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Abstract

Purpose This study consists of a systematic review that aims to identify and evaluate the scenario of the use of serious games
in the rehabilitation of individuals with Parkinson’s disease.

Methods Web searches were conducted on Web of Science, Scopus, PubMed, Bireme, ScienceDirect, IEEE Digital Library,
ACM Digital Library, and Google Scholar databases, using the keywords “serious game” and “Parkinson”. The following
variables were evaluated: type of game, interface, device, protocol used for rehabilitation, method used for assessing the
effectiveness of the game, symptoms treated, and application in real patients. A total of 169 studies were identified and 38
were selected.

Results The majority of studies propose the development of exergames, used virtual reality as the interface technology,
used Leap Motion and Microsoft Kinect to capture body movements, included a doctor or therapist to accompany the seri-
ous games development, used more than one tool to evaluate the game and patient outcomes, treated bradykinesia and gait
impairments, and took into account experiments with patients.

Conclusion The results suggest that it is important that the solutions developed have high methodological rigor and that they
extend the instrument to a clinical practice. Serious games for individuals with Parkinson’s disease must be customizable,
simple, and smart.

Keywords Human—computer interaction - Parkinson’s disease - Rehabilitation - Serious game - Virtual reality

Introduction worldwide (Rocca 2018). PD is typically diagnosed from
a combination of motor symptoms that include bradykin-
Parkinson’s disease (PD) is the second most common neu-  esia, rigidity, tremor, and postural instability (Teive et al.

rodegenerative disease in individuals over 60 years old  2016). These symptoms cause functional limitations and
(Alves et al. 2008). Recent studies suggest that by about  dependence in the affected individual, which can lead to
2050 the number of patients with PD will be 12 million  depression and isolation. Consequently, there is a need to
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carry out research that promotes quality of life of patients
with PD, providing them with greater independence when
performing activities of daily living (Opara et al. 2012).

Despite scientific advances, PD remains incurable and
progressive and its cause is still unknown. However, it is
considered that PD should be treated, not only by reduc-
ing its symptoms but also by delaying the effects caused
through its advance. Thus, the treatment of PD is based on
the use of medications and surgical procedures, in addition
to rehabilitation through physiotherapy and occupational
therapy (Ramji et al. 2017).

On the other hand, serious games (SGs) and virtual
reality (VR) have been extensively investigated for reha-
bilitation of individuals with motor disabilities and who
suffer from a wide range of diseases (Bégel et al. 2017).
An SG can be defined as a pleasant or recreational video
game that combines serious intentions with educational,
professional, or medical purposes (i.e., purposes that are
not primarily for entertainment), capable of generating
specific knowledge or skills (Annetta 2010). An SG can
also be understood as the relationship between the experi-
mental and emotional freedom provided by the game and
the seriousness of thought required for fulfilling the goals
of the game (Mitgutsch and Alvarado 2012).

The advantages of applying SGs as motor rehabilita-
tion activities are diverse. The exercises proposed by tra-
ditional therapy programs can be tiring and repetitive, and
are only effective when these are performed on a daily and
intensive basis (Tannous et al. 2018). In contrast, the user
perceives the game-based exercise as playful fun and not
as therapy. In this way, SGs allow the patient to be more
immersed in the proposed activity, combined with a feel-
ing of joy and satisfaction, and for this reason, they are
able to strengthen patient adherence to the rehabilitation
program (Assad et al. 2011). Therefore, an SG is consid-
ered a very promising tool that can be used to improve or
train movement and cognition, generating greater patient
motivation and engagement (Bégel et al. 2017).

VR is considered as a high-end computer 3D inter-
face that involves real-time simulation and interactions,
through multiple sensorial channels (Burdea 2003; Mirel-
man et al. 2011). Virtual reality is able to provide inter-
active feedback on patient performance, while giving to
the patient a more stimulating and motivating experience
than a traditional rehabilitation session (Bruin et al. 2010).
Physical rehabilitation performed with the aid of VR has
presented a number of advantages over conventional physi-
cal rehabilitation (Holden 2005). Studies that compared
systems with VR and systems without VR for rehabili-
tation have shown, typically, that versions with VR pro-
duce better results when compared to versions without VR
(Elor et al. 2018). This occurs as this technology facilitates
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motor learning and neuroplasticity by increasing the inten-
sity of the task during guided training (Bruin et al. 2010).

More recently, a deeper interest has been noted in devel-
oping alternative methods based on SGs for evaluation
and monitoring of PD. However, the incorporation of this
type of technology into the clinical scenario needs to be
implemented more effectively. The hypothesis of this study
is that the lack of standardization in the presentation of
results and the low methodological rigor in the studies
already performed have hindered the incorporation of
these technologies into the clinical routine. As a result,
this review aims to identify and evaluate the scenario of
the use of SGs in the motor rehabilitation of people with
PD.

Materials and methods

In order to develop this study, the methodology defined in
Kitchenham (2007) was adopted, which proposes compre-
hensive guidelines for creating a systematic literature review
in software engineering.

Planning the systematic literature review.

The main research question in this study was “How have
serious games contributed towards helping to treat the symp-
toms in individuals who suffer from Parkinson’s disease?”.

The specific research questions to guide the selection of
primary studies analyzed in this review, were:

e [RQO1]—What types of games were implemented to help
in the treatment of symptoms associated with Parkinson’s
disease?

e [RQO2]—What types of technologies (virtual reality, VR;
augmented reality, AR; 3D; 2D) were identified in the
games?

¢ [RQO3]—Are the identified games currently used in con-
junction with any multimodal device? Which one(s)?

e [RQO4]—Were the identified games based on any proto-
col or treatment? Which one(s)?

e [RQO5]—Did the proposed solutions present any instru-
ment for assessing the game and monitoring the results
obtained by the patient with Parkinson’s disease? Which
one(s)?

e [RQO6]—Did the games help in the treatment of any spe-
cific symptom presented by individuals with Parkinson’s
disease? Which one(s)?

¢ [RQO7]—Did the assessment of the technologies take
into account experiments with patients?

Systematic literature review.
The main stages involved in conducting the systematic
review carried out in this study, were:

e Stage 1: Identification of keywords
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The keywords were defined based on the guiding ques-
tion of the study, namely, “Serious Game” and “Parkinson”.

e Stage 2: Definition of the search string

The search strings were assembled through the associa-
tion of keywords in English.
String: (“Serious Game” and “Parkinson’).

e Stage 3: Publication period

The searches for scientific studies were carried out
between February 2020 and February 2021. The publica-
tion period of the papers was from 2010 to 2021, i.e., over
the past 10 years.

e Stage 4: Databases

The review was performed considering papers belonging
to the following indexed databases: Web of Science, Sco-
pus, PubMed, Bireme, ScienceDirect, IEEE Digital Library,
ACM Digital Library, and Google Scholar.

e Stage 5: Selection of primary studies

For the selection of primary studies, inclusion and exclu-
sion criteria were defined, as described below:

Inclusion criteria (IC):

[ICO1]—Studies that addressed the development and/
or use of a serious game capable of assisting people in
the treatment of any symptoms caused by Parkinson’s
disease.

Exclusion criteria (EC):

[ECO1]—Studies that were not in English.
[EC02]—Studies that presented only commercial
aspects of the developed game.

[EC03]—Studies that did not answer any of the
research questions specific to this study.
[EC04]—Duplicate or redundant papers (for studies
of the same authorship or related to the same solu-
tion, only the most recent and/or most complete was
included, unless it presented some complementary
information).

[ECO5]—Studies that presented the development of
games for entertainment only.

[EC0O6]—Studies that did not have the full text avail-
able with open access.

[ECO7]—Studies that did not address the development
or use of a serious game as an aid in the treatment of
symptoms of Parkinson’s disease.

[ECO8]—Studies that did not correspond to the pub-
lication of a full article (poster, book, technical note,
patent, etc.).

The selection process of the studies included in this
review is described below:

1 After database searches for the identification of poten-
tial primary studies, those considered not relevant to the
issues under investigation were excluded. This first stage
of exclusion was accomplished by reading the titles and
keywords of the studies. The studies that were excluded
in this stage were not kept in any list. If there existed any
persisting doubts regarding inclusion or exclusion of any
study at this stage, the decision was made that it should
be maintained.

2 Successively, the abstract, introduction, and conclusion
of the selected studies in stage 1 were read, performing
a second filtering of the studies.

3 In this stage, the studies were read thoroughly to filter
those that were considered in this review.

4 Finally, data extraction and quality evaluation of the
studies were performed.

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) tool was used for identifica-
tion, selection, eligibility, and inclusion of studies. It pre-
sents preferred reporting items for systematic reviews and
meta-analysis. As an initial result of the search, 169 studies
were obtained by applying the inclusion criteria, and after
applying the exclusion criteria, this number was reduced
to 38. The systematic process for excluding papers at each
stage is represented in Figure 1.

e Stage 6: Studies quality evaluation

In addition to the inclusion and exclusion criteria, it is
also important to consider the quality of the selected papers
in a systematic literature review. This measure was obtained
following the recommendations indicated in Dyba and Ding-
sgyr (2008), which suggests the following criteria to obtain
a qualitative evaluation:

A TIs the article based on research (or is it merely a lesson
extracted based on expert opinion)?

