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Abstract

Background: Virtual reality (VR) is increasingly being used for the assessment and treatment of impairments arising from
acquired brain injuries (ABIs) due to perceived benefits over traditional methods. However, no tailored options exist for the
design and implementation of VR for ABI rehabilitation and, more specifically, traumatic brain injury (TBI) rehabilitation. In
addition, the evidence base lacks systematic reviews of immersive VR use for TBI rehabilitation. Recommendations for this
population are important because of the many complex and diverse impairments that individuals can experience.

Objective: This study aims to conduct a two-part systematic review to identify and synthesize existing recommendations for
designing and implementing therapeutic VR for ABI rehabilitation, including TBI, and to identify current evidence for using
immersive VR for TBI assessment and treatment and to map the degree to which this literature includes recommendations for
VR design and implementation.

Methods: This review was guided by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). A
comprehensive search of 11 databases and gray literature was conducted in August 2019 and repeated in June 2020. Studies were
included if they met relevant search terms, were peer-reviewed, were written in English, and were published between 2009 and
2020. Studies were reviewed to determine the level of evidence and methodological quality. For the first part, qualitative data
were synthesized and categorized via meta-synthesis. For the second part, findings were analyzed and synthesized descriptively
owing to the heterogeneity of data extracted from the included studies.

Results: Inthefirst part, atotal of 14 papers met the inclusion criteria. Recommendations for VR design and implementation
were not specific to TBI but rather to stroke or ABI rehabilitation more broadly. The synthesis and analysis of data resulted in
three key phases and nine categories of recommendations for designing and implementing VR for ABI rehabilitation. In the
second part, 5 studies met theinclusion criteria. A total of 2 studiesreported on VR for assessment and three for treatment. Studies
were varied in terms of therapeutic targets, VR tasks, and outcome measures. VR was used to assess or treat impairments in
cognition, balance, and anxiety, with positive outcomes. However, the levels of evidence, methodological quality, and inclusion
of recommendations for VR design and implementation were poor.

Conclusions: Thereislimited research on the use of immersive VR for TBI rehabilitation. Few studies have been conducted,
and there is limited inclusion of recommendations for therapeutic VR design and implementation. Future research in ABI
rehabilitation should consider a stepwise approach to VR development, from early co-design studies with end users to larger
controlled trials. A list of recommendations is offered to provide guidance and a more consistent model to advance clinical
research in this area.
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Introduction

Background

The use of virtual reality (VR) in health care has expanded in
recent years and continues to be investigated due to the
increasing availability and advancement of technology [1,2].
VR is being used in clinica research for the assessment and
therapeutic intervention of impai rments associated with acquired
brain injuries (ABIs), which is an umbrella term for brain
injuries that are sustained after birth [3,4]. A considerable
evidence base exists for using VR for ABI rehabilitation, with
aparticular focus on stroke [5-14]. Traumatic braininjury (TBI)
is another ABI that isincreasingly being investigated with VR
technologies, however, the evidence base is smaller and not as
rigorous asthat for other ABIs. TBI leadsto alterationsin brain
function and pathology caused by ablow or other external force
on the head [15]. As amajor cause of disability and mortality,
ABlsareincreasingly being considered asa public health burden
and place significant economic strain on society [16]. People
who sustain an ABI can experience physical, cognitive, and
communication impairments that are often long lasting and
significantly impact their everyday functioning [3,17-20].

VR refers to “a computer-generated digital environment that
can be experienced and interacted with as if that environment
were red” [21]. VR systems are typically classified as
immersive, semi-immersive, or nonimmersive [22,23], with
immersion referring to the level of user perception with regard
to beinginavirtual environment (VE) rather than thereal world
[24]. Immersive VR systems supply VEswith achanging field
of view via head-mounted displays (HMDs) [22,23,25].
Movement within immersive VEs is achieved via hardware
such as head trackers, hand controllers, and body motion sensors
[22,23]. Semi-immersive VR refers to systems that use
projection-based systems (eg, driving simulators and use of
shutter glasses), whereas nonimmersive VR systems include
basi c desktop displays and videogames [22,23,25]. To improve
the delivery of assessment, treatment, and clinical outcomesfor
people with ABI, the use of VR should be further explored
because of its potential to address limitations and produce
benefits over conventional assessment and treatment methods
[26-29].

Recommendationsfor VR Design and | mplementation
in ABI Rehabilitation

The existing literature provides guidance for safety and ethical
considerationsin clinical VR research [30-33], athough there
isageneral lack of focus on design and development processes
for using VR in ABI rehabilitation [34,35]. Some prior studies
have proposed useful recommendations for implementing VR
in health care and rehabilitation research; however, they are
often specific to aparticular VR system or do not focus on ABI
[36-38]. Given the potentially limited applicability of these
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recommendations for designing and implementing VR in ABI
rehabilitation, developing a set of recommendations would be
beneficial for guiding research in thisfield.

Part 1 of this review had originally planned to include
recommendationsfor using VR in TBI rehabilitation exclusively;
however, no studies were identified. Examining the use of VR
with other ABIs may provide guidance for this population.
Recommendations specific to ABI are necessary, asindividuals
may experience motor, visual, or vestibular impairments that
could impact their ability to use VR [39,40]. There are studies
that propose recommendations for using VR in ABI
rehabilitation [35,41]; however, there are no known systematic
reviews on this topic. Developing recommendations based on
existing studies and frameworks would be valuable for
determining critical technological factors to guide the design
and implementation of immersive VR in ABI rehabilitation.

VR for ABI Rehabilitation

ABI rehabilitation aims to improve function or provide
compensatory strategies to reduce impairments and increase
participation in activities and quality of life [42-45]. Goalsand
opportunities to practice real-life, meaningful tasks should be
provided to maximize function and enabl e participation outside
of clinica settings [43,46]. Examples include practicing
cognitive, physical, or communication therapy goasin everyday
activities [47,48] or relevant community settings (eg, home,
cafes, and work) [49,50]. Early and intensive therapy is aso
recommended [51-53]. This focus on generalization and
intensity can support neuroplastic changes, which in turn can
assist with functional recovery following ABIls [51,54].
Furthermore, treatment programs should be goal oriented [53]
and tailored to individual needs [55]; however, this can be
challenging dueto the complexity and diversity of ABIs[19,44].
Other limitations of the current assessment and treatment
approachesin ABI rehabilitation include difficulties providing
sufficient intensive therapy to allow for neuroplastic change or
provision of servicesto patientsresiding in rural areas [44,56].
Advances in technology have provided opportunities for
researchersto investigate the use of VR asanovel rehabilitation
tool to overcome some of these barriers [29,56].

The benefits of VR for ABI rehabilitation include enhanced
ecological validity, the ability to maintain experimental control
over assessment and treatment standardization [28,57-59], and
the option to cater to individual skills and goals by controlling
task complexity [59,60]. VR can aso provide relatively
naturalistic VEs[28,61] for repeated practice of functional tasks
such as activities of daily living [28,58,62], which may assist
with generalizing targeted skills [63]. VR can also enhance
patient motivation [61,64], which is necessary for
neurorehabilitation, as repeated practice is required to achieve
adequate treatment outcomes. Furthermore, VR may reduce

JMed Internet Res 2021 | vol. 23 | iss. 7 | €26344 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/26344
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

barriersto accessing rehabilitation services, such as affordability
and geographical isolation [56].

