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Abstract 
Background: Active rehabilitation of the paralyzed limb is necessary for func-
tional recovery from upper limb paralysis after stroke. In particular, the amount 
of training is very important, and robot rehabilitation is useful. However, most 
conventional robots are expensive, large, and stationary. We have developed 
Rehabili-Mouse, a new tabletop rehabilitation robot that is compact and porta-
ble. The purpose of this study was to conduct paralyzed upper limb training for 
a patient after stroke using Rehabili-Mouse and to examine its effect. Case: The 
patient was a 44-year-old man who had left-sided paresis after a right cerebral 
infarction, 3 months after onset. The training was carried out between February 
2021 and March 2021 at Oyu Rehabilitation Hot-spring Hospital. The training 
was 20 minutes of Rehabili-Mouse in addition to 40 minutes of usual occupa-
tional therapy and performed five times a week for four weeks. Upper limb 
functions were evaluated before and after the training, and two questionnaires 
of patient satisfaction with the device and the training were administered after 
the completion of the training. Upper limb function improved. The patient’s 
satisfaction with the device was poor, but his satisfaction with the training was 
good. Discussion: Training for the paralyzed upper limb after stroke using Re-
habili-Mouse improved upper limb function and satisfied the trained patient. 
We plan to increase the number of cases and conduct further studies. 
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1. Introduction 

Stroke is a disease that causes severe functional declines in physical and cogni-
tive functions, and about 70% of survivors have temporary upper limb dysfunc-
tion [1]. Of these, only about 15% are reported to have useful upper limb func-
tion, [2] and upper limb paralysis leads to a decrease in quality of life (QOL) [3]. 
Therefore, active rehabilitation of the paralyzed limb is necessary for functional 
recovery from upper limb paralysis caused by stroke. In particular, the amount 
of training is very important [4] [5], and robotic rehabilitation is considered to 
be useful in this regard [6]. 

Previous reports have indicated that assist-as-needed type training tasks en-
courage upper limb participation and increase the number of training repeti-
tions [7]. In fact, in stroke patients, it has been shown that the higher the inten-
sity of upper limb robot treatment, the better the upper limb function [8]. Fur-
thermore, the combination of upper limb robot treatment and conventional re-
habilitation treatment is reportedly more effective than either treatment alone 
[9], and robot rehabilitation for paralyzed limbs is being put to practical use. It is 
also expected to be applied in clinics and for home use as an alternative or supe-
rior method to the conventional approach [10]. 

Rehabilitation robots can perform training and evaluation simultaneously. 
Their advantages as training devices are that they are good at repetitive move-
ments and adjusting tasks according to the patient’s ability. Their advantages as 
measurement devices are that they are easy to program, the results are objective 
and accurate, and the difficulty of the task can be easily adjusted based on exter-
nal disturbances [11]. It has also been reported that they can provide a standar-
dized environment and reduce the burden on therapists [12]. Furthermore, con-
ventional rehabilitation methods often involve repetitive daily tasks, which may 
cause patients to lose interest in the treatment [13]. Rehabilitation using games 
not only improves physical functions, but also has psychological effects, leading 
to motivation to use the paralyzed limb and achieve goals in real life [14], and 
robot rehabilitation is considered useful in this respect as well. 

However, most conventional robots are expensive, large, and stationary, which 
are barriers to the introduction of robotic rehabilitation. Therefore, we devel-
oped a new type of tabletop rehabilitation robot, “Rehabili-Mouse”, which is com-
pact and portable, and it can be easily used on a desktop to rehabilitate upper 
limb paresis [15]. 

The purpose of this study was to examine the therapeutic effects of paralyzed 
upper limb training using the Rehabili-Mouse in a subacute and chronic stroke 
patient with upper limb paralysis. 
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2. Case 
2.1. Inclusion and Exclusion Criteria 

The inclusion criteria were: 1) subacute or chronic upper limb paresis patient 
with stroke; and 2) the person could give written, informed consent after re-
viewing a consent explanation document. 

The exclusion criteria were: 1) skin disorders of the forearm and hand; 2) his-
tory of epilepsy; 3) uncontrolled disease; 4) lack of understanding and motiva-
tion for treatment; 5) pregnancy; 6) severe joint contracture or deformity; and 7) 
under 18 years of age. 

2.2. Ethical Considerations 

Prior to subject recruitment, a review was performed by the Ethics Committee of 
the Certified Clinical Research Review Board, Akita University, and the Ministry 
of Health, Labour and Welfare, and approval was received (Acceptance No. 
A2020-01, jRCTs022200014). All subjects gave written, informed consent prior 
to screening procedures and recruitment.  

