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ABSTRACT

Introduction: Recently, exergames have cropped up as a new form of intervention for stroke rehabilitation. This
study reviews the effectiveness of exergames on balance and gait performance and determines the optimal dosage,
duration, and types of exergames used to improve balance and gait performance among individuals with post-stroke.
Methods: Searches were performed in Scopus, PubMed, MEDLINE via EBSCO, and ScienceDirect databases from
2015 to 2020. The protocol of this research was guided by using preferred reporting items for systematic reviews
and meta-analyses. Results: : A total of 394 articles were selected and reviewed. Articles involving exergames as
an intervention in the individuals with post stroke and evaluating balance and gait performance were selected in
this research. Eleven studies have been selected in this review. However, half of the studies reported no significant
differences between experimental and control groups. The dosages used in exergames to improve balance and gait
in selected studies were inconsistent. Most of the studies used exergames for 30 minutes. Common exergames that
had been used were Nintendo Wii Fit and Xbox Kinect. Conclusion: Exergames effectively improve balance and gait
performance, and the effects were similar to conventional therapy among post-stroke patients. Types of exergames

chosen mostly focused on games that involved lower extremities that stimulate balance and gait.
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INTRODUCTION

Stroke is a common cause of disability worldwide.
Over one-third of post-stroke patients are discharged
with some permanent disability, leading to a significant
decrease in quality of life (1). Individuals post-stroke
presented with balance and gait dysfunctions that are
caused by muscular weakness, abnormal muscle tone,
and visual and sensory function deficits (2). Uneven
weight-bearing and poor posture also lead to poor
balance and gait in post-stroke patients (3, 4). Balance
and gait are important in every individual in their activity
of daily living. Most of the patients face the problems
and are scared to walk with the fear of fall (5). Thus,

post-stroke patients need rehabilitation that focused in
improving balance and gait in order to improve their
quality of life.

Rehabilitation for walking dysfunction in post-stroke
usually involves task-specific therapy such as over ground
training, mechanical assisted and treadmill training with
partial body weight support (6-8). Meanwhile, the force
plate biofeedback system is a useful tool to improve
balance performance (9). However, those activities
require patients to come over to the rehabilitation center,
which may be limited because of physical barriers. The
most commonly identified barriers are environmental
barriers, such as ambulatory and transport obstacles to
the necessary training facilities, and personal barriers,
including lack of encouragement and knowledge
to implement and sustain an exercise program (10).
Home rehabilitation is an alternative to center-based
rehabilitation but is costlier. Therefore, telerehabilitation
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using exergames is a workable solution that allows
remote rehabilitation supervision and eliminates access
barriers, especially during the COVID-19 pandemic.

Exergames or virtual reality (VR) games have emerged
as a new rehabilitation model for post-stroke individuals
(11). It is an interactive simulation that allows users
to participate in scenarios that look similar to real-
world environments (12). Exergames were reported to
be a useful tool to promote participation and improve
compliance with the therapeutic program (13). An
enjoyable treatment program that has been offered by
exergames will increase the level of patient’s adherence
to the rehabilitation (14,15).

A previous and recent systematic reviews have shown
the effectiveness of exergames on balance and gait
performance among individuals with post-stroke
(16,17). Despite the benefits of exergames, the training
parameters, notably for balance and gait performance,
are not well established. There might be more recent
data on exergames in stroke relations made on various
sources within the last five years. The data can be
added to advocate the use of exergames in stroke
rehabilitation. As such, this review will outline recent
research on the impact of exergames on balance and
gait performance. In addition, we systematically review
the optimal dosage, duration, and types of exergames
used to improve balance and gait performance among
individuals with post-stroke.

METHODS

Search Strategy

The review procedure was performed according to
the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines (18). Two
reviewers conducted a literature search from 2015 until
May 2020. Articles were identified using an electronic
search of Scopus, PubMed, MEDLINE via EBSCO, and
ScienceDirect. Searches were performed for ‘virtual
reality’, ‘exergames’, ‘stroke’, ‘balance’, ‘gait’, and
combinations of the keywords mentioned earlier.

