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DESCRIPTION OF THE CHROMO-LITHOGRAPHS.

PLATE I

Fia. 1.—Semi-schematic representation of the papilla of an eye which
is myopic in a moderate degree. The colored plate is taken from
nature j the lower gives a schematie section of the same optic nerve,
(Landolt, Refraction and Accommodation of the Eye, page 427.)

P N, crescent ; I' P, pigmented circle, corresponding to the choroidal
ring ; XV, outline of the optic nerve ; S, super-traction of the inner
part of the retina; T, vein passing over it ; H, hilus of the central
vessels, covered by the overlapping rvetina. The inner and outer
sheaths of the optie nerve are noticeably separated from each other.

Fig, 2.—Normal fundus ocnli in an individual with lizht-brown hair.
(Jaeger, Beitrfige zur Pathologie des Auges,, Taf. I1.)

Fic. 3.—Upright image of an astigmatic eye. (Ophthalmoskopischer
Hand-Atlas von Eduard von Jaeger. Neu bearbeitet von Dr.
Maximillian Salzmann, Taf, V., Fig. 31.)

PLATE 11.

Fic. 1.—Congenital exeavation of the nerve-head. (Jaeger, loc. cif,,
Taf. XI.)

Fi6. 2.—Glaucomatous excavation of the nerve-head. (Jaeger, loc.
cit,, Taf, XIX.)

Fia. 3.—Optic neuritis (papillitis). Right optie dise of a patient suf-
fering probably from a cerebral tumor, (Gowers’s Medical Oph-
thalmoscopy, PL L. Fig. 6.)

F16. 4.— Atrophy of the optic nerve ; right eye, The duration of the

disease was three vears, The patient presented slight spinal
symptoms. (Gowers, loe. cit., PL IL., Fig. 6.)
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"PREFACE.

THrs book has been written in the hope that it may prove
of service to students and practitioners who desire to begin
the study of ophthalmology.

The methods of examining eyes, and the symptoms, diag-
nosis and treatment of ocular diseases have received the
largest share of attention. The subject-matter has been given
in greater detail than is customary in books written for
students, because the author has been led to helieve by those
whom he has had the privilege of instructing in the Medical
Department of the University of Pennsylvania, in the Phila-
delphia Polyclinie, and in the wards of the Philadelphia
Hospital, that this presentation of the practice of ophthal-
mic science and the systematic examination of cases would be
acceptable.

Certain illustrations, descriptions, and elassifications taken
from standard text-books and monographs, which have proved
of special service in teaching students, have also been incor-
porated. These are properly acknowledged in the text, and
a list of the books and brochures which have been con-
stantly consulted {lln‘in# the preparation of these pages is also

appended. Some previous writings of the author—Affections of
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the Eyelids, Lachrymal Apparatus, Conjunctiva, and Cornea,
in Keating’s Cyclopedia of Diseases of Children, Vol. IV.;
Congenital Anomalies of the Eve, in Hirst’s System of Ohstet-

]

rics, Vol. Il.; and Diseases of the Eve (Revision of the

chapter) in Ashhurst’s Principles and Practice of Surgery

(Fifth ":I.Iitiull:] have also been utilized.

Dr. James Warvace, Chief of the Eye Dispensary of the
University Hospital, has written Chapters I. and IV.; that
portion of Chapter ITI. which relates to reflection, the oph-
thalmoscope and its theorv, and the explanation of the direct
and indirect method ; and that part of Chapter XIX. which
deseribes the mechanism of diplopia, the rotation of the eveball
around the visnal line, and the eauses of concomitant convergent
and divergent squint.  He has also given valuable advice and
assistance in reading the sheets for the press. Dr. Epwarp
JacksoN, Professor of Ophthalmology in the Philadelphia
Polyelinie, has written the section on Retinoscopy. The author
is indebted to these gentlemen for their aid, and for the pre-
sentation of the subjects entrusted to them in a manner
which, he feels sure, will be satisfactory to students,

Messrs. oJJ. H. GEMrIG and Sox have very kindly furnished
the cuts of the instruments which illustrate the chapter on

(}pﬂmtiuns,

Pruiraperenia : 1401 Locust St.,
March, 1892,
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DISEASES OF THE EYE.

R o ] e 1 1 LA

GENERAL OPTICAL PRINCIPLE=.
BY JAMES WALLACE, M.

Rh:ﬁ':lttiﬂ['l. —-|:_\' |'--,"'|:1-'Ii-||| of |i_-1.|l is meant the ;I]Il'."HIill]I
which takes place in the direction of luminous rays, which pass
ulllilllil-l_‘-' from one medium into another of different density.

A ray of light passing through air maintains an undeviating

H!il'l'l'lil-ll lll]l:_l. il ENcouniers SO 1]! NS I|]|'1]EI|‘.II whose .-Ii|'|-::-'|-

cular Lo the surfaces & and ¢, undercoes no relracti

lies u||]:-l|lll']_‘-' to the mcident ray. The course of the rav 15 now

chanred =o that it assumes in the denser medinm a direction

nearer fo the perps ndienlar to its surface. If the medium is a
= (17 )
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piece of glass, bounded by parallel sides, the ray, as it passes
throueh the second surface, 15 bent back again imto the rarver
medinm,

Rays passing from a denser into a rarer medinm are deviated
from the perpe ndicular.  The ray now has a dirvection parallel to
its original course ; the sides being parallel, the deviation at each

surface 1s l'-'|ll:l] 11 extent, bt u|li|l-.-ilL' ill 1]I!|'['l'[5E_IJI.

Fic. 2.

Refraction throurh a denser medinm having oblique surfaces. At each surface

1L Tow l.:-l‘- thie baze of the Ii':ll'_'l'_

[t the denser medium is bounded by oblique surfaces, the
deviation at the second surface does not restore the ray Lo its
'Il'i:_[it'li'll I]:I'-'1'1!---H: bt 1t .-~1i|| T inereases [lll'ii[l1'l':lt]r|1l.

Index of Refraction.—The deviation of the ray from its course
-|-'|J--!|-i- 1] the difference 1n the |I+-|-.-irlx' ot the two Ir!I'-;h.'i.

! 'I:il".' 5l:|=—i‘:|-_I --Ea|ir|1|x-|1{ !']‘--t:u ane !||--||:-I|:|| |-||r|| ;i|||-1h:-|' of [|ll'
same density is not bent from its course.  The relative density of
any substance is expressed by its index of refraction.

The absolute index of refraction is 1.F|l."'|1|"||"-'|-1ll‘|- of any =sub-
sianoee l'-|:||1_|:=||'c-l] with a VACLIN. As 1|!'Il. e IH very [ii]]l' :lii]'c-l'—
ence between the indices of refraction of air and a vacuum, air 18
pnsidered as 1 for all ealenlations in lenses.  Moreover, air
i- one of the media in the r'-.-|:||'|-|1|- of |+'|:-'l'=- L 1&1- EYE.

\s the difference in the de I|~1-||.‘-' of the two media inereases, the
!'-l_'- i"-]" 11 ||i|'"~'"-|'.:||'|l-i_‘-' |.|"|1I| ii."1'll|1|""!'.. ."II‘[ |].II .'Ill:lf'h |:"!‘|||"' W -|1||
the perp ndienlar after refraction ]'-j. a denzer medium, is PrOpor-
1---'::|"-!_'-. smaller than the anele formed |-I*.' the ray before refraction.

The angle formed by the ray with thi FII":']".IIEEiI'II]:lI' to the
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surface of the second medium 15 called the angle of incidence,
angle i, The angle formed by the ray with the perpendicular

after refraction i3 ealled #he r-'.lrl-'_.’l'lr' '.“I. :'-_.l-.l'u'f"'-'.'r-", ancle +. The sine

£ freine of the angle of ineldence fF M gine of the angle of refraction.

ol the Jlll_:_'l" of incidence divided by the sine of the ancle of re-
fraction gives the index of refraction. The mode of calenlating
this 15 shown m the ficure,

An imneident ray A I strikes the surface S5 8§, forming Lthe angle of
incidence A B P with the perpendicular I P, It is refracted by the
surface S8 8. and passes into the second medium @ but its course 18 now
chanzed to the direetion &5 &, neaver the e dicalar than before.
The ancle O B P s the anole of refraction.  IF now, o cirele 15 drawn
around £, as a centre, and at the points [ and ¢ perpendicolars ave
drawn to the line P I, the line E I will be the sine of the ancle of in-

cidence, and the line & I will be the sine of the ancle of refraction.

The index of refraction is found by dividine & I i H. ooy = In-

dex of refraction, In this case K D {, and + H 3(FB = H).

It 15 evident from this that the sines of the two ancles are :I:*.'-':'ﬂ--f_'-.'
al to the indices of refraction of their respective media.

GH=3 ED=4 Index of first medium, air, 1. Index of

gecond medimm = 1,35

B el SR S R
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The following table from Landolt contains the index of
refraction of some of the principal substances, The index of
refraction of the glass used in spectacles iz about 1.53.

Table of absolule indices of refraction from Landoll.

I. 8OLIDG.

Crown glasa . : 5 . 2 i : A 1
Flint glass . . . F . F . . 1.57 o 1.58
l‘.!f' v - - - - - " " ® ].-3]‘.:I
Rock erystal . . . . . . . - 1.b62
Quartz (ordinary index) 5 2 : 2 + 0 1.547
Driamond 2 . A . - 7 ; . 24840 2,75
Cornea . : 2 5 ; . . - . l.3365
Crystalline leng, cortical layer 4 ; 4 201393

i e intermediate layer : i . 1.419

L i nuclens ; : . . . 1.431

II. LIGUIDS,
Water . . . . . - : : « 1.336

White of eggr ; - 3 n . : e
Human Lilood s 2 3 . = 2 . 1.354
Sulphuoric ether % £ E o . : « 1.358
Rectifed aleoliol . - i . ; 5 S It i
Canada balsam ; : i ; . . b
Saturated solution of sea salt - “ . e B
Bizulphide of carbon . : : : . . 1.G78

III. GASES.

Air . - . . i : 3 5 . 1000204
Oxygen . A s i - = , . 1000272
Nitrogen - ; - - - - ; « 1000300
Carbonie acid : a : . : ; . 1000430

Prisms.—In order to be refracted a ray of light must also
form an angle with the perpendicular to the surface of the
medinm of different density. Rays which strike the surface
perpendicularly pass through without deviation. This is best
understood by considering prisms,

A prismois a portion of glass, or other transparent substance,
inclnded between two plane surfaces which are inelined to each
other. The angle formed by the two surfaces is called the
refracting angle of the prism, and is expressed in degrees.  For-
merly prisms were designated by the number of degrees in the
refracting angle,
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Apex and Base of the Prism.—The sides converge to a thin
t':l_:_','n* at one |-xlt'1-rni1_~.' of the |H'Il.-II|. This is called the CLpe. At
the other extremity they diverge from each other forming the
beze.

.l‘lll' E'III:'-EHH'II of a |r|'i-||] is deseribed ia-_". the direction in which
its hase is situated ; thus, base up means that the prism is to be
held in front of the eye, or _:'I'ulllui into a ~]r--l'ln-'|1' _!_'lil.‘-“-'. with
the base or thickest part of the prism above; in like manner the
l'_\'.lrl'q':i:-'iull:-‘ base down, base in, or base out indicate that the base
15 placed in one of these positions,

Refraction Through a Prism.—A ray of light falling upon
the surface of a prism is bent towards the perpendicular (Iig. 4).

A glance at the figure shows that

Fig. 4.

the EH'I‘|H'|IIHPI1]:LI' to the surface of a
prism is inclined towards the base,
The I':L:.'.,ihvl'e-llul'q-_ 1= directed towards
Ilu' 1:;!-113 '.1||t[ }I;I,,‘-‘-lir!:_" acrra== 1i|i‘ j:t'i:-'uttl
falls upon the surface of the air bound-
ing' it. The prer ndicular i1s here di-

rected away Trom 1iu- ]J:H-_ but the ray
passing into air iz deviated from the :
: Deviation produced by a

perpendicular, and consequently ap-  prcm (Jackson). 1, angle

proaches still eloser to the base, The of incidence. R, angle of re-
fraction. [, angle of devia-
tiom. R-+-D=TF D equals

refracted ray, therefore, is always
deviated towards the base of the in weak prisms about 14 of &

;
prism.

To the eve of an observer placed at the other side of the
prism the refracted ray seems to come from the direction of the
apex, since a ray is projected backwards over the course given to
it by its last refraction, and a single object appears double if
with both eyes open a prism of sufficient strength is placed be-
fore one of them. The angle which the ray in this last direction
forms with the ray in its original direction is called the angle of
deviation,

When one eve on account of muscular weakness is unable to
dirvect its visual line to the ]urin[ of fixation, a IirE.-']n, will alter
the direction of the ray from the point of fixation so that it coin-
cides with the visual line of the weaker eve. The refractive

propert ies of a |1|'frxr|L are further utilized to test the .-[r'rn_:_'l[l of
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the ocular muscles (see page 76) to neutralize the diplopia
causedd by abnormal deviation of the visual line, for example,
in strabismus, and to detect malingerers who feign monocular
blindness (see page 485).

Angle of Deviation.—The angle of deviation is the angle
formed by the incident ray with the refracted ray. The amount
of this angle is nearly one-half of the refracting angle of the
prism for all prisms between 1% and 10°. Above this the de-
viation rapidly increases,

When the angle of ineidence, formed by a ray in the interior
of a prism, amounts to 40° 49/, the angle of refraction equals
90° ; the angle of deviation, the difference between the two, then
equals 49° 117, The refraction which takes place at each sur-
face of the prism must be considered in determining the amount
of the deviation. When this is equal at the two surfaces the
minimum amount of deviation is present.  When the ray is
perpendicular to one surface the angle of incidence, at the second
surface, equals the angle of the prism ; and the deviation is greater
in this casze, as all the refraction takes place at one surface. A
table of the minimum deviation of prisms is given below,

Limit-Angle of Refraction.—The greatest angle which a ray
an form with the perpendienlar is 90°. If the incident ray
forms this angle, it can still enter the glass at an angle of 40° 49",
This is the lmit-angle of refraction.

In the same way rays in glass forming an angle of 407 49
pass out into air, but if they form a greater angle than this, they
are reflected back again into the glass and do not pass ont.
This phenomenon is ealled tofal reflection (Fig. 5).

Internal Reflection.—Rays may undergo a series of reflec-
tions inside a prism until they finally strike the surface at
such an angle that they pass out. A pair of prismatic spectacles
in this way gives rise to a multiplication of images by means of
ays which suffer internal reflection before they emerge from the
lens. Thus they are projected in different positions from the
ohject.

Numbering of Prisms.—The designation of prisms by their
angular deviation, instead of by their refracting angles, was urged
by Dr. Edward Jackson, of Philadelphia, before the Ninth
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[nternational Medieal Congress.  Two methods of accomplishing

this have been proposed :

The limit-angle of refraction ( Landolt). The rays from the point L —L A, L 8,
Lo L0, L E=pass out of the denzer medinum with increasing angles of refrac
tion. L F, refracted as £ &, parallel to the surface &, forms the limit-angle for

rays which still emerge. The ray L Fis reflected back to 5,

;IIJ.'.'II'rI‘l'..\{ _].lrr'-"."lrr.lfl'l_‘ ’J'IIJ'IH fiulfr'r'fll.-—ljl'. II'.1'|||III|I H, IJI"!I!'II'”"‘-
1':|]1'|||;i|i-l|| ||.;4.=- [:'II' 1t |l.'L=l' an arc [':2“1'4] 1|g.-_.-;.-.-|’,.'..u,.. \,-;|||._-.-:- ] ||l_11|1
equals the radius of its curvatare. Such an are equals 57.295
A [n'i.ﬂrn which will |-t'4-l]li|1'l- an aneular deviation of the one-
hundredth part of this are is called one eenfrad.  The deviation
of such a ]:!'E:—»II] would therefore be .57295%, The merit of this
method consists in the uniformity of the deviation, ten centrads
having exactly ten times the deviation of one centrad. The
deviations are so 1any hundredihs of the radius measured on
the arec.

Prentice’s Method » The Prizim- J‘r}r'-.-l.u".-'s ~—Mr. Charles F. Pren-
[i|'1' ]11'IIEIII.-='1'.=, A= 1l|l' .-I;||:]l|;|:'i] ol ':El"\lilr;"ll, a |'-1'i-i|| '-'-||i"|| -||.'|||
:[n-ﬂ:-u-[ a ray of |-|-‘5]|I ul:l'rrllii!lll'll'l' At A ]h!:ltll one mecre "Eiﬁill‘.ll .
that is, the hundredth part of the radins measured on the tanosent.,
This he ealls the prisim-diopire. The value of' the centrad and
]l'l'i-'1||-|]i-|||t|'|- will be aiven below. (See table,)

There are two ||I';|r'1i-l';l'| ;|IL|'-.';'|HI;J-__'_'-.-.- comnected with the method
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of Mr. Prentice which also can be applied to the centrad. The
prismatic deviation of a decentred lens may be very readily found,
as Prentice has shown, by the following rule: If a lens be de-
centred one eentimetre, the prismatic deviation of the lens will be
equal to as many prism-dioptres as the number of dioptres in the
lens, T}nn-‘, if a -|-l|[n|1-l't'f- lens be decentred one :_1_*[:1[“:11*“*(3, the
prismatic deviation will be 4 prism-dioptres, or 4 centrads, since
centrad and prism-dioptre almost exactly equal each other. The
same lens decentred one-half centimetre would produce 2 prism-
dioptres or centrads of deviation.

The relation to the metre angle (page 54) is also very simple,
One-half’ the interpupillary distance is the sine of the metre
angle. The ratio of this to the point of fixation in hundredths
gives nearly the number of prism-dioptres, or centrads of deviation,
embraced in any number of metre angles. 1Yor example, if the
interpupillary distance is 60 mm., one-halfof this is 30 ; assuming
the amount of convergenee to be 4 metre angles, 25 centimetres,
or 250 mm., iz the distance of the point of fixation. The devi-
ation of the visual line then is 30 in 250, 0r 12 in 100 = 12
centrads, or 12 P. D, For small ares the tangent and the sine
agree very closely with the are. Four metre angles of con-
vergence then represent 12 centrads of deviation, or 12 prism-
dioptres.

Table of relative values of centrads and prism-dioptres.
Refracting angle of
Centrads, Prism-dioptres, prism required,
1 ) et ey e 1 5 MR 1.06%
2 e o 20001 B 2.16
3 B R e 3.0013 ¥ i W 324
4 E o i aaey 40028 a SR e 4,32
b N e 5.0045 R H.40
i T i, (063 S M 6.47
7 R T.0115 i o 7.54
& oo . 80172 e B.GZ
! i R S 0.0244 o e e 0,68
10 v w o e GL0LDBES e [ oy
15 R e e i ! L e ] |
e T Py O ir: el e
40 R e oyt T e s

The prisms reprezent the minimum deviation with an index of refraction of
1.53.

S —— e
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Rays of Light. ,"I.||_1. luminons |-|-EII1 diffuzses light in all
directions in straieht lines called ways.  As the rays }:I'nl'e--li
from the luminons source those
which diverce from one another
become more  widely  separated,
(Fig. 6.)

[f a circular aperturg one renti-
metre i:l 1]5:]||1L'TLI' L JII.'L'|1' ill i
metal I.I:Jl--,;|1|-| a luminous |:-|it|1.
be ]:'I.:Ii'l.'1] at o ifferent distances from
it, for "H:Itll[lli'. at one metre and ai
ten H||-11|-:-'~,1|!|r rays u'mriliru‘ From

ten metres, 'l.'t]l-l"ll |':|.""" E|I]|'!*II',_[|E |||4'

aperture, will be less divercine than
those which come from one metre, Divereence of ravs from a lominous
"|. cone of li'_["d ".'n.'ill Flii‘-ﬂw !|LI'“II'_;|L gonrce { Loringe).

the aperture in each case, but the

shape of it will be different according to the distance of the
|if_:]|l fTrom []I-e' :t|1|'l'!|||'L~ 1 I_|L|' ST, 1|l1l-|i|']| 1|:|' |'1-|:||4] ]Ill]l'!
1 eentimetre in diameter, is 1 metre distant from the point of
light, the eone has a base 1 eentimetre in diameter, and the apex
1= situated in the luminous point 100 centimetres distant,  The
ravs have divereed 1 centimetre in 11':n't|li:||;_* 100 ; the metal
plate has eut oft all other rays having a greater divergence, If
the cone of ]i;:]l! passes I]H‘-lll_e_'h the aperture and falls upon i@
distant wall, the cone will preserve the same proportions, viz.,
the base will be 15 of the altitude, If the wall be 5 times the
distance of the sereen from the lieght, a luminons eirele 5 centimetres
in diameter will be formed 1 jon the wall. [f. now, the “:’lﬂ IS
removed to a point 10 metres from the sereen (1000 centimetres),
a cone of licht is formed whose base is 1 centimetre and whose
altitude 15 1000, The rays which pass T]|1'n!1_1_="i| the aperture
have now only {4 of the divergence of the ravs in the former
case ; the base of the cone is ¢35 of the altitude., The cone of
licht will now form a eirele on the wall 5 metres distant from
the light, nnly 1.5 centimetres in diameter.  If the point of light
be at a very great distance, there will be no difference in the size

of the luminous circle and the aperture in the sereen ; the size
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of the eircle remains 1 eentimetre, no matter how far the wall
may be from the screen, The rays must, therefore, have a par-

allel direction.  This is shown in Fig, 7,

Fra. 7.

Rays diverging from the candle A pass through the aperture in the screen S,
and form the cone of light whose base is the distance a a'.  Rays from a more
distant candle B, having a greater divergence than & & are intercepted by the

BCTEEn &,

Ravs which enter the pupil of the eve from a point 6 metres
distant have so little divergence that E]ll'}' may be considered par-
allel. The average size of the pupil being 4 mm., the divergence

excluded ||_'=' this width of the I"!Ifl”.

is only itn  All rayvs diverging more widely than this are

There 13 no ]!I'I'I'i'[lli]'[l' difference to the eye between rays
diverging from 6 metres and those coming from an infinite dis-
tance, but for lenses of long foeal distance and large aperture
an inhlimte distance 1= ['1'|1E]|-|'e-|1 1 nl'lll'l‘ lni-hi;l[lt ||;|i‘;|”1-| |‘;|Ix'-4_
The =un and stars are so remote that the ravs rumin;‘ {rom
them have no 4![|]:r'e-vi:t]:|v II.I.'-I".'L"I':_:'L"IIH'I.', and [||--_1.' are considered

]I:II':I]I.I']r

% “-3}"!’:&’;

b
Ty
£

ing how distant rays become parallel {Loring).

Parallel Rays.—['arallel rays arve bronght together by a lens
at its prineipal focus ; conversely, rays which diverge from the
principal focus of a lens are parallel to one another after being
refracted I.:.- the lens, As ]::L1‘;1[|l'] Iavs must emanate from a

distant object, any eye which brings parvallel rays to a focus is
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adapted for distant vision, and if’ its accommodation is relaxed
is envmetropie.  When Light passes from such an eye from within
outwards the rays are parallel.

Divergent Rays.—Rays which diverge from one another require
maore refraction to bring them together at the same distance beliind
a lens, than rays which are parallel ; consequently, divergent rays
are brought together at a farther point than the principal focus,
The ncarer the point of divergence lies to the lens, the farther
away from the lens is the point where the rays converge to a focus,

Convergent Rays.
point which have passed through a convex lens, or have been
reflected from a concave mirror.

Significance of the Different Rays.—The refraction of the

Only those rays converge to a common

eve 12 determined by the character which the rays must have in
order to be brought to a focus on the retina,

An emmetropic eve, with relaxed accommodation, requires rays
to be parallel in order that they shall meet on the retina.

A myopic eye requires the rays to diverge from some near point
in order to meet on its retina.

A hypermetropic eye requires rays which already have conver-
gence to some point in order to unite them on its retina,

An emmetropic eve emits parallel rays.

A myopie eve emits convergent rays,

A hypermetropic eve emits divergent rays,

Lenses.—A lens is a portion of glass, or other transparent
substance, bounded by two ecurved surfaces, or by one eorved
surface and one plane surface. The eurved surfaces are convex,
elevated in the centre and thin at the edge ; and the concave,
hollowed out in the eentre and thick at the edoe,

A lens may be regarded as a series of prisms with the refracting
angles inereasing in value from the centre toward the periphery.

In a convex lens the bases are directed towards the centre of the
lens, and rays, therefore, are refracted towards the axis which
passes through the centre. In a eoncarve lens the bases of the
prisms are directed away from the centre, and ravs, therefore, are
refracted away from the axis. As the angles inerease from the
centre outwards, the peripheral ravs will be refracted more than
the central rays. The result of this is that in a convex lens the



EYE.

the = e |I:-i|||. |EI" Inereased

1Vs alter relraction convel to
11 .:EII_' ol the mor L :'f|l.|- ral 'aVs .i'l.--l :u'il'-]i-'-.l"_" Lo compensate
their greater distance from the axis, In a conecave lens the

Fiz. 9.

rays diveree more x-.i.lr-:_a' ns [|||-_~. pass l]||'n1|_;]| the [H-I'i[lh--l':ll
them appear to have

il;.'l'i- of the ]l'lh. ‘-ﬁ.ii'l. the 1 ='1IEL of juu;\in:_*
diverced from a common point.

Focus of a Convex Lens.—The point to which rays converge
alter refraction I'.1" a convex lens 1s called ii:—'uk,l-rrr'u.u:,

Principal Focus of a Convex Lens.—The principal focus of a
As the most distant rays are

lens is the focus for |.l:1t':l||1'] rays.

The parallel rays, a, b, ¢, d, are refracted by

Principal focus of a convex lens.
*: the ray I* undergoes no

the lens so ag to unite at the point & on the axis

refraction.  Jis the principal focus.
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u|||.'.- |1.'1|';|]i|-|, never convercent, the }nl'in--i||:|| focns 15 the shortest
1;H'IL.~. unless the lens be combined with another convex lo =, 1]
CONCave ill}l']‘ul.". l:.l_'-w 115*.! I"_";II: (RN '!|,-|- |-|'.||-'f[l;|: focius of a
lens are rendered ]%:I!'H”l'] after PSS i|1|'l-ll'_'|1 it |l'|'i‘-. anil
come to a foens at an infinite distance,

Conjugate Focus of a Convex Lens.—When ravs diverge
from any point nearer than infimty, they are brought together
AL 8 [Illilll om the other '-it[l' of the lens farther than the |-1'i||*'ii-.L|
focus,  The point from which rays diverge and the point to
which I!Il-_'n' converse anre called "'-'.'l_|l-"'_"_,l"""|l" In'.'-"-'-. As the Eu-'-lt'l 01
divergence approaches the lens the point of convergence recedes -
1.".'|tl'!] !hx- |rllil]l Uj-!:!i'\'l'!'_:_'l"iﬁ'l' 1= at Lwiee the foeal distance of the
]--I|—-‘, the [I|l5-||'| 'irj-E'll'!l"l.'l'|':_":'||I'L' 15 at an ---;_Il;il *|f:—|.‘{|:1_'-.- on the other
:-[||-=', '|L|I,|' r'u,n'l."f'_f,'u'-"- I,l':ll"-'. Ae INOwW -'Ijli:l].

As the point of divergence approaches still eloser, the point of
comvergence 13 at a greater distance, until when the point from
which the rays diverge is at the principal focus the rays converge

at an infinite distance.

{"!""‘I_ill'_:lh' focus of 4 convex '_--|:-, I|- LYW : s 1 the axls rem Il :h.-
principal foci, one being marked ¥, Ravs diversinge from 0 conversi
tion to the point £7, farther than the principal focus. Rays from F°also converse

after refraction to @. 0 and  are conjurate foci

Rays diverging from either of these points converge towards
the other. When rays diverge from a point whose distance is
l"|"=:l] to, or greater than, the ||‘.'i1|--i]s:|] foens, the conjugate foens
is J,,..-,.,..-.f.f.u}-,--_ When the distance 15 less than the 1r|'|-||1'i||;1| focns,
the conjugate focns is negafive,

Virtual Focus of a Convex Lens.—When ravs diverge from

SO lmiu[ nearer to a lens than its principal focus, the rayvs
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after refraction still continue divergent. '|'hese lI.i"-'l‘I';_"l'II[ Tays,
if’ traced backwards, would meet in a ill-flti on the same side of
the lens from which they diverged. This point is called a nega-

tive, or virtual focus, becanse the rays do not really meet here,

but are given a direction 'ln_k' the lens as if [|L|-_1.' had l.li‘u.'lf‘l"rfi'll

rinal focus of a convex lens. Ravs from the point @, less than the principal

e, diver after refraction as if they came from the point ¥, F is the

from this |--|i|1|. (Fir, 12} Therefore, the |u-i||[ from which
|'.|_-.'-» 1]i'w.-|'_'|'. .'lllti. l||l' |ll:i||[ Lin ‘.‘.|‘iié'|L f||l'_"\-' COnverse, anre I-lu':il
;H':III*-.

Foci of Concave Lenses.—The foci of concave lenses are

all virtnal, or n -_':|-'ix--_ They are fonnd ||_‘n' '|'¢'!;i-!'l'l]'!'l~_’ 1[]" diver-

ravs backwards until they unite in a point.
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Principal Focus of a Concave Lens.—When parallel rays
!1” U 4 Concave lens [|'.|-_'. are rendered dive POETIL. It the
rays be traced backwards, they will seem to have diverged from
a point near the lens. This point is the principal focws.  (Fig.
1:3.)

Conjugate Foci of Concave Lenses are also virtual, and found
in a similar manner.

Formation of Images by a Lens: Optical Centre.—In the

J1'|'|.- L]I:_- | J,l 1EII. ]:nl'it'll ) on IEH' :L.Xi.-u I- -!':Ilf:"l] 1t|| '-_lu-"-'.f"-'-" centive,
Fie. 14
0. Dptieal centre of lens ( Landolt), The point €°° is the centre of curvature

"-.ll_x' ray |3:|=~'-It-_" throueh this |...f||| 15 refracted equally at both
surfaces, since it forms n--|||:|| ancles with the radii of the two
surfaces. The direction of the ray is therefore the same after
refraction .'sj.' the second surface as i was betore refraction by
[]I-' hirst. |'--II' l||i‘.| |l':i--.-' i Iy e ﬂ-:!i-i thar any ray =|:I'--'I--|
T 1i|-- --|1I-.-';=,.. Centnre |-.':-H--'-- ‘|;|'--||;_'i| '«.'n.'if|!|-lii deviat i1, -J.il-"-l

FEFlalera i
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he rav drawn from any |--|'|:1| in an --:-I]--I'L L I‘I|c'-||'-ll-':':5 centr
of a lens gives the line on which the image of' the point 1= to be
found., A ray from the same point In the object, passing in a
direction ;::'_-|||:-| K] :||-- axis, 1'.u||'.'|l e 1'|-:'|:i|-|1--| (EN] l||<- 1+|'i1|-'i]|;|:

thi |.'_':|:f.-i}|:|'_. focus 1s the tocus tor |':I1'2||-|"]

P v and & f nacre forn 1 by eonvex leng (Landolt),=—The FiLy A, A"
1" Pl direct o the optical centre of the lens, continues its
A Er:A. inother ray passing from A, parallel to th
<is &' L' is refracted through ¢, the principal foeus, and, mterss ciing tl
A K A", determines the position of the ima: i A wint A, Still another
m A throucl nterior principal fos fter refra m, 18
I [ 1 ] 1 Tl e s th ravs in tl wiint A

In order to find the position and size of an image formed by
a lens, it 1s only necessary to draw two lines from each extremity
af th -||-_:|"". Doone passes Iiul'l.-ll';il the c|||[i:;|§ contre of the lens :
and the other, parallel with the axis of the lens would be re-
fracted to the ;:l'il:-"i'l'-:ll: forns, The .I|||',-.\',l-‘_--|-|-

of the image is found
al the [ antz where these

The size of the image is proportional to the size of the object,
as the diztance ot the i

i .
lines intersect.

e from tle -r|-|i-.‘L| centre 12 to the dis-
from the « ||Ei*:|| CenTre.
sitnated at a creater

tance of the object When the oliject is
distance from the lens than its principal
I::--||-_ 1|.|- E|||:;-_l_|- 15 4 |'|'.'||. ;II'-.-:'|'|||| O,

lu the fiecure | |_ 16y, € 12 is the -||!i|-.'| + the rays I];'\'i'l"_';ll_:'
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from ) intersect in Ly, which is the }I'--i:fll:l of the imace of the

pui||r CJ, ?'*'Li|||i!.:||'|_'l' the rayvs from £ unite in B, the | wition of

the i]u;l:_;'u- ot the 1:--i2|| £ B () s the imace of ) F,

Image formed by a convex lems. () & is the object; ¥ & is the inverted

image,

When the object is situated nearer to the lens than its prinei-
]'I:l| foens, the imace 1s a virtual, erect one,
The wirtual i!ll.‘ll_fl* of a eonver ||'|:].- Appears Ly b at the '|1-ri‘.|t

from which the rays refracted by the lens seem to have diverged.

Fig. 17.

Virtual image or a convex lens. € .0 is the object : €7 JF iz the virtual Imagre,

erect and magznified.

(Fig. 17.) From the point €, of the ol ject ' L), the ray CU'S 1s
]1:L|'.-|H--l to the axis, [t therefore 13 refracted to the ]bl'::rzn':'[n:tl
focus, 2. The ray ' 0) passes throngh unchanged. By project-
ing these rayvs backwards they meet in (7, the image of the point

]
|
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[ .ch' AYE from th ’!!'IIEIIE J'IJ' Se01 o ||.LJ'L"' I|.:‘.l']'_:|'-:l {rom ,'r;".
An l'|:|;:|'_-l"|, errect i:||;|.'_;:' 15 thus tormed i €* )
r”-‘I' EIII:l:_'I' I;"'III:"l Iy a concaee lens 12 :1!.\\.':\.':-' virfucl Ell'-l. '|i:]|ill-

1zhed. Two il Y= ]:-I'-“"."'l.li.'l:_- from a ]=-'|it]1 ”‘, in the 1||:if--'|. Ole

Virtual imare of a coneave lens.  OF B is the virtual imare of the candle, O I,

d in zize

|-:|1':||||-l to the axis, which seems after refraction to have diverced
from the prineipal foeus, and is traced backwards, and the other,
which is directed to the u|1lir:t] centre, at their intersection, de-
note the position of this point in the image. (Fig. 18.)
Focal Distance of a Lens.—The distance from the optical
centre of a lens to the foeal ||l:i]|| is called Ii*.u*ll"---r'-'.f-'r disfanece,
The length of this depends upon the radii of curvature of the
surfaces of the lens, and on its index of refraction. Hn-lrrq-.-'u-:ﬂhl_u:
the radius by », the index of retraction of the lens by n, that of air
beine 1. F = " is the formula for obtaining the focus of a
R HNn—TI1)
bispherical convex or concave lens. The formula for a plano-
spherical lens i1z F = - _] as the refraction is effected at one

surface. The mode of obtaining this is given below! | |"i;'. 19.)

I [. In the plano-convex lens £, the snriace L being perpendicnlar to the
incident ray, no refraction takes place. & 13 the convex surface, O I is
the radins of earvature, r. f Iis the incident ray, [ F is the refracted
ray, i £ i the angle of incidence, ff F Fis the angle of refraction, squal
to TIPS+ PIF HIP=RICL

PfF the ane. of deviation, =H F F=H [T P

Anele of deviation = ang. of refraction ane. of inecid.

IT. If & &' = sine of the ance. of il]l'lll.l'l.ll"', thien i .-,-I = zine of the ang. of
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Numeration of Lenses.—The refractive power of a lens is

the inverse of its foeal distance. It the relractive [row el of a

The angles £ F Cand i f F, being small, are proportional to their gines.
RIC: HIF::ee :qq"; or, substituting, R T C: H I :: ]

n (I =10H1F

R I C=1 HIF=

III. Ang. of refraction =n.
Ane., of incid. = 1.

Anec. of deviation = ane. of refrac. — ane. of inei }, — i — ],

In the two triangles, SO F and 8 F [, the angle f S = R I’ ane. of
incid. The angle FF S= P [ F, anrle of deviation. The side [ S being
cominon, the ancles are nverzely proportion al to the basea of thei respective
triangles.

TS IF8S - FS:-08 F8 nearly equals /[,

I 8 =ang. of incid. = 1. (11.3

I P &= ane. of deviation = s=—1. (IIL.}

The foeus of a '|||'_'|'-|---i|"|--|'.":| lenz 13 |'|E.I|:|| to the radios of curvature,
divided by the index of refraction — 1.

In a bi-spherical lens the ray ig refracted at each surface : if the radii of
curvature are equal, the refraction is the same at each surface, or double that

of a plano-spherical lens. The focus will consequently be one-half that of a

plano-spherical lemz, F=
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lens whose focal distance is one metre is represented by 1, then a
lens whose focal distance is two metres has only one-half’ the re-
fractive power of the first, since the rays are not bent so sharply
by the second lens.  Again, if a lens bends rays so sharply that
they meet the axis at one-halt’ metre’s distance, its refractive
power is twice that of a lens of one metre focus.

The focus of a bi-convex lens (with equal radii), made of glass
with an index of 1.50, has the same length as the radius of cur-
vature.

ek i o ¥
= Shi=1)" B(l0—1
i —
(Glass unsed in spectacle lenses has an index of 1.53, conse-
quently—
g
— 1.06

In the old system the lenses were marked according to their
adit of curvature in Paris inches, and the foeal distance was
somewhat less than the radins of curvature.,  As all the lenses
in use had longer focal distances than 1 inch, they were fractions
of the refractive power of a lens of 1 inch ﬁ_mlh viz., 3, 1 & s
ete.

In 1867 Nagel proposed to number lenses by their refractive
power. By adopting as a standard a lens of longer foeal dis-
tance than one inch, viz., one metre (40 inches), the greater num-
ber of lenses are made multiples of refractive power of the
standard, and are based on their focal lengths in metres and
fractions of a metre, instead of being based on their radii of
curvature,

The term dioptre was proposed by Monover for a lens of 1
metre focus, A lens of 2 metres focus iz only 1 the refractive
power, or 0L30 1), The present seale of lenses comprises a series
from 0.12 D to 22D, Between 0.12 D and 1.25 D the lenses have
an interval of 0.12 D). From 1.25 D to 5 D) the interval is (.25
1), from 5 to 8 D an interval of 0.50 1), from 8 to 18 I} an inter-
val of 1 D, and from 18 to 22 D the interval i= 2 .  This uni-
formity in the intervals between the lenses is an important
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advantage over the old system, in which the lack of uniformity in
this respect was a conspicuous feature,

To find the focal length of any lens in the dioptric system
divide one metre, or 100 centimetres, by the number of dioptres :

thus, the focal length of a lens of 5 D is l—gp = 20 em.

Mo, of lons Focal distance | Focal distaneein | Ntarest eorre-
in dioptres, | in millimetres, | English inches, | Sponding lens in
old system,
P 012 000 314.96
0.25 41K) 157.48 144
0.37 2666 104.99 |
(1. 50 2000 T8.74 72
Interval of ] 062 16010 [ H Gl
0.12 D. 0.75 1335 H2.5 48
0.87 1143 44.99 | 42
1 1000 39,37 | 36
1.12 ERE 34.99
1.25 00 31.5 a0
[ 1.50 G363 26.22 24
1.75 | a7l 22,48
2 G0 19,69 20
2.25 444 17.48 18
2.50 400 15.75 | 16
2.75 363 I %-;:]3% i.'i or 14
a4 233 a3 =
I“;*:’:E“I',“f . 3.25 308 12.11 12
L 3.50 285 11.25 11
3.75 26T 10,49 10
4 250 .84 b
4.25 235 826
| 450 222 8.74 8
4.75 210 8.29
L | b 200 T.87
i 5.50 152 T.16 7
i 166 G.54
Interval of .00 154 {04 fi
DD, T 143 h.63 o
T.50 153 §.25
8 125 4.92
r 9 111 4.37 4.5
10 100 3.94 4
11 a1 3.58 o
12 £3 3.27 3.25
Interval of J 13 T 3.03 5
1D, 14 71 2.8 2.75
15 i 2.64
14 G2 2,44 2.5
17 59 2.32 2.25
i 18 L H] 217
Interval of 20 50 1.97 2
2D, 22 45 1.79 I
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[n the old system, the lenses are oround with a radins of eur-
vature in Paris inches, The foecal leneth is almost exact ly the
same in Enelish inches as the radins of curvature is in French
inches,  The English inch = 25.4 mm. ; the French inch= 27.07

mm. ; Aa.4 ¥ 1.00 = Z2b, 0%,
1 . L - - - i ) 5 . Y
[-I column - ol the |':!l.-', Che foeus 15 miven in Lnehish |||"!|':'-".

as 1t 18 customary to compare the French lenses with the -|'.--]=-i|'!-=

1 in Enelish inches, A lens of 1 nl.--;nir-- has

’ 11 1 " Oy e . T T p o . .
a focal length of 39.37 English inches. 'here 12 no lens in the
ll|4j =V SLemn '-'-:-I"li Corresponos Lo 1t 1"'-.;I"!|'-'. |.|I:' N re=0 equyia-

|I"II| W '|! 1t A il"|-\- =-:I 1" illl'.i- =

-l.ill' |" 155 |I-"'| .'.:i' -|I- I'!:’:"]- = ol “l'il"l'i"ill ililll "'\-'l-i|1'i'|"i"1'1|.
.

Spherical Lenses.—.A\ spherical lens is repre senibed by a section

of a sphere, or of two sections of a sphere lul;u--:n] together by

[ &)

[T e
I

I
[T

el ||

ﬂ'ﬂﬂmﬂ

i

.

il il

JLk

il
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i)}
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1. |: CONYeX IeNE. e Plano-convex !l':I:". 3. Loneavo-convex lens, o 1V Er

MEmEeis, . Biconcave lens, 5. Plano-concave lens. 6. Cony

thedn !:|:i|:|- SUrIaces, |.|-_.*|I passing [||1|-I-:_'|: a spherieal lens is

]'l"lll':?."lfll Il!ll-'ll}.'\ iII :l Jiliilll S
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Cylindrical Lenses.—A cylindrical lens is a section of a cylin-
der parallel to its axis. Light passing through a eylindrical lens
in a plane parallel to its axis is not refracted. At right angles to
the axis, parallel rays are rendered convergent or divergent, ac-
cording as the eylinder is convex or concave,

Convex lenses are designated + ; concave lenses —,

Combination of Lenses.—If two or more lenses are placed
together, say 4+ 2 dioptres + 3 dioptres and + 4 dioptres,
the combination forms a 1“1:[1“*]1' power mlll:ll to their s1m, ".'EH..,
9 dioptres ; such a combination has, with thin lenses, a focal
distance of %* = 11 centimetres. If these lenses are placed at
their focal distance from an object, the ravs eoming from the
object, after passing through the lenses, are parallel.

Two or more concave lenses placed together likewise produce
a dioptric effeet equal to their sum.

Combination of Convex and Concave Lenses.—If a concave
lens and convex lens of equal strength be placed together, they
will nentralize each other so exactly that a distant object viewed
throngh them will appear neither enlarged nor diminished, and
there will be no prismatie deviation on gently shaking the lenses
in a direction parallel to the surface.

Should they be unequal, on shaking them, an object (the edge
of a wall or window frame is snitable) will be displaced towards
the centre of the lens, if the coneave is stronger, and away from
the eentre, if the convex is stronger. The value of the combi-
nation will be the difference between the streneth of the two.
For instance, a 4+ 3 dioptre and a — 2 dioptre equal 4 1 dioptre ;
a + 2 dioptre and — 4 dioptre = — 2 dioptre.

A — 2 dioptre lens gives to parallel rays a direction as if they
came from a point 50 centimetres away. Conversely, we may
represent rays diverging from any near point by the concave
lens whose principal foens equals that distance. Let rays, for
example, diverge from a point 15 centimetres away ; they evi-
dently are similar to parallel ravs which have passed through a
concave lens of 15 centimetres focal distanee, ' = 6.66 dioptres,

If we wish to find the conjugate fueal distance of any lens for
rays which diverge from 15 em., we subtract 6.66 from the diop-

tric power of the lens; the remainder gives a lens whose foeal
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distance would be the conjugate desived. If we wish to find the
conjugate focal distance of a 12 dioptre lens for rays which
diverge from 15 em., we subtract 6.66 from 12 = 5.33 dioptres ;
18.8 em. iz the conjugate focal distance,

Combination of Cylindrical Lenses with Spherical Lenses.—
A evlindrical lens is curved only in the direction perpendicular to
its awis ; rays which enter the lens in this plane are refracted to
the focus of the lens exactly as in the case of a spherical lens,

In the opposite direction, that is parallel to its axis, the surface
of a evlindrical lens is flat; rayvs entering in this plane are not
refracted, but pass throngh unchanged. The effect of a evlin-
drical lens placed in front of the eve is to inerease or diminish
its refraction in the direction at right angles to its axis, but in
the opposite direction the refractive power is unchanged.

A econvex 4-dioptre eylindrical lens, with its axis in a vertical
direction (written + 4 D) eyl., axis 907), increases the refraction
in the horizontal direction 4 dioptres, but does not alter the re-
fraction in the vertical direction. The horizontal plane is ex-
pressed by the term horizontal meridion ; the vertical plane by
the term vertical meridian.

A concave evlindrical lens of 4 dioptres, with its axis horizontal,
(written — 4 D evl., axis 180%) diminishes the refraction of the
vertical meridian 4 dioptres, but does not affeet the refraction of
the horizontal meridian.

A convex lens of 3 dioptres, combined with a convex eylin-
drical lens of 2 1]in]|tﬁ*:-;_, with its axis vertical {wr[ttun +3 D
+ 2 D eyl axis 90%), adds to the horizontal meridian + 5
dioptres, but to the vertical meridian only 3 dioptres,

The combination of a convex spherieal lens with a coneave
evlindrical lens has the following effect: In the direction parallel
to the axis of the eylinder the combination equals the full refrac-
tion of the spherical ; in the dirveetion at right angles to the axis
of the eyvlinder the refraction is equal to the difference between
the two lenses.  If the convex spherical is stronger than the con-
cave cylinder, the difference is still represented by a convex glass,
For example, 4+ 2 D sph., 7 — 1.50 D evl,, axis 180° = + 0.50
D sph., 7 4+ 1.50 D eyl axis 90°, because + 2 D in the meri-

dian of 180° iz not diminished, but in the meridian of 90° it is
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reduced to 4 (L350 D, Now, + 0.50 D sph. produces this amount
of refraction at 90°, and supplies + 0.50 1) of the requisite + 2
D at 180°, leaving + 1.50 I to be supplemented by a eylindrical
lens with its axis at 90°,

In place of writing + 2 D sph.,, Z— — 1.50 D ¢yl,, axis 180°,
a more simple expression would be + 0.50 D) sph., 7 + 1.50
D eyl., axis 90°.

When, however, the concave eylindrical lens is stronger than
the convex spherical the difference is represented by a concave
lens, thus 4+ 3 D sph., = — 6.50 D eyl., axis 180°, signifies in the
horizontal meridian convex 3 D, and in the vertical meridian
coneave 3.50 D. It is necessary to combine a convex with a
concave lens in order to obtain this effect.  The refractive power
of this combination can be expressed in three different ways :—

+ 3 D sph,, — — 6.50 D eyl axis 1309,
— 3.50 D sph., T + 6.50 D eyl., axis 90°,
4+ 3 D eyl, axis 90° T — 3.50 D evl,, axis 180°,

In the first combination 4 3 D sph. gives the + 3 1) neces-
sary for the horizontal meridian, but inereases the refraction of
the vertical meridian 3 I instead of diminishing it ; therefore the
— 6.50 D eyl,, axis 1807, expends 3 D of its refractive power in
neutralizing the effect of the + 3 D sph., and with the remainder
diminishes the refraction of the vertical meridian 3.50 D,

In the second combination, — 3.50 D sph., — + 6.50 D eyl,,
axis 90°, the concave spherical lens diminishes the refraction of
the vertical meridian 3.50 I), but also diminishes the refraction
of the horizontal meridian 3.50 ID ; as this already requirves + 3 D,
we must add 4 3.50 D more to compensate for the concave spheri-
cal, making + 6.50 eyl., axis 90°,

In the third ecombination, + 3 D eyl axis 50° 7 —3.50 D
evl., axis 180°%, 4+ 3 D eyl axis 902, inereases the vefraction of the
horizontal meridian without altering the refraction of the vertical
meridian, and the

3.50 D evl,, axis 180°, diminishes the re-
fraction of the vertical meridian without affecting the refraction
of the horizontal.

With the combination of a convex spherical and evlindrical
lens,e. g, + 3 D sph., Z + 2 D eyl,, axis 90°, a concave (.50 1D
eylinder with its axis at right angles to the axis of the convex
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'.'miilll-!l'“, in this ease at 180°, diminishes the refraction of the
vertical meridian 0.50 I, the combination then i"|lx;|:.- + 2.50 D
in the vertical meridian and + 5 1) in the horizontal = 4 2.50
D sph., 7 + 2.50 D evl., axis 90

A convex evlinder + 0.50 1} added to the same combination,
with its axis at richt ancles to the axis of the first :-.~.]i||-||-r', that
5. <4-10.50 E.l.-.\ | axis 180° with + 3 [:'.~|-i:,, _ 4 2 |'f'_‘-.'.5,, nAxi1s
90°, inereases the refraction in the vertical meridian 4 0.50 1D,
The combination then n-:!I|;!|— + 3.50 D in the vertical meridian,

= 5 ) 1n the horizontal, This 15 obtained | 4 .50 Ji-]+J|_,

4 1.50 I ovl.. axis 90
Visual Angle.—The apparent size of an object depends upon
the size of t cif cnin

The visnal angle is the angle formed by the lines drawn from
the two extremities of an object to the nodal point of the eye.
The nodal point of the eve 1s analocons to the xli\l.":ll centre of a
lens. It 1s sitnated 15 mm. in front of the retina, and 7 mm.
behind the cornea, |;':|_*.4 directed to this ||-.-i||L Jrass through
without deviation,

As the ravs dire ',---Ll (0] I_||1' ]|:-||;|| Fl--flll of |_||,_. ove are not re-

fracted, but continue the same course until |!u-j-' strike the retina,

it |f|:|'- an c:-!':l'-.'-.|| r-,"--ll'. the x-,";‘.l'--lll-lli-l--—' of an 1:||-5|-1"| !|||'III;:|I |IEJI.'

1o : & - k : e :
nodal poimt of the eyve, and continued until 1':;--} fall upon the

retina, the size of the retinal image of the object 12 obtained.

The fizure shows that the object, in order to subtend the same

The Visual Angle.

angle, must be lareer the farther it 18 removed from the eve.
The letter A, seen |'E-'.'EI']_".' at 6 metres, would have to be three

titnes as laree in order to be seen ||i.-1'.||c-|]_v.' at 18 metres, and
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ten times as large in order to be seen clearly at 60 metres.  The
visual angle in the three cases remains the same.

Visual Angle in Emmetmpia.—In the L'I]|I1|l~1l‘ulri.{: eyve the
nodal point 1s sitvated 7 mm, behind the cornea, and 15 mm. in
front of the retina. The size of the retinal image is, to the size
of' the object, as the distance from the retina to the nodal point
(15 mm.} is to the distance from the nodal lm'lnt to the object.
Therefore, if an object is situated at 1 metre distance (1000 mm.),
its image will be ;185 of the size of the object.

Retinal Image in Ametropia.—In hypermetropia, the axis of
the eve being shorter, the retina is situated nearer the nodal point ;
the image is therefore smaller : while in myopia, with an inerease
in the axis of the eve, the retinal image 1= larger,

Visual Acuteness; Limit of Perception.—An object one
centimetre in size placed one metre distant from an emmetropic
eve (that is, an eye without any error of refraction), which is
normal in other respects, is plainly visible, If this object is moved
farther and farther away, it forms a progressively smaller visual
angle, until a point is reached beyvond which it cannot be per-
ceived, owing to the diminutive size of the visual angle. The
limit of pereeption has now been reached.

The angle which the object subtends, at this distance from the
eve, represents the maximum acufeness of vision.  An object twice
the size would be seen distinetly at twice this distance. An
object one-half the size could not be distinetly seen at more than
half this distance, Therefore, the size of the object denoting the
acnteness of vision is always proportional to the distance.

MNormal Acuteness of Vision.—Snellen determined the normal
acuteness of vision to be the power of distinguishing letters sub-
tending an angle of 5’.  These letters were formed of strokes whose
width was 1 the size of each letter ; eonsequently, they were seen
under an angle of only 1'.  The openings in the letters and the
gpaces between contiguous strokes, as nearly as possible, were
made to conform to the same angle,

The relation of the size of the letter to the distance at which it
should be discerned by a normal eve is expressed by the tangent
of the angle of 5’ = .001454. The size of a letter, the percep-
tion of which constitutes normal vision at a given distance, may
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be obtained by multiplying the distance by 001454, At the
distance of one metre the size of this standard letter is 1.45 mm.
(001454 x 1000 mm.). At a distance of six metres the size of
the letter required is 8.7 mm, (1.45 x 6). The size of the retinal
image of a standard letter of six metres = ;}i5 of 8.7 = .02175
mm., and the strokes, or openings, being 1 the size, have an image
of .00435 mm. A large number of people, after correction of their
ametropia, have a visual acuity of 1.25 of normal, and therefore
letters, construeted on an angle of 4/, have been used for testing
visual aenity. The retinal images of the strokes of such letters are
4 of 00435 = 00349 mm. The size of the cones of the maeular
region varies from L0033 mm. to 0036 mm., showing a most inte-
resting relation between the limit of perception and the anatomical
structure of the retina.

ACCOMMODATION,

In all lenses the foeal distance becomes longer as the object is
brought closer. The eyeball being inextensible, the adaptation
for different distances i not eflected by increasing the length of
its axis, but by increasing the refractive power of the lens.. The
avs diverging from near objects are thos brought to a foeus at
the same distance as the rays diverging from remote objects. The
power the eve possesses of adapting its refraction for different
distances iz called accommodation.

This funetion of the eye is effected by the eciliary muscle in
the following manner: The crystalline lens is a soft body in-
closed in a capsule and attached by its suspensory ligament to
the ciliary processes.  The ciliary body having a fixed point at
the corneo-scleral junetion, when its muscular fibres contract, the
attachments of the suspensory ligament are brought eloser to-
gether, the eapsnle becomes relaxed, and the soft lens bulges for-
ward and becomes more convex., It has now added to its
anterior surface another convex lens. As the ciliary muscle
contracts more vigorously the additional convex lens becomes
stronger,

It an emmetropic individual wishes to see an object situated
25 em. distant, he mnst add to his erystalline lens another lens of
4 dioptres, i. e., one having a focal length of 25 em. The effect
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of thiz extra lens 1= to ;_'i'\'r 0 rays 1]:‘-.|-!-_-i||_' [rom 25 cm. a par-
allel direction, They '.1.i|| then be lll'-ril;'||' to a focus on the

retina.

Inereased convexity of the lens during accommodation,

line of the lens, I, shows its form when relaxed. The dottes
creased curvature of the anterior surfaece during accommodation, and its ad-
vancement I |'.'.:.:-'|- ITEG :",n' anterd -1':"‘;;,||_|-- I, id. ﬁ : e & L8 e ThE rv Heament :

mi, the cilliary muscle: and i, the iris.

In the same manner, if the ]wim is at 10 em., an additional
lens of 10 em. foens is |':-|!|'.i1'|-si. s that these divergent ravs may
]5!' 'I'I'IIIIJ'TI'-:! ]l:L1‘;3||l'],

For every dizstance of E|u= ||I'::'|1-|-[ the di e of accommuodation

1

varies, It is not |1u-—'=i]:5u- for the eve to he :|n];t§m1- d for two dif:
ferent distances at once. If one stands in front of a window
]!':IIII', (i1l '-.'n]l]-']l i :-Fhll ']-—' ]i];*l'vl.[. ;I1|-E “'EI.'C 0 =i '|.i-lill~"ll_‘- 'f|.'--
'-|'|ll'. :|n|] u|ﬁ|-;-|=.' M1 1F|-- r.tIh--r' -il]-' 1-1' 11|-- =L reet, ||-- '-L'.-l:i ‘.IIH-E 1|::|1_
when the spot 15 !]idl-lll'l, -ulfn-:".-—' across the way are blurred, and
vice vers. By means of the accommodation the eve is adjusted
for all distances batween its farthest and nearest ||--i||f. of distinet
Vision,

The far ]?Oin'. of an eve, pun sfum remofum, or », 18 the ereatest
distance at which the eve still has maximum visual acuity. When

the eyve is accommodated for its far point, the ciliary muscle is
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entirely relaxed, and the eyve is in the condition of minimum
refraction.  This is expressed by K.

The near point of an eye, punctuin provimum, or p, is the
nearest point at which the eve still has maximum visual acuity ;
the eiliary musele is now contracted to its fullest extent, and the
eve is in its condition of maximum rvefraction. This is expressed
by P,

The range of accommodation, likewise denominated the power
or amplitude of accommodation, is the difference between the re-
fractive power of the eye accommodated for its far point and
accommodated  for its near point. This is expressed by A.
A=P—R.

As the refractive power is the inverse of the foeal distance, the
refractive power of the eye, when accommaodated for its far point
v, 18 R = j If we express the value of # in metres, we shall then

have the refractive power of the eve expressed in dioptres, a di-

. . . . 1
optre being a lens of 1 metre focus, If r = 1 metre, I = =

: T : 1
1 dioptre =1 D. If # is infinitely distant, & = — = 0.

oo
1, = sk
In the same manner — = P, the refractive power of the eye
: )
when accommodated for its nearest point. If we obtain the value
of pin centimetres, and wish to know how many dioptres it equals,

we must divide 100 by the number of centimetres equal to p.

100

Let p= 10 cm., then I’=W= 10 1. If p is expressed in

fractions of a metre, we obtain the same result : by dividing 1 by
: 1 1

the value of p, in metres, 10 em. = 10 ofam. P= = = 10D,

or, in decimals, 1 +.1 m.= 10 D,, that is, in order to focus
rays from 10 em., we require 10 times as much accommodation
as is necessary to focus rays from 1 metre, and since an eye
adapted to a distance of 1 metre exerts 1 dioptre of accom-
modation, at a distance of % m., or 10 centimetres, it must
therefore exert 10 dioptres of accommadation.

To find the range of accommodation, we must first determine

e r—
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the far point. This is accomplished by means of test letters held
in front of the patient. If the patient has maximum acuity of

vision at 6 metres, his far point is infinite; 2 then = =0, If

vision is less than normal at 6 metres, but is normal at 1.5

- I 5 SO
metres, i = 1.5 metres; £ then = TR 66 D, If vision is not

distinet at any distance but when a convex glass of 2 D,
is placed before the eye, it becomes normal at 6 metres, then
= —2 D.; that is, the far point of such an eve is behind the
retina, and is negative ; this will be further deseribed in its proper
place.  (See page 143.)

The wnear point is found by holding in front of the patient
finelv-printed reading matter, and measuring the nearest distanee
to his eye at which this is distinet.  For this purpose large print
may be reduced by photo-lithographing, so as to correspond at 25
em., and less, with the 5" angle standard.

The formula for obtaining the range of accommodation is A =

: ; 100 - . : :
P—R. Ifpisat 20 em., PP = 50 = 9 D., and # is at infinity,
R =20, then A4 =0 =251. This is the case in emmetropia.
100 ‘ - 100
~= 10D, and risat 25 em,, = -——
l” } 3
=4 D, then A =10 D—4 D=6 D. This is the case in my-
opia of 4 I). P is greater than A.

i " 100
If pisat 50 em., P= " —

al
100
em Re o2=—4D. d=2—(—4)=2+4=6D. This

=)

It pisat 10 em., I'= 95

= 2 D, and » is negative, — 25

i the range of accommaodation in a hypermetrope of 4 D., and
equals the sum of P and B
The near point iz closer to the eve in young life while the lens
is soft ; as age advances the lens becomes harder and the near
point gradually recedes until, when the age of 73 is reached, the
r

! p refers to the distance of the near point in centimetres. Prefers to the
refractive power of the eve in accommodation for p. r refers to the distance
of the far point. R refers to the refraction of the eye when accommodated
for r.
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near point has reached infinity, and p and r then coincide, and
there is no range of accommodation.

The failure of the accommodation due to age is termed pres-
byopia. This is more fully described under Presbyopia (see
page 175).

The range of accommodation is nearly eonstant for the same
age, so that if p is nearer than it should be myopia may be

Fic. 23.
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Diagram of the range of accommodation (Landolt). The vertical column of
figures on the left hand side indicates the dioptres of accommaodation.  The hori-
zomtal line of fizures at the top represents the ages, The curved line, p p, repre-
sents the refractive power of the eye at different ages, when accommodated for
its near point. The line r v represents the refraction of the eye when relaxed for
its far point. At 55 years it is supposed to become hypermetropic § r then be-
eomes negative,

suspected, or if it is farther away than the average, hyperme-
tropia. (Fig. 23.) For this purpose the table given below is
used, which records the average of p in dioptres for the different
ages,
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Table of the range of accommodaltion.
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The ciliary muscle is most fully developed in hypermetropie
eyes ; the circular fibres are here very numerous, In myopic
eyes they are less numerous and sometimes wanting,  As a result
of this, the accommaodation is greater in hypermetropia, and more
feeble in myopia.

This point is of importance in connection with the prescribing
of glasses. It sometimes is impossible to make the hypermetrope
relax his accommodation entirely, even for distance, and the
myope is often distressed if he is forced to accommodate by eon-
cave glasses, In young persons the accommodation renders
hypermetropia latent, and the eye may appear emmetropic or
even myopic; it also causes emmetropia to simulate myopia, and
myopia to appear higher than it actually is.

Angle Gamma: Angle Alpha.—The eve in looking at any
object is directed forwards in such a manner that the image is
formed on the maculn Iutea. The eve is now =aid to “fix” the
object, A line, drawn from the object thus fixed, to the macula
lutea, is called the visual line, or visual axis.

The point about which the eye revolves, in order to be brought

into this position, is called the centre of rotation, and has its posi-
tion 14 mm. back of the cornea. The line which connects the object
with the centre of rotation is designated the line of fivation.

The oplic aris is an imaginary line, passing through the centre
of the cornea and lens and the point of rotation, to the posterior pole
of the eve, i. e.,a point usually between the macula and optie papilla.

4
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If the macula lutea coincided with the |m:-T|-rim' !-xh':-nlit}' uf

the optic axis, the visual line, line of fixation, and optic axis

Angle alpha and angle samma. (Landolt.y A A", optic axis; O F, visual
line ; O 0, line of fixation ; K L, major axis of corneal ellipse. The line of fixa-
tion does not correspond with the optie axiz, but formz the angle O M 4, angle
ramma nearly equal to the angle O X A, formed by the wvisual ling with the
axizs. 0 X A4 may be eonsidered as the anele samma.  The visaal line does
TH: G throweh the summit of the corneal curve, &, but forms with the axis of
the cornea, £ L, the angle 0 X F| the angle alpha.

"-'ll-||]'f| :ll'-lf'l l'*ri]lt'iill'. {;i'rll'!':I”_‘-'. 1|Ii"-' !'I'Irlli'i.iili‘!'ll'i' 1IlH':"~ 1ol |'."-.i-‘r.

In LJ||]||-'-1rn|:|i.-| and EI_‘\']H']'IIH'II'I-Eli:l the u|1[i:‘ ax1s passes to the
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inner side of the macula lutea, and the wvisual line and line of
fixation then form angles with the optic axis, In Fig, 23 A4 A’
is the optic axis passing through the centre of the cornea, ' the
nodal points of the eye, A7 A", and the centre of rotation, Jf.
() I is the visual line connecting the object, ), with the forea, F.
() M is the line of fixation, drawn from J to the centre of rota-
tion, M. The eye, in order to fix (), has its optic axis, 4 A,
deviated outwards. The angle formed by the line of fixation,
() M, with the optic axis A A’, is called the angle gamima, y, or,
the angle formed by the visual line with the optic axis may be
considered as the angle gamma.

The significance of this angle is, that a person while really
fixing an object seems to have a divergence of the visual lines
—divergent squint. In estimating the degree of a divergent
strabismus it is necessary to consider the value of this angle.
The amount of the angle gamma is usually 5%, but it may reach
as much as 10°.  When the anterior extremity of the visual line
passes to the inner side of the optic axis, the angle gamma is
positive, or + ; this is the usual condition in emmetropia and
hypermetropia. The convergence of the visual line exceeds the
convergence of the optic axis by the amount of this angle.
When the visual line coincides with the optic axis there is no
angle gamma. The visual line in high myopia sometimes passes
to the outer side of the optie axis. The eveball must then be
deviated inwards in order to fix on the object. This produces
the effect of a convergent squint. It must be distinguished from
squint ; and if convergent strabismus also exists, the value of this
angle must be deducted from the apparent squint.  In this latter
form of the angle gamma, where the anterior extremity of the
visual line passes to the outside of the opticaxis, the angle gamma
1s negative, or —.  The convergence of the visual line is less than
the convergence of the optie axis by the amount of this angle,

The amount of this angle may be measured by placing the
patient before the perimeter as if his field were to be taken. The
eve is fixed on the central point, and a lighted candle is moved
along the are in a horizontal direetion until its reflection is ob-
tained from the portion of the cornea corresponding to the centre
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of the pupil.  The position of the candle may now be read from
the arc in degrees, and represents the size of the angle gamma.

The apex of the cornea does not generally coincide with the
centre of the cornea, but is displaced laterally, The major axis
of' the corneal ellipse, represented in the figure by K L, therefore
forms an angle with the visual line. The angle alpha is the angle
formed by the wvisual line with the major axis of the corneal
ellipse. It is posiiive when the major axis of the cornea passes
to the outer side of the visnal line; if the corneal axis passes to
the inner side of the visual line, the angle alpha is negative.  In
the figure the angle O X A is the angle gammea ; the angle O X' I
is the angle alpha.

