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Abstract
e AIM: To evaluate the effect of stereoscopic 3D (S3D)

technology as a visual training system in children with
amblyopia.
e METHODS: Totally 30 children, aged 4-16 years old, 18 with
ametropic amblyopia (AMA), and 12 with anisometropic
amblyopia (ANA) were recruited in this study. A binocular
3D shutter glasses technology visual training system was
used for training trials. Each training time lasted 1h, and
the number of training trials totaled 33 (mean, 32+8) times
on average, per-person. Before and after each training
trial, the best-corrected visual acuity (BCVA) of each eye,
range of fusion by synoptophore, as well as near and
distance stereopsis acuity by Yan Shaoming random-dot
test and synoptophore respectively was measured.
e RESULTS: A significant difference was found pre- and
post-treatment in BCVA in both kinds of amblyopia
studied. Significant improvement was also found in fusion
range and stereopsis acuity. The improvement of fusion
range and stereopsis recovery could be seen in ANA than
in AMA patients. The near stereopsis acuity recovery in
ANA group might more easily to regain stereoacuity at
near than in AMA group.
e CONCLUSION: S3D display vision training systems are
indicated for the recovery of stereoacuity in children with
amblyopia.
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INTRODUCTION

bout 5%-10% of the American population are totally

stereo blind or have impaired stereovision, which
means these people do not perceive depth as normal and
the 3-dimensional (3D) structure of the natural world.
Furthermore, they have heightened difficulty specific tasks,
such as driving and playing badminton, and other cognitive
activities requiring both speed and accuracy" ™. One of the
main causes of stereo blindness is believed to be juvenile
strabismus or amblyopia”’. If not treated early enough, usually
before 7 years of age, strabismus and amblyopia may deteriorate
into a lack of stereopsis'*.
The common cause of amblyopia is anisometropia™, which is
a condition where one eye has a different refraction power in
terms of magnitude from the other eye but the same error type.
In amblyopia, the brain switches off input from the “weaker”
eye because of the conflicting or unequal input from both
eyes. This is the main reason why amblyopia is combined with
bad stereoacuity or stereo blindness, as has been described
in various review articles'*. There are lots of therapies for
amblyopia with the binocular approaches gaining widespread

(7). Hess and Thompson'™ provides a brief

attention lately
review of related articles in 2015. Since the stereoscopic 3D (S3D)
computer technology can give both eyes equal external input
stimulus, it can strengthen or restore the normal binocular fusion.

There hasn’t been a lot of studies that addresses the
rehabilitation of stereoacuity at different distances, especially
after the S3D stereo training in amblyopia'”. The aim of our
research was to evaluate the effect of S3D technology as a
visual training system in children with amblyopia. Specifically,
we measured the improvement of stereoacuity in both near
and distance after both types of amblyopic patients regain their
normal binocular visual acuity, best-corrected visual acuity

(BCVA) by S3D treatment.
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Table 1 Characteristics of children with AMA or ANA in our study

No. Sex /?5; Treatment history Eye Correction Diagnosis (l(ﬁ;\lj{i/zyR)
1 M 12 Glasses for 6mo, no patching AE(R)/DE(L) +1.25DS/-4.00DCx5; +0.75DS/-2.75DC* 180 AMA 0.22/0.22
2 F 7  Glasses for 16mo, patching 2h/d  AE(R)/DE(L) +2.50DS/-2.50DCx180; +0.25DS/-0.50DCx* 10 ANA 0.22/0

