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Abstract
Background: Frailty is a geriatric syndrome associated with increased risk of falls, hospitalization, and reduced quality of
life. Traditional exercises may be unsuitable for older adults with frailty due to mobility issues and accessibility barriers.
Virtual reality (VR) offers an engaging, home-based alternative by providing interactive training with real-time feedback. VR
interventions have shown potential benefits for improving balance, strength, and mobility.
Objective: This systematic review and meta-analysis aimed to evaluate the effectiveness of VR-based home training programs
in improving balance, strength, and mobility among older adults with frailty and prefrailty.
Methods: A systematic search was conducted in PubMed, Scopus, and Web of Science from inception to November 1, 2023,
using terms related to older adults, frailty, virtual reality, balance, mobility, and strength. Eligible studies included randomized
and nonrandomized trials involving adults with frailty or prefrailty aged ≥65 years who received home-based VR interventions
aimed at improving balance, strength, or functional mobility. Comparator groups included no intervention, traditional exercise,
or standard care. Studies involving participants with neurological or cognitive disorders were excluded. Study quality was
assessed using the Physiotherapy Evidence Database scale. A random-effects meta-analysis was performed to calculate pooled
mean differences (MD) and 95% CIs for 3 primary outcomes: Berg Balance Scale, Timed Up and Go, and Chair Stand.
Results: A total of 1063 records were identified, with 1023 screened after duplicate removal. Six studies met the inclusion
criteria, involving 407 participants (mean age 75.2, SD 6.4 y), of whom 198 were allocated to VR interventions and 159 to
control groups. VR interventions lasted a mean of 13.3 (SD 7.7) weeks, with an average of 39.6 (SD 5.2) sessions lasting
25.3 (SD 5) minutes. Methodological quality was high in 5 studies (mean Physiotherapy Evidence Database score=5.6, SD
1.3). Four studies were included in the meta-analysis. Significant improvements were observed in balance, as measured by the
Berg Balance Scale (MD=3.62; 95% CI 2.29‐4.95; P<.001; I²=0%). No significant effects were found for mobility (Timed Up
and Go: MD=−0.37; 95% CI −1.16 to 0.41; P=.35; I²=0%) or strength (Chair Stand: MD=−0.20; 95% CI −1.70 to 1.29; P=.79;
I²=21%).
Conclusions: VR-based home exercise interventions show promise in improving balance among older adults with frailty and
prefrailty. However, their effects on strength and functional mobility remain unclear. Variability in study designs and outcome
measures limits the generalizability of current findings. Further high-quality research is needed to determine optimal VR
training protocols and assess long-term adherence and clinical effectiveness.
Trial Registration: PROSPERO (International Prospective Register of Systematic Review) CRD42023478330; https://
www.crd.york.ac.uk/PROSPERO/view/CRD42023478330
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Introduction
Frailty is a major concern for older adults, significantly
affecting their well-being and quality of life [1,2]. It is
characterized by a significant decline in the performance of
various physiological systems and lacks a universal pheno-
type, signifying its heterogeneity as a geriatric syndrome
[3,4]. Instead, it varies among individuals, considering their
unique characteristics and circumstances, with a consensus
that frailty is characterized by an increased vulnerability to
adverse health outcomes [5,6]. Individuals with frailty, who
are prone to experiencing functional decline and disability,
face a higher risk of falls, hospitalization, and mortality [7,8].
Therefore, falls are a major concern for older adults with
frailty, as they can lead to loss of autonomy, injuries, and
even death [9,10].

Frailty can be categorized into 3 stages: prefrailty, frailty,
and frailty complications. In the prefrailty stage, individu-
als may experience 1 or 2 symptoms that directly indicate
limitations in their physical function or health; with early
intervention and appropriate responses, successful manage-
ment of these challenges is possible [11]. The frailty stage
is characterized by hallmark symptoms such as weight loss,
exhaustion, low physical activity, slowness, and weakness
that lead to limitations in the individual’s functioning and
worsening of the overall quality of life [12]. The frailty
complications stage occurs when an individual’s functional
independence is significantly impaired with accompanying
behavioral patterns that may lead to death [13]. The Fried
Frailty Phenotype stands out as a widely used tool for
assessing frailty. It assesses physical frailty using 5 crite-
ria: unintentional weight loss, low energy or self-reported
exhaustion, reduced grip strength, reduced physical activity,
and slowness by slowed walking speed. When 1 or 2 criteria
are present, the individual is considered to be in a prefrail
state, while the presence of more than 2 criteria indicates
frailty [14,15].

Frailty prevalence increases with age, affecting 46% of
older adults in the prefrail stage and 15%‐11% in the
frail stage [16]. Socioeconomic factors, nutritional status,
and ethnic background also play significant roles in frailty
prevalence. Longitudinal studies on frailty progression are
limited, but some indicate that frailty status can improve,
remain stable, or worsen over time [17,18]. These statistics
underscore the widespread impact of frailty among older
adults, highlighting the need for targeted interventions.

Given the above, society is faced with the challenge of
finding effective rehabilitation solutions to promote healthy
aging [19,20]. Traditional exercises are often not prefer-
red by older adults due to factors such as lack of motiva-
tion, perceived physical limitations, and the repetitive and
monotonous nature of the exercises [21-23]. Virtual reality
(VR) technology presents a promising alternative that could
effectively address these challenges as it provides practical

and easy-to-use solutions [24-28]. In this review, VR refers
to interactive, digital systems that simulate task-oriented
environments to encourage physical rehabilitation, which
includes platforms such as sensor-enabled gaming platforms,
exergames, and nonimmersive VR [29,30]. This definition
incorporates motion-tracking systems that do not require the
use of head-mounted displays but require real-time feedback
and user engagement through physical movement, which are
commonly used in VR-based rehabilitation interventions [31].

In comparison with traditional exercises, VR offers
numerous advantages, such as structured guidance, real-time
feedback, and adaptable difficulty, enabling users to engage
safely within their abilities, especially for those at risk of
falling [32]. Additionally, the interactive elements of VR have
been shown to increase motivation, adherence, and cogni-
tive engagement [26,33-35]. It should also be emphasized
that VR-based exercises can significantly improve motor
and cognitive functions [29,32,36,37]. A recent randomized
controlled trial (RCT) compared the effect of VR train-
ing to Otago exercises [38]. Balance was used as an out-
come, and the results indicated that the VR group showed
significant improvements compared to the Otago exercise
group. However, the study used a pre-post intervention
design without a control group, which makes it challeng-
ing to attribute improvements solely to the VR interven-
tion. Additionally, the study’s findings may not apply to
older adults with frailty as they recruited community-dwell-
ing older adults. Similarly, a trial compared the effect of
traditional versus VR treadmill on mobility and cognition
among individuals with frailty [39]. Both modalities yield
positive effects, but there is a preference for VR over
traditional treadmill exercises due to the added benefit of
cognitive improvement. A recent systematic review found
that supervised VR training in rehabilitation settings can
improve balance and reduce fall risk among older adults with
frailty [40,41].

While traditional, center-based training has demonstrated
the aforementioned benefits, older adults with frailty often
face challenges to participating in traditional center-based
exercise due to mobility limitations, fear of falling, and
transportation challenges [42,43]. The COVID-19 pandemic
further highlighted the importance of remote care models
for this population [44,45]. These limitations emphasize
the need for other approaches that are both safe and acces-
sible. VR-based training may be specifically suitable for
older adults with frailty, who frequently face challenges to
engaging in traditional exercise due to impaired mobility
or fear of falling [36,46]. Hence, home-based VR train-
ing is increasingly being studied as a feasible method to
enhance physical activity among individuals with frailty. This
prompts the need to investigate whether similar findings
can be achieved through the use of VR at home, taking
into consideration its ease of access, affordability, and
other advantages. Therefore, the objective of the current
systematic review was to examine the effectiveness of VR
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as home-based training on balance, strength, and mobility
outcomes among older adults with frailty or prefrailty.

