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Abstract. Remote rehabilitation systems allow the supervision and monitoring of
physical exercises by therapists without the need to move, temporally and spatially,
the patients who perform them. The main advantage of this approach is the pa-
tient’s increased autonomy and flexibility to carry out rehabilitation from home, es-
pecially in situations of lock-down and movement restrictions. In order to make the
execution of repetitive exercises more dynamic and to motivate patients to perform
them from home, in recent years gamification techniques, exergames, and serious
games have been extensively used. In this context, and to increase the remote mon-
itoring capabilities of therapists, this paper proposes the use of a language for the
specification of exergames oriented to the definition, by therapists, of key perfor-
mance indicators and mobility constraints adapted to the rehabilitation process of
each patient. The sentences of this language can be processed by software, allow-
ing the automatic generation of personalised games for rehabilitation. A case study
describing an exergame for the upper limb rehabilitation of stroke patients is also
presented.
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1. Introduction

The technological tools that support rehabilitation at home aims at increasing the auton-
omy of patients when performing physical rehabilitation exercises [19]. This increase
in autonomy is a direct consequence of the elimination of temporal and spatial barriers,
traditionally linked to the face-to-face and synchronous supervision of a therapist with
respect to his/her patients [16]. This advantage is more than evident in situations such
as that which, unfortunately, occurs in the current sanitary context, where there is phys-
ical confinement in a large part of the world. Even in countries with low-and middle-
income [24], where access to clinicians capable of guiding the rehabilitation process is,
more often than not, non-existent.
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Home rehabilitation tools face the dual challenge of motivating patients to perform
inherently repetitive exercises and to ensure an adequate synchronous remote supervision
by therapists. [3].

The first challenge is not an easy one, since without the right motivation, a patient
who does not feel obliged to have a therapist by his/her side could abandon the exercise
routines if the artificial system is not capable of providing an adequate, real-time feed-
back. In this sense, in recent years a whole range of gamification techniques and seri-
ous games have been used, mainly aimed at turning an extremely repetitive task, such as
physical rehabilitation, into a playful activity [15]. In essence, the patient is being reha-
bilitated while playing or feeling immersed in a virtual world in which he or she recreates
real-world activities [11].

The second challenge brings up the need for home rehabilitation to be done in a safe
environment and, at the same time, to ensure that the patient is properly monitored by the
therapist. This supervision does not have to be synchronous. In fact, it is usually of an
asynchronous nature which maintains a one-to-many relationship between therapist and
patients. In this context, the use of metrics and indicators that the therapist can access at
all times to know the level of progression of their patients and adapt the therapy to their
dynamic and changing situation is especially relevant.

Ideally, the design and development of rehabilitation support tools should be carried
out through a co-creative approach between clinicians, patients, and developers. In this
way, in addition to involving all the agents in the rehabilitation process from its genesis,
the chances of success of the use of technology in the medical field increase consider-
ably. One of the dimensions to consider in this approach is the potential capacity of the
therapists themselves to become content generators. This capacity refers to the use of
technological tools by therapists, which are intuitive and easy to use. Also, it allows them
to design their own rehabilitation exercises in a playful context and with the possibility
of defining the metrics they will use to monitor their patients.

In this particular context, the present work proposes the use of a system capable
of automatically generating personalised therapeutic exergames for home rehabilitation
based on the design specified by the therapists themselves. A therapeutic exergame can
be understood as a game that tries to recreate, through a virtual or augmented world, a
physical exercise linked to a therapeutic treatment. Typically, some kind of device will
be needed to recognise the patient’s movements or to track his/her body parts. In our
work, we make use of Azure Kinect DK2.

The design of exergames by therapists, currently represented in a formal way by a
language devised by the authors, makes possible both the inclusion of game mechanics,
which the therapist can associate with physical rehabilitation exercises, and the defini-
tion of performance indicators, aimed at measuring the progress of each patient. The
sentences of this language are interpreted by a processing module capable of generating
exergames or therapeutic games. This proposal is framed within the concept of person-
alised rehabilitation, that is, it adopts a philosophy in which the therapist is provided with
technological tools to treat each patient individually.