3 M 5 Glasses for 9mo, no patching AE(R)/DE(L) +4.75DS/-2.50DCx20; +4.00DS/-3.00DC*177 AMA 0.4/0.4

4 F 8 Glasses for 13mo, patching 5:2  AE(R)/DE(L) +2.75DS/-2.25DCx35; PL ANA 0.22/0

5 M 7  Glasses for 19mo, patching 2h/d ~ AE(L)/DE(R) +7.75DS/-2.00DCx20; +6.00DS/-1.75DC*165 ANA 0.22/0.10
6 F 6  Glasses for 12mo, patching 2h/d  AE(L)/DE(R) +4.50DS/-3.00DCx10; +4.00DS/-3.00DCx 165 AMA 0.30/0.22
7 M 7  Glasses for 15mo, patching 4h/d ~ AE(R)/DE(L) +5.75DS/-0.25DC*170; +1.50DS ANA 0.30/0.10
8 F 6 Glasses for 14mo, no patching ~ AE(R)/DE(L) +5.50DS/-1.00DCx10; +5.75DS/-1.00DC* 180 AMA 0.22/0.22
9 F 6  Glasses for 24mo, patching 2h/d ~ AE(R)/DE(L) +6.75DS/-0.50DCx180; +7.00DS/-0.50DCx 180 AMA 0.30/0.22
10 F 8 Glasses for 15mo, no patching ~ AE(L)/DE(R) +4.00DS/-1.50DCx170; +1.50DS/-0.50DCx*175 ANA 0.22/0

11 M 5 Glasses for 14mo, no patching ~ AE(R)/DE(L) +6.50DS/-3.00DCx180; +5.00DS/-3.25DCx180 AMA 0.30/0.30
12 F 6 Glasses for 10mo, no patching ~ AE(R)/DE(L) +1.75DS/-3.25DCx170; +2.00DS/-3.25DCx* 10 AMA 0.22/0.22
13 M 9 Glasses for 9mo, no patching AE(L)/DE(R) +8.50DS/-1.25DCx40; +6.75DS/-0.75DC*130 ANA 0.40/0

14 M 6 Glasses for 19mo, no patching ~ AE(R)/DE(L) +5.00DS/-1.50DCx5; +4.50DS/-1.00DCx 180 AMA 0.30/0.30
15 M 4 Glasses for 15mo, no patching ~ AE(R)/DE(L) -1.75DS/+4.00DC*100; -1.50DS/+4.00DC*100 AMA 0.30/0.30
16 M 7  Glasses for 17mo, patching 2h/d  AE(R)/DE(L) +0.75DS/-2.00DCx180; +0.50DS/-1.50DCx* 180 AMA 0.40/0.30
17 M 13 Glasses for 84mo, no patching ~ AE(R)/DE(L) +8.00DS/-0.50DCx165; +8.25DS/-0.50DC* 180 AMA 0.30/0.30
18 F 6 Glasses for 7mo, patching 2h/d  AE(L)/DE(R) +1.00DS/-2.00DCx175; +1.50DS/-2.00DCx*170 AMA 0.40/0.22
19 F 16 Glasses for 6mo, no patching AE(R)/DE(L) +14.75DS/-1.25DCx*180; +14.50DS/-1.00DCx170 AMA 0.40/0.40
20 M 9  Glasses for 48mo, patching 4h/d  AE(L)/DE(R) +11.50DS/-2.25DCx*165; +9.50DS/-2.00DC*10 ANA 0.40/0.22
21 M 11 Glasses for 30mo, patching 5:2  AE(L)/DE(R) +3.25DS; PL ANA 0.40/0

22 M 6 Glasses for 12mo, no patching ~ AE(R)/DE(L) +4.00DS/-4.50DCx5; +3.00DS/-4.25DCx*170 AMA 0.15/0.10
23 M 6 Glasses for 12mo, no patching ~ AE(L)/DE(R) -1.25DS/+4.25DCx%92; -0.75DS/+3.50DCx87 AMA 0.30/0.22
24 M 7 Glasses for 31mo, no patching ~ AE(R)/DE(L) +1.75DS/-2.25DCx170; +1.50DS/-2.00DCx 180 AMA 0.22/0.22
25 M 10  Glasses for 72mo, no patching ~ AE(L)/DE(R) +9.75DS/-0.50DCx175; +7.75DS/-0.50DC* 180 ANA 0.22/0.10
26 F 12 Glasses for 36mo, patching 6h/d ~ AE(L)/DE(R) +2.50DS/-0.50DCx165; -1.00DS ANA 0.30/0

