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ABSTRACT 
Introduction 
Falls are a leading cause of injury and reduced quality of life among the elderly. Over 30% of individuals aged 65+ 
fall each year, and recurrence rates are high. Age-related conditions like sarcopenia, osteoporosis, obesity, and 
cognitive impairments increase fall risk. Exercise therapy has proven effective in improving balance and reducing 
falls, and innovative technologies like Virtual Reality, Augmented Reality, Wii-Fit, and exergaming offer engaging, 
interactive alternatives to conventional therapy. 
Method 
This systematic review followed PRISMA guidelines and included 19 primary studies (18 RCTs, 1 Pre-Post Analysis) 
involving 1088 participants aged 65+, assessing outcomes using the Berg Balance Scale, Timed Up and Go Test, and 
Fall Efficacy Scale. 
Results 
The review of 19 studies (18 RCTs, 1 Pre-Post Analysis) involving 1088 participants revealed that technological 
interventions significantly improved balance and mobility, as evidenced by changes in BBS and TUG scores. 
Enhanced user engagement and cognitive function were also indicated in some studies. Technologies such as Virtual 
Reality, Augmented Reality, force plate systems, biofeedback, sensory visual feedback, and kinetic exergaming 
proved beneficial. 
Conclusion 
Technology-based balance training offers a promising method for fall prevention in older adults, with potential for 
user-friendliness and cost-effectiveness, while yielding measurable improvements in physical outcomes, and in some 
instances, cognitive engagement. This review consolidates recent evidence, demonstrating the specific contexts and 
technologies where this approach offers a robust alternative or complement to traditional physiotherapy, particularly 
by synthesizing outcomes across specific validated scales. 
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INTRODUCTION:  
 
Falls are a common cause of injury in the elderly, often 
leading to significant disabilities and a decline in 
quality of life. Statistics show that over 30% of 
individuals aged 65 and above experience at least one 
fall each year, and nearly half of these individuals 

suffer from recurrent falls. With increasing age, the 
risk of falling also rises, affecting approximately 40% 
of individuals aged 85 years and older. Around 10% 
of these falls result in serious injuries to the 
musculoskeletal or neurological systems, such as 
fractures, soft tissue injuries, traumatic brain injuries, 
or hematomas (1,2). 
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Several factors contribute to the increased risk of falls 
in the elderly. Sarcopenia (loss of muscle mass) and 
osteoporosis (loss of bone density) significantly 
compromise the musculoskeletal system. Other 
contributing factors include obesity, cognitive 
impairment, and reduced motor control, all of which 
can severely impact an individual's ability to perform 
daily activities and lead to decreased independence. 
They also lead to prolonged hospital stays and 
increased financial burden on families(1). 
 
Exercise therapy is an effective intervention for 
improving balance and reducing fall risk(1,2). It 
positively changes physiology, increasing muscle 
mass, bone density, motor control, and proprioception, 
all contributing to improved physical performance 
(1,2). Various exercise programs—including the Otago 
Exercise Programme, conventional physical therapy, 
vestibular rehabilitation, Tai Chi, and technology-
based interventions like virtual reality (VR), 
augmented reality (AR), and biofeedback systems—
are utilized to improve balance and reduce fall risk. 
These approaches create interactive and engaging 
rehabilitation sessions, which improve lower limb 
strength and postural control, thereby enhancing 
overall balance (2). 
 
With the evolution of modern technology, healthcare 
systems are also advancing. Technology has made 
therapy sessions more interactive, user-friendly, and 
cost-effective. Tools such as VR, AR, Wii-Fit, 
exergaming, Kinect Xbox 360°, biofeedback 
machines, and force platforms are now being 
incorporated into physical therapy. These tools 
enhance balance and coordination and are used in 
various domains of rehabilitation, including 
neurological, musculoskeletal, and sports therapy (3-7). 
 
Technology-based rehabilitation offers an alternative 
to conventional balance training by simulating real-
world environments that promote motor learning and 
transfer of skills (8-10). Furthermore, these tools have 
been shown to improve mobility, reduce fear of 
falling, and increase the enjoyment and motivation of 
older adults undergoing therapy. They also support 
functional improvements by enhancing the 
musculoskeletal system and the somatosensory, 
visual, and vestibular systems (11-15). 
 
