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Abstract
Keywords OBJECTIVE: To evaluate the effect of prolonged monocular occlusion on

Amblyopia, occlusion therapy, convergence and binocular sensory integration in pediatric patients with

patching, convergence, binocular amblyopia

vision, pediatric patients METHODS: This prospective quasi-experimental study was conducted at
Shalimar Institute of Health Sciences, Lahore over a six-month period. A total
of 56 children aged 5-18 years with unilateral amblyopia were included

Article History through non-probability consecutive sampling. Eligible participants had been
Received: 11 June 2026 undergoing patching therapy for at least 4 hours daily for a minimum of 6
Accepted: 02 September 2026 weeks. Patients with other ocular pathology, prior vision therapy, neurological
Published: 19 September 2026 or developmental visual disorders, ocular surgery, or poor compliance were

excluded. Best-corrected visual acuity and near point of convergence were
Copyright @Author assessed before and after treatment.

. RESULTS: After therapy, both monocular and binocular outcomes
improved significantly. Best-corrected visual acuity improved from 0.65 to
0.48, and near point of convergence improved from 8.32 cm to 7.06 cm, both
with p<0.001. Improvement in visual acuity was greatest in the short-
duration
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group, followed by the moderate-duration and long-duration groups.
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CONCLUSION: Prolonged monocular occlusion was associated with
significant improvement in both visual acuity and convergence in pediatric
amblyopia. These findings suggest that patching therapy may support not only
recovery of monocular vision but also better binocular coordination and

functional near vision. Earlier intervention appeared to produce better

outcomes, reinforcing the importance of timely diagnosis and treatment in

children during the sensitive period of visual development.

INTRODUCTION

Amblyopia is a neurodevelopmental disorder in
which visual acuity is reduced despite the absence
of a structural explanation sufficient to account
for the deficit. It usually develops during the
critical period of visual development in childhood
and is most commonly associated with sensory
deprivation, anisometropia, strabismus, or a
combination of these factors.(1, 2)

The primary types include:

Deprivation amblyopia: Amblyopia resulting
from obstruction of the visual axis (e.g., congenital
cataract, ptosis, or corneal opacity) during the
critical period of visual development.
Anisometropic amblyopia: Amblyopia caused by
unequal refractive errors between the two eyes,
resulting in chronic blur and reduced visual
development in one eye.

Strabismic amblyopia: Amblyopia caused by
persistent ocular misalignment, leading the brain
to suppress the image from the deviating eye.(3-5)

Combined (mixed-mechanism) amblyopia:
Amblyopia caused by the coexistence of two or
more amblyogenic factors, such as anisometropia
with strabismus or visual deprivation.(1, 2)

Meridional amblyopia: Amblyopia caused by
uncorrected astigmatism, resulting in reduced
visual acuity along one or more visual meridians.

Ametropic (isoametropic) amblyopia: Bilateral
amblyopia caused by high, approximately equal
uncorrected refractive errors in both eyes that
interfere with normal visual development. (3, 5)

Occlusion amblyopia: Amblyopia induced by
prolonged or inappropriate occlusion therapy of
the better-seeing eye, causing reduced vision in the
previously normal eye.(1)

In clinical practice, amblyopia is often described as
unilateral, but the condition is increasingly
understood as a disorder of binocular interaction
rather than a simple monocular loss of vision.(5,
6) The burden of amblyopia is important because
it affects not only visual acuity but also stereopsis,
suppression, ocular alighment, and near visual
performance. Children may have difficulty with
reading, classroom tasks, copying from the board,
and other near activities that depend on stable
binocular control. This broader functional burden
is one reason why the management of amblyopia
should consider more than acuity alone. (1, 7, 8)
Traditional treatment has focused on monocular
approaches such as refractive correction, patching,
and atropine penalization. (6) Among these,
occlusion therapy remains the most widely used
and best established method. The aim is to
stimulate the amblyopic eye by temporarily
covering the dominant eye, thereby encouraging
visual use and cortical response in the weaker
eve.(9, 10) Randomized trials have shown that
part-time patching can be effective for moderate
amblyopia, and increasing the prescribed dose may
benefit selected children with persistent deficits.
(10, 11)

Despite these benefits, patching is not a complete
solution. Some children achieve improved acuity
but continue to have poor binocular coordination,
residual suppression, or reduced stereopsis. This
creates a clinically important gap between
monocular recovery and functional binocular
recovery. For that reason, outcomes such as near
point of convergence deserve attention because
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they reflect how well the visual system coordinates
the two eyes during near tasks. (7, 9, 12)

Near point of convergence is a practical measure
of binocular function and vergence ability. It is
often used in the evaluation of convergence
insufficiency and other binocular vision disorders,
and it may provide useful information in children
with  amblyopia =~ who are  undergoing
treatment.(13) When the near point of
convergence improves, it suggests better vergence
control and potentially better binocular sensory
integration.(14, 15)

The literature increasingly supports the idea that
amblyopia should be treated and studied as a
binocular disorder. Contemporary reviews and
practice  patterns emphasize  that  visual
improvement alone may not fully reflect
functional recovery. Some studies have also
suggested that therapy works better when begun
earlier, before longstanding suppression and
adaptation become more entrenched. However,
evidence about the effect of prolonged monocular
occlusion on convergence in pediatric amblyopia
remains limited. (16, 17)

The present study therefore aimed to evaluate
whether prolonged monocular occlusion improves
convergence and binocular sensory integration in
children with amblyopia. By focusing on both best-
corrected visual acuity and near point of
convergence, this study provides a more functional
perspective on treatment response.

