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Abstract—Cerebral Palsy (CP) is a collection of permanent, non-
progressive disorders that impact the individual’s motor ability. The rehabilita-
tion of patients with CP is very important to improve their motor abilities and to
minimize the need for third parties. In this paper, a low-cost hand rehabilitation
glove based on finger bend/pressure analysis is presented. The data glove is
used to improve hand functioning for pre-school children with cerebral palsy
through virtual reality games. The system consists of two parts: the data glove
and several virtual games. The data glove consists of a microcontroller, flex
sensors, force sensors and radiofrequency transmission units. The use of the
newly-developed system will assist psychotherapists to follow the CP child dai-
ly, weekly or monthly. The rehabilitation model and the predicted physiothera-
py results can be extracted from the patient’s record after using the data. Exper-
imental results have shown that the regular usage for the data glove improved
75 % of the participants’ fingers bending angle and the child’s grip ability.

Keywords—Cerebral palsy, hand movement, flex sensor, force sensor, rehabili-
tation, virtual reality.

1 Introduction

Cerebral Palsy (CP) is a “collection of permanent, non-progressive disorders that
impacts the individual’s motor ability [1]. Other impairments can exist such as cogni-
tive, language, and visual impairments” [2], which can affect the individual’s daily
activities. According to population-based studies [3, 4], the estimated prevalence of
CP is estimated to be among 1.5 to almost 4 patients out of 1000 live births. 50% of
them showed hand dysfunction [5].

Several problems can be seen with hand functioning in children with cerebral pal-
sy, such as thumb abnormalities [6], wrist movement limitations, poor grasping abili-
ties and low tweezers grip. These functions are necessary for the performance of the
daily activity and for walking assistance tools utilization. The physiotherapy and re-
habilitation process aim at improving hand function and to reduce the dependence in
everyday life.

Different technologies may help the physiotherapists and can be used in order to
offer new services that can optimize the quality of life and to help in the rehabilitation
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process, some of these technologies are: Internet of Things [7], Blockchain [8], Deep
and Machine Learning [9] and Virtual Reality Game [10]. Virtual Reality Game
(VRG) is the technology that allows its users to go through activities of experiments
same as the events that happen in reality [11]. VRG is one of the most effective tech-
nologies and plays an extremely significant role in improving hand functions because
it can motivate the CP child to repetitively open and close his fingers and move his
wrist in different directions. Different VRG’s elements can be utilized to recover
many skills for the CP child such as repetition, feedback, motivation and training.
[12].

During the past decade, many studies have been introduced in the literature about
the application of VR in the medical field in general [13] and in the rehabilitation
domain in particular [10, 14-17]. In [13], a review was presented about the current VR
-based systems for medical application. In the rehabilitation sector, Ganesan et al.
[18] presented a robotic glove upper limbs movement recovery. Rodriguez et al. [19]
presented a 3-D rehabilitation system, with sensory feedback. Another study by Hat-
zigiannakoglou et al. [20] described a data acquisition wearable device for hand reha-
bilitation used for patients with hand movement impairment. The rotation of the hand
is measured through tracks of gloves that are then translated using the MPU tool.

A more recent study employed an auricular-based training software to assist chil-
dren having hearing aids such as cochlear implants whihc is likely to improve the
auricular skills of audit and provide an opportunity to monitor their performance using
Virtual Reality [21].

A few studies investigate the VR role in CP patients’ treatment, for example in
[22], the author used the leap motion and mind wave devices in the interaction of the
user with the virtual environment, capturing the movements. With the aid of this sys-
tem the specialists can direct the treatment in an individualized way to improve the
treatment of motor rehabilitation. However, the proposed system is highly expensive.

