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Abstract - This paper aims to develop a gamified hand
rehabilitation program tailored for stroke patients with finger
muscle weakness. Additionally, the program aims to assist
physiotherapists in monitoring stroke patients' progress during
their rehabilitation, regardless of their location. The
rehabilitation program is designed in the format of a game,
with a keyboard serving as the input device. The layout of the
keyboard buttons in the games is based on the physical
structure of arm muscles and the average hand size of the Thai
population. The results of collecting objects in the game are
displayed in units of time. Furthermore, there is a reporting
feature that stores the results of hand rehabilitation sessions
and presents them in report format. In the experiments, a
comparison is made between traditional hand physiotherapy
and hand physiotherapy through the game. The findings
indicate that designing a keyboard-based button system for
hand physiotherapy in a game closely resembles traditional
hand physiotherapy. The movements of the thumb and little
finger were found to elicit the most responsive muscle activity.
The accuracy of muscle responses was approximately 76%o,
with an overall accuracy rate of around 70%. Overall, this
game is one of the techniques that can support hands'
rehabilitation, and the fingers' muscles respond to the game.

Keywords - Rehabilitation Device, Therapy equipment,
Rehabilitation, Stroke Patient, Elderly patients.

INTRODUCTION

A stroke is caused by a lack of blood flow to parts of the
brain. The blood supply to the brain is narrow, blocked, or
damaged, causing cell death in the brain. It is considered a
severe nervous disease and a cause of sudden death.
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According to the World Stroke Organization (WSO) [1],
stroke remains a leading cause of death. There are 80 million
people affected by stroke across the world, and 50 million
are disabled by stroke. In Thailand, the public health
statistics report of the Ministry of Public Health revealed the
death rate caused by stroke per 100,000 population from
2012 to 2016, and it seems that the deaths will be two times
higher in the future.

After being affected by stroke, most patients have a
disability as they become paralyzed." They have a loss of
balance, mobility difficulties, and loss of sensation in
paralyzed body parts [2], contributing to the disability or
functional limitation of body parts such as arms and legs.
Leg physical therapy requires assistance; patients cannot
perform it by themselves. Therefore, hand physical therapy
is important to significantly show the development of stroke
patients, enabling physicians or physical therapists to assess
the capacity of patients and provide the next treatment
accordingly.

Physical therapy for rehabilitating the hand function
capacity of stroke patients involves exercising hand and arm
muscles [3], such as lying down and lifting arms, moving
wrists up and down, closing hands, opening hands, bending
and stretching elbows, gripping or moving to spread fingers
away from each other, etc. Movements or postures used in
physical therapy shall follow the development of patients
that physicians or physical therapists diagnose. Physical
therapy relies on repeated motions to show the development
of each patient.
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Consequently, there are several technologies brought in
to help solve ongoing problems [4]-[6], such as a software
platform designed to make physiotherapy fun and
convenient for patients recovering from surgery and injury.

After the game ends, the program will display the
results [7],[8]. These score results help players see
advancement in their physical therapy performance, while
physicians or physical therapists taking care of patients can
use the results to examine conditions and adjust a treatment
model to be suitable for the next phase. However, it has
some limitations, as while patients are playing, their body
parts, from head to toe, must be tracked. This will cause any
difficulty for patients since they have mobility difficulties in
the first place. Another researcher who can fix such
problems is Gijbels et al. [9], who conducted a study on the
physical rehabilitation of upper limb dysfunction caused by
stroke. In this pilot study, the primary goal was to evaluate
the practicality of an 8-week training program that
incorporates mechanical assistance to improve the strength
of upper limb muscles and enhance functional capacity in
individuals who clearly exhibit muscle weakness. Zimmerli
et al. [10] carried out a study to validate a system designed
to adjust exercise difficulty levels in robot-assisted
rehabilitation for stroke survivors. Their findings indicated
that this system effectively adapted exercise difficulty to
match the patients' abilities.

This research aimed to study the feasibility of applying
the positions of keys on a keyboard and developing
computer game programs to help rehabilitate the hand
functional capacity of stroke patients and reduce boredom
from undergoing regular physical therapy, ensuring that
physical therapy can be performed more conveniently in
different places.

METHODOLOGY

I. Hand functional capacity rehabilitation testing program

Since the development of patient’s attitudes towards
treatment is diagnosed through repetitive motions or
postures used in physical therapy, Therefore, fine motor
practice or hand exercise in physical therapy for stroke
patients includes practicing arm muscle and hand muscle
activities divided into grasp, pinch, finger pinch, and grip or
move to spread fingers away from each other [11]. The hand
functional capacity rehabilitation program includes motions
or postures in physical therapy in the form of a game ay. The
positions of keys on a keyboard consistent with the distance
of finger structure are brought to fine motor practice or hand
exercise to help patients reduce stress and boredom from the
treatment.
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Development of a hand rehabilitation program for
stroke patients with muscle weakness in their fingers. It is a
design program for testing hand functions that includes
designing the position of keys on the keyboard [12]. It
adopts the principle of arm muscles and pressing positions
from the postures of hand physical therapy in stroke
treatment records of a rehabilitation medicine center and the
structure of Thai people's hands to help analyze and design
the positions of keys on a keyboard. The design of the
positions of pressing keys on a keyboard is based on
information from the survey research report on the body
structure of Thai people [13],[14]. The calculation of the
average width of each finger is shown in Figure 1. The
calculated values are used to identify the positions for
pressing the keys in various postures.

| .

