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Abstract

(1) Virtual reality (VR) technologies have shown significant potential for diagnosing and
treating vision-related impairments. This rapid review evaluates and characterizes the
existing literature on VR technologies for diagnosing and treating vision-based diseases.
(2) Methods: A systematic search was conducted across Ovid MEDLINE, Ovid Embase, the
Cochrane Database of Systematic Reviews (Ovid), and the Cochrane Central Register of
Controlled Trials (Ovid). Abstracts were screened using Rayyan QCRI, followed by full-text
screening and data extraction. Eligible studies were published in peer-reviewed journals,
written in English, focused on human participants, used immersive and portable VR devices
as the primary intervention, and reported on the clinical effectiveness of VR for therapeutic,
diagnostic, or screening purposes for vision or auditory-visual impairments. Various
study characteristics, including design and participant details, were extracted, and the
MMAT assessment tool was used to evaluate study quality. (3) Results: Seventy-six studies
met the inclusion criteria. Among these, sixty-four (84.2%) were non-randomized studies
exploring VR's effectiveness, while twenty-two (15.8%) were randomized-controlled trials.
Of the included studies, 38.2% focused on diagnosing, 21.0% on screening, and 38.2% on
treating vision impairments. Glaucoma and amblyopia were the most commonly studied
visual impairments. (4) Conclusions: The use of standalone, remotely controlled VR
headsets for screening and diagnosing visual diseases represents a promising advancement
in ophthalmology. With ongoing technological developments, VR has the potential to
revolutionize eye care by improving accessibility, efficiency, and personalization. Continued
research and innovation in VR applications for vision care are expected to further enhance
patient outcomes.

Keywords: virtual reality; vision disorders; eye care; vision therapy; vision screening;
visual perception; ophthalmology
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1. Introduction
1.1. Background

Virtual Reality (VR) technologies have emerged as increasingly valuable tools in health-
care, offering innovative applications in fields such as ophthalmology and multisensory
processing [1-4]. The ability of VR to engage both visual and auditory senses, which are
crucial for spatial awareness and cognitive integration, provides a unique advantage in
these contexts.

VR refers to an immersive technology that simulates a computer-generated environ-
ment, allowing users to perceive themselves as active participants within this synthetic
realm [5]. This immersive experience can be facilitated through a variety of display systems,
including two-dimensional screens, stereoscopic 3D glasses, or more advanced head-
mounted displays (HMDs), each offering varying levels of interaction and immersion [6,7].

HMDs are sophisticated VR devices that consist of a helmet or headgear fitted with
screens that project images to each eye. Integrated position-tracking systems within these
devices monitor the user’s gaze, enabling the real-time updating of visual content based on
the viewer’s eyes/head movements (foveated rendering). This results in a seamless and
interactive virtual experience, which is often described as highly immersive [8]. Over the
past decade, the development of more affordable and accessible HMDs has significantly
expanded their use [9,10], transforming them into essential tools in both research and
clinical applications [11,12]. As a consequence, HMD-based VR has gained traction as a
pivotal technology in the healthcare sector, including ophthalmology, where it supports
therapeutic and diagnostic innovations [13].

Beyond the overarching advantages of telehealth that VR offers, including increased
accessibility to healthcare, improved efficiency for both healthcare providers and patients,
and reduced costs, there are also substantial benefits specific to the immersive nature of
this technology. VR’s unique capacity to fully immerse users in an interactive virtual
environment lends it ecological validity for a wide range of clinical applications. Immersive
VR, when combined with advanced technologies such as inertial measurement units (IMUs)
and eye-tracking cameras, provides valuable insights into physiological measures such
as eye movements (e.g., saccades, pursuit, and fixation) and gaze patterns, making it an
indispensable tool across multiple clinical domains [14,15].

Additionally, VR systems can incorporate sensors such as pressure and motion detec-
tors, as well as electrodes that measure electrical fields, skin conductance, or temperature.
These integrations enable healthcare providers to monitor patient states and track progress
in real-time efficiently. For example, in the field of physical therapy, VR has been utilized
to gamify rehabilitation exercises, thereby enhancing patient engagement, and promoting
active participation in their therapeutic processes. This approach not only increases patient
adherence but also facilitates the objective measurement of performance parameters, such
as range of motion or motor coordination [16].

