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Abstract The aim of this study was to investigate the effects of virtual reality training on upper
extremity function and activities of daily living in patients with sub—acute stroke. The present study
enrolled 18 patients with sub—acute stroke. All subjects were assigned into either the experimental group
(n=9) or control group (n=9). Both groups received conventional occupational therapy for 30
minutes/day, 5 times a week, for 4 weeks. Additionally, the experimental group performed virtual reality
training in each session for 30 minutes/day, and the control group conducted conventional occupational
therapy in each session for 30 minutes/day. The outcome measures were performed through the
Fugl-Meyer Assessment (FMA) and the Korean—modified Barthel Index (K—MBI) before and after intervention.
In results, the experimental group showed significant improvements in the scores of FMA and K—MBI after
intervention (p<.05). The control group showed significant improvements in the shoulder/elbow/forearm,
wrist, and hand sub—domains of the FMA and K—MBI (p<.05). After intervention, the experimental group
showed significantly greater improvements in the total score and in the wrist and hand sub—domains of the
FMA than control group (p<.05). These findings suggest that virtual reality training may have positive effects
on the improvements of upper extremity function in patients with sub—acute stroke.
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1. Introduction

1.1 Background

Stroke is a chronic disease that causes a

sudden neurological deficit due to cerebral
ischemia or hemorrhage. Symptoms following
strokes include physical dysfunction such as
hemiplegia, cognitive impairment, speech

disorders, and emotional disorders [1]. After a
stroke, 55—75% of patients experience impaired
upper limb function, and these patients have
great difficulty with basic activities of daily living
such as eating, dressing, and personal hygiene
[2]. These problems lead to an increase in the
burden of care placed on the family members of
stroke patients [3], which results in a reduction
in the quality of life for the caregiver and
management for stroke

patients. Therefore,

patients, such as rehabilitation mediated by
various rehabilitation specialists, is required [4].
The  definition of

human—computer

virtual reality is a

interface in which a wuser
interacts with a virtual environment in real—time.
The term ‘virtual reality’ was first used by Jarson
Lanier in 1989, and since then it has spread
globally [5]. The advantage of virtual reality is
that patients can undergo training for activities
of daily living in various environments while still
within the confines of the hospital. It is also
possible to receive feedback through software
while performing various exercises and to adjust
the difficulty according to the patient's abilities
by quantifying the results of the training [6].
Virtual reality training has been studied and
developed to include a mixture of past feedback
and games related to activities of daily living
[7—9]. Faria et al. [10] showed better results
through the development of Reh@City, which is
related to activities of daily living, than with
traditional rehabilitation. Kim et al. [11] found
that the game—based virtual reality program

showed better findings of upper limb function

using IREX system. The advantage of virtual
reality for stroke patients is that, in a limited
therapist can

rehabilitation environment, the

provide new and continuous iterations of

training in a virtual environment involving

activities of daily living to restore patient
function [7—-111].

Recent trends in research abroad include
virtual reality mirror therapy [12], smart glove
[13], and a robot—virtual reality [14]. In the
Korean studies, a number of studies using the
Nintendo Wii [15] have been reported, and XBox
[16] and virtual reality—based telerehabilitation
[17] have been studied. Previous reported studies
developed for the purpose of

have been

improving upper limb function, lower limb
function and activities of daily living in stroke
patients[7—17].

However, the effect of virtual reality training
on upper limb function has not been clearly
described. Although recent meta—studies have
reality training has a

reported that virtual

moderate effect on improving upper limb
function in stroke patients [6], the results of
recent randomized controlled trials have not
been validated. Therefore, whether virtual reality
training is more effective than existing therapy
has not been fully determined [7—17].

Thus, the aim of this study was to investigate
the effects of virtual reality training on upper
extremity function and activities of daily living in

sub—acute stroke patients.