The development of VR for ABI rehabilitation should
incorporate co-design design principles [65], which is lacking
in the current literature, especially for TBI. Co-design engages
intended users (eg, patients and therapists) in the design and
development of products, including VR [21]. People with ABI
can experience complex and debilitating impairments. By
determining their specific needs and capabilities, VR systems
can be developed to meet patient and therapist needs, improve
successinclinical practice, and maximize therapeutic outcomes
[21,40,66,67].

With regard to using VR in TBI rehabilitation specifically, there
are no known systematic reviews that examine the evidence
base for usingimmersive VR to assess and treat any impairment
sustained from TBIs. Experimental and review studies have
mainly investigated VR for assessing or treating cognitive or
motor impairments [34,56,57,68-72]. This current evidence
base provides some support for using VR for TBI rehabilitation;
however, the quality of the evidence isrelatively low [34], and
many studies include nonimmersive and semi-immersive
systems [45,73-77] rather than focusing on immersive VR
technology with HMDs. Issuesidentified in experimental studies
include heterogeneity (eg, severity of TBI, VR system used,
and outcome measures) with small sample sizes and a lack of
randomized controlled trials (RCTS), resulting in the inability
to perform meta-analysis [68,71]. Existing reviews provide
important information; however, many reviews are not
systematicin design or lack quality appraisal of included studies
[34,45,56,57,70], focus on VR for only cognitive or motor
impairments [68-72], do not consider immersive VR only
[45,56,57,68-72,78], or do not review both assessment and
treatment studies [56,57,68,69,72,78]. As literature to date has
not focused on usingimmersive VR acrossthe clinical spectrum
of TBI rehabilitation, this review aimsto identify and evaluate
the use of immersive VR for the assessment and treatment of
any impairment sustained within this group.

Objectives
This systematic review contains two parts and aims to:

1. ldentify and synthesize existing recommendations and
frameworks for designing and implementing therapeutic
VR for ABI rehabilitation. By doing so, we aim to identify
key technological and co-design factors to propose

https://www.jmir.org/2021/7/e26344

Brassel et al

recommendations for the systematic development of VR
appsin thisfield.

2. Determine the current published evidence base for using
immersive VR for TBI assessment and treatment. The
identified studieswill be compared against the synthesized
recommendations from part 1 to determine strengths and
potential gaps in the literature with reference to
recommendations for VR design and implementation to
propose ways to improve future research and practice.

Methods

Protocol and Registration

This review has been registered with the International
Prospective Register of Systematic Reviews (CRD42020152884)
and was guided by the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Anayses) Statement [79].

Search Strategy

A systematic search was conducted in August 2019. A total of
11 databases were accessed: CINAHL, Cochrane Central,
Embase, Ingtitute of Electrical and Electronics Engineers Xplore,
MEDLINE, ProQuest Central, PsycBITE, PsychINFO, Scopus,
speechBITE, and Web of Science. Search strategies were
adapted for individual database requirements. Gray literature
was aso searched to ensure that all relevant studies were
identified (ie, peer-reviewed conference proceedings and clinical
guidelines). Additional studieswere sourced by hand searching
thereferencelists of theincluded papers and repeating database
searches in June 2020.

Two systematic searcheswere conducted to addressthe research
aimsin this review. For part 1, the general search strategy was
virtual reality AND assessment OR intervention OR research
AND recommendations AND neurorehabilitation OR brain
injury. For part 2, the general search terms were virtual reality
AND traumatic braininjury AND assessment OR intervention.
The following limits were placed on the searches and studies
for inclusion: (1) peer-reviewed, (2) full-text availability, (3)
written in English, and (4) published between 2009 and 2020.
Literature from the past 10 yearswasincluded to reflect current
research, as the use of VR in health care and rehabilitation is
changing rapidly. A detailed search strategy is provided in
MultimediaAppendix 1, and theinclusion and exclusion criteria
are provided in Textbox 1.
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Textbox 1. Inclusion and exclusion criteriafor included studies.

Inclusion and Exclusion Criteria

Part 1

Part 2

Provided clear guidelines, consensus statements, recommendations, considerations, or pathways for using virtual reality with adults aged =18
years with an acquired brain injury, or the study referred to acquired brain injury populations.

All study designs were considered.
Included data or review of existing scientific evidence as a basis for recommendations.

All virtual reality types were considered (recommendations for development and implementation are likely to be applicable for all therapeutic
virtual reality designs despite potential variability in virtual reality systems and levels of immersion [66]).

Papers that provided recommendations for a specific virtual reality system were excluded (ie, recommendations could not be applied to using
virtual reality for acquired brain injury rehabilitation more broadly).

Included adults aged =18 years with adiagnosis of traumatic brain injury (studies were required to have 250% participants with atraumatic brain
injury).

Evaluated use of immersive virtual reality for assessing or treating any impairment sustained from a traumatic brain injury (immersive virtual
reality was considered due to rapid advancements in technology [80]).

« Intervention studiesincluded pre-post outcomes.

o Original research design (eg, randomized controlled trial, case series, and case study).

«  Review papers and studies with semi-immersive or nonimmersive virtual reality systems were excluded.

Screening Process

The following process was conducted separately for each
systematic search. Search results were exported to a reference
manager (EndNote X9, Clarivate), where any duplicate
references were excluded. Nonduplicate references were
exported to a systematic review management program
(Covidence) [81] to review titles and abstracts against search
terms and digibility criteria. An independent reviewer
completed the reliability screening for 25.04% (426/1701) of
randomly selected nonduplicate references from both searches.
All disagreements were resolved via discussion. For part 1, the
interrater point-by-point agreement was 97.6% (243/249), Cohen
K was 0.733, and 95% Cl was 0.598-0.948, indicating substantial
agreement [82]. For part 2, the interrater point-by-point
agreement was 91.5% (162/177), Cohen k was 0.605, and 95%
Cl was 0.426-0.785, indicating substantial agreement [82]. Full
textsof eligible paperswereretrieved and assessed for inclusion
following this process.

Data Extraction

The following datawere extracted and entered into a Microsoft
Excel [83] spreadsheet by the first author. Part 1 included
bibliographic data, study design and level of evidence,
population, focus of the paper, and VR recommendations. Part
2 included bibliographic data, study design and level of
evidence, participant characteristics, VR system and equipment,
VR task, dosage and time in VR, outcome measures, results,
adverse effects, inclusion and exclusion criteria, and evaluation
against recommendations synthesized from studies in part 1.

Data Synthesisand Analysis

For part 1, data were synthesized via a qualitative
meta-synthesis: (1) extracting recommendations from the
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included studies, (2) coding individual recommendations, (3)
grouping recommendations based on similarities, and (4)
synthesis of grouped recommendations to produce a single
comprehensive list [84]. For part 2, meta-analysis was not
performed due to the heterogeneity of the included studies.
Therefore, the results are presented descriptively and in
summary tables.

