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Objective: This study aimed to investigate the upper limb strength, active joint range of motion (AROM), and upper limb func-
tion in persons with chronic stroke using virtual reality training in combination with upper limb sensory stimulation.
Design: Two-group pretest-posttest design.
Methods: 20 subjects were divided into two groups of 10, the sensory motor stimulation and virtual reality training (SMVR) and 
virtual reality training (VR) groups. The training was conducted for 30 minutes per session, three times a week for 8 weeks.The 
participants’ upper limb strength was measured via the hand-held dynamometer, joint angle AROM was measured via dual in-
clinometer, function was measured using the Jebson-Taylor hand function test and the manual function test.
Results: Significant differences were observed in all groups before and after the training for upper extremity strength, AROM, 
and function (p<0.05). Between the two groups, the SMVR group showed significant improvement in muscle strength, AROM, 
and Jebsen-Taylor hand function test scores compared with the VR groups (p<0.05).
Conclusions: In this study, we confirmed that sensory stimulation and VR had positive effects on upper extremity strength, 
AROM, and function of persons with chronic stroke. The results suggest that in the future, VR in combination with sensory stim-
ulation of the upper limb is likely to become an effective method (a rehabilitation training program) to improve the upper limb 
function of persons with chronic stroke.

Key Words: Function, Range of motion, Sensory, Stroke, Virtual reality

Introduction

Stroke is a state in which the blood vessels that provide 

nutrients to the brain are ruptured, causing blockage and 

subsequent damage to the brain (World Health Organization, 

2016). In the United States, stroke is the fifth leading cause 

of death, and approximately 800,000 cases are reported each 

year [1].

Stroke is the main cause for direct loss of function and 

death, and since most survivors need long-term rehabi-

litation treatment due to various consequences, it is a con-

dition that causes heavy burden to the family and society as 

well as the patients themselves [2].

Normal upper body function is a basic necessity for per-

forming delicate movements, such as eating, putting on 

clothes, or writing, and is a very important element in daily 

life. Moreover, upper extremities use forms a considerable 

part of the human activities performed at work [3]. Upper 

arm dysfunction due to stroke is primarily accompanied by 

motor and sensory disturbances owing to brain damage, and 

secondarily accompanied by limitations in various activities 

of daily living (ADL) [4]. Over 50% patients with hemi-

plegia do not recover function on the affected side due to up-

per extremity paralysis, which disrupts daily life activity 
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performance. In addition, the impaired functions persist in 

the upper extremities even after treatment [5].

Sensorimotor training is an exercise controlled by the in-

tegrated information of the brain by maximizing the proprio-

ceptive stimulation of the central nervous system through 

centripetal information stimulation [3]. Furthermore, the 

methods of physical therapy that emphasize sensory stim-

ulation have recently gained importance in rehabilitation 

strategies, and were reported to be significant in maximizing 

neuroplasticity and stimulating the above-mentioned sen-

sory systems for patients with stroke in various ways [6].

Recently, several therapeutic techniques have been sug-

gested to promote upper limb recovery in individuals af-

fected by stroke, including robotic therapy [7], virtual reality 

training (VR) [8], sensory stimulation therapy [9], and im-

agery training [10]. Out of these therapeutic methods, train-

ing interventions for the motor function recuperation utiliz-

ing various sensory data, such as visual, tactile, auditory and 

proprioception, can improve the efficacy of rehabilitation 

exercises [11]. 

In particular, when virtual reality rehabilitation was ap-

plied using appropriate levels of challenge, the effects on up-

per limb function and activities of daily living (ADL) per-

formance were beneficial for those affected by stroke [12]. 

