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Abstract.	 [Purpose] The main purpose of this study was to investigate the effects of Virtual Reality Reflection 
Therapy on motor recovery and motor function in the upper extremities of patients with chronic stroke. [Subjects] 
Nineteen participants patients with chronic stroke were randomly assigned to the experimental group (n=11) and the 
control group (n=8). [Methods] The experimental group performed a Virtual Reality Reflection Therapy program 
for 30 minutes a day, 5 days a week, during a 4 week period, in addition to conventional therapy. The control group 
received conventional therapy and performed sham program. All subjects were evaluated using by the Fugl-Meyer 
Assessment (upper limb section), the Modified Ashworth Scale (MAS), the Box and Block Test (BBT), the Jebsen-
Taylor Hand Function Test and the Manual Function Test pre- and post-intervention. [Results] The experimental 
group and the control group effectively increased their upper-extremity motor recovery and motor function. Upper-
extremity motor recovery and motor function of the experimental group showed more significant increases than 
those of the control group. [Conclusion] Virtual Reality Reflection Therapy (even as a home treatment) with a con-
ventional program in the early stages of treatment might be beneficial for improving hand function. Future studies 
need to investigate the effectiveness of Virtual Reality Reflection Therapy with optimal patient selection or duration 
and intensity of training.
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INTRODUCTION

A Cerebrovascular Accident (CVA) usually results in loss 
of brain function(s) due to ischemia caused by blockage or 
hemorrhage in people over 65. As a result the brain is unable 
to function normally, and CVA is the leading cause of loss of 
social, mental, physical and functional abilities. Generally, 
40% of patients with stroke are functionally challenged and 
15–20% of stroke patients have several impairments1,  2). 
Stroke patients tend to place 61–80% of their body weight 
on the sound side, leading to asymmetric posture, and 
55–75% of patients experience functional limitation of their 
upper limbs3). Patients with hemiplegia caused by CVA 
typically demonstrate abnormal muscle tone, primitive 
reflexes, flexed synergy patterns, and problems with coordi-
nation, as well as associated reactions and movement. Motor 
function on the affected side is noticeably decreased due to 
musculoskeletal system damage and sensory disorders4). 
These inhibited abilities limit daily activities and lower the 
quality of life5). There are several treatments for improving 
restricted abilities, including Functional Electric Stimulation 
(FES), training with auditory feedback, training with an 
assisting robot and Constraint-Induced Movement Therapy 
(CIMT). However, most stroke rehabilitation therapies 

address incompatibility by concentrating on facilitating 
functional abilities on the affected side. Most interventions 
also concentrate on facilitating functional abilities on the 
affected side3). Stubeyaz et al.6) suggested a new method of 
treatment called mirror therapy, concentrating movement on 
the unaffected side. A therapeutic program with a mirror was 
first introduced by Ramachandran and Roger-Ramachandran 
in 1996, using a visual illusion as a cure for phantom limb 
pain for people with amputated limbs7). Mirror therapy for 
stroke patients stimulates proprioceptive senses through 
visual information in which the motion of the sound side is 
reflected in a mirror placed beside the affected part of the 
body8). Grasping power, actual motion of the hand, Range 
of Motion (ROM)9), velocity and dexterity10) were signifi-
cantly improved as a result of motor imaginary training for 
chronic stroke patients. Funase et al.11) reported that the 
cortex and spinal cord are stimulated by the mirror neuron 
system, which is activated from observation and imitation 
of motions seen in the mirror. However, studies have 
investigated the selection of appropriate subjects, treatment 
period, duration, and intensity of programs6). Tilting the 
neck toward the unaffected side to look at the mirror leads 
to asymmetric posture due to ignoring the median line of 
the body resulting in a crooked spinal column. In addition, 
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segmental movement of the trunk and limbs is challenged12). 
The ideal aim of rehabilitating people with stroke is to reduce 
asymmetry13). Therefore, there is a need for new types of 
intervention that differ from traditional mirror therapy. The 
objective of this study was to examine the effectiveness of 
using Virtual Reality Reflection Therapy equipment with 
a monitor on top of the affected limb, keeping an even 
posture, on the functional recovery of the upper extremities 
of individuals with stroke.