Quality Assessment

Where possible, studieswere classified according to the Oxford
Centre of Evidence-Based Medicine Levels of Evidence [85].
This hierarchy classifies evidence according to research
methodology from the highest (level 1, systematic reviews) to
the lowest (level 5, mechanism-based reasoning) levels of
evidence. Methodological quality was assessed using appraisal
tools relevant to study design [86]: A Measurement Tool to
Assess Systematic Reviewsfor systematic reviews[87]; Joanna
BriggsInstitute (JBI) checklistsfor case series[88], case studies
[88], qualitative studies [89], and papers of text and opinion
(eg, consensus, expert opinion, and perspectives) [90]; and the
Mixed Methods Appraisal Tool for mixed methods studies[91].
The PRISMA extension reporting guideline was used for
scoping reviews[92], as no suitable appraisal toolswere found.
Thefirst author and an independent rater conducted the quality
assessment. Any disagreementswere resolved through consensus
with the fourth author. Studies were not excluded based on
appraisal tool scores. The scores were used to guide the
interpretation of the results.

JMed Internet Res 2021 | vol. 23 | iss. 7 | €26344 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Results

Part 1

Part 1 of thisreview aimed to devel op recommendationsfor the
design and implementation of therapeutic VR for ABI
rehabilitation based on a synthesis of the existing literature.

Figure1l. PRISMA flow diagram for studiesincluded in part 1.

Brassel et al

Study Selection

Database, gray literature, and hand searches returned 1320
potential studies. Following the removal of duplicates, 995
studieswerereviewed for keywordsand ligibility criteria. After
reading the full texts, 14 studies met the criteriafor thisreview
(Figure 1).

Study Design and Level of Evidence
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A variety of study designs were included: 1 systematic review
[10Q], 4 literature reviews [93-96], 5 text and opinion papers
[39-41,66,67], 2 mixed methods studies [97,98], 1 scoping

https://www.jmir.org/2021/7/e26344
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review [35], and 1 qualitative study [99]. A total of 5 of these
studies were published as conference proceedings
[39,93,96,98,99]. Further information regarding the details of
the included studiesis presented in Table 1.
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Table 1. Study characteristics of the papersincluded in part 1.

Brassel et al

Author Country Study design Population or participant details  \/R2 gefinition (VR equip- Aims of the study
ment and environment)
Birckhead et al  United States  Expert opinion con-  Clinical health careand rehabil- Immersive VR, defined To devel op amethodol ogical,
[66] sensus itation (makes references to VRasusingan“HMDP  best practice framework to
stroke) with a close proximity guide development and imple-
screen” mentation of high-quality
therapeutic VR in health care
Bryant et al Augtralia Qualitative® Rehabilitation, including ABIY  Immersive VR To explore views of health
[99] (communication disability) careand VR professionalson
V R-based rehabilitation
Deutsch and United States | jterature review® Neurological rehabilitation Mentions nonimmersive,  To review literatureon VR in
Westcott Mc- semi-immersive, and im-  neurorehabilitation and offer
Coy [93] mersive VR systems suggestions for bridging gaps
between research and practice
when adopting VR
Glegg and Lev- Canada spectiveor discuss  Rehabilitation (based on neu-  Mentions nonimmersive,  To provide recommendations
ac [39] sion® rorehabilitation) semi-immersive, and im-  for the development, research,
mersive VR systems and clinical implementation
of VR based on known barri-
ers and facilitators
Glegg and Lev- Canada Scoping review Rehabilitation (including ABI)  Included studies used a To determine factors that
ac [35] range of nonimmersive, contribute to facilitators and
semi-immersive, and im-  barriersto implementing VR
mersive VR systems in rehabilitation and to devel-
op recommendations to ad-
dress barriers
Kellmeyer [40] Germany Perspectiveor discuss  Neurology and psychiatry Immersive VR To discussimplications of us-
sion ing highly immersive VR
systemswithin neurology and
psychiatry, including ethical
issues and adverse effects
Lavereta [10] Austraia Systematic review  Stroke Included studies used a To determine efficacy of VR
(19) range of nonimmersive, for stroke rehabilitation
semi-immersive, and im-
mersive VR systems
Leeetd [97] Korea Mixed methods Acute stroke; 8 participants (4 Semi-immersive VR sys-  To explore patients’ perceived
male and 4 female; meanage  tem (Microsoft Kinect; difficulty and enjoyment dur-
63 years) whack-a-mole game for ing VR rehabilitation and the
upper limb movement) factors affecting experiences
and to suggest implementa-
tion strategies for VR-based
rehabilitation for acute stroke
Levinetd [94] Canada Literature review ABI (upper limb impairments) DefinesVR with examples To review motor control and
of nonimmersive, semi- learning principlesand to dis-
immersive, andimmersive  cusshow they can beincluded
systems in the design of VR training
environments
Lewisand New Zealand  Literature review Chronic neurological condi- Included studies used a To review studies that exam-
Rosie [95] tions (associated movement range of nonimmersive, ine users' responsesto VR
disorders) semi-immersive, and im-  interventions and develop
mersive VR systems suggestions for how future
VR systems can address user
needs and expectations
Proffitt and United States  Perspectiveor discus- — Stroke VR systems that allow for  To outline steps for develop-
Lange[41] sion immersion without assiss  ing VR interventions for

tance (ie, robotic devices)

stroke rehabilitation
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Author Country Study design Population or participant details  \/R2definition (VR equip- Aims of the study

ment and environment)
Proffitt et al United States  Review of casestud- Rehabilitation (including stroke  Included studies used a To review examples of end
[67] ies and TBI) rangeof nonimmersiveand  user involvement in VR re-

Ramirez-Fernan- Mexico
dez et al [96]

Vaezipour et al  Australia
(98]

Literature review®

Mixed methods®

Stroke (upper limb impair-
ments)

Speech pathologiststrialed a
VR system designed for neuro-
logical conditionsincluding
ABI (communication impair-

semi-immersive VR sys-
tems

Not specified; all VR envi-
ronments

Immersive VR system
(HTC VIVE Pro; simulat-
ed kitchen activity)

search to provide recommen-
dations for user-engaged de-

sign and implementation for

VRin clinical practice

To develop ataxonomy of VR
design factors for upper limb
rehabilitation of stroke pa-
tients

To explore speech patholo-
gists' perspectives about im-
mersive VR for rehabilitation
of neurogenic communication

ments)

disorders and to determine
advantagesand barriersto VR
use

3/R: virtual redlity.

PHMD: head-mounted display.
CConference proceeding.
daBI: acquired brain injury.

€Oxford levels of evidence (not applied to mixed methods or qualitative papers).

TBI: traumatic brain injury.

Populations and Participants

Studies included a range of participants or populations: ABIs
(8/14, 57%) [39,40,67,93-95,98,99], stroke only (4/14, 29%)
[10,41,96,97], or avariety of medical conditionswith reference
to ABls (2/14, 14%) [35,66].