From what has been said it will be seen that the visual line is
a secondary axis to the optical system of the eve. The oblique
position of the refracting surfaces to the visual line may be the
cause of an increased refraction in the horizontal meridian con-
stituting astigmatism.

CONVERGENCE.

In the visnal act of one eve the senzation conveyed to the brain
is projected outwards over the same course by which it arrived,
that is, the object is referred to a position in the field of vision
which it actvally oceupies. If the projection outwards of the
images of the two eves is such that they overlie each other, the
person will have single vision ; if, however, they are projected
in different positions, double vision is the result.

The images are projected in different positions when they
are not formed on identical poinds of the two vetinas. The
forea centralis being the most sensitive portion of the retina, the
eve is naturally so directed towards an object that the image is
formed upon it. The eve is then said to fix the object. The
fovem of the two eyes ave identical points, and images formed on
them are projected ontwards so as to overlie, or fuse into each
other ; points at a corresponding distance to the right of each
fovea, or to the left, or upwards or downwards, are also identi-
cal, and images formed on them produce but a single impression,
Objeets in the field of vision to the right of the point of fixation
form a retinal image to the left of the fovea. Objects to the left
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of the point of fixation form an image to the right of the fovea.
(See Figs, 15 and 21.) All images formed on the retina to the
right of the fovea are projected outwards to the left.  Those
formed on the left of the fovea are projected to the right ; in the
same way those formed on the upper part of the retina are pro-
jected downwards, those formed on the
lower part of the retina are projected
upwarils,

The l.'_"t'f‘]?:'l.”.': are HI']I.'lI‘:ﬂ!'II ]:HN':I"}',
on the average, b4 mm, in adnoli CVes,
[ lllir!iitl;_t‘ at a distant nhj:-u'[, if the axes
of the eves are [|;:|':|.|||-], the imawes are
formed on 1--|1‘|'1-.-E|nn:|ing points of the
retinas, but when the object 1= at some
nearer ]mih! the eves must be turned
inwards in fixing the objeet, to compen-
sate for their lateral r-'q-[l:lt'.'tﬁull, This
function of the eyes 15 termed conver-
fence,

The eveball is rotated inwards Er"f the
iII:L'1'|L.'t| Focti= 1|n|.-':-||-~ =i 1|'|-.1[ its \'i.-ﬂl;ll
line is directed towards the object. This
function is very elosely associated with
that of accommodation; one cannot act
in any considerable degree without the
other also coming into play. The move-
ment inwards of the eyve is measured
by the angular deviation of the visnal
line, termed the angle of convergence.

The unit of convergence is the angle
throngh which the visual axis moves
to fix on a Tmfnl ] metre distant.
This is termed one-metre angle of con-
vergence (Nagel). (Fig. 25.) If the

object fixed is n]l]}' 1 metre distant,

the movement will be twice as great;
it is then 2-metre aneles, . int 4 of

s then 2-metre a 1_?_|1 A point Jot o i oies oF eonvensenes
a metre would require 3-metre angles, ( Landolt.)
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and g0 on.  10-metre angles of convergence mean that the eye is
directed to a point only % of a metre distant.

Metre Angle.—In the figure, Oand O represent the centres of rotation
of the two eyes; O O is the distance between these points, termed the
interocular distance. It 1s measured by the distance between the pupils
during fixation for remote objects, O M is one-half this distance,

The line ' M is perpendicular to O €. When the object is situated
on the line € M the convergence of each eye is equal, When the visual
lines J O and J° O are parallel, the angle of convergence is nil; when,
however, the visual lines arve directed to 7, one metre distant, O .J has
deviated to O C,  J O is the angle through which the visual line has
moved to fix on €7, This is one-metre angle of convergence,

C' M being parallel to J O, O " M is equal to J O ',

In the right-angled triangle O C" M, O M equalz { the interocular
distanee,

() " = the distance of the point of fixation,

OM

o

The average interocular distance is 64 mm. O .M = } of 64, or 32 mm.
O (7 is 1 metre distant.

oM — e — (32 = the sine of 1-metre angle, This corresponds to

(R TMNC
1° 50,

If the eye is directed to a point } metre distant, €, the visual line
will deviate twice as much ; that is, it deviates 32 mm, at } metre dis-
tance. If the point of fixation is only 1 of a metre distant, the amount
of converzence will equal 10-metre angles,

To find the value of this in degrees we employ the same formula as
above—

E ;I,ilrsinﬂ of angle OC* M, OM=32 0C"=4; metre=100
a2
100~

The value of the metre angles in degrees is obtained very nearly by
multiplying 17 50 by the number of metre angles. The value of the
metre ancle varies with the interoenlar distance, a il as there is con-
siderable difference in this distance a separate ealenlation is necessary

= the sine of the angle O " M,

min, .32, the sine of angle of converzence, = 182 40,

for each individual.

A more simple method of determining the value of the metre
angle is to find its relation to the centrad. The centrad is a
prism which deviates a ray the 11+ part of the radins, measured
on the are (sce page 24). The deviation of the metre angle is

-—
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measured on the sine. For the angles obtained the sine and are
are almost equal,

Une-metre angle equals a deviation of 32 mm. (the average
distance between the centres of rotation of the eyes being 64 mm.)
at 1 metre distance = 32 in 1000 mm., or 3.2 in 100 = 3.2 cen-
trads. One centrad = .57295°, 3.2 centrads = 1° 50, Ten-
metre angles equal a deviation of 32 mm. in ', metre, 100 mm., 32
in 100, or 32 centrads = 18° 20", A 32-centrad prism not only
gives us the value of' 10-metre angles of convergence, but placed
before the eve, with the base inwards, it takes the place of 10-metre
angles of’ convergence, so that the eve, without any convergence,
would see an ohject on the line " M, 10 centimetres distant, as if
it were sitnated at a remote distance,

The convergence becomes greater as the point of fixation ap-
proaches nearer.  The number of metre angles is, therefore, in-
versely proportional to the distance expressed in metres, We
thus designate the convergence in terms which indicate the same
number of units of convergence as the dioptres of accommodation
necessary for the same distance.  An emmetrope, in looking at
an objeet ] metre distant, would employ 4-metre angles of con-
vergence, and 4 dioptres of accommaodation,

The amplitude of convergence is the number of metre angles
of convergence which the eves can call into action, It is meas-
ured from the far point of convergence to the near point of con-
*‘(‘f‘lq-l"“!'f',

The far point of convergence iz the point to which the visual
]i"';".‘-'- anre ﬂ!i'T"l"l{ﬂ] I|I.‘l.'l:ll"“ l.h{_" l"l'”l";l"]"gl'lli'l" i!': i"['lﬂ.\'.{'ll [y il“' ntmaost ¥
the near point of eonvergence is the point to which the visnal lines
are directed when the convergence is at its maximum, If in the
minimum degree of convergence, the visnal lines are parallel,
the far point is infinite ; convergence will then be equal to ac-
commadation. The visnal lines may diverge eonsiderably in the
minimum of convergence constituting an outward squint and
converge by their posterior extremities ; the far point is negative,
and the convergence is insufficient at any point for which the
eves are accommodated.  With the convergence relaxed to its
fullest extent the visual lines sometimes deviate inwards, eonstitu-
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ting an internal squint. The convergence will in such a case
always be in excess of the accommodation.

The two functions of convergence and accommodation, while
closely associated, still have some latitude of movement; it is
possible to accommodate several dioptres without any conver-
cence, and to converge several metre angles without accommo-
dation. At the far point of accommodation and convergence the
accommodation has somewhat more play ; at the near point, how-
ever, the convergence has much the larger movement. The am-
plitude of convergence does not diminish with age as does the
accommodation,

e —
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CHAFPTER 11I.

EXAMINATION OF THE PATIENT AND EXTERNAL EXAMINATION
0OF THE EYE.

A sysTEMATIC method of examination of each ease should be
practised in order to secure the preservation of careful records.
For this purpose the following order of examination may be
used :'—

Name and residence.

Age, sex, race, married or single.

Family history : hereditary tendencies ; general and ocular health
of parents, brothers, sisters, ete,

Personal history : children, their number and health ; miscarriages ;
former illnesses ; syphilis and gonorrheea § injuries,

Ocecupation : relation of work to present indisposition.

Habits : brain use ; tobacco ; aleohol ; narcotics ; sexual.

Date and mode of onset and supposed cause of present trouble ; out-
line of its course,

Organs of digestion : teeth ; tongue ; stomach ; bowels,

Organs of respiration : nose ; throat ; lungs,

Organs of eirculation : heart ; pulse ; blood.

Kidneys : examination of urine.

Abdominal organs : liver ; spleen.

Organs of generation : menses ; leucorrhoea ; uterine disease.

Nervous system : intelligence ; evidences of hysteria ; hallucinations ;
sleep ; vertigo ; zait; station; tendon and muscle jerks; paralysis;
tremor ; pain ; subjective sensations ; convulsions ; headaches and their
position.

Eyes : inspection of the skull and orbits (symmetry or asymmetry) 3
lids ; ciliary borders ; puncta lachrymalia ; upper and lower cul-de-saes 3
conjunctivie ; caruncles ; cornese (oblique illumination) ; irides (mobility
and color) ; anterior chambers (depth and character of contents) s
vision ; accommaodation ; balance and parallelism of external eye mus-
cles ; mobility of globe ; tension ; light sense; color sense; fields of
vision ; ophthalmoscope,

1 This order of examination is modified from the one employed by Dr. Weir
Mitchell in the Infirmary for Nervous Diseases.
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This schedule of examination must be modified to suit indi-
vidual cases, as these present trivial local lesions directly discover-
able by inspection, or forms of disease requiring detailed study
for their proper interpretation.

Direct Inspection of the Eye.
nation which the ease demands, the surgeon proceeds to the direct
inspection of the eyve. The surfaces of the lids should be ex-
amined for swollen superficial veins, a common index of inflam-
mation of the globe ; their edges for inflammation, parasites, and
misplaced cilia; the puncta for permeability, pressure at the same
time being made over the lachrymal sac in order to express from
it through the puncta any contained fluid ; the upper and lower
conjunctival cul-de-sac for aceumulated secretion, granulations,
and foreign bodies; the palpebral eonjunctiva for hardened secre-
tion in glands; the caruncles for swelling, attached foreign bodies,
and irritation by incurved eilia; and the conjunetiva for the in-
formation to be derived from its bloodvessels,

After the preliminary exami-

Position of hands in the act of everting the eyelid.

In order to evert the lid, observe the following rules : Require
the patient to turn the eye strongly downward, seize gently the

Iy e A
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central eyelashes of the upper lid between the index finger and
thumb of the left hand, draw the lid downward and away from
the ball, place the point of the thumb of the right hand above
the tarsal cartilage of the lid which is to be everted, the remain-
ing fingers being steadied on the brow, and by a quick move-

Eyelid everted for examivation of its under surface and the upper part of globe.

ment turn the edge of the lid over the point of the thumb,
while this iz simultaneously depressed. During the entire
manceuvre ingist upon the downward direction of the patient’s
eves ; otherwise, the lid cannot be turned without undue force
and pain.

Bloodvessels of the Conjunctiva.—In health only a few con-
spicuons bloodvessels are to be observed ; in inflammation many
more become visible.  The arteries of the conjunctiva are derived
from the palpebral and lachrymal branches of the ophthalmic ;
those of the episcleral tissue arise from the anterior ciliary branches
of the ophthalmic, while the border of the cornea is surrounded by
a plexus of capillary loops derived from the anterior ciliary ves-
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sels.  This blood supply may be conveniently divided, as Mr.
Nettleship has done, into three svstems :—

System L. Posterior conjunetival vessels, whose eongestion pro-
duces a bright red, velvety color, moving, on pressure of the eye-
lids, with the shifting of the conjunctiva, usually associated
with muco-purulent secretion, and indieating ophthalmia.

Fia. 28.

Vessels of the front of the eyeball. e, ciliary musele. O, choroid. S,
gclerotic, F F, vena vorticosa.  §, marginal loop-plexus of cornea.  Anf. and
Fost, Conj., anterior and posterior conjunctival vessels,  And. 05l A. and ¥,
anterior ciliary arteries and veins.  (After Nettleship's alteration from Leber, )

Systemm 11, Anterior eiliary vessels, composed of perforating
and non-perforating arteries and veins, The perforating arteries,
which supply the sclerotie, iris, and ciliary bodies, are the branches
seen in health entering about 5 mm. from the corneal margin, their
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points of entrance, in dark-complexioned people, often being dis-
tinctly tinted,

The non-perforating (episeleral) branches, invisible in the nor-
mal eye, produce, when congested, a pink zone surrounding the
cornea (*ciliary congestion,” “ecireum-corneal zone”), not moving
on pressure of the lids with the shifting of the conjunctiva,
unassociated with purulent discharge, and indicative of iritis.

The perforating veins and their non-perforating (episcleral)
twigs, when congested, create a zone of dusky hue, often a
symptom of glancoma, or appear in unequal deep-seated patches
of lilac or violaceous color, pointing to evelitis or seleritis,

System 111, Anterior conjunetival vessels and the plexus of capil-
laries surrounding the cornea, derived from anterior ciliary vessels
through whose numerons small branches anastomosis between
System . and 11, takes place,  Their congestion produces a cirele
of bright-red injection, often partly on the cornea, a sign of in-
fHammation of this membrane, and typified in the early vascular
stages of interstitial keratitis. (See page 285.)

In addition to these three varieties of congestion numerons
departures are noticeable, making it impossible to separate the
form and specify the individual system involved.  In these types
is found a definite local injection, like the leash of vessels passing
to a corneal ulcer; or all the systems are commingled in a general
inflammation.

Inspection of the Cornea reveals inflammation, uleeration, opae-
ities, and foreign bodies. Slight irregularities are detected by
placing the patient before a window, while the eyes are made to
follow the uplifted finger held about one foot from the face, and
moved in various directions. The image of the window-bars
reflected from the cornea will be broken as it crosses the spot of
inequality,

A more accurate method is to employ a keratoscope.  This in-
strument consists of a dise shaped like a target, upon which are
drawn concentric black circles, a sight hole being in the centre.
The patient is placed with his back to the window while the
surgeon holds the instrument in front of the eve, and, looking
through the central aperture, observes the reflections of the circles
from the cornea. If these are broken or distorted, the indica-
tions of irregularity in the surface are present.
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Minute abrasions and ulcers, if suspected, and yet not deter-
mined, may be found by dropping into the eye a concentrated
alkaline solution of fluorescin (Gruebler’s fluorescin, 2 per cent. ;
carbonate of soda, 3.5 per cent.), which colors green that portion
of the eornea deprived of its epithelinm, while the healthy epi-
thelium remains unaflected.  For example, the eoloration takes
place around a foreign body in the cornea, the foreign body itself
appearing as a black dot in the centre of the green area. The
observation with fluorescin was made originally by Straub,

Oblique Illumination is a method of examination by which
the cornea, the anterior chamber, the iris, and, if' the pupil is
dilated, the lens and even the anterior layers of the vitreous may
be studied. The surgeon places the patient two feet from the
source of illumination, and focuses a beam of light with a two-inch
or three-inch lens npon the cornea, at the same time observing the
surface under examination through a lens of the same foeal dis-
tance, held between the thumb and forefinger, the disengaged
fingers being utilized to elevate the upper lid.  (Fig. 29.)

Fie. 29.

Method of oblique illumination.

The distance of the lens must be varied slightly, according
as the cornea, iris, or crystalline lens is brought within its focus,
the patient being required to look up, down and to either side,
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while all the anterior surfaces and media of the eye are illumi-
nated.  In order to deteet foreign bodies in the cornea, the light
should be directed at an acute angle.  If the posterior pole of the
lens is to be examined, the light is thrown perpendicularly into
the pupil, the surgeon placing his eye in the same direction, with-
out interfering with the light.

By this method minute abrasions, previously undetected foreign
bodies, channels of old vessels, and other corneal changes may he
examined.  The character of the aqueous humor, the depth of
the anterior chamber, the surface of the iris, the presence of
synechize, small tumors, atrophic fibres, and persisting pupillary
membrane are evident, and, finally, opacities in the anterior cap-
sule and axis of the lens are discoverable.

The routine examination by means of lateral illumination, pro-
vided the eye is unaffected with an inflammation associated with
go much photophobia that this is not possible, will often atford
information unattainable by other methods.

The Corneal Loupe.—This is a lens, properly mounted, by
which the cornea is strongly magnified, and which may be em-
ployed with oblique illumination. A “corneal microscope,” or
a specially prepared lens of high power, permits the study of
minute changes in this membrane, and is utilized for the exami-
nation of the traces of former vascularization, particularly after
interstitial keratitis (see page 286), and by its help even the
circulation of the blood in the vessels of a pannus may be
studied,

The Color of the Iris.—The color of the irides varies: blue
and gray are the predominating hues; brown oceurs next in
frequency ; while the varions admixtures produee vellow and
green shades.  Black irides are never seen, and the color of the
iris of all new-horn children is of a light grayish-blue; the
stromal pigment is developed subsequently.!

Slight differences in shade between the two irides are not
uncommeon ; more rarelv, even in health, the irides differ in
color (chromatic asymmetry), one being brown or greenish, the

1 Ely records two dark irides in more than 1000 newly-born children ; in
one the child was a Legro,
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other blue or gray.  Almost invariably, in cases of this sort, one
iris corresponds in color with the irides of one parent, and the
remaining iris with those of the other parent. Instead of uni-
form pigmentation, a single triangular pateh, or several irregular
spots of dark color, may appear upon one or both irides (piebald
irides). This is sometimes temporary. Chromatic asymmetry,
while perfectly compatible with health, has been observed in pa-
tients with neuropathie tendencies—chorea and epilepsy—(Féré);
in other instances, there is liability to disease on the part of the
lighter eve (eataract), This phenomenon may be present in sev-
eral members of the same family.

Discoloration from disease results in one iris being green, that
of the fellow being blue, and indicates iritis or eyelitis; it is
often an early svmptom of inflammation of the iris, and should
be looked for in every inflamed eve.  When the dark segments
seen in a piebald iris are small, they have been mistaken by
incautions observers for foreign bodies,

The Pupil.—The size of the pupil in health varies with
exposure to light, and with accommodation and convergence,
There is no physiological standard by which to base a measure-
ment.  The pupil is generally smaller in old age, in blue irides,
and in eyes with hypermetropic refraction; it is larger in
vouth, in dark irides, and in eves with myopic refraction.
With the accommodation at rest, the diameter of the pupil
varies from 244 to 5.82 mm., the average diameter being 4.14
i, {".".'nim:w], The lmz-:il_]un of the |1|:|I:i| is a little to the nasal
gide of the cornea, and, under similar illumination, the pupils
ghould be round and of equal size!

It is much to be recvetted that the recorded variations in the
diameter of’ the pupil are commonly imperfect, and the loose state-
ments, “ pupils dilated,” “ pupils contracted,” * pupils medinm-
sized,” have crept into many reports,

MeasvreMeNT oF THE Purin.—The pupil can be measured
approximately by holding before it a rule, marked in millimetres,

and noting the number of spaces its width oecapies. The chief

1 In contrast to this statement, the observation of Iwanow deserves mention.
This observer found, among 134 healthy young military recruits, equal width
of pupil in only 12, The right pnpil was larger in 48, and the left in 73.

s g e T
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nllj{-:-liun to this method is, that the distance subtended on the
rule is less than the diameter of the pupil, in proportion as the
distance from the observer's eye 15 less to the rule than to the
pupil (Jackson).

A great variety of instruments, known as pupillometers, have
been devised for the accnrate measurement of the width of the
pupil. A very simple and serviceable
device iz Randall’s modification of
Follin’s instrument, which consists of

Fig. 30.

a .."hl;'ﬂ.h’ '[:Ir {!i]"ﬂ_'].‘l'ﬁ I]l"l{l "liiﬂl" t'” I.I"."' l'.h--
served eye, the scale being slowly ro-
tated until that cirele which matches
the pupil in size is reached,

]_‘I"ii_*:-‘.lh_-}' =smith’s Leratometer 15 a
geale sitnated between two plano-con-

vex lenses. The surgeon places his

Simple pupillometer.,

eve at the prineipal focus of the com-
bination, and, holding the scale before the patient’s eve, observes
that the cornea, or pupil, subtends on the scale exactly its width.

All examinations should be made under a uniformly strong
light, and the character of light should be stated.

Mobility of the Iris.—The reflex mobility of the iris is tested
to find the presence of attachments between the iris and the lens
(synechiwe), or immobility from atrophy of the iris, or to examine
the sensitiveness to light of’ the retina or visnal centre,

The patient is placed before a window in diffuse daylight, and
one eve is carefully excluded. He is divected to look into the
distance with the exposed eye, which is then shaded, and, if it is
normal, a considerable dilatation of the pupil will oceur. On
removal of the covering hand or card, contraction to the same
size as that which existed before the test was applied takes place
(direct reflex action of the pupil ). During this examination, the
other pupil will act in unison with its fellow (consensual, or in-
direct refler action), and in normal eves the pupils should be
1!({!1:][, not uﬂ'_‘r with both eyes open, but with one eye shaded.

l‘l‘l‘ullﬂ_'l:l t.EIIL" :,'Tl\_l'l'ii]g ll.ﬂ_ll[:l i“ 'I‘{'I!nll‘l.'{'ll ﬁ"lh!]'t 'I:H' f'}'[" {:I.:”"l‘l:"!{"_]
toward the light, the dilatation which existed in the pupil yields

h
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to a contraction, succeeded in a moment by a slight dilatation and
again a contraction, oscillating thus for a moment until it settles
to the original size, This is ealled * hippus,” a phenomenon
seen in an exaggerated degree in hysteria, mania, and other
nervous disorders.  The explanation of hippus is that each eon-
traction of the pupil, by diminishing the supply of light to the
retina, contains in itself the cause of the succeeding dilatation ;
and, conversely, each dilatation sets in motion the sueceeding con-
traction, until at last equilibrium is attained (Swanzy).

During the whole process of testing the reflex mobility of the
iris the observed eve must be steadily fixed upon a distant point ;
otherwise the influence of accommodation or convergence will
arise.

The contraction of the pupil, which oceurs when the eye is
exposed to a source of light in the manner deseribed, is a reflex
phenomenon, the optie nerve being the afferent pathway, and the
oculo-motor the efferent nerve going to the sphineter of the iris,
the communicating fibres between the corpora quadrigemina and
the centre for the third nerve enabling the reflex to take place,

The pupils also contract when the eyes are directed to a near
ohject, or, in other words, contraction takes place under the in-
fluence of accommodation and convergence (associated action of
the pupils).  The extent of this action is less than in the reflex
motions, and is more closely connected with convergence than
with accommodation.  Accommodation inereases pupillary con-
traction, but this contraction does not take place under the
influence of accommodation unassociated with convergence; it
does ocenr with convergence withont the act of accommaodation.

Dilatation of the pupil ocenrs in glaveoma, in eases of non-
conduetivity of light (atrophy), in orbital disease, and under the
influence of mydriatics. It is further seen in fright, emotion,
anzemia, in depressed nervous tone, aortic insufficiency, and irri-
tation of the cervieal svmpathetie,

In diseases of the nervouns system, dilatation of the pupil when
of cerebral origin indicates extensive lesion ; when of spinal origin,
irritation of the part (McEwen). Systematic writers have divided
dilatation into érritation mydricsis, caused by irritation of the
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pupil dilating centre or fibres, and paralytic mydriasis, caused by
paralysis of the pupil dilating centre or fibres,

Contraction of the pupil (myosis) appears in congestions of the
i]’is, in certain ]'l-i.'ul's, in |||t_~l||ul'a, venous ohst I‘lll't-iun, mitral dis-
ease, pulmonary congestion, paralysis of the sympathetic, and
under the influence of myoties,

I the myosis is of cerebral origin, it indieates an early irrita-
tive stage of the affection (meningitis, ete.); it of spinal origin,
a depression, paralysis, or even destruetion of the part (MeEwen),

The small pupils connected with degeneration of the posterior
columns of the cord (spinal myosis), unafteeted by the changes of
light and shade, but contracting still farther under the influence
of convergence of the visual axes, are known as Argyll-Robert-
son pupils,

Svstematic writers divide contraction of the pupil into frrita-
tion and paralytic myosis.  The =ame factors which cause myosis
may cause mydriasis, the determining factor being the degree and
the duration of the lesion.

Unequal pupils are rarely seen in health.!  If there is recent
wide dilatation of one pupil and no discase of the eve, the instilla-
tion of a mydriatic may be suspected.  Unequal pupils oceur
in eves with widely dissimilar refraction, if one eve is blind,
in aneurism, dental disease, traumatism, and in diseases of the
nervous system. If the disease is cerebral, the inequality de-
notes unilateral or focal brain disease. It is not uncommon in
tabes, disseminated sclerosis, and paretic dementia.  Vairying in-
equalify of’ the pupils, or a one-sided mydriasis now oceurring on
the one side and now on the other, is a serious premonitory
svmptom of insanity.

Testing Acuteness of Vision.—The acuity of vision is the
power of distinguishing form and size, and is a function of the
macula lutea, the peripheral portions of the retina having only
indifferent ability to distingnish form and size.

In order to determine the acnity of sight test-types are em-
ploved, in which the letters are of various sizes, and constructed
according to the methods deseribed on page 43,

I Bea foot-note, page G4,



D] DISEASES OF THE EYE.

When it is desived to test the acuity of vision the patient is
placed six metres from the type-card, in a well-lighted room, and
each eye is tried separately. If the letters of No. 6 (twenty feet
approximately) are read, vision is normal, or 1, but if, at the
same distance, no smaller letters than those numbered 18 (sixty
feet) can be discerned, vision is 4. It is usual to express these

results according to the formula V7 = -}i,ill which 17 stands for

visual acuteness, d for the distance of the patient from the card,
and D for the distance at which the type shonld be read; so

] ; bl th 6
that in these instances the vision would be recorded G and T or

20 20
in feet, and —. The rays coming from the letters at six

metres distance have so little divergence when they reach the
eve that they may be considered parallel. Henece, if the patient
sees distinetly at this distance, his vision is perfect at the longest
range.!  Any other distance may be chosen, provided it does not
place the patient closer to the test-card than three metres, at which
close range the function of accommodation would introduce an
element of inaccuracy. Thus, the seale made use of by De Wecker,
) 5 (15
and elaborated by Oliver, assumes 5 (‘w :’Ii.l]}r{.lxill'lﬂtlf_‘]_\') in-
stead of ﬂ. as L
6 1

The acuity of sight, as tested with types constructed on the
basis of an angle of five minutes, does not always vield aceurately
the highest vision attainable; indeed, many good eves possess a
vision of £ of the standard angle. For this reason Dr. James
Wallace has arranged a series of test-types in which an angle of
four minutes has been substituted as the basis of each letter.
(Fig. 31.)

For the purpose of a control test, and also for determining
visual acuity in illiterate persons, cards are employed on which
a number of differently arranged dots are placed, of sizes which
ghould be counted at different distances, and among these Bur-
chardt’s international tests are the most useful.

I Compare page 47.
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If the patient fails to de- Fic. 31.
mplwrt the largest letters at it
the distance emploved, he =

should be moved closer to
the card ; thus, he may be
unable to read the type
numbered 60, at six me-

. m 111
tres, but may discern this R F
4 1

at 4 metres, '= __ or —
! 60 15

of normal. Still further de- o - ,..
preciation of visual acuity is N H A
recorded by requiring the

subject to count the out-

[+ LES
stretched  fingers at various T E l I—

distances, 2, 3, or 6 feet,

V"= counting fingers at 2 2 53
feet.  When the ability to B RPZE
distinguish form (qualitative

ff.l:l'ﬂilf I}l'.l'"l"!""fﬂlh'.f.l‘ﬂj 1y ].‘.I"I!_"‘{"l- 2 H N G C D' D iz
exists, the perception of light

Elluﬂlli|Il't|‘iﬂl1:}':!]“‘]‘":”1"}' Fi vV ¥ S B R A e
sereening and shading the
eve, or by illuminating the e S L e Vi
eve with light reflected from

a mirror.,

3 g s PFBRAHNZ e
Light-sense.—Having de-
termined the acuity of vision
. 3 . KXYveCoDo 41
by means of the test-letters,
the examiner has ascortained
5 & R B F AMHENK il

the form-sense, and may pro-
ceed to {l":"-' a second subdivi- Diagram of test-letters reduced one-gquarter.
sion of the sense of sight, the
!’{Ff!ff'xf"nxf"‘ 1|.'|'I|E{'I] ih tl]"‘ [“P‘ﬂ.‘{"'l' 'I'l['l."-'i"-l"'f':h:""il:_'il }]:\. l.[","' I‘L‘[E[lﬂ,, ar f'{'lltt'[f‘
of vision, of appreciating variations in the intensity of the source
of illumination.

An instrument, called a phofometer, is employed for this purpose,
and consists essentially of an apparatus by which the intensity

 ——
= ——
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of two sources of light may be compared. The patient, looking
into the instrument, sees two equally bright discs. One dise is
now made darker, and the power of the eye to perceive the dif-
ference in the illumination of the two dises ascertained ; or one
dize is made entirely dark, and then graduoally illuminated, and
the smallest degree of light noted by which the patient can
pereeive the dise coming from the darkness. The former is
called the light-difference (L. 1)), and the latter the fight mini-
mum (Lo M.). Some information in regard to the light-sense
may be obtained by testing the acuity of vision on two cards,
under a different degree of illumination, and by comparing the
results with a similar examination of a subject believed to have
normal power of appreciating  different degrees of illumination.
Indeed, a very important examination in slight retinal changes
and minor disturbances abont the maenla consists in ascertaining
the acuity of sight under full and under diminished illumination.

Color-sense.
color-sense, or the power which the retina has of perceiving color,

A third subdivision of the sense of sight is the

or that sensation which results from the impression of light waves
having a certain refrangibility.
This is an extremely important examination, and is of especial
interest in the detection of ecofor-blindness,  (See page 479.)
Method of Holmgren.

is most frequently employed.  This consists in testing the power

In practice the method of Holmgren

of a person to match varions colors, conveniently used in the form
of colored yarns. The test colors, viz: light green, rose ov pur-
l.'n"r*, and Pr*'rf, are 11|:1{'H| before the p:_llirllt, who 1= I‘i_=£illi1'|'{| Lo
select similar colors from a mass of colored varns in which a
great number of tints are associated in a confused mixture.  The
examiner decides, in rezard to the perfection of the patient’s eolor-
sense, by the manner in which he makes the selections, and by
the degree of aceuracy he exhibits in matching the various tints,

D, William Thomson has devised for this purpose a most
convenient instrument, composed of a stick with yarns attached,
a licht green being used as the test-skein.  The method is thus
deseribed by its author: Using the light-green test-skein, the
snbject is asked to match it in color from the yarns on the
stick, which are arranged in alternate green and confusion colors,
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and which are numbered from one to twenty., The selection of
ten tints is required, and the examiner notes the numbers of the
tints chosen. The odd numbers are green; and the even ones the
confusion colors, If the subject has a good color-sense, his record
will exhibit none but odd pumbers; if he is color-blind, the
mingling of even numbers betravs the defect. To distingunish
between g‘l‘['(.‘n-l‘rlilli]tl{':-'ﬁ and l‘i'||-h|it‘|{|m,~:-'\:-'.} the rose-fest is used,
and the eolor-blind subject will select, indifferently, either the
blues intermingled with the rose, or, perhaps, the blue-greens or
grays. Finally, the red-fest 1s used as a control,

Instead of requiring the candidate to mateh eolored varns,
according to the method outlined, or any modification of this,
other plans may be pursued.

(1.) The Lantern-Test.—The question is often asked whether,
in the examination of =ailors and railroad emploveés for the detee-
tion of color-blindness, the tests are not of such a character that
men, for all practical purposes safe in their chosen occupations, are
rejected.  In other words, it has sometimes been believed, and
often stated, that the tests were so searching that valuable men
were discarded, although exhibiting only very slight degrees of
deficiency in the color-sense, too slight to render them unfit for
railway service.

The detection of eolor-blindness from a practical point of view
has been a subject of considerable study at the hands of F. W.
“dridge-Green, who believes that the exclusion of dangerons
persons only is essential, and that the possession of slight de-
grees of color-blindness may be permitted to be passed by, as,
for all practical purposes, their subjects are normal-sighted. e
has devised an apparatus which econsists of a lantern and twelve
glides. Six slides contain colored glasses (standard red, vellow,
pure green, standard green, blue, and purple), and six contain
modifying glasses, that is, glasses which are ground, ribbed, and
composed of four thicknesses of a special kind of nentral glass,
The object of the test is to ascertain whether the candidate under
trial can diseriminate between red, green, and white lights. To
prevent guessing, the colors before-mentioned, other than red and
green, are emploved.
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D, Edridge-Green thus deseribes the application of his method :
The candidate should be seated at a distance of fifteen feet from
the lantern.  He should be asked to name the color of the light
produced by a colored glass alone, or in combination with the
modifying glasses. A candidate should be rejected : (1) If he
calls the red green, or the green red, under any circumstances ;
(2) if he calls the white light, under any eircumstances, red or
green, or vice versa ; (3) if he calls the red green, or white light
black, under any circumstances,

A candidate who makes mistakes other than those mentioned
should be put through a very thorough examination, This ex-
amination can be made by what Dr. Edridge-Green ealls the
classification test, which he intends for scientific purposes, and
which consists in a series of test and confusion colors, the candi-
date being required to match the test eolors.  This examination
apparently differs only in the method of its application from
such as are well known.

(2) The Pseudo-isochromatic Plates of Stilling.—These con-
sist of a series of plates (ten in number), each plate eontaining
four squares filled by small, irregular, colored spots, among which
other spots in a confusion color, made to conform to an Arabic
figure, are placed. The test-plate is held in a good light, and
the examiner requires the subject to distinguish the tracings.
These plates are said to be of practical use,

Accommodation has been defined to he those changes in the
optical adjustment of the eve effected by the ciliary muscle
(Scehweigger), and in practice is measured by finding the nearest
point at which fine print can be clearly deciphered. The type
nsually adopted is that known as Snellen’s 0.5, or Jiger's 1,

In order to study the phenomena of accommodation the stu-
dent should record : 1. The nearest point of perfectly distinet
vizion attainable with the smallest readable tvpe, or the punctum
proximum (abbreviated p. p., or simply p.). 2. The farthest point
of distinet vision, or punctum remotwin (abbreviated p. »., or gim-
|1|._'..' .i-} 3. The i e, ffi”j'ﬂ'i:lhfl'lh" of accommuodation, or the expres-
sion of the amount of accommodative effort of which the eve is
capable. This is expressed in the number of that convex lens,

s S I e L a
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placed close to the cornea, whose focal length equals the distance
from the near point to the cornea, and which gives rays a direc-
tion as if they had come from the far point; thus, if the near
point be 7 em., the lens which expresses the amplitude of ac-
ok 100 = -
commodation is + 14 1) = 14. 4. The region, or the

space in which this is available. 5. Relafive accommodation, or

Fia. 32.
0. Iy 0. 5.
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Type for testing accommaodation.

that independent portion of this function which can be exercised
without alteration in a given amount of convergence, and is
divided into a negative portion, or that portion which is already
in use, and a positive portion, or that portion which is not in use.
(See also page 44.)

Mobility of the Eyes.—This is tested by causing the patient
to follow with his eves, the head remaining stationary, the move-
ments of the uplifted finger which is dirvected to the right, to the
left, upward and downward. Both eyes must be observed, and
note made of any lageing in their movements, or of the failure of
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either eve readily to turn into the nasal or temporal canthus. At
the same time the relation of the movements of the upper lid to
those of the eyeball is recorded. The attention of the patient
must be centred upon the moving finger, and allowance should
be made for the imperfeet mobility of highly myopic eves.  Any
asvimmetry of the skull, or difference in the level of the two
orbital margins, may be observed, becanse such conditions are not
infrequently associated with ametropic eves, especially when the
two eves possess great inequality in refractive conditions.

Balance of the External Eye Muscles.—I[ nder normal condi-
tions perfect equilibrium of the external eye museles is present, but
preponderance, for example, of the power of the external recti
(insuflicieney of the internal recti), or vice versa, produces a ten-
deney to divergence or convergenee, which, however, is overcome,
with preservation of binocular vision, in spite of the disturbed
equipoise.  This condition was named by Von Graefe dynainie
strabisimms.

In order to ascertain the condition of the ccular musecles we
employ the foillowing tests .—

(1) Approach the finger to within a few inches of the eyes,
which are steadily fixed upon its tip, and note if a convergence
to a distance of 8 em. (31 inches) is attainable. If, before this
point iz reached, one eve deviates outward, insufficiency of the
interni is present, the eve possessing the weaker internus usually
being the one which exhibits the deviation.  This test is a rough
one, and valuable chiefly for ascertaining which of the interni
is the weaker.

(2) Require the patient to fix upon a fine objeet, like a pin-
point, held below the horizontal, 20 or 25 em. from the eve, and,
in order to remove the control of binoeular vision, cover one eve
with a card or the hand, and observe whether the eve under cover
deviates inward or outward, and returns to fixation when the cover
15 removed,

If the patient fixes the object aceurately, and the manipunla-
tions of covering and uncovering first one eve, and then the
other, are rapidly performed, trustworthy results will be obtained.
In general terms, each millimeter of movement of the devi-
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ating eye corresponds to 2° of insnfficiency as measured by
prisms.  In the ease of the interni, it the covered eve moves in
to fix, with several distinct impulses, each impulse should be mul-
tiplied into the foregoing result.  (Randall.)

(3) Produce vertical diplopia with a prism, and test the func-
tions of the lateral museles at a distance of G metres,

A lighted candle is placed against a dark background
6 metres from the patient, and on a level with his eves. In
an accurately adjusted trial frame, a prism of 7° is inserted,
base down, before one eve, for example the right. Vertical
diplopia is induced, and the upper image belongs to the right
eve. If the lames stand, one directly over the other, there is no
inclination to divergence or convergence. I the upper image
stands to the left, there is weakness of the interni; if to the
right, of the externi. That prism placed with its base in or ont
betore the left eve, according to cirenmstances, which brings the
two images into a vertical line, measures the degree of the devia-
tion,

Thus the presence or absence of laferal insufficiency is de-
termined.

(4) Produce lateral diplopia, and test the functions ﬂfth{.' ver-
tical muscles at a distance of 6 metres.

The patient is seated opposite a candle, as before, and a prism
of sufficient strength to induce homonymous diplopia (87 will
usnally suffice) is placed before one eve, for example, the right,
i. e., the prism is placed with the base towards the nose, If the
images are on the same level, no deviating tendeney is present.
If the right image rizes higher than the other, the visual line of
the right eve tends to be lower than that of its fellow, and there
is insufficiency of the verfical muscles,  That prism placed with its
base down before the left eve, which restores the images to the
horizontal level, measures the degree of deviation.

(5) Produce vertical diplopia, and test the funections of the
lateral muscles at the ordinary working distance, or 30 em.

For this purpoese it is enstomary to employ the equilibrium test
of Von Graete, in which a eard having upon it a large dot, through
which a fine line is drawn, is held 25 or 30 em. from the eyes,
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diplopia being induced by means of a prism of 10° or 15°, base
up or down, before one eye. A more accurate test-object is a
small dot and fine line, or a single word printed in fine type,
requiring aceurate tixation and a sustained effort of accommoda-
tion. 1f, the prism being placed base down before the right eye,
the images stand exactly one above the other, equilibrium is evi-
dent ; it the upper image (image of the right eye) stands to the
left of the lower image, there is erossed lateral deviation ; and
that prism, placed before the left eye with its base towards the
nose, which restores the images to a vertical line, measures the
tendeney to divergence, or insuflicieney of the internal reeti. If
the upper image stands to the right of the lower, there is homony-
mous lateral deviation ; and the prism, placed before the left eye
with its base towards the temple, which restores the images to a
vertical line, measures the tendeney to convergence, or insufficiency
of the external recti.

(6) Ascertain the power of adduetion, abduction, and sursum-
duction by finding the strongest prism which the lateral and
vertical museles ean overcome (see page 507).

Beginning with adduction, find the strongest prism placed
before one eve, with its base towards the temple, throngh which
the candle flame still remains single. The test shounld begin with
a weak prism, the strength of which is gradually inereased until
the limit is ascertained.  This varies considerably, from 30° to
50° and no fixed unit is defined.  The muscles may be trained
to overcome miuch higher degrees than those stated.,

[n like manner abduetion is tested, the prism now being turned
with 1t- h{l_:-:v tuu':_lrll I,h{' Nose ; UG' T H"} of I‘ll'i::m should be Over-
come. The ratio between adduction and abduetion should be
6 to 1, i. e, if adduetion is 48°, abduetion should be 8°,

Sursitmeluetion, or the power of uniting the image of the candle
Hame, zeen throngh a prism placed with its base downward before
one eve, with the image of the same object as seen by the other
eve, 1= ascertained by beginning the trial with a weak prism, 1°
or 17, and gradually inereasing its strength,  The limit is usually
3°, but may be as high as 8° or 10°,

It the eves of the patient under examination are ametropic,
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the proper correcting lenses should be placed before them, and
the examination for the varions forms of insufficiency made
through this glass. It is, moreover, exceedingly important that
the correcting glass should be aceurately centred.  Any failure of
this, in a lens of considerable thickness, would induce a prismatic
effect, which would utterly preclude aceurate determination of the
muscnlar conditions, especially of the vertical museles, where the
search for fractions of a degree of deviation are sometimes
necessary.

If the muscular examinations have been undertaken as part
of a routine preliminary examination of an eye, they ghould be
repeated after the refraction has been aceurately determined, and,
if anomalous, corrected.

Practically, all of the examinations for muscular errors can be
made with a series of prisms and a trial frame. These de-
terminations are facilitated by the use of certain instruments
of precision. A time-saving apparatus is the revolving prism
of Crétes, or the rofary prism devised by Rislev. The latter
eonsists of two prisms, superimposed with their bases in oppo-
gite directions, constituting a total value of forty-five degrees,
They are mounted in a cell which has a delicately milled edge,
and fits in the ordinary trial frame. The milled edge permits
convenient turning in the frame, so that the base or apex of the
prisms can be readily placed in any desired direction. The
prisms are caused to rotate in opposite directions by means of a
milled serew head, projecting from the front of the cell. Either
with this instrument, or with the revolving prism of Crétes,
the strength of the abducting and adducting museles ean be
measured. If the rotary prism is placed before the left eve with
the zero mark vertical, and the screw turned to the right or
left, it will cause the base of the resulting prisms to be either
inward or outward, that is, toward the nose or temple, as may be
desired.

One of the simplest tests of the ocular muscles is the obfuse-
angled prism of Maddox. This is composed of “two weak
prisms of three degrees, united by their bases. On looking
through the line thus formed, at a distant plane, two false images
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Fra. 33

Position of the imaces as
seen throueh the obtuse-
angled prism of Maddox

{ 11'.I.TII,1:|.1[}.

of it are seen, one higher and one lower
than the real image seen by the other eye,
the position of which, to the right or the
left of the line between the false images,
indicates the equilibrium of the eve. A
faint band of light, of the same breadth as
the two false images, is seen extended be-
tween them.” (Fig. 33.) The answers of
the patient may be materially assisted by
placing a red glass before one eye, and thus
tinting the real image. If this stands di-
rectly in the centre between the two false
images, all forms of insufficiency are elimi-
nated ; if it stands to the right or to the
lett, there is insuthiciency either of' the ex-
ternal or of the internal reeti; if it stands
above or below the centre, or is fused with
either the upper or the lower image, there
is insufficiency of the superior or inferior
recti.

The Maddox prism may be mounted in
a eell and placed before the right eye, while
the rotary prism of Risley is put before
the left eve, and, with this combination in
a trial frame, a rapid determination of the
degrees of deviation may be made.  If the
two false imawves stand to the left of the real
image, that degree of prism, found by turn-
ing the base of the revolving prism toward

the nose on the left side, which brings the three images in line,
measures the amount of divergence ; if the two false images stand
to the right of the real image, that decree of prism, found by
turning the base of the rotary prism toward the temple, indicates

the amount of convergence.

The rod test, also designed by Maddox, depends upon the
property of transparent evlinders to canse apparent elongation of
an object viewed through them, so that a point of light becomes
a line of light so dissimilar from the test-light that the images

e e S S
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are not united, E!imu hrnnhﬂdy11nphqrdi@|nnfngszHu-d
hlﬂew”.uhh4|uiH[HiuliwrrM][hunm:llnuh“nwnlyhh~rn|
i of  an imch E-III:, and about the thickness of the HI"“II;II'I".'
.'-[ifl‘l'ill_',;' I'lui II-H] Il_‘x' I'|Il'|||i-~[:-~.

The examination for horizontal deviafion 18 thus deseribed :
“ Spat Hu=pnﬂuuluifinwnwwthnn::nnud]Ihnm.:nui|ﬁnn-1hr
rod horizontally before one eve, a colored glass betore the other,
If the line pasEses 1||I'--|1:_"r| the Hlame, there 1s |-1'1hr.~||.l|-:r|'i;4 |---!||i-
|'|n-i-.<-|‘ 03 |E|1-:|- :||1' |||-t‘i?.-r||1:|| IOy enienls l-1I=.|:|- eyes are coneern ||_
Should the line lie to either side of the flame, as in most people
it will, there 13 either latent Conversenoee ol latent dive Foenee ;
the former, it the line 15 the same side as the rod ||:--‘.||--I!_H!|u||=

diplopia) ; the latter, if' to the other side (crossed diplopia).”

Fia. 34.
1. ¥, .
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In order to test the certical deciation, the rod 1s |'|'L"-|| verti-

cally before the eye; a horizontal line of light appears, and the
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patient is asked if’ the line passes directly through the flame, or
if it appears above or below it.  The ﬂl]]u\'-'iti;_" rule, ql!l:tul from

Maddox, will suffice to indicate the * IJ_‘-'}J!JI'Elilm'ir“ eyve: “If
the flame is l|-\.~.'|-.='t, there 15 a II'I!I]HII'_\' Lix ll]m:mi deviation of

the naked eyve; if the line is lowest, of the eye before which the
r'il‘li i.‘: ||]:|‘f'|"||..”l

The measurement of the extent of’ the deviation may be made
in the ordinary way, by finding that prism, placed before the
]|;l.|-:!-l] eye (or lhl.' eve l:"lr".'ﬁ‘]“l'il H‘i1|] a l‘I'li j__"l.'lri:-i}, 'n'llll['ll ]]I‘it'lg.‘,-'-
the line and Hame together.

A.

[ #
‘

Maddox’s rod test for vertical deviation. The rod is hefore the right eye., A.

[he line pasaes through the flame—orthophoria. B, The ling passes below the
flame. The upper imare belongs to the left |'.'|'|'-—!':.'-_'"||: |l_'L']li'I'|=-|‘J'--['i:l. % The line
pasees above the flame. The upper image belongs to the rizht eye—left hyper-

plioria,

In order to avoid the awkwardness of the phraseology *in-
sufficiency of the internal recti, ete,”” and at the same time more
acceurately to deseribe the museular anomalies, the following ter-
||Li11c|||:g_-l'..' lias been introduesd ]:I\' D, Greoroe T. Stevens, and
|I.'L-=' r'l:‘l"l.'-l";'l.'ii n "|".'|-l]!i' .'Ir'rl'];l:u-lun —

* The condition in which all adjustments are made by muscles in a
state of physiological equilibrium is ealled ovtliophorin,

L Dir. Swan M. Burnett subztitutes for the Maddox rod a 6 D eylinder.
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Disturbances of equilibrium are known as feterophoria, or insufli-
ciencies of the ocular muscles,

The deviating tendencies of heterophoria may exist in as many
directions as there are forces to induee irrerular tensions.

The following system of terms is applied to the various tendencies
of the visual lines :—

I. Generic Terms.—Orthophorin: A tending of the visual lines in
parallelism, Heterophoria: A tending of these lines in some other
way.

II. Specific Terms,—ITetrophoria may be divided into—

1. Esophoria: A tending of the visual lines inward.

2. Eroploria: A tending of the lines outward.

3, Hyperphoria (right or left) : A tending of the right or left visual
line in a direction above its fellow,

This term does not imply that the line to which it is referred is too
high, but that it is higher than the other, without indicating which
may be at fault.

111, Compound Terms.—Tendencies in oblique directions may be
expressed as hyperesophoria, a tending upward and inward 5 or hypereco-
phoria, a tending upward and outward, The designation *right’ or
“left’ must be applied to these terms,”

Power of Convergence.—In order to determine the maximum
of convergence, an instrument, known as an ophthalmo-dyneamo-
meter, may be employed. The one devised by Landolt consists of
a metallie eylinder, blackened on the ontside, placed over a candle
flame. The eylinder contains a vertical slit, 0.3 mm. wide, covered
by ground glass. The luminous vertical line thus produced is
the object of fixation. Beneath the eylinder 1s attached a tape
measure gradnated on one side in centimetres, and on the other in
the corresponding number of metre-angles.  The fixation object is
gradually approached in the median line towards the patient,
until that point where double vision occurs is reached, or the
nearest point ( punefum proximum) of convergence, and the distance
in centimetres read from one side of the tape, and the correspond-
ing maximum of convergence in metre-angles on the other.

The minimum of convergence may also be ascertained with
the instrument, but when this is negafive it is determined by
finding the strongest abducting prism which will not cause
diplopia while the patient is fixing a candle flame at 6 metres,
If the number of the prism is divided by 7, the quotient will
approximately give in metre-angles the amount of deviation of

L}
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each eye when the prism is placed before one, The amplitude
of’ convergence is equivalent to the difference between the maxi-
mum and minimum of convergence.! (See metre-angles, page
54.)

The Field of Vision.—When the visual axis of one eve is
directed to a stationary point, not only is the object thus “ fixed”
alone visible, but alzo all other ohjects contained within a given
space, which is large or small, in proportion to the distance of
the fixation point from the eve. This space is the field of vision ;
and the objects within it imprint their images upon the peri-
pheral portions of the retina, or those which are independent of
the macula lutea. In contradistinetion to wviswal acuity and
refraction, which pertain to the macula in the act of direct vision,
the function of sight capable of being performed by the rest of
the retina is called indirect vision.

The limits of the visnal field may be roughly ascertained in
the following manner: Place the patient with his back to the
source of light, and have him fix the eye under examination, the
other being covered, upon the centre of the face of the observer,
or upon the eye of the observer which is directly opposite his
own, at a distance of two feet. Then let the surgeon move his
fingers in various directions, midway between himself and the
patient, on a plane with his own face, until the limits of indirect
vision are determined, controlling at the same time the extent
and direction of the movements by his own field of vision. This
method suffices to discover any considerable limitation, and, in
the event of such discovery, should be supplemented by a more
exact procedure.?

If it is desired to have a map of the field not larger than 45
degrees in extent, let the patient be placed twenty-five centimetres
from a blackboard, which may be conveniently ruled in squares,
and fix the eye under observation upon a small white mark. The
observer then moves the test object, a piece of white paper one
centimetre square, affixed to a black handle, from the periphery

1 Landolt's Refraction and Accommodation of the Eye,

2 In the systematic examination of the eye, it is not nsnal to map out the
field of vision before an ophthalmoseopic examination has been made ; but
the description of the methods is conveniently placed here.

e ———
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toward fixation, until the object is seen. If eight peripheral
points are marked, and afterwards joined by a line, a fair map of
the field of vision will be obtained.!

Fia. 36,
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Limits of the normal field for white, blue, and red, transcribed upon a blackboard.

Beyond 45 degrees this method ceases to be accurate, because
on a flat surface the object is too far away from the eye; rays
perpendicular to the visual line coming from a peripheral object
would be parallel to the blackboard, and could not arise from it
or any ohject passed across its surface (consult Fig. 59).

1 The value in degrees of the squares on the blackboard may be ascertained
by the following table, provided the eye is placed exactly at 25 centimetres
from the fixation point :—

2.2 centimetres = 5 degrees in the perimeter semicirele.

4_4 [ — 10 1] ii e ({3
-ﬂ.'? ik = -15 ik ik id Wi
q.1 ik 1 L i 13 i
1y =325 i o “
14.4 i — 1 ] i i i iE
17.5 & =35 « g s
a1 £d = 40 ik 6a id wE
an 1 = 45 i ii ii 1
30 ii — -EIU e Wi id ii
35_1‘ i — 55 ii bk i ii
43.3 Wi — Gﬂ. i ii L L
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Hence, the investigation of the periphery of the retina requires
the use of an instrument, known as a perimeter. This consists

Fia. 37.

PEriMeETER, — The examination may be maide with the carrier which moves alomg
the semicircle, or the test objects may be carricd along this by means of dark
diges attached to a long handle, each dise containing in its centre the test object.
The patient’s chin iz placed in the curved chin-rest ; the notched end of the ap
richt bar is brought in contact with the face, directly beneath the eye to be ex-
amined, which attentively fixes the centre of the gemicirele.  The other eye should
b eoversd, preferably with a neatly adjusted bandage. The record-chart iz in-
gerted at the back of the instrument, amd, by means of an ivory vernier, the ex-
aminer is enabled to mark exactly with a pencil the point on the chart, corre-
gponding to the position on the femicircle, at which the patient sees the test object.
The varions marks are then Jjoined by a continuons l'uu'_, amd a map of the ficld is
ablained (see Fig, 38).

essentially of an are marked in degrees, which rotates around a
central pivot, that at the same time may be the fixing point of
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the patient’s eye, which is placed 30 centimetres distant (the
eentre of curvature of the perimeter arce), or the eve may be direeted
upon a poreelain button on a bar, placed 15 degrees from the
centre, to the left, if’ the right eve is to be examined ; vice versa,
if the left is under observation.  T'he test objeet, one to two centi-
metres in diameter, aflixed upon a earrier, is moved from without
inward, and the point noted in each meridian where it is recognized.
The result is transeribed upon a chart, prepared by having ruled
upon it radial lines to correspond to the various positions of the
arc, and concentrie cireles to note the degrees,

Many ingenious instruments have been devised, especially such
as are self-registering, among which may be mentioned those of
McHardy, Stevens, and Priestley Smith.

The physiological limits of the form ficld, or, what is practi-
cally the same thing, the field when this has been mapped with
a square of white, are: outward, 90; outward and npward, 70 ;
upward, 50 ; npward and inward, 55 ; inward, 60 ; inward and
downward, 55 downward, 72 ; downward and ontward, 85.!

These measurements, which vary within normal limits, trans-
eribed upon a chart, produce the following figure, (Fig. 38.)

From this it is evident that the field of’ vision is not circular,
being greatest in extent outward and below, and most restricted in-
ward and above. This restriction is partly due to the presence of

I Bjerrnm proposes an addition to the uzoal method of examining the field of
wigion, a deseription of which iz condensed from Berry's translation of the
original paper : The addition consists in making nse of white objects which
subtend a very small visnal angle. The examinations are made at a distance
of two metres, nsing a large black sereen, two metres in breadth, which can
be 1ot down from the ceiling to the floor. At this distanee the blind spot {aea
page Hﬂ} instead of mMeasuring 2.5 enl., A5 on an ordinary perimeter, measures
20 ¢m. in diameter ; and everyvthing else is in the same proportion.

The objects naed |b:|.' HJi-'t‘l'uln are small eirenlar disks of ivnr:l.r., fixed on the
end of a long, dull black roed. They vary from 10 to 1 mm. in diameter.
The examination iz begun in the ordinary manner {at 30 centimetrez), with
the 10 mm. dizc, and then continned at 2 metres distanee with a 3 mm. dize.
In the first case, the visual angle approximately is 25, in the second 5,
The normal boundaries in the first instance have been given ; in the second
they are 357 oulwards ; 302 inwards ; 28° downwards; and 25° upwards.
Bmall concentric limitations are unimportant, but the method is valuable in
finding sector-shaped defects, irregular limitations, and scotomata (page 89).
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[ll.l' l."li:_"!"-".l ]I1'4 |I'Lr]| i”]ll 1EI!' Nnose, illl'li ]INH |l'l-'.4'|.:- I;il[ll]”“ Jlilr- I'IIJIlIllH'Hl

out, because the outer part of the retina is less used than the

Dvagram of the field of vision for white (1 centimetre sguare test object), trans-

cribed upon a perimeter chart.

inner, and its functions, therefore, are less developed. Hence, as
each ]ml'[inli of the field +'r|1'|'t--'~[||-tll|- to the |']l!||'."'ill.' ]ml'[iult of
the retina, the inner part 1s smaller than the outer. To avoid the

infuence of the ||f]j.'.-im';t] obstacles afforded l'."'- the eranial bones,

Fig. 39,

o°10°

Projection of the field of vision upon the semieirele of a perimeter. (Fuchs.)

the eve should be made to fix an |-E+.'|r'4'1, in each meridian, 30° in
the direction opposite to that under measurement.

The accompanying diagram, taken from Fuchs, illustrates the
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projection of the ficld of vision of the eye, A, upon the semicircle
of the perimeter /2. This extends from 65°, on the nasal side, to
90° on the temporal side, and corresponds to the points ¢ and o
of the retina, which indicate the anterior bhorder of the sensitive
retina, reaching farther forward on the nasal than on the temporal
side. It also illustrates that the field of vision cannot be recorded
up to its temporal limits on a plane surface (see page 83).

Bixocvnar Fienp oF Vision.—The field of vision for each
eve having been defined, it remains to point out that the field of
vision which pertains to the two eyves, or that portion in which
binoeular vision is possible, constitutes only the area where the
eentral and inner parts overlap. This is evident from the dia-
gram. The continuous line L bounds the field of vision of the
left eye, and the dotted line R the visual field of the right eve. The
central white area corresponds to the portion common to both
eyes, or to that area in which all objects are seen at the same time
with both eyes; the shaded areas correspond to the portions in
which binoeular vision is wanting. In the middle of the white
area lies the fixation point f, and on each side of it the blind
spots of the right and left eye, » and L

Fia. 40,

Binocular fleld of vision. ({Miser.)

Having thus determined the fimits and continuity of the visual
field, the functions of the peripheral parts of the retina in regard
to perception of colors, acuity of vision, and appreciation of light
should be investigated.

The eolor field is mapped in the manner deseribed in connection
with the general visual field, the squares of white in the carrier
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of the instrument being replaced by pieces of colored paper one
centimetre in diameter.

The order in which the colors are recognized from without
inwards is (1) blue, (2) vellow, (3) orange, (4) red, (5) green,
(6) violet. In practical work, blue, red, and green are the colors
employed, red and green being the color sense most usually
affected in pathological cases. The colors are not correctly
recognized when the object is first seen. Thus, yvellow at first
appears white ; orange, yellow ; red, brown ; green, white, gray
or gray-blue ; and violet, blue. The physiological limits of the
color fields, which, like those of the general field, are subject to
"u'il.l‘iiil'.iuu:i, COTTes)n il {r|n_-'-_'.f_-|}' tio T.-|1L' ﬂ:”uwing —

Flue. Fed, Green.
Chutward % " : . i . B0 G5 al
Outward and npward . : : . B0 45 40
Upward ; : 4 5 . . 40 33 27
Upward and inward . : . . 4b 30 25
[nward ; 3 . . : . 4b 30 25
Inward and downward g : . B0 35 27
Downward . 3 : : . . 08 45 a0
Downward and ontward : ‘ . 1O i) 45

These, when transeribed upon a chart, are represented in Fig,
41.

The numbers represent the usnal limits at whieh the color is
recognized as such.  They do not indicate its greatest intensity,
which is perceived only at the fixation point.  In order to avoid
diserepancies, the character of the light, the nature of the color,
and its distance from the eye should be carefully stated in de-
geribing examinations,

The acuity of the vision of the peripheral purts of the retina
may be ascertained by introducing into the carrier of the instru-
ment small squares of black paper, separated from each other by
their own width, and by noting the point in each meridian where
they are recognized as separate objeets,

The pereeption of lighi, according to the experiments of
Landolt, is the most constant function of the healthy retina, and
remaing nearly the =ame throughout its surface, while the color
and form-sense rapidly lessen toward the periphery. For prae-
tical purposes, a candle flame passed along the arm of the peri-

s
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meter may be used as a test-object ; and, if vision is very de-
feetive, a second candle is made the point of fixation.

The methods deseribed serve to determine the general visual
field, the eolor field, and any departure from those limits which
have been assumed to be physiological,

Fia. 41.

Blups e - —

Rad ot Rl —— .-::lra Z8s

ﬂf- IR ===

Diagram of the field of vision for blue, red, and green. The outer continuons
line indicates the limit of the form field ; the broken lines the limits of the color
fields.

The most frequent departures are general or coneentrie con-
traction—contraction limited especially to one or the other side ;
peripheral defects in the form of re-entering angles ; absence of
one segment or quadrant; and absence of the entire right or left
half of the field.

In addition to these defects, search should be made for dark
arveas within the limits of the visual field, or seofomata, These are
distinguished as positive, when they are appreciated by the patient,
and negative, when he is not conscious of their existence ; the latter
are color scotomas, usnally for red and green.  They are further
subdivided, according to their situation and form, into eentral,
paracentral, ving, and peripheral,

In every normal eve there is a physiological scotoma, eorre-
sponding to the position of the optic nerve entrance, which usu-
ally may be found 15° to the outer side of, and 3° below, the
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point of fixation ; the distance from fixation being greater in
hypermetropic than in myopic eyes.  This is known as Mariotte’s
blind apof.

For the detection of scotomata, small test objects, white or
colored, 1 of a centimetre square, are employed, which are moved
in different directions from the point which the eyve under obser-
vation attentively fixes, and the spot marked where the object
beging to disappear or change its color. The arm of the peri-
meter 1s usually marked near the eentre in halt’ degrees for this
purpose.  All examinations around the centre of the field of
vision, and hence the examination for scotomata, are readily
made upon the blackboard,

Berry urges that the ordinary test for scotomas be supple-
mented by making an examination of the particular area of the
field at a distance of 2 metres or more, so as to obtain a larger
projection of the blind portion, and to be able to work with
smaller retinal images, without necessitating the use of very small
:}llji'[rh-:.

Tension.
is clinically demonstrable by palpating the globe with the finger
tips. The middle and ring fingers are placed upon the brow of
the patient, the tips of the index fingers upon the eveball, and
gentle to-and-fro pressure made, the eves being directed down-
ward. This pressure must be made in such a manner as not to
push the ball into the orbit ; otherwise no information of its true

This term indicates the intraccular resistance, and

resistance is obtained. The tension of one eve must always be
compared with that of its fellow, and, in any doubtful case, the
results may be contrasted with those obtained by examining an
eve known to be normal in another patient of similar age.

Normal tension is expressed by the sign Tn, and the departures
from it by the symbols 42, 4+ 1, + 2, + 3, and —2,—1, —2,—3;
the plus signs indicate increased, and the minus signs deereased
resistance.  In physiological experiments, various kinds of appa-
ratus, construeted npon the principle of the manometer, are em-
ployed, and for elinical purposes instruments known as fonometers
have been devised. In practical work, however, sufficiently
accurate data are obtainable by a careful nse of the educated
finger tips.
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Position of hands in determining the tension of an eyeball.

Proptosis, or protrusion of the eye, may be eaused by orbital
diseases, tenotomy, paralysis of the ocular museles, and Graves's
disease ; while enlargement of the ball is the result of various
conditions residing within the globe—myopia, intraccular tumor,
and staphyloma. If the canse is unilateral, the resulting condition
is asymmetrical ; and the two eyes may be compared by observing
the relative positions of the apices of the cornem with each other,
and with the line of the brows,

The eyeball is apparently sunken in some cases of ptosis and
in wasting of the orbital fat, and is diminished in size in high
grades of hypermetropia and congenital failures of development.
As Nettleship has pointed out, the amount of exposed sclera
decides the apparent protrusion or recession of the eyeball.

Position of the Eyes.
axes, one eve may be deviated inward, ontward, downward, or up-

Instead of presenting parallel visual

ward, constituting one of the various types of strabismus (see
page 507), a condition which may or may not be associated with
diplopia (page 510).
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CHAPTER II1.

REFLECTION., THE OPHTHALMOSCOPE AND ITE THEORY.
OPHTHALMOSCOPY AND RETINOSCOPY.

Reflection.—When light falls upon a polished surface, a por-
tion of it 13 reflected, The :L||II_-;|U of reflection 1s .'il'nkzl_\'r-' ['llilzll
to the angle of incidence. A polished surface, capable of reflect-
ing light, is called a mirror. Mirrors are either plane, concave,
Or Conrer,

A plane mirror reflects the rays falling upon it, so that they
seent to come from a ;r--in[ as far back of the mirror as the H]:Illli'l:_*[.
lies in front of it. It does not render the rays either convergent
or divergent, nor does it lessen their convergence or divergence.
Rays parallel before reflection are parallel after reflection. Rays
convergent or divergent before reflection maintain the same rela-
tion after reflection. In the figure, rays from the object O B,

Heflection from a plane mirror.

falling upon the mirror M, are reflected so that they enter the
observer’'s eve, and seem to him to come from ' B’, situated as
far back of the mirror as € B is in front of it. The image is
not inverted. The rays have a divergenee from a point whose

distance is Hjlin] to the sum of the distance from the licht to
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the mirror, and of the distanee from the mirror to the eve.
(Compare Retinoscopy.)

A concave mirror converges parallel rays of light to its prinei-

lr:d [;iH.'llhl and forms a I'{':ll, inverted i]ll..'t',_fL' in front of the mirror.

Fia. 44.

Refleetion from a eoncave mirror.

The principal foeus of a concave mirror i3 equal to one-half

£

the length of its radius of cnrvature, F 5

The conjugate foeal distance for any point greater than the
principal foeus may be found by the following formula: f7, rep-
resents the distance from which the rays t“‘-.'rr'_u'l' (the ]:llll]! or
candle) ; 7 15 the distance of the conjugate focus,

1 1 1
poR A
1 | 1
AN A,
This is understood by recollecting that F' is the focus for

]1:1['.'|l|1'| rays, and that the foeus is the inverse of the reflective

or catoptric power of the mirror. The rayvs which diverge from

f‘ require —. of 1-:1l||]s11‘fr- power to render them |1:II':L||1'!. This
.

