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Introduction

Examination of the literature on distance refractive techniques
over the past thirty years shows recurrent interest in binocular
refractive techniques as compared to conventional monocular refractive
procedures, No single binocular refractlve technigue has developed
world wids acceptance or been shown to be superior to conventional
procedures. Quantitatiive comparative studies are much less common
than are the published descriptions of techniques. Binocular

rafractive techniques have been described hy Sugar}’ Turville?'

Humphriss;® Van Wien?‘ Frantz?‘ Baldwin?' and many others.
Quantitative comparisons between conventional and binecular
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refractive procedurss bave been reported by Miles Morgan?' and

Rosenberg and Shermen?' NMiles found an average cylinder axis change
of 8 degrees.under binocular conditions, Moxgan found a change in
axls of 10 degrees or more 1n 2% of ithe subjects of his study. He
found no significant changs in cyliﬁder power. HRosenberg and Sherman
using the American Optical Vectographic slide studied 47 patiénts
undar idsntical conditions. They found no changgvin cylinder power
but found an axis change greater than 3 degrees in 10% of their
subjscts under binocular conditions., Thelr study included neasure-
ments of wisual acuity, binocular instability, fixation disparity,
and stereopsis, Difference in visual aculty between the standard
and Veétographic slide of less than one line in 32 subjects and a
difference of one line in 9 subjects was reported, They main-

tained that the difference was not due to the test slide because

the visual acuity differsnce was in only ons eye., Thelr explanation



of the differsnce in visual aculty doesn't seem reasonabls for several
reasons., Our prelininary clinical observatlons indicated that if there
was a difference it was frequently observed in both eyes. We found
no report in the publlished literaturs that indicates a2 significant

difference in monocular aculties under binoeular viewing conditions,

Problen

éur study was conducted for several reasons, First, we wanted
direct clinical experience with a recognized binocular refraction
nethod, Secondly, we wanted to compare binocular refractive pro-
cedures at distance with the conventional diétance refractive pro-
cedurss as taught at Facific University College of Optometry Clinic.
Thirdly, we wished to compare our results with the published literature,
This study was designed to investigate quantitative and qualitative
differences between these two refractive procedures as contrasted
with examiner preférencss or opinions, The AQ Vectographic slide was
selected for a comraratlve study because of its avaiiability and
bscause of the study published by Rosenberg and Sherman.

Quantitatively we investigated the difference in measurements
of anisometropias, astigmatic axis and power, and ths distal endpéint
of accommodation (punctum remotum), We alsoc wanted to svaluate the
use of ths AD Vectograhic slide in detecting binocular instabilities
and suppressions, measuring stereopsis and neutralizing fixation

disperities,



Procedure
In order to investigate the problem as previously stated, sixty-
thrae subjects were chosen, Their ages ranged from six to forty

years, and the age distribution varied as shown in Table I

Tablé Ie v o v 0 ¢ Age Range Number of Subjects
6 - 11 b
12 - 17 3
18 - 23 32
24 - 29 18
30 - 35 3
36 - 40 3

Fifty of the sixiy-three subjects were Optometiry students and were
thereby classified as experienced observers. The other thirteen
subjscts were a convenient sample of clinical patients, Only patients
without strabismus, and with no aprarent pathology were accepted for
comparative purposes,

Standaxdization of instructiens and the discrimination requirements
recelved specilal attention so that during the tests that were common to
both methods of refraction, the examiner could give the same insiructions
to each subject. The three clinical roems uasd during the investigation
were carefully chosen ard matched with regard to general room 1llumi-
nation, distanee, backgrouﬁd contrast, and detail and surround lumi-
nance from the scresen onto which the letters were projected. The A.O.
project-o-chart slide used for tha conventional refraction was the
medal 11103, end the slide used for the binocular refraction was the

nodel 11243, Table II contains a descripiion of the xroom and screen

conditions,



Table IX: . . Roomn Slide Datail Surround  Luminous
Illumination Used luminance ILuminance Contrast

0 fe Conv. 1.7 £ 72,0 TL 0,98
0 fe Binoe. 4,9 fL 15,4 TL 0.68
2.5 fe Conv, 5.4 fL  75.2 L 0.93
2.5 fe Binoe. 5.1 fL, 16,0 fL 0,68
.4 fe Gonv, 8.5 fL  83.2 fL 0,90
14 fo Binoc, 8,9 fL. 20,0 fL 0,55