Study Selection

Table I shows the eligibility criteria for this study. Both
authors independently performed database searches,
screened the titles and abstracts that measured the
effectiveness of exergames on balance and gait
performance among individuals with post-stroke. Full-
text copies of the selected articles were manually cross-
checked and retrieved based on eligible criteria. In
addition, studies were included if published in English
in a peer reviewed journal from 2015 to 2020. Final
criteria of studies selection were as follows: (1) involve
individuals with post stroke; (2) use exergames as an
intervention; (3) evaluate effectiveness of exergames on
the balance and gait performance. The data from the
included studies were extracted.

Table 1. Eligible criterion

Study design

° Randomized Control Trial

Population
e Adults (>18 years old)
e Diagnosis with post-stroke (hemorrhage or ischaemic)
e Able to understand instructions
e Able to walk independently with or without a device

e No other pathological condition is affecting the lower
limbs

Intervention

e Exergames/ Virtual game

Outcomes
° Balance

e  Gait performance

Methodological quality assessment

The included study’s methodological quality was
assessed using the Physiotherapy Evidence Database
(PEDro) scale (19). To minimize bias, the two authors
independently evaluated the articles. The scale’s
reliability has been tested, and most of the items appear
to have sufficient reliability for systematic reviews of
health care randomized controlled trial (RCT) (20).
In the event of disagreements in the PEDro score, a
third person was assigned to decide on the score. This
individual has considerable experience in conducting
research studies and teaching research methods, thus
being a credible arbitrator. This review included studies
that score >4 on the PEDro scale, which would be
determined after analyzing PEDro scores (20). A higher
PEDro score shows greater internal validity of the study.

Data extraction and analysis

In this study, results from comparable studies were
pooled and analyzed manually by the reviewers. Studies
details were organized into two different tables based
on the study objectives. For the primary outcomes,
study details, including authors, the purpose of studies,
interventions, outcome measures, and significant
findings, were recorded on a table independently by one
viewer. To achieve similarity, the significant findings of
each study were expressed as p-value. For secondary
outcomes, types of exergames, duration (min), and
dosage (frequency, week, and session) of included
studies were retrieved and recorded systematically on a
table. Types of video games in each exergame have also
been extracted.

RESULTS

Flow of studies through the review
Fig. 1 shows the flow of the study selection process.
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A total of 394 articles were hit and reviewed. After
duplicates were manually removed, the initial searches
yielded 132 studies in Scopus, PubMed, MEDLINE via
Ebsco, and Science Direct. Of these 132 studies were
screened based on the title and abstract, and 48 met
inclusion criteria. The full texts of the 48 studies were
examined in more detail. It appeared that 37 studies
did not meet the final criteria. Eleven articles had been
selected in this research.

All selected articles were related to the study purpose,
which summarizes the scientific evidence from recent
studies related to the effectiveness of exergames on
balance and gait and reviews the optimal dosage,
duration, and types of exergames used to improve
balance and gait among stroke patients.

A recent study by Cikajlo et al. (30) used multiple types
of exergames in their research. Nearly all the control
groups used the standard or conventional rehabilitation
to be compared with experimental groups. However,
some studies used other than standard rehabilitation,
such as Ergometer Bicycle Training (29) and Tetrax
Biofeedback (22).

