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ABSTRACT 

Background
Falls are a leading cause of injury and loss of independence 
in older adults. Impaired balance is a modifiable risk factor 
yet traditional rehabilitation approaches may not fully address 
balance control. Augmented reality (AR) provides an inter-
active method to support balance training and fall prevention. 
This scoping review summarizes key characteristics of AR 
interventions for balance rehabilitation in older adults, as well 
as associated outcome measures. 

Methods
Literature searches were performed across CENTRAL, 
CINAHL, EMBASE, Medline, PubMed, ScienceDirect, 
SCOPUS, and Web of Science from inception to July 2024. 
Using Arksey and O’Malley’s framework, we included stud-
ies meeting the following criteria: (i) older adults (65+), (ii) 
AR-based balance rehabilitation, (iii) randomized control 
trials (RCTs) or observational studies, and (iv) outcomes 
related to balance, balance confidence, or fear of falling, 
categorized using the Balance Evaluation Systems Test 
(BESTest) framework. Two reviewers independently screened 
and extracted data. 

Results
Ten studies (six RCTs, four observational) involving 235 
participants (ages 64.70-75.8 yrs) met inclusion. AR inter-
ventions were delivered 1–5 times/week over 4 to 12 weeks 
(4–36 total hr), with adherence rates of 83.3% to 100%. The 
most frequently assessed balance systems were stability in gait 
(100%) and anticipatory postural adjustments (90%), which 
improved with AR. Only one study evaluated all balance 
systems. RCTs showed statistically significant improvements 
in balance, while observational studies mainly reported asso-
ciations and trends.  

Conclusions
This review highlights AR as a complementary tool for fall 
prevention, supporting tailored interventions across balance 
domains. Clinicians may find AR useful for engaging older 
adults in targeted, functional rehabilitation.

Key words: augmented reality, older adults, balance, rehabili-
tation, balance confidence, fear of falling

INTRODUCTION 
Canada’s aging population is projected to experience a 
68% increase in adults aged 65 and older over the next two 
decades, with falls affecting approximately one in three 
older adults annually.(1,2) Falls are the primary cause of 
injury-related hospitalization and death among seniors in 
Canada, highlighting the importance of prevention as a public 
health and clinical care priority.(3) Impaired balance is one 
of the most common risk factors for falls,(4) often leading 
to chronic pain, loss of independence, reduced quality of 
life, and, in extreme cases, death.(5,6) The World Health 
Organization (WHO) and the Canadian 24-Hour Movement 
Guidelines recommend that older adults participate in bal-
ance-challenging activities at least twice weekly.(7,8) Research 
suggests that participating in strength and balance training 
can reduce the risk of falls by 34%.(9) However, adherence 
to such exercises is low due to a lack of social support and 
enjoyment, fear of falling or injury, and difficulty accessing 
exercise programs. These barriers can often prevent health-
care providers from implementing and delivering effective 
fall-prevention strategies.(10) Unaddressed balance problems 
can strain Canadian health-care systems due to an increase 
in morbidities and mortalities in the elderly population.(11) 
Additionally, these balance problems can increase both 
nursing home admissions and hospitalizations, resulting in 
higher medical expenditures.(12) 
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Therefore, early identification and targeted rehabilitation 
for balance deficits are critical to clinical practice in geriatric 
care. This is especially important for geriatricians and 
allied health professionals who routinely assess mobility, 
prescribe rehabilitation, and monitor frailty. As falls are 
multifactorial and strongly linked to modifiable risk factors, 
targeted balance training represents a high-yield intervention 
within geriatric care models.(13,14) Incorporating novel 
approaches, such as augmented reality (AR), into routine 
assessment and intervention may support interdisciplinary 
care planning and enhance adherence to evidence-based fall 
prevention strategies.(15)

Balance control is a complex process that involves 
multiple underlying systems.(16,17) While previous models 
function hierarchically, the Balance Evaluation Systems Test 
(BESTest) was developed on the general idea that postural 
control arises from systems interacting with one another. 
The BESTest identifies affected underlying balance control 
systems and directs rehabilitation efforts in six domains: 
(i)  Biomechanical Constraints: postural alignment, joint 
and hip strengths, and the ability to rise from the ground; 
(ii) Stability Limits/Verticality determines how far the body 
can move from its base of support without losing balance; 
(iii) Anticipatory Postural Adjustments: moving the body’s 
weight to maintain stability during movements such as 
standing or walking; (iv) Postural Responses: the ability to 
adjust balance in response to an external disturbance, such as 
being pushed; (v) Sensory Orientation: the ability to sense and 
maintain spatial awareness to maintain balance; (vi) Stability 
in Gait: maintaining balance while walking. The BESTest 
provides a conceptual framework for evaluating and treating 
patients with various balance issues.(17)