The rest of the work is structured as follows. Section 2 provides a description of re-
lated work within the scope of the proposal. Then, section 3 outlines the main sentences
of the language that can be used to define exergames, discussing the most relevant char-

2https://azure.microsoft.com/en-us/services/kinect-dk/
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acteristics of the language and with a special emphasis on the specification of mobility
constraints and the use of performance indicators. Section 4 introduces a case study in
which an exergame has been generated for home rehabilitation of stroke patients. Fi-
nally, section 5 presents the conclusions obtained and outlines a series of future lines of
research.

2. Related work

In the last decade, technological advances have been incorporated into physical rehabil-
itation treatments with the aim of improving the quality of life of patients [19]. Among
the most outstanding are solutions based on motion capture devices, such as Microsoft
Kinect, whose use has led to a large number of systems employed as a complementary
tool in rehabilitation therapies [28]. In fact, their effectiveness has been clearly demon-
strated [17,6], which has meant the development of systems that provide rehabilitation
from home [26,27,9].

However, the fact that technology enables remote rehabilitation does not mean that
it is entirely effective. Taking this into account, there are several works in the literature
that choose to apply gamification techniques and serious games to the rehabilitation pro-
cess [22]. Indeed, this approach has been successfully studied in young people, adults,
and elderly, providing clear evidence of its effectiveness [2,13,10,14].

Nevertheless, in the vast majority of cases, these games are usually aimed at pa-
tients with a specific pathology [1,4]. Consequently, their application in other contexts
is limited, given that they have not been created considering patients with multiple lim-
itations [18]. In addition, misuse or poor design of these games can aggravate existing
patient injuries or even cause new ones [25]. In view of this situation, there are several
proposals that try to solve this issue from two main points: the efficient and effective
design of exergames, and the customisation and automatic generation of them.

The design of games for people with needs requires the consideration of obstacles or
barriers that prevent their development effectively, safely, and adequately. For example,
[15] proposes to design games considering the user’s profile, as well as taking care of the
quality of the game or its experience.

Similarly, [29] provides recommendations for an optimal exergame design, includ-
ing user-centred design. On the other hand, [21] presents a methodology based on four
phases focused on the creation of effective and safe exergames. Along these lines, [20]
presents a set of guidelines and best practices for the design of exergames, among which
highlight the use of daily activities such as rehabilitation exercises, games that provide
fun experiences, or even those that promote competitiveness.

On the other hand, the second research line consists in providing tools to clinicians
so that they can configure game parameters and thus reducing the cost and time in-
volved in their production. Taking this into account, the literature covers general purpose
solutions to facilitate the automatic generation of custom exergames. For example, [8]
presents a system that integrates the concept of narrative story, where experts, without
knowledge in information and communication technologies, adapt and customise train-
ing games for elderly and disabled people. In this line, [7] establishes a platform that
offers a graphic tool for professionals to create games adapted to the needs of patients.

Finally, in [12], the authors describe a cooperative environment, in which clinical
professionals record postures that are later reproduced by a 3D avatar to facilitate the
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patient the execution of rehabilitation exercises. Similarly, [5] presents an system which
analyses a video of a rehabilitation exercise, generating a grammar used to produce ani-
mations applied to a 3D avatar for guiding patients to perform rehabilitation.

2.1. Our proposal

The study of previous works has served as a basis for defining the requirements of a
home-based rehabilitation system based on exergames.

At the hardware support level, the use of a more up-to-date compact and low-cost
device is proposed (Azure Kinect DK), which facilitates the installation of the system at
home. This device allows to capture accurately patient movements, as well as saving the
information generated during a therapy thanks to a cloud storage support.

