
| Abstract |

Purpose: The purpose of this study was to evaluate the effects of a virtual upper extremity training program using the RAPAEL 
Smart Glove on upper extremity function in stroke survivors with chronic hemiparesis and to focus the training program 
development using the Smart Glove as a feasibility study.
Methods: This study was conducted using a single group and pre-post test research design in the outpatient departments of local 
rehabilitation units. Ten chronic hemiparetic stroke survivors with a diagnosis of first stroke received therapeutic rehabilitation 
at the rehabilitation units. All the participants used a virtual reality program with the RAPAEL Smart Glove for 30 minutes per 
session 3 days a week over 8 weeks. They also received conventional occupational therapy with functional electrical stimulation 
for 40 minutes per session 3 days a week for 8 weeks as an additional therapy. To analyze the effects of this therapeutic intervention, 
four clinical measures, including the box-block test (BBT), the Wolf motor function test (WMFT), the trail-making score, the 
Jebsen Taylor hand function test (JTHFT), and grip strength, were used.
Results: Upon completion of the intervention in week 8, all the participants demonstrated significant WMFT, JTT, BBT, grip 
strength, and trail-making score gains compared to the respective baselines at week 0.
Conclusion: This study suggests that virtual upper extremity training using the RAPAEL Smart Glove has a reasonable and 
beneficial effects on upper extremity function in chronic hemiparetic stroke survivors.
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Ⅰ. Introduction

Stroke is a main cause to affect permanent, significant 
disorders in adults following the disease, and is one of 
the leading causes of death in republic of Korea (KOSIS, 
2019; O’Sullivan et al., 2014). Stroke survivors may 
expose sensory, motor and cognitive impairment as well 
as reduced abilities to perform basic and instrumental 
activities of daily living and participate in community 
activities and social roles (O’Sullivan et al., 2014). Stroke 
survivors may improve on functional activities many 
months following stroke and involve longer-term 
disability (Teasell et al., 2014). Especially, approximately 
85% of stroke survivors has been reported functional 
impairment of the upper extremity (Lai et al., 2002). In 
rehabilitation and clinical settings, stroke rehabilitation 
focuses on therapeutic approaches for functional activities 
of the upper extremity such as intensive training, 
constraint-induced movement therapy, robotic therapy, 
neuromuscular electrical stimulation, and motor imagery 
(Ballester et al., 2016; Laver et al., 2015; O’Sullivan et 
al., 2014; Veerbeek et al., 2017).

Task-oriented approach, repetitive experience training 
incorporating the more-affected extremity, improves 
functional activities of the extremity (Almhdawi et al., 
2016; Shimodozono et al., 2013). Almhdawi et al.(2016) 
reported the task-oriented approach as an effective upper 
extremity post-stroke rehabilitation approach inducing 
clinically meaningful functional improvements. 
Shimodozono et al.(2013) reported the beneficial effects 
of repetitive facilitative exercise, a combination of high 
repetition rate and neurofacilitation, for subacute stroke 
patients. There are difficult to maintain the motivation 
of participants and their immersion during many 
repetitions by their more-affected extremity. 

One of the effective training methods used to overcome 
these shortcomings is virtual reality (Maier et al., 2019). 

The virtual reality has been used to treat not only phobias, 
post-traumatic stress disorders and body image disorders 
but also therapeutic rehabilitation programs (Laver et al., 
2015). Ilbali Afsar and colleagues was to evaluate the 
effect of the virtual reality in upper extremity 
rehabilitation for subacute stroke. They used the 
Microsoft Xbox 360 Kinect video game system for 4 
weeks and reported evidence that Kinect-based game 
system in addition to conventional therapy may have 
supplemental benefit for stroke patients (Afsar et al., 
2018). Kiper et al.(2018) was to evaluate the effectiveness 
of reinforced feedback in virtual environment treatment 
combined with conventional rehabilitation and to study 
whether changes are related to stroke etiology. They 
reported the reinforced feedback in virtual environment 
treatment combined with conventional rehabilitation 
promotes better outcomes for upper limb than only 
conventional rehabilitation.