AR is an emerging technology used to help older adults 
with rehabilitation and balance exercises.(15) It incorporates 
virtual communication cues into physical surroundings and 
enhances the real-world environment.(18) Balance exercises 
incorporating AR provide real-time guidance and feedback, 
which may improve balance, elevate confidence, and reduce 
the fear of falling.(15,19,20) Other forms of technology used 
in rehabilitation include virtual reality (VR) and mixed 
reality (MR). Virtual reality creates an entirely digital 
environment, whereas MR combines real and virtual worlds 
for a more immersive experience. AR overlays virtual objects 
with physical surroundings, allowing the interaction and 
manipulation of both virtual and physical settings. In AR 
systems, users can interact with digital elements in ways 
that feel natural to them, and seamlessly integrate them into 
their physical surroundings.(21) For clinicians, AR offers 
an innovative tool to further engage patients in exercise, 
potentially increasing adherence and functional outcomes.
(22) However, to effectively design and evaluate the impact of 
this technology on balance, one must know which underlying 
balance systems to target and how to assess them. 

As a result, this scoping review aims to explore 
the application of AR for balance rehabilitation in older 
adults. Through its summary of existing evidence, this 

review provides a comprehensive resource for health-care 
professionals interested in AgeTech. For clinicians, this 
review offers practical insights into how AR can be applied 
in clinical practice to target specific domains of balance 
control, inform program development, and support fall 
prevention efforts. Additionally, understanding the current 
landscapes of AR interventions will offer guidance for future 
research, development, and assessment of AR technologies in 
improving balance outcomes among older adults. 

METHODS
Arksey and O’Malley’s(23) Methodologic Framework was 
used, which followed a five-step process: 1) identifying the 
research question; 2) identifying relevant studies; 3) selecting 
the studies; 4) charting the data; and 5) collating, summariz-
ing, and reporting the results. The Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) was used to ensure that all 
items outlined in the reporting guidelines were included.(24)

Research Questions
The research questions were developed with input from the 
research team comprising geriatricians, occupational ther-
apists, and engineers. Key questions included:

1.	 What are the key characteristics of AR balance rehabili-
tation interventions? 

2.	 Which outcomes are used to assess the effectiveness of 
AR interventions targeting balance?

Identifying Relevant Studies
A preliminary search yielded few results. With the assistance 
of a Cochrane-trained librarian, a broader search strategy 
was developed and involved a primary search of multiple 
databases: CENTRAL, CINHAL, EMBASE, Ovid Medline, 
PubMed, Science Direct, SCOPUS, and Web of Science. 
Search terms included: (“augmented reality”) AND (balance 
OR accidental falls OR falls OR stability OR “fear of falling” 
or “falls-efficacy”) AND (aged OR elderly OR adults OR older 
adults). Searches spanned from the inception of the database 
and were restricted to English. The final search strategy was 
completed in July 2024.

Study Selection
The inclusion criteria were older adults aged 65 years or older, 
augmented reality interventions, outcomes related to balance, 
balance confidence, or fear of falling, and articles published 
in English. Exclusion criteria were adults younger than 65, 
individuals diagnosed with conditions such as stroke, multiple 
sclerosis, or Parkinson’s disease, interventions using virtual 
or mixed reality, outcomes unrelated to balance, balance 
confidence, or fear of falling, and studies with no full-text 
access available.

We included studies that examined healthy individuals to 
determine whether AR interventions could be considered as 
preventative measures for future health implications among 
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this demographic. Two independent reviewers screened 
studies, and full texts were assessed if the abstracts met the 
inclusion criteria. A secondary search of the reference lists and 
citations of the included studies was also completed. 

Charting the Data
Data was charted into four tables. Table 1 summarizes an over-
view of augmented reality systems. Key outcome measures 
of AR interventions are extracted in Table 2. Epidemiological 
metrics of all studies are included in Table 3. We also classi-
fied each assessment tool within its corresponding underlying 
balance systems using the BESTest framework (Table 4). 

Collating, Summarizing, & Reporting the Results
A PRISMA flow diagram documented the study selection. The 
charted data findings were collated with descriptive statistics 
(percentages, standard deviation, and ranges). Findings are 

presented in a narrative format intended to serve as an exten-
sive resource for physicians, allied health-care professionals, 
and health policymakers interested in AgeTech.  

RESULTS

Figure 1 shows a PRISMA flow diagram of the scoping review. 
The search strategy across multiple databases yielded a total of 
1631 citations (CENTRAL, n=49; CINHAL, n=22; EMBASE, 
n=56; Ovid Medline, n=41; PubMed, n=64; Science Direct, 
n=1156; SCOPUS, n=30, and Web of Science, n=213). Of 
these 1631 citations, 45 abstracts met the inclusion criteria 
for full-text review. 221 studies were identified as duplicates 
and removed after cross-referencing among databases. A 
secondary search of reference lists and citations added one 
additional study.(25) Ultimately, ten studies were included in 
this scoping review.

