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Purpose: To assess the role of distance stereoacuity using the System Chart SC-1600 Pola
(SC) to evaluate intermittent exotropia (IXT).

Methods: Stercoacuity testing was performed in 28 children with IXT and 25 age-matched
control subjects using the SC test, the distance Randot stereotest for distance, and the Titmus
stereotest for near stereoacuity. Ocular alignment control was defined using the revised New-
castle Control Score (NCS). The correlations between the stereotests and NCS were evaluated
using Spearman’s correlation test.

Results: Distance stereoacuity was better in both groups when using the SC test than when
using the distance Randot stereotest (median: patients with IXT, 90 arcsec and 400 arcsec;
control, 60 arcsec and 100 arcsec; P<<0.001 for both comparisons). The two test scores were
not correlated in either group (IXT: »=-0.003, P=0.99; control: »=0.37, P=0.07). A positive
correlation was found between the distance NCS and SC test scores ( =0.49, P=0.004) and the
total NCS and SC test scores (r=0.49, P=0.004). However, no correlation was observed between
any NCS and the distance Randot stereotest or Titmus stereotest scores.

Conclusion: Stereoacuity, as measured by the SC test, may be an objective measure of IXT
control.

Keywords: distance stereoacuity, System Chart SC-1600 Pola, Distance Randot Stereotest,
Newecastle Control Score

Introduction

Stereoacuity measurements are essential to assess binocular visual function in patients
with intermittent exotropia (IXT). Assessing distance stereoacuity is advocated because
it is more sensitive to disease-induced deterioration than near stereoacuity, which often
is preserved until late stages.' In addition, severity can be graded by control score,
which evaluates the rate of the frequency with which the deviation is noticed and the
ease of refusion after the cover test.*® Patients who have poor phoria control may have
worse distance stereoacuity than those who have good control. However, in previous
studies, no significant correlation was found between control scores and distance
stereoacuity scores using the Mentor B-VAT II Video Acuity Tester, BVS Binocular
Vision Testing System (B-VAT II BVS; Mentor, Norwell, MA, USA),? Frisby Davis
distance (FD2) stereotest (Frisby Stereotest, Sheffield, UK), and the distance Randot
stereotest (DR, Stereo Optical Co., Inc., Chicago, IL, USA).?

The System Chart SC-1600 Pola (SC, Nidek Co., Ltd., Gamagori, Japan) is a visual
acuity examination system that displays digitally stored chart images directly on a
liquid-crystal display screen. The system, which contains a polarized contour-based
chart for distance stereotesting, is convenient to use during clinical examinations.
However, stereoacuity data using this test have not been reported.
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To investigate the significance of the distance stereoacuity
of this test in evaluating IXT, we assessed the relationship
between stereoacuity and the revised Newcastle Control
Score (NCS) in patients with IXT. Additionally, we com-
pared results obtained using the SC test with those obtained
from the DR test in patients with IXT and control subjects
to reveal the distance stereoacuity characteristics measured
by the SC test.

Subjects and methods

This study was conducted at the Department of Ophthal-
mology, Asahikawa Medical University, Hokkaido, Japan.
Patients with IXT who met the criteria were retrospectively
identified. To reveal the normative data of the distance
stereoacuity of the SC test, we conducted the stereotest for
visually normal subjects. The institutional review board of
our institution approved this study (No 1376, 1762), and all
the study procedures were conducted following the tenets of
the Declaration of Helsinki. Written informed consent was
obtained from the parents of visually normal subjects.

Subjects

Patients with IXT who underwent distance stereotest as part
of a routine evaluation were selected using clinical records
from May 23, 2011, to August 14, 2013. The eligibility
criteria for the patients were as follows: visual acuity of 1.0
or better bilaterally, no history of amblyopia, less than a
2-diopter (D) difference in refractive error between eyes, less
than 3 prism diopters (PD) of vertical deviation, no history
of strabismus surgery, and no other ocular or neurological
disorders. For the present study of stereoacuity and phoria
control, the patients with constant tropia at both distance
and near were excluded. Twenty-eight patients with IXT
(mean age [SD]=9.0 [2.5] years, male:female =12:16) were
enrolled.