Despite the growing use and promise of these digital 
tools, the evidence regarding their effectiveness in 
improving balance among older adults remains varied, 
often due to disparate methodologies, diverse 
technological applications, and inconsistent outcome 
measures across studies. Therefore, a systematic 
review is necessary to critically evaluate and 

synthesize existing research, aiming to identify 
consistent patterns of efficacy, explore the impact of 
different technologies, and clarify the conditions under 
which these interventions are most effective. This 
systematic review aims to evaluate the efficacy of 
technology-based balance training interventions 
(including VR, AR, exergaming, and biofeedback) on 
balance, mobility, and fall risk in elderly individuals 
(aged 65+) with balance issues, as measured by 
standardized outcome scales, thereby providing a 
focused synthesis of recent evidence (2014-2024) 
specific to these key technologies and outcomes. 
 
MATERIAL AND METHODS: 
 
Study Design and Registration:  
 
This systematic review was conducted under the 
guidelines of Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA). The study 
protocol was prospectively registered with the 
National Institute of Health and Care Research 
(PROSPERO) under the registration Id: 
CRD42024613240.  
 
Eligibility criteria (PICO): 
 
Studies were selected based on the following criteria:  
 
Population: Participants aged above 65 years and 
older of all genders experiencing balance issues or a 
high risk of falls. 
 
Intervention: Technology-based balance training, 
including Virtual Reality (VR), Augmented Reality 
(AR), Wii-Fit, Microsoft kinetic Xbox, Force Plates, 
Biofeedback, and Kinetic based Exergaming. 
 
Comparator: Conventional physiotherapy, standard 
care, or no-treatment protocols. 
 
Outcomes: Quantitative assessment using the Berg 
Balance Scale (BBS), Timed Up and Go (TUG) test, 
or the Fall Efficacy Scale (FES). 
 
Information Sources and Search Strategy: 
 
We collected data from electronic databases including 
Scopus, Science Direct, PEDro (Physiotherapy 
Evidence Database), PubMed, and EBSCO. The 
search was restricted to full-text articles published 
from 2014 to 2024 to ensure the inclusion of 
contemporary technology-based interventions and 
reflect the most recent advancements in the field, and 
available in English. The search strategy utilized 
Boolean operators (AND, OR, NOT) with keywords 
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such as “Virtual Reality,” Augmented Reality,” “Wii 
fit,” “Microsoft Kinetic Xbox,” “Force Plates,” 
“Biofeedback,” and “Kinetic based Exergaming”.  
 
Study selection:  
 
Both authors initially screened articles by title and 
abstract. After removing duplicates and irrelevant 
records, they retrieved and independently reviewed 
full-text versions. Disagreements regarding study 
inclusion were resolved through consensus and 
discussion. 
 
The screening process is detailed in the PRISMA 
flow diagram, showing the progression from the 
initial 1145 identified records to the final 19 
included studies (Figure 1). 
 
Quality assessment (Risk of Bias):  
 
The methodological quality and risk of bias for each 
included study were evaluated using the Joanna Briggs 
Institute (JBI) Critical Appraisal Tools. RCTs were 
assessed across 13 domains, including randomization, 
allocation concealment, and blinding. Systematic 
reviews were assessed for search strategy adequacy 
and appraisal methods. Scores were assigned as 1 for 
“Yes” and 0 for “No/Unclear”. Studies were 
subsequently categorized as High Quality (Low risk), 
Medium Quality (Medium risk), or Low Quality (High 
risk) based on their total scores, with specific 
thresholds defined as [e.g., 10-13 'Yes' for High 
Quality, 6-9 for Medium Quality, and below 6 for Low 
Quality]. 
 
RESULT: 
 
Study Selection and Characteristics: 
 
The initial database search yielded 1145 articles. After 
removing 450 duplicates and 277 irrelevant studies, 
we screened 56 records by title and abstract. 
Ultimately, 19 studies met the full inclusion criteria, 
comprising 18 Randomized Controlled Trails (RCTs), 
1 Pre-Post Analysis. The total sample size across all 
included studies was 1105 participants, with 
individual study sizes ranging from 12 to 195 
individuals.  
 
