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ABSTRACT

Introduction and aim. Virtual reality (VR) is used in various healthcare treatments. This review evaluates virtual reality therapy
(VRT) for balance rehabilitation to prevent falls in older adults.

Material and methods. Randomised control trials from January 2013 to May 2024 were searched in databases like PubMed and
Web of Science. Data were extracted and analysed using RevMan 5.4 software.

Analysis of the literature. The review included 12 studies with an average of 56 participants aged 50-80 years. Treatments last-
ed 4-10 weeks with 2-5 sessions per week, each 30-60 minutes. Meta-analyses of five studies using the berg balance scale (BBS)
showed a weak impact on balance (Z=2.07, p=0.04; SMD=1.05, 95% CI [0.06, 2.05], p<0.0001). Conversely, the Timed Up and Go
(TUG) test showed a more positive impact (Z=2.25, p=0.02; SMD=-0.74, 95% Cl [-1.39, -0.09], p<0.001), with a difference of 4.4
higher in the experimental group than the control group.

Conclusion. VRT shows promising effects in balance and gait training for older adults, but further clinical trials are needed to
compare its impact with other therapies.

Keywords. virtual reality, balance, ageing, BBS, TUG

Introduction

Ageing is a natural, progressive, and irreversible pro-
cess that affects the visual, somatosensory, and vestib-
ular systems. Globally, more than 35% of individuals
over 65 experience gait imbalance.'”* A combination of
intrinsic factors such as reduced balance, mobility, and
functional skills and extrinsic or environmental factors
are predictors of falls in older adults.* Falls, prevalent in
30% of the population, are considered one of the main
reasons for hospitalisations, morbidity, and mortality.”®
Furthermore, the psychological fear of falls limits ac-

tivities and lowers the overall quality of life.” Therefore,
correcting or reducing the intrinsic and extrinsic risk
factors associated with ageing can help prevent falls in
these individuals.*

Though balance can be assessed with sophisticated
technologies using force platforms to study the kinetics
and kinematics of movement, researchers recommend
more functional methods that challenge a person’s pos-
tural control for this purpose.’” Hence, scales, such as
the Berg Balance Scale (BBS), the Timed-Up and Go test
(TUG), the Performance Oriented Mobility Assessment
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scale (POMA), the Functional Reach test, the Clinical
Test of Sensory Integration for Balance (CTSIB), Dynam-
ic Gait Index (GTTI)," and the Balance Evaluation Systems
Test (BESTest)!! are used to assess an individual’s balance
and gait. BBS and TUG are common methods for bal-
ance and gait assessment due to their reliability, validity,
and ease of implementation. However, the intrinsic com-
plexity of fall risk calls for a comprehensive evaluation
approach.. Researchers have recommended concurrent-
ly using multiple assessment tools to assess risk and tailor
strategies to improve gait imbalances."

Multiple approaches and interventions, such as
strength training,'>'* mobility training,"” Tai Chi,'
task-specific activities training,'” Otago exercises,'
aerobic training,” Pilates,”® and audio-visual feedback
training® have significantly improved balance in old-
er adults. Recently, newer strategies, such as computer
games and virtual workouts, have shown a favourable
impact on the balance training of this population.?**

Virtual reality (VR) is a sophisticated end-user im-
mersive interactive simulation system that motivates us-
ers through real-time simulations to perform complex
tasks in real-life scenarios.”** VR systems are widely
used in gaming, and modified versions have been exten-
sively utilised in medical education and healthcare. VR
systems are advantageous as the VR therapeutic tools
sense the patient’s movements and provide audio-vi-
sual feedback that engages their sensorimotor systems
to move and control items as if they were real.?-*! The
augmented and interactive experiences within the vir-
tual environments allow learners to apply therapeutic
learning in their daily lives and help enhance the qual-
ity of movements and self-confidence.’>* This strategy
encourages patients to complete the rehabilitation tasks
with interest and enjoyment.’®! Virtual reality thera-
py (VRT) has proven to be a cost-effective therapeutic
approach, providing exceptional benefits for individu-
als, especially those in rural areas.’>>** Its compatibili-
ty with telehealth services further amplifies its reach to
the masses, making it an effective and powerful tool in
healthcare.*