Outcome measures

All the selected studies measured balance. Outcome
measures used to assess balance were mostly the Berg
Balance Scale (BBS) and Timed Up and Go (TUG) test.
Some studies specifically measured static and dynamic
balance (23). Five studies measured gait speed. Gait
speed was assessed using the 10-Meter Walk Test
(TOMWT). One study used the Dynamic Gait Index
(DQI) to focus on balance and gait quality (26). The
characteristics of the included studies are presented in
Table II:

Insert Fig. 1
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Fig. 1: Flow diagram of study selection process

Characteristic and quality of selected studies
Participants

After screening the search results, 11 RCTs were
matched with the inclusion criterion in the review.
The included studies involved 362 participants. They
were randomized to receive exergames or standard
rehabilitation. Participants’ age in the included studies
ranged from 20 to 76 years. Most of the participants are
having a stroke for over six months (chronic stroke).

Interventions

For the intervention, most of the researchers employed
Nintendo Wii Fit for the experimental groups (21-26).
The other exergames used by some researchers were
Xbox Kinect (27-29) and Motion Rehab AVE 3D (15).

Table 1I: The characteristics of the included studies
Authors Participants Intervention Outcome
n =50 Exp = Nintendo _
Age (yr) = Wii Fit Balance = BES
Morone 36-76 Con = 1OMV\F/)T -
etal. (25)  Sub-acute Conventional Others = FAC
hemiparesis balance therapy Bl - ¢
stroke
n=20
Age (yr) = Exp = Xbox Balance =
62-65 Kinect BBS, TUG
(Pzaé;( etal. Chronic Con = Gait speed =
hemiplegic Conventional 10MWT
stroke physical therapy Others = FMA
Static balance
: = Tetrax
n =30 Exp = Nintendo )
Age (yr) = Wii Fit peractive
Hung et 53-55 Con = svstem
al. (23) Chronic Conventional [3/ -
hemiplegic weight-shift ynamic
pleg 18] balance =
stroke training TUG, FRT
n=23 Exp = Wii Fit Balance =
Age (yr) = + Wii Balance BBS, FRT,
Karasuet  62-64 Board TUG
al. (24) Chronic Con = Postural sway
hemiplegic Conventional = PASS
Strf)kfg balance therapy %)t ers = FIMt
R_e (yr) = Exp = Wii Fit B%SnTCBa
Choi et 50 = Virtual Training ey _
al. (21) 49-51 Con = General Gait speed =
' Chronic Balance Trainin TOMWT
stroke 8
n =40
Age (yr) = Exp = Xbox Balance = Bio
Song & 40- 51 Kinect Rescue, TUG
Park (29)  Chronic Con = Ergometer  Gait speed =
hemiplegic Bicycle Training 10MWT
stroke
Balance =
n=>50
Age (yr) = Exp = Xbox -I?LBJSG’ FRT,
Leeetal.  20-75 Kinect Balance
(27) Chronic Con = Standard confidence =
hemiparesis Balance Training ABC -
SHOke Others = MBI
n=231 Exp = Motion
: Age (yr) =76  Rehab AVE 3D Balance = BBS
Her}”ﬂfi CEronic Con = Others = FMA
etal. ischemic Conventional
stroke Physiotherapy
R:e2(7r) _ Exp = Nintendo
: g€ Y= Wii Fit Balance
Pedreira 18-65 ‘ .
etal. (26)  Chronic on = ol during gait =
hemiparesis Tﬁgr\;ientlona
stroke Py
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Table II: The characteristics of the included studies (CONT.)

Authors  Participants  Intervention Outcome
n=43
Age (yr) = Exp = Nintendo
Hunget 53-55 Wii Fit Balance = BBS
al. (22)  Chronic Con = Tetrax
hemiplegic Biofeedback
stroke .
=20 Exp = Multiple Balance =
Age (yr) = exergames FSST, TUG,
Cikajlo 3%—65y - (Microsoft Kinect Romberg’s test
etal. Acute and and Wii balance Gait
(30) b-acut Board) performance =
ztjroiizcu € Con = Conventional ~ TOMWT