Quality assessment and Risk of Bias:  
 
The JBI Critical Appraisal results showed that 
among RCTs and Pre-Post Analysis, 12 studies 
were classified as high quality/low risk of bias, 6 as 
medium quality, and 1 as high risk. This indicated 
a high overall standard of evidence. 

 
Methodological Trends: High-quality RCTs typically 
RCTs typically utilized true randomization and 
allocation concealment, though many lacked 
participant and therapist blinding due to the nature of 
exercise interventions. 
 
Efficacy by Outcome Measure 
 
The review focused on three primary validated scales 
to measure balance and fall risk: the Berg Balance 
Scale (BBS), the Timed Up and Go (TUG) Test, and 
the Fall Efficacy Scale (FES).  
 

 Berg Balance Scale (BBS) 
 
Eleven studies utilized the BBS to assess functional 
balance. Significant improvements in BBS scores 
were observed across various technologies, including 
Virtual Reality (VR), Augmented Reality (AR), Wii-
Fit, Force Platform, Trunk motion visual feedback, 
and home-based Exergaming. Notably, visual 
feedback-based force platform training combined with 
functional electric stimulation showed a significant 
positive impact on BBS scores compared to control 
groups. Notably, visual feedback-based force platform 
training combined with functional electric stimulation 
showed a significant positive result on BBS scores 
compared to conventional therapy group. 
 

 Timed Up and Go (TUG) Test 
 
Ten studies employed the TUG test to measure 
dynamic balance and mobility. Of the ten studies 
employing the TUG test, seven reported statistically 
significant reductions in TUG times for individuals 
over age 65. Virtual Reality interventions showed 
particularly promising results in reducing TUG times, 
indicating improved gait and lower fall risk. 
 

 Fall Efficacy Scale (FES) 
 

Studies using the FES, such as those involving 
Kinetic-based exergaming, reported reduced fear of 
falling and improved balance performance (15). These 
effects were found to be at least as beneficial as 
combined conventional exercise programs. 
 
DISCUSSION:  
 
This systematic review explores how modern 
technology integrates into balance rehabilitation for 
elderly individuals with fall risk or balance 
impairments. The findings strongly support the use of 
advanced technological equipment in hospitals and 
clinical settings, demonstrating its effectiveness as an 
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alternative treatment approach. Additionally, two 
studies conducted in nursing home environments 
highlighted that such interventions can be simple, 
effective, and efficient, even in home-based settings. 
These results point toward the broader applicability 
and safety of technology-assisted rehabilitation 
methods. The review encompassed a variety of study 
designs, including Randomized Controlled Trials 
(RCTs), pre-post analysesChief among these was the 
heterogeneity in study designs, intervention durations, 
and exercise protocols, which made direct 
comparisons between studies challenging. Each study 
underwent a risk of bias assessment using the Joanna 
Briggs Institute (JBI) criteria, which categorized them 
as low, medium, or high risk (Table 1). Specifically, 
RCTs were assessed using JBI criteria (Tables 2 & 3), 
while systematic reviews were assessed separately 
(Table 4). 
 
The majority of the included studies were RCTs, with 
11 categorized as low risk, indicating high-quality 
research. Six studies were rated as medium risk, 
typically due to minor methodological shortcomings 
such as lack of participant or assessor blinding, or 
incomplete reporting of outcome measures. Only one 
RCT was rated as high risk, primarily due to 
significant methodological flaws, including 
inadequate randomization, lack of blinding, absence of 
outcome follow-up, and poor allocation 
concealment—ultimately indicating low study quality. 
(Table 1,2,3,4). One pre-post analysis study was 
included, which was also rated as low risk and high 
quality. Despite minor issues such as variability in 
baseline participant characteristics across the three 
groups, the study showed promising results, 
particularly in the use of virtual reality for balance 
training. 
 