VR Details

Various VR systems and levels of immersion were considered
or described in the included studies. a combination of
nonimmersive, semi-immersive, and immersive systems (7/14,
50%) [10,35,39,67,93-95]; immersive systems (4/14, 29%)
[40,66,98,99]; semi-immersive systems (1/14, 7%) [97]; any
VR environment (1/14, 7%) [96]; and VR systemsthat provided
immersion without robotic devices (1/14, 7%) [41].

Qualitative Data Synthesis and Analysis

Overview

Three key phases of therapeutic VR development in health care
were recommended according to the methodol ogical framework
developed by Birckhead et al [66]: (1) content development via
end user involvement and iterative testing processes; (2) testing

https://www.jmir.org/2021/7/e26344

for feasibility, acceptability, tolerability, and efficacy; and (3)
conducting RCTs for VR versus control interventions. Similar
processes were described by Proffitt and Lange [41] and Laver
et al [10], who recommended that initial VR studies for stroke
rehabilitation should determine safety, validity, and usability
with intended users before conducting larger trials and
comparative studies[10,41].

Further synthesisand analysis of recommendationsfrom the 14
included studiesidentified nine categories of recommendations
related to participant, design, and technology factors for VR
development and implementationin ABI rehabilitation: (1) end
user involvement; (2) participant factors; (3) adverse effects
and safety; (4) researcher involvement; (5) barriers and
facilitators; (6) rehabilitation principles; (7) technological design
and development; (8) supporting implementation; and (9)
research study design, reporting, and analysis. Many of these
categories are interlinked and can be considered across the
suggested phases of design and implementation for therapeutic
VR (Figure 2). A summary of the nine categories of
recommendations is presented in Textbox 2, and a complete
downloadable version is provided in Multimedia Appendix 2
[10,35,39-41,66,67,93-99].
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Figure 2. Phases and categories of recommendations for virtual reality design and implementation.
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Textbox 2. Summarized recommendations for design and implementation of virtual reality for acquired brain injury rehabilitation.

Category and Recommendations
End User Involvement

« Involve end users when designing virtual reality apps[39,40,66,67,95,98].

Participant Factors

«  Consider participant factors when designing prototypes (eg, age, gender, ethnicity, health conditions, social position, cognition, and physica
limitations) [40,66,95-98].

«  Determine theimpact of virtual reality on motivation and how to sustain engagement [10,66,98].

«  Observe usersto learn about their behavior [66].

Adver se Effects and Safety
«  Measure and report physical and emotional adverse effects [40,66].
«  Examine safety of virtual reality devices and tasks to determine suitability and contraindications [39,67,98].

Researcher Involvement

« Developideas and evaluate virtual reality prototypes as ateam [66].

Determining Barriersand Facilitatorsto Virtual Reality

« ldentify potential barriers and facilitators to designing and implementing virtual reality with key stakeholders [35,39,66,67] and offer solutions
or implementation strategies [35].

Rehabilitation Principles

«  Maintain therapeutic principlesin virtual reality tasks (eg, principles of motor learning) [94,95].

o Tasksshould be progressively challenging and customizable [94-98].

«  When providing feedback, consider real-time knowledge of performance [94-96] and multimodal feedback (eg, visual, auditory, and haptic)
[94,96,97].

Technological Design and Development

e Usehardware and software that is unrestrictive and allows for movement and possible postural constraints [95].

«  Work in collaboration with virtual reality experts, game developers, and engineers [35,39,40].

Supporting I mplementation
«  Support therapists with virtua reality [35,39,67,93,99] and provide continued training [35,39,93].
«  Provideinformation, training, and support for patients using virtua reality [95,96,98,99].

Research Study Design, Reporting, and Analysis
o  Conduct larger, adequately powered trials [10].

«  Forrandomized controlled trials, use appropriate randomization, conceal allocation, use CONSORT (Consolidated Standards of Reporting Trials)
guidelines [66], and justify and describe control conditions [10,66,93].

«  When reporting virtual reality research, consider using reporting guidelines (eg, Template for Intervention Description and Replication) [66],
describe intervention details[66,67] and effortsto conceal allocation clearly [66], register trials on a publicly accessible registry, and publish all
research regardless of outcomes [66].

«  When selecting outcome measures, consider clinical relevance and vaidity [66,67], patient-reported outcomes[66,67], and pre- and postintervention
measures [66,94]; measure long-term effects of virtual reality interventions [10,66]; compare against nonrandomized control groups [66]; and
evaluate virtual reality in natural environments [93].

iterations of VR tasks under development. It was recommended
that this feedback includes, for example, patient willingnessto
try VR, what worked or did not work, or which VR systems

End User I nvolvement
Involving end users in co-design for therapeutic VR was

recommended in 6 studies [39,40,66,67,95,98]. Suggested end
users include therapists and patients who ultimately benefit
from the VR systems. Co-design encourages those involved in
the design process to gather user feedback to improve the
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therapists wish to acquire. Gathering user feedback, both
positive and negative, isan important part of co-design because
VR prototypes should be iteratively tested by end users and
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continually refined to better meet patient and therapist needs
[66,67].

Participant Factors

A range of participant factors should be considered when
developing therapeutic VR for ABI rehabilitation
[10,40,66,95,96,98]. This is because individuas with
neurological impairments may experience physical and cognitive
conditionsthat could impact their understanding and use of VR.
In addition, more meaningful and effective VR programs can
be developed when specific user needs are considered
[40,66,95,97]. Observing patient behavior in aclinical context
or conducting surveysand interviews may provideinsightsinto
thesefactorsto be considered [66]. Waysto enhance and sustain
patient motivation should al so be addressed [10,66,98].

Adver se Effects and Safety

Participants may experience a range of potential adverse
physical and emotional effects when using VR. Some of the
potential adverse effects of using VR include headaches, vertigo,
nausea, dizziness, fear, and anxiety [66]. A total of 5 of the
included studies[39-41,66,98] recommended that these adverse
effects should be measured and reported during the devel opment
of VR tasks for neurological populations. Measuring adverse
effects is necessary to establish a research base for the safety
of VR devices and programs and to determine any
contraindications for use with people who have an ABI
[39-41,98].

Determining Barriersand Facilitators

Potential barriersand facilitators of VR use and implementation
should beidentified via site-specific assessments or interviews
during VR development [35,39,66,67]. These barriers and
facilitators should be from the perspective of patientsand health
care providers. Solutionsto addresstheidentified barriers should
be provided to support successful VR design and implementation
[35]. This is particularly important during the design and
feasibility testing of therapeutic VR [66].

Researcher Involvement in Design

Birckhead et al [66] provided recommendations for researcher
involvement and collaboration in the initial design processes.
Research teams should develop several ideas for VR tasks and
then determine the most feasible and suitableideasfor prototype
testing. It is argued that team collaboration is essential for
developing therapeutic VR and can often lead to more innovative
and improved designs [66].

Rehabilitation Principles

A total of 5 studies [94-98] provided recommendations for
incorporating rehabilitation principles (eg, principles of motor
learning and control [94,100]) when designing VR tasks for
ABI rehabilitation. Motor patterns used during VR tasks should
provide patients with rehabilitation benefits [95], and tasks
should be able to be modified to accommodate impairment
severities and stages of recovery [94-98]. Recommendations
were also made to provide feedback. Some studies suggested
that feedback on performance should be given in rea time to
engage and motivate patients [94-96]. Levin et a [94]
recommended that knowledge of both performance and results
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should be provided in a way that does not interrupt task
progression. Multimodal feedback (eg, visua, auditory, and
haptic) should also be considered to potentially improve
engagement [94,96]. Additional recommendations included
designing tasks that have purposeful goals and providing the
opportunity for multiple repetitions of rehabilitation targets
[94].