SUBJECTS AND METHODS

Participants were inpatients who had suffered a stroke at 
least 6 months previously, and were selected from among 
patients at the H rehabilitation center in Seoul. Patients were 
randomly assigned to an experimental group or a control 
group. Random allocation software (version 1.0) was used 
to minimize selection bias14).

Subjects were included in the study if they were able 
to understand and follow simple verbal instructions, had a 
MMSE-K score over 21, had a Brunnstrom score between 
Stages I and IV, had no apraxia or hemineglect, and had no 
orthopedic conditions such as fractures or digital neuropathy 
of their upper extremities.

Subjects independently sat on a stool with their feet on 
the ground, with a gap of 8.4 cm between their heels, and a 
9° eversion of the big toes. To avoid an asymmetric posture, 
an anterior pelvic tilt was assumed with the hip, knee and 
ankle joints flexed. In preparation for treatment, each patient 
in the experimental group had their affected hand put in the 
box while the other one was placed directly under the camera 
(Fig 1). Each participant then had to line up his or her arm 
with the image of the other one displayed on the screen and 
decide on a speed of motion that was comfortable. Patients 
had to look at the monitor during this assignment. Treatment 
was given to patients for 30 minutes a day, 5 days a week, 

for a total of 4 weeks. Completing the exercise meant a total 
of 3 sets of 10 repetitions. Patients performed the steps under 
the supervision of caregivers and had to fill out a checklist 
after finishing the exercise. The control group received the 
same treatment, except they had to look at their unaffected 
hand as the monitor was off.

A new therapeutic procedure for training was provided 
for the patients in the first week following suggestions 
by Stevens and Stoykov10). The program was designed 
with progressively harder tasks to complete as a way of 
maintaining participant interest. Detailed procedures were 
broken up into week-long segments. In the first week, the 
patients started with an easy program: wrist flexion and 
extension, forearm pronation and supination, and clenching 
and opening the hand. In the second week, the aim was to 
exercise gross movement of the hand with simple tasks 
like picking up cups of different sizes and weights. Fine 
hand motion was the aim of the third week. Patients had to 
complete these assignments: pegging clothespins, pushing 
buttons on a calculator, using chopsticks and opening a bottle. 
The fourth week was more complicated, as the patients had 
to put together a puzzle, draw a circle and square with a pen, 
and play a game of toy golf.

Outcome was measured in terms of upper-extremity 
motor recovery and motor function. Upper extremity motor 
recovery was evaluated using by the Fugl-Meyer Assessment 
(FMA) and the Modified Ashworth Scale. FMA was used 
to assess motor recovery of the 15 upper extremity items15) 
dealing with shoulder·elbow·forearm: 5 with the wrist, 7 
with the hand and 3 with coordination. The maximum score 
of the FMA is 66. Inter-rater reliability of upper extremity 
scale of FMA is r=0.99 and it has a test-retest reliability 
of r=0.9932. Spasticity was measured by the Modified 
Ashworth Scale (MAS). This is a subjective assessment and 
has verified validity16). The MAS is a 6-point scale (0, 1, 
1+, 2, 3, 4), with a score of 0 indicating no resistance and 4 
indicating rigidity.

Upper extremity motor function was the Box and Block 
Test, the Jebsen Hand Function Test, and the Manual 
Function Test (MFT). The Box and Block Test is a standard 
tool for measuring hand coordination and promptness of the 
upper limbs. It has a test-retest reliability of r=0.99 for the 
left hand and r=0.94 for the right. The inter-rater reliability is 
r=0.99 for the left and r=1.00 for the right. The components 
of the test are wooden regular cubes (2.54 cm × 2.54 cm × 
2.54 cm) and a wooden box (53.7 cm × 8.5 cm × 27.4 cm) 
divided in the middle. The test measures the number of 
cubes transferred from the affected side to the other side in 
1 minute17).