This review demonstrates evidence supporting 
technology-based rehabilitation as an effective and 
engaging alternative, with high-quality RCTs showing 
particular promise for VR, exergaming, and visual 
feedback systems in improving balance and reducing 
fall-related fear in older adults 
 
High-quality RCTs consistently showed that Virtual 
Reality effectively improves dynamic balance and 
gait, often evidenced by statistically significant 
reductions in TUG times(26,28-29); Exergaming 
enhances motivation, reduces fall risk, and improves 
cognitive engagement (23,33,35), Visual-feedback force 
platforms significantly improve balance scores on 
Berg Balance Scale (24,30); Augmented Reality 
enhances lower-limb strength and stability (25,31,32); 
Vibrotactile systems show promise as home-based or 
tele-rehabilitation tools (4). Consistent with findings 

across the TUG test, a majority of the included 
interventions demonstrated statistically significant 
improvements in balance or mobility. VR, 
exergaming, AR, and force-platform training showed 
the strongest and most consistent effects.  
 
Furthermore, the review underscores the promising 
impact of various technologies such as virtual reality, 
kinetic exergaming, and visual feedback-based force 
platform training. These interventions were found to 
be particularly effective for balance training in the 
elderly population, supported by the use of reliable and 
meaningful outcome measures. (Table 5) 
 
Several limitations were identified in the review. Chief 
among these was the heterogeneity in study designs, 
intervention durations, and exercise protocols, which 
made direct comparisons between studies challenging. 
This heterogeneity limits the generalizability of 
specific intervention effects and necessitates cautious 
interpretation of the overall efficacy, suggesting that 
optimal protocols may vary significantly. Reflecting 
the medium to high risk of bias identified in several 
included RCTs (6 medium, 1 high), some studies 
suffered from small sample sizes and lacked adequate 
control groups or blinding. These methodological 
weaknesses may introduce bias, potentially 
overestimating intervention effects and reducing the 
certainty of the evidence. Moreover, the review was 
restricted to only three outcome measures, which 
significantly limited the number of eligible studies. 
Future reviews would benefit from including a broader 
range of outcome measures, such as objective gait 
analysis parameters, patient-reported fear of falling 
scales, and measures of cognitive-motor interference, 
to provide a more comprehensive analysis of 
intervention effectiveness and real-world impact. 
 
While a meta-analysis would provide statistically 
robust insights, it was not performed in this review due 
to substantial heterogeneity across studies in terms of 
intervention protocols, duration, and specific outcome 
measures, which precluded meaningful quantitative 
pooling of data. However, this represents a crucial 
future direction to provide statistically robust insights 
and determine the most effective intervention 
strategies. Researchers are also encouraged to explore 
the integration of artificial intelligence in treatment 
protocols. AI has the potential to enhance the 
interactivity of rehabilitation sessions, reduce human 
error, and offer more precise and personalized 
treatment plans—thereby expanding the scope and 
effectiveness of rehabilitation interventions. 
 
CONCLUSION:  
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This systematic review provides promising evidence 
supporting technology-based rehabilitation as an 
effective treatment approach for older adults 
experiencing balance issues. It highlights the potential 
of emerging technologies such as virtual reality, 
exergaming, and visual feedback systems in enhancing 
balance training and potentially reducing the 
perception of fall risk in the elderly population, as 
measured by validated scales. Overall, the findings 
suggest that such interventions offer a simple and 
effective method for delivering balance training, with 
significant implications for improving the quality of 
life among older adults. 
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Fig. 1: The Prisma 2020 flow diagram showing the 
identification, screening, and inclusion of studies in 
the review. 
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tical
ly 
 
 

0 
 
 

0 
 
 

0 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Blin
din
g of 
outc
ome 
asse
ssor 

 
 

1 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

Out
com

e 
mea
sure
d in 
sam

e 
way 

 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

0 
 
 

Out
com

e 
mea
sure
d in 
reli
able 
way 

 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Foll
ow 
up 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Part
icip
ants 
anal

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

yze
d in 
ran
do

miz
ed 
gro
up 
 
 

App
ropr
iate 
stati
stic
al 

anal
ysis 
use
d 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

App
ropr
iate 
trial 
desi
gn 
use
d 
 
 

