
Citation: Abdal, M.O.; Bhombal, F.;

Nankani, G.J.; Nankani, S.G.; Lad, S.;

Dholam, A.; Kumari, R.; Mahajan, J.;

Piñero, D.P. Evaluation of the Efficacy

of a New Dichoptic Digital Platform

to Treat the Anisometropic and

Isometropic Amblyopia. Brain Sci.

2022, 12, 815. https://doi.org/

10.3390/brainsci12070815

Academic Editors: Yehong Zhuo and

Ilaria Piano

Received: 26 May 2022

Accepted: 21 June 2022

Published: 22 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

brain
sciences

Article

Evaluation of the Efficacy of a New Dichoptic Digital Platform
to Treat the Anisometropic and Isometropic Amblyopia
Md Oliullah Abdal 1 , Faiza Bhombal 1, Gul J. Nankani 1, Sonia G. Nankani 1, Shruti Lad 1, Aditi Dholam 1,
Richa Kumari 1, Jinal Mahajan 1 and David P. Piñero 2,3,*

1 Krishna Eye Centre, Mumbai 400012, India; abdaloliullah@bynocs.com (M.O.A.);
faiza.bhombal@gmail.com (F.B.); drnankani@gmail.com (G.J.N.); nankanisonia@gmail.com (S.G.N.);
shruti.lad15@gmail.com (S.L.); aditis14893@gmail.com (A.D.); richa.stardust@gmail.com (R.K.);
jinalvshah27@gmail.com (J.M.)

2 Department of Optics, Pharmacology and Anatomy, University of Alicante, 03690 Alicante, Spain
3 Department of Ophthalmology, Vithas Medimar International Hospital, 03016 Alicante, Spain
* Correspondence: david.pinyero@ua.es; Tel.: +34-965-903400

Abstract: The aim of the current study was to evaluate the results of a novel dichoptic training
program using an online platform in a group of subjects with refractive amblyopia, performing a
comparative analysis of unilateral and bilateral amblyopic cases. For this purpose, a retrospective
study analysis of data of 161 children (4–13 years) who underwent dichoptic treatment with the
Bynocs® platform (Kanohi Eye Pvt. Ltd., Mumbai, India) was performed. In all cases, the therapy
protocol consisted of sessions of training of 30 min daily 5 times a week for 6 weeks. Best corrected
visual acuity (BCVA) in the non-dominant eye improved significantly with the treatment, with a
mean change of 0.39 logMAR in the whole sample (p < 0.001). Regarding binocularity, the binocular
function (BF) score also experienced a significant improvement (p < 0.001), with a mean change of
1.55 with therapy in the whole sample. The BCVA of the dominant eye only improved significantly
(p < 0.001) in the isometropic amblyopic subgroup. In conclusion, the use of the dichoptic therapy
with the digital platform evaluated allows an effective restoration of visual acuity and binocular
function in children with anisometropic and isometropic amblyopia.

Keywords: amblyopia; anisometropia; dichoptic training; stereopsis

1. Introduction

The treatment of amblyopia has changed significantly in last few years due to better
knowledge of the neural mechanism of this condition [1] and the development of new
therapies, some of them combined with videogames [2]. The interruption or weakening
of binocular vision during childhood, due to factors such as strabismus or anisometropia
leading to different levels of interocular suppression has a primary role in the development
of amblyopia and consequently should be overcome considering the peculiarities of each
case [3]. For this reason, a great variety of studies have been conducted to evaluate different
approaches employing simultaneous and separate stimulation of both eyes, which is called
dichoptic, to eliminate the interocular suppression and to improve the visual acuity in
amblyopia [4,5]. However, the dichoptic environment is not the only aspect that should be
considered in visual training in amblyopia as the selection of the type of stimuli to use is
also crucial [6].

There is a great variety of studies confirming the benefit of dichoptic treatment in
children with amblyopia after appropriate refractive correction, especially in anisometropic
amblyopia [7–19]. However, there are a limited number of trials reporting the opposite,
a lack of benefit of a dichoptic approach in amblyopia compared to placebo [20,21]. It
should be considered that aspects such as the stimuli used, the compliance or the type
of amblyopia are crucial aspects for a successful outcome of the dichoptic therapy [6,22].
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As an example, dichoptic stimulation cannot be done in a strabismic patient without
achieving and maintaining bifoveal fixation during the training (surgery, prisms). Likewise,
as happened with patching [23], results of treatment of bilateral amblyopia with visual
training seem to be more limited, although evidence in this type of case is still scarce [24].

The aim of the current study was to evaluate the results of a novel dichoptic train-
ing program using an online platform in a group of subjects with refractive amblyopia,
performing a comparative analysis of unilateral and bilateral amblyopic cases.