Balance Training

ABC= The Activities-Specific Balance Confidence Scale, ARAT= Action reach Arm Test,
BBS=Berg Balance Scale, Bl= Barthel Index, DGI= Dynamic Gait Index, FAC= Functional
Ambulatory Category, FIMt= Functional Independence Measure test, FMA= Functional
Mobility Assessment, FRT=Functional Reach Test, FSST= Four Square Step Test, MBI=Modified
Barthel Index, PASS= Postural Assessment Scale for Stroke, TUG=Time Up and Go,

Quality

We conducted a quality assessment of the 11 selected
studies using the PEDro scales. Three studies scored the
highest mark, which is seven out of 10 (19-20, 24). The
PEDro score of selected studies are presented in Table
1:

Table 111: PEDro score of selected studies

PED iteri
ro Criterion Score Total

1 2 3 4 5 6 7 8 9 10 11 Score

Study

Mor-
one
etal.
(25)

Park
etal. 1 1 1 1 0 0 1 1 0 1 1 7/10
(28)

Hung
etal. 1 T o0 1 o0 1 0 1T 0 1 1 6/10
(23)

Karasu
etal. 1 1 1 1 0 0 1 0o 1 1 1 7/10
(24)

Choi
etal. 1 1 0 1 0 0 1 1 1 1 0 6/10
(21)

Song
&Park 1 T 0 1 0 O 0 1 0 1 1 5/10
(29)

Lee
etal. 1 1 0 1 0 0 1 1 0 1 1 6/10
(27)

i 1t o 1 o 1 O 1 O 1 1 6/10

Henr-
ique
etal.
(15)

Pedr-
eira
etal.
(26)

Hung

et al. 1 1 1 1 0o 0 1 0o 1 1 1 7/10
(22)
Cika-
jlo
etal.
(30)

1 1 0 1 o 0 0 1 0 1 1 5/10

o 1 1 1 o O 1 1 o 1 1 610

1 1 0 1 o 0 © 1 0 1 1 5/10

The efficacy of exergames

In this review, most studies have revealed that the
exergames were highly effective for post-stroke
individuals to improve balance and gait performance.
However, the results of significant levels between
intervention groups of all studies were not the same.
Although most of the studies showed that exergames
improved balance and gait performance, approximately
half of the studies found no significant difference
between exergames and conventional therapy (18, 20,
24).

A study by Hung et al., (23) that aimed to analyze the
efficacy of Nintendo Wii Fit with conventional weight-
shifttraining in thirty participants with stroke exposed that
the Nintendo Wii Fit group had significantly improved
the dynamic balance using outcome measures of TUG
(p < 0.02) and FRT (p < 0.01) despite the scores of these
outcomes between the groups were not statistically
significant (p > 0.05). Interestingly, this study also found
that the Wii Fit group’s stability index did not maintain at
three months follow up. As for a study by Lee et al. (27),
they investigated the effects of Xbox Kinect on balance
and reported that there were no significant group effects
were observed in the balance measured using BBS (p =
0.734), TUG-cog (p = 0.442), and FRT (p = 0.637).

Most of the reviewed studies determined the effects
of exergames on balance and gait separately. Some
studies concentrated only on balance in their research
(18-20, 23, 26, 28). Uniquely, there was a study that
focused on balance during gait simultaneously (26). This
study used DGI as the outcome measure to determine
balance during gait. The authors reported that DGI in
the experimental group was significantly increased (p <
0.05), yet between groups, DGI showed no significant
difference (p > 0.05).

In contrast, a study by Choi et al. (21) declared that
intervention groups showed significant differences only
in BBS (p = 0.012) and TUG (p = 0.044). The 1TOMWT
had no significant difference between the experiment
and control groups (p=0.482). The significant findings of
the included studies are presented in Table IV:
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Table IV: Major findings of the included studies