1

w "

A

diminishes the catoptric power of the mirror to
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distance required.

the focal length of f*, is the conjugate foecal

Erample: The ophthalmoscopic mirror has a focus of 20 em., its
radius of curvature being 40 em. A ecandle is situated at 30 centi-
metres in front of it, and we wish to know the conjuzate focal distance,

L el | 1  foip | 1 1 ke :
F = 20 cm. f' = 30 cm. 3080 90 30 ﬂlJ""'ir = 60 cm.

The rays of the candle would be rendered convergent toa point 60 em,
in front of the mirror. The light being placed usually at a greater
distance than the principal focus, the rays are always convergent.

A convex mirror renders parallel rays divergent as if they
came from its principal focus, which is negafive, situated behind
the mirror, at a distance equal to one-half the radius of curva-
ture.  The image is erect and small.

The conjugate fucal distances for convex mirrors are obtained
by the same formula as for concave mirrors, the sign — being
prefixed to £ and [,

The cornea, by reflecting light, corresponds to a convex mirror,
and in this relation is important in ophthalmometry, The prin-

cipal foens of the corneal mirror is about 4 mm., the radius of

curvature being 7.829 mm. The size of the image reflected from
the cornea is proportional to the size of the object, as the focus
of the corneal mirror, 4 mm., is to the distance of the object.
A eandle flame 20 mm. in diameter, situated at 100 mm., gives
a corneal image whose size is found in this manner : Image : 20 : ;
4 : 100. Tnage L
20 100
curvature is greater, the image is also greater ; if the radius of

Image = .8 mm. If the radius of

curvature is smaller, the image is smaller. By this means, cur-
vature ametropia may be measured.

The size of the corneal image is so very small that it would
not be feasible to attempt direct measurement of it. If two
eandles, which are separated some distance, are employed as an
object, each candle represents one extremity of the object. The
size of the object is, then, the distance between the two candles ;
the size of the image is the distance between the reflected images
of the candles.  Suppose this distance to be 3 mm., and by means
of a double refracting prism two images of’ each candle are seen ;
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if they are displaced by the prism exactly 3 mm., so that a straight
line passes through all the images, two of them must overlie, as
the images are 3 mm. apart. Small variations in curvature will
now be manifest if the two images, which should overlie exactly,
shoot past each other or fail to come together. The change of
form in the erystalline lens during accommodation is proven by
this experiment,

THE OPHTHALMOSCOPE.

Ordinarily the interior of the eye is not visible, The retina
is not sufficiently illaminated through a small pupil to send back
rays which are perceptible. At times with a dilated pupil a
red glare may be canght from an eye in an ordinary light by an
observer at some distance, but no satisfactory details can be made
out.

In looking through the small aperture of the pupil, it is neces-
sary for the observer to bring his eyve close to the observed eve in
order to discern the details of' the eve-ground. In this position,
no light can enter the patient’s eve, becanse the observer’s head
intercepts it.  If, now, a mirror be placed in front of the patient’s
eve, it will reflect the rays of a candle or lamp placed to the side
of the patient and somewhat back of him, as if they came from
in front of him. They will now enter the pupil and illaminate
the interior of the eye. They are then reflected back from the
retina and enter the eve of the observer. This is what the
ophthalmozcope accomplishes.

In its most simple form (Helmholtz), it eonsists of three picces
of ordinary glass, set in a little frame. The amount of light
reflected from one surface being about J¢ of the amount which
falls on it, a combination of three surfaces is employed to in-
erease the reflection.  With this instroment the interior of the
eye can be seen, but the illumination is weak, and the instrument
has been superseded by a concave silvered mirror, which by con-
verging the rays inecreases the illumination. The eredit of the
invention of this instrnment is usually given to Helmholtz ; but,
according to Brudenell Carter, the ophthalmoscope had been in-
vented, four years before Helmholtz’s instrument appeared, by
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Mr. Charles Babbage. His instrument consisted of a concave
perforated mirror adapted with lenses.  Unfortunately, it had
been entrusted to a practitioner who did not appreciate its value,
and it remained unknown.

The modern ophthalmoscope consists essentially of a coneave
gilvered mirror for illuminating the eye, and of lenses for measur-
ing and modifying its refraction. The mirror is perforated, and
for convenience swings to either side, so that the obliquely incident
rays may be reflected into the eye, without having to tilt the body
of the instrument, and thus narrow the aperture and render the
lenses astigmatie. A plane mirror, which can be substituted for
the coneave mirror, is a valuable addition to the instrument,
The body of the instrument contains a dise carrving a number
of’ lenses, which ean be rotated in front of the sight-hole. The
dise is the invention of Recoss,  Most ophthalimoscopes contain
two dises, which can be used either singly or in combination.
This arrangement affords a series of lenses from .50 D to 24 D
concave, and from .50 D to 23 D convex. The refractive errors
of the eve are neutralized by these lenses, and thuos the observer
is enabled to view distinetly the details of the eye-ground in all
forms of ametropia. A lens varying from 13 dioptres to 20
dioptres accompanies the instrument for obtaining focal illumi-
nation of the cornea and lens, as well as for the production of
the image in the indirect method of ophthalmoscopy.

Direct Method.—The rays from the concave mirror, somewhat
converging, enter the pupil and are brought to a focus in the
vitreons humor,  After reaching their focus the rays diverge
again and spread out on the retina into a cirele of diffusion.
The portion of the retina thus illuminated sends rays back
again, which pass through the dioptric media of the eye and
are refracted to its far point; that is, if’ the eve is emmetropie,
they emerge parallel and would meet at an infinite distance ; if
the eve is myopie, they converge to their far point in front of
the eve. If the eve is hypermetropic, they diverge from their
far point back of the eye.

An observer’s eve, in order to focus these rays, must be adapted
to them. If the patient is emmetropic, the observer’s eve must
also be rendered emmetropic.  1f the patient is hypermetropic, the
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observer must add a convex glass to his eve, or use his accom-
ImrL]:l.linn__ in order to make the LH".'L-I';_-F-ILI rays |r:|r.'|]5c*], [f the
|mtit-1|l'.-: eye 1s rn:.'nlrir_. the l'lill]ll'i!'lj!ii1' observer must lll.‘H'l' i
coneave olass before his eye to render the convergent rays par-
allel. A hypermetropic observer might see distinetly the eye of
a myopic patient, or a myopie observer might see the eve of a
h}'il:*]'tm-il‘u|w. In either case the |t}'|u'l‘1|tt'!|‘n|+i:| must be some-
what Freater than the ]II._‘-.'HEI-IEl.

In this method the observer sees the eye just as he would see
an nhjq-:'t 1E|ru||;']t a convex ;_'{i:t:-:-i, or :-'i|r||1]1- IIIil'I'u:-'r-qrEH', The
ill:l:l.:_":* of the :*_n--ll_l"t'mtml 1= a virtual one ; that i.-':I it seems to be
behind the eye. [t is :n:L_-_-'niﬁv:E and erect.

The formation of the image in the direct method may be under-
stood by the figure.

Fig. 45.

Formation of the image in the direct method of ophthalmoseopy.

From the candle L the divergent rays falling on the mirror O are
rendered converzent. Passine throuch the refractive media of the
eye they are rendered still more convergent, and come to a focus in
the vitreous humor ; diverging again they form on the retina the illn-
minated circle whose diameter is a b, If this eye is emmetropie,
rays from the points 2 and y will pass out of the eye into the eye of
the observer. All the rays from the point & will be parallel. Rays
from the point y will also be parallel. No image is formed ; but the
rays continue their course, and, entering the eye of the observer, come
to a foens on his retina at the points 2" and y'. Rays from the point »
in the patient’s eyve unite at the point ' on the obgerver’s retina. In
a similar manner rays from the point y in the patient’s eye unite at
the point ¥’ in the observer’s eye, These rays, projected backwards,
geem to lie in their true position.



98 DISEASES OF THE EYE.

Rays from the middle point mof the patient’s eye unite on the middle
point mi of the observer's eye, and are projected backwards to the point
from which they originated. The point x, above m in the palient’s
eye, is represented by x in the observer’s eye below the middle point
m., The point ¥ below i, in the patient’s eye, is represented by y
above m in the observer’s eye.

In hypermetropia, rays from x and y would be divergent, and the
observer would have to render these rays parallel by a convex glass,
or by using his accommodation. In myopia these rays would be con-
vergent, and a coneave glass would be required to neutralize their
conversence and render them parallel.

It is necessary here to point out an important fact in relation
to the formation of an image. Divergent ravs and convergent
rays have been deseribed; but always in relation to one point.
It is now necessary to consider their meaning in reference to an
lmage,

An image is composed of a suceession of points; each one of
these points represents a point in the objeet, Irom the point
in the object one ray passes to the optical centre of the lens, or
lenses, and maintains the same direction after passing through it.
This ray is called the axial ray ; it passes to the corresponding
point in the image.

Other rays from the same point in the object diverge from the
axial ray at various angles; a bundle of these rays is called a
peneil.  The size of a peneil iz determined by the diameter of a
lens or the aperture of the pupil. The lens gives these unequally
diverging rays a direction to a common point or foeus. From
each point in the illuminated part of the retina a pencil of rays
falls wpon the erystalline lens and cornea.  The gize of this peneil
equals the diameter of the pupil ; to form an image each peneil
of rays must be concentrated into one point. By diverging and
comverging rays we mean the relation the rays from each point
bear to each other, not the relation of rays from different points.

In the direct method the observer should place his eve close
to that of the patient ; otherwise only a very small portion of the
fundus is visible.  As the head is moved towards the right, ad-
ditional portions of the retina towards the left are brought into
view. If the head is moved towards the left, the portions of the
eye-ground towards the right become visible,
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S1zE oF THE ImaGcE—The details of the eye-ground are con-
siderably magnified in the direct method of examination. The
optic dise, which measures about 1.5 mm., appears under this
method nearly the size of a 2Z5-cent piece. This, however, is
only relative to the distance it is projected.

[n the emmetropic eve the enlargement is found by the follow-
ing formula: The distance of the retina from the nodal point
(optical centre) of the eye is 15 mm. The observer projects the
image which he sees to the point at which small objects are usu-
ally held, say 250 mm. The enlargement of the dise is propor-
tional to these two distances, 15 : 250 :: 1.5 mm. : 25 mm.
16.6 = the enlargement. It is comparable to looking at the dise
through a lens of 15 mm. focus, 66 dioptres.

1t is to be remembered that the farther this image 1s I:r{:j(*l-h-d,
the larger it appears.  In hypermetropia the enlargement is less
than this. In myopia, on the contrary, it is greater.!

Indirect Method.—In the indirect method of ophthalmoscopy
a real, inverted image of the interior of the eyve is obtained by
means of a strong convex lens (object lens).

This method is similar in prineiple to that of the eompound
microscope.  The observer holds the object lens (a convex lens
of abont 20 dioptres) close to the patient’s eve, and, placing a
convex lens of 5 dioptres (eve-piece) behind the ophthalmoscope,
throws the light into the pupil and moves his eye nearer to or
farther from the patient’s eye until he distinetly sees a vessel or a
portion of the nerve. A real image of the eye-ground is formed
by the object-lens at its focal distance in front of the eye. The
obzerver sees this image, in which all the relations of objects are
reversed. His eye is at a distance from the image equal to the
focus of the lens in the ophthalmoscope, viz., 20 em.  The lenses
of the eye and the convex lens form a combination like the objec-
tive of a microscope. The lens which the observer places behind
the ophthalmoscope represents the eyve-piece of the microscope.

The image being inverted, the lower portion of it corresponds
to the upper part of the eve-gronnd. The right side of the image

1 For the farther consideration of this, the stndent way consnlt Helmholtz,
Physiolog. Opties, p. 216,
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likewise corresponds to the left side of the eye. The upper and
lower, as well as the right and left portions of the nerve, are re-
versed. The image also has a contrary motion. If the observer
moves upwards, the image moves downwards; if the observer
moves to the right, the image moves to the left. Consequently,
the upper part of the image must be viewed if it is desired to sce
the lower part of the eve-ground, and the right side of the image
if parts of the fundus to the left are to be examined.

Feplanation of the image in the inverted method : 1t must be
remembered that the observer sees the same portion of the eve-
ground, when he moves his head to the right or left, in the direct
method as he does in the indirect method. Starting in the divect
method with the dise in view, the observer moves his head to the
right. He thus brings into view a portion of the retina to the
lett of the dise. The dise now moves out of the field towards
the right, and disappears behind the right edge of the pupil.
The image, therefore, moves with the observer. In the indirect
method with the image of the dise in view, if the observer also
moves his head to the right, he sees the image of the same por-
tion of the retina as in the direct method ; but this being to the
left of the dise, its image oceupies a point to the right of that of
the dise. (See Fig. 46.) The dise thus appears to have moved
towards the left. The image, therefore, moves contrary to the
observer’s head.  Movements in other directions are explained
in the same way.

The nerve appears much smaller than it does in the direct
method, but a larger portion of the eve-ground is visible at one
time.

The formation of the inverted image in ophthalmoscopy is pro-
duced in the following manner :—

The ophthalmoscopic mirror @ is held at a congiderably greater dis-
tance from the patient than in the direct method. The rays from the
candle come to a focus before reaching the eye, or ohject-lens, They
then diverge, and, passing through the object-lens [, are rendered
convergent. -After traversing the dioptric media of the eye, their con-
vergence is increased, and once more they unite somewhere in the
vitreons humor, from which point they diverge and form a cirele of

illumination on the retina. Their course, in passing from the candle
until they reach the retina, is shown by the arrow-heads in the figure.

—




THE OPHTHALMOSCOPE, 10)1

A portion of the retina. o Lo b, '|'I'EI|'I"'\-I."|'I1I'I| |r_'l' the arrow, forms an
imace, B a’, between the lens and the observer’s eye, represe nited by Lhe
inverted arrow. Rays from the point a, on the upper part ol the retina,
pass out of the eye parallel to each other. Afler passing throuzh the

Formation of the image in the indirect method of ophthalmoscopy.

l.':ﬁ_ig-u'[-|.-!'|w- i, |:_'|_I.'l.' are rendered conversent and eome to a foeus at the
point a’ in the lower part of the inverted arrow.  In the same way, rays
from the point b on the lower part of the relina are parallel on passing
out of the EYye, but are rendeved converoent ]-:'.' the lens § and come to
a focus at a point b in the upper part of the inverted arrow. It is this
eeriil fmoge that the observer sees, and not the eye-cround of the prii-
tient. “ZL_‘-.‘- from Lhis image are focnsed on the observer's eye, just as
iy s from the retinag were oeused 1 the direct method. & e, the rays
from the point a are focused on a higher portion of the observer’s
retina, and rays from the point L are foeused on a lower porlion.
Tl y are likewise [I-I'H_i-'l'lx'll back Lo the points in the imaee from which
they orizinated.

It is evident that, as the observer moves downwards towards a’, he
gees Lhe imare of the upper portion of the retina . As he moves up-
wards towards U, he sees the imase of a lower portion of the retina in
the direction b, since the highest portion of the retina forms the lowest
portion of the image ; and, as the observer looks towards the lower
porfion of the imare, in reality he seeg, in this image, a hizher por-
tion of the relina.

[n hypermetropia and emmetropia a convex lens is necessary
to render the ravs convergent.  In myopia the ravs emerge con-
vergent, and the convex lens mav be dispensed with in the
higher grades, thongh it is still an advantage because it increases

the size of the 1mawe,
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Size oF THE ImaGE.—The enlargement of the image in this
method is less than it is in the direct method.

A real image of the eve-ground is formed by the convex object-
lens held at its own foeal length from the eve.  In this position the
size of the image in an emmetropic eye is represented by the fol-
]nwiug proport iom : The size of the dise is to the size of the im;i,;_-;t-,
as the distance from the retina to the nodal point (15 mm.) is to
the focal length of the object-glass.  If the lens has a focal
length of 75 mm., the rativ is 15 : 75 ; the enlargement is then
5 diameters, A lens of 60 mm. foeus would egual an enlarge-
ment of 4 diameters, 15 : 60

The obzerver will see this image under a higher angle in pro-
portion as he comes closer; it will then appear larger. To do
this, he must either use his accommaodation, or place a convex lens
(eve-pieee) behind the ophthalmoscope.  When the eye-piece is
nsed, a virtual image of the wrial image, still more enlarged, is
produced, just as in the compound microscope. If the object-
lens is withdrawn farther than its foeal length from the observed
eve, the image in myopia becomes larger, in hypermetropia
smaller, and in emmetropia remains the same. If the lens is
brought closer to the eve, the image becomes smaller in myopia
and larger in hy permetropia.!

Ophthalmoscopy.—The investigation of the deeper structures
and interior of the eve by means of the ophthalmoscope may,
therefore, be practised with (1) the direct, and (2) the indirect
method.

(1) Tue Direct Mernop (method of the ereet or upright
image).

The patient should be seated in a darkened room with his back
to the source of illumination—an Argand burner being suit-
able—which is placed behind and to the side of his head, on a
level with the ear, the face being in shadow, while the rays of
light just fall npon the outer canthus of the eye. This will en-
able the observer to come quite close to the eve without inter-
fering with the path of the illuminating beam. The surgeon

! The gection on Refleetion and the Ophthalmoscope and its Theory has been
prepared by Dr. James Wallace,
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gits at that side of the patient which corresponds to the eve under
examination—for example, the right—his position being prefer-
ably on a slightly higher level than that of the subject. He
now takes the ophthalmoscope in his right hand, looks through
the sight-hole with his right eye, at a distance of about 50 em.
from the observed eve (the convex border of the instrument
being in contact with the concave margin of his brow), mean-
while keeping the other eye open, and reflects the light into the
right eve of the patient. If the left eye is to be examined, the
ophthalmoscope is held in the left hand.

[f the patient looks directly into the light thus transmitted,
the pupil—provided this is not dilated with a mydriatic—will
contract, and no view is possible.  He must henee be direeted
to turn the head slightly to- the right, and gaze into vacaney in
the farthest limit of the room, when the pupil will be seen illu-

minated by a red glare—the refleetion from the choroid coat
bright, if’ the pupil is large, and dull if it is small.  No details
of the fundus are as vet visible at this distance (50 em.) unless
a certain grade of myopia is present, or a considerable degree of
hypermetropia.  (See page 116.)

The beginner shonld now practise keeping the light steadily
in position, and may estimate the sueecess of his endeavor by ob-
gerving the glare in the pupil. If this changes in color or dis-
appears, the light has shifted from its proper position, because
the examiner has failed to retain his elbow in close contact with
his side, and allowed it to move outward and away from his
body, the head meanwhile being bent to one or the other side of
the vertical position it should assume in a dirvect line with that
of the subject

feature to feature, This may be understood by
(;uh.c,nr'..'ing the two accompanving illustrations,  (See page 104,)
Having gained control of the light, the observer graduoally
approaches the eve of the patient, taking care that the red glare,
which is tinted slightly vellow on the nasal side marking the
position of the optic papilla, remains unaltered, and comes as
close as possible—within one inch, or even nearer. If the man-
ceuyre has been snecessful, and the light directed slightly towards
the nasal side, the most prominent feature in the eye-ground—
the optic nerve—will come into view ; or a retinal vessel may
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first be manifest, and should be followed to the papilla as a
stream would be to its source.

Fic. 47.
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Ophthalmoscopic examination. Method of the upright image, Observer and
patient in the correct position.

Before proceeding to study the details of the fundus the student
should make certain preliminary examinations.

. The Examination of the Cornea and Lens is made by
placing a 4+ 7 I lens behind the mirror, and reflecting the light
into the eve in the manner already described.

A foreign body on the cornea, a macula, a depogit on the poste-
rior layver of the cornea, or an opacity in the lens appears as a
black ohject against the red background, in contradistinetion to its
appearance in its troe color under obligue illumination (page 62).

At the s=ame time the mobility of the iris should be tested, and
an observation made as to whether the iris reacts promptly and

L

S
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evenly under the influence of the light directed into the pupil at
various angles.

Ophthalmoscopic examination. Method of the upright image. Observer in
an incorrect position.

i, The Examination of the Vitreous is made by reflecting the
light from a distanee of 30 em, into the eve, while this is moved
up and down, in and out.

Vitreous opacities and detached retina arve seen in the erect
position it the ob=erver is sufficiently far away, becanse they are
within his range of accommodation. If he approaches more closely,
he must place behind the mirror a convex lens to bring them into
focus,

¢. The Examination of the Transparent Media, with Refer-
ence to the Position of Opacities.'—In order to detect the pres-
ence of dense opacities, the concave mirror of the ophthalmoscope
may be utilized. Faint opacities are best discovered by means of
the plane mirror. The eve under examination should be moved

! This paragraph is bassd upon Fuchs's description.
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in various directions, on the one hand, to bring into view opacities
which have a lateral situation, and, on the other hand. to canse
those |-||:L|':-Ifl.-1-| |'E-1-I4in'.4tl'l| which have sunlk lllflll']Jl|111:-|llufl|-|]|l:'
x'i1.|':---r|_=~ -.'ll:llll'H'l'. T‘;I'.]:lii |-E|:|-'ili- = :l||!|l'.'I:|‘ ]:E:lc‘L - ]:I]“_[l ¥ |I]:|;|_l!'i[i4':-\
gray, or even white.

In order to aseertain the position of an opacity, it is NECessary
to determine whether it is free Iy movable or fixed. In the first
CISE, I||I' I-]ralc'i[I\.' =i he it] [|||' '-.'i[l'1'-LII]:-. III []|:' ]:It[q-r' =0, il'
the n||_'E-'5I_‘-.' T TRRN L||||:-' with the movement of the eve, but not
in a self-dependent manner, it probably is situated in the cornea
or in the lens, but may be present in the vitreous in the form of
a fixed opacity.

]I! III:I]I_'\ EIL'-'::I!JI'i':w lhr' 1:|i|'|;'1'|']|ri;l| I|i:|.:'|tllr-i~¢ CAI bhe t]]:ui:' ]:n.'
AT ES 1.-il -nll|i-|lll!- i]]l[lr]ill.'nl-llt]. ]I [JIE:—» i-=' 1o r]lj]il'il'tﬂ, 1“'[.
situation of an l-[lm"l[_x' is ascertained l'."' means of its !r.-rr-r.".’r.-ra.fr'r'
movement 1 relation to the border of the E:]Ill“, Thiz can be
understood by a reference to the figure.

Fiz. 49,

Diagnosis of the situation of an opacity by the parallactic movement. ( Fuchs.)

In the eye A there are four opaque points which he in different
layers: (1) In the cornea; (2) in the auterior capsule of the lens;
(3] at the posterior '|III]|' of the lens: and (4) in the anterior |."|.".1-|'r:u|
the vitreous, For the sake of -.i!tl]-l'll'itl'.', these are supposed to be
situated in the optie axis of the eye. 1If the observer B looks directly
forward into the eye, he will see these four points in the centre of the
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pupil P, If, now, the observing eye is moved from I to B, then the
relative position of the points to the pupil will alter. Point 1 moves
to the upper border of the pupil P,; point 2 retains unaltered its real
position in the pupil ; points 3 and 4 approach the lower border of
the pupil, 4 more than 3, corresponding to a deeper position,

From this example the following rale may be deduced in order to
find out the position of an opacily : The observer looks directly for-
ward into the eye, and noles the position of an opacity within the pupil-
lary space.  Thereupon, while the patient keeps his eye entirvely quiet,
the examiner slowly moves Lo the side and obseryves if the rllrul:'llj.‘ retains,
or does not retain, the same position in the pupillavy space.  In the first
instance, the opacity lies in the pupillary plane, upon or immediately
under the anterior capsule of the lens. In the second instance, it is
situated in front of or behind this plane 3 in front of the plane if the
opacity moves in a direction opposite to the movement of the observing
eye, atd behind the plane ift the opacity moves in the same diveetion
as the observing eye does, The quicker the change of position takes
place, the farther is the opacity removed from the pupillary plane.

Instead of proceeding in this manner, the observer may retain his
position unaltered, and cause the patient to move his eye in varicus
dircctions (see page 105),

Having ascertained that the media are clear, and having ap-
proached sufficiently close, the details of the fundus oculi are
brought into view and studied seriafim.

It either surgeon or patient is myvopie, the necessary concave
lens which corrects the error must first be placed in position ;
while, if hypermetropia exists, the fundus is visible without the
aid of a glass, provided the hypermetropia is not in excess of the
power of accommadation,

Failure to see any details, or seeing them as a blurred picture,
naturally leads to the supposition that either myopia, or hyper-
metropia beyond the power of accommodation, is present. Be-
ginners, however, often fail to obtain an image of sharp definition,
owing to inability to relax accommodation, and sneceed in seeing
the details elearly only through a concave glass, The power of
relaxing the accommodation comes with practice.

The optic nerve appears asa nearly round or slightly oval dise,
situated towards the nasal side, varyving in color from a gray-
ish-pink to a more decided red, the tint being most marked upon
the nasal half, while the centre is oceupied by a whiter patch—
the “ light spot”—marking the position of the entrance and emer-
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genee of the retinal vessels. The general tint of the optic dise
raries with the age and complexion of the patient, and with
the intensity of the color of the surrounding eve-ground,

The papilla is bounded by two rings. The onter one, dark-
colored, usunally incomplete, and sometimes entirely absent, or

temporal

Normal eve-ground of the left eye seen in the upright image. The vertically
oval optic dise shows the entranee spot of the central vessels, somewhat to
the inner side of its centre.  The portion of the papilla which liez to the
inner side of the vessel-entrance is more darkly colored than the outer half;
the latter portion shows, stretching outward from the entrance of the vessels,
a light-colored spot, the physiolorical excavation, at the bottom of which are
seen  fine gpray stipplings, the spaces of the lamina eribrosa.  The papilla is
surronnded by a white ring, the scleral ring, encireling which in a more periph-
eral situation is an irrecular, dark border, the choroidal ring, which, especially
on the temporal side, is somewhat spread out.  The central artery and the cen-
tral vein divide out from the entrance spot in a superior and inferior branch,
which appear somewhat lighter in this situation than in their further distribution
in the retina, because they lie in the depth of the physiological excavation. The
branches are still further divided on the papilla into a great number of twigs. Very
fine twire gtreteh from all sideg towards the macula Tutea, which itself iz devoid
of wessels, is comewhat more darkly eolored, and in the middle of this a bright
reflex, ) is visible., (Figure and description from Fuchs. )

existing only as a slight crescent of pigment upon one or the other
side, is the “choroidal ring,” and represents the border of the
choroid coat where this is pierced by the optic nerve. Within
this is a faint white stripe, more distinet in elderly people, and

S
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when unusually broadened of  pathological significance, the
“ seferal ring,” which indicates the rim of the sclerotic coat,

The central white patch may be noticeable only by contrast-
ing it with the color of its surroundings, or it may be a dis-
tinct excavation, oceupying the centre of the dise, and having
sharp borders, one of which often shelves slightly ontward.
This is the © physiological enp,” and is the space left by the ra-
diation of the nerve-fibres toward the retina, having a floor of
white color, because it is composed of the interlacing opaque
fibrous tissue, or laming eribrosa, which underlies the optie
papilla. It is often stippled in appearance, owing to the lack of
light reflected by the non-medullated nerve-fibres which pass
through the spaces of the lamina. Aeccording to Schoen, the
so-called physiologieal excavations are due to dragging of the
vaginal processes of the optic nerve and lamina eribrosa from
over-exertion of the accommodation, and hence are found in
adult eves more commonly than in the eves of children. They
are practically always bilateral, although one may be larger than
the other. Schweigger has traced hereditary transmission in
some instances of large physiological excavation, but doubts if
they are associated with any particular refractive condition of
the eve,

The Bloodvessels.—I'rom this central spot the principal refi-
nal arteries emerge, and into it the elief venous trunks empty.
Usnally one venous and one arterial stem pass directly upward
and downward, and on the edge of the dise, or a short distance
ﬁ'{jl'll it} {,'“{'II Ili"fi{]{"ﬁ '|+|1tl| t"ﬂ.—ll }jl'Eil]{'II{_“.‘-. HE}”I(’I;“I{';“‘ tl'iﬂ {]i'k']'r:-
ion has taken place in the axis of the nerve behind the lamina,
and two arteries and two veins appear directly in the central
opening of the papilla, or porus opficus. The arteries traverse
the surface of the eyve-ground, dividing dichotomously into nu-
merons branches, and, passing above and below, spread in greater
size and number over the temporal half of the retina, sending
small branches toward the macula ; and in smaller size and less
number over the nasal side. Fine branches arising from the
central large trunks, or springing directly from the nerve, pass
outward and inward, and also undergo numerous divisions.

The veins pass over the eye-ground in the same general diree-
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tion as the arteries, and in close relation to them, emptying
nsually by means of two large branches into the centre of the
dise.

According to the situation of the vessels, they are named, re-
spectively, upper and lower temporal artery and vein, upper and
lower nasal artery and vein, and macular and nasal arteries and
velns.

The veins are dark-red in color, contrasting with the hl'ig"lt,
natural blood-red color of the arteries. They are slightly tor-
tuons, and larger than the arteries in the proportion of 3 to 2,
The difference in color between veins and arteries is most marked
in the major branches,  In the finer twigs, after four or five divi-
sionsg, the distinetion between arteries and veins is often only
possible by tracing them to their souree,

Each wvessel usually presents a double contour, owing to a
bright stripe which passes along the centre, leaving a red line
on either side.  This so-called “ light reflex” is a condensation by
the refractive action of the blood ecolumn of the ravs of light
which have passed throngh the vessel from in front, and have been
reflected back slightly from the posterior wall, but chiefly from
the underlying tissues! It is more marked npon the arteries
than upon the veins, and, indeed, is often absent as the latter eross
the dise, being visible in a minor degree when they lie at some
distance in the retina,

Pulsation does not oceur in the retinal arteries of the normal
eye?

Spontaneous  pulsation in the veins is a frequent phenome-
non. Lang and Barrett examined 61 eyes between the ages of
11 and 65, and found marked venouns pulse 45 times, or in 73.8

I The canse of the light streak has stimulated moceh disenssion, and was
usually attributed to reflection from the anterior surface of the vessel wall,
or the anterior surface of the blosd column, until Loring’s investigation
showed that the refinction of light waz the chief cause of the phenomenon.
Loring’s conclusions have received very strong experimental confirmation in
the interesting research of Achilles E. Daviz. (Archiv. of Oph., vol. xx.,
No. 1.)

E Thiz statement is practieally eorrect, although the phenomenon of arte-
rial pulsation has been noted in perfectly normal individualzs by Graefe,
Jiger, Donders, Becker, and Helfrich.

o .
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per cent. of the eases. It may be produced by a slight pressure
upon the globe, The spontaneous pulse is due to a communica-
tion of the arterial pulsation to the vein, as these vessels lie side
by side in the optie nerve, or may be explained by the theory of
Daonders, which stated that during the systole of the heart (dias-
tole of the retinal arteries), an inereased tension in the vitreous
was communicated to the walls of the retinal veins, especially the

B

A, ophthalmoseopic pieture of the nerve-head. &, longitudinal section of the
nerve-head.  (Figore and description (page 112) from Fochs, )

larger ones, at their exit from the eve where the least resistance
was offered, obstructing the flow of blood and compressing their
lumen. The blood coming from the capillaries overcame this
resistance, and the vessels regained their calibre, there being thus
produced alternate collapse and distention.
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The student will more readily understand the relation of the
structures which have been deseribed by examining Fig, 51,
which should also be studied in connection with the ]mrugrallhs
which follow.

The upper figure, marked A4 in the illustration, represents the oph-
thalmoscopic picture of the nerve-head. Slightly to the inner side of
the centre of the papilla the central artery (a) is seen arising, and to
the temporal side of this the central vein enters (v). To the outer or
temporal side of the vein there is a physivlogical cup, at the bottom of
which the gray stippling of the lemina cribrosa is visible,

The nerve-head is surrounded by the white seleral ring—between e
and d—and the dark choroid ring, at d.

The lower figure, marked B in the illustration, represents a vertical
gection through the nerve-head ; the trunk of the nerve as far as the
lamina cribrosa has been colored dark by Weigert’s method, and re-
presents the medullated perve-fibres (n). Between these the white
spaces indicate the connective tissue septa (sej. The nerve-trunk is
inclosed in the pial sheath (p), the arachnoid sheath (ar), and the
dural sheath (du). DBetween the sheaths the intravaginal space re-
mains free ; this ariges from the subdural gpace (sd) and the subavach-
noid space (=), both of which end in a blind cul-de-sae in the sclera (=) at
{¢). The dural sheath terminates in the outer layers of the sclera (sa),
the pial sheath in the inner layers (si), which run crosswise through
the optic nerve forming the lamina eribrosa, The nerve in advance
of the lamina is colored light, beeanse in this situation the nerve-
fibres are non-medullated, and hence transparent.

The optic nerve spreads out into the retina », and therefore in its
middle there results a funnel-shaped depression—the vessel infundi-
bulum—on the inner wall of which the central artery o, and the central
vein v, rise upward, The choroid (ek) shows the cross-seetion of its
numerous vessels, and towards the retina a dark border—the pigment
epithelinm, Next to the border of the optic nerve entrance the cho-
roid is more darkly pigmented and corresponds to the choroid ring.
At ee a short posterior ciliary is shown passing through the sclera to
the choroid. Between the border of the choroid d, and the border of
the nerve-head e, a small interspace remains, in which the sclera is
evident, and corresponds to the scleral ring visible in ophthalmoscopic
examination,

Physiological Variations.—The papilla, instead of being
round, or slightly oval with a vertical long axis, is often dis-
tinetly irregular in outline, or has its long axis in the hori-
zontal direction.

The physiological cup varies in shape, area, and depth, Nor-
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mally situated on the temporal side, it may be a deep pit, fun-
nel-shaped, with overhanging margins over which the vessels
sharply bend, or very shallow and dish-like, sloping to the tem-
poral side, or deep and sharply marked on its inner side, but
ghading outward.

The usual distribution of the vessels 1= subject to numerous
variations, so much so that it would be difficult to find it the
same in any two eyes, The usnal departure from the ordi-
nary type is the one already referred to, in which four major
branches (two arteries and two veins) appear at the centre of the
porus, instead of two large branches which later divide at or
near the margin of the dise. Anomalies of the veins upon the
dize, in the form of unusual bifurcations, are occasionally seen,
Divisions of the vein just before entering the dise; division at
the margin ; the formation of a vascular circle and final reunion
in a single vessel ; and anastomosis of the central vein with an
aberrant vein, or one which has penetrated the inner side of the
dise, have been described (Randall). The veins are normally
more tortuous than the arteries. Both sets of vessels present
this appearance in marked degree as symptoms in certain patho-
logical conditions, but also oceasionally as an anomaly withont
such significance (Nettleship). Again, the vessels may stand
forward from the disc in a high curve, or twine around each
other, as we sometimes see two stems on a vine,

An anomaly of not infrequent occurrence is the presence of a
eilio-refinal vessel; that is, one which passes into the margin of
the dise at or near to it, then arches outward or away from the
dise before it finally disappears in its passage toward the macula,
to which it is usvally destined. In a series of examinations,
Lang and Barrett found this condition present in 16.7 per cent.,
doubtful in 6.3, and absent in 77 per cent.

In addition to the variations just deseribed, nmmerons anomalies
are found, to which reference will be made in the sections devoted
to the descriptions of the diseases of the retina and optie nerve.

The Retina.—Inasmuch as the retina is practically transparent,
a study of this membrane is hardly possible without a considera-
tion of the underlying choroid and even the sclera.

In certain persons, especially of dark complexion, the retina

8
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assumes a grayish tint in the neighborhood of the papilla, most
marked uwpon its nasal half. This faint opacity is slightly
streaked, the striations indirectly corresponding to the expansion
of the optic nerve fibres. Eyes long subjected to the strain of
uncorrected ametropia furnish an exaggerated picture of this
appearance, which, if at all extensive and associated with similar
opacities along the lines of the vessels, assumes pathologieal
importance (see Retinitis),

In the eyeground of young subjects, particularly along the
line of the vessels, numerous wave-like glistening reflexes may
be seen to follow one aftter another with the slightest movements
of the ophthalmoscopic mirror. The effect is similar to the
shimmer seen on the surface of certain silks, and has been
designated ||1\‘ I‘:I!g“:g'-h writers * shot-silk retina,” It is unusnal
to find the phenomenon in individuals over thirty, its occurrence
being marked in direct proportion to the youth of the subject.

Macula Lutea.—About two dizes’ diameter to the outer side
of the papilla and slightly below the horizontal meridian, there
is a spot, equal in area to the end of the optic nerve, darker in
color and more granular than the surrounding fundus, unerossed
by any visible retinal vessel, but toward which the finer twigs
of the major branches radiate, fringing its boundary.  This region
is the maeula lufea, or yellow spot, and is that portion of the eye-
ground concerned with functions of direct vision.

[ts centre is occupied by a small bright dot, or the fovea cen-
tradis, which is surrounded by a dark area, sometimes containing
a few black and light-colored granules, in its turn bounded by a
whitish ring or halo.  In the place of the bright dot, occasionally
a shifting crescent or small eirele may be seen.

These characteristics of the macula are by no means constant,
and are seen only or most notably in young children.  In elderly
people, the region cannot be recognized except by the absence of
vessels, and the darker color of the underlying choroid. In
blondes and albinos it is still more difficult to define this area.

Although no vessels visible to the ophthalmoscope eross the
macnla, except as an anomaly (Randall), the region is abundantly
supplied with capillaries, as Mr. Nettleship has shown by arti-
ficial injection, which surround the fovea in a close loop, but do not.

SRS =
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occupy it.  The student will find the macular region difficult of
recognition, not only because its characters are often ill-defined,
but becanse the light falling upon it canses the pupil to contract,
the view being further hindered by the corneal reflex. 1f the
pupil is dilated by a mydriatic, the macula comes into view by
1'+I,W-|(|1|iri|;|;_rh~ the I:;|I_i1;_'|1'f. to look Llil‘l"'l'l].:h' into the 1:||I|t|i:11!||r1.-'1':||lE{r
mirror,  If not, it must be found by turning the light outward
from the lower edge of' the disc,

The appearances in the macula depend upon the imperfect
(]l‘\-‘t"lr]lllll_‘ll'[ of some of the |:'|_\.'l.'l‘:=' ot the I"l"'lil!l.‘j_, while in the
centre or fovea practically only the cones and outer granules
remain. On the other hand, the layer of ganglion cells is more
fully developed than in the surrounding retina, giving the impres-
sion of increased thickness in this area.  The fovea, being a de-
pression, appears to the ophthalmoscope as a light spot due to the
reflex from its edges or walls, while the halo, or ring encireling
the macula, arizes in consequence of the thickening of the tissues.
The more decided pigmentation in the epithelium produces
the darker color, which distinguishes it from the neighboring
fundus.

The Choroid.
when the light is thrown into it from the ophthalmoscopie mirror,

The bright glare which illuminates the pupil

and develops into the uniform red eolor of the fundus, when this
is brought into view, arises from the choroid. The rays of light
pass through the transparent retina to its pigment epithelium,
which in ophthalmoscopic work is aceredited to the ehoroid (sce
Fig. 51 B, k), and in part are absorbed and in part reflected.
The greater the quantity of the pigment, the greater the amount
of absorption, so that the color of the eye-ground depends upon the
degree of saturation in this epithelium, and varies from an almost
slaty color in the dark-skinned races to a fiery red in persons of
blonde complexion.

In very.fair people, the imperfect development of pigment-
cells of the choroid exposes the larger choroidal vessels, which are
evident as a mesh-work of tortuous red bands with intervening
spacesof lighteror darker color, and which are distinguishable from
the retinal arteries and veins by their flat appearance and absence
of the light streak. The most perfect exposure of the choroidal
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vessels is seen in albinos. It is not usually possible with the
ophthalmoscope to differentiate the arteries and veins of this
system, although the latter are of greater size, and, near the
equator of the eve, converge toward the veme vorticose, being
separated by larger and longer spaces.  In decided brunettes,
these Spaces are more -t]u_-:_-lll:; tinted than the vessels which appear
“like light streams separated by dark islands” (Nettleship). A
fair }_Fﬂill_']‘:l,] idea of what tint nmay be {'."CIIE"["[{'II in the fundus may
be obtained by observing the color of the patient’s hair.

All of the details of the eve-ground may be studied with greater
eage through a dilated pupil, and on beginning his studies the
student may with propriety employ a mydriatie, cocaine, or
homatropine, not atropine, provided no zigns of glancoma are
present.  Having acquired knowledge of the normal appearance
thus seen, he must now practise with the undilated pupil.

The disc and macula having been studied, the peripheral parts
of the eye-ground should be examined by throwing the light
inward, upward, and downward, the head of the observer being
moved correspondingly to comply with the changed direction of
the mirror.  Even when the central part of the fundus presents
the usual characteristic red tint, the choroidal vessels are frequently
exposed in the periphery presenting the appearance just deseribed,
and having no pathologieal significance,

Determination of Refraction by the Ophthalmoscope.—The
estimation of’ the refraction of the eve by means of the ophthal-
moscope results in either a guafifative or gquantitative determina-
tion.

The former is obtained in the following manner: Hold the
ophthalmoscope 30 to 50 em. from the patient’s eye, and looking
through the central aperture of the mirror, unaided by a glass,
observe if any vessels come into view. Their appearance means
that the eye is either hypermetropic or myopic.  Now move the
head from side to side, and note if' the vessels move apparentiy
in the same or in a direction opposite to the movements of the
head. If the former, the eye is hypermetropic; if the latter,
myopic. Inasmuch as the image of the vessels in low degrees
of myopia wounld be formed only at a considerable distance from
the observed eye (30 to 120 em.), and sinee no sharp image would
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be obtained in either emmetropia or low degrees of hyperme-
tropia farther away than 30 em., any considerable degree of ame-
tropia may be excluded by failure to obtain a direct image except
at a long range or a very short distance from the patient’s eye.

Before attempting a guantifalive estimation of the refraction by
means of the ophthalmoscope, certain fundamental roles must be
observed :—

1. Both surgeon and patient must have velaved aecommodation,
The ability to relax the accommodation comes with practice, and
is best secured for the patient by requiring him to gaze inatten-
tively into the farthest corner of the well-darkened room.!

2. A ecertain definite spot in the eye-ground upon which to focus
should e selected,

Naturally the macula, or region of accurate sight, would seem
to offer the most desirable point; but, owing to its ill-defined
characters, and the diffienlty of making accurate observation
throngh the undilated puopil, which contracts when the light
falls upon this region, and the dazzling corneal reflex, it does
not serve a satisfactory purpose ; hence, it is better to select the
edge of the optic dise, or the medium-sized vessels midway be-
tween the dise and the macula, where two branches, running at
right angles to each other, may readily be found.

! Loring (Text-Book of Ophthalmology, vol. i, p. 107), speaking of the
necessity of practice in order to seenre the ability to relax the accommoda-
tion, has suggested the following method : * If the observer is emmetropie,
one of the best methods of acquiring this control over the accommodation is
to take a convex glass of moderate power, say 3 D), and ascertain the farthest
point at which fine type can be read with perfect distinetness throngh the
glass, the other eve being cloged, or, better still, opened but excluded from
the visual act by & screen.  Under this condition there is a tendency for the
viznal axes to azsume a parallel position, and with it that perfect state of
rest nsual to the eya when looking at the most distant objects.  If the ohject
can be moved in this case to a distance of 12 inches, it is proof positive that
the accommodation is entirely relaxed, sinee, as the object viewed is sitn-
ated at the principal focns of the glass, only parallel rays can enter the eye,
and such rays can only be brought to a focus on the retina of an emmetropic
eve when it is in a state of perfect rest. The experiment should be repeated
with glasses of varying strengths till the ability iz acquired of always seeing
the test object at the foeal distance of the glass nsed. This onee acquired, a
little further practice with the ophthalmoscope will also enable the observer
to relax his accommodation during the examination.™
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3. The observer shouwld approach as elose as possible to the eye
under observation,

If he is able to place with the ophthalmoseope a correcting
lens at a point 13 millimeters in front of the cornea, he has

reached the anterior focal point of the eye, and the power of

such lens would express the degree of ametropia, and be equiva-
lent to one set in a frame which had been found by the usual
tests to neutralize the refraction error. If he is unable to
reach this point, and holds the ophthalmoscope with the cor-
recting lens at a point farther away from the cornea than 13
millimeters, the distance between the glass and the cornea
must be subtracted from the focal distance of the correcting lens,
in order to ascertain the real amount of hypermetropia, and be
added to the foeal -tli.-‘-tnnr[-, to obtain the {]{*g‘rﬂ: of 111:.'“']{:1_

It the observer employs lenses ground according to the old
system of notation, in which the number of the glass expresses
its focal length, the following rule, taken from Loring, serves
to determine the condition of refraction : “The ametropia in a
given case is equal to the glass vsed plus the distance between
it and the nodal point if the eye examined be myopic, minus
the distance, it it he iL_\'|lfll‘nu-ll'n|1iv_”

4. In order to ascertain correctly the refraction error, the ob-
SESEr TN ”-‘\'F F"a;. {'JH.I'H‘II”I.I"I’J‘IJ;E"’ oy {fﬂ ,f!l'.f.lr, l‘-l"”l"!i"j" |l|'fr.-\' -(".fﬂ'_,' il H'Ef"f,l"-l']‘llr,ljf' h‘.!j
using the proper corvecting lens, either in the form of spectacles or an
l"'ll'jl‘”-f--f'l'flr!""r .rl'lﬂfl‘-fq’f.-‘f f}ff“'f'-l'fl I_il.irl".lihl:.ﬂfl'nIII |!I|Ii“"' .‘“'-.l‘_lﬂrn'f-hﬂh" I'!l;. f.llll"l" !'Jj!hIflrlrl'flrﬁfl'}-'ﬂ'l'j!l{".

The emmetropic observer can see the details of the myopic
eve-ground only dimly without the aid of a correcting glass, and
not at all if the myopia is of high degree. By placing concave
elasses behind the sight-hole of the ophthalmoscope, the con-
vergent rave which leave the observed eve arve rendered less
and less convergent until that glass is reached which just vields
a distinet image, i. e, one which has rendered the convergent
rayvs parallel.

The emmetropic observer can see the details of a hypermetropic
eye-ground distinetly without the aid of a correcting glass, unless
the hypermetropia is of very high degree, by an effort of accom-
modation which renders his eryvstalline lens more convex, and thus
causes the divergent ravs which leave a hypermetropic eve to
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become parallel.  But, with accommodation relaxed, he sees dis-
tinetly the details of the fundus through a convex lens placed
behind  the ophthalmoscope ; this should be substituted  for
other stronger convex lenses until the strongest one is reached
with which a clear image is still possible, i e, one which has
rendered the divergent rays parallel, while the next highest
number creates a blur over the details of the eve-ground.

From what has been said it follows: The strongest convex
lens, placed in position in the ophthalmoscope, with which the
emmetropic observer can still see the details of the fundus at the
point selected, measures the degree of hypermetropia ; the weakest
concave lens, the degree of myopia.  The hypermetropia usually
is somewhat greater, and the myopia somewhat less, than the
result obtained by ophthalmoscopie examination,

In order to estimate the refraction of the eve examined, the
hypermetropic observer must subtract from the convex, or add
to the concave lens, which vields him a sharp image of the fundus,
the amount of his own error, while the myopic observer must
add to the convex, or subtract from the concave lens, with which
he sees by the eve-ground the degree of his own near-sichtedness.

In order to calenlate the amount of lengthening or shortening
of the eye equal toa lens which neutralizes the myopia or hyper-
metiopia in any given case, and provided the distance between
the surgeon’s eye and that of the patient is not more than 2.5 em.,
the following table, which is taken from Nettleship, and which
he has altered from Knapp, is useful :

H.of 1 D represents a shortening of . . . 0.3 mm.
b b L e is - § S| M
L] 3 i Ll 0 = 5 1 i
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M. of 1 D represents a lengthening of . « 0.3 mm.
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By this table the depth of an excavation in the papilla may
be measured. For instance, if' the bottom of the pit required
5 D for its sharp examination, and the margin of the nerve
was seen without any glass, the depth of the excavation would
be 1.3 mm.

The presence of astigmatisim may be ascertained by means of
the ophthalmoscope and the upright image, and, in skilled hands,
its amount measured with reasonable accuracy.

In all such examinations the instrument must be close to the
eyve and in an exact perpendicular line, and the following points
observed :

(1) The optic disc is an ellipse, its long axis corresponding with
the meridian of the greatest refraction, and its short axis with
the meridian of least refraction. When the principal meridians
are vertical and horizontal, the dise usually is a vertical oval,
more rarely a horizontal oval.

When the prineipal meridians arve inclined, they sometimes
correspond to the direction of the long and short axes of the
ellipse assumed by the nerve-head., As, however, the dise is
often oval in non-astigmatic eyes, this evidence is not satisfactory,

(&) All points of the portion of the fundus under examination
are not in foeus at the same time, e, g., the retinal vessels running
in the directions which correspond to the principal meridians,

Thus, when two vessels eross each other at right angles, the
vertical branch may be sharply seen, while the horizontal one
presents a blurred image, or the upper and lower marging of the
dise may be clear, but the lateral borders indistinet. The amount
of hypermetropia, or of myopia, of the vertical meridian is equal
to the strongest convex, or weakest concave, glass which makes
distinet the vessels running in a horizontal direction.  The refrac-
tion of the horizonfal meridian is determined by the glass which
vields a elear image of the vessels running in a vertical direction.
As the vessels do not correspond to the layer of the rods and
cones, the measurement is an approximation,

If a vertical vessel is sharply seen with a convex lens of 3 D,
while the vessels at right angles to it are elearly visible without
the aid of any glass, and blurred by the addition of a convex
one, hypermetropia of 3 I) exists in the horizontal meridian,
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because a line, in this ecase a vessel, appears most distinet in
the meridian of greatest ametropia, inasmuch as it is seen by
means of the rays passing through that meridian of the cornea
which lies at right angles to its course (sce page 168). If] in
another eye, the vertical vessels appear distinet without the aid
of a glass, and the horizontal vessels require a concave lens of
3 D to bring them into foeus, myopia of 3 D exists in the vertical
meridian.  In the one instance, there is simple hypermetropic
astigmatizm which would require a 4+ 3 D eyl,, axis vertical, for
its neutralization ; and in the other, a simple myopic astigmatisn
demanding a — 3 D evl,, axis horizontal, for its correction.

Compound astigimatizm iz determined by finding, in hyper-
metropia, the strongest convex lens which the vessels in each
meridian will bear with the preservation of a distinet image, and
subtracting the one from the other, thus finding the difference
between the meridians, 7. e., the amount of astigmatizsm. Thus,
if the vertical vessels remain in foeus when viewed through a
4- 3 D lens, and the horizontal vessels through a + 1 D, there
is a general hypermetropia of 1 D, with a difference of 2 I,
between the principal meridians,  This difference of 2 D repre-
sents the amount of the astigmatism. In the same way, myopia
of varving amounts in each meridian iz measured. The correct-
ing glass in the first instance would be 4+ 1 D sph. — + 2 Deyl,,
axis vertical.

If the wvertical vessels are distinetly seen with 4 3 D, while
the horizontal vessels require a — 1 D for their perfect detection,
myopia of 1 D exists in the vertical meridian, and hyperme-
tropia of 3 1) in the horizontal meridian. There is an astigma-
tism in thiscase of 4 ).  The principal meridians arve respectively
myopic and hypermetropie, constituting what is termed mizved
astigmatism, (Compare page 166.)

The measurement of astigmatism in this manner, with any
degree of accuracy, requires a vast amount of practice, a perfect
control of the accommodation, and even then must never be em-
ploved to the exclusion of other and more trustworthy methods,

(2) Tue Ixpirect MerHOD (method of the inverted image).

The patient and surgeon are seated in the same relative posi-
tions as have already been deseribed in connection with the direct
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method, and, if the right eve is to be examined, the ophthalmo-
scope is held in the right hand at a distance of 30 em. from the
patient, who is instructed to look at the right ear of the examiner.
A convex lens of 20 D), held between the surgeon’s left thumb
and index finger, while the remaining fingers are rested upon the
brow to steady the hand, is placed at abont its own foeal length
in front of the patient’s eyve, directly in the path of the rays re-
turning from the fundus, which are thus brought to a focus and
form an aerial image between the observer and the glass,

If the left eve is to be examined, the ophthalmoscope is held
in the left hand, and the patient instructed to look at the surgeon’s
left ear, while the lens, grasped in the fingers of the right hand
in the manner just described, is placed in position.

Fia. 52.

Method of the indireet examination with the ophthalmoscope.

Much practice is reguired to gain perfect control of the illumi-
nation, and at the same time to keep the ophthalmoscope, lens,
and patient’s eve in proper relation. This is largely due to the
difficnlty of seenring perfect accord between the relative positions
of the two hands,  While the beginner endeavors with one hand

—— —— o o




OPHTHALMOSCOPY, 123

to place the lens properly before the patient’s eye, his attention
for the moment is distracted from the other hand which holds
the ophthalmoscope, and this becomes unsteady and permits the
light to shift from the pupillary area.

This dificulty having been overcome, facility in using the
supplementary lens, or, as it is often called, the object-glass,
must be acquired, especially to avoid the confusing reflexes from
its surfaces, and the magnificd image of the iris.  This is best
accomplished by holding it in a slightly oblique direction, and
at a point a little farther away from the cornea than its own
focal length. The glass should now be moved up and down,
back and forth, to obtain alterations in focus and displacements
of the image from side to side, and a parallax between points
sitnated at different levels in the eve-ground.

The image which is found at a eertain distance in front of the
f}]):jl_?{'t—glam,-: may not present itselt” to the observer as a distinet
picture, owing to his inability to accommodate for the point of its
formation. This accommodative strain may be relieved, and the
image magnified, by placing behind the ophthalmoscope a convex
glass of 5 D which adapts the emmetropie obzerver, with relaxed
accommodation, for a point 20 centimetres distant.  If the ob-
server is preshyopic, or has a deficient amplitude of accommaoda-
tion, this additional lens is absolutely necessary ; while, if he is
hypermetropie, the degree of his hypermetropia should be added
to the glass used as a magnifier. The obzerver possessing a
moderate degree of myopia requires no lens in the ophthalmo-
seope, because he views the aerial image at his far point, while, if
his myopia is of high grade, he will need a weak concave glass,

If, then, the examiner, having illuminated the pupil from a
distance of 30-50 em., finds the slightly vellowish area in the
general red glare indieating the position of the optic papilla, and
places the eonvex lens (object-glass) in position, and the second
convex lens (eve-piece) behind the ophthalmoscope and secures
an aerial image, he will observe the fullowing characteristics in
contrast with the appearances seen by the direct method ; always
remembering that the picture is inverted, and that what appa-
rently is on the nasal or inner side really belongs to the outer or
temporal side ; that what apparently is below really is above :—
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1. The field is lavger.

Not merely the object, the optic nerve for example, comes into
view, but also a portion of the surrounding eye-ground, precisely
as a more extensive portion of the field of the microscope is
obtained through an objective of low power than through one of
high power,

2. The individual objects in the field are smaller and more
sharply defined, but the finer defails are less perfectly revealed,
because seen wnder a lower magnifying power.

The relation between the extent of the fundus visible and the
size of the details depends upon the strength of the supplementary
convex lens (object-glass),  If this is strong, the expanse of the
ficld brought into view will be greater, while the component
parts will be smaller (Loring).  Hence, if it is desired to enlarge
the image of the fundus at the expense of its extent seen at one
time, instead of a 20 D convex glass, one of 10 D should be
employed.

3. The differentiation between objects of similar appearance,
€. 1., the vessels, is less perfeet.

Working under these conditions the student will observe that
the optie papilla 12 smaller, its edges more sharply defined, and
the faint veiling of the nasal margins cansed by the striation of
the surrounding retina less noticeable.

The difference between veins and arteries is not so marked as
with the direct method, and it may be well-nigh impossible to
distinguish from each other the finer twigs of each system. As
a rule the veins, being lareer and darker, present a more distinet
image than the arteries, which are slightly blurred in outline.
The light streak, so noticeable in the upright image, is frequently
wanting.

The macular region, especially if the pupil is not dilated, pre-
sents unusunal difficulties in its study. If the patient is required
to look directly into the opththalmoscope, this illumination of
the macula cansez a contraction of the pupil (it the iris is not
under the influence of a mydriatic), and brings into existence
confusing reflections. It is best brought into view by first finding
the papilla, and then moving the object-glass horizontally across
the line of vision until its inner margin corresponds with the
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outer border of the pupil. In young subjects the light reflex
encireles an elliptieal dark area containing in its centre a reddish,
or, less frequently, a bright point surrounded by a small brilliant
ring. These characteristics are almost invariably lacking in
adults, and may not be present in children.  Under these cireum-
stances, the macula is distinguishable only by the ill-defined ap-
pearances of a darker tint and an absence of vessels,

Estimation of Refraction by the Indirect Method.—A quali-
tative estimation of the refraction may be ascertained with the
mirror alone by observing if’ any portion of the fundus eomes
into view when this is held at a distance of 50 em., and if this
image, the observer’s head being turned slightly from side to side,
shiftz apparently in the same or an opposite direction to the move-
ments of the head. (p. 116.)

The measurement of the degree or quantity of the refraction by the
indirect method is possible by attending to the following directions
adopted by Koenigstein : Since the rays which proceed from an
emmetropic eve are parallel, the image of its fundus appears at
the focus of the convex lens (object-glass), while that of the hy-
permetropic eve is developed farther from, and that of the myopic
eye nearer to, the lens.  In order to ascertain the degree of ame-
tropia this distance must be known and we proceed in the fol-
lowing manner :—

If the observer is not naturally myopic, he renders himself
so by employing a convex lens behind the mirror, for example,
5 D, which puts him in the condition of a myope with a far
point of 20 em., i. e, he cannot see distinetly bevond this point.
If, now, the inverted image is developed through a lens of
10 D, held at its focal distance from the cornea, and the dis-
tance between the ophthalmoscope and the lens measured, the
observer will also ascertain, if he does not accommodate, the dis-
tance of the image from the lens, and from this caleulate the re-
fraction, as may be understood from the following example : The
inverted image is developed, the observer withdraws to the
farthest point from which he can still see the image distinctly,
and measures the distance between the ophthalmoscope and the
lens, which he finds is 30 em. It follows, as his far point lies
at 20 cm. (he being artificially myopie in this degree), that the
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image is 10 em. from the lens, or at its foeus ; the rays have pro-
ceeded in a parallel direction from the observed eve, and this is
emmetropic. 1 the distance between the ophthalmoscope and
lens is greater, e. g., 35 cm., then the image is 35-20 = 15 em.
distant from the lens and the refraction is hypermetropie, in this
instance, 5 . If the distance is shorter than 30 em., e g., 25
cni., then the image is sitnated between the lens and its focus,
and the refraction is myopie, also 10 D.

High grades of myopia may be ealenlated by a simple meas-
urement of the distance. Rays proceed from a myopic eye
convergent and form an inverted image at its far point, without
the aid of an object-glass.  The distance between the eve and
the ophthalmoscope is taken, and from this is subtracted the far
point of the observer. If, for example, an emmetrope with
+ 4 D observes the inverted image of the fundus distinetly, and
the.measurement between the observer and the observed eye vields
35 em., the former having a far point of 25 em., the image iz 10
em, distant from the observed eve, and the myopia 10 D

For practical purposes, this method does not enjoy material
advantages, and is open to the serions objection of inability to
secure accurate measnrements, especially in hypermetropia.  Its
ficld of usefulness is almost entirely limited to very high grades
of myopia,

Estimation of Astigmatism by the Inverted Image.—The
existence of astismatism is determined with the indirect method
by the changes which take place in the shape of the optic nerve,
as the refractive condition of the eve varies in its different parts.
In the direction of least refraction, the image of the nerve con-
tractz as the lens is withdrawn ; in the divection of greatest refrac-
tion, the image of the nerve expands ; in the absence of astigma-
tism, the round or oval shape of the nerve is not altered whether
the lens be held close to the eve, or removed from it. In direct
ophthalmoscopy, the dise nsually is a vertical oval when astigma-
tism exists ; the same disc viewed by the indirect method, with
the lens held close to the eye, is a horizontal oval, but as the lens
is withdrawn farther from the eye, it becomes a vertical oval.
This may be produced in different ways,

If the horizontal diameter is diminished by withdrawing the
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leng, the astigmatism is hypermetropic, but if the vertical diameter
is inereased by removing the lens, the astigmatism is myopic ; if
both diameters are diminished, but one more than the other, the
astigmatism is compound hypermetropic ; if both diameters are
increased, but one more than the other, the astigmatism is com-
pound myopic, The most marked effect is produced in mived
astiggmatism, where the myopic vertical meridian canses the dise
to spread out vertically, while the hypermetropic horizontal
meridian causes it to dwindle in the transverse direction. The
dise then shoots out rapidly in the vertical direction, while in
the horizontal divection it rapidly contracts,
Ophthalmometry.—This term indicates mensuration of the
eye, and as usnally employed is limited in its application to the
measurement of the radius of curvature of the cornea.  In order
to practise ophthalmometry, instruments for taking the measure-
ment of the radius of curvature of the cornea have been devised,
and are known as oplthalmoemeters.  The ophthalmometer most in
use at the present day is the one devised by Javal and Schibtz.
The following description, modified from the one given by
D, Noves, gives the essential points of the instrument : There
are two objects ; the one fixed in position, bearing a white recti-
linear figure; and the other one, sliding back and forth on the are,
is composed of white enameled blocks, each one of which is calen-
lated to represent one dioptre of corneal refraction, or a power
equal to a evlinder of one dioptre, The movable object and the
stationary white rectilinear figure are placed so that their images
will be reflected from the cornea.  These reflections, which are
viewed by a small telescope, are doubled by passing through a
prism placed between two biconvex lenses, and having in addition
a third biconvex lens which shortens the posterior foei of the two
images, which foei are marked by a thread of spider’s web. The
patient’s face is placed in the frame and is steadied by a chin and
forehead rest.  The telescope stands upon a tripod which can be
moved forward and backward in order to obtain the proper foens,
The central images are obtained sharply on the spider web, and
the movable object passed along the are of the instrument until
it comes in contact with the rectilinear ficure. This having been
done, its position on the arc is read off upon an index. The
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are is then turned at right angles to this position, and the relation
of the two images noted. If they have not changed either by
overlapping or separating, the curve of the cornea is the same
both horizontally and vertically, If the images overlap in the
vertical meridian, the radius of the curve is longer in this meri-
dian, and there is astigmatism. If the images separate with the
bar vertical, this meridian has a shorter radius than the horizontal,
and again there is asticmatism.  Each enameled block, as before
stated, has been caleulated to express one dioptre of corneal re-
fraction, and consequently the amount of astigmatism is read off.

In the opinion of many competent obszervers, this is the best
objective test of asticmatism which we possess. A great disadvan-
tage is the expensiveness of the instrument, and as vet it has not
come into general use, although it is being used more and more
for this purpose.

Optometry is a term which indieates the principles involved
in the measurement of the refraction of an eve by its limits of
distiner vision, The instrument whieh thus serves to determine
the refraction of the eve is called an opfometer,

Optometers are based upon a number of principles.  For in-
stance, a single convex lens by which the dirvection of the luminous
rays emanating from an object is changed, and consequently the
determination of the refraction of the eye rendered possible, con-
stitutes an optometer.  Other optometers are based upon the
principle of a telescope ; still others upon the measurement ot
circles of diffusion ; upon Scheiner’s experiment, and upon the
chromatic aberration of the eve, It would not be possible, in the
limits of this manual, to describe in detail the principles involved
or the various forms of apparatus which have been emploved.
Should the student desive to pursue the subject, he may with ad-
antage consult the chapter devoted to this method found in
Landolt’s Refraction and Accommodation of the Eye.

Retinoscopy' [Skiascopy, or the Shadow Test|.—This is a
method of determining the refraction of the eve by obzerving the

L

direction in which the light appears to move across the pupil,
when the mirror h_v which ]ight is thrown upon ﬂ'llr{,*:,‘[.' in the
dark room is rotated,

"The section on Retinoscopy has been prepared by Dr. Edward Jackson.

e e
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With the :rJZIh1E]:ilr!]n:—cl':rpl‘. as has already been 1-.~c[|]:ti1|-.n|, (11142
may look into a myopie eye from elose i front of it, and see an
erect image of the fundus, which he can render clear by the proper
concave lens ; or, from a greater distance, he can view an inverted
image of the fundus, with or without the intervention of a con-
vex lens. The |mit1l at which the t']l:tlt.'_"l' from the erect to the
inverted image occurs has been called the point of reversal, It
15 the point for which the eye is focused, and 1s the far point of
distinet 1'.'i-C;:}II, ].:L'[iilihﬁl"lll_‘-' 15 :-illl|l]_'g.' an accurate method of
lic'H'I'l]IitJhl;‘ this |Hbi!|[ of reversal.

To apply the test the surgeon faces the patient at a distance of
about one metre, and, holding the mirror to his own eve, reflects
on the ]n:lEil']lt'ﬁ tace the light from a ]4tl|t|1_. ;l|;lr'i':i between them
and shaded trom the El;!lit'lt!'ﬂ-} £3, 1f the ]r!:ltJl' mirror s |'1|||-{-|}'4-Il_.,
or placed behind the patient if the concave mirror is used. DBy
rotating the mirror the area of If_-,;hl it throws on the tace i1s made
to move up and down, or from side to side, or n];iiqlm-i}'. The
part of the light that falls on the patient’s pupil is condensed on
his retina, forming there a small hieght area which also moves about
as the mirror is rotated ; for the Eri:iri(‘ mirror it always moves
with the licht on the face, and for the concave mirror in the

O site direction.

Retinogcopy with the plane mirror.

