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Abstract

Background: Parkinson disease (PD) is a rapidly growing neurological condition worldwide. While physiotherapy and
exercise are effective interventions, the addition of motivational aspects that improve adherence could be beneficial for people
with PD. Incorporating technological devices into motor rehabilitation, coupled with gamification elements, could enhance the
relevance of rehabilitation and alleviate motor symptoms.

Objective: The aim of this scoping review was to identify and classify the technological devices that integrate gamification
elements used in motor rehabilitation in PD, and to describe the justification behind the use of these devices and elements in
this context.

Methods: We conducted a scoping review following the framework proposed by Joanna Briggs Institute, along with the
PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews)
guidelines. Major health science databases (MEDLINE, EMBASE, Scopus, Cochrane, Web of Science, PsycINFO, and
Epistemonikos) were systematically searched. Relevant studies were included if they used technological interventions with
gamification elements for motor symptom rehabilitation in PD. Gamification elements were extracted and categorized based
on established frameworks, and content analysis was used to review the justifications for the use of technologies integrating
gamification.

Results: A total of 4451 studies were retrieved from the search. After the abstract and full-text screening, 81 studies
were eligible for data extraction. The analysis identified 453 gamification elements across studies, with development and
accomplishment being the most prominent core drive. Progress/feedback was the most frequently used element (79/81, 98%
of studies), followed by points (70/81, 86%) and levels/progression (66/81, 81%). Other notable elements included badges,
leaderboards, and customization, while several core drives, like ownership and possession, lacked reported elements. Most
interventions were delivered through commercial video game consoles (33/81, 41%), followed by computer-based systems
(32/81,40%). Tablet-based applications and integrated rehabilitation platforms were used in 11% (9/81) and 10% (8/81) of the
studies, respectively. The expected roles of technology were clear, but intentional use of gamification was scarce.

Conclusions: This scoping review highlights the widespread adoption of technologies integrating gamification elements
for motor symptom rehabilitation in individuals with PD. However, it also underscores a critical gap in understanding
and justifying gamification mechanics. The current landscape relies heavily on commercial video games and emphasizes
performance-based experiences, lacking theoretical grounding.

Trial Registration: OSF Registries tx3d9; https://osf.io/tx3d9
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Introduction

Parkinson disease (PD) is the second most prevalent
neurodegenerative disease in the world, as well as the
fastest-growing one [1,2]. Over the last 20 years, the global
impact of PD in terms of deaths and disability has increased
by more than twofold [3]. As of 2021, nearly 12 million
people around the world were living with PD, and this
number is expected to increase by approximately 50% by
2035 [4].

PD is mainly characterized by the presence of several
cardinal motor symptoms, mainly stiffness, bradykinesia,
tremor, and postural instability [5]. The progression of these
symptoms heavily impacts the ability of people with PD
to manage daily activities [6]. Pharmacological treatment
options for PD motor symptoms are mainly comprised
of dopamine-based options: levodopa, dopamine agonists,
and monoamine oxidase-B inhibitors [7]. However, these
pharmacological choices come with their own array of
issues, for example, Levodopa is known to eventually cause
undesirable and involuntary movements known as dyskine-
sias in over half of patients after 6 years [8]. Due to these
secondary effects, other treatment options are needed for
people with PD. Physical therapy and exercise training have
proven capable of inducing long-term improvements in motor
symptoms and physical function among individuals with
PD [9]. These interventions may also enhance the effi-
cacy of pharmacological treatments, and help delay disease
progression and age-related decline, with certain modalities
additionally improving quality of life, thus becoming a crucial
component in the management of people with PD [9,10].