Methods
Protocols and Registration
The current systematic review was registered on PROSPERO
with the following registration (CRD42023478330 [47]).
Data Sources
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) guidelines were followed for
this review. The PRISMA item checklist can be found in
Checklist 1. The search time frame was from inception to
November 1, 2023. The goal was to identify recent studies
on the effects of VR training for enhanced balance, strength,
and mobility at home among older adults with frailty and
prefrailty. Two authors independently performed searches
in the following databases: Scopus, Web of Science, and
PubMed.
Search Strategies
The search terms were specific to each database. The
following is an example of the search terms used in Scopus:
risk of fall OR balance OR strength OR function AND frail

OR prefrail AND older adult AND virtual reality OR video
games OR mobile game. A detailed overview of the search
terms and strategies used is provided in Multimedia Appendix
1.
Selection Criteria
The study comprised all English-language papers, including
those that used a single-group design in which a VR as
a home-based exercise intervention was compared with no
intervention or other interventions for enhanced strength,
balance, and mobility among older adults with frailty or
prefrailty. The PICOS (Population, Intervention, Compari-
son, Outcome, and Study Design) framework for the current
review was as follows:

• Of population (P), older adults with frailty or prefrailty
aged 65 years or more.

• Of intervention (I) VR, a home-based exercise that is
used to improve balance, strength, and mobility.

• Of comparison (C) no intervention, traditional
exercises, or standard care.

• Of outcomes (O) balance, strength, and mobility
measured using validated outcome measures.

• Of study design (S), RCT and non-RCT.
Table 1 summarizes the inclusion and exclusion criteria
structured according to the PICOS framework.

Table 1. Summary of the inclusion and exclusion criteria.
Category Inclusion criteria Exclusion criteria
Population Older adults with frailty or prefrailty (aged 65+ years) Adults without frailty and younger populations (<64 years)
Intervention VRa, video games, or mobile game-based interventions

targeting balance, strength, or function
Interventions not involving VR or gaming, or not targeting
balance, strength, or function

Comparison Any (eg, standard care, other exercise modalities, or no
intervention)

None required

Outcome Outcomes related to balance, strength, and function Studies not reporting functional outcomes related to balance,
strength, mobility, or fall risk

Study design Randomized controlled trials or clinical trials Observational studies, reviews, or case reports
Language English Non-English publications
Publication type Peer-reviewed full-text papers Abstracts, dissertations, or protocols

aVR: virtual reality.

Participants
The included studies comprised male or female older adults
with a mean age of 65 years or older, described as older
adults with frailty, older adults with prefrailty, aged, geriatric,
or older adults living in the community, independently, in

retirement centers or nursing homes. Studies that included
participants with specific medical conditions, such as stroke,
Parkinson disease, or cognitive impairment, were excluded.
Table 2 summarizes the frailty status of participants across
the included studies.

Table 2. Frailty status of participants in included studies.
Study Frailty status (N) Frailty status description
[48] Frail (61) Participants were explicitly described as frail, with reduced mobility.
[49] Prefrail (202) Participants were described as having a moderate fall risk.
[50] Prefrail (59) Participants showed fall risk indicators and used assistive devices.
[51] Prefrail (30) Participants were sedentary, nonexercising older adults with some support needs.
[52] Frail (18) All participants had a history of falls and lived in a nursing home.
[53] Prefrail (37) All participants were explicitly classified as prefrail.
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Interventions
The included studies explored various interventions to
improve balance, mobility, and physical function; these
included video-guided exercises with resistance bands, VR
balance training guided by a physiotherapist, or sensor-
based exergames exercised at home. Each intervention was
compared to traditional exercise programs or participants’
usual activities to assess their effectiveness.
Outcome Measures
The included studies assessed the effectiveness of various
VR interventions for older adults by measuring changes in
physical function and mobility. Outcomes such as the knee
extension strength test and Sit-to-Stand test were used to
assess lower extremity strength, the Berg Balance Scale
(BBS) test was used to assess balance, and the Timed Up
and Go (TUG) test was used to assess functional mobility.
Quality Assessment
The Physiotherapy Evidence Database (PEDro) assessment
tool was used to assess the methodological quality of the
included studies [54]. The total PEDro score reflected the
quality of the study as follows: a total score of ≥6 indicated
high quality, 4‐5 represented fair quality, and ≤3 indicated
poor quality [55].
Data Extraction
The reviewers independently assessed the trials for eligibility
by reviewing the titles and abstracts. If a paper title or abstract
was deemed relevant, the full text was retrieved for evaluation
against the inclusion and exclusion criteria. Any disagreement

between the authors was resolved by the lead author. A data
extraction form was created, and the data were extracted by
the independent reviewers.
Data Analysis
A random-effects meta-analysis was performed using Review
Manager (version 5.4; Cochrane) software. Three primary
outcomes were included: BBS, TUG, and Chair Stand (CS)
tests. The purpose was to identify the mean difference (MD)
in balance, risk of falls, and strength between VR groups
and conventional intervention or control groups, and also to
determine the overall treatment effect size. Heterogeneity was
assessed with the I2 index, which has 4 classification levels:
unimportant heterogeneity (0%‐40%), moderate heterogene-
ity (30%‐60%), substantial heterogeneity (50%‐90%), and
considerable heterogeneity (75%‐100%) [56]. Effect sizes
were calculated for all studies using Cohen d, with <0.2
indicating a “trivial” effect size, with 0.2 indicating a “small”
effect size, 0.5 indicating a “medium” effect size, and 0.8
indicating a “large” effect size [57].

Results
Overview
A total of 1063 papers were identified as relevant; 40 were
duplicates. The remaining 1023 papers were screened. After
the initial screening, 1017 papers were excluded based on the
titles and abstracts. The final review included 6 papers. The
selection process for this systematic review is presented in the
flow diagram in Figure 1.

Figure 1. The results of the literature search conducted on November 1, 2023. VR: virtual reality.
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Methodological Quality
The mean PEDro score was 5.6 (SD 1.3) with 5 studies
[48,50-53] graded as high quality and 1 [49] as poor quality.

Table 3 presents the results of the quality assessment of the
included studies.

Table 3. Physiotherapy evidence database scale assessment for included studies.
Study 1a 2b 3c 4d 5e 6f 7g 8h 9i 10j 11k Total
[48] ✓l ✓ Nm ✓ N N N ✓ ✓ ✓ ✓ 6/10
[49] ✓ N N N N N N N ✓ ✓ ✓ 3/10
[50] ✓ ✓ N N N N ✓ ✓ ✓ ✓ ✓ 6/10
[51] ✓ ✓ N ✓ N N N ✓ ✓ ✓ ✓ 6/10
[52] ✓ ✓ N ✓ N N ✓ ✓ N ✓ ✓ 6/10
[53] ✓ ✓ ✓ ✓ N N ✓ ✓ N ✓ ✓ 7/10
Total 6/6 5/6 1/6 4/6 0/6 0/6 3/6 5/6 4/6 6/6 6/6

a1: Eligibility criteria.
b2: Random allocation.
c3: Concealed allocation.
d4: Baseline comparability.
e5: Blind people.
f6: Blind therapists.
g7: Blind assessors.
h8: Adequate follow-up.
i9: Intention-to-treat analysis.
j10: Between-group comparisons.
k11: Point estimates and variability.
l✓: yes.
mN: no.

