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Abstract

Background: Virtual reality-based therapeutic exercise (VRTE) has been considered as a rehabilitative
intervention for neurological deficits. The aim of this study was to compare the effects of VRTE and
occupational therapy (OT) on the upper extremity function and activities of daily living in patients with
acute stroke.

Method: Twenty-four patients who had suffered a stroke within the last 30 days before enrollment
participated in this study. They were randomly assigned to either the VRTE group (n = 12) or the OT group
(n=12). Twenty sessions were conducted in all. To quantify the upper extremity function, the Jebsen-Taylor
hand function test (JT) and Fugl-Meyer Assessment (FMA) of the upper limb were used, and the grip
strength (GS) was assessed. To assess activities of daily living, the modified Barthel index (MBI) was used.

Results: In the VRTE group, JT (p =0.002), FMA (p = 0.002), GS (p = 0.002), and MBI (p = 0.002) showed
a significant improvement after the intervention. In the OT group, JT (p = 0.002), FMA (p = 0.001), GS (p
= 0.002), and MBI (p = 0.001) significantly improved after the intervention. However, compared with OT,
VRTE did not show significant improvements in upper extremity function and activities of daily living.

Conclusions: This study suggests that the early approach of VRTE is not superior to OT for the improvement
of upper limb function and activities of daily living in patients of stroke.

Keywords: Activities of daily living, occupational therapy, upper limb function, acute stroke, therapeutic
exercise, virtual reality.

Introduction

Neurological deficits are common after stroke

Corresponding Author:

Suk-Chan Hahm, PhD, PT

Graduate School of Integrative Medicine, CHA
University, CHA Bio Complex, 355, Pangyo-ro,
Bundang-gu, Seongnam-si, Kyonggi-do, 13488,
Republic of Korea

Tel.: +82-31-881-7101, Fax: +82-31-881-7069
e-mail: schahm@cha.ac.kr

and can lead to sensory, psychological, and motor
disorders!!l. More than half of the stroke patients suffer
from permanent impairment and manifest various
symptoms!?. Reduced function of the upper extremity
is the most common impairment in patients of acute
strokel3]. Moreover, approximately 55%-75% of the
patients with stroke show a decrease in activities of
daily living due to the residual dysfunction and physical
disabilities!*]. These deficits affect their quality of lifel>].

Virtual reality can be used as a rehabilitation tool,
and virtual reality-based therapeutic exercise (VRTE) is



used as a rehabilitation therapy to improve the physical
function in patients with strokel®7l. An exercise program
using virtual reality (VR) is a method of performing
a given task by looking directly at the screen, which
is enjoyableand effective in improving the physical
function!”). Previous studies have reported VRTE as an
effective rehabilitative intervention(®®]. Thus, it can be a
highly useful intervention for the rehabilitation of stroke
patients.

A previous study reported that a program using
VR is more effective than conventional rehabilitation
therapy to improve the function of the upper extremity
and activities of daily livingl®.. VRTE has positive
effects on the functional recovery of the upper and lower
extremities, and balance ability for stroke patients has
been well documented in the previous studies!® 3], In
addition, VRTE using Nintendo Wii has been reported
as an effective VRTE intervention for neurological
deficits(®10-12],

Several clinical studies have reported the use of
VRTE for improvement of the upper extremity function
in stroke patients; these studies involved patients of
stroke in the sub-acute or chronic phasel®®!14l. Effects
of early use of VRTE for the improvement of upper
extremity function and activities of daily living in
patients with acute stroke have not yet been investigated.
Hence, the aim of this study was to investigate the
feasibility of early use of VRTE to improve the function
of the upper extremity and activities of daily living in
patients with stroke. We compared the effects of VRTE
and of occupational therapy (OT) on the upper extremity
function and activities of daily living in patients with
acute stroke.

Materials and Method

Study Design: This study was a single-blinded,
randomized, controlled trial. It was approved by
the Gachon University Institutional Review Board
(1044396-201708-HR-136-01).  The study
performed in accordance with the protocol, and all
participants provided written informed consent prior to
enrollment in the study.

was

Participants: Twenty-four participants
recruited from a medical center located at Incheon.
Participants who had (a) suffered a stroke within the
last 30 days; (b) upper extremity dysfunction, which
the fulfilled criteria (< 50 in Fugl-Meyer assessment
(FMA); over fair grade in manual muscle testing), (c)
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stable medical condition, and (d) no severe cognitive
disorder (< 21 in mini mental state examination) were
included in the study. The exclusion criteria were (a)
visual spatial neglect, (b) apraxia, or (c) contracture of
the upper extremity.