B Is there a clear statement of the research objectives?

C Is there an adequate description of the context in which
the research was conducted?

D Was the methodology used adequate in terms of meeting
the research objectives?

E Was the participant recruitment strategy adequate for the
research objectives?

F Was there a control group for comparing the results?

@ Springer
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Fig.1 Preferred Reporting
Items for Systematic Reviews
and Meta-Analyses (PRISMA),
which shows the number of
articles in each exclusion step

Publications identified through reserach

in the databases

(N =169)

l

Publications after removing duplicates (N = 129)

l

Selected publications Exclude?d ppblicgtions, with
T — justifications
(N=93) (N=53)
Full-text articles to assess Excluded publications, with
eligibility — justifications
N =42) N=4)

Articles included
(N =38)

[ Included ] [ Elegibility ] [ Selection ] [Identiﬁcation}

G Was data collected to address the research question?

H Was the data analysis sufficiently rigorous?

I  Was the relationship between researcher and participants
considered to an appropriate degree?

J  Was there a clear statement of the results?

K What was developed in the study that can be applied in
clinical practice?

The quality criteria were scored as follows:
YES =1 point

NO = 0 point
PARTIALLY = 0.5 point

Profile of selected studies

After conducting the database searches and reading the
titles and keywords, 169 studies were selected. Of these,
after reading the abstract, introduction, and conclusion, and
applying the exclusion criteria, 38 papers were selected and
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the full texts were read in order to answer the research ques-
tions and evaluate the quality of the studies.

The majority of the studies analyzed in this review pre-
sented the development and evaluation of SGs as an aux-
iliary tool in the treatment of some symptoms caused by
PD. These symptoms included difficulties in speech (Krause
et al. 2013); gait with some disability (Imbeault-Nepton
and Otis 2014 and Silva et al. 2017); motor weakness in
the upper limbs (Fernandez-Gonzélez et al. 2019; Sanchez-
Herrera-Baeza et al. 2020) and lower limbs (Assad et al.
2011); loss of balance (Leblong et al. 2017; Pompeu et al.
2014; Silva et al. 2017, Yuan et al. 2020); impairment of
fine movements of the fingers and hands (Chen et al. 2020,
Ofia et al. 2018); cognitive problems (Andrade Ferreira et al.
2020, Silva et al. 2017, van de Weijer et al. 2019); and low
range of motion (Siegel and Smeddinck 2012).

Some studies described projects that include more than
one SG, as in Morando et al. (2017), a paper that presents
the ReMoVes platform (Remote Monitoring Validation
Engineering System) with 60 variations of available games;
and in Vieira et al. (2017), a study that applies four differ-
ent games of Nintendo Wii Sports Resort, as well as Super
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Monkey Bool®, Wii Play®, Deca Sports®, and Sports
Resort® games. Consequently, several of the above-men-
tioned problems are evaluated. On the other hand, although
the study presented in Pachoulakis and Papadopoulos (2016)
proposes the application of only one game, its objective is
based on rehabilitation of the upper and lower limbs at the
same time, while the study developed by Saenz-De-urturi
et al. (2014) deals with physical and mental rehabilitation.
The other papers, in general, explore only the treatment of
one symptom.

Some papers addressed specifically the development of
one SG. These studies pointed out development guidelines
(Paraskevopoulos et al. 2014), design elements (Dias et al.
2018), and framework (Foletto et al. 2017) for creating SGs
that assist in the rehabilitation process of individuals with
PD.

Other themes explored by the analyzed studies were anal-
ysis of commercial music/rhythmic games in order to evalu-
ate adjustments for training purposes (Bégel et al. 2017);
evaluation of a music-based SG for rehabilitation of rhyth-
mic abilities (Dauvergne et al. 2018); comparison between
technological approaches of two projects belonging to the
largest research and innovation program in the European
Union (Solachidis et al. 2018); development and evaluation
of the relationship between therapist and patient (Palacios-
Navarro et al. 2014); evaluation of motor functions (Ofa
et al. 2019); evaluation of patients to measure the degree of
motor dysfunction suffered (Van Der Meulen et al. 2016);
systematic review to gather and critically analyze recent evi-
dence on the potential for exergames (games commanded
by body movements, such as exercise) for PD rehabilitation
(Garcia-Agundez et al. 2019); systematic review on the use
of vision-based SGs and VR systems in motor rehabilitation
programs (Ayed et al. 2019); proposal of a fully immersive
SG system to provide an interactive virtual environment in

Fig.2 Quantity of studies
included in each year, ranging
from 2011 to 2021

Quantity of Studies

2
1 1 I

2011 2012 2013

rehabilitation process (Avola et al. 2018); proposal of a new
classification for SGs used in health (Wattanasoontorn et al.
2013); and mapping the use of SGs for neuropsychological
evaluation (Valladares-Rodriguez et al. 2016).

Finally, there were studies not aimed directly at individu-
als with PD; however, the symptoms addressed in these stud-
ies affect also individuals with PD (Cai et al. 2021; Da Silva
et al. 2017; Elor et al. 2018; Noveletto et al. 2018; Robert
et al. 2020; Shah et al. 2019). Thus, several studies address
the use of SGs as an aid in the treatment of individuals with
PD.

Figure 2 shows the number of published studies, which
were included in this review. The majority of studies encoun-
tered were published between 2017 and 2020 (approximately
68.42%). This suggests a current and growing interest in
research related to the development and/or use of SGs to
assist in the treatment of people with PD.

Furthermore, Fig. 3 presents the distribution of studies
found in the databases. The studies selected from the Web of
Science database were all excluded by the exclusion criteria
EC04; i.e., they were duplicated in other databases.

Results

Classification of studies regarding specific research
questions

Each study was evaluated by the seven different defined
research questions. For each one, a table listing the char-
acteristic addressed by the question and the study reference
was created. Papers included in the study but do not appear
in the tables indicate that these did not present or use that
specific characteristic or that they were not mentioned in
the study.

8
7
6
5

4

3

I 1
2014 2016 2017 2018 2019 2020 2021

Year

@ Springer



854

Research on Biomedical Engineering (2021) 37:849-865

Fig.3 Distribution of studies by Science

database

Bireme;
2,63%

Scopus;
34,21%

RQ01—What types of games were implemented
to help in the treatment of Parkinson’s disease
symptoms?

The authors of the analyzed studies, generally speaking, did
not classify the developed games. They only described the
mechanics of the game. Thus, through this information, the
games were classified, as shown in Table 1.

Table 1 shows that some studies are classified in more
than one type of game. This fact occurs as the developed

Table 1 Types of games implemented

Direct; 7,89%

ACM Digital
Library;
18,42%

IEEE Digital
Library;
10,53%

Pubmed;
21,05%

/

game presents phases, levels, or approaches that fit in
more than one classification. There is, for example, the
study (Assad et al. 2011), which is classified as exer-
game, musical/rhythmic, and memory. The study by Silva
et al. (2017) is classified as exergame and reasoning;
the study by Ferndndez-Gonzalez et al. (2019) memory,
simulation, and reasoning games; the study by Sanchez-
Herrera-Baeza et al. (2020) simulation, reasoning, and
haptic games; the study by Yuan et al. (2020) exergame
and balance; the study by van de Weijer et al. (2019)

Type of game Study

Exergame (Avola et al. 2018); (Assad et al. 2011); (Cai et al. 2021); (Chen et al. 2020); (Dias et al. 2018); (Elor et al. 2018); (Foletto
et al. 2017); (Leblong et al. 2017); (Morando et al. 2017); (Oiia et al. 2018); (Oiia et al. 2019); (Pachoulakis and Papado-
poulos 2016); (Paraskevopoulos et al. 2014); (Pompeu et al. 2014); (Saenz-De-urturi et al. 2014); (Siegel and Smeddinck
2012); (Silva et al. 2017); (Van Der Meulen et al. 2016); (Vieira et al. 2017); (Yuan et al. 2020)

Musical/rhythmic (Assad et al. 2011); (Bégel et al. 2017); (Dauvergne et al. 2018); (Krause et al. 2013); (Shah et al. 2019)

Memory (Assad et al. 2011); (Fernandez-Gonzalez et al. 2019); (Ona et al. 2018); (Palacios-Navarro et al. 2014); (Robert et al. 2020);
(Séenz-De-urturi et al. 2014); (van de Weijer et al. 2019)

Simulation (Andrade Ferreira et al. 2020); (Da Silva et al. 2017); (Fernandez-Gonzalez et al. 2019); (Sanchez-Herrera-Baeza et al.
2020); (van de Weijer et al. 2019)

Reasoning (Fernandez-Gonzalez et al. 2019); (Palacios-Navarro et al. 2014); (Sanchez-Herrera-Baeza et al. 2020); (Silva et al. 2017);
(Vieira et al. 2017)

Haptic (Sanchez-Herrera-Baeza et al. 2020)

Balance (Noveletto et al. 2018); (Yuan et al. 2020)

Race (van de Weijer et al. 2019)

@ Springer
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memory, simulation, and race; the study by Vieira et al.
(2017) exergame and reasoning; the study by Sdenz-De-
urturi et al. (2014) exergame and memory; and finally,
the study by Palacios-Navarro et al. (2014) memory and
reasoning.