Author Purpose Intervention Outcome Major findings
To determine the efficacy Wii Fit: significantly higher in BBS score
Morone et al of Wii Fit on functional Exp = Nintendo Wii Fit BBS compared to control group (p = 0.04),
(25) ’ balance and disability Con = Conventional TOMWT greater TOMWT mean score (35%)
in individuals with balance therapy compared to control group (27%)
hemiparesis
;F(g:;ssisset?teoe:f;céstoorf Exp = Xbox Kinect BBS Xbox Kinect: significantly higher in BBS,
Park et al. (28) recovery of patients with Con = Conventional TUG TUG and10MWT compared to control
chronic hemiplegic stroke physical therapy T0MWT group (p < 0.05).
Wii-Fit: significantly improved in stability
Tetrax index than control group (p < 0.05).
To compare the effects Interactive However, the result did not maintain at 3
of Nintendo Wii Fit with Exp = Nintendo Wii Fit Balance months follow up.
Hung et al. (23)  conventional weight-shift Con = Conventional svstem
training on balance in weight-shift training T{JG TUG and FRT were significantly improved
chronic stroke patients FRT in both groups (p < 0.02 and p < 0.01 resp.).
No significant difference between groups (p
> 0.05).
To determine the efficacy of ~ Exp = Wii Fit + Wii BBS Wii Fit: significantly improvement in
Karasu et al. Nintendo Wii Fit as adjunct ~ Balance Board FRT gBOSO?nfn5RTihgBé?ergfn;r(}lggwaipnzt
(24) therapy to conventional Con = Conventional TUG si. nificant Ilgetwéen roup.s.( - 0.078)
balance therapy in stroke balance therapy & groups tp =9
patients
. . Exp = Wii Fit Virtual Wii Fit: significantly greater in BBS and TUG
To investigate the effects of Training BBS score compared to GBT group (p = 0.012
. Wii Fit on postural balance _ _
Choi et al. (21) and gait in individuals with €N = General Balance TUG and p = 0.044 resp.).
strokge Training TOMWT No significant difference between both
groups in TOMWT (p = 0.482).
. Xbox Kinect: significantly improvement in
Song & Park Z?)?tféir?il:eectth(fnegaeg;ce Exp = Xbox Kinect BioRescue weight distribution ratio on paralyzed side,
(29)g and gait compared to Con = Ergometer Bicycle TUG TUG and TOMWT than control group (p
& pal Training T0MWT <0.05).
ergometer training
To investigate the effects of Exp = Xbox Kinect BBS .IFJS élizltﬂv\?::r: dlrizﬁresn;( OE%B%ZRT ing 442
Leeetal. (27)  Xbox Kinect on balance ability Con = Standard Balance FRT and p = 0.637 %es F)) p=0.72%p=0.
in patients with chronic stroke  Training TUG-cog p=0 p-
To determine the effects of Exp = Motion Rehab AVE ithB%'r(c;;Jgsohg(\gg)SIgnIflcant improvement
Henrique et al. exergaes on balance and upper 3D . BBS No significant difference between groups (p
(15) limb motor function after Con = Conventional > 0.05), but experimental group presented
stroke Physiotherapy superior change to control group.
. Nintendo Wii Fit: significantly improved in
Pedreira et al L?n?:;(z;n{;\}?i tpi(: ggecatist of Exp = Nintendo Wii Fit DGI compared to control group (p < 0.05).
(26) " balance and risk of fagll aftera CON= Conventional DGl No significant difference in DGI and
Therapy occurrence of falls between groups (p >
stroke 0.05)
deituadnzet?z:féiclgsngfe BBS was significantly improved in both
& . Exp = Nintendo Wi Fit groups (p<0.05).
Hung et al. (22) compared to conventional _ . BBS Lo :
. . P . Con = Tetrax Biofeedback No significant differences between groups
weight-shift training in patients (50.05)
with chronic stroke P09
. . . Exp = Multiple exergames
Cikailo et al ggtwggztﬁiﬁ?ifz;drIf;?;?:t (Microsoft Kinect and Wii .E%Sé Exergames groups: significant difference in
(30) ) ’ and conventional trginin & balance Board) 1TOMWT motor and balance tests but not in gait test
& Con = Conventional compared to control group (p < 0.05).
for 6 weeks programme Romberg