In the last decades, a wide array of technological devices
has been incorporated into the rehabilitation of neurological
conditions to assist training. In this context, options such
as virtual reality (VR) [11,12], robotics [13], smartphone
apps [14], telerehabilitation options [15], and videogames
and exergames [16] have been studied and shown positive
effects on people with PD. This massive implementation of
technological solutions often follows the implication that,
in trying to affect and improve the users’ experience and
behavior, mechanics reminiscent of games are used. This
concept of “the use of game design elements in non-game
contexts” is widely known as gamification [17]. In the context
of rehabilitation, the integration of gamification elements into
technological devices is designed to create a more engag-
ing and challenging experience for users. This approach
is anticipated to enhance adherence and motivation among
participants [18]. The combination of gamification and VR
could even add benefits for older people in physical and
cognitive domains while allowing complex training scenarios
such as dual task training to be performed [19,20].

To effectively incorporate gamification elements across
various intervention designs, it is essential to thoroughly
understand gamification principles and their interaction
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with human motivation. Frameworks play a pivotal role
in organizing available gamification elements into coherent
categories, thereby guiding developers in selecting the most
appropriate elements to achieve the desired user experience.
Common frameworks include the Octalysis Framework by
Kai [21], which identifies 8 core drives of human motivation,
such as epic meaning and social influence; and the Marczew-
ski 52 Gamification Mechanics and Elements [22], which
classify elements based on the type of player they best cater
to. However, the decision of which gamification elements to
apply in interventions is often not thoroughly considered, in
a context where treatment options should cater to the needs
of end users [23]. Recent studies point to most VR rehabilita-
tion options for PD being administered through commercial
videogames, which are designed for entertainment in healthy
individuals, far away from the context of rehabilitation for
people with PD [24-26].

In PD, where apathy and depression are often present,
long-term adherence to exercise and rehabilitation is
concerning [27,28]. Previous research has shown that the
implementation of VR does not warrant a higher adherence
to treatment [11]. Strategies to promote motivation to stay
involved in the rehabilitation process are key to long-term
success in a population with a tendency to drop out [29].
Gamification, by integrating elements like feedback, rewards,
and goal setting, may help sustain engagement and coun-
teract the apathy and depression common in PD, thereby
supporting long-term adherence to rehabilitation. However,
current literature lacks information on the implementation
of gamification in technological devices aimed at rehabilitat-
ing motor conditions in PD. Understanding which elements
are currently used and the types of technological solutions
they are integrated into is essential for developing further
interventions that address the specific needs of individuals
with PD. Therefore, the aim of this scoping review is to
identify and classify the gamification elements and technol-
ogies used in motor rehabilitation in PD and to describe
the justification behind the use of gamification and technol-
ogy in this context. Specifically, this review focuses on the
classification of gamification mechanics available, the types
of technological devices used, and the motor symptoms these
interventions target. Additionally, it explores the justifications
used by each study for the inclusion of gamification elements
and technological devices for motor rehabilitation in PD.

Methods

Registration and Framework

This Scoping Review is registered at the Open Science
Framework database (OSF.IO/tx3d9). This review followed
the Joanna Briggs Institute methodology for scoping reviews
[30] and also adhered to the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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Extension for Scoping Reviews) to ensure quality, transpar-
ency and reproducibility [31].

Objective

The objective of this study is to explore the use of techno-
logical devices integrating gamification in the rehabilitation
of motor symptoms for individuals with PD. Specifically,
it aims to identify the gamification elements and technolog-
ical devices used in this context, classify the gamification
elements based on the core motivational drives they target
and the devices according to the motor symptoms they
address, and describe the rationale behind their application
in enhancing motor symptom rehabilitation for people with
PD.

