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Introduction
Vision therapy, also known as behavioral optometry, 
began as a branch of optometry started by Arthur Marten 
Skeff ington to treat visual disorders using methods 
outside of traditional optometric or orthoptic teaching. 
It is an evidence-based clinical program designed to 
enhance visual functions, including binocular coordination, 
tracking, and information processing, by leveraging cortical 
neuroplasticity.1 Historically, the field was characterized by 
“orthoptics,” focusing on mechanical muscle training using 
analog tools. However, the last two decades have seen a 
fundamental shift toward digital therapeutics (DTx).2 The 
emergence of sophisticated Vision Therapy Software (VTS) 
represents a paradigm shift toward data-driven, interactive, 
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Aim: To critically review the evolution of vision therapy (VT) from traditional orthoptic methods to contemporary digital, 
virtual reality (VR), and artificial intelligence (AI)-assisted systems, with a focus on VTS4, HoloLens, and Cognihab platforms.
Methods: A structured narrative review was conducted using peer-reviewed literature indexed in PubMed, Scopus, and Web of 
Science (2000–2026). The study surveys original research papers on over 30 - 40 verified platforms, evaluating software-based 
advantages and clinical success rates.
Results: Traditional office-based therapy remains effective for convergence insufficiency (73–75% success). The Visual Training 
System 4 (VTS4), particularly with HoloLens AR integration, provides true 3D color vergence training with independent eye 
tracking. AI-driven VR suites like Cognihab have reported an 85% success rate in visual acuity improvement within 12 weeks. 
AI and machine learning (ML) integration has catalyzed a massive expansion in home-based programs, which now demonstrate 
adherence rates as high as 94% compared to 40 to 57% for traditional patching.
Conclusion: Vision therapy has transitioned into an integrated neuro-rehabilitation specialty. The integration of ML-based 
adaptive algorithms has shifted the focus toward scalable, home-based models that offer objective monitoring and enhanced 
patient engagement while maintaining clinical standards.
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and AI-assisted rehabilitation that brings therapy beyond 
clinical walls into the patient’s home.

Historical Context and Technology Evolution
Vision therapy has matured through four distinct stages, 
moving from manual mechanical tools to closed-loop neural 
stimulation.
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Table 1: Chronological evolution of in-office and home-based paradigms

Era Clinical focus In-office technology Home-based technology Reference basis

Traditional (Pre-
2000) Muscle strengthening Brock string, Synoptophore, 

Prism bars
Pencil push-ups, Hart 
charts Mechanical muscle focus

Digital automation 
(2000-2015) Monocular stimulation Computerized Orthoptics (COI), 

early VTS4
Home Therapy System 
(HTS)

Automation of analog 
tasks 

Dichoptic period 
(2016-2022) Anti-suppression Liquid Crystal shutter goggles Luminopia, CureSight, 

iPad games
Targeting cortical 
suppression 

AI & immersive 
(2023-2026) Integrated Neuroplasticity VTS4 HoloLens, VR headsets Cognihab, AI-driven 

mobile apps Real-time adaptive rehab

Table 2: Comparative advantages and evolution of care delivery

Parameter Traditional in-office VT Modern home-based software (AI/ML)

Accessibility Clinic dependent; high travel burden Remote, on-demand training from home 

Adherence Often low (40-57% in patching) High (up to 94%) due to gamification

Monitoring Subjective, intermittent observation Objective, real-time remote analytics

Personalization Therapist-driven adjustments AI-driven adaptive difficulty/content

Engagement Repetitive, sometimes tedious drills Immersive 3D environments and VR games

Cost Higher per-session facility fees Lower long-term costs; eliminated travel

Table 3: Technical performance of ai gaze tracking and prediction models

Architecture Model example Key innovation Accuracy (Angular error)

Residual CNN RAGE-net Calibrationless webcam tracking 3.96 circ - 4.08 circ

Vision transformer Gaze Prophet LSTM-based temporal encoding 3.83 circ (VR optimized) 

Multi-stream CNN MSMI-Net Parallel spatial/channel attention High Stability in Eye-Face features

CNN-GRU hybrid Research Tool Spatiotemporal feature fusion Improved blink/sequence detection 

Table 4: Analysis of constraints in modern vision rehabilitation

Category Primary challenge Clinical implication

Physiological Vergence-Accommodation Conflict (VAC) Causes asthenopia and «cybersickness» in VR 

Technical Algorithmic Bias Models may underperform in diverse age groups or ethnicities 

Operational Supervision Paradox Professional guidance is still required to ensure proper technique

Economic Hardware Costs High-end VR headsets/HoloLens can be cost-prohibitive 

Regulatory Standardization Gap Lack of universal clinical guidelines for digital dosage

Survey of Professional Research Platforms

Visual Training System 4 (VTS4) and HoloLens AR
The VTS4 is a clinically validated platform that assesses 
and trains the three grades of binocular vision: simultaneous 
macular perception (SMP), fusion, and stereopsis.

Mechanism
It uses liquid crystal shutter goggles synced with screen 
refresh rates to provide dichoptic viewing, allowing for 
precise vergence rehabilitation and accommodative facility 
enhancement.

HoloLens AR Integration
Utilizing Microsoft HoloLens technology, the VTS4HOLO 
system presents over 100 targets in true 3D color. It 

incorporates independent eye tracking to determine the 
position of both eyes at all times, facilitating precise vergence 
and version training within an augmented environment.

Clinical Outcomes
Research indicates that VTS4 adjuvant therapy improves the 
effective rate of visual recovery in refractive amblyopia to 
$86.49\%$, compared to $66.18\%$ in control groups.

Cognihab: Machine Learning-Based VR Suite
Cognihab is a health-tech platform utilizing AI-driven gaming 
modules for amblyopia and strabismus recovery.

Signal Strength Modification
The software splits the virtual world into two images, 
automatically decreasing signal strength for the dominant 
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eye and increasing it for the amblyopic eye to force binocular 
cortical integration.

Adaptive ML Algorithms
Machine learning models analyze patient performance in real 
time to adapt task difficulty and contrast balance, ensuring 
exercises remain in the “Zone of Proximal Development”.

Therapeutic Efficacy
Preliminary outcomes for gamified modules indicate that 85% 
of compliant patients achieve a minimum improvement of one 
line in visual acuity within 12 weeks of treatment.

Advantages of Home-Based Digital Vision Therapy
The integration of AI and ML has catalyzed a significant 
increase in home-based vision therapy programs, offering 
several clinical and operational advantages over traditional 
models.

Impact of AI/ML Integration
Following the integration of intelligent algorithms, clinicians 
can now track patient progress remotely via cloud-based 
dashboards, allowing for real-time therapy adjustments. 
This has reduced the dependence on frequent clinic visits 
while improving the precision of treatment protocols through 
biometric feedback.

Technical Architecture of Modern AI Systems
Modern systems have transitioned from geometric eye models 
to appearance-based deep learning, enabling high-precision 
gaze tracking without dedicated hardware.

Limitations and Challenges
Despite technological maturation, several barriers persist in 
the transition to fully autonomous digital care.

Conclusion
Vision therapy has evolved from qualitative, therapist-led 
drills to a quantitative medical science powered by AI and 
immersive technology. Professional platforms like VTS4 
and Cognihab demonstrate that integrated machine learning 
can significantly improve adherence and clinical outcomes. 
The future lies in a hybrid model where clinician expertise 
is augmented by adaptive software, enabling scalable 
and personalized care that overcomes geographical and 
physiological barriers.
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