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ABSTRACT 
Objective: To explore the effects of the somatosensory interaction technology combined 
with virtual reality technology on upper limbs function and activities of daily living (ADL) 
in cerebrovascular disease patients. Methods: Form January, 2019 to December, 2019, 80 
cerebrovascular disease patients were recruited, and had been divided into control group (n 
= 40) and observation group (n = 40), randomly. The control groups received conventional 
rehabilitation treatment, for 40 minutes per day, while observation group received conven-
tional rehabilitation treatment, for 20 minutes per day, and virtual reality technology 
treatment, 20 minutes per day, 5 days a week for 4 weeks. Wolf Motor Function Test 
(WMFT), Fugl-Meyer Assessment-Upper Extremities (FMA-UE) and modified Barthel in-
dex (MBI) were used to assess the motor function of the upper limbs and ADL before and 
after treatment. Results: Before treatment, the scores of WMFT, FMA-UE and MBI were no 
significant difference between two groups (P > 0.05). The scores improved in both groups 
after treatment (P < 0.01), and were higher in the observation group than in the control 
group (P < 0.05). Conclusion: The somatosensory interaction technology combined with 
virtual reality technology could facilitate to improve the upper limbs function and ADL in 
cerebrovascular disease patients. 

 

1. INTRODUCTION 
Globally, about 15 million people suffer from cerebrovascular disease each year [1]. Cerebrovascular 
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disease is a leading cause of death and long-term disability worldwide [2]. Cerebrovascular disease refers 
to the cerebral dysfunction caused by cerebrovascular diseases. Cerebrovascular disease refers to the dis-
ease caused by vascular occlusion, vascular rupture, vascular wall damage or permeability change due to 
embolism and thrombosis. From the nature of the disease, it can be divided into ischemic cerebrovascular 
disease, hemorrhagic cerebrovascular disease. From the perspective of etiological classification, cerebral 
apoplexy and intracranial aneurysms are more common in adults, while intracranial vascular malforma-
tion and abnormal cerebral vascular network are more common in children and adolescents. It has been 
reported that about 80% of patients with cerebrovascular diseases are left with upper limb dysfunction, 
which affects their ability to take care of themselves in daily life [3]. Persistent upper limb dysfunction af-
ter cerebrovascular disease is one of the most challenging problems in rehabilitation [4]. Traditional exer-
cise rehabilitation is carried out through physical therapy and/or occupational therapy. The traditional 
rehabilitation training is monotonous and boring, so many patients can not adhere to the treatment for a 
long time. Moreover, the emphasis on motion decomposition training fails to provide task-specific train-
ing. After the completion of subacute rehabilitation programs, many patients still exhibit significant upper 
limb dyskinesia. Therefore, it is necessary to develop alternative or complementary methods to maximize 
brain plasticity after cerebrovascular disease. It is of great significance to explore new rehabilitation tech-
niques to alleviate the neurological dysfunction and improve the function of cerebrovascular patients. 

Virtual Reality (VR) technology is a computer-generated simulation of the real world. Its goal is to 
create an immersive feeling. By giving visual and auditory stimuli, users can be immersed and immersed in 
a virtual environment [5]. Compared with traditional rehabilitation methods, virtual reality technology 
has the advantages of creating more realistic scenes, providing repetitive training for specific tasks, and 
having a stronger sense of participation. Virtual reality technology has been applied to the rehabilitation of 
cerebrovascular patients more and more. The application of Kinect motion-sensing interaction technology 
in virtual reality technology can replace many complicated traditional equipment and increase the porta-
bility and flexibility of training. Research at home and abroad suggests that Kinect motion-sensing interac-
tion technology and virtual reality technology have certain effects in the rehabilitation of hemiplegia of 
cerebrovascular disease, which can improve the upper limb movement function and daily living ability of 
cerebrovascular disease patients [6, 7]. This study intends to explore the effects of kinect-based mo-
tion-sensing interaction technology and virtual reality technology in the rehabilitation of upper limb mo-
tor dysfunction in patients with cerebrovascular disease. 

2. MATERIALS AND METHODS  
2.1. General Information  

From January 2019 to December 2019, 80 patients with cerebrovascular diseases were admitted to 
Haizhu district hospital of traditional Chinese medicine in Guangzhou. The diagnosis all met the “cere-
brovascular disease diagnostic criteria” of Chinese medical association, and were confirmed by head CT 
and/or MRI [8]. 