On the other hand, the studies presented in Solachidis
et al. (2018), Garcia-Agundez et al. (2019), Ayed et al.
(2019), Wattanasoontorn et al. (2013), and Valladares-
Rodriguez et al. (2016) did not address the development
of a game or did not present sufficient information about
the games, and therefore, it is not possible to classify
these as to the type of game implemented.

RQ02—What types of technologies (virtual reality,
VR; augmented reality, AR; 3D; 2D) were identified
in the games?

Table 2 presents the interfaces used in the games included
in this review.

The studies Bégel et al. (2017), Imbeault-Nepton and Otis
(2014), Leblong et al. (2017), Dauvergne et al. (2018), Sola-
chidis et al. (2018), Garcia-Agundez et al. (2019), Wattanaso-
ontorn et al. (2013), and Valladares-Rodriguez et al. (2016) did
not present the development of an SG. Although the study in
Solachidis et al. (2018) also did not approach the development
of an SG, it does appear in Table 2 classified as VR, since this
study presents a literature review concerning the use of SGs
that use VR.

RQ03—Are the identified games currently used
in conjunction with any multimodal device? Which
one(s)?

The studies used several multimodal devices, as shown in
Table 3.

Some studies are present in more than one row of the
table, as these studies used more than one device. For
example, in Sdnchez-Herrera-Baeza et al. (2020) and
Ofia et al. (2019), Leap Motion and Oculus Rift were
used. In Andrade Ferreira et al. (2020), Leap Motion and
HMD; in Morando et al. (2017), Leap Motion, Microsoft

Table 2 Interfaces used in games

Kinect, Microsoft Band, and Nintendo Wii; in Vieira
et al. 2017), Nintendo Wii and inertial sensors; in Sola-
chidis et al. 2018), Microsoft Kinect, RGB 360 cameras,
smart bracelets, binary sensors, and WSN sensors; in
Van Der Meulen et al. (2016), RGB 360 cameras and
optical see-through head-mounted display (OST-HMD)
with haptic controller; and, finally, in Avola et al. (2018),
Leap Motion, Microsoft Kinect, and HMD.

Other studies used only traditional devices, such as
notebook and projector (Krause et al. 2013) (Robert et al.
2020); tablet (Dauvergne et al. 2018) (Palacios-Navarro
et al. 2014); and mouse and keyboard (van de Weijer
et al. 2019). Alternatively, in some studies, specific
devices were created, such as in Imbeault-Nepton and
Otis (2014), Da Silva et al. (2017), and Noveletto et al.
(2018). The studies Leblong et al. (2017) and Dias et al.
(2018) did not mention the multimodal devices used.
Finally, all studies that performed a systematic review
of literature (Bégel et al. 2017, Garcia-Agundez et al.
2019, Ayed et al. 2019, Wattanasoontorn et al. 2013, and
Valladares-Rodriguez et al. 2016) did not report or use
multimodal devices.

RQ04—Were the identified games based on any
protocol or treatment? Which one(s)?

Table 4 presents the treatment protocols used in the
studies.

A number of studies, although not reporting the use
of a protocol, stated that the exercises proposed by the
games were recommended/accompanied by doctors/
therapists (Morando et al. 2017, Sdenz-De-urturi et al.
2014, Foletto et al. 2017, and Avola et al. 2018). More-
over, the studies by Fernidndez-Gonzilez et al. (2019),
Sanchez-Herrera-Baeza et al. (2020), Ofa et al. (2018),
Chen et al. (2020), Robert et al. (2020), and Cai et al.
(2021) reported that the games tried to imitate exer-
cises included in traditional physiotherapy, such as palm
grip, finger flexion and extension, hand supination and
pronation, and gait exercises. The other studies did not

Type of Study

interface

2D (Assad et al. 2011); (Dias et al. 2018); (Foletto et al. 2017); (Krause et al. 2013); (Noveletto et al. 2018); (Palacios-Navarro et al.
2014); (Shah et al. 2019); (Siegel and Smeddinck 2012); (van de Weijer et al. 2019)

3D (Da Silva et al. 2017); (Pachoulakis and Papadopoulos 2016); (Pompeu et al. 2014); (Robert et al. 2020); (Yuan et al. 2020)

VR (Avola et al. 2018); (Ayed et al. 2019); (Cai et al. 2021); (Chen et al. 2020); (Elor et al. 2018); (Fernandez-Gonzalez et al. 2019);
(Morando et al. 2017); (Oiia et al. 2018); (Ona et al. 2019); (Paraskevopoulos et al. 2014); (Saenz-De-urturi et al. 2014);
(Sanchez-Herrera-Baeza et al. 2020); (Silva et al. 2017); (Vieira et al. 2017)

AR (Andrade Ferreira et al. 2020); (Van Der Meulen et al. 2016)
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Table 3 Multimodal devices used by games

Multimodal devices

Study

Leap Motion

Microsoft Kinect

Microsoft Band
Nintendo Wii
RGB 360 cameras
Smart bracelet
Binary sensors
Inertial sensors
WSN sensors
HTC Vive

Optical see-through head-mounted display (OST-HMD)
with haptic controller

Oculus Rift
Sony PlayStation Eye camera
Traditional devices (notebook, tablet, mouse and keyboard)

HMD

XaviX (dance mat)

(Andrade Ferreira et al. 2020); (Avola et al. 2018); (Fernandez-Gonzélez et al.
2019); (Foletto et al. 2017); (Morando et al. 2017); (Oiia et al. 2018); (Oia et al.
2019); (Sanchez-Herrera-Baeza et al. 2020); (Shah et al. 2019)

(Avola et al. 2018); (Morando et al. 2017); (Pachoulakis and Papadopoulos 2016);
(Pompeu et al. 2014); (Saenz-De-urturi et al. 2014); (Siegel and Smeddinck
2012); (Silva et al. 2017); (Solachidis et al. 2018)

(Morando et al. 2017)

(Morando et al. 2017); (Paraskevopoulos et al. 2014); (Vieira et al. 2017)
(Solachidis et al. 2018); (Van Der Meulen et al. 2016)

(Solachidis et al. 2018)

(Solachidis et al. 2018)

(Noveletto et al. 2018); (Vieira et al. 2017)

(Da Silva et al. 2017); (Imbeault-Nepton and Otis 2014); (Solachidis et al. 2018)
(Elor et al. 2018)

(Van Der Meulen et al. 2016)

(Ona et al. 2019); (Sanchez-Herrera-Baeza et al. 2020)
(Assad et al. 2011)

(Dauvergne et al. 2018); (Krause et al. 2013); (Palacios-Navarro et al. 2014);
(Robert et al. 2020); (van de Weijer et al. 2019)

(Andrade Ferreira et al. 2020); (Avola et al. 2018); (Cai et al. 2021); (Chen et al.
2020)

(Yuan et al. 2020)

Table 4 Protocols used by games

Protocol

Study

Exercises based on traditional physiotherapy tasks

Logopedic therapy

Multidirectional and target-directed stepping tasks
Training of daily activities

Modified constraint-induced therapy (mCIT)

Guide for exercise and Parkinson’s disease by the PD Society of UK

Box and Blocks Test (BBT)
Train BIG to move faster
Rhythmic training via rhythmic auditory stimulation

(Cai et al. 2021); (Chen et al. 2020); (Fernandez-Gonzalez et al.
2019); (Ona et al. 2018); (Robert et al. 2020); (Sanchez-Herrera-
Baeza et al. 2020)

(Krause et al. 2013)

(Yuan et al. 2020)

(Andrade Ferreira et al. 2020); (Da Silva et al. 2017)
(Elor et al. 2018)

(Paraskevopoulos et al. 2014)

(Ona et al. 2019)

(Pachoulakis and Papadopoulos 2016)

(Dauvergne et al. 2018)

mention whether the games were based on any protocol

or treatment.

Several studies are noted as presenting more than one
instrument for assessment and monitoring. This fact is
quite coherent, as the assessment instrument refers to

RQ05—Did the proposed solutions present any
instrument for assessing the game and monitoring
the results obtained by the patient with Parkinson’s
disease? Which one(s)?

Table 5 shows the instruments for evaluating games and
monitoring patients used in the studies.