Characteristics of Included Studies

Participants and Study Designs
Four of the included studies [48,49,51,52] were RCTs and
the remainder were experimental non-RCTs [50,53]. The total
number of participants recruited studies was 407, with a
mean age of 75.2 (SD 6.4) years, while 357 participants were
included in the analysis. Of those analyzed, the VR groups

comprised 198 participants, and the control groups comprised
159 participants. The number of individuals in the VR groups
ranged from 7 to 63, with a mean of 33 (SD 21.1). In the
control groups, the number of individuals ranged from 11 to
61, with a mean of 31.8 (SD 20.1). All studies were conduc-
ted at home or in nursing homes and in public home care.
Characteristics of included studies are summarized in Table 4.

Table 4. Characteristics of included studies.

Study Design

Total
number of
participants Intervention

Training type for
the intervention
group

Total sessions,
weeks, duration

Number of
samples
analyzed

Outcome
measures Effect size

[48] RCTa 61 IGb: video +
resistance band; CGc:
standard care

Individual home-
based exercise
using video and
booklet

5 months, 3
sessions/week,
26 min/session

IG=25;
CG=28

Chair Stand d=0.32

[49] RCT 37 IG: step pad +
CSRTd; CG: usual
activities

Home-based
interactive step
game

8 weeks, 2‐3
sessions/week,
15‐20 min/
session

IG=15;
CG=17

TUGe, Chair
Stand,
proprioception

TUG: d=0.14;
CS: d=0.29

[50] Pilot
study

148 IG1: Microsoft-
Kinect exergames;
IG2: SMTf; CG:
usual activities

Unsupervised
home programs
(WEBBg, Otago,
SMT)

16 weeks, 3
sessions/week

IG1=24;
IG2=39;
CG=61

TUG, Chair
Stand,
proprioception

TUG: d=0.24;
CS: d=0.16

[51] RCT 100 IG: Kinect video
games; CG: balance,
stretching, or strength

Play Kinect games
supervised by
nurse

6 weeks, 5
sessions/week,
30 min/session

IG=48;
CG=42

TUG, BBSh BBS: d=1.10;
TUG: d=0.05

[52] RCT 21 IG: balance training
with BTS
NIRVANAi VRj; CG:

VR-based balance
exercises
supervised by a

6 weeks, 3
sessions/week, 

IG=7;
CG=11

TUG, BBS TUG: P=.01;
BBS: d=0.71
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Study Design

Total
number of
participants Intervention

Training type for
the intervention
group

Total sessions,
weeks, duration

Number of
samples
analyzed

Outcome
measures Effect size

conventional balance
exercises

PTk in a nursing
home

~35‐45 min/
session

[53] Pilot
study

40 IG: Otago-based
exercise; CG: none

Lower-body
strength and
balance exercises

6 months (3
supervised + 3
unsupervised)

40 TUG, Chair
Stand

TUG: P=.006;
CS: P=.03

aRCT: randomized control trial.
bIG: intervention group.
cCG: control group.
dCSRT: choice stepping reaction time.
eTUG: Timed Up and Go.
fSMT: Step Mat Training.
gWEBB: Weight-Bearing Exercise for Better Balance.
hBBS: Berg Balance Scale.
iBTS NIRVANA: innovative therapeutic systems aiding the rehabilitation process of patients affected by neuro-motor disease by multisensorial
stimulation.
jVR: virtual reality.
kPT: physical therapist.

Number and Duration of Intervention
The duration of VR sessions ranged from 6 to 24 weeks, with
a mean of 13.3 (SD 7.7) weeks. The total number of sessions
ranged from 16 to 120, with a mean of 39.6 (SD 5.2) sessions.

The length of the sessions was 10 to 50 minutes, with a
mean of 25.3 (SD 5) minutes. Descriptions of the exergame
interventions used in the included studies can be found in
Table 5 and Multimedia Appendix 2.

Table 5. Descriptions of VRa or exergame interventions used in included studies.
Study VR tool Description
[48] Television-based video exercise program Participants followed a prerecorded exercise video featuring strength and balance activities

based on the Otago Exercise Program.
[49] Dance Dance Revolution style step pad

game
Participants used a step pad linked to a screen to play rhythm-based games, requiring
directional steps and incorporating cognitive challenges to enhance executive function.

[50] Microsoft Kinect-based exergame Participants engaged in movement-based games that require stepping, shifting, and
reaching, using motion-sensor technology.

[51] Microsoft Kinect-based exergame Participants used a motion-sensing camera system to perform stepping, squatting, and
weight-shifting, guided by visual cues on a screen.

[52] Nintendo Wii Fit system Participants performed exergames using the Wii Balance Board, performing static and
dynamic activities with real-time visual feedback.

[53] Tablet-based video program with wearable
motion sensors

Participants used a tablet app that delivered exercise videos inspired by the Otago program,
and a necklace-worn motion sensor was used for activity monitoring and feedback.

aVR: virtual reality.

Qualitative Analysis

BBS
Two studies [51,52] used the BBS as a key outcome measure.
Significant improvements were observed in VR groups. Both
studies assessed BBS postintervention within 6 weeks.

TUG
Five studies [49-53] used the TUG as a key outcome measure.
Significant improvements were found in the VR group in
3 studies [50-52], where 2 studies [51,52] assessed TUG
postintervention within 6 weeks and 1 within 6 months of
follow-up [50]. The remaining 2 studies [49,53] did not show
significant improvements for all groups, where 1 study [49]
assessed TUG postintervention within 8 weeks and the other
one [53] within 16 weeks.

Strength
Two studies [49,50] used knee extension strength as a key
outcome. Both studies did not show significant improvements
in any group. Four studies assessed CS performance as a
key outcome measure [48-50,53]. All studies did not show
significant improvements for all groups.
Meta-Analysis

Overview
Only four studies [49-52] were included in the meta-analysis.
The study by Vestergaard et al [48] did not use standardized
outcomes compatible for pooling, and the study byGeraedts
et al [53] was a single-arm study without a control group,
preventing calculation of comparative effect sizes. Therefore,
both were excluded from the meta-analysis [43-46]. Figures
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2-4 show the overall treatment effect size and the results of
each study on the BBS, TUG, and CS.

Figure 2. Forest plot for the mean difference of the effect of VR compared with conventional interventions and control on the BBS; lower BBS mean
score indicates higher risk of falling [51,52]. BBS: Berg Balance Scale; VR: virtual reality.

Figure 3. Forest plot for the mean difference of the effect of VR compared with conventional interventions and control on the time (in seconds) of the
TUG; lower TUG mean score indicates better mobility performance [49-52,]. TUG: Timed Up and Go; VR: virtual reality.

Figure 4. Forest plot for the mean difference of the effect of VR compared with conventional interventions and control on the Chair Stand test; lower
mean score indicates better mobility performance [48-50,]. VR: virtual reality.

BBS
Two [51,52] studies with 55 participants were eligible for
inclusion in this meta-analysis. A forest plot revealed that VR
yielded better results than conventional interventions and no
intervention (control) in terms of improvements in postural
control (MD=3.62; 95% CI 2.29 to 4.95; P<.001; I2=0%).
For conventional interventions and the control, the results of
the meta-analysis showed a lower mean score on the BBS,
indicating a higher risk of falling (Figure 2).

TUG
Four studies [49-52] with 94 participants were eligible for
inclusion in this meta-analysis. The forest plot showed no
significant differences between the interactive video games
and other interventions or the control on TUG (MD=−0.37;
95% CI −1.16 to 0.41; P=.35; I2=0%; Figure 3).

Strength
Three studies [48-50] with 64 participants were eligible for
inclusion in this meta-analysis. The forest plot showed no
significant differences between interactive video games and
other interventions or the control on CS (MD=−0.20; 95% CI
−1.70 to 1.29; P=.79; I2=21%; Figure 4).