FIGURE 1. PRISMA flow diagram, illustrating the screening process used to include 
studies from our search strategy; it records the number of records identified, screened, 
and included
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Figure 2 shows the percentage of studies reporting 
balance outcomes of the BESTest. The most frequently 
assessed underlying balance systems were Stability in 
Gait at 100%,(15,25–33) Anticipatory Postural Adjustments 
at 90%,(15,25,26,28–33) and Stability Limits/Verticality at 
80%.(15,26,28–33) Biomechanical constraints and sensory 
orientation were the least targeted underlying balance systems, 
with only 20% of studies focusing on these domains.(26,29)

Six randomized controlled trials(26,28,29,31–33) and four 
observational studies(15,25,27,30) were included in this scoping 
review. Among the ten studies, seven(25,26,28,30–33) originated 
from East Asia, two(27,29) from North America, and one(15) from 
Europe. Two studies(15,27) used Microsoft HoloLens glasses 
as their AR intervention, while three studies(26,30,32) used the 
Microsoft Kinect, the most commonly used AR system. 
Nearly all studies reported that AR intervention improved 
balance and physical activity in older adults. However, 
according to one study,(15) there were no improvements in 
the balance of older adults after AR training.

Table 1 provides an overview of augmented reality 
systems. Several studies(26,28,30,32,33) had participants 
perform exercises in front of a sensor or camera to track 
body movement. The most used virtual information included 
virtual exercise guidance systems(28,31–33) and AR-based 
games.(15,25,26,30) Microsoft Kinect sensors(26,30,32) were the 
most-used tracking technology, and screens(26,30,32) and TV/
monitor(28,29) were commonly used as display technologies. 
User interaction varied across studies. Participants engaged 
in balance and mobility games,(15,26,30) interacted with virtual 
holograms of park redesign elements,(27) and performed 
guided exercises while receiving real-time feedback.

(28,31–33) In one study,(25) users stepped on projected stimuli 
as per instructions, and in another study,(29) maintained trunk 
stability while walking on a treadmill. 

Table 2 summarizes the key characteristics of augmented 
reality interventions. There were ten studies with a total sample 
size of 235 older adults (mean age range: 64.7 (30)-75.8(29)). 
Participant sample sizes varied from 7(15) to 40(29) across the 
studies. The frequency of augmented reality interventions 
ranged from one(27) to five times(28) per week, with Vieira 
et al.(27) completing the study in one session, and Im et al.(30) 
having ten sessions. Moreover, only one study(33) reported 
that the AR interventions were of moderate intensity for the 
first week, performed by participants five times. In contrast, 
another study(29) had participants walking at comfortable 
speeds. Park and Shin(25) reported a low-intensity intervention, 
and Jeon and Kim(28) used a perceived exertion (RPE) rate 
ranging from 7–13 to describe the different intensities. Only 
one study(32) reported progressive AR-based exercises, 
gradually increasing in difficulty. 

Furthermore, the duration of the AR interventions across 
studies ranged from four to 12 weeks,(26,28,31,33) for a total 
duration of 4–36 hours,(15,31,33) with each session lasting 
from 20 to 60 minutes.(15,31,33) Adherence rates varied across 
the studies from 83.3–100%.(29,30,32) One study(26) reported 
a 94% adherence rate, while two studies(30,32) reported an 
adherence rate of 100% as all participants completed the 
exercise program. Another study(29) reported an adherence rate 
of 83.3%, as at least 10 of the 12 scheduled training sessions 
were completed by all participants. Two studies reported 
adherence rates of 85.7%(15) and 90%(28) due to participants 
dropping out because of health issues. 

FIGURE 2. Percentage of studies reporting outcomes in the six domains of the BEST-
est; the radar chart illustrates the distribution of BESTest outcome measures reported 
across studies
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Table 3 presents the epidemiological characteristics 
of the included studies. A total of six RCTs(26,28,29,31–33) 
and four observational studies(15,25,27,30) were included. 
Most studies(15,25,28,29,31–33) reported a higher proportion of 
female participants; however, Ku et al.(26) and Im et al.(30) 
reported equal representation of men and women, while 
Vieira et  al.(27) did not report sex-specific characteristics. 
Across all studies, participant ages ranged from 56(26,30) 
to 92(29) years. Ku et  al.(26) was conducted across both 
clinical hospital settings and surrounding community 
environments. Overall, six studies(25,27,28,31-33) were conducted 
in community settings and three(15,29,30) in clinical settings. 
Eight studies(25,26,28,29,30,31-33) reported statistically significant 
improvements in balance outcomes, while two studies(15,27) 
reported no significant effects. Interaction effects were 
reported in four studies(26,28,29,31). Improvements in balance 
were observed in all studies, with the exception of Bolmqvist 
et  al.(15) which reported no improvements. Only Anson 
et al.(29) reported that the overall mean change did not exceed 
the minimum clinically important difference; however, a 
specific minimal detectable change value was not defined. No 
other studies reported outcomes related to minimal clinically 
important differences.

Biomechanical Constraints
Two studies(26,29) assessed biomechanical constraints, 
including postural alignment, joint strength (specifically in 
the ankles and hips), and the ability to rise from the ground. 
The Fugl-Meyer Assessment (FMA-LE) and BESTest were 
used to evaluate the biomechanical limitations of the lower 
extremities, the range of motion of joints, and the ability to 
carry out functional movements such as standing up from a 
seated position. 

