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The use of videogames and motion capture systems in physical rehabilitation contributes to the recovery of the
patient, for this reason, there is a tendency to continue generating proposals that face the challenges of
rehabilitation with technologies that offer precision and care coverage, and that, additionally, integrate elements

that promote the motivation and participation of the patient.

serious videogames motion capture upper limbs physical rehabilitation telerehabilitation

inertial sensors inertial measurement unit (IMU)

| 1. Introduction

One of the sustainable development objectives suggested by the United Nations (UN) is oriented toward the
universal and integral coverage of health services, and the reduction of its inequalities, in order for everyone to be
in good health [, In accordance with the above, it is taken into account that inequalities contribute to millions of
people with disabilities facing difficulties in carrying out their basic daily activities. This is more pronounced among
people from communities with fewer opportunities and resources, which are generally geographically located in
areas that are distant from the services required for rehabilitation processes [2.

Of the different types of disabilities, motor disability is considered to be one of the main limitations to human beings
carrying out their basic activities, affecting the quality of life of the individual, as well as that of those around them
Bl In the last few years, telemedicine and telerehabilitation have been strengthened with the implementation of
diverse technologies that support rehabilitation processes, oriented toward providing patients with the services
required, reducing the number of journeys to main cities, where, in general, specialists, hospitals, clinics, and
centers equipped with the technology for the therapies are located. The benefits of telemedicine are more evident
in cases associated with traveling and the mobility of the patient, costs, or other factors, for instance, in a situation
of isolation or confinement such as that experienced worldwide due to COVID 19, which does not allow people to

travel somewhere that is adapted for the necessary therapy session for the patients’ recovery 4!,

Although in the last few years there have been many technological proposals that support physical rehabilitation,
there are still difficulties and gaps in the area which represent an opportunity to contribute to improvements in
biomechanical data capture accuracy, the coverage and affordability of health services, and the flexibility and

motivation offered to the patients.
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2. Upper Limb Physical Rehabilitation Using Serious
Videogames and Motion Capture Systems

According to the importance of physical and functional rehabilitation in the quality of life of patients and the people
around them, in this review, the technological contributions developed in the past few years in this field were
identified, mainly regarding the inclusion of videogames and motion capture systems as support in the motor
recovery of the upper limb. In the literature, a wide use of Kinect was identified as the motion capture system,
although there were some limits regarding the movements carried out in the depth and occlusal planes of the
limbs, i.e., the visual interruption between the camera and some of the body segments, as well as the capture of
data in some specific positions (for example, sitting). Furthermore, aspects related to precision were considered in
BIBI7E with greater emphasis when it comes to physical rehabilitation, where precision can be a determining
factor in the process. Even so, this sensor was used as a complement in the motor recovery therapies or in works
focused on the validation of different attributes such as the usability of the technologies proposed or the verification
of motion evaluation methods [RILAILLA2I34]15]16] Among commercial products, not only Microsoft Kinect was
used; the use of Nintendo Wii with its Balance Board and the Myo bracelet was reported, allowing validations in the
medical field thanks to the fact that they have a lesser cost in comparison with clinical systems, such as Vicon,

OptiTrack, and Qualisys, among others.

In this sense, comparisons were made of different motion capture systems with respect to Vicon, OptiTrack, or
Qualisys considered to be the gold standard, against which those systems using inertial measurement units have
shown a comparable performance [XZI18I1191201211[8] denoting the reliability, accessibility, accuracy, and portability
offered by IMUs. In this way, inertial sensors become a good option to be used in the medical field to support motor
and functional recovery processes, which require precise measurements with an accessible cost in order to be

mass-produced.

Currently, novel motion capture technology involving video alone is available. Using tools from machine learning,
researchers have demonstrated that tracking joints of multiple human figures may be achieved [22. The potential of
this approach is enormous, since it would enable implementing games for rehabilitation using hardware available in
most dwellings. Nevertheless, for real-time operation, these methods still require powerful graphics hardware,
which limits their availability at the moment.

On the other hand, the use of serious videogames has increased due to the lack of motivation of patients when
they are in the process of motor recovery. In the face of this, individual, cooperative, and competitive video games
have been used. Commercial video games were used in [231[24125][261[14] '\yhich, despite encouraging the execution
of physical activity and supporting the player’s motivation, were not adapted to the particular characteristics of
physical rehabilitation. For this reason, most of the studies proposed active video games specifically for
rehabilitation, to increase motivation and adherence to therapies [27[281[29[B0J11I[12][13N[15]116]31]  jn some cases
associated with a configuration module allowing the health professional to adjust the characteristics of the game

according to the diagnosis and progress of the patient in treatment BRI |n the particular case of commercial
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rehabilitation products, such as ArmeoSenso, Bimeo, or JRS Wave, they respond adequately to such requirements

in the area of physical rehabilitation, although the additional costs involved must be taken into account.