In Fig. 53 L represents the lamp-flame, screened from the
patient, and A and B two positions of the plane mirror.  When
the mirror is at A, the licht that enters the eve will come as though
from a flame at [, and will be condensed toward a, on the lower

part of the retina. At this time the |i_~_—*]|[ falls on the lower |1:||'t
]
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of the face, But when the mirror is rotated to B, the light
entering the eye comes from the direction /, and is :'m|:|;|-ul.-:-qi_
toward b, on the upper part of the retina. And at the same time
the light thrown on the face has moved up to the upper portion
of it. The positions of the retina in hypermetropia, emmetropia
and myopia are shown at i, F, and M. It will be noted that in
all these forms of ametropia, the movement of the light on the
retina is the same, that i:-'_. with the licht on the face,

[n Fig. 54 the action of the concave mirror is represented,
When the mirror is at ,-l, the ]i;:ini that enters the eye comes

Fria. §d.

tetinoscopy with the coneave mirror.

from the foeus of the mirror at /, conjngate to the position of the
T;!I|k||—i1:lme-. and 12 condensed toward «. on the upper part of the
retina ;: and when the mirror iz at B the light enters from ’, the
new position of this conjugate focus, to be condensed toward 6,
on the lower part of the retina ; that is, as the light has moved
upward on the face, it has moved downward on the retina, and
this is true for either H, E, or M. In the following account it is
.=~I:[||:<|.~=|-rl that the 5|r|i:m:‘ mirror is used.

To employ the coneave mirror, it is only needful to remember
T!ml I||.|- :1]|.E|;1r'e'||l maoverment of the Iij_:]ll in I_Eau:t eye 15 ;l]u';]:.'ﬂ .i”"‘t
the up]ﬁf--‘ih' of that ;_','i‘-.'i'tl for the |r1:il1|* MIrror.

We have thus seen what is the real movement of the light on
the retina, as it would always appear in the back of an enucle-
ated eye with the sclern and choroid removed, but the surgeon
does not see it in that way; he can only watch the apparent
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movement as seen throngh the pupil.  This will be the same as
the real movement, with the light on the face [plane mirror]
when he sees an erect image, and in the opposite direction when
he sees an inverted image,

In Fig. 55, M represents o ]|LI\'HEﬁc' ":'"']’:'llh from the retina of
which rays come out and are focused at b, the point of re-

Rave eoming from a myopic eyeball,

versal, _\n}'u'h:-rt- closer to the eyve than this, as at A, an erect
im:ljﬂ- is seen : the |f_:'||=l in the ]Jllpil seems to move wifth the
licht on the face. Anywhere beyond the point of reversal, as at
(! an inverted image will be seen, and the light in the pupil will
appear o move le,.w."u.-o:f the [i_:_l;||T on the face, Just at the |mim
of reversal B3, it is impossible to see which way the light moves,
and the illumination of the pupil is very feeble.

At one or two ||in|r1 res from the |r||i||1 of reversal the ]i:__:hl 1S
comparatively bright.  As the examiner goes farther than this
from the |u|inl of reversal, it becomes more and more feeble,
With the same movement of the mirror the apparent movement
of the light in the pupil iz quicker as the point of reversal is
.'!F+|1rur1=-]|.a-=|. Theze variations in the deeree of illumination and
T':l]:'li]iT_‘-' of movement aid the expert ]'l'[imm'upir-'t t0 A r]i:t;‘llu-‘i.-‘,
but the thing mainly depended on is the direction of the move-
ment.,

AprprricaTiON IN Myopria.—If the sureeon, on throwing the
|ig‘l|t into the eve, finds that its apparent movement in the ]H|||i|
15 against the light on the face, he must be farther from the eye
than the point of reversal (B, Fig. 55); so he approaches the
patient, still rotating the mirror and watching the apparent
movement of the light, until he finds this is with the light on
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the face (A). He is now closer to the patient than the point of
reversal, and should draw back and observe the greatest distance
(1) at which this movement with the light on the face can be
distinguished ; then, drawing farther back, he observes the nearest
point to the eye (€) at which the inverted movement can be seen,
and the point B, half way between A and (] is to be taken as
the point of reversal. These observations should be repeated until
the exact position of B is established. The distance from B
to the eve is then measured ; it is the focal distance of the glass
required to correct the myopia.  For instance, if the erect move-
ment is seen as far as 35 em. from the eve, and the reversed
movement as near as 80 em., the point of reversal will be about
67 em., and the myopia, therefore, 1.50 1D,

It the myopia thus discovered is high, its amount can be most
accurately determined by putting on a concave lens that will
correct all of it but 1 or 2 1), measuring what is left by retinos-
copy, and adding this to the strength of the lens used for the
total myopia.

If, on the other hand, the mvopia is very low, the point of re-
versal may be at so great a distance that when near it one cannot
see which way the light is moving in the pupil. In this case a
weak convex lens must be placed before the eve, the point of
reversal found with the lens, and then the strength of the lens
deducted from the myopia this indicates,

ArpricaTion 1¥ HypErMETROPIA.—Here the rays from the
retina emerge divergent, as shown by the broken lines in Fig, 56,
and there can be no point of reversal. The surgeon finds the ap-
parent movement of the light in the pupil is with the light on the
face, and it continues to be so, no matter how far he draws back.
It is necessary, then, to place a convex lens I before the eve,
strong enongh to render the rays convergent, and so to make a
point of reversal. This lens does two things: First, it over-
comes the divergence of the rays; this takes part of its power,
Second, the remainder of its power makes the rays converge,
cansing a sort of artificial myopia, The point of reversal ()
obtained is the point for this artificial myopia. It is to be de-
termined as for natural myopia, and the amount of myopia it
represents deducted from the total strength of the lens, The
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I'“]'T'IJIiI]lIl't‘ 'I.'l.'ll]] ]ll' I]Ll' Irll".'|.'l.‘1' |‘l':|]|]|‘4':f to overcome []u- llix'q-t';n-nrq:
of the rays, and the strength of lens needed to correct the hy per-
metropia.

|:;|_'.'.~i emerging from a hypermetrople eye.

For {‘?{:lm'[lli'. suppose the movement of the light in the
[lll}!il is found at all distances to be with the movement of
the light on the face, and on placing a 5 D convex lens before
the eye, it is found to be still with the movement of the licht on
the face when the examiner .'I[I]!I“H:ll'lH':-: to a little within one
metre, but appears reversed if’ looked at from a distance slightly
greater than one metre. The point of reversal then is at one
metre ; 1 D of the H[I'['Jllﬂﬂll of the lens 1s t:]:l]{'ln;: the rays con-
vergent, while the other 4 D) have been used to overcome the
divergence of the ravs as they came from the eve. Therefore,
the eve must be 4 D hypermetropic.  For aceuraey, it is better
here, as in the case of natural myopia, to make the final deter-
mination with a lens that brings the point of reversal 1 or 2
metres from the eye.

ArpricaTiON 1IN EMMETROPIA.—The application of retino-
scopy is precisely the same as in hypermetropia ; but it is found
that the artificial myopia caused by the convex lens equals the
full strength of the lens, proving that the rays must have emerged
from the eye parallel.

AprpricaTioN IN ReEcurar AstieoMaTisM.—The principles
in"-‘f]lv':'!l :.I[I'l Ehr' rl“'tl]“[l.‘:- to IH:' l'|t||.1]|1:t'f'1l anre 1':‘".‘"-['!|Ei-'|.]ll\- 1.||I:l
same as in myopia or hypermetropia ; but the refraction has to be
determined in the principal meridians, instead of in any meridian
indifferently, as it can be where all meridians are alike. To de-
termine the refraction in a certain meridian the light must be



134 DISEASES OF THE EYE.

made to move back and forth in that particular meridian, by
rotating the mirror about an axis at right angles to it.

The direction of either of these principal meridians is revealed
by the area of light in the pupil assuming the form of a more or
less distinet band of light, extending across the pupil in the
direetion of this meridian, when its point of reversal 12 ap-
proached.  For the higher degrees of astigmatism this band is
very noticeable, and fixes with the greatest aceuracy the direc-
tion of the principal meridian.  When the band-like appearance
i= most noticeable, it is easy to canse its apparent movement from
side to side : but it iz more difficult to distinguish the movement
in the direction of the length of the band. Still, this latter move-
ment is the one that is to be especially watched, and its reversal-
point determined.

When the amount of astigmatism is very low, the appearance
of a band may be very indistinet, or not at all perceptible ; but
in such cases it is found that when we have reached the point of
reversal for movement of the light in one direction, there is still
distinet movement, either direct or inverted, in the direction at
richt angles to this, and we thus know we have tested one meri-
dian of an astigmatism, and must in the same way ascertain the
point of reversal for the other at right angles to it.  When the
surceon is closer to the eye than the point of reversal for either
meridian, the movement will be with the light on the face in all
directions.  When he is at the point of reversal for the meridian
which has its point nearer to the eye than the other meridian, there
will be no distingnishable movement in this direction, but still a
direct movement at right angles to it.  When he is between the
two points of reversal, there will, in the direction of the nearer
meridian, be an inverted movement of the light, but in the other
meridian a direct movement. When the farther point of re-
versal is reached the direct movement in its meridian ceases,
while the movement in the other meridian continues inverted.
When the surgeon has drawn back beyond both points of re-
versal the movement is reversed in all directions.

Having determined the amount of myopia, natural or artifi-
cial, in both principal meridians, the strength of the cylinder re-
guired to correct the astigmatism will of course be the difference
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between the refraction for the two meridians. Having thus
ascertained it, it is well to puat this eylinder before the eve and to
see if it does accurately correct the astigmatism, giving the same
point of reversal for all meridians of the cornea ; and, for accu-
racy, the spherical lens which will bring this point of reversal to
the distance of 1 or 2 metres should be used with it.

ApPPLICATION IN IRREGULAR AsTioMaTISM.—If the pupil is
dilated, it will always be found that the refraction of the eve varies
in different parts of it, so that points of reversal for different
parts of the pupil lie at different distances in front of the eye;
and at the point of reversal and near it, both direet and reversed
movements of the light are visible at the same time in different
parts of the pupil.  Usnally, there is at the centre of the pupil
a considerable area that has about the same point of reversal,
and this is the part to which attention should be paid, the re-
fraction in the other parts of the pupil being of less practical
importance,

When this eentral area of the pupil differs materially in refrac-
tion from the ring that surrounds it, the eye is said to present
aberration, which is ealled positive when the centre of the pupil is
more hypermetropic or less myvopic, and negative when the opposite
is the case.  When the aberration ig high, on examining it from
near the point of reversal of the margin of the pupil, the move-
ment of the light will be swift at the margin, and slow in the
centre, making it look as if the light in the pupil were wheeling
around a fixed point at the ecentre. This appearance is marked
in conical cornea.  Aberration of moderate degree canses the
appearance of a ring of light at the margin of the pupil, which
has a very distinet movement, when the point of reversal for the
centre of the pupil has been reached.

In practising retinoscopy with the concave mirror, besides
having the apparent movements of the light reversed, we are
unable to vary onr distanee from the patient’seve. It is therefore
needful to vary the point of reversal to bring it to the observer's
eve by changing the glass before the patient’s eve.

The Use of Mydratics.—In addition to the local medicinal
value of the mydriatics in the treatment of diseases of the eve,
e. g., iritis, these drugs are employed as aids of an accurate
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determination of ametropia. With the ophthalmometer, without
the aid of mydriaties, and with the method of retinoscopy, in the
absence of prolonged mydriasis, good results are obtained ; but
it is a safe rule in all cases of suitable age, and in the abzence of
contra-indicating symptoms, to employ an active mydriatic before
attempting to select correcting lenses. This remark applies par-
ticularly to cases of astigmatism. The mydriatic accomplishes
three purposes :—

(a) It dilates the pupil, and permits a thorough exploration of
the interior of the eve, as well as a more perfect examination of
the lens and vitreous humor than could be obtained without its
aid. The student should not, of course, think it necessary to
dilate the pupil of each eye which he subjeets to an ophthalmoscopic
examination ; but glasses should never be adjusted without a
thorough knowledge on the part of the examiner of all the de-
tails of the eyve-ground and the transparent media,

(b) It paralyzes the action of the eciliary muscle and places
the accommodation in abevance, rendering manifest types of
ametropia which otherwise would remain latent.

(¢) It fulfils the important function of giving, during the time
of its action, physiological rest to the eye that is under its influence,
and consequently helps to subdue any retino-choroidal disturb-
ance or other congestive condition that pre-existing eye-strain
may have originated. No matter how perfect the correction of
an optical error may be, if the coats of the eye are not in a
healthy condition, or have not received a tendeney to reach such
a state, the (::1|'r|_r:'f_i||g lenses will not be comfortable.

In practice, various mydriatic drugs are employed, the most
common being atropine, hyosevamine, hyoscine, duboisine, and
homatropine.

(1) Atropine.—Atropine is usually employed in a strength of
four grains to the ounce. A drop of such a solution dilates
the pupil in about fifteen minutes, and a very few moments later
begins to paralyze the accommaodation, which sustains a full
paralysis in about two hours. The effect of atropine upon the
accommodation remaing for a week, but if, as is commonly the
case, the drug is used for several days at a time, this influence is
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much prolonged, and full return to the previous power of accom-
modation is not secured for about twelve or fourteen days,

In using atropine drops for the purpose of correcting errors
of refraction, a solution of the strength given above should be
dropped into the eye, one drop at a time, three times for at
least a day, preparatory to the determination, and in young
subjects possessing hypermetropie eyves, with active eiliary mus-
cles, especially if there is associated spasm of accommodation,
the drug must he continued for several days, or even longer,
before the desired result is reached.

(2) Hyoseyamine is usnally employed in the strength of two
grains to the ounce, in the same manner. It produces wide dila-
tation of the pupil and complete ciliary paralysis, the effect of
which is from six to seven dayvs in duration. Many surgeons
prefer this drug to atropine, and believe that its effects are equally
good, while it enjoys the advantage of a much more temporary
action upon the function of the ciliary muscle.  The salt must
be neutral, and the solution filtered through neutral paper (Risley ),

(3) Hyovscine and Duboisine have precizely similar actions, the
latter drug being even more transitory than hyosevamine in its
effect, return to accommodative power ocenrring in from four to
five davs. Both of them have the disadvantage of producing
marked constitutional disturbances, at times rendering their em-
plovment dizadvantageous.

(4) Homafropine is a drug which produces a very transitory
effect upon the ciliary musele, full return of accommodation
occurring in about seventy-two hours after the last instillation.

It order to use this drug, it must be employed by eumulative
instillations in the strength of eight to sixteen grains to the
ounee, one drop of such solution being used every ten or fifteen
minutes for an hour and a half preceding the determination,
and then waiting forty minutes. At the end of this time the
maximum effect of the drug upon the accommaodation is secured,
In the opinion of some surgeons, this drog is an insufficient
paralvzer of accommodation, but if cantion in regard to the
cumulative instillations is observed, and the rule given above
carefully followed, very satisfactory results may be obtained.
Both its mydriatic and eyeloplegic effects are increased by add-
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ing to it a two per cent. solution of cocaine. Its influence may
be nentralized by eserine,!

It is not safe to use strong mydriatics in elderly people, and
they must never be employed if there is any symptom of glau-
coma, It is unnecessary to use them when that age has been
reached after which the accommaodation is so weakened that
hy permetropia ceases to be latent.

Cacaine, in addition to its anmesthetic action, is an excellent my-
driatie, but its effect upon the accommodation is so slight that it
is valueless for the purpose of preparing an eve for the estimation
of any error of refraction.

I For further information in regard to the comparative walue of the
mydriatics the student should consult the valuable papers on the subject

by Dr. 8. D. Risley, in the Transactions of the American Ophthalmological
Sociaty,
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CHAPTER 1YV.

NOBRMAL AND ABNORMAL EREFRACTION.

BY JAMES WALLACE, M.D.

Emmet:mpia.—'l'lu- normal eye pl‘mh!{'f-ﬁ. a distinet E'"“H" of
external objects on the retina, particularly that portion of it
situated at the posterior extremity of the visual axis,

The formation of the image is accomplished by the cornea,
erystalline lens, agqueous humor, and vitreons homor,  The
cornea is the principal lens when the eve is at rest, as it separates
two media with the greatest difference in density, and therefore
has a higher refracting power than the erystalline lens,  But the
erystalline lens possesses the important funetion of accommoda-
tion, and approaches during the maximum of this function very
closely to the refractive power of the cornea.

The cornea is not exactly spherical in curvature, but i an ellip-
soid of revolution. In order to form a distinet retinal image, it
is necessary that the curvature of the meridians should be sym-
metrical ; any departure from this produces variations in their
refractive power. The plane of the lens must he perpendicular
to the visual line, and its different sectors must have a uniform
density in the corresponding lavers. The foeal length of the
dioptric apparatus of the eve must coincide with the length of the
visual axis.

The emmetropic eve has a range of vision from infinity to its
near point. (See table, page 49.) No glass improves distant
vigion, and spectacles are not required for reading until the age
of 45 or 50 vears is reached. The average length of the emme-
tropic eve is 22 mm., but it is possible for an eve to be emme-
tropic with a longer or shorter axis, if’ the curvature of its lenses
varies in proportion.

Emmetropia, in the strict sense of the term, is the condition
midway between hypermetropia and myopia, and its claim to
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the title of normal refraction is denied, as it is not common to
find people absolutely emmetropic.  Experience shows that the
more nearly an eve approaches to emmetropia the healthier are
its membranes, and the more comfortable is its possessor in pro-
lunged exercise of this organ. No great departure from emme-
tropia ean exist without producing serious disturbance in the
funetion of vision, and in the condition of the choroid and retina.
{me of the most important points in the treatment of eve diseases
is to restore the eve to a condition of emmetropia by suitable glasses,
and while this statement admits of maodifications, in most cases
it still remains the broad rule of practice. Anomalies of refrac-
tion lie at the root of 50 per cent. or more of all the diseases of
the eyve,

Emmetropia is that vefractive condition of the eye in which the
length of the viswal avis corvesponds exaectly with the focal length
of the dioptric apparatus when at vest ; the for point lies at in-
finity, and the eye, in its condition of minimun refraction, is adapted
to bring parallel rays to a foeus on the vetina, The principal
focus, therefore, lies on the retina.

When these conditions are not fulfilled the eye is said to be
ametropic,

Ametropia.— Amefropia is any departure from eract corre-
spondence between the length of the viswal axis of an eye, and the
Jocal length of its dioptrie appearatus when at rest,  The prineipal
focus does not lie on the retina.

It is comprehensible that the dioptric apparatus may remain
unaltered, while the eveball inereases or diminishes in length :
this is denominated awial ametropia ; or, the eyeball remaining
unchanged in the length of its axis, the curvature of its lenses
may undergo variations, constituting cwrvature ametropia.

Ametropia is of three kinds,  In the first class the refractive
power of the eye is too weak, or the axis is too short, so that the
principal focus of the eve falls bevond the retina. This is termed
Hypermetropia, or Far-sightedness.

In the second class the refractive power of the eve is too strong,
or the axis of the eye is too long, causing the principal focus to
fall in front of the retina. This is termed Myopia, or Near-
sightedness.

The third class comprises Astigmatism.

———e
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[t i= convenient to distingunish the first two classes of ametropia
by the relative position of the principal focus to the retina,

Hypermetropia.— [Hypermetropia is that form of amelropio in
which the prineipal focus of the eye lies behind the vetina,  The
visual awis of the eye is shorfer than the focus of its lenses in their
eondition of minimum refraction.

The far point of the eve is negative, and is represented by the
point behind the eve, to which rays must converge, before enter-
ing the eye, in order to be united on the retina, The refractive
apparatus of the hypermetropic eve, in a condition of minimum
refraction, is adapted to bring rays converging to this point to a
focus on its retina.  Rays passing out of a hypermetropic eye
have a divergence as if’ they came from thiz point.

The eveball may be abnormally short, constituting axial fiy-
permetropia; a deficiency of 1 mm. in the length of the optie
axis produces 3 dioptres of hypermetropia: or its refractive
power mayv be deficient, ewrvafure hypermetropia; an increase
of 1 mm. in the length of the radins of curvature of the cornea
produces a hypermetropia of 6 dioptres,

Cavse.—Hypermetropia is nearly always congenital, and
nearly all eves are hypermetropic at birth.  The eveball in-
creases in length with the development of the rest of the body,
and hypermetropia diminishes, passes into emmetropia, or, more
rarely, into myvopia. Eyes are said to become hypermetropic
after 55 vears of age; but in many cases the hypermetropia has
existed from early life, as latent hypermetropia, and now be-
comes manifest at an advanced age. Senile changes in the erys-
talline lens may produce the very opposite condition—myopia—
as in the first stages of cataract. The extraction of the lens after
cataract produces hypermetropia.

Syymprroms.—Hypermetropia renders it difficult to maintain
a distinet image of small objeets, e. ., printed matter, for any
length of time: vision blurs, the subject is compelled to stop
reading, and rub the eves. This, for the moment, suflices to clear
the vision ; but the trouble recurs again and again, the acecommo-
dation becomes exhansted, and finally the work must be discon-
tinued. The affected persons often hold a book or small objects
in a strong light. The pupil in this way contracts, and vision is
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rendered clearer.  Many hypermetropic children bring their books
close to their eves, and, by contracting the palpebral fissures, are
enabled to see better than with the book at a greater distance,
becanse the object is seen under a larger visnal angle, and the
narrow slit between the lids cuts oft the more divergent rays,
These childven are often erroneously supposed to be near-sighted,
and coneave glasses are given to them, which inerease the trouble,
instead of mitigating it.

Hypermetropia often gives rise to spusm of the aceammoda-
tion, owing to the persistent contraction of the ciliary muscle
necessary to overcome the error of refraction. This condition
simulates myopia, distant vision becomes indistinet, but 1s some-
times improved by concave glasses.  These glasses should never
be given, as they only ageravate the trouble. Spasm of the
accommuodation is very annoving to the physician and distress-
ing to the patient. It is prone to oceur in individuals of neura-
stheme condition, The spasm bears no relation to the vigor of
the accommaodation.  The reverse is often true, that persons of
relatively feeble accommodatien have a marked eramp of the
ciliary musele. Spasm of accommuodation is not, however, limited
to hypermetropia.

As a result of hypermetropia the coats of the eye become in-
flamed.  Conjunetivitis, blepharitis, and congestion of the retina
and choroid are very frequent complications,  Persistent head-
ache, aggravated by using the eyes, varions nervous symptoms,
reflex in their nature, as well as disturbances in the visnal fune-
tion, are the common results of uncorrected hypermetropia. Con-
vergent squint nearly always is accompanied by hypermetropia.

Hypermetropia is divided by Donders into facultative, relative,
and absofufe.  Facultative hypermetropia may be overcome by
the accommaodation without squinting ; relative hypermetropia
can be overcome by the accommodation only when the subject
squints inwards ; and absolute hypermetropia cannot be over-
come by the accommodation.  In early life nearly all hyperme-
tropia is facultative, but in advanced age even hypermetropia of
low grades becomes absolute.

Hypermetropia is also divided into manifest and latenf. The
manifest hypermetropia is represented by the strongest convex
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lens through which an eve, without the influence of a mydriatic,
retains distinet distant vision, ‘The latent ||:-'I|I'I'I|I|'II'rr||.::| i= the
annount |-|| exeess of 1!|(' ]||:!|!i|1'-.-[, 1i-"-.'1']*-|||'l| |'r_'-.' 1|:|l' action 'I|I ||It'
1||_'.':|r'i.-1[i|-. The manifest and the latent together form the fofol
!|}'[n'1‘|u|'t|'u|ni:l.

DerermiNaTion o HypeErMETROPIA,— Hypermetropia
always exists: When distant vision 1s improved by a convex
;_'5:|--: when the [|;|1f|-1|[ can read fine ]rt'irﬂ l|||'-HI_1.ji| a Convex
-ﬁ-'|.-|-'.=' at a ereater distance than its focal ]L'II'_:E|I: when with the
ophthalmoscope the interior of the eye, otherwise normal, 15 seen
distinetly with a convex lens ; and usually when the near point
liez at a ereater distance from the eye than 1= proper for the age.
I_Hl'i' alsn J'I.i-f-'-wlh'r"-‘r-lﬁ.f.l

The presence of anv or all of these eonditions malkes it proper
to s-l||]a]u_'~' a Iuj-.nL||'i:|Ij--1 for the purpose of uncovering latent |1.\'—
permetropia, unless the patient has reached his fittieth year, at
which age most of the h}.}u-:':llu-lrn]:i:i is manifest, In young
!H'HEI]“, :ll1ll in Cil=0s 1:1‘ ri[l:l-'lll of I|':|[' l."i“:ll'_'\' !J]ll?-l'li' onr 4'lli|§_"1'.-|illll
of the choroid, it 12 often necessary to continue the nse of the :Juj.'n]ri-
atie for a longer period than under lrl'l:[i!l:ll"\.' circnmstances, and
at the same time to administer alteratives.

CorrecTtioN oF HyrerMmMeETROPIA.—The En-fm-ip;.l focus I
of the hypermetropic eye, lies behind the retina.  Consequently,

point of a hypermetropie eye.  Kays from & on the retina of the hyperme-

RO eve after refraction diveroe @ these Fays, |_l|'-l'.l-1|::'-| backwards, would unite
at the point &'. A& is the far point.

the retina K 18 situated within the ‘|1J"|t1r-i|r:a| foens, and its con-
.inu':itv tocus or far ]!H]Iﬂ R’ is virtual., (Fig. 57.) Rays from R
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seem, after refraction by the eye, to have come from [f'; con-
versely rays converging to £/, after refraction l-}' the eyve, unite in
£t on the retina. The rays which come from the retina 12, of such
an eve, after 1'|1]|']';'i||_'_1' from the eve are :|iu':~|';_r4-|1l, and p]‘u]nugt-:l
backward would unite in the |n|§r|1 ft!. The distance of this
||-|i1|[ trom the cornea 1s the focal ll'llj:lh of the _:_"l'.l*-»:-c which
corrects the ||_'~'[n-:‘|||1-1 :‘--|hi:l. The amount of llih'l']';‘x'n:'l' of the
cmergent rays E ||c-lu-|r-|1-||1 on the I|~';'1‘|'1' of the il}'EH't'lm'H‘l:|bi:L,
I||.'|‘| ir—, I_|'|-~ distance 1": ]El-.—— in front of f", 'Hll' |l-|;;i|!'|' llll.' l.li';_{:l'i'l.‘
of iu_x|nr.-|'1||=-l1'upi:l is the farther 2 lies in front of F, and the
nearer the point of divergence fi' lies to [ ; conversely, the lower
T]I"'I|1"_'|'='l'l:' of ||:-'|Il'i']|I1'I]‘I-ili.‘l; i.-'-_. the nearer the |1tri]I[ R lies to .IF:_
and the farther back the point £ lies, The distance of £’ must
be less than i]lflﬂiil\.", otherwise, the EYE would be l-lur||n'fl't+]1in'.

[ |I ]!'Hl.'.'l.”-.'l il V= il ;’Ek’l']l i | l'lirlx'l't'lu'l'l]['l' Ly lll.i.' ]!flit!t .IIIL“r II." i COl-

Fig. oH.

Correction of hypermetropia by a convex glass, Thelens L rives to parallel rays

a convergenee towards the point &' they will consequently be united on the re-

tina M. " is the virtaal Comn)urate foeus of &,

vex lens !l'.‘tl't-l] ]Jl-r:ll'l' the eye, 1l|r- rays u'it[ come to a foeus at Ilul
point i on the retina, since the path of the rays passing into the
eve after refraction by a convex lens (Fig, 58) is exactly the same
as that of the ravs diverging from the retina and passing out-
wards | i"i.'_:'. D7) 3 r-llll‘-' the direction is reversed. The far [niint R
of the h." |ne-|'r||c-ll'n||in- eye i= the ]Juitﬂ to which ['l.'tl':l”I.'] rayvs miust
be given a convergence by a convex lens in order to come to a
focus on the retina.  The amount of this NECCERArY converoenes

represcnts the ||1-f'L|'E--]1="~.' between the refraction of the |1_‘-'|u-t'i|11‘—
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tropic and that of the emmetropic eye; the degree of hyperme-
tropia is therefore in an inverse ratio to the distance of 1,

To ecorrect hypermetropia the refraction of the eye must be
inereased by a convex lens of sufficient strength to bring /' on
the retina.  This glass corrects the hypermetropia by shortening
the focal length of the dioptic apparatus to correspond exactly
with the length of the visual axis. The far point £ is removed
to infinity.  Parallel rays come to a foeus on the retina without
any effort of accommaodation, and rays emerging from the eye are
rendered parallel.

In order to neatralize the hypermetropia, that convex glass
must be selected which gives the greatest visual acuity.  As the
greatest visnal acuity is obtained when the retinal image is sharply
formed, and as this oeenrs when rays are brought to an exact
focus on the layer of rods and cones, the maximum visual acnity
is the most satisfactory evidence that rays arve exactly focused on
the retina. If these rays are parallel, the glass which brings
them to a foens on the retina corrects the hypermetropia.  Rays
from objects at 6 metres distance are sufliciently parallel for this
purpose.

The card of test letters, in good illumination, is hung on a
wall, at this distance from the patient. A pair of trial frames
is placed before the patient’s eyes and one eye at a time examined,
the other being screened by an opaque dise.  The patient is sup-
posed to have his accommodation paralyvzed by a mydriatic, or to
be bevond 50 yvears of age. He is required to read the smallest
letters which he ean see distinetly on the card. The resulting
sharpness of vision is noted, Usnally the degree of hyperme-
tropia may be elosely estimated by observing the diminuation in
visual acuity. A convex glass is now placed before the eve ; this
is stronger in proportion to the reduction of vision, If the con-
vex glass improves vision, but does not raise it to normal, stronger
lenses arve tried until the one is obtained which yields the maxi-
mum visual acuity ; or, if the stronger glasses do not improve the
vision, successively weaker ones are tried until that glass is found
which gives the greatest sharpness of sight.  This is the lens which
corrects the hypermetropia.  If the acuity of vision is raised to
normal by a convex spherical lens, it is not likely that astigma-

10
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tizm is present, but every case should be examined with a view
to discover any astigmatism, If none exists, the convex glass is
all that is required to correct the ametropia. The examination
should be repeated two or three times to insure accuracy,

In the absence of a mydriatic and the presence of some ac-
commodative spasm, vision |Jl1.'il1;-_r, l.‘-{lllil.] in the two eyes, 4 more
suitable glass may often be obtained by testing both eyes simul-
taneously, becanze with parallel axes the accommodation is more
likely to undergo relaxation. This effect may be further secured
by placing a prism of 2% or 3° (centrads) before one eye with its
base inwards. The effect of this is to relax the internal recti
muscles and indirectly the accommodation. It is a good plan to
begin by placing before the eyes a lens of stronger refraction
than the one required, and gradually weakening it by concave
wlasses of successively higher numbers until “normal vision is
reached.  The glass required is then the difference between the
two,

The proof that the glass selected iz the correet one depends
upon the ability of the patient to foeus parallel rays on the retina.
Parallel rays may be obtained by placing an object at the prin-
cipal focal distance of a convex lens. The principal foeal dis-
tance of a 4-dioptre lens is 25 em.  Therefore, if’ the glass corrects
the hypermetropia, the patient should be able to read fine print at
25 em. distance with + 4 dioptres added to his correction. If
he reads at a greater distance than 25 em., some hypermetropia
1= still nneorrected.  If he reads at a nearer distanee than 25 em.,
the hypermetropia is probably over-corrected.

The degree of hypermetropia may be determined by placing
a convex lens before an eyve whose accommodation is para-
Iyzed, and by finding the distance at which small type appears
most distinet.  Suppose the lens selected is 4 dioptres (focal dis-
tance = 25 em.), and that the patient reads best at 33 em.  Now
33 em. is greater than the principal foeus, and the rays therefore
are convergent after passing through the lens, since a 3-dioptre
lens would render them parallel ; 4 dioptres = 3 4+ 1 would give
them a convergence of 1 D to the conjugate foens, 1 metre back
af the eve; one dioptre therefore represents the amount of the
hypermetropia (see page 144).
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Rule: Subtract from the lens emploved, the lens whose focal
distance equals the distance at which the patient reads. The
difference is the degree of hypermetropia.

[t is often necessary to correct hy permetropia in ehildren before
they are old enough to read. The ophthalmoscope and retino-
geopy are the means upon which reliance is placed.  The method
of determining ametropia by retinoscopy is elsewhere explained
(see page 128),

After the degree of the hypermetropia has been determined,
the very important question presents itself, what glass shall be
ordered ?  While the eve is under the influence of atropia, dis-
tant vision is distinet with the full correction ; after the eflects
of the atropine have disappeared, it is often dim with the
full correction, and a haze seems to lie over all distant objects
which disappears when the glasses are removed.  On the other
hand, the headache, asthenopia, and congestive troubles return if
the hypermetropia remains uncorrected.  The spasm of accommo-
dation is the distarbing factor in this problem, and it is so variable
in different individuals that no precise rule can be given. Many
people wear a full correction with comfort, and do not need any
modification.  On the other hand, others will tolerate but a small
part of the corvection, and then only after treatment by prolonged
mydriasis, alteratives, and tonies.

There are two methods of dealing with this diffienlty.  First,
to order full correction while the eve is still under the influence
of mydriatie, and to insist that this shall be worn constantly
during the time that the accommodation is returning to its
normal state, If, when the eve has regained its usnal condition,
in the course of from one to two weeks, the distant vision remains
dim, the glassez may be weakened sufficiently to secure normal
acuity of sight for long ranges. The instillation of eserine will
often assist in soothing the irritability of the ciliary muscle. It
is not neceszary to use this drug nntil a week or ten days after the
mydriatic has been stopped. The strength emploved is from
er. g5 to gr. L to the onnce of water, preferably the weaker solu-
tion,

It should be borne in mind, as Jackson insists, that the glass
which gives the best correction at 4 or 6 metres is not the cor-
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recting glass for the total H, but in reality is an over-correction
of § to } D. Strictly speaking, rays coming from these dis-
tances are not parallel, and the glass which focuses them perfectly
on the retina will not perfectly focus parallel rays. Hence, in
ordering a full correction, the glass which gives the best vision
at 4 or 6 metres must be weakened by | or 1L D, If this fact were
more often remembered, less difficulty would be experienced in
attempting to cause patients to wear a full correetion,

Second, the eyes are first allowed to regain their full power of
accommodation, and an interval of time, from one to two weeks,
allowed to elapse after the atropine has been discontinued, and
before the eyves are tried for the glass which is to be worn.  The
full correction is placed in the trial frame, and vision tested. If
the patient has normal vision with the glass, it may be ordered,
If the vision is reduced by the full strength of glass, the patient is
ordered the glass nearest in strength to full corvection with which
he still has normal visual acuity, This may be only one-half,
one-fourth, or even less, of the full amount. It is necessary in
these cases to increase the strength of the glass from time to time
as symptoms of fatigue manifest themselves,

One very frequent canse of inability to wear a full eorrection
depends upon insufficieney of the internal reeti musecles (exo-
phoria), causing an associated action of accommodation with the
muscnlar effort neceszary to bring the visnal axes into a parallel
condition, The optical centres of the glasses require the greatest
attention, and frequently require displacement slightly to the in-
side (see page 185). When the glass ordered for distance is
only a small part of the full correction, it is very often neces-
sary to order another pair of lenses for reading which embodies
nearly or quite the full amount of correction.

Some surgeons, instead of ordering the glass (nearest in strength
to the full eorrection) with which the patient still has normal
visual acuity, in each case systematically weaken the lens which
neutralizes the total hypermetropia by a given amount, usually
0.75 D. Donders advised a glass based upon the manifest H,
to which one-quarter of the latent H was added. Macnamara
recommends, in absolute hypermetropia, the use of a convex
olass, the strength of which shall be equal to one-half of the
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sum of the manifest and total II_‘-']H'I'IJH'1]'Illbi:l; g. 4., manifest
H=1.5 |1_', total H=3.5D. H.m.+ H.t. =5 ]1:. ordered
4 2.5 D)

-

Angle ramma in hypermetropia. @ A, the optic axis. N, the nodal point of
lens. ¥, the visual line, cuts the cornea at inner side of optic axis. 0N F,

the angle Famma, in this case is positive. M. the macula,

The visual line is often very much displaced to the inner side
of the cornea in hypermetropia, causing a very large value of the
angle samma.

Myopia.
lies hael .:;‘H,«.-- ];,-;'4'-;.1-*f‘rurrr_,r;ur'.l-'.x' a:,r-.l'f'n' eie, el n.m'rl.l,r thiose roys whieh

_]In'f-'.lj'_f;l'nl .r-.:.' |’J'I.I-fl'|i lf-'.l.-'f.ln' rrj-r.'.u.'.'.";'r.-].w'.'r f-u .'.".l'l.lfln"_l'l.l ”rl' :'r'f.flr.lrf

i e I,f‘."-'.luf RO J|m‘-n".u-" wecrer than .llj.f_l'.l'.'ul-fdf.f i eome 1o o ‘,I"f.lf'-l-'.'\'
on the refine. TI.'I-.I-H i the .-":'I"' I,m:.r-,.-." rIJ_fI thi .ruln','-l'JJr.-Fr' e,

'J.‘]H' I:'.H‘ ]minl, F]H't'l'ﬁht'l'_ in—']i]ll-lll'il ||I1.' 1_]|:' Aot Illil.Ei‘-.'!'I';_"l'II-l'!:
necessary to bring the foeus of the ravs on the retina.  The higher
t||1' 4]1'};'1'1'1' af |||I\.'4-|ri;| i:-_ 1_!|l- closer will the far J1r|il1l_ i ]-Iu tin l!u'
eye. “:l}'.-'- coming trom the retina converoce to the far ]mim and
form there an i]|L;i;i'. |]"i_:_'. 60y This I-1IH'I_‘_‘!' can be seen ln_t' the
ophthalmoseope.  The far point and the retina are conjugate
toe.

('_"Ll'r-l'..—:"li}'i-pi;t may §18 |n|'u:l||4-|-4] I"."‘- inereased refraction of

lltl‘ Cornea, or Ii']'_"u'.‘-llillilli' ]I'II‘. cirvatitre [I'I"-'Ilili.'l. il by LO0 oreal

I The experience of the writer of this paragraph with the different methods
has led him to adopt the plan of ordering full correction in all cases of hy per-
rJII':!'IILIE:L A |.L:';_'|' number of cases I'-'l|'lil'-' ng modification of the _|Z|--'
It must be insisted, however, that the slass shall be worn all the time, and
the ‘illl"l'|.'ll"|-:'-5 an fitted that the patient cannot look over them. The con-
vergence mnst be :|'|L.|t|-|'; any i||-||‘.’.'.|'i--|.-'_'r' may be 1'|-‘:|:E||".|.-';!|"'t f-_‘.‘ ]I.-l'i.«:|:- or

tenotomy.
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a length of the optic axis, axial myopia. In the great majority
of eases |||_'-'-:r||i:| 1s due to elongation of the npiii' axis, often the

result of i-:ili|u|+i-|~_*fl':1| chanees 1n the coats of the eye,

Far point of a myopie eye. Rays diverging from the retina e, will, after refraction,
converse to ¢ ; conversely, rays diverging from », will, after refraction, converge

to ¢ ris the far point, » and ¢ are also conjugate foci.

T||II:-.'IZ||IiE| r-|'i'|||.'||.'|||.|."-' i"' Fll'll'_:|'l"‘:"'i"-.'| o :|['I|] ".l:ll' i'|||:'|'|'[|,"i'l:| I'lilll‘-.'l!'l';'l!"lli'l,"
rendered nece SSArY ]3-.'«.' the near ||-|-=i|i-||| of the far |1ni]|I S0ems to
be a significant factor in the further produetion of myopia on ac-
count of the distention backwards which results from the compres-
:“i“‘l! 'I?':.I'||'J|' }I:!“ Il:'['-'n"l I 1EJl' ""1.||']'||-:E| :|||':! i||!|' |'|Hl|. recils |||.||."'|'|.|'"'..
The sections of Ill_‘.'|||:-il' eves show a1 1i|i||1|ilt_u,' [ll-:—~1r'|'iu|'!_‘. of the
sclerotic and choroidal coats, proving that the elongation of the
axis is due to a stretching of the coats of the eve. The choroid
alzo gives evidences of being drawn towards the temporal side,
Fll"'lﬁlli'ill:_" a erescentie Space at the outside of the nerve of a
whitish hue, known as conus, or myopie erescent.  The head of
I||-.- I-F|1i|' nerve 1= |.|'1|-1| l|i.=l|-]'h-1! mn |:|s|' =NIne 1]:.|'|-| [i:m, r|1'[||-~.|'
conditions are l"{]r|;||-||-:-l] ||_‘;' excessive convergence and the resist-
ance of |]I'|' u||[i|' Ineryie, [ [[;I-—H--l', 1'|"L'1'|--—=, 1'[||1:I1-|| ||I\' J'-||1'||=,:|

:"||_‘»'-I|-I-:| 15 also occasioned F>_1'1'|::1H:_'-'- I 1i‘|l‘-]|:l]h--|-|'[|u' COrnea
as a result of disease. Conical eornea, hlx' imereasing the eurva-
e = well as |I'I|;_-_'I||c-1IEH_:_' the axis, '_:'i'-.'l"- rise to i'll_‘-'ll]ili.i!.

The IH'I-IH'i]!l.'I] theories ‘.'.||i:'||; have been I]I'_*._:i'l.l_ Lo e-,\.;|-]:1i|| the
|r|'-l|]||l'|i-l1| |||.I||.‘.'||Z|rijl are =—

(1} The Anatomieal r.il'."'.'r'rsr_.'.f_ which :I-—1'r'i|||'.= [l'il' s -:hl-:'il-nn of

IJI_'I. I-Fl]:l Lo I.]H' i[]l'l'ltii'\'t' E_'"i".'l'!! IH. |!IE‘ :-|I:J!H' ::II:]I.] :=i:-’.|.' ol 1|'ZIIZL ul'llil
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to greater development of the eveball. The size of the orbit is
usually dependent on the conformation of the face,

(2) The Mechanical Theory, which aseribes the development of
myopia to the compression of the eyeball by the muscles (the ex-
ternal rectus) producing distention of its coats backwards by the
excessive convergence rendered necessary at the close distance at
which myopes work. The external rectus winds around the eye-
ball like a band, in such cases,

The superior oblique, according to Stilling, i= the prineipal
muscle which compresses the ball in myopia.  He thinks the low
position of the trochlea increases the amount of force this muscle
exercises on the ball. By the diminished vertical diameter of the
orbit in myopes the trochlea has a lower position. In this way
he believes he can prediet in childhood those who will become
myopic.  Schmidi-Rimpler makes the vertical diameter of the
orbit higher in myopia than in hypermetropia, and rejects Stil-
ling’s conelusions.  Stilling’s hypothesis, which is a combination
of the anatomical and mechanical theory, leads to the conclusion
that myopia is a question of race; that the broad, low face, of the
German, for example, contains the conditions for the production
of myopia, while the long, narrow face of the Englizsh or Amer-
ican disposes towards hypermetropia.  The influence of race had
been previously mentioned by Landolt, who says: “Itis evident
that myopia will be developed more rapidly in eyes that are
already relatively long, . e., emmetropes and slight myopes, such
as we find with a development of the skull in the antero-posterior
diameter ; thus, race becomes a factor, ete.”

(3) The Inflammatory Theory.—The frequent observation by
Grraefe and others of choroiditis in the posterior portion of the
eveball, of areas of pigment absorption, and changes in the
vitreous humor, has given rise to the belief that the existing
choroiditis and scleritis are the essential factors in the produoction
of myopia. These influences are traced to habits of life which
promote fulness of the veins of the head and neck and hinder
the egress of the blood from the eve, such as bending over a
desk during study, as a result of disparity between the height
of the desk and the size of the child, or from working in rooms
with insufficient illumination. A disposition towards plethora
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might in the same way dispose towards this congestion of the
eves, Sluggishness of the cirenlation, insufficient exercise in the
open air, confinement in badly ventilated rooms, may easily in-
crease the myopia, if they do not originate it. The fluids of the
eve are increased in amount, the sclerotic becomes softened from
inflammation and vields to the pressure from within. It is very
probable that this is the cause of a large number of the cases of
progressive myopia. As Landolt remarks, “ no eye is safe from
posterior choroiditis ; hy permetrope as well as myope falls under
its baneful influence, Norris deseribes inflammation of the cornea,
leading to softening, in variola, rubeola, and scarlatina. It is
possible that these diseases may give rise to myopia by changes
in the corneal curvature.

Prolonged use of the eves at near work has been offered as an
explanation of the way in which congestion is produced. Oecupa-
tions which necessitate this are considered conducive to myopia ;
but, as Fuchs, Landolt, and Mauthner rvemark, ©millions of
people are engaged at such work, and only a fraction of them
are myopic.”  The defenders of the mechanieal theory of the
production of myopia by compression of the eyeball between
the museles and a resultant distention consider the choroiditis a
secondary result.

Those who think the choroiditis is the initial stage of the pro-
cess look upon the lengthened axis as a result of the inflammation.

The largest number of myopes are to be found among the upper
classes, and artisans whose work demands close inspection ; but the
highest grades of myopia appear to exist among the lower classes,
who do not use their eyes for close work and have been free from
the pernicions influence of school life. Donders has thus seen
the highest grades among sailors and peasants, and other ob-
servers confirm this statement.  Foerster remarks that myopia
is produced at home and not in the school, and very truly states
that the children are gathered in the evening to prepare their
lessons around a table which is too high for them, the lamp
being placed at the farther end for the convenience of the older
members of the family ; or the children ereep into a dark corner
to study, and the books are necessarily erowded eclose to their
faces.

-
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Among other causes of less significance may be mentioned
unusually great distance between the pupils, rendering conver-
genee more diffienlt ; divergent squint and a large size of the
angle gamma, in this case negative, also throw more strain on the
eye muscles in convergence.

It is conceivable that after myopia is onece produced, the eye-
ball, by its oval shape and greater size, may act as a cause of its
further development by the inereased muscular effort necessary to
rotate such a ball inwards during convergence, and the compress-
ing effect of the external recti muscles on the increased posterior
segment of the ball.  The strain on the accommodation has been
urged as a cause, but as myopes do not have to accommodate,
this argument loses much of its weight. The influence of here-
dity is felt here, as elsewhere. Persons with myopic ancestry
seem to have a tendeney towards myopia.

Myopia, rarely congenital, usually makes its appearance from
the eighth year upwards, and sometimes is aseribed to a febrile
attack. It is often the continuation of a process started in hyper-
metropic eves, especially those with astigmatism, and the gradual
transition from hypermetropia to myopia is not infrequently seen
among patients who return for re-correction.

The prevalence of myopia in this country is distinetly less
than in Europe. It is especially frequent in Germany, in the
higher elasses of the schools reaching, according to Cohn, 60 per
cent. In 2582 eves examined by the writer under atropine at
the University Hospital, 287, or 11 per cent., were myopic or
had myopic astigmatizsm ; the remainder were hypermetropie,

Syuaproms,.—The symptoms of myopia range themselves under
the two classes: subjective and objective.

The subjective symptoms are those which naturally arise because
the range of vision is limited by a radins of a few centimetres,
Distant objects are not perceived ; the myope is surrounded by
a fog. Assoon as an object passes beyond his far point it becomes
indistinet.  He must either bring objects to his eves in order to see
them clearly, or else walk up to the objects. A high myvope thus
deseribes his sensations as a child: “If T dropped something
on the floor, I could not recover it withont going on my hands
and knees, and moving my face along the floor, until I found it.
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IFor this I was frequently whipped, as it was thought to be a bad
habit.”

Myopes have an inclination to avoid out-door sports on account
of their poor vision, and exhibit a greater fondness for occupa-
tions which come within their range, e. g., reading, drawing, ete.,
than for others which require good distant vision. The prolonged
congestion of the eyes which such habits entail leads to increase
in the myvopia. Coneave glasses, by widening the range of vision,
enable the myope to take part in out-door occupations,

The objective svmptoms of high myopia may embrace: (1)
The prominent eyeball. (2) A somewhat stupid expression of
the countenance from inability to note the expression in the face
of others,  (3) A peculiar manner of reading. The book is held
stationary, and the face is moved from side to side following
each word. (4) The enlarged optic dise, seen in the direet method,
by placing concave glasses in the ophthalmoscope ; and the in-
verted image of the fundus, obtainable by withdrawing the mirror
some distance from the eye. (5) Divergent squint. This is fre-
quently a sign of myopia.  The squinting eye is often amblyopie.
Binocular vision does not exist in such a case ; the good eve, freed
from the necessity of convergence, reads at the far point without
any effort, and glasses for reading are sometimes unsatisfactory
becanse the print appears smaller on account of its removal to a
distance greater than the far point of the eye. If the acuity of
sight is much diminished, this becomes a serious difficulty in the
nge of glasses, notwithstanding the inereased avea of vision which
they atford.

The visual axis in myopia sometimes passes through the cornea
at the outer side of the optie axis ; the angle gamma s then nego-
tive, and the eve in looking at a distant object turns inwards in
order to bring the visual line to fix on it, giving rise to an ap-
parent convergent squint.  (Fig, 61.) This renders necessary a
greater degree of convergence.

Myopic eves are popularly considered as strong eyes, from the
fact that theyv see fine print at close distances. This is true only
in those cases in which the tunics of the eve have suffered no in-
jury—where, for example, the myopia is of moderate degree and
not due to disease.

s
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Myopia does not decrease with age, but, on the contrary,
INCTeRsSes,
The higher degrees of myopia (malignant myopia) are marked

by ravages in the structure of the choroid and retina,  The pig-

Fie. 61.

Angle ramma in myopia which is negative.

ment-cells wander off in some ]:!:1:1-.—-' and acenmulate 1 others,
I”'. |1||||']|:1-_r I||;|_|'11.;|'1l contrasts ;II l|||' :lirElf'-‘lT:illf'l' 1-1I III'" 4-_‘;':-—:I"|II‘.|-L
Large areas of ::11'u]s|1.\', olistening white in color, alternate with
black splotches, and at times hemorrhages ocenr.  These chanees
are :||'-:'||i||1|-i]['|il'll lr.‘\' l]ir:|||-||i:=|'|L|] K'i#hﬂl, T]H' '-.'i[|'r|||1-~ ]I’H:]ll'l' I--'.
fHuid in some Emt‘lil-tm. andl ﬂn:lli:n; --|-.'t|-'llin-' are often wvisible,
SO times En--|||:_" ] [;'ll'.:_'l' a= to ||l|-'|'in'|' '\'I--'iml_ ':]“-\.'n.';ll'_f Lo 1|.'|' ill-
timate relation between the visual ]llll'l‘lli' and the Eli;_’llll't'lle-l]
epithelium of the retina, the loss of the epithelium 1s followed
]-:.' diminution in the visnal :|--||f1_'-'. In hicher orades --I'n|_'.'--|-i':1
—1a to 20 LliﬂErH‘rH. and sometimes still |ii'_[']||'1'—[||l' condition
Hi. ”]I' eyve i.—- Very i]:‘-r~|ll']‘:l|1" :LIH] 1|ir‘ iIIHI'L:it] |:l|'lll'l'-='1'.- niavy l"I]—
IIIEIl:i[-' il1 I]1'|:II'EI[]]1'l]1 H[I |!|t|' I'l'!iII:! :IIH] |'1rr:1ir|l'll~ Ifhl;lll:lll""".

The ciliary body is |;'t'|l]}'1]-."‘-.'l'l|"|-|.ll'l.E In mlx'n-]:i;i=~§'|':-I|-'.-! rable
deoree, as a result of which accommodation is very miuich dimin-
ished, and the anterior chamber is larger., For this reason the
tendency to glancoma in myopic eves is said to be lessened.

DETERMINATION AND CorrecTioNn ofF Myopia.—Myopia
may be determined : (1) By the position of the punctum proxi-
mum of accommodation, which is eloser to the eve than is nor-
mal for the age. (2) By the position of the farthest point of
distinet vision obtained by test-tvpes. (3) By the ophthalmo-

scope and retinoscope. (4) By the coneave glass which gives
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distinet vision at a distance of 6 metres. In all these methods
Wi -|-!-|x LN ||]J1:1i|| T]J" ctl'_ul'l'l' n1'rt1‘~.'n[15:1 .||.1.' Iht- anmont ni' ||_i'-,'|']'-:~_r—
ence which must be :_"i\':*]l to rays to enable them to meet on the
retina.

[n the mvopic eye, only those ravs which diverge from a dis-
tance not greater than the far point can be focused on the retina.
In order to see at anv greater distance than this the ravs must
be given a divergence as great as if they came from this point.

(Fig. 62.) If the greatest distance at which a IMyopie eye can

Manner in which concave lens causcs raye to diverge from the far point of a

myopic eye,

see fine print is 14 em., in order to see at a still ereater distance
the eye won ld ]'L'i|ll.it‘l' a concave glass which wonld give ravs a
divergence as if they came from this point, By dividing 100
|-_1' 14 we obtain the number of 4][r|]iTI‘4-r-' () necessary to |H'cn]n-'1~
|]IE.'-'- :]I VETENCE,

In order to secure accuracy, 1t 18 necessary to bhear in mind, as
the far !l-llilt‘] 1= meastured from the cornea, that the Iu']:lﬁﬁ must be
||]:|1':-|| :']nm- T liu- COrnea ILl‘th _-_;]:]:-.- I- I'-']IIII‘.'i'[] 1 em. from 1]||'
cornea, it 1s ]n]:Lin that its focal point will also be one centimetre
farther away ; therefore it s necessary to 1-|1|;rln_".“ a plass of
shorter foens.

Ervample.—Suppose it is desired to cause the rays to diverze from a
point 14 em. in front of the cornea, and the glass is to be placed at 1.5
cm, in front of the cornea: it is evident, under these cireumstances,

that the glass would require to have a focus of 14 —1.50 =12.5 em., or
1030

12.5

The proper position for a glass 15 13 mm, in front of the cornea.

= 5 dioptres.
i
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In low degrees of myopia this does not affect appreciably the
strength of the glass, but in the higher degrees it makes a serious
difference.  The concave glass is therefore somewhat stronger than
the actual myopia, especially in the higher grades.

The degree of myopia may be determined approximately by
this method more rapidly than by beginning the trial at 6 metres
with glasses (in this instance, concave) in the manner deseribid
in connection with hypermetropia.  One example will suffice :—

A patient reads fine print distinetly at 8 em, from the cornea, but
not at a greater distance ; the eye being under the influence of atro-
pine, this is his far point, In order that he may see at an infinite dis-
tance, parallel rays must be given a divergence as if they came from S
em. in front of the cornea. As the glass will be placed 13 mm. in
front of the cornea, its focal length must be 8 em, — 1.3 em, = 6.7 em.,

i 100 S
or 67 mm. G . equals 15 dioptres, as the number of the coneave
il

lens required to permit distant vision, A lens of this number should
be placed in the trial frame, and the vision determined through it by
means of fest-types at the usual distance. Perhaps a weaker or
stronger lens may give better vision, and hence several numbers
should be tried in succession, until that glass is selected with which
the greatest acuity of vision is attained, and which then represents the
correcting lens.

A patient often will select a glass of higher number than the
one really required, because the letters have a blacker and
gharper appearance when seen through concave lenses; but
unless the stronger pglass at the same time secures for the
patient an inereased acuity of vision, it should be rejected, and
the weaker lens adopted. If several lenses give equally good
vision, the weakest one should be retained.

The method of determining the correcting lens in myopia by
means of ophthalmoscopy and retinoscopy is elsewhere deseribed.
(See pages 116 and 128.)

The position of the lens used to correct high grades of myopia
is of great importance. The nearer the lens is placed to the
cornea the stronger it becomes ; conversely, the farther it is re-
moved from the cornea the weaker it is. The strong concave
lenses necessary to correct high degrees of mvopia in this way
may sometimes be utilized by the patient to gain artificial accom-
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modation. By bringing them close to the eve, vision is adapted
for distance ; by pushing them from the eve, divergence is lessened
and the eve is adapted for a closer point.

The visual acnity in high myopia is always reduced, and in
those cases accompanied by changes in the retina and choroid
this reduction assumes a considerable grade.  Sometimes very
slight improvement in distant vision is secured by concave
olasses, and near vision may not be at all benefited. Under
these ecirenmstances patients see better by using one eyve alone
and bringing the print or other work close to the eye, becanse
the enlarged retinal image compensates for the diminished visual
acuitv. These cases, however, are seldom encountered, and a
concave lens, properly selected, almost always improves both
near and distant vision.

Hence the treatment of myopia consists in the selection of suit-
able concave glasses, the object of which is to remove the far
point sufficiently distant to prevent too great convergence, and
at the same time demands the recognition and correction of any
co-existing astigmatism.

In =0 far as the development of myopia is due to pernicious
methods of reading and study, its prophylaris should include at-
tention to the following points: The correct position of the head
and body during study ; the employment of books with suffi-
ciently large and distinetly printed type ; and good illumination
coming from behind the patient, preferably over the left shoulder.
The reading-desk should be tilted upwards, so that the page may
be parallel with the face, thus obviating the necessity of eraning
over the desk. The hours of study shonld be restricted within
reasonable limits, and they should alternate with periods of rest
ani exercise, or employment in the open air.

It is during school-life, from the eighth to the eighteenth
vear, that myopia makes its progress. The illumination of the
school-room, its ventilation, the proper height of the seat both
in relation to the desk and to the floor, the correct slope of the
desk, the size of the type in the school-books, and the hours of
study, have all been carefully arranged with a view towards
removing disposing causes. It is said that in Germany myopia
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has already been diminished 6 per cent. by these hygienie mea-
sures.  (Yon Hippel.)

[f a tendency to divergence exists in early life, it would be
proper to remove this by tenotomy of the external rectus as a
preventive measure against the development of myopia,

OrpERING 0F GLassEs.—After the estimation of the degree of
myopia, the existence of astigmatism having been excluded, or,
if present, corrected, the strength of the glass suitable for constant
use, reading, or other special work must be determined.  This is
decided by the visual acuity, the range of accommodation, and
the degree of the myopia,

Young people (under 20), with good vision and a moderate de-
gree of myopia (under 5 1)), may wear the full correction con-
stantly if the accommodation is ample and no signs of fatigue are
evident. In higher grades of myopia associated with lowered
vision, it iz often necessary to diminish the full correction from
1 to 3 dioptres. It is evident that the greater the visual acuity,
the farther away the same size of type can be seen; hence the
demand on accommodation is less as the visual acnity is greater.

As age advances, an additional glass should be ordered for read-
ing which will give the patient a far point of from 30 to 60 em.
In order to obtain this, the full correction must be diminished
from 1.50 to 3 dioptres.

The full correetion may be allowed for distanee, or for all pur-
poses excepting close work, as long as the myopia remains less
than 8 or 10 dioptres. In higher grades than this the elass for
constant uge should be reduced from 1 to 4 dioptres, because this
variation in strength occurs according as the lens lies 1 em.
nearer or farther from the cornea. A glass of 10 dioptres (10
em. foeus), 1 em. from the cornea, = a glass of 9 dioptres (11 em.
focus) elose to the cornea ; a glass of 20 dioptres (5 em. focus), 1
em. from the cornea, = a glass of 16 dioptres (6 em. focus) close
to the cornéa. Hence the patient, by shifting the glass nearer
the cornea, may increase its strength from 1 to 4 dioptres. Thus,
in a case of myopia fully corrected by — 20 D), a — 16 D should
be ordered for constant use, because, even if the patient then brings
the spectacles closer to his eyes, their refractive power would not
be too much increased.
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Coneave glasses diminish the size of the retinal image, especially
when the glass is removed farther from the eye, The retinal
image is larger in myopia than in emmetropia, but, if the correcting
lens is exactly 13 mm. in front of the cornea, the image is of the
same size 45 in emmetropia.

Coneave lenses act as prisms when the visual line passes throngh
any portion except the optical eentre.  The optical centres should
always be separated by a space equal to, and never less than, the
inter-pupillary distanee, except in those cases of weakness of the
internal rectus muscles where it is advisable to increase the dis-
tance between the centres,  This produces the effect of a prism
with its base inwards, that is, it lessens the amount of convergence
which otherwise would be required. The deviation may be cal-
enlated from the foeal distance of the lens, and the amount of de-
centering,  The distance the optical centre is displaced, divided
by the foens, equals the tangent of the angle of deviation,

A painful glare of light is often produced in myopes by wear-
ing glasses for the first time. Noves has an apt simile: “To
the myope, taking off’ the glasses is sometimes like going out of
the blazing sun into the shade.” The same author suggests
glasses tinted blue to modify this glare, which, he thinks, is due to
the light reflected from large patches of choroidal atrophy. The
use of weak eserine in narrowing the pupil is also a method which
may be reccommended.

The reading-glasses for myopes are deseribed under Prespy-
OPIA.

Astigmatism.—In the preceding forms of ametropia, H. and
A, the cornea has been considered as an ellipsoid of revolution,

s0 that planes passing through it in various directions, vertical,
horizontal, and obligue, produce sections having an equal curva-
ture. Equal refraction consequently takes place in these different
planes.  Variations in the eurvature of the different meridians
produce differences in their refractive power; in some of these
meridians the eve must therefore be ametropic.  Three conditions
may arise :—

I. The eve may be emmetropic in one meridian and ametropie
(either H. or M.) in the others.

II. The eve may be ametropic (. or M) in all meridians,
but in different degrees,
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II1. The eye may be ametropic in all meridians, but in some
IT. and in others M. (H. and M)

It is convenient to designate the different parts of the eye by
imaginary lines, similar to those employed in geography.

The axis of the eye is a line drawn from the centre of the cor-
nea through the centre of the ball. Passing through the centre of
the lens and the centre of rotation, it penetrates the sclerotic
between the optie nerve entrance and the macula.  The anterior
and posterior extremities of this line are the poles of the eye.

A great eirele extending vound the ball perpendicularly to the
axis, and at an equal distance from the two poles, is ealled the
equator of the eye ; other great circles passing through the poles
are called meridians,

The lens is deseribed in a similar way by its axis, anterior and
posterior poles, and equator,

When the meridians of the cornea have an equal curvature, the
avs of light gather in one common focus,  Frequently, the
cornea has meridians of unequal curvatnre producing greater re-
fraction in some meridians and less in others, The rays passing
throngh the meridians of highest refraction reach their focus
soonest, while those passing through the less refricting meridians
come to a focus farther back.

DerixrrioN.—The tern Astigmatizm is applied to that vefrac-
tive condifion of the eye in which a luminous point, for erample a
star, forms an image on the vetina, the shape of which image is a
line, an oval, or a cirele, according fo the situation of the retina,
but never a point.

SEAT OF AsSTIGMATISM.—Usually the cornea is the seat of
astigmatism, but astigmatism may alzo be produeced by an oblique
position of the lens, or by the visual line passing eccentrically
through the cornea.

When the meridians of the cornea progress evenly in their re-
fraction from the lowest to the highest, the astiematism is termed
reqular.  When the eurvature in different parts of the same meri-
dian varies, and the meridians vary irrezularly in their corva-
ture, as the result of cicatrices from uleers, or distention of the
cornea from inflammation, the asticmatism is ealled irregular.

Almost all eves possess more or less {rreqular astigmatism.,
11
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Usnally it 1s only slight, and gives no serions ineonvenience for
ordinary vision, but all points of light, such as stars, distant street
lamps, ete., shoot out rays and twinkle as the result of the irregular
astigmatism of the eye. The seat of this irregular astigmatizm is
in the erystalline lens.  In the lenses of young people the union of
the sectors is visible by three faint lines—the lens-star (IMig 63);

Fic. 3.

F-ll!'l.'h'ltrﬂ of lens showing sectors.  (Donders.)

in the adult, secondary rays arve also visible, Slight differences
in the density of the several sectors are sufficient to produce a dis-
torted image of a luminons point.

Prixcipar, Meripraxs.—In regular astiematism the cornea
has one meridian with the shortest radins of eurvature producing
the highest refraction, and another meridian, at richt angles to
this, with the longest radins of eurvature, and the least refraction.
These arve called the principal meridians, and may be sitnated in
any part of the cornea, but there is a disposition of the most
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refracting meridian to lie in or near a vertical direction, and of
the least refracting meridian to lie in a horizontal direction.

To simplity the phenomena of astigmatism the principal me-
ridians will be eonsidered as running vertically and horizontally
with the greatest refraction in the vertical, and the least refraction
in the hovizontal meridian. It must be borne in mind that these
meridians may be inclined to the |h'l'|II'I:](li1'IL|:I!'. or even reversed.

ForMm orF THE IMAGE oF A Poist Focusep BY AN ASTIG-
MATIC IEyE—The rays passing into an astigmatic eve, thus con-
sidered, are most r~h:l1'[l|}' refracted ]:}' the vertical meridian.
The bundle of ravs, instead of havine a round section, forms
a horizontal oval, which becomes smaller as the riys travel
farther backwards : but the vertical diameter of the oval lessens
most rapidly until, when the foeus of the vertical meridian is
reached, the ficure becomes a horizontal line, because all the
riays which prass through the vertical meridian are brought to a
point, and only those diverge horizontally which pass through
the horizontal meridian.

Farther backwards the vertical rays, after |nu.='.-'i||u' this focns,
eross and diverge again vertically ; the horizontal rays diverge
]1'.**. -'_Hh]_ 1|]I‘ ﬁj_:_’llTE‘ hl.'i':lllll'.-i OIce Mone a ]lu]‘E:-’.llll[:ll II‘..'.‘I.|.

Still farther, the ficure assumes the form of a circle; the
l|i\'4-!‘_'_';[']11'|' of the horizontal rays becomes less, and that of the
vertical rays more. The figure becomes next a vertical oval,

Fig. G4.

Retinal imares of a point in the different forms of astigmatism. A, compound
hypermetropic astigmatism. B, simple hypermetropic astizmatism. © n K,
mixed asticmatizm. F, simple myopie asticmatism. &, compound myopie

astirmatism.

and then a vertical line when the foeus of the horizontal ravs 15
reached. Finally, the section is again a vertical oval, the hori-
zontal rayvs, having passed their foeus, cross, and once morn

diverge, (IFig. 64.)
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It 1= evident from this that no matter what position the retina
may occupy, no distinet image can be formed upon it, but there
must always be overlapping of the images of the different points
of an objeet, causing a blur or a wrong impression of its outline.