1 
 
 

1 
 
 

0 
 
 

1 
 
 

1 
 
 

1 
 
 

0 
 
 

1 
 
 

1 
 
 

Tot
al 
 
 

9 
 
 

7 
 
 

5 
 
 

9 
 
 

9 
 
 

10 
 
 

8 
 
 

9 
 
 

9 
 
 

 
 
 

Table 3: Risk Of Bias Assessment for RCT’s Using 
Joanna Briggs criteria 

 
 
 
 

E
ri
c 
A
n
s
o
n 
 
 
 

P
o
-
J
u
n
g 
C
h
e
n 
 
 
 

W
W
N 
T
s
a
n
g 
 
 
 

S
e
v
g
i 
S
. 
Y
. 
 
 
 

S
a
e
e
d 
Y
. 
B
. 
 
 
 

J
e
o
n 
g
h
u
n 
K
u 
 
 
 

Pa
bl
o 
C
a
m
po
-

Pr
iet
o 
 
 
 

N
oo
rol
la 
Z. 
 
 
 

T
i
a
n 
B
a
o 
 
 
 

Z
h
e
n 
L
i 
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Tru
e 

rand
omi
zati
on 
use
d 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Allo
cati
on 
con
ceal
ed 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Tre
atm
ent 
gro
ups 
simi
lar 
at 

base
line 

 
 

0 
 
 

1 
 
 

0 
 
 

0 
 
 

1 
 
 

1 
 
 

0 
 
 

1 
 
 

1 
 
 

1 
 
 

 
Blin
ding 
of 

part
icip
ant  

 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

1 
 
 

0 
 
 

Blin
ding 
of 

pers
on 

deli
veri
ng 

treat
men

t 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

1 
 
 

0 
 
 

Tre
atm
ent 
gro

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

ups 
treat
ed 

iden
tical
ly 
 
 

Blin
ding 
of 

outc
ome 
asse
ssor 

 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

0 
 
 

Out
com

e 
mea
sure
d in 
sam

e 
way 

 
 

1 
 
 

0 
 
 

0 
 
 

1 
 
 

0 
 
 

0 
 
 

1 
 
 

0 
 
 

1 
 
 

0 
 
 

Out
com

e 
mea
sure
d in 
relia
ble 
way 

 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

0 
 
 

1 
 
 

Foll
ow 
up 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

0 
 
 

1 
 
 

Part
icip
ants 
anal
yze
d in 
rand
omi
zed 
gro
up 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
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App
ropr
iate 
stati
stic
al 

anal
ysis 
use
d 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

App
ropr
iate 
trail 
desi
gn 
use
d 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

1 
 
 

Tot
al 
 
 

1
0 
 
 

9 
 
 

8 
 
 

7 
 
 

7 
 
 

7 
 
 

7 
 
 

7 
 
 

8 
 
 

7 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 4: Summary of Characteristics Included in the 
study 

 
S
r
. 
N
o
. 
 
 

Aut
hor 

 
 

Stu
dy 
De
sig
n 
 
 

Inter
venti

on 
 
 

Dura
tion 

 
 

Ou
tco
me 
Me
asu
re 
 
 

Y
e
a
r 
 
 

Concl
usion 

 
 

 
1 
 
 

Yin
g-
Yi 
Lia
o 
 

RC
T 
 
 

Kine
ct-

based 
exerg
amin

g 

36 
sessi
ons 

in 12 
week

s 

FE
S 
 
 

2
0
1
8 
 
 

 
Kinec

t-
based 
exerg
aming 

  
 

 
 

exerte
d 

effect
s that 
were 

at 
least 
as 

benefi
cial as 
those 

of 
combi

ned 
exerci
se in 

impro
ving 

frailty 
status 
and 
the 

frailty 
pheno
type. 

