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ABSTRACT

This article shows the development and implementation of a
functional telerehabilitation system by using interactive virtual
environments and biomedical technologies in patients with
cerebral palsy sequelae, with limited upper and lower limb
movements. The system facilitates therapeutic intervention with
telerehabilitation through video games developed in Scratch®,
by means of Kinect as an interface for acquiring movements.
By developing a video game in an easily configured
programming language, therapists can change and adjust the
challenges of each therapeutic intervention in an interactive,
friendly and funny way, according to progress, and motivating
the patient to continue with his evolution. Results show
improvement in children with cerebral palsy, with movement
limitations of their upper or lower limbs.
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RESUMEN

En este articulo se muestra el desarrollo e implementacion de
un sistema de telerehabilitacién funcional empleando entornos
virtuales interactivos y tecnologias biomédicas en pacientes
con secuelas de paralisis cerebral con limitaciéon en los
movimientos de las extremidades superiores e inferiores. El
sistema facilita la intervencion terapéutica empleando la
telerehabilitacion a través de videojuegos desarrollados en
Scratch®, con el uso de Kinect como interfaz de adquisicion de
movimientos. Al desarrollar un videojuego en un lenguaje de
programacién de facil configuracion, permite que los
terapeutas puedan cambiar y ajustar los retos de cada
intervencion terapéutica de forma interactiva, amigable y
divertida, acorde al progreso y motivando al paciente a
continuar con su evolucion. Los resultados muestran mejora en
nifios con pardlisis cerebral, con limitaciones en movimiento a
nivel de miembros superiores o inferiores.

Palabras clave: Telerehabilitacion, discapacidad, realidad
virtual, videojuegos, biomédica.
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INTRODUCTION

Telerehabilitation has dramatically expanded in recent years due to technological advance, increased
telecommunication speed, and decreased costs of computer hardware and software (De Araujo et al., 2019;
Hukic et al., 2017). It can be divided into three main categories: image-based telerehabilitation, sensor-based
telerehabilitation, and virtual technology-based telerehabilitation (H et al., 2014). Therapies through a virtual
environment seem to promote motor learning, retention of learned skills, and skill transfer to real-world situations
(Levacetal., 2019; Quadrado et al., 2019). Virtual reality (VR) is used in physical rehabilitation to improve motor
function (Dockx et al., 2016; Dulau et al., 2019; Glegg, 2017). Currently, this technology is applied more
frequently in pathologies of neurological origin (stroke, Parkinson's disease, spinal cord injuries, infantile
cerebral palsy, and others), achieving improved results in the patients’ intervention and motivation to attain a
prominent level of functional (Barrios et al., 2019; Benrachou et al., 2020; Ferencik et al., 2020; Shahab et al.,
2019).

VR environment depends on the technology (hardware and software) used and, considering the immersion
degree of the patient in the environment, these systems can be immersive and non-immersive (Feng et al.,
2019). In immersive systems, the user is fully integrated into the virtual environment, watching only the
computer-generated images, blocking the rest of the physical world (Arlati et al., 2020; Scheideman-Miller et
al., 2003). Glasstrom, IREX, and Playstation EyeMotion are among these systems. In non-immersive or semi-
immersive systems, the user perceives part of the real world and part of the virtual world-environment, there is
no total immersion in the virtual environment. Currently, the most widely used non-immersive systems are Virtual
Teacher, X-box, Cyberglobe, Virtual Reality Motion, Pneumoglobe and Nintendo-Wii (Vifias-Diz & Sobrido-
Prieto, 2016).

State of the art

According to (Ramirez et al., 2014) virtual reality-based therapy has a specific and stimulating functional
context for patients, bringing direct benefit to both the patient and the therapist due to the adaptability of these
systems. The authors carry out tests with patients between 6 and 12 years of age with disabilities in the upper
extremities, based on a hardware and software architecture through video games that induce particular physical
activities in the patient, seeking their attention through dynamic and entertaining content in an interactive way.
Likewise, (Yaglie et al., 2016) also confirm the beneficial and interesting application of the video game mediated
by new technologies, for the physiotherapeutic treatment of cerebral palsy.