Regarding the feedback received by the patient, it is considered appropriate that this
can be immediate, by the application itself, or deferred, by the therapist. In addition to the
indicators used by most systems of this type (based on the game score or the evaluation
of the specialist), it is considered useful to include a more complete set of indicators,
based on the time of completion of the exercise, as well as on the precision and range of
movements performed.

A noteworthy and differentiating aspect of the proposal is the support to the speci-
fication and personalisation of the exercise routines, as well as the automatic generation
of the exergames, which allows the system to adapt them considering the patient needs.
This design and generation process can be carried out in the context of a co-creative
methodological proposal between the different stakeholders involved in rehabilitation
therapy.

3. Definition of personalised mobility constraints and key performance indicators

The created language for defining exergames is supported by the GL Transmission For-
mat (glTF) specification [23], which represents an open standard devised for the effi-
cient transmission and loading of 3D models and scenes into applications. glTF was the
adopted standard because it involves an extensible format regarding the management and
integration of 3D contents. With glTF, it is possible to describe scenes by means of JSON
files, which can be extended as needed. Particularly, glTF extensions provide properties,
semantics and formats to be included.

From a high-level point of view, exergames defined with this language are composed
of 3 major components: scene, actors, and gameplay.

• Scene. This component represents the different exergame views, which can be
understood as the different parts of a video game. 3 basic views are proposed
for every exergame: i) tutorial view, which aims at playing an animation of the
virtual avatar that shows how the exergame must be executed by the patient, ii)
participation view, related to the situation where the patient actually plays and
needs to reach a specific goal, and iii) results view, which provides real-time,
visual feedback to the patient.

• Actors. This element is composed of exergame items that recreate some type of
behaviour, such as those associated to 3D animations or transforms in the 3D
space to translate/rotate objects. Every exergame contains, at least, one actor: the
virtual avatar that replicates the patient’s movements.
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• Gameplay. This component refers to the actions that the patient must do to make
a repetition of the exergame. The correct execution of the game dynamics will
trigger, consequently, a sequence of actions, such as increasing the number of
performed repetitions.

In this general context, this work focuses on the definition of mobility constraints
by the therapist when performing exergames. It is quite common that, when a patient
performs rehabilitation exercises, he/she tries to compensate the lack of mobility (or
strength) in a joint with the use of other parts of his/her body. A specific example might
be using the hip to compensate for the lack of mobility when performing a shoulder
mobility exercise.

In this sense, listing 1 shows an example that contains three constraints associated
with an exergame. Thus, the component constraints is a list of elements (actually dic-
tionaries) that comprises the individual definition of each constraint. This definition is
simple, since it is only necessary to specify the joint that the patient should not move
when performing the exergame that is being defined (the component joint), along with
the level of flexibility of compliance with the constraint (the component flexibility). The
latter component contemplates the use of fuzzy logic to easily represent text labels asso-
ciated with various degrees of constraint compliance: low, medium, and high, depending
on the level of flexibility that the therapist desires to associate to each patient.

Listing 1: Example of definition that involves 3 constraints (component constraints) re-
lated to an exergame that recreates the movement shoulder abduction.

"constraints": [

{
"joint_name": "hip -centre",

"flexibility": "middle"

},
{

"joint_name": "spine",

"flexibility": "low"

},
{

"joint_name": "shoulder -centre",

"flexibility": "low"

}
]

On the other hand, another of the aspects that we mainly deal with in this article
is the definition of metrics or performance indicators, associated with the monitoring of
patients and their level of improvement as rehabilitation progresses. Listing 2 shows the
different types of indicators contemplated in the current definition of the language.

The first of these is called performance, and aims to measure how well the patient
has performed the exergame. To do this, a fuzzyfication of the discrete score obtained by
the patient is used. For example, if the obtained score is low, then the feedback visually
given to the patient in the exergame will be that of the label not bad.