The zero footcandle condiilon oceurred under total room darkness,

the 2,5 level was the room 1llumination with the light nearest the
screen turned off, and the 14,4 level occurred under full room illum-
iratlon. The luminance contrast was calculated from the formula

Cy, = l—Ll/LZ, where L;= the detail luminance and L,= the surround
luminance, The chair in each of the rooms was moved so that the
subject sat at the angle of reflection of the projected 1light. The

2.5 fe level of illumination was maintained throughout each examination,
except during the Bichrome test,

The testing procedures followed the standard Pacific University
clinical methods, The same tests were performed under conventional
and binocular testing conditlions., A polarcid analyzer was used with
the binocular condition to effectively allow input to one eye while
the other observed an empty lighted field corresponding to the area
of letters in the eye baing tested, The peripheral visual Tield was
eommon toe both eyes.,

A static ratinoscopy with fixation at eighteen feet provided the
basis on which the successive subjeetive refractive procedures were

performed, The Red-Green Bichrome test provided the lens control

for a2 cylinder power and axis modification, This modification was



accomplished with the Jackson Cross Cylinder, and this result was
further modified with a cylinder power and axis Tock on the 20/40
line of letters. The "just noticeable difference" for axis range
was recorded. An anisonmeiropla evaluation was accomplished with
the Bichrome test and also with a 20/30 Equalizatlon. The latter
employed Risley prisms during the conventional'exam, and the split
chart during the.binacular exan, A far subjectivse finding, éhe
paximum plus that gave 2/3 of the 20/20 line, was found and followed
by the deteraination of the lens that gave the subjective best
visual acuity. The acuities weré noted after both the conventional
and the binocular subjective refractions, Acuitles were again taken
with the binocular subjective to best visual aculty in place and
using the conventional slide, Any differences were noted. The
sequeﬁce of performing the conventional before the binocular exanm
was altered to the binocular before £he conventional for every other
subjsct.

Supplemental to the static retinoscopy and the subjective findings,
an evaluation of suppression response, Tixation digparity, and stere-
opsis was obtained with the binocunlar slide, Suppressions and a nea-
sure of binocular instabllity were noted from_lines of "mixed lettews",
some ccmmon to only each eye. Fixation disparity, both lateral and
vertical was neutralized using the target with the central binocular
lock, The degree of stersopsis was noted from the four line tarzet.
Finally if any Tixation disparity existed, this was corrected for with
one Risley prism before the lsft eye; and the quality of the stereo
response was re-evaluated for any subjective changes., Table III

summarizes the testing sequence:



Table III: , . . Conventional Binoculaxr
Refraction Refraction
1. Distance static 1, Distant static
retinoscopy retinoscopy
2. Red~Green Bichrome 2. Red-Creen Blchroms
Test - 20/50 line Test - 20/50 line
3. Jackson Cross Cylinder 3. Jackson Cross Cylinder
Test - 20/40 Test - 20/40
4, (Cylinder Rock ~ 20/80 4. Cylinder Rock ~ 20/40
5. Bgualization - use of 5, Egualization - Split
Risley prisms ~ 20/30 Chart
lins
6, Subjactive - maximum
6. Subjective - maximum plus for 2/3 of the
plus for 2/3 of the 20/20 1line
20/20 line
7. Subjective best visual
7, Subjective best vis- aculty - 20/15 line
wal acuity - 20/15
line. 8. Acuities -~ 0D, 03, OU
8. Acuities - 0D, 03, 9, Suppressions and binoccular
ou instabllities - mixed
letters
9, Acuities - 0D, 0S,
QU with the binocu-~ 10, Fixation disparity -
lar subjective and central lock
the conventional
11, Stereopsis ~ with and

slide,

without fixation disparity
neutralized,

The recording fcrm is shown in Table IV, listing each test’'s results

in a side by side manner for easy comparison,
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Resultis

In order to obtain a measure of the reliabllity of each method
of xafraction - the conventional and the blnocular method, three
spacific subjeots wers reexamined over four successive days. The.
testing procedures were exactly the same as psrformed during the
main clinical investigation (zee Table III), |

Subject T.B, (22) was a 1,50 D myepe with less than .50 D
eylinder, Subject P.X. (27) was a 1,00 D hyperope with less than
.50 D cylinder, Subject T.C. {24) was a compound myopic astigmatic
of 2,00 D to 2.50 D,

The daily variation in measurement of sphere and cylinder power
was observed Ey fully repeating the examinatlion routine on four
successive days. The comparisen of binocular.amd ceﬁventiénal
methods for any given day yielded no mors than 0,25 D difference
betwesn the tws, This difference was considersd ito b2 a simple
random measurement error, See scattergram I which plotted each
gubjsct’s daily sphere and cylinder neasurement.

