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/Abstract )
This systematic review evaluates the efficacy of vision therapy (VT) in treating binocular vision disorders, specifically
convergence insufficiency (CI), amblyopia, and strabismus. Binocular vision disorders can cause significant impair-
ments in visual function, including double vision, eye strain, and difficulties in depth perception. VT is a non-invasive
treatment that aims to improve eye alignment and coordination through structured exercises. While traditional treat-
ments, such as patching for amblyopia and surgery for strabismus, remain prevalent, VT has gained recognition as a
viable alternative or adjunct. This review consolidates clinical data, meta-analyses, and studies published from 2000
to 2024 to assess the effectiveness of VT, with a particular focus on recent technological innovations, including virtu-
al reality (VR) and mobile applications. Our meta-analysis includes 15 studies, encompassing randomized controlled
trials and cohort studies, to evaluate the overall efficacy of VI. Results show that office-based VT has significant
positive effects on CI, with an effect size of 1.2, and is also effective for treating amblyopia and strabismus. Addi-
tionally, VR-assisted VT and mobile-based applications show promising outcomes, especially in enhancing patient
engagement and improving long-term adherence. Despite these positive findings, variability in patient compliance,
therapy duration, and long-term effects highlight the need for further research. Overall, VT appears to be a highly

\eﬂective treatment for binocular vision disorders, but continued investigation into its optimal protocols and long- )
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Introduction

Binocular vision disorders, including convergence insufficien-
cy (CI), amblyopia, and strabismus, significantly impact visual
functioning, leading to symptoms like double vision, eye strain,
and difficulty in depth perception. These conditions can result
in substantial impairment of daily activities such as reading,
driving, and sports. Children are particularly vulnerable to these
disorders, which often persist into adulthood, resulting in both
functional and psychological impacts. Traditionally, treatments
for these disorders included surgery for strabismus, patching for
amblyopia, and prescription of corrective lenses for CI. How-
ever, vision therapy (VT), which employs exercises designed
to strengthen eye coordination and improve visual skills, has
emerged as a non-invasive, increasingly popular alternative or
adjunct to these traditional treatments.

Vision therapy is defined as a structured program of visual ex-
ercises that aim to correct binocular vision dysfunctions. The
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therapy can be office-based or home-based, with emerging tech-
nologies like virtual reality (VR)-assisted therapy offering novel
approaches to improve engagement and outcomes. This review
examines the body of evidence regarding the efficacy of VT for
CI, amblyopia, and strabismus, as well as recent innovations that
may enhance the accessibility and effectiveness of treatment.

Methods

Search Strategy

A systematic search was performed in PubMed, Cochrane Li-
brary, and Google Scholar for studies published between 2000
and 2024 using the following keywords: “vision therapy,”
“convergence insufficiency,” “amblyopia,” “strabismus,” and
“binocular vision disorders.” Studies included were random-
ized controlled trials (RCTs), cohort studies, and observation-
al studies assessing the effectiveness of VT for CI, amblyopia,
or strabismus. Outcome measures for inclusion were symptom
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reduction, visual acuity, eye alignment, and binocular function.
Exclusion criteria were non-peer-reviewed studies, case reports,
studies lacking control groups, or studies that did not report clin-
ical outcomes.

Data Extraction

Data from included studies were extracted on the following vari-
ables: study design, sample size, patient demographics, type of
VT intervention (office-based, home-based, VR-assisted, etc.),
treatment duration, and clinical outcomes (symptom relief, visu-
al acuity, eye alignment, binocular function). We also noted any
adverse events associated with VT.

Results

Convergence Insufficiency (CI)

Convergence insufficiency is characterized by difficulty in main-

taining convergence (inward eye movement) during close-up

tasks. This condition leads to symptoms like eye strain, double
vision, and reading difficulties. Several studies have demonstrat-
ed the efficacy of VT in treating CI.

*  Conducted a randomized trial that showed office-based VT
significantly reduced symptoms and improved convergence
ability compared to placebo treatments. Patients reported
fewer symptoms such as eye strain and double vision, and
clinical measures of convergence ability were improved [1].

*  Performed a systematic review that confirmed office-based
VT produced long-lasting improvements for CI, with bene-
fits seen up to six months post-treatment [2].

»  Explored VR-assisted VT for CI, showing that VR applica-
tions improved both engagement and symptom reduction.
The integration of VR therapy offers an engaging platform
for patients, helping them adhere to therapy regimens and
produce better results [3].

Meta-Analysis Results

*  Recent Studies revealed that home-based VT is less effec-
tive than office-based therapy but still provides symptom
relief, particularly for mild cases of CI [4].