VR creates a simulated environment mimicking actual sit-

uations through which the patient can acquire various 

experiences. As a result of the various interactions as well as 

internal and external feedback provided through the VR 

screen, the VR therapy can be used as rehabilitation training 

in various areas, such as exercise and cognitive re-

habilitation [13,14]. Consequently, the robot intervention 

method based on VR has become more familiar in recent 

times. The VR training arouses interest and fun, and in-

creases motivation in performing tasks [15]. It is effective 

for enhancing cognitive and visual perceptual skills as well 

as the functions and muscle strength of the upper extremities 

[16]. Individuals with stroke often complain of problems in 

processing perception and recognition; in a related clinical 

study, when VR was applied to patients with spatial ori-

entation problems, their geographical orientation processing 

ability improved [17].

However, a insufficient amount of attention has been di-

rected towards to the somatosensory function rehabilitation 

training for individuals with chronic hemiparetic stroke in 

particular [18]. Also, there are very few studies on the use of 

virtual reality exercises for upper extremity treatment in 

chronic stroke survivors. Specifically, studies on the ability 

to concentrate, the effect of the strength, AROM, and the up-

per extremity function as well as those involving the lack of 

sensory motor stimulation in stroke patients are very 

insufficient. Therefore, the purpose of this study was to ex-

amine upper extremity strength, AROM, and function using 

virtual reality training combined with sensory stimulation in 

patients with chronic stroke. The findings in this study may 

provide reference information to establishing interventions 

for the enhancement of upper extremity function and im-

provement of ADL performance in those affected by stroke.

Methods
Participants and procedure

This study was a two-group pretest-posttest design. 

Twenty patients who had met the selection criteria from 2 

hospitals located in Korea agreed to participate in this study. 

The inclusion criteria were follows: individuals who were 

diagnosed with stroke at least 6 months ago with impair-

ments in the affected upper extremity, those without upper 

limb orthopedic injuries, those without cognitive deficits 

(Korean version of the Mini-Mental State Examination ≥24 

points), those with a manual muscle test (MMT) grade of 

two or higher of the affected upper extremity, and those with 

at least 20° of wrist extension and at least 10° of extension of 

the metacarpophalangeal and carpal joints of the affected 

side, and those who agreed to volunteer for the study. 

Exclusion criteria were those affected with unilateral ne-

glect, hemianopia, or impaired auditory and visual senses.

Patients received sufficient explanation in writing on the 

research purpose, content, methods, and confidentiality as 

well as adequate explanation on the possibility of with-

drawing whenever they desired before the study proceeded. 

The study adhered to the Helsinki Declaration principles and 

received approval from the Sahmyook University Institutional 

Review Board (IRB No. 2-1040781-A-N-012020013HR).

20 patients met the selection criteria and were randomly 

assigned to sensory motor stimulation and virtual reality 

training (SMVR) and virtual reality (VR) (n=10, respec-

tively) through a computer program. The training was im-

plemented for 8 weeks, and evaluations were conducted 8 

weeks pre-post training, respectively.

Intervention

The study was organized from January to March 2020 in-

cluding a total of 20 subjects who were divided into two 

groups of 10, which were the SMVR and VR groups. The in-
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Figure 1. Sensory motor stimulation 
exercise. 

Figure 2. Virtual reality training.

tervention was conducted for 30 minutes per session, 3 times 

a week for 8 weeks.

In the SMVR group, sensory-motor stimulation was im-

plemented for 30 minutes, 3 times for 8 weeks, and VR was 

implemented for 30 minutes. In the VR group, VR was im-

plemented for 30 minutes, 3 times for 8 weeks, and con-

servative therapy was administered for 30 minutes.

The sensory motor stimulation training applied in this 

study was modified from the sensory motor stimulation pro-

gram used in a study by de Diego et al. [7]. The patient sat 

straight on the chair and placed the affected hand on the 

desk. This stimulation training consisted of 5, 5, 10, and 10 

min of hand therapy, sensory input, sensory therapy, and 

functional motion, respectively. Hand therapy consisted of 

metacarpophalangeal joint pressure, thenar/hypothenar 

muscle mobilization, and interosseous muscle mobilization. 