Eligibility Criteria

All peer-reviewed articles and peer-reviewed conference
papers published in English or Spanish were included. Gray
literature sources were excluded to maintain methodological
consistency, ensuring all included studies underwent formal
peer evaluation and were fully accessible. To guide the
eligibility criteria, the Population, Concept, and Context
framework was used, in which population, concept, and
context are defined to guide study selection [30]. Popula-
tion refers to people with PD, with no restrictions applied
regarding specific subpopulations, gender, disease stage, or
geographical location. The Concept covered intervention
studies that described motor rehabilitation through techno-
logical solutions incorporating clearly identifiable gamifica-
tion elements. Studies that used commercial video games
originally developed for entertainment were also included.
While Deterding’s [17] definition of gamification refers to
the use of game elements in nongame contexts, implying
the exclusion of full video games aimed at entertainment,
the therapeutic application of these games in rehabilitation
effectively shifts their context. As a result, built-in moti-
vational features such as points, progression systems, and
feedback mechanics can be considered relevant gamifica-
tion elements when used for rehabilitation in PD. In situa-
tions where not enough details were given regarding the
intervention to chart its gamification elements, the studies
were excluded. No restrictions regarding Context or year of
publication were established. Articles that met the selection
criteria were incorporated without assessing their quality, as
the objective of scoping reviews is to chart the pertinent
works in a particular area and pinpoint areas lacking research
[30].

Information Sources and Search Strategy

The search strategy was developed and conducted by
a librarian on November 23, 2023, across 7 electronic
databases: MEDLINE, EMBASE, Scopus, Cochrane, Web
of Science, PsycINFO, and Epistemonikos. A combination
of controlled vocabulary and free-text keywords was used to
ensure retrieval of all potentially relevant studies. The search
focused on terms related to PD, gamification, rehabilitation,
motor symptoms, and various technological rehabilitation
strategies, such as VR, videogames, and exergames. Boolean
operators were applied to refine the search, and search
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strings were adapted to match the indexing structures of
each database. The search strategy used for each database is
detailed in Multimedia Appendix 1. No systematic or scoping
reviews on the specified topic were identified in the Joanna
Briggs Institute Systematic Review Register, PROSPERO, or
biomedical and nursing databases.

Study Selection and Data Extraction

All articles extracted from databases were imported to
Covidence [32] and checked for duplicates by using its
duplicate detection system. Given the large volume of
references obtained, the initial title and abstract screening
were independently conducted by 3 reviewers (PBB, OMN,
and MMA) rather than 2, as initially proposed in the
registered protocol. Any disagreements during this screening
stage were resolved through consensus discussions involv-
ing all 3 reviewers. In the next step, full-text screening
was independently performed by the same 3 reviewers,
and inconsistencies were again resolved by consensus. Data
extraction of all included articles was conducted by PBB.

A total of 4451 articles were retrieved from all databa-
ses. After duplicates were removed, both by Covidence and
manually, 48.48% (2158/4451) of all articles underwent title
and abstract reviewing. After this first title and abstract
screening, 87.62% (1891/2158) of articles were excluded. A
total of 267 articles were left for full-text screening, 69.66%
(186/267) of which were excluded.

Synthesis of Results

General study information such as location, sample size,
age, disease duration, gender, year, and study design were
collected. Specific data pertinent to the review’s objectives
was also collected.

In order to identify and name the gamification elements
found in each study, the Marczewski 52 Gamification
Mechanics [22] nomenclature was used due to its clear
terminology and ease of use. All gamification elements
identified were then classified using the Kai Octalysis
Framework [21] due to its focus on motivation and end
user interaction with the system. The Octalysis framework
delineates human motivation into 8 different core drives:
epic meaning and calling, development and accomplish-
ment, empowerment of creativity and feedback, ownership
and possession, social influence and relatedness, scarcity
and impatience, unpredictability and curiosity, and loss
and avoidance. All gamification elements identified using
Marczewski’s framework [22] were classified with the core
drive they most effectively addressed.

Technological devices integrating gamification were
classified based on the type of platform they were used with
and also based on which symptoms they intended to address.

Finally, a qualitative content analysis using an inductive
approach was conducted to identify the justifications used
by each study for the inclusion of gamification elements and
technological devices for motor rehabilitation in PD [33].
Data from all included studies were coded and organized into
categories, which were then clustered into broader themes
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with the support of a hierarchical tree diagram. Definitions
were developed for each code, category, and subcategory.
Two reviewers (PBB and HFL) carried out the analysis
independently using Excel, and then discussed how to
group codes, align interpretations, and resolve discrepancies.
Final themes were reviewed and refined through team-based
triangulation to ensure consistency and credibility.