@ Springer

the game itself developed/applied, while the monitor-
ing instrument refers to the assessment of clinical and
psychological/psychosocial aspects of patients. The
other studies did not provide information on the use of
an instrument for assessing the game and monitoring the
results obtained by the patient.
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Table 5 Instruments for evaluation and monitoring

Instrument

Study

Game Experience Questionnaire (GEQ)
VHI: 10 (Voice Handicap Index: 10)
Observation of occupational therapists

Recording of patients playing
Mini-Mental State Examination (MMSE)
Time Up and Go Test (TUG)

10-Meter Walk Test (10WT)
6-Minute Walk test
Berg Balance Scale (BBS)

Short-Form Health Survey (SF-36)
Multi-Directional Reach Test (MDRT)
Maximum Step Length (MSL) test
Modified Falls Efficacy Scale (MFES)
Nottingham Health Profile (NHP)
Jamar® hydraulic hand dynamometer

Task Load Index (TLX)
System Usability Scale (SUS)

Box and Blocks Test (BBT)
Purdue Pegboard Test (PPT)

Client Satisfaction Questionnaire (CSQ-8)

Action Research Arm Test (ARAT)

Unified Parkinson's Disease Rating Scale (UPDRS)
Suitability Evaluation Questionnaire (SEQ)

Battery for the Assessment of Auditory Sensorimotor and Timing

Abilities (BAASTA)
Montreal Cognitive Assessment (MoCA)
Parkinson's Disease Questionnaire 39 (PDQ-39)
9 hole peg test

Test d'Evaluation des Membres Supérieurs de Personnes Agées

(TEMPA)
Functional Gait Assessment (FGA)
Dynamic Gait Index (DGI)

Mini Balance Evaluation Systems Test (Mini-BESTest)

Five times Sit-to-Stand Test (SST)

Informant Questionnaire on Cognitive Decline in the Elderly

(IQCODE)
Free and Cued Selective Reminding Test
Trial Making Test A (TMT A)
Stroop test
Digit Symbol Substitution Test (DSST)
Frontal Assessment Battery (FAB)
Neuropsychiatric Inventory (NPI)
Apathy Inventory (Al clinician version)
Muscle Strength Grading standard (MMT)

(Assad et al. 2011); (Krause et al. 2013); (Van Der Meulen et al. 2016)
(Krause et al. 2013)
(Andrade Ferreira et al. 2020); (Chen et al. 2020); (Da Silva et al. 2017)

(Andrade Ferreira et al. 2020); (Elor et al. 2018); (Sdenz-De-urturi et al.
2014); (Siegel and Smeddinck 2012)

(Andrade Ferreira et al. 2020); (Robert et al. 2020); (Saenz-De-urturi
et al. 2014)

(Cai et al. 2021); (Leblong et al. 2017); (Noveletto et al. 2018);
(Imbeault-Nepton and Otis 2014)

(Leblong et al. 2017); (Silva et al. 2017)
(Leblong et al. 2017)

(Imbeault-Nepton and Otis 2014); (Noveletto et al. 2018); (Yuan et al.
2020)

(Yuan et al. 2020)
(Yuan et al. 2020)
(Yuan et al. 2020)
(Yuan et al. 2020)
(Noveletto et al. 2018)

(Fernandez-Gonzalez et al. 2019); (Oiia et al. 2018); (Sanchez-Herrera-
Baeza et al. 2020)

(Van Der Meulen et al. 2016)

(Assad et al. 2011); (Avola et al. 2018); (Chen et al. 2020); (Van Der
Meulen et al. 2016)

(Fernandez-Gonzalez et al. 2019); (Oiia et al. 2018); (Ofia et al. 2019);
(Sanchez-Herrera-Baeza et al. 2020)

(Fernandez-Gonzalez et al. 2019); (Oiia et al. 2018); (Sanchez-Herrera-
Baeza et al. 2020)

(Fernandez-Gonzalez et al. 2019); (Sanchez-Herrera-Baeza et al. 2020)
(Sanchez-Herrera-Baeza et al. 2020)

(Dauvergne et al. 2018); (Vieira et al. 2017)

(Dauvergne et al. 2018)

(Dauvergne et al. 2018)

(Dauvergne et al. 2018); (Silva et al. 2017)

(Dauvergne et al. 2018); (Silva et al. 2017); (Vieira et al. 2017)
(Fernandez-Gonzalez et al. 2019); (Vieira et al. 2017)

(Vieira et al. 2017)

(Silva et al. 2017)
(Silva et al. 2017)
(Silva et al. 2017)
(Silva et al. 2017)
(Robert et al. 2020)

(Robert et al. 2020)
(Robert et al. 2020)
(Robert et al. 2020)
(Robert et al. 2020)
(Robert et al. 2020)
(Robert et al. 2020)
(Robert et al. 2020)
(Cai et al. 2021)
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Table 5 (continued)

Instrument Study

Fugl-Meyer Assessment (FMA)
Motor Assessment Scale (MAS)
Barthel Index (BI)

Parameters of gait kinematics

(Cai et al. 2021)
(Cai et al. 2021)
(Cai et al. 2021)
(Cai et al. 2021)

RQ06—Did the games help in the treatment
of any specific symptom presented by individuals
with Parkinson’s disease? Which one(s)?

Table 6 presents symptoms that affect people with PD,
which the SGs helped to treat in the studies identified.

Some of the studies propose the treating of more than
one symptom of PD using an SG, such as in Imbeault-
Nepton and Otis (2014), which addresses symptoms
associated with bradykinesia and gait impairments; in
Silva et al. (2017), postural instability, gait impairments,
and cognitive impairments; in Ferndndez-Gonzélez et al.
(2019) and Sanchez-Herrera-Baeza et al. (2020), brad-
ykinesia and rigidity; in Leblong et al. (2017), Yuan et al.
(2020) and Solachidis et al. (2018), postural instability
and gait impairments; in Pompeu et al. (2014), postural
instability and cognitive impairments; in Chen et al.
(2020), bradykinesia, rest tremor, and rigidity; in Pach-
oulakis and Papadopoulos (2016), bradykinesia, postural
instability, and gait impairments; in Sdenz-De-urturi
et al. (2014), bradykinesia and cognitive impairments;
and in Valladares-Rodriguez et al. (2016), cognitive
impairments and visuospatial disability. The other stud-
ies did not specify which symptom the game was aimed
at treating.

Table 6 Symptoms treated by games

RQO07—Did the assessment of the technologies take
into account experiments with patients?

Table 7 shows the studies that carried out experiments with
real patients.

Qualitative evaluation

Table 8 shows the results of the qualitative evaluation over
the selected studies, described in Stage 6 of “Systematic
literature review” section. The “total” column refers to the
sum of the scores for the evaluated items in each study, and
the “total” row refers to the sum of scores over all studies
for each evaluated item.

Principal component analysis (Abdi and Williams 2010)
was employed for the identification of the variables which
produced large variability in the data and for the visualiza-
tion of the distance between observations, i.e., the studies in
Table 8, on a lower-dimensional space. The R Package for
Multivariate Analysis (L€ et al. 2008) was employed for data
analysis and visualization. The variables were not standard-
ized because their values are in the same ordinal scale. In
addition, the standard deviation of variables A, B, and C is
zero; hence, it is not possible to standardize them.

The scree plot shown in Fig. 4A depicts the percentage
of explained variance by each principal component (i.e.,

Symptom Study

Bradykinesia

(Ayed et al. 2019); (Chen et al. 2020); (Fernandez-Gonzélez et al. 2019); (Foletto et al. 2017); (Imbeault-Nepton and

Otis 2014); (Krause et al. 2013); (Ona et al. 2018); (Pachoulakis and Papadopoulos 2016); (Saenz-De-urturi et al.
2014); (Sanchez-Herrera-Baeza et al. 2020); (Shah et al. 2019); (Siegel and Smeddinck 2012); (Van Der Meulen et al.

2016)

Postural instability
2018); (Yuan et al. 2020)

Gait impairments

(Leblong et al. 2017); (Pachoulakis and Papadopoulos 2016); (Pompeu et al. 2014); (Silva et al. 2017); (Solachidis et al.

(Cai et al. 2021); (Dauvergne et al. 2018); (Imbeault-Nepton and Otis 2014); (Leblong et al. 2017); (Pachoulakis and

Papadopoulos 2016); (Silva et al. 2017); (Solachidis et al. 2018); (Yuan et al. 2020)

Rest tremor
Rigidity
Baeza et al. 2020)

(Chen et al. 2020); (Morando et al. 2017); (Vieira et al. 2017)
(Chen et al. 2020); (Elor et al. 2018); (Fernandez-Gonzalez et al. 2019); (Noveletto et al. 2018); (Sanchez-Herrera-

Cognitive impairments (Andrade Ferreira et al. 2020) (Pompeu et al. 2014); (Robert et al. 2020); (Saenz-De-urturi et al. 2014); (Silva et al.
2017); (Valladares-Rodriguez et al. 2016); (van de Weijer et al. 2019)

Visuospatial disability (Valladares-Rodriguez et al. 2016)
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Table 7 Experiments with

tent Experiments with patients
patients

Study

Yes

No/not informed

(Andrade Ferreira et al. 2020); (Assad et al.
2011); (Avola et al. 2018); (Cai et al. 2021);
(Chen et al. 2020); (Da Silva et al. 2017);
(Dauvergne et al. 2018); (Elor et al. 2018);
(Fernandez-Gonzalez et al. 2019); (Foletto
et al. 2017); (Imbeault-Nepton and Otis 2014);
(Krause et al. 2013); (Leblong et al. 2017);
(Morando et al. 2017); (Noveletto et al. 2018);
(Otia et al. 2018); (Ona et al. 2019); (Palacios-
Navarro et al. 2014); (Paraskevopoulos et al.
2014); (Pompeu et al. 2014); (Robert et al.
2020); (Sanchez-Herrera-Baeza et al. 2020);
(Saenz-De-urturi et al. 2014); (Shah et al.
2019); (Siegel and Smeddinck 2012); (Silva
et al. 2017); (van de Weijer et al. 2019); (Van
Der Meulen et al. 2016); (Vieira et al. 2017);
(Yuan et al. 2020)

(Ayed et al. 2019); (Bégel et al. 2017); (Dias
et al. 2018); (Garcia-Agundez et al. 2019);
(Pachoulakis and Papadopoulos 2016); (Sola-
chidis et al. 2018); (Valladares-Rodriguez
et al. 2016); (Wattanasoontorn et al. 2013)

dimension). Most of data variability was captured by the
first (39.9%) and second (22.8%) components. The contribu-
tions of variables to each principal component are presented
in Fig. 4B. The larger the diameter of the circles, the more
variability of the variable is represented by the component.
The squared cosine (Cos2) shows the importance of a com-
ponent to a variable (Abdi and Williams 2010). Figure 4C
presents the cumulative importance of the first and second
components to each variable.