The varlation belween successive days is plotied for each
gubject on graph I, The extreme variation was a .50 D cylinder
muasurement with subject P.X., which was not present after the first
day’s teéting. For any glven day of the four testing days no greater
than a 0.25 D différence‘was noted,

As a result of repeating our m=asurements on thres subjects over
four succassive days, we coneluded that furither evaluation of test-

retest reliability with more subjeets was not necesszary,









11

- Figure 1 displays a comparison of the red-green bichrome test

for sphere at eighteen feet, under monocular and binocularx conditions.
Fach frequency distribution represents the absolute difference between
the right eve under monomilar and binocular conditions and the left
gye under monogulér and binocular conditions. HMonocular measurements
under binocular conditlons were achlieved by the use of the vectograrhic
slide with the eye beinz measured beinz the only aye able to see the
letters, Statistically there is no significant difference between red-
green sphers values, Inspection of the distribution suggesis a slight
tendency for the binocular red-green sphere Vélﬁes to show more plus,
Further analysis shows that out of 126 eyes examined onlj 16 showed
a difference greater than ,25D and of these only twe showed the
difference in the same direction and magnitude. This indicates that
the differences greater than ,25D are probably random variations.

Figure 2, a frequency distribution of differences of cylinder power
under monocular‘and binocular con&ifioné, indlcates no significant
difference in cylinder power, Of the 63 right eyes and 63 left eyes
examined, there were no differences in cylinder power in 43 right and
L left eyes. Of the seven eyes ghowing a difference greater than ,25D
only one subjsct showed the difference in both eyes. Thié indicates
that the differeﬁceg ars probably dus to random test variatlons rather
than systematic differences between monocular and binocular procedures.
Of the seven eyes showing a difference in cylinder power greater than .25D,
six showed an lncrease in cylinder power under binocular conditions and
one undsr monocular conditioms,

Figure 3, a frequency distribution of differences of cylinder axis
under nonocular and binocular conditions, indicates no significant

ifference in cylinder axis., Of 63 right eyes and 63 left eyes examined
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thare were no differences in cylinder axis of 43 right eyes and 43
left eyes. Of the 126 eyss examined, 30 showed a change in axis
greater than or equal to 5 degreses and of these 30 eyes only one
showed a change of axis greater than the subjects just noticeable
differance for axis. This Subjact had 2 1,000 cylinder and changed
ten degrees with a JND of 5.

Figure b, a frequency distribution of dlfferences in maximum
plus to subjective best visual acuitj between the monoeular and the
binocular siids, indicates no significant difference in sphere
values, The frequency distribution is a comparison of 63 right eyes
sphere values with 38 eyes showing no differences and no eyes with a
difference greater than ,25D, The maximum plus to subjective best
visual acuity on the vectographic slide was done on the letters that
were not polarized and Hefe therefore common te both eyes, The only
difference bhetween the two slides was the readabiliiy of the letters
under the two conditions since the analyzer was not removad while
using ths vectegraphic slide,

Figure 5, a freguency distribution of differences in anisometroplas
as determined by a 20/30 equalization under split prism and vectographic
techniques, indicates no significant difference in anisometroplas.

Of the &3 anisemetyopias taken, 38 showed no differences and only two
showed a dlffersancs greaier than ,25D. Of thé two shéwing a difference
in anisometropias of ,50D the vectographic anisomeiropia was moxrse
consistent with monocular and binocular red-green anisometropias,

Figure 6, displays the frequency distribution of the differsnces
of red-green and 20/30 equalization anisometroplas wunder standard and

binocular siide condiﬁions, Inspection indicates that the standaxd
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slide shows a tendency io be more internally consistent. There was

no difference in anisometropias in 39 of 63 subjects under standard
slide conditions and there was no difference in 24 of 63 subjects under
binoeular slide conditions. The binoccular slide has fewer variations
greater than ,25D, The binocular slide had only three subjects‘with a
variation greater than .25D, while the standard slide had six subjects
with a variation of anisometropias greater than .25D,' A larger sample
would be necessary to determine if the differences are other than
chance variation,