Stability Limits/Verticality
Eight studies(15,26,28–33) evaluated how far the body can move 
from its base of support without losing balance. The most 
commonly used tools were the Berg Balance Scale (BBS), 
Functional Reach Test (FRT), and BESTest. These tests 
evaluate many movements, including reaching forward, sitting 
upright, and leaning laterally, to determine stability limits.

Anticipatory Postural Adjustments (APA) 
APA was evaluated in nine studies.(15,25,26,28–33) It entails mov-
ing the body’s weight to maintain stability during movements 
such as standing or walking. Some of the tests included the 
Five Times Sit-to-Stand Test (5TSTS), BBS, Timed Up and 
Go test (TUG), and BESTest. These tests evaluate partici-
pants’ ability to anticipate and change their posture during 
transitions, such as sitting-to-standing, standing on one leg, 
rise to toes, and standing arm raise.

Postural Responses 
Three studies(15,26,29) evaluated postural responses, which 
involved responding to external disturbances to adjust for 
balance. The BESTest and Tetrax posturography frequently 

TA
B

LE
 2

.  
K

ey
 c

ha
ra

ct
er

is
tic

s o
f a

ug
m

en
te

d 
re

al
ity

 in
te

rv
en

tio
ns

a

Fi
rs

t A
ut

ho
r 

&
 Y

ea
r 

Sa
m

pl
e

(N
)

M
ea

n 
Ag

e 
(y

rs
)

 (S
D

)
St

ud
y 

Po
pu

la
tio

n
Fr

eq
ue

nc
y

(p
er

 w
k)

In
te

ns
ity

Ti
m

e 
(w

ks
)

D
ur

at
io

n 
(m

in
)

To
ta

l D
os

e
(h

rs
)

Ad
he

re
nc

e 
(%

)
K

u 
et

 a
l. 

(2
6)

36
56

-7
6 

(r
an

ge
)

H
ea

lth
y 

ol
de

r a
du

lts
 

3 
-

4 
30

 
6

94
%

V
ie

ira
 e

t a
l.(2

7)
10

65
 (±

5)
H

ea
lth

y 
ol

de
r a

du
lts

 
O

ne
 ti

m
e

-
-

-
-

-

Bo
lm

qv
ist

 e
t a

l.(1
5)

  
7

74
 (-

)
O

ld
er

 a
du

lts
 w

ith
 im

pa
ire

d 
ba

la
nc

e 
2 

-
6 

20
4

85
.7

%

Je
on

 &
 K

im
(2

8)
30

72
.7

4 
(±

3.
64

)
El

de
rly

 K
or

ea
n 

w
om

en
 

5 
R

PE
 (7

-1
3)

12
30

 
30

90
%

A
ns

on
 e

t a
l.(2

9)
40

C
on

tro
l: 

75
.8

 (6
.5

)
Ex

pe
rim

en
ta

l: 
75

.7
 (5

.3
)

O
ld

er
 a

du
lts

 w
ith

 se
lf-

re
po

rte
d 

ba
la

nc
e 

is
su

es
 

3 
Pa

rti
ci

pa
nt

s w
al

ke
d 

at
 

co
m

fo
rta

bl
e 

sp
ee

ds
 

4
30

6
83

.3
%

Im
 e

t a
l.(3

0)
18

64
.7

0 
(±

7.
27

)
H

ea
lth

y 
ol

de
r a

du
lts

 
Te

n 
to

ta
l s

es
si

on
s 

-
4

30
5

10
0%

Le
e 

et
 a

l.(3
1)

30
72

.6
0 

(±
2.

67
)

H
ea

lth
y 

el
de

rly
 w

om
en

 
3

-
12

60
36

 
-

C
he

n 
et

 a
l.(3

2)
28

72
.2

 (±
2.

8)
H

ea
lth

y 
ol

de
r a

du
lts

 
3

Pr
og

re
ss

iv
e

8
30

12
10

0%

Yo
o 

et
 a

l.(3
3)

21
72

.9
0 

(3
.4

1)
H

ea
lth

y 
el

de
rly

 w
om

en
  

3
M

od
er

at
e 

fo
r t

he
 fi

rs
t w

ee
k

12
60

36
-

Pa
rk

 &
 S

hi
n(2

5)
15

70
.4

7 
(3

.5
4)

H
ea

lth
y 

ol
de

r a
du

lt 
fe

m
al

es
 

3
Lo

w
 in

te
ns

ity
 

6
30

9
-

Ra
ng

e
7-

40
64

.7
0-

75
.8

-
1-

5
-

4-
12

20
-6

0
4-

36
83

.3
-1

00
%

a 
Th

e 
st

ud
y 

sa
m

pl
e,

 p
op

ul
at

io
n,

 in
te

rv
en

tio
n 

fr
eq

ue
nc

y,
 in

te
ns

ity
, d

ur
at

io
n,

 a
nd

 a
dh

er
en

ce
 a

re
 p

re
se

nt
ed

 a
cr

os
s e

ac
h 

st
ud

y;
 ra

ng
es

 fo
r e

ac
h 

ch
ar

ac
te

ris
tic

 a
re

 re
co

rd
ed

 a
t t

he
 b

ot
to

m
. 