27 M 6 Glasses for 29mo, patching 5:2  AE(L)/DE(R) +8.25DS/-0.75DCx35; +1.25DS ANA 0.30/0

28 F 7 Glasses for 26mo, no patching ~ AE(L)/DE(R) +2.75DS/+2.50DCx90; +1.25DC*90 ANA 0.22/0

29 M 4 Glasses for 9mo, no patching AE(R)/DE(L) +3.00DS/-2.25DCx175; +3.00DS/-3.00DCx*170 AMA 0.22/0.22
30 F 15 Glasses for 36mo, no patching ~ AE(L)/DE(R) -2.75DS/-0.50DCx*150; -3.50DS/-0.50DC*10 AMA 0.22/0.15

M: Male; F: Female; AE: Amblyopia eye; DE: Dominant eye; AMA: Ametropic amblyopia; ANA: Anisometropic amblyopia.

SUBJECTS AND METHODS

Ethical Approval The procedures used conformed to the
tenets of the Declaration of Helsinki. The Review Board and
Ethics Committee of the Shenzhen Eye Hospital and the local
Administration of the Shenzhen Aier Eye Hospital approved
this study. Written informed consent was obtained from parents
or guardians of all participants. The study was conducted at the
Shenzhen Aier Eye Hospital in China.

A total of 30 subjects, aged 4-16y (mean: 10y) were
recruited with 18 males and 12 females. Out of which 12
had anisometropic amblyopia (ANA) and 18 with ametropic
amblyopia (AMA). We placed the subjects in these groups
based on the criteria defined by the American Association
for Pediatric Ophthalmology and Strabismus (AAPOS).
The definition of ANA is that whenever the refractive error
difference between the two eyes is greater than 1.00 D in

an oblique axis also have induced at least two lines BCVA
[, All subjects wore their habitual
glasses daily and were wearers for at least 6mo prior to the

difference between the eyes

study. Furthermore, their refraction was checked and an
updated prescription for a new pair of glasses provided if
necessary. The corneal light reflex test, cover-uncover test and
alternating cover test were used to measure ocular alignment.
Detailed characteristics of the two different kinds of amblyopia
are presented in Table 1.

We used an S3D desktop computer training system with the
following specifications: (ASUS VG278HE 27” Full HD
3D 1920x1080 refreshed 144Hz and running Windows 8.1
and NVidia 3D Vision 2 Wireless Glasses Kit, Expressway
Santa Clara, CA, USA). The NVidia 3D Vision Photo Viewer
Software, modified by Beijing Jiachengshixin Digital Medical
Technology Co. was used to display 3D images (Figure 1A).
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Figure 1 S3D desktop computer training system A: S3D desktop (ASUS VG278HE) equipped with Nvidia 3D Vision 2 Wireless Glasses Kit

(Expressway Santa Clara, CA, USA); B: Fusion practice procession; C: Stereoacuity practice procession.

The shutter glass lenses used in the study lighten and darken
in synchrony with the monitor but faster than the user can
perceive. Patients were made to sit on a comfortable chair 60
cm from the screen during the treatment whiles wearing the
shutter glasses. Each treatment session contained different sets
of trials, the number of training trials totaled 33 (mean, 32+8)
times on average. Participants were exposed to 4 trials/wk and
the duration of each trial lasted 60min.