 
 

 
2 
 
 

Koc
hap
han 
Phir
om 

 
 

RC
T 
 
 

Micr
osoft 
XBO

X 
360 

Kinet
ic 

senso
r V2 

 
 

3 
sessi
ons/
week 
for 
12 

week
s 
 
 

TU
G 
 
 

2
0
2
0 
 
 

 
impro
veme
nt in 
the 

physi
ologic
al fall 
risk 

factor
s 

includ
ing 

speed 
proce
ssing, 
body 
sway, 
cognit

ive 
perfor
manc

e 
attenti
on & 
impro

ve 
dual-
task 
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perfor
manc

e. 
 
 

 
3 
 
 

Mic
hael 
Sch
wen

k 
 
 

Pil
ot 
stu
dy 

 
 

Integ
rating 
senso

r-
based 
visua

l 
feedb
ack 

 
 

2 
sessi
on/w
eek 

for 4 
week

s 
 
 

TU
G 
 
 

2
0
1
4 
 
 

Curre
nt 

findin
gs 

may 
help 
to 

infor
m 

tailore
d 

interv
ention

s 
integr
ating 
weara

ble 
sensor
s for 
inter 

active 
balan

ce 
traini
ng in 

a 
home 
enviro
nment

. 
 
 

 
 

4 
 
 

 
Sae
ede
h S. 
D. 
 
 

 
RC
T 
 
 

 
Neur
ofeed
back 
and 

soma
tosen
sory 
exerc
ises 

 
 

 
3 

sessi
on/w
eek 

for 5 
week

s 
 
 

 
TU
G 
 
 

 
2
0
2
4 
 
 

 
incorp
oratin

g 
neuro
feedb
ack 

traini
ng 

into 
somat
osens
ory 

exerci
ses 
may 
provi

de 

additi
onal 

benefi
ts for 
older 
adults 

in 
impro
ving 
balan
ce and 
mobil

ity 
 
 

 
5 
 
 

Kal
pan
a P. 
Pad
ala 

 
 

Pil
ot 

RC
T 
 
 

Wii-
Fit 

 
 

3 
sesss
ion/

week 
for 8 
week

s 
 
 

BB
S 
 
 

2
0
1
7 
 
 

This 
study 
confir

ms 
the 

safety 
and 

feasib
ility 
of a 
Wii-
Fit 

exerci
se 

progr
am 
for 

comm
unity 
dwelli

ng 
older 
adults 
with 
balan

ce 
proble
ms& 

can be 
used 

to 
impro

ve 
balan

ce. 
 
 

 
6 
 
 

Yve
s J. 
Gsc

RC
T 
 
 

Sens
or-

based 

16 
week

s 
 

TU
G 
 
 

2
0
1
5 

The 
findin

gs 
sugge
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hwi
nd 
 
 

exerg
ames 

 
 

  
 

st that 
it is 

feasib
le for 
older 
peopl
e to 

condu
ct an 
unsup
ervise

d 
exerci

se 
progr
am at 
home 
using 
exerg
ames 

& 
reduc
ed fall 

risk 
and 

SMT 
additi
onally 
impro
ved 

specif
ic 

cognit
ive 

functi
ons. 

 
 

 
 

7 
 
 

 
Kye
ong
jin 
Lee 

 
 

 
RC
T 
 
 

 
Hom

e-
Base

d 
Exer
game 
Progr
am 

 
 

 
3 

sessi
on/w
eek 

for 8 
week

s 
 
 

 
TU
G, 
BB
S 
 
 

 
2
0
2
3 
 
 

That 
imple
menti
ng an 

8-
week 
home-
based 
exerg
ame 

progr
am 
can 
lead 
to 

notew
orthy 
enhan

ceme
nts in 
physi

cal 
functi

on, 
fall 

effica
cy, 

depre
ssion, 
and 

health 
relate

d 
qualit
y of 
life 

amon
g 

comm
unity-
dwelli

ng 
older 
adults

. 
 