(-
) =

 in
fo

rm
at

io
n 

no
t a

va
ila

bl
e;

 R
PE

 =
 R

at
e 

of
 P

er
ce

iv
ed

 E
xe

rti
on

.



VEHRA: AR FOR BALANCE REHABILITATION IN OLDER ADULTS

130CANADIAN GERIATRICS JOURNAL, VOLUME 29, ISSUE 2, JUNE 2026

TA
B

LE
 3

 (p
ar

t 1
 o

f 2
). 

Ep
id

em
io

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s a
nd

 o
ut

co
m

e 
su

m
m

ar
y 

of
 in

cl
ud

ed
 st

ud
ie

s

Fi
rs

t 
Au

th
or

&
 Y

ea
r

St
ud

y 
D

es
ig

n
Sa

m
pl

e 
Si

ze
 

Se
x 

(M
/F

)
Ag

e 
Ra

ng
es

 
(y

rs
)

Se
tti

ng
 

Pr
im

ar
y 

Ba
la

nc
e 

O
ut

co
m

es
Si

gn
ifi

ca
nt

 C
ha

ng
e 

Re
po

rt
ed

Ad
ju

st
ed

/ I
nt

er
ac

tio
n 

Ef
fe

ct
 R

ep
or

te
d 

D
ire

ct
io

n 
of

 C
ha

ng
e

M
C

ID

K
u 

&
 

K
im

(2
6)

R
C

T
36

17
 (4

7.
2%

)
17

 (4
7.

2%
)

56
-7

6
C

lin
ic

al
 a

nd
 

co
m

m
un

ity
- b

as
ed

 
B

B
S

TU
G

FA
C

 
M

B
I 

FM
A

-L
E

FM
A

-C
FM

A
-B

 
Te

tra
x 

po
st

ur
og

ra
ph

y

B
B

S:
 p

=.
04

2
TU

G
: p

<.
00

1
Te

xt
ra

x 
(f

al
l r

is
k 

in
de

x)
: p

=.
03

3

Ye
s (

gr
ou

p 
× 

tim
e)

 
in

te
ra

ct
io

n
↑ 

Im
pr

ov
em

en
ts

-

V
ie

ira
  

et
 a

l.(2
7)

O
bs

er
va

tio
na

l
10

-
≥6

0
C

om
m

un
ity

-b
as

ed
 

ou
td

oo
r p

ub
lic

 p
ar

k
G

ai
t p

ar
am

et
er

s 
(v

el
oc

ity
, c

ad
en

ce
, 

st
ep

 le
ng

th
, a

nd
 

st
ep

 w
id

th
)

N
ot

 st
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 
-

↑ 
Sl

ig
ht

 
im

pr
ov

em
en

ts
 

(p
os

tu
ra

l s
w

ay
 

in
cr

ea
se

d 
25

%
)

-

B
ol

m
qv

is
t 

et
 a

l.(1
5)

O
bs

er
va

tio
na

l
7

2 
(2

8.
6%

)
5 

(7
1.

4%
)

66
-6

8
C

lin
ic

al
 (p

hy
si

o-
th

er
ap

y-
su

pe
rv

is
ed

 
tra

in
in

g;
 re

ha
bi

lit
at

io
n 

se
tti

ng

B
B

S
SP

PB
-S

FE
S-

S
C

en
te

r o
f p

re
ss

ur
e 

(f
or

ce
 p

la
tfo

rm
)

N
ot

 st
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 
-

N
o 

im
pr

ov
em

en
ts

 

Je
on

 &
  

K
im

(2
8)

R
C

T
30

0 
(0

%
)

30
 (1

00
%

)
≥6

5
C

om
m

un
ity

-b
as

ed
 

in
do

or
 se

tti
ng

 
(w

el
fa

re
 c

en
te

rs
)

TU
G

6m
 W

al
k

C
ha

ir 
St

an
ds

 (3
0s

)
2M

ST
F8

W
Si

t a
nd

 R
ea

ch

TU
G

: p
=.

03
2

6m
 W

al
k:

 p
=.

01
3

C
ha

ir 
St

an
ds

: p
=.

03
3

2M
ST

: p
=.

02
0

G
ro

up
 ×

 ti
m

e 
in

te
ra

ct
io

n 
↑ 

Im
pr

ov
em

en
ts

-

A
ns

on
  

et
 a

l.(2
9)

R
C

T
40

11
 (2

7.
5%

)
29

 (7
2.

5%
)

66
-9

2
C

lin
ic

al
 

(r
eh

ab
ili

ta
tio

n 
se

tti
ng

)
B

ES
Te

st
 

m
B

ES
Te

st
B

B
S

TU
G

A
B

C
6M

W
T

B
ES

Te
st

: p
=.