2. Materials and Methods
2.1. Patients

This was a retrospective study analysing the data of 161 children who underwent
Bynocs® Amblyopia therapy (Kanohi Eye Pvt. Ltd., Mumbai, India) during the time
period of January 2019 to January 2022. The research protocol followed the tenets of the
Declaration of Helsinki.

Inclusion criteria were children with ages of 4–13 years diagnosed with anisometropic
or isometropic amblyopia with bifoveal fixation, best corrected visual acuity (BCVA) be-
tween 0.2 LogMAR to 1.0 LogMAR in the amblyopic eye, BCVA of 0.1 LogMAR or better
in the non-amblyopic eye, heterophoria below 5 prism diopters, assessed by the Bynocs
diagnostic module on the Bynocs platform and treated with such a platform. Likewise, all
children were required to have been wearing their appropriate correction glasses for at least
8 weeks before initiating the visual training. Exclusion criteria were myopia greater than
6.00 D, any amblyopia treatment such as patching, atropine penalisation, Bangerter filter, or
vision therapy done in the previous 2 weeks, previous intraocular surgery, developmental
delay or any other ocular complication other than amblyopia.

2.2. Clinical Protocol

A complete baseline ophthalmic examination was performed in all patients including
manifest and cycloplegic refraction, measurement of BCVA with a LogMAR chart, fixation
pattern evaluation by ophthalmoscope, distance and near stereoacuity testing with the
Bynocs® Randot Test, 4-dot Worth test and measurement of the heterophoria with the
Bynocs program, anterior segment evaluation with slit lamp and thereafter dilated retinal
examination with indirect ophthalmoscopy. At the end of the training program, BCVA,
ocular alignment and stereoacuity were tested under the same conditions in order to
confirm the improvement achieved.

2.3. Visual Training Protocol

The Bynocs® Amblyopia therapy protocol consisted of sessions of training of 30 min
daily 5 times a week for 6 weeks. The activities included dichoptic exercises as well as
Fusional Vergence Exercises. Dichoptic exercises consisted of scenes that were mostly seen
by the dominant eye (use of red-blue goggles for dissociation) while one crucial stimulus
for the performance of the game was only seen by the non-dominant eye (Figure 1). The
size of these stimuli could be modified in size according to the visual acuity of the patient.

2.4. Statistical Analysis

The primary outcome measure was the mean change in BCVA after 6 weeks of treat-
ment and the secondary outcome measure was mean change in distance and near stereoacu-
ity after 6 weeks. The Kolmogorov–Smirnov normality test was performed and the data
were found not to be normally distributed. Nonparametric statistical tests were applied
for the data analysis: Wilcoxon test to analyse the significance of changes pre-post and
Mann–Whitney test to compare the outcomes between unilateral and bilateral amblyopia
groups. The McNemar test was used to assess the significance of differences in percentages
between the pre- and post-therapy visits. The Spearman correlation coefficient was calcu-
lated to evaluate the level of correlation between the visual change achieved and different
baseline conditions.
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Figure 1. Example of a dichoptic environment used by the platform evaluated that is seen through
red-green glasses (only one eye sees the red superman and the other one the rest of the elements).

For the analysis of the level of binocularity, the binocular function score (BF) was
calculated, considering the following: value of 5 as suppression, value of 4 as simultaneous
vision or flat fusion and from 1.6 to 3.3 (log 40 arc sec − log 2000 arc sec) as the presence of
stereopsis [25].

3. Results

The sample evaluated included a total of 161 participants, with ages ranging from 4 to
13 years old (mean: 8.2; standard deviation: 2.5; median: 8.0 years). The distribution of the
sample in terms of gender was as follows: 85 males (52.8%) and 76 females (47.2%). Out of
161 participants, 127 (78.9%) were diagnosed with anisometropic amblyopia and 34 (21.1%)
with isometropic amblyopia. A total of 35 patients (21.7%) were previously treated with
patching, all from the anisometropic amblyopia group.

3.1. Analysis of the Whole Sample

In the whole sample, BCVA in the non-dominant eye improved significantly with
the treatment, with a mean change of 0.39 logMAR (almost 4 logMAR lines) (p < 0.001).
Likewise, the BCVA of the dominant eye also experienced a significant improvement
(p < 0.001), with a mean change of 0.08 logMAR (almost 1 logMAR line). Regarding
binocularity, the BF score also experienced a significant improvement (p < 0.001), with
a mean change of 1.55 with therapy. Figure 2 shows the change in the distribution of
measurements of near stereopsis with therapy. As shown, the percentage of patients with
no measurable stereopsis was 65.8% before therapy and decreased significantly to 11.8%
after the training (p < 0.001). Furthermore, 99 patients (61.5%) did not report flat fusion with
the 4-dot Worth test before visual training, whereas this number decreased to 15 (6.3%) after
finishing the therapy (p < 0.001). The change achieved in BCVA was significantly correlated
with spherical equivalent (r = −0.256, p = 0.001), baseline BCVA in the non-dominant eye
(r = −0.584, p < 0.001) (Figure 3), baseline interocular difference in BCVA (r = −0.438,
p < 0.001), and baseline BF score (r = −0.510, p < 0.001) (Figure 4).
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Figure 4. Scatter plot showing the relationship between the change in best corrected visual acuity
(BCVA) in the non-dominant eye and the baseline binocular function (BF) score. The adjusting line to
the data obtained by means of the least-squares fit is shown.

