
Second Edition, 525 Illustrations. 10s, 64, net.

A Text-book of Physical Chemistry, Theory and
Practice. By A. W. Ewerr, Ph.D., Assistant Professor of Physics, Poly-
technic Institute, Worcester, Mass, 102 Illustrations and 63 Tables,
Oz, G, net.

Physical Measurements. By A. Winmer Durr and

A. W. Ewrrnn. Second Edition. 78 Illustrations. 7s, 6d. netl.

The Conduction of Electricity through Gases and
Radio-activity. A Text-book with Experiments. By R. K. McCLuxg,
M.A,, D.Se., Lecturer in Physice, University of Manitoba. 78 Illustra-
tions. 7#. Gd. net.

The Microscope and its Revelations. By the late
Wirniam B, CaxrrxtTER, C.B., M.D., F.R.58. Eighth Edition, by the Rev.
W. H. Dattiseer, F.R.B. 23 Plates and B00 Wood Engravings. 28sz. ;
or, in two vols., sold separately, cloth, 14s. each. Vol. I. The Microscope
and its Accessories. Vol. IT, The Microgcope, its Revelations.

The Microtomist’s Vade-Mecum. By ArTHUR BoLLES
Ler, Sixth Edition. 158, net. <

The Quarterly Journal of Microscopical Science.
Edited by Sir E. Rax Lawxkester, K.C.B., M.A,, D.Sc., LL.D., F.R.B,
Each Number, 10s. net.

Manual of Botany, in two Vols. By J. Rey~xowrps

Greex, Sc.D., M.A., F.R.8. Vol, I. Morphology and Anatomy. Third
Edition. 778 Engravings., T7e 64, Vol, IL. Classification and Physiology.
Second Edition. 460 Engravings. 10s.

By the same Author.

An Introduction to Vegetable Physiology. 152
Ilnstrations, Third Edition. Nearly Ready.

Plant Anatomy. By Wirniam Cuase Stevens, Profl. of
Botany in Univ. of Kansas, 136 Illustrations. Second Edition. 10s. 6d.
net.

The Dawn of the Health Age. By Bexsamix Moorg,
M.A., D.Sc., M.R.C.8,, L.R.C.P. 31, 6d. net. )

Therapeutic Electricity and Practical Muscle Test-
ing. By W.B. HEDpLEY, M.D. 110 Hlustrations, B8z, 6d.

A Manual for Hospital Nurses. By Epwarp J.
Doxvinne, I.R.0.P.Lond,, M.R.C.8.Eng. Ninth Edition. , 1s. Gd. net.

Nursing, General, Medical, and Surgical. By
WiLrrep J. Haprey, M.D., F.R.C.P., Physician to the London Hospital,
Second Edition, 3, 6d. net.

St. Thomas’s Hospital Reports. Vol XXXVII.
Bs. Gd. net,

Guy’s Hospital Reports. Vol. }{LII{_“ 10s. 6d. net.
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