For the sensory input, each corresponding part of the hand 

was stimulated using a brush. Items were selected by stretch-

ing the arm toward objects at various angles, moving a bag, 

grasping balls of various sizes, and opening a door for as-

sessment of functional motion (Figure 1).

VR was performed using the Smart Glove (Neofect, 

Yongin, Korea), which is a biofeedback machine used for 

upper extremity rehabilitation of persons with stroke and 

consists of a machine attached with glove-shaped sensors 

and a software application. Smart Glove games include vari-

ous upper extremity movements, which include forearm su-

pination/pronation, wrist flexion/extension, wrist joint radi-

al/ulnar deviation in finger flexion/extension, and additional 

complex movements. The person who wears the smart glove 

is expected to perform various tasks, including catching 

balls, fishing, squeezing an orange, cooking, pouring wine, 

cleaning the floor, turning pages of a book, and painting 

(Figure 2). 

Conservative therapy––neurophysiological therapy, such 

as neurodevelopmental physical therapy, was applied to the 

paralyzed sidealong with stretching exercises.

Outcome measures

A hand-held dynamometer (Commander Echo Muscle 

Tester; JTECH Medical, Midvale, UT, USA, 2004) was used 

to assess changes in the active muscular strength of the sub-

ject’s upper extremity. When measuring the flexors and ex-

tensors of the elbow and wrist joints, both arms of the partic-

ipations were placed on the desk, with the hand-held dyna-

mometer sensor placed on the metacarpal of the hand so as 

to measure muscular strength as the wrist was flexed and 

extended. The intra-rater reliability was r=0.90-0.96; and in-

ter-rater reliability was r=0.76-0.97 [19]. 

A dual inclinometer (Dualer IQ Inclinometer, Jtech- 

Medical, USA, 2005) was used to assess the AROM of bi-

lateral elbow and wrist flexion and extension. When meas-

uring the ROM for elbow and wrist joint flexion and ex-

tension, one sensor was attached to the forearm, and another 

sensor was attached to the upper arm using velcro. The intra-

class correlation coefficient of the electronic inclinometer 
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Table 1. General characteristics of subjects (N=20)

Group
SMVR 
(n=10)

VR 
(n=10)

χ2/t (p)

Age (y) 58.8 (8.88) 55.9 (6.49) 1.353 (0.415)
Height (cm) 164.2 (6.05) 163.5 (4.03) 1.296 (0.764)
Weight (kg) 59.4 (7.73) 60.5 (5.42) 2.114 (0.717)
MMSE-K (score) 27.1 (1.66) 28.1 (1.29) 0.2 (0.150)
Sex

Male 4 (40.0) 5 (50.0) 0.202 (1.000)
Female 6 (60.0) 5 (50.0)

Diagnosis
Infarction 5 (50.0) 7 (70.0) 0.833 (0.650)
Hemorrhage 5 (50.0) 3 (30.0)

Affected side
Left 3 (30.0) 5 (50.0) 0.833 (0.650)
Right 7 (70.0) 5 (50.0)

Values are presented as mean (SD) or n (%). 
SMVR: sensory motor and virtual reality training, VR: virtual 
reality training, MMSE-K: mini-mental state examination-Korea 
version.

was ≥0.95 [19]. 

The Jebsen-Taylor hand function test was used to assess 

with the patient sitting comfortably in a chair that was in 

front of a desk placed opposite to the tester in a bright place 

without visual hindrance. During the assessment, 7 items 

were examined using a standardized stopwatch, and the 

non-dominant hand was measured first. The patient prac-

ticed 10 times for each test item before the assessment, and 

the mean values obtained from the 3 measurements were 

used for data analysis [20]. The internal consistency of this 

instrument for evaluation was 0.98, and the inter-rater reli-

ability was r=0.90-0.99 [21]. 