Subjects in the control group were 25 age-matched
children (9.6 [1.4] years, male:female =9:16). The inclu-
sion criteria for the control group were as follows: bilateral
best-corrected visual acuity of 1.0 or better, less than a 2-D
difference in refractive error between eyes, no manifest
deviation at distance or near fixation on cover—uncover tests,
and no history or presence of ocular diseases.

Method of measuring stereoacuity

The SC test displays a 17-inch super-extended graph-
ics array liquid-crystal display with a resolution of
1,280x1,024 pixels and a brightness of 200 cd/m?. Two
test charts were used. One had a coarse disparity level of

630 arcsec, while the other had middle-to-fine disparity
levels of 240 arcsec, 120 arcsec, 60 arcsec, and 40 arcsec.
The images shown in these figures are contour-based
stereograms. The subjects wore polarized glasses with
full correction and viewed the charts at a distance of 3 m.
The tests began with coarse disparities. The subject was
asked whether the sequence of circles and triangles shifted
sideways or appeared extruded while he or she viewed
the 630 arcsec chart. The examiner classified the subject
as having broad stereopsis if he or she answered that the
image was extruded. The smallest disparity at which a
subject could identify one shape that appeared to emerge
correctly among five shapes in the middle-to-fine disparity
chart was defined as the stercoacuity threshold.

The DR test is a random dot-based, vectograph, distance
stereotest with test disparities of 400 arcsec, 200 arcsec,
100 arcsec, and 60 arcsec. The test was administered accord-
ing to previously reported protocols.’

Near stereoacuity was measured using the Titmus ste-
reotest (TST) at the standard viewing distance of 40 cm with
full correction.

Evaluation of patients

The distance and near alternate prism and cover tests were
performed on patients with IXT. Subsequently, the control
of fusion was evaluated by using the NCS (Table 1).°

Data analysis
Stereoacuity was compared between the two distance ste-
reotests using the nonparametric Wilcoxon signed-rank test.

Table | The revised Newcastle Control Score

Score

Home control
XT or monocular eye closure seen
Never
<50% of time fixing in distance
>50% of time fixing in distance

w N — O

>50% of time fixing in distance + seen at near
Clinic control
Near
Immediate realignment after dissociation
Realignment with aid of blink or re-fixation
Remains manifest after dissociation/prolonged fixation

w NN — O

Manifest spontaneously
Distance
Immediate realignment after dissociation
Realignment with aid of blink or re-fixation
Remains manifest after dissociation/prolonged fixation

w N — O

Manifest spontaneously
Total NCS: (Home + near + distance)

Abbreviations: NCS, Newcastle Control Score; XT, exotropia.
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Table 2 Classification of the results of the stereotests into four categories

Category Score System Chart Distance Randot Titmus stereotest
SC-1600 Pola (arcsec) Stereotest (arcsec) (arcsec)

Nil 4 Nil Nil Nil

Coarse 3 630 400 800, 400

Moderate 2 240, 120 200, 100 200-80

Fine | 40, 60 60 6040

Abbreviation: arcsec, seconds of arc.

The Mann—Whitney U-test was used to compare the stere-
oacuity thresholds of the patients with IXT and the control
group. The stereoacuity results were grouped into four cat-
egories (1: fine, 2: moderate, 3: coarse, and 4: nil) according
to a previous report!’ to evaluate the association between tests
because their disparity levels did not correspond perfectly
(Table 2). Spearman’s correlation test was used to evaluate
the relationship between the two distance stereotests and
between the stereoacuity scores and the NCS. We used the
distance and near clinic control scores and total scores of the
NCS for the analyses.