3.2. Analysis of the Anisometropic Amblyopia Group

In this group of amblyopic patients, a significant improvement was also observed in
the BCVA of the non-dominant eye (p < 0.001), with a significant improvement associated
in BF score (p < 0.001) (Table 1). However, the dominant eye did not experience a significant
change (p = 0.180). A total of 92 patients (72.4%) did not report flat fusion with the
4-dot Worth test before visual training, whereas this number decreased to 15 (11.8%)
after finishing the therapy (p < 0.001). Concerning stereopsis, the number of patients
without measurable stereopsis decreased significantly from 97 (76.4%) before therapy to
17 (13.4%) after therapy (p < 0.001). Figure 5 shows the change in the distribution of
measurements of near stereopsis with therapy in this group. Finally, the change achieved
in BCVA in this group was found to be significantly correlated with spherical equivalent
(r = −0.257, p = 0.004), baseline BCVA in the non-dominant eye (r = −0.564, p < 0.001),
baseline interocular difference in BCVA (r = −0.566, p < 0.001), and baseline BF score
(r = −0.539, p < 0.001).

Table 1. Summary of the main outcomes obtained in the whole sample as well as in the anisometropic
and isometropic groups. Abbreviations: SD, standard deviation; BCVA, best corrected visual acuity;
BF, binocular function.

Mean (SD)
Median (Range) Pre-Therapy Post-Therapy p-Value

Whole sample
Non-dominant BCVA 0.58 (0.22) 0.19 (0.19) <0.001

0.52 (0.20 to 1.10) 0.10 (0.00 to 0.70) -
Dominant BCVA 0.11 (0.22) 0.03 (0.09) <0.001

0.00 (0.00 to 1.10) 0.00 (0.00 to 0.60) -
BF 4.14 (1.14) 2.59 (0.91) <0.001

5.00 (2.00 to 5.00) 2.30 (1.00 to 5.00) -
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Table 1. Cont.

Mean (SD)
Median (Range) Pre-Therapy Post-Therapy p-Value

Anisometropic group
Non-dominant BCVA 0.59 (0.23) 0.20 (0.20) <0.001

0.54 (0.20 to 1.10) 0.20 (0.00 to 0.70) -
Dominant BCVA 0.00 (0.02) 0.00 (0.00) 0.18

0.00 (0.00 to 0.17) 0.00 (0.00 to 0.00) -
BF 4.39 (1.04) 2.67 (0.97) <0.001

5.00 (2.00 to 5.00) 2.30 (1.00 to 5.00) -

Isometropic group BCVA
Non-dominant BCVA 0.51 (0.19) 0.14 (0.15) <0.001

0.50 (0.24 to 1.10) 0.10 (0.00 to 0.60) -
Dominant BCVA 0.49 (0.19) 0.15 (0.15) <0.001

0.49 (0.22 to 1.10) 0.15 (0.00 to 0.60) -
BF 3.22 (1.01) 2.27 (0.56) <0.001

2.90 (2.00 to 5.00) 2.30 (1.48 to 4.00) -
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3.3. Analysis of the Isometropic Amblyopia Group

In this group, the improvement in BCVA was statistically significant in both non-
dominant and dominant eyes (p < 0.001), with a significant improvement associated in
BF score (p < 0.001) (Table 1). In addition, significant reductions were found with therapy
in the percentage of patients without flat fusion (7 patients 20.6% vs. 0 patients 0.0%,
p < 0.001) and the percentage of patients without measurable stereopsis (9 patients 26.5%
vs. 2 patients 5.9%, p = 0.016) (Figure 5). Concerning the correlation of the visual change
achieved with therapy in the non-dominant eye with baseline data, significant correlation
of the change achieved in BCVA was found with baseline BCVA in the non-dominant eye
(r = −0.635, p < 0.001) and BF score (r = −0.451, p < 0.001).