In psychology and mental health, VR has found significant clinical applications,
including the treatment of pain, stress, and anxiety. By immersing patients in virtual
environments designed to distract or calm them, VR can effectively alleviate psychological
symptoms by shifting focus away from real-world stressors [17]. On the other hand, VR
also serves as a powerful tool in exposure therapy, allowing patients to confront and process
phobias or traumatic memories in a controlled and safe virtual setting. This method has
been shown to increase the patient’s anxiety threshold and reduce sensitivities, offering
an alternative treatment option when traditional exposure techniques are hindered by
logistical challenges or patient reluctance [18,19].

Like many other areas of healthcare, ophthalmology faces significant challenges.
Access to eye care, including visits to ophthalmologists and vision screenings, is a pressing
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public health concern, particularly for individuals in remote or underserved areas. A
considerable number of visual impairments go undiagnosed each year due to insufficient
screenings and underdiagnosis [20]. Socioeconomic disparities remain a major barrier
to accessing eye care, as individuals from lower socioeconomic backgrounds and those
without private insurance are less likely to engage in routine eye screenings [21,22]. In rural
and remote communities, access to specialized ophthalmological services is particularly
limited, even though teleophthalmology has alleviated some barriers by enabling remote
consultations and screenings. However, physical access to specialized care continues to be
a significant challenge in these regions. Additionally, immigrants and minority populations
often encounter cultural and linguistic obstacles that further hinder their access to eye care
services, highlighting the need for culturally sensitive health communication strategies to
improve participation in vision screening programs [23].

Moreover, traditional in-office diagnostic procedures, such as standard automated
perimetry, can be both costly and uncomfortable for patients, which may deter individuals
from seeking necessary care or following through with recommended screenings. Studies
have shown that automated perimetry, while essential for diagnosing and monitoring
conditions such as glaucoma, can present financial burdens [24,25], and the testing proce-
dure itself can be inconvenient for a significant proportion of patients [26]. These factors,
including cost and perceived discomfort, have been identified as barriers to glaucoma care
and follow-up, potentially leading to delays in diagnosis or treatment [27,28]. Another
key limitation of existing ophthalmic tests is their lack of specificity and accuracy. Many
traditional tests focus solely on one eye at a time, potentially missing discrepancies between
the eyes [29] or failing to capture comprehensive visual function. Furthermore, existing
tests typically do not integrate auditory stimuli, which can be crucial for assessing mul-
tisensory integration and spatial awareness [30]. These limitations highlight the need for
more precise and holistic diagnostic tools in ophthalmology.

VR tools have emerged as promising technologies for the future of vision care, demon-
strating significant utility in the screening, diagnosis, and treatment of various eye diseases.

1.2. Screening in Vision Care

In the context of vision screening, VR offers several advantages over traditional
methods, particularly by providing an immersive environment that enhances patient
engagement and reduces the impact of external distractions. VR-based screening tools are
gaining attention as a potential solution for improving accessibility to vision tests, especially
in underserved or remote areas. These systems can facilitate comprehensive screenings
by integrating various visual stimuli, including those for visual field testing, contrast
sensitivity, and peripheral vision assessments. The ability of VR to offer a more controlled
and standardized testing environment, with precise control over light conditions and
visual distractions, is a significant advantage over traditional methods [31,32]. Moreover,
VR-based tools can provide immediate feedback to patients and clinicians, allowing for
real-time adjustments and more personalized screening experiences [33]. Research has
shown that VR can provide reliable results comparable to traditional vision screening
techniques such as the Humphrey Field Analyzer and Octopus 900, making it a valuable
tool for early detection of conditions such as glaucoma and other retinal diseases [34,35].

1.3. VR for Diagnosis

Building on its potential for screening, VR has also shown considerable promise in
diagnosis as well. The immersive nature of VR headsets enables precise simulations of
visual field deficits, such as those associated with glaucoma, and can be used to track the
progression of visual impairments over time. Studies have demonstrated that VR-derived
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visual field measurements are highly correlated with those obtained using conventional
diagnostic tools, such as the Octopus 900 [35], suggesting that VR could serve as an effective
and cost-efficient diagnostic alternative [35,36].