Results

The distance exodeviations ranged from 9 PD to 55 PD (24.5
[9.4]), and the near exodeviations ranged from 6 PD to 75 PD
(24.5 [13.6]). The NCS ranged from 0 to 2 (median =1), 0
to 3 (median =1), and 1 to 6 (median =3.5) when evaluating
near, distance, and total, respectively.

Distance stereoacuity

The median stereoacuity values for patients with IXT
obtained using the SC and DR tests were 90 (range =40-nil)
arcsec and 400 (range =60-nil) arcsec, respectively.
These values were significantly worse than the control
group: 60 (range =40-630 arcsec, P=0.009) for SC and
100 (range =60-nil arcsec, P=0.004) for DR (Table 3).
The agreement between the SC and DR test scores for
each subjects are shown in Tables 4 and 5. The SC test
scores were significantly better than the DR test scores in
both groups (P<0.001 for both comparisons). The
correlation between the two stereotest scores was poor

in both groups (IXT: r=-0.003, P=0.99; control:
r=0.37, P=0.07).

Near stereoacuity

The median stereoacuity values obtained using the TST
were 40 (range =40—400) arcsec in patients with IXT and
40 (range =40-80) arcsec in the control group (Table 3).
There was no significant difference between the two groups
(P=0.98).

Control scores and distance stereoacuity
in IXT

A positive correlation was found between the distance
NCS and distance stereoacuity using the SC test (»=0.48,
P=0.01; Figure 1A). Additionally, there was a positive cor-
relation between the total NCS and the distance stereoacuity
for the SC test (r=0.60, P=0.0008; Figure 1B). However,
no significant correlation was found between the distance
NCS or total NCS and the distance stereoacuity for the
DR test (r=0.03, P=0.90; »=-0.07, P=0.73, respectively;
Figure 2A and B).

Control scores and near stereoacuity

in IXT

No significant correlation was found between the near NCS or
the total NCS and near stereoacuity for TST (r=0.32, P=0.10;
r=0.33, P=0.08, respectively; Figure 3A and B).

Discussion
The distance stereoacuity results for the contour-based SC
were significantly better than those of the random dot-based

Table 3 Median and ranges for each stereotests for cases and controls

Group System Chart Distance Randot Titmus stereotest
SC-1600 Pola (arcsec) Stereotest (arcsec) (arcsec)

Patients with IXT 90 (40-nil) 400 (60—nil) 40 (40—400)

Controls 60 (40-630) 100 (60-nil) 40 (40-80)

P-value <0.0l <0.01 0.99

Abbreviations: IXT, intermittent exotropia; arcsec, seconds of arc.
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Table 4 Categorical agreement between the System Chart SC-
1600 Pola and the Distance Randot Stereotest in patients with
intermittent exotropia

DR SC
Nil Coarse Moderate Fine
Score 4 3 2 I
Nil 4 | 3 | 7
Coarse 3 | 3 2
Moderate 2 | | 5
Fine | 3

Abbreviations: DR, Distance Randot Stereotest; SC, System Chart SC-1600 Pola.

DR in both groups. This was consistent with previous
reports regarding the discrepancy between contour-based
and random dot-based stereotests using both distance and
near tests. 1014

Kim et al'® reported that the stereoacuity scores for
the contour-based distance 3-D stereotest they developed
and the scores for the DR test were significantly differ-
ent; however, they were significantly correlated in normal
adult subjects. In contrast, we found large differences
and no correlation between the SC and DR scores in
both groups. In real-world viewing, depths are primarily
judged by the disparity of actual contours. For the shape
of the random dots to emerge, a subject might require a
viewing technique that is not used in real-world viewing.
A well-known issue with random dot-based stereotests
is that some normal subjects will erroneously fail the
test because they have difficulty seeing the random dot
stereoscopic effect.! A possible false-negative response
with the DR test was obtained from two normal controls.
They passed the SC test at 40 arcsec but failed the DR
test. Similarly, seven patients with IXT did not show any
stereopsis with the DR test but showed fine stereopsis with
the SC test. The presence of these cases may result in the
lack of statistical correlation.