(Eng et al., 2007) in their article on stroke rehabilitation using virtual reality, they review the main immersive
and non-immersive virtual reality systems used in the treatment of stroke patients, also inquiring about the
mechanisms of neuroplasticity and cortical reorganization.

(Farreny et al., 2012) carried out an investigation titled Play for health (P4H): a new tool in telerehabilitation.
P4H is a low-cost, open telerehabilitation system based on the use of video games and interaction methods to
improve physical and cognitive deficits. The objective of the research was to present P4H, identify its
acceptance and describe the organizational repercussions of its introduction into the rehabilitation service.

In recent years, it has been seen how the emergence of new emerging virtual reality technologies are used
as telerehabilitation tools to improve alternatives and options for new treatments. (Fonseca et al., 2020; Yeh et
al., 2019) in their research propose systems that allow people with disabilities to perform exercises in the comfort
of their homes and regardless of restrictions. They use the Kinect to acquire the body models of the patients,
and through image processing they analyze the different situations. An investigation carried out by (Casanova
et al., 2015), proposes a system for the physical rehabilitation of patients with multiple pathologies, through
dynamics with video games, and the movements of the patients are analyzed using specific software. They
relied on the use of the Kinect sensor, designed to entertain the patient in her therapy through quotesgames
and at the same time provide the therapist with data capture and analysis with motion capture (MoCap).

(Couto Soares et al., 2013) in their research they propose a home rehabilitation program based on video
games, using the Kinect sensor. Rehabilitation treatments are aimed at cardiovascular diseases (CVD), which
contribute greatly to mortality and morbidity worldwide. The proposal includes exercise-based programs,
tailored to each patient, that aim to restore and improve cardiac function, decrease disability, reduce mortality,
improve quality of life, and reduce treatment costs.
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(Pachoulakis et al., 2017) investigate and implement a Kinect-based physiotherapy platform that is tailored
to each patient with Parkinson's disease (PD) and employ the Kinect sensor to extract 3D skeletal data in real
time.

This article shows the SmartRehab telerehabilitation system, which allows the application of rehabilitation
protocols specially designed for patients with cerebral palsy, taking into account the characteristics of the
patients and a simple programming that allows the configuration according to the progress of the patients.
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Figure 1. SmartRehab System (Intervention Protocols, Video Game Configuration, Progress Feedback,
Movement Acquisition, Patient Assessment)

The developed remote rehabilitation system in virtual reality environment "SmartRehab", is shown in Figure
1, where the main elements can be observed. The system starts from the intervention protocols design
considering the patient characteristics, after having made an assessment. The assessment establishes the
intervention protocol allowing to adjust the challenges that the patient would have to face in the video game.
The patient's movements are received through the Kinect, which sends the data to the software developed by
using Scratch. The software, through internal coding connecting to the Kinect SDK, performs image processing
for decision-making. One of the video games’ code is shown in Figure 2 (Frog). It allows easy configuration, so
that therapists can change and adjust the challenges of each therapeutic intervention in an interactive, friendly
and fun way, according to progress and motivating the patient to continue with his evolution.

The platform has a collection of 4 video games (Frog, Basket, Basketball, Volleyball) considering
rehabilitation protocols designed especially for patients with cerebral palsy. Each exercise uses a movement
pattern with very light processing demands for real-time calculations. Results are saved to be used to improve
the rehabilitation protocol and video games.

Platform Development

Scratch® is a visual programming language developed by the Lifelong Kindergarten Group at the MIT
Media Lab (Scratch, 2018). It manly allows to develop mental skills by learning programming without having
deep code knowledge. Its characteristics linked to the easy understanding of computational thinking have made
it widely used in education for children, adolescents and adults. Scratch allows users to use event-driven
programming with multiple active objects called sprites. The sprites can be painted as vector graphics or
bitmaps, from the Scratch website itself by using a simple editor that is part of the project, or they can also be
imported from external sources including "webcamera”. Scratch 1.x source code is under GPLv2 and "Scratch
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Source Code License".