Each trial followed the program made by the Beijing
Jiachengshixin Digital Medical Technology Company, which
included three different sessions. The first session had to do
with increasing the binocular visual acuity threshold. We
used a two-down; one-up staircase procedure to measure
single letter acuity and disparity threshold of both eyes. The
second session consisted of the fusing enhancement training in
which a target practice game with a figure fusion game were
administered to the patients to enhance their fusion range,
which we show a typical training picture (Figure 1B). The third
session was the dynamic stereo vision training game, which
challenged the patients to find a way to fuse two separate
random dots images into one (Figure 1C). Each game had
feedback scores that automatically advances the level for the
next game after which BCVA and stereoacuity were measured.
A crowded Chinese Tumbling “E” chart (GB11533-2011,
Shijia Company, Guangzhou, China) was used at a distance
of 5m for the BCVA measurement. Visual acuity was defined
as the log MAR associated with 75% correct identification.
All patients underwent slit lamp (hand-held or chair unit)
examination by a pediatric ophthalmologist. Yan shaoming’s
stereoscopic random-dot test charts''” (People’s Medical
Publication House, Version III) was used for near stereo
acuity(40 cm) and synoptophore (Type: TSJ-IV, Changchun
City Photoelectric Devices Co, Ltd., China) used for distance
(5 m) stereo acuity'” during the pre- and post-treatment phase.
The range of convergence and divergence was also measured
by synoptophore before and after the treatment. We classified
the degree of stercopsis into different scores as: good (<60
arc sec, score 4), moderate (>60, <200 arc sec, score 3), poor
(>200, <800 arc sec, score 2), worse (>800, <1600 arc sec,
score 1) and nil (>1600 arc sec, score 0).
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Statistical analyses were performed using SPSS 13.0 for
Windows (SPSS Inc., Chicago, IL, USA). We used a rank-
sum test to compare the pre- and post-visual training BCVA,
near and distance stereo acuity, and the range of binocular
convergence and divergence within and between subjects.
RESULTS

The BCVA pre- and post-treatment showed out a significantly
improvement in Table 2. The median value (Ps,) of BCVA for
these 30 patients pre-training was 0.6, and the interquartile
range (P,s-P,s) was 0.10, while as the median value (Ps)
of BCVA after training was 1.0, and there was a statistic
significant difference by using the paired Wilcox test (Z=465,
P<0.001). But there was no significant difference between the
AMA and ANA groups (Table 2).

Yan’s stereo random dot test chart for near distance as shown
in Figure 2. Stereopsis improvement could be seen in Yan’s
stereo random dot test chart in both kinds of amblyopia. The
stereoacuity classified score of per-treatment in AMA group
and ANA group are presented as mean+SD, which were
2.09+1.78 and 0.89+1.36 respectively, while the value of post-
treatment of these two groups were 3.67+0.48 and 3.56+0.53
respectively.

There was a significant stereoacuity improvement in near
distance after the treatment in both kinds of amblyopia
(P<0.01). There was a larger improvement in the ANA group
than the AMA group as shown in Figure 2.

The far distance stereoacuity of pre- and post-treatment were
checked by synoptophore, and the stereoacuity classified
score values were shown in Figure 3, which presented as
mean+SD in AMA group and ANA group of pre-treatment are
2.56+1.09 and 1.67+0.98 respectively, while the value of post-
treatment of these two groups were 3.67+0.68 and 3.00+0.85
respectively. There was a significant stereoacuity improvement
in far distance after the treatment in both kinds of amblyopia
(P<0.01). The ANA group had a larger stereoacuity regain
scale than the AMA group.

We checked the range of fusion value pre- and post-treatment
in AMA group presented as mean+SD were 16.39+8.66 and
26.28+4.60, while in ANA group were 16.75+11.15 and
25.42+8.05, the enhanced range in AMA and ANA groups
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Figure 3 The stereoacuity pre- and post-treatment by
synoptophore in far distance AMA: Ametropic amblyopia; ANA:

Anisometropic amblyopia.

Table 2 Wilcoxon test for pre-training and post-training data by

two groups
Pre-training  Post-training
Groups n Z P
PSO P75-P25 PSO P75'P25
AMA 18 0.6 0.10 1.0 0.00 171  <0.001
ANA 12 06 0.10 1.0 0.05 78  <0.001
VA - 112.5 88.5 - -
P - 0.8544 0.3007 - -

AMA: ametropic amblyopia; ANA: anisometropic amblyopia; N:

number.

were 9.89+4.07 and 8.6743.10, which could be clearly seen
the improvement in the Figure 4 (P<0.01). But there had no
significant difference of the enhanced range value between the
two amblyopia groups. (P>0.50).