4. Discussion

Dichoptic visual training has been demonstrated as useful for improving the visual
acuity and binocular function in different types of amblyopia [7–19]. This training is able
to generate some neural changes, such as an evolution to a non-effort pattern of the neural
activity in the frontal, parietal, and occipital lobes [26]. These changes allow overcoming
some of the alterations leading to interocular suppression and consequently to a less
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developed visual function in the amblyopic eye [27–30]. Li et al. [29] demonstrated that
interocular suppression plays a key role in the visual deficits associated with anisometropic
amblyopia. Indeed, it was shown to be significantly correlated in amblyopic eyes with
interocular visual acuity differences, the visual acuity of amblyopic eye, and the stereoacuity
at both near and distance [31]. This interocular suppression shares a common suppression
mechanism at the early stage in the pathway (e.g., striate cortex), but may have additional
extra-striate contributions affecting both dorsal and ventral streams differentially [28]. The
aim of the current study was to evaluate the efficacy of a new digital platform allowing
online visual training in a dichoptic environment in two different groups of amblyopes,
isometropic and anisometropic.

In the whole sample (including both isometropic and anisometropic amblyopes), the
performance of the visual training with the digital platform evaluated during 6 weeks led
to a significant improvement of the BCVA of the non-dominant eye, with mean and median
changes of 0.39 and 0.42 logMAR, respectively. This supposes a change of around 4 logMAR
lines on average in the whole sample analysed, which is significantly larger than those
reported in previous experiences with dichoptic training [7–21]. Huang et al. [9] reported a
3-month improvement of BCVA in the non-dominant eye of 0.32 ± 0.15 logMAR in a sample
of children (7–10 years) with bilateral anisometropic, strabismic or mixed amblyopia no longer
responsive to occlusion therapy that were treated with dichoptic visual training. Mezad–
Koursh et al. [15] reported a mean improvement in non-dominant eye BCVA of 0.28 log MAR
in a sample of children aged from 4 to 8 years (anisometropic, strabismic or mixed amblyopia)
after watching dichoptic animated videos at home using a specific device for 60 min 6 days
a week, achieving a compliance rate of 88 ± 16%. Likewise, Bossi et al. [17] found in 2017
a mean improvement in BCVA in the amblyopic eye (anisometropic, strabismic or mixed)
of 0.27 ± 0.22 logMAR in a sample of children from 3 to 11 years with a compliance rate
with the dichoptic training of 89.4 ± 24.2%. The rest of the studies evaluating the results of
dichoptic training in amblyopia reported lower improvements in the level of BCVA of the non-
dominant eye after therapy [7,8,10–14,16,18–21]. There are many factors that can contribute to
the significant differences among studies in terms of BCVA and stereoacuity gain, such as the
age range of the participants of the study, the inclusion of adults mixed with children in some
samples, differences in the procedure for measuring the level of BCVA or stereoacuity, the type
of stimuli or the level of dichoptic dissociation during therapy, the type of interaction of the
patient with the dichoptic environment used for the training (passive or active), differences in
terms of follow-up and compliance rate, and the combination of different types of amblyopes.
It should be remarked that anisometropic and strabismic amblyopia have different clinical
behaviour and prognosis, and are even associated with different neural alterations [32–34].
To our knowledge, this is the first series evaluating the impact of a dichoptic therapy in
exclusively refractive amblyopic eyes.

In our whole sample, the change achieved with treatment in the BCVA of the non-
dominant eye was inversely correlated with baseline BCVA in the non-dominant eye,
baseline interocular difference in BCVA, and baseline BF score. This means that more im-
provement was achieved with the dichoptic treatment performed with the digital platform
evaluated in those cases with worse BCVA in the non-dominant eye at baseline, more
interocular difference BCVA (more level of amblyopia), and poorer binocular function. This
is consistent with the results of previous series combining in the same sample refractive
and strabismic amblyopic cases [12,14]. Liu et al. [12] found that the BCVA improvement
achieved after dichoptic training with Gabor patches was dependent on pre-training BCVA
and that the stereoacuity gain was significantly correlated with the pretraining interocular
BCVA difference. Birch et al. [14] found that more improvement in BCVA was achieved
when using contrast-rebalanced dichoptic movies on a passive 3D display for the treatment
of refractive or strabismic amblyopia in those cases with worse BCVA in the non-dominant
eye at baseline (severe amblyopia).