2. Methods

2.1 Subjects

The present study included 18 patients with
hospital. All

convenience

sub—acute stroke at a general

subjects were selected through

sampling. The subjects were recruited through

contact between the advertiser and the therapist.
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The criteria for selection were as follows: 1)
stroke was diagnosed by a medical doctor, 2) the
duration of the stroke was between 1 to 6
[18], and 3) the Korean Mini—Mental

Status Examination score was 24 or more [19].

months

The exclusion criteria were as follows: 1) visual
and auditory problems, 2), severe apraxia [20], 3)
patient unable to sit independently, and 4) no

movement of the paralyzed side. All subjects fully

understood the experiment and voluntarily
agreed to participate in the experiment.
2.2 Measurements

2.2.1 Fugl—Meyer Assessment

The Fugl—-Meyer assessment (FMA) was

developed to investigate the physical function of
the detailed movement of stroke patients. This
test evaluates shoulder/elbow/forearm, wrist, and
hand coordination [21]. In the present study, the
FMA of the upper extremities was measured, with
33 items and a total score of 66 points. The
inter—tester reliability of the FMA is 0.96 [22].

2.2.2 Korean Modified Barthel Index
The modified Barthel index (MBI) is a test that

evaluates activities of daily living. These tests are

divided into 10 sub—domains, including personal

hygiene, bathing, self—feeding, toileting, stair
climbing, dressing, bowel control, bladder
control, ambulation, wheelchair, and chair/bed

transfer. The MBI score ranges from a minimum
of 0 points to a maximum of 100 points, with a
total dependence of O to 100 activities, if the
activities of daily living are completely
independent. In this study, the Korean—modified
Barthel index (K—MBI) was used. The inter—tester
reliability of the K—MBI is 0.95 and the tester's

reliability is 0.89 [23].

2.3 Procedures

Eighteen subjects were evenly assigned to the

experimental group or control group. The

assignment of the subjects was conducted by the
coordinator, and the coordinator were divided

into two groups considering the general
characteristics of the subjects. After assignment,
pre—evaluation was performed. All subjects
underwent conventional occupational therapy for
30 minutes/day, 5 times a week, for 4 weeks. The
experimental group performed virtual reality
training for 30 minutes after each session, and
the control group performed the conventional

occupational therapy for 30 additional minutes.

Conventional  occupational therapies involved
purposeful activities wusing upper extremity
rehabilitation equipment, active aids, range of

motion exercises, active and passive stretching,
and task—based training [24—27]. Post—evaluation

was performed after all interventions.

2.3.1 Virtual Reality Training

In this study, virtual reality training (Joystim,
Cybermedic, Korea) was developed to improve
upper limb function related to activities of daily
living. The Joystim consists of a variety of knobs,
electronic keys, and touch screens, which allow
the user to perform exercises related to daily
tasks. The advantage of this system is that the
difficulty of each task is adjustable to suit the
user. Training consists of a basic course, game
course, and mission course. The basic course
tasks; the

somewhat

includes simple game course IS
complicated, but
and the

mission course i1s a complex task with a story

designed to be

stimulates excitement and motivation;

that requires sufficient upper limb and cognitive
function. The basic course consists of turning on
handle,

opening the door, driving, opening an A—type

the gas stove, opening an O-—type

door, turning off lights, tapping keys, squeezing

ketchup, and hammering. The game course

consists of playing a piano, card matching,

shooting, fencing, arm wrestling, boxing, bomb

removal, and frequency matching. Lastly, the
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mission course was developed for more complex
tasks such as making cookies, making pizza,
washing clothes, washing hair, or taking a bath.
All training was conducted under the supervision
of an occupational therapist. When the patient
complained of fatigue during the training, he or
she was allowed rest before continuing on to the

next level of training.

2.4 Statistical analysis

All collected data was analyzed using SPSS 22.
Comparison of general characteristics, pre—intervention
upper limb function, and activities of daily living
between the two groups were analyzed using the
Mann—Whitney U test or the jy—squared test.
Changes in the pre— and post—intervention status
of the two groups were analyzed using the
Wilcoxon signed rank—test. Comparisons of
changes between the two groups were analyzed
using the Mann—Whitney U test. The statistical

significance level of this study was set to 0.05.