Technological Design and Development

A total of 4 of the included studies [35,39,40,95] discussed
technological factors to be considered when designing
therapeutic VR. Researchers and therapists are recommended
to work with game developers and engineers, as they have
technological and design expertise to build tasks that meet
patients’ and therapists needs|[35,39,40]. Hardware (eg, HMDs
and hand-held devices) and software for VR tasks should also
be carefully considered to prevent potential limitations or
failures of the VR technology [95]. Examplesinclude designing
or selecting systems that alow for adequate movement,
providing asufficient field of view, and reducing the complexity
of hardware.

Supporting | mplementation

Recommendations for supporting the implementation of VR in
practice for therapists and patients were provided in 8 of the
included studies[35,39,67,93,95,96,98,99]. Recommendations
for therapists included providing tailored clinical training
packages, providing education about using VR to achieve
rehabilitation outcomes, and identifying ways to assist with
troubleshooting and implementation [ 35,39,67,93,99]. Education
and training could also be provided to students in relevant
professions [39,93]. In terms of supporting patients, therapists
should provide adequate information about the purpose of VR
and clear instructions for use [98,99] and monitor patient
performance regardless of practice settings (eg, rehabilitation
units, home-based therapy), asit is necessary for rehabilitation
tasks to be performed correctly to achieve sufficient treatment
outcomes [95,96].

Study Design, Reporting, and Analysis

Among the included studies, 4 [10,41,66,93] proposed
recommendations for the design, analysis, and reporting of
clinical VR research. Recommendations were related, but not
limited, to ensuring rigorous randomi zation processesin clinical
trials, use of reporting guidelines, and detailing specific
components of the VR tasks (eg, equipment, therapy dose, and
intensity). Recommendations were provided for selecting and
using outcome measures to determine the effectiveness of VR
interventions[10,41,66,93]. Researchers are encouraged to use
outcome measures that are clinically relevant, validated, and
standardized, and researchers should also consider using
patient-reported measures[66] or target participation outcomes
[93]. With regard to thetiming of outcome measures, Birckhead
et a [66] recommended that measures should be taken at |east
pre- and postintervention, whereas Laver et al [10] suggested
that outcome measures should be taken at least 3 months
postintervention to determine long-term effects.
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Methodological Quality

The methodological quality of the included studies varied
(Multimedia Appendix 3 [10,35,39-41,66,67,87-92,97-99,
101-103]). Cross-comparison of study quality could not be
made, as quality assessment could not be conducted with a
single appraisal tool and no suitable appraisal toolswere found
for all study types. Studieswith relatively high methodol ogical
quality included one systematic review [10], papers of text and
opinion [39-41,66,67], one qualitative focus group study [99],
one scoping review [35], and one mixed methods study [97].
The second mixed methods study [98] met four out of five
criteria for quantitative methodology but had limitations in
reporting qualitative and mixed methods components. However,
this study was presented as a conference proceeding, so all
details may not have been included.

TBI Guidelines

Published guidelinesfor the management of TBI wereincluded
as gray literature in the search for this review. None of the
reviewed guidelines [47,48,50,53,104-110] provided clear

Brassel et al

recommendations for the development or implementation of
VR for TBI rehabilitation. Despite this, three guidelines
suggested that VR is a priority area for research for the
assessment and management of TBI [53,104,105], highlighting
the potential of VR for TBI rehabilitation and the importance
of conducting research in this area.

Part 2

Part 2 of thisreview aimed to identify current evidence for using
immersive VR for assessment and treatment in TBI
rehabilitation. These studies were also examined to determine
the extent to which they incorporate recommendations for
developing and implementing therapeutic VR based on the
findings from part 1 of thisreview.

Study Selection

Database, gray literature, and hand searches returned 1536
potential studies. A total of 830 duplicate studieswere removed.
Following the screening of titlesand abstracts, 77 nonduplicates
were identified for full-text screening. Of these studies, 5 met
theinclusion criteria. This processisillustrated in Figure 3.

Figure 3. PRISMA flow diagram for studiesincluded in part 2. VR: virtual reality.
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Study Design and Level of Evidence

Included studiesinvestigated the use of VR for assessment (2/5,
40%) [111,112] or treatment (3/5, 60%) [101-103] of
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impairments following TBI (Table 2). The overall rating of the
level of evidence [85] was low. Assessment studies provided
level 4 evidence [111,112]. Treatment study designs included
1 caseseries (level 4) [101] and 2 single case studies[102,103].
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Table 2. Study characteristics and participant details of the studiesincluded in part 2.
Author Country Study design Participant numbers Age (years) Gender Timepost TBI  Setting
(TBI? severity)
Banvilleand  Canada Quasi-experimen-  TBI=31(7 moderate TBI: mean 27 (SD TBI:23maes Mean 3.78 Outpatient
Nolin [111] tal assessment (4°) ad24severe)and  11) and controls:  and8females; (SD 2.5)years
matched healthy mean 27 (SD 11)  controls: 23
controls=31 males and 8
females
Cikgloeta  Slovenia  case series (49) TBI=3, brain tu- TBI or brain tu- Not reported  Not reported  Outpatient
[101] mor=1, andnonbrain mor: range 24-48
injury=4 and nonbrain in-
jury: range 27-40
Gamitoeta  Portugal Case study TBI=1 (severe) 20 Male 3 months Inpatient rehabilita-
[102] tion ward
Maet al [103] United Case study® TBI=1 (moderate- 26 Male 9 months Physical therapy
States severe) clinic
Robitailleeta Canada Proof of concept ~ TBI=6 (mild) and TBI: mean 30.3 Not reported  Median 0.46  Not reported
[112] (4b) healthy controls=6  (SD 8.6; range 18- years; range 2
61) and controls: weeksto 7
mean 30.3 (SD years
5.3)

3TBI: traumatic brain injury.
POxford levels of evidence.
CConference proceeding.

Participant Characteristics

A total of 42 participants with TBI were included in this study
(Table 2). The number of participantsranged from 1to 31 (mean
8, SD 13). Time post injury ranged from 2 weeks to 7 years.
Although not always reported, the majority of participantswere
males (25/42, 60%) aged between 18 and 61 years. Most of the
included participants sustained a severe TBI (25/42, 60%)
[102,111], followed by moderate TBI (7/42, 17%) [111], mild
TBI (6/42, 14%) [112], and moderate-severe TBI (1/42, 2%)
[103]. TBI severity was not reported for 3 participants [101].
Where reported, VR was used in inpatient [102] and outpatient
settings [101,103,111].

Target of VR Assessment or Treatment

Impairments targeted in VR assessment included executive
functions [112] and prospective memory [111]. VR treatments

https://www.jmir.org/2021/7/e26344

targeted attention and working memory [102], balance and
functional mobility [103], and stress and anxiety [101].