Concerning stereopsis and binocularity, a composite score, the binocular function score,
was used in the current analysis as this gives a more accurate estimate to characterize the
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binocular function, considering not only those cases in which stereopsis was measurable,
but also those cases with suppression and those with flat fusion but without measurable
stereopsis [25]. Using this approach, a significant improvement in BF score was found in
the whole sample after dichoptic treatment, with a change of the percentage of patients
without measurable stereopsis from 65.8% to 11.8% with therapy. Some previous series
have reported significant changes in stereoacuity after dichoptic therapy in mixed samples
of refractive and strabismic amblyopia [9,11,13,16]. Pang et al. [13] found in a sample
of refractive, strabismic or mixed amblyopic patients (8 to 51 years) a mean change in
stereoacuity of 0.40 log arcsec after watching contrast-balanced dichoptic videos for 6 weeks.
Likewise, Huang et al. [9] obtained a significant change of stereoacuity from a baseline
value of 190.00 ± 163.34 arc sec to a value of 85.00 ± 61.24 arc sec after 3 months of
dichoptic training in a sample of children (7–10 years) with bilateral amblyopia. However,
all these studies considered only those patients with measurable stereopsis, not considering
the changes occurring in those patients with a poorer binocular function. In our sample,
with the BF score, all cases were considered, including changes from not measurable
to measurable stereopsis. From our perspective, an improvement in stereoacuity was
possible in most of patients as they possibly developed it in the early months of their lives,
but the refractive error and the anisometropia did not allow them to maintain this visual
ability [35]. No cases of amblyopia due to congenital esotropia or deprivation, for which the
achievement of some level of stereoacuity seems improbable, were included in this sample.

Besides the analysis of the whole sample, additional sub-analyses were performed
in the subgroups of patients with anisometropic and isometropic amblyopia. In both
subgroups, significant improvements were found in BCVA of the non-dominant eye as well
as in BF score, confirming the efficacy of the dichoptic therapy in both types of amblyopia.
However, as could be expected, a significant improvement was also observed in the BCVA
of the dominant eye in the isometropic amblyopia subgroup, as patients from these groups
had bilateral amblyopia, with a BCVA susceptible of being improved in both eyes. Therefore,
despite both eyes being affected, significant improvements can be achieved with dichoptic
training in isometropic bilateral amblyopia. This is consistent with the results of Huang
et al. [9] who demonstrated that dichoptic therapy induced significant changes in BCVA
and stereoacuity in patients with bilateral amblyopia no longer responsive to patching.
Likewise, in both subgroups, the change in BCVA in the non-dominant eye was inversely
correlated with the baseline BCVA value in such eyes and the BF score, as happened in
the analysis with the whole sample. In the anisometropic subgroup, this change was also
significantly correlated with the interocular difference in BCVA.

This study has some limitations that should be acknowledged. First, the retrospective
nature of the study can be considered as a limitation, but the same protocol was followed for
all patients, with all patients having a complete pre- and post-training visual examination
using the same measurement methods and tests. Second, there was no control study
or placebo group showing the superiority of the outcomes in the study compared to
this control sample. Future randomized controlled clinical trials should be conducted
to confirm this issue with the dichoptic digital platform evaluated. In any case, several
previous trials have demonstrated the superiority of dichoptic therapy over placebo or
control groups [8,13,15,19]. Finally, changes in other variables characterizing the visual
function with the digital platform analysed should be evaluated such as contrast sensitivity,
saccadic performance or fixation pattern.

5. Conclusions

In conclusion, the use of the dichoptic therapy with the Bynocs platform allows an
effective restoration of visual acuity and binocular function in children with anisometropic
and isometropic amblyopia. More visual improvement is expected with this type of
treatment in those eyes with worse baseline BCVA and binocular function. All these results
should be confirmed in future placebo-controlled randomized clinical trials.



Brain Sci. 2022, 12, 815 9 of 10

Author Contributions: Conceptualization, M.O.A., F.B., G.J.N. and D.P.P.; methodology, M.O.A., F.B.,
G.J.N., D.P.P., S.G.N., S.L., A.D., R.K. and J.M.; software, M.O.A. and G.J.N.; validation, M.O.A., F.B.,
G.J.N., D.P.P., S.G.N., S.L., A.D., R.K. and J.M.; formal analysis, M.O.A., F.B., G.J.N. and D.P.P.; investi-
gation, M.O.A., F.B., G.J.N., D.P.P., S.G.N., S.L., A.D., R.K. and J.M.; resources, M.O.A., F.B., G.J.N. and
S.G.N.; data curation, D.P.P.; writing—original draft preparation, D.P.P.; writing—review and editing,
M.O.A., F.B., G.J.N., S.G.N., S.L., A.D., R.K. and J.M.; visualization, M.O.A., F.B., G.J.N., D.P.P., S.G.N.,
S.L., A.D., R.K. and J.M.; supervision, M.O.A., F.B., G.J.N. and D.P.P.; project administration, M.O.A.
and G.J.N.; funding acquisition, M.O.A. and G.J.N. All authors have read and agreed to the published
version of the manuscript.

Funding: The author David P Piñero has been supported by the Ministry of Economy, Industry and
Competitiveness of Spain within the program Ramón y Cajal, RYC-2016-20471.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the Krishna Eye Centre (protocol
code BYNOCS DAM and 28 May 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: David P Piñero has no proprietary or commercial interest in the medical
devices that are involved in this manuscript. The remaining authors are consultants or collaborators
of Bynocs.

