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Abstract  The purpose of this study was to investigate the effect of the home-based virtual reality (VR) on 
upper extremity motor function in hemiparetic stroke patients. Two matched subjects with left hemiplegia were 
volunteered to participate in this study. One subject received the home-based VR whereas the other subject 
recovered a modified home-based constraint-induced movement therapy (CIMT). Both interventions were given 
for 4 hours x 5 times a week for 4 weeks. Outcome measures included Fugl-Meyer Assessment (FMA), Motor 
Activity Log (MAL), and Wolf Motor Function Test (WMFT). The VR-trained subject showed considerable 
improvement in all the tested motor functions when compared with the home-based CIMT. Specifically, the 
FMA measure demonstrated that the VR subject showed 17% enhancement whereas the CIMT subject showed 
5% increase. Similarly, Amount of Use (AOU) and Quality of Movement (QOM) of the MAL scores of the 
VR subject showed 40% and 20% increase whereas the CIMT subject showed 0% and 20% increase, 
respectively. The WMFT scores of the VR subject and CIMT subject showed 20% increase. Our home-based 
VR was effective in upper extremity motor recovery of chronic hemiparetic patients even when compared with 
the well-established CIMT approach in stroke victims.

요  약  본 연구의 목적은 만성 편마비 뇌졸중 환자를 대상으로 상지 운동기능 회복을 위하여 적용한 가상현실 가정
운동프로그램의 가능성을 알아보기 위함이다. 만성 뇌졸중 환자 2명을 대상으로, 한 명의 참여자는 가상현실운동프로
그램을 가정운동프로그램으로 처방하여 실행하였고, 다른 한 명의 참여자는 강제-유도운동치료를 가정운동프로그램으
로 처방하여 실행하였다. 치료기간은 4주간으로 1주일에 총, 5회로 1회에 4시간씩 실시하였다. 평가는 뇌졸중 기능회
복평가(Fugl-Meyer Assessment; FMA), 운동활동척도검사(Motor Activity Log, MAL), 그리고 울프운동기능검사(Wolf 

Motor Function Test; WMFT)를 이용하였다. 가상현실 운동프로그램을 가정운동프로그램으로 실시한 대상자가 모든 
운동기능평가에서 상당한 기능적 회복을 보여주었다. 특히, FMA 점수는 가상현실프로그램을 사용한 대상자는 17% 

향상된 반면, 강제유도운동치료를 가정운동프로그램으로 실시한 대상자는 5% 증가하였다. 또한, MAL 점수의 환측 
상지를 이용하는 양(Amount of Use; AOU)와 움직임의 질(Quality of Movement; QOM)점수에서도 가정중심 가상현실 
프로그램을 이용한 대상자가 각 40%, 20% 향상된 반면, 강제유도운동치료를 받은 대상자는 각각 0%, 20% 증가하였
다. 가상현실 프로그램을 사용한 대상자와 강제유도운동치료를 받은 대상자의 WMFT 점수가 모두 20%증가하였다. 

본 연구결과, 만성 편마비 뇌졸중 환자의 상지 운동 기능 향상을 목적으로 가정운동프로그램을 설계할 때 가상현실 
운동프로그램이 강제-유도운동치료보다 더욱 효과적인 것으로 사료된다. 
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1. Introduction 

Hemiparetic stroke is a major leading cause of physical 
impairments and disabilities associated with upper 
extremity (UE) motor function such as reaching and 
grasping [1]. Such UE motor tasks are essential for 
independent activities of daily living (ADLs) and quality 
of life [1,2]. It has been suggested that UE motor 
dysfunction may result from underutilization of the 
affected limb following stroke [3]. For example, a 
hemiparetic stroke patient may attempt to use the affected 
limbs, but fail to perform motor tasks due to the 
underlying pathophysiology during the initial period of 
diaschisis [4]. Then the subject develops learned nonuse 
phenomenon where the subject does not utilize the 
affected limb rather compensate with the unaffected limbs. 
This learned nonuse assumption was elucidated by an 
empirical neuroimaging study which highlighted cortical 
suppression in the motor representation of the paretic 
hand that was underutilized [4, 5]. 