2.3. Period and Place 

This study was conducted at Oyu Rehabilitation Hot-spring Hospital between 
February 2021 and March 2021. 

2.4. Participant 

The participant was a 44-year-old, right-handed man. He had left-sided paresis 
after a right cerebral infarction, 3 months after onset (Table 1). He was the first 
patient to start a study and meet the conditions at our hospital. 

2.5. Equipment and Systems 

The Rehabili-Mouse (Figure 1) comprises a desktop rehabilitation robot, a moni-
tor, an infrared sensor camera for position measurement (HTC Taiwan: Base 
Station + VIVE Tracker), and a laptop PC for operation. The robot body is very 
compact, disk-shaped, approximately 300 mm in diameter, 150 mm in height, 
and 7.0 kg in weight, with a handle on the top to move it. The handle is con-
nected internally to a force sensor that activates the internal motor in response 
to forces exerted on it by the subject. The robot has a servomotor and four om-
nidirectional drive wheels that enable it to move in any direction on a plane 
(Figure 2). The strength of the assist by the robot can be adjusted, and training 
can be performed according to the degree of paralysis and recovery. The robot is 
powered using a portable battery. Participants sit in chairs and operate the robot 
on the table while viewing the monitor located 500 mm in front of them (Figure 
3). The positional information is detected by the infrared sensor of the Base Sta-
tion system and incorporated into the software. As a safety device, the move-
ment of the Rehabili-Mouse can be set to any range in the initial setting. There-
fore, the movement is limited and the robot stops moving when it is about to go  
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Table 1. Characteristics of the patient. 

 case 

Sex 
Age 

Dominant hand 
Paralyzed side 

Primary disease 
Disease period 

Male 
44 

Right 
Left 

right cerebral infarction 
3 months 

 

 
Figure 1. Rehabili-Mouse, our upper limb rehabilitation robot: disk-shaped, approx-
imately 300 mm in diameter, 150 mm in height, and 7.0 kg in weight. 
 

 
Figure 2. Internal structure of the Rehabili-Mouse with the cover removed, and the bot-
tom: It has a servomotor and four omnidirectional drive wheels, and it is driven by ap-
plying force to the handle on the top connected to a force sensor. The robot is powered by 
a portable battery. 
 

 
Figure 3. Example of the training set-up: Participants sit in chairs and operate the robot 
on the table while viewing the monitor located 500 mm ahead. 
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out of range. In addition, a load sensor is attached to the handle, and the robot 
stops moving when the hand is released from the handle. These safety functions 
can prevent the Rehabili-Mouse from falling off the desktop or malfunctioning 
during training. No dangerous situations or safety concerns were encountered in 
our previous study [15]. The training software was originally developed with fun 
and motivation in mind, and it includes five basic motion training exercises 
(forward-backward reaching, five-way sector reaching, eight-way reaching, and 
clockwise and counterclockwise circular orbit training) and game training exer-
cises (air hockey, a frustrating bar game, kart racing game, and whack-a-mole) 
(Figure 4). The motion trajectories are recorded, and the game scores are dis-
played. 

2.6. Procedure 

In addition to 40 minutes of usual occupational therapy, training with the Reha-
bili-Mouse was performed for 20 minutes under the supervision of an occupa-
tional therapist (OT), referring to previous studies [16] [17]. The training was 
conducted five times a week for four weeks. 
 

 
(a) 

 
(b)                                    (c) 

 
(d)                                    (e) 

Figure 4. The training software: Original software that includes five basic motion training 
(e.g., (a) eight-way reaching) and game training exercises ((b) air hockey, (c) a frustrating 
bar game, (d) kart racing game, and (e) whack-a-mole) was developed. 
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2.7. Assessment Parameters 

Before and after training, Brunnstorm stage (Br. stage), Fugl-Meyer Assessment 
(FMA), Modified Ashworth Scale (MAS), Action Research Arm Test (ARAT), 
Functional Independence Measure (FIM), and Motor Activity Log (MAL) were 
evaluated. In addition, two types of questionnaires were administered after the 
four-week training period was completed. The first one was the System Usability 
Scale (SUS) [18] about the equipment, and the second one was our original ques-
tionnaire combining several questions [19] about the training. Both question-
naires use a five-point self-evaluation scale ranging from 1, strongly disagree, to 
5, strongly agree. 