Although numerous studies have demonstrated the
effectiveness of VRT in enhancing balance and prevent-
ing falls among the elderly, there is considerable hetero-
geneity in the intervention protocols and types of VR
tools employed.**® Most previous reviews have not
thoroughly analysed the assessment tools used across
various studies or conducted a meta-analysis.*® Addi-
tionally, the inclusion criteria of these studies have var-
ied significantly. For instance, Bleakley et al. included
both healthy elderly individuals and those with cognitive
deficits, whereas de Amorim et al. focused on individ-
uals with balance impairments.””** Rodriguez-Alma-
gro et al. included healthy individuals in VR combined
with occupational therapy (OT) and rehabilitation but

did not conduct a meta-analysis.”* Consequently, the
inconsistent outcomes raise questions about the effec-
tiveness of this unique balance therapy method in old-
er adults.***!

Given the need for in-depth research with consis-
tent methodologies, types of interventions, and scales
used to compare the effects of VRT to traditional exer-
cises on the balance of older adults, there is a significant
gap in the knowledge of this emerging technology and
treatment. Studies examining the positive and negative
effects of VRT in rehabilitation will broaden the scope of
geriatric rehabilitative care.

Aim

Therefore, our study aims to systematically review the
existing literature on physical therapy interventions in-
volving VR and conduct a meta-analysis of the BBS and
TUG scales frequently used in these studies. This arti-
cle is the first to conduct a meta-analysis on VR in older
adults. This study will help determine the effectiveness
of VRT in improving balance in older adults and there-
by preventing falls.

Material and methods

Search strategy

We used the (PICOTS) framework, i.e., population, in-
tervention, comparison, outcomes, timeframe, and study
type, to develop the inclusion criteria. We searched the
Scopus, PubMed, Web of Science, EMBASE, CINAHL,
ICTRP databases, CT.gov, and grey literature electron-
ically using controlled vocabulary and the following
keywords: virtual reality or “VR,” augmented reality or
“AR)” “Wii Fit)” video games, “Nintendo,” older adults
or elderly, balance measures or outcome measures, pos-
tural reactions, and postural stability. The search strat-
egy was discussed with the institutional librarian. We
also conducted an additional grey literature and manual
search of dissertations and unpublished literature to in-
clude all the relevant articles for further review.

Selection criteria

We included peer-reviewed randomised control trials
(RCT) and experimental studies with full-text articles
published in English between January 2013 and May
2024 for final inclusion. We excluded editorials, com-
mentaries, conference abstracts, observational studies
reviews, grey literature, and non-English studies. The
data screening and selection of articles is mentioned in
the PRISMA flow diagram below (Fig. 1).

Two reviewers independently screened the titles
and abstracts of articles based on the keywords and
search strategy. The reviewers resolved the discrepancy
in scoring through discussions to reach a consensus. All
trials classified as relevant by either of the two reviewers
were retrieved. A third reviewer resolved disagreements
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through discussions, and the third and fourth reviewers
helped compile the data into a final set. Figure 1 above
provides the summary of the search articles and study
analysed.

Identification of studies via databases and registers

J

Records removed before
screening:
Duplicate records removed-
(n=27)

Records identified from Medline,
scoupus,
Databases (n = 577)
Registers (n = 3)
(Including PUBMED: 32,
EMBASE: 28, CT gov: 12,
ICTRP: 6, CINAHL: 4)

]

Records screened
0]

(n=20)
|

| Reports sought for retrieval
(n=69)

Records marked as ineligible
by automation tools (n =430)
Records removed for other
reasons (n =43)

Identification

(

]

Records excluded™
(n=11)

Reporis not retrieved (n = 44)

Meurological patients (n =17)
l Reviews (n=14)

Other reason (n= 13)

Screening

Reports assessed for eligibility
(n=25)

Reports excluded: 13
Not accessible data (n=5)
Other reason (n=2)

l Pre post (n=6)
B Studies included in review
3 (n=12)
S Reporis of included studies
£ (n=12)