1.4. VR for Treatment

In addition to its diagnostic applications, VR has also been explored as a treatment
modality for various visual impairments. A systematic review of VR-based interventions for
post-stroke unilateral spatial neglect reported generally positive outcomes across 10 studies,
though it noted variability in methods and study quality [37]. A case report involving
two patients with hemianopia following brain tumor treatment found that a home-based
VR program improved visual function, including contrast sensitivity and visual field
expansion [38]. A pilot study of game-based immersive VR for anisometropic amblyopia
in children showed improvements in visual acuity, contrast sensitivity, and stereopsis [39].

By creating customized virtual environments for vision training, VR can help indi-
viduals improve visual acuity, depth perception, and eye-hand coordination. For instance,
dichoptic VR training has been shown to significantly improve visual acuity and stereo
acuity in patients with anisometropic amblyopia [40]. These findings suggest that VR has
potential not only as a diagnostic tool but also as a versatile platform for personalized
vision therapy and rehabilitation.

Despite a growing body of research highlighting the potential of VR in ophthalmology,
to our knowledge, no comprehensive review has yet synthesized the full scope of its
applications across screening, diagnostic, and therapeutic domains, particularly in relation
to the diverse research designs that have explored these areas.

1.5. Objectives

This rapid review aims to synthesize the current state of peer-reviewed research on
VR-based applications in vision care. Specifically, we address the following key aspects:

(A) Application Types—A comparison of VR applications used for screening, diagno-
sis, and intervention, with a focus on their targeted outcomes, reported validity and/or
effectiveness, and the administration protocols (e.g., who administers the interventions, in
what settings, duration/frequency of sessions, and integration with existing ophthalmolog-
ical tools).

(B) Technical Properties—An examination of the technical specifications of the VR
systems employed, including hardware (e.g., devices used) and software/content (e.g., the
virtual environments or tasks utilized).

(C) Study Characteristics—An evaluation of study characteristics, including sample
size, participant conditions, and the risk of bias, to assess the quality and generalizability
of the findings.

2. Materials and Methods

This review was conducted according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. The review protocol was regis-
tered in PROSPERO (International Prospective Register for Systematic Reviews) with the
registration number CRD42023456214.

2.1. Search Strategy

A comprehensive search strategy was developed using a combination of database-
specific subject headings and text words for the main concepts of VR, select eye diseases,
and auditory phenomenon. Results were limited to humans and English. Conference
materials were excluded from Embase.
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We searched the following databases on 14 August 2023, and 16 August 2024: Ovid
MEDLINE, Ovid Embase, the Cochrane Database of Systematic Reviews (Ovid), and the
Cochrane Central Register of Controlled Trials (Ovid). Full search strategies are reported in
Supplementary File S1.

2.2. Study Selection

All relevant articles were uploaded into Rayyan, an online screening tool developed
by Qatar Computing Research Institute (Doha, Qatar)I. To filter articles that focused on
VR and visual and auditory outcomes, a dual filtration system was used to isolate articles
that included (1) ‘virtual reality” or “VR" and (2) ‘vision’, ‘visual’, ‘audition’, ‘audiology” in
the abstract or title. Duplications were detected and resolved on Rayyan; if the similarity
percentage was less than 98%, additional reference screening was conducted to ensure the
articles were duplicates. Secondary literature was excluded using the keywords ‘meta-
analysis’, ‘review’, and ‘systematic review’.

2.3. Inclusion and Exclusion Criteria

All primary research studies published in English and peer-reviewed journals up
until the search date were included. There were no demographic restrictions. Studies
were included if they included immersive and portable VR devices, namely head-mounted
displays (HMDs), as the primary intervention. Our criteria for immersiveness are based
on factors including display resolution, field of view, movement degrees of freedom,
number of senses stimulated (hearing, vision, touch, and proprioception), the ability to
track and update user inputs, and the ability to isolate the user from stimuli in the real
world. Studies reporting outcomes that demonstrate the clinical effectiveness of VR as
a therapeutic/diagnostic/screening tool for visual cognition or vision impairments with
audition were included.

Studies were excluded if they were (1) conducted with animals; (2) exclusively focused
on non-immersive and not portable VR devices, such as 3D glasses and cave-automatic
virtual environments (CAVEs); (3) had missing data within the study or outcomes not
pertaining to our clinical area of interest (i.e., vision or vision and audition); (4) secondary
literature, such as reviews, meta-analyses, conference abstracts, commentaries, editorials,
and full texts with no original data; or (5) full texts not accessible through the institutional
library systems used within the process, including the ones provided by University Health
Network, York University, McMaster University, and the University of Toronto.