As far as we know, no previous research has focused on the analysis of the pre-
school children with cerebral palsy hand functions improvement. Therefore, the need
exists for a low-cost, in-house rehabilitation system for pre-school children with CP
targeting the fingers bending and/or pressure. To address this need, we have devel-
oped a low-cost virtual-reality rehabilitation system consisting of two parts: a smart
data glove and several virtual games. The data glove consists of microcontroller, flex
and force sensors and radiofrequency transmission units. The system intends to moti-
vate the child to grasp, and release virtual objects to win the game. Experimental
results have shown that the regular usage for the data glove improves the child’s abil-
ity to control/bend his fingers and boost his capability to grasp his hand.

The remaining part of the paper proceeds as follows: section 2 concerns with the
system design details and the system implementation is presented in section 3. Analy-
sis of the results is introduced in section 3. Finally, conclusions are given in section 4.
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2 System Design

To design the hand functioning rehabilitation system, several design specifications
were set. Firstly, the data glove must be designed such that it will be lightweight, easy
to wear and consumes low power. Secondly, the virtual game must be programmed in
an attractive and easy way to be played by the child providing maximum hand reha-
bilitation benefits. Finally, the system must be informative for physicians to enable
monitoring the child’s hand movement parameters such as bend and/or presser ability.

The hand-rehabilitation system consists of a data glove and computer-based VRG.
The overall system architecture is shown in figure 1.

Virtual World

Hand Functioning
Parameter Analysis

Fig. 1. System implementation

The basic idea of the rehabilitation system is to allow the child to interact with an
attractive virtual game using various activities of his hand and fingers. The interaction
is performed through a smart data glove provided with flex and force sensors. The
smart data glove is connected to a PC through a wireless radiofrequency transmission
unit. The PC represents the virtual world in which the child can interact with. The PC
can record all the bending and presser data to monitor treatment progress.

2.1  Mathematical model of the human hand

To understand how the flex sensor is used to measure the finger bending and the
sensor position on the data glove, the hand model is presented in this section. As
shown in figure 2, there is an important structural part of the finger’s movement
measurement. It has been separated into one Interphalangeal Joint with four Proximal
Interphalangeal Joints (PIP). It is the capability of the sensor located on the finger’s
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surface to notice the Metacarpophalangeal movement with the ability to measure 10
DOF or more of the hand.

DIP joint

TM joint

1. Distal phalange
2. Middle phalange
3. Proximal phalange
4. Metacarpal

Fig. 2. Hand's kinematic [23]

In particular, the hand fingers can use equation (1)
Opip = 0.670pp (1)

Where, 8,5 is the bending angle related to DIP joints of fingers and 6p;p is PIP
joint’s bending angle. The movement of the finger usually ranges between these lim-
its:

0 < Op1p—Flexion < 90°~100°
Oo < ethumb—IP—flexion < 900

Oo < HMCP—Flexion < 900 (2)

2.2  Smart data glove

The data glove is designed and tested for hand function rehabilitation assistance. It
is intended to be easy to wear and lightweight. The proposed glove system consists of
5 flex sensors, 5 force sensors, microcontroller and radio frequency (RF) transmitter.
The glove can measure parameters such as finger's bending, hand grasp ability and the
child’s ability to control his fingers. The movement of the finger is precisely repre-
sented by these parameters at the time of the patients’ rehabilitation performance of
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their exercise while virtual games are played. It is important to locate the sensors
carefully to exactly measure the movement of the finger. The sensors are preferred to
be placed on the position of the finger’s joints. The force sensors, on the other hand,
are installed on the hand’s palmer surface. The flex sensors can measure the bend
angle for each finger, and the force sensors can measure the child’s ability to grasp his
hand. The controller circuit is located on the wrist, which consists of a microcontrol-
ler, (NRF241) RF transmitter and a 1000-mA Li-polymer battery, which collect the
readings and sends them to a computer-based virtual game. The system’s sampling
rate is 50 sample/sec. The smart data glove system is shown in figure 3.