Results

General Information

Altogether 81 studies were included in the final review
(Multimedia Appendix 2) [34-114]. The PRISMA flow
diagram (Figure 1) [115] details the steps followed during
the screening process and data on number of excluded studies
as well as reasons for exclusion in the full-text step. Of the
81 articles included, over 50% (41/81) were published in
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the year 2019 or later. Italy and Brazil were the 2 countries
where most research was produced, with 18.5% (14/81) and
17.3% (13/81), respectively. The most frequent study design
consisted of randomized controlled trials, which accounted
for 49% (40/81) of all studies, followed by quasi-experimen-
tal studies, which accounted for 46% (37/81) of all studies.
Sample sizes from the studies included ranged from 2 to 302
participants, with an average sample size of 32.2 participants.
The mean age for participants was 66.64 (SD 5.05) years,
with a mean of 2.29 (SD 0.57) on the Hoehn and Yahr [116]
scale for disease severity and a mean disease duration of
7.35 (SD 2.70) years. A total of 39.39% of all participants
were female. Most studies (62/81, 77%) implemented their
interventions in an in-person format, while 23% (19/81) used
telerehabilitation. Additionally, 1% (1/81) of studies used
a hybrid approach, combining both in-person and remote
intervention formats.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

| Identification of studies via databases and registers |
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Records identified from:
Total (n = 4451) ?r?rgoeﬁi égmuved before
-E MEDLINE {n = 708) Duplicéte records removed (n
= EMBASE (n = 895) -
Scopus (n = 1230) . =2293) o
: Cochrane (n = 326) Records marked as ineligible
E PsyclNFO (n = 243) by automation tools (n = 0)
Web of Science (n = 1049) Records removed for other
Epistemonikes (n=10) reasons (n =0}
L 4
Records screened " Records excluded
(n=2158) (n=1391)
¥
Repaorts sought for retrieval Reports not retrieved
5 (n = 267) " (n=41)
a
-
o L
Reports assessed for eligibility Reports excluded:
(n=228) ’ Wrong intervention (n = 45)
Wrong study design (n=27)
Mo gamification elements or not
enough information (n = 58)
Duplicates (n = 10}
Mot in English or Spanish {n=7)
o
g Studies included in review
3 (n=2a1)

JMIR Serious Games 2025 | vol. 13 169433 | p. 4
(page number not for citation purposes)


https://games.jmir.org/2025/1/e69433

JMIR SERIOUS GAMES

Bosch-Barcel6 et al

Identification and Classification of Octalysis Framework’s 8 Core Drives of motivation can be

Gamification Elements and Technological foundin Table I.
Devices

Gamification Elements

Detailed data on the frequency and distribution of the
identified gamification elements and their association with the

Table 1. Distribution of use of gamification elements and classification according to the Octalysis Framework.

Octalysis’ core drive and
gamification elements Times used (out of 81 studies) Percentage of total studies where used

Percentage of total used
elements

Epic meaning and calling
Quests [59,60] 2 2
Development and accomplishment

Progress/Feedback 79 98
[34-86,88-110,112-114]

Points 70 86
[34-40,42-44 .47 ,50-52,54-58 ,62-
71,73-107,109-114]

Levels/Progression 66 81
[34-39,41-45 .47 ,50-52,54,56,58,

61-80,82-84,86-89,91-97,99-103

,106-114]

Badges 30 37
[35-38.,51,52,54,56,58.,62,64,66,

67.70,71,73,77-79.82,86,90,92.9

3,96,97,99-101,114]

Leaderboards 29 36
[36-38,51,52,54,56,58,62,64,66,

67,70,71,73-75,77-79,82,88,91,9

5-97,99-101,114]