3. Results

3.1 General and clinical characteristics of
subjects

There was no significant difference in the
general characteristics of the subjects between
the two groups. The FMA and K—MBI were not
significantly different between the two groups
(see Table 1).

3.2 Changes of upper extremity function and
activities of daily living within groups
before and after intervention

The experimental group showed significant
improvements in the FMA and K—MBI before and
after intervention (p<.05). The control group
showed

significant improvements in the

shoulder/elbow/forearm, wrist, and hand
sub—domains of the FMA and in the K—MBI (see

Table 2).

Table 1. General and clinical characteristics of subjects (N=18)
. _ Control group
Experimental group (n=9) _
(n=9)
N(%) N(%) p
Age (years)” 55.56%6.46 55.6746.58 .931
Male 4(44.4) 5(55.6)
Gender 637
Female 5(55.6) 4(44.4)
Right 4(44.4) 5(55.6)
Affected side 637
General characteristics Left 5(55.6) 4(44.4)
Infarction 7(77.8) 6(66.7)
Etiology .599
Hemorrhage 2(22.2) 3(33.3)
Onset duration (months)" 3.67%1.41 3.44+1.42 .730
K—MMSE (score)" 27.33+£2.18 27.56+£1.94 .796
FMA total score 38.89+8.31 40.11+10.31 .605
Shoulder/elbow/forearm 24.3314.47 24.11+5.60 .931
Upper extremity Wrist 5.56+2.13 5.89+1.69 730
function
Hand 7.00+2.24 7.11+2.57 .964
Coordination 2.00£0.71 2.11£0.78 796
ADLY MBI total score 71.22+7.48 72.11+8.22 788

YUMean+SD, FMA: Fugl—Meyer Assessment; ADL: Activities of daily living; K—MBI: Korean Modified Barthel Index
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Table 2. Changes of upper extremity function and activities of daily living within groups before and after intervention

(N=18)
Experimental group (n=9) Control group (n=9)
Pre Post p Pre Post p
Mean+SD Mean+SD Mean+SD Mean+SD
FMA total score 38.89+£8.31 45.56+7.55 .008 40.11£10.31 43.11£8.94 .095
Upper Shoulder/elbow/forearm 24.33+£4.47 27.22%3.83 .007 24.11£5.60 26.56+5.13 .010
extremity Wrist 5.56+2.13 7.00£2.12 .006 5.89+1.69 6.44+1.81 .025
function Hand 7.00+2.24 8.44%2.13 010 7114257 7.67+2.50 025
Coordination 2.00+0.71 2.89%0.60 .005 2.11+0.78 2.44+0.88 .083
ADL MBI total score 71.22+7.48 81.78+5.24 .008 72.11£8.22 79.44+4.22 .044

FMA: Fugl—Meyer Assessment; ADL: Activities of daily living; K—MBI: Korean Modified Barthel Index

Table 3. Comparison of upper extremity function and activities of daily living between two groups after intervention

(N=18)
Experimental group (n=9) Control group (n=9)
Change value Change value
Mean®SD Mean+SD ?
FMA total score 6.67+2.45 3.00£3.67 .024
Shoulder/elbow/forearm 2.89+1.17 2.44+1.13 546
Upper extremity Wrist 1.44%0.53 0.56%0.53 011
function
Hand 1.44£0.88 0.56+0.53 .040
Coordination 0.8940.33 0.3340.50 .050
ADL MBI total score 10.5619.36 7.33£9.89 .546

FMA: Fugl—Meyer Assessment; ADL: Activities of daily living; K—MBI: Korean Modified Barthel Index

3.3 Comparison of upper extremity function
and activities of daily living between two
groups after intervention

After
showed significantly greater improvements in the

FMA total score and in the wrist and hand

sub—domains than control group (p<.05) (see

Table 3).

intervention, the experimental group

4. Discussion

This study examined the effects of virtual
reality training on upper extremity function and
activities of daily living in patients with
sub—acute stroke. The results indicate that the
experimental group showed a significantly larger

improvement in upper extremity function than

the control group. The virtual reality training
applied in this study consisted of a basic course,
a game course, and a mission course, all of
which focused intensively on performing tasks
related to activities of daily living. In the basic
course, various tasks such as opening the door,
repeatedly
biofeedback. In the

active training such as boxing, arm

exercising, and hammering were

performed under game
courses,
wrestling, and playing a piano was performed.
Game—based virtual reality training and biofeedback
have been reported to be more effective than
conventional therapy [28—31].