Figure 2. Videogame Frog Code

RESULTS

Tests were carried out with children with cerebral palsy for validation of the developed system. The research
was carried out within the facilities of the neurorehabilitation laboratory of the Antonio José de Sucre University
Corporation, in children with limitations in upper limb movement due to cerebral palsy sequelae, whose parents
voluntarily accepted, through informed consent, that their children participated in the study. The sample is non-

probabilistic, and depended on the number of children who attended the facilities and who meet the following
criteria:

Inclusion criteria:
e Age between 5 and 12 years.
e  Cognitively high children
e  Socioeconomic stratum 1 and 2
e  Gross motor level 1 and 2.
Exclusion criteria:
e  Patients with hearing and visual injuries.
e  Patients with ataxias.
e Patients with unresolved traumatic injuries.

Initially, the disability condition in which children were found with cerebral palsy sequelae with alterations
of upper extremities, was evaluated to determine the disability level they were in, and thus, be able to specify
their intervention plan through videogame. The Gross Motor test was applied to assess the child's condition.
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Figure 3. Patient 1 with cerebral palsy using SmartRehab.

Twenty work sessions were carried out with each patient, conducting pilot tests with the virtual and
interactive biomedical platform of the upper limb protocol aimed at patients who meet the inclusion criteria.
Tests were carried out under the supervision of trained professionals, physiotherapists previously trained in
video games for the total satisfaction of the carried-out interventions.

After sessions were over, the child's condition was re-assessed to see the level of evolution in postural
control through video games in children with cerebral palsy sequelae in upper extremities. Figure 3 shows the
platform use, consisting of a computer, a television, a Kinect and the virtual reality system. Three children
diagnosed with cerebral palsy participated in the research. From 10 to 15 years old, meeting the gross motor |
and Il inclusion criteria. Two were male and one female.

Figure 4 shows the results of the initial assessment, where the score in patient #1 in lying and rolling
(dimension A) is observed to reach up to 90%; sitting (dimension B) 91%; crawling and kneeling (dimension C)
64%; standing (dimension D) 66%; along with walking, running and jumping (dimension E) with a score of 36%.
In patient # 2, when lying down and rolling, the child reaches 80%; in sitting 93%; in crawling and kneeling, a
score of 88%; in standing the child gave a score of 79%; along with walking, running and jumping with a
percentage of 86%. In patient # 3, in lying and rolled position, the child achieved a score of 96%; in sitting the
child has a score of 98%; in crawling and kneeling 80%; in standing the child gave a score corresponding to
64%; whereas in walking, running and jumping a percentage of 29%. This indicates that patients #1 and #2
present great difficulties for standing dimensions; and for walking, running and jumping.
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Figure 4. Initial assessment, gross motor

Figure 5 shows the result of the final gross motor assessment. In patient # 1, when lying down and rolling,
the child reaches a percentage of 100%; 96% sitting; in crawling and on knees 66%; in standing the child gave
a percentage of 76%; and in walking, running, and jumping 55%. In patient #2, in lying and rolling the child
reaches a percentage of 92%; 95% sitting; in crawling and kneeling 90%; in standing, a percentage of 100%;
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and in walking, running and jumping 100%. In patient # 3, when lying and rolling the child reaches a percentage
of 96%; in sitting the child has 100%; in crawling and on knees 92%; standing, 74%; whereas in walking, running
and jumping with a percentage of 40%. After the pilot test, the patients improved in all the gross motor
dimensions, especially in the standing position.
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Figure 5. Final assessment, gross motor.

It can be observed when comparing the tests before and after, that the video game-based intervention
protocol improves limitations in the upper extremities and in postural control. All the patients showed evolution
in each scale and evaluation item, indicating that there were satisfactory results and, therefore, the intervention
combination strategy was beneficial.

CONCLUSIONS

The video game developed from this research, called SmartRehab, facilitates therapeutic intervention using
telerehabilitation, since it has an interface that allows therapists to change and adjust the challenges of each
intervention in an interactive, friendly and funny way, according to progress and motivating the patient to
continue with its evolution. Through the experience carried out during the intervention, it was possible to
conclude that the virtual rehabilitation modality by means of video games with the Kinect sensor is an
intervention alternative to patients with cerebral palsy sequelae, implemented with the application of the different
neurorehabilitation techniques, since they are a good complement for the patient rehabilitation.
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