Figure 7, a frequenecy distribution of differences in visual acuity
batween the binocular slide and thebstandar& slide, indicates that there is
a significant difference in visual acuity in approximately 30% of the
eyes examined. There was a difference of one-half line (3 letters)
in 12 out of 63 right eyes and 12 out of 53 left eyes examined, Thers
was a differvence of ene line (6 letters) in eight out of 63 right eyes
and niné out of 63 left eyes. In no case was the acuity better on the
binocular slide, but there were 43 right eyeé and 42 left eyes that had
no difference in visual acuity. Hanyvsubjects reported greater diffi-
culty calling the letters on the binocular slide as opposed to the
mongcular slide evenﬁthough‘they called all the letters on both,

The following is an analysis of response to the vectographic
slide to detect and where applicable measurs partial or complete
suppression, binocular instability, stereopsis, and fixation disparlty,

Of the 63 subjects examined there were no complete suppressions,
but there were eight partial suppressions that responded, Partial
suppresslion responses indicate that some or all of the latters corres-
ponding to one eye's stimulus would periodically fade out. This test

was conducted on the smallest line of mixed letters., OF the eight
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partial suppressions, six showed a fixation disparity and two had no
fixation disparity.

Binocular instability response on the 20/40 nixed row of letters
oécurréd when the subject reported crowding, "awimming” misalignment
vertically, separation or near-far diatancé change of the letters,
Se#enteen subjects reportad a binocular instablility response., Of
the 17 instabilities, ten manifestesd a fixﬁtion disparity and seven
showed ne fixation disparity.

Pixation disparity responses were detected and neutrzlized
utilizing the central fusion lock target. OFf the 63 subjects, 17
showed a Tixation disparity, There wers nine eso disparities of which
three were one prism diopter, four were e@ual to two prism diopters,
and two were equal to four prism diopters. There were six éxo dis-
yarities of which five were equal to one prism diopter and one was
equal to three prism diopters. There were two vertical diéparitiess
Cne was equal to one prism dioptsr and the other was six érism diopters
(equal to the amount of §ertica1 prism in present Rx).

All subjects bad all four lines of siereopsis. After the stereopsis
was tested ths prism equal_ta the amount of the fixatlon disparity
was Introduced and the subjects wers aksed if there was any change
in stersopsis, Of the 17 disparities neutmlized, five subjects indi-
cated that the prism enhanced the sterecpsis, i.e, subjective depth
was increased,

The examiners did not retesi the stereopsils by removing thse
neutralizing prisms, a point worthy of consideration for future

lavestigzators,



Discussion of Resultis

Cur atudy has shoun no significant grantitative differences bet-
ween conventional and binocular subjective refraction at 18'»with
reépect to magnitude of cylinder power, cylinder axis, red-green
sphere 20/30 equalization for anisometropias, and maximum plus to
best subjectivé visual aculty. A significant difference in monogular
visual aculties was demonsirated. According to the work of Richardslo

and Ludvighll

the decrease in contrast from .93 to .68 cannot fully
account for the decrement in visual acuity found in 30% of ocur subjects.
Other factors not controlled in our studj that may effect visual

acuity include: surround luminance (which was the major cause of the
decrease in contrast), the effect of a blank field presented to the

eye opposite to the eye being measured, and different perceptibility of
the test letters,

Qur study has alse shown that the vectographic slide is very
uzeful in detecting rartial suppressions, neutralization of fixation
disparities, detecting binocular instabilities and for testing stereopsis.
The vectographic approach to refraction is thus a very useful ¢linical
tool
Suggestions for Future Studies _

Farther study is needed to factér out the effects of the varilous
stimulus variables not contralled in our study to determine the exact
effect of each on visual acuity, We suggest that further study of
changes in cylinder axls under binoculazr conditions be done on sub-
Jects with a significant amount of cylinder pﬁwer who are nore sensi-
tive to small changes in axis. With respect to the physiecal setup

cf the refracting room, a non-depolarizing screen should bhe used,
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the patient should be seated at the angle of reilection and the room
illumination should be at a ninimum.
Summary

Cur study has shown that binccular refraction is reliable and that
. there is no significant difference in distance refraction when compared
to the standard monoculaxr methods, ¥We have also shownvthat there is
a difference in . visual acnity on the vectographic slide and that con-
trast was a major factor. The sgﬁdy indicates that the 4.0, sAH.de_.- is
useful in detecting binocﬁlar Instabilities, neutralizing fixation

disparities and testing stersopsis,
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