DISCUSSION

Our results show a significant recovery of stereoacuity in
both far and near distances. Hess e al'*! has already shown
evidence for the recovery of binocular vision in amblyopia
using dichoptic motion stimulus in an iPad. However, their
study did not show if the recovery of stereopsis was at different
distances. This could be due to the fact that, there are few
accurate stereoacuity measurements for far distance. In our
study, we used the synoptophore as the distance stereoacuity
detector, which is unlike the AO Vectographic Project-O-
Chart Slide test"” and Mentro II-SG B-VAT"® (Baylor Video
Acuity Test-Mentor system 2) that uses special spectacles. We
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Figure 4 The range of convergence and divergence was found

significant enhanced after the treatment.

believe our system performs better than the other prior used
techniques since we can measure fusion range during the same
measurement time of testing. Some studies use it to detect the
early stages of intermittent exotropia, to evaluate the proper
time for an operation''”.

In our study the stercoacuity scale before training in ANA
group is lower than AMA group in both far and near distances,
and the regain scale of the stereoacuity after training is also
larger in ANA group than in AMA group in both distances,
which show that the stereoacuity regain pattern might different
in different amblyopic groups. ANA patients might more easily
to regain stereoacuity at near than AMA group. This is partly
in agreement with a study of intermittent extropia that showed
these patients first lose their stereopsis at distance, and may
regain this function at near distance soon after surgery''*. This
phenomenon is more like our ANA patients in our study, which
addresses our hypothesis that monovision patients might easer
regain their stereoacuity at near distance more than at far after
treatment.

Previous studies showed ANA patients have more severe

19-2 L
21 which is also shown

stereoacuity loss than AMA patients'
in our data. The main reason for the poor stereo acuity in ANA
is because of selective binocular deprivation that affects neural
mechanisms underlying binocular summation”*”’

Some patients in our study were initially stereo blind but
showed total recovery of stereopsis at the end of the treatment,
and were able to enjoy stereopsis 3D movies in theater for the
first time. This fantastic binocular treatment approach result
has been firstly mentioned by Hess’s study in 2011"", in which
they provided a new computer binocular game to treat the
suppression of the strabismus amblyopia, and found out the
enhancement of stereoacuity after the monocular suppression
had been resolved. This result did not agree with the Kelly
et al™ binocular computer game study, which showed no
significant improvement in stereoacuity. This might be because
the binocular treating game used in that study did not focus on
enhancing the range of binocular fusion. Further studies are
needed to confirm this result.
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Parents of subjects in this study also stated that reading and
writing habits in these subjects lasts longer than pre-treatment.
This phenomenon might not only be due to the recovery of the
stereopsis, but also because the larger range of the convergence
regained after the treatment. Some studies conducted on the
relationship of convergence capacity with the chronic fatigue
syndrome (CFS)™, showed that smaller convergence ranges
appear in these patients but made their eyes fatigued and hard
to maintain focus for long during near distance. Our result
also assumes that people with CFS might benefit from this
binocular training, because of the fusion range enlargement.
There are some limits of our treatment; one is about the
training trials, each took 60min, and the whole session include
14 to 50 trails, which sometime was hard for the patients to
cooperate and endure. Another is with the game contents which
could not change in every trial and made patients bored.
ACKNOWLEDGEMENTS

Foundations: Supported by Guangdong Provincial
Science and Technology Project (N0.2016A020220002);
Shenzhen Science and Technology Project (No.
JCYJ20160428144325551; No.JCYJ20150402152130697).
Conflicts of Interest: Deng HW, None; Huang P, None;
Zhong HH, None; Nyankerh CNA, None; Zhao J, None.

Peer Review File: Available at: http://ier.ijo.cn/gjykier/ch/
reader/download attache file.aspx?seq 1d=202103251527500
01&flag=1&journal id=gjykier&year id=2020&issue=2

REFERENCES

1 Fergo C, Burcharth J, Pommergaard HC, Rosenberg J. Age is highly
associated with stereo blindness among surgeons: a cross-sectional study.
Surg Endosc 2016;30(11):4889-4894.

2 Gray R, Regan D. Accuracy of estimating time to collision using
binocular and monocular information. Vision Res 1998;38(4):499-512.