Challenges 26 32
[36-38.,51,52,54,56,58.,62,64,66,

67,70,71,73,77-79,82,91,96,97,9

9-101,114]

Empowerment of creativity and
feedback

Customization 32 40
[36-38,45,51,52,54,56,58,62,64,
66,67,70,71,73-75,77-79,82,86.9
1-93,96,97,99-101,114]
Ownership and possession

a

Social influence and relatedness

Competition 29 36
[36-38.,51,52,54,56,58,62,64,66,

67,70,71,73,77-79,82,86,91-93.9

6,97,99-101,114]

Knowledge share [59,60]
Guilds/Teams [59,60]

NS )

Scarcity and impatience

Unlockables [50] 1 1
Unpredictability and curiosity
Loss and avoidance

Consequences 30 37
[36-38,47,52,54,56,58,62,64,66,

<1

17

15

15

<1

<1

<1
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Octalysis’ core drive and

Percentage of total used

gamification elements Times used (out of 81 studies) Percentage of total studies where used  elements
67,70,71,73,77,79,82,88.91,96.9
7,99,101,107,109,110,113,114]
Time Pressure 37 46 8

[35-38,46,48.,49,51,52,54,56,58,
62,64-67,70-73,77-79,82,86,91-9
3,96,97,99-101,109,110,114]

4Not available.

A total of 453 gamification elements were identified across
all included studies, categorized into 14 distinct types based
on the Marczewski classification of gamification mechanics
[22]. For the epic meaning and calling core drive, only
quests were identified as a relevant gamification element,
appearing 2 times across studies. This element was used in
2.47% (2/81) of the studies, accounting for 0.44% (2/4453)
of the total gamification elements used. The development and
accomplishment core drive was the most prominent category,
containing a variety of gamification elements and showing
extensive use across the studies. Progress/feedback mechan-
ics were the most frequently used element, appearing in 79
studies (97.53% of studies) and representing 17.44% (80/453)
of the total gamification elements used. Other commonly
used elements included points, which appeared in 86.42%
(70/81) of studies and accounted for 15.45% (70/453) of
total elements; levels/progression, which appeared in 81.48%
(66/81) of studies and represented 14.57% (66/453) of
total elements; badges, used in 37.04% (30/81) of studies,
accounting for 6.62% (30/453) of total elements; leader-
boards, used in 35.80% (29/81) of studies, making up 6.40%
(29/453) of total elements; and challenges, which appeared in
32.09% (26/81) of studies and represented 5.72% (26/453) of
total elements. The empowerment of creativity and feed-
back core drive included only one gamification element,
customization, which was used in 32 studies (39.51% of
studies) and accounted for 7.06% (32/453) of total elements.
Neither the ownership and possession core drive nor the
unpredictability and curiosity drive showed any specific
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gamification elements reported across the studies. Under
the social influence and relatedness core drive, elements
like competition, knowledge share, and guilds/teams were
identified. Competition was used in 35.80% (29/81) of
studies, contributing 6.40% (29/81) to the total elements,
while both knowledge share and guilds/teams appeared only
in 247% (2/81) of studies, accounting for a mere 0.44%
(2/453) of total elements each. The scarcity and impatience
drive included only one element, unlockables, which was
used in just one study, appearing in 1.23% (1/81) of studies
and making up only 0.22% (1/453) of the total gamification
elements. Last, the loss and avoidance core drive included the
elements “consequences” and “time pressure”. Consequences
were used in 37.04% (30/81) of studies, contributing 6.62%
(30/453) to the total elements, while time pressure appeared
in 45.68% (37/81) of studies, making up 8.14% (37/453) of
the total elements used.