Discussion
Principal Findings
This current systematic review aimed to identify studies
that have investigated the use of VR training at home to
improve balance, strength, and mobility among older adults
with frailty and prefrailty. Although few studies have focused
on this aim, the findings showed that VR was effective
at improving balance but not strength and mobility. One
potential reason for this could be due to limited experience
with independent technology use among older adults and
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therapists, a challenge that has been validated in previous
studies [41,58]. Nevertheless, the studies included in this
review are examples of how technological advancements can
reshape health care delivery and demonstrate that certain VR
interventions can be used safely with older adults, as no study
reported any safety hazards.
Comparison to Prior Work
The findings from this review showed that home-based
VR intervention produces great variability in effectiveness
on different outcomes. On balance, both [51,52] found a
significant effect on balance in the VR group when using
the BBS. This finding aligns with a recent review [59],
which also found a significant improvement in BBS scores
following VR intervention in older adults with balance
impairments. Similarly, another study [60] found that VR
intervention significantly improved BBS scores in older
adults residing in nursing homes compared with those living
in communities. The populations studied in these studies were
similar, indicating that these findings may be generalizable.

For strength outcomes, the CS test did not show signifi-
cant improvements in 4 of the included studies. In the study
by Vestergaard et al [48], the lack of improvement may
be due to insufficient progression in the exercises included
in the VR training group. Without adequate progression
or intensity, participants may not have experienced mean-
ingful gains in strength or functional mobility. However,
this remains a possible explanation rather than a definitive
conclusion. In the study by Gschwind et al [50], although
the Step Mat Training (SMT) group demonstrated significant
improvements in sit-to-stand times compared to the control
group, no significant differences were found between the 2
intervention groups or between the intervention group and
the control group. This limited improvement could suggest
that Kinect training may not have been as effective in
enhancing strength and balance. The intensity and specif-
icity of exercises delivered through VR interventions are
likely contributing factors. While some studies may have
used tailored and progressively challenging tasks to enhance
training efficacy, others may have implemented more generic
routines that did not adequately target the specific mobility
deficits of participants.

In contrast to mobility outcomes, home-based VR
training’s effect on the TUG showed variation in the included
studies. The lack of significant improvement could be
attributed to the small sample size [49,50], which limited the
ability to detect changes. This variation in effect on TUG
could also be due to the specific design and characteristics
of the VR interventions implemented in these studies. For
instance, 1 study [49] used short-duration interventions of
10‐20 minutes per session, while another [51] used longer-
duration interventions of 30 minutes per session. Similarly,
the VR effect on knee extension strength did not show
significant improvements in the 2 studies [49,50]. In the study
by Schoene et al [49], the intervention did not specifically
target knee extension strength or range of motion, focus-
ing more on stepping performance and cognitive parameters
related to fall risk. In contrast, Gschwind et al [50] found no

significant differences between the 2 intervention groups or
between the SMT group and the control group. This could
be due to the SMT program focusing on proprioception,
cognitive processing, and balance, which may have shifted
the emphasis away from targeting strength. In contrast, the
Kinect program may have placed more emphasis on strength-
building exercises [50].

The current meta-analysis clearly highlights 2 aspects:
the frail and prefrail status of participants and the home-
based delivery of VR training. The importance of targeting
older adults with frailty or prefrailty originates from the
increased vulnerability among this demographic to functional
decline and falls, emphasizing the need for tailored rehabilita-
tion interventions [61,62]. Previous systematic reviews and
trials examining VR interventions in rehabilitation centers
among older populations, rather than specifically individ-
uals with frailty or prefrailty, have reported varied find-
ings. For instance, a recent systematic review [59] showed
significant improvements in balance, strength, and mobi-
lity among older adults participating in center-based VR
programs. Similarly, an RCT [60] delivered in nursing
homes showed improvements in balance outcomes, specifi-
cally on the BBS, following structured VR interventions.
However, such site-specific studies often comprise higher
levels of supervision and formal instruction from a therapist,
which are not necessarily available in home-based settings.
This key distinction highlights the importance of evaluat-
ing home-based VR effectiveness independently. Notably,
this review found challenges in standardizing intervention
intensity and ensuring adherence and safety without direct
professional oversight. This is in line with recent findings
[63], which reported technology use challenges among older
adults without supervision, potentially limiting the effective-
ness of home-based VR interventions. Furthermore, stud-
ies conducted among older adults often report increased
baseline functional ability compared to populations with
frailty and prefrailty, possibly overestimating intervention
effectiveness. For instance, the study by Donath et al. [64]
reported significant improvements in functional performance
following a supervised VR training program in healthy older
adults. In contrast, our review’s targeted populations with
frailty and prefrailty showed smaller effect sizes in mobility
outcomes (TUG), possibly due to lower initial functional
status.

Overall, our study revealed that VR exercises significantly
enhanced balance among older adults compared to those who
engaged in regular exercises or remained inactive. However,
there were no clear and significant differences in strength
and functional mobility. This suggests that while VR training
holds potential, its design and implementation require careful
consideration to ensure progressive difficulty and proper
evaluation through controlled studies.
Limitations
First, only studies published in English were included, raising
the possibility of language bias. This might have caused the
exclusion of related studies. While this decision was made
to ensure precise analysis of findings, future reviews could

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 8
(page number not for citation purposes)

https://games.jmir.org/2025/1/e67146


compensate for this limitation by using translation resources
or multilingual reviewers.

Second, there was considerable heterogeneity in interven-
tion design across the included studies. Variations in VR
training, session duration, frequency, and outcome meas-
ures made it difficult to directly compare results. The
heterogeneity in study protocols could have been a factor
in the inconsistent findings. Future studies are advised to
design standardized intervention protocols to mitigate these
differences.

Third, the small sample sizes in multiple studies limited
the statistical power to identify significant outcomes. While
we used rigorous quality assessment (eg, PEDro scale) to
identify high-quality studies, the small sample size may have
resulted in underpowered analyses. Future studies should
include larger, adequately powered samples to strengthen the
validity of the outcomes.

Fourth, this review excluded gray literature and unpub-
lished studies, which may have introduced publication bias.
Although we conducted a comprehensive search across
multiple databases to mitigate this risk, future reviews should
consider searching clinical trial registries and preprint servers
to identify ongoing or unpublished work.
Future Directions
We should aim to standardize VR protocols. Future studies
should develop structured VR interventions with gradual

difficulty and standardized outcomes to enhance consistency
and comparability across trials.

We should aim to assess long-term effects. Future studies
should assess adherence, sustainability of outcomes, and
cost-effectiveness over extended periods.

We should aim to enhance engagement and adherence.
VR’s interactive nature offers potential benefits beyond
physical improvement, including motivation and adherence.

We should aim to explore clinical adoption. Future
research should investigate health care providers’ perceptions,
barriers, and facilitators to implementing VR-based training
in routine geriatric care.
Conclusion
This systematic review aimed to evaluate the effectiveness
of home-based VR training in improving balance, strength,
and mobility among older adults with frailty and prefrailty.
The findings suggest that VR interventions are consistently
effective in improving balance but show limited evidence
for improving strength and mobility. These outcomes were
influenced by variability in intervention design, duration, and
intensity across studies.