To address chronic UE motor dysfunction after stroke, 
various therapeutic interventions including neurofacilitation 
techniques [6], strengthening with functional electrical 
stimulation [7], biofeedback [8], constraint-induced 
movement therapy (CIMT) [9, 10], and virtual reality 
(VR) [4] have been used to promote functional motor 
recovery, but outcome studies have produced inconsistent 
results [1]. Among these interventions, the CIMT and 
center-based VR were found to yield meaningful 
neuroplastic changes and associated upper extremity 
motor recovery in hemiparetic stroke patients. CIMT 
focuses on increasing or forcing the amount of use in the 
paretic arm to improve UE motor function in hemiparetic 
stroke patients [9]. Patients must practice functional hand 
motor tasks with the paretic hand while the intact hand is 
restricted by a customized mitten or a splint for 6-8 hours 
to prevent any compensation at a laboratory setting [11]. 
Virtual reality (VR) involves an interactive, enjoyable, 
and motivating exercise games that can be systematically 
curtailed based on the patient’s baseline motor 
performance and premorbid sports or recreational activity 
such as soccer or cooking. VR is a simulation of a real 
world environment that is generated by sophisticated 
computer software and human-machine interface 
technology. Most commercialized VR systems are center 

(or laboratory)-based, which often used at laboratory and 
clinical settings [12, 4]. Therefore, CIMT can poise 
multiple practical issues of cost-effectiveness, safety, and 
compliance, whereas a center-based VR may have 
limitations in terms of portability and carry-over effects at 
home environments.  

Extending our previous studies in a laboratory-based 
VR experiment [12, 13, 14], we have developed the 
home-based CIMT and VR paradigms where the patients 
can receive the interventions at home for 4 weeks. The 
purpose of this case study was to investigate the effect of 
the home-based VR interventions on UE motor 
performance and recovery in hemiparetic stroke patients. 
This case study was also to compare the effects of the 
home-based CIMT and home-based VR interventions on 
UE motor performance for stroke patients. Our basic 
premise was that the home-based VR trained subject 
would show greater improvement in the UE motor 
recovery after training. Our other premise was that the 
VR trained subject would show greater improvement in 
the UE motor recovery than the CIMT trained subject 
because enjoyable and realistic VR games may promote 
greater motivation and compliance than CIMT, which in 
turn help enhancing functional motor skills of the upper 
extremity and helping to overcome learned nonuse.

2. Methods 

2.1 Subjects 

Two age, gender, and lesion matched patients with left 
hemiplegia participated in this experiment. All subjects 
provided informed consent prior to the participation of 
this study. The patients were right-hand dominant and 
were diagnosed with right hemisphere stroke about 4 
years ago. The patients were recruited through visits to a 
local public health center and met the following inclusion 
criteria: ⑴ a history of a single stroke, at least 1 year 
before the start of the study; ⑵ a minimum of 20 degrees 
of active wrist extension and at least 10 degrees of 
metacarpophalangeal (MP) joints extension; ⑶ ability to 
walk indoors without a cane. Exclusion criteria 
encompassed severe aphasia, visual and cognitive 
impairments (Mini-Mental State Examination score ≥24); 
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severe spasticity or tremor [15]. 
SJS was a 53-year-old woman who was independent in 

ambulation and had no apparent medical problems. 
Diagnostic MRI showed that she had a right cerebral 
infarct with resulting left hemiparesis. Before the stroke, 
she lived with her family and her occupation was a hair 
designer. Upon the admission to a local hospital, she had 
received intensive physical therapy 4 times a week for 3 
months and followed by outpatient physical therapy 2 
times a week for 9 months. At the time of her discharge 
from the outpatient rehabilitation center, she was unable 
to reach fully and grasp an object. Hence, she 
predominantly used her unaffected left hand for reaching 
and grasping tasks. She was able to put her clothes, but 
required assistance with fastener and zippers. When she 
attempted to wash dishes and cut cabbage, she failed to 
stabilize dishes or cabbage with her affected hand. 
However, she was able to ambulate indoors  independently. 