Symprovs,—In this manner the acuteness of vision is dimin-
ished by astigmatism. Letters are not distinetly seen, some let-
ters being confused with others—I and N, B and S, I¥ and P,
Kand X, Vand Y. The overlapping of the diffusion circles
in the retinal image produces, in high degrees of astigmatism,
an apparent doubling of the object. The indistinetness of vision
compels a closer approximation of the object, with a consequent
strain upon the accommodation.

Astigmatic people learn to overcome their astigmatism by con-
tracting the lids close together in order to make a horizontal slit.
The vertically divergent rays are thus excluded, and the eve, ac-
commodated for the horizontally divergent rays, receives a more
distinet though fainter image. There is an almost characteristie
facial expression in astigmatism caused by the contraction of the
lids.

Astigmatism produces an indistinetness in the appearance of
fine lines running in eertain directions, the direction of the in-
distinet lines being determined by that meridian which has its
focns on or nearest to the retina.  This meridian, therefore, will
most nearly approach emmetropia ; the lines parallel to it will
appear indistinet, while those parallel to the opposite meridian,
or the one farthest removed from emmetropia, are most distinetly
SECN.

Fig. 65, Fia. 66,
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Horizontal lines focused hy Appearance of fine horizontal lines
emmetropic vertical meridian. forused by ametropic vertical meridian.

In those cases in which the horizontal meridian is emmetropie,
and the vertical meridian ametropic, fine parallel lines (Fig. 65)
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running in a horizontal direction will appear spread ont into
t||i(~|\; ]:.:11':-» {llg IiFi'I,, \.'I.'||.i]1' ‘.,'4'!‘|i4':|_| “IHH— Wi” .'I]:|:|l'.'||' l|-|.-Ii!|r'|:,

To understand this, the student should remember that Iiys
diveree from a horizontal line in all direetions : those which pitss
throneh the horizontal meridian, 1f [ll.i'l"u' are not exactly focused,
:-'|l|'L‘:ii| Ot i:l] TE]-L* 1|i|'n'1intl “1. 1]H' “IH'. l':lll.ﬂilll_: i[:"- 1"*.II'c-I|IiIi1-.=~ [
appear somewhat faint in outhine, but do not blur its width,
The ravs which diverge in vertieal planes from the different
points in the line pass through the vertical meridian.  If this is
not emmetropie, the breadth of the line appears thicker; but if
the vertical meridian 1s 4'|||t1|1-11'r||1[|' it torms a distinet ]HJiIIE in
the image, of’ each point in the object, by bringing the rayvs which
pass Illl'ulllu'h it to a foens, A horizontal line thus APPears as a
stecession of [[;-'_Illltll"l [miltlr\' when the vertical meridian is em-
metropic.  Vertical lines, in the same way, appear most distinet
when the horizontal meridian is nearest to emmetropia, or if
oblique lines appear most distinet, the meridian at right angles
to their direction is the one nearest to emmetropia.  Luminouns
points are drawn out in the direction of the ametropic meri-
dian, and luminous eircles become elongated into ovals.

Recurnar Astievarisy.—Recular astiematism 15 elassified
nto five varieties, according to the relative F-nrciTinn of the retina
to the foei of the two principal meridians, The horizontal

meridian is represented by H., the vertical meridian by 17

Fiz. 61. Fig. G5,

Foci of the principal meridians in Foci of the principal meridians
simple hypermetropie astismatism, in simple myopic astizmatism.
1. Simple fr_f.'l,m':'u.lr'f'r'f':;m' astigmatism.—In this variety one me-

ridian, usually the vertical, is emmetropic, and the horizontal
meridian is hypermetropic. The focus of the vertical meridian
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1= on the retina, the foeus of the horizontal meridian is behind
the retina (IMig. 67); horizontal lines appear distinet,

2, ."-'},-,..-J,-J.".- .'.lrri."-_faf'r' rI---".IIIfJ-'.'.Iur-'-"f'-*'u.'-.-—I|.I|H' focus of one |nr-1‘icli;m,
usnally the horizontal, is sitnated on the retina, while the focus
of the vertical meridian lies in front of the retina. The vertical
meridian is myopic, and the horizontal meridian emmetropie
(Fig. 68); vertical lines appear distinet.

3. Compound hypermetropic astigmatism.—All meridians are
]l}'Fu-l'uu-l1'|-|:|iu'. but 1|.='I:u“.\' the horizontal presents the oreabest
ametropia. The focus of each prineipal meridian is situated back
of the retina, that of the vertieal !_'_-"]H'I':l”_‘-.' being nearest to it
(Fig. 69); horizontal lines are usually most distinet.

L Compound myopic astigmatism.—All meridians are myopie,

lum 1]11' vertical El]'l-.-'rln.w the :*_':I“{'El[l'.*l :Lluu-tru-pi;l. Both ll]'i]ll'i]?ill

Fii. 69, Fia. 70.

Focl of the p|-ir|:-i|-;.] meridians in Foci of the ]5r5rn-i]~:'=] meridians

compound hypermetropic astizmatizm. in compound myopic astigmatism.

meridians have their foei in front of the retina, that ot the hori-
zontal lving eloser to the retina (Fig. 70); vertical linez are usu-
ally most distinet.
9. Mized astigmatisin.—The retina lies between the foci of the
two principal meridians.  The hori-
s zontal meridian i hypermetropie, and
the vertical meridian is Iy Hgiii' (Fig.
i1)Y: no lines appear fli:“-[lll.l"[.. unless
the eve simulates myopic astigmatism ;
in this ease the wertical lines appear
distinet.
RECOGNITION OF ASTIGMATISM.—

.‘1:—'~1i;_"rl'|;[|i,-'|'|| ir~ e |_:_"|ii;.-'_: il .~.-|.'."Iflr-.-.--|".-:.l'-.l".1|.'

Foci of the principal meri-

dians in mixed astigmatism. by the greater distinctness of lines
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which run in one direction, and the blurring of those lines which
run in a direction at right angles to this. The vertical strokes of a
letter may appear distinet, while the horizontal strokes are hazy.
The figures on a clock dial sometimes appear more distinet at 12
and 6 than at 3 and 9, or any other two directions which are
perpendicular to each other. For this reason astigmatic patients
have sometimes imagined that their vision is better at certain
hours of the day than at others, (Carter.)

A diminished visual acuity, unimproved by spherical lenses, in
the absence of organie disease, usnally is due to astigmatism.
Patients frequently complain that letters have a streaked or
smeared appearance.  Small gas flames seem to be drawn out
in one direction.

Astigmatism is recognized ofjectively, and its degree very
closely estimated, by the ophthalmoscope, the ophthalmometer,
and retinoscopy.

The optic dise has a characteristic appearance in astigmatism ;
its round appearance is altered to an ellipse, which is more
elongated as the degree is greater. It appears as if a brush
had been swept across it in the direction of its long axis ; the
retinal vessels appear in foens only in one direction at a time,
and convex or concave glasses must be added to the ophthalmo-
scope to bring the other vessels into focus.

The long axis of the optic dise is usually vertical, and the
vertical vessels appear as the most hypermetropic or least my-
opic, although the refraction of these meridians is just the
opposite,

The explanation of this is, that the breadth of the vertical ves-
sels is focused by the successive horizontal meridians.  When
the horizontal meridians are emmetropie, the wvertical vessels
appear distinet ; eonsequently, if the vertical vessels are seen
most distinetly with + 6 D), the horizontal meridian has a
hypermetropia of that degree; or, if the horizontal vessels are
most distinetly seen with — 2 D, the vertical meridian has a
myopia of that amount. The horizontal vessels are focused by
the snccessive vertical meridians.

The dizc iz elongated in the direction of the meridian of greatest
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curvature, The longer and shorter axes of the oval thus corre-
spond with the principal meridians of curvature,

In order to estimate astigmeatism with the ophthalinoseope, find
the lens which gives a distinet JIIIIIII._l_';I' ot the vessels t'LI]l]]in_:_l; in
the direction of the long axis of the oval ; and thr*ll, in a sumilar
way, find the glass with which a distinet image of the vessels at
right angles to the first is obtained ; the difference in refractive
power between these two glasses is the degree of astigmatizm,
The ophthalmoseope must be brought close to the eye, and the
strongest convex or the weakest concave lens is the measure of
the .;LIIl['[I'LIJ!E:i,

[n cazes x-i':-utnpntml] }l_'-.']ri'l'tllf'i!'ﬂ[lil_‘ astigmatism, both vertical
and horizontal vessels are seen with a convex ]1*11.-;_; but the vertical

S
Fie. T2

Focusing of the vesscls by the meridians of an astigmatic eye; the parallel
lingg on each vessel represent the direction of the meridians through which a dis-

tinct imare of the vessel is obtained.

vessels are :‘]1-.'”']}' seen with a stronger lens than the one with
which a elear image of the horizontal vessels ean be obiained.
The difference between the two ;_"]:lr‘-r:l':% represents the lli-;,rrm- of

astirmatism,
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In compound myopic astigmatizm, the vessels of both principal
meridians are seen distinetly with concave lenses, but those which
run in the horizontal direction usually require the strongest glass,
The difference between the two glasses represents the degree of
astigmatism.

When the vertical vessels are most distinetly seen with a con-
vex glass, and the horizontal vessels with a concave glass, the
astigmatism is still the difference between the two meridians;
but, as the refraction in one meridian is positive, and in the other
negative, the difference is represented by the sum of the two
glasses,  Thus, vertical vessels 4+ 1.50 I and horizontal vessels
— 1 D, would represent an astigmatism of 2.50 D. (Compare
also page 121.)

In the indirect method of ophthalmoscopy, the astigmatic dise
appears oval, but the long and short axes are reversed in direction
when the anxiliary lens is held close to the eye. On removing
it farther, the diameters change ; the longer diameter becomes
shorter, or the shorter becomes longer, or one diameter becomes
shorter while the other grows longer, so that the oval is again
reversed.  (Compare also page 126.)

The ophthalmometer of Javal permits measurement of the cor-
neal astigmatism by means of’ the changes which take place in
the size of the reflected images of two test objects, on account of
variations in the earvature of the corneal meridians, One im-
portant point in favor of this instrument, and one of its great
advantages over the ophthalmoscopie determination of astigma-
tism, is that variations of accommuodation in the patient’s eve do
not modify the degree of astigmatism. The curvature of the
corneal meridians remains the same during active accommoda-
tion and during the passive state.

In many respects the most admirable test of astigmatism is by
the method of refinoscopy. This is explained on page 133.

CoRRECTION OF ASTIGMATISM.—There are several methods
by which we may proceed to measure astigmatism. Astigmatizm
may exist in a very low degree, associated with a much higher
degree of hypermetropia or myvopia, or a marked asticmatism
may exist alone, or with ametropia of the other meridians,
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or finally mixed astigmatism may be present. FKach of these
conditions requires a separate method of procedure,

1. In all eases of hypermetropia or myopia, after the highest
vizual acuity has been developed with spherical lenses, and even
if the radiating lines on the dial appear equally distinet, a weak
convex and a weak concave eylindrical lens should be alternately
placed in the trial frame, in addition to the spherical lens, and
their axes rotated through 180°,

If, by this maneuvre, vision is improved and the patient
enabled to read another line of the test letters, astigmatism is
present.  For example, if’ the vision of a case of hypermetropia
of 3 Dis improved by a convex 0.50 D eylinder, with its axis
vertical, the glass required is + 3 D sph. = + 0.50 cyl,, axis
90° or vertical ; but if in the same case the maximum vision pre-
viously obtained by 4 3 D sph. is not improved by the addition
of a convex evlindrieal lens, a concave cylindrical lens is rotated
thronghout its axis until, if' possible, the vision is inereased.
Suppose a concave cylinder of 0L50 D, with its axis at 180°, is
found to improve vision or 4+ 3 D sph. T — .50 D eyl., axis
180°,  This result is expressed in a simpler form by + 2.50
D sph. Z 4 .50 D eyl axis 90°.  (See page 40.)

From this it is evident that any sphero-eylindrical eombina-
tion, where the spherical is designated by a plus (4), and the
evlinder by a minus (—) sign, unless the cylinder is stronger
than the spherical, can be reduced to a simpler form, obtained
by subtracting the value of the evlinder from that of the spheri-
cal ; the difference is the strength of the required spherical lens.
A evlinder of the same strength as the one first employed, with
its sign changed to correspond to that of the spherical, and the
axis reversed, completes the process. This method of correct-
ing astigmatism is best adapted to those eases in which the de-
gree iz 0.50 1) or less,

2. The position of the principal meridians is determined by
means of the clock face, or Snellen’s dial.  (Fig. 72.)

The most distinet lines correspond to the most ametropie meri-
dian ; therefore, a stenopaic slit is inserted in the trial frame, in
a direction at right angles to this. [If vision is normal in this
direction, the meridian must be emmetropic and the astigmatism
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is simple. The &lit is then turned at right angles to its previous
direction, and the glass found which gives the highest vision.

Wallace's .Ih”*_’rll.'lTii chart redunced one-sixth.

The astiomatism is represented by this glass. The following
are examples :—

Stmple Hypermetropic Astigmatism.— The patient sees horizontal lines
most distinetly ; the stenopaic slit is placed vertically in front of the

e, . T -
eye : and through this ] ==} with the stenopaie slit horizontally placed,
¥

= [
V = :]'-'“]“' =+ 1 1) added,

the olass required,
Simple Myopic Astigmatism.—The patient sees vertieal lines most

i . o
E’l : bence 4 1 D eyl., axis 90, is
¥

s o . ol - :
distinctly ; the shit is placed horizontally : V' = = with the slit placed
1
_ - e ; ] )
vertically : ¥V = {3 with — 1.50 added, V = 0 : henee — 1,50 evl.,
3 3 : ; ]

axis 180°, is the glass required.

The patient may not perceive any difference in the distinet-
ness of the radiating lines until a spherical lens is placed in front
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of the eve, when some of them become more distinet than the
others, The slit is now introduced in a direction at right angles
to the distinet lines.  Vision is not normal, but a spherical lens
improves it, and that lens which gives the best vision with the slit
in this direction is selected. The slit is then reversed. The visual
acuity is less throngh the slit in this position than in the previous
one, and a higher lens is necessary to secure the best vision. The
astigmatism is represented by the difference between the stronger
and weaker lens,  This is an example of compound astigmatism,
and is corrected by a spherical lens of' the same strength as that
which nentralizes the least ametropic meridian, and a cylindrical
lens equal to the difference between the two meridians,  The fol-
lowing are examples :—

Compownd Hypermetropic Astigmatism.—No lines appear distinet, or

perhaps the horizontal ones only slightly =so, but a convex glass makes
the horizontal lines decidedly more distinet than the others, The slit

et o . z . i X -3 :

is introduced in a vertical dirvection: V' = 1’_, i with 4 1.50 spherical
- i AL : 2 E -

added, V = I;.: The slit is now turned into a horizontal direction :

R 9 = 6 o .
V= 30 with 4 3.50 D. sph. added, V"= == The glass required for
ul )
such a ease is + 1,50 D, sph. — 4 2 D, eyl., axis 907,
Compownd Myopic Astigmatizi.—No lines are distinet, but a coneave
spherical possibly makes the vertical lines more distinet, than the others,
if' the visual aeuitly is not too much lowered, The slit is introduced in

5D added, 1_1‘_ The slit

. . 2 — i ;
the horizontal direction: V= 0 with
. - i = : = i
is now placed vertically : V= i D is added, and 17 rises to

12
5 D sph. = — 2 D eyl., axis 1807,

The glass required is

All that has been said pertaining to the selection of glasses in
myopia applies equally here. It is often impossible to correct
the astiematism by this method, and recourse must be had to the
first method by developing the best possible vision with spherical
lenses, and then adding evlinders to still further elevate the visnal
acuity,

Mixep AsticMaTisM.—Hypermetropia exists in one principal
meridian, and myopia in the other. Usually no set of lines
appears plainer than the rest, but the addition of a concave or
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convex spherical brings out some lines more distinetly than the
others. Thus a clue to the principal meridians is obtained.
With the slit before the eye, a convex spherical lens is placed
in position and the slit rotated until the vision becomes more
distinet. The hypermetropic meridian has then been found.

Erample : Suppose the hypermetropic meridian to be horizontal, and
V to be most improved by 4 3 D, The slit is turned to the vertical
position, and it is found that a — 4 D gives the best vision, The difter-
ence between these two meridians is 7 I, A 4+ 7 cylinder, axis 907,
placed before such an eye would produce a myopia of 4 I), while a —7
cylinder, axis 180°, would produce a hypermetropia of 3 D, conse-
quently with the 4 7 eylinder, we must associate a — 4 spherical, and
with the — 7 D eylinder, a 4 3 D spherical.  Such a case could be
corrected by either of the following formulas: 4 3 D sph. 7 —7
D cyl., axis 180°; or — 4 D sph. Z + 7 D cyl., axis 90 ; or by means
of two eylindrical lenses with their axes at right angles to each other,
viz., + 3 D eyl., axis 90 L — 4 D cyl., axis 1807,

The spherical lenses may be weakened to meet requirements of
the accommaodation, but it may be accepted as a broad rule, with
few exceptions, that the astigmatism is to be fully corrected if
the degree can be definitely determined,

After the correction has been determined by any one of these
methods, trial by one of the other plans shonld be made, in the
hope of still further improving vision, because the highest visnal
acuity is always to be regarded as the best evidence of the acen-
racy of the glass, When the correct glass has nearly been
reached, the final selection is made by comparing the vizion
throngh this lens with the next weaker and the next stronger
number, always deciding in favor of the weaker eylinder, unless
the vision is distinctly improved by the stronger glass.

The following additional facts concerning lenses require men-
tion : 1t a sphero-cylinder is in position before an eve, and vision
is improved by placing before it another eylinder of the same sign
(+ or —), with its axis at right angles to that of the first, it
shows that a stronger spherical and weaker eylinder are required,

If vision is improved by placing in position another eylinder
of the same sign, with its axis parallel to the first, it shows that
the same spherical with a stronger eylinder should be adopted.

If vision is improved by placing in position another eylinder
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of different sign, with its axis parallel to the first, it shows that
a weaker eylinder with the same spherical is needed.

[f vision iz improved by placing in position a eylinder of
different sign, with its axis at right angles to the first, it shows
that a weaker spherical with a stronger evlinder must be employed,

ORDERING OF GLassps,—Glasses are ordered for astigmatie
eves under the general rules which govern the selection of glasses
in hypermetropia and myopia.  For distance, the full correction
is ordered in myopic astigmatism and in mixed astigmatism ;
in hypermetropic astigmatism, the spherical lens is sometimes
weakened.  Inmyopic astigmatism, the spherical lens is weakened
for near work, Simple myopic and mixed astigmatism give an
opportunity for simplifving reading glasses. This will be men-
tioned nnder PRESBYOPIA,

Irregular Astigmatism.—A low decree of this defect exists
in nearly all eyes, but it does not interfere with good vision.
When its degree is increased by irregularities of the corneal sur-
face from uleers and cicatrices, the vision is very much reduced.
Sometimes one meridian of regular curvature can be found, and
by means of a eylindrical lens vision can be improved Stenopaic
spectacles render vision more distinet, but they embarrass the
wearer by limiting the field of vision. An iridectomy some-
times improves vision very much by displacing the pupil towards
a more regular portion of the cornea.

Anisometropia.—I["nder this term are considered those cases
in which one eve is much more hypermetropie or myopic than
itz fellow, or where myopia exists in one eye and hypermetropia
in the other., Inasmuech as the correcting lens, placed at the an-
terior focus of the eve, produces images on the retina, of equal
size, in all forms of ametropia, no theoretical reason exists
for not correcting both eves. It is often best to leave it to the
sensations of the patient. If there is discomfort with an at-
tempt at binocolar vision, one eve may be corrected and the
other suffered to remain without a correcting glass.  Frequently
patients are more comfortable when both eves are corrected.

Presbyopia.—The accommodation diminishes graduoally from
early life onward, and the near point recedes farther from the eve
with each succeeding year. As long as it remains within 20 or
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30 em., no appreciable inconvenience in reading is noticed ; but
when the near point has fallen oft to a greater distance than this,
it is not pu:{%”l]{! to read fine type without the aid of convex
glasses, unless the visual acnity is much above the average.
This condition is termed presbyopia, and is a normal result of
growing old.

Cavses,—The cause of presbyopia consists in hardening of
the erystalline lens, which is thus prevented from assuming
the increased convexity which constitutes the essential factor of
accommaodation.

This increase of convexity, necessary for secing near objects,
must be supplied to the eye by a spectacle lens, In the first
stages of preshvopia, while congiderable accommodation still re-
mains, a weak convex lens is required, which enables the person
to see near objects by rendering the rays less divergent, as if they
came from a somewhat greater distance.

When the accommodation is entirely obliterated at 75 vears of
age, the convex glass must be stronger, The rays are now ren-
dered parallel, as if they came from an infinite distance. In
order to produce this, the object must be held at the foeus of’ the
lens.  There is, therefore, no range of vision,

In the earlier stages there is still a range of vision from the
focal distance of the glass to the near point. A person who has
an accommaodation of 3 dioptres, and requires 4+ 1.50 1) in ad-
dition, will have a range from the focal distance of the glass
1 metre

1.50
= - 1 ter
1.50 D =450 D — mf T = 22 em,
4.50)
Yatients  occasionally postpone the time of wearing reading

glasses, by holding fine objects in a bright light, the resulting

= 66 em. to his near point through the glass; 3 D 4

contraction of the pupils rendering vision more distinet.
Presbyopia usually begins at the age of 45, Unusnal visual

acuity, or vigor of accommaodation, however, enables a person

to dispense with glasses for several years longer. A visual

P

: (] ; : s
acuity of — enables its possessor to see the same object distinetly

. . 4 = - . " G
at 30 em. which another individual with an acuity of only = would
1)
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have to hold at 20 em. Preshyopia is to be distingunished from
hypermetropia, which is often latent and confounded with it.
Correction of hypermetropia restores the far point of the eye to
infinity,

CorrecrioNy oF Prespyoria.—The correction of presbyopia
is determined after the eye has been rendered emmetropic by
neutralizing any hypermetropia which may exist. Presbyopie
correction brings the near point closer, but it also diminishes the
distance of the far point.

It is mecessary to observe ecauntion that unduly strong glasses
are not employed in approximating the near point, lest the far
point be brought too close and serious discomfort ensue.  Most
people read at an average distance of from 30 to 40 centimetres.
In early preshyopia, considerable range of vision exists on either
side of these points ; but at 60 years and later there is little play,
and the near point and far point are very close together. Unless
there is diminished visual acuity, at this age the glass should be
given with which the patient reads best at a distance of 30 to 40
centimetres,

The refraction of the eye should be rendered normal by cor-
recting all hypermetropia and astigmatism. The management of
myopia under these circumstances will be elsewhere considered.

The wnear point of vision should be carefully determined for
each eye separately. The ability to read 1-metre type at 30 em,
is not equivalent to the act of accommodating for 30 em.; in
order fairly to accommodate for 30 em. the patient should be
able to read type which represents normal vision at 30 em.  (See
page 47.) If the accommodation is normal, the near point will
correspond closely with the figures given in the table. The
additional refractive power required may then be ealeulated,

Table of the position of near point at different ages.

AQE. Aceommmodation. F.

45 : k «  3.50 dioptres . . : « 29 ¢m.,
ol .. . . ol M . : : . 40 ¢
b . : - S B T . : - SR - L
60 . . ‘. | i . " - L
63 . s . . Lol i . . - o 200 f*
. ‘ : T L : : . . 400

i . - : - 0D - ' : . OO
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At the age of 45 it is usnally necessary to supply a + 1 dioptre
gpherical lens for reading, provided the eye is emmetropic ; if the
eve is hypermetropic, 1 dioptre + the correction for the hyper-
metropia ; if myopia exists, + 1 dioptre is not required.  Plus 1
dioptre added to the 3.50 dioptres of accommodation which the
eye possesses at 45 years = 4.50 D; this brings p to 22 em.

100
(li.ﬁu

At 50 years of age + 2 dioptres are usually required, with the

same modifications in case of hypermetropia or myopia. This

= 2‘2), and » to 100 em.

glass, added to the accommodation which the eye possesses at 50,
viz., 2.50 dioptres, also makes 4.50 I ; this brings p to 22 em,,
but r is now only 50 em, distant.

At 55 years, + 2.50 D is the glass usunally required, which,
added to the accommodation (1.75), gives a refractive power of
425 D; p = 235 em., r = 40 em. If stronger lenses than
this are used, » is brought still closer, and the patient is forced

- y : TR [ T
to hold his book near the face. So long as '= ;, it is not
z i

necessary to order any stronger glass than this. Sometimes + 3
may be more satisfactory and may be ordered, but most people
prefer a glass which enables them to vead, resting the book on
the lap or the arm of a chair. It is once more reiterated that
these glasses are for emmetropic eves. In hypermetropia with
presbyopia, they are to be added to the hyvpermetropic correction.

As visnal acuity diminishes, a stronger lens is necessary to en-
able the object to be held eloser, and thus subtend a larger visual
angle. The glass may be increased to 4, 5, 6, or even 8 dioptres,
The strong glasses necessitate the close approximation of the ob-
Jeet and a corresponding diminution in the field of vision. The
only rule in the selection of such glasses is to give that glass
which affords the necessary vision with the least inconvenience.
With very great diminution of sight, requiring glasses of 8 or 10
dioptres, binocular vision is impossible, and the better eve should
be supplied with a correcting glass, and the other excluded from
vision.

With binocular vision, the reading glasses for the two eyes
should be equal in strength; consequently, when a different

12
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degree of ametropia exists in the two eves, a corresponding differ-
ence should be made in the reading glasses,

Sometimes modifications are required in the strength of the
glass, to suit particular voeations ; for example, reading music,
working at a bench, ete.  Under these cirenmstances, it is neces-
sary to ascertain the distance from the eve at which the work is
placed, and to order a glass, whose focal distance is not less, but,
it possible, somewhat greater than the distance required.

In myopia, myopie astigmatism, and mixed astigmatism, the
rules for the selection of reading glasses call for particular men-
tion. IDatients with low degrees of myopia, not higher than 2 D,
do not require reading glasses at as early an age as emmetropic
or hypermetropic subjects.

The amount of myopia may be eonsidered the equivalent of
the convex glass suitable for the correction of the presbyopia.
A myopia of 1 D, consequently, would enable a person to attain
the age of 50 without the necessity of’ reading glasses, At that
age he would require + 1 D for reading, and at 55 + 1.50 D,
and at 60, possibly + 2 D, depending upon his visnal acuity,
A myope of 2 D could dispense with reading glasses until the
age of 55 (often until a later period); then he would require
4+ .50 D ; at 60, Im:-s:ilnl_v + 1 D. A myope of 3 or 4 dioptres
never becomes presbyopic in the ordinary sense ; he can read at
any age withont glasses.  In ecarly life he may wear his correc-
tion for distance and reading ; later on it is better for him to read
without glasses,

In higher degrees of myopia, it is necessary to order a concave
glass from 2 to 5 dioptres less than the full correction.  The age
has little influence on the amount of reduction; myopes practi-
ally do not accommodate ; the degree of myopia and the visual
acnity are the two important factors. A concave glass is given
which will extend the far point to a comfortable distance. A
myope of 6 dioptres would probably require from — 3 to — 4
dioptres for reading ; a myope of 10 D), about — 6 dioptres, and
a mvope of 15 or 20 dioptres would require a reduction of 5 or
6 D from the full correction. In these high grades, 17 is much
reduced, print eannot be seen unless held close to the eve, so that
extension of the reading distance is out of the question. The
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farthest point at which a book ean be read should be deter-
mined, and a glass given of the same length of foeus. Prisms
are often necessary.  When the vision is much reduced, myopes
will sometimes read best with one eye without the aid of any
grlass,

A patient with simple myopic astigmatism usually reads best
with a convex eylinder of the same number, its axis being re-
versed, Thus, a patient whose myopic astigmatism is corrected
by — 2 D eyl,, axis 180°, will be comfortable with a + 2 D eyl.,,
axis 90° This glass with the myopic astigmatism produces a
myopia of 2 dioptres in all meridians, and becanse the patient has
been acenstomed to see throngh a myopic meridian, he prefers this
glass to the concave cylinder which makes him accommodate.  As
a rule, simple myopic astigmatism may be utilized to determine
the reading glass in patients who have reached the age of 35, pro-
vided its degree iz not too high, A convex evlinder, of a strength
equal to the concave cyvlinder, with its axis reversed, will be
suthicient,

If the degree of myopia thus produced is too great for com-
fortable reading, a concave spherical lens may be added to the
convex eylinder.  Thus, an astigmatic eve corrected by a — 4 D
eyl., axis 180°, would probably require — 1.50 I} sph. — +4
D cyl., axis 90°, '

If the degree of astigmatism is unequal in the two eyes, a
spherical lens is required over one eye to equalize the refraction,

For example: (1) R. E. —5 D eyl axis 180°, L. E. — 3
D eyl, axis 180° This case requires a — 2 spherical to be
added to the right eye, viz,, —2 D sph. = +5 D eyl,, axis

90%, to make its refractive power equal to that of the left, 3
D evl., axis 90°,

(2) R. E. —1 D eyl, axis 180°, L. E. — 2,50 D evl., axis
1807, In this instance, according to the cirenmstances, :‘lﬂl", ete.,
one of the following combinations may be ordered: R, E. + 1
D eyl., axis 90°, L. E. —1.50 D sph. = + 2.50 D eyl., axis
90%; or R. E. +1.50 D sph. = 41 D eyl,, axis 90°, L. E.
+ 2.50 D eyl., axis 90° Both of these combinations equalize
the refraction of the two eyes, the first by producing in each eye
a myopia of 1 dioptre, the second a myopia of 2.50 dioptres.
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When, in eases of compound myopie astigmatism, the myopia
amounts to several dioptres, the reading glass is secured by a suffi-
cient reduction of the strength of the spherical without change
of the eylindrical lens.

When, in lower degrees of compound myopie astigmatism, it
15 desirable to inerease the refraction one or more d E{Ilﬂ Ires, the
procedure is somewhat different. Thus, if' the combination is
—0.50 D gph. T —1 D eyl axis 180°, and the spherical lens is
omitted, 4 0,50 dioptre is gained ; by substituting for the concave
eylinder a convex evlinder with its axis reversed, an additional
gain of 1 dioptre is secured ; 4 1 D eyl., axis 909, in this case s
equivalent to adding + 1.50 D sph. to the original combination.
It still more refractive power is desirable, e. ., + 2 D, + .50
D sph, T +1 D eyl axis 907, gives the additional amount.

In another combination, — .75 D sph. > — 4 D eyl., axis 180°,
it is desired to add 4 2.50 D for reading. Dropping the
— 0.75 D spherical, + 0.75 D of refractive power is obtained ;
substituting for the coneave cylinder, convex 4 D eyl., axis 90°,
+ 4 D more are gained, making 4+ 4.75 D). This is too high,
hence it would be necessary to eombine — 2,25 D sph. — + 4
I} evl,, axis 907, in order to obtain the desired 4 2.50 D. A
simpler method of procedure in this ease would be to drop the
— .75 D spherical ; the uncorrected myopia would then furnish
75 D of the requisite 2.50 D, leaving 1.75 to be obtained. A
+ 1.75 D added to the — 4 D eyl., axis 180°, would make the
proper combination.

In mixed astigmatism, a combination of spherical lens and
evlinder is usnally employed, and by using a concave spherical
and convex eylinder we can easily find the combination neces-
sary to produce any additional refractive power.

It the myopia produced by the convex eyvlinder alone is greater
than the power of the lens it is desired to add, a concave spherical
equal to the difference is given, thus: To the combination — 3
Dsph. 5D evl, axis 90°, it is desirable to add + 2 D.
34 2= —1, hence —1 I} sph. — + 5 D eyl, axis 90°,
is the glass required.  Again, to — 1 D sph. — + 3 D eyl,, axis
90°, it is desirable toadd 4+ 250 D. —1 4 2.50 = 4 1.50,
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hence 4 1.50 D sph. = 4+ 3 D eyl,, axis 907, is the necessary
glass,  The myopia is in this case insufficient.

It is a point of some importance, in ordering reading glasses
containing cvlindrical lenses, to give attention to the relation of
the axes of the eylindrical lenses, It has been azsumed, for the
sake of simplicity, that the axes of convex evlinders are placed
at 90° and the axes of coneave evlinders at 180°; this is com-
monly so, but the exceptions are numerons, It is a frequent
condition in astigmatism to have one principal meridian inelined
15% to the right of the vertical in one eve, while the meridian of
the same refraction in the other eye 15 inclined the same amount
to the left of the vertical. This produces no serious disturbance
in wearing the glasses if t|1l‘=._'l.' are |ll'il[ll't'|}‘ centred, although at
first a rectangular figure appears like a rhombus,  In a little
time the eves adapt themselves to the glasses, and this appearance
is lost.

When the meridians of similar refraction are at greater angles
than this, espeeially if the evlindrical lenses are strong, there is
often ineconvenience in wearing them on account of the prismatie
deviation and the unequal distortion of objects which evlindrieal
lenses produce,  Oeecasionally the axes are as much as 90° apanrt,
one at 43° and the other at 135°, or one at 90° and the other
at 180°, The glasses now deviate rays from an object in dif-
ferent divections, according as the eve looks throngh the glasses
above or below the optical centres, or to the right or left of
them. Such a ecase would be represented by + 3 D evl,, axis
180°, in right eye, and 4 3 D eyl,, axis 90°, in left eye. The
difficulty is not obviated by ordering a formula like the follow-
ing: R. + 3 Devl, axiz 180°, L. 4+ 3 D sph. — — 3 D evl,, axis
180°, hecause the same displacement results, It will be found
that the best solution of this difficulty is to ascertain the distance
from the eve at which the person vsually holds the book, and the
relative position it oceupies to the eve. The direction of the
visual lines may thus be determined, and the optical centres of
the glasses should be so placed that the visual lines will pass
throngh them. There i3 then no deviation. Of conrse this
renders necessary a separate pair of glasses for reading.  When
eylindrical lenses with axes in unusual directions are required
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for distance, the optical ecentres should bear the same relation to
the visnal lines in distant fixation. These disturbances are aggra-
vated by removing the glass farther from the eve, and conversely
the trouble diminishes as the glass is bronght nearer to the eye.!

"

SPECTACLES AND THEIR ADNUSTMENT.

After the refraction of the eve has been determined and the
proper combination of lenses selected, the glasses should be
properly ground, mounted in spectacle frames, and correctly
adjusted to the patient’s eyes. Patients should not be allowed
to wear glasses until the surgeon has satisfied himself that the
formula for the lenses has been faithfully followed by the manu-
facturing optician.

In order to do this, he proceeds as follows @ If a simple spheri-
cal lens has been ordered, this and a spherical lens from the trial
case, of the same number but opposite refractive character, are
placed in elose contact and some distant object obzerved through
the combination, while the glasses at the same time ave gently
shaken up and down, and moved to and fro. If the glass is
correct, this manceuvre has no influence upon the size or position
of the uhjm‘l, which appears 1=.\::I.1'.H_\' as it would if it had been
looked at through a piece of plane glass. The glasses are then
said to neutralize each other. If the lens ordered does not
neutralize the test-glass from the trial box, a weaker or stronger
number is tried until the glass is found which produeces complete
or nearly complete neutralization. We convince ourselves in
this way whether the glasses are correct or faunlty. Thick bi-
spherical lenses of different refractive character will not neutralize
ach other entirely even if they are of the same number. The
convex lens always preponderates,

If a eylindrical lens has been ordered and has been correctly
ground, it will be nentralized by a evlinder of the same number
but of opposite refraction with its axis turned to the same angle

! Interesting papers on this subject are found in the Archives of Ophthal-
mology, Vol. xviii., No. 1, by Dr. J. A, Lippincott, of Pittsburg; and in the
Opkthalmic Record, Vol. i., No. 1, by Dr. G. C. SBavage, of Nashville, Tenn.
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as that of the lens ordered. On shaking these two lenses, which
are placed in contact, there should be no motion of the object
viewed through them. The direction of the axis of a evlinder
may be determined by finding the position in which the lens
may be shaken without producing any motion of the object.
For example, if the axis of the eylinder is vertical, no motion
in the objeet looked at would oceur when the spectacle lens is
moved up and down. A line drawn on the glass with a pen
marks this, and by placing the lens thus marked on a protractor
the degree of the angle may be read off. The best object for
thus testing a evlinder is the edge of a door or wall.  To deter-
mine the strength of a eylindrical lens it simply is necessary to
find the spherical or eylindrical lens which neutralizes the mo-
tion of the edge of a door viewed through the eylinder when
this is shaken at right angles to its axis. The axis of the eyl-
inder should be held parallel to the edge of the door and the
glass moved in a horizontal direction.

A combination of spherical and evlindrical lenses is to be tested
by a spherical lens held on the spherical surface of the spectacle
lens, and a evlindrieal lens held at the eylindrieal surface of the
spectacle lens, proceeding in the manner just described.

The optical eentre 18 now to be determined, and this can be
done by reflection. The surgeon stands with his back to a win-
dow, and finds the point on the lens where the image of the
window-bars from the anterior surface, and the image from the
posterior surface, overlie each other; the optic axis must unite
these two pn]'n’m, and the optical centre is on this line. A more
simple method is to find two meridians of the lens at right
angles to each other through which a vertical line is not dis-
placed horizontally, as each meridian iz bronght parallel with the
vertical line. The intersection of these meridians is the pole or
summit of the lens ; the axis of the lens passes through this point,
and the optical centre is on this axis between the two surfaces,
If the lens is a cylinder or sphero-cylinder, the two meridians
must be chosen, which are respectively parallel and at right
angles to the axis of the eylinder,

In order to find the centre of a lens, it is held by the edwges be-
tween the finger and thumb, and, care being taken not to hold it
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obliquely, it is passed from right to left until the test object (edge
of a door or wall) forms a eontinuous line above the lens, through
the lens, and below the lens. If the axis of the lens is not ex-
actly in line with the edge of the door, the part seen above and
below the lens will not coineide with the part seen through the
lens.  When a continuons line is obtained through the lens with
the object above and below, the lens should be marked with a
line drawn across its surface over the part where the edge of the
door or wall is seen, just as the outline of a ficure is traced on a
transparent plate. The glass is now turned around so that the
line is at right angles to its former position ; another portion of the
lens is found through which the edge of a door is also seen in a
continnous line with the part above and below. This is traced on
the glass with ink, and the intersection of the two lines thus
traced marks one extremity of the axis of the lens. In most lenses
the distance from the surface to the centre is so slight that we
may consider this point on the surface as the centre, and each lens
should have its centre marked by a dot of ink. Strong lenses may
be centred more easily, by using the window-bars, while the glass
is held close to them, or the edge of a card or sheet of paper,
which is laid on the desk. Still greater accuracy may be ob-
tained by nsing a card, on which two lines are drawn, crossing
each other at right angles ; both principal meridians may in this
way be found at once; the optical centre then lies over the inter-
section of the lines.

The spectacles should now be placed on the patient, and the
position of these centres in relation to the pupil carefully noted.

The patient is first asked to look across the room ; the centres of

the pupils should correspond with the dots on the glasses, Next,
the patient is required to look at the finger of the surgeon held
at 40 em. distance, and it will be noticed that the centres of the
pupilz and the dots no longer coineide, but that the former have
ll;u-::-:v[I to the inner side of the latter,  If the glasses are for dis-

tance or for constant wear, the space between the centres of

the lenses should be the same as the inter-pupillary distance ;
if the glasses are for reading alone, the distance between the
centres must be lessened.  The ordinary reading distance being
40 c¢m., the visual lines converge to this point, and the farther
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the glasses are from the centre of rotation, the nearer the centres
should come to each other ; therefore, it is necessary to make the
distance between the centres of the reading glasses from 2 to 4
mm. less as compared with those of' distance glasses, so that the
visual lines may pass through these centres.

When glasses are ground with badly placed centres—that is,
too far apart or too close together—the most IIII]hl{':t:-':;lut CO1Se=
quences may arise : obstinate diplopia, severe neuralgia, and ten-
{]ﬂlh'._}' o .-5.[|IIEI1.I. Yatients are often unable to wear a correction,
which otherwise would afford the greatest benefit, becanse the
lenses are centred so badly that the straight muscles of the eye
are kept on a strain in order to relieve the diplopia which the
prismatic effect of the lenses produces.  The centre of the pupil
deviates inwards about 1 mm. in fixing at a point 40 cm, dis-
tant, as the pupil is 11 mm. in front of the centre of rotation ;
a glass placed 13 mm. in front of this would require its optical
centre to be 1 mm, farther inwards than the pupil; 2 mm. in
all.  The two centres should thus be 4 mm. nearer together in
reading glasses than in those for distance.

The inter-pupillary distance should be earefully measured to
determine what the distance should be between the centres of
the glasses, It is diffienlt to find the centre of a dilated pupil,
and hence the margin of the iris on the right side of each pupil
may be selected.  The patient should observe some distant object
while the inter-pupillary distance is measured during distant fix-
ation, and then fix his eyes on the finger-tip of the observer,
held about 30 em. from his eves while the measurement is noted
during convergence.  There ghould he a variation of 2 mm. be-
tween these two measurements, It the difference is greater than
this, there is a probability that the patient has an insufficieney of
convergence, and, in this case, the centres of convex glasses should
be brought closer together ; those of concave glaszes placed farther
apart.

In order to ascertain the amount of deviation which is pro-
duced by decentering a spherical lens, the following tables,
which have been prepared by Dr. Edward Jackson, will be
found useful, together with the deseriptions of the tables taken
from Dr. Jackson’s paper.



186 DISEASES OF THE EYE.

In Table L., the first column gives in dioptres the strength of
the lens to be nsed. At the head of each of the other ecolumns
is given the prismatic deviation required. The method of ob-
taining this is pointed ont below ; the columns give the respective
distances in millimetres that the optical centres must be removed
from the visnal axis to produce such an effect.

TasLe [.—Decentering required to produce a given deviation.

DEVIATION REGQUIRED.
Lens . > . 5%d.. 1°4d. 1.5%4d. 22 4. 2504 32 dq. 4*d. 5 d.

AMOUDNT OF DECENTERING NECESSARY.

1. 8.7 17.5 26.2 44,4 43,6 2.4 6i9.9 87.5
R 4.3 B.7 13.1 17.5 Z1.8 26.2 34.9 43.7
Fhe 2.4 5.8 8.7 11.6 14.5 17.5 233 209.2
44 2.2 4.4 6.5 8.7 10.9 13.1 1%.5 21.9
i 1.7 3.5 6.2 ) 8.7 105 14 17.5
f 1.5 2.0 4.4 .8 7.3 8.7 11.6G 14.6
(L - 1.3 2.5 5.7 ) 6.2 T 10 12.5
Bt 1.1 2.2 3.3 4.4 H.4 G.5 B.T 10.%
L P it 1.9 2.9 3.9 4.8 h.B 7.8 0.7
10 9 1.7 2.6 3.5 4.4 5.2 7 B.7

In Table I1., the first column gives, as before, the strength ot
the lens ; the head of each of the other columns shows the refract-
ing angle of the prism equivalent to the amount of decentering
indicated by the ficures beneath, which indieate in millimetres the
distance the optical centre is to be removed from the visual axis.

TasLe IL.—Decentering equivalent to a given refracting angle
(index of refraction, 1.54).
K. OF PRISM.
Lens . . . 1 2 3 4 ] G 8 10

DECEXTERIXG REEQUIRED.

D = o« Bd 388 28.3 37.7 47.2 6.5 75.8 85.2
I AT 0.4 14.1 18.8 23.5 28.2 47.9 47.6
3.1 6.3 0.4 12.6 15.7 18.8 25.3 3.7

Mo w BB 4.7 7.1 9.4 11.5 14.1 18.9 23.8
S et R il 3.8 T 7.5 0.4 11.3 15.2 13
T

ke 08 BD =

[ 1.6 3.1 4, 6.3 7.0 9.4 12.6 15.%
e 2.7 4 5.4 6.7 8.1 10.8 13.5
i A ! 2.3 3.0 4.7 5.9 7.1 8.5 11.9
R e ] 2.1 3.1 4.2 5.2 6.3 5.4 10,5

e e 1.9 2.8 3.8 4.7 o6 7.6 9.5
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Reading glasses should be tilted forward and placed about 5
mm, lower down than those for distance, in order to conform
with the depression of the visunal line in reading.  Speectacles are
always to be preferred, and in high grades of astigmatism they
are essential ; but the prejudice of many patients in regard to
spectacles will often have to be respected. When the astigma-
tism is not of high grade, and the individual has a sufficiently
prominent nose, eve-glasses can easily be retained in place; but
the tillil];}: forwards of the glu&-—:w—x |]1_-J_-|_|'l_1.‘ :_||~.r:_|j.'_-i diminishes the
acuity of vision for distance. This tilting iz rather an advan-
tage in reading glasses, and in myvopia the effect of this tilting is
equivalent to a eylindrical lens with a horizontal axis. This
fact accounts for the preference shown by some patients for a
gsimple coneave spherical uncombined with a evlindrical lens, in
spite of the existence of a slight degree of astigmatism.

When separate glasses are required for distance and reading,
it is often very inconvenient to make the change from one to the
other. The two glasses may be combined in the same frame by
making the lower half’ suitable for reading, and the upper halt
for distant vision. Two segments of a spherical lens, ground
very thin and cemented on the lower portion of the distance
glasses, afford the means of reading and seeing distant objects
through one pair of glasses, These are known as bifocal lenses.
“ Hook fronts” are very convenient for making a rapid change
from reading to distant vision, and “ halt-hook fronts” are still
better.
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CHAFPTER V.
DISEASES OF THE EYELIDS,

Congenital Anomalies,—(C'omplete absence of the lids (able-
pharia fotalis), or their partial development (ablepharia partialis),
i« a rare anomaly. If the defect is of such.a nature that the lids
are wanting, and the orbit divested of any covering for the globe,
the condition is designated legophthalmes, a name which also,
and perhaps more pr{:lu-rly, has been girl-n to a contracted state
of the eyelids preventing their closure, independent of any mus-
cular paralysis,

Cryplophthalnos is a condition in which neither eyelid nor
conjunetival sac is present, but the exterior integument passes in
front of, and buries an eye more or less developed,

Cleft eyelid (coloboma palpebrae) is a fissure, in appearance not
unlike a have-lip, which may be confined to the upper lid (its
most common situation), but which also has been noted in the
lower lids, and even in the upper and lower lids on each side.
The centre of the cleft contains an intervening membranous
portion, either movable or pressed against the cornea.

Coloboma of the evelids is most frequently associated with
have-lip ; rarely with other congenital anomalies in the eyveball,
The deficiency may be remedied by a plastie operation.

Symblepharon or a cohesion, either partial or complete, between
the eyelid and the ball, and ankyloblepharon, or a union between
the margins of the lids, are unusnal congenital anomalies.  Some-
times only the middle portions of the lid-borders are attached ; it
may be by a filamentous band, or the outer angles of the lids
adhere, and produce the defeet known as blepharophimosis,

Fetropion, or eversion of the edges of the evelids, is a rare
condition usually accompanied by increased size of the eye-
ball.  Entropion, or inversion of the edges of the lids, which in
slight degree is said to be normal before birth, has been found
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associated with distichiasis, or the development of supplementary
incurved eyelashes.

The operations which are emploved to rectity these conditions
when of pathological origin’ (see page 579) are also applicable
here,

Lpicanthus is a striking congenital anomaly giving rise to an
apparent convergent strabismus, owing to the passage of a fold of
skin from the inner end of the brow to the side of the nose, cover-
ing the internal canthus, its free concave border stretching ount-
wards, Thus the carunele, lachrymal punetum, and in ageravated
forms, a considerable portion of the area of the lids, are hidden.
Cpicanthus generally is bilateral and is usually associated with
ptosis, The same condition in minor degrees is often seen in
newborn children, and disappears with the subsequent develop-
ment of the face and nose.

The defect may be remedied by excising a portion of the re-
dundant integument from the bridge of the nose, and stitching
together the opposed surfaces,

Congenital plosis consists in a drooping of the upper lid over the
eveball. Tt may be single or double, but never amounts to com-
plete closure. In one variety there is an actnal redundaney of
the lid tissue ; in the other, the lid is thin and the skin stretched,
owing to imperfect development or absence of the levator pal-
pebre,

This anomaly is often associated with other vices of conforma-
tion, especially epicanthus, and with paralysis of the external
ocular muscles, It may be corrected by one of the operations
deseribed on page 577.

Erythema of Lids appears in the form of a hypersemia, more or
less diffused, under the influence of heat (sun-burn), traumatism,
and irritating poisons, or as symptomatic of a systemic disturb-
ance.

A passive hyperaemia, in which the superficial veins of the
lids are dilated and the tissue red and slightly swollen, com-
monly is the result of prolonged bandaging of the eve, and is
seen in an acfive state associated with most of the inflammatory
diseases of the cornea and conjunetiva.
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TrEATMENT.—This consists in removal of the cause and the
application of a soothing lotion, lead water or extract of hama-
melis.

Erysipelas rarely attacks the eyelids as a primary affection,
but spreads to them from the contiguous facial area. The chief
danger of the affection in this region is its liability to infect
the tissues of the orbit, producing compression of the central
vessels of' the retina, and consequent blindness. It may spread
to the membranes of the brain and be fatal. The characteristie
red, shining, and later brawny swelling, and the formation of
cutaneous vesicles and small abscesses, are the symptoms which
establish a diagnosis,

The treatment, both local and general, demands the same pro-
cedures which are applied to the disease when located elsewhere
in the body.

Abscess of the Lid ( phlegmon) appears as localized, red ele-
vation, while the entire lid is hyperemic and the conjunctiva
injected, and often edematous.  There is much pain, headache,
and fever. This affection is provoked by injury, exposure, and
disease of the orbit, and sometimes arises without ascertainable
cause, especially in debilitated people and childrén.

TrEATMENT.—Pointing should be favored by a carefully ad-
justed poultice (one covering the entire eye should not be nsed),
or hot, slightly carbolized fomentations.  As soon as fluctuation
is detected, or even earlier, a sharp knife may be thrust through
the swelling, parallel to the musecle fibres, and the contents
evacnated ; the cavity is to be kept clean with an antiseptic fluid,

Furuncle of the Lid is a localized inflammation of the skin
and subcutaneous  tissue, presenting symptoms analogous to-
abscess, which goes on to the formation of a central slough or
“eore.”  The surrounding and overlying tissue may become
gangrenous in subjects of poor nutrition.

Malignant ;Ji!ﬂfr:fr’-‘, or N!l,ll"f'.fﬁf‘ anthrox, cansed h-}‘ the entrance
of the bacillus m:f.n"uww'x, and rm!ﬁ_r;.imah‘ rr'-rfﬂ.im., or a form of
spreading gangrene, ave affections rarely seen upon the eyelids,
The former usnally arises among people whose occupation brings
them in contact with diseased animals or decayed animal matter ;
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the latter may follow an injury, but has also been deseribed as
an idiopathic affection,

TreEATMENT.—According to the condition present, this should
include ineision, promotion of the separation of the slonghs by
poultices, the use of the actnal cautery to check the destructive
tendency, and antiseptic lotions.

Hordeolum or St}"& is a small furunele or boil in the Illill‘j_’:ill
of the lid, and consists of’ a localized, suppurating inflammation
of the connective tissue, or of one of the glands at this point. This
may remain as a tender, circumseribed swelling, which becomes
invested with a vellow eap indicating suppuration, or it may cause
considerable pain, with edematons swelling of the entire lid and
chemosis of the conjunctiva.  Some people are subject to a mild
type of styes which appear in the form of superficial pustules
along the margin of the lid. A characteristic feature of horde-
olum is its tendency to recur, and a single stve, or several at
a time, may appear again and again for many weeks. Certain
oceupations, such as driving in the cold or dust, and the strain
of uncorrected ametropia, predispose to this disorder.  IFrequent
“attacks” of styes indicate derangement of health, and are
{~.~apm-i:lll+\' assoviated with constipation and menstrual irregu-
larities,  Girls about the age of puberty arve commonly affected.

TREATMENT.—A stye sometimes may be aborted by the
vigorous application of a hot boracie acid lotion, or an ointment
of the red or yellow oxide of mercury ; the same end is obtained
by painting the inflamed surface with collodion, In the event
of failure, suppuration should be encouraged by repeated appli-
cations of small compresses steeped in hot water, and an inecision
should be made on the earliest appearance of pus by a knife
thrust deeply throngh the base of the swelling, parallel to the
edge of the lid.

Exanthematous Eruptions on the eyelid are found during the
course of various of the eruptive fevers, but require no special
comment except in the case of smallpox. In this disease, the
pustules, if they appear upon the eyelids, form by preference
at the commissures, and in connection with the follicles of the
evelashes. The subsequent pitting from loss of tissue may eause
considerable disficurement.
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Sometimes a pustule declines to heal and forms a spot of chronie
inflammation lasting for a long period of time, and known as a
post=va riofous uleer,

Eczema of the Lids, independently of that variety which is
located upon the ciliary margin and which is one of the forms
of blepharitis, may appear upon the general entaneons surface
of these structures, HH[H,I"}' in association with its presence ¢lse-
where on the face and scalp, and is seen in the erylthematous,
vesicular, and pustular varvieties,

Eezematous eruptions upon the lids are also associated with
inflammations of the cornea and conjunctiva, and arise under the
influence of prolonged bandaging.  Atropine, when it produces
conjunctivitis (see page 249), may cause an eczema of the lids
and surrounding face.

TreEATMENT,—This depends upon the character of the erup-
tion. If this is vesicular, a useful application i a drying powder
composed of starch, oxide of zine, and camphor ; if crosts have
formed, these should be removed with as little bleeding as possible
and with the aid of an alkaline solution, maceration of the epi-
dermis being avoided, and one of the following ointments em-
ployed : Plain oxide of zine, or equal parts of oxide of zine and
vaseline to which 20 grains of ealomel have been added ; or sub-
nitrate of bismuth in an ointment. Itching iz relieved by the
application of lotio nigra followed by zine ointment. If the
disease assumes a chronie tvpe, some preparation of tar (piz
liguidea or oil of eade) may be used. Good results follow the
use of” aristol ointment, both in subacute and chronie cases,

As constitutional remedies, quinine, iron, and strychnia are
recommended, and arsenie, if the type is chronie.  Proper regu-
lation of diet, an oeceasional saline laxative, and good hygiene
are important measures,

Herpes Zoster Ophthalmicus is an inflaimmatory disease,
characterized by an eruption of vesicles, situated upon inflamed
bases, over the area supplied by two of the three branches of the
ophthalmie, or first division of the trigeminus, viz., the frontal
through its supraorbital and supratrochlear branches, and more
rarely the nasal nerve.

Neuralgic pain, heat, and redness of the skin precede the




DISEASES OF THE EYELIDS. 193

vesicles, which, varying in size from a pin’s head to a split pea,
appear in distinet erops, or coalesce in irregular patches, At
first they contain a clear yellow fluid, later becoming turbid,
until at the end of a week or more they dry up, and the brown
seabs drop off] leaving beneath decided and often disfiguring scars.

The disease may be mistaken for erysipelas, from which it
should be distinguished by the acute neuralgic pain, and the
formation of the vesicles in the course of a given set of nerves,

Serious involvement of the eve itself, by the formation of
blebs upon the cornea, and by inflammation of the iris and
ciliary body, is often associated with the disorder. More or less
conjunctivitis is always present, The blebs on the eornea rup-
ture and form uleers, which leave permanent sears, and the iritis
and eyelitis may eventuate in a destructive inflammation of the
decper coats of the eve (ophthalmitis).  Atrophy of the optic
nerves and paralysis of the oculo-motor have followed ophthal-
mic herpes.

Inflammation of the tissues of the eve is most apt to oceur
when the nasal branch is affected, and the vesicles extend to the
tip of the nose, because from this branch, through the lenticular
canglion, arise the nerves sapplying the iris, ciliary body, and
choroid. This 18 not an invariable rule, and destructive disease
of the eyeball may appear even when the nasal branch is not
involved. A severe and most intractable neuralgia often re-
mains after the subsidence of the eruption.

Herpes zoster ophthalmicus is more frequently seen among
elderly people of feeble nutrition than among adults and young
children, but the latter may be attacked even in the absence of
constitutional depression.

TreEaTMENT.—The disease runs an acute conrse and tends to
spontaneous recovery in two or three weeks, Loeally, anodynes
are ugeful—lead-water and landanum, weak carbolie acid lotions,
and preparations of belladonna.  Severe pain must be mitigated
by opiates, and morphia hypodermically, while the best constitn-
tional remedies are full doses of quinine and iron, and later
arsenic, The post-neuralgic pain may be relieved by eroton
chloral hydrate in doses of 5 to 10 grains every four hours, and
by the use of a mild galvanic current. If conjunctivitis, kera-

13
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titis, iritis, or eyelitis arises, this requires the treatment directed
to the relief of such conditions, which is detailed in the special
sections devoted to their consideration,

Blepharitis is the term applied to the various grades of sub-
acute and chronie inflammation of the border of the evelid, which
for elinical purposes may be gathered into two groups—unon-uleer-
ative and wleerative blepharitis.  The former may be studied under
several subdivisions :—

(1) Hyperem i of the lid border (hypermmia marginalis, vaso-
motor blepharitis).—The margins of the lids have an unpleasant,
slightly swollen, red appearance. Exposure to cold wind or any
strain upon the accommodation eanses a feeling of heat, followed
by burning and lachrymation. The redness is caused by the
passive congestion of the superficial bloodvessels, and the affec-
tion is unattended by the presence of scales or erusts, or these
are but sparingly present.

(2) Simple blepharitis (seborrheea of the lid border, blepharitis
ciliariz, squamous blepharitis).—This variety depends upon an
abnormal seeretion of the sebaceons glands, and results in the
formation of seales and erusts situated on the margin of the lids
at the bases of the eyelashes, or adhering to them, and may
appear either in a dry or a moist form. Removal of the hardened
scbum exposes the skin, shining and red and oecasionally abraded,
a procedure associated with the loss of a few eilia. There is
usually slight conjunctivitis.  An accompanying seborrhea of
the evebrows and scalp may be present ; both lids are invariably
afleeted, and the patients complain of burning, inability to per-
torm close work, and some dread of light.

Exposure to cold and dust, and the use of the eves, quickly in-
crease the congestion of the lids, If the disease is of long dura-
tion, or is subject to frequent relapses, considerable thickening
of the lid margins is evident, due to the inflammation surround-
ing the glands in the skin and tarsus.

The second, or uleerative form of blepharitis appears in several
grades of severity as a special localization of—

Fezema upon the lid border (blepharitis ciliaris, blepharitis
uleerosa, psorophthalmia, lippitudo uleerosa, tinea tarsi, sycosis
tarsi, ophthalmia tarsi, ete.).
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a. Superficial form (marginal eczema).—This resembles in gene-
ral that variety which has been deseribed as hyperemia ot the
ciliary margin, and causes the patient much annoyance throngh
the possession of “ weak eyes,” from frequent attacks of redness
and soreness of the borders of the lids, associated with the forma-
tion of erusts, small pustules and nleers at the roots of the lashes,
without, however, seriously interfering with their nutrition or
growth,

b. Sofitary form (blepharo-adenjtis ciliaris, a name given by
Arlt)—This is characterized by the appearance of a cireum-
seribed area of thickening and redness of the lid margin, upon
which the cilia are matted together at their bases h}' the forma-
tion of thick yvellow erusts. A single tuft of this kind may be
present, or several on one lid border; the process is frequently
unilateral, in this respect, being unlike the squamous forms
which are bilateral. Removal of the crusts evacuates a few
drops of thin pus from the surface of the uleer which lies
beneath, and the cilia, which usually come away with the scab,
have swollen and thickened roots. Spots of eczema at the nares
and in the hair of the scalp may be present at the same time, as
well as disease of the lachrymal passages,

e. Pustuler form (blepharitis ciliaris uleerosa).—This manifests
itself as an eczema of lid margins, in its worst types involving the
four ciliary borders. Thick yellow erusts, which mat the eve-
lashes, form along the palpebral marging, covering deep ulcers
which readily bleed, and, often crater-shaped, pass inward to the
tarsus,

The inflammatory process, if' unchecked, serionsly interferes
with the nutrition of the lashes and the edges of the evelid.
The former become stunted, eurled, misplaced (frichiasis), or
drop out, and may be entirely wanting (madarosis, tylosis),
The latter assume a rounded shape, are swollen, reddened,
thickened, slightly everted, and deprived of cilia (lippitudo or
“blear eve”), and if the punctum lachrymale is displaced or
closed, an overflow of tears adds to the discomfort of the patient,

It is not always possible thus sharply to separate the various
types of blepharitis, as they often shade one into the other;
nor is it always safe to decide between those which arise from
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glandular hypersecretion and those which are due to eczema.
After the cure of an uleerative variety, small scales may form
resembling the simple or squamous type, while the latter may
also lead to, or be associated with, uleerations.

IrioLoGy.—In the majority of instances blepharitis is a disease
of childhood, and is ecommon near the age of puberty ; the agera-
vated forms, especially those resulting in chronie changes in the
ciliary margins, are frequently seen in adults as the result of
neglect.  The malady may follow in the wake of an exanthem,
particularly measles, and finds many subjects among children of
strumous habit, with blonde hair and pale complexion. The
usual presence of considerable degrees of ametropia has led to
the belief that this causes blepharitis (Roosa). There is no doubt
that it aggravates and fosters the condition,

Of eonsiderable importance in the origin of this affection are
inflammations of the tear-sae, stricture of the nasal duct, and
obstructive disease of the posterior nares, although it may be
difficult in individual cases to decide whether the blepharitis
has cansed the closure of the lachrymal passages, or whether
this has developed the blepharitis.  Finally, some instances ap-
pear to arise from an abnormal shortness of the lids resulting
in their insufficient closure during sleep (Fuchs).

Hl:iph}']n{'l}:'{-i have been found in the Illlrattlh':':‘- at the roots of
the lashes; but these probably indicate only the presence of the
pus, and do not act as cansative agents,

TrEATMENT.—This differs with the type of the disease, but
in all cases the refraction of the eve should be ascertained and
any anomalous eondition corrected with suitable glasses. This
will often cure an ordinary hypersemia of the lid margin, but if
it is not suflicient, in addition to soothing lotions, the daily use
of an eve-douche is most servieeable, performed as follows :—

A zuitable vessel, to which is attached a rubber tube having at
the lower end a small tin arrangement, containing many perfora-
tions like the rose of a watering-can, is filled with water of a tem-
perature of 68° F., and held a short distance above the head, the
water being allowed to play for several minutes upon the closed
evelids.  The douche may be made more acceptable by the addi-
lill" llr H | Iilt.l.l,‘ [R R I'!Tl"' I"HIF“.'I'IHI"" ar ﬂ!"{]l“l]. i.I‘Ihi..""- “]I'll]ll[]. redcoil=
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mended by Koenigstein, is most eflicacions.  Stimulating salves
do not yvield good results in this variety, but the edges of the
lids may be ancinted with almond oil or vaseline,

[n the eases classified among the seborrhoeas, all erusts and
scales should be removed by alkaline solutions (bicarbonate or
biborate of soda, £rs, \'i[j—l‘i])'l, or with a 5 per cent. solution of
chloral (Gradle), and one of the following ointments applied once
or twice daily : yvellow oxide of mercury (gr. j—3]), zine ointment,
or the salve advised by Gradle :—

Milk of sulphur . : : . . . 3 grains

Reszorcin . . . ; ; ; : . 3 grains
Vaseline . 5 L . { c . « 1M erains

Great care must be exercised to remove the erusts from all
the ulcerated varieties, either with the lotions which have been
mentioned, or, after softening, with forceps, before the applica-
tion of any salve. Red or yellow oxide of mercury, or dilute
citrine ointment, is suitable,

In chronie eases, all loose cilia should be extracted with epila-
ting forceps, and any deep uleers should be touched with the
point of a erayon of nitrate of silver, or pencilled with a solution
of the same drug. In severe forms, or where it is desirable to
try other remedies, the following formule will be found useful :—

Diachylon ointment . : : ; : . 15 grains
Vaseline . : : F - . - « 240 grains
Boracic acid : . - . : . . J0 grains
Simple ointment : . . - . . 300 grains
Aristol : . . : : - ; « 15 grains
Vaselina }nl' R L .

Lanoiia i * . . “ . = iJ Zrains.

If the lachrymal passages are obstructed, these must be ren-
dered patulous, and in all cases the posterior nares should be
explored for disease,

The constitational remedies include iron, quinine, and, if struma
is present, cod-liver oil and lacto-phosphate of lime, with iodide
of iron or syrup of hyvdriodic acid.

Blepharitis may be a mild affection and yield readily to treat-
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ment ; or it may be stubborn, and require constant attention and
frequent change in loeal measures to prevent deformities in the
lid margins,

Phthiriasis (blepharitis pediculosa) oceurs when the pedienlus
pubis or erab-louse forsakes its seat of predilection and finds a
habitat among the evelashes. The cilia appear sprinkled with
a fine dark powder—the eges of the parasites—which are usnally
found partially buried, head foremost, in the hair follicles,
There is some itching and redness.  The affection is comparatively
rare, and in most instances has been observed in children.  The
lice may be removed by the application of blue ointment, or a
careful peneilling with a strong bichloride solution,

A parasite which in rare instances has been found in the hair
follicles of the eyelids (Steida) and in the Meibomian glands
(Majoechi) is the Demoder follicwlorum. In one case the symptoms
resembled those of blepharo-adenitis.  Removal of the parasite
resulted in cure.

Syphilis of the Eyelids.—Svphilitic affections of the evelids
exist either as the primary sore, or as secondary or hereditary
manifestations. A chancre usually appears on the area included
by the lid borders and inner eanthus, the tarsal conjunetiva and
the cul-de-sacs.  (DeBeck.) The lesion begins as a pimple which
eradually develops into a characteristie, somewhat sancer-shaped
uleeration, with rather rounded edges and indurated base. The
Ivmph glands in front of the ear and at the angle of the jaw
are enlarged.  Contagion has often oceurred by the application
of the lipz or tongue of an individual suffering from mucons
patches in the mouth, as, for instance, in the act of kissing; or by
the filthy practice of attempting to remove a foreign body with
the tip of the tongue. Soiled fingers have also carried the con-
tagion,

It is possible to mistale the affection for a stye, suppurating
chalazion, uleerated tear-sac, or a rodent uleer of samall size.