Acknowledgments
We acknowledge the use of the generative artificial intelligence tool ChatGPT by OpenAI, which was used to assist in refining
the language of early manuscript drafts. This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.
Authors’ Contributions
HA handled the conceptualization (lead), methodology (lead), formal analysis (lead), writing of the original draft (lead), and
review and editing of the writing (equal). EA, LB, GK, and YA worked on the data curation (equal), investigation (equal), and
review and editing of the writing (equal). AA and MAA assisted with the supervision (equal), validation (equal), and review
and editing of the writing (equal).
Conflicts of Interest
None declared.
Multimedia Appendix 1
Detailed overview of the search terms and strategies used.
[DOCX File (Microsoft Word File), 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search terms used and description of VR. VR: virtual reality.
[DOCX File (Microsoft Word File), 17 KB-Multimedia Appendix 2]

Checklist 1
PRISMA item checklist. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
[DOCX File (Microsoft Word File), 23 KB-Checklist 1]
References
1. Crocker TF, Brown L, Clegg A, et al. Quality of life is substantially worse for community-dwelling older people living

with frailty: systematic review and meta-analysis. Qual Life Res. Aug 2019;28(8):2041-2056. [doi: 10.1007/s11136-019-
02149-1] [Medline: 30875008]

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 9
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=games_v13i1e67146_app1.docx
https://jmir.org/api/download?alt_name=games_v13i1e67146_app1.docx
https://jmir.org/api/download?alt_name=games_v13i1e67146_app2.docx
https://jmir.org/api/download?alt_name=games_v13i1e67146_app2.docx
https://jmir.org/api/download?alt_name=games_v13i1e67146_app3.docx
https://jmir.org/api/download?alt_name=games_v13i1e67146_app3.docx
https://doi.org/10.1007/s11136-019-02149-1
https://doi.org/10.1007/s11136-019-02149-1
http://www.ncbi.nlm.nih.gov/pubmed/30875008
https://games.jmir.org/2025/1/e67146


2. Chang CH, Wei CC, Lien WC, et al. The usability and effect of a novel intelligent rehabilitation exergame system on
quality of life in frail older adults: prospective cohort study. JMIR Serious Games. Jan 21, 2025;13:e50669. [doi: 10.
2196/50669] [Medline: 39841584]

3. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
Mar 2001;56(3):M146-56. [doi: 10.1093/gerona/56.3.m146] [Medline: 11253156]

4. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in community-dwelling older persons: a
systematic review. J Am Geriatr Soc. Aug 2012;60(8):1487-1492. [doi: 10.1111/j.1532-5415.2012.04054.x] [Medline:
22881367]

5. Walston J, Hadley EC, Ferrucci L, et al. Research agenda for frailty in older adults: toward a better understanding of
physiology and etiology: summary from the American Geriatrics Society/National Institute on Aging Research
Conference on Frailty in Older Adults. J Am Geriatr Soc. Jun 2006;54(6):991-1001. [doi: 10.1111/j.1532-5415.2006.
00745.x] [Medline: 16776798]

6. Davidson SL, Lee J, Emmence L, et al. Systematic review and meta-analysis of the prevalence of frailty and pre-frailty
amongst older hospital inpatients in low- and middle-income countries. Age Ageing. Jan 6, 2025;54(1):afae279. [doi: 10.
1093/ageing/afae279] [Medline: 39757939]

7. Polidori MC, Ferrucci L. Frailty from conceptualization to action: the biopsychosocial model of frailty and resilience.
Aging Clin Exp Res. Apr 2023;35(4):725-727. [doi: 10.1007/s40520-022-02337-z] [Medline: 36944846]

8. Davies K, Maharani A, Chandola T, O’Neill TW, Todd C, Pendleton N. A prospective analysis examining frailty
remission and the association with future falls risk in older adults in England. Age Ageing. Feb 1, 2023;52(2):afad003.
[doi: 10.1093/ageing/afad003] [Medline: 36821643]

9. Vaishya R, Vaish A. Falls in older adults are serious. Indian J Orthop. Feb 2020;54(1):69-74. [doi: 10.1007/s43465-019-
00037-x] [Medline: 32257019]

10. Montero-Odasso M, van der Velde N, Martin FC, et al. World guidelines for falls prevention and management for older
adults: a global initiative. Age Ageing. Sep 2, 2022;51(9):afac205. [doi: 10.1093/ageing/afac205] [Medline: 36178003]

11. Knight T, Kamwa V, Atkin C, et al. Acute care models for older people living with frailty: a systematic review and
taxonomy. BMC Geriatr. Dec 5, 2023;23(1):809. [doi: 10.1186/s12877-023-04373-4] [Medline: 38053044]

12. Zak M, Sikorski T, Wasik M, Courteix D, Dutheil F, Brola W. Frailty syndrome-fall risk and rehabilitation management
aided by virtual reality (VR) technology solutions: a narrative review of the current literature. Int J Environ Res Public
Health. Mar 3, 2022;19(5):2985. [doi: 10.3390/ijerph19052985] [Medline: 35270677]

13. Nagaraju SP, Shenoy SV, Gupta A. Frailty in end stage renal disease: current perspectives. Nefrologia (Engl Ed).
2022;42(5):531-539. [doi: 10.1016/j.nefroe.2021.05.008] [Medline: 36792307]

14. Checa-López M, Oviedo-Briones M, Pardo-Gómez A, et al. FRAILTOOLS study protocol: a comprehensive validation
of frailty assessment tools to screen and diagnose frailty in different clinical and social settings and to provide
instruments for integrated care in older adults. BMC Geriatr. Mar 18, 2019;19(1):86. [doi: 10.1186/s12877-019-1042-1]
[Medline: 30885132]

15. Heng MWY, Chan AWD, Man REK, et al. Individual and combined associations of sarcopenia, osteoporosis and obesity
with frailty in a multi-ethnic asian older adult population. BMC Geriatr. Dec 5, 2023;23(1):802. [doi: 10.1186/s12877-
023-04500-1] [Medline: 38053025]

16. O’Caoimh R, Sezgin D, O’Donovan MR, et al. Prevalence of frailty in 62 countries across the world: a systematic review
and meta-analysis of population-level studies. Age Ageing. Jan 8, 2021;50(1):96-104. [doi: 10.1093/ageing/afaa219]
[Medline: 33068107]

17. Rohrmann S. Epidemiology of frailty in older people. In: Advances in Experimental Medicine and Biology. Springer,
Cham; 2020:21-27. [doi: 10.1007/978-3-030-33330-0_3] [Medline: 31894543]

18. Mangin D, Lawson J, Risdon C, et al. Association between frailty, chronic conditions and socioeconomic status in
community-dwelling older adults attending primary care: a cross-sectional study using practice-based research network
data. BMJ Open. Feb 21, 2023;13(2):e066269. [doi: 10.1136/bmjopen-2022-066269] [Medline: 36810183]

19. Cowley A, Goldberg SE, Gordon AL, Kerr M, Logan P. Exploring rehabilitation potential in older people living with
frailty: a qualitative focus group study. BMC Geriatr. Mar 6, 2021;21(1):165. [doi: 10.1186/s12877-021-02107-y]
[Medline: 33676401]

20. Alves E, Gonçalves C, Oliveira H, Ribeiro R, Fonseca C. Health-related outcomes of structured home-based
rehabilitation programs among older adults: a systematic literature review. Heliyon. Aug 15, 2024;10(15):e35351. [doi:
10.1016/j.heliyon.2024.e35351] [Medline: 39170553]

21. Chambel G, Tinga AM, Huybens DS, Dias G, Pinto JF. Exploring the impact of a gamified exercise platform to support
healthy ageing: home-based study with older adults. Presented at: 2023 IEEE 11th International Conference on Serious
Games and Applications for Health (SeGAH); Aug 28-30, 2023:1-7; Athens, Greece. [doi: 10.1109/SeGAH57547.2023.
10253760]