Previous researchers have begun to use wearable 
devices in video environment for virtual reality training 
and one of them is RAPAEL smart glove (Jung et 
al., 2017; Park et al., 2018). RAPAEL smart glove 
consists of smart glove, as a 9-axis movement and 
position sensor, and rehab solution that provides 
various kinds of motion tasks such as activities of daily 
living-related tasks entertainment while considering 
both clinical effectiveness and fun factors. The purpose 
of this study was to evaluate the effects of virtual upper 
extremity training program used a RAPAEL smart 
glove on upper extremity function for stroke survivors 
with chronic hemiparesis and was to focus training 
program development using a smart glove as a 
feasibility study.



Ⅱ. Methods

1. Participants

Ten participants who had a diagnosis of first stroke 
conducted in this study. Inclusion criteria of the 
participants included first-ever clinical stroke confirmed 
on neuroimaging, duration >6 months following stroke, 
mini-mental state examination score >18, pain assessed 
by visual analog scale score <4/10, no severe spasticity 
assessed by modified Ashworth scale <2 in any shoulder, 
elbow, or wrist/finger muscles, no severe depression, no 
severe visuospatial impairment, and no unilateral neglect 
(Crum et al., 1993). Participants were also excluded if 
they had severe motor aphasia, inattention, recurrent 
stroke, severe cognitive impairment, and any psychiatric 
disorders. 

2. Procedures and therapeutic equipment

This study was a single group, pre-test and post-test 
research design to testify to feasible effects of Rafael’s 
smart glove as a virtual therapeutic training on upper 
extremity function for stroke. This study was conducted 
over∼10 weeks period from 10 October 2018 to 31 
December 2018 at two outpatient rehabilitation facility. 
Ethics Committee approval was obtained from the 
Institution’s Domain Specific Review Board, Gwangju 
Women University (IRB No. 1041485-201809- 
HR-001-34). Informed consent was obtained prior to study 
enrollment from the participants. Outcome assessments 
for this study was performed by two occupational 
therapists who blinded to research program.

This study used the RAPAEL smart rehab solution 
(NEOFECT Co., Yung-in) as a virtual therapeutic 
program to improve upper extremity function. The 
RAPAEL smart rehab solution consisted of smart glove 

as a wireless, real-time biofeedback device and smart 
rehab platform involved game-like exercises and data 
visualization. The RAPAEL smart rehabilitation solution 
is designed to induce neuroplasticity for hand function 
of patient with brain damage. The RAPAEL smart 
rehabilitation solution applied the “Learning schedule 
algorithm” to game-like exercises so that patients can 
remain motivated and can find the exercises gradually 
challenging. 

Learning schedule algorithm is designed to enhance 
learning multiple functional tasks by proposing an optimal 
task in proper challenging difficulty. Based on patient’s 
data such as training progress, prescription, personal 
interest, motor function scores, and etc, it computationally 
selects which game to play in which level of difficulty. 
The tool has several strengths to maintain participants’ 
motivation even though goal-oriented, task-specific tasks 
repetitively. RAPAEL smart glove is a wireless 
connection unit with five bending sensors on thumb and 
fingers and 9-axis IMU sensor (3 acceleration channels, 
3 angular rate channels, and 3 magnetic field channels) 
on hand palm, and is a design for various joint moving 
and easy wearing even for stiff hand. This study used 
functional electrical stimulation (FES, Cyber Medic, 
Korea) applied with conventional rehabilitation to activate 
the upper extremity muscles. 