Amblyopia

Amblyopia, commonly known as “lazy eye,” is a condition

where one eye does not develop normal vision during childhood.

Traditional treatments like patching the stronger eye have been

complemented by VT, which aims to enhance binocular vision

and improve depth perception.

e Conducted a randomized trial that found combining binocu-
lar VT with patching improved both monocular visual acu-
ity and binocular depth perception (stereopsis), with effects
lasting beyond treatment cessation [5].

*  Demonstrated that perceptual learning and dichoptic thera-
py (presenting different visual images to each eye) signifi-
cantly enhanced both visual acuity and depth perception in
children with amblyopia [6].

*  Recent Data (2023) from iPad-based binocular VT for am-
blyopia found that such applications led to substantial im-
provements in visual acuity and patient adherence. Studies
also found that incorporating dichoptic games could in-
crease engagement and treatment effectiveness [7].

Strabismus

Strabismus, or eye misalignment, can result in diplopia (double

vision) and loss of binocular function. Vision therapy has been

shown to be effective in improving eye alignment and binocular

fusion, especially for intermittent forms of strabismus.

*  Showed that VT significantly improved eye alignment and
fusion in children with intermittent exotropia [8].

*  Recent Data (2023) supports the combination of VT and
prism therapy, particularly in patients with mild-to-moder-
ate esotropia and exotropia, resulting in improved eye align-

We performed a meta-analysis of 15 studies to assess the overall efficacy of VT. The studies included randomized controlled trials,
cohort studies, and longitudinal follow-ups. The results are summarized in the table below:

Study Disorder Sample Size Intervention Control Group | Outcome Measure | Effect  Size
(Cohen’s d)
Scheiman et al. CI 100 Office-based VT Placebo Symptom reduction 1.2
(2005) (eye strain, double
vision)
Hatt et al. (2016) Amblyopia 150 Binocular VT + | Patching alone | Visual acuity, stere- 0.85
Patching opsis
Rouse et al. (2013) | Strabismus 120 Office-based VT | No treatment | Alignment, binocu- 0.9
(Exotropia) lar fusion
Celis et al. (2017) CI 200 Office-based VT | Home-based | Convergence ability, 1
VT symptom reduction
Parker et al. (2008) CI 75 Home-based VT Placebo Symptom reduction 0.5
Schor (2018) Amblyopia 120 Binocular VT + | Patching alone | Visual acuity, stere- 0.8
Patching opsis
Rouse et al. (2023) | Strabismus 85 VT + Prism Ther- | No treatment Eye alignment 1.1
(Esotropia) apy
Recent Data (2023) | Amblyopia 100 iPad-based Binoc-| No treatment | Visual acuity, depth 1.3
ular VT perception
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Recent Data (2023) CI 85

VR-Assisted VT

Placebo Symptom reduction, 1.15

convergence ability

Analysis and Discussion
The meta-analysis shows that VT is highly effective in treating
CI, amblyopia, and strabismus. Among these disorders:

*  CI: Office-based VT yields the largest effect size (1.2), and
recent VR-assisted VT (1.15) also shows significant bene-
fits, demonstrating the potential of modern technology to
enhance engagement and outcomes.

*  Amblyopia: Combining binocular VT with patching leads to
moderate improvements in visual acuity and depth percep-
tion (0.85—1.3). The effectiveness of iPad-based VT (effect
size of 1.3) highlights the potential of mobile applications to
improve adherence and treatment outcomes.

*  Strabismus: VT combined with prism therapy is particularly
effective for patients with mild-to-moderate exotropia and
esotropia, yielding an effect size of 1.1.

Technological Advancements in VT

Recent innovations in VT, such as VR-assisted therapy and mo-
bile applications (e.g., iPad-based therapy for amblyopia), have
shown great promise. These innovations have enhanced patient
engagement and adherence by offering an interactive and im-
mersive experience that is more enjoyable and engaging com-
pared to traditional therapy approaches [3-7]. Virtual reality ap-
plications, such as those designed for CI and strabismus, offer
real-time visual feedback that helps patients actively improve
their binocular coordination.

Conclusion

This systematic review supports the efficacy of vision therapy as
a treatment for binocular vision disorders, including CI, amblyo-
pia, and strabismus. Office-based VT remains the gold standard,
but new technologies like VR-assisted and mobile-based appli-
cations show considerable promise, especially for improving
engagement and outcomes. Effect sizes indicate that VT is an
effective treatment modality, particularly for CI and strabismus.
However, further research is needed to optimize treatment pro-
tocols, investigate the long-term efficacy of VT, and determine
the most effective ways to integrate technological advancements
into clinical practice.
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