 

 
8 
 
 

Chi
-

Min 
Yan
g, 

MS 
 
 

RC
T 
 
 

Kine
ct 

exerg
ames 

 
 

2 
sessi
ons/
week 
for 5 
week

s 
 
 

TU
G 
 
 

2
0
2
0 
 
 

Kinec
t 

exerci
se 

could 
be a 

feasib
le, 

safe, 
and 

effecti
ve 

altern
ative 
for 

dyna
mic 

balan
ce 

traini
ng 

amon
g 

older 
adults

. 
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9 
 
 

 
Eric 
Ans
on 
 
 

 
RC
T 
 
 

 
Trun

k 
Moti
on 

Visua
l 

Feed
back 

 
 

 
3 

sessi
on/w
eek 

for 4 
week

s 
 
 

 
BB
S 
 
 

 
2
0
1
9 
 
 

Older 
adults 
with 
self-

report
ed 

balan
ce 

proble
ms 

impro
ve 

their 
dyna
mic 

balan
ce 

after 
traini

ng 
using 
trunk 
motio

n 
VFB 
tread
mill 

walki
ng. 

Indivi
duals 
with 

worse 
sensor

y 
functi

on 
may 

benefi
t more 
from 
trunk 
motio

n 
VFB 
durin

g 
walki

ng 
than 

indivi
duals 
with 
intact 
sensor

y 
functi

on 
 
 

 
 

1
0 
 
 

 
Po-
Jun
g 

Che
n 
 
 

 
RC
T 
 
 

 
Aug
ment

ed 
realit

y 
with 
Tai 
chi 

 
 

 
3 

sessi
on/w
eek 

for 8 
week

s 
 
 

 
BB
S, 

TU
G 
 
 

 
2
0
2
0 
 
 

The 
augm
ented 
reality

-
assist

ed 
traini

ng 
with 

select
ed 

Tai-
Chi 

move
ments

, 
desig
ned 

based 
on 

object
ive 

measu
remen
ts of 
the 

practit
ioner’

s 
capab
ility, 

impro
ved 

balan
ce 

contro
l and 
muscl

e 
streng
th of 
lower 
limbs 

at 
least 
as 

effecti
vely 

as the 
compl
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ete 
seque
nce of 
traditi
onal 
Tai-
Chi 

exerci
ses. 

 
 

 
 

1
1 
 
 

 
W

WN 
Tsa
ng 
 
 

 
RC
T 
 
 

 
Virtu

al 
Reali

ty 
 
 

 
3 

sessi
on/w
eek 

for 6 
week

s 
 
 

 
BB
S, 

TU
G 
 
 

 
2
0
1
6 
 
 

The 
impro
veme
nt in 
BBS 
score 
was 

signifi
cantly 
more 
in the 
Wii 
Fit 

than 
the 

conve
ntiona

l 
balan

ce 
traini

ng 
group 
(3.7 
vs 

0.7). 
This 
may 
be 

attrib
uted 

to the 
real-
time 

perfor
manc

e 
feedb
ack 
and 

cuing 
stimul

i in 
the 
VR 

traini
ng to 
suppo

rt 
error-
free 

learni
ng. 

 
 

 
1
2 
 
 

Sev
gi 
S. 
Y. 
 
 

RC
T 
 
 

Virtu
al 

Reali
ty 
 
 

3 
sessi
on/w
eek 

for 6 
week

s 
 
 

BB
S 
 
 

2
0
1
5 
 
 

Simil
ar 

impro
veme

nts 
were 
found 

in 
balan
ce and 

fall 
risk 
with 
VR-

based 
balan

ce 
traini

ng 
and 

conve
ntiona

l 
balan

ce 
traini
ng in 
older 
adults 
living 
in the 
nursin

g 
home. 

 
 

 
1
3 
 
 

Sae
ed 
Y. 
B. 
 
 

RC
T 
 
 

virtua
l 

realit
y 
 
 

3 
sessi
on/w
eek 

for 9 
week

s 
 
 

TU
G, 
BB
S 
 
 

2
0
2
1 
 
 

A 
virtua

l 
reality 
traini

ng 
progr
am 

can be 
used 
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as a 
new 
traini

ng 
metho
d to 

impro
ve the 
elderl

y's 
balan
ce in 
daily 
progr
ams 
of 

nursin
g 

home
s. 
 