The screening of the title and abstract first involved two reviewers independently
screening 20 abstracts to assess inter-rater reliability. Discrepancies were resolved by
consensus, and the inclusion criteria were further clarified to include studies pertaining
to visual cognition or perception. The remaining abstracts were then divided in half and
screened separately. Each reviewer conducted randomized cross-checks of each other’s
articles to ensure agreement and reliability of screening.

2.4. Data Extraction (Coding and Categorizing Studies)

A comprehensive, full-text evaluation was performed independently by two reviewers.
Qualitative and quantitative data from each article were coded and categorized into the
following aspects: (1) research type and theme; (2) purpose of intervention; (3) study
demographics; (4) novelty and attributes of the VR tool. Additional information, including
the full coding spreadsheet, is provided in Supplementary File S2.

The conceptualization of terms was discussed during the early stages of coding and
was further cross-checked by both reviewers to minimize subjective differences. For
example, therapeutic interventions are defined as tools that are used to improve an existing
condition, screening interventions as tools to detect whether participants have a certain
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condition, and diagnostic interventions as tools to confirm the condition. Supplementary
File S3 provides the full definition of concepts used for the full-text screening of articles.
After confirming agreement on conceptual definitions, the reviewers reverse-coded each
other’s articles.

2.5. Quality Assessment

Two reviewers independently assessed the quality of each eligible study using the
Mixed Methods Appraisal Tool (MMAT, Version 2018). The MMAT was chosen as it al-
lows the critical appraisal of the methodological quality of five major research designs:
qualitative research, randomized controlled trials, non-randomized studies, quantitative de-
scriptive studies, and mixed methods studies. Each study was analyzed manually using the
MMAT checklist. After selecting the most appropriate study category to appraise, responses
were noted as ‘yes’, 'no’, or “‘unclear” according to the respective methodological criteria.

To further inform the analysis, studies were coded according to the Virtual Reality
Clinical Outcomes Research Experts (VR-CORE) model as VR1, VR2, or VR3 studies [41].
VR1 studies focused on content development, VR2 studies focused on the early testing
of feasibility and initial clinical efficacy, and VR3 studies were RCTs comparing clinical
outcomes between intervention and control groups.

2.6. Analysis

Following data extraction, each included study was categorized according to multiple
attributes: research type (e.g., randomized control trials, pilot trials, case reports, etc.),
intervention purpose (screening, diagnostics, rehabilitation), clinical subspecialty /medical
conditions, user population sample size and demographic, and head-mounted display
device brand/model (if available).

We then conducted a descriptive analysis, calculating the frequency and proportion of
studies within each subcategory (e.g., % of interventions used for rehabilitation, % classified
as VR2). These proportions were determined by dividing the number of studies in each
category by the total number of included studies.

Patterns across categories were qualitatively synthesized to identify trends, gaps, and
opportunities in the current VR landscape for vision care.

3. Results

As outlined in the PRISMA diagram (Figure 1), 7324 citations were initially collected
from the specified databases and processed using Rayyan QCRI. After duplicate removal
and further filtration, 1246 citations proceeded to the first screening stage, where secondary
reviews were excluded. Following the exclusion of 69 review articles, 1177 articles were
screened at the abstract stage, resulting in the exclusion of 977 articles. A total of 196
articles underwent full-text screening, with 120 being excluded due to failure to meet one
or more eligibility criteria. Ultimately, 76 publications were included for analysis (see
Supplementary File 54).

The studies were categorized according to the VR-CORE model. Sixty-four studies
(84.2%) were classified as VR2, which include non-randomized research exploring the
effectiveness of VR interventions in vision care. In contrast, twelve studies (15.8%) were
classified as VR3, representing randomized-controlled trials (RCTs). Table 1 provides a
breakdown of the study characteristics, highlighting the distribution of research designs
and interventions across the 76 publications.
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Figure 1. PRISMA Diagram depicting the filtration process from initial retrieval to final inclusion in
the qualitative synthesis.

Table 1. Overview of study characteristics.