Technological Devices Integrating Gamification

Overview

The technological devices integrating gamification identified
across 81 studies were categorized into 4 groups based on
the platforms they were used with: video game consoles,
computer-based systems, tablet-based systems, and integra-
ted rehabilitation platforms. Detailed information on each
category and the specific motor symptoms in PD they address
can be found in Figure 2.
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Figure 2. Symptoms addressed by each type of technological device used in rehabilitation. UE: upper extremity.
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Category of technological devices used

W Videoconsoles

Integrated Rehabilitation Platforms

Video Game Consoles

Video game consoles like the Nintendo Wii and Microsoft
Xbox, originally designed for entertainment, were frequently
repurposed for rehabilitation. The Nintendo Wii was the most
used device, appearing in 27% (22/81) of all studies, almost
exclusively in combination with the Wii Balance Board
(20/22, 91% of all Nintendo Wii studies). Most studies with
this video game console addressed balance (18/22, 82% of
studies), gait (12/22, 55%), functional mobility (11/22, 50%),
and motor function impairment (9/22, 41%). The Microsoft
Xbox, used with the Kinect motion sensor in 14% (11/81)
of studies, was similarly focused on balance (10/11, 91% of
studies), gait (8/11, 73%), functional mobility (7/11, 73%),
and motor function impairment (3/11, 28%). None of the
video game consoles were created with rehabilitation as their
primary goal. A total of 85% (28/33) of studies using video
game consoles delivered their interventions in an in-person
format, while 13% (4/33) used telerchabilitation and 3%
(1/33) combined both formats.

Computer-Based Systems

Computer-based systems were used in 40% (32/81) of
studies, often in combination with motion-sensing devices
like Kinect (12/32, 37.5% of computer-based systems), Leap
Motion Controller (7/32, 22%), and balance boards or force
plates (7/32, 22%). Kinect was applied mainly to improve
balance (8/12, 67%), gait (7/12, 58%), and motor function
impairment (5/12, 42%), while balance boards and force
plates focused on balance (7/7, 100%), gait (4/7, 57%),
and functional mobility (4/7, 57%), and the Leap Motion
Controller targeted upper extremity dexterity (7/7, 100%),
motor function impairment (4/7, 57%), and grip strength
(3/7, 43%). The HTC Vive Pro VR device was used (2/32,

https://games.jmir.org/2025/1/e69433

Computer-Based Systems

Tablet-Based Systems

6%), enhancing immersion for balance (2/2, 100%), gait
(2/2, 100%), and functional mobility (2/2, 100%) training.
Additionally, some studies combined treadmills with Kinect
(3/32, 9%), mainly to focus on falls (3/3, 100%). A total
of 91% (29/32) of all computer-based systems were created
with rehabilitation as their primary goal, and 78% (25/32)
of studies using computer-based systems delivered their
interventions in an in-person format, while 22% (7/32) used
telerehabilitation.

Tablet-Based Systems

Tablet-based systems appeared in 11% (9/81) of all studies,
either as standalone devices (6/9, 67% of all tablet-based
systems) or combined with motion-sensing devices such as
the Leap Motion Controller (1/9, 11%) or handheld tools
like GripAble (1/9, 11%). These tablet-based systems mainly
targeted upper extremity dexterity (4/9, 44%) and motor
function impairment (3/9, 33%). A total of 100% (9/9) of
tablet-based systems were created for rehabilitation as their
primary goal and 22% (2/2) of tablet-based systems delivered
their interventions in an in-person format, while 78% (7/9)
used telerehabilitation.

Integrated Rehabilitation Platforms

Integrated rehabilitation platforms appeared in 10% (8/81) of
all studies, testing systems explicitly designed for comprehen-
sive rehabilitation. These platforms were used to rehabilitate
balance (8/8, 100%), gait (8/8, 100%), functional mobility
(5/8, 63%), and motor function impairment (2/8, 25%). All
integrated rehabilitation platforms were created for rehabilita-
tion as their primary goal. A total of 100% of interventions
using integrated rehabilitation platforms were delivered in an
in-person format.
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Justification Behind the Use of
Technological Devices Integrating
Gamification

Overview

In order to determine the justifications used by each study
for the inclusion of gamification elements and technological
devices for motor rehabilitation in PD, four key categories
were identified: (1) gamification as a benefit for therapeu-
tic interventions, (2) evidence of effectiveness of technol-
ogy in rehabilitation for PD, (3) evidence of effectiveness
of technology in rehabilitation across populations, and (4)
specific properties of technological solutions in rehabilitation.