Experimental Procedures: All participants were
randomly divided into either the VRTE or OT groups
using the block randomization method!!3] Allocation
was performed by another employee not related to this
study. The assessors were blinded to the intervention
allocation and was performed by another therapist who
did not perform the intervention. To maintain blinding
until the end of the study, participants were asked not
to discuss about their groups with the assessors. For
allocation concealment, numbered, sealed envelopes
with allocation sequences were kept in a room separated
from the area where the measurements were performed
and were not available to everyone involved in the study
until the randomization.

The VRTE group played three different 3 type of
sports games: swordplay, table tennis, and canoe in
Nintendo Wii Sports Resort. Detailed descriptions can be
found at http://wiisportsresort.com/. Participants in the
VRTE group can play a rehabilitation game with a remote
controller. They performed a variety of movements on the
shoulder, elbow, and wrist for VRTE. Those who could
not hold the remote controller by degradation of loss of
muscle strength or poor grip strength were trained with
straps to fasten a remote controller for effective training.
In the OT group, OT was performed by occupational
therapists for 30 minutes. It consists of strengthening
and stretching exercises using full range of motion of
the upper extremity, which is a task-oriented therapy.
Participants in both groups received general physical
therapy including stretching, lower extremity strength,
and gait training for 30 minutes. All treatments were
performed 5 days per week for 4 weeks (20 sessions).

Outcome variables were assessed before the first
intervention and after 20 sessions of intervention.
Jebsen-Taylor hand function test (JT) and Fugl-Meyer
assessment (FMA) were used to assess the upper limb
function. Grip strength (GS) and Modified Barthel
index (MBI) were used to quantify the grip strength and
activities of daily living, respectively. All interventions
and assessments were performed by 4 occupational
therapists,with a clinical experience of more than 5
years.
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Outcome Measures: JT was used to assess the
function of the hand. The reliability of the dominant
hand JT score was 0.67.-0.99, while that for the non-
dominant hand it was 0.60. 0.92l'°. We assessed the
affectedside and used the Korean version of JTI!7]. The
maximum score is 105 and minimum is 0; a higher score
indicates better upper limb function.

FMA was used to test the performance of the upper
extremity!'8]. It has a maximum possible score of 66 and
minimum of 0. The inter-rater reliability of FMA has
been reported to be 0.96[1%1,

We used a dynamometer to assess the GS of the
hand. The participants were comfortably seated and their
affected hand was positioned on their lap. The normal
position was the elbow at 90° with the arm positioned
close to the side of the body and neutral position of the
wrist. GS was measured 3 times and mean values were
used for the analysis!?].

MBI was used to assess the performance in activities
of daily living. It comprises 10 activities to be assessed:
feeding, grooming, bathing, dressing, toileting, bladder
control, bowel control, chair/bed transfer, mobility, and
stair climbing. The maximum possible score is 100,

which indicates completely independence in performing
activities of daily living. The inter-rater reliability of
MBI has been reported to be 0.95, and the intra-rater
reliability is reported to be 0.891211,

Statistical Analysis: SPSS version 18.0 was used
for all statistical analyses (SPSS Inc., Chicago, USA).
All values are expressed as mean + standard deviation
(SD). The Wilcoxon-signed rank test was performed to
analyze the scores before and after VRTEand OT. The
Mann-Whitney U test was used to compare the change
in scores between the two groups. A p-value < 0.05 was
considered statistically significant.

Results

Participant Characteristics: All participants
completed the trial. The general characteristics ofthe
participants are shown in Table 1, and there were no
significant differences between the groups in terms of
sex, age, height, weight, stroke type, affected side,
duration since onset, and results of the mini mental state
examination. There were also no significant differences
in the values of the assessment variables between the
two groups before the intervention (Table 2).

Table 1. General characteristics between the two groups

VRTE (n=12) OT (n=12) p
Sex (Male/female)’ 7/5 6/6 0.688
Age (Years) 71.00+8.36 67.25+£10.33 0.259
Height (cm) 166.66+8.17 165.66+9.20 0.707
Weight (kg) 63.54+9.15 63.50+10.27 0.840
Stroke type (Ischemic/hemorrhagic) 9/3 8/4 0.660
Affected side (Left/right)f 7/5 8/4 0.680
No. of days since onset (Days) 17.66+3.20 17.2543.13 0.747
MMSE (Score) 25.2542.92 25.334+2.90 1.000

VRTE, virtual reality based therapeutic exercise; OT, occupational therapy; MMSE, mini mental state examination
Values are expressed as mean + standard deviation or the number of participantst.

Outcome Measures: In the VRTE group, JT (p =
0.002) and FMA (p = 0.002) significantly improved after
the intervention (Table 2). In the OT group as well, JT
(p=10.002) and FMA (p = 0.001) significantly improved
after the intervention (Table 2). Compared with the
OT group, the VRTE group did not show significant
improvements in JT and FMA (Table 2).