03
1

m
B

ES
Te

st
: p

=.
01

9
G

ro
up

 ×
 ti

m
e 

in
te

ra
ct

io
n 

↑ 
Im

pr
ov

em
en

ts
M

C
ID

 n
ot

 d
efi

ne
d 

B
el

ow
 M

D
C

 o
ve

ra
ll;

 
m

ea
n 

ch
an

ge
 d

id
 

no
t e

xc
ee

d 
M

D
C

 
fo

r B
ES

Te
st

 o
r 

m
B

ES
Te

st
Im

 e
t a

l.(3
0)

O
bs

er
va

tio
na

l
18

9 
(5

0%
)

9 
(5

0%
)

56
-7

6
C

lin
ic

al
 (h

os
pi

ta
l-

ba
se

d 
re

ha
bi

lit
at

io
n 

se
tti

ng
)

B
B

S
TU

G
B

B
S:

 p
<.

00
1

TU
G

: p
<.

00
1

N
o 

(p
ai

re
d 

t-t
es

ts
 fo

r 
cl

in
ic

al
 o

ut
co

m
es

lin
ea

r r
eg

re
ss

io
n 

an
al

ys
is

↑ 
Sm

al
l 

im
pr

ov
em

en
ts

-

Le
e 

et
 a

l.
(3

1)
R

C
T

30
0 

(0
%

)
30

 (1
00

%
)

-
C

om
m

un
ity

-b
as

ed
 

se
tti

ng
 (s

en
io

r 
ce

nt
er

s)

O
LS

TU
G

SP
PB

B
B

S
6M

W
T

p<
.0

5
Ye

s (
be

tw
ee

n 
gr

ou
ps

)
↑

Im
pr

ov
em

en
ts

-



VEHRA: AR FOR BALANCE REHABILITATION IN OLDER ADULTS

131CANADIAN GERIATRICS JOURNAL, VOLUME 29, ISSUE 2, JUNE 2026

TA
B

LE
 3

 (p
ar

t 2
 o

f 2
). 

Ep
id

em
io

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s a
nd

 o
ut

co
m

e 
su

m
m

ar
y 

of
 in

cl
ud

ed
 st

ud
ie

s

Fi
rs

t 
Au

th
or

&
 Y

ea
r

St
ud

y 
D

es
ig

n
Sa

m
pl

e 
Si

ze
 

Se
x 

(M
/F

)
Ag

e 
Ra

ng
es

 
(y

rs
)

Se
tti

ng
 

Pr
im

ar
y 

Ba
la

nc
e 

O
ut

co
m

es
Si

gn
ifi

ca
nt

 C
ha

ng
e 

Re
po

rt
ed

Ad
ju

st
ed

/ I
nt

er
ac

tio
n 

Ef
fe

ct
 R

ep
or

te
d 

D
ire

ct
io

n 
of

 C
ha

ng
e

M
C

ID

C
he

n 
 

et
 a

l.(3
2)

R
C

T
28

3 
(1

0.
7%

)
25

 (8
9.

3%
)

≥6
5

C
om

m
un

ity
-b

as
ed

 
se

tti
ng

 
B

B
S

TU
G

FR
T

In
 g

ro
up

;
B

B
S:

 p
<.

00
1

TU
G

: p
=.

00
1

FR
T:

 p
<.

00
1

B
et

w
ee

n 
gr

ou
p;

B
B

S 
p=

.0
44

TU
G

 (p
=.

01
5

 F
RT

 (p
<.

00
1

N
o 

(in
de

pe
nd

en
t t

-te
st

 
fo

r t
he

 b
et

w
ee

n-
gr

ou
p 

te
st

)

↑
Im

pr
ov

em
en

ts
-

Yo
o 

et
 a

l.
(3

3)
 

R
C

T
21

0 
(0

%
)

21
 (1

00
%

)
-

C
om

m
un

ity
-b

as
ed

 
B

B
S

G
ai

t (
ve

lo
ci

ty
, 

ca
de

nc
e,

 st
ep

 
le

ng
th

, a
nd

 
st

rid
e 

le
ng

th
)

FE
S-

I

B
B

S:
 p

<.
00

1
G

ai
t v

el
oc

ity
: p

=.
00

1
C

ad
en

ce
: p

=.
00

0
Le

ft 
si

de
 st

rid
e 

le
ng

th
: 

p=
.0

41
R

ig
ht

 si
de

 st
ep

 le
ng

th
: 

p=
.0

11
R

ig
ht

 si
de

 st
rid

e 
le

ng
th

: p
=.

01
9

FE
S-

I: 
p=

.0
19

N
o 

(I
nd

ep
en

de
nt

 t-
te

st
s 

us
ed

 fo
r b

et
w

ee
n-

gr
ou

p 
co

m
pa

ris
on

s)

↑
Im

pr
ov

em
en

ts
-

Pa
rk

 &
 

Sh
in

(2
5)

O
bs

er
va

tio
na

l 
15

0 
(0

%
)

15
 (1

00
%

)
≥6

5
C

om
m

un
ity

-b
as

ed
 

se
tti

ng
(in

do
or

 e
xe

rc
is

e 
sp

ac
e)

 

TU
G

5T
ST

S 
1M

ST
S

TU
G

: p
=.