VR Details

Keeping with the definition of immersive VR systems, all
studiesused HMDsto createimmersive VES[101-103,111,112],
and one study included body motion tracking [112]. Virtual
cities were used as the basis for memory and attention tasks
[102,111]. Other VR tasksincluded a mindful ness-based stress
reduction program [101], a military patrol task to assess
executive functions[112], and standing balance practicein VR
as an adjunct to traditional physical therapy [103].

Assessment studies did not report the time spent in VR. Where
reported, therapy session duration ranged from 5 to 25 minutes,
total dosage ranged from 50 minutesto 3 hours; and participants
received 5, 8, or 10 therapy sessions. One study provided breaks
during VR sessions [103]. Further information related to the
VR details of theincluded studiesis presented in Table 3.
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Table 3. Virtual reality details of the studiesincluded in part 2.
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Study Target Dosageor time Task details Outcomemea-  Results Adverse effects Eligibility criteria
inVR?and VR sures and potentia issues
hardware
Banwilleand Prospective TimeinVRnot Non-VR task: Non-VR:cor-  Participantscould  550° completed;  INnclusion criteria
Nolin[111] memory and reported; prospectivemem-  rect actions, be classified as no reported cyber- confirmed TBI
executive  HMpP(eMagin OTY @ssessment  imetocom-  hayingaTBI%hy  sickness; SSQ
functions Z800) with based on River-  plete, and performanceon  scores did not dif-
head tracker mead Behavioral  whether eachtask. TBI par- fer between groups
Memory Test; promptingwas g pants were sig-
VR task: virtual  required; VR: pificantly less pre-
prospectivemem-  prospective cise with prospec-
ory taskscomplet- - memory SCore, tjve memory VR
e_d |n_a virtual premson SCore,  tasks (P=.02) and
city (included timetocom- o0k more time to
visiting apart- plete, successin perform VR tasks
mentsand select-  tagc and IPQ°  (P=.008) than con-
ing an apartment trols
tolivein)
Cikgjloetal Stressand 8sessons(25  Mindfulness MAASY Slight improve- Potential for over- Inclusion criteria:
[101] anxiety minutesper ses-  stress reduction swLsh ment in MAAS heating of mobile  mild or no cognitive
sion, once program conduct- " and SWLSscores  phones(sessions  impairment and able
weekly); Sam-  ed by aninstruc-  MMSE' (TBI (TBI group>non-  were, therefore,  tounderstand instruc-
sung Galaxy X7 tor (eg, self-medi-  Only), session  TB| group); one  limited to 30 min-  tions; exclusion crite-
mobile phone  tation and group  andtaskratings, participant in- utes) ria: high diopters,
mounted to discussionsin andhead mo-  creased MMSE astigmatism, and
HMD (Sam- various VES tion (not reported for wore glasses
sung Gear VR) g ,ch as amoun- others); task rat-
tain view or a ings: simple to use
room with afire- and Interesting;
place) varying head mo-
tions
Gamitoetal Working 10sessions(5  Activitiesinclud-  pasaTK and Significant in- Not reported Inclusion criteria:
[102] memory and minutes each ed performing completiontime  Crease in correct diagnosed with a
attention session); HMD  apLd inthe VE  of each task responses between TBI 3-12 months
(eMagin Z800) (eg, breskfast, initial and final prior, clinical deficit
navigating to and PASAT scores inmemory and atten-
from asupermar- (P<.05) tion, and aget_j 18-6_0
ket, and buying years; exclusion cri-
items) teria: a previous
psychiatric disorder
that may impact
memory and atten-
tion and neurologi-
cal diseases
Maet a Balanceand 5sessions(12  Standing balance pg ! mini- Improvementsin  Not reported Not reported
[2103] functional trials, withal- exercisesinaVE BEST™ DHI DGlI, mini-BEST,
mobility to 2-minute withtrafficlights, ' ’ DHI, GROC, and
break in be- street crossing ~ ABC°GROCP  patient-specific
tween); breaks  andtrafficisland, and patient-spe-  functional scale
weredecidedby night and day cific functional
the participant. ~ versions, moving  Scale (self-scor-
Samsung cars, and static ~ Ing street cross-
Galaxy X7 mo- buildings ing and multi-
bile phone tasking abili-
mounted to ties)
HMD (Sam-
sung Gear VR)
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Study Target Dosageortime Task details Outcomemea-  Results Adverse effects Eligibility criteria
inVR?and VR sures and potential issues
hardware
Robitailleet Executive Timein VR not Exploration of a PQ,ASUS, er- TBI group walked SSQ completed: 1 Inclusion criteria
a [112] functions reported; HMD  simulated mili- rors, walking faster and had participant with (TBI): mild TBI; in-
(piSight 166- tary patrol scene speed and fluidi- dlightly greater ob- TBI and 1 control  clusion criteria(con-
43) withhead  inavillagewith ty, and obstacle stacle clearances.  participant report-  trols): no known
tracking and different condi-  (jegrance Significant differ-  eddight headaches TBI or other neuro-
body tracking  tionsand obsta- ence inwalking logical or muscu-
(MoCap) clesto navigate fluidity between loskeletal issues
(eg, fences, groups for two
wires, beams, and hostile blocks
avatars) (P=.046). Moder-
ate to high pres-
ence scores on
SUSand PQ

3V/R: virtual reality.

PHMD: head-mounted display.

%IPQ: Igroup Presence Questionnaire.

4TBI: traumatic brain injury.

©SSQ: Simulator Sickness Questionnaire.

VE: virtual environment.

IMAAS: Mindfulness Attention Awareness Scale.
NSWLS: Satisfaction With Life Scale.

'MMSE: Mini-Mental State Examination.

IADL: activities of daily living.

KPASAT: Paced Auditory Serial Addition Task.
'pal: Dynamic Gait Index.

Mmini-BEST: Mini-Balance Evaluation System Test.
"DHI: Dizziness Handicap Index.

OABC: Activities Balance Confidence Scale.
PGROC: Global Rating of Change.

9PQ: Presence Questionnaire.

'SUS: Slater-Usoh-Steed Questionnaire.

Comparisons

One assessment study investigated participant performance on
a VR and non-VR assessment of prospective memory [111],
with participants performing similarly on both tasks. Both
assessment studies [111,112] included healthy control groups,
with findings able to distinguish between participants with and
without TBI. Oneintervention study [101] included unmatched
participants without TBI and did not report major differences
in outcomes between the groups.

Eligibility Criteria and Adverse Effects

Oneintervention study [101] excluded participants dueto visual
impairments that may have impacted their tolerance of the
HMD. The Simulator Sickness Questionnaire [113] was used
in 2 studies [111,112] to monitor potential adverse effects of
VR, with only 1 participant with TBI reporting aslight headache
[112]. A total of 2 studies did not consider or report adverse
effects [102,103].

Outcome Measures and Results

Various outcome measures were used, and al studiesincluded
more than one measure. VR task-specific outcome measures
were used in 4 studies [101,102,111,112]. A total of 4 studies
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used outcome measures traditionally used for non-VR tasks
[101-103,111]. Depending on the outcome, intervention studies
took measures pre-, mid-, and postintervention [101,102] or
pre-post intervention with a 1-month follow-up [103].