The second indicator, rehabilitation time, serves to explicitly activate the measure-
ment of the time the patient has needed to perform the exergame. Typically, the execu-
tion of an exergame will involve a certain number of repetitions associated with the ex-
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ercise being modelled. In addition, this indicator allows the therapist to activate another
internal metric associated with the time spent between consecutive repetitions (element
time between repetitions). When the exergame code is automatically generated, it will
be able to perform this measurement.

Listing 2: Example of definition that involves key performance indicators.

"metrics" : [

{
"kpi" : "performance",

"score" : ["low", "average", "high"],

"labels" : ["not bad", "good", "perfect"]

},
{

"kpi" : "rehabilitation_time",

"time_between_repetitions": true

},
{

"kpi" : "mobility",

"joints" : ["shoulder -right"]

}
]

Finally, the indicator mobility is designed so that the software that runs the exergame
is able to monitor the level of mobility of a given set of joints. This set is specified by
the component joints. From an internal point of view, the maximum level of amplitude
recorded when performing an exergame (in degrees), considering one or several joints,
will be stored.

4. Case study: exergame for the upper limb rehabilitation of stroke patients

This section offers a description of an exergame generated for the physical rehabilitation,
from home, of patients affected by stroke.

4.1. Overview of the exergame definition language

The current version of the exergame definition language, previously introduced, allows
the automatic generation of the game mechanics and the associated metrics, as an exam-
ple, with respect to the exergame shown in Figure 1. This exercise is done in a virtual
gym, with the aim of making the patient feel immersed in a sporty scenario and thus
allowing him/her to abstract from the fact that he/she is actually doing the exercise in
his/her own living room. The physical exercise itself consists of the execution of a lat-
eral movement with the right arm, which is part of those routines aimed at improving
the quality of life of patients affected by hemiparesis (loss of strength and dexterity) or
hemiplegia (paralysis).

Before going deeper into the definition of mobility constraints and performance in-
dicators, the main visual characteristics of the exergame are summarised next:
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Figure 1. Visual aspect of the generated exergame. The visual feedback provided to the patient offers infor-
mation about the current exercise, i.e., how it must be performed, the number of remaining repetitions, or the
obtained scored. The interaction is carried out through voice commands.

1. The dominant interaction mechanism is voice-based in order for the patient to is-
sue voice commands. This applies in the context of the entire system, including,
for example, the exergame selection menu. At the top of the interface, a boometer
is displayed, which serves to provide visual feedback to the patient when he/she
speaks. Occasionally, stroke patients cannot use traditional interaction mecha-
nisms, such as mouse and keyboard.

2. The components on the left contain information about the execution of the ex-
ergame, including the score as a basic gamification technique.

3. On the right side, a context component is shown that contains a textual descrip-
tion of the voice commands the patient can issue. One of them is the command
demo. This command is used to play a visual animation for demonstrating the
movement a patient must perform.

4. In the central part, the virtual avatar appears, which will recreate the patient’s
movements. Currently, the Azure Kinect DK device is used to obtain the tracking
information of the patient’s joints, which includes the rotations and positions in
3D space of those directly involved in the execution of the exergame.

With respect to the constraints defined for this exergame, those specified in listing 1,
previously discussed in section 3, in relation to the exercise of shoulder abduction, apply.
Thus, it is intended that the patient exercises the recovery of mobility in the right lateral
part of his/her upper trunk, but avoiding compensation with the hip or upper trunk. Sim-
ilarly, the performance indicators defined in listing 2 are activated for the exergame that
makes up this case study.

4.2. Preliminary clinical evaluation

This exergame was presented to a group of 12 therapists of the General University Hos-
pital of Ciudad Real (Spain), with the aim of knowing its applicability in a home rehabil-
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itation context. The presentation consisted of a detailed description of the system, along
with the exergame demonstration. The experts could also ask some doubt they had. The
meeting lasted about 45 minutes. One week later, all therapists were invited to fill out
a survey, 4 of whom responded offering very valuable information in order to continue
with the project development regarding mobility constraints and performance indicators.
The content of the questionnaire can be accessed online3.