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 10
(page number not for citation purposes)

https://doi.org/10.2196/50669
https://doi.org/10.2196/50669
http://www.ncbi.nlm.nih.gov/pubmed/39841584
https://doi.org/10.1093/gerona/56.3.m146
http://www.ncbi.nlm.nih.gov/pubmed/11253156
https://doi.org/10.1111/j.1532-5415.2012.04054.x
http://www.ncbi.nlm.nih.gov/pubmed/22881367
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.1111/j.1532-5415.2006.00745.x
http://www.ncbi.nlm.nih.gov/pubmed/16776798
https://doi.org/10.1093/ageing/afae279
https://doi.org/10.1093/ageing/afae279
http://www.ncbi.nlm.nih.gov/pubmed/39757939
https://doi.org/10.1007/s40520-022-02337-z
http://www.ncbi.nlm.nih.gov/pubmed/36944846
https://doi.org/10.1093/ageing/afad003
http://www.ncbi.nlm.nih.gov/pubmed/36821643
https://doi.org/10.1007/s43465-019-00037-x
https://doi.org/10.1007/s43465-019-00037-x
http://www.ncbi.nlm.nih.gov/pubmed/32257019
https://doi.org/10.1093/ageing/afac205
http://www.ncbi.nlm.nih.gov/pubmed/36178003
https://doi.org/10.1186/s12877-023-04373-4
http://www.ncbi.nlm.nih.gov/pubmed/38053044
https://doi.org/10.3390/ijerph19052985
http://www.ncbi.nlm.nih.gov/pubmed/35270677
https://doi.org/10.1016/j.nefroe.2021.05.008
http://www.ncbi.nlm.nih.gov/pubmed/36792307
https://doi.org/10.1186/s12877-019-1042-1
http://www.ncbi.nlm.nih.gov/pubmed/30885132
https://doi.org/10.1186/s12877-023-04500-1
https://doi.org/10.1186/s12877-023-04500-1
http://www.ncbi.nlm.nih.gov/pubmed/38053025
https://doi.org/10.1093/ageing/afaa219
http://www.ncbi.nlm.nih.gov/pubmed/33068107
https://doi.org/10.1007/978-3-030-33330-0_3
http://www.ncbi.nlm.nih.gov/pubmed/31894543
https://doi.org/10.1136/bmjopen-2022-066269
http://www.ncbi.nlm.nih.gov/pubmed/36810183
https://doi.org/10.1186/s12877-021-02107-y
http://www.ncbi.nlm.nih.gov/pubmed/33676401
https://doi.org/10.1016/j.heliyon.2024.e35351
http://www.ncbi.nlm.nih.gov/pubmed/39170553
https://doi.org/10.1109/SeGAH57547.2023.10253760
https://doi.org/10.1109/SeGAH57547.2023.10253760
https://games.jmir.org/2025/1/e67146


22. Hurst C, Dismore L, Granic A, et al. Attitudes and barriers to resistance exercise training for older adults living with
multiple long-term conditions, frailty, and a recent deterioration in health: qualitative findings from the Lifestyle in Later
Life - Older People’s Medicine (LiLL-OPM) study. BMC Geriatr. Nov 24, 2023;23(1):772. [doi: 10.1186/s12877-023-
04461-5] [Medline: 38001414]

23. Rúa-Alonso M, Bovolini A, Costa-Brito AR, et al. Exploring perceived barriers to physical activity among older adults
living in low-population density regions: gender differences and associations with activity dimensions. Healthcare
(Basel). Nov 11, 2023;11(22):2948. [doi: 10.3390/healthcare11222948] [Medline: 37998440]

24. Kwan RYC, Liu J, Sin OSK, et al. Effects of virtual reality motor-cognitive training for older people with cognitive
frailty: multicentered randomized controlled trial. J Med Internet Res. Sep 11, 2024;26:e57809. [doi: 10.2196/57809]
[Medline: 39259959]

25. Chen J, Or CK, Li Z, Yeung EHK, Chen T. Perceptions of patients with stroke regarding an immersive virtual reality-
based exercise system for upper limb rehabilitation: questionnaire and interview study. JMIR Serious Games. Jan 1,
2025;13:e49847. [doi: 10.2196/49847] [Medline: 39742513]

26. Béraud-Peigné N, Perrot A, Maillot P. Active video games training for older adults: comparative study of user
experience, workload, pleasure, and intensity. JMIR Serious Games. May 26, 2025;13:e67314. [doi: 10.2196/67314]
[Medline: 40418855]

27. Kaiser W, de Bruin ED, Manser P. Domain-specific evaluation of exergame metrics among older adults with mild
neurocognitive disorder: secondary analysis of 2 randomized controlled trials. JMIR Serious Games. May 21,
2025;13:e65878. [doi: 10.2196/65878] [Medline: 40397948]

28. Mo N, Feng JY, Liu HX, Chen XY, Zhang H, Zeng H. Effects of exergaming on musculoskeletal pain in older adults:
systematic review and meta-analysis. JMIR Serious Games. Apr 25, 2023;11:e42944. [doi: 10.2196/42944] [Medline:
37097717]

29. Everard G, Declerck L, Lejeune T, et al. A self-adaptive serious game to improve motor learning among older adults in
immersive virtual reality: short-term longitudinal pre-post study on retention and transfer. JMIR Aging. Mar 3,
2025;8:e64004. [doi: 10.2196/64004] [Medline: 40053708]

30. Rico-Olarte C, Lopez DM, Eskofier BM, Becker L. Electrophysiological insights in exergaming-electroencephalography
data recording and movement artifact detection: systematic review. JMIR Serious Games. Apr 7, 2025;13:e50992. [doi:
10.2196/50992] [Medline: 40194274]

31. Peebles AT, van der Veen S, Stamenkovic A, France CR, Pidcoe PE, Thomas JS. A virtual reality game suite for graded
rehabilitation in patients with low back pain and a high fear of movement: within-subject comparative study. JMIR
Serious Games. Mar 23, 2022;10(1):e32027. [doi: 10.2196/32027] [Medline: 35319471]

32. Maheta B, Kraft A, Interrante N, et al. Using virtual reality to improve outcomes related to quality of life among older
adults with serious illnesses: systematic review of randomized controlled trials. J Med Internet Res. Feb 26,
2025;27:e54452. [doi: 10.2196/54452] [Medline: 40009834]

33. Brazil CK, Rys MJ. The effect of VR on fine motor performance by older adults: a comparison between real and virtual
tasks. Virtual Real. 2024;28(2):113. [doi: 10.1007/s10055-024-01009-9]

34. Wang YH. Understanding senior adults’ needs, preferences, and experiences of commercial exergames for health:
usability study. JMIR Serious Games. Apr 5, 2024;12:e36154. [doi: 10.2196/36154] [Medline: 38578674]

35. Du Q, Wei Y, Ma Y, et al. Efficacy of virtual reality-based interventions on cognitive function in patients with
neuropsychiatric disorders: systematic review and meta-analysis of randomized controlled trials. JMIR Serious Games.
May 8, 2025;13:e67501. [doi: 10.2196/67501] [Medline: 40341171]

36. Yu D, Li X, Lai FHY. The effect of virtual reality on executive function in older adults with mild cognitive impairment:
a systematic review and meta-analysis. Aging Ment Health. Apr 2023;27(4):663-673. [doi: 10.1080/13607863.2022.
2076202] [Medline: 35635486]

37. Wong AKC, Zhang MQ, Bayuo J, et al. The effect of young people-assisted, individualized, motion-based video games
on physical, cognitive, and social frailty among community-dwelling older adults with frailty: randomized controlled
trial. JMIR Serious Games. Nov 20, 2024;12:e57352. [doi: 10.2196/57352] [Medline: 39622701]

38. Zak M, Sikorski T, Krupnik S, et al. Physiotherapy programmes aided by VR solutions applied to the seniors affected by
functional capacity impairment: randomised controlled trial. Int J Environ Res Public Health. May 15, 2022;19(10):6018.
[doi: 10.3390/ijerph19106018] [Medline: 35627554]

39. Zanotto T, Galperin I, Kumar DP, et al. Effects of a 6-week treadmill training with and without virtual reality on frailty
in people with multiple sclerosis. Arch Phys Med Rehabil. Feb 2025;106(2):187-194. [doi: 10.1016/j.apmr.2024.09.010]
[Medline: 39341443]