The PCA-biplot is presented in Fig. 4D. It is a scatter plot
showing the projections of the observations (i.e., studies in
Table 8) onto the coordinates of the components that cap-
tured largest variability of the data. The original variables
are shown in this plot as vectors. The PCA-biplot allows
for the visualization of the spread of observations and the
distance between data points.

Discussion

This section presents a discussion of the results obtained
from this study, which will be guided and separated accord-
ing to the addressed research questions.

Table 1 shows the types of games developed by the
studies analyzed. The majority (52.63%) of the studies
propose the development and/or use of games that pro-
mote the physical movement in the players (exergames).
Keeping in mind information regarding the research ques-
tions RQO03 and RQO6 (Table 3 and Table 6, respectively),
one is able to build a relationship between the type of
exergame with Kinect, Nintendo Wii, and Leap Motion

devices and the symptoms bradykinesia, postural instabil-
ity, gait impairments, and rest tremor. The availability of
devices capable of capturing body movements combined
with physical problems caused by PD may be factors that
contribute to the preference in developing games classified
as exergames.

According to Koster (2013), games have the ability to
exercise the brain, and as more patterns are learned, more
novel approaches are needed to make a game attractive.
Inevitably, at some point, a game can become boring and
disposable. When this happens, it is necessary to change
over to another game, highlighting the importance of hav-
ing different games to treat a particular symptom. In this
sense, by crossing the information presented in Table 1 and
Table 6, one notes that by considering the type of game
exergame, six studies were found that used different games
for the treatment of the same symptom—bradykinesia. Thus,
there is a need to have a wide variety of games with differ-
ent characteristics and properties (scenarios, narratives, and
mechanics) to support people with PD, when the desire or
interest in a game is lost or diminished.

It is extremely important that games be developed con-
sidering some aspects related to the patients who will use
them. Individuals affected by PD are, in general, elderly
people. Thus, elderly people are known to be patients that
are attracted by casual games that represent life experiences
and not to complex games with adventure and science fiction
themes. Therefore, games based on themes such as country
life and nature tend to be better accepted by these individu-
als, increasing the efficiency the game possesses in treating
symptoms (Foletto et al. 2017).
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Table 8 Qualitative evaluation Study (reference)

Items for qualitative evaluation

results
A B C D E F G H 1 J L Total

[6] 1 1 1 1 0 0 0.5 0 0 05 O 5.0
[10] 1 1 1 1 0.5 0 05 05 O 1 0.5 7.0
[15] 1 1 1 1 05 0 1 1 0 1 1 8.5
[18] 1 1 1 1 05 0 1 1 0 1 0.5 8.0
[19] 1 1 1 1 05 0 1 1 0.5 1 0.5 8.5
[20] 1 1 1 1 1 1 1 0.5 1 05 05 9.5
[21] 1 1 1 1 0.5 1 1 0.5 1 1 0.5 9.5
[22] 1 1 1 1 0.5 0 1 1 1 1 0.5 9.0
[23] 1 1 1 1 1 0 05 05 05 05 0.5 7.5
[24] 1 1 1 1 05 05 05 O 1 0.5 1 8.0
[25] 1 1 1 1 0.5 1 1 1 0.5 1 1 10.0
[26] 1 1 1 1 1 0 1 1 0 1 0.5 8.5
[27] 1 1 1 0.5 05 0 1 0.5 1 05 05 7.5
[28] 1 1 1 05 05 0 1 0 0 1 1 7.0
[29] 1 1 1 05 05 0 0.5 0.5 1 05 05 7.0
[30] 1 1 1 1 0.5 0 05 05 0 0.5 0 6.0
[31] 1 1 1 0.5 1 0 0.5 1 0 0.5 0.5 7.0
[32] 1 1 1 1 0.5 1 05 05 1 1 1 9.5
[33] 1 1 1 1 0 0 0 0 0 05 05 5.0
[34] 1 1 1 1 05 0 1 1 0 1 0.5 8.0
[35] 1 1 1 1 1 0 0.5 05 0 1 0.5 7.5
[36] 1 1 1 05 05 0 0.5 1 0 05 05 6.5
[37] 1 1 1 1 0.5 0 1 1 0 1 0.5 8.0
[38] 1 1 1 1 05 O 1 0.5 0 0.5 0.5 7.0
[39] 1 1 1 0.5 0 0 1 0.5 0 05 05 6.0
[40] 1 1 1 0.5 05 0 05 0 0 0 0 4.5
[41] 1 1 1 1 1 0 1 1 0 05 05 8.0
[42] 1 1 1 05 05 0 0.5 1 0 1 0.5 7.0
[43] 1 1 1 1 0 0 1 1 0 1 0 7.0
[44] 1 1 1 1 0.5 0 1 05 O 1 1 8.0
[45] 1 1 1 1 0.5 1 1 1 1 0.5 0.5 9.5
[46] 1 1 1 1 1 05 05 0.5 0.5 1 1 9.0
[47] 1 1 1 1 05 05 0.5 05 1 0.5 1 8.5
[48] 1 1 1 0.5 05 O 05 0 0 0.5 0.5 5.5
[49] 1 1 1 1 1 0.5 1 1 0 1 0.5 9.0
[50] 1 1 1 1 0.5 1 1 1 1 1 0.5 10.0
[51] 1 1 1 05 05 05 05 1 1 1 1 9.0
[52] 1 1 1 1 0.5 1 1 1 1 1 1 10.5
Total 33 38 38 33 21 95 29 25 14 29 22

In addition, games should be created specifically for
people with PD, and it is very important to keep in mind
the variations in cognitive and motor ability of the patient
(Vieira et al. 2017). According to Mendes et al. (2012),
depending on the demands of the game, people with PD
show deficits compared to healthy elderly people. Thus,
these games should not be difficult or complex but rather
present achievable challenges to the players.

@ Springer

Another important factor related to SGs for rehabilitation
is the need to adapt and customize these to align with the
demands of the target group (Baranyi et al. 2013). The lack
of customization and the need of engagement for sustainable
use are some of the main issues existing in health-oriented
SGs. Different personalities are attracted to different games,
and not only because of a particularly attractive problem for
the brain (Elor et al. 2018, Foletto et al. 2017). Therefore, it
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is necessary to encourage the creation and availability of as
many games as possible, in order to increase the number of
people who can benefit from using the games.

Table 2 shows that studies which used VR are more
numerous (36.84%) compared to other interface technolo-
gies; this is certainly due to the positive potential demon-
strated in using virtual technologies that keep the player
immersed and engaged in healthy activities (Elor et al.
2018, Vieira et al. 2017, and Foletto et al. 2017). According
to Vieira et al. (2017), virtual reality increases the focus
on tasks and requires cognitive interaction of the patient,
thus contributing to the achievement of therapeutic benefits.
The authors believe that with VR being an instrument that
includes visual, auditory and tactile feedback, it is able to
meet the demands of patients with PD and can be added
to neurorehabilitation (Vieira et al. 2017). Accordingly,

(Dim 1) and 2 (Dim 2). (D) PCA-biplot depicting the projection of
data points onto the lower two-dimensional space originated by Dim
1 and Dim 2. The vectors (i.e., arrows) show the representation of
each variable in this space

physiotherapy based on VR is important for exploring not
only the motor skills of these patients but also cognitive
skills, facilitating repetition and motor learning. Moreover,
both VR and AR are seen as able to create new scenarios,
narratives, and mechanics for existing games. This reutiliza-
tion can decrease the time needed to make a game available,
compared to the time spent developing a new game from its
initial stages.

However, some negative factors may have contributed to
23.68% of the studies (a considerable proportion) present-
ing 2D interface technology complications, such as many
patients suffering from dizziness, headaches, mental confu-
sion, and nausea when using virtual games with immersive
characteristics (Mitrousia and Giotakos 2016); the prioritiza-
tion of the exercise to be performed rather than the technol-
ogy used; the lack of technical knowledge for using VR or
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AR; and greater simplicity in developing 2D games com-
pared to games with virtual interfaces.