Training

ARAT= Action reach Arm Test, BBS=Berg Balance Test, Con. =Control group, DGI=Dynamic Gait Index, Exp. =Experiment group, FRT=Functional Reach Test, FSST=Four Square Step Test,
MWT=Meter Walk Test, TUG=Time Up and Go, TUG-cog= Time Up and Go-Cognitive

Mal ) Med Health Sci 18(SUPP8): 355-364 June 2022 359



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

The duration, dosage, and types of exergames used

In this review, six out of eleven studies employed
exergames for 30 minutes. The most prolonged duration
was 45 minutes (26). Meanwhile, the lowest duration
was 15 minutes (30). Five out of 11 studies had
exergames performed 2 times per week (18-19, 22-23,
26). This review showed that many exergames could
improve balance and gait. However, Nintendo Wii and
Xbox Kinect were commonly used by the studies. The
result showed that exergames such as Nintendo Wii Fit
and Xbox Kinect enhanced balance and gait. Under
Nintendo Wii Fit and Xbox Kinect, few videogames

had been chosen to improve balance and gait. As for
Nintendo Wii Fit, games such as soccer, ski slalom,
penguin slide, and hula hoop were the most types of
games that had been used. While in Xbox Kinect, it
offered few packages such as Kinect Sports Pack, Kinect
Sport Pack 2, Kinect Adventure, and Kinect Gunstringer
(24, 25). There were videogames such as soccer, table
tennis, bowling, football, ski, rally ball, and climbing
stairs in those packages. In this study, two studies used
Kinect Sport Packs as an intervention (24, 25). A study
combined Wii Fit and Xbox Kinect in their research
(30). The summary of duration, dosage, and types of
exergames used by the studies are presented in Table V:

Table V: The types of exergames, types of games, duration and dosage used

i Dosage
Authors Types of exergames Types of games Du.ratlon & :
(min) Frequency = Week Session
Morone et al. Nintendo Wii_Fit Hula hoop, bubble blower, sky 20 3x/week 4 12
(25) slalom
Park et al. Xbox Kinect- Kinect Sports Pack Boxing, table tennis, soccer, golf, 30 Daily 6 42
(28) and Kinect Sports Pack 2 ski, football
. A Table tilt, ski slalom, soccer
gl;;]g etal. Nintendo Wi Fit heading, balance bubble, penguin 30 2xfweek 12 24
slide, basic step, warrior
Karasu et al. Wii Fit + Wii Balance Board table tilt, ski Slélom’ balanc‘e 5x/week
(24) bubble, penguin slide, tension. 20 6 18
Week 1-2: tightrope walking,
soccer heading
. Wii-Fit Plus software L .
(CZP:c))l etal. N \S/I\/jglr(n3—4. penguin slide, ski 30 3x/week 6 18
Wii Balance Board system
Week 5-6: snowboard slalom,
table tilt
Sone & Park Xbox Kinect- Kinect Sport, Kinect ~ 10-pin bowling, skiing, golf,
(29)g Sport Season 2, Kinect adventure  ground walking, walking over 30 5x/week 8 40
and Kinect Gunstringer obstacles, climbing stairs
XI.OOX Kinect -Kinect Sports, darts, golf bowling, virtual smash,
Kinect Adventures and Your .
Lee et al. (27) light race, space pop, rally ball, 45 2x/week 6 12
Shape .
table tennis
:e?]r;q)ue et Motion Rehab AVE 3D - 30 2x/week 12 24
(Pzeéj)relra etal. Nintendo Wii Fit Tennis, hula hoop, soccer, boxing 45 2x/week 10 2
Hung et al. Wii Fit table tilt, soccer heading, balance
(22) bubble, penguin slide, perfect 10 30 2xfweek 12 24
Microsoft Kinect - The Animal
Hurdler game, The Fruit Catcher
Cikajlo et al. game and The Horse Runner ) 15 Daily 6 42
(30) game
+
Wii Balance Board
360 Mal ) Med Health Sci 18(SUPP8): 355-364 June 2022