Research Type Research Theme Intervention Use
Comparator o . . o . o
Interventions 25 (32.9%) Visual Impairment 58 (76.3%) Therapeutic 31 (40.8%)
Outcomes: o . . o . . o
validated measures 22 (28.9%) Visual Cognition 16 (21.1%) Diagnostic 29 (38.2%)
RCTs 12 (15.8%) Visual Impairment + Audition 1 (1.3%) Screening 16 (21.0%)
Pilot Trials 12 (15.8%) Visual Cognition + Audition 1 (1.3%)

Case Report 4 (5.3%)

Cross-sectional 1 (1.3%)

Additionally, the nature of VR interventions was analyzed to determine whether they
utilized novel or existing methodologies. Of the studies reviewed, 62 (81.6%) introduced
novel approaches, while 14 (18.4%) incorporated existing methodologies into VR systems.
For example, the study by Chen et al. [42] employed a novel software (LUXIE) for visual
field testing integrated into VR headsets, while Kim et al. [43] implemented the established
King-Devick Test Chart within a VR setup.

Of the included studies, 5 (6.6%) mentioned specific regulatory compliance (e.g., FDA
approval) for the HMD or associated software/devices used in their experiment. The
remaining 71 (93.4%) studies did not. We further screened for references of data privacy
regulations or considerations related to telehealth applications. While 10 (13.2%) studies
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addressed relevant data privacy matters, the remaining 66 (86.8%) did not. Regarding user
experience design, 20 (26.3%) studies reported stakeholder engagement in the design or
evaluation of the intervention, with usability surveys and qualitative feedback being the
most prominent methods used to identify areas for improvement.

Table 2 offers an overview of participant demographics, including sample sizes and
distributions across various conditions. A total of 11 medical conditions were classified
as “other,” encompassing general visual impairments, retinitis pigmentosa, low vision,
inherited retinal degeneration, congenital visual impairments, and ptosis. Notably, some
studies simulated the effects of eye diseases on the field of vision in healthy participants.
For instance, Neugebauer et al. [44] simulated retinitis pigmentosa, and Massiceti et al. [45]
simulated low vision and blindness. These methodologies carry limitations, as healthy
participants do not experience real-world visual field loss or develop compensatory strate-
gies naturally.

Table 2. Overview of study Participant characteristics.

Participant Age Group Participant Medical Condition Gross Sample Size

Patients-Adult 42 (55.3%) Glaucoma 20 (26.3%) 1-19 29 (38.2%)
Healthy-Adult 13 (17.1%) Healthy 18 (23.7%) 20-49 24 (31.6%)
Patients-Pediatric 9 (11.8%) Amblyopia and Other 15 (19.7%) 50-99 14 (18.4%)