3. Intervention

All participants had conducted 24 sessions of virtual 
reality program with RAPAEL smart glove for a total 
of 12 hours over 8 weeks, 3 times per week, 30 min 
per session. The RAPAEL smart glove is designed to 
enable to customize a personalized exercise by selecting 
the game and constraining the degree of freedom in the 
handle to induce targeted movements in therapeutically 
more desirable movements. RAPAEL training protocol 



consists of simple training mode and session training 
mode. Simple training mode involves active range of 
motion (AROM) exercise, coordination exercise, 
cognition (calculation, memory, visual tracking, visual 
discrimination) training, timing training, and attention 
training. Session training mode is a patient-selected, 
several exercises based on simple training mode to 
improve several functions. The participant had chosen 
his/her protocol in simple training mode and session 
training mode of virtual therapeutic training games with 
his/her therapist. The therapist instructs his/her patients 
in order to maximize the effectiveness of the treatment 
and patient engagement. The training protocol was 
progressively increased by one week to control the 
difficulty of training. 

4. Outcome measures

1) Physical function

Four outcome assessments, box-and-block test (BBT), 
Jebsen-Taylor hand function test (JTT), grip strength, and 
Wolf motor function test (WMFT) were measured in this 
study (Allgower & Hermsdorfer, 2017; Bae et al., 2015; 
Chen et al., 2009; Hodics et al., 2012). The BBT is a 
clinical tool to examine unilateral gross manual dexterity 
and is a quick and simple test to measure upper extremity 
function. The JTT is a standardized test for assessing 
a person’s overall hand function using seven subtests that 
simulate activities of daily living. JAMAR hand 
dynamometer (Sammons preston, Canada) is a standard 
grip strength data collection. Wolf motor function test 
(WMFT) was designed to assess the upper extremity 
motor ability of participants. The WMFT has been found 
to be useful for characterizing the motor status of chronic 
patients from a population of higher functioning 
individuals with stroke and traumatic brain injury, in terms 

of severity and upper extremity motor deficit. 

2) Cognitive function

One outcome assessments, trail making test (TMT), 
was measured to evaluate the cognitive function in this 
study (Muir et al., 2015). Trail making test (TMT) is 
a neuropsychological test of visual attention and task 
switching. It is used primarily to examine cognitive 
processing speed and executive functioning. 

5. Statistics analysis

Descriptive statistics, including frequency, mean, 
standard deviation, were performed to analyze the 
common and clinical characteristics of participants. 
Differences between single variable measurements in 
participants were evaluated with paired t-tests at the end 
of the virtual reality program. The statistical analysis of 
the data was collected using SPSS version 21.0 (IBM, 
Co., NY, USA). The level of significance was set at 5%. 
Statistically significant differences were considered at 
p<0.05. 

Ⅲ. Results

1. Participants

Table 1 shows the demographic of the 10 participants 
who completed the study by virtual reality program. 
Altogether, there were 10 men (mean age 61.00 years 
(51-69)), mean stroke duration, 17.00 month (6-59), right 
hemiparesis 5 and left hemiparesis 5, infarction 7 and 
hemorrhage 3, mean height 169.00cm (162-182), and 
mean weight 74.78kg (63-92kg).



2. Physical and cognitive function after training 

compared with before training 

At week 8, upon completion of virtual therapeutic 
intervention, all participants demonstrated significant 
different WMFT, JTT, BBT, grip strength, and 
trail-making score gains compared to baseline WMFT, 
JTT, BBT, grip strength, and trail-making score at week 
0 and week 8.

Ⅳ. Discussion

This study investigated the effects of virtual reality 
training using a RAPAEL smart board on upper extremity 
function for stroke patients. Summarizing the results of 
this study was that the manual dexterity, functional 
activities, grip strength and cognitive speed improved after 

virtual reality program with RAPAEL smart board 
compared to before the training. The results show the 
feasibility of therapeutic intervention on upper extremity 
function but also cognitive function for stroke survivors. 