The results from the assessment studies suggested that VR
assessment tasks have the potential for use as novel diagnostic
tools [111,112]. These studies included healthy controls and
could classify participants as having a TBI or not by their
performance on VR assessment tasks. Thefindings demonstrated
a significant difference between groups for walking fluidity
during a navigation task [112] and for time and precision to
complete a procedural memory task in VR [111].

Statistically significant outcomes were reported in one case
study [102], where VR intervention for attention and memory
deficitsled to asignificant increasein pre-post assessment scores
on the Paced Auditory Serial Addition Task. The remaining
treatment studies presented descriptive data on the outcomes
of participantswith TBI [101,103]. Maet al [103] demonstrated
that VR treatment combined with standard physical therapy led
toimprovementsin gait and balance. Cikajlo et al [101] reported
dlight improvements in pre-post psychometric outcomes for
stress and anxiety following the implementation of a
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group-based VR mindfulnessintervention that participantsrated
asinteresting and simple to use.

Methodological Quality

The quality assessments of the included treatment studies are
presented in Multimedia A ppendix 3. We assessed 2 case studies
using the JBI checklist for case reports [88] and these studies
werefound to havelow [102] to moderate [ 103] methodological
quality. The studies included adequate information about
interventions but did not provide comprehensive participant or
assessment details or refer to measuring the potential adverse
effects of VR. One study [101] was appraised using the JBI
checklist for case series [88] and had a low methodological
quality. Information about condition measurement and treatment
outcomes was provided, but important details about the
participants and recruitment methods were absent.

Recommendations for VR: Evidencein TBI Studies

VR assessment and trestment studies for TBI rehabilitation
were examined regarding the three suggested phases of VR
development [66] and the nine categories of recommendations
for VR design and implementation proposed in part 1 of this
review (Table 4). With regard to phases of VR design, there
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was one feasibility study [101] and one proof-of-concept study
[112] but no controlled trials or co-design studies with detailed
descriptions of end user involvement in VR development. A
total of 3 studies [101,111,112] have considered the potential
adverse effects of VR. Rehabilitation principles were included
in studies that provided varied or progressively challenging
tasks [102,103]. All treatment studies collected at least one
outcome measure pre- and postintervention and included
clinicaly relevant outcome measures. At least one
patient-reported outcome measure was included in 4 studies
[101,103,111,112], and one study included a user survey for
task feedback [101]. Details were generally provided about the
active ingredients of the VR equipment and tasks (eg, dose,
repetitions, and timein VR).

Recommendationsthat were not included in the assessment and
treatment studies were as follows: involving researchers when
developing VR tasks, considering barriers and facilitators to
VR use, technological design and development, and supporting
VR in practice. However, many of these recommendations are
applicable to gspecific phases of VR development and
implementation, so they may not have been relevant for all
studies. Furthermore, recommendations may have been
addressed but not specifically reported on.

Table4. Inclusion of recommendations for virtual reality design and implementation in traumatic brain injury studies.

Banville and Nolin

Recommendations for VR? devel opment [111]

Cikgjloet a
[101]

Gamito et a
[102]

Maet al [103] Robitailleet a [112]

Phase of VR development
Phase 1: co-design
Phase 2: feasibility
Phase 3: controlled trials

Recommendation
End user involvement O
Participant factors
Adverse effects and safety ad O
Researcher involvement

Determining barriers and facilitators to
VR

Rehabilitation principles
Technological design and development
Supporting implementation

Research study design, reporting, and O O
analysis

3/R: virtual redlity.
bRecommendation present.

Discussion

Principal Findings
Overview

The findings of this systematic review highlight that research
inthefield of VR and ABI rehabilitation, particularly for TBI,
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is gtill emerging. To our knowledge, this is the first study to
synthesize existing recommendations for developing VR for
ABI rehabilitation and to systematically review the current
evidence base for using immersive VR for TBI rehabilitation.
Recommendationsfor future research have been provided based
on the results of this review.
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Part 1

Part 1 of this review aimed to identify and synthesize the
recommendations for designing and implementing therapeutic
VR for ABI rehabilitation, with a focus on using existing
frameworks to determine key technological and co-design
factors. The findings appear to be consistent across VR
technologies and health care settings and contain important
considerations for using VR with people who have an ABI.

Three phases for VR development and implementation of
therapeutic VR in health care were devel oped by Birckhead et
al [66] and formed a framework against which this review was
completed. A total of nine categories of recommendationswere
subsequently developed from all 14 studies included in part 1
of this review. Most recommendations that were addressed in
the limited literature reported in this study were related to the
design of VR tasks, including consideration of participant
factors, involving key end users and researchers, determining
barriersand facilitators of VR use, technological considerations,
and including rehabilitation principles in VR tasks. The
recommendations can be applied throughout VR development
and implementation (Figure 2).

A phased approach to VR design should be considered
[10,41,66], with early focus on engaging key end users
[35,39,40,45,66,93,98,114] in co-design and feasibility studies
before conducting larger controlled trials[10,41,66,115]. This
approach is not widely used in research investigating VR for
health care purposes [115-117] or for adults with TBI, yet user
involvement in VR development is emerging in pediatric TBI
[118] and ABI rehabilitation [98,99]. Involving end users in
designing digital healthinterventionsisrecommended [66,114]
and is essential for producing successful VR apps [40,66,67],
particularly for people with TBI [119]. Additional
recommendations for research design, reporting and analysis,
and supporting implementation for VR were synthesized to
further guide and strengthen research in this area. Such
recommendations include the use of reporting guidelines such
as the Template for Intervention Description and Replication
[120] and the CONSORT (Consolidated Standards of Reporting
Trials) [121] and supporting end users with VR adoption via
education and training.

The included studies drew on research examining various VR
systems and levels of immersion. This reflects the literature
from the past decade and highlights the limited use of fully
immersive VR for neurological rehabilitation. However,
recommendations for VR research are similar across VR
platforms, particularly for design and feasibility studies [66],
and may be adapted for various clinical settings and disciplines
[67]. No specific recommendations were made regarding
preferred VR hardware or software. Future research and clinical
VR apps should focus on moreimmersive systems[40] because
of the rapid advancement and availability of VR technology as
well as tasks that can be used across different devices to
facilitate transition and use from rehabilitation facilitiesto home
environments (eg, wirdess systems and mobile phone
compatibility) [39,122,123]. The tolerance and safety of new
VR systems will need to be established for people with ABI
[39-41,66,98].
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Part 2

The second part of this review aimed to determine the current
evidence base for using immersive VR for TBI rehabilitation
and to review the extent to which these studies addressed the
recommendations developed in part 1 of thisreview. A total of
5 studies that investigated the use of immersive VR for TBI
assessment and treatment were identified and included.