References
1. Kiorpes, L.; Daw, N. Cortical correlates of amblyopia. Vis. Neurosci. 2018, 35, E016. [CrossRef] [PubMed]
2. Foss, A.J. Use of video games for the treatment of amblyopia. Curr. Opin. Ophthalmol. 2017, 28, 276–281. [CrossRef] [PubMed]
3. Li, J.; Thompson, B.; Lam, C.S.; Deng, D.; Chan, L.Y.; Maehara, G.; Woo, G.C.; Yu, M.; Hess, R.F. The role of suppression in

amblyopia. Invest. Ophthalmol. Vis. Sci. 2011, 52, 4169–4176. [CrossRef] [PubMed]
4. Boniquet-Sanchez, S.; Sabater-Cruz, N. Current management of amblyopia with new technologies for binocular treatment. Vision

2021, 5, 31. [CrossRef]
5. Bach, M. Dichoptic training for amblyopia. Ophthalmologe 2016, 113, 304–307. [CrossRef]
6. Hernández-Rodríguez, C.J.; Piñero, D.P.; Molina-Martín, A.; Morales-Quezada, L.; De Fez, D.; Leal-Vega, L.; Arenillas, J.F.;

Coco-Martín, M.B. Stimuli characteristics and psychophysical requirements for visual training in amblyopia: Anarrative review. J.
Clin. Med. 2020, 9, 3985. [CrossRef]

7. Xiao, S.; Angjeli, E.; Wu, H.C.; Gaier, E.D.; Gomez, S.; Travers, D.A.; Binenbaum, G.; Langer, R.; Hunter, D.G.; Repka, M.X.; et al.
Randomized controlled trial of a dichoptic digital therapeutic for amblyopia. Ophthalmology 2022, 129, 77–85. [CrossRef]

8. Manny, R.E.; Holmes, J.M.; Kraker, R.T.; Li, Z.; Waters, A.L.; Kelly, K.R.; Kong, L.; Crouch, E.R.; Lorenzana, I.J.;
Alkharashi, M.S.; et al. Pediatric Eye Disease Investigator Group. A randomized trial of binocular Dig Rush game treat-
ment for amblyopia in children aged 4 to 6 years. Optom. Vis. Sci. 2022, 99, 213–227.

9. Huang, Y.T.; Lin, H.J.; Liao, W.L.; Tsai, Y.Y.; Hsieh, Y.C. Effects of vision therapy on bilateral amblyopia unresponsive to
conventional treatment: A retrospective comparative study. Children 2022, 9, 205. [CrossRef]

10. Jost, R.M.; Hudgins, L.A.; Dao, L.M.; Stager, D.R., Jr.; Luu, B.; Beauchamp, C.L.; Hunter, J.S.; Giridhar, P.; Wang, Y.Z.; Birch, E.E.
Randomized clinical trial of streaming dichoptic movies versus patching for treatment of amblyopia in children aged 3 to 7 years.
Sci. Rep. 2022, 12, 4157. [CrossRef]

11. Xiao, S.; Gaier, E.D.; Wu, H.C.; Angjeli, E.; Nuth, P.L.; Bohra, L.I.; Miller, A.M.; Mazow, M.L.; Stout, A.U.; Morse, C.L.; et al. Digital
therapeutic improves visual acuity and encourages high adherence in amblyopic children in open-label pilot study. J. AAPOS
2021, 25, e1–e87. [CrossRef] [PubMed]

12. Liu, X.Y.; Zhang, Y.W.; Gao, F.; Chen, F.; Zhang, J.Y. Dichoptic perceptual training in children with amblyopia with or without
patching history. Investig. Ophthalmol. Vis. Sci. 2021, 62, 4. [CrossRef] [PubMed]

13. Pang, P.C.K.; Lam, C.S.Y.; Hess, R.F.; Thompson, B. Effect of dichoptic video game treatment on mild amblyopia—A pilot study.
Acta Ophthalmol. 2021, 99, e423–e432. [CrossRef] [PubMed]

14. Birch, E.E.; Jost, R.M.; De La Cruz, A.; Kelly, K.R.; Beauchamp, C.L.; Dao, L.; Stager, D., Jr.; Leffler, J.N. Binocular amblyopia
treatment with contrast-rebalanced movies. J. AAPOS 2019, 23, e1–e160. [CrossRef]

15. Mezad-Koursh, D.; Rosenblatt, A.; Newman, H.; Stolovitch, C. Home use of binocular dichoptic video content device for treatment
of amblyopia: A pilot study. J. AAPOS 2018, 22, 134–138. [CrossRef]