In both, VRTE group and OT groups, GS
significantly improved after the intervention (p = 0.002
for both) (Table 2). The OT group showed significant
improvement in GS compared to the VRTE group (p =
0.018).

In both, VRTE and OT groups, MBI significantly
improved after the intervention (p = 0.002 and p = 0.001
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respectively) (Table 2). Compared with the OT group, the VRTE group did not show significant improvements in

MBI (Table 2).
Table 2. Comparisons of changes in the outcome variables
VRTE (n=12) OT (n=12) p
Pre-test 27.58+16.74 27.67+£18.60 0.817
Post-test 55.08+13.56" 55.92+13.45" 0.544
JT (score)
Post - Pre 27.50+£7.13 28.25+7.20 0.885
P 0.002 0.002
Pre-test 27.50+£5.98 27.75£3.70 0.464
Post-test 47.67+2.46" 49.75+3.89" 0.086
FMA (score)
Pre -Post 20.17+5.80 22.00+5.48 0.772
P 0.002 0.001
Pre-test 8.19£3.70 6.24+3.56 0.371
Post-test 13.24+4.18" 14.76+3.87" 0.525
GS (kg) ;
Pre -Post 5.05+1.32 8.524+4.07 0.018"
P 0.002 0.002
Pre-test 57.83+£12.97 55.17+£14.29 0.603
Post-test 88.92+5.38" 88.17+9.29* 0.885
MBI (score)
Pre -Post 31.08+11.40 33.00+14.03 0.665
P 0.002 0.001

VRTE, virtual reality based therapeutic exercise; OT, occupational therapy; JT, Jebsen Taylor hand function test; FMA, Fugl-Meyer
assessment (upper limb); GS, grip strength; MBI, modified Barthel index

*p <0.05, significant difference within the group; 'p < 0.05, significant difference between the groups

Values are expressed as mean + standard deviation.

Discussion

This study showed that both, VRTE and OT
significantly improved the upper limb function and
activities of daily living in patients with acute stroke.
However, there were no significant differences between
VRTE and OT in the outcome variables. Furthermore,
there was a significant improvement in handgrip strength
in the OT group compared to that in the VRTE group.
VRTE was not superior to OT for rehabilitation of the
upper limb function in the acute phase of stroke.

In this study, VRTE significantly improved the upper
limb function and activities of daily living in patients
with acute stroke;however, these results comparing the
effects of virtual reality training and daily OT showed
no significant recovery of the motor function. Contrary
to the findings of this study, Saposniket al.['?] reported
significant differences in grip strength and hand dexterity
compared with virtual reality using Wii and recreational

therapy. VRTE using Wii was more effective than
recreational therapy for improvement in hand function.
The reason for the inconsistent results might be because
our study used task-repetition based training in the OT
group; however, the previous study used recreation
therapy as the control group, which showed differences
in treatment intensity and form.

Task-oriented training provides opportunities for
stroke patients to solve motor problems while performing
functional tasks, and is effective in improving the
function of the upper extremity and performance of
daily activities after strokel??). According to a previous
systematic review, various task-oriented treatments
improved the lower and upper extremity functions after
stroke!?3]. Due to the effects of task-oriented training for
rehabilitation of stroke paitents, the effect of VRTE seen
in this study might fail to be superior to that of task-
orientedOT training applied in this study.
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The findings of this study might also be due to the
severely degraded upper extremity function after injury.
The mean FMA scores of the participants in this study
were reported to be around 27, which indicate moderate
to severe impairment of the upper limb function®*].
Thus, patients with acute stroke had severely reduced
hand function and participants in the VRTE group
trained with straps to be able to grasp the remote
controller during VRTE training. The straps might have
restrictedthe movement of their hand and wrist. These
results match those of a previous study by Yin et al.[?3],

The present study has some limitations. First, the
sample size was small. A further study with sample
size calculation is necessary to validate the findings of
this study. Second, the VRET group used an exercise
program provided by Nintendo Wii. To reach a general
conclusion, the efficacy of a more suitable VRTE
program for rehabilitation of acute stroke patients
should be investigated. Third, despite reporting the
benefits of VRTE, this study did not investigate mental
health such as depression and anxiety. A low level of
physical function can lead to depression in patients with
strokel?®], and post-stroke depression increases fatigue
and incompetence, and decreases the motivation for
rehabilitation?”). VRTE might have positive effects
such as prevention of depression, and motivate active
participation in the rehabilitation programs!®. Future
studies considering mental health in the acute stroke
phase are needed.

Conclusion

In conclusion, VRTE was not superior to OT for the
improvement in upper limb function and activities of
daily living in patients with acute stroke patients. Further
studies with a suitable sample size should be performed.
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University Institutional Review Board (1044396-
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