Among the results obtained from the experts’ answers we highlight the most out-
standing ones. Three of the four therapists agreed that the system would be very useful
for i) adults affected by stroke, ii) adults who require another physical rehabilitation pro-
cess, and iii) adolescents (Question 3). Interestingly, all therapists also pointed to chil-
dren as potential users, due to the playful immersion offered by the gamification ele-
ments (Question 4). Furthermore, they indicated that the system may encourage patient
autonomy and treatment adherence (Question 4).

All therapists agreed on obtaining i) the frequency with which patients perform ex-
ercises, ii) a video of the patient performing the exergame, and iii) the data generated
during the rehabilitation process (Question 6). 3 out of 4 therapists were interested in
monitoring the precision with which the exergames are performed (Question 6). The pre-
dominant response about the frequency for obtaining the patient information was weekly,
which was answered by three of the four therapists (Question 7). Generally, specialists
rated each item very positively, providing values 4 and 5 (Question 8). It is noteworthy
that three of the four therapists would use the system and recommend it to other col-
leagues (Question 8). Regarding the representation of the scene, they also valued it pos-
itively, highlighting the decorative elements (Question 9). The therapists noted that the
system i) is easy to use and understand; ii) it is designed like a video game; iii) it provides
reinforcement and motivation; and iv) the motion capture device is small (Question 10).
The weaknesses identified include those related to the appearance of the avatar and the
cost of the device (Question 11). All four specialists have indicated that they wish to be
informed of future enhancements of the system (Question 13).

Overall, the system was highly appreciated by the therapists and they showed inter-
est in its use.

5. Conclusions and future work

The work presented in this article is framed within the context of physical rehabilitation
at home, supported by a system capable of running exergames that are automatically
generated from a set of sentences specified in an exergame definition language. This
language, built on the glTF standard and supported by JSON, allows therapists (currently
with the help of developers) to define the essential aspects of a therapeutic exergame,
from the game mechanics, such as the interaction of the virtual avatar in the 3D world,
to basic aspects of gamification, such as the score or the use of virtual messages that
motivate the patient.

In this context, the particular contribution discussed in this article is the possibility
of defining mobility constraints and performance indicators, both associated with the
execution of an exergame by a patient. On the one hand, constraints make it possible to

3https://www.esi.uclm.es/www/dvallejo/WISHWell2020/Questionnaire.pdf
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explicitly establish which parts of the body a patient should not move when carrying out
rehabilitation. On the other hand, the performance indicators are aimed at monitoring
the patient’s skill in an exergame and his/her level of improvement as the rehabilitation
process progresses. The integrated language statements to model these aspects with glTF
enable automatic code generation and integration into the final executable file.

The carried out experiments are related to a case study of exergame for the rehabili-
tation of patients affected by stroke. The associated software prototype makes use of the
Azure Kinect DK device to track the patient’s skeleton, so it is not necessary to use wear-
able devices. This decision was made to promote rehabilitation at home and to increase
flexibility when a patient performs exergames. This software prototype was presented to
a group of 12 therapists from the General University Hospital of Ciudad Real (Spain),
4 of whom responded to an online survey about the proposed system. This preliminary
evaluation by clinical professionals allows us to reach positive conclusions in terms of
met clinical needs and functional capacity offered by the proposed system.

Although the results are satisfactory and promising, their validity is limited by two
factors: the very small number of specialists who have participated in the evaluation, and
the lack of participation of real patients. This is why we are in touch with the Association
of Cerebral Palsy patients of Ciudad Real (Spain), in order to perform a more complete
evaluation of the system in the near future.

Other future work is oriented towards the automatic generation of exergames that
are more related to real-world actions, particularly in people affected by a stroke, such
as the simple act of putting a cup in the mouth and leaving it on the table, placing virtual
utensils in a virtual kitchen, or simulating food shopping in a supermarket.
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