TreEATMENT.—Locally, the uleer may be dressed with black
or vellow wash. As soon as positive secondary manifestations
are sufficiently evident to settle the diagnosis, the ordinary anti-
syphilitic remedies should be exhibited.
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The lesions of secondary syphilis upon the eyelids require no
special deseription,

Among the later manifestations gummata of the skin of the
lid, which break down into ulcers—so-called fertiory uleers—are
deseribed,

A papular eruption may appear upon the eyelids of children,
the sabjects of hereditary syphilis, shortly after birth, A form
of blepharitis, characterized by sharply ulcerated spots, has been
deseribed as the result of hereditary syphilis, and in subjects of
this dyserasia, absence and falling-ont of the evelashes have been
seen.  The latter condition also arises during secondary syphilis.

Tumors and Hypertrophies.—A variety of growths, eystic and
solid, are found upon the eyelid and its border. Along the
latter, warts or papillomata are common.  These are benign, ex-
cept when in elderly people through irritation they may take on
an epitheliomatous nature, They should be cut oft and their
bases should be cauterized.

Small elear eysts are common along the ciliary margin, often
giving rise to considerable irritation. They should be pune-
tured.

A reddish, wart-like mass may occur at the mouth of a Mei-
bomian gland-duet. This is to be treated like an ordinary wart.

Aungiomas ( Naevi) are congenital growths, and exist either as
bright red spots, or in the form of elevated cavernons growths.
They should be dealt with early in their existence, lest they spread
into the orbit.

That operative interference should be practised which promises
the least subzequent deformity to the lid,  When small, they may
be excised, or cauterized with nitrie acid ; if’ of a larger variety,
their bloodvessel structure should be destroved with the galvano-
autery or red-hot needles.  Injections of liquor ferri subsulphatis
are not to be recommended.

Cutaneous corns ( fibroma ; molluseum fibrosum).—These occur
as connective-tissue new growths, either sessile or pedunculated,
sometimes associated with numerous similar tumors elsewhere on
the body.

Newromas, of the plexiform wvariety, and lipomas are benign
growths which should be removed by careful dissection under
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antiseptic precautions. The latter growth sometimes appears in
the form of an extensive accumulation of fat in the connective
tissue of the lid, cansing it to droop over the eornea, and produces
the condition to which the name plosis lipomatosis has been given,
The mass should be dissected out, but {:uItl]Jh-tu muh”it}' of the lid
is not always regained, owing to failure in the power of the levator
palpebrze.

Fic. 74.

Congenital ptosis due to a hypertrophic condition of the skin of the eyelid, and
tumor formation,

Rare forms of benign tumors are adenoma of the sweat-glands
and their follicles, papilloma of the ciliary border, and enchon-
droma of the tarsus.

Aanthelasma (ranfhoma) is a connective-tissue new growth,
with fatty degeneration, usnally seen in the form of narrow,
semicirenlar patehes, most common upon the upper evelids,
althongh all four lids may be affected.  The patches are yellow
or buff-colored, and on a level with the surrounding skin, or
slightly raised above it.

Excision, if this may be performed without producing ectro-
pion, is the simplest method of treatment. The growth pro-
duces no irritation.
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Chalazion (Meibominn eyst, tarsal twmor)—Thiz is a small
tumor or retention eyvst, due to a chronic inflammation of a Mei-
bomian gland and the tissue which surrounds it.  The growth
begins by retention of the secretion of the Meibomian glands,
foliowed by a peri-adenitis and destruction of the tarsal carti-
lage, with passage of the tumor towards the conjunctiva (internal
chalazion), or to the skin (external clalozion).  According to the
rapidity of its development, the chalazion is either aeute or chronie,

Cavse.—The ecause of chalazia is not known. They may be
associated with inflammation of the border of the lid and stop-
page of the duct of the gland. Individuals affected with these
growths not infrequently have ametropic eyes, especially when
there is a tendency to recurrence in crops, like stves. They
are more common in adolescence than in vouth, childhood, or in
old age. Bacteria have been described, but they exist only in
connection with suppuration in the evst.

Symproyms.—The tomor erows slowly, unless it is of the acute
type, and forms a firm swelling attached to the tarsus, The
skin nsually is freely movable over it ; on the conjunctival sur-
face a discolored pateh marks its position. Suppuration may
take place in the cyst,

An acute chalazion may be mistaken for a stye, from which it
i= to be distingnizhed by the more circumseribed character of the
inflammation, and by the fact that the stve points in the edge of
the lid ; and a chronic chalazion for a sebaceons eyst, from which
it may be differentiated by the firmness of its attachment to the
tarsus.  Chalazia and small sarcomata of the lid have been con-
founded.

TrEATMENT.—It is sometimes attempted to produce resolu-
tion by the inunction over the swelling of a resolvent ointment.
The following may be tried:

Yellow oxide of mercury . - . : . Zgrains.
Vaseline | :
T of each . . . . . « 30 grains.
Lanolin
Or— &
Todide of cadminm . - . - . . 10 grains.
Vaseline . . - . . . - « 00 grains.

The skin should first be prepared by frequent applications of
hot water.
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The only radical measure is removal by means of an incision,
according to the method described on page 576.

The malignant growths which appear upon the evelids are
sareome, careinome, in the form of epithelioma or rodent uleer,
and lupus.

Sarcoma occurs as a primary tumor in both upper and lower
lids, and usually is seen in children. At first the growth is
slightly elastic and the skin moves over it freely, but the ten-
dency is to rapid growth, uleeration, and involvement of the
orbit. The various types of sarcoma have been seen in this
region, and the tumor has been known to follow a contusion.

An early removal of the growth is urgently indicated, but
even then local return or metastasis may follow.

Carcinoma of the evelid generally appears in the form of
rodent uleer (Jacob’s uleer), which is a type of epithelial cancer,
characterized by slow uleeration and non-involvement of the
neighboring Ivmph-glands, and is usually seen in elderly people.

The growth begins as a pimple over which a erust appears.
Gradually an uleer forms, which slowly spreads with indurated
and elevated edges, and if unchecked involves all the tissnes and
destrovs the eyeball.  Often many vears elapse before the uleer
attains any considerable size. The most common point of origin
is the inner end of the lower lid.

The slow growth, and absence of lymphatie involvement, to-
rether with the age of the patient, suffice to distinguish rodent
uleer from a tertiary syphilitic sore.

It may be confounded with lupus; but the latter oceurs in
vounger subjects, is more inflamed and less indurated, the uleer-
ations proceed from many points, and are generally associated
with lupus elsewhere in the body.

Instead of rodent cancer, an epithelioma with the ordinary
clinical characteristics may attack the evelid. Glandular earei-
noane, having its point of origin either in the Meibomian or in
I<ranse’s glands, is a rare form of cancer.

TrEATMENT.—Certain local remedies, like aristol, have been
recommended, but the only proper treatment is exeision. This
must be undertaken at as early a date as possible, in order to
prevent the necessity of extensive plastic surgery to replace the
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excised tissues. If the disease is advanced, it may be necessary
to employ Canquoin’s paste, seraping, or the actual cautery, and in
this way much can be done to resist the progress of the uleeration,

Fia. 7.

Destruction of eyeball by a rodent uleer which began in the lid sixteen years ago.
From a patient in the Philadelphia Hoepital,

Lupus Vulgaris is a cellular new growth composed of varionsly-
shaped, reddish tubereles, which usually terminate in ulceration
and extensive cieatrization.  As this disease commonly appears
on the face, it may also involve the eyelids.

The process begins in vouth, often before puberty, and is slow
in its course. The ulcers are apt to start from a number of
points which coalesce ; their edges are soft, and the discharge is
offensive.  Syphilitic uleers, on the other hand, are deeper, more
excavated, with harder margins, and their course is more rapid.
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TrEATMENT.—Local application of caustic paste, erasion with
a curette, and the actual cautery have been employed, and, re-
m-ull_v, il]j['d‘li[]l'l.‘-'u of tuberculin,

Lepra.— Leprosy attacks the eyelids very frequently, Aeccord-
ing to Lopez two-thirds of the patients suffer from lesions in

this region. These consist of anwesthetic patches of color slightly
different from that of the surrounding integument, tubercles, loss
of the evelashes and eyebrows, and ectropion and entropion, the
tormer oceurring with extraordinary frequency.

From a photograph of a patient with syphilitic tarsitis, under the care of
Dir. Randall in the Children's Hospital.

Elephantiasis Arabum, or a chronic hypertrophic disease of
the skin and subeutaneous tissue, has appeared in the upper
evelid in consequence of an injury, but may also be congenital.
Elephantiasis teleangiectodes, or that disease which consists in a
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hypertrophy of the skin and connective tissne, together with
fatty tissue and distended vessels, oceurs in the upper evelid as a
congenital affection,

Tarsitis, or inflammation of the tarsus, is usnally svphilitic in
origin, and presents great thickening of the tarsus, owing to
diffuse gummatous infiltrations. As a rule, it is chronic in
course ; in rare instances, an acate form has been deseribed,  As
an idiopathic affection, the disease resembles a chronie marginal
blepharitis, with the formation of erusts and uleers at the mouths
of the hair follicles, but differs from the latter condition by the
presence of considerable thickening and induration of the tarsus.

TrEarmeENT.—If svphilitic, tarsitis is amenable to the ordi-
nary remedies ; i idiopathie, much the same treatment deseribed
in connection with chronie blepharitis is applicable, especially
the nse of resolvent vintments.

Elepharuspasrn, O a4 iIn'tJ|lltlt:H“".' contraction of a |m1‘ti:rlt
or of the whole of the orbicularis palpebrarum, appears either as
a elonic or a lonie cramp.

The former variety, in its simplest forms, consists in a twitching
of a few fibres of the muscle, most commonly in the lower lid,
very annoving, and often the canse of undue alarm. It arises
from the strain of uncorrected ametropia, prolonged eve use, and
deficient amplitude of accommodation.

The freaiment (*nt'!]]:-l‘i:-‘-f".-‘- the I]I‘P#I"t‘i'}t[{:n of olasses, and a
general tonie, a very suitable one being an elixir of quinine, iron
and stryehnia, provided the last remedy does not aggravate
the affection, in which ease it may be omitted from the eombina-
tion. In stubborn eases, fluid extract of gelseminm will afford
relief. Conium internally, and the extract locally, have been
recommended.

Children are often affected, especially during their early school
yvears, with undue winking of the evelids, associated, at times,
with jerky movements of the facial and other museles. This
form of nervous disorder is designated by Weir Mitehell « habit
ehorea.”  Almost invariably blepharitis, follicular conjunctivitis,
and errors of refraction and insufficiencies of the external eve

1 Gowers gives the name *°* habit spasm’™ to the same affection.
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muscles will be found as exciting canses.  Suitable glasses and ap-
propriate loeal remedies, together with the exhibition of Fowler’s
solution, will usually bring about a cure.

Tonie cramp of the orbicularis follows the introduction of
foreirn bodies into the eve, the presence of inflammations of the
cornea and conjunectiva, and fissures at the angles of the lids,

More rarely, a persistent lid eramp oceurs, without obvious
cause, and is unrelieved for weeks and even months.  When the
eves are finally opened there may be temporary blindness, with-
out yur|'(*,-=|m||[1i||g 1II]-|]E]|,.'.|]['I'I[]:-Zl:{ll'lil". ir]l'.'ll]:_,-‘{‘:-;; Oor permanent loss
of vision, with gross lesions in the eye-ground.

Tonic cramp appears to be a form of reflex action, arising
through irritation of the peripheral trigeminal filaments, The
blindness which has been observed in certain instances has been
explained as cortical in nature, owing to the long absence of
peripheral stimulation, or as an example of the “ forgetting voli-
tion” of the sensory perceptions, analogons to the suppression of
the image in alternating strabismus, (Samelsohn.) Ifgross changes
appear, these have been explained by pressure of the closed lids
upon the ball.

The treatinent demands the removal of any peripherally exciting
eanse—fissure, foreign bodies, phlyctenules, ete. Hypodermies
of morphia have been used to control the trigeminal irritation,
and in bad ecases section of the supraorbital nerve has been
performed.  Coninm and gelsemium in the form of the fluid
extract may be tried. They should be pushed to the point of
tolerance,

Ptosis (Llepharoptosis) is that condition in which the upper lid
droops entirely or partially over the eveball, and ecannot be vol-
untarily raised. It is either congenital (page 189), or acquired
by reason of the development of fatty or other aceumulations in
the connective tissue of the lid (page 200), or it arises from para-
Ivsis of the entire oculo-motor nerve. In rare instances, ptosis
(monolateral in character) oceurs from lesion of the cortical centre
for this branch of the third nerve, (For farther diseussion of
ptosis see Ocular Palsies,)
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TreEaTMENT—The medical treatment calls for the exhibition
of those remedies which control the supposed eanse of the palsy—
mercury and iodides in syphilis, salicylic acid in rheumatism,
The surgical treatment will be found on page 577,

Lagophthalmos, or an inability to close the eyelids, is either
paralytic or non-paralytie, and usually results from paralysis of
the facial nerve, as in Bell’s palsy, but also oceurs in tumors of
the orbit, L’:\:l_l]]-l]lhil.ltllil' woitre, and ﬁt;l]rll_}'h:lll:l. The highest
grade of lagophthalmos appears as a congenital defect (page 1583).

The chief” danger of the affection is uleeration of the cornea
from exposure, rendered all the more certain should disease of
the trizeminns also exist.

TreEaTmENT.—In paralytic lagophthalmos the primary cause
of the affection must be treated ; in the non-paralytic varieties,
and in any form in which the vitality of the cornea is threatened
by its exposure, the operation of tarsorrhaphy may be employed,
(See page 578.)

Symblepharon,! or a cohesion between the eyelid and the ball,
may be complete or partial, acquired or congenital (page 188).
The most vsual causes are injuries, especially burns with acids
or lime, Symblepharon also follows diphtheritic conjunetivitis,
trachoma, pemphigus, and oceasionally purulent ophthalmia; but
the shortening of the conjunetival snlens, which oceurs by a spe-
cies of dryving of the conjunetiva, presently deseribed, must not
be confounded with a true symblepharon.  The attachment may
be merely slight bands between the conjunctival surface of the
lid and ball, or, in the more complete cases, the eornea may also
be involved in the cicatricial wnion, and vision seriously dis-
turbed.  The lower lid is most nsnally involved in the process;
the upper may also participate. (Fig. 77.)

Ankyloblepharon, or that condition in which the horders of
the two lids have grown together, may be congenital or acquired,
and, like the preceding affection, partial or complete,

The same canses which originate symblepharon are here active,

I Symblepharon really belongs to diseases of the conjunctiva, but is conven-
iently inserted in this place.
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and varieties are described in which the union takes place, not by
a growing together of the lids, but by the organization of a mem-
brane, the result of eroupous conjunctivitis.

Fia. T7.

Bymblepharon, the sequel of purulent ophthalmia. From a patient in the
Philadelphia Hospital.

Blepharo-phimosis is the name given to that condition which
arises through a contraction of the outer commissure of the lids,
and results in shortening of the palpebral fissure.

It is commonly seen in ecases of long-standing conjunctivitis
with irritating secretions ; for instance, in chronie blennorrheoea,
and in some of the forms of granular lids.

TrEATMENT.—After an injury, or during the course of a
local disease, likely to result in one of these complications,
serupulons care must be exercised to avoid it.  The formation
of granulation tissue may be broken up with a probe, and it
has been advised to place a piece of gold-beater’s skin between
the lid and the ball to prevent adhesions. It is doubtful if the
latter expedient will often prove successful.

The surgical treatment of' these atfections is deseribed on page
S8,

Trichiasis; Distichiasis.— Trichiasis is that affection in which
the lashes are misplaced and turn inward against the eveball ;
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distichiasis, is that condition in which incurved rows of supple-
mentary cilia are developed from the intermarginal part, close to
the opening of the tarsal glands.

The most usual causes of trichiasis are chronic inflammations of
the lid borders—blepharitis, and granular ophthalmia,  Distichi-
asis, in rare instances, is congenital, or develops about the age of
puberty, but occurs also as the result of the diseases named.!
The cilia rubbing against the cornea produce constant irritation,
and may lead to uleeration.

TreEATMENT.—If not too numerous, the lashes having a fanlty
direction should be removed with cilinm forceps, and when they
grow again, the procedure repeated ; their reappearance may some-
times be prevented by destruetion of the hair follicles by galvano-
puncture.  Other operations consist of strangulation of the roots
of the incurved lashes by a subentaneous ligature, excision, and
the varions modifications of single and donble transplantation of
the entire ciliary border. (See OreraTioN Chapter.)

Entropion, or inversion of the lid, like the former affection, is
most commonly cansed in an organie form by granular lids, and
also follows essential shrinking of the conjunctiva and diph-
theritic ophthalmia. Entropion and trichiasis are often associ-
ated.

Two other varieties of entropion are deseribed, museular and
bulbar. The former is sometimes present at birth from undue
development of the orbienlariz, and also ocenrs in a spasmodic
type, under the influence of conjunctivitis, keratitis, and foreign
bodies ; the latter is a falling in of the lids when the eyeball is
shrunken or absent.

TreEarMeExT.—The spasmodic varieties will usuvally subside
if the exciting canse can be removed. Painting the lid with
flexible collodion, which by its contraction draws out the in-
verted border, or fastening this with a strip of adhesive plaster,
or pinching up a longitudinal fold of skin and muscle with a
serre-fine and keeping it in place, oceasionally changing the posi-
tion of the instrument to avoid irritation, are methods advocated

1 Rashlmann believes that trichiasis hairs, or * false cilia,”” are developed
from the epithelial covering of the lid margin in consequence of marginal ble-
pharitis, the result of granular conjunctivitis.

14
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in the treatment of temporary entropion. The organic varieties
of the disorder require one or other of the operations deseribed
on page H31.

Ectropion, or eversion of the lid with exposure of the conjunc-
tival surface, is either partial or complete, The disorder is
divided into the acute or museular, and the chronie form, or that
which results from organie changes,

Ectropion of the upper 1id, the result of an injury to the brow and subsequent
caries of the margin of the orbit. From a patient in the Philadelphia Hospital.

Fia. T3,

Ectropion of the lower lid, the result of a wound from the tine of a fork. From
a patient in the Children’s Hospital.

Acute ectropion usually occurs in children with ophthalmia,
and in diseases of the cornea with blepharospasm, when the
lids, during examination, become everted and remain so until
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replaced.  One form of partial museular ectropion iz produced
by facial palsy,

The common canses of the second, or chronie form of ectro-
pion, are wounds, especially such as are cansed by dog-bites, by
laceration of the lid by a sharp instrument, by burns and sub-
sequent cicatricial contraction, by chronie inflaimmatory condi-
tions of the ciliary margin, by uleeration of the lids as in lupus,
and by caries of the orbital border and malar bone.  The lower
lid is more frequently involved than the upper, but ectropion is
also seen in the latter.

TrearMENT,—This varies with the type and degree of the
ectropion.  In the spasmodic forms, simple replacement of the
everted lids suffices ; in slightly marked grades, with some ever-
sion of the lachrymal punctum, the canaliculus should be slit,
and, if necessary, the nasal duet should be probed.  The organie
tvpes of the disorder require a plastic operation for the relief’ of
the deformity. (See OpEraTION Chapter,)

Certain diseases of the evelids are comprised in a group of
functional dizorders of the sebaceous and sweat glands,

Seborrheea, or that functional disorder of the sebaceous glands
during which their seeretion is altered, and forms an oily coating
on the skin, sometimes accompanied with erusts and epithelial
scales, is also seen upon the eyelids. It iz nsually associated with
a similar process in the scalp and evebrow, and when specially
localized upon the eiliary marging, creates one of the forms of
blepharitis already deseribed.

TreEsaTMENT.—Proper hyvgiene, cod-liver oil, iron and arsenie,
removal of the accumulated sebum by frequent washings, and
the application of sulphur and mercurial ointments comprise the
most efficient methods of treatment.

Milium.—Milia, or small vellowish elevations, consisting of an
accumulation of secbum within the distended but closed sebaceons
glands, are common upon the eyelids. They often develop about
the age of puberty.

They are caused by improper care of the skin, and may be
connected with general constitutional disturbances, dyspepsia and
constipation. They should be opened with a knife or needle, and
the contents evacuated,
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Molluscum contagiosum (M. sebacewn) is a disease of the
sebaveous glands (according to some authors, of the rete muco-
sum), characterized by the appearance of ruum]ul papules, about
the size of a pea, and of a waxy color. The eyelids are a favorite
situation.

The disorder ocenrs chiefly among ill-nourished children, is
believed by many to be contagious, and may arise as an epidemie
in homes and asylums.  Recent investigations seem to show that
the affection is caused by a parasite belonging to the class coceidia,
and really is a form of contagious epithelioma,

TrEATMENT.—Each molluseum should be ineised, and its con-
tents foreed out,

Ephidrosis (hyperidrosis), or an inereased flow of sweat, has
in rare instances been observed as a local disorder of the sweat-
glands of the eyelids. In cases of unilateral sweating of the
face, the lids necessarily participate.

Chromidrosis, or the formation of a variously colored secretion
from functionally disordered sweat-glands, is sometimes located
upon the evelids. It then receives the name of pelpelbiral chiro-
midiosis, and consists of a bluish-black discoloration, usually
upon the lower lid, which is somewhat oleaginous and can be
wiped away,

It is probably genuine in rare instances ; in others, it is believed
to be either a frand practised by II".H[['II('!] subjects, or due to
the deposit of dust upon the surface of the skin affected with
seborrheea.  Young women have usually been those affected
with this dizorder.

The freatment should consist in general invigorating methods
caleulated to remove anmmia, debility or nervous disturbances.

Locally, lead water and glveerin are recommended.

Sebaceous Cysts occur in the evelids, most frequently in the
outer part, and also in the evebrow. In the latter situation, they
sometimes are deeply seated, tightly adherent to the periostenm,
and may extend some distance into the orbit.  Their removal by
an ordinary dissection iz usually unattended with difficulty.

Injuries of the Eyelids.—Incised, lacerated, and contused
wounds, wedema, emphysema, and ecchymosis are the ordinary
results of accidents and injuries to the evelids.
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Wounds.—The type of a wound depends largely upon the char-
acter of the implement which has inflicted it, and may vary from
a simple and superficial incision to a deep eut which penetrates
the tissues of the lid, and injures the structurves of the eveball Iving
beneath. In like manner, a laceration may be small and unim-
portant, or may be so extensive as to tear the eyelid from its
attachments.  Wounds inflicted by an incizion in the line of the
direction of the fibres of the orbicularis result in the least visible

ar, owing to the absence of gaping,

TrEATMENT.—Accurate approximation of the wound should
be secured with catgut or silk sutures, and scrupulons antisepsis
ghould be followed. Even considerable laceration may heal with
very little deformity it neat adjustment is secured.

(Filena nsually ocenrs as the sequel of a blow, owing to the
loose connective tissue of the eyelids, which readily admits of
distension.

(Edema not the result of an injury, is seen in association with
severe inflammations of the eomjunetiva, as part of a general con-
dition (renal or eardiac), and sometimes in a fugitive and not
infrequently recurrent form.  The last variety has been observed
with migraine, at the time of the establishment of menstroation,
and spontaneously, without apparent canse. Some of the instances
seem to be analogons to urticaria.

TrearMENT.—The application of evaporating lotions, like
dilute lead-water and landanum, associated, ift the swelling is
great, with a pressure bandage, is a measure which will afford
relief. If a general eause is at the root of the trouble, this must
receive appropriate treatment.

Fmphysema of the lids is obzerved when a fracture of the orbit
permits air to escape into the cellular tissue, throngh a communi-
eation thus produeed with the ethmoidal or frontal sinus, A soft
swelling, erackling to the touch, is the result, which increases in
degree when the patient blows hiz nose and forces the air through
the fissured bone. The eyelids may participate in the emphysema
of the neck and face, sometimes seen after tracheotomy, or after
stab-wounds of the chest.

Feehymosis of the lids, or a eollection of blood in the connective
tissue, in its simplest variety constitutes the familiar “ black eye,”
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the common result of a blow. A gradual absorption of the
effused blood takes place, requiring a week or longer for its
completion, but the skin may retain its black and blue stain for
a greater period of time.

Ecchymosis results also in some cases of fracture of the base
of the skull, and may be associated with emphyszema, if a fracture
has involved the frontal or ethmoidal cells,

TREATMENT.
local treatment ; if the swelling iz severe, it has been recom-

Fmphysema will gradually subside without

mended to prick the tissues and allow the air to escape.

Eechymosis should be treated with frequent applications of
cold water, arnica, lead-water and landanum, or diluted white
extract of hamameliz, If discoloration remains for a long time,
the “eve may be painted.” The practice of applying leeches, or
ineising the swollen lid and sucking out the contained blood, is to
be deprecated.

Burns of the Eyelids are commonly inflicted with hot water,
caustics (lve and lime), acids, or by the explosion of powder.

The first agent produces the ordinary vesication, and the treat-
ment should consist in the application of o1l, while the pain may
be materially relieved by using loeally a lotion of earbonate of
soda, or, better, the moistened powder itself.

Burns eaused by the other materialz are especially dangerous
on account of the almost invariable involvement of the cornea
and conjunctiva. (See page 257.) Immediately after a powder
burn, all loose powder shounld be removed, and if possible each
grain picked out of the skin with a fine needle.  The application
for ordinary burns may then be used,

-
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CHAPTER VI.
DISEASES OF THE CONJUNCTIVA.

In addition to

Congenital Anomalies of the Conjunctiva.
dermoid tumors (page 253) certain thickenings of the conjunctiva,
of congenital origin, have been reported. The latter resemble
ptervgia, and extend between the fissures of the lid,  If necessary,
excision could be performed.

Hyperemia of the Conjunctiva (Dry cafarvh; Hyperamia
padpebraris) 12 characterized by an injection of the vessels, chiefly
of the palpebral conjunctiva, but rarvely affecting the ocular ex-
pansion of the membrane, The posterior conjunctival vessels
(System I.) are involved, but not to the same extent that they
are in an ophthalmia. Both an acute and chronie form exist.

Cavses.—The strain of un-
corrected ametropia furnishes a
large contingent of these cases,
while others arise when the re-
fraction error is insufficiently
or improperly corvected. Be-
ginning preshyopia, especially
in those people who are disin-
clined to nse glasses, and hyper-
@mia of the conjunctiva are
often as=ociated ; it also oceurs

Congestion of the posterior conjunc-
Bt ans tival vessels. (Guthrie.)
with incipient cataract and slight

opacities of the cornea, as the result of the effort to obtain elear
1mages,

Local irritants like dust, foreien bodies, tobaceo smoke, eold
winds, ete. are common causes, and the abuse of aleohol origi-
nates many cases.

Nasal eatarrh, lachrymal obstruction and marginal blepharitis
are frequently accompanied by chronie hypersemia of the conjune-
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tiva, which is much aggravated by the establishment of an acute
coryza, or a condition like * hay fever.”

Finally, certain acute hypersemias, which may be recurrent,
appear in the form of vaso-motor disturbances, and are seen
under the influence of general diseases, especially gout.

SymproMs.—Direct inspection reveals the congestion of the
vessels, not sufficient to produce the velvety appearance seen in
ophthalmia, and unaccompanied by any discharge. Slight swell-
ing of the conjunctival follicles may be present. There are
photophobia, some lachrymation, a hot, stinging sensation, aggra-
vatedd by use of the eyes, which readily * water” and grow
uncomfortable, especially by artificial light.

TrEATMENT.~This calls for the correction of any refractive
error and careful examination into the accuracy of glasses, pro-
vided they are worn by the affected individual.

Removal of exciting loeal causes, and attention to the posterior
nares are necessary,  Pateney of the canaliculi and of the lachry-
mal passages shonld be secured.

Locally, boric acid (gr. x—{3j), or biborate of soda gr. v, camphor
water t3j and distilled water £ 3], may be applied. More active
astringents like alum, tannin, and zinc are sometimes employed,
and stimulating drops, as equal parts of tineture of opium and
water, or borie acid solution, to which a few minims of aleohol
liave been added, are useful. Nitrate of silver is not advisable,
Douching the eves with hot or cold water is a valuable adjuvant.

If there iz reason to suspect anv general trouble, like gout, this
must receive attention, and in those varieties believed to be of
vago-motor origin a mixture of tineture of nux vomica and fluid
extract of ergot may be exhibited.

Ophthalmia.—The conjunetiva is liable to varions grades and
types of inflammation which have certain symptoms in common :
(1) Photophobia, not constantly present in all varieties, but com-
monly seen at some time during the eourse of the complaint ; (2)
increased and uvsually altered seeretion ; (3) a changed appearance
in the membrane, varving from a general injection of the blood-
vessels, and slight velvety opacity, to the development of special
pathological products, or the formation of false membrane,
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The generic term * conjunctivitis,”

{‘H.I'IIL" i} lil{‘:-'h l"n!{!'-f" ?_':I"{-!HI]' l’_lr {,1i5['{lﬁﬁ!5_
Simple Ophthalmia ( Catarihal, Aeute, or Muco-purulent Con-
Junctivitis, or Ophthalfmia).  This 15 an inHammatory disease of

or “ ophthalmia,” 1z appli-

the conjunetiva characterized by congestion, loss in the transpar-
ency of the palpebral conjunctiva, some dread of light and spasm
of the lids, and a discharge sufficient only to glue the lids in the
morning, or {free and muco-purnlent,

Cavses.—The disease i= commonest in warm and changeable
weather, and, if the seeretion is free, it is markedly contagious,
and the affection will pass rapidly from one member of a house-
hold to another.  Micro-organisms are present in severe types
and may explain the contagion ; neglected hyperemias and the
presence of {ollicular granulations inerease the susceptibility to in-
fection, and serofulous subjects are peculiarly liable to the disease,

The etiology i further made evident by observing certain
varieties :

Associafed ophthalnias are seen with eczema, facial erysipelas,
impetigo contagiosa, nasal eatarrh, bronchitis, and constitutional
disorders like typhoid fever and rheumatism.  Among these may
:]E::l] lll' iI]{'Il_I{]_{"I] thl_" :".J"HHEJEH'HFFI!"{Z'HR *}!ljﬂ!ﬂ‘ff!}”;"fﬂ] or 1!1{..‘:" “bill-:{'.h
accompany or follow certain of the exanthemata—measles, scarlet
fever, and smallpox.

Mechanieal ophthalmias result from exposure to wind, dust,
and tranmatism.

Symptomatie ophthalmias may arise from the strain of uncor-
rected ametropia, and are analogous to ordinary hypersemias,

Finally, there are certain special ophthalmias, known as epidemic
conjunctival catarrh, or catareh with swelling, where the process is
more particularly located upon the retrotarsal folds, in which
group may be included that form vulgarly known as “ pink eye,”
and commonly seen in the spring and fall, and supposed by some
to be due to a special bacillus,

Syaproms.—The seeretion is at first watery and by running
over the edge of the lids may excoriate the surrounding skin,
which shows injection of its superficial veins. In certain indi-
viduals the lids, especially along their palpebral margins, are
slightly cedematous.
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The secretion soon beeomes mucous or muco-purulent, and,
according to the grade of the inflammation, gathers in a slightly
frothy material only at the commissural angles, or is very freely
secreted, and when it dries, glues the borders of the lids and mats
the cilia together.

Inspection of the retrotarsal folds may reveal the presence of
long strings of mucus or muco-pus.  There are a general hy per-
semia and loss in the transpareney of the tarsal conjunctiva, in
which the posterior conjunctival vessels (System I.) are con-
cerned, and later of the fornix, caruncle, and semilunar folds,

In severe types the entire conjunctiva is deeply injected, and
small hemorrhages may be observed, the swelling of the mem-
brane being noticeable in opaque, velvety layers, especially in
the recion of the retrotarsal folds, while the bulbar conjunctiva
is chemotic, The lids are glued together in the morning, the
eves are hot and heavy, and feel as thongh they contained sand.

Although vision is not usnally affected, some secretion may
be adherent to the cornea and produce the same haziness in sight
that would be present on looking through a dirty glass ; and arti-
ficial lights, which are most uncomfortable at all times, appear
fringed with colored borders,

Photophobia may be entirely absent, or exist in marked de-
aree, most often in those varieties which complicate measles, or
are associated with the development of small superficial uleers on
the cornea.  All ages of life are liable to eatarrhal eonjunetivitis,
but the majority of cases are seen in children and voung people.

ProGxosis axp Duratioy.—The prognosis is perfectly good,
and the process will usually subside in from one to two weeks.
Commonly both eves are affected, the one a few days in advance
of its fellow. The atfection through neglect, however, may prove
exceedingly troublesome, and in the epidemic varieties, tends to
attack all members of a household, a fact which in asyvlums and
similar institutions may prove of serious import, especially if the
severe types, not readily separated from forms of purnlent oph-
thalmia, are prevalent.

TreEATMENT.—This consists first in search for the cause and
the alleviation of associated econditions. The patient must be
removed from the influence of dust, cold winds, tobacco smoke,
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and the like; the under surfaces of the lids should be examined
tor foreign bodies, and their borders for misplaced cilia.  In the
earlier stages cold compresses are agreeable and suitable, but
later, frequent bathings with hot water are more acceptable. At
first a collyrium of boradic acid (gr. x—13)) is useful. The eve
should be frequently washed with water and Castile soap.

As soon as the discharge becomes mueous or muco-purulent,
and the velvety opacity of the conjunctiva forms, a stronger so-
lution of boracie acid, to which a few grains of’ common =alt may
be added, is advisable ; and the everted lids should be painted
with a weak solution of nitrate of silver (gr. ii—v—t3j). In se-
vere types, with a considerable discharge, bichloride of mereury
(gr. §-03) is a good collyrium,

Other topical medications which have found favor are alum
(gr. iv—viii—t3j), sulphate of zine (gr. ii—f3j), which may be suit-
ably eombined with borie acid, erevlin (1 per cent. solution), and
pyoktanin (1-1000), the last, in the experience of the author,
having proven very unsatistactory. Should the thickening of
the retrotarsal folds prove stubborn, these may be touched with
the alum erystal, or a solution of tannin and glyeerin,  Atropine
is not usnally necessary, unless a corneal uleer complicates the
affection.

The eves may be protected with smoked glasses, but under
no eirenmstances should they be bandaged or be covered with
poultices of tea-leaves (which of themselves may produce con-
junetivitis—* tea-leaf’ conjunctivitis"), bread and milk, scraped
potatoes, and the like. It should be remembered that meddle-
some domestic medication of this sort may change a simple oph-
thalmia into a serions and purulent inflammation.

At the ountset a laxative, followed by full doses of quinine,
is indicated ; any associated disease, of which the ophthalmia
may be a symptom, requires the usual treatment.  Proper hy-
giene, fresh air, striet eleanliness, and protection from contami-
nated towels, ete., are evident indications.

Purulent Ophthalmia (Aeunte Blennorrheea of the Conjunetiva)
is described under two forms, according as it oceurs in the new-
born (ophthalmia neonatorum), and in adults (gonorrheal oph-
thalmia).
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Ophthalmia Neonatorum.—This iz an inflammation of the
conjunctiva, characterized in its usual form by great swelling of
the lids, serous infiltration of the bulbar conjunctiva, and the
free secretion of’ contagious pus,

Cavses.—The affection is caused by the introduetion into the
eve of the infecting material, from some portion of the genito-
urinary tract of the mother, at the time of or shortly after birth,
The majority of cases, and all severe forms, are associated with a
special micro-organism—the gonococens of' Neisser.  Exeeption-
ally, inoculation appears to oceur in utero, owing, perhaps, to the
high degree of penetrating power which has been aseribed to the
g{l"”{'l}[‘!'ll."’h.

Inasmuch as this miero-organism is not invariably present,
two forms of the disease have been distinguished

a severe type,
supplied with the micro-organism, with a tendency to increase in
severity and invade the cornea; and a milder type, non-specifie,
with a tendency to recover. Hence a virulent vaginal discharge
iz not necessary to produce this eondition, except in intense de-
gree, and it probably may arise from the contamination of any
muco-purulent discharge during birth. Careless bathing of
the child after birth, and the use of soiled towels and sponges,
arve fruitful sources of infection. It is possible that later contact
with the lochial discharge may originate the disorder, although
in the hands of several observers inoculation with healthy lochia
has failed to produce the disease.

The exact time of inoculation has not been determined. In-
fection is more likely to oeccur in face presentations and during
retarded labors.  Boys are attacked more frequently than girls,
The diseasze is =aid to be more common during summer months
in cold elimates ; in hot countries, during the spring and autumn.

Symproms,—Ophthalmia neonatorum usnally begins on the
third day after birth, but may set in as early as from twelve to
forty-eight hours after inoculation, or, when it is the result of a
secondary infection from soiled fingers, sponges or eclothes, be
delayed to a much later date.  Almost always both eves suffer,
the one being earlier, and frequently more decidedly affected
than its fellow.

Four stages of the disease are common, but, as these vary in

&
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different cases, and more or less rapidly shade one into the other,
no very sharp lines need be drawn.

A slight redness of the conjunctiva, with a trifling discharge
in the corner of the eve, is rapidly succeeded by great, eushion-
like swelling of the lids, with intense chemosis and congestion of
the conjunctiva, accompanied by severe pain and discharge. The
surface of the swollen lid is hot, dusky red, and tense ; the upper
lid overhangs the lower, and at first can only with difficulty be
everted. The discharge, which in the beginning is slightly tur-
bid, soon changes to a vellow or greenish yellow pus, and is
secreted in great quantities,

If the lids are everted during the first day or two of the dis-
ease, the conjunctiva will be found to be swollen, red, and vel-
vety, and that upon the eyeball intensely injected ; upon the
surface easily-detached flakes of lymph are found ; later, the con-
junctiva becomes rongh and of a dark-red color, spots of ecchymo-
gis appear, or it is sucenlent and bleeds easily.  Marked chemosis
and infiltration of the ocular conjunctiva suceeed, forming a hard
rim ; at the bottom of the erater-like pit thus produced, the cornea
may be seen.  The thick, cream-like discharge inereases, and either
flows out from beneath the overhanging upper lid on to the
cheek, or is packed up in the conjunetival eul-de-sac.  (Fig, 81.)

The lids now may lose much of their tense character, and can
be more easily everted ; the conjunctiva is puckered into folds
and papilla-like elevations, and the discharge contains an admix-
ture of blood and serum. Gradually the disease declines, and in
from six to eight weeks the discharge ceases.  The relaxed pal-
pebral conjunetiva is thick and granular, looking like the granu-
lation-tissue which surrounds wounds. The ocular conjunctiva
is also thickened, and positive cieatricial changes may remain,

The chief risk is destruction of the witality of the cornea,
the danger of which is materially increased if’ this membrane be-
comes Instreless, dull, and hazy within the first day or two of
the disease, Frequently small, oval uleers form near the limbus,
either transparent or surrounded by an area of clondy infiltra-
tion, which rapidly inerease in size; or larger areas of ulcera-
tion develop in a more central sitnation.  In many mild cases the
cornea escapes without harm. The changes which take place
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in the cornea are due in part to strangulation of its nutrient
vessels by the swollen tissue, but largely to direct infection by
the discharge.

Fig. 81.
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Ophthalmia neonatorum. From a patient in the Philadelphia Hospital,

After the formation of a corneal uleer, either its healing and
regeneration of the corneal tissue takes place, or else perforation
OCCUTS.

The result of perforation will depend upon the amount and
character of the destruction of the corneal tissue, When the
uleer ig central and perforates, the agqueous humor escapes, the
lens is pressed forward against the posterior surface of the
cornea, and the opening becomes elosed with lymph. This
renders the re-collection of the aqueons possible, and, when it
ocenrs, the lens returns to its proper position, carrying with it
upon the anterior capsnle a little mass of lymph. Thus the
formaation of a pyramidal eataraet results.  (See page 395.)

Perforation of an uleer peripherally sitnated, especially below,
i= followed by adhesion of the iris to the opening, The aqueons
escapes, and, as the iris and the lens fall forward, the former
becomes entangled in the perforation, and is fixed by inflammatory
exudation. The adhesion is either on the posterior surface, or in
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the cicatrix, and the resulting dense white sear receives the name,
adherent lewcoma.

If the region of the scar is bulged forward because it is unable
to resist the intraccular tension, anferior staphyloma results.
Extensive slonghing of the corneal tissue, with total prolapse of
the iris, matting together of the parts by exudation, and protru-
sion of the cieatrix, constitute a fofal anterior staphyloma.

Finally, perforation may be followed by inflammatory involve-
ment of the ciliary body and choroid, and the rapid destruction
of the eyve through panophthalmitis, or a slower shrinking of the
tissues, with afrophy of the bulb,  Dense opacity oceasionally ap-
pears in the cornea during convalescence, and may go on to uleer-
ation, or clear up perfeetly., It may arise with great suddenness,
and, when it occurs in the lower half of the cornea, a deep in-
dentation, owing to the pressure of the margin of the lid, is likely
to oceur,

The appearance of the conjunetiva differs materially in different
cases, lts surface may be covered over, not merely with easilv-
detached flakes of lymph, but with a gray, false membrane,
More rarely, a deep infiltration develops, like that seen in diph-
theritic conjunctivitis.

Restlessness, fever, and other constitutional disturbances are
sometimes present, and synovitis of the knee and wrists may
arize, of the same character as similar complications oceurring in
adults during gonorrheea,

Ophthalmia neonatorum does not always follow this course,
because the term is made to inelude affections of the conjunctiva
in the newborn, other than the types just described—mild eatarrhal
ophthalmias, hypersemias, and that variety which, aceording to
Noyes, presents the character of a granular, rather than of a
purnlent conjunctivitis, and which may continue for weeks with-
out danger of corneal complication,

Some hyperemia of the conjunctiva, with a little yellowish
discharge in the corners of the eve, and slight swelling of the
lower lid, is common in babies for a few days after birth, and
may be attributed either to uncleanliness, or to change of tem-
perature.
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DiaGxosis,—The onset and character of the disease, its symp-
toms and course, render a mistake in regard to its nature prac-
tically impossible.  Close attention should be given to what at
first appears to be a trivial inflammation in the eyes of a new-
born child, because a virulent and destructive inHammation may
fullow with great rapidity.

Procyosis,—This is always grave, the gravity increasing in
direct proportion to the violence of the inflammation and the
condition of the cornea. The attendants of newborn children
should be impressed with the necessity of secking capable medi-
cal advice at the very moment of the appearance of any con-
Junetival trouble.  If, as only too frequently is the case, treatment
has been neglected until extensive slonghing of the cornea has
oceurred, no form of medication can do more than relieve the
violence of the inflammation, which, when it subgides, leaves
the child with sight hopelessly marred, perhaps destroyed,

Proruvraxis,—The present high standard of scientific mid-
wifery includes such cautious vaginal antisepsis during labor, that
the risk of contamination is distinetly less than in former times,
but still some preventive method shounld be employed.

Credé’s plan, commonly adopted, yvields excellent results,  This
eonsists in dropping into the conjunetival sac one or two drops of
a two per cent. solution of nitrate of silver, the lids having pre-
viously been wiped dry.  Other materials recommended for the
same purpose are aqua chlorini (Schmidt-Rimpler), and bichlo-
ride of mercury. The hands of the mother, nurse, and child
should be searched for sources of infeetion, and, in addition to
the usual antiseptic precautions during labor, if gonorrheea is
known to exist in the mother, the c¢hild should be removed from
the immediate surroundings of the Iving-in woman,

TrearmeEsT.—If the tvpe is mild, the applications deseribed
under simple ophthalmia are indicated ; i’ severe, three condi-
tions demand attention : The inflammatory swelling of the lids,
the state of the conjunetiva, and the corneal complications.

(1) During the earlier stages, when the lids are tense and the
secretion lacking in its later creamy character, in addition to abso-
lute cleanliness, local application of cold is the most useful agent.

This should be applied in the following manner: Upon a
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block of ice, square compresses of patent lint are laid, which, in
turn, are placed upon the swollen lids and as frequently changed
as may be needful to keep up a uniform cold impression. This
is far preferable to the use of small bladders containing crushed
ice ; indeed, the use of ice for infants is not advisable, The
length of time occupied with these cold applications must vary
according to the severity of the case. Sometimes they may be
used almost continuously, and sometimes frequently for periods
of half an hour at a time.

On the other hand, hot fomentations are occasionally better
than cold, especially when corneal complications exist, or the
surface of the conjunctiva is covered with a gray film. These
are applied with squares of antiseptic gauze wrung out in carbo-
lized water of a temperature of 120° F., and frequently changed.

2.) Constant removal of the discharge must be practised.

The lids are to be gently separated, the tenacious secretion
wiped away with bits of moistened lint or absorbent cotton, and
the conjunctival sac freely irrigated with an antiseptic fluid.
For this purpose a saturated solution of boracie acid (which is
feebly antiseptie, but very cleansing and slightly astringent), or
one of corrosive sublimate, a grain to a pint (it is stated that
a =olution of one to ten thousand will retard the vitality of the
coceus), may be employved.!  Special and ingenions forms of lid
irrigators have been devised, The cleansing process must be
repeated at least every honr, day and night, and, if necessary,
much more frequently.

The remedies mentioned on page 219 have found favor with
some surgeons,  In addition to these may be mentioned earbolic
acid (one-half to five per cent.), nitrate of silver (one to two
per eent.), aleohol and bichloride of mereury solutions, iodoform
ointment (four per cent.), and aqua chlorini,  Peroxide of hydrogen
acts efficiently in cleansing away the purulent seeretion. The fre-
quent insertion of vaseline beneath the lids is hichly commended.

I Tt is donbifnl if bichloride of mercury acts as a potent germicide in these
cases, ag it is probable that bacteria, in the presence of albumin, have the
power to convert it into ealomel, Very strong solutions shonld not he nzed,
becauze these may injure the corneal epithelinm and inerease the liability to
ulesration.

15
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(3.) The local application of nitrate of silver to the conjunctiva
must not be made in the earlier stages before free discharge is
established, nor in those cases, no matter what the stage, when
the lids are tense and board-like, and the surface of the conjunc-
tiva covered with a gray film, or a false membrane.

When the secretion is free and ereamy, when the lids are re-
laxed, when the conjunctiva is dark-red and puckered into papilla-
like excrescences, the time for its application has come. Once
a day the palpebral conjunctiva and retrotarsal folds should be
brushed over with a solution, ten or twenty grains to the ounce,
its surface first having been carefully freed from any adherent
discharge, and afterwards all excess of the drug washed away
with water. In severe cases the mitigated stick, and even the
solid pencil of nitrate of silver may be employed, great care
being taken to neutralize the excess with a solution of common
salt.  All strong applications must be made by the surgeon him-
self.  Ulceration of the cornea does not alter the treatment de-
scribed, except that pressure upon the globe while manipulating
the eye iz to be avoided. So long as the discharge is abundant
the use of the canstic is indicated.!

At the first appearance of corneal haze, a four-grain solution
of atropine is to be dropped into the eve two or three times daily,
If, however, a marginal ulcer forms, and danger of perforation
is imminent, or even if this has oceurred, good results are obtained
with eserine.  The use of eserine requires considerable eare, lest
any co-existing hyperemia of the iris be aggravated by the drug,
and iritis ensne.  For this reason many surgeons prefer not to
employ it, although its great efficacy in preventing sloughing of
the cornea eannot be denied.

Persistent swelling of the conjunctiva is sometimes treated by
searification.  Division of the outer commissure to relieve pressure,
leeching, and, indeed, any form of treatment followed by decided
loss of blood, ave hardly suited to yvoung infants, although they
may be indicated in adults.

If one eye alone is affected, suitable protection for the sound

1 Nitrate of silver combines the properties of an astringent, superficial
eanstic, and germicide.
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eve should be provided. This may be accomplished by antiseptic
h.;uul:lg'illg of the uninflamed organ (Buller’s shield is difficult of
application in infants). The daily use in the unaflected eye of a
drop of a two per cent. solution of lnnar caustic has been sug-
wested.

Reduction of the inflammation with cold applications, for
w]]iu_-h, under the conditions mum-ul, hot atfusions are Hl:hﬁtitlltud;
absolute cleanliness; frequent irrigation with antigeptic and
slightly astringent solutions; and at the proper stage nitrate of
silver, will meet with the best results,

The attendants must be impressed with the fact that upon their
faithful carrying out of directions and upon their unremitting
care much, if’ not all, of the hope of bringing the ease to a sue-
cessful termination depends. The attendants must further he
impressed with the contagious nature of the pus ; all bits of rag
and pledgets of lint used in the treatment must be destroved, and
after each treatment the hands of those engaged must be thoroughly
washed and then disinfected with a solution of bichloride of
mMerciury.

Gonorrheeal Ophthalmia (Purulent Ophthalmia ; Aeute Blen-
norrhea in Adulls) usually can be traced to its souree of contagion
from an acute gonorrheea or a gleet, by contact with soiled fingers
or linen, or from an eve similarly affected.

Purulent ophthalmia, not gonorrheeal in origin, may be cansed
by the secretion of diphtheritic ophthalmia, and oecasionally by
granular lids.  Vaginal lencorrheea is not uncommon in young
girls, and from this they may inoculate their eyes. It is to be
remembered that a catarrhal ophthalmia by neglect or injudi-
eious external applications, like poultices, may be aggravated into
an inflammation in all particulars resembling gonorrheal con-
junetivitis. A few instances of purnlent ophthalmia are on re-
eord where the source of contagion eould not be found, and hence
the origin has seemed to be spontaneous.

The same micro-organism deseribed in connection with oph-
thalmia neonatorum is active in gonorrheal ophthalmia, the
diplocoeei being found within the cells; later they penetrate the
epithelinm and enter the lymph spaces in the subconjunctival
tissue.
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Syvyproms.—The first symptoms appear from twelve to forty-
eight hours after inoculation, and resemble those already recited
in connection with the same disease vceurring in the newly born,

The vitality of the cornea is in constant danger, and compli-
cations in this membrane may arise during the height of the
attack, vr later, and when convalescence apparently is established.
These consist either in uleers, small or large, central or peripheral ;
in the latter |1-n.-:ElTuIl t||:-}-' often exist as ;_:'I‘HUVL‘I] '|*ing:,-'. or small
clean eut lesions without infiltration, hidden by the swelling of the
surronnding conjunctiva, and very prone to perforate. A more
or less dense opacity may follow uleeration, or arise independently
of this condition,

If perforation oceurs, all the phenomena deseribed on page
223 will ensue, and even without perforation, iritis, eyelitis, and
disease of the deeper structures of the eye may develop and defeat
the Im:-':-'-ihilit_‘.‘ of obtaining good vision,

Gonorrheal ophthalmia reaches its climax in about ten days,
and then gradually subsides in from one to two months; or it
may pass into a chronie type and be one of the forms of ehronie
blennorrhea, which then consists of a general redness of the pal-
pebral conjunetiva, with hypertrophy of its superficial layers and
some thickening of the papille.

TreEaTmENT.—This includes the same prineiples and practice
desceribed in connection with ophthalmia neonatorum (page 224),
but requires certain modifications suggested by the adult age of
the majority of the cases.

Depletion.—In the beginning, when the inflammatory action is
of high degree, a few leeches may be applied to the temple.  If
the swelling of the lids is so great that their pressure threatens
to destrov the cornea, the outer eanthus may be divided (cantho-
tomy). This acts in a twofold manner by relieving pressure
and by depleting the engorgement through the loss of blood
occasioned by the incision, which should be made with a scalpel
entting the tissues from without, down to the bone, as far as the
margin of the orbit, but leaving the conjunctiva uninjured.
Repeated ineisions of the hard rim of chemotic conjunctiva
which surrounds the cornea will also relieve pressure.  In despe-
rate cases, some operators (Critchett, FFuchs) have not hesitated



DISEASES OF THE CONJUNCTLVA. 22¢

to split the lid vertically and stitch the divided portions to the
brow, restoring them by a plastic operation after the disease has
subsided.

Application of Cold and Heat—Cold may be applied with
compresses in the manner deseribed, or continuonsly, with Leiter’s
tubes.  Under the circumstances already mentioned, hot appli-
cations should be substitnted.

Local Applications—These include the antiseptic lotions pre-
viougly given, in addition to which may be mentioned a drug
which has found favor with many, viz., permanganate of potas-
sinm, A solution (1 :100) is prepared, from which a sufficient
quantity is taken to alter one-half’ pint of water to a deep wine-
color, and the lotion then used in the ordinary manner for cleans-
ing the conjunctival cul-de-sac.

At the proper stage, nitrate of silver is the best remedy. It
is rarely necessary to employ it in a strength greater than ten
to fifteen grains to the ounce, but when the granulations of’ the
conjunctiva become exuberant, the mitigated or solid stick at
times alone will eontrol the process.

Corneal Complications.—On the appearance of any of the
types of uleeration, the surgeon must decide between atropine
and eserine.  No question arises if the iris is inflamed, but in
the absence of such complieation the action of eserine is most
favorable, Perhaps the best results follow the use of eserine
during the day (gr. 1-1-f3j), two drops every three or four hours,
and a few drops of an atropine solution (gr. iv.—{3j), at night.
The following formula from Mittendort” is useful :—

B Eserinme sulph., . . - - -
Cocain. muriat., . : : - - EP. W,
Ag deabill; v s e om o« TR

8. Two drops as directed.

If an uleer threatens to perforate, paracentesis (page 587)
through its floor will diminish the intraoenlar pressure, and may
prevent or lessen the extent of prolapse of the iris. A substitute
for this operation is the use of the actual cautery. If perfora-
tion has taken place, excision of the prolapsed iris, sometimes
recommended, is not withont danger, as this procedure may open
a way for the entrance of infecting material to the deeper strue-
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tures of the eye. Hence in a small prolapse, peripherally situ-
ated, the vigorous applieation of eserine, or, in one centrally
placed, the use of atropine, may seeure better results.  The final
onteome of the case will [|£'|H.-1].(l upon the extent of corneal in-
volvement, and the ultimate treatment of the remaining lencoma,
staphyloma, or shrunken ball will require, according to circum-
stances, iridectomy, abscission, eviseeration, or enucleation.

(feneral Treatment.—If the subject of gonorrhaeal ophthalmia
is a vigorous individual, the constitution may be brought under
the influence of mercury, preferably by inunctions, in the begin-
ning of the disease when there is high grade inflammatory
swelling.

Very often the patients are debilitated, and supporting treat-
ment is indicated, quinine, iron, strychnia, and milk-punch, the
last especially if there is a tendency to sloughing of the cornea.
Any evidences of poor circulation ecall for digitalis and nux
vomica, and these measures modify tavorably the failing nutri-
tion of the cornea, The bowels should be kept soluble with
calomel, and saline laxatives in the morning. The pain, which
is often severe, may be allayved with morphia or opium ; indeed,
the latter drug has a good influence on the sloughing process, It
is a mistake, in the serious forms of this disease, to depend alone
upon local measures,

The treatment of a chronie blennorrfiea, the sequel of an acute
attack, depends upon the degree of thickening in the mueous
membrane, but is usunally best managed by ecareful exposure of
the thickened conjunctiva and applications of nitrate of silver,
annin and glyeerin, and the oecasional use of the alum or sul-
phate of copper stick.  As a collyrium, borie acid or bichloride
of mercury may be used, or these substituted with sulphate of
zine or acetate of lead, provided there is no corneal uleeration.

Proruyraxis.—DPatients suffering from gonorrheea should
be warned not only of the great danger of infecting their own
eves, but the eves of those around them. Inasmuch as a very
minute quantity of urethral discharge, and even when this is the
produet of a chronic disease, like gleet, may produce acute blen-
norrheea, these precantions become the more necessary.

As usually one eye alone is affected it is a matter of great im-
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portance to secure the other eye from contact with the seeretions,
This may be done by sealing it with an antiseptic bandage, the
edges of which are made tight by fastening along them strips of
gauze painted with flexible collodion, or by the application of
Buller’s shield. The latter consists of a watch-glass fitted in a
f=]
square piece of rubber adhesive plaster, which is carefully applied
to the brow, temple, lower margin of the orbit and nose, and
secured with additional strips to prevent any discharge from
getting under the edges.  The wateh-glass, being dirvectly in front
of the eye, permits its inspection and at the same time allows the
patient to see.!

Fra. =i,

Application of Buller’s S8hield. (Berry.)

All the precautions which have been stated in recard to the
care of ophthalmia neonatorum apply with equal and even
greater force in the present disease.  The surgeon in attendance,
in a number of instances, has been contaminated while in the act
of opening the swollen lids, especially if no cleansing lotion has
been applied to the conjunctival eul-de-sac for some time.

1 Care should be taken to provide a watch-glass of the ordinary form, not
one with a concave centre.
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There is one form of conjunctivitis, occasionally seen during
gonorrheea, which does not depend upon the introduction into
the eye of an infecting material from the urethra, but which
oceurs in patients, who at the same time have articular affec-
tions,

The disease is bilateral, mild in character, and resembles a
moderate catarrhal ophthalmia with some swelling of the mucous
membrane.  Iritis has oceasionally followed this inflammation,
Just as it is seen associated with gonorrheeal rheumatism.!

The treatment of this affection calls for the same remedies useful
in ordinary conjunctivitis.

Croupous Ophthalmia.—This is an inflammation of the con-
Junetiva characterized by a soft, usually painless swelling of the
lids, a membranous exudation upon the conjunctiva, and a scanty
sero-purtlent discharge.

Cavses.—The affection in its pure form is rare. It is never
tound among the new-born, and rarely among grown-up people,
the majority of cases ocenrring between the first half year of life
and the fourth vear.

The contagiousness of the disease has not been established ; no
definite canse is known, althongh some relation exists between
this disorder, serofula, eczema, and the definite age of childhood
Just mentioned.  Patients affected may at the same time be suf-
fering from a cronpons inflammation of the respiratory tract.

Syuprroms.—These begin with an acute ophthalmia, suceeeded
by swelling of the lids, which remains soft and pliant and vsually
not painful to the touch. In a few days there iz a deposit of a
characteristic false membrane composed of eoagulated fibrin,
rather translucent and porcelain-like in appearance, beginning
upon the retrotarsal folds, coating the inner surfaces of the lids,
but not invading the bulbar conjunetiva. It may readily be re-
moved and shows beneath a granular and somewhat bleeding
surface. It is quickly reproduced. The cornea, except in severe
Cases, escapes.

1 Some surgeons app'ly the name "'_anmrr.ﬂ-rmf np.l'rfﬁnhn'-rr" to this affaction,
and reserve the term ** gonercheal confuncticitis’’ for the disease which is caused
by a specific nrethral discharge.
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Healing takes place in from ten to thirty days except in those
instances when the membrane is formed again and again, and the
course of the disease may continue for months,

Diacxosis.—The disease may be confounded with ophthalmia
neonatorum and diphtheritic ophthalmia.  From the former it
is distinguished by the absence of profuse purulent discharge and
the age of the patient ; from the latter, by the soft swelling of
the lids and the superficial character of the membrane.

TrEATMENT.—Uninterrupted application of ice compresses,
frequent removal of the discharge with a solution of chloride of
sodium or chlorate of potash, and later the cautious use of nitrate
of silver. (Knapp.) Other applications recommended are dilute
lead-water, challi-water, iodoform and quinine,

Diphtheritic Ophthalmia.—This is characterized by a board-
like, very painful swelling of the lids, a seanty sero-purnlent or
sanious discharge, and exudation within the layers of the con-
junetiva which leads to the death of the invaded tissue, and tends,
by spreading to the ocular conjunctiva, and by pressure, to destroy
the nutrition of the cornea.

(Cavses.—The disease, which is contagions, may originate from
a similar ease, or arize in the course of a purnlent conjunctivitis,
It has oceurred, though rarvely, with ophthalmia neonatorum.
At times it appears in connection with eczema of the face and
borders of the lid, and 15 an occasional accompaniment of =ome
acute illness, like scarlet fever or measles, when the diphtheritic
type of the inflammation becomes engrafted upon the conjunetiva.
The disease has been seen during epidemics of diphtheria, and
may be part of a process which passes from the nose to the con-
Junetiva, or may be due to direet inoeulation with the diphtheritic
poison.

[t is commonest between the ages of two and eicht and is rare
in young infants, In certain localities in the south of France
and the north of Germany the disease iz common ; it is com-
paratively rare in America and England.

Symproms.—The patches appear in a diserefe or confluent
form ; the lids are swollen with a characteristie, painful, board-
like hardness, The false membrane is of a dull, grayish appear-
ance, and is torn off’ with difficulty. If the process is deep, the
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subjacent structure is pale, infiltrated, and when eat into may be
anemic and lardaceous,  If the diphtheritic inflammation has
heen engrafted upon a ease of purulent conjunctivitis, the abun-
dant secretion CeAses, or becomes il‘l‘it:llillg and sanious,

Sloughing of' the cornea is almost inevitable in severe cases,
coming on with such rapidity that destruetion of this membrane
may take place in twenty-four hours; and even in mild cases
uleers may be expected,

Restlessness, fever, alimentary derangements and nervous phe-
nomena are usnal constitutional disturbances,

This disorder is distingnished from the previous disease by the
characteristic board-like infiltration of the lids, and has nothing
in common with the flakes of false membrane sometimes seen in
purulent ophthalmia, from whieh it is further separated by the
character of’ the discharge.

TreEATMENT.—During  the earlier stages, cold compresses
applied in the manner already desceribed are recommended, but as
corneal involvement is almost inevitable, hot affusions are more
suitable.  The eves should be frequently cleansed with borie acid
or bichloride of merenry, and atropine drops instilled which, if
the nleeration of the cornea is peripheral, may be replaced with
eserine,  Scarification of the thickened conjunctiva and robbing
the infiltrated areas with a salve of vellow oxide of mercury have
been advised.  Besides the eollvria mentioned, solutions of sali-
eylie acid in glycerin, and earbolie acid have found favor. The
French physicians advise lemon juice and citrie acid ointment,
Solutions of quinine were highly recommended by Tweedy.

Internally, the most useful remedies are quinine, iron, and
mereury ; the first in suppositories, and the last either as calomel
or as the bichloride, of which J; to {%; of a grain may be given
hourly to a child from three to six years of age.

I one eve alone is affected, the sound eve should be guarded by
a bandage, or by Buller's shield. TIsolation of the case is neces-
sary, especially if it 1= in the neighborhood of children who suffer
from facial eczema or any form of catarrhal ophthalmia.

Many writers eomsider diphtheritie and eronpous ophthalmia as
subdivisions or different grades of a single disease, known as
plastic or membranous ophthalmia,
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Phlyctenular Ophthalmia ( Phlyetenular Conjunctivitis, Serofu-
lows Ophthalmia, Fezema of the Conjunctive)—This is a form of
inflammation of the conjunetiva, characterized by the appearance
of one or more gravish elevations, sitnated chiefly upon its bulbar
portion in the immediate vicinity of the cornea,

Cavses.—The disease i2 believed to be of constitutional origin,
and its subjects are often strumous and badly-nourished chil-
dren.  Errors of diet, over-indulgence in unwholesome foods, and
the use of tea and coffee act as predisposing causes, It follows in
the walke of the exanthemata, especially measles. Micro-organisms
have been deseribed, but inoculations with them were negative,

Syaproms.— The disease oceurs in a single and multiple form ;
the pimples or phlyetenule lie near the corneal margin or divectly
upon it, and are nsually from 1
to 3 mm. in diameter,

If the elevations are laree,

Fia. 83,

yellow, and contain purulent ma-
terial, the disease has been ealled
pustular ophthafmic,

Under any ecirenmstances it is
accompanied by pain, dread of
light, injected bloodvessels, and
increased lachrymation, The con- Phiyetenular ophthalmia.
Junetiva may be transparent, or fialrymple.)
the disorder associated with a muco-purnlent ophthalmia.  After

the exanthemata, this association is common,

In the multiple form, numerons minute phlyetenule may be
scattered over the entire conjunctiva, and are accompanied by
decided general red injection, irritation, and photophobia. The
disorder subsides in from ten days to two weeks,

TreEATMENT.—Locally, mild antiseptic collyria, especially a
lotion of borie acid, are applicable. Much irritation ealls for
the use of atropine drops and the oeeasional instillation of
cocaine to relieve the photophobia. The eyes may be protected
by colored glasses,

After the acute symptoms have subsided, the best results are
obtained with the yellow oxide of mereury (gr. 1 to the 3j), or
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calomel, provided the patient is not taking iodide of potash, or,
indeed, any form of iodine,

Most important is attention to the condition of the alimentary
canal.  An excellent reculation treatment iz a mild course of
mereurial laxatives.  Simple nourishing diet, good air, exercise,
and internally quinine, iron, arseniec, and in cold weather cod-liver
oil, eomplete the therapeutic measures.

Phlyvetenular ophthalmia is so closely allied to phlyctenular
kervatitis that the separation of the two affections is purely arti-
ficial, and this account iz a preface to the deseription of the more
exact disposition and relations of the phlyctenulze, which appears
on page 293,

Spring Ophthalmia ( Fruehjahe's Catareh (Saemizch), Phfyctena
Pallida (Hirschberg) ).—Thiz is a form of conjunctival disease,
ustally seen in children, and is characterized by photophobia,
stinging pain, considerable mucous secretion, the formation of
flat granulations in the conjunctiva, and a hypertrophy of' this
tissue surrounding the limbus of the cornea.

Cavses.—Definite information in regard to the cause of this
peculiar disease does not exist.  The characteristic behavior
of the disorder has been stated to be its return in the early
spring and its snbsidence in the fall and winter, although cases
are seen in other months of the year, and, moreover, spring and
snmmer exacerbations of ordinary phlyetenular conjunctivitis are
marked features,

[t is most frequent between the ages of five and fourteen, but
oceasionally ocenrs in advanced adult life, It may accompany
the disease known as hay fever. Some writers decline to con-
sider vernal conjunetivitis a distinet disease, but look upon it as
a hypertrophie form of chronie conjunctivitis,

SyymproyMs,—The affection begins like an ordinary conjunc-
tivitis and is always bilateral.  There are photophobia, more or
less mueons secretion, eireumseribed peri-corneal injection, and the
tormation in this region of small, gray, semi-transparent nodules,
which swell up and overlap the edge of the cornea.