Fig. 1. PRISMA flow diagram

After full data extraction, the reviewers inde-
pendently assessed the risk of bias using the RoB 2
tool.*” We assessed the studies’ bias based on random
sequence generation, allocation concealment, blinding
of outcome assessment, incomplete outcome data, in-
tention-to-treat analysis, and follow-up. Items were clas-
sified as ‘low risk’ when clearly described, ‘adequate or
high risk’ when not adopted, and ‘inadequate and un-
clear’ when not clearly defined or missing in the text."!
The “incomplete outcome data” was also classified as
‘high risk’ if the drop-out rate was higher than 20%.*

Data extraction and analysis

Data from relevant articles were extracted on Excel sheet
and further synthesised using the RevMan 5.4° software
to calculate the mean differences at 95% confidence in-
tervals (95% ClIs) for continuous data and (95% CI) for
the dichotomous discrete data. Table 1 summarises dif-
ferent studies, durations, sample sizes, ages, and proto-
cols.

Results

Study characteristics

Out of 580 records identified from databases, 69 articles
were retrieved for full-text review, and 12 RCTs met the
selection criteria and were included in the final analy-
sis, as summarised in Table 1. The combined analysis
of the reviewed studies spanned healthy individuals be-
tween ages 45 and 75 years with a demographic focus on
older adults with a mean age ranging from 60.6 to 69.1

years. The sample sizes ranged between 10 and 90, with
10 studies having less than 30 participants, two hav-
ing sample sizes near 80, and only one having a sample
size of 281 participants. The reviewed studies compared
the virtual training protocols to tailored conventional
training protocols for balance, coordination, strength,
and mobility commonly employed in clinical practice.
The studies exhibited variations in weeks and session
lengths. Notably, 14.29% of studies*** considered ses-
sion lengths of 12 weeks (about three months) appro-
priate for better outcomes with VRT, 3.57% of studies
showed that 3-week VRT sessions' and 4.76% of studies
showed that 4-week VRT sessions*® proved impactful.

The included studies’ experimental and control
group intervention sessions ranged between 4 and 10
weeks, with a weekly frequency of two to three times
and an average duration of 30 minutes to an hour per
session. Two studies demonstrated results intending to
treat, eight had a post-intervention follow-up, and two
did not mention either intention to treat or post-inter-
vention follow-up.

Types of interventions

Participants in the studies were administered strength-
ening and balance exercises, treadmill walking, static
and dynamic balance training, lower leg strengthening,
and balance and coordination training with or without
VR equipment. Some studies conducted VR training
using the Xbox 360 platform and the Wii Fit Nintendo
system for their motion detection and activity tracking
features. In contrast, others used the Kinect Xbox 360 for
a three-dimensional augmented reality experience.>'*4!

As shown in Table 1, the studies showed variability
in the type of intervention and the analysed outcomes.
Of the selected 12 RCTs, two were parallel trials where
the control group received no intervention. The experi-
mental groups in these trials received either brain exer-
cises (BE), physical exercises (PE), lumbar stabilisation
exercises (LSE), or virtual reality exercises (VRE).***
Overall, 46% of studies (n=6) did not provide any in-
tervention for the control group participants, and 62%
(n=8) provided different exercise protocols such as ball
exercises, treadmill walking, cognitive training, Otago
exercises, leg strengthening with balance training, bal-
ance training alone, and balance with coordination exer-
cises. Of the different VR gadgets used in these studies,
six (46%) used the Wiifit Nintendo, and five (38%) used
Xbox and Kinect.

One study demonstrated enhanced postural con-
trol with VRT versus traditional exercises.” Likewise,
another study showed VRT’s role in improving balance
and coordination in elderly patients.” In yet another
study, researchers used a smartphone-running applica-
tion that mirrored the video from the smartphone on a
curved 65-inch screen TV for VR training.” The results
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significantly improved the TUG test and gait parame-
ters.”

Similarly, balance training with Nintendo’s Wii Fit '°
and augmented reality-based Otago exercises improved
balance and gait and reduced falls in older women.*

Assessment parameters

Table 1 demonstrates that the studies used scales such
as the BBS, TUG, POMA, and ABC tests to assess bal-
ance, gait, and fear of falls in older adults. Seven stud-
ies used BBS, and five used TUG as measuring tools to
evaluate the post-intervention balance. Almost all stud-
ies showed significant improvement in the scale assess-
ments after VR training compared to regular exercises.