Gamification as a Benefit for Therapeutic
Interventions

Gamification was described as a means to support adap-
tive and individualized rehabilitation [45,47]. Systems were
used to monitor user performance, adjust task difficulty
based on scoring, and provide real-time feedback throughout
the intervention. Some interventions also allowed for the
customization of the experience to better match user needs
and progression.

Evidence of Effectiveness of Technology in
Rehabilitation for PD

Improvement of Motor Symptoms in PD

Technological devices were frequently described as effective
[34,44,47,51,57,61,62,69-71,74-76,79,83,85-87,91,93,96,102,
104-106,112-114], promising [38, 48, 52, 64, 67, 68, 79, 81,
88, 102, 111], or feasible [61,72,88,114] tools for addressing
motor symptoms in individuals with PD. Studies emphasized
their role in improving key functions such as balance, gait,
and postural control, while others framed them as having
strong potential for rehabilitation, even when not yet fully
established through outcomes. Articles also pointed to their
feasibility as motor rehabilitation strategies, highlighting
aspects like affordability and accessibility to support their use
in both clinical and home-based settings.

Improvement of Nonmotor Symptoms in PD

Technological devices were described as having a
supportive role in addressing cognitive function and
emotional well-being in people with PD. Studies
reported improvements in areas such as cognition,
executive functioning, self-esteem, pain, and mental
health [43,48,61,69,71,75,81,87,92,96,97,105,106,109]. Other
aspects such as the potential of these technologies to create
controlled, structured environments that can enhance the
delivery of cognitive therapies and provide emotional support
were also highlighted [64,81,100,105].

Positive Influence on Brain Activity Networks
in PD

Studies discussed the role of
porting underlying neurological
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rehabilitation [37,40,43,55,58,64,65,69-71,83,94,98,102]. VR
and exergames were noted for their potential to pro-
mote neuroplasticity, motor learning, and motor-cognitive
integration. These interventions were often associated with
repetitive, goal-directed tasks designed to engage and
optimize brain networks involved in movement and coordina-
tion.

Evidence of Effectiveness of Technology in
Rehabilitation Across Populations

General Evidence for Physiotherapy

Studies highlighted that technology could offer rehabilitation
outcomes comparable to, and in some cases exceeding, those
of traditional physiotherapy [39,47,71,77,84,101]. Articles
specifically noted the effectiveness of VR and exergames in
enhancing therapy for both older adults and individuals with
PD, supporting their use as a valid approach across different
populations.

Evidence for Non-PD Populations

Technology was also supported through evidence drawn
from broader populations, including stroke patients and older
adults [53,54,74,75,77,91,102,112,113]. In these contexts, VR
and video game-based interventions were associated with
improvements in key rehabilitation outcomes such as balance,
mobility, and fall reduction. These findings were used to
justify the applicability of similar technological approaches
in the context of PD rehabilitation.

Improvement of Clinical Parameters

Some studies pointed to the broader clinical value of
technology in rehabilitation, highlighting its role in improving
quality of life, physical function, daily activity performance,
and pain management [48,51,52,74,86,97]. These outcomes
were observed across a range of populations, including
children, adults, and individuals with PD.

Specific Properties of Technological Solutions
in Rehabilitation

Enhances Motivation Through an Engaging
Experience

Technology was described as a tool to make rehabilitation
more engaging and enjoyable
[36,39,42.43.,45.,48,50,56,59,60,64,65,67,69-71,83,85,87-89.9
1,94,96-100,102,103,10