Binocular Vision Disorders

Patients-Adult and

o L : : [ . [
Pediatric 8 (10.5%) Neuro-Ophthalmic Disorder 7 (9.2%) 100-199 7 (9.2%)
Healthy-Pedjiatric 4 (5.3%) Stroke and Visual Neglect 5 (6.6%) 200+ 2 (2.6%)
Other 11 (14.5%)
Table 3 presents a summary of the head-mounted display (HMD) models used in the
76 studies and their publicly available technical specifications. The analysis revealed a
diverse range of HMD devices, with popular models including HTC VIVE Pro Eye and
Oculus Go.
Table 3. Publicly available technical specifications and usage of HMD models across included studies.
Field of view is indicated as diagonal (d), horizontal (h), and/or vertical (v). Other parameters
include HMD type, display resolution per eye, refresh rate, degrees of freedom, and eye-tracking
capability. Certain specifications are smartphone-based (SB), as outlined.
Display . Degrees of
Model HMD Type Resolution per ‘F;el:li g,f) R;!{fr;esh Freedom Tr. Ei‘?n N;:ns?r of
Eye (Pixels) ie ate (DoF) acking udies
Oculus Rift DK-1 [46] Tethered 640 x 800 110 (d) 60 Hz 3 No 1
Oculus Rift DK-2 [47,48] Tethered 960 x 1080 100 (d) 75 Hz 6 No 7
Oculus Rift CV1 [49] Tethered 1080 x 1200 110 (d) 90 Hz 6 No 2
Oculus Go [48] Standalone 1280 x 1440 5 éi‘)) 60 Hz 3 No 8
93 (h)
Oculus Quest [48] Standalone 1440 x 1600 93 (v) 72 Hz 6 No 1
o 97 (h)
culus Quest 2 [48,50] Standalone 1832 x 1920 93 (v) 90 Hz 6 No 2
106 (h)
Meta Quest Pro [48] Standalone 1800 x 1920 95.57 (d) 90 HZ 6 Yes 1
Oculus Rift (Model Unspecified) Tethered N/A N/A N/A N/A N/A 2
HTC VIVE [48,51] Tethered 1080 x 1200 110 (d) 90 Hz 6 No 3
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Display
. . Degrees of Eye
Model HMD Type Resolution F%eld (:;f Refresh Freedom Track- Numbfer of
per Eye View (°) Rate (DoF) in Studies
(Pixels) g
HTC VIVE Pro [48,52] Tethered 1440 x 1600 110 (d) 90 Hz 6 No 1
HTC VIVE Pro Eye [53] Tethered 1440 x 1600 110 (d) 90 Hz 6 Yes 11
Pico Neo Eye 2 [54] Standalone 1920 x 2160 101 (d) 75Hz 6 Yes 3
VisuALL S and K [55,56]
(Powered by Pico G2 4K) Standalone 1920 x 2160 101 (d) 75 Hz 3 No 6
Virtual Vision [57,58]
(Powered by Pico—Model Standalone 1920 x 2160 - 75Hz - - 1
Unspecified)
Pico (Model Unspecified) Unspecified N/A N/A N/A N/A N/A 1
Fove 0 [44,59] Tethered 1280 x 1440 100 (d) 70 Hz 6 Yes 3
V8 HMD [46] Tethered 640 x 480 60 (d) 60 Hz Yes 1
DPVR P1 Pro [48,60] Standalone 1280 x 1440 100 (d) 90 Hz 3 No 1
Radius VRP [61] Standalone 1600 x 1600 100 (d) 60 Hz - No 1
. - 60
Elisar Advanced Vision Standalone B (Monocu- ) _ Yes 1
Analyzer [62]
lar)
Remidio C3 Vision Field Smartphone-
Analyzer [63] Based VR SB - SB - No 2
Smartphone-
Google Cardboard [64] Based VR SB 100 (d) SB SB No 1
Google Daydream (2nd Smartphone- a
Generation) [65] Based VR SB SB SB No 1
. Smartphone-
Zeiss VR One Plus [66] Based VR SB 100 (d) SB SB No 4
. . Smartphone-
Homido Prime VR [67] Based VR SB 110 (d) SB SB No 1
. Smartphone- Tablet-
Durovis Dive 7 [45] Based VR Tablet-Based - Based Tablet-Based No 1
Trust EXOS 3D VR glasses Smartphone-
[32] Based VR SB 80 (d) SB SB No 1
. o Smartphone-
Shinecon (Model Unspecified) Based VR N/A N/A N/A N/A N/A 2
Samsung Gear HMD Smartphone-
(Model Unspecified) Based VR N/A N/A N/A N/A N/A 2
Palm Scan VF2000® Visual
Field Analyzer Standalone N/A N/A N/A N/A N/A 1
(Model Unspecified)
Unspecified Unspecified N/A N/A N/A N/A N/A 6

Of the interventions reviewed, 17 (22.4%) incorporated eye-tracking, 58 (76.3%) did

not, and 1 study (1.3%) did not report this information clearly.

4. Discussion

The advancement of VR technology has opened new possibilities in ophthalmology,
particularly in the screening and diagnosis of eye and visual diseases. However, as demon-
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strated in our study, the application of VR in vision care is still in its early stages and comes
with challenges.

One of the primary obstacles in integrating VR headsets into ophthalmological prac-
tices, as suggested by our study, is the need for standardization and validation. The results
from our review reveal a notable variation in study designs and sample sizes, which fur-
ther complicates the process of establishing consistent and reliable VR-based diagnostic
tools. Specifically, 64 studies (84.2%) were classified as VR2, representing non-randomized
research that explored the effectiveness of VR interventions, while only 12 studies (15.8%)
were randomized controlled trials (VR3). This disparity highlights the need for more rigor-
ous, randomized clinical trials to establish the efficacy and reliability of VR technologies in
diagnosing and monitoring eye diseases.

Additionally, the variation in population characteristics across the studies adds an-
other layer of complexity. While some studies focused on specific visual impairments
such as retinitis pigmentosa, amblyopia, or glaucoma, others simulated eye conditions in
healthy participants. These differences in study populations emphasize the necessity for
standardized protocols and clear guidelines for the application of VR in vision care. The
diverse sample sizes and conditions examined in the reviewed studies underscore the lack
of a unified approach in the field, making it difficult to draw broad conclusions about the
generalizability and accuracy of VR diagnostics across different patient demographics.

