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Ocular rotations and the Hirschberg test

Abstract

The Hirschberg test is an objective means of determining the angle of strabismus by noting the distance
the corneal reflex of a light source is from the center of the entrance pupil. A scale factor is used in
converting the amount the reflex distance is in millimeters to prism diopters. Recent studies have
demonstrated this factor to be 22 prism diopters for each millimeter. This study notes how axial length
would effect this scale factor. Using ultrasound axial lengths of thirty eyes were measured and compared
to the results of a Hirschberg simulation. A small effect results from this comparison. The mean values of
scale factor determination noted twenty-three prism diopters per millimeter.
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est is an objective means of determining
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The Hirschberg -
the angle of gtrabismus by noting the distance the corneal
J (5
reflex 0f a.light source is from thé center of the entrance
upil. A scale factor 1s used in converting the amount the
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-

reflex distance is in millimeters to prism diopters., Recent
studies have demonstrated this factor to be 22 prism diopters
for each millimeter. This study notes how axial length would
effect this scale factor, Using ultrasound axial lengths of
thirty eves were measured and éompared to the results of a_
Hirschberg simulation, A swmall effect results from this.

comparison. The mean values of scale factor determination

noted  twenty-three prism diopters per millimeter.
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relative rotational wnostion of the eyve Tha test 1o ped-=
formed by . o. .. @ & r.ghe o0t e in front of the saclent and

having him fixate the Llight.

an image of *the light visible to the examincr. The position
of the reflex relative to the entrance pupil, depends on

where the eye is fixating., An eye which will Tixate the lLight

source . =2lly, will have the reflex

entrance pupldl of the eye or more commonly about .25 milii-
i $TONTIE Bl - 8 the kt- + ...+ But ms ths cye fixates at &

point other than the Tixa
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lon target, as happens in stradblamus

the corneal light reflex seen by the exami
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T o .. eciwie.a by the deviation of tha epc Trom accurate
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fixation.
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Julius Hirsehirg ™, who originated the method, cited

relationships beilween ocular deviziion and apporent location

of the carneal reflex. Thesae are,
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1) Tf the corneal lizht reflex is gsesn within the pupil-
lary -area, the deviation can range from 0-20 depgreesz of arc,
2) if the reflex is seen within the interval boundad hy
the pupillary wmargin and the limbus of the cornea, the deviation

can range Trom 20-15 degrees,
3) if the reflox lies outside the limbus {(on the sclers)

then the deviation is greater than U5 degressz.
L) )

) .
KErimsky” noted that the radius of curvature of tha cornes

e
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m
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out elight millimeters. He reasoned that esach millimeter on
the corneal curvatuvre would correspond to seven arc degrees
His reasoning is that each millimeter the reflasx deviates from
£

the center of the entrance pupil, or the apex of the cornes,
correspends to zevan degrees of arc, or aboutl itwelve prisa
diopters deviation,

Other investigators have used similar scale factors for

3 3 = ~1 I‘r‘v

angular deviation per millimeter. Among them are Scobeeh~
who claims tid eipght degrees deviation is noted for each milli-

-
. b -
meter, DBurian and von Noorden” agree with the seven degrees

or twelve prism diopters quoted by Krimsk NMeore recently
A 18
the Dptometric Yeekly™"™ in a series of articles about strab-

ismus for optometric assistants, c¢laim that the amount of seven

2



degrees or twelve prism diopters for each millimeter from the
S S I
center of the entrance pupil is the scale factor %o use.

9

Krimgky” noted that the rotation ¢f the eye was the crucial

factor, noet the curvature of the coarnea. Although the rotation
isn't directly meazured in the Hirschbery test, the amount of
deviation of the strabismic eye should equal the amount of
rotation of a normal eye to that deviating position. le points
out that the curvature of the cornea doean’'t affact the rotation
or the strabismus and that the apex of the cornea would move
with the rest of the eye. This idea was further advanced by

Jones and Eskridge who noted that their results using XKrimsky's

conversion ratio grogsly miscalculated actusl deviations they

&

measured, They theorized that the distance from the center
of curvature of the cornea and the center of the entrance
pupil was constant at all rotations of the eye. And that the
center of curvaiture of the cornea moved ag well as the reflex in
the various rotations of the eye,

They derived a mathematlical formula which determined the
position of the cornesal reflex with any rotation of the eye,
The distance between the reflex and the center of the entrance

pupil they labelled h. The distance between the corneal center
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TABLE 0 [l

o/

Center of Rotation Deiermined by Zarly Investigators
rocorded in millimeters behind the cornes

G ua w1 C BYe Mropig Bye Exparonlia Eya
Axial Tength 23.53 21w 5% 22,10
DOI’]GGI‘S 4!.3’V5L1’ 1l‘a:‘? _‘3001
19,72 13.22 15,04



of curvature and the entrance pupil center, they labelled r

Th

e

s distance (h) equalled the distance r times the sine of two

angles, the angle of rotation of the eye (6) and angle Kappa (g).