Therapeutic principles of the virtual reality include 
exposing repetitive experience based on daily and 
functional activities, providing various sensory feedback, 
and having fun and enjoy (Laver et al., 2015). Several 
virtual rehabilitative approaches provide the participant 
with sensory feedback which may be presented though 
a hand-mounted device, haptic glove and so etc. to 
improve his/her immersion upon the training surroundings 
(Demain et al., 2013; Weisse et al., 2006). The RAPAEL 
smart board as a game-based wearable glove with 9-axis 
bending sensors induces the targeted movements of paretic 
wrists and finger based on sensations on wrist and finger 
movements. The participant conducted in a variety of 
functional activities on the RAPAEL smart board such 

Variables Frequency/mean±SD
Age (years) 61.00±6.30
Sex (male/female) 10/0
Post-duration (month) 17.00±19.20
Etiology (infarction/hemorrhage) 7/3
Paretic side (right/left) 5/5
Mini-mental state examination (score) 24.63±2.22
Height (cm) 169.00±5.90
Weight (kg) 74.78±8.50

Table 1. Demographic of the participants  (N=10)

Variables Week 0 Week 8 t p
Box-block test (score) 24.41±10.22 28.45±10.51 -4.13 <0.01
Grip strength (kg) 18.61±8.13 22.83±8.22 -4.18 <0.01
JTT (score) 39.89±31.72 51.79±34.57 -2.95 0.02
Trail-making (sec) 63.77±37.54 54.88±36.23 4.92 <0.01
WMFT (score) 69.21±11.01 77.41±9.29 -2.72 0.02

JTT: Jebsen-Talyor hand function test

Table 2. Efficacy measures by clinical measurements for the participants (N=10)



as cooking and fishing in a virtual reality environment. 
The participant performed functional activities upon 
RAPAEL smart board to maintain motivation and passion 
on his/her rehabilitation surroundings in this study. After 
the training, the participant showed improvement 
functional activities on upper extremity as well as 
cognitive function in this study. 

Park and colleagues had been assessed the effectiveness 
of using the RAPAEL smart board as an assistive tool 
for therapists in clinical rehabilitation therapy settings and 
motor recovery rate of stroke survivors after the training 
(Park et al., 2018). They reported using the RAPAEL 
smart board, in combination with traditional treatment, 
significantly improves motor recovery when compared 
to traditional treatments alone for stroke survivors (Park 
et al., 2018). In addition, Jung and colleagues had been 
examined the feasibility of using the RAPAEL smart glove 
as an assistive tool for therapists in clinical rehabilitation 
therapy settings (Jung et al., 2017). They also reported 
the wearable sensors and therapeutic games make motor 
recovery rate improved for stroke survivors (Jung et al., 
2017). The results of this study show the improvement 
of upper extremity physical function as well as cognitive 
speed. Trail-making test provide information about visual 
search speed, scanning, speed of processing, mental 
flexibility, as well as executive functioning. After the 
training, the participant showed significantly improved 
the trail-making test compared to before the training. 
Therefore, the results of this study suggest the feasibility 
of using the RAPAEL smart glove as a therapeutic tool 
for improving the upper extremity physical function as 
well as for improving cognitive function for stroke 
survivors. 

This study evaluated the effects of virtual upper 
extremity training used a RAPAEL smart board on upper 
extremity function for stroke survivors. The results of 
this study show a feasible and beneficial effectiveness 

on upper extremity function and cognitive function for 
stroke. This study shows virtual reality new feasibility 
towards improving the upper extremity function following 
stroke but has some shortcomings. This study was a 
single-group pretest-posttest research design. The study 
used blinded assessment to control the causal validity, 
but conventional therapeutic effects, history, test effects 
and regression effects couldn’t be controlled. Future 
studies suggest pre-test and post-test control research 
design with randomized controlled trials. 

Ⅴ. Conclusion

The purpose of this study was to evaluate the effects 
of virtual upper extremity training program used a 
RAPAEL smart board on upper extremity function for 
stroke survivors with chronic hemiparesis and was to focus 
training program development using a smart glove as a 
feasibility study. At week 8, upon completion of the 
intervention, all participants demonstrated significant 
WMFT, JTT, BBT, grip strength, and trail-making score 
gains compared to baseline WMFT, JTT, BBT, grip 
strength, and trail-making score at week 0. This study 
suggests that the virtual upper extremity training using 
the RAPAEL smart board has a reasonable and beneficial 
effects on upper extremity function for chronic 
hemiparetic stroke survivors.
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