Table 3 shows different devices and sensors that can be
used to capture body movements in SGs for rehabilitation,
especially Leap Motion and Microsoft Kinect. The physical
impairment caused by PD can prevent people from being
able to handle traditional game controls, contributing to the
preference for alternative types of input devices when imple-
menting games. As discussed in RQO1, this preference may
be related to the majority of games classified as exergames
in this study.

Furthermore, there is an observed tendency for using tra-
ditional devices that already exist, in other words, devices
that were not created considering the limitations of people
who have PD. One of the factors that may explain this choice
is a decrease in costs. However, affected individuals have
severe limitations, especially in more advanced stages of the
disease; therefore, the development of devices that improve
player experience, while observing their limitations, can
contribute to a better acceptance, as well as better results
when using games. Only three of all the studied papers
(Imbeault-Nepton and Otis 2014, Da Silva et al. 2017, and
Noveletto et al. 2018) mentioned the creation of specific and
adapted devices for individuals with PD.

The presence of a doctor or therapist accompanying the
SGs’ development process, as well as its use, is confirmed
in most of studies included in this review. In contrast, the
development of a game based on a rehabilitation protocol for
people with PD was identified in only 15 studies (39.47%),
as shown in Table 4. The use of a formal rehabilitation pro-
tocol can contribute positively towards evaluating and moni-
toring the results obtained by an SG in the treatment of PD
Ssymptoms.

The evaluation of the game and the monitoring of results
obtained by patients are important for validating the effi-
ciency of the developed solution. Some studies evaluate
the usability and game experience, characteristics used to
qualify and measure aspects related to games. However, the
player can evaluate the game well, but not present a relative
gain in the rehabilitation process; that is, the player does not
present satisfactory results in the treatment of some specific
symptom. For this reason, importance is also given to the
use of instruments when evaluating the results obtained by
patients, thus creating the possibility of verifying whether
the game was effective in treating a certain symptom. As
illustrated in Table 5, a wide variety of specific tools was
identified in the studies used to evaluate patient outcomes,
regarding treatment of a given symptom.

Table 6 presents the symptoms resulting from PD
addressed in the included papers. The solutions used for
physical rehabilitation are more numerous when compared
to cognitive rehabilitation, and the two most commonly
treated symptoms found in the studies were bradykinesia
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and gait impairments. In addition, despite a wide variety
of symptoms addressed in these papers, there is a lack of
solutions developed that treat more than one symptom, in
fact only 12 studies treated two or more symptoms with
the use of games. Among all the studies presented in this
review, only the research described in Sdenz-De-urturi
et al. (2014) concluded that, although the symptom (cog-
nitive impairments) did not evolve, there was no improve-
ment in its treatment using SG.

Although most studies performed experiments on real
patients (78.95%), one notes that, due to a small number
of participants, a short follow-up time and even a lack of
experimental methodological rigidity, the authors of the
studies did not provide any specification as to the results
obtained (they described only preliminary results). As
such, they only pointed out that they achieved a level of
efficiency in the treatment of symptoms caused by PD.
Consequently, the need for long-term tests with a statis-
tically representative population is evident, to produce
comprehensive results that can be validated with a degree
of precision.

Regarding qualitative evaluations of studies, as illustrated
in Table 8, the scores of each paper for the evaluated items
ranged between 4.5 and 10.5 points. The mean score was
7.80 and standard deviation 1.48, showing that in general,
the studies presented approximately 3.20 points less than a
total of 11 points for the factor of quality. Only the studies by
Bégel et al. (2017), Pachoulakis and Papadopoulos (2016),
Palacios-Navarro et al. (2014), and Da Silva et al. (2017)
obtained scores less than or equal to 50% of the total points
distributed for quality evaluation, characterizing studies with
more inconsistencies/failures, when compared to the others.
However, it is important to emphasize that, among these
four studies, the studies by Bégel et al. (2017) and Pachou-
lakis and Papadopoulos (2016) did not perform experimental
procedures. This characteristic is reflected in a final quality
score of the study, since items E, F, and I of the qualitative
evaluation are related to the performing of an experiment.

In addition, the first three items evaluated in qualitative
analysis (A, B, and C) were noted as those that received a
higher score in all the included papers, presenting 38 points
in the sum of the scores. However, two items (F and I) stood
out for obtaining a sum of points below 50% of the total
points added in relation to the other items. Therefore, in
general, the studies included in this review presented two
main deficiencies, a non-recruitment of people to form a
control group, and a lack of care when dealing with possible
bias that can affect the research regarding the relationship
between researcher and participant. Two other items that
obtained lower evaluation scores were those related to a
recruitment strategy of individuals to perform the tests (E),
and finally, the non-application of that developed in practical
situations (L).
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In general, it is possible to observe (Fig. 4D) a large vari-
ability of the data points, whose position on the scatter plot
is influenced by the principal components and the contri-
bution of variables to these components. A large variabil-
ity is an indication of discrepancies between the quality of
the studies, which may impact on the use of the results of
these studies. For instance, study [40] (low-quality study)
is distant and opposed on the projection space to study [52]
(high-quality study).

The long length of the vector I in the direction of dimen-
sion 1 (Fig. 4D) results from the fact that this component
(Dim 1) was more influenced by this variable, which is
related to the relationship between researchers and partici-
pants. Studies represented on the direction of this variable
took this relevant factor into account, whereas data points in
the opposite direction disregarded it.

Considering study [52] as a nearly ideal reference in
terms of quality, it is possible to visualize on the PCA-biplot
that data points representing most of studies are far from it,
suggesting the need of improving methodological aspects of
the research related to variables I, F, and H, which measure
the quality of data analysis and the participation of experi-
mental groups in the research. The relatively large length of
the vectors representing these variables on the PCA-biplot
is related to the large variability of these variables, which
was explained by the first and second principal components.

Conclusion

This study evaluated the use of SGs for rehabilitation of
individuals with symptoms caused by PD. According to the
selected studies, several research initiatives propose the use
of SGs as a tool to assist in the treatment of symptoms aris-
ing from the disease.

Exergame was the most common types of game identified.
This fact demonstrates some preferences of the research-
ers in two aspects. The first, using games to treat physical
symptoms in detriment of cognitive symptoms, since the
symptoms that appeared most in the studies were bradyki-
nesia and gait impairments, and the second, using devices
that capture patient body movements, such as Leap Motion
and Microsoft Kinect. Moreover, VR is regularly applied,
although not unanimously, to the solutions found, and some
studies concluded that its use leads to better results com-
pared to systems that do not use it. Therefore, it is expected
that VR is increasingly incorporated into the development
of SGs for health, due to the popularization of technology
and the benefits that it delivers in terms of the involvement,
motivation and engagement of the player.

Despite the monitoring by a doctor/therapist in most of
the studies, few games were found as being developed and

guided by an existing treatment protocol. It is important to
emphasize that validating the efficiency of games, along
with the monitoring of patient results, can be improved
by using formal procedures. In addition, there was seen a
need for long-term studies with a statistically representa-
tive population for the validation and generalization of the
results obtained.

Designing SGs for health is a challenging process,
because they need to meet the demands of players, which
are often complex and diverse. Furthermore, for a game
to be successful, it must be both enjoyable and effective at
the same time, and reconciling these two characteristics
is very difficult.

There are some weaknesses/topics still unanswered that
can motivate new research into the subject, namely:

1 Conduct investigations with a statistically representative
number of patients and for a sufficient length of time that
allows for the correct representativeness of the results
obtained.

2 Verify if there is some profile of ideal patients (e.g.,
in relation to the age of the individual, or stage of the
disease, use or not of an antiparkinsonian drugs), who
could benefit more with interventions based on SGs.

3 To make and test devices that are specifically developed
to deliver the treatment, through SGs, for a particular
symptom, being able to bring gains in terms of effi-
ciency and adaptation of its use by the patient.

4 Develop SGs based on clinical protocols to help identify
the effectiveness of using these solutions.

5 Develop relatively simple SGs, with little requirement
for more complex cognitive capabilities, coherent and
easy to understand, as well as execute.

6 Develop SGs with the ability to customize the levels of
difficulty according to patient health status.

In short, although there are currently a variety of stud-
ies that address the use of SGs for rehabilitation of patients
with PD, it is important that the technologies have higher
methodological rigor, while extending the instrument to
the clinical practice. Furthermore, an SG for individuals
with PD must be customizable, simple, and smart.

Authors’ contributions Luciene C. de Oliveira: Conceptualization,
methodology, investigation, writing—original draft preparation.
Luanne C. Mendes: Methodology; investigation; writing, original draft
preparation; writing, reviewing and editing. Renato de A. Lopes: Meth-
odology, investigation, and writing—original draft preparation. José
A. S. Carneiro: Writing—reviewing and editing. Alexandre Cardoso:
Conceptualization. Edgard A. L. Jinior: Conceptualization, writing—
reviewing and editing. Adriano de O. Andrade: PCA analysis in R.
Writing—reviewing and editing. Supervision of Luciene C. de Oliveira
and Luanne C. Mendes.