LYH was a 48-year-old woman who had a right 
cerebral infarct with resulting left hemiparesis 4 years 
previously. She received treatment for 3 months as an 
inpatient in a rehabilitation center. She was a manager in 
buffet restaurant, lived with her family, and had no a past 
medical history. She needed to ambulate outdoors with 
cane and a molded ankle-foot orthosis (MAFO), and 
required supervision for descending at night. She was able 
to perform all ADL tasks except bathing.

Characteristics SJS LYH

Age, yrs 52 48

Lesion   
right temporal, 

premotor

right temporal, 

premotor, corona 

radiata infarct

Diagnosis
Moyamoya 

disease

right cerebral 

infarct

[Table 1] Clinical and demographic characteristics of the 

study participants

(N=2) 

2.2 Procedure

This study was an experimental blind design where the 
therapists who provided the intervention did not know 
whether or not the patients were being investigated for the 
study. Pre and post-tests included motor function tests, 
Fugl-Meyer assessment (FMA), motor activity log (MAL), 

Wolf motor function test (WMFT), and post-questionnaire 
about motivation and compliance. The pretest implemented 
before the 4-week intervention, followed by the post-test. 
Outcome measures were emphasized on the shoulder, 
elbow, and hand movement because both interventions 
were designed to improve gross movement of the upper 
extremity.   

Intensive, functional, and home-based CIMT and VR 
interventions were administered 4 hours a day x 5 times 
a week for 4 weeks at each patient’s residence. The 
experienced therapists provided the established intervention 
protocols.

2.3 Intervention

2.3.1 Modified Home-Based CIMT 

      (Constraint-Induced Movement Therapy)

The modified home-based CIMT was designed to help 
the patient overcome the nonuse phenomenon at home 
and was conceptually based on the models validated to be 
effective with experimental research with primates [3, 10]. 
Specifically, the modified home-based CIMT involved 
intensive, repetitive, and functional motor task retraining 
of the affected upper extremity while the less involved 
limb was constrained by a mitten. Functional motor tasks 
included brushing teeth, washing face, folding a towel and 
cloth, answering phone, and cooking. The patient was 
instructed to use the affected upper extremity.

2.3.2 VR-Game Intervention

The home-based VR exercise games were used to 
facilitate the utilization of the effected upper extremity 
motor performance. The home-based SONY Playstation II 
virtual reality system (SONY corporation) are interactive, 
play-based exercise games. The system requires a 
television monitor, a videoplayer system requires a 
television, a video camera, virtual reality software (eye 
toy). The video camera is used to capture and track 
movement and immerse the patient inside the VR scene. 
The VR games included soccer, table-tennis, boxing, 
cooking, secret worker, remodeling, and Kungfu. These 
games were interfaced with virtual environments to 
facilitate range of motion, mobility, and strength which 
are important elements in developing functional upper 
extremity motor skills. Each game was played five times 
and depending on the game, within each game there were 
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three levels comprising a range of 88 to 131 opportunities 
to perform the exercise per game. A detailed description 
of the VR intervention protocol is available in the SONY 
corporation (http://www.sony.net).

2.4 Outcome Measures

The upper limb subtest of the Fugl-Meyer assessment 
(FMA) was used to examine sensation, range of motion, 
reflexes, synergy, muscle strength, and movement speed 
and coordination. Each item is graded on a 3-point ordinal 
scale (0=cannot perform; 1=can perform partially; 2=can 
perform fully). The score ranges from 0 to 66 (normal). 
Test-retest reliability and construct validity were reported 
to be significantly high, ranging from r=.98 to r=1.00 (P 
<0.05) [16, 17].  

The modified motor activity log (MAL) was used to 
determine the amount of use and quality of movement of 
the patient’s affected upper limb during activities of daily 
living (ADL). The score ranges from 0 to 5 (normal). The 
test-retest reliability and convergent validity for MAL was 
excellent, r=0.91 at P<0.01 [17, 18]. 

The Wolf motor function test (WMFT) was used to 
measure 17 items of upper extremity performance, 2 of 
which involve strength measures and 15 of which involve 
timed performance on various tasks. Performance time (up 
to 120 s), quality of motor function (score raging from 0 
to 5, normal), and force are assessed. Test-retest 
reliability, interrater reliability, and internal consistency 
coefficients for the functional ability scale were 0.95, 
0.88, and 0.92, respectively. Corresponding coefficients 
for the performance time scale were 0.90, 0.97, and 0.92. 
[18, 19, 20].