16. Gambacorta, C.; Nahum, M.; Vedamurthy, I.; Bayliss, J.; Jordan, J.; Bavelier, D.; Levi, D.M. An action video game for the treatment
of amblyopia in children: A feasibility study. Vis. Res. 2018, 148, 1–14. [CrossRef]

http://doi.org/10.1017/S0952523817000232
http://www.ncbi.nlm.nih.gov/pubmed/29905122
http://doi.org/10.1097/ICU.0000000000000358
http://www.ncbi.nlm.nih.gov/pubmed/28141763
http://doi.org/10.1167/iovs.11-7233
http://www.ncbi.nlm.nih.gov/pubmed/21447685
http://doi.org/10.3390/vision5020031
http://doi.org/10.1007/s00347-016-0238-4
http://doi.org/10.3390/jcm9123985
http://doi.org/10.1016/j.ophtha.2021.09.001
http://doi.org/10.3390/children9020205
http://doi.org/10.1038/s41598-022-08010-9
http://doi.org/10.1016/j.jaapos.2020.11.022
http://www.ncbi.nlm.nih.gov/pubmed/33905837
http://doi.org/10.1167/iovs.62.6.4
http://www.ncbi.nlm.nih.gov/pubmed/33944893
http://doi.org/10.1111/aos.14595
http://www.ncbi.nlm.nih.gov/pubmed/32996689
http://doi.org/10.1016/j.jaapos.2019.02.007
http://doi.org/10.1016/j.jaapos.2017.12.012
http://doi.org/10.1016/j.visres.2018.04.005


Brain Sci. 2022, 12, 815 10 of 10

17. Bossi, M.; Tailor, V.K.; Anderson, E.J.; Bex, P.J.; Greenwood, J.A.; Dahlmann-Noor, A.; Dakin, S.C. Binocular therapy for childhood
amblyopia improves vision without breaking interocular suppression. Investig. Ophthalmol. Vis. Sci. 2017, 58, 3031–3043.
[CrossRef]

18. Li, S.L.; Reynaud, A.; Hess, R.F.; Wang, Y.Z.; Jost, R.M.; Morale, S.E.; De La Cruz, A.; Dao, L.; Stager, D., Jr.; Birch, E.E. Dichoptic
movie viewing treats childhood amblyopia. J. AAPOS 2015, 19, 401–405. [CrossRef]

19. Birch, E.E.; Li, S.L.; Jost, R.M.; Morale, S.E.; De La Cruz, A.; Stager, D., Jr.; Dao, L.; Stager, D.R., Sr. Binocular iPad treatment for
amblyopia in preschool children. J. AAPOS 2015, 19, 6–11. [CrossRef]

20. Pediatric Eye Disease Investigator Group; Holmes, J.M.; Manny, R.E.; Lazar, E.L.; Birch, E.E.; Kelly, K.R.; Summers, A.I.;
Martinson, S.R.; Raghuram, A.; Colburn, J.D.; et al. A randomized trial of binocular dig rush game treatment for amblyopia in
children aged 7 to 12 years. Ophthalmology 2019, 126, 456–466. [CrossRef]

21. Gao, T.Y.; Guo, C.X.; Babu, R.J.; Black, J.M.; Bobier, W.R.; Chakraborty, A.; Dai, S.; Hess, R.F.; Jenkins, M.; Jiang, Y.; et al.
Effectiveness of a binocular video game vs placebo video game for improving visual functions in older children, teenagers, and
adults with amblyopia: A randomized clinical trial. JAMA Ophthalmol. 2018, 136, 172–181. [CrossRef] [PubMed]

22. Kadhum, A.; Tan, E.T.C.; Levi, D.M.; Colpa, L.; Fronius, M.; Simonsz, H.J.; Loudon, S.E. Barriers to successful dichoptic treatment
for amblyopia in young children. Graefes Arch. Clin. Exp. Ophthalmol. 2021, 259, 3149–3157. [CrossRef] [PubMed]

23. Shoshany, T.N.; Michalak, S.; Staffa, S.J.; Chinn, R.N.; Bishop, K.; Hunter, D.G. Effect of Primary Occlusion Therapy in Asymmetric,
Bilateral Amblyopia. Am. J. Ophthalmol. 2020, 211, 87–93. [CrossRef] [PubMed]

24. Huang, H.M.; Kuo, H.K.; Fang, P.C.; Lin, H.F.; Lin, P.W.; Lin, S.A. The effects of CAM vision stimulator for bilateral amblyopia of
different etiologies. Chang. Gung Med. J. 2008, 31, 592–598.