. ) 5 160 . . <
or h= 1 sin (Gfﬁ). Using Stenstrom's ¥ data for the eye, an

[N

average r of 2.93 millimeters was introduced giving an average h

of one millimeter equalling 12,2 degrees or 21.0 prism diopters.
They tested the above ratio (21.6 prism diopters/millimeter)

in subjects who were asked to fixate a target at various distances

on either side of the straightforward position. By photopraphy,

they were able to determine how much the cecrneal light reflex

deviated from the center of the entrance pupil of the eye (h)

and the relation of this deviation to known amounts the eye

had rotated (8). Their averaged results closely resembled the

scale factor their mathematics predicted.

-

Griffin and Toyer tested these resultis using a number of
known strabismic cases. They also photographed the position of
the corneal light reflex from the center of the entrance pupil
and compared these amounts to the measured strabismus angle of
the subject. The amount was determined from the cover test. Their

results exhibited a mean close to 22 prism diopters for each

millimeter " the reflex was from the center of the entrance pupil.
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The resulis, however, showed a luarze stondord deviation.
Gviffin6 points to the work he has done and thet of Jones

and Eskridge and the controversy that seems to prevall on the
proper scale factor (prism dilopiéers per millimeter) to usc for
the Hirschberg test. tle explains the imporiance of keeping
up with modern deveiopments, One such development has been
the realization thai the angle Kappa and 115 influence nn the

estimated is not zero in most people, as early invest .

assumed in their work with the llirschberg test. Ile explains
that it is important to include angle Kappa in any evaluation

of the Hirschberg test, '

Hereafter, the distance from the center of the entrance

u 3 " tThe o) VRO S
pupil to the reflex will be referred to as the amount the reflex

an PP " = 5 L 5
has “moved, Thereflex itself doezn't move but the position

1t taked would bLe exhibited when the eye moves. Thiz includes

the assumption that angle Kappa is zsro or that its effects have

been accounted for, wmaking it zero.

The value of r used in the data by Jones and Eskridge was

an average value of r; there are a variety of r values

jab]

as there

are-a variety of eyes. "It would seem then that the ratio

devise 7l ~ PR T S L . )
d by Jones and Bskiridge would be influenced by a few uncon-



e

e PR |

e A

0

Donders method, vhich involved geometry, was under the critvicl
3 o A v ?
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trolled variables, .the most obvious being the value of r.

- Another variable, the axial length of the eye might have an

affoct on onular rotations.

The sssumptlon is that the geowmetric

center of the eyo will serve as the center of rotation, a

4 ’o
. = . - . . Lo .
similar assumption thet Perkins, et., al.. used, " A larger
eye would rotate a certain distance of arc 1o have its corneal
apex yroach a particuls: - point. A shortor aye wauld velaio

a shorter distanee of are to redch that ssme point. Desrpile

the fact that the rotational amount in degreces of arc is the same

the distance travelled is different. Perkins noted this difference

. : . 4
with steel bhalls of. various curvatures and cenlers of rotatlon.l

Determining the center of rovation hazn't been too easy.

Stcven517 guotes two eavrly investipators who determinad the

(PN

center of rotation, These values are noted in Tahle ena,

Later investigators claimed that these melhods were crude.