Inclusion criteria: 1) Age 8 - 65; Onset 3 weeks to 6 months, no consciousness disorders, good cogni-
tive function (MMSE ≥ 22 minutes), good coordination with the therapist; 2) Upper extremity 
Brunnstrom with stage III or above; Upper limb muscle strength grade 3 or above; Modified Ashworth 
scale ≤ level 2. 3) Patient balance function: the sitting balance reaches level 2. 4) The patient gave informed 
consent to the treatment and signed the treatment consent. 

Exclusion criteria: 1) Obvious pain, dislocation of shoulder joint and limitation of movement in the 
affected upper limb. 2) Persons with severe mental disorder, severe cognitive impairment, language im-
pairment, or dementia. 3) Patients with deteriorating condition, recurrent cerebral infarction or cerebral 
hemorrhage.  

All the patients were divided into the control group and the treatment group according to the random 
number table method, with 40 cases in each group. There was no significant difference between the two 
groups in gender, age, disease course, lesion nature, hemiplegic side, etc. (P > 0.05) (Table 1).  
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Table 1. The general data of the two groups were compared (n). 

Group 

Gender (n) Age (years) 
Course of  

disease 
(month) 

Nature of lesions (n) 
Hemiplegic 

side (n) 

Male Female   
Ischemic  

cerebrovascular 
disease 

Hemorrhagic  
cerebrovascular 

disease 

The  
left  
side 

The  
right  
side 

The control 
group (n = 40) 

19 21 48.45 ± 6.28 3.3 ± 1.6 23 17 25 24 

The treatment 
group (n = 40) 

22 18 50.87 ± 6.35 3.2 ± 1.8 22 18 15 16 

2.2. Treatment  

The control group only received traditional operation treatment, including: drum training, upper 
limb ball training, wood nail board training, screw training and other training. Bobath handshake training, 
the affected side of the upper limb support weight training, upper limb separation and control ability 
training, passive exercise training and other operational training. Train 40 minutes a day, 5 days a week for 
4 weeks. 

The treatment group received 20 min of traditional occupational therapy and 20 min of virtual reality 
game training based on Kinect motion-sensing interaction technology each time, 5 days a week for a total 
of 4 weeks. The virtual training program and difficulty are selected according to the patient’s condition. 
Virtual reality game training system based on Kinect motion-sensing interaction technology consists of 
computer host and monitor, Kinect, projector, projection screen, audio equipment and protective facili-
ties. This system mainly consists of cutting food and shooting games. Specific methods are as follows: 1) 
Cut food game training (Figure 1): take sitting or standing, the game began, when food appeared beating 
inside ark, with slowly raise the upper extremities, through concrete’s shoulder, and elbow flexion and 
adduction, outreach and other composite action, move in different directions, knife to run the picture of 
food contained in the location (such as the top left, center, right, etc.), when at the same time satisfy the 
shoulder joint flexion, shoulder adduction or outreach, elbow extension, reach setting Angle, knife success 
“cut” food, the prompt tone of encourage sound, the target food disappeared. If the patient has limited 
shoulder and elbow movement or poor upper limb strength, the patient can be encouraged to assist the 
affected side with the healthy side to complete the training requirements. The console has “elbow flexion 
complementary Angle”, “shoulder forward flexion Angle” and “upper limb horizontal adduction Angle”. 
The bigger the three angles, the more difficult the training. 2) Shooting game training (Figure 2): take sit-
ting or standing, slowly raise upper extremities, and shoulder forward bends, elbows straight as far as 
possible at the same time, the shooting target move, in the process, raise the upper limb “run” the picture 
of a gun, aim at the bull ‘S-eye, when at the same time satisfy the shoulder joint flexion, elbow extension, 
gun shot a bullet hit the bull’ S-eye, and hear the sound of the feedback. If the patient’s elbow joint tension 
is high, can encourage the patient to use the healthy side to drive the affected side, complete the training 
requirements. There are two options on the console: “shoulder forward bend Angle” and “elbow extension 
Angle”. Each time is 3 - 5 min, with 1 - 2 min rest. Each game can be set according to the patient’s condi-
tion of different difficulty, to achieve individual treatment. At the end of each training session, the pa-
tient’s performance was recorded. 
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Figure 1. Participants were trained in VR task of cutting food. 

 

 
Figure 2. Participants undergo VR shooting task training. 

