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Objective: The aim of this preliminary study was to investigate the effects of virtual reality combined with balance training on 

upper limb function, balance, and activities of daily living (ADL) in persons with acute stroke. 

Design: Randomized controlled trial.

Methods: Fourteen acute stroke survivors were recruited and randomly assigned into two groups: the experimental group (n=7) 

and the control group (n=7). Both groups performed the conventional rehabilitation therapy for 30 minutes a day, 5 times a week, 

for 4 weeks. Additionally, the experimental group conducted the virtual reality training for 30 minutes on an unstable surface dur-

ing each session, whereas the control group performed balance training for 30 minutes on a stable surface. All measurements were 

performed before and one day after intervention. Upper limb function, balance, and ADL were assessed using the Manual Func-

tion Test (MFT), the Berg Balance Scale (BBS), and the Korean version of the Modified Barthel Index (K-MBI), respectively. 

Results: Both groups showed significant improvements in MFT, BBS, K-MBI after intervention (p<0.05). There were no sig-

nificant differences between the experimental and control groups with respect to MFT, BBS, and K-MBI after intervention. The 

experimental group showed a greater decrease in fall risk (BBS<45) after intervention than the control group (p<0.05). 

Conclusions: These findings suggest that virtual reality combined with balance training has a better effect on balance improve-

ment than virtual reality training alone in persons with acute stroke.
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Introduction

In Korea, the number of disabled individuals with cere-

brovascular disease is increasing every year due to Wester-

nized eating habits, lack of exercise, and increased number 

of elderly people [1]. Because post-stroke symptoms can be 

accompanied by severe sequelae, ongoing management of 

physical disability is important. Management of stroke vic-

tims is necessary from the outset, and reducing the risk of 

falls during hospitalization is an important preventive meas-

ure to reduce secondary damage [2,3].

Decreases in upper and lower extremity function after 

stroke limit the performance of activities, such as self-care 

and locomotion [4]. The reduction in weight shifting control 

of the affected side after stroke causes considerable diffi-

culty in maintaining balance. This deterioration of postural 

control ability is related to impairment of linkages between 

motor, sensory, and cognitive function [5], which affects the 

mobility of stroke survivors [6]. Balance is essential for the 

performance of activities of daily living (ADL) such as 
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dressing, toileting, and walking, and sufficient balance func-

tion is one of the predictors of performing independent ADL 

[7].

Balance control ability in humans is related to the width of 

the base of support and the center of gravity. Changes in the 

base of support require modulation of the sensory and motor 

systems [8]. Balance training on an unstable surface was 

positively reported to improve proprioception, which in-

cludes sensory and motor function in persons with stroke 

[9]. Performing activities on unstable surfaces brings about 

biomechanical changes in the trunk and core muscles [10]. 

According to a previous study with stroke survivors, balance 

training condition using unstable surface showed signifi-

cantly more improvement in the Berg Balance Scale (BBS) 

and 10 meter walk test compared to stable surface condition 

[11]. However, this study used non virtual-reality tasks for 

interventions. Therefore, there is difficult to verify the ef-

fects of virtual reality training according to the different sur-

face conditions. 

Intervention methods for balance improvement in stroke 

survivors include visual feedback [12], imagery training 

[13], robot-assisted gait training [14], muscle strength train-

ing [15], whole-body vibration training [16], electrical nerve 

stimulation [17], and virtual reality [18]. Virtual reality 

training is often used to rehabilitate stroke survivors who 

have limited physical activity or cannot complete leisure ac-

tivities in a real environment due to limited environmental 

and physical disability. Virtual reality training has the ad-

vantage of providing autonomy by presenting opportunities 

for independent exploration while providing stability in a 

virtual environment [19]. Virtual reality training can stim-

ulate interest through visual and auditory feedback, while 

providing prompt feedback on task performance. Addition-

ally, actively performing tasks can increase rehabilitative 

motivation [20].

Previous studies on virtual reality training have repeat-

edly reported on tasks related to balance enhancement [18, 

21,22]. These studies have examined virtual reality games 

[21], virtual reality-based rehabilitation training programs 

[18], and balance training using virtual reality [22]. However, 

research on the improvement of stroke survivors remain un-

clear when using an unstable surface while performing vir-

tual reality training related to ADL. Therefore, it is neces-

sary to investigate whether the improvement in persons with 

stroke is due to task training related to ADL or is due to vir-

tual reality training focused on improving balance while on 

an unstable surface. According to Chen’s meta-analysis [23], 

the effect of virtual reality training on persons with acute 

stroke was unclear. Therefore, the purpose of the present 

preliminary study was to examine the effects of virtual real-

ity combined with balance training on upper limb function, 

balance, and ADL in acute stroke survivors.