Controller Circuit

Flex / Force Sensors Back

Fig. 3. Smart data glove

2.3 Virtual world games environment

The virtual game environment was developed in python 3.7. Two scenarios were
designed during the study as shown in figure 4. The first scenario was “Grasp the
ball” in which the child must press his fingers to score extra points, this helps the
child to control and improve his grasp ability.

In the second scenario, the CP child must bend each finger individually to score ex-
tra points. This can improve the child’s ability to control his fingers.

The game’s feedback is very valuable to encourage the child to continue playing
the game. For the proposed system, whenever the child correctly performs a goal,
feedback must be given.
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Score:3

Fig. 4. The proposed games scenarios

An experiment was conducted in the Rehabilitation Medical Centre and Joint Dis-
eases, Irag. All children of age 5-12 years, received two game sessions of 30 min
every day as illustrated in figure 5.

Fig. 5. System implementation

3 Results

Patients were evaluated individually considering the evolution during the usage of
the proposed system. During rehabilitation sessions, data are collected and stored in
the patient's health record, so they can be reachable for physiotherapists. For each
hand, the collected data are:
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e The Flex Sensors sense the angular flexion and compression for each finger. The
values are stored in degrees (0 to 90°).

o The FlexiForce Sensors sense the pressure force values exerted by each fingertip
on each hand.

The data is stored in a CSV format to facilitate future analysis. An image for the
.csv file data organization is presented in figure 6.

1 |Pat-ID Iter Date Time Fl ang F2_ang F3_ang F4 ang FS5_ang

2 1 1 1/5/2020 21:56.4 4 11 31 41 32
3 1 2 1/5/2020 21:56.5 4 11 31 41 32
4 1 3 1/5/2020 21:56.6 4 11 31 41 32
1 |Pat-ID Iter Date Time F1_force F2_force F3_force F4_force F5_force
2 1 1 1/2/2020 03:56.0 200 187 200 150 70
3 1 2 1/2/2020 03:57.0 205 177 200 150 70

Fig. 6. CSV file data organization

The bending information was used to analyze the CP child’s ability to bend his fin-
gers, while the pressure reading was used to analyze the child’s ability to grasp his
hand. To simplify the analysis of the readings, the F1 readings correspond to Pinky
Finger, The F2 readings correspond to Ring Finger, The F3 readings correspond to
Middle Finger, the F4 readings correspond to Index Finger and the F5 readings corre-
spond to Thumb Finger.

Two types of activities were measured, the fingers’ ability to bend (fingers control)
and the fingers’ ability to press (hand grip).

3.1 Bend measurements

The fingers ability to bend is tested through measurements of a CP child and com-
pared with a normal one. figure 7 shows the angular flexion of each right-hand finger
for both CP and normal child. It can be observed from figure 7 that the fingers bend-
ing angle value ranges from 0 to 90 degrees. While for a CP child, the fingers bend
angle values range from 0 to 40 degrees, except the thumb finger, with a bend angle
from 0 to 20 degrees. 80% of the participants suffer from the same problem. Moreo-
ver, it can be noticed that the CP child has poor finger control in general and poor
thumb control in particular. Repeating the measurements regularly for six weeks by
implementing the proposed system, we found that 75% of the participant experience
in fingers control was improved, except for the thumb finger (F5), which experienced
less improvement. Table 1, lists the numerical results of the measurements. The re-
sults are recorded after taking the readings averages of the fingers’ bending angles.
Also, the results were plotted in figure. 8.

116 http://www.i-jet.org



Degree

Degree

J{ How wr N
ln_;q‘ L IR PN
WFS g
4 T L} 1
200 400 600 800
Time (sec)
(a) Normal child
L L 1 L] 1
0 200 400 600 800 1.000
Time (sec)

(b) CP child

Fig. 7. Angular flexion/compression for each finger (right hand)