00
1

N
o 

(p
ai

re
d 

t-t
es

t)
↑

Im
pr

ov
em

en
ts

-

B
ES

Te
st

 =
 B

al
an

ce
 E

va
lu

at
io

n 
Sy

st
em

s T
es

t; 
m

B
ES

Te
st

 =
 M

od
ifi

ed
 B

al
an

ce
 E

va
lu

at
io

n 
Sy

st
em

s T
es

t; 
(-

) =
 in

fo
rm

at
io

n 
no

t a
va

ila
bl

e;
 M

C
ID

 =
 m

in
im

al
 c

lin
ic

al
ly

 im
po

rta
nt

 d
iff

er
en

ce
; 

B
B

S 
= 

B
er

g 
B

al
an

ce
 S

ca
le

; T
U

G
 =

 T
im

ed
 U

p 
an

d 
G

o;
 F

A
C

 =
 fu

nc
tio

na
l a

m
bu

la
tio

n 
ca

te
go

ry
; M

B
I =

M
od

ifi
ed

 B
ar

th
el

 In
de

x;
 F

M
A

-L
E/

 C
/ B

 =
 F

ug
l-M

ey
er

 M
ot

or
 A

ss
es

sm
en

t B
al

an
ce

 
se

ct
io

n 
(lo

w
er

 e
xt

re
m

ity
/c

oo
rd

in
at

io
n/

ba
la

nc
e)

; S
PP

B
/S

PP
B

-S
 =

 S
ho

rt 
Ph

ys
ic

al
 P

er
fo

rm
an

ce
 B

at
te

ry
/S

ho
rt 

Ph
ys

ic
al

 P
er

fo
rm

an
ce

 B
at

te
ry

 (S
w

ed
is

h 
Ve

rs
io

n)
; F

ES
-S

/F
ES

-I
 =

Fa
lls

 E
ffi

ca
cy

 
Sc

al
e 

(S
w

ed
is

h 
Ve

rs
io

n)
/F

al
ls

 E
ffi

ca
cy

 S
ca

le
 (I

nt
er

na
tio

na
l V

er
si

on
); 

2M
ST

 =
 2

-M
in

ut
e 

W
al

k 
Te

st
; F

8W
 =

 F
ig

ur
e-

of
-8

 W
al

k 
Te

st
; A

B
C

 =
 A

ct
iv

iti
es

-S
pe

ci
fic

 B
al

an
ce

 C
on

fid
en

ce
 S

ca
le

; 
6M

W
T 

= 
6-

M
in

ut
e 

W
al

k 
Te

st
; M

D
C

 =
 m

in
im

um
 d

et
ec

ta
bl

e 
ch

an
ge

; O
LS

 =
 O

ne
 L

eg
 S

ta
nd

in
g 

Te
st

; F
RT

 =
 F

un
ct

io
na

l R
ea

ch
 T

es
t; 

1M
ST

S/
5T

ST
S 

= 
1-

M
in

ut
e 

Si
t-t

o-
St

an
d/

5-
Ti

m
es

 S
it-

to
-

St
an

d;
 T

et
ra

x 
= 

Te
tra

x 
Po

st
ur

og
ra

ph
y 

sy
st

em
; p

 =
 p

 v
al

ue
.



VEHRA: AR FOR BALANCE REHABILITATION IN OLDER ADULTS

132CANADIAN GERIATRICS JOURNAL, VOLUME 29, ISSUE 2, JUNE 2026

assessed participants’ ability to recover from changes in 
balance, such as being able to step forward, backward, or 
laterally after being pushed.

Sensory Orientation
Two studies(26,29) assessed sensory orientation, which evalu-
ates the body’s ability to use sensory inputs like vision and 
proprioception to maintain balance, especially on unstable 
surfaces. The BESTest and Tetrax posturography were used 
to evaluate participants’ balance with eyes closed or while 
standing on uneven surfaces.

Stability in Gait
Stability in gait, which assesses balance while walking, was 
examined in all ten studies.(15,25–33) The BBS, TUG test, and 
Short Physical Performance Battery (SPPB) were the most 
frequently used tests to assess this underlying balance sys-
tem. The aim was to evaluate participants’ ability to maintain 
balance while walking and during functional ambulation. 
The effect of gait stability on daily activities was measured 
using assessment tools such as the Modified Barthel Index 
(MBI) and the Functional Ambulation Category (FAC), which 
assessed whether participants effectively carried out daily 
tasks that depended on walking.

Fear of Falling
Three studies(15,29,33) measured participants’ fear of falling 
using the Falls Efficacy Scale (FES) and the Activities-Specific 
Balance Confidence (ABC) Scale. These tools measure the 
confidence level in carrying out daily activities without losing 
balance, becoming unsteady, or falling, allowing us to identify 
participants at high risk of balance impairments (see Table 4).