Figure 1 Finger Length Ratio,

(A) Length Ratio Between The Base Of Finger And The Base Of Palm,
(B) The Ratio Of Body Structure Between A Thumb And Index Finger,
(C) The Ratio Of Body Structure Between A Thumb And Ring Finger,
(D) The Ratio Of Body Structure Between A Thumb And Little Finger.

Il. Designing hand functional
program.

capacity rehabilitation

The program designed to rehabilitate hand functional
capacity for stroke patients with muscle weakness is more
likely designed to be similar to a game. Test participants are
allowed to use their fingers to press keys on the keyboard.
The program will display results for the time of use. This
output reveals the responses of hand muscles to different
postures that test participants performed in each step of the
program. In the process of getting input, the time value of
hand muscle responses in each posture is collected according
to five characteristics: 1) a thumb and index finger grip; 2) a
thumb and little finger grip; 3) moving and spreading a
thumb on the index finger; 4) moving and spreading a thumb
on the ring finger; and 5) moving and spreading a thumb on
the little finger. Moreover, the program gives a choice of
difficult levels to be played. The time value of the hand
muscle responses of test participants is calculated to give
information to physical therapists. Finally, test participants’
outcomes in each physical therapy posture are indicated
according to difficulty levels. The work process of the
program has ended, as seen in Figure 2.
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Figure 2 Flow Chart of the Hand Rehabilitation Program.
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Figure 3 shows the physical program registration page.
There are two main methods for using the program. It can be
played with both the left and right hands. Normally, stroke
patients in rehabilitation who have finger muscle weakness
are able to have weakness in either the left or right hand. As
a result, the program offers an option to allow test
participants to select the one that meets their symptoms. The
display page of the program when accessed is shown in
Figure 4. After the test taker goes through the program
operations from start to finish, the program will collect the
response time values of the hand muscles of the test
participants to calculate a score, which will be displayed on
the usage results page. The program will display the score in
report format, as shown in Figure 5.

“ O

Figure 3 The Screen Shows How To Choose The Usage Level.
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Figure 4 The Screen Displays Each Level Of The Game When
Accessed.
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Figure 5 The Screen Displays Usage Results At Various Levels.

RESULTS AND DISCUSSION

In order to assess the effectiveness of physical therapy by
pressing buttons on the keyboard for 5 different postures
designed to resemble general physical therapy, the efficiency
of input from the keyboard was evaluated by calculating the
average scores of activities from a sample group of 50
individuals aged between 15 and 60. They were asked to
perform the five physical therapy postures using both their
right and left hands, and the accuracy percentage of the test
pattern was determined. The test results are as follows:

Level 1 test: a thumb and index finger grip are used to
test the capacity of a thumb and index finger in gripping
posture.

e Level 2 test: moving and spreading a thumb and little
finger is used to test the capacity of a thumb and little
finger in moving and spreading posture.

e Level 3 test: moving and spreading a thumb and ring
finger is used to test the capacity of a thumb and ring
finger in moving and spreading posture.
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o Level 4 test: moving and spreading a thumb and index
finger is used to test the capacity of a thumb and index
finger in moving and spreading posture.

o Level 5 test: a thumb and little finger grip is used to test
the capacity of a thumb and little finger in moving and
spreading posture.

The rehabilitation of hand dexterity will involve testing
a program that compares the finger motion functions in
response to various positions on the keyboard as designed.
The test results of the program’s usability based on finger
positions on the keyboard are depicted in Figure 6.

Figure 6 The Physical Characteristics Of The Hand When Moving.

Effective test results of input from muscle activity while
pressing keys on a designed keyboard compared to activity
from normal physical therapy are presented in Table 1.

Table |
RESULTS OF TESTING DATA FROM ACTIVITIES WITH THE PHYSICAL
THERAPY PROGRAM COMPARED WITH ACTIVITIES FROM NORMAL
PHYSICAL THERAPY

Test level Left hand Right hand Average results
(%) (%) (%)

1 71.89 63.23 67.56

2 73.28 68.59 70.93

3 69.13 71.41 70.63

4 50.42 75.21 62.81

5 79.42 73.22 76.32
Average 68.83 70.33 69.58

From Table 1 percentage of input efficiency from
muscle activity in every posture of a sample group of 50
people, it was found that the percentage of accuracy of pose
1 was equal to 67.56% of pose 2 was equal to 70.93%, and
of pose 3 was equal to 70.63%. Poses 4 accounted for
62.81%, and Poses 5 accounted for 76.32%. To summarize
the results of the test, it can be seen that the test results for
the left and right hands have similar average results,
approximately 70 per cent. As a result, the accuracy of the
muscle response was approximately 77%, and the accuracy
of all positions was approximately 70%.
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CONCLUSION

The development of a rehabilitation game focused on
enhancing hand and finger functionality in stroke patients.
Its primary objectives were to create a program designed to
rehabilitate individuals who have experienced muscle
weakness in their fingers and hands due to strokes while also
assisting  physical therapists in conducting initial
assessments of these patients. This program comprises two
main components: First, a muscle physical therapy program
in game format. This segment of the program operates as a
game and takes input through a keyboard. It is designed to
facilitate muscle rehabilitation and finger dexterity exercises.
Second, result presentation in report format: the program
also includes a reporting feature that compiles and presents
the results obtained from the time spent on object collection
exercises during physical therapy. Comparing the outcomes
of traditional physical therapy with those achieved through
keyboard-based exercises in the game, it was observed that
the latter approach can effectively contribute to
rehabilitating finger functionality, vyielding satisfactory
results when compared to conventional methods.
Additionally, this initiative involves the development of
technology tailored for use in Thailand, reducing the reliance
on imported technology.
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