Each VR system also presents its own set of specifications and performance metrics,
further hindering the consistency of results. The varying devices, such as the Oculus Rift,
Oculus Quest, and other head-mounted displays, differ in terms of resolution, field of view,
and eye-tracking capabilities. As our study revealed, 31 studies employed tethered devices,
26 used standalone HMDs, 15 used smartphone-based systems, and 7 had unspecified con-
nectivity. Additionally, 20 (26.3%) of the included studies utilized HMDs with eye-tracking
capabilities, and 17 (22.4%) publications collected eye tracking data. This diversity in VR
hardware complicates the establishment of uniform standards and protocols for clinical
use. Given the sensitivity of vision-related outcomes to technical variables, future studies
in vision care VR should adopt standardized reporting of system specifications—including
headset model, processing power, latency, tracking fidelity, and visual display parameters—
to ensure reproducibility, clinical relevance, and valid cross-study comparisons. Advancing
the use of VR in ophthalmology will depend on both improved technical transparency and
rigorous validation against traditional diagnostic and therapeutic tools.

Ensuring that VR technology is user-friendly and accessible is critical for its successful
implementation in ophthalmology. Our study highlights the diversity in the types of
VR devices used across studies, with 31 of the studies utilizing tethered headsets (e.g.,
Oculus Rift, Fove 0), 26 employing standalone systems (e.g., Oculus Quest, Oculus Go), 15
using smartphone-based VR devices, and 7 having unspecified HMDs. This distinction is
significant in terms of usability, as tethered systems often require additional equipment
such as computers or external sensors, which may complicate their use in clinical settings.
On the other hand, standalone and smartphone-based devices, while potentially more
user-friendly due to their portability and ease of setup, may face limitations in terms of
processing power or battery life. These differences underscore the importance of the distinct
needs of both healthcare providers and patients when selecting VR equipment for clinical
or home-based use.

Many patients, particularly elderly individuals, or those with limited technological
proficiency, may find it challenging to use VR headsets. To overcome this barrier, it
is essential to design intuitive interfaces and provide comprehensive training for both
patients and healthcare providers. Furthermore, addressing issues such as comfort, ease of
use, and potential side effects, such as motion sickness or eye strain, is crucial for ensuring
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patient compliance and satisfaction. As noted in several studies, including those in our
review, the use of VR technology in clinical settings often involves a learning curve, and
patients may experience discomfort if the headsets are not well-fitted or if the user interface
is overly complex [68,69].

In addition to usability concerns, the use of VR headsets for medical purposes necessi-
tates the collection and processing of sensitive patient data. This introduces privacy and
security risks, which were highlighted in several of the studies we reviewed. Ensuring
compliance with privacy regulations such as HIPAA in the United States or GDPR in
Europe is critical to safeguard patient information. Our study highlights the importance
of navigating the regulatory landscape, with 15.8% of the publications identified as being
jointly developed in collaboration with industry partners. These collaborations may help
accelerate the development of VR systems by providing access to cutting-edge technologies
and expertise, but they also raise concerns about commercialization and the potential
for conflicts of interest. The implementation of robust cybersecurity measures, including
data encryption, secure storage, and regular security audits, is equally essential. Clear
policies and protocols must be established to govern data access and sharing, ensuring that
patient data is used ethically and responsibly while maintaining trust in the system [70].
Moreover, ethical considerations such as informed consent to the collection, analysis and
sharing of Personal Health Information (PHI), the potential for over-reliance on technology,
and the impact on patient-provider relationships must be carefully managed to maintain
trust and integrity in healthcare delivery. This includes understanding the potential biases
introduced by industry collaborations and ensuring that VR-based interventions remain
patient-centred.