Risk of bias

The risk of bias analysis of the studies using the RoB 2
tool demonstrated that nine studies had a low risk of
bias. Three studies showed bias in blinding and perfor-
mance, and three showed unclear bias in the randomis-
ation and allocation. Please refer to Figure 2 and 3.

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) -
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

omer e [

0% 25% 50% 7A%  100%

| .Luwr\sk ofhias Duncleamskufblas .nghr\skufb\as |

Fig. 2. Risk of bias graph: review authors’judgments about
each risk of bias item presented as percentages across all
included studies.

Key findings

The selected studies demonstrated that of the individu-
als who underwent VRT, 92% showed improved static
and dynamic balance (n=12) as measured using the BBS
(39%, n=5) and the TUG (39%, n=>5) as the main tools
to measure the outcomes. Two studies had insufficient
data for the BBS assessment. Hence, of the seven studies
that evaluated balance using the BBS, only five had com-
plete data.*>*52°4 The post-intervention results of the
studies showed improved BBS scores of 4.29+1.27 and
TUG test scores of 2.65+1.20 seconds in the VRT group
compared to the control group. Our meta-analysis of
five studies****>5%% using RevMan® 5.4 revealed the
BBS’s overall effect z= 2.07 (P=0.04) with a Standard-
ized Mean Difference (SMD) of 1.05 at 95% confidence
interval (CI) [0.06, 2.05], p<0.001 showing a weak effect
of VR training in the experimental group as compared
to the control group. The Chi-square test (Chi*=39.73),
df=4 (p<0.00001) and I* value (90%) indicated signif-
icant heterogeneity, suggesting considerable variability
in the true effect of VR training on BBS across the in-

cluded studies. Please refer to Figure 4 below and sup-
plementary Figure S1.

Blinding of patticipants and personnel {perfarmance hias)
Blinding of outcome assessment (detection bias)

Allocation concealment {selection hias)

Bieryla 2013 20?02
Cho 2014 ? ? ?
Dockx 2017 ? ? ?
Htut 20148
Jung 2014

kristina 2018

Lee 2021

v | @

Park 2015

FPrazertsakul 2018

® OO e 0 e ® ® || sckcereportng reporting bias)

O OO0 O e e ® O |® randomsequence generation (selection hias)
. . - . .
> | @
- . .
® OO0 OO " S O O O nompeteoutomnedata atriton bias)
® OO0 6 e e e e e oternas

Schwenk 2014 ® 22O
Tsang 2016 72| @®
Yoo 2013 2|2 |2

Fig. 3. Risk of bias summary: review authors’ judgments
about each risk of bias item for each included study

The TUG test meta-analysis for VRT (please refer
to Figure 5), based on five different studies, revealed the
effect size as z= 2.25 (p=0.02) with the SMD as -0.74, at
95% CI [-1.39, -0.09], P<0.001 indicating that the ex-
perimental group showed improved results on the TUG
test.2¥4>46525 However, statistically significant hetero-
geneity was found between studies (Tau® = 0.41, Chi®
= 18.63, df=4 (p=0.0009); I’=79%, suggesting that the
actual effect sizes may vary considerably across studies.
The mean TUG Scale score in the experimental group
was 18.2 compared to the control group score of 13.8.
(Figure 5 and supplementary Figure S2).
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Fig. 4. Forest plot for meta-analysis of studies reporting BBS
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Discussion

The analysis of the selected studies demonstrated that
exposure to VR can improve physical and cognitive
scores,’*® positively impacting the individual’s physical
and psychological well-being.** Additionally, high-func-
tioning virtual reality games helped manage the indi-
vidual’s fear of falls.* The findings of our study are
consistent with previous systematic reviews on VR train-
ing.*** However, similar to earlier studies, we found it
challenging to single out the most effective treatment
method, assessment tool, and types of VR equipment
to recommend. Individual study objectives and avail-
able technology influenced the selection of VR equip-
ment in all studies. Researchers chose devices based on
their motion detection capabilities, interaction, target
population, user-friendliness, and the intended level of
immersion and engagement - all studies aimed to con-
struct appealing virtual worlds to enhance intervention
effectiveness and collect relevant data.