The findings demonstrate a small body of evidence for using
immersive VR in TBI rehabilitation. Studies have used
immersive VR to assess cognitive impairment following mild,
moderate, and severe TBI [111,112]. VR treatments targeted
memory and attention [102] and balance [103] in single cases
of participants with moderate-severe TBI and anxiety in acase
series of 3 people with TBI (severity not disclosed) [101]. The
range of time post injury, age of participants, clinical settings,
dosage and frequency, and VR tasks suggest that immersive
VR has potential for use with people with TBI across the
continuum of care [68]; however, further studies are required
to support this evidence because of the limited number of
included studies and small sample sizes.

Three different HMDswere used in the 5 studies, including the
smartphone-compatible Samsung Gear, which highlights the
accessibility and affordability of immersive VR technology
[80,115,123]. There were no commonalities in terms of VR
software and tasks, with each study implementing VR tasks
specific to the targeted impairments and outcomes. Therewould
be potential challengesin developing a VR platform to suit the
various impairments and severities of brain injury [95], so the
proposed recommendations developed in part 1 of this review
may improve the consistency of VR development for TBI
rehabilitation where heterogeneity may not be accounted for.

There were limited adverse effects of VR use reported in 3 of
the 5 included studies [101,111,112]. The potential adverse
effects of VR use must be monitored and reported due to the
limited research in this area and to determine the safety and
feasibility of immersive VR for people with TBI [39-41,66].
Involving VR experts and interdisciplinary teams should be
considered when designing new VR tasks to mitigate potential
safety issues[32].

Theincluded studiesreported positive findings, but few specific
conclusions can be drawn regarding assessment and treatment
effectiveness due to a limited number of studies with small
samplesizes, alack of control conditions, assessment reference
standards, face-to-face comparisons, and heterogeneity of data
that prevented pooling of dataand meta-analysis. Some studies
had relatively low methodol ogical quality and provided minimal
details about participants and recruitment methods, making it
challenging to generalize findings and determine the suitability
of VR platforms and tasks for people with TBI.

The current evidence base for using immersive VR for TBI
rehabilitation incorporates some of the recommendations
proposed in part 1 of this review (Table 4), yet there is a need
for future studiesto increase end user engagement in co-design
and feasibility testing before conducting controlled trials
[10,41,66]. Specificaly, future research should engage end users
[39,40,66,67,95] and clinical experts alongside the design and
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technology industries to inform VR development [35,39,95],
identify potential barriers and facilitators to using VR
[35,39,66,67], and focus on stepwise progression of VR research
[10,41,66,114]. By doing so, VR tasks for TBI, and ABI
rehabilitation more broadly, can better meet patients and
therapists needs[35,39,40,66,67].

Study Limitations

Although a systematic literature search was undertaken, some
existing studies may have been excluded, as inclusion criteria
limited papersto English only, and gray literature did not include
conference abstractsor theses. In addition, inconsistencieswith
VR definitions and classifications [124-127] may have led to
exclusion based on the definitions of VR immersion levels.
Caution should be taken when interpreting results, asthe overall
levels of evidence presented were relatively low. Furthermore,
the inclusion of various study designsled to the inability to use
asinglecritical appraisal tool, and some of the included studies
presented poor methodological quality.

There were limited high-level evidence studies that provided
recommendationsfor devel oping and implementing VR in ABI
rehabilitation (ie, part 1). Although this may decrease the
perceived value of findings, it likely reflects the fact that VR
technology and practice in thisfield are still emerging [35] and
may be moving faster than the evidence base [66,93]. Despite
this, most recommendationswere synthesized from aV R expert
consensus paper [66], which provided a framework for
therapeutic VR methodology. Furthermore, findings acrossthe
included studies were similar and provide a basis for ongoing
research for developing and implementing VR for ABI
rehabilitation, including for people with TBI.

The current evidence base for using immersive VR for TBI
assessment and treatment (ie, part 2) consisted mainly of
lower-quality methods of case studies and case series. These
study designs may be suitable for early co-design and feasibility
studies for VR development, yet this was not always reflected
in the included studies. On the basis of the methodological
quality and levels of evidence, future studies should provide
important details about participants, recruitment methods, and
interventions; consider and report on adverse effects; and include
reference standards and control conditions. These findings
reflect the general lack of high-quality evidence, as highlighted
in previous reviews of nonimmersive, semi-immersive, and
immersive VR for TBI rehabilitation [34,56,68,70,71], and the
findings may be difficult to generalize due to heterogeneity.
The use of the proposed recommendations may improve the
consistency of design and implementation of VR in TBI
rehabilitation and provide amodel to advance clinical research
inthisarea

Recommendations for Future Research

Future research should consider the proposed recommendations
when designing and implementing VR tasks for ABI

Brassel et al

rehabilitation, especially for people with TBIs. Asidentified in
this review, stepwise VR development (Figure 2) [10,41,66] is
lacking in current TBI literature. There needsto be an increased
focus on co-design processes to investigate the opinions and
needs of key end users, including people with ABI and their
therapists [10,35,39,41,66,67,114]. Iterative testing and
feasibility studies will also be necessary to establish the safety
and viability of new immersive VR tasks before implementing
larger-scale studies and RCTs [10,41,66], particularly given
that people with ABIs may face challenges when using and
interacting with VR systems[39,40] and there arelimited studies
that useimmersive VR for TBI rehabilitation [101-103,111,112].

Although this review offers a starting point for guiding future
research in VR for TBI rehabilitation, the recommendations
provided were formed from papersthat included awider range
of ABIs. Work should be undertaken to develop guidelines
specific to TBI to ensure more rigorous development and
evaluation of therapeutic VR for this population. Expanding
the evidence base for using VR with people with TBI has been
encouraged and highlighted as a priority area in published
guidelines for TBI management [53,104,105]. Furthermore,
immersive VR to date has been used to treat people with TBI
who have cognitive disorders, balanceissues, or anxiety. Future
research should develop and investigate the use of VR for other
significant impairments that people with TBI may experience,
such as cognitive-communication disorders.

Conclusions

This systematic review highlightsthat the use of immersive VR
in ABI rehabilitation, especialy TBI, isstill initsinfancy. There
are no existing guidelines for designing and implementing VR
tasks specific to TBI, reflecting the need for more rigorous
research in this area. Existing evidence demonstrates the
potential to use immersive VR for TBI assessment and
treatment. However, this comprises a small number of
lower-quality studieswith alarge degree of heterogeneity, small
sample sizes, and limited generalizability of the findings.

This review produced recommendations for developing and
implementing VR for ABI rehabilitation (Textbox 2 and
Multimedia Appendix 2): engaging end users; considering
participant, researcher, and technological factors; addressing
facilitators and barriers; incorporating rehabilitation principles;
and supporting implementation in clinical practice. These
recommendations can be incorporated into the three phases of
therapeutic VR development (Figure 2). Researchers in ABI
rehabilitation are presented with an opportunity to capitalize on
the current digital health movement, particularly when the
required technology and resources for immersive VR are
becoming increasingly available and affordable. VR has the
potential to provide innovative assessment and treatment
methods, and future work in this field should use these
recommendationsto improve consistency, quality, and outcomes
for the effective design of therapeutic VR.

https://www.jmir.org/2021/7/e26344
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JBI: JoannaBriggs Institute

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

TBI: traumatic brain injury

VE: virtual environment

VR: virtua reality
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