Importantly, VR headsets must meet high technical standards to be effective in medical
applications. As noted in several studies, issues such as resolution, field of view, luminance
range, and tracking accuracy can affect the reliability of VR-based diagnostics. For instance,
Stapelfeldt et al. [35] highlighted that the limited luminance range in their VR system
prevented effective analysis of patients with advanced glaucoma. This issue, along with
concerns regarding battery life, durability, and compatibility with other medical devices,
underscores the need for VR headsets to meet high technical standards to be effective in
medical applications. Future developments in VR for ophthalmology must prioritize these
technical aspects to ensure that the technology can be used reliably for diagnostic and
therapeutic purposes. The integration of artificial intelligence (AI) with VR technology has
the potential to significantly enhance diagnostic accuracy and efficiency. Al algorithms
can process data from VR systems to identify early signs of diseases such as glaucoma
and macular degeneration. Additionally, VR headsets offer the advantage of continuous
monitoring, which allows for ongoing assessment of patients’ visual health. This real-time
data collection can help create more personalized treatment plans and prompt interventions
when needed. As VR technology becomes more affordable, it could emerge as a cost-
effective solution for large-scale vision screenings, alleviating the burden on healthcare
systems and improving access to eye care services on a broader scale.

Finally, while VR technology has the potential to be a cost-effective solution in the
long run, the initial investment in VR headsets and related infrastructure can be significant.
Healthcare providers must consider the costs of purchasing, maintaining, and updating VR
equipment. Furthermore, there may be additional costs associated with training staff and
integrating VR systems into existing healthcare workflows. Securing funding and demon-
strating the cost-benefit ratio of VR technology in terms of improved patient outcomes and
operational efficiency will be crucial for its adoption.
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4.1. Unique Contributions of This Review

In contrast to prior reviews that focus on individual clinical indications (e.g., glaucoma,
strabismus, convergence insufficiency, amblyopia) [2,71-73], our rapid review offers a
panoramic synthesis of how VR is currently being used across the full continuum of
vision care, from diagnostics to rehabilitation. By applying the VR1-VR3 framework and
coding each intervention’s purpose, we provide a field-level map of the current landscape,
revealing not only what technologies exist but also how they are being applied and where
gaps persist. This breadth of perspective—across devices, populations, and clinical goals—
is not offered in any single previous review.

4.2. Limitations

While this rapid review followed established protocols to ensure methodological
rigor, several limitations should be noted. First, the exclusion of conference materials
from Embase may have resulted in the absence of relevant studies that were not yet
fully peer-reviewed or were presented at conferences. Although the inclusion criteria
were comprehensive, limiting studies to those published in English potentially excluded
valuable research published in other languages. Additionally, while we aimed to capture
all relevant studies, our search strategy was restricted to four databases, which might not
have encompassed all existing research on VR in vision care, especially in grey literature or
unpublished works. The dual filtration system for study selection was robust; however,
there could have been inconsistencies in the interpretation of inclusion/exclusion criteria
despite rigorous training and random cross-checks between reviewers. Moreover, the
process of data extraction was highly dependent on the quality and completeness of the
studies included, and missing or unclear data in some articles could have introduced
bias or limited the depth of our analysis. The use of the MMAT for quality assessment,
while appropriate for heterogeneous study designs, is inherently influenced by reviewer
interpretation and the quality of reporting within each article. This may have introduced
variability in scoring, particularly in cases where methodological details were sparse.
Similarly, our application of the VR-CORE framework to classify studies into VR1, VR2,
or VR3 categories was a helpful tool for mapping the maturity of interventions; however,
it may have oversimplified studies with hybrid objectives or non-linear development
trajectories. These conceptual tools provided structure to the review but may not fully
reflect the nuances and evolving nature of VR interventions in vision care.

5. Conclusions

In conclusion, VR holds great promise for transforming the field of ophthalmology
by improving the accessibility, accuracy, and efficiency of vision care. Our rapid review
uniquely provides a comprehensive, field-level synthesis of VR applications across the
entire vision care continuum—diagnostics to rehabilitation—using the VR1-VR3 frame-
work to map technologies, purposes, and gaps not captured in prior, condition-specific
reviews [2,71-73]. Although VR-based applications for vision screening, diagnosis, and
treatment are still in the early stages, the potential for VR to revolutionize eye care is
evident. However, to fully realize its benefits, further research is required to establish its
clinical efficacy, devise standardized protocols, and refine technical aspects of the tech-
nology. Additionally, efforts to improve the user-friendliness, affordability, and ethical
considerations of VR will be essential for ensuring its successful integration into health-
care systems. Moving forward, continued collaboration between healthcare providers,
researchers, and technology developers will be vital to advancing VR-based solutions in
vision care.
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