The Manual Function Test was used, which consists of 

upper limb movement (four items), grip (two items), and fin-

ger manipulation (two items), with 1 point scored for each 

performed test and 0 point for each failed test, with a perfect 

score of 32. The test-retest reliability and inter-tester reli-

ability were set at r=0.095 [22]. 

Data and statistical analysis

The IBM SPSS Statistics for Windows, Version 20.0 

(IBM Co., Armonk, NY, USA) was used for all statistical 

analyses in this study. The Komogorov-Smirnov test was 

used to assess normal distribution. The gender, stroke type, 

and paralyzed side were examined by the chi-square test, 

and the homogeneity of variables between the 2 groups be-

fore intervention was tested by the independent sample t-test. 

The paired t-test was performed to determine the differences 

pre and post treatment within the group, and the independent 

sample t-test was performed to contrast the differences be-

tween the groups. All statistical significance degree were set 

at α=0.05.

Results

The general characteristics of participants are shown in 

Table 1. Significant differences (p<0.05) were confirmed in 

all groups before and after the training for upper limb 

strength, AROM, and function. Between the 2 groups, there 

were significant improvement in muscle strength, AROM, 

and Jebsen-Taylor hand function test scores in the SMVR 

group compared with the VR group (p<0.05) (Table 2).

Discussion

This study aimed to examine the impacts of sensory motor 

stimulation and VR on a chronic stroke patient’s upper limb 

muscular strength, AROM, and upper extremity function. 

Sensory motor training and VR were conducted for 8 weeks, 

and the upper limb muscular strength, AROM and upper ex-

tremity function results were analyzed.

Smania et al. [18] conducted somatosensory training for 

patients with stroke with sensory damage and reported a re-

covery of senses and improvement of their perception ability 

with hand contact recognition response [23]. VR-based task 

training has recently been reported to be very effective in the 

rehabilitation of patients with stroke with environmental or 

physical limitations performing various physical or leisure 

activities [24].

Increased upper extremity strength was the greatest in the 

SMVR group. This was consistent with the result of im-

proved muscular strength of the finger extensors and wrist 

joint as a variable of the upper limb function of the in-

dividual with stroke, as presented in the preceding studies of 

Kim and Lee [25]. In addition, it was consistent with the 

findings of Powell et al. [26], who reported the significance 

of the changes in muscular strength, applying electro-

stimulation to the wrist joint extensor, as well as the findings 

of Yun et al. [27], who stated that mirror therapy in parallel 

with functional electric stimulation had a significant effect 

on the change in finger extensor muscular strength of in-

dividuals with stroke. We believe that the improvements in 

muscular strength resulting from the upper limb inter-

ventions using sensory-motor stimulation and VR are paral-

leled to this study. The direct sensory receptor stimulation in 
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Table 2. Comparison of upper limb strength, AROM, and function between the two groups (N=20)

Variable
SMVR (n=10) VR (n=10)

t (p)
Pre-test Post-test Pre-test Post-test

EFMT (kg) 1.71 (0.27) 2.23 (0.41)* 1.62 (0.42) 1.87 (0.46)* 2.133 (0.047)a

EEMT (kg) 1.76 (0.30) 2.17 (0.43)* 1.71 (0.42) 1.91 (0.42)* 3.132 (0.009)a

WFMT (kg) 0.91 (0.35) 1.27 (0.39)* 0.99 (0.27) 1.27 (0.29)* 2.206 (0.041)a

WEMT (kg) 0.81 (0.42) 1.10 (0.50)* 0.98 (0.27) 1.19 (0.26)* 1.385 (0.183)
EFAROM (°) 106.70 (5.76) 114.00 (7.00)* 105.10 (5.26) 108.50 (5.50)* 3.239 (0.005)a

EEAROM (°) −32.50 (9.88) −28.00 (8.99)* −30.80 (6.37) −27.730 (5.76)* 2.105 (0.05)
WFAROM (°) 23.70 (3.77) 28.60 (4.86)* 24.00 (4.71) 26.90 (5.86)* 2.636 (0.017)a

