Research article

Interactive device for the treatment of pediatric neuromotor de-

ARB

ficiencies using personalized recovery programs

Andra Cristiana Baesu? Robert Fuior?*, Catalina Luca?, Calin Corciova?

Citation: Baesu A.C., Fuior R., Luca
C., Corciova C. - Interactive device
for the treatment of pediatric neuro-
motor de-ficiencies using personal-
ized recovery programs .

Balneo and PRM Research Journal
2022, 13(4): 526

Academic Editor(s):

Constantin Munteanu

Received: 04.09.2022
Accepted: 05.12.2022
Published: 15.12.2022

Reviewers:
Elena Valentina Ionescu
Gabriela Dogaru

Publisher’s Note: Balneo and PRM
Research Journal stays neutral with
regard to jurisdictional claims in pub-
lished maps and institutional affilia-

tions.

(@) ex-ne-no |
Copyright: © 2022 by the authors.
Submitted for possible open access
publication under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

Balneo and PRM Research Journal 2022, 13(4), https://doi.org/ 10.12680/balneo.2022.526

1. ”Gheorghe Asachi” Technical University of lasi-Romania, Faculty of Electrical Engineering,
21-23 Prof. D. Mangeron Blvd., 700050, Iasi, Romania

2. University of Medicine and Pharmacy “Grigore T. Popa”, Faculty of Medical Bioengineering,
Str. Universitatii 16, Iasi, Romania

* Correspondence: Robert FUIOR, E-mail: fuior.robert@gmail.com

Abstract: Modern rehabilitation procedures use devices that provide physical therapists
with various types of information to improve assessment of patient progress during re-
habilitation plans. The new trend of these technologies is the development of safe, porta-
ble and comfortable wearable devices with extensive applications in various environ-
ments (medical clinics or at the patient's home). The present work presents a portable and
safe device for hand rehabilitation, consisting of five finger force sensors and a palmar
sensor arranged in the ball, capable of capturing pressure signals during the execution of
movements guided by the physiotherapist or by a video game/virtual reality. A 3-axis
accelerometer was used to spatially monitor the patient's movements. A series of games
with different levels of difficulty were created, through which the degree of mobility of
the patient can be monitored depending on the game he chooses and at the same time
reflected by the score obtained at the end of the game. Also, to be more interactive, the
interface was chosen to play with 2 players simultaneously. So that they can choose to
play in the team or as competitors. The system allows users to show different routines to
guide them in their use and also evaluates pressure signals and response time.

Keywords: microcontroller, games interactive, physiokinetotherapist, rehabilitation, health im-
provement.

1. Introduction

Each game in recovery has its own specifics, more precisely it pursues a goal and is a
means to reach a goal. In an educational game setting, subjects learn how to solve complex
problems. The problems within a game usually start at a minimum level and then become
progressively more difficult as the players' skills develop.[1] The most commonly used
new recovery strategies are based on play elements and game design principles that en-
hance learning and the development of relationships and social skills.

Currently, there are a large number of applications that allow children to familiarize
themselves with geometric shapes, colors, numbers. The paper simultaneously ap-
proaches the use of two game styles (competitive and cooperative) that have their impact
on the motivation and communication of users.[2] Pressure sensors applied to human-
machine physical interfaces should exhibit linearity, low hysteresis, low drift, low tem-
perature sensitivity, flexibility, thin construction, large measurement range, repeatability,
ease of use, and cost-effectiveness. Each technology has its own advantages and disad-
vantages. [2] According to the multiple requirements of sensors for wearable applications,
piezoresistive sensors, capacitive sensors or force sensing resistors seem to be applicable.

http://bioclima.ro/Journal.htm

Asociatia Romana
de Balneologie


mailto:fuior.robert@gmail.com

Balneo and PRM Research Journal 2022, 13, 4. 20f7

However, the performance of force sensing resistors is known to be improved in terms of
linearity, stability and repeatability. [3]
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Fig. 1 Recovery through games with a physiotherapist

2.MATERIAL AND METHOD

The design opted for a small, comfortable device capable of monitoring the pressure
level, in close correlation with the pressure sensors, which capture the force with which
the ball can be tightened. The values are analyzed by the microcontroller and then trans-
mitted via Bluetooth to the laptop on which the interactive application is located.
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Fig. 2 Block diagram

The designed and built system consists of an Atmega328 microcontroller located on the
Arduino Nano development platform, which is defined as an analysis and control unit
according to the component connection diagram. (Fig. 3)
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Fig. 3 Device component connection diagram

The main components of the system are represented by: pressure sensors, ac-
celerometer, Bluetooth module, and on the warning side we opted for a two-color LED,
all of which are managed by the microcontroller located on the development platform. On
the software side, the interface between the proposed system and the virtual rehabilitation
applications was made. [4]