2.3. Evaluation Criteria  

1) The Wolf Motor Function Test (WMFT) was used to assess the upper limb motor function of the 
patients, and a rating scale was used to evaluate the upper limb motor function and dexterity. There were 
15 rating items in total. Each item was rated as level 6, 0 - 5 according to the degree of dysfunction. The 
full score is 75 points. The higher the score, the better the upper limb motor function. 

2) Fugl-Meyer Assessment of Upper Extremities (FMA-UE) was assessment of patients with Upper 
limb movement function. A total of 33 evaluation items, full score of 66 points. The higher the score, the 
better the upper limb motor function. 

3) The Modified Barhel Index (MBI) was used to assess the ability of patients to take care of them-
selves in daily life, out of 100 points. 

Each patient was evaluated before and after treatment. 

2.4. Statistical Methods 

All data were input into Excel and analyzed by SPSS17.0 statistical software. The measurement data 
were expressed as mean ± standard deviation. The t-test of paired data was used to conduct statistical 
comparison between the two groups before and after treatment, and the t-test of two independent samples 
was used to conduct statistical comparison between the two groups. P < 0.05 was considered statistically 
significant. 

3. RESULTS 
Before treatment, there was no significant difference in WMFT score, FMA-UE score and MBI score 
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between the control group and the treatment group (P > 0.05). After 4 weeks of treatment, WMFT score, 
FMA-UE and MBI score in the control group and the treatment group were significantly improved (P < 
0.01), and the improvement in the treatment group was more significant than that in the control group (P 
< 0.05) (Tables 2-4). 

4. DISCUSSION 
Virtual reality technology is increasingly used in the rehabilitation of cerebrovascular diseases [9]. 

Recent studies have shown that VR is an emerging treatment option for upper limb rehabilitation in stroke 
patients [10]. VR can provide users with an experience that simulates a “real” environment [11]. It pro-
vides a more diverse and realistic sensory experience for the subjects, and simulates the physical move-
ment in daily life, making the rehabilitation more entertaining [12, 13]. VR’s gameplay quality can make 
patients feel fun in treatment and enhance their initiative and enthusiasm. Studies have shown that VR 
technology can effectively improve upper limb function in patients with cerebrovascular disease. Merians 
et al. combined robot technology with VR technology to design an upper limb assisted rehabilitation 
training system [14]. The results of rehabilitation training of 12 patients with sequelae stage of cerebro-
vascular disease indicated that the stability of the proximal limb of the affected side was improved, the 
smoothness and efficiency of movement were improved, and the upper limb function of the affected side 
was improved. Many VR systems, such as robotics, are expensive and must be treated under the guidance 
of medical staff. They are intended for use only in clinical settings and are not intended for remote or fam-
ily rehabilitation. Somatosensory interaction technology refers to the human-computer interaction technol-
ogy that interacts with the environment directly by means of body movement, voice, etc., and the device  
 
Table 2. Comparison of WMFT scores before and after treatment between the two groups. 

Group Before the treatment After treatment t P 
The control group (n = 40) 32.32 ± 9.42 40.55 ± 11.07 −7.12 0.000 

The treatment group (n = 40) 30.77 ± 8.17 47.75 ± 7.86 −18.45 0.000 
t 0.78 −3.35   
P 0.43 0.001   

 
Table 3. Comparison of FMA-UE score before and after treatment between the two groups. 

Group Before the treatment After treatment t P 
The control group (n = 40) 30.35 ± 5.78 38.92 ± 5.26 −18.59 0.000 

The treatment group (n = 40) 28.72 ± 4.79 43.32 ± 5.47 −15.98 0.000 
t 1.36 −3.664   
P 0.175 0.000   

 
Table 4. Comparison of MBI scores before and after treatment between the two groups. 

Group Before the treatment After treatment t P 
The control group (n = 40) 52.27 ± 14.32 62.67 ± 13.52 −12.17 0.000 