3 Levi DM, Knill DC, Bavelier D. Stereopsis and amblyopia: a mini-
review. Vis Res 2015;114:17-30.

4 McKee SP, Levi DM, Movshon JA. The pattern of visual deficits in
amblyopia. J Vis 2003;3(5):5.

5 Afsari S, Rose KA, Gole GA, Philip K, Leone JF, French A, Mitchell P.
Prevalence of anisometropia and its association with refractive error and
amblyopia in preschool children. Br J Ophthalmol 2013;97(9):1095-1099.
6 Hess RF, Babu RJ, Clavagnier S, Black J, Bobier W, Thompson B. The
iPod binocular home-based treatment for amblyopia in adults: efficacy

and compliance. Clin Exp Optom 2014;97(5):389-398.

132

7 Webber AL, Wood JM, Thompson B. Fine motor skills of children with
amblyopia improve following binocular treatment. Invest Ophthalmol Vis
Sci 2016;57(11):4713-4720.

8 Hess RF, Thompson B. Amblyopia and the binocular approach to its
therapy. Vision Res 2015;114:4-16.

9 Pandey PK, Vats P, Amar A, Jain P, Bansal Y. Evaluation of distance and
near stereoacuity and fusional vergence in intermittent exotropia. Indian J
Ophthalmol 2008;56(2):121-125.

10 Hess RF, Mansouri B, Thompson B. Restoration of binocular vision in
amblyopia. Strabismus 2011;19(3):110-118.

11 McAlister WH, Wingert TA, Weaver JL, Hanson HD, Amos JF.
Use of clinical practice guidelines by executive directors of optometric
associations. Optometry 2006;77(12):622-628.

12 Goncalves N, Ban H, Sanchez-Panchuelo R, Francis S, Schluppeck D,
Welchman A. Cortical organization of binocular disparity in human V3A.
J Vis 2014;14(10):970.

13 Hayashi H, Kodera H, Miwa M, Nakanishi T, Ishida M, Yanashima
K. Binocular function of patients with retinitis pigmentosa. Jpn Orthopt J
2006;35:175-179.

14 Hess RF, Thompson B, Baker DH. Binocular vision in amblyopia:
structure, suppression and plasticity. Ophthalmic Physiol Opt 2014;34(2):
146-162.

15 Waltuck MH, Mcknight RN, Peli EOD. Visual function tester
with binocular vision testing. MENTOR OPHTHALMICS INC
(US) 1997:EP0489745. http://www.freepatentsonline.com/
EP0489745B1.html.

16 Yildirim C, Altinsoy HI, Yakut E. Distance stereoacuity norms for the
mentor B-VAT II-SG video acuity tester in young children and young
adults. J A4POS 1998;2(1):26-32.

17 Stathacopoulos RA, Rosenbaum AL, Zanoni D, Stager DR, McCall
LC, Zifter AJ, Everett M. Distance stereoacuity. Assessing control in
intermittent exotropia. Ophthalmology 1993;100(4):495-500.

18 Adams WE, Leske DA, Hatt SR, Mohney BG, Birch EE, Weakley DR
Jr, Holmes JM. Improvement in distance stereoacuity following surgery
for intermittent exotropia. J AAPOS 2008;12(2):141-144.

19 Rutstein RP, Corliss D. Relationship between anisometropia,
amblyopia, and binocularity. Optom Vis Sci 1999;76(4):229-233.

20 Holopigian K, Blake R, Greenwald MJ. Selective losses in binocular
vision in anisometropic amblyopes. Vision Res 1986;26(4):621-630.

21 Kelly KR, Jost RM, Dao L, Beauchamp CL, Leffler JN, Birch EE.
Binocular iPad game vs patching for treatment of amblyopia in children: a
randomized clinical trial. JAMA Ophthalmol 2016;134(12):1402-1408.

22 McCully KK, Sisto SA, Natelson BH. Use of exercise for treatment of
chronic fatigue syndrome. Sports Med 1996;21(1):35-48.