Broeren et al. [28] reported that virtual reality
training using biofeedback improved the hand
dexterity and stretch ability of chronic stroke
patients. Merians et al. [29] found that virtual

reality training improved the motion velocity of
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the fingers on the affected side, range of motion,
and strength of hemiplegic patients. Choi et al.
[30] measured the upper limb function of stroke
patients using the FMA and showed significantly
greater improvement in virtual reality training
than conventional rehabilitation. Housman et al.
[31] also found that virtual reality training was
more effective for patients with chronic stroke
than conventional training.

Neuroscientific ~ studies have also  found
evidence of the effects of virtual reality training
on stroke patients. Jang et al. [32] confirmed the
effect of virtual reality training through
functional magnetic resonance imaging (fMRI). In
this study, cerebral hemispheres damaged before
activity  and

In addition,

August et al. [33] reported that virtual reality—based

training had increased brain

functional recovery after training.
upper extremity training through fMRI increased
activity in the primary and secondary motor cortex
in chronic stroke patients with hemiplegia; thus,
they demonstrated that the primary and secondary
motor cortex are responsible for voluntary motor
output. Therefore, when performing hand—related
tasks through virtual reality training, the mirror
activated. The

studies that have demonstrated the

neuron system is results of
previous
effects of virtual reality training on these upper
extremity functions support the results of this
study [32, 331.

Virtual

significant

reality training did not show a

difference from conventional
occupational therapy in the K—MBI. The self—care
area, which is a sub—item of the K—MBI, is composed
of personal hygiene, bathing self, feeding,
toileting, and dressing. Woo et al. [34] reported a
moderate correlation between upper extremity
function and the self—care area of the K—MBI in
100 stroke patients. This suggests that the

improvement of wupper limb function may
improve the self—care sub—domain of daily living
activities in this study; however, we did not

distinguish the sub—scores of the K—MBI. In a

future study, it is necessary to check whether
self —management ability improves.

The control group showed a significant
improvements before and after intervention in
the sub—domains of the FMA and K—MBI. These
suggest that conventional occupational therapy
may have a positive effect on the improvement
of upper extremity function and activities of
daily living in stroke patients. Such evidences has
been  reported for  intensive  occupational
therapy[35], conventional occupational therapy[36],
and review of classification of occupational
therapy intervention[37]. Because of the limitations
of this study, studies of comparative effectiveness
in specific rehabilitation areas will need to be
reviewed closely.

The limitations of this study are as follows: 1)
since the sample size is small, generalization is
difficult; 2) the study subjects were limited to
patients with sub—acute stroke; 3) follow—up tests
were not performed, so the continuous effect of
training is unknown; 4) group allocation was not
performed randomly so there is the possibility of
selection bias; and 5) the placebo effect cannot
be ruled out because the subjects could not be
blinded. Therefore, further study will be needed

to account for the limitations mentioned above.

5. Conclusion

The aim of this study was to investigate the

effects of virtual reality training on upper
extremity function and activities of daily living in
patients with sub—acute stroke. The experimental
group showed significant in the
FMA and K—MBI after intervention (p<.05). The

control group showed significant improvements

improvements

in the shoulder/elbow/forearm, wrist and hand
sub—domains of the FMA and in the K—MBI
(p<.05). After

group showed significantly greater improvements

intervention, the experimental

in the total score and in the wrist and hand
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FMA than control group
(p<.05). These findings suggest that virtual reality
the

improvements of upper extremity function in

sub—domains of the

training may have positive effects on

patients with sub—acute stroke.
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