&

that the very noinlt he w IR

as trying to delermine was assuncd

in his calculations. iz stated

cercbar of rolslion for 1he

emmetropic eye has been widely,accepted, however, as ihe best

approximation for the center of rotation of the emmetropic
o 2a8,11,12 . . : I 1
gye. " Tome investigators have shown similar amounts. 3



L 1 . - . . .
Park and Park 3 noted that there isn't one point acting as the
center of rotation, but a number of points which vary as the

horizontal gaze decreases or increases, They gave.an average

value, however, of 1

\)

LB omill

i
e
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seters behind. the cornea, somewhat
similar to Donder's wvalue,
Bl i . 11 kornt® ead the s .
Perkins, T ;o and Milliken vsed the assumption that the
center of rotation will serve as the radiuvs ¢f the globe and
that twice this radius would give the axial lengti. Their
determination of the radius was derived from the formula CX (radius)
= XY / 2 x sin 8 / 2, where XY is the change in the corneal
light reflex position as the eye rotates through ansle @,

Their results for the
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three
millimeters greater than that obtained by x-~ray and ulitrasound

technigues. The XY wvalue resembles the reflex "movemsnt"

.

distance and Bolvidge and Jones® h value. Then if the distance

sy

(h) were gubstitued for -the XY value in the equation, and assign

(S

a

9 a constant, it is observed that the value of h reliesm on the

radius of the globe.
Despite the problems involved with measuring the center of
rotation, axial length would influence the position of the

ol Z'LacE

rotation center, Dormder's data indicates 1i

118 posAibhility,
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It would be of benefii, then, to investigate any effects the

axial lengths of 2 number of subjects has on their responses

to the Hirschberg test,

METHOD

Axial lengths were determined with the use of ultrasona-
graphic techniques, In the time-amplitude system described
3
by Goldberg and Stein , a transducer capable of sending

and receiving the ultrasound waves was placed on the cornea,

Sound waves tiravelled throughthe eye being reflected by the

various structures of the eye. These "echoes" were picked up

by the transducer and then displayed on an oscilloscope screen

(33

separated Dby. the variable time elements that the reflections

occur. A Polaroid photograph gave reproductions of . the

oscilloscope screen. leasurements were made of the sepavation

of the cchoes and converted to distances incorporating a

conversion factor derived from a glass standard and the speed

of sound through the various media involved,

To note the eye's rotational e¢ffects on the corneal reflex

a light source was placed in front of the subject. The source

was a household 100 watt bulb, attached to a variable resis-



tor to adjust the amourd of light that is used. Aluminum

foil wag wravped around the bulb to enable a small light to

serve a3 the reflex, 4 semi-reflecting glass was placed in
front of the eye to allow the light to paus ag well as a

photograph of the eye to be taken. To each aide of the subject
a target with five fTixation marks was placed, For conveience

of calculations and construction of the target, it was placed

a total of one weter Trom the eye, The semi-reflecting glass
e led the subject to see the ltarget. The subject was then asked

to first fixate the first mark and a photograph was taken. The
subject was then asked to fixate the second target separated

from the first by two degrees and a second photograph was taken,
The process continued until all five fixation marks were viewed
"hy the subject. Both eyes of fifteen subjects were used in the

set-up, Each of the fifteen subjects were delermined notl to have

I3 .

any eccentric fixation, uging monocular 1light fixation technique,

)

A Mikon camera was used with tri-X Pan film (A3A 400)., The camera

A €4

was focused with the lenses once and any further focusing was done

by moving the camera c¢r the subject fovrward and backward te insure
()

u
.

a constant magnification factor. A4 millimeter rule was also photo-

4

graphed to derive 2 conversion factor for the phetograph measure
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RESULTS

Table Two is o record of the axial lengihs noted for each
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sound plilctures gave four distinet echoes
for each of the four paritz of the eye, the correa, the anterior
lens surface, the pasterior lens surface, and the back of the

eye or the sclera, The digtance batween these echoss represent

the various media the sound waves travelled throug

the lens substanen, and the agueous., The conversion factor

Lo

determined Trom the #lass standard involved two aurfaccs
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ance between the surfaces

was known as well os the speed of sound conversion facter through

the glass material. In measuring the distance shown on the
photograph, this known conversion was applied to determins

the actual distance, The conversion factors thus determined

W

[4H]
o
2
=
2
.
<
>

0,553 m;@vﬁ“eonndu/mil imeter. For each of
the media, a further conversion involved the usage of the

speed of sound throupgh those various mediay for the vitreous and

the acqueous, the conversion factor is 1.5327. Arnd for the

lers sudbgtarnze the cornversion factor is 1.6, The measure-

ment of the photograph was convertzd 4o

multiplying 1t by the conversion Tacter for each of ‘he media.