3. Results 

Upper limb function improved as follows: Br. stage from V/IV to V/V; FMA to-
tal score from 119 to 125; MAS from 1/1/1/1 to 0/1/1/0 for shoulder/elbow/hand/ 
finger joints; ARAT from 48 to 57; FIM from 73 to 126; and MAL from 2.8/3.4 
to 4.9/4.1 for Amount of Use (AOU)/Quality of Movement (QOM) (Table 2). 
The SUS score was 55, Grade D (Poor) (Table 3), and the results of the original 
questionnaire for training satisfaction were 3 for “6. Did you feel discomfort 
during your experience with the system?” and “8. Do you want to continue using 
this system?”, and 4 - 5 for Others (Table 4). 

4. Discussion 

In the present study, upper limb functional training was conducted for a hemip-
legic patient after a stroke using our device, and upper limb function and patient 
satisfaction were evaluated. The results of the upper limb evaluation (FMA, MAS, 
ARAT, FIM, and MAL) ranged from unchanged to improved. Patient satisfac-
tion was high for the training, but low for SUS related to the system. 

Robot rehabilitation is evidence level A in the American Heart Association/ 
American Stroke Association (AHA/ASA) guidelines [20] and according to a re-
view by Langhorne et al. [21] and is strongly recommended for rehabilitating  
 
Table 2. Results of upper limb function before and after the training. 

 Before Training After Training Change 

Br. Stage V/VI V/V  

FMA/126 119 125 6 

MAS 1/1/1/1 0/1/1/0 1/0/0/1 

ARAT/57 38 57 9 

FIM 73 126 53 

AML (AOU/QOM) 2.8/3.4 4.9/4.1 2.1/0.7 

Br. stage, Brunnstorm stage; FMA, Fugl-Meyer Assessment; MAS, Modified Ashworth 
Scale; ARAT, Action Research Arm Test; FIM, Functional Independence Measure; MAL, 
Motor Activity Log. 
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Table 3. Results of the original questionnaire for training after the completion of the 
4-week training period. 

Question 
1 Not at All -  
5 Very Much 

1) Did you have the motivation to get good scores? 
2) Did you enjoy your experience with the system? 
3) Were you successful using the system? 
4) Were you able to control the system? 
5) Is the information provided by the system clear? 
6) Did you feel discomfort during your experience with the system? 
7) Do you think that this system will be helpful for your rehabilitation? 
8) Do you want to continue using this system? 
9) Other Comments 
 

5 
5 
4 
5 
3 
3 
4 
3 

More games  
would be nice. 

 
Table 4. Results of the system usability scale (SUS) for patient satisfaction with the device 
after the completion of the 4-week training period. 

Question 
1 strongly disagree  
- 5 strongly agree 

1) I think that I would like to use this system frequently. 
2) I found the system unnecessarily complex. 
3) I thought the system was easy to use. 
4) I think that I would need the support of a technical person to be 
able to use this system. 
5) I found the various functions in this system were well integrated. 
6) I thought there was too much inconsistency in this system. 
7) I would imagine that most people would learn to use this system 
very quickly. 
8) I found the system very cumbersome to use. 
9) I felt very confident using the system. 
10) I needed to learn a lot of things before I could get going with 
this system. 
SUS Score 

2 
4 
4 
1 
 

1 
5 
4 
 

2 
2 
2 
 

55 

 
upper limb dysfunction in patients with cerebrovascular disease. Its usefulness 
was also reported in the 2018 Cochrane review [22] and meta-analysis, and it is 
effective in improving the function of the paralyzed hand when performed in 
addition to the usual rehabilitation by therapists [6]. The Rehabili-Mouse is 
smaller, lighter, and less expensive than the other upper limb rehabilitation ro-
bots reported previously. In addition, it does not need to be operated by technic-
al specialists, and can be operated by the rehabilitation staff of the hospital. 
Thus, we are considering the possibility of using it in clinics and at home in the 
future. 