Arduino Nano is a processing platform that uses the Arduino IDE application through
which programming, compilation and uploading of the program to the microcontroller
can be done. It has 14 digital inputs/outputs of which 6 are PWM type, analog inputs/out-
puts, a 5V and a 3.3V power supply port. Since there is no external power supply, a Mini
USB connection can be used. [5]

The main sensor to be able to analyze the degree of pressure from the fingers, it was
decided to use pressure sensors of different sizes. The sensor has two connectors, and the
resistance measured between the two varies depending on the degree of pressure. The
sensor is made of a conductive polymer and is designed to reduce temperature depend-
ence, improve mechanical properties and increase surface durability. A 10K() resistor is
mounted on the sensor's GND pin coupled in a resistive divider configuration with the
sensor. [6] According to the connection diagram of the pressure sensor in the resistive
divider configuration, the port named OUT will connect to an analog port of the develop-
ment platform. (Fig.4).
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Fig. 4 Principle of operation of the bending sensor

Accelerometer used can detect the movements of the hand, relative to the 3 axes. The mo-
bility of the Y-axis is determined according to the position it will take at the time of cali-
bration, allowing the measurement of tilt changes of less than 1 degree. It works at a sup-
ply voltage between 2.8 and 3.3V. (Fig.5). [7]

Fig. 5 Accelerometer ADXL 377

In order to warn the patient if he holds the device in the correct position and if he executes
the movements correctly, he opted for the visual warning. Visual signals were generated
by attached LEDs, one red to warn of incorrect position and one green to highlight correct
position. [8]

Fig. 6 Module Bluetooth HC-05s

The Bluetooth module is used to establish a connection between the device and a laptop
for the transmission of data to be interpreted in order to create a pressure map. (Fig.6)
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3. RESULTS AND DISCUSSIONS

Many rehabilitation system interfaces are not designed to be fun or motivating for users
and only have the tasks present in a repetitive way. Thus, it is very difficult to sustain the
interest of patients during prolonged exercise with such an interface. Therefore, it was
developed in an interactive way by creating age-appropriate games for patients using the
Scratch Environment and Oracle Java. These applications can bring a high input in sup-
port of game achievements with icons, sound and motion graphics and simple support
for Arduino open source hardware platform programming. [9]

Fig. 7 Exercises required of the patient performed using the device

A database was created, which was used to evaluate the type of game chosen together

with the score displayed after the completion of the game to have an overview of the pa-
tient's evolution. (Fig.7)
The maximum time to complete the activity was 15 minutes, which, on the one hand, can
be considered a limitation, and on the other hand, a factor that has an impact on the level
of motivation during the procedure. The needs and rehabilitation capabilities of patients
vary greatly between individuals and during therapy progression, all this information be-
ing stored for analysis by the system.[10]
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Fig. 8 The results obtained after testing the device on the 2 games
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4. CONCLUSIONS

According to the results obtained, the games that were selected were adapted to the
age and level of neuro-motor development are satisfactory for them because they trigger
states of mind such as enthusiasm, pleasure and curiosity, at the same time increasing the
degree of involvement, from a low level, at the beginning , towards a state of well-being,
at the end.

As healthcare services are an important part of our society, automating these services
reduces the burden on people and eases the measurement process, also the transparency
of this system helps patients to trust it. This paper introduced a hand-held device to be
used for hand rehabilitation, which is small, portable, lightweight, and easy to adjust to
either the right or left hand according to the user's need. The device can be used together
with a video game, the interaction of which generates the motivation of the user while
performing finger movements. This indicates the great potential of the device to be used
in hand rehabilitation routine. In the specialized literature, many cases of successful reha-
bilitation are reported when serious games and gaming platforms are integrated tradi-
tional rehabilitation. Different visual and audio feedback modalities can also be integrated
with our device for use in rehabilitation routines aimed at learning different motor tasks.

Thus, in order to be able to highlight the degree of mobility and precision of the fingers,
some subjects who had certain difficulties with the mobility of the fingers in the past were
introduced. These difficulties are due to injuries during physical activities or during daily
activities. Together with a physical therapist, depending on the degree of damage, the
type of interactive recovery was chosen according to the person in question.
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Fig. 9 The evolution of subjects during the game -Goimg Balls

Following the application of the proposed physical therapy program combined with the
use of interactive games, we found that many of the initial recovery goals were success-
fully met in a much shorter time.

In order to highlight the evolution of the patients, initial, intermediate and final evalu-
ations were carried out in different interactive games.
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Fig. 10 The evolution of subjects during the game — Grandpa Run 3D

As can be seen from Fig. 9 and Fig. 10, which show the evolution of the subjects following
the application of the recovery program chosen together with the physiotherapist.
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