WEAROM (°) 21.20 (3.29) 27.30 (3.23)* 21.30 (4.57) 24.40 (4.97)* 3.744 (0.001)a

JTT (score) 13.80 (2.66) 17.70 (3.09)* 12.70 (3.62) 15.10 (4.09)* 2.330 (0.032)a

MFT (score) 13.40 (1.90) 17.20 (2.20)* 12.90 (3.28) 15.90 (3.87)* 1.395 (0.180)

Values are presented as mean (SD).
SMVR: sensory motor and virtual reality training, VR: virtual reality training, EFMT: elbow flexion muscle test, EEMT: elbow extension 
muscle test, WFMT: wrist flexion muscle test, WEMT: wrist extension muscle test, EFAROM: Elbow flexion active range of motion, 
EEAROM: Elbow extension active range of motion, WFAROM: wrist flexion active range of motion, WEAROM: wrist extension active range 
of motion, JTT: Jebsen–Taylor hand function test, MFT: manual function test.
aSignificant difference compared with VR group (p<0.05).
*Significant difference compared with pre-test (p<0.05).

the skin and muscles in sensory-motor training had a direct 

impact on the unique senses, which led to the improvements 

of the elbow joint flexor/extensor and wrist joint flexor/ex-

tensor strength.

Regarding AROM, the SMVR group showed greater im-

provement than the VR group. This result was similar to that 

of a study conducted by Lee et al. [28] that implemented 

asymmetrical upper limb training using a VR device on 

stroke patients and reported that there were significant dif-

ferences in the ROM of wrist flexion, extension, radial devi-

ation, and ulnar deviation. Moreover, there were significant 

differences in wrist flexion and extension in the control 

group, which was consistent with the result of this study. 

Subramanian and Levin. [29] divided 32 patients with 

chronic stroke into a training group with VR and a training 

group in the actual environment and intervened in them and 

reported that there were significant increases in stretching 

and grasping motion performances and movement speeds in 

both groups, which was consistent with the result of this 

study. Using an upper limb rehabilitation program based on 

VR for patients with chronic stroke, Perez-Marcos [24] 

found improvement of upper limb function with increase in 

shoulder joint AROM and Fugl-Meyer Assessment scores 

and showed that it was also effective in the follow up period, 

which was consistent with the result of this study. The result 

of improvement in the patient’s sense of purpose by combin-

ing various movements used in actual daily life, and as sense 

and motor sense signals were transmitted to the subject’s 

hands continuously, this sensory stimulation assisted in 

making the motion similar to the real one. 

In the case of the upper extremity function, the SMVR 

group showed greater improvement than the VR group. This 

finding was consistent with that of Mouawad et al. [30] who 

reported that as a result of a game application, such as tennis, 

golf, bowling, and baseball to VR, the upper limb function 

greatly increased, and the group that did not have VR train-

ing did not show significant improvements in upper limb 

function in patients with stroke. Among the subitems of the 

Jebsen-Taylor hand function test, Merians et al. [31] re-

ported significant improvements in items such as the promo-

tion of writing, card flipping, and pretending to eat, by ap-

plying the training of touching the button by the paralyzed 

upper limb and playing the piano through VR in patients 

with stroke. In this study, peripheral sensory stimulation was 

implemented as an intervention, which caused a change in 

muscle tone, and accordingly, voluntary movement became 

possible, which affected the promotion of upper limb 

function.

The present study has a number of limitations. This study 

included only patients who satisfied the inclusion criteria; 

thus, it is difficult to generalize the interpretation of our data 

to the entire stroke population. Because it was not feasible to 

entirely manipulate the ADLs of the participants and con-

centration assessment was not performed using various test 
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tools, there is a possibility that other factors that cannot be 

entirely excluded may have influenced the patients. Further 

studies are warranted in order to examine other pertinent 

topics, such as training methods of dual tasks and differ-

ences in effectiveness based on difficulty levels of the task.
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