2.5 Statistical Analysis

Pre and post-test was used to examine the difference in 
the FMA, MAL, and WMFT between the home-based 
VR-game subject and home-based constraint-induced 
movement therapy subject.

3. Results

Descriptive statistics of functional motor scores pre- 
and post-intervention are presented in Table 2. For the 

CIMT trained patient, before the modified CIMT the 
patient had no functional use of the affected hand from 
which information was obtained.  After the intervention, 
the FMA score improved from 13 to 16. 

The MAL test showed that the quality of movement 
(QOM) and amount of movement (AOM) of the affected 
hands slightly improved from 0 to 1 and from 1 to 1 
respectively, indicating minimal to negligible change of 
the affected hand. The average WMFT score increased 
from 1 to 2, suggesting slight functional change. For the 
VR trained patient, before the VR training the patient had 
no functional use of the affected hand from which 
information was obtained.  After the intervention, the 
FMA score improved from 31 to 42. The MAL test 
showed that the use of the affected hand and amount of 
use slightly improved from 1 to 2 and from 1 to 3 
respectively, suggesting increased utilization and 
utilization of the affected hand. The average WMF score 
increased from 2 to 3, suggesting slight functional hand 
motor improvement (Table 2, 3). 

The relative interval changes in motor performance 
between the CIMT-trained patient and VR-trained patient 
are presented in Table 4. The interval changes in FMA 
for the CIMT-trained patient and VR-trained patient were 
5% and 17%, respectively. Similar enhancement in AOM 
and QOM in the MAL test was 0% and 20% for the 
CIMT-trained patient and 40% and 20% for VR-trained 
patient, respectively. The relative interval changes in 
WMF for both patients were equally 20%. These results 
suggest that the VR trained patient showed more 
improvement in upper extremity motor recovery, function, 
and amount and quality of movement of the affected hand 
during daily activities of living.

Test Pre-test Post-test

Upper limb in FMA 13 16

MAL
AOU 1 1

QOM 0 1

WMFT 1 2

AOU, Amount Of Use; CIMT, Constraint-Induced 

Movement Therapy; FMA, Fugl-Meyer Assessment; MAL, 

Motor Activity Log; QOM, quality of movement

[Table 2] Motor Function Test in CIMT-trained Patient



Effects of Home-based Virtual Reality on Upper Extremity Motor Function for Stroke – An Experimenter Blind Case Study

3027

Test Pre-test Post-test

Upper limb in FMA 37 42

MAL
AOU 1 3

QOM 1 2

WMFT 2 3

AOU, Amount Of Use; FMA, Fugl-Meyer Assessment; 

MAL, Motor Activity Log; QOM, Quality Of Movement; 

VR, Virtual Reality

[Table 3] Motor Function Test in VR-trained Patient

Test

Improvement (%)

CIMT-traine

d patient

VR-trained 

patient

Upper limb in FMA 5 17

MAL
AOU 0 40

QOM 20 20

WMFT 20 20

AOU, Amount Of Use; FMA, Fugl-Meyer Assessment; 

MAL, Motor Activity Log; QOM, Quality Of Movement; 

VR, Virtual Reality

[Table 4] The difference of Improvement in Motor 

Function Test 

4. Discussion

Our finding in FMA measures showed that relative 
improvement between the pre and post-VR was greater 
than those of CIMT. This was consistent with the 
previous studies that investigated the effect of 
center-based [13, 14] and home-based VR [21, 22] 
exercise in patients with chronic stroke. However, our VR 
program was less expensive and conducive to the patient 
at home. The patient who received CIMT also showed 
improvement in FMA, especially. This finding further 
strengthens the previous finding that examined the effect 
of CIMT or mofofied home based at the center. 