40. Alhasan H, Alshehri MA, Wheeler PC, Fong DTP. Effects of interactive videogames on postural control and risk of fall
outcomes in frail and pre-frail older adults: a systematic review and meta-analysis. Games Health J. Apr
2021;10(2):83-94. [doi: 10.1089/g4h.2020.0009] [Medline: 33651955]

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 11
(page number not for citation purposes)

https://doi.org/10.1186/s12877-023-04461-5
https://doi.org/10.1186/s12877-023-04461-5
http://www.ncbi.nlm.nih.gov/pubmed/38001414
https://doi.org/10.3390/healthcare11222948
http://www.ncbi.nlm.nih.gov/pubmed/37998440
https://doi.org/10.2196/57809
http://www.ncbi.nlm.nih.gov/pubmed/39259959
https://doi.org/10.2196/49847
http://www.ncbi.nlm.nih.gov/pubmed/39742513
https://doi.org/10.2196/67314
http://www.ncbi.nlm.nih.gov/pubmed/40418855
https://doi.org/10.2196/65878
http://www.ncbi.nlm.nih.gov/pubmed/40397948
https://doi.org/10.2196/42944
http://www.ncbi.nlm.nih.gov/pubmed/37097717
https://doi.org/10.2196/64004
http://www.ncbi.nlm.nih.gov/pubmed/40053708
https://doi.org/10.2196/50992
http://www.ncbi.nlm.nih.gov/pubmed/40194274
https://doi.org/10.2196/32027
http://www.ncbi.nlm.nih.gov/pubmed/35319471
https://doi.org/10.2196/54452
http://www.ncbi.nlm.nih.gov/pubmed/40009834
https://doi.org/10.1007/s10055-024-01009-9
https://doi.org/10.2196/36154
http://www.ncbi.nlm.nih.gov/pubmed/38578674
https://doi.org/10.2196/67501
http://www.ncbi.nlm.nih.gov/pubmed/40341171
https://doi.org/10.1080/13607863.2022.2076202
https://doi.org/10.1080/13607863.2022.2076202
http://www.ncbi.nlm.nih.gov/pubmed/35635486
https://doi.org/10.2196/57352
http://www.ncbi.nlm.nih.gov/pubmed/39622701
https://doi.org/10.3390/ijerph19106018
http://www.ncbi.nlm.nih.gov/pubmed/35627554
https://doi.org/10.1016/j.apmr.2024.09.010
http://www.ncbi.nlm.nih.gov/pubmed/39341443
https://doi.org/10.1089/g4h.2020.0009
http://www.ncbi.nlm.nih.gov/pubmed/33651955
https://games.jmir.org/2025/1/e67146


41. Lee YH, Lin CH, Wu WR, Chiu HY, Huang HC. Virtual reality exercise programs ameliorate frailty and fall risks in
older adults: a meta-analysis. J Am Geriatr Soc. Sep 2023;71(9):2946-2955. [doi: 10.1111/jgs.18398] [Medline:
37165743]

42. Daly RM, Gianoudis J, Hall T, Mundell NL, Maddison R. Feasibility, usability, and enjoyment of a home-based exercise
program delivered via an exercise app for musculoskeletal health in community-dwelling older adults: short-term
prospective pilot study. JMIR mHealth uHealth. Jan 13, 2021;9(1):e21094. [doi: 10.2196/21094] [Medline: 33439147]

43. Meredith SJ, Cox NJ, Ibrahim K, et al. Factors that influence older adults’ participation in physical activity: a systematic
review of qualitative studies. Age Ageing. Aug 1, 2023;52(8):afad145. [doi: 10.1093/ageing/afad145] [Medline:
37595070]

44. Abdallah L, Stolee P, Lopez KJ, Whate A, Boger J, Tong C. The impact of COVID-19 on older adults’ perceptions of
virtual care: qualitative study. JMIR Aging. Oct 20, 2022;5(4):e38546. [doi: 10.2196/38546] [Medline: 36054599]

45. Healy D, Flynn A, Conlan O, McSharry J, Walsh J. Older adults’ experiences and perceptions of immersive virtual
reality: systematic review and thematic synthesis. JMIR Serious Games. Dec 6, 2022;10(4):e35802. [doi: 10.2196/
35802] [Medline: 36472894]

46. Li Y, Wilke C, Shiyanov I, Muschalla B. Impact of virtual reality-based group activities on activity level and well-being
among older adults in nursing homes: longitudinal exploratory study. JMIR Serious Games. Mar 29, 2024;12:e50796.
[doi: 10.2196/50796] [Medline: 38551635]

47. Virtual reality as a training for frail or pre-frail older adults to improve strength, postural control, and reduce the risk of
falls. PROSPERO. URL: https://www.crd.york.ac.uk/PROSPERO/view/CRD42023478330 [Accessed 2025-06-21]

48. Vestergaard S, Kronborg C, Puggaard L. Home-based video exercise intervention for community-dwelling frail older
women: a randomized controlled trial. Aging Clin Exp Res. Oct 2008;20(5):479-486. [doi: 10.1007/BF03325155]
[Medline: 19039291]

49. Schoene D, Lord SR, Delbaere K, Severino C, Davies TA, Smith ST. A randomized controlled pilot study of home-
based step training in older people using videogame technology. PLoS ONE. 2013;8(3):e57734. [doi: 10.1371/journal.
pone.0057734] [Medline: 23472104]

50. Gschwind YJ, Schoene D, Lord SR, et al. The effect of sensor-based exercise at home on functional performance
associated with fall risk in older people - a comparison of two exergame interventions. Eur Rev Aging Phys Act.
2015;12:11. [doi: 10.1186/s11556-015-0156-5] [Medline: 26865875]

51. Karahan AY, Tok F, Taşkın H, Kuçuksaraç S, Başaran A, Yıldırım P. Effects of exergames on balance, functional
mobility, and quality of life of geriatrics versus home exercise programme: randomized controlled study. Cent Eur J
Public Health. Nov 2015;23 Suppl:S14-S18. [doi: 10.21101/cejph.a4081] [Medline: 26849537]

52. Yeşilyaprak SS, Yıldırım MŞ, Tomruk M, Ertekin Ö, Algun ZC. Comparison of the effects of virtual reality-based
balance exercises and conventional exercises on balance and fall risk in older adults living in nursing homes in Turkey.
Physiother Theory Pract. 2016;32(3):191-201. [doi: 10.3109/09593985.2015.1138009] [Medline: 27049879]

53. Geraedts HAE, Dijkstra H, Zhang W, et al. Effectiveness of an individually tailored home-based exercise rogramme for
pre-frail older adults, driven by a tablet application and mobility monitoring: a pilot study. Eur Rev Aging Phys Act. Jun
21, 2021;18(1):10. [doi: 10.1186/s11556-021-00264-y] [Medline: 34154524]

54. Moseley AM, Herbert RD, Sherrington C, Maher CG. Evidence for physiotherapy practice: a survey of the
Physiotherapy Evidence Database (PEDro). Aust J Physiother. 2002;48(1):43-49. [doi: 10.1016/s0004-9514(14)60281-6]
[Medline: 11869164]

55. Herd CR, Meserve BB. A systematic review of the effectiveness of manipulative therapy in treating lateral
epicondylalgia. J Man Manip Ther. 2008;16(4):225-237. [doi: 10.1179/106698108790818288] [Medline: 19771195]

56. Thompson SG, Higgins JPT. How should meta-regression analyses be undertaken and interpreted? Stat Med. Jun 15,
2002;21(11):1559-1573. [doi: 10.1002/sim.1187] [Medline: 12111920]

57. Fritz CO, Morris PE, Richler JJ. Effect size estimates: current use, calculations, and interpretation. J Exp Psychol Gen.
Feb 2012;141(1):2-18. [doi: 10.1037/a0024338] [Medline: 21823805]