The treatment group (n = 40) 50.15 ± 13.53 69.67 ± 10.23 −14.68 0.000 
t 0.68 −2.61   
P 0.49 0.011   
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recognizes the user’s movement and gives feedback. It features no mouse, keyboard or other controls, al-
lowing users to interact more freely. The Kinect sensor is cheap and powerful, and is increasingly being 
used in the field of rehabilitation medicine. In recent years, Kinect has proved its role in the field of reha-
bilitation. Qu Chang et al. developed an upper limb rehabilitation training system based on Kinect [15]. It 
is used for rehabilitation of upper limb shoulder and elbow joint motor dysfunction in patients with cere-
brovascular diseases. After the rehabilitation treatment of cerebrovascular patients for 2 weeks with this 
system, the FMA score and Wolf score of the patients were improved compared with those before the 
treatment, and the improvement was larger than that of the conventional treatment group. Kinect mo-
tion-sensing interaction technology is combined with VR technology, and Kinect sensor is used to replace 
many traditional complex and expensive sensors, so that patients can directly control objects in the virtual 
scene through the movement of their limbs, without the need to wear a sensor, so as not to increase the 
burden on the injured limbs of patients, so that they can better complete the rehabilitation training. It also 
dramatically reduces the cost of the device, making it easy to market in the community and even in the 
home. At the same time, this study focused on cerebrovascular disease, including stroke, abnormal intra-
cranial aneurysm, intracranial vascular malformations, moyamoya disease. This study has children, youth 
stroke cases, which proved that somatosensory interaction mechanism of virtual reality technology is ef-
fective to upper limb dysfunction caused by different cerebrovascular disease, there was no evidence of 
different effects for different age groups of patients. 

In this study, FMA-UE score, WMFT score and MBI score of patients in the control group and the 
treatment group after 4 weeks of treatment all increased significantly compared with those before treat-
ment, and the virtual reality group showed more significant improvement compared with the control 
group. Cortical remodeling emphasizes the importance of repetition and task specificity [16]. Task-specific 
treatment is an important factor in functional regeneration of cortical regions responsible for related neural 
activity. Whether targeting a specific motion (such as elbow flexion) or a skill (such as self-grooming), 
specificity is a must [17]. In this study, virtual scenarios were simulated to provide patients with meaning-
ful, specific, and repetitive training. Through learning and exercise rehabilitation, the maximum degree of 
neural remodeling could be promoted, thus promoting the effect of rehabilitation. This study provides a 
three-dimensional virtual environment in which patients play games in a rich and pleasant virtual envi-
ronment provided by the system, providing patients with colorful visual stimuli. At the same time, when 
patients complete the task, there will be an encouraging voice to encourage patients to repeat the same 
movement. It has greatly increased their enthusiasm to participate in rehabilitation treatment. FMA score 
was established based on Brunnstrom’s evaluation method, and was evaluated in turn according to the re-
covery process of hemiplegia. The rehabilitation game in this study was designed according to Brunnstrom’s 
theory. In the food cutting game, the upper limb virtual knife is used to cut the food in the cupboard. In 
the shooting game, the upper limb is used to control the gun shooting, so as to suppress the abnormal 
flexure mode of the upper limb, induce the patients to change synnergy movement to isolated movement, 
and promote the patients to strengthen the normal movement mode. Maintain and expand the range of 
motion of the shoulder and elbow joint, improve the stability of the shoulder and elbow joint, and improve 
the ability of joint motion control. In this way, the recovery of upper limb motor function was promoted, 
and the FMA score of the patients was higher than before. In this study, through cutting food and shooting 
games, not only the movement of a single joint of the shoulder and elbow joints was trained, but also the 
combined movements of shoulder flexion, elbow extension, adduction and abduction of the affected side 
upper limb were trained in the form of games to promote the ability of the upper limb to reach and reach 
forward. Therefore, it can better improve the motor function of the upper limb of the affected side of the 
patient and significantly increase the WMFT score of the patient. In this study, the reasons for the im-
provement of MBI score in patients were considered as the improvement of upper limb function and 
task-specific training, which made it easier for patients to transfer the skills acquired in training to daily life. 

5. CONCLUSION 
The results of the study confirmed that the virtual reality technology based on Kinect was effective in 
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the treatment of upper limb dysfunction in the convalescent patients of cerebrovascular disease, and it 
could partly replace the active rehabilitation training program of traditional operation treatment. Howev-
er, this study has some limitations. The study requires patients to have better cognitive function, and the 
object of this study is the convalescent period of cerebrovascular disease. It requires patients to reach grade 
III and above in Brunnstrom stage of upper limb, which is not applicable to patients with severe upper 
limb dysfunction. And due to the poor accuracy of hand knuckle recognition of Kinect sensor, the treat-
ment of finger dysfunction cannot be carried out in this study. This study can only carry out active reha-
bilitation training of upper limb movement, but cannot complete passive training. It is in the early re-
search stage, and the follow-up data have not been collected and analyzed. The follow-up sample size 
should be increased for the experiment, and the patients should be followed up to observe the continuity 
of the efficacy. 
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