 

 
1
4 
 
 

Jeo
ngh
un 
Ku 

 
 

RC
T 
 
 

3-D 
Aug
ment

ed 
Reali

ty 
 
 

3 
sessi
on/w
eek 

for 4 
week

s 
 
 

BB
S 
 
 

2
0
1
8 
 
 

We 
could 
confir
m that 

the 
3D-
ARS 
has 

strong
er 

effect
s on 
the 

enhan
ceme
nt of 
balan

ce 
ability

. It 
could 
facilit

ate 
the 

consci
ous 

motor 
learni

ng 
mech
anism 
and 
the 

uncon

scious 
autom

atic 
mech
anism 
more 

effecti
vely. 

 
 

 
 

1
5 
 
 

 
Pab
lo 
Ca
mp
o-

Prie
to 
 
 

 
RC
T 
 
 

 
Imme
rsive 
virtua

l 
realit

y 
 
 

 
3 

sessi
on/w
eek 
for 
10 

week
s 
 
 

 
TU
G 
 
 

 
2
0
2
2 
 
 

Outco
mes 

show 
that 
our 
10-

week 
IVR 

exerci
se 

progr
am 
was 

feasib
le and 
had 

positi
ve 

effect
s on 

physi
cal 

functi
onalit
y in 

institu
tionali

zed 
older 
adults

, 
partic
ularly 

in 
aspect

s 
relate
d to 
gait, 
balan

ce, 
and 

handg
rip 

streng
th. 
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1
6 
 
 

Ste
ven 
Phu 

 
 

Pre
-

Po
st 

An
aly
sis 

 
 

Virtu
al 

realit
y 
 
 

2 
sessi
on/w
eek 

for 6 
week

s 
 
 

TU
G 
 
 

2
0
1
9 
 
 

study 
highli
ghts 
the 

potent
ial use 

of 
virtua

l 
reality 

as a 
practi

cal 
alter 

native 
to 

impro
ve 

outco
mes 
of 

balan
ce 

traini
ng for 
reduct
ion of 
falls 

risk in 
older 
adults 

 
 

 
1
7 
 
 

Noo
roll
a Z. 

 
 

RC
T 
 
 

Virtu
al 

realit
y 
 
 

2 
sessi
on/w
eek 

for 6 
week

s 
 
 

TU
G, 
BB
S 
 
 

2
0
2
1 
 
 

Accor
ding 
to the 
result
s of 
the 

prese
nt 

invest
igatio
n, 6 

weeks 
of VR 
balan

ce 
exerci

ses 
could 
enhan

ce 
balan

ce and 
fear 
of 

fallin
g 

amon
g 

elderl
y 

peopl
e 

living 
in 

nursin
g 

home
s 
 
 

 
 

1
8 
 
 

 
Tia
n 

Bao 
 
 

 
RC
T 
 
 

 
Vibro
tactil

e 
senso

ry 
augm
entati

on 
 
 

 
3 

sessi
on/w
eek 

for 8 
week

s 
 
 

 
TU
G 
 
 

 
2
0
1
8 
 
 

The 
findin
gs of 
this 

study 
suppo
rt the 
use of 
sensor

y 
augm
entati

on 
devic
es by 
comm
unity-
dwelli

ng 
health

y 
older 
adults 

as 
balan

ce 
rehabi
litatio

n 
tools, 
and 

indica
te 

feasib
ility 
of 

telere
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habilit
ation 

therap
y with 
reduc

e 
input 
from 

clinici
ans. 

 
 

 
1
9 
 
 

Zhe
n Li 

 
 

RC
T 
 
 

Visua
l-

feedb
ack-

based 
force 
platfo

rm 
traini

ng 
 
 

15 
days/ 
mont
h for 

3 
mont

hs 
 
 

BB
S 
 
 

2
0
1
8 
 
 

This 
study 
showe
d that 

the 
visual 
feedb
ack-

based 
force 
platfo

rm 
traini

ng 
with 

functi
onal 

electri
c 

stimul
ation 
impro
ved 

balan
ce and 
preve
nted 
falls 
in 

older 
adults 

 
 

 
(Abbreviations: TUG: Time Up & Go Test, BBS: 
Berg Balance Scale, FES: Fall Efficacy Scales)  
 