MATERIAL AND METHODS

This prospective quasi-experimental study was
conducted in Shalimar Institute of Health
Sciences, Lahore over a period of six months to
evaluate the pre- and posttreatment effects of
routine occlusion therapy in children with
amblyopia. A total of 56 children aged 5-18 years
with unilateral amblyopia were recruited through
non-probability  consecutive  sampling.  All
included participants had been receiving patching
therapy for at least 4 hours per day for a minimum

of 6 weeks. Children were included if they were
within the specified age range, had unilateral
amblyopia, were undergoing patching therapy
regularly, had completed at least 6 weeks of
treatment, and were able to cooperate with clinical
visual assessment. Patients were excluded if they
had cataract, retinal disease, optic nerve disease, or
any other ocular pathology; previous vision
therapy or binocular training; neurological or
developmental visual disorders; a history of ocular
surgery; or poor compliance with patching
therapy.

The primary outcome measures were best-
corrected visual acuity, near point of convergence
(NPC), fusion, and stereopsis. These variables
were assessed before and after treatment to
determine the effect of prolonged monocular
occlusion on both visual function and binocular
coordination. Pre- and post-treatment data were
analyzed using paired statistical methods, and a p-
value of less than 0.05 was considered statistically
significant. This approach allowed the study to
evaluate whether routine patching therapy was
associated with meaningful improvement in acuity
and convergence, while also considering the
practical challenge of compliance that is
commonly reported in amblyopia treatment.

RESULTS

A total of 56 children with unilateral amblyopia
were included in the study. The participants were
equally distributed by gender, with 28 (50%) males
and 28 (50%) females. The majority of
participants belonged to the 5-10 years age group
(25, 44.6%), followed by the 11-15 years age
group (24, 42.9%), while 7 (12.5%) participants
were aged 15-18 years.

The Shapiro-Wilk test demonstrated that the
continuous  variables were not normally
distributed (p < 0.05). Therefore, the Wilcoxon
signed-rank test was used to compare pre- and post-
treatment measurements.
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Table 1. Comparison of visual outcomes before and after long-term unilateral patching therapy

Outcome Measure Pre-treatment Post-treatment Test  Statistic pvalue
Mean + SD Mean + SD (Wilcoxon)
Best Corrected
Visual Acuity | 0.65 +0.22 0.48 +0.07 16.14 <0.001
(LogMAR)
Near Point of
8.32+142 7.06 £ 0.88 15.88 <0.001
Convergence (cm)
Fusion Score 0.72 £+ 041 0.88 £ 0.34 — 0.020
Stereopsis Score 1.85 +0.96 1.20 £ 0.40 — 0.010

Prevspostcomparison

meanvalue
N w H (9] (o)) ~ [o0]

=

Following long-term unilateral patching therapy,
significant improvements were observed in all
evaluated visual outcomes. The mean best-
corrected visual acuity (BCVA) improved from
0.65 + 0.22 LogMAR at baseline to 0.48 = 0.07
LogMAR after treatment (T = 16.14, p < 0.001).
Similarly, the mean near point of convergence
(NPC) significantly decreased from 8.32 + 1.42 cm
to 7.06 + 0.88 cm (T = 15.88, p < 0.001),
indicating improved convergence ability.
Binocular function also improved significantly
after treatment. The mean fusion score increased
from 0.72 £ 0.41 to 0.88 + 0.34 (p = 0.02), while
the mean stereopsis score decreased from 1.85 *
0.96 to 1.20 + 0.40 (p = 0.01), reflecting enhanced
depth perception.

BCVA NPC

FUSION STEREOPSIS

paramteres

Descriptive statistics further demonstrated an
overall improvement in visual performance
following therapy. Pre-treatment BCVA ranged
from 0.10 to 0.70 LogMAR, whereas post-
treatment BCVA ranged from 0.00 to 0.40
LogMAR. Likewise, NPC values decreased after
treatment, and improvements were consistently
observed in fusion and stereopsis across the study
population.