58. Kouvonen A, Kemppainen T, Taipale S, Olakivi A, Wrede S, Kemppainen L. Health and self-perceived barriers to
internet use among older migrants: a population-based study. BMC Public Health. Mar 23, 2022;22(1):574. [doi: 10.
1186/s12889-022-12874-x] [Medline: 35321678]

59. Chen PJ, Hsu HF, Chen KM, Belcastro F. VR exergame interventions among older adults living in long-term care
facilities: a systematic review with meta-analysis. Ann Phys Rehabil Med. Apr 2023;66(3):101702. [doi: 10.1016/j.
rehab.2022.101702] [Medline: 36028201]

60. Ren Y, Lin C, Zhou Q, Yingyuan Z, Wang G, Lu A. Effectiveness of virtual reality games in improving physical
function, balance and reducing falls in balance-impaired older adults: a systematic review and meta-analysis. Arch
Gerontol Geriatr. May 2023;108:104924. [doi: 10.1016/j.archger.2023.104924] [Medline: 36680968]

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 12
(page number not for citation purposes)

https://doi.org/10.1111/jgs.18398
http://www.ncbi.nlm.nih.gov/pubmed/37165743
https://doi.org/10.2196/21094
http://www.ncbi.nlm.nih.gov/pubmed/33439147
https://doi.org/10.1093/ageing/afad145
http://www.ncbi.nlm.nih.gov/pubmed/37595070
https://doi.org/10.2196/38546
http://www.ncbi.nlm.nih.gov/pubmed/36054599
https://doi.org/10.2196/35802
https://doi.org/10.2196/35802
http://www.ncbi.nlm.nih.gov/pubmed/36472894
https://doi.org/10.2196/50796
http://www.ncbi.nlm.nih.gov/pubmed/38551635
https://www.crd.york.ac.uk/PROSPERO/view/CRD42023478330
https://doi.org/10.1007/BF03325155
http://www.ncbi.nlm.nih.gov/pubmed/19039291
https://doi.org/10.1371/journal.pone.0057734
https://doi.org/10.1371/journal.pone.0057734
http://www.ncbi.nlm.nih.gov/pubmed/23472104
https://doi.org/10.1186/s11556-015-0156-5
http://www.ncbi.nlm.nih.gov/pubmed/26865875
https://doi.org/10.21101/cejph.a4081
http://www.ncbi.nlm.nih.gov/pubmed/26849537
https://doi.org/10.3109/09593985.2015.1138009
http://www.ncbi.nlm.nih.gov/pubmed/27049879
https://doi.org/10.1186/s11556-021-00264-y
http://www.ncbi.nlm.nih.gov/pubmed/34154524
https://doi.org/10.1016/s0004-9514(14)60281-6
http://www.ncbi.nlm.nih.gov/pubmed/11869164
https://doi.org/10.1179/106698108790818288
http://www.ncbi.nlm.nih.gov/pubmed/19771195
https://doi.org/10.1002/sim.1187
http://www.ncbi.nlm.nih.gov/pubmed/12111920
https://doi.org/10.1037/a0024338
http://www.ncbi.nlm.nih.gov/pubmed/21823805
https://doi.org/10.1186/s12889-022-12874-x
https://doi.org/10.1186/s12889-022-12874-x
http://www.ncbi.nlm.nih.gov/pubmed/35321678
https://doi.org/10.1016/j.rehab.2022.101702
https://doi.org/10.1016/j.rehab.2022.101702
http://www.ncbi.nlm.nih.gov/pubmed/36028201
https://doi.org/10.1016/j.archger.2023.104924
http://www.ncbi.nlm.nih.gov/pubmed/36680968
https://games.jmir.org/2025/1/e67146


61. Kannan L, Sahu U, Subramaniam S, et al. Gaming-based tele-exercise program to improve physical function in frail
older adults: feasibility randomized controlled trial. J Med Internet Res. Nov 27, 2024;26:e56810. [doi: 10.2196/56810]
[Medline: 39602215]

62. Randriambelonoro M, Franck CP, Herrmann F, et al. Gamified physical rehabilitation for older adults with
musculoskeletal issues: pilot noninferiority randomized clinical trial. JMIR Rehabil Assist Technol. Mar 6,
2023;10:e39543. [doi: 10.2196/39543] [Medline: 36877563]

63. Lee DR, Lo JC, Ramalingam N, Gordon NP. Understanding the uptake of digital technologies for health-related
purposes in frail older adults. J Am Geriatr Soc. Jan 2021;69(1):269-272. [doi: 10.1111/jgs.16841] [Medline: 33011975]

64. Donath L, Rössler R, Faude O. Effects of virtual reality training (exergaming) compared to alternative exercise training
and passive control on standing balance and functional mobility in healthy community-dwelling seniors: a meta-
analytical review. Sports Med. Sep 2016;46(9):1293-1309. [doi: 10.1007/s40279-016-0485-1] [Medline: 26886474]

Abbreviations
BBS: Berg Balance Scale
CS: Chair Stand
MD: mean difference
PEDro: Physiotherapy Evidence Database
PICOS: Population, Intervention, Comparison, Outcome, and Study Design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
RCT: randomized controlled trial
SMT: Step Mat Training
TUG: Timed Up and Go
VR: virtual reality

Edited by Andrew Coristine; peer-reviewed by Giti Torkaman, Paulien E Roos; submitted 04.10.2024; final revised version
received 02.06.2025; accepted 02.06.2025; published 18.07.2025

Please cite as:
Alhasan H, Alandijani E, Bahamdan L, Khudary G, Aburaya Y, Awali A, Alshehri MA
Home-Based Virtual Reality Training for Enhanced Balance, Strength, and Mobility Among Older Adults With Frailty:
Systematic Review and Meta-Analysis
JMIR Serious Games 2025;13:e67146
URL: https://games.jmir.org/2025/1/e67146
doi: 10.2196/67146

© Hammad Alhasan, Elaf Alandijani, Lara Bahamdan, Ghofran Khudary, Yara Aburaya, Abdulaziz Awali, Mansour Abdullah
Alshehri. Originally published in JMIR Serious Games (https://games.jmir.org), 18.07.2025. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published
in JMIR Serious Games, is properly cited. The complete bibliographic information, a link to the original publication on
https://games.jmir.org, as well as this copyright and license information must be included.

JMIR SERIOUS GAMES Alhasan et al

https://games.jmir.org/2025/1/e67146 JMIR Serious Games 2025 | vol. 13 | e67146 | p. 13
(page number not for citation purposes)

https://doi.org/10.2196/56810
http://www.ncbi.nlm.nih.gov/pubmed/39602215
https://doi.org/10.2196/39543
http://www.ncbi.nlm.nih.gov/pubmed/36877563
https://doi.org/10.1111/jgs.16841
http://www.ncbi.nlm.nih.gov/pubmed/33011975
https://doi.org/10.1007/s40279-016-0485-1
http://www.ncbi.nlm.nih.gov/pubmed/26886474
https://games.jmir.org/2025/1/e67146
https://doi.org/10.2196/67146
https://games.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://games.jmir.org
https://games.jmir.org/2025/1/e67146

	Home-Based Virtual Reality Training for Enhanced Balance, Strength, and Mobility Among Older Adults With Frailty: Systematic Review and Meta-Analysis
	Introduction
	Methods
	Protocols and Registration
	Data Sources
	Search Strategies
	Selection Criteria
	Participants
	Interventions
	Outcome Measures
	Quality Assessment
	Data Extraction
	Data Analysis

	Results
	Overview
	Methodological Quality
	Characteristics of Included Studies
	Qualitative Analysis
	Meta-Analysis

	Discussion
	Principal Findings
	Comparison to Prior Work
	Limitations
	Future Directions
	Conclusion