The Jebsen Hand Function Test was developed to provide 
a standardized and objective evaluation of several major 
aspects of hand function using simulated everyday activities. 
There are 7 items to assess: writing short sentences, turning 
over cards, picking up small objects and putting them in a 
can, simulated feeding, stacking checkers, picking up large 
light objects and picking up large heavy objects. Scoring is 
determined by the time necessary to complete each subtest. 
It has a high test-retest reliability of r=0.9918).

MFT is an upper limb function assessment measure 

Fig. 1 . Virtual Reality Reflection Therapy
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for hemiparetic patients after stroke, developed by Sakai 
Rehabilitation Instruments, Japan. This test consists of 8 
items: 4 items (flexion, extension, abduction, and adduction) 
for the shoulders, 2 for the hands (garbing, picking up) and 
2 for the fingers (transferring cubes, pinning). The total 
MFT score can range from 0 (severely impaired) to 32 (full 
function). This assessment of the affected body has a test-
retest reliability of r=0.994 and an inter-rater reliability of 
r=0.99319).

All statistical analyses were performed using SPSS 
version 12.0 statistical software (SPSS Inc., Chicago, IL, 
USA). Results are presented as mean± standard deviation 
(SD). Prior to training, the normality of the data was 
assessed with the Shapiro-Wilk test. Chi-square analysis, 
the Mann-Whitney U test and the independent samples t-test 
were performed to examine the significance of differences 
for variables. The Wilcoxon Signed Rank test and the paired 
t-test were used to compare motor recovery and motor 
function before and after treatment. The Mann-Whitney U 
test and the independent samples t-test were performed to 
identify differences between groups. For all tests, statistical 
significance level was chosen as 0.05.

RESULTS

A total of 24 subjects participated in this study; 14 in 
the experimental group and 10 in the control group. Of this 
number, 5 dropped out from the study (3 from experimental, 
2 from control) complaining of dizziness or were discharged 
from the hospital. The general characteristics of nineteen 
subjects with chronic stroke who fulfilled the inclusion 
criteria for study are summarized in Table 1. There were 
no significant differences in the baseline value between the 
experimental and control groups.

Fugl-Meyer Assessment scores increased significantly in 
both groups (p<0.05). In the comparison of the two groups, 
there was a significant difference in the score changes of the 
two groups (p<0.05) (Table 2). There were no significant 
differences in MAS in either group after therapeutic inter-
vention. In addition, the difference in the score changes of 
the two groups was not significant (Table 3).

Box and Block Test scores showed significant 
improvement in the experimental group (p<0.05), but not 
in the control group. There was no significant difference in 
the score changes of the two groups (Table 4). Jebsen Hand 
Function Test scores showed significant improvement in the 
experimental group (p<0.05), but not in the control group. 
There was no significant difference in the score change 
of the two groups (Table 5). Manual Function Test scores 
showed significant improvement in the experimental group 
(p<0.05), but not in the control group. However, there was a 
statistically significant difference in the score changes of the 
two groups (p<0.05) (Table 6).