DISCUSSION

We have reviewed 11 studies in this research. The result
showed that exergames effectively improve balance and
gait in patients affected by a cerebrovascular accident.
However, most of the studies reported no significant
changes between the experimental and control groups.
Six out of eleven studies used exergames for 30 minutes.
The dosage used in exergames to improve balance
and gait in selected studies was inconsistent. Common
exergames that had been used were Nintendo Wii Fit
and Xbox Kinect.

Efficacy of exergames on balance and gait

In post-stroke patients, having imbalance and gait
abnormality is common (13, 17). Balance is one of
the essential components for walking and mobility
after stroke (31). Reduction in balance resulted in poor
gait performance (28). Several previous studies had
recommended exergames to improve balance and gait
performance for individuals with stroke (17). In this
review, most studies have revealed that the exergames
were highly effective for individuals with stroke to
improve balance and gait performance.

Using exergames encouraged significant numbers of
exercise repetition (16,30). This is supported by Cheok
et al. (11), which explained that exergames provide
an alternative form of repetitive task training that can
improve balance. Balance is one of the components of
motor systems. Hara (32) stated that the motor systems
in the brain learn by repetitions and training. The
exercises provided by exergames were mostly joyful
(16). Participants enjoyed doing the exercises provided
by exergames, even though the activities need to be
done repeatedly. Nguyen et al. (12) stated that many
clinicians agreed with games in rehabilitation could
increase client motivation and increased practice
intensity. The conventional balance training comprises
monotonous repetition (26). Stroke patients will feel the
exercises in conventional therapy are not as attractive as
exergames training.

Exergames such as X-box Kinect provide visual feedback
to the user (28). According to Karasu et al. (24) many
factors that can afflict balance include deficits in visual
and sensory functions. In exergames, stimulation of
visual and sensory functions promotes balance and
gait performance among stroke patients. According to
Corbetta et al. (16), immediate visual feedback about
real-life activities provided by exergames can enhance
motor learning. The exergame’s repetitive task and
visual feedback are highly related to neuroplasticity,
helping in stroke rehabilitation.

As stated by Demarin et al. (33), in human brains,
some parts belong to the mirror neuron system, which
is the ventral premotor cortex and base of the parietal
lobe, which is the best neuroanatomical target areas

for the rehabilitative process. For each person, the
mirror neuron system will act differently depending on
the desired movement number (33). The high number
of practices will give a significant result to the neuron
mirror system. Activities provided by exergames can
activate the somatosensory system (23), and it can be
manifested by observing the avatar’s movement, which
represents the user’s body movement on the screen.
The users received continuous feedback on the balance
board, which improved the proprioceptive signal
conduction (23).

However, the results of significant levels between
intervention groups of all studies were not the same.
Approximately half of the studies found no significant
difference between exergames and conventional
therapy (18-19, 22-23, 26-27). In most of the studies,
balance and gait performance improved either in the
experimental or control group. Most conventional
balance training in those studies gave almost the same
effects as in the exergames group.

Hung et al. (19) studied the effectiveness of Wii Fit
balance training with conventional physiotherapy
established that the effectiveness of Wii Fit only
maintained for dynamic balance. For static balance,
the effectiveness was reduced after 3 months of follow-
up. The underlying reason behind this might be related
to the fear of falling. For Wii Fit balance training, the
participants developed a fear of falling at 3 months of
follow-up.