The aim of this study was to determine the effects of 
the modified home-based CIMT versus home-based VR 
intervention in adults with hemiparetic stroke patients. In 
this study, each patient showed improvement in a subset 
of variables. Although LYH who performed modified 
home-based CIMT did not transfer this improvement to 
functional activities, SJS who performed home-based VR 
game showed improvement in the use of her affected 

hand to functional ADL tasks after intervention. From 
several studies, positive changes in functions such as 
manual dexterity, sensory discrimination, and limb 
coordination were reported after stroke in the laboratory. 
Wolf et al. represented the first systematic application of 
CIMT of the hemiplegia at least 1 year after stroke or 
traumatic brain injury (TBI) to quantitatively assess 
changes in speed or muscle force using a series of 21 
functional tasks from gross to fine motor skill several 
hours a day for 2 weeks. They purposed that the motor 
deficiency was not linked to the paralysis but to learned 
nonuse reversible by relearning the functional activities 
through use of existing sensory-motor neural circuitry 
overcame a learned nonuse. Alberts et al. (2004) 
examined to determine the effects of an immediate or 
delayed 2-week CIMT intervention on the force-producing 
capabilities of the hemiparetic hand during the 
performance of a functional dexterous task in 10 subacute 
stroke patients [23]. They suggested that 4 of the 5 
patients in the immediate CIMT, compared to the delayed 
group, showed significant clinical improvements in hand 
function, increased maximum precision grip force, 
improved force and torque regulation, and reduced 
variability in rate of force production during task 
performance. However, almost all current CIMT is 
directed toward improving movement that is observed in 
the laboratory and testing concentrates almost exclusively 
on that domain [24]. The intensity of the CIMT and 
restraint components also makes the protocol less 
clinically feasible and not reimbursable. In this study, we 
performed modified home-based CIMT which is 
composed of functional activities of living and repetitive 
daily tasks to focus primary on improving real world 
function. But this intervention had not enough motivation 
for though treatment time. Page et al. (2002) studied to 
determine the opinions of stroke patients and therapists 
about CIMT using self-report questionnaire [2]. They 
reported that 68% of patients with stroke would not want 
to participate in CIMT, and 65% of the patients would 
participate in CIMT agreed that they were somewhat or 
extremely unlikely to adhere to the CIMT protocol. They 
also reported that most therapists replied that development 
of an engaging, challenging 6-hour protocol would be 
difficult. In reference to the CIMT restrictive device 
schedule, therapists were concerned with compromises in 
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independent activities and safety because the CIMT 
protocol endangered patients impaired by balance. In this 
study, LYH was unlikely to adhere to the 4-hour CIMT 
protocol, and was uncomfortable in CIMT protocol with 
less-affected limb restricts. 

The VR has the capability of creating a virtual 
rehabilitation scene where the intensity of practice and 
sensory feedback can be systematically manipulated to 
provide the most appropriate, individualized, real-life 
motor retraining. You et al. (2005) investigated the effects 
of VR intervention on cortical reorganization and 
associated locomotor recovery in ten chronic stroke 
patients with hemiparesis [4]. They reported that VR 
could induce cortical reorganization from aberrant 
insilateral to contralateral SMC activation, and cortical 
reorganization might play an important role in recovery of 
locomotor function in chronic stroke. In this study, the 
subject was enjoy and amused herself by doing modified 
VR game. We were used to VR game because it is cheap. 
VR game has only visual feedback, and has not 
proprioceptive feedback. So this VR game is not able to 
do appropriately motor relearning. However, commercial 
VR intervention program is so expensive.

Our limitation, we cannot be generalized in all stroke 
patient. Hence, this study should be examined to involve 
larger numbers of subjects in future research.

We recommend two descriptions. First, clinicians have 
had to develop less expensive VR intervention program. 
VR intervention is only enjoying training for patients with 
motor disabilities. If less expensive VR intervention 
program, it will be used extensively in rehabilitation unit. 
Second, CIMT protocol is modified more enjoy and 
engage. 

5. Conclusion

The home-based VR training program was effective 
when compared to the home-based CIMT training 
program in stroke. Our results suggest that the VR trained 
patient showed more improvement in upper extremity 
motor recovery, function, and amount and quality of 
movement of the affected hand during daily activities of 
living. However, the subjects participated in this study 
were not matched such as functional level and 
neurological injury areas.
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