When referring to the use of commercial products, i.e., vidleogames and motion capture systems, it should be
noted that they are an important contribution to the field of rehabilitation. However, they are not certified as medical
products B% and, therefore, to include them in a clinical routine, it is recommended that a thorough preliminary
study be carried out or, if possible, a design and development procedure, guided by health professionals, to obtain
products that respond to the specific needs of the rehabilitation process. Among the particular characteristics of a
videogame for rehabilitation, it is worth mentioning that it should have simple visual backgrounds, clinical diagrams
in accordance with the patient’s situation, and configurability in terms of range of movement, speed, and recovery

time, among other aspects of the process 131,

Although this review included works that used videogames and motion capture systems in physical rehabilitation,
not all the works analyzed integrate these components into a single product or system, i.e., the information
generated by these technologies was disconnected, making complete and timely analysis difficult in motor recovery

therapy.

One of the fundamental aspects in order to achieve the objectives of a physical rehabilitation process is that it is
adequately monitored and controlled, and that it is adjustable in a timely manner regardless of whether the patient
and the health professional are in the same geographical location or not. For this reason, an optimal system to
support physical rehabilitation should integrate various functionalities and technologies, including an accurate and
portable motion capture system, as well as a customized active video game module to encourage patient
motivation and guide them properly in the execution of therapy. It is also important that the system has a
management and monitoring module of the rehabilitation plan assigned to each patient in real time, making it

possible to manage the electronic medical record of rehabilitation processes.

In this sense, out of the works included in this review only five presented home rehabilitation systems that allow the
therapist to remotely adjust and monitor the configuration of the game according to the patient’s rehabilitation
objectives, incorporating the recording of information in an associated computer system. Out of these, in &1, IMUs
are used, in 822928] the Kinect sensor was used, and two of the three works analyzed in (28] used the 5DT Data
Glove Ultra and the Nintendo Wiimote. Moreover, in four of these five works, videogames developed specifically for
rehabilitation were proposed. In this sense, it was identified that this type of system offers a significant contribution
to the processes of motor recovery and that it is important that the information gained from the therapies carried
out by a patient in a location is convenient for them and registered correctly, such that the process is evaluated in a
timely and reliable manner. Thus, telerehabilitation involving a system with these components offers proper support

for the management of the process, benefitting patients, their caregivers, and the medical team involved.

| 3. Conclusions
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The ability to carry out basic daily activities autonomously is an aspect related to an individual’s quality of life.
People can lose their mobility and their capacity to execute daily activities for different reasons, as in the case of
neurologic diseases or other clinical conditions. In order to recover functionality, physical rehabilitation systems are
implemented that require, in addition to knowledge and orientation from professionals in the area, tools and
technologies which provide precision and optimize the process. Motivation and commitment of the patient are also

required, as reported in the works analyzed in this research.

It was found that, concerning motion capture systems, the use of Microsoft Kinect is prominent, due to its
affordability and ease of use. There was also a strong trend regarding the implementation of IMUs given their

precision and portability.

Concerning the affordability of the technologies used, it can be stated that most of the works used commercial
systems and complemented them with the development of components allowing the adjustment of the technology
to rehabilitation processes. Development mainly involved personalized and configurable videogames that respond
to some requirements of the motor rehabilitation process, especially attending to the need to foment, increase, and
maintain the motivation of the patient in the execution of the therapy. In general, the works showed the advantages
provided by the use of active videogames in the recovery of patients, as long as they are designed and developed
with the accompaniment of physical and functional rehabilitation professionals, and that they can be used in the

patient’s environment.

The studies analyzed included videogames, as well as motion capture systems, although only 26% of these works
integrated the different components into one sole product and complemented them with a system that manages the
data of the patients for respective monitoring throughout therapy. Thus, in general, it identified that an optimal
system to support physical rehabilitation should include a motion capture system that offers precision and
portability, a module of active videogames that are configurable to the particular needs of each patient’s recovery,
which permit motivation and proper guidance in the execution of the therapies and, lastly, a computer system which
allows the management and monitoring of the rehabilitation plan assigned to each patient, attending to the

fundamental aspects of telerehabilitation.
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