@ Springer



864

Research on Biomedical Engineering (2021) 37:849-865

Funding The present study was carried out with the support the
National Council for Scientific and Technological Development
(CNPq), Coordination of Improvement of Higher-Level Personnel
(CAPES—Program CAPES/DFATD-88887.159028/2017-00, Pro-
gram CAPES/COFECUB-88881.370894/2019-01), Foundation for
Research Support of the State of Minas Gerais (FAPEMIG -APQ-
00942-642 17). A. O. Andrade is a Fellow of CNPq (305223/2014-3
and 304818/2018-6).

Declarations

Conflicts of interest The authors declare no conflict of interest.

References

Abdi H, Williams LJ. Principal component analysis. Wiley Interdiscip
Rev Comput Stat. 2010;2:433-59. https://doi.org/10.1002/wics.
101.

Alves G, Forsaa EB, Pedersen KF, et al. Epidemiology of Parkinson’s
disease. In: Journal of Neurology. 2008;18-32.

Andrade Ferreira LD, Ferreira H, Cavaco S, et al. User experience of
interactive technologies for people with dementia: comparative
observational study. JMIR Serious Games 8. 2020. https://doi.
org/10.2196/17565.

Annetta L. The “I’s” have it: a framework for serious educational game
design. 2010. https://doi.org/10.1037/a0018985.

Assad O, Hermann R, Lilla D, et al. Motion-based games for Parkin-
son’s disease patients. In: Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics). Springer, Berlin, Heidelberg.
2011;47-58.

Avola D, Cinque L, Foresti GL, et al. VRheab: a fully immersive motor
rehabilitation system based on recurrent neural network. Mul-
timed Tools Appl. 2018;77:24955-82. https://doi.org/10.1007/
$11042-018-5730-1.

Ayed I, Ghazel A, Jaume-i-Cap6 A, et al. Vision-based serious games
and virtual reality systems for motor rehabilitation: a review
geared toward a research methodology. Int. J. Med. Inform. 2019;
131.

Baranyi R, Willinger R, Lederer N, et al. Chances for serious games
in rehabilitation of stroke patients on the example of utilizing the
Wii Fit Balance Board. In: SeGAH 2013 - IEEE 2nd International
Conference on Serious Games and Applications for Health, Book
of Proceedings. IEEE Computer Society. 2013.

Bégel V, Di Loreto I, Seilles A, Dalla Bella S. Music games: Potential
application and considerations for rhythmic training. Front. Hum.
Neurosci. 2017;11.

Bruin E, Schoene D, Pichierri G, Smith S. Use of virtual real-
ity technique for the training of motor control in the elderly.
Z Gerontol Geriat. 2010;43:229-34. https://doi.org/10.1007/
s00391-010-0124-7.

Burdea G. Virtual rehabilitation-benefits and challenges. Methods Inf
Med. 2003;42:519-23. https://doi.org/10.1267/METH03050519.

Cai H, Lin T, Chen L, et al. Evaluating the effect of immersive virtual
reality technology on gait rehabilitation in stroke patients: a study
protocol for a randomized controlled trial. Trials. 2021;22:91.
https://doi.org/10.1186/s13063-021-05031-z.

Chen W, Bang M, Krivonos D, et al. An immersive virtual reality
exergame for people with Parkinson’s disease. In: International
Conference on Computers Helping People with Special Needs.
Springer Science and Business Media Deutschland GmbH.
2020;138-145.

@ Springer

Da Silva ICS, Nesi LC, De Andrade Werly J, Murillo LR. Ludic
game approach as assistive technology for activities of daily
living training. In: ACM International Conference Proceeding
Series. Association for Computing Machinery, New York, New
York, USA. 2017;1-10.

Dauvergne C, Bégel V, Gény C, et al. Home-based training of rhyth-
mic skills with a serious game in Parkinson’s disease: Usabil-
ity and acceptability. Ann Phys Rehabil Med. 2018;61:380-5.
https://doi.org/10.1016/j.rehab.2018.08.002.

Dias SB, Diniz J, Trivedi D, et al. On exploring design elements
in assistive serious games for Parkinson’s disease patients: the
i-PROGNOSIS exergames paradigm. In: TISHW 2018 - 2nd
International Conference on Technology and Innovation in
Sports, Health and Wellbeing, Proceedings. Institute of Elec-
trical and Electronics Engineers Inc. 2018.

Dyba T, Dingsgyr T. Empirical studies of agile software develop-
ment: a systematic review. Inf Softw Technol. 2008;50:833-59.

Elor A, Teodorescu M, Kurniawan S. Project Star Catcher: a novel
immersive virtual reality experience for upper limb rehabilita-
tion. ACM Trans Access Comput 11. 2018. https://doi.org/10.
1145/3265755.

Fernandez-Gonzalez P, Carratala-Tejada M, Monge-Pereira E, et al.
Leap Motion controlled video game-based therapy for upper
limb rehabilitation in patients with Parkinson’s disease: a fea-
sibility study. J Neuroeng Rehabil. 2019;16:133. https://doi.org/
10.1186/512984-019-0593-x.

Foletto AA, D’Ornellas MC, Prado AL. Serious games for Parkin-
son’s disease fine motor skills rehabilitation using natural inter-
faces. 2017;74-78.

Garcia-Agundez A, Folkerts AK, Konrad R, et al. Recent advances
in rehabilitation for Parkinson’s disease with exergames: a sys-
tematic review. ] Neuroeng Rehabil. 2019;16:17.

Holden M. Virtual environments for motor rehabilitation: review.
Cyberpsychology Behav. 2005;8:187-211.

Imbeault-Nepton T, Otis MJD. Synchronized walking cadence for
TUG in perturbed environments: using earcon or tacton cues?
In: 2014 IEEE International Symposium on Haptic, Audio
and Visual Environments and Games, HAVE 2014 - Proceed-
ings. Institute of Electrical and Electronics Engineers Inc.
2014;41-46.

Kitchenham B. Guidelines for performing systematic literature reviews
in software engineering. 2007.

Koster R. Theory of fun for game design, O’Reilly M. San Diego,
CA. 2013.

Krause M, Smeddinck J, Meyer R. A digital game to support voice
treatment for Parkinson’s disease. In: Conference on Human Fac-
tors in Computing Systems - Proceedings. Association for Com-
puting Machinery. 2013;445-450.

Leblong E, Fraudet B, Dandois M, et al. A 4 weeks home training
program using a biofeedback serious game and sensors for Parkin-
son’s disease: a pilot study on a new and completely autonomous
solution. In: International Conference on Virtual Rehabilitation,
ICVR. Institute of Electrical and Electronics Engineers Inc. 2017.

L& S, Josse J, Husson F. FactoMineR : An R Package for Multivariate
Analysis. J Stat Softw. 2008;25:1-18. https://doi.org/10.18637/
jss.v025.i01.

Mendes FA, dos S, Pompeu JE, Lobo AM, et al. Motor learning, reten-
tion and transfer after virtual-reality-based training in Parkinson’s
disease - effect of motor and cognitive demands of games: A lon-
gitudinal, controlled clinical study. Physiother (United Kingdom).
2012;98:217-23. https://doi.org/10.1016/j.physi0.2012.06.001.

Mirelman A, Maidan I, Herman T, et al. Virtual reality for gait train-
ing: can it induce motor learning to enhance complex walking and
reduce fall risk in patients with Parkinson’s disease? J Gerontol
- Med Sci. 2011;66A:234-40. https://doi.org/10.1093/gerona/
glq201.


https://doi.org/10.1002/wics.101
https://doi.org/10.1002/wics.101
https://doi.org/10.2196/17565
https://doi.org/10.2196/17565
https://doi.org/10.1037/a0018985
https://doi.org/10.1007/s11042-018-5730-1
https://doi.org/10.1007/s11042-018-5730-1
https://doi.org/10.1007/s00391-010-0124-7
https://doi.org/10.1007/s00391-010-0124-7
https://doi.org/10.1267/METH03050519
https://doi.org/10.1186/s13063-021-05031-z
https://doi.org/10.1016/j.rehab.2018.08.002
https://doi.org/10.1145/3265755
https://doi.org/10.1145/3265755
https://doi.org/10.1186/s12984-019-0593-x
https://doi.org/10.1186/s12984-019-0593-x
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.1016/j.physio.2012.06.001
https://doi.org/10.1093/gerona/glq201
https://doi.org/10.1093/gerona/glq201

Research on Biomedical Engineering (2021) 37:849-865

865

Mitgutsch K, Alvarado N. Purposeful by design?: A serious game
design assessment framework. In: Foundations of Digital Games
2012, FDG 2012 - Conference Program. 2012; 121-128.

Mitrousia V, Giotakos O. Virtual reality therapy in anxiety disorders.
Psychiatriki. 2016;27:276-86. https://doi.org/10.22365/jpsych.
2016.274.276.