Another study carried out by Cikajlo et al. (30) found
that the exergames group showed a significant
difference only on the balance test but not on the
gait test compared to the group control. In this study,
the conventional rehabilitation group applied daily
intensive exercises that comprised weight shifting
exercise, squats, lifting the legs, and balancing at the
wall bar, with an equivalent amount to the exergames
groups. The exercises provided by both groups focused
more on balance training. Therefore, there were few
changes in gait performance. Both groups still had
significant improvement in gait performance. Balance is
an essential component for walking and mobility after
stroke (31). Improved balance can also improve gait
parameters.

Duration and dosage of exergames

Most of the studies applied exergames for 30 minutes
per session and 2 times per week. However, the result
was inconclusive and somehow varied. In a recent study
by Cikajlo et al. (30), they did exergames for only 15
minutes every day for 6 weeks. The result showed that
exergames significantly improved in balance but not in
gait. This finding is corresponding with the requirement
of techniques in the games such as weight shifting,
squatting, and one leg standing which mainly involve
in balance training (30). Therefore, it is relevant that
this study found improvement in balance instead of gait
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depending on the type of games used.

Meanwhile study by Park et al. (28) found 30 minutes of
daily session has significantly augmented balance and
gait speed of individuals with post-stroke. This study
included games such as football, soccer, golfing, etc.
which require active movement of upper and lower
limbs, weight shifting, and balance trainings, eventually
contribute balance and gait performance in post-stroke.

Despite the different of dosage of the exergames, this
review found exergames positively affected balance
and gait among individuals with post-stroke, either high
or low, dependent on the type of games used. Stroke
recovery is a complex process. Hara (32) stated that
individuals possess complete recovery within 3 months
if they are in the acute stage with a maximum of 4 weeks
after stroke. In this review, most of the participants were
having a stroke for over 6 months, categorized as a
chronic stroke. Cheok et al. (10) performed a systematic
review claimed that the shorter durations of Nintendo
Wii Fit did not show significant changes in functional
mobility. Thus, the recovery process might need to be
longer to improve balance and gait.

Types of exergames

The innovation of digital games with combination of
exercise demands advance body movements (34). This
interactive innovation may be a limitation for individuals
with stroke. Correspondingly, Wuest et al. (12) claimed
that the barrier to having successful exergames in
stroke rehabilitation is that some video games are too
tough for functionally impaired patients. Therefore, it is
essential to choose appropriate video games based on
the patient’s condition to gain a pragmatic result in the
rehabilitative process.

This review showed that many exergames could
enhance balance and gait performance among stroke
patients. However, most of the studies used Nintendo
Wii Fit training and Xbox Kinect. Those exergames
comprised soccer, ski, football, hula hoop, and penguin
slide that encouraged users to stimulate balance and
gait. Additionally, those games mainly focused on the
lower extremities. In fact, muscle strength of lower limb
is considered crucial in balance maintenance (35).

Previously, most of the researchers did one type of
exergames in their research. However, recently, a
study published in early April 2020 combined multiple
exergames to improve balance and gait (30). Multiple
games can promote individual enjoyment in exercising,
thus giving better balance and gait among stroke patients
(15).

CONCLUSION

This systematic review that pooled data from 11 studies
showed that exergames effectively affected balance

and gait performance among stroke patients. This
current evidence can be added to support the efficacy
of exergames. Repetitive movement, visual feedback,
somatosensory feedback, and exergames’ joyfulness help
enhance users’ balance and gait parameters. Previously,
the dosage used in the application of exergames by the
researchers was varied. No optimal or specific dosage
was used in exergames obtained. This study also found
that the dosage used was varied. The optimal dosage
was unclear. Types of exergames chose mostly focused
on games that involved lower extremities that stimulate
balance and gait.

Since the dosage used was inconclusive, further study
on the correlations of dosage and the effect of exergames
on balance and gait need to be done. Multiple uses
of exergames in a study seemed highly effective
in promoting balance and gait in a stroke patient.
However, this kind of study has limited evidence. The
effect of multiple uses of exergames on balance and
gait is highly advocated for future study. Further study
of exergames should be done. The sample size must be
large to increase statistical power.
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