The FD2 test is a real-world, contour-based distance
stereotest, which is often used and reported in strabismus

Table 5 Categorical agreement between the System Chart SC-
1600 Pola and the Distance Randot Stereotest in controls

DR SC
Nil Coarse Moderate Fine
Score 4 3 2 1
Nil 4 2
Coarse 3 | 2 |
Moderate 2 3 10
Fine | 6

Abbreviations: DR, Distance Randot Stereotest; SC, System Chart SC-1600 Pola.
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Figure | Relationship between NCS and distance stereoacuity using the SC test.
Notes: Stereoacuity scores were correlated (A) with the distance NCS (r=0.48,
P=0.01) and (B) total NCS (r=0.60, P=0.0008).

Abbreviations: NCS, Newcastle Control Score; SC, System Chart SC-1600 Pola.

studies.>*!¢-1® In previous reports, the stereoacuity
of the FD2 test in IXT was 40 arcsec (median)® and
32.87 arcsec * 8.65 arcsec (mean £ SD),"” which was
considered generally good because it is speculated that
FD2 stimulates fusion.> When the distance stereotests are
arranged in the order of real-world viewing, the contour-
based FD2 test, which does not have a dichoptic effect, is
the closest to real-world viewing, followed by the contour-
based SC test with a dichoptic effect and the random dot-
based DR test. Taken together, our results and those of a
previous report>'” indicate that this is also the order for
distance stereoacuity level.

The main outcome of this study was that the relationship
between the NCS scores and stereoacuity scores differed
based on the stereotest used. A positive correlation was
found between the stercoacuity value measured by the SC
test and the NCS. However, no significant relationship was
observed between the NCS and the distance stereoacuity
measured by the DR test. Holmes et al® reported that there
was no significant correlation between the control scores
and the distance stereoacuity using the DR and FD2 test.
Additionally, Stathacopoulos et al?> observed no significant
relationship between the three-point office control scale and
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Figure 2 Relationship between NCS and distance stereoacuity using the DR test.
Notes: No significant correlation was found between DR test scores and the
(A) distance NCS (r=0.03, P=0.90) and (B) total NCS (r=-0.07, P=0.73).
Abbreviations: DR, Distance Randot Stereotest; NCS, Newcastle Control Score.

the distance stereoacuity level using the B-VAT Il BVS. In
this study, the distance stereoacuity measured by the SC
correlated with the NCS because the stereoacuity values mea-
sured with the SC test might have a broad range in patients
with IXT. In contrast, the values from the FD2 and DR test
create a ceiling or floor effect, as indicated by Holmes et al.?
Additionally, the state of control could be classified more
appropriately into four steps, as compared with the three
steps used by Stathacopoulos et al.?> As expected, almost all
the patients had nearly normal stereoacuity obtained by TST,
regardless of their control of fusion, which indicated that the
near stereoacuity measured by the TST is not sensitive for
assessing the disease severity.'

Conclusion

Various stereotests are used clinically to measure stereopsis
in the visual cortex; however, the results are not consistent
among tests. As reported by Holmes et al® the DR test appears
very sensitive to slight failure in binocular vision. The FD2
test may be useful to evaluate whether the patient can use
stereoacuity in daily life. The current results suggest that the
SC test can evaluate the extent of stereoacuity associated
with the control in patients with IXT.

Total control score

Figure 3 Relationship between NCS and near stereoacuity using the TST.

Notes: No significant correlation was found between TST scores and the (A) near
NCS (r=0.32, P=0.10) and (B) total NCS (r=0.33, P=0.08).

Abbreviations: NCS, Newcastle Control Score; TST, Titmus stereotest.

Recently, some authors reported new stereoacuity tests.'*2

These tests are expected to be applied in clinical practices.
Further studies are needed to investigate the characteristics of
each device and the relationship between stereoacuity thresh-
olds and clinical findings, including these new devices. Clini-
cians should understand the characteristics of the stereotests
and apply the results for the individual patient.
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The authors report no conflicts of interest in this work.
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