Three varieties of the disease are deseribed, the limbus, palpebral,
and mized forms.  The conjunetiva of the bulb is injected, that
of the lids is slightly thickened, of a dull pale color, as if
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brushed over with a thin layer of milk (Horner). In severe
ases, the tarsal conjunctiva is covered with flattened granula-
tions, containing deep furrows between them. In the eolored
race, there is a brownish pigmentation of the scleral base of the
hy pertrophied masses (Burnett),

The dizease is to be distingnished from trachoma, by the fHat-
tened appearance of the granulations, and the absence of infiltra-
tion and pannus,

The prognosiz of the disorder is not unfavorable, except in so
far as relapses are concerned, which make its course a long one,
often lasting from eight to ten vears. BSlight opacity of the
cornea may result.

TrEATMENT.—During the height of the attack, the eyes may
be protected with dark glasses; weak astringent and antiseptic
lotions are applicable,  Calomel, yellow oxide of mercury, iodo-
form ointment, boroglyceride, and strong solutions of” bichloride
of mercury have been recommended,

The exceedingly troublesome nature of this affection and its
constant t(‘!lt]l"lll'}' to recur, have led some snrgeons to use the
actual cautery to destroy the flattened granulations and hyper-
trophied masses at the limbus of the cornea. Incision of the
superficial vessels which run from the outer and inner commis-
sure and empty into the swelling at the limbus, has been per-
formed, and electrolysis has been emploved.

Follicular Ophthalmia (Follicular Conjunctivitis, Conjuneti-
vitis follicularis simplex, Trachoma folliculare).—This affection
15 characterized by the presence of small, pinkish prominences
in the conjunetiva, for the most part in the retrotarsal folds, and
usunally arranged in parallel rows,

Cavses,—The disease arises under the influence of bad hy-
gienic surroundings, especially in pauper schools (where it may
appear as an aggravated epidemic), but it is frequently seen in
mild form, especially among children during their school vears.

Much difference of opinion exists as to whether follicular con-
junetivitis should be placed in a separate category from granular
ophthalmia, or whether it should be regarded as an early stage
of the latter disease. Although transitional forms apparently
exist, the evidence, clinically at least, warrants the belief that
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many forms of this affection are very distinet from granular lids.
Bacteriologically, the two disorders are believed to be identical.

Symproms,—The children—for it mostly oceurs in children
and young people—complain of slight dread of light and ina-
bility to continue at close work, and inspection reveals numerous
round elevations in the conjunctiva, chiefly along the fornix,
which are tumefied lvmphatic follicles.  These may not be evi-
dent at first, if' there is associated with the disorder a catarrhal
condition of the conjunetiva. The ecolor of the follicles varies
from nearly white to a decided pink. After their disappearance
the conjunctiva regains its natural state.

The disorder is to be distinguished from granular lids, by ob-
serving that the small bodies are neither so large as true granu-
lations, nor so highly colored as hypertrophied papillee ; that the
mucous membrane is not affected more deeply than the lym-
[:lmti:' ﬁI“‘Il.'II':"-; and that cicatricial [‘hi;ll'lgl":é are not present,

The proguosis is good in so far as the fate of the mueous mem-
brane is concerned, but the disorder is troublesome and will often
last for months, and under imperfect hygienic surroundings and
in crowded asylums, may prove a stubborn endemie,

TrEsTMENT.—Locally, boric acid, either alone or made up
with a few minims of aleohol to one ounce of water, weak
bichloride solutions, and occasional application of iodoform or
aristol, or subnitrate of bismuth and calomel, equal parts, are the
best medicinal measures, A salve of one-halt” grain of sulphate
of copper to the drachm of vaseline has been highly extolled.

Refractive error, if it exists, shonld be corrected with appro-
priate glasses, becanse ametropia aggravates the disorder. In
stubborn cases, especially in asylums, exeision of the affected
areas and ernshing the swollen follicles have been recommended.

Granular Ophthalmia (Granwlar conjunctivitis, Trachoma,
Egyptian ophthalmia, Military ophthalmia)—This is an inflam-
mation of the conjunctiva in which the membrane loses its
smooth surface, owing to the formation of rounded granulations,
which, after absorption, leave cicatricial changes. It may be
studied under two forms—acute granulations and chronie granu-
doilions,
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Cavses.—Aeufe granulations may arise primarily under the
influence of bad hygienic surroundings and develop in institu-
tions where the inmates are erowded tug:rtlu'l'. The disease is
propagated by the secretion of one eye coming in contact with
another, and perhaps throngh the atmosphere, and is more likely
to attack subjects whose nutrition has been enteebled by serofu-
losis and tuberculosis, but it is not eansed by these dyscerasias,

Acute eranulations, in the true sense of the term, is not a
common disease in this region, and must not be confounded
with the violent exacerbations to which the chronie forms of
the malady are liable.

Chronie granulations may result from the imperfect disappear-
ance of the acute granulations, but much more frequently appear
as a primary disorder, and when no such ancestry can be traced.

Certain individuals are predisposed to the development of
chronic granular ophthalmia, and althongh its subjects are often
pale and anemie, because thev live in badly ventilated homes,
there is no proven constitutional disorder which canses the dis-
ease, as it may attack those who are in perfect health, This
predisposition is not confined to individuals, but includes races,
the Jews, the Irish, and the inhabitants of the East, as well as
the Indians in our eountry, being especially liable to the affec-
tion, while the nerroes are almost exempt.  These facts have led
a few observers to believe that there must exist in the form of a
dysecrasia a predisposition to this disease (Burnett).

The geographical distribution of trachoma has attracted much
attention, and it has been found that the dwellers in certain re-
gions of the earth, where the climate is damp, are readily affected,
while an altitude of 1000 feet confers comparative immunity
from the disease, and facilitates its cure!

At the present time, a large amount of evidence based nupon
bacteriological research has accumulated, indicating the depend-
ence of granular lids upon the presence of a special form of
micro-organism. The trachoma-cocens, if it exists, has not been
definitely found out, and the various observers are not in accord
as to its identity ; indeed, some of them deny the possibility of

! According to Barnett, trachoma has been seen at an altitude of 4700 feet,
particnlarly among Indians,
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this mode of origin,.  The contagious nature of the affection is
undoubted, being less marked in the earlier stages of the erup-
tion of the granulations, but rising in proportion to the degree
of softening of the affected tissue, and corresponding amounts
of discharee. It is usually taught that the secretion from a
case of granular lids will produce not only a purulent ophthal-
mia, but a disease like the one from which it came, and, in this
sense, 1s specific,

Narvre or THE GranNvnaTions.—The pathognomonic ap-
pearance and essential element of the disease trachoma are the
“oranulations,” but the life bistory and pathological histology
of these bodies, and the identity or non-identity of follicular
ophthalmia and granular lids have not been entirely settled.

Two views have been held—the one that they are new growths
of special pathological character ; the other that they are derived
from the natural lvmphatic follicles, and some authors declare
that these follicles, and their changes, originate all the anatomical
and clinical qualities of trachoma.

The weight of evidence, however, points to the presence of two
forms of disease—{follicular conjunctivitis, characterized by tume-
fied lvmphatie follicles (p. 237), and trachoma, identified by the
development of trachomatous nodules, which should be regarded
ag new formations,

The following varieties of chronie trachoma have been recog-
nized by svstematic writers :—

1. Papillary trachoma, in which the trachoma bodies or folli-
eles are sparsely present and hidden from view by hypertrophied
conjunctival papillee.  This form is sometimes spoken of as ehronie
trachoma.

2. Follicular trachoma, in which the presence of the “follicles”
is the chief characteristic. Here the term “ granulations” is often
made synonymous with  follicles ;” this may lead, as has been
pointed out, to a confusion of the latter bodies with surface
eranulations that may form during the course of the disease
(Johnson), unless it is understood that the characteristic feature

L It should be remembered that the word * granulations’ refers to the
characteristic feature of trachoma, and not to surface granulations which
may form during the course of the disease.
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of the disease is meant by the word granulation.  Some authors
consider follienlar ophthalmia (page 237) a variety of this tvpe,
but owing to its marked clinical differences it has been considered
in this book under a separate caption.

3. Mixved trachoma, in which the follicles or bodies lie among
hypertrophied and inflamed papille, but are not hidden by them.
This type 15 sometimes deseribed as rf{?ﬂmr frachomea,

Symproms (Aewte Granulations)—The lids are swollen, the
conjunctiva reddened, and the papille hypertrophied, and between

“oranulations.”  The

them are found the non-vascular, roundish
dread of light is intense, and, on forcible separation of the lids,
scalding tears gush out. The bulbar conjunctiva is injected, super-
ficial vascularity of the cornea arises, and uleeration, especially of
its margin, may appear.

The patient complains of pain in the evebrow and temple,
At first the discharge is seanty, but later a muco-purulent stage
begins, succeeded by purulent discharge,

The process terminates, either ﬁll‘ul':i_lrlj', 11}‘ the ﬂ]:ﬁut'pti:lll of
the granulations, or runs into the chronie form.

{f‘.lr.-.r'un.fr* (7ranufations).—These often appear without antece-
dent inflammation, and so insidiously that their real nature is for
a time unknown to the patient.  They usually develop first upon
the lower lid, in the form of grayish-white, semi-transparent bodies,
which vary in size according to their stage of development, and
which, from faneied resemblances, have been ealled “sago-grain,”
or “ vesieular” granulations. They may be disseminated or ar-
ranged in parallel rows, and have sometimes been likened to the
appearance of frog’s spawn. The granulations are for the most
part confined to the palpebral conjunctiva, and the upper retro-
tarsal fold (which is a favorite location) should be well exposed
during the examination. Oceasionally granulations are found
upon the carunele and semilunar folds.

The mucous membrane is pale or yellowish-red, unevenly rongh,
and contains the trachoma bodies, or follieles, which have a more
or less deep sitnation and fill up the tissue.  If they have not fol-
lowed an acute process, there are few irritative manifestations and
little discharge, perhaps only sofficient to glue together the lids,
As time goes on the closely packed masses compress the true con-

16
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junetival tissne and its cirenlation, and a superficial vaseularity of
the cornea may appear. This stage may last for months and be
subject to numerous variations,

In the next stage vasenlarity is inereased, the follicles grow
larger, soften, and their contents are foreed out by the pressure
of the surrounding infiltrations, forming, in association with the
hypertrophied econjunetival papille, red protuberances (mixed
and papillary granulations), This period is associated with
strong irritation and mueco-puro-
lent or purulent secretion, pho-
tophobia and symptoms of loeal
pain, with fresh development of
corneal complications,

During the time of fatty de-
ceneration and softening, which by

Fia. 84.

some anthorities is deemed a pro-
cess of uleerations, fresh follien-
lar(granular) ernptions take place,
in turn to go throngh the =ame
changes which their forerunners
- have undergone. The mucons
Exuberant ¢ cranulations.” No membrane now has a flesh-red
E"‘]i*"‘tij’f‘” of cicatrization are pres-  ganpearance; it is with difficulty
SEL: LATmER) that the “ granulations” are dis-
tingunished from the papille, and indeed they are united with
them, forming variously shaped ditfuse or isolated protuberances.
Fia. &5, In the final stage ecicatrization be-

eins, and gray-white scar lines ap-

pear, intersecting the remains of the
old “granulations.” When these
cicatrices lie parallel to the eiliary
borders they form on eversion of the
lid a typical appearance.! (Fig. 85.)

Typical Granular Lid and be- By a gradual process of cicatriza-
rinning Cicatrization. a. Granu-
lation. &, Cicatrix parallel to lid : o
border, (Nettleship.) suecessive new erops, a chronie indu-

tion of the old * granulations” and

1 It iz convenient thus to divide the disease into three stages, as Rachlmann
has done, but it i3 not always possible to separate sharply each stage by symp-

toms or appearances peculiar to itself,
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ration and diffuse scar tissue results.  This being firmly attached
to the tarsus, which itself has undergone softening through a
lymphoid infiltration, contracts, and the deformities of the lid
and its border, so common in this disease, result. The fibroid
induration of the mucous membrane affects all portions, and
there may be almost entire obliteration of the conjunctival sul-
cus, or the membrane may undergo a species of drying up to
which the name werosis has been applied.  Individoals with
granular lids, in the stage of thickening of the mucous mem-
brane, have an almost characteristic sleepy look, peering uncer-
tainly through narrowed palpebral fissures, caused by the ptosis-
like droop of their indurated eyelids,

SEQUELE oF GrANULAR Laps.—The most important results
of long-standing granular lids are trichiasis, distichiasis, and en-
tropion, conditions already described (page 209), atrophy and
shrinking of the conjunctiva from cieatricial changes (page 249),
clondiness and uleeration of the cornea, and pannus,

Punnus may be looked upon as a form of vascular keratitis,
which always begins under the upper lid, but which in severe
ases may involve the entire cornea. It depends upon the for-
mation of a superficial bloodvessel tissue, continuous with the
vessels of the conjunctiva, It may be composed of only a few
vessels, or be thick, fleshy, and bulging in appearance, Unless
softening and uleeration oecur, which is not infrequently the
case, the true corneal tissue is not much affected.

It is usnally taught that pannus is
mechanical in origin and is caused by
the friction of the granulations. Aececord-
ding to Rachlmann, however, it shounld
not be considered as a simple tranmatic
irritation, but as a follicular process,
with the formation of lymphoid infil-
tration, analogous to the same patho-
logical condition in the conjunectiva ;
in short, pannus is to be regarded as ~
a special implantation of the trachoma En:ii:t"m‘;:;::;:;:mIi;:t:::
process in the layers of the cornea. snip)
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Sxtensive and deep uleeration may complicate pannus, which in
turn may lead to the development of iritis.

Diacxosis,—This presents no diffienlties.  Aeute granulations
must be distinguished from purulent ophthalmia, but the chronie
form is made evident by direct inspection of the everted lids,
unless the associated swelling of the papille is so great as to
obseure the * granulations,” especially in the forms of papillary
trachoma. Hypertrophied eonjunetival papille, chronie blennor-
rhcea, or surfiace granulations must not be mistaken for trachoma.
The elinical distinetions H!(i:ating bhetween trachoma and follicular
conjunctivitis have been pointed out.

Procxosis.— Under the best circumstances, granular lids
when well established is a tedious dizease, and greatly endangers
the vision of the patient. Relapses arve frequent, and at any
time the disorder is likely to assume an intense inflammatory
action analogous to acute granulations,  Its contagious character
renders the atfection especially dangerous in schools or any insti-
tution where large numbers of inmates are gathered together,
The discharge, even when present in slight degree, iz readily
conveved from one subject to another by the careless use of
towels and common utensils.  Great caution is necessary under
such eirenmstances to prevent a disastrous epidemic.

TreaTMENT.— deuwte Grandations.—These are managed upon
the principles which govern the treatment of acute ophthalmia
generally, and in the earlier stages, require soothing remedies
rather than strong astringents.

Chronie  Granulations—The treatment of chronie granular
lids may bLe divided into three methods: Loeal application of
caugtics and astringents, operative procedures, and general medi-
cation.

Local applications include the astringent and eaunstie prepara-
tions which are used to cause absorption of the “ granulations,”
but these should not be of such strength that they will produoce
cicatricial changes more harmful than the original malady. A
variety of substances has been employed, and among them four
have met with deserved favor—strong solutions of bichloride of
mercury ; nitrate of silver; sulphate of copper, either in the form
of a erystal, or as lapis divinus ; and boroglveeride.

—
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During the stage of conspicuons lymphoid infiltvation and de-
cided follicular (*‘ granular”) eruption, without the presence of
purulent discharge, bichloride of mercury, 1-300 or 1-300, may
be applied to the everted lids, with an absorbent cotton-mop, from
once a day to thrice weekly, according to the amount of reaction
produced, the conjunctival cul-de-sac being frequently irrigated
during the day with a tepid solution of the same drug (1-8000).

In the stage of softening of the granulations and swelling of the
conjunctival papille, associated with muco-purulent and purulent
n:l,i:-ir.:||:_1]‘;_l{cJI nitrate nl':-,iih‘[-l‘!, :_|!1|1HHI in the same manner and with
the same precautions that have been described under Purulent
Ophthalmia, is the best remedy,

During the same stage in which strong solutions of bichloride
of mereury have been recommended, or, as it seems to the author,
more properly at a somewhat later period, when eruption of new
granulations is associated with beginning cicatricial metamorphosis
of old erops and their surrounding tissue, but when there is no
purnlent discharge, sulphate of copper erystal is a standard rem-
edy, and is the one usunally recommended for routine treatment.
The erystal should be smooth and carefully applied to all portions
of the affected areas, especially to the retrotarsal folds, and the
treatment followed by washing the surface with cold water. It
is a painful remedy, and in sensitive patients, there is no objec-
tion to cocainizing the eve preparatory to its use.

During the later stages, to hasten absorption of remaining
granulations, and, perhaps, to prevent the tendency to xerosis,
boroglyeeride (30=50 per cent.) is a nseful remedy, applied in
the nsual manner with a mop of cotton.  Some surgeons employ
this drug in all stages of the disorder.

Among the many remedies which have been tried in this
affection, the following may be mentioned : Liguid earbolic
acid, liquor potassa, betanaphthol, hyvdrastin, iodoform or aristol
(in powder or salve), an ointment of the vellow oxide of mercury,
alomel, and iodide of silver.  In mild cases, or after an impres-
sion has been made with stronger eaustics, a favorite astringent
is tannin and glyeerine (30-60 grains to the ounce), or the everted
lids may be touched with an alum ervstal.

During the course of the treatment, the affected areas should be
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frequently irrigated with saturated borie acid or weak bichloride
of mercury solutions; if much discharge is present, this is impera-
tive, At any time granular lids are liable to take on acute symp-
toms : inereased discharge ; exacerbation of pannus, with clonding
and uleeration of the cornea; hyperemia of the iris; and acute
pain in the brow and temple,  Usually, strong local applications
must then be discontinued, and the treatment instituted which
is applicable to an acute ophthalmia. Cold compresses, more
snitably substituted by hot applications if there is much corneal
diseasze, frequent cleansing with tepid borie acid lotion, leeches
to the temple, and atropine to keep the pupil dilated, unless this
drog itself’ should aggravate the granular condition, when it may
be replaced by hyoseyamine, are then indicated.

Operative Procedures—"This includes the varions methods for
removing the granulations by scarification of the conjunctiva ;
abscission of the granulations ; exeision of the retrotarsal fold ;
destroving them, when discrete, by picking them ont one by one
with a fine needle and emptying their contents, or burning them
with a heated wire or galvano-cautery ; and squeezing them ont
between the thumb-nails, or with specially devised forceps, the
two most satisfactory instruments for this purpose being the
model of Noves, and the foreeps, on the principle of a roller,
advocated by Knapp. Exuberant granulations have been seraped
away with a small rake or a sharp curette ; or removed by rub-
bing them briskly with a stift brush, and then applying strong
solutions of bichloride of mereury (“ graftage”).

Gireat care must be exercised in practising any of these methods,
lest the sear resnlting from the operation, produce deformities in
the lid greater than those likely to be occasioned by the disease ;
henee if the hot needle or galvano-cantery is used, the isolated
trachoma bodies alone must be attacked, and the surrounding
conjunctiva ecarefully exeluded.  Of the methods just enume-
rated, squeezing out of the granulations with foreeps is the most

atisfactory.!  During its performance, the area of operation
should be flooded with tepid bichloride collvrium, and eold com-
presses afterwards applied to subdue inflammatory reaction.

I The squeezing operation is more suited to the follicular forms of trachoma
than to the other varieties.
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Finally mention may be made of the method by electrolysis re-
cently advocated by Mr. George Lindsay Johnson.,

Treatment of Pannus,—If this is limited in degree, it requires
no special treatment as it will disappear with the absorption of
the granulations.  But if it is extensive, and especially if’ asso-
ciated with uleeration, special treatment should be directed
towards its cure. This includes the local remedies which are
appropriate for a vascular keratitis, viz., an antiseptic lotion, and
atropine, or eserine.  The former should be unsed if any tend-
ency to iritis exists, and if it does not aggravate the granular
condition ; the latter, when uleers are present. It is suitably
enforced by the use of atropine at night.

Inveterate pannus withont uleeration of the cornea, may be
treated by the produetion of a violent conjunectivitis, character-
ized by the formation of a somewhat clinging false membrane,
with a 3 per cent. infusion of jequirity painted upon the everted
lids. This method was introduced by De Weeker to substitute
the old-fashioned inoculation of the conjunetiva with blennor-
rheeic pus. It is safe only in stubborn cases with much im-
paired vision. It has also been advised to apply the same drug
in fine powder, a little at a time, exactly upon the portion of the
granulations to be absorbed.

The operation of peritomy, which consists of an exeision of a
ring of conjunctival tissue surrounding the cornea, has been much
practised for the relief’ of severe pannus.  Another method is to
scrape away the opaque and vascular areas in the cornea with a
small knife (Gruening). If the palpebral fissure becomes con-
tracted by ecicatricial changes, or it during inflammatory periods
in trachoma, the lids dangeronsly compress the cornea, the opera-
tion of eanthoplasty affords relief.

Gieneral Medication.—It is a mistake to depend solely upon
local measures for the relief of granular ophthalmia, for
although the disease has no proven constitutional origin, its
subjects give frequent evidence of malnutrition, and are some-
times affected with the serofulous or tuberculoms dyscrasia,
Hence, in addition to every advantage that fresh air—if pos-
gible, at a high elevation—good food, and pleasant hvgienie
surroundings ecan give them, iron, cod-liver oil, hypophosphite
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of lime, arsenic, and, in short, a general tonic regimen should
be exhibited, Suitable attention to the alimentary tract is im-
portant.

Chronic Ophthalmia ( (fironic conjunctivitis), the result of an
acute blennorrheea, has been referred to on page 228,

As an independent disorder, and assuming more the type of a
hyperemia, it is a common disease in elderly people, There are
hyperemia, thickening of the papillary layer of the tarsal con-
junctiva, swelling of the caruncle, soreness of the edges of the
lids, especially at the onter canthus, and slight muco-purulent
discharge. .

TrEATMENT.—Cleanliness, with antiseptic lotions, the appli-
cation of “lapis divinns,” the alum erystal, or glycerole of tan-
nin (gr. x=f3j), are useful local measures. The puneta lachry-
malia should be examined, and if they are closed they should be
dilated and the lachrymal passages irvigated with an Anel syringe,
Refractive error, which may keep up congestion, requires cor-
rection,

Egyptian and Military Ophthalmia are terms which have at
different times been loosely used to deseribe all forms of conjune-
tival inflammations, occurring in crowded barracks and similar
institutions, which assumed an epidemie tendeney, pursued a more
or less chronie course, and hence included varieties of acute and
chronie blennorrheea and mueo-puralent ophthalmia, in addition
to those eases which possessed as a fundamental diagnostic symp-
tom, ““ granulations” of the conjunctiva, and which eventuated in
the formation of cicatrices.

Lachrymal Ophthalmia is really a form of chronie conjunc-
tivitis depending upon obstruction of the lachrymal passages, and
the frequently associated blepharitis.  The evelids are inflamed
upon their borders, the cilia gathered in little tufts by the forma-
tion of small pustules at their bases, the conjunctiva is injected
and tear-soaked, and there is a somewhat gummy discharge.

The treatinent requires that the lachrymal passages shall be
rendered patulous, in addition to the ordinary remedies snitable
for chronie ophthalmia and uleerated blepharitis,

Lithiasis Conjunctivee is a troublesome condition cansed by a
caleareous degeneration of the secretion at the mouths of the
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Meibomian ducts. It is more commonly seen in elderly people
than in young subjects, especially in such as are rheumatic.  On
everting the lids, numerons small, yellowish-white concretions
will be seen, distinetly gritty to the touch. These act like so
many foreign bodies, and produce eonsiderable irritation and pain.

Each coneretion should be removed with a fine needle, the
conjunctiva having first been rendered insensitive with cocaine.

Toxic Ophthalmia iz a name suited to those forms of conjune-
tival inflammation cansed by exposure to the influence of certain
chemicals, or by the prolonged use of the mydriatics (notably
atropine) and myotics.

Atropine Cowjunetivitis oceurs at all ages, but 1= commonest in
old people.  Sometimes it will appear after only a few drops of
the solution have been used, but usnally not until the drug has
been emploved for a long time.  Attempts have been made to
explain it by assuming impurities in the drug, the existence of
free acid, a septic origin owing to the presence of a fungoid
egrowth, and idiosvnerasy.,  In a number of instances arthritie
history has been obtained (Colling),  The disease nsually appears
in the form of follieular granulations, sometimes associated with
much swelling of the lids, and an eczematous condition of the
surronnding tissue,

Ezerine, hyoseyamine, duboisine, and homatropine less com-
mf:lﬂ}’ canse this affection, and the same disorder has been re-
ported as the result of the prolonged use of cocaine.

Conjunetivitis is known to occur among those who work in
aniline dyes, and also as the result of chrysophanie acid, when
this has been used as an ointment in chronie skin affeetions.

The treafment in general demands the removal of the cause,
and in atropine conjunetivitis, applications of tannin and glycer-
ine and of the alum erystal are very useful.  In some instances
the author has found a 1 per cent. solntion of ereclin of service,
A bland ointment for the irritated entaneous surface is indieated.

Xerophthalmos (Afrophy of the Conjunefiva ; Xerosis) is the
name employed by systematic writers to describe a dry, Instre-
less and shrunken appearance of the conjunctiva, and is recog-
nized under two forms—parenchymatous and epithelial,

The former type results from cicatricial changes which involve
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the deep lavers of the conjunctiva ; the suleus is obliterated, and
the lids, in severe cases, are attached to the eveball, while the
cornea is opaque.  The surface of the conjunctiva of the lids is
smooth, dry, and almost leathery to the touch. Granular lids,
diphtheritic ophthalmia, pemphigus, and essential shrinking of
the conjunctiva are the causes of the disorder.

TrREATMENT is of no avail, but some comfort may ensue by
instilling glyeerine and water, or by the local use of an emulsion
of cod-liver oil.

In the epithelicd type the exposed ocular conjunctiva becomes
dry and has a lack-lustre appearance ; cheesy flakes form, and
the membrane is greasy and thrown into folds, This form of
xerosis sometimes oceurs in epidemics, associated with night-
blindness, and is seen among people of poor nutrition—for in-
stance, during prolonged fasts—or among soldiers whose eves
have long been exposed to sunlight. It i= also one of the symp-
toms of kerato-malacia in infants. (See page 279.)

The treatment demands a nutritious diet, a soothing collyrium,
dark glasses, and remowval from the surroundings which have
caused the diffienlty.

Amyloid Disease of the Conjunctiva is a rare disorder, in
which pale, vellowish masses appear chiefly in its palpebral por-
tion. It has been supposed to arise from granular ophthalmia,
but, according to Raehlmann, the growths are independent of
trachoma.

Extirpation is the proper mode of treatment.  Their structure
is analogous to lymphoid tumors in which a hyaline degeneration
may be found, and which in all probability is an antecedent con-
dition. The diagnosis can be made with certainty only by sub-
mitting the tissue to the iodine test.

Pterygium is a peculiar fleshy growth, consisting of hypertro-
phy of the conjunctiva and subeonjunctival tissue.  One or both
eves may be affected.  Its most usual situation is at the inner
side of the eveball, e rrr{*spun{lin:: to the course of the internal rec-
tus muscle;; more rarely it develops at the outer, and very excep-
tionally at the upper or lower part. When the fan-shaped ex-
pansion arises from the semi-lunar fold and caruncle, it converges
as it approaches the cornea, the centre of which it rarely passes,



DISFEASES OF THE CONJUNCTIVA. 251

The growth, never of very frequent oceurrence, is rare in children,

It is most common in warm
climates,  Individuals whose Fie. BT.
occupation exposes them to
dust, smoke, heat, and slight
injuries of the cornea are pre-
disposed  to  its  formation.
Ulceration at the margin of
the cornea has been recarded
as the primary cause of

pteryginm.  One theory ex-

plains its origin by assuming Perygium (Meyer).

an influence exerted by the

internal reeti during convergence, over the blood supply of
the conjunctiva, covering their insertion (Theobald). Special
bacteria have been invoked as its etiological factors,  Pteryginm
oceasionally results as a sequel of blennorrheea, during which the
thickened l*.:;rl'ljl:_m'ti".'a. has become attached to a corneal uleer.

The treatment consists either in exeision, transplantation,
strangolation by means of ligatures, or evulsion (page 5835).

Pinguecula is a small, vellowish elevation situated in the con-
junctiva near the margin of the cornea, and usually at the inner
side, It has the appearance of fatty tissne, but really is com-
posed of connective tissue and elastic fibres. It canses no in-
convenience and rarely grows to a size sufficiently great to be
disfizuring.

It may be removed by picking it up with small forceps, ex-
cising with seissors, and drawing the lips of the wound together
with a fine suture.

Abscess of the Conjunctiva is a rare condition. in which a
localized area of suppuration appears in the subeonjunctival tis-
sues. It may develop in children of greatly depressed nntri-
tion, and has been the sequel of a wound.

Ecchymosis of the Conjunctiva.—This is an extravasation of
blood beneath the conjunctiva sclerwe, the meshes of the connec-
tive tissue being filled with blood-clot, and oecurs as the result of
an injury, or from some violent, straining effort, e. ¢., during a
paroxysm of whooping-cough, It may arise without obvious
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canse, especially in elderly people, and has been seen in young
girls at the time of the menstrual epoch.  Its oceurrence during
severe conjunctival inflammations has been described.  Ordi-
narily, subconjunctival hemorrhage will subside by absorption,
and requires no treatment.

Chemosis ((Filema) of the Conjunctiva ocears when the con-
nective-tissue layer is distended with sernm, and iz often associ-
ated with an inflammatory exndate. It is generally a symptom
of some other disease—for example, acute conjunetivitis, choroid-
itis, iritis, or orbital cellulitis.  Severe edema of the conjunctiva,
with swelling and hypersemia, may appear withont any apparent
cause, and with marked suddenness.  In paralysis of' the exter-
nal straight muscles the overlying conjunctiva is often decidedly
wdematous, and may be an early symptom of such an aceident.
Chemaosis of the conjunetiva following the use of iodide of potash
has been reported, and it may socceed a general outbreak of urti-
caria.

TreaTMENT.—The swollen tissues may be ineised, and an
ast t*il:_u'c'nl ]nlinn, like alum, I}I‘['_ﬂ'!'ih[-ﬂ.

Emphysema of the Conjunctiva consists in a distension of the
connective-tissue spaces with air, and oceurs under the same eir-
cumstances which oceasion this accident when it involves the
evelids.

Lymphangiectasis of the Conjunctiva iz a development of
small blisters in the conjunetiva, filled with semi-tranzparent
fluid. and nsnally eathered together in masses.  These are situ-
ated superficially, and readily move with the conjunctiva over
the subjacent tissue.  An interference with the natural lvmph flow
and consequent distension of the lymph spaces is the probable
explanation of their appearance.  The affection i= said to be most
frequent in children, but may oceur at any age. Spontaneous
disappearance iz the common onteome, but, if need be, the small
blisters may be incised.

Syphilis of the Conjunctiva.—Chaneres may develop on the
upper or lower eul-de-sac, and even upon the ocular conjunctiva,
as primary affections, and not only as extensions from the lids,
A few instances of soft chanere have been deseribed.

As manifestations of general syphilis, uleerated papular syphi-
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lids and gumma of the conjunetiva have been recorded.  Finally,
there is a type of ophthalmia called syphilitic conjunctivitis, which
appears as a stubborn eatarrh, or in the form of granulations,
similar to trachoma follicles, developed in an anwemie and rather
colloid-looking conjunctiva.  Its subjects have been cases of pro-
nounced syphilis, and the disease is not amenable to local treat-
ment, but disappears under anti-syphilitic remedies.

Tumors and Cysts of the Conjunctiva.— A= congenital {orms,
translucent eysts, angiomas, lymph-angiomas, dermoid growths
1::-'1'1' page Eﬂjﬁ}, and Ini;_-:lllirnt spots have been deseribed, A |t|]m|_1_-h
the latter may be congenital, it should be remembered that they
may also appear after the healing of variolous pustules, when
these ocenr upon the {:lrlljlliu*iinl,

The eyvsts are not common. Sometimes several are seen in
the region of the retrotarsal folds as small, oval, perfectly clear
bodies causing no irritation, or as spherical growths upon the
bulbar conjunctiva,

Among the benign tumors, lipoma, fibroma, osteoma, and
papilloma have their habitat upon the conjunctiva. Lipoma is
most ecommon in the region between the superior and the exter-
nal rectus. Papillomas, or polyvps, have been confounded with
bunches of granulation-tissne arising from wounds, e, g., after
strabismus operations. Cysficerei have been extracted from the
subeonjunetival tissue. They are movable under the conjune-
tiva, have moderately thick and vascular walls, upon which an
opaque, white spot is seen, indieating the presence of the recep-
taculum, This appearance is said to be pathognomonie,

TreaTMENT.—Excision with secissors curved upon the flat,
is readily performed in all these instances.  The wound may he
united with fine sutures, In simple evsts, cotting away the
anterior wall is nsually sufficient to canse a cure,

The malignant growths include epithelioma and sarcoma,

Epithelioma may occur as a primary growth upon the ocular
conjunctiva, especially at the limbus cornee.  In the latter situa-
tion it appears as a reddish elevation, surrounded by injection.
Finally, there are uleceration and implieation of the cornea.

The growths are stated to be non-pigmented, but a number of
pigmented or melanotic tumors have been removed from this
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region, which proved to be of epithelial structure. In a large
collection of cases, Noyes has deseribed other tumors found in
this situation, not conforming to the type of epithelioma, but in-
cluded under the general term carcinoma.

Sarcoma of the conjunctiva arises at the limbus, in the form of
a reddish-white growth, usnally overlapping the cornea, but not
involving its structure,  Both pigmented and unpigmented varie-
ties occur, the former being the more frequent. They may grow
rapidly and reach a large size.

Fig. BE.

|
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Sarcoma of the conjunctiva. From a patient in the Philadelphia Hospital.

Removal of these growths by means of knife or scissors is
practicable in the early stages, withont saerificing the eyeball.
In the later stages, or when the extirpation cannot be made
complete, enucleation is necessary.

Lepra.— According to Lopez, the chief alterations in the
conjunctiva produced by leprosy are anmsthesia, inflammation,
pterveia, and tubereles,  The anwesthesia of the cornea probably
determines the chronie conjunetivitis which is common.  Pterygia
are frequently observed, and are caused by the action of external
irritants upon the ocular conjunctiva which has become insensi-
tive under the influence of the disease,

It is convenient in this place to refer to the effect of leprosy
upon the cornea, in which the lesions are frequent and varied.
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The tubercles which form in the conjunectiva are apt to altack
the corneo-seleral margin, but may involve the cornea exclu-
sively. A late manifestation of the disease is an inflammation
Ut. ii]i_‘. COrIe kl]l_}‘ﬂ.—” s Irl"f,.l'"l”# :{:f'.i‘:'-!'ﬁl'!‘-'fj “'ilil'-]l HH'”'H."“']H". 1=
sembles interstitial keratitis.

Lupus ocears as a primary disease, or extends to the eonjune-
tiva from the surrounding integument. It appears in the form of
red, granular patches placed upon an uleerated base,  As the same
microbe is the canse of lupus and tuberculosis, any difference
existing in the two diseases when oceurring in this sitnation,
must rest upon the clinical appearances, the lupus =pot showing
healing in one direction and active uleeration in another.  Those
ases in which the disease has spread from the lid to the conjune-
tiva have especially been classified as lupus.

Tubercle of the Conjunctiva occurs as a primary and as a
secondury affection.,

Primary tuberculosis of the conjunctiva is rare, but a certain
number of undonbted instances are upon record in which there
was an absence of evidence of tuberculosis elsewhere, and in
which there was no reappearance of the disease locally, or in dis-
tant organs, after its removal,

As a secondary affection it has usually appeared in association
with nasal and laryngeal tubercnlosis.

The chief symptoms arve a somewhat resisting thickening of the
lids ; dark-red swelling of the conjunctiva, especially of' the re-
trotarsal fold, which is beset with grayvish-red nodules resembling
the follicles in granular ophthalmia ; and uleers with uneven and
slightly raized edges, whose floors have a lardaceous appearance,
or are covered with grayvish nodules, slightly slonghing in their
apices. There is considerable discharge, and oceasionally swell-
ing of the tear-sac, The pre-aurienlar and submaxillary lvmph-
atie glands of the same side are enlarged.  Pain is not consider-
able unless the uleeration involves the bulbar conjunctiva and
cornea, or extends to the lids,

The disease shonld be distinguished from trachoma, epithelioma,
and syphilitic uleeration.

Dragxosis—In any suspected case, the real nature of the
affection may be decided at once by exeising a portion of the
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diseased tissue, submitting it to bacteriological examination, and
demonstrating the presence of tuberele baeilli.

In trachoma the lymph-glands are not invelved, and the fol-
licles in acnte cases will yield to treatment with sulphate of cop-
per, whiie in tuberculosis this is ineffectual (Knapp). In the
stages of the follicular formation of this disease, the discovery
of the bacilli is the only positive differential diagnostic point. :

Epithelioma is excluded by the age of the subjects, tubercu-
losis almost invariably occurring in young people.

ProGxosis,—This depends upon whether the disease is pri-
mary or secondary, In order to prevent general infection, it is
important to eradicate the local lesion,  Sight may be destroved
by involvement of the cornea. '

The treatment demands destruction of all the diseased tissue.
This is best accomplished by removal with a knife, curette, or the
galvano-cautery. The subsequent treatment should include the
use of a collvrium of bichloride of mercury, and iodoform or
aristol powder. Injeetions with the fluid of Koch have shown
their greatest efficacy in local chronie tuberculosis (lupus), and
might be tried here, not only as a curative, but also as a diag-
nostic agent,

Pemphigus of the Conjunctiva iz a rare affection, characterized
by the formation of bulle, associated with pain and lachrymation,
and, after succeeding attacks, degeneration and cieatrization of the
conjunctiva. It is doubtful whether this ocenrs as an independent
dizorder ; it is usnally seen in connection with pemphigus of the
rest of the body.

The course of the disease, which tends to recur from time to
time, is destructive to the natrition of the eonjunctiva, and later
to the ecornea.  The former undergoes cicatricial change, and may
grow fast to the ball ; the latter becomes opaque and staphylo-
matous,

Under the name FEssential Shrinking of the Conjunctiva, a con-
dition of atrophy, contraction and gradual disappearance of the
conjunetival cul-de-sac has been deseribed, during which the free
borders of the lids become fixed to the ball and the cornea be-
comes dry and opaque, This probably is a form of pemphigus,
but has also been recorded as an essentially distinet process.
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These appearances must not be mistaken for granular lids,
with which they have no association,

TreEaTMENT.—It has been attempted to keep the conjunctiva
moist with glyecerine, and rabbit’s conjunctiva has been trans-
planted, but without results,

Injuries of the Conjunctiva.
particle of coal, ash, or dust is easily removed, if lodged upon

(a) Foreign Bodies—A small

the lower portion of the conjunctiva ; but if it finds its way be-
neath the upper lid, and is sitnated far back under the retrotarsal
fold, it may not come into view when the lid is everted, unless
the fold is pushed into prominence. If the foreign body i= at-
tached to the tissues, it may be necessary to dislodge it with the
point of a needle, or with a spud. Coecaine will render this
operation painless.

(b) Wounds,—These may be part of a serious injury involving
the lid or deeper structures of the eve; more rarelv, they oceur
as simple lacerations, confined usually to the bulbar portion. In
suitable eases, after proper cleansing, the lips of the wound should
be drawn together with a few sutures.

(¢) Burns,—These are commonly inflicted with acids or un-
slaked lime, and are especially serious becanse of the deformity
which the subsequent contraction is likely to produee, or on ac-
count of the development of a svmblepharon (page 207).

It the substanee is lime, all the particles must be removed at
once, and this is best accomplished by flooding the eye with
water from a spigot ; if an aecid, this may be neutralized with a
weak alkali. The subsequent treatment calls for the instillation
of olive or castor oil, and atropine drops, to prevent secondary
iritis if the cornea is much inflamed ; the latter drog may be in-
corporated with liquid vaseline and placed in the eul-de-sac.

Affections of the Caruncle.—The caruncle and semilunar fold
may be swollen in conjunection with a general inflammation of
the conjunctiva, but also may undergo localized enlargement and
inflammation, to which the name encanthis has been applied, and
which is subdivided by systematic writers into an aecufe, or in-
fammatory, and a ehronie variety, The process may go on to
the formation of a minute abscess,

Swollen caruncles are commonly found in patients with eye-
17



258 DISEASES OF THE EYE,

gtrain, especially with imperfeet amplitude of convergence. The
small body is red, elevated, and angry-looking, and injected
vessels run from it towards the cornea in the inter-palpebral
space, This condition might be designated symptomatic, or fune-
ticnal encanthis,

In like manner, temporary irritation of the structure is cansed
by the lodgment upon it of a foreign body, or by the presence of
misplaced eilia which rub against it. This earuncle should be
carefully examined when patients complain of irritation, lachry-
mation, and inability to use their eyes with comfort.

The excessive development of the hairs normally placed upon
the caruncle, is called trichosis ecaruneule.

A few examples of tumors situated upon and growing from the
caruncle have been recorded ; in two instances, the growth proved
to be an adenoma (Prodden and Schirmer).

TrEATMENT.—Local irritations of this body may be relieved
by the direct application of a mild astringent like alum, or soothed
by touching it with tineture of opinm. Foreign bodies, stiff’ hairs,
and misplaced eilia must be extracted. A tumor is to be removed
by the ordinary method of excision.
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CHAPTER VII.
DISEASES OF THE CORNEA.

UNDER the general term Eeratitis ave included the divers forms
of inflammatory atfections of the cornea, to which, according to
the type, certain well-marked stages belong : cellular infiltration
in the Ia}'ﬂl':-: of the cornea coing on either to :_|h::u||*1|‘[i:}|}_, or to
the formation of pus; loss of the substance of the cornea lying
over the infiltrated area, and the development of an wleer ; loss
of the transparency of the superficial corneal lavers over an in-
filtrated area, which has been converted into pus and created an
abscess, with the final destruction of these layers by future de-
velopment of the abscess; the appearance of wvessels in the cor-
nea ;. oand the process of repair after loss of substance, or the
period of eicatrization.

Certain associated and subjective symptoms may be present in
all forms of corneal inflammation.  Among the former the most
notable are the congestion of the wvessels of the eirenm-corneal
area; the possible involvement of the iris and ciliary body in the
severe types of the affection, with the added signs of iritis; and
the development of pus in the anterior chamber. The subjective
symptoms inelude diminution of vision, pain, photophobia, ex-
cessive lachrymation, and blepharospasm.

Although it is enstomary to divide the many types of corneal
inflammation into suitable gronps, it is by no means possible to
refer the disease in each instance to one or other of these divisions,

Phlyctenular Keratitis.—This dizease is characterized by the
formation of single or multiple vesicles or pustules on some por-
tion of the cornea, and is accompanied by dread of light and
blepharospasm.

Cavses,.—The disease is quite constantly seen in strumous
subjeets, rarely before the first year of life, most frequently in
children near the age of puberty, and less commonly in adults,
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The ordinary symptoms of struma may be present—enlarged
lymphatic glands, prominent and swollen lips, and diseases of the
Ijnin!a-‘.ull:i bones.

This form of keratitis is in close connection with obstructive
and inflammatory diseases of the nasal passages, and an irritating
rhinitis is a constantly associated disorder, which, in turn, deter-
mines an eezema about the nares.  The affection often fullows in
the wake of measles or other acute exanthemata, and is distinetly
under the influence of climate, being aggravated in warm and
moist weather,

Micro-organisms, which resemble the cocens flavus desidens,
have been deseribed with phlyetenular keratitis,

In the belief of some anthors, astigmatism bears a relation to
its development,

Syuproyms.—The phlyvetennles, which consist in  the early
stage of minute subepithelial collections of round cells, appear
upon the cornea usunally at or near the corneo-scleral junction.
They vary in size from a poppy-seed to a millet-seed ; their tops,
at first gray, speedily grow yellow, break down, and form super-
ficial uleers.  They are accompanied by decided local congestion,
increased lachrymation, and photophobia,

The palpebral conjunctiva, always hyperemic, may remain
translucent and bathed in tears, or the disorder is not infrequently
accompanied by muco-purulent ophthalnia.

When the photophobia is severe, the child buries its head
deeply in the bedelothes; the lids are spasmodically closed,
rendering inspection of the eve difficult, at times well-nigh 1mpos-
gible.  The dread of light and the blepharospasm are probably
due to direct irritation of the eorneal nerves, as Iwanoff’ found
the cellular infiltration situated along the course of the nerves.

The pustule, when it breaks down, forms the phlyefenufar
uleer.

This may remain at itz original seat near the margin, or ereep
towards the centre of the cornea, followed by a bundle of thickly-
erowded bloodvessels and form a special type of corneal inflam-
mation known as faseicular Feratitis.  The bloodvessels, when
the uleer heals, disappear, but a stripe of opacity remains,

Under the name marginal keratitis a variety of this disorder
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exists, characterized by the development of numerous phlyvetenules
along the rim of the cornea, giving rise to a process which may
cease here, or which by further invasion may produce vascular
uleers.

More dangerous than any of the other varieties is the forma-
tion of a single pustule, just at the corneal border, which speedily
uleerates and is surrounded by a vellow area of infiltration, with
a strong tendency to perforate.

It these inflammations recur eonstantly, the cornea becomes
clonded, uneven from loss of epithelium, and covered by numerons
superficial vessels, the whole forming the so-called phiyetenular
s,

IDhacxosis.—This presents no diffienlties, direct inspection
rendering the nature of the disease evident.

Proexosis.—The course varies greatly ; in mild cases healing
takes place with only a slight loss of substance, and the resulting
sear is searcely discernible,

Not =0 with the severe forms, in which there has been decided
loss of substance, and a distinet scar-tissue remains, or in which
deep uleeration with perforation oceurs, or where constantly re-
curring vascular uleeration leaves an uneven and roughened sur-
face.  In children of the strumous type, especially it their
surronndings are unfavorable, phlvetenular keratitis iz exceed-
ingly intractable.

TreEaTMENT.—In order to makea thorough application of the
local remedies, the child’s head should be taken between the
surgeon’s knees, and the lids separated, while the attendant holds
the hands and body ; the cornea will usnally roll out of sight,
but gradually may be coaxed into view. Sometimes a lid-eleva-
tor is nseful, and a few whiffs of ether or of chloroform may be
Necessary.

If much secretion is present, boric acid solution is to be em-
ployed.  Atropine drops should be instilled with sufficient fre-
quency to maintain mydriasis. Cocaine, judicionsly used, will
allay the photophobia, but its continuouns application when cor-
neal nleers exist ig to be deprecated. Later, an ointment of the
yellow oxide of mereury (gr. i-3j), either with or without the ad-
dition of atropine, may be emploved, or calomel may be dusted
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into the conjunctival sae, provided no form of iodine is being
exhibited. The eyes should be protected with goggles, and the
child encouraged not to bury its head in the bedelothes,

Dounching the eyes with cold water will subdue the dread of
licht, and touching the uleerated external commissure, which
almost invariably exists in these eases, with a erystal of bluestone,
as Koller has suggested, helps to relieve the blepharospasm. In
severe cases the uleerated fissure may be ineised, or the lids may
be forcibly separated.  No doubt this acts by stretching or rup-
turing a few fibres at the commissural angle, and relieves the
spasm in the same manner as a similar manipulation is eflicacions
in fizsure of the anus.

The best possible hygienie surroundings must be obtained, with
fresh air and wholezome food.  Cod-liver oil, iron, quinine, often
suitably given with pepsin, and arsenic, are the most acceptable
internal remedies,

The urine should be examined in all these cases; and seropulons
attention to the condition of the alimentary canal is an important
factor in the treatment.

[f rhinitis is present, a powder composed of equal parts of pul-
verized camphor, borie acid, and subnitrate of bismuth is useful
(Aungagneur), especially if the parts are thoroughly cleansed with
Dobell’s solution before its insufflation into the nasal chambers,
In obstructive post-pharyngeal and nasal affections (hypertro-
phies, adenoid vegetations), these mild measures are not suffi-
cient, and the diseased areas must be treated on the principles
of intra-nasal surgery.

In stubborn forms of recurring vascular uleer and deep uleera-
tion, especially in the fascicular type, the use of the actual can-
tery in the manner later deseribed, is productive of excellent
results.

After healing, provided the condition of the cornea permits it,
any refractive error should be corrected.  There is reason to be-
lieve that astigmatism may play some rble in the production of
keratitis in children ; henee its ecorrection in patients constitu-
tionally predisposed to this disease, even at a very early age, is
a suitable prophylactic measure.

In general terms phlyctenular inflammation of the cornea,
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which has just been deseribed, is a cirenmseribed, usually super-
ficial keratitis, and is known under a variety of synonyms—
Ivmphatie, serofulous, vesicular, fascicular, and pustular—and
when it appears in adults, assumes the form of a simple cor-
neal infiltration. It furnishes the greatest number of uleers of
the cornéa which are found in early life, and also a large group of
those ulcers which are of primary orvigin, i. e, where the disease
starts in the cornea, the remainder of the group being caused by
injury, abscess, depressed nutrition, ete.  The entire series is in
contrast to secondary ulecers, i. e, when the discase follows as the
result of a severe inflammation of the conjunctiva, e. g., purulent,
diphtheritic, or granular ophthalmia.

The remaining inflammations of the cornea are divided by
systematic writers into wleerative and non-uleerative inflammations,

Ulcers of the Cornea occur when the stage of infiltration has
failed to terminate in absorption, and the overlying corneal
layvers have become disintegrated, with the formation of an open
lesion.

In addition to those which have been deseribed with phlye-
tenular keratitis, corneal ulcers may be gathered into several
Eronps :—

1. Simple wleer appears in the form of a small, superficial, gray
lesion, associated with slight pericorneal vascularity, and results
from the rupture of a phlyvetenule (* pimple ulcer”), or from
trauma,

An uleer, which from its sitnation is ealled small central wleer,
appears as a gray or gray-white opacity in the centre of the
cornea, and is not accompanied with much vaseularity or dread
of light. The elevation is slightly cone-shaped until the whitish
top breaks down into a shallow depression,

Usually single, this form of uleer may be multiple, and under
any circumstances tends to reenr. It is seen in voung children
who have been poorly nourished, and are of a strumous habit.
While healing generally vceurs with promptness, the tendeney
to recurrence leaves permanent opacity, which from its eentral
sitnation, may seriously impair vision. If neglected, and in
patients of poor nutrition, this nleer occasionally forms an abscess
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of the cornea, or changes its type and develops into the following
variety :—

2. Purulent or deep uleer consists of an area of yellowish (pura-
lent) infiltration, surrounded by a zone of hazy cornea, round or
irregular in shape, centrally excavated, and with a tendency to
travel inward toward perforation, but not to extend in a lateral
direction. Like all severe types of corneal uleeration, it may
be associated with inflammation of the iris and the formation of
pus in the anterior chamber ; it perforation takes place, an ad-
herent scar or lencoma results.

This uleer is either primary from injury, and sometimes con-
taing a foreign body as its nueleus, or it may be secondary to
a violent grade of conjunctival inflammation, The subjective
symptoms are pain, browache, congestion, and sometimes, though
not necessarily, photophobia.

3. Tudolent wleer (absorption wleer) oceurs under several forms :
(a) Shallow central wleer, with slightly turbid base, unattended
with any considerable pain or photophobia, essentially chronie in
its course, and healing finally with a faintly opaque remaining
facet ( facetted wleer).

(b) Ereavated or gouged-out uleer, often seen in children, most
troublesome because it is so rebellions to treatment, has its seat
near the corneal margin. It may be entively overlooked on ac-
count of the absence of congestion, and because in appearance,
it is a small punched-out excavation with transparent bottom,
and free from any opaque surrounding. The floor of the ulcer
loses its translueency when healing is about to take place, and a
few vessels of repair pass to its margin,

(¢) Reparative uleers are seen when, as ocecasionally oceurs, in
the course of the healing of an ordinary corneal uleer, this loses
its turbidity and assumes a clear facet-like appearance. These
are similar to the absorption uleers which oecur primarily, and
which, unattended with injection and with local symptoms, may
none the less extend inward and perforate the cornea,

Indolent uleers, in general terms depend npon some failure in
the nutrition of the cornea, due to nervous disturbance. They
are found in anemic and scrofulous subjects, and are seen in
cases of chronie trachoma.
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4. Infecting or sloughing wleer ( purulent keratitis)—Ulcers un-
attended by vessels of repair, which spread widely from one horder
and readily become complicated with hypopvon and iritis, and
which are often the result of a trifling injury, usnally affeet
elderly people and those whose nutrition is depressed.

The most important tvpe of these is the acufe serplyinous or
creeping wleer of Saemisch,  In the beginning a nearly central
gray area forms, which ulcerates ; its margins are sharp, and
one, assuming the form of an elevated curve, is more decidedly
opagque or vellow than the others, and iz known as the are of
propagation,  Immediately behind it, the uleer with its gray floor
seems deeper than the portion next to the corneal margin.

The surrounding cornea is opaque, and the lesion spreads
rapidly, at the same time growing deeper; iritis, irido-eyelitis, and
hypopyon ensue, and perforation and extensive sloughing of the
cornea are likely to oceur. Usually the patient complains of
severe brow pain, and the eye is intensely tender. Vision is
reduced to mere light perception.  In other cases, while the loeal
lesion is severe, the subjective svmptoms of inflammation are
almost absent.

Cavse.—A sloughing uleer of this charvacter depends upon
local infection, and most frequently results from an injury to the
cornea {rom a chip of stone, a chestnut burr, beard of wheat or
the like, which may cause an insignificant wound, but which, in an
individual not disposed to kind healing, may terminate, throngh
microbic infection (probably a special fungus), in this dangerons
form of inflammation. This becomes more likely if' the patient
suffers at the time of the injury from eatarrh of the lachrymal
sac or from chronic conjunetivitis, the micro-organism being
contained in the unhealthy secretion. The most marked types
of this disease are seen in laborers in the harvest season,

Hyrorvox, to which reference has been made, may be seen
with both small and large ulcers, and consists of a collection of
pus in the anterior chamber, varving in extent from a mere line
to a quantity which well-nigh fills the chamber.

This appears as a yellow mass at the bottom of the anterior
chamber, and is bounded above by horizental margin.  If the
collection is fluid, its position will shift with movements of the
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head ; if it is tenacious, no movement can be observed. The
pus is caused by an aggregation of
lencoeyvtes, derived in part from the

jf' corneal disease, and in part from the
/ \

Fic. 89.

iris, which is also inflamed.?

The eombination of uleer of the cor-
nea and pus in the anterior chamber has
\ received the name fypopyon-keratitis,

which generally iz limited to the type
Hypopyon or a collection of 5

ik o the ankear chimnbe deseribed as infective or ereeping uleer.

5. Abscess of the eornea consists of a
puralent infiltration in the deeper layers of this membrane, over
the centre of which, in the early stages, the epithelinm is unbroken
and prominent, but later, discolored and slightly sunken,

The corneal zone immediately surrounding it is hazy. The
margins of the collection are thicker and more prominent than
its middle; pus is seen in the anterior chamber ; the agueous
humor is turbid, and the iris inflamed.

The subjective symptoms of severe corneal disease are com-
monly present, but, as with sloughing ulcers, these indications
may be absent.

If the abscess is deep, the process may terminate without rup-
ture of the upper layers and the formation of an open lesion, but
generally it grows more vellow, notehes laterally, bulges forward
and finally bursts, leaving a more or less ragged uleer covered
with tenacious pus, and pursning a course similar to or identical
with that described under slonghing or infecting uleer, of which,
indeed, abseess is the first stage. 1t will hence be seen that ab-
seess of the cornea, according to its stage, may belong to the
non-ulcerative or nlcerative lesions of the cornea.

Cavses.—Abscess of the cornea results from an inoeulation of
the affected area with the pathogenic micro-organisms which are
the cause of suppuration, these having gained entrance through

} Onyx, a term frequently applied to a supposed accumulation of pus
between the layers of the cornea, and settling in its most dependent portion
below an abseess, should not be retained, as it deseribes an appearance which
is incorrectly interpreted (Berry).
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an abrasion in the epithelial cells,  As alveady stated, simple
uleers, through neglect, may form abscesses; and they follow
slight traumata when the latter become infected, especially by
unhealthy lachrymal secretion, and are seen in association with
violent types of conjunctival inflammation. A certain num-
ber of eases have been ascribed to cold ; in still others no defi-
nite cause can be ascertained.

A variety of abscess of the cornea, non-inflammatory in char-
acter, without any healing tendeney, and with an entire absence
of subjective symptoms, has been described as occurring in
scrofulous children under eight years of age, The character
of the disease and the constitution of its subjects have led some
to eonsider it a form of tuberewlosts of the cornea.

Most violent forms of suppurative keratitis oceur during the
convalescent stages of smallpox, though puostules rarely form
upon the cornea. Abseess of the cornea occasionally accompa-
nies scarlet fever, measles, typhoid and typhus fever, and in
these cases must be regarded as metastatie, the pathogenic ma-
terial having been conveved throngh the blood, and not as com-
ing from without, as in the more nsnal examples.

6. Uleus rodens is the name applied by Mooren to a ereeping
wleer which begins at the upper edge of the cornea as a super-
ficial lesion, separated from the healthy portion by a gray,
opagque rim, which ig undermined. Although vessels may pass
to it and eicatrization apparently begin, it relapses quickly
and progresses forward, until the whole cornea has been trav-
ersed and sight is destroyed. The cornea is not perforated in
this disease, which is a rare form, attacking elderly and de-
pressed subjects.

7. Cirewlar wleer (marginal ving uleer, annular uleer) ocenrs in
the form of a deep groove, at the corneal margin, unaceompanied
by much infiltration, which gradunally progresses until it may
entirely girdle the cornea and cut it off from its nutrition. Pho-
tophobia, injection, lachrymation, and other irritative symptoms
are not prominent, but perforation of the cornea and prolapse of
the iris are common. The disease is seen in debilitated subjects.

Another variety of ring wleer is formed as the result of a mar-
ginal phlyctenular kerafitis (page 260), probably by the coa-
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lescence of a number of small foel. Ring uleers are also seen in
catarrhal and purulent ophthalmia, and in the latter condition
may prove especially dangerous if they are hidden by the che-
motie conjunctiva.

8. Dendviform wleers (Feratitis dendrifice wleerans mycotiea,
furrow-keralitis, kératite uleérense en sillons dtoiles) are a form
of keratitis probably dependent upon a special micro-organism,
and appear in branch-like ramifications, having a superficial situ-
ation, with slicht, knob-like swellings at the end of the branches.
The inflammation manifests itself’ in two forms.

In one, from the beginning, the svmptoms include photopho-
bia, lachrymation, strong bulbar injection, swelling of the upper
lids, and absence of the epithelinm over the furrow-formed rami-
fications—an implantation of the proecess in the deeper corneal
lavers.

In the other, the disease assumes a subacute or torpid charac-
ter, with practical absence of’ severe irritative symptoms and loss
a limitation of the lesion to the
superficial layer. In the first form the opacity is confined to
the axis of the furrows; in the second, to the border. After
healing, the scars have the same general conficuration which was

of the covering epithelium

present during the stage of uleeration. The disease is rare and
ocenrs in both sexes,

The eause, further than its probable myeotic nature, is un-
known. Fuchs thinks some cases may arise from febrile herpes
of the cornea (page 281), by the increase and coalescence of the
samall blebs. Malaria originates a keratitis in which the lesion
consists of a peculiar, narrow, serpiginous, superficial uleer, with
lateral offshoots, like the skeleton of veins in a lanceolate leaf),
nsnally accompanied with photophobia and lachrymation, and
sometimes ushered in with severe supra-orbital nenralgia (Kipp).!

! [t will be obzerved that several varieties of corneal nleerz have one symp-
tom in common, that of creeping acrosg the corneal surface from their points
of origin, viz., fazcienlar keratitis (*° snail-track uleer'), Saemisch’s ulcer,
rodent uleer, and dendriform nleers, and for this reason they may all be
grouped under the general term, serpiginons nleers, as snggested by Fochs.

ling nleers possess somewhat the same peculiarity exercised in a circonlar
IMANmer.,
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9. Kehawstion-uleer (kerafo-malacin) may appear as an exten-
sive uleeration in the eentre of the cornea, or as a ring-abscess
at its circumference, The tissue speedily is converted into a
slongh, which drops out, and an extensive pertoration results,

In other instances the sequel is deseribed as a species of atrophy
of the cornea, which is converted into a whitish, flattened plate
(Schmidt-Rimpler).

One or both cornee may be affected, and the usual cause is
exhaustion after acute illness, or after prolonged diarrheea or
dysentery. A similar softening and sloughing of the cornea may
be the result of ophthalmia neonatorum (page 223), or eataract
operations which have become septie, and they are seen in a per-
fect type in xerotic keratitis (page 279).

TreEaTMENT OF ULcers oF THE CorNEs.—It is not pos-
sible to lay down definite rules for the treatment of all forms
of' corneal uleeration—this muost be governed by the exigencies
of each case; but certain principles are common to the various
types,

Aeule stage » Pain and photophobia.—These should be relieved
by the plans already suggested in treating phlyetenular keratitis.
In mild cases, atropine, a lotion of boric acid, and dark glasses
will usnally suffice.  The use of blisters and setons, recom-
mended in chronic cases, is seldom required, but a leech to the
temple in sthenic types may be needed.

Cocaine will relieve photophobia temporarily, but its eon-
finuwous wse in corneal wleeration is positively harmful.  If a cor-
neal uleer is accompanied by mueh dread of light, the methods
deseribed under phlyctenular keratitis may be emploved.

Whenever corneal uleeration is accompanied by eonjunctivitis
and discharge, the inner surfaces of the lids should be brushed
over with a weak solution of nitrate of silver (2-5 grains to the
ounce), and the cul-de-sac carefully cleansed with a borie acid
solution, or the collyrium of bichloride of mercury, as often as
necessary to free the eve from accumulated secretion.

Subacule and Torpid Stage.— After the subsidence of the acute
symptoms, or when the uleer from the beginning is unaccom-
panied by these, local stimulation should be practised. This is
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best done with an ointment of the yellow oxide of mercury pre-
pared by the following formula :—

Yellow oxide of mercury . . . . : . 1 grain
Sulphate of atropine . : . . . : . % grain
Vaseline . . . . . . . : « 1 drachm

A small portion to be introduced between the lids night and morning.

The atropine maintains the mydriasis and at the same time
is sedative.  When these actions are no longer needed, the atro-
pine may be omitted from the salve, and the mercurial compound
alone employed. Finely powdered calomel dusted into the eye
is also of exeellent repute.  In like manner iodoform or aristol,
in salve or powder, may be tried. Direct stimulation with a
probe dipped in landanum, or a weak solution of nitrate of silver
(five grains to the ounce), is a useful procedure, either to encourage
the healing of an uleer which has passed into the subacute stage,
or to excite eurative reaction in one that has been torpid from its
origin,  Fserine is indicated, instead of atropine, in small slug-
oish uleers, unattended by active symptoms.

Deep and Sloughing Uleers—It was a universal, and is still a
quite common practice, to instil afropine drops, becanse of their
anodyne effect, and beecanse they lessen the liability to iritis,
mitigating at the same time the severity of the inflammation,
through their power to contract the vessels of the ciliary region,
and diminish the supply of nutritive material to the cornea.

In many cases, however, eserine is the better drug, either
becanse it has the power of stopping the migration of white blood
corpuscles, or becanse it promotes absorption through dilatation
of the eiliary vessels, or acts locally upon the uleeration, limiting
the slonghing process. Furthermore, abnormal intraocular tension
is lowered by the action of the drug. The strength of the =olu-
tion may be from one-quarter to one grain to the ounce, the latter
being unnecessarvily active in most cases.  Deep uleers near the
margin are those most snited for its application. One or two
drops of' the eserine solution should be instilled from three to
six times dailv, and, as under its influence, congestion of the
ciliary body and iris may ensue, as well as brow pain, these
may be counteracted by nsing a few drops of the atropine lotion
at night. The combination of the drugs thus emploved in cases
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where no iritic complications are present, is productive of the
most happy results. Instead of eserine, pilocarpine (gr. 1-2
grains to the ounece), has been used.

Yain is relieved and the process of repair encouraged by the
frequent application of Aot compresses in the manner already de-
seribed (page 225).  During all this time the cul-de-sac must be
irrigated frequently with antiseptic collyria—a saturated solution
of borie acid, or bichloride of mercury (1-10,000),

(a) Tmpending Perforation.—When perforation of the cornea is
liable to oceur 1::.‘ extension of the I|]m*|‘, an ;]nl_i:-tz-lltil' COMpPress-
ing bandage should be applied, and removed when the neces-
sary local applieations are made, and again reapplied.  Long-
continued use of the bandage is often followed by the appear-
ance of an eczematous eruption upon the skin of’ the lids.  This
should be treated by dusting the parts with calomel.  Catarrh
of the conjunctiva contraindicates the use of the bandage unless
the danger of perforation is at hand.

If bulging forward of the floor of the uleer indicates that per-
foration i< imminent, the intraccular tension should be lessened
by paracentesis of the cornea. Thiz operation is deseribed on
page 587,  After its performance, eserine is instilled, it the uleer
has a peripheral situation, atropine, if’ it is central ; the bandage
is reapplied and the patient placed at rest. It may be necessary
to repeat the operation on several days. Intense pain will often
be thus speedily relieved and healing rapidly result.