1, the vitreous,
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As the reprecentation is of time, however, to the structure
and back, the recult needs to be divided by twe. This result

gives a nmecasurement of the distances through the media. The

distance througsth the ncquecus from the froni of the cornes

is lavelled A on the table, through the lens is labelled B,
and through the vitreous is labelled C,

Heasurementa of thno corneal refleox were acoowplished by
measuring :them from the temporal limbus. Thic limbus was easy

to see and insurced an easier reading as the pupll size varied
and finding its center was difficult. These measuremnents

were converted into actual measurements by using the photograph
of the millimeter rule and sometimes cross checking by an
actlal measurcment of the cornea, The resnlts of the

measurements are shown in Table Three,

The distances were subtracted, for each two degree segment

o

and averaged for a mean distance which was recorded on the table,

A standard error for’ the two depree mean was also computed and
results appear on the table, "Also included on the table iz a
projection of the amcunt the reflex would "move" for itwelve

A

degrees, This projection ig from simple mathematical calcula-

|

-
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The mean for the two degree rotatlon is C.15 millimeters,

=
l..).
cF
=
o

standard deviation of 0,04 millimeters, and for the pro-
jected twelve degrees rotation, the mean is 0.87 millimeters
with a standard deviation of 0.24 millimeters. These resultis
convert to a mean of 23,33 prism dlopters for each millimeter
of "movement" with a standard deviation of . four prism diopters.

&

Figure Cne is a

3
—

seattergraph. of the two degree rotation
reflex distances as compared with the axial length, The line
that is drawn in the figure is an observed best it line
disregarding the few radically differing points. The line
shows a slope of 1/10, or for each 1.0 millimetev change
is axial length, there is 0.01 millimeter change in reflex
"movement.," The change 1s in like directions, Suggesting
that an increase in axial length will show a small increase
in reflex “"movement," A statistical analysis of the data
using Pearson's correlation coefficient shows a correlation

of 0.27,

CONCLUSION

The difference in the center of rotations of the

various e

¢4

ized eyes was the basis for the question posed of

any effects of the axial length on the Hirschberg test. The
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assumption wag made that the center of rotation was in the
geometric center of the eye, But it was pointed out that the
center-of rotaticn is not in the center of the globe, but
varied. Donders early data indicatezs a diffevence of 1.51 milli-
meters between the small eyes' and lérge eyes' center of rota-
tion, a difference in the reflex movement of 0.05 millinmeters.
Errors noted in the data may have come mostly from ob-
servational errors. All measurements were fine measurements
using the travelling microscepe. Inaccuracies of * 0,015
millimeters were possible in the readings. . Using the conversions
introduced for an actual measure from the photograph, a possible
differece of *+ 0,06 millimeters is present. This is a resemblance
of the differences noted in the reflex "movements" calculated
from Donders data,

0

» -
This study, and two others before it’*”, indicate that the

popularized conversion factor of one millimeter of movement for

twelve prism diopters of deviation is a low estimate. The results

in this. study indicate there is a mean of 13.33 degrees or
twenty-three prism diopters for each millimeter of “"movement,”

Another aspect of this study emerges from the fact that

the highly myopic eyes of subjects D.B. and H.D. show unex-



pectedly small zmounts of movement. Algo, the hyperoplc eyes
of subject P.D. show an unexpectedly great amount of movement.
The scattergram shows a wide variety of similar unexpocted
results, indicating that other factors may be involved in the:
Hirschberg test. Some of these factors may rely on the

muscle strength of the ocular muscles, the whole size of the
eye {our concern was for the axial length), the weight of the
eye, any eccentric fixations, of the variable physical size of
the subjects involved. The fact that the center of rotation
varies with the horizontal gaze may also influence the results
towards the unexpected,

In this experiment, deviations from linearitiy of the
relation between corneal reflex displacement and angular rotation,
as well as intersubject variations in scale factor (prism diopters
per millimeter) are zo much smaller than those 1o be expected
when performing the customary Hirschberg test evaluation, that,

for clinical purposes, they are insignificant.

L,

SUMMARY

With the varying scale factors recommended for objectively

c._;» - oo r--"»q: = ] - : 4 -
estimating strabismus algle using the MHirschbery test, further



e r———- L —

Page
. e 0
study was needed to verify findings of recent investigators”’?®”

This study included an investigation of the subjectis axial
lengths and thelir possible effects on the Hirschberg test.
Although an effect was shown, ite results are insig
it represents a small amount, Results showed a scale factor
of twenty-three prism diopters per millimeter displacement of
the corneal reflex from the entrance pupil center., This

value is very close to those found and recommended by Eskridge

8 oo g
and Jones”, and also by Griffin and Boyer-.
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