DISCUSSION

Mirror therapy is a treatment for improving the 
movement of an affected extremity with proprioceptive 
information given through visual illusion instead of actual 
use of the extremity. With existing methods, patients need 
to watch the mirror, and this leads to asymmetric posture. 
This study was therefore designed to compensate for the 
limitations of virtual reality reflection equipment and inves-
tigate the effects of Virtual Reality Reflection Therapy on 

Table 1.  General characteristics of subjects

  Experimental  
group

Control  
group

Gender (male/female) 11 (7/4) 8 (4/4)
Age (years)   63.45 ± 11.78     64.50 ± 12.69
Height (cm) 162.64 ± 10.35 164.38 ± 9.36
Weight (kg)   59.41 ± 12.14     60.81 ± 11.86
Affected-side 
(right/left) 5/6 4/4

Onset-time (months) 14.00 ± 4.88 12.75 ± 6.78
Lesion type 
(hemorrhage/ischemia) 4/7 5/3

Note. Values are expressed as mean ± standard deviation (SD). NS: 
not significant 

Table 2.  Fugl-Meyer Assessment: Pre- and Post-Training

    Experimental group Control group

Fugl-Meyer Assessment
Pretraining   49.09 ± 11.53 46.57 ± 11.89
Posttraining 59.45 ± 7.42 49.57 ± 12.95
Post – Pre   10.36 ± 5.82*   3.00 ± 2.52*#

Note. Values are expressed as mean ± standard deviation (SD). *, significant change be-
tween pre and post MTP intervention. #, significant difference between the experimental 
group and the control group (p<0.05).

Table 3.  Modified Ashworth scale: Pre- and Post-Training

    Experimental group  Control groupe

Modified Ashworth scale
Pretraining 0.82 ± 0.56 1.00 ± 0.46
Posttraining 0.64 ± 0.51 1.00 ± 0.46
Post – Pre 0.18 ± 0.33  0

Note. Values are expressed as mean ± standard deviation (SD).
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the upper extremities of people with stroke. Rothgangel et 
al.20) reported the necessity of detailed treatment protocols 
that should focus on standardized outcome measures. To 
that end, we devised a detailed plan based on the gradual 
learning method of Stevens and Stoykov10), utilizing the 
Jebsen Hand Function Test and the Manual Function Test. 
Patients received gradual Virtual Reality Reflection Therapy 
for 4 weeks with apparent improvement showing in the Box 
and Block Test and the Jebsen Hand Function Test. There 
were significant differences between the two groups in the 
Fugl-Meyer Assessment and the Manual Function Test. 
After 4 weeks’ mirror therapy, subjects with sub-acute 
stroke showed significant improvement in Brunnstrom grade 
and Functional Independence Measure (FIM)3). Moreover, 
studies of chronic stroke patients have also reported apparent 
improvement in Fugl-Meyer Assessment and Jebsen Hand 
Function Test scores, grasping power, wrist ROM, and 
MAS10, 21). There was betterment of performance times as 
well in the functional actions of bringing a cup up from the 
table to the mouth, picking up a pen and putting a towel on 
the shoulder22). These improvements came from the mirror 
neuron system. A mirror neuron is a visual-motor neuron 
stimulated by observation and imagination of movement as 
well as actual movement itself 23). The primary motor cortex 
is facilitated by paying attention to movement during the 
task24). Garry et al.25) reported that the primary motor cortex 
is activated in healthy adults through mirror therapy resulting 
in transcranial magnetic stimulation. Although Miltner 

et al.21) reported 4 weeks of mirror treatment decreased 
muscle rigidity in chronic stroke patients, no significant 
improvement was found in the MAS in this study. Minor 
rigidity of participants pre-intervention was considered to be 
the reason for the MAS result. Most studies of mirror therapy 
show different time periods between stroke and treatment, 
with no standard protocol20). Moreover, there needs to be 
investigation of the effects of mirror therapy on patients 
with hemineglect3). The present study has demonstrated 
the efficacy of Virtual Reality Reflection Therapy on speed 
and accuracy of upper extremity function. However, there 
is no evidence of improvement for people with hemine-
glect. More research is needed in that area. Furthermore, 
the possibility that Virtual Reality Reflection Therapy can 
help maintain a balanced posture should be studied through 
weight distribution and motion analysis. More practical 
types of intervention need to be found for those above Stage 
IV on the Brunnstrom scale and those with lower functional 
ability.
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