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ABSTRACT

Introduction: This scoping review sought to characterize how serious
games are used to support motor rehabilitation in individuals with
neurodegenerative diseases by identifying (1) the range of target populations,
A - Research concept and interventions, and study procedures in research involving serious games for

design motor rehabilitation in neurodegeneration and (2) the range and types of
B - Collection and/or serious games reported in this literature.

assembly of data Materials and methods: A scoping review was conducted across three
C - Data analysis and databases (final search in September 2025) to identify literature addressing

Received: 2026-03-06
Accepted: 2026-05-31
Published: 2026-07-31

interpretation

D - Writing the article

E - Critical revision of the
article

F - Final approval of article

[0Sl

This is an Open Access journal,
all articles are distributed un-
der the terms of the Creative
Commons Attribution-Non-
Commercial-ShareAlike 4.0
International

(CC BY-NC-SA 4.0). License
(http://creativecommons.org/
licenses/by-nc-sa/4.0/).

(a) serious games/gamification, (b) neurodegenerative diseases, and (c)
motor rehabilitation. This review adhered to the PRISMA-ScR guidelines.
For both the initial and updated searches, as well as duplicate removal, two
blinded reviewers screened titles and abstracts in Covidence, followed by
full-text review. All conflicts were resolved via consensus meetings.

Results: Notably, 28 studies met the inclusion criteria, with the majority
involving participants with Parkinson’s disease (n = 17/28, 60.7%).
Rehabilitation targets most commonly fell within the physical therapy
discipline (n = 15/28, 53.6%) and least commonly within speech-language
pathology (n = 4/28, 14.3%), including gross, fine, voice/speech, and
swallowing motor skills. Over half of the studies (n = 16/28, 57.1%) reported
motor skill improvements following game-based interventions, with
treatment intensity and feedback influencing outcomes.

Conclusions: Research on game-based motor rehabilitation is growing,
yet the evidence remains preliminary, heterogeneous, and limited in
generalizability. Most studies focus on Parkinson’s disease, with emerging
work in multiple sclerosis, highlighting the need for further research on
effectiveness, implementation, and long-term outcomes (e.g., quality of life
and adherence).
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INTRODUCTION
Background

Neurodegenerative disorders are a group of disorders characterized primarily
by progressive neuronal degeneration in the nervous system, including
Parkinsons disease (PD), multiple sclerosis (MS), and Alzheimer’s disease'. For
neurodegenerative diseases impacting motor function, symptoms typically involve
progressively worsening motor skills disorders'?. Guided by motor learning theory?,
motor rehabilitation interventions can help mitigate motor symptoms and promote
enriched well-being throughout disease progression.

Motor learning and rehabilitation

Motor learning refers to the process by which individuals acquire motor
patterns for skilled movements®. The principles of motor learning are relevant to the
physical therapy (PT), occupational therapy (OT), and speech-language pathology
(SLP), as they underlie the acquisition of gross, fine, and speech-related motor
skills*. These disciplines aim to foster motor learning for optimal retention and
transfer. Retention refers to the ability to continue performing a target skill over
time after practice (i.e., one’s ability to retain the target skill), whereas transfer (i.e.,
generalization) refers to the ability to apply the learned skill to novel or untrained
contexts’.

The structure of therapeutic tasks and protocols, when guided by the principles
of motor learning, can strengthen the retention and transfer of acquired motor
skills*”. Retention may be enhanced through large practice amounts, distributed
practice opportunities, variable practice targets and/or contexts, randomized
practice schedules, external attentional focus, and more complex targets’”. It
can also be supported by delayed, low-frequency knowledge of results feedback
structures’. In accordance with motor learning principles, standard motor
rehabilitation interventions for neurodegenerative diseases generally involve high-
frequency and high-intensity treatment protocols designed to foster an optimal
challenge level, thereby maximizing skill maintenance, retention, and transfer>**°.

Overview of game-based approaches

The authors of this scoping review use the term game-based approaches as
a broad term to describe interventions grounded in game design principles,
encompassing both gamified interventions (i.e., interventions that have game
elements such as points or rewards, but are not formal games) and serious games
(i.e., games whose purpose extends beyond pure entertainment)'’. Serious games
may be played in a low-tech, tabletop game format, such as card games'' or board
games'”. They may also be played on a computer’’, mobile device, or tablet', or
other gaming system such as a Nintendo (Nintendo Co., Ltd., Kyoto, Japan)
Wii'*' or Xbox 360 (Microsoft Corp., Redmond, WA, USA)'”*. Unlike gamified
interventions, serious games include at least one pathway for the player or players
to win the game. Some clear examples of this pathway to winning are found in
commercially available games; for instance, in Scrabble® (Hasbro, Inc., Pawtucket,
RI, USA)", players strategically place letter tiles to form words with higher point
values, and the player with the most points at the end of the game wins. Exergames,