In the present case, upper limb function improved, as follows: MAS in the 
shoulder joint and hand; FMA, especially in the hand joint, hand, and sensation; 
FIM in all items; MAL in both AOU and QOM; and ARAT in Pinch. That is, not 
only function, but also use of the paralyzed limb in activities of daily living (ADL) 
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was improved. In recent years, the gap between upper limb function and ADL 
after training with robotic rehabilitation has been pointed out [23]. This suggests 
that the function improved by robotic therapy is unlikely to affect the actual ac-
tivities in daily life. In the present study, not only upper limb function, but also 
upper limb ADL evaluation was improved. It is thought that the combined 
training of normal rehabilitation by a therapist and robotic rehabilitation in-
creased the frequency of use of the paralyzed hand, reduced spasticity, and im-
proved function, and thus improved the ADL of the paralyzed limb. This is con-
sistent with previous reports [24] [25], which demonstrated that the number of 
repetitions is important for changes in neural structure and motor function after 
brain injury, i.e., brain plasticity. However, improvement in the natural course of 
disease cannot be ruled out, and comparison with a control group is needed. In 
addition, there is a report that ADL was improved by combining robot therapy 
with constraint-induced movement (CI) therapy [26], and it is thought that the 
habit of using paralyzed limbs in daily life, that is, the “Transfer Package”, is 
important. We will consider devising combined occupational therapy with robot 
therapy and developing a system that can be used with augmented reality tech-
nology. 

It has been suggested that training using robots is effective not only in im-
proving physical function, but also psychological aspects, such as improving pa-
tient independence, which increases motivation for using the paralyzed limb in 
daily life and achieving goals. Conducting rehabilitation through playing games 
makes the repetitive exercises more engaging and motivating [14]. On the ques-
tionnaire regarding patient satisfaction in the present study, aside from one neg-
ative response about feeling some discomfort (Table 3 shaded cell), the patient 
provided three or more positive answers about using the system. During the 
training, comments from the participant included, “It was interesting,” “I was 
happy to win the game or to improve my score,” “I felt lighter in my upper 
limbs,” and “I realized that I was not good at upper limb abduction.” Taub et al. 
[27] reported that, even in patients with chronic stroke, intensive training for a 
certain period of time can improve the function of the upper limbs. Miyakoshi et 
al. [28] suggested that their original Virtual Reality (VR) upper limb function 
recovery training device could give clear goals through game-like tasks, and that 
motor learning effects could be obtained by practicing these tasks. The present 
device is also game-like, and the visually clear goals and feedback of training re-
sults will likely facilitate motivation, concentration, and continuity. Further-
more, its force sensor and the motor-assisted movements allow patients to adjust 
the difficulty level according to the degree of paralysis and to perform the move-
ments they are not good at with support, so that they can unconsciously concen-
trate on such training. The results of SUS for the system were low. The reason 
why the result was low for questions such as “5. I found the various functions in 
this system were well integrated.” and “6. I thought there was too much incon-
sistency in this system.” is thought to be that many problems, such as screen 
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malfunctions, occurred due to a system error during training. The results for 
question “4. I think that I would need the support of a technical person to be 
able to use this system.” and “9. I felt very confident using the system.” were also 
low, but in this study, the equipment was operated by rehabilitation staff. Al-
though it is not necessary to have a device expert, it is considered reasonable to 
have a staff member who understands how to operate the equipment accompany 
the patient during training. The evaluation for the question regarding the versa-
tility of the device, “7. I would imagine that most people would learn to use this 
system very quickly.” was good. Currently, we have been improving the system 
errors, which are considered to be one of the factors directly related to patient 
satisfaction with our device, by correcting them each time they occur. The the-
rapist also commented that “in addition to the muscle-strengthening effect, the 
frustrating bar game is good training for coordination,” and “since the patient 
knew all the contents of the game in the final week, it would be better to add le-
vels to the game, in addition to the game types.” In order to achieve effective 
functional improvement, it is necessary to set up detailed training according to 
the individual patient’s background and function [23]. Therefore, we plan to 
enhance the software of our device and improve the game further. 

Limitations 

This was a case report, and usual rehabilitation by therapists was also performed. 
To examine the effect of robot therapy more convincing, it is necessary to in-
crease the number of cases and compare it with a self-training group (control 
group) in the future. Then, further research development can be expected based 
on this preliminary result. Since the data was only recorded before and after 
training, by recording the data 6 weeks and more after the completion of the 
training and examining whether the training effect is sustained, it could be more 
progressive study. In addition, because system errors occurred, a survey will be 
conducted after correcting the problems so that the full potential of the device 
can be demonstrated. Furthermore, follow-up after the evaluation was not per-
formed, so subsequent follow-up studies should be considered. 

5. Conclusion 

Paralyzed upper limb training was conducted using the Rehabili-Mouse in a pa-
tient with paresis of an upper limb after stroke. Upper limb function improved, 
the patient’s satisfaction with the training was high, and the procedure was safe. 
We plan to increase the number of cases and conduct further studies. 
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