Thus, present study hypothesized the following: virtual 

reality training focused on ADL performed on unstable sur-

faces would increase the upper limb function, balance, and 

ADL of patients with acute stroke compared to virtual reality 

training focused on ADL on a stable surface. 

Methods

Subjects

This study included 14 persons with acute stroke. The in-

clusion criteria were as follows: (1) clinically diagnosed 

stroke, (2) stroke occurred within the last 30 days before the 

onset, (3) a score of 24 or more on the Korean Mini-Mental 

Status Examination, and (4) a stable medical condition. The 

exclusion criteria were as follows: (1) a history of visual or 

hearing impairment and (2) a history of orthopedic surgery. 

All participants voluntarily agreed to participate in the study 

and gave written consent. The study is approved by Institu-

tional Review Board of Gachon University (IRB No. 1044396- 

201708-HR-136-01).

Procedures 

All participants who were selected in consideration of in-

clusion and exclusion criteria were randomly assigned to the 

experimental group (n=7) or the control group (n=7). After 

assignment, pre-evaluation was performed. Both groups 

performed conventional rehabilitation therapy for 30 mi-

nutes a day, 5 times per week, for 4 weeks, for a total of 20 

sessions. Conventional rehabilitation therapy involved re-

ceiving physical therapy and occupational therapy. Physical 

therapy consisted of stretching exercises, gait training, and 

strengthening exercises, and occupational therapy involved 

performing purposeful activities, range of motion exercises, 

and task-based activities. 

Additionally, the experimental group received 30 minutes 

of virtual reality training per training session on an unstable 

surface, whereas the control group additionally performed 

balance training for 30 minutes on stable surface. Upper 

limb function, balance, and ADL were evaluated. Post-eval-

uation was performed within 1 day after the completion of 

all interventions. All measurements were performed under 

the blinded condition.
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Figure 1. The subjects performed virtual reality training with Moto

Cog rehabilitation program. (A) Opening a door lock. (B) Turning 

on a gas stove.

Intervention

The two groups performed virtual reality combined with 

balance training. Moto Cog (Cybermedic, Iksan, Korea) was 

used for the virtual reality rehabilitation program. This vir-

tual reality program was developed to promote ADL. Moto 

Cog includes 3 training courses: hand function, cognition, 

and ADL (Figure 1). In this study, only the hand function and 

ADL courses were performed. The hand function course 

consisted of a door lock, turning on a gas stove, squeezing, 

and hammering. The ADL course involved performing 

ADL-related activities such as washing, cooking, and 

bathing. The difficulty level of training in all courses was 

divided into five levels from level 1 being very easy to level 

5 being very difficult. The therapist explained the virtual re-

ality training method to the subject and provided sufficient 

rest for fatigue during training. Specific virtual reality activ-

ities were chosen by the participants.

To improve balance, only the experimental group per-

formed virtual reality training on unstable surfaces. The un-

stable surface used was a balance pad (AIREX, Anaheim, CA, 

USA). If necessary, a walker was used to prevent falls during 

training to ensure safety, and the therapist provided cues to 

maintain correct posture.

Subjects in the control group conducted balance training 

on over-ground. Balance training consisted of static stand-

ing, standing on one leg with eyes open, standing on one leg 

with eyes closed, and performed simple ADLs such as wash-

ing, cooking, and bathing.

Outcome measurement

Upper limb function 

The Manual Function Test (MFT) was used to measure 

upper limb function. MFT is a tool for evaluating gross and 

fine motor abilities of the upper limbs and can be scored 

from a minimum of 0 to a maximum of 32 points. This test 

consists of 8 items. Sub-items are divided as follows: 4 items 

related to the upper extremity motion, 2 items related to 

grasp and pinch, and 2 items related to manipulative acti-

vities. The higher the score, the better the upper limb func-

tion. The inter-tester and intra-tester reliability of the MFT 

are both r=0.95 [24].

Balance 

The BBS is a dynamic balance test that scores functional 

tasks. The evaluation consists of 14 items. Each item is scor-

ed from 0 to 4 points according to the examiner’s observat-

ions, for a total of 56 points. The score is based on the sub-

ject’s ability to perform specific tasks as well as their ability 

to balance and maintain balance over a period of time. Since 

the evaluation of balance ability is performed together with 

functional tasks, information on balance ability as well as 

function can be provided. The higher the score, the better the 

balance. A person with a score below 45 points is considered 

to have an increased risk of falling [25]. The inter-rater reli-

ability of the instrument was 0.98, and the test retest reli-

ability was 0.99 [26].