DISCUSSION

This scoping review highlights that AR technologies are novel, 
complementary tools that can be integrated into multidisci-
plinary fall-prevention programs. For clinicians, our findings 
underscore the importance of tailoring interventions to the full 
spectrum of balance systems and using validated functional 
measures, such as the Berg Balance Scale and the Timed Up 
and Go (TUG) test, to guide care and track progress. These 
AR-based approaches may be beneficial for older adults 
with mild-to-moderate mobility impairments, offering an 
engaging, tech-enabled way to reinforce rehabilitation goals 
and promote adherence.

Assessing all balance systems is essential to fully 
understand how well someone can balance and where they 
may have difficulties.(17) This review found that most AR 
interventions targeted gait stability and anticipatory postural 
adjustments, but overlooked balance domains such as sensory 
orientation and postural responses, which are critical for older 
adults who experience falls due to environmental challenges 
or external perturbations.(16) Clinicians should be aware 
that AR interventions may not fully address all key areas of 
balance and may require supplemental interventions. Moving 

forward, AR should be designed to incorporate programs 
that target the underrepresented systems, such as unexpected 
balance perturbations or multisensory conflict tasks, in order 
to provide comprehensive rehabilitation for fall prevention 
and prevent hospitalizations due to balance impairments. 

Most included studies enrolled a higher proportion of 
female participants, and participant ages ranged widely 
across studies, which may have further influenced balance 
outcomes due to sex-based physiological differences, such 
as differences in strength. Although several studies reported 
statistically significant improvements in balance, outcomes 
were neither stratified nor adjusted by sex or age, limiting 
the interpretation of these effects on balance. Additionally, 
a few studies reported interaction effects, but they were 
examined within intervention and control subgroups rather 
than across epidemiological characteristics. Future studies 
should incorporate sex- and age-specific analyses, as well as 
subgroup interaction analyses, to better highlight how balance 
improvement varies across characteristics and to improve 
clinical relevance. 

AR has several advantages over traditional balance 
training methods, such as conventional fitness programs, as 
it provides users with interactive and immersive experiences 
that increase engagement and improve physical outcomes.
(22,34) AR interventions increase motivation and involvement 
by providing real-time visual feedback and guidance with 
virtual elements, giving health-care professionals a better 
understanding of movement among older adults.(35,36) 
Additionally, several emerging AR-based interfaces, such 
as sensors, wearables, and mobile devices, enable increased 
accessibility that caters to individual needs.(37–39) Different 
AR interventions will implement personalized approaches, 
making users more likely to participate in exercise programs, 
thereby boosting overall engagement and improving 
rehabilitation outcomes.(22) 

Many AR programs incorporate challenges that 
stimulate daily activities, allowing older adults to practice 
functional movements in settings that stimulate real-world 
environments.(15,18) Having this preliminary experience can 
facilitate a smoother transition to daily tasks, promoting 
safe mobility at home and in the community. AR technology 
also enhances accessibility and supports aging in place, as 
it can be implemented in a wide range of environments, 
including senior centers, clinics, and homes.(40) Moreover, 
AR interventions tend to be more cost-effective compared 
to usual care, as they minimize clinician time, in-person 
clinic visits, and transportation costs.(41) This may result in 
fewer emergency department visits, hospitalizations, and 
lower long-term care service utilization. Furthermore, early 
evidence suggests that AR interventions may lead to greater 
improvements in balance measures, such as the Berg Balance 
Scale and the Timed Up and Go test, compared to standard 
exercise programs.(42) These advantages establish AR as 
a promising tool in geriatric care for preventing falls and 
enhancing mobility. In contrast to VR, which fully immerses 
users in digital environments, AR overlays virtual elements 
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onto the physical world,(21) helping older adults maintain 
spatial orientation and reducing sensory disorientation. AR 
systems are also typically less complex than VR, making them 
more feasible for use in community and home settings.(40) 
These characteristics support AR’s suitability as an accessible, 
age-appropriate tool for balance rehabilitation in older adults.

Although the findings from this review provide valuable 
insights into the role of AR in fall prevention and improving 
mobility among older adults, several limitations should be 
noted. Most studies were conducted in East Asia, which 
may limit the applicability of the findings to other health-
care systems or cultural contexts. This limitation may have 
introduced regional bias in the intervention design, delivery, and 
participant characteristics. Moreover, we used a rigorous search 
and screening process where we considered balance and fear of 
falling as a secondary outcome in the literature, and these terms 
were not always included in the titles or abstracts of screened 
papers. This may have excluded relevant studies that met the 
inclusion criteria during the title and abstract screening level, 
but may not have explicitly mentioned these terms. 

CONCLUSION

AR is a promising fall-prevention strategy for older adults, 
particularly for improving gait stability and anticipatory pos-
tural control. For geriatricians and health-care professionals, 
AR can enhance engagement and support individualized care 
when paired with validated tools such as the TUG and Berg 
Balance Scale. Home-based AR may also promote adherence 
and aging in place. 
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