Table 1. Fingers’ bending angles before and after system implementation

Bending angles (degrees) Bending angles (degrees)
. Before System Implementation After 6 weeks of system implementation
Patient ID F1an
5 F2_ang|F3_ang|F4_ang|F5_ang |F1_ang|F2_ang|F3_ang|F4_ang|F5_ang
1(mild) 30 32 33 40 11 42 44 44 50 25
2(mild) 35 33 39 44 9 46 47 46 52 15
3(moderate) | 36 32 30 39 9 42 38 37 44 15
4(moderate) | 25 26 23 29 7 33 33 29 38 13
5(moderate) | 35 30 31 35 7 41 38 40 39 10
6(severe CP)| 19 17 17 20 5 19 16 19 21 5
7(severe CP)| 20 21 20 25 4 22 20 20 25 6
iJET — Vol. 15, No. 9, 2020 117



Bending

Patient ID

Pinky Finger

Middle Finger

3.2

T
4
w
b

T
w

<
3

a

Ring Finger

IndexFinger

Bending Angle{degree)

Patient ID

Thumb Finger

Patient ID
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Grip measurement

All types of forces that are applied on each finger’s tip can be observed through the
reading of the Flexi force during the open and closed hand’s movement. The values
recorded in figure 9, show the normal child in comparison with a CP child. The nor-
mal child scores an average of 500 force value. However, a CP child, on the other
hand, scores an average of 50 force value. This indicates a palsy of 90% in gripping
ability compared to a normal child. From the same figure, the poor pressure ability for
the CP child’s thumb can be also noticed.
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Fig. 9. The pressure force values exerted by each fingertip (right hand)
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Patients experienced less improvement in the hand grip ability, because such func-
tion need more than 6 weeks of exercises according to the doctors and physiothera-
pists’ recommendations. Table 2 and figure 10 show the pressure force values exerted
by each fingertip.

Table 2. The pressure force values exerted by each fingertip

Patient ID Before System Implementation After 6 weeks of system implementation
F1| F2 F3 F4 F5 F1 F2 F3 F4 F5

1(mild) 40 80 120 80 30 113 111 166 200 30
2(mild) 43 60 65 55 53 49 69 77 76 69
3(moderate) 30 55 49 44 45 40 50 48 51 45
4(moderate) 33 57 48 48 45 35 59 49 50 44
5(moderate) 35 55 50 49 51 35 56 51 55 59
6(moderate) 33 53 50 60 51 35 59 54 65 50
7(severe CP) 0 0 0 0 0 0 0 0 0 0
8(severe CP) 2 5 10 10 0 2 5 10 10 0

Patients with severe cerebral palsy (Pat.7, Pat.8) show no improvent in the hand’s
grip ability. From the table above, 75% of the participants show improvement of hand
grip ability, and only two of them show significant improvement.

4 Conclusion

Cerebral Palsy is a collection of permanent, non-progressive disorders that impact
the individual’s motor ability. Other impairments can exist such as cognitive, lan-
guage, and visual impairment, which can affect the individual’s daily activities. 50%
of CP children show a hand dysfunction. Virtual Reality Game (VRG) can play an
important role to achieve this goal because the VRGs can motivate the CP child to
repetitively open and close his fingers and move his wrist in different directions. Dif-
ferent VRG’s elements such as repetition, feedback, motivation and training can be
utilized to recover many skills for the CP child. Therefore, the need exists for a low-
cost, in-house rehabilitation system for pre-school children with CP targeting the
fingers bending /pressure. To address this need, we have developed a low-cost virtual
-reality rehabilitation system which consists of two parts: a smart data glove and sev-
eral virtual games. The data glove consists of a microcontroller, flex sensors and force
sensors and radiofrequency transmission unit.

The system motivated the child to grasp, and release virtual objects to win the
game. The strength of grip can be improved through this rehabilitation type that is
considered to be rehabilitation's last stage. Additionally, information related to the
pressure helps the physiotherapists in restraining the force of patients if their pain
occurs due to the finger’s motion.

The Experimental results have shown that the regular usage for the data glove im-
proved the child’s ability to control/bend his fingers and boost his capability to grasp
his hand.
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