(b) The Spread of Local Infection.—1f in spite of such treat-
ment the corneal uleer continues to spread, either in the form of
a lesion creeping across the face of the cornea, or by passing
inward throngh its layers, the process must be stopped by one
of several means: (1) Seraping with a curette ; (2) the direct
application of a suitable chemical which combines the properties
of a germicide and a canstic ; and (3) the actual cautery,

(1) The uleer may be cantiously euretted with a sharp spoon
or a spud, all the slonghed material removed, the edges pencilled
with a sublimate solution (1-2000), and iodoform dusted upon its
surface.

(2) The chemical substances commonly employed are nitrate of
silver or earbolic acid. The former, in the strength of ten to
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twenty gcrains to the ounce, iz applied directly to the seat of
uleeration (care being taken to avoid the surrounding cornea), by
means of a probe on which has been twisted a thin band of
absorbing cotton, or the point of a pencil of lunar caustic may
be gently pressed against the sloughing tissue. Carbolic acid
(liquid) may be emploved in the same manner as the silver
solution,

() The actual cantery may be either a small Paquelin or
galvano-cautery ; when neither of these is at hand, a knitting
needle or platinum probe, heated red hot in the flame of a
Bunsen burner, will suffice.  The edge and floor of the uleer
should be gently but thoroughly burned. If the ulecer is very
deep, its floor may be perforated with the point of the cautery.
Uznally one eauterization is sufficient, but in the event of failure
to destroy all the slonghing material, the operation should be
repeated on the following day. (See also page 587.) Cocaine
renders the operation painless, but there is no objection to general
anwesthesia in nervous patients,

It the surgeon is careful to touch only those portions involved
in the uleerated process, the resulting sear will not be greater
than would have been the case had the uleer secured cicatrization
without such treatment.  Fluorescin will show the extent of the
uleer, and mark out the area to be canterized.

The actual cautery is indicated in all sloughing uleers which
fail to show improvement after milder measures have been tried,
and in torpid or relapsing uleers, without much reaction, where
a decided stimulant is needed. In certain types of infecting
uleers, of serpiginous character, typified by Saemisch’s uleer,
and also in annular uleer and the furrow-keratitis, where the
apparent local infection is less marked, the actual cautery is
the most potent agent to arrest the process. In rodent uleer it
is one of the few means that are at all efficacious.

Abseess and Hypopyon.—The pus should be evaenated. If
the absecess 1s unbroken, its anterior wall may be incised with a
delicate knife, and the subsequent treatment conducted on the
principles laid down for sloughing ulcers, If the abscess has
burst, and is complicated with hypopyon, the latter may be en-
eouraged to absorption by paracentesis of the cornea in its lower
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portion, or by the more formal procedure of Saemisch, in which
a scetion is made directly throngh the diseased area (page 588).

The use of the actual cautery has to a great degree replaced the
operation of Saemisch, and in many instances absorption of the
products of a hypopyon-keratitis will follow the non-operative
treatment already described.

Perforation.—1f perforation oceurs, the vigorous use of atro-
pine or eserine, according as the lesion has a central or peripheral
situation, aided by gentle efforts at reposition with a probe, a com-
pressing bandage, and rest in the recombent posture are the first
measnres,

In the event of failure, or in any event, if the prolapse is a
large one, the iris should be drawn forward through the aperture
and excised close to the cornea, |n'ux'it|e-{| not more than two or
three days have elapsed since the accident.  After exeision, the
aperture may be covered with a eonjunctival Hap taken from the
bulbar conjunctiva, twice as large as the original opening, into
which it is gently inserted with a probe. A firm compressing
||iillilalg{', not fo EH*.{lthlll‘h{'ll tor three {I;l_:.':-‘u, 1= then :_i.l'r}:“m]_
This method is said by the author, Gamo Pinto, to secure a flat
cicatrix, often without any attachment of the iris, although an-
terior svnechia usually results even from the smallest perforation.
If the prolapse has been large, a more or less complete staphyloma
will fullow in spite of vigorous bandaging and the use of eserine
or atropine.

Lésumé of the Local Measures—The most useful antiseptics
during corneal uleeration are borie acid (gr. xv=3j), bichloride of
mercury (1-8000 or 1-10,000), and iodoform in salve or powder.
For the latter drug may be substituted iodol and aristol, which,
however, do not seem to surpass it in beneficial results.  Chlorine
water, in half strength, is much emploved by some surgeons.

Of the local measures to stimulate healing in sluggish nlcers,
or to hasten the process of repair, laudannm dirvectly applied or
in the form of a collyrium, and vellow oxide of mercury in salve
(Pagenstecher’s salve), are most commonly emploved.  The latter
remedy may be replaced by an ointment of iodide of potash, iodol,
aristol, or iodoform, or by oleum cinerenm (Lang), which consists

18
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of metallic mereury suspended as finely as possible in lanolin and
almond oil.

The aniline dyes, in the form of blue and yellow pyoktanin,
have been recommended in corneal uleeration by their author,
but Stilling’s results have not met with general acceptance. In
fact, positive harm has resulted in some instances,

The indieations for a mydriatic or a myotic have been given.
If' for any reason (idiosynerasy) atropine is not tolerated, mydri-
asiz may be maintained with hyosevamine or daturine; and if
eserine creates irritation, pilocarpine in double the strength may
be tried. It is important to remember that cocaine has no place
in the treatment of corneal uleers, save only as a temporary
remedy, for example, to produce anwsthesia preparatory to ope-
ration, or to remove a foreign body. Its continued use will in-
erease the uleeration,

Of the methods deseribed to stop the spread of infecting uleers,
curetting or touching with nitrate of silver is the most generally
applicable, unless the conditions are present which are believed to
demand the actual cautery. _

Associated Conditions—"The treatment of conjunetivitis eom-
plicating uleer of the cornea, in no wise differs from that suited
to ordinary ophthalmias, An uleer should always be carefully
examined for the presence of a foreign body, which may be
covered by a small slough, while misplaced cilia are fruitful
sourees of corneal irvitation and may hinder the prompt healing
of uleers. They should be removed with epilating forceps, or
destroved by galvano-puncture.

The lachirymal passages should be explored, and if strictored,
rendered patent, while irrigation of the lachrymal canal with a
four per cent. solution of borie acid, or 1-8000 solution of bichlo-
ride of mercury, is of material aid in the treatment of infecting
uleers, becanse this passage is commonly the seat of unhealthy
secretion. At the same time the naso-pharynx needs exploration
and treatment of diseased conditions.

The teeth should always be examined, and if faulty, the case
turned over to a competent dentist. The frequent relation of
carions teeth to corneal uleeration is well established, and the
irritation of a new dentition in young children has been found
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to be the cause of abscess or uleer of the cornea.  In brief, the
entire cephalic mucous membrane (Harrison Allen) should be
explored, because, in one or other of its component parts, it may
be the seat of disease, which, even if it 1s not the canse of the
co-existing corneal uleeration, is none the less responsible for
retardation in the healing process,

Constitutional Treatment.—Hygiene, diet, and judicions internal
medication are of paramount importance,  The patient should
not be secluded in a dark room, but, with eyes properly protected
with goggles, go out into the fresh air every day. The diet
must be nutritions and easily digested ; tea, coffee, candies, and
pastries are to be forbidden,

It struma is present, cod-liver oil, lacto-phosphate of lime,
and iodide of iron or syrup of hvdriodic acid are indicated ;
angemia is best treated with the tineture of the chloride of iron
or with the carbonate of iron ; any suspicion of malaria requires
the use of quinme and arsenic.  The syphilitic taint, which may
be present without being the direct canse of the uleer, indicates
the iodides, and mercury, especially in the form of the bichloride.
_'.tﬁ g{l“t Ilah .I::Il"l:."]'l .‘"ill[]"l."n'“ Ly I“,II I}I{f Cal=e U‘I. SO0 l"lll'l]!‘.u_l ”l{"{"rﬁ:
this, as well as the rhenmatic dyserasia, must be searched for,
not alone as an active manifestation, but also as a hereditary
dizease, and suitable remedies exhibited : citrate of lithinm,
mineral waters, iodides, colchienm, salievlic acid, salol, ete,

A wvery strict inquiry into the condition of the alimentary
canal shonld never be forgotten, as this may not be in a condi-
tion properly to receive the tonies which are indicated. In
children, calomel is a useful laxative; in older patients, the
salines and saline waters are often necessary.,

The urine should be carefully examined for albumin and
sugar, and for the produets which indicate imperfect assimilation,

A very important element in the successful management of
cases of slonghing uleers, especially in subjects of depressed
nutrition, is the maintenance of proper cireulation. This seems
best secured by the exhibition of brandy or whiskey in milk,
anid of strychnine or digitalis as a vaso-motor or cardiac tonic.
Severe pain may be alleviated by opium or morphine in suitable
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eages ; the drug also has a favorable influence upon the uleer-
ation.  Antipyrine may also be used for its analgesic effect.

Resvrrs oF CorNEAL ULCERATION. —Opacitics more or less
permanent follow all uleerations of the cornea.  If the opacity is
slight, it is spoken of as a webule or maewla ; if dense, as a
levicomea,

It is evident that upon the position of the opacity in the cornea
depends its influence upon vision. The more central it is, or
rather the more directly it encroaches upon the pupillary region,
the greater will be the disturbance of direct vision. Inequalities
in the curvature of the cornea distort the retinal images, and are
frnitful sonrces of irregular astigmatisn,

When perforation has followed uleeration and the iris has
remained entangled in the aperture, the attachment is called an
anterior synechin ; the corneal scar to which the iris is fastened,
receives the name adherent lencoma.  An eye thus afilieted may
become quiet and retain, either with or without operative in-
terference, useful vision ; but may also be a continual source of
annovance, subject to recurring attacks of inflammation, and
may originate sympathetic irvitation in the fellow eye,

Fig. 90,

Complete staphyloma of the cornea.

The distension of a cicatrix, to whose inner surface the iris is
attached, constitutes a corneal staphyloma, which is called total,
when the entire cornea is involved, parfial, when only a portion

ez
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is included, and racemose, when perforations have ocenrred at
various points,

The mechanism of the development of staphyloma is briefly
as follows : A perforation takes place, and the iris falls forward
and attaches itzelf to the opening, or protrudes through it, becom-
ing fixed there by the lymph thrown out in the process of repair,
The scar tissue which remains fails to withstand the intra-oeular
tension, and that portion of the cornea is pushed forward bevond
its normal limits, forming a pouch-like deformity, (I*‘ig.‘ﬂl.}

Fig. 91.

Partial staplivloma of cornea, showing the attachment of the iris to its Inner
surface ( Meyer).

The protrugion may flatten down, and under the influence of fresh
inflammation bulge forward again, or may extend between the
palpebral fissures and prevent the lids from closing (consult
Fig. 90).  Staphylomata, the result of uleeration, are more or
less opaque, because they represent the scar tissue which has
formed after the rupture of the membrane. Corneal staphy-
lomata, which are not opague and have not formed under the
influence of an inflammation, also oceur, and will presently be
described.

If after inflammation of the cornea, with loss of its superficial
layers, the intraccular pressure bulges forward the remaining
lamina into an opaque elevation, the condition is called Lerecta-
gim.  This differs from an ordinary partial staphyloma because
there has been no perforation, and the iris tissue is not involved
in the process.

If all the layers of the cornea down to the posterior elastic
lamina are destroyed, and this protrudes through the opening in
a small, translucent hernia-like pouch, surrounded by a rim of
opaque cornea, it is known as a keratocele,
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An orifice remaining after a wound, or more commonly because
of the failure of an uleer to heal, is designated fistule of the
cornea. It may last for a long period and stubbornly resist
efforts at care. It has been recommended to touch the mouth
of the fistula with a point of lunar canstic, and even to pare the
edges and introduce a corneal suture,

TrEaATMENT 0F THE REsunTs oF CorRNEAL ULCERATION. —
Satisfactory results follow massage of the cornea.  The massage
movements should be made in a cireular and radial manner, over
the cornea, throngh the closed lids, after the introduction of a
small piece of the yellow-oxide-of-mercury salve, into the con-
junctival eul-de-sac. Some irritation accompanies the method, but
may be allayed by the occasional use of a collyrinm of borie acid
and cocaine.

Recently  Alleman has revived the use of galvanism for
the removal of corneal scars. A suitably prepared electrode is
connected with a battery, the cathode being applied directly to
the anwmsthetized surface of the cornea, and the anode to the soft
tissues of the cheek. Usually a current of from one to one and
one-fourth milliampéres gives the best results. The séance
lasts at the beginning for one minute at a time, and iz gradually
inereased to three and four minutes,  Great care shonld be taken
not to produce too much reaction. The author reports very
favorable results,

Dense lencomas eannot be influenced by the practice of massage.
A sufficient number of cases treated by galvanizsm have not been
reported to determine its value,  Vision may be improved by
an iridectomy for new pupil, and the appearance of the eve, by
tattooing the cornea with India ink. In recent times attempts
have been made at transplantation of rabbit’s cornea for the
relief of dense central opacities, but although Von Hippel, the
originator of the operation, has reported some instances in which
he was encouraged, the method does not seem likely to meet with
universal suecess,

The treatment of staphyloma in the first place is preventive,
and those measures already deseribed in conneetion with impend-
ing perforation, and perforation after its establishment, are indi-
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eated, namely, a compressing bandage and the use of eserine,
or, under some circumstances, atropine. It in spite of this the
bulging continues, paracentesis of the anterior chamber, or an
iridectomy opposite the clearest part of the ecornea, may be per-
formed. If the disease has been so extensive that a complete
and unzightly staphyloma has formed, which is the seat of pain
and a source of danger to the fellow eve, exeizion of the globe is
indicated, or one of the various substitutes for the operation of
enucleation.

Xerotic Keratitis ( Nerato-malacia, Necrosis Cornece, Tnfantile
[leeration of the Cornea, with Xevosis of the Conjunetiva,)}—This
disease is characterized by a dryness of the conjunctiva and a
destructive ulceration of the cornea, and usually appears in
infants during the first vear of life,

CavsE.—Formerly the disease was believed to be dependent
upon encephalitis, a theory no longer tenable. Tt oecurs only
in anminic, badly nourished individuals, It has been seen ac-
cempanying measles and variola, and among children with diar-
rheea, and those who arve inmates of homes whose surronndings
are bad. Bacilli have been found, but the special microbe, if it
exists, has not been isolated.  The disease i1s not a common one,
A somewhat similar condition has been deseribed in the eves of
negro children in the south (Kollock).

SymproMs.—In the beginning there are conjunetival conges-
tion and lachrymation, bat the peenliarvity of the disorder is the
development of the appearanees described under epithelial xerosis
(page 250), in connection with the corneal lesions A gray haze,
rapidly turning into uleeration, appears in the cornea, followed
by inflammation of the iris, and the formation of hypopyon.
Perforation of the cornea, and destrunetion of the eveball, may
result. Both eves as a rule are affected, one earlier than the
other.

The prognosis is very unfavorable ; the patients usunally die of
the wasting disease which has occasioned the tronble, or of an
intercurrent pneumonia.  In one ease streptococei were fonnd in
the local lesions, and foci of these micrococei scattered throughout
the hody.
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TreEaTMENT.—This resolves itself, besides the ordinary treat-
ment of severe corneal uleeration, into the administration of the
internal remedies which are indicated by the general state of the
patient.

Neuroparalytic Keratitis iz the name applied to an uleerative
inflammation of the cornea, which arises when this struocture be-
comes anwesthetie, because it is severed from the influence of the
trigeminus,

Cavse.—The corneal lesion has been ascribed to a trophie
change ; to the lessened power of resistance which the cornea in
its insensitive condition presents to external injuries; to the
irritation of the fifth nerve by the lesion; to micro-organisms ;
and to inereased evaporation from the surface of the cornea.

Disease of the Gasserian gangelion, disease of the nuclei of the
fitth pair, periostitis of the orbit, syphilitic deposits, and frae-
ture of the skull may cut off the triceminal influence and cause
the atfection.  Probably in most instances a combination of the
trophie and tranmatic theory best explains the disorder; foreign
substances remain undetected upon the insensitive cornea, whose
resisting power is weakened through loss of trophie influence.

SvyMproms.—The keratitis begins in the true corneal tissue,
and rapidly spreads forward until the central necrosiz or slough
separates, anil ]1{5I"E'n|'za.fiut'| of the cornea with l:ll't:hlll:-:l_- of the iris
oceurs.  The anterior chamber may contain pus, or pus mixed
with blood.  Bevond and aronnd the central abscess, the corneal
tissue is comparatively eclear, but in the periphery there are
secondary foci of infiltration, elosely connected with inflamma-
tion of the neighboring eonjunctiva.  The surface of the cornea
and eonjunctiva is anwesthetie.  The intraocular tension is dimi-
nished.  There may be considerable pain and irritation, or these
symptoms may be absent.

The prognosis is extremely unfavorable, and in spite of treat-
ment destruetive inflammation commonly results.

TrearmeExT.—The affected eve should be excluded from the
influence of external irritants, either by a earefully applied anti-
septic bandage, or by stitching together the lids.  Experimental
evidence indicates the propriety of preventing evaporation by
keeping the eve in a moist atmosphere.
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Herpes Corneze.'—The corneal lesions associated with herpes
zoster ophthalmicns have been deseribed on page 192, The pre-
sent disease consists of a vesicular eruption upon the eornea,
which breaks down and forms an uleer, characterized by a denu-
dation of epithelium not unlike that produced by injury.

Cavses.—Horner has deseribed  herpes of the cornea with
whooping-cough, intermittent and typhoid fever, and in general
terms, with those affections in which herpes of the lips and nose
are found, It is seen in acute and subacute disease of the pos-
terior nares and pharynx, and also in affections of the respiratory
apparatus generally (pnenmonia—Dbronehitis).

Symproys.—The disease beging with a series of transparent
vesicles upon the cornea, which have been compared to a string
of small beads.  The vesicles are placed in a cirele, or run in a
diagonal line across the cornea.  They speedily rupture and
leave an open pateh, deprived of epithelium, which is anwsthetic
and has irregularly serrated marging, upon which the remains of
vesicles may be seen.

The progress of repair is slow, and is often interrapted by
the reappearance of fresh vesicles. The disease may be com-
plicated with pus in the anterior chamber and iritis. Pain in
the eye and brow, photophobia, lachrymation, and a gritty sensa-
tion are the subjective symptoms,

TrEATMENT,—This consists in relieving the general condition ;
uzually quinine in full doses is indicated. Locally, in the stage
of irritation, atropine with ecautious use of cocaine, warm com-
presses and dark glasses are needed. Calomel dusted into the
eve is recommended.  After the formation of the uleer the
treatment 12 condueted on general principles.  Eserine now may
be substituted with advantage, if’ there is no iritis, and in stub-
born eases a light application of the actual eantery is useful.

Keratitis Bullosa in many instances is a symptom and not a
separate disease, inasmuch as it consists of the formation of one
or more small blebs of short duration (K. Vesiculosa), or of
larger blebs of more enduring existence (KA. Bullosa), upon the

I This term, as Horner observes, is often incorrectly nsed as synonymons
with phlyctenular keratitis.
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cornea of an eve, the subjeet of irido-cyclitis, interstitial keratitis,
or glancoma.

The eause of this affection, which formerly was attributed to a
mechanical effect due toinereased intraocular tension, is not entirely
clear, but probably depends, according to Fuchs, upon an abnor-
mality of the lymph cireulation, in which a stasis takes place
resulting in cedema of the cornea and a blister-like elevation of
the corneal lavers and the epithelinm. Sometimes moderately
large vesicles form upon a cornea otherwise normal, and in one
reported case malaria was believed to be the chief factor in their
causation.

The symptoms, in addition to the formation of the blebs, are
burning pain, photophobia, injection of the bulbar conjunctiva,
and rupture of the vesicles, leaving an abrasion which may go on
to uleeration. There is a strong tendency to recurrence, and with
each new formation of vesicles the violent inflammatory symptoms
are repeated.

The freafment consists in puncture of the blebs, and suitable
local measures, according to the causative disease. In bad cases
iridectomy and even enucleation may be needed. The recurrent
character and the remissions which have heen described have
suggested the nse of antiperiodie doses of quinine ; and these have
been given with good results.!

The second group of corneal inflammations is the non-uleera-
tire, and includes a variety of affections usually unattended by
the development of uleers, but among which some are described
that occasionally present the lesions seen with uleers in the course
of their development. Abseess of the cornea, if it remains with
unbroken boundaries, is a suppurative but non-uleerative affee-
tion and naturally belongs in this group.  As in many instances
its walls break down and an open ulecer results, it has been
deseribed with the uleerated forms of corneal disease.

1 Herpes of the cornea, the corneal complications of herpes zoster ophthal-
micns (page 192) and the two varieties of the keratitis just described have
been gathered by Fuch: under the general caption of Leratitis with vesicle
formation, to which category he adds that type of corneal disease known as
rmruj:r-'iny EroOsion r_l.r' the correa.



DISEASES OF THE CORNEA. 283

Vascular Keratitis iz a superficial vascularity and opacity of
the cornea, and isseen in pannus caused by granular lids (page
243) and in phlyetenular pannus, the result of many relapses of
phlyetenular keratitis (page 261).

Another form of vascular keratitis is characterized by the
formation of two opposite vasenlar areas at the upper and lower
marging of the cornea, which approach each other until the vaseu-
larization is complete.  The disease is met with in young aduolts
and in unhealthy, serofulous and underfed children. The second
eve nsually is attacked, and, as has been pointed out by Carter,
the character of the disorder indiecates a |n'l‘1'lr'l‘h'i| action of the
nerves which govern the areas affected, and places it in analogy
with herpes.

SyyaproMs.—These begin insidiously with slight intolerance
of light, preceding the appearance at the upper margin of the
cornea of a erescent of eclosely arranged bloodvessels, which, as
they advance, push before them a border of corneal opacity,
Simultaneously the same appearances become manifest at the
lower margin. Clearing beging at the borders, and the whitish
opacity which remains leaves the centre last of all.  In the early
stages the disease may be mistaken for conjunetivitis,  All cases
must be regarded with anxiety, and some do not elear up entirelv.
(Compare page 283.)

TrearmMExT.—Local irritants are contraindicated.  Atropine,
cocaine, and warm fomentations in the early stages, and later
a =alve of the vellow oxide of mercury, or calomel, are unseful,
The best internal treatment is a prolonged course of iron and
bichloride of mereury.  Iridectomy for new pupil may be neces-
sary, and the convex side of the vascular crescent may be touched
with the galvano-cantery.

Interstitial Keratitis (Syphilitic, Inheriled, Speeifie, Parenchy-
matous, Strumous, and Diffuse Inferstitiol Keratitis).—This is a
diffuse keratitis in which a chronie inflammation of the whole thick-
ness of the cornea takes place, until, usually without ulceration,
but always with superficial or deep vaseularization, the cornea
passes into a condition of universal thick haziness,

Cavses.—The majority of cases of interstitial keratitis are
due to inherited syphilis; in rare instances it is caused by
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acquired syphilis.  In spite, however, of the not infrequent oceur-
renee of this affection, the exact cause of its development is not
always of ready demonstration, Evidence of inherited syphilis
15 present in between sixty and seventy per cent. of the cases,
and it is probable that this percentage would rise higher, if the
separation of typical cases was made from such as are only similar
in appearance to the true disease,

I'n addition to the influence of hereditary syphilis this disease
has been attributed to rachitis, scrofula, malaria, rhenmatism, and
depressed nutrition.

It is most frequently seen between the ages of five and fifteen,
occasionally as early as three vears, but rarely after thirty. A
few cases are on record as late as the =ixtieth year of life. Some
statistics show that interstitial keratitis is more frequent in females
than in males, The average age for males to be attacked is about
seventeen, while women are affected a vear and a half earlier,
because a large number of cases oceur about the supervention of
menstruation.  The greater immunity of the male sex from this
disease does not, however, appear in all cases, other statistics
showing an equal susceptibility, and still others a greater liability
on the part of males,

Interstitial keratitis appears to have been aggravated by the
development of menstroation, and also to have undergone im-
provement by establishment of the menstrual molimen. Tt is
probable that the affection oceasionally arises in ufero, and a con-
cenital form of interstitial keratitiz, not differing in appearance
from the ordinary or post-natal form of the disease, has been
deseribed.  (Randolph.)

SYMPTOMS,— After a few days of slight ciliary congestion and
watering, a faint elondiness appears, usnally, but not always,
near the centre of the cornea.  The spots of haze, if earefully ex-
amined, will be found to be interstitial opacities, that is, within
the structure ot the cornea itselt, and not on either surface.

In two or three weeks they spread until the whole cornea is
invested with a diffuse haziness, veiling or completely hiding the
iris except, perhaps, through a narrow rim at the margin of the
cornea,  The steamy surface has often been compared to ground
elass.  Careful inspeetion will reveal that the opacity is not uni-
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form, but contains saturated whiter spots scattered throngh it,

which have been deseribed as “centres of the disease,”

r”lf'j'[' are
always at this stage ciliary congestion, and some pain and dread
of light. DBloodvessels derived from the eciliary vessels are
thickly set in the lavers of the cornea and produce a dull red
color—** the salmon patch of Hutchinson.” These patches may
he small and erescent-shaped, or large and sector-like.  In one
type (referred to on page 283) the vascularity ereeps from above
and below until the entire cornea is cherry red.

The subjective symptoms of’ irritability and photophobia are
more pronounced in strumous children who are at the same time
syphilitic.  Ulceration rarely oceurs, but none the less uleers of
discoverable size are sometimes present, and hypopyon and an
appearance resembling an accumulation of pus in the layers of
the cornea have been reported.  Iritis and the formation of pos-
terior synechie are not uncommon, in one form the iritis being
associated with deposits on the posterior layer of the cornea and
the formation of anterior synechie. Inflammation of the ciliary
region is occasionally encountered ; secondary glancoma and
shrinking of the eveball may follow.

In the course of time, varying in accordance with the treat-
ment, the eye begins to clear, usnally from the periphery. Perfect
recovery of the transpareney must be rare, although the remaining
haze may be glight. Years after an attack of interstitial kera-
titis minute vessels, nearly straight, branching at acute angles
and short bends, mayv be detected in the cornea.  These appear-
ances have been especially deseribed by Nettleship and Hirsch-
berg, the latter observer stating that the vessel formation never
subsides entirely, and he has =een this condition, with the aid of
a corneal loup, thirteen years after an attack,

In addition to the complication of iritis and inflammation of
the eiliary body, more or less retinitis is very apt to be present,
sometimes not detected until after the elearing up of the cornea.
Disseminated choroiditis, and even optic neuritis and retinal
hemorrhage have also been reported.  The presence of the vessels
and the deposits in the retina and choroid after the disease has
subzided may be utilized for the diagnosis of inherited syphilis,

The subjects of typical forms of this disease often present a
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remarkable combination of physical defects. The dwarfed stature,
the coarse flabby skin, the sunken nasal bridge, the scars at the
angle of the mouth and also of the nose, the mal-formed perma-

Vesszel formation in the cornea after interstitial keratitis. (Hirschberg )

nent teeth, in which the central incisors have vertically notehed
edges (Hutchinson’s teeth)! indelibly stamp the inheritance of the
patient, This character of teeth is present in between twenty and
thirty per cent. of the cases. Indeed, it has been seen as fre-
quently as thirty-one times in forty-eight cases. The presence
of’ deafness, cicatrices in the plmr_vux, chronie periostitis of the
tibia, and indurated post-cervical and epitrochlear Ivmphatie
elands still further emphasize the syphilitic taint.  (Fig. 93.)

1 Dr. Harrison Allen, writing concerning ** Hutchinzon’s teeth," says:
“When the term * Hotchinson's teeth’ is nsed by clinical writers, a definite
shape is at onee presented to the mind. A disposition exists for the lateral
incizor teeth of the npper jaw to hecome pl.!'},:g!'l.li and for the central incisor teeth
of the same jaw to be slizhitly convex at the sides and to be devply emarginate
(forming a creseent noteh) on the free cntting surface. The molars of both
the upper and lower jaw are often much swollen as their crowns lie in con-
tact with the gnm ; the stunted cusps are seen rising abruptly and irregu-
larly from the grinding surface. The prevalent views concerning the sig-
nificanee of such teeth are, in the first place, that they result from the poison
of syphilis acting on the tizgues before the birth of the child. Mimetic forms
may take their origin during an attack of scarlet fever at a time when the
teeth are not vet perféctly developed.”  This author deseribes cases in which
it appears that Hutchingon’s teeth, or allied deformation, may occur in a
child in whom all the evidence of syphilitic taint or all lesions from searlet
fever are wanting.

*

= LS



DISEASES OF THE CORNEA. 987

Dragxosis.—The course is usnally quite typical and the asso-
ciated symptoms characteristic, The tension of the eyeball and

Fia. 93.

:%::ﬁ B
E‘ih M

From a photograph ofa patient in the Children’s Hospital, the subject of inherited
syphilis and interstitial keratitis.

the age of the patient in most instances help to exelude pri-
mary glaucoma, while the history and character of the inflamma-
tion differentiate it from old corneal maculas and from the diffuse
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infiltration of the cornea which is sometimes seen as the result
of injury,

The presence of the minute straight vessels is good evidence
of former interstitial keratitis. These vessels must be distin-
guished from those which remain after pannus from granular
hds.  According to Hirschberg, in the latter condition they are
more superficial and pass into anterior conjunetival vessels,
There are well-formed anastomoses, the broader veins are accom-
panied by finer arteries, and there are peculiar ramifications of
the small deep vessels. The vessels seen in corneal scars after
uleeration are confined to these cicatrices, The rest of the cornea
is free.

Certain atypical eases of interstitial keratitis have been de-
geribed, namely, forms in which the opacities are stripe-like;
others in which they are ring-file; others presenting the appear-
ance of pus in the lavers of the cornea, the so-called abscess forms ;
others in which there 12 a combination of #nferstifial Lerafifis and
keratitis punctata, and that form which iz spoken of as central
annular interstitiol  Levatitis, especially deseribed by Vossins,
and usually seen in individuals under the age of twenty, and for
which a definite canse has not been found. The variety which
begins as a marginal vasewlar kerafifis has been described.

Procxosis.—From six to eighteen months are vsoally eon-
sumed in the development of the various stages of the disease.
The second eye is almost certain to be attacked in from a few
weeks to two months.  In rare instances, the interval is many
months, even a vear; it may be delaved from five to six years.
The patient or his friends must be warned of this fact.

A return to perfect transparency is unusual. The vessel for-
mation in the cornea probably never subsides entirely, but even
long-continued  opacity in the course of time may markedly
lessen, and reasonable vision be restored.  The oceasional onset
of deep-seated inflammation of the ciliary region, and the fact
that after the cornea has cleared, evidences of former choroiditis,
retinitis or dizease of the optic dise, with glancomatous eupping,
may be discovered, must not be forgotten in rendering a prognosis,

Relapses arve frequent, not only of the corneal disease, but of
the complications found in the iris and retina. It has been
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taught by some observers that the disorder is more severe now
than in former times,

TrearMENT.—AIll irritating applications are harmful.  Atro-
pine to maintain mydriasis, prevent iritis, and allay inflammation,
ghould be systematically employed. If the irritation is great, this
drug may be cautiously ecombined with cocaine.  Any high grade
of inflammation calls for the frequent use of hot fomentations, and
tenderness in the ciliary region will be relieved by a leech applied
to the temple.  The eyes may be protected from dust and light
by gogeles or a dark shade,

The best general medication is a long-continued eourse of mer-
cury. Certainly in children, and probably in all instances, the
most satisfactory method of administration in the earlier stages
is by inunctions, one drachm of the ointment rubbed into the
skin once or twice a day according to circumstances, It is a
good plan to order the mercurial ointment to be put up in one
drachm masses, thus securing the inunction of a definite quan-
tity. The usual precautions in regard to changing the spots for
the rubbings arve to be observed.  Whenever slight tenderness of
the gums is apparent, the remedy should be diseontinued, :
chlorate-of-potagh-mouth-wash should be ordered, and the patient
put upon a course of iodide of potash.

During the administration of the inunction, eod-liver oil may
be exhibited ; later, bichloride of mercury is a valuable remedy,
and, as many of the patients are angemie, this is advantageously
combined with the tineture of the chloride of iron. Suspicion of
malaria ealls for quinine and arsenic, and in any event they are
useful adjuvants,  If rheumatism or rachitis is present, the sali-
eylates and phosphates are worthy of trial.

When all irritation has subsided, clearing of the remaining
opacity is facilitated by the use of a salve of the vellow oxide
of mercury, together with massage of the cornea, or by the local
use of a solution of iodide of potash.! Iridectomy, if the tension
rises and glancoma threatens, may be necessary ; it is evident

1 Dr, James Wallace has founnd powdered aristol very useful in elearing
corneal opacities the result of inherited syphilis. It should be dusted into
the conjunctival cul-de-sac once a day.

19
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that it should be employed for new pupil when stubborn eentral
opaeity remains,

A course of tonie treatment and due precaution in regard to
nourishing diet, exercize, and healthful surroundings are advisa-
ble, in short, all measures are indicated which elevate the standard
of the patient’s general health.,  Some surgeons recommend that
merenry be given in the form of hypodermie injections, An
experience with this plan of treatment has not caused the anthor
to abandon the older methods of administration,

Keratitis Punctata,.
to disease of the iris, eiliary body, choroid or vitreous, and is

This affeetion is almost always secondary

characterized by a precipitate of opaque dots, generally arranged
in a triangular manner, upon the posterior elastic lamina of’ the
cornea (Descemet’s membrane—hence also called Descemetitis).
The overlying cornea is hazy, its surface at times slightly uneven,

The same name is also applied by some writers to those cases
in which isolated whitish spots, surrounded by a cloudy area,
appear in the parenchyma of the cornea. The disease is seen in
young subjects, and is probably syphilitic in origin.  Inflamma-
tory evideneces, the appearance of the white dots in the cornea,
and later the development of iritis, with more diffuse corneal
infiliration, characterize the disease.

Lodide of |l[]|.’lr¢h and bichloride 1rr]t]f‘l'{'lll'}' are proper internal
remedies, A continued atropine mydriasis should he maintained
provided the tension does not rise ; later iridectomy may be re-
quired to check the iritis, or for optical purposes,

Keratitis Profunda ( Central Parvenclhymatous Infiltration. Chr-
cumseribed  Parenchymatous  Keratitis).—This form of keratitis
is characterized by the formation of a grayish opacity in the
deeper layers of the cornea, sometimes withont severe irritative
symptoms and unassociated with uleeration.

The ecawse in many instances is not discoverable; in others,
cold, rhenmatism, malaria, and injury apparently have origi-
nated the disorder,

The following is Fuchs's description of this disease : The gray
opacity, nsnally in the centre, is covered by the superficial cor-
neal layvers which are hazy and stippled, but not absorbed.
Close examination (with a loupe) of the corneal opacity resolves
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this into individual points, spots, or gray interlacing stripes,
The deposit slowly absorbs, withont uleeration, and commonly
with only slight vessel formation and leaves the cornea clear, or
permanent opacity may remain,  Symptoms of inflammation may
or may not be prezent; there is hypermmia of the iris.  The
duration of the disease is from one to two months.

The treatment requives atropine, dark glasses, and later, vellow-
oxide or similar salve to aid resolution. The constitutional
treatment is governed by the probable caunse.

Among the more uncommon forms of corneal inflammation
the tollowing may be mentioned :—

Keratitis Superficialis Punctata ( Kerafifis subepithelinlis een-
tralis, Keratitis maculosa, Noduli ecornece, Relapsing Herpes
corneer).—This digease, which probably is akin to the herpes-
like corneal inflammations, appears under several forms (just as
it has been described under several names), either different types
of the same disorder, or closely analogous manifestations,

Generally it begins with the symptoms of a sharp conjunctivitis
in which the secretion is watery, while at the same time there is
catarrhal disease of the respiratory tract. In two or three days
numerons =mall punctiform or linear spots appear, not imme-
diately beneath the epithelium, but below Bowman’s membrane.
The overlying cornea is slightly hazy and the epithelium
above the spots a little elevated, the foei being more numerouns
near the centre of the cornea than at the periphery. The cornea
intervening between the spots is somewhat hazy and contains
small points and gray lines radiating hither and thither, com-
parable to the fine fissures in ice. The disease is tedions and
may last for months, It occurs in young individuals and nsually
15 bilateral,

Stellwag, whose deseription of the disorder differs somewhat
from that of Fuehs, finds the foei most commonly in the peri-
phery, and that the disease always begins with pain in the brow
and cirenmorbital region. In his cases the duration was much
shorter, cure having been effected in two weeks. Usually the
disease is unaccompanied by loss of epithelium, uleers, iritis, or
hypopyon.
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The anatomical nature of the spots is uneertain; probably
they are enlarged and opaque corneal corpuseles, or lymph spaces
filled with opaque matter. The canse of the disorder is unknown,
except in so far as it is eonnected with eatarrhal affections of
the upper air passages, It is analogous to herpes, but differs
from it in the absence of vesicle formation and herpes of the
face, its bilateral character, and the great number of corneal
spots or toet,

The treatment should be directed to the mucous membrane of
the naso-pharynx. Locally, during the state of irritation, atropine
is indicated and later vellow-oxide salve. Full doses of quinine
would seem to be called for, and it has been recommended to
nse the constant current along the region of the distribution of
the supraorbital nerve.

Keratitis Marginalis.—['nder thiz name (which iz here used
in a sense quite different from that employed on page 260),
Fuchs has described a rare form of keratitis in which a vellow-
ish-gray zone of opacity, immediately joining the sclera, pushes
into the elear cornea accompanied by severe inflammatory symp-
toms, and oceupies about one-half’ of the corneal eirenmference.
The vessels of the limbus cover the opacity ; in several weeks
these and the inflammatory symptoms subside, leaving a rim of
infiltration somewhat like an areus senilis, save only that it joins
the sclera divectly and is not separated from it by a stripe of
clear cornea.  The disorder is unaccompanied by uleeration,

It resembles the angular corneal opacity whieh appears in con-
nection with seleritis, and which is known as selevotizing keratitis
(see page 303), but differs from it in the absence of any preced-
ing scleritis.  The disorder ocenrs in elderly subjects.

Riband-like Keratitis ( Primary Opacity of the Cornea, Trans-
verse Caleareous Film of the Cornea, Keralitis trophica) appears,
as pointed out by Nettleship, in two forms,

In the one, nsnally in elderly people, the exposed part of the
cornea is invaded in a transverse direction by a smooth subepi-
thelinl opacity, oval in shape, which can be chipped off, and is
composed of an incrustation of lime salts.  There is no uleera-
tion, and no change in the overlying epithelinm.  The opacity



DISEASES OF THE CORNEA. 293

is sharply limited, and the remainder of the cornea is clear.  The
disorder almost invariably is svmmetrical, oceurs in men, and is
situated upon the exposed cornea. A margin of the cornea
at each end is free. Gout and excess of urie acid in the blood
have been :‘allg‘gl*ﬁll'd as constitutional causes, a :-‘tl;_f;:{'ﬁtilm
strengthened by the oecasional ocenrrence of insidious iritis,
elaucoma, and hemorrhagie retinitis. It may be mistaken for
the opacity which occurs from the injudicions use of salts of
lead.,

In the other type of the affection, a horizontal band of opacity,
grayish-brown in eolor, crosses the cornewe of eyes which have
long been blind from irido-evelitis, svmpathetic ophthalmia, and
glancoma. Here the stripe is less uniform, less sharply defined,
and consists of a roughened transverse opacity, The caleareons
nature of the other type may be wanting. As it occurs in the
lower third of the cornea, or that part exposed when the eye is
rolled up, and in an eye with impaired nutrition, the atfeetion has
been considered trophie in its nature,

Arcus Senilis (Gerontowon), or a cirele of fatty degeneration
just within the margin of the cornea, is, as its name implies,
almost invariably found in old persons, A true arens is always
separated from the adjacent selera by a thin stripe of elear cor-
nea.  Oceazionally a genuine example of this affection appears
to have been noted in children (Hansell).  Instances which have
been reported at birth must not be confounded with an arciform
opacity, the result of uleeration.

The affection requires no treatment, and its presence appears
not to interfere with the healing of wounds; for example, in
cataract incision.

Conical Cornea ( Keratoconus).—This consists of a cone-shaped
bulging forward of the cornea, and is rarely congenital. Tt is
mostly seen in women, and usually does not develop until after
the age of fifteen. IExhausting illness, menstrual disturbanee,
and especially chronie dyspepsia, have been observed to be asso-
ciated with the development of conical cornea, the immediate
eanse being a disturbance in the relation of the intraocular pres-
sure to the resistance of the cornea.
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The cone is transparent in most instances; occasionally its
apex is slightly opaque.  The bulging
slowly progresses, but does not rupture

Fia, 04,

nor uleerate.  After vears it comes to
a standstill.  One or both eves may
be involved, commonly the latter, the
second eve being affected some time

PRSI e after Jil:-t ﬂ-ll‘nw. ‘I'h:f} eye lll.'.'-f:ﬁ.l'll{':-i
myopic and highly astigmatic.  Slight
forms of eonical cornea may be overlooked, nnless the shadow-
test iz employved and the characteristic reflections observed.

TrEaTMENT.—Although no form of glass, or no optical appa-
ratus may avail in advanced eases, a careful trial should always
be made with sphero-cylindrical combinations, and in some
instances their employment in unosual combinations will mark-
edly improve visual acuity. It is alwayvs wise to use eserine
(gr. 1-t3)) for several weeks before attempting the correction
(Wallace).

If the apex of the cone appears to be thinning, a weak solu-
tion of =ulphate of eserine and a compressing bandage are indi-
cated.

In advanced cases an operation is advised, having for its ob-
jeet the substitution of a contracting cicatrix for the tissue at the
apex of the cone, which shall diminish the excessive curvature,
Several plans are suggested : (o) Cutting off a small, superficial
flap and subsequently cauterizing the surface, associated with
repeated paracentesis of the cornea, and later a small iridectomy
for optical purposes; (b) entting off the flap and drawing the
edges of the wound together with delicate sutures; (¢) entting
from the apex of the cone a small dise, with a trephine; (d)
multiple punctures with fine needles ; (¢) obtaining the desired
loss of substance by the application of a galvano-cautery. As
the resulting scar is direetly central, an iridectomy for optical
purposes will usually be required, an operation indieated under
any cirenmstances if the tension rises,

Buphthalmos ([ ydrophthalmos congenitus, Kerato-globus, Me-
galocornea, Glavcoma congenifum).—In this affection there is
glow but progressive enlargement of the eve in all its diameters ;
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the cornea is flatttened, the selera thinned, and the anterior
chamber deepened ; the tension is raised.  In the course of time
the cornea may hecome l_']:]ml_'r {ﬁ‘r'.r'ul"n-ﬂfﬂfmx hr:-;":;f.lrn.x;}, Elll]mllf.,,"h
this is not always the ease (berato-globus pellucidus.)

The affection appears at birth or shortly afterwards, and its
incipient stages are believed to be intra-uterine. The precise
cause is not accurately determined. It has been aseribed to an
intra-uterine irido-keratitis with increased intraocular tension ;
in other words, a form of congenital glaneoma,

The prognosis is unfavorable ; the aflection usually progresses
to blindness.  Irvidectomy has been practised with poor suceess ;
some favorable results with sclerotomy have been reported.  Fse-
rine or pilocarpine should be tried.

Injuries of the Cornea. Traumatic Keratitis.—These com-
prise (1) foreign bodies ; (2) erosions ; (3) wounds ; and (4) burns
and sealds.

Foreign bodies like particles of sand, fine splinters of iron and
bits of emery, may lodge either upon the epithelium or become
imbedded in the substance of the cornea. If they are sharp,
like a splinter of iron, or small thorn from a chestnut-burr, they
may partially penetrate the membrane,

The pain of even a minute foreign body is considerable ; the
eve waters and grows red, and the source of irritation is com-
monly referved to the under surface of the upper lid, although
the intruder may be directly upon the centre of the cornea.

To remove an imbedded foreign body a drop of a four per
cent. solution of eocaine is instilled, the upper and lower lids are
held apart with the thumb and forefinger of the surgeon’s hand,
while with the right hand he takes a fine needle, or a spud, and
lifts the body from its position with as little injury as possible to
the cornea. Sometimes, if the sitnation is deep, several digging
motions with the instrument will be required to dislodge the
substance. The area should afterwards be inspected by means
of a two-inch lens and obligue illumination. In any case in
which the operator is not sure that he has removed the foreign
substance he may resort to the fluorescin-method described on
page 62. If the substance has been iron or emery, a small,
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rust-like spot will often be seen even after the body itself has
been removed.

If the spicule has partially penetrated, it may be necessary to
pass a broad needle through the cornea behind it to secure a sur-
face against which to work, and to prevent the manipulations
from pushing it entirely through the cornea and into the anterior
chamber.

After the removal of the foreign body, the resulting irritation
may be allayed by a drop of atropine ; the use of a bandage for a
few days will facilitate the healing of the ulcer. Disinfection of
the conjunctival enl-de-sac with a bichloride lotion, and steriliza-
tion of the spud should be secured.

Lrosions.—A superficial loss of epithelium eaused by the con-
tact of a sharp body, like a finger nail, in itself may be insigni-
ficant, but may lead through septic infection to a severe ulcera-
tion, particularly if’ the injured eye is exposed to the discharge
from an inflamed lachrymo-nazal duct.

The treatiment consists of the instillation of an antiseptie lotion,
like bichloride of mercury (1-8000) and the use of atropine, with
a compressing bandage to immobilize the lids until healing takes
place, provided no septic discharge is present.

A number of eases, in which vielent nearalgie pain has followed
an insignificant seratch of the cornea, have been reported ; this
condition is called frawvimatic kerafalgia. The attacks of pain
recur again and again and may last for vears, The affection
probably is due to a neuritis of a corneal nerve filament.

The remarkable affection, relapsing erosions, has been referred
to, and belongs to the types of corneal disease associated with the
formation of vesicles.

Wounds of the eornea naturally divide themselves into non-
penetrating and  penetrating, and differ in character according to
the implement which has inflicted them.

Non-penetrating wounds partake of the nature of erosions, and,
like them, may be in themselves of minor importance, but may
result in violent ulcers through mierobie infection,

The treatment already deseribed is applicable,

A penetrating wound allows the eseape of the aqueous and
renders incarceration of the iris liable, with all the possibilities
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described in connection with perforating uleers. The wound
may injure the lens and cause tranmatic cataract, or involve the
ciliary region and lead to sympathetic inflammation in the fellow
eye.

After a perforating wound of the cornea, the eve should be
thoroughly disinfected, the irvis, if prolapsed, replaced if possible,
and eserine or atropine instilled according to the situation of the
injury. If replacement is not possible, the ||I'u|:|,}::-‘|-:t portion
should be seized with iris forceps and excised, after the manner
of performing an iridectomy. In either event the subsequent
treatment requires rest, disinfection of the conjunetival cul-de-zae,
and a carefully applied antiseptic compressing bandage.

The tendency to traumatic iritis may be combated by the
frequent use of cold compresses.  Inflammatory reaction would
call for a leech to the temple.  In severe corneal wounds, invol-
ving the iris, lens, and ciliary body, the question of enucleation
or evisceration must be decided.

Burns and Sealds are produced by the contact of acids, lime,
molten metal, and hot water or steam, and the general manage-
ment of such cases does not differ from that of' similar accidents
to the conjunectiva which necessarily is involved.

Sometimes the burn may be superficial and the whole surface-
epithelinm be changed into a white seum, which presents a most
alarming appearance. The destroyed tissue, however, is speedily
replaced by a new layer of epithelinm.  Buorns with slaking lime
are those most liable to result in disastrons consequences,

All the various forms of corneal injury cause more or less
gevere inflammations properly elassed under the general term
frauinatic keratitis, and possess in greater or less degree the cardi-
nal symptoms of keratitis—pain, lachrymation, photophobia, and
disturbance of vision,

" Tumors of the Cornea.—These are very rare and inelude
the growths which develop from the epithelinm—epithelioma, or
invade it by extension from the neighboring tissnes—sarcoma.
A few instances of fibrowe and papilloma have been reported.

Dermoid tumor is a congenital growth, and sometimes is asso-
ciated with other anomalies of the lid and eves. Tt oceurs as a
firm hemispherical, yvellowish-white growth, lying partly upon
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the cornea and partly upon the conjunctiva. The apex, often
paler than the rest of the growth,is covered with short hairs,
These, however, occasionally grow to an unusual length and have
been seen protruding through the fissure of the lids and hanging
down upon the cheeks. It undisturbed, the tumor may slowly
enlarge, and has been reported to have attained the size of a wal-
nut. Bilateral dermoids have been recorded.

These dermoids have been aseribed to the remains of amniotie
1li]]‘|i.‘:-'inllﬁ; but also to the coalescence of the lids in such a way
that at the moment of separation one lid attracts to itself a portion
of the other,  Microscopically, the growth represents the strue-
ture of the skin and its appendages. The presence of striped
muscle fibre and acinous glands,
analogous to those in the con-
junctiva, has been deseribed in

Fig. 95,

dermoid tumors growing from
the carunele.

Congenital Anomalies of the
Cﬂmea,.—_]ﬁe'a'i.apf:f.l"rrlfr}mk is that
condition in which the entire
eve remains in a more or less
rudimentary state, and in which

DSt 58 S Sormea’ S Brii o the cornea is too small in al.ll iEr}

tient in the Philadelphia Hospital. diameters.  Pure cases of mi-

erophthalmos, according to Manz,

are very rare ; usually one or other of the component portions
of the globe is wanting.  Numerous theories have been expressed
in regard to the etiology,—retarded growth of the cerebellum
(Kundrat), incomplete closure of the feetal ocular cleft (Arlt),
feetal illness in orbita (Wedl and Boeh), intranterine sclero-
choroi-retinitis (Deutschmann). The affection has also been
ascribed to the influence of heredity.

Megalophthalinos has been deseribed on page 204,

Selevophthalmia is that condition in which the opacity of the
sclerotic encroaches upon the cornea in such a manner that only
the central portion remains transparent. It is due to an imper-
fect differentiation of the cornea and sclera at an early period of
fretal life.
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Congenital opacitics of the cornea are seen in the form of milky
spots which may clear up in later life, or as dense leneomas,
They are due either to intra-uterine inflammation, or to an arvest
of development.

Congenital staphylome of the cornea appears in the form of a
true staphyloma, and ig a rare affection. The abnormality de-
pends not so much upon a malformation, or an arrvest of develop-
ment, as upon a feetal inflammation which, according to Pinens,
takes place in the second half of fetal life.  Heredity probably
plays some role in this and similar affections of the cornea.  Con-
genital staphyloma of the cornea associated with dermoid forma-
tion has been reported.
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CHAPTER VIII.
DISEASES OF THE SCLERA.

Tue sclera, constitnting four-fifths of the covering of the globe
of the eve, and being in intimate relationship by its under surface
with the choroid and ciliary body, is subject to inflammations
peculiar to itself, and to changes indicative of disease of these
snbjacent struetures.  Its close connection with the ecornea asso-
ciates the latter membrane in some phases of its diseases, and its
union with the iris through the pectinate lignment establishes
an anatomical connection, just as there often is a pathological
relation.  The overlying bulbar conjunctiva necessarily partici-
pates in seleral inflammation,

The inflammations aftect (1) the episcleral tissue (episzeleritis) ;
and (2) the selera itself (seleritis), and hence are superficial or deep,
They further are acute or chronic, diffuse ov circumseribed,

Episcleritis oceurs in the form of small, dusky red, sub-con-
junctival swellings, which usually appear in the ciliary region on
the temporal side of the cornea, though patches may occur in
any portion of the zone.

The conjunetival vessels over the patch are coarsely injected,
and movable with the somewhat edematous conjunetiva. The
episcleral vessels show a dusky congestion which is immovable,
The elevation iz back-shaped ; sometimes tender to pressure and
sometimes not, and there may or may not be much irritation
and pain.  Insgome cases of thickened phlyetenular disease of the
corneal margin it is difficult to decide between this affection and
episcleritis ; what appears to be a patch of the latter may develop
into the former.

The disease runs a subacute course, reaching its height in about
three weeks, then gradually disappears and leaves a somewhat
dull area of discoloration, marking its former position. Relapses
are frequent, both at the original seat, or in new spots on the sclera,
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and these recurrences may happen again and again for months
and even years,

Cavse.—Itis said to be more common in men than in women.
(Nettleship.) Patches of episeleritis of the character descrilied
occur in the eyes of thoze who are much exposed to the weather.
In other cases superficial seleritis is caused by rheumatism,
serofula, menstrual derangements, and  also appears without
canse. It is probable that a pateh of episcleral congestion may
be maintained by insufficieney of the ocular musele inserted in
the neighborhood of its location,

In this form of superficial scleritis the prognosis is good so far
as sight is concerned, because deeper and adjacent structures are
uninvolved, but unfavorable on account of the recurrences,

TreEaTMENT.—This consists in the use {Jf..'lt.]'ll-IliIIL' Lo ;'I_”;l:.' I::Liu
and prevent any tendency to iritis, warm antiseptic collyria,
and hot compresses.  In the chronie types eserine and pilo-
carpine have a beneficial influence, provided no iritis is present.
Fserine may be employed in the strength of }-1 of a grain to
the onnce ; several drops three times a day,—stronger solutions
give rise to pain.  Massage with a salve of the vellow oxide of mer-
eury is very useful in chronie eases, and it has been recommended
to scarify the tumefaction, serape it away with a sharp curette, or
auterize it with the actual cautery. Internally, salievlic acid
and iodide of potash are needed in rheumatic cases, and good
results follow diaphoresis either with jaborandi or the Turkish
bath. Any error of refraction or anomaly of the external eye
muscles should be corvected.

Scleritis may appear in the form of a diffuse bluish-red injection,
occupying the entire exposed portion of the sclera, very painful,
unattended with secretion, save some increase in lachrymation,
and liable to be mistaken for conjunetivitis or iritis; or in the
form of circumseribed patches, of violaceous tint, situated in the
::i]im'}' reoion and somewhat resembling in appearance the forms
of snperficial or episcleral elevations just described, being, how-
ever, less sharply defined, so that the whole zone may be involved,
but in unequal degree. The chief distinetion between the
superficial and deep forms of seleral inflammation is the almost
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invariable tendeney of the latter to affect other portions of the
eve,

Cavse.—The eauses of deep scleritis are exposure to cold, rheu-
matism, gout, serofula, vaso-motor changes, and disturbances of
the sexual apparatus, especially anomalies of menstruation. Syph-
ilis may form the so-called gummatous scleritis, in which the
patches are yellowish-brown and translucent ; and gonorrheea,
when this is associated with synovitis, may also cause the dis-
order. Finally, types of scleritis (sclero-keratitis) unassociated
with any definite cause or diathesis, are seen in young and mid-
dle-aged subjects, most commonly women, whose nutrition is de-
pressed, and who may or may not have a scrofulous disposition
or inheritance.

Deep seleritis usually attacks both eyes, runs a chronie course,
and may affect the iris (leading to eclosure of the pupil), ciliary
body, choroid, vitreous (eausing opacities), and the cornea. In
prolonged ecases of’ the disease dark sears remain after absorption
of the products of the inflammation, which are unable to resist
the intraccular pressure, and form elevations (ectasia selerwm).
Sometimes the whole anterior portion of the selera becomes
bluish or slaty-colored, is misshapen and elongated, and the
cornea, which appears small, is poorly differentiated from it on
account of the haziness of its margins,

Sclero-kerato-iritis (Scrofulous Selevitiz, Anterior Choroiditis).
—This name is applied to the complicated scleritis referred to
in the previous paragraph, and is characterized by chronicity,
relapszes, and involvement of the cornea and iris.

Beginning with a deep scleritis of the ciliary zone, the adjacent
cornea becomes opaque, and sometimes uleerates ; the iris is in-
flamed, posterior synechize form, and pain and congestion may be
severe,  After weeks the symptoms subside, the characteristie dis-
colored area marks the former scleral disease, and haziness in the
cornea indicates the seat of previous inflammation in this mem-
brane. Then relapse takes place, with fresh scleritis, new corneal
involvement, renewed iritis, or irido-choroiditis, and wvitreous
changes, and =0 on, until after many months, it may be, the dis-
ense comes to an end, leaving the selera discolored and bulged,
the cornea covered with patchlike opacities, the iris bound down

et ]
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with adhesions, the vitreous filled with opaecities, and the eye
practically deprived of vision,

Selerotising keralitis, referred to on page 292 is the name ap-
plied to a patch of opacity in the deeper corneal layers, usually
triangular in shape, with its base towards the patch of scleritis
which is its origin,  After the cure of the scleritis, a white or
vellowish-white opacity remains directly in contact with the
sclera by its margin,  Instead of a single patch of this char-
acter, several small triangular areas may arise in the cireum-
ference of the cornea as the result of seleritis.

TreaTMENT.—The treatment of scleritis and sclero-kerato-
iritis depends upon the type and stage of the disease, and the
presence or absence of definite canse, It resembles that already
described with episcleritis.  Loeally, atropine, hot compresses,
cocaine and boracie acid lotion, and in painful cases leeches to
the temple, are suitable, The eves should be carefully protected
with goggles,  After the subsidence of acute symptoms, massage
may be tried. The use of the actual cautery has been men-
tioned.

In rhenmatic eases, salol, the salievlates, the alkalies and iodide
of potash are the most available remedies; in gont, caretully
regulated diet, mineral waters—Buffalo, Poland, ete.—ecitrate of
lithium, colchicum, especially in the form of colchicin, and
change of climate are useful. In serofulous cases, cod-liver oil,
iodine, iron, and sweats with pilocarpine (gr. {5 hypodermically),
or 15=30 minims of the fluid extract of jaborandi, are indicated.
The diaphoretic measures are proper in any case, other things
being equal. In syphilis, bichloride of mercury, and, if the
nutrition permits, inunctions of mercurial ointment, are effica-
cious. Indeed, mercury is generally advantageons as a means
of altering the nutrition of the part and preventing exudation
into the uveal tract.  Disorders of menstruation should always be
corrected.  Finally, in subjects with depressed nutrition, quinine,
arsenic, and a general tonic regimen are required,

It is not always possible to distinguish between episeleritis
and scleritis, unless the latter term be applied solely to those
cases which involve structures other than the sclera itself'; neither
is it always possible in the early stages to say whether or not a
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pateh of episcleral inflammation will develop into a serious type
of the malady, or be temporary and abortive.

Staphyloma of the Sclera has been divided by systematic
writers into anferior, equatorial, and posterior staphyloma, ac-
cording to the situation of the lesion. The last is not visible to
the naked eye, but, by the findings of the ophthalmoscope, may
be inferred to exist in a highly myopic eye (zee page 354).

It is evident that all bulging of the seleral depends upon a dis-
turbance between the resistance of the sclera and the intraocular
tension, but it is not evident in all cases whether the process
which originated the trouble began in the underlying tissue or
in the seleral strueture itself. There may be a general enlarge-
ment of the scleral coat, as is seen in buphthalmos (page 294) ; or
one or more darkly tinted swellings in the ciliary region may
arise, one sometimes occurring in advance of each rectus tendon ;
or, finally, the staphylomatous swelling may exist at the equator
in the region of the vena vorticosa,

The following eauses may originate seleral staphyloma: Chronie
elaucoma, old kerato-iritis and closure of the pupil, inflammation
of the ciliary body, thinning of the scleral coat by repeated at-
tacks of inflammation, tumors, and wounds closed by non-resist-
INg SCAS,

TreATMENT.—A single scleral staphyloma may not destroy
vision, If the intraocular tension is increased, an iridectomy is
indicated. If the eve is useless, enucleation may be necessary.

Abscess and Ulcers of the Sclera are exceedingly uncommon,
as the produets of scleral inflammation rarely go on to suppura-
tion or uleeration. Abscess in the scleral tissue may result from
an infeeted wound, and has been seen in connection with certain
gpecific and contagions diseases, e. g., glanders.

Uleer of the episcleral tissue has been deseribed with serofula.
A tamor, gumma, or tubercle of another region of the eye may
break down and ulcerate into the selera.

Tumors of the Sclera are rare growths, The following have
heen seen : Fibroma, sarcoma, enchondroma, and osteoma.

The tissue of the sclera may be involved in a growth having
its origin in a neighboring structure, e. g., melano-sarcoma of
the ciliary body. It is possible to dissect small primary scleral
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growths from their beds and close the wound with conjunctival
sutures,

Injuries of the Sclera.—Wounds of the selera may be
inflicted with a sharp implement (knife, scissors, broken glass,
ete.), or foreign body (chip of iron or steel, bullet, ete.), or they
may result from a blow (rupture of the selera).

If the wound has perforated the sclera, two dangers at once pre-
sent themselves : loss of a portion of the contents of the globe
with injury to the inner coats, and the introduction into the eye
of septic material which will cause destructive inflammation.

SyumproMs.—A perforating wound of the sclera, it sufficiently
large, causes loss in the tension of the globe, hemorrhage into
the vitreous, or, it may be, into the anterior chamber, and the ap-
pearance of dark tissue in the wound, representing, according to
its situation, portions of the choroid, ciliary body or iris, between
which a bead of vitreous is likely to present. The diminution
of intraocular tension may lead to the discovery of a small per-
forating scleral wound where the rent is obscured by the over-
lying contused and swollen eonjunctiva.  Rupture of the sclera
is commonly associated with grave lesions in other portions of
the eye—separation of the retina, and extensive tears in the cho-
roid and iris.

Procxosis.—This depends upon (a) the extent and situation
of the wound and amount of escape of vitreous ; (b) the presence
or absence of septic material upon the implement which inflicted
the injury ; and (¢) whether a foreign body has remained within
the globe. From this it is evident that even a trifling perforat-
ing wound, unattended with loss of vitreons or prolapse of the
inner coats, may be a point of entrance of mierobie infection.

TrEarMENT.—Having determined, from the character of the
implement, that no foreign body is within the globe, the eve
shounld be carefully diginfected with a solution of bichloride of
mereury (1-5000), and the edges of the wound pencilled with a
stronger solution of the =same drug (1-2000). The overlying
eonjunctiva is then drawn together with several fine sutures, or,
if the wound is small, these may be omitted. The eye is closed
with an antiseptic compressing bandage, and the patient is put to
bed. At the end of forty-eight hours, the wound may be inspected

20
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and the dressings renewed. In larger wounds it is better to
pass the sutures directly through the sclera and thus draw the
separated edges together ; usnally the sutures may be removed
at the end of a week, if the healing has progressed favorably,
Some surgeons advise the introduction of iodoform before the ap-
plication of the bandage. The sutures may be of sublimated silk
or fine chromacized catgut.  In some instances, in spite of kind
healing of the seleral wound, there is subsequent detachment of
the retina, vitreous change and shrinking of the eyeball ; but appa-
rently hopeless cases may be saved by careful antiseptic surgery.

If the wounding substance has been small, like a chip of steel,
a splinter of glass, or a bullet, endeavor should be made to ascer-
tain whether this has penetrated the globe and remained within
it, or has passed entirely through the eyeball and buried itself in
the tissues of the orbit.

Unfortunately, the bleeding into the vitreous, or anterior
chamber, is apt to obscure the media to such a degree that oph-
thalmoscopie examination is not of much service; if the media
are clear, this may be the means of detecting the foreign body.
Usually an attempt at locating this must be made by observing
the sitnation of the wound, the probable direction which the body
took on making its entranee, and by a search for points of tender-
ness, and a seotoma in the field of vision.

Having =atisfied himself of the presence of a foreign body
within the globe, the surgeon may attempt to extract it through
the orizinal wound with delicate, carefully disinfected forceps,
or through a new wound made in the most favorable situation.

If the foreign body is known to be of iron or steel, an attempt
should be made to dislodge it with an electro-magnet intro-
duced through the entrance wound, or, if the case is not a recent
one, through a wound made for the purpose.

In the event of a scleral wound being extensive, with much
loss of vitreous and collapse of the coats, especially if the ciliary
body is involved and sight practically gone, or if the endeavors
to remove the foreien body have been unsuccessful, enncleation
should be performed to avoid the dangers of sympathetic inflam-
mation in the fellow eye.



DISEASES OF THE SCLERA. S07

Congenital Pigmentation of the Sclera (MWelanosis selera)
oceurs both in spots and as a more diffuse discoloration. The
spots are more common in the upper portion, and may be associ-
ated with pigment changes in the iris and choroid. Pigment
gpots in the sclera have been observed in certain diseases, e. g.,
Addison’s Disease.
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CHAPTER 1X.
DISEASES OF THE IRIS.

Congenital Anomalies.— Heterophthalmos, or the condition in
which the color of one iris is different from that of the other, is
a peculiarity in most instances without pathological significance.
It has been referred to on page 63.

Coreetopia, a term applied to an eceentrie position of the pupil,
is not to be confounded with cases of true coloboma of the iris,
presently to be described. The grade of corectopia may vary
from a slight increase of the normal eccentric position of the
pupil below and to the inner side, to those cases in which the
whole pupil is displaced toward the border of the cornea. The
latter variety is a very unusual phenomenon. This complete
shifting of the normal pesition of the pupil has been aseribed
either to an essential mal-formation, or to the result of a foetal
iritis.  Both eves may be affected symmetrically, and several
members of the same family may present the defeet.

Polyeorin, or a multiplicity of pupils, is a rare anomaly, The
abnormal pupil or pupils may be situated in the immediate
neighborhood of the normal pupil, separated from one another by
a narrow band of iris-tissue, or the increased number of pupils
may be the result of crossing strands of persisting pupillary mem-
brane. An opening which exists at the eiliary margin of the
iris has been deseribed, and is probably due to a eongenital irido-
dialysis,

Persistent pupillary membrane vesults from an incomplete reso-
lution of the membrane which covers the anterior surface of the
lens during fietal life, and which usunally disappears in the
seventh month, although it may remain as late as the end of
intrauterine life, and even in the first month afier birth.

Accurately speaking, it is more proper to regard the pupillary
membrane as a specialized portion of the capsulo-pupillary
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covering. Those cases to which the name of pupillary mem-
brane alone is applicable, are where threads attached to the
iris pass diametrically or cord-wise across the pupil. (F