Activities of daily living 

The Korean version of the Modified Barthel Index 

(K-MBI) was used to assess the subject’s ADL [27]. The 

K-MBI measures function in a total of 10 areas: personal hy-

giene, bathing, feeding, toileting, stair climbing, dressing, 

bowel control, bladder control, ambulation, wheelchair, 

chair/bed transfer. The K-MBI total score is assigned a mini-

mum of 0 and a maximum of 100 points. The higher the 

score, the more independent the patient is in completing 

ADL. In the K-MBI, the locomotion domain includes stair 

climbing, ambulation, and transfers (chair/bed). The total 

score of the locomotion domain is a minimum of 0 to a max-

imum of 40 points. The inter-tester and intra-tester reli-

ability of this index is 0.93-0.98 and 0.87-1.00, respectively 

[27].

Statistical analysis 

The collected data were analyzed using IBM SPSS Statis-
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Table 1. General characteristics (N=14)

Characteristics
Experimental 

group (n=7)

Control 

group (n=7)
p-value

Age (y) 54.14 (7.20) 53.71 (10.98) 0.797

Height (cm) 165.57 (10.10) 163.71 (11.54) 0.898

Weight (kg) 65.29 (9.60) 63.86 (8.43) 0.653

Sex (male/female) 4/3 3/4 0.593

Etiology (infarction/

hemorrhage)

6/1 5/2 0.515

Lesion side (right/left) 4/3 4/3 1.000

Onset period (d) 9.86 (7.71) 8.14 (2.97) 0.949

K-MMSE (score) 27.14 (2.27) 27.00 (2.31) 0.948

Values are presented as mean (SD) or number only.

K-MMSE: Korean-Mini Mental State Examination.

Table 2. Comparison between upper limb function, balance, 
and ADL before intervention (N=14)

Variable
Experimental 

group (n=7)

Control 

group (n=7)
p-value

Upper limb function

MFT (affected side) 

(score)

14.00 (8.72) 16.14 (7.56) 0.609

Balance

BBS (score) 40.57 (9.76) 40.86 (8.93) 0.898

ADL

K-MBI total (score) 65.86 (11.87) 68.86 (16.14) 0.749

Locomotion (score) 20.00 (5.94) 21.57 (8.66) 0.745

Values are presented as mean (SD).

ADL: activities of daily living, MFT: Manual Function Test, BBS: 

Berg Balance Scale, K-MBI: Korean version of the Modified Barthel 

Index.

Table 3. Changes of upper limb function, balance, and ADL within groups (N=14)

Variable
Experimental group (n=7)

Z
Control group (n=7)

Z
Pre Post Pre Post

MFT (affected side) (score) 14.00 (8.72) 49.38 (16.95) −2.366* 16.14 (7.56) 48.13 (22.64) −2.371*

BBS (score) 40.57 (9.76) 73.50 (9.80) −2.366* 40.86 (8.93) 75.00 (11.30) −2.384*

K-MBI total (score) 65.86 (11.87) 79.13 (19.03) −2.371* 68.86 (16.14) 81.25 (18.81) −2.366*

Locomotion (score) 20.00 (5.94) 12.75 (4.17) −2.371* 21.57 (8.66) 12.88 (3.18) −2.375*

Values are presented as mean (SD).

ADL: activities of daily living, MFT: Manual Function Test, BBS: Berg Balance Scale, K-MBI: Korean version of the Modified Barthel Index.

*p<0.05.

tics for Windows, Version 22.0 (IBM Co., Armonk, NY, 

USA). The one sample Kolmogorov-Smirnov test was used 

to confirm the normal distribution of the data. The group dif-

ferences in general characteristics, upper limb function, bal-

ance, and ADL were analyzed using the chi-squared test or 

Mann-Whitney U-test. The Wilcoxon-signed rank test was 

used to compare before and after intervention changes be-

tween both groups. The level of statistical significance level 

was set 0.05.

Results

General characteristics of upper limb function, balance, 

and ADL 

Table 1 and Table 2 show the MFT, BBS, and K-MBI of 

the subjects. There were no significant differences between 

the two groups in MFT, BBS, and K-MBI before inter-

vention (p>0.05).

Changes of upper limb function, balance, and ADL with-

in groups 

Table 3 shows the changes of MFT, BBS, and K-MBI. 

Both the groups showed significant improvements in MFT, 

BBS, and K-MBI (all assessments) after intervention (p< 

0.05).