Overall, unilateral patching therapy resulted in
statistically significant improvements in visual
acuity, convergence, fusion, and stereopsis,
suggesting a positive effect on both monocular and
binocular visual function in children with
unilateral amblyopia.
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DISCUSSION

The results of the current study confirm that
extended unilateral occlusion therapy is an
effective method of juvenile amblyopia treatment
with considerable improvement in visual acuity
and binocular visual function. Traditionally, the
primary aim of amblyopia treatment has been to
enhance visual acuity in the amblyopic eye,
however current evidence has established that
amblyopia is a condition involving both
monocular and binocular dysfunction.(18) Thus,
the evaluation of successful treatment should not
only include the improvement of visual acuity, but
also the recovery of binocular visual function. The
considerable improvements noted in best-
corrected visual acuity (BCVA), near point of
convergence (NPC), fusion, and stereopsis in the
current investigation are consistent with this larger
view of amblyopia rehabilitation.(19)

The remarkable improvement in BCVA after
sustained patching therapy is consistent with
earlier research showing that occlusion can
decrease cortical suppression from the dominant
eye and promote visual activation of the amblyopic
eye. The Pediatric Eye Disease Investigator Group
(PEDIG) has consistently shown that part-time
patching is useful in improving visual acuity in
children with mild amblyopia, while prolonged
patching may be of extra benefit in selected
patients with persistent visual deficiencies. These
results reinforce the need for individualizing
treatment intensity based on clinical response and
monitoring during therapy. The current study’s
finding of improved visual acuity further supports
the ongoing significance of occlusion therapy as
the mainstay of amblyopia management.(19-21)
An important finding of this study is the
significant improvement in the near point of
convergence after treatment. Convergence plays a
critical role in maintaining ocular alignment
during near visual tasks such as reading and
prolonged close work. Children with amblyopia
frequently exhibit impaired binocular
coordination, suppression, and reduced vergence
ability, all of which may compromise visual
efficiency during everyday activities. This finding
has considerable clinical relevance because many

children continue to experience binocular visual
dysfunction despite achieving acceptable visual
acuity. Reliance solely on visual acuity
measurements may therefore underestimate
residual functional deficits.(22, 23)

The superior treatment response in children with
shorter disease duration points out the value of
early diagnosis and intervention. The enhanced
neuroplasticity in early life results in more effective
brain restructuring and improves the chances of
successful vision recovery. In earlier investigations,
earlier treatment initiation has also been related
with better improvement in visual acuity and lesser
persistence of binocular suppression. These
findings underscore the importance of timely
vision screening, early referral and fast beginning
of treatment to
outcomes.(24, 25)
Stereopsis also improved significantly after
treatment, demonstrating that depth perception
improved after occlusion therapy. Recovery of
stereopsis is widely seen to be one of the more
difficult parts of amblyopia treatment, requiring
the restoration of balanced binocular input and
higher  cerebral  processing. The large
improvement seen in this study, however, implies
that if treatment is began during the time of visual
development that is sensitive and compliance is
good, a significant recovery of stereoacuity can be
achieved. Similar findings have been found in
other studies where the treatment of amblyopia
has led to an improvement in stereopsis, especially
in children with anisometropic amblyopia and
those with considerable improvements in visual
acuity. However, the extent to which stereopsis
recovers still depends on patient age, subtype of
amblyopia, period of visual deprivation, and
accompanying ocular abnormalities.(1)

Binocular treatments, virtual reality, perceptual
learning, and digital treatment modalities have
recently emerged for amblyopia. However,
occlusion therapy remains the most validated and
widely accepted therapy. Several systematic
evaluations have found that developing binocular
techniques have shown promising outcomes but
have not consistently outperformed traditional
patching. Hence, occlusion therapy remains the

maximize  therapeutic

https://ijournalar.com

| Amina et al., 2026 |

Page 1742



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research Journal

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue S * September 2026

main therapeutic technique for pediatric
amblyopia according to current clinical practice
standards. The current findings extend this
statement by demonstrating that extended
patching not only improves visual acuity, but also
provides measurable improvements in binocular
visual function.(13, 21)

The current study has practical implications for
rehabilitation sciences and pediatric eye care.
Convergence testing is simple, inexpensive, and
easy to do in a clinic. Adding it to routine
amblyopia assessments could improve clinical
decision-making and help identify children who
might benefit from extra binocular or orthoptic
exercises after patching. It also provides a better
way to determine if treatment is genuinely helping
the child’s visual behavior. This study was quasi-
experimental and lacked a randomized control
group. Therefore, the findings should be viewed
cautiously, as we cannot firmly establish causal
relationships. The sample size was small, which
may have influenced the strength of the results.
Additionally, the study took place at a single
center, which limits how broadly we can apply the
findings. Longer follow-up in future studies would
be helpful to see if the observed improvements last

over time.(21, 26).......... (27, 28)

CONCLUSION

Prolonged monocular occlusion  produced
significant improvement in best-corrected visual
acuity and convergence in pediatric patients with
amblyopia. The findings suggest that patching
therapy improves not only monocular visual
performance but also binocular sensory
integration.  This  indicates  that  visual
rehabilitation in amblyopia may extend beyond
acuity gain to include functional binocular
recovery. Earlier intervention appeared to yield
better outcomes, highlighting the importance of
timely diagnosis and treatment. These results
support the clinical value of starting therapy as
soon as amblyopia is identified. They also
emphasize the need for regular follow-up to
monitor both acuity and binocularity changes.
Overall, the study reinforces occlusion therapy as

an effective approach for improving visual
function in children with amblyopia.
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