Morando M, Ponte S, Femara E, Dellepiane S. Biophysical and motion
features extraction for an effective home-based rehabilitation. In:
ACM International Conference Proceeding Series. Association
for Computing Machinery. 2017;79-85.

Noveletto F, Soares A, Mello BA, et al. Biomedical serious game sys-
tem for balance rehabilitation of hemiparetic stroke patients. IEEE
Trans Neural Syst Rehabil Eng. 2018;26:2179-88. https://doi.org/
10.1109/TNSRE.2018.2876670.

Ofia ED, Balaguer C, Cano-de la Cuerda R, et al. Effectiveness of seri-
ous games for Leap Motion on the functionality of the upper limb
in Parkinson’s disease: a feasibility study. Comput Intell Neurosci.
2018. https://doi.org/10.1155/2018/7148427.

Ofia ED, Cuesta-Gomez A, Garcia JA, et al. Evaluating a VR-based
box and blocks test for automatic assessment of manual dexter-
ity: a preliminary study in Parkinson’s disease. In: 2019 IEEE
7th International Conference on Serious Games and Applications
for Health, SeGAH 2019. Institute of Electrical and Electronics
Engineers Inc. 2019.

Opara JA, Brola W, Leonardi M, Btaszczyk B. Quality of life in Par-
kinson’s disease. J Med Life. 2012;5:375-81.

Pachoulakis I, Papadopoulos N. Exergames for Parkinson’s disease
patients: the balloon goon game. In: 2016 International Confer-
ence on Telecommunications and Multimedia, TEMU 2016.
Institute of Electrical and Electronics Engineers Inc. 2016;12-17.

Palacios-Navarro G, Albiol-Pérez S, Gil-Gomez JA, et al. Working
alliance and virtual motor rehabilitation in Parkinson patients. In:
Proceedings - REHAB 2014. ICST. 2014;274-277.

Paraskevopoulos I, Tsekleves E, Craig C, et al. Design guidelines for
developing customised serious games for Parkinson’s disease
rehabilitation using bespoke game sensors. Entertain Comput.
2014;5:413-24. https://doi.org/10.1016/j.entcom.2014.10.006.

Pompeu JE, Arduini LA, Botelho AR, et al. Feasibility, safety and
outcomes of playing Kinect Adventures!™ for people with Par-
kinson’s disease: a pilot study. Physiother (united Kingdom).
2014;100:162-8. https://doi.org/10.1016/j.physio.2013.10.003.

Ramji V, Hssayeni M, Burack MA, Ghoraani B. Parkinson’s disease
medication state management using data fusion of wearable sen-
sors. In: 2017 IEEE EMBS International Conference on Biomedi-
cal and Health Informatics, BHI 2017. Institute of Electrical and
Electronics Engineers Inc. 2017;193-196.

Robert P, Manera V, Derreumaux A, et al. Efficacy of a web app for
cognitive training (MEMO) regarding cognitive and behavioral
performance in people with neurocognitive disorders: randomized
controlled trial. ] Med Internet Res 22. 2020. https://doi.org/10.
2196/17167.

Rocca WA. The burden of Parkinson’s disease: a worldwide perspec-
tive. Lancet Neurol. 2018;11:928-9. https://doi.org/10.1016/
S1474-4422(18)30355-7.

Séaenz-De-urturi Z, Zapirain BG, Zorrilla AM. Kinect-based virtual
game for motor and cognitive rehabilitation: a pilot study for older
adults. In: Proceedings - REHAB 2014. ICST. 2014;262-265.

Sanchez-Herrera-Baeza P, Cano-de-la-Cuerda R, Ofia-Simbaiia ED,
et al. The impact of a novel immersive virtual reality technology
associated with serious games in Parkinson’s disease patients on

upper limb rehabilitation: a mixed methods intervention study.
Sensors. 2020;20:2168. https://doi.org/10.3390/s20082168.

Shah V, Cuen M, McDaniel T, Tadayon R. A rhythm-based serious
game for fine motor rehabilitation using Leap Motion. In: 2019
58th Annual Conference of the Society of Instrument and Control
Engineers of Japan, SICE 2019. Institute of Electrical and Elec-
tronics Engineers Inc. 2019;737-742.

Siegel S, Smeddinck J. Adaptive difficulty with dynamic range of
motion adjustments in exergames for Parkinson’s disease patients.
In: Lecture Notes in Computer Science (including subseries Lec-
ture Notes in Artificial Intelligence and Lecture Notes in Bioinfor-
matics). Springer, Berlin, Heidelberg. 2012;429-432.

Silva KG, De Freitas TB, Dona F, et al. Effects of virtual rehabilitation
versus conventional physical therapy on postural control, gait, and
cognition of patients with Parkinson’s disease: study protocol for
a randomized controlled feasibility trial. Pilot Feasibility Stud.
2017;3:68. https://doi.org/10.1186/s40814-017-0210-3.

Solachidis V, Paliokas I, Vretos N, et al. Two examples of online
eHealth platforms for supporting people living with cognitive
impairments and their caregivers. In: ACM International Confer-
ence Proceeding Series. Association for Computing Machinery.
2018;449-454.

Tannous H, Grebonval C, Istrate D, et al. Cognitive and functional
rehabilitation using serious games and a system of systems
approach. In: 2018 13th System of Systems Engineering Confer-
ence, SOSE 2018. Institute of Electrical and Electronics Engineers
Inc. 2018;189-194.

Teive H, Bertucci Filho D, Munhoz R. Sintomas e sinais motores e
nao motores pouco comuns na fase inicial da doenga de Parkin-
son. Arq Neuropsiquiatr. 2016;74:781-4. https://doi.org/10.1590/
0004-282X20160126.

Valladares-Rodriguez S, Pérez-Rodriguez R, Anido-Rifén L, Fernan-
dez-Iglesias M. Trends on the application of serious games to neu-
ropsychological evaluation: a scoping review. J Biomed Inform.
2016;64:296-319.

van de Weijer S, Kuijf M, de Vries N, et al. Do-it-yourself gamified cog-
nitive training: viewpoint. JMIR Serious Games. 2019;7:¢12130.
https://doi.org/10.2196/12130.

Van Der Meulen E, Cidota MA, Lukosch SG, et al. A haptic serious
augmented reality game for motor assessment of Parkinson’s dis-
ease patients. In: Adjunct Proceedings of the 2016 IEEE Interna-
tional Symposium on Mixed and Augmented Reality, ISMAR-
Adjunct 2016. Institute of Electrical and Electronics Engineers
Inc. 2017;102-104.

de Paula Vieira G, de Souza MN, Orsini M, et al. Virtual reality for
upper limbs in patients with Parkinson’s disease: protocol study.
EC Neurol. 2017;6:204-15.

Wattanasoontorn V, Boada I, Garcia R, Sbert M. Serious Games for
Health. Entertain Comput. 2013;4:231-47. https://doi.org/10.
1016/j.entcom.2013.09.002.

Yuan RY, Chen SC, Peng CW, et al. Effects of interactive video-game-
based exercise on balance in older adults with mild-to-moderate
Parkinson’s disease. J Neuroeng Rehabil. 2020;17. https://doi.org/
10.1186/512984-020-00725-y.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.22365/jpsych.2016.274.276
https://doi.org/10.22365/jpsych.2016.274.276
https://doi.org/10.1109/TNSRE.2018.2876670
https://doi.org/10.1109/TNSRE.2018.2876670
https://doi.org/10.1155/2018/7148427
https://doi.org/10.1016/j.entcom.2014.10.006
https://doi.org/10.1016/j.physio.2013.10.003
https://doi.org/10.2196/17167
https://doi.org/10.2196/17167
https://doi.org/10.1016/S1474-4422(18)30355-7
https://doi.org/10.1016/S1474-4422(18)30355-7
https://doi.org/10.3390/s20082168
https://doi.org/10.1186/s40814-017-0210-3
https://doi.org/10.1590/0004-282X20160126
https://doi.org/10.1590/0004-282X20160126
https://doi.org/10.2196/12130
https://doi.org/10.1016/j.entcom.2013.09.002
https://doi.org/10.1016/j.entcom.2013.09.002
https://doi.org/10.1186/s12984-020-00725-y
https://doi.org/10.1186/s12984-020-00725-y

	A systematic review of serious games used for rehabilitation of individuals with Parkinson’s disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Profile of selected studies
	Results
	Classification of studies regarding specific research questions
	RQ01—What types of games were implemented to help in the treatment of Parkinson’s disease symptoms?
	RQ02—What types of technologies (virtual reality, VR; augmented reality, AR; 3D; 2D) were identified in the games?
	RQ03—Are the identified games currently used in conjunction with any multimodal device? Which one(s)?
	RQ04—Were the identified games based on any protocol or treatment? Which one(s)?
	RQ05—Did the proposed solutions present any instrument for assessing the game and monitoring the results obtained by the patient with Parkinson’s disease? Which one(s)?
	RQ06—Did the games help in the treatment of any specific symptom presented by individuals with Parkinson’s disease? Which one(s)?
	RQ07—Did the assessment of the technologies take into account experiments with patients?
	Qualitative evaluation

	Discussion
	Conclusion
	References