The diverse assessment scales used across the stud-
ies reflected the multidimensional nature of balance,
mobility, and related factors. The results from various
studies demonstrate that selecting a singularly superi-

or measurement scale proves challenging as some scales
have distinct advantages over others,!>?22342454650-53,55,56
Our meta-analysis found that balance training did not
improve on the BBS scale assessment but showed signif-
icant improvement on the TUG test. Our meta-analysis
findings differ from those of de Amorim et al., who re-
ported improved balance training measurements with
the BBS scale but similar TUG test results.” This differ-
ence suggests that the effectiveness of a measurement
scale is context-dependent and conditional to the re-
search objectives, the population under study, and the
specific variables being measured.***>*® Therefore, mea-
surement scales should be selected based on the inter-
vention or research objective. The BBS scale can assess
an individual’s ability to sustain balance during specif-
ic tasks.!92342523355 The TUG test can capture function-
al mobility, which is particularly relevant in research
settings.?**64732% The Falls Efficacy Scale (FES) and the
ABC scale, both psychological scales, can give valuable
insights into the individual’s confidence in performing
daily activities without the fear of falling.**

Enhanced balance and mobility, confirmed by im-
proved step length, sway speed, and TUG scores,” un-
derlined the positive impact of physical therapy using
VR versus traditional ball exercises on physical perfor-
mance and balance in older adults.***? Better results with
VR training can be attributed to its immersive, interac-
tive, safe, and controlled environments that simulate re-
al-life scenarios, enhancing participants’ engagement
and motivation.”**>** VR allows precise control over
the training environment and tasks, enabling tailored
and progressive challenges that can adapt to the indi-
vidual’s performance.?>** This adaptability can lead to
more effective and personalised training outcomes.***
Furthermore, the technological advantage of VR allows
for creating consistent and repeatable training scenari-
os, which can be challenging to achieve with traditional
methods.*®' Such engaging experiences created by VR
games lead to increased patient adherence and effort
during training sessions.”>* Apart from the treatment
acceptability, VR systems provide immediate feedback
and collect detailed data on performance metrics, which
can be used to adjust training protocols in real-time
training.22'23’45’52

Studies have reported improved dynamic postural
control and functional ability in institutionalised elder-
ly individuals with VRT using video games.*” These vid-
eo games encourage the patients to adapt to the game
challenges, integrating diverse movement patterns and
moving in different directions. Hence, incorporating
wearable sensors for guided game-based training in
home and community environments may help improve
the patient’s cognitive and lower limb motor control.?>*
The reviewed studies conclusively showed the growing
acceptance of VR technology as a helpful tool for testing
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and improving the balance, mobility, and other charac-
teristics of the older population.

Our study has several strengths, primarily due to
our rigorous methodology and meta-analysis inclu-
sion. We used strict selection criteria, and two review-
ers independently assessed the articles and thoroughly
assessed their quality and risk of bias, which is also a
crucial strength of our study. Although we have report-
ed the positive effects of VRT in improving balance in
older adults for fall prevention, our study has some lim-
itations. The meta-analysis included only the BBS and
TUG scores that produced low effect sizes due to low-
er sample sizes and heterogenicity of the studies. Thus,
variations in sample sizes, methods, interventions, and
durations of the reviewed studies may have influenced
the results.

Future studies focussing on the meta-analysis of other
assessment scales used for the post-intervention balance
and gait evaluation of older adults would help conclude
the effectiveness of VRT over traditional rehabilitation.
Comparing the various assessment scales in a single study
is also warranted. There is limited research on compre-
hensive economic evaluations or cost-effectiveness anal-
yses of VRTs compared to traditional balance training.
Cost-effectiveness analysis is essential for informing fu-
ture funding decisions in rehabilitative care. We rec-
ommend that future clinical trials thoroughly compare
various VR technologies’ initial equipment costs, setup,
and operational expenses. This will provide policymak-
ers with the detailed data needed to incorporate VR into
standard rehabilitation protocols strategically.

Conclusion

Based on the findings of our systematic review, we can
conclude that VRT is a feasible and effective treatment
option for improving balance, as assessed by the TUG
test in older adults, to prevent falls. While many stud-
ies suggest promising effects, based on our meta-anal-
ysis, we recommend additional research with rigorous
study designs, larger sample sizes and meta-analysis of
a more significant number of balance assessment scales
to strengthen the evidence. One must also consider the
feasibility of implementing VRT for balance rehabilita-
tion programs for older adults.
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