25. Webber, A.L.; Wood, J.M.; Thompson, B.; Birch, E.E. From suppression to stereoacuity: A composite binocular function score for
clinical research. Ophthalmic Physiol. Opt. 2019, 39, 53–62. [CrossRef] [PubMed]

26. Halicka, J.; Bittsansky, M.; Sivak, S.; Piñero, D.P.; Ziak, P. Virtual reality visual training in an adult patient with anisometropic
amblyopia: Visual and functional magnetic resonance outcomes. Vision 2021, 5, 22. [CrossRef]

27. Lygo, F.A.; Richard, B.; Wade, A.R.; Morland, A.B.; Baker, D.H. Neural markers of suppression in impaired binocular vision.
Neuroimage 2021, 230, 117780. [CrossRef]

28. Zhou, J.; Huang, P.C.; Hess, R.F. Interocular suppression in amblyopia for global orientation processing. J. Vis. 2013, 13, 19.
[CrossRef]

29. Li, J.; Hess, R.F.; Chan, L.Y.L.; Deng, D.; Yang, X.; Chen, X.; Yu, M.; Thompson, B. Quantitative measurement of interocular
suppression in anisometropic amblyopia: A case-control study. Ophthalmology 2013, 120, 1672–1680. [CrossRef]

30. Maehara, G.; Thompson, B.; Mansouri, B.; Farivar, R.; Hess, R.F. The perceptual consequences of interocular suppression in
amblyopia. Investig. Ophthalmol. Vis. Sci. 2011, 52, 9011–9017. [CrossRef]

31. Chen, H.; He, Z.; Xu, J.; Mao, Y.; Liang, Y.; Lin, D.; Xu, M.; Dai, Z.; Chen, X.; Zhou, J.; et al. A convenient and robust test to
quantify interocular suppression for children with amblyopia. Iperception 2019, 10, 2041669519864971. [CrossRef] [PubMed]

32. Wong-Kee-You, A.M.B.; Wei, H.; Hou, C. Feature counting under dichoptic viewing in anisometropic and strabismic amblyopia.
Transl. Vis. Sci. Technol. 2020, 9, 13. [CrossRef] [PubMed]

33. Liang, M.; Xie, B.; Yang, H.; Yin, X.; Wang, H.; Yu, L.; He, S.; Wang, J. Altered interhemispheric functional connectivity in patients
with anisometropic and strabismic amblyopia: A resting-state fMRI study. Neuroradiology 2017, 59, 517–524. [CrossRef] [PubMed]

34. Agrawal, R.; Conner, I.P.; Odom, J.V.; Schwartz, T.L.; Mendola, J.D. Relating binocular and monocular vision in strabismic and
anisometropic amblyopia. Arch. Ophthalmol. 2006, 124, 844–850. [CrossRef] [PubMed]

35. Fawcett, S.L.; Wang, Y.Z.; Birch, E.E. The critical period for susceptibility of human stereopsis. Investig. Ophthalmol. Vis. Sci. 2005,
46, 521–525. [CrossRef]

http://doi.org/10.1167/iovs.16-20913
http://doi.org/10.1016/j.jaapos.2015.08.003
http://doi.org/10.1016/j.jaapos.2014.09.009
http://doi.org/10.1016/j.ophtha.2018.10.032
http://doi.org/10.1001/jamaophthalmol.2017.6090
http://www.ncbi.nlm.nih.gov/pubmed/29302694
http://doi.org/10.1007/s00417-021-05193-1
http://www.ncbi.nlm.nih.gov/pubmed/34057550
http://doi.org/10.1016/j.ajo.2019.10.030
http://www.ncbi.nlm.nih.gov/pubmed/31712066
http://doi.org/10.1111/opo.12599
http://www.ncbi.nlm.nih.gov/pubmed/30628744
http://doi.org/10.3390/vision5020022
http://doi.org/10.1016/j.neuroimage.2021.117780
http://doi.org/10.1167/13.5.19
http://doi.org/10.1016/j.ophtha.2013.01.048
http://doi.org/10.1167/iovs.11-7748
http://doi.org/10.1177/2041669519864971
http://www.ncbi.nlm.nih.gov/pubmed/31384415
http://doi.org/10.1167/tvst.9.6.13
http://www.ncbi.nlm.nih.gov/pubmed/32821510
http://doi.org/10.1007/s00234-017-1824-0
http://www.ncbi.nlm.nih.gov/pubmed/28341991
http://doi.org/10.1001/archopht.124.6.844
http://www.ncbi.nlm.nih.gov/pubmed/16769838
http://doi.org/10.1167/iovs.04-0175

	Introduction 
	Materials and Methods 
	Patients 
	Clinical Protocol 
	Visual Training Protocol 
	Statistical Analysis 

	Results 
	Analysis of the Whole Sample 
	Analysis of the Anisometropic Amblyopia Group 
	Analysis of the Isometropic Amblyopia Group 

	Discussion 
	Conclusions 
	References