Comparisons between upper limb function, balance, 

and ADL in two groups 

Table 4 shows the change score of MFT, BBS, and K-MBI 

after intervention. There was no significant difference in the 

change of MFT, BBS, and K-MBI between both groups (p> 

0.05).

Changes of fall risk in two groups 

Table 5 shows the change of fall risk ratio (BBS<45) be-

fore and after intervention. The experimental group showed 

a greater decrease in fall risk ratio after intervention than the 

control group.
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Table 4. Comparison of change score of upper limb function, 
balance, and ADL in two groups (N=14)

Variable

Change score

p-valueExperimental 

group (n=7)

Control 

group (n=7)

MFT (affected side) (score) 6.57 (5.65) 5.43 (3.31) 0.949

BBS (score) 6.57 (3.41) 3.71 (2.63) 0.092

K-MBI total (score) 18.43 (8.38) 14.86 (9.26) 0.249

Locomotion (score) 11.14 (3.34) 8.14 (6.74) 0.198

Values are presented as mean (SD).

ADL: activities of daily living, MFT: Manual Function Test, BBS: 

Berg Balance Scale, K-MBI: Korean version of the Modified Barthel 

Index.

Table 5. Changes of fall risk ratio in two groups (N=14)

Variable
Experimental group (n=7) Control group (n=7)

Pre Post Pre Post

BBS

<score 45 5 (71.4) 2 (28.6) 5 (71.4) 4 (57.1)

≥score 45 2 (28.6) 5 (71.4) 2 (28.6) 3 (42.9)

Values are presented as n (%).

BBS: Berg Balance Scale.

Discussion 

The results of our preliminary study revealed that ADL- 

focused virtual reality training on an unstable surface is 

more effective for improving upper limb function, balance, 

and ADL for persons with acute stroke than that on a stable 

surface. Both the experimental and control groups showed 

significant improvement in all assessments after intervent-

ion, and there were no significant differences in all assess-

ments between the two groups. There was no statistically 

significant change, but the experimental group showed a 

greater decrease in fall risk after intervention than the con-

trol group. This result suggests that ADL-focused virtual re-

ality combined with balance training can enhance balance 

ability compared to that without balance training.

On an unstable surface, standing maintenance and weight 

shifting can improve balancing ability by increasing activa-

tion of the gastrocnemius muscles [28], biceps femoris mus-

cles [29], and trunk muscles [10]. In the meta-analysis of 

French et al. [30], repetitive task training improved walking, 

ADL, and global motor function, but did not demonstrate 

improvement in lower limb functional activity or standing 

balance. We suggest that the repetitive tasks associated with 

ADL can be performed on an unstable surface, which can 

have a positive effect on improving the balance of stroke 

survivors.

Balance ability and ADL performance are closely related. 

In particular, basic ADLs, such as bathing, moving, and toi-

leting, require adequate balance [31]. Insufficient balancing 

ability leads to falls, which can lead to severe secondary 

damage [7]. In the K-MBI, locomotion ability was measured 

in three areas: stair climbing, ambulation, and transfer (chair/ 

bed) [32,33]. There was no difference in locomotion be-

tween the two groups. However, in future studies, it will be 

necessary to investigate whether the improvement of bal-

ance through virtual reality training combined with balance 

training affects locomotion. 

Sample size was calculated from the results of the prelimi-

nary study (G*Power Software, version 3.1.9.2; Heinrich- 

Heine-Universität, Düsseldorf, Germany). Alpha was 0.05, 

and beta was 0.80. The effect size values of BBS and loco-

motion of K-MBI were also calculated. Therefore, when the 

BBS was set as the primary outcome, 15 subjects per group 

were required, whereas when locomotion was set as the pri-

mary outcome, 40 subjects per group were required.

There are several points to consider when interpreting the 

results of this preliminary study. Our sample size was small, 

and our study only recruited patients with acute stroke. The 

assignment of patients to the two groups was not performed 

randomly. Thus, we recognize that a selection bias may exists. 

Future randomized, controlled trials are warranted.

The aim of this preliminary study was to examine the ef-

fects of virtual reality combined with balance training on up-

per limb function, balance, and ADL in patients with acute 

stroke. Both the groups showed significant improvements in 

MFT, BBS, K-MBI after the intervention. The experimental 

group showed no significant difference in MFT, BBS, and 

K-MBI after intervention compared to the control group. 

However, the experimental group showed a greater decrease 

in fall risk (BBS<45) after intervention than the control 

group. In conclusion, these findings suggest that virtual real-

ity training combined with balance training may have a bet-

ter effect on balance improvement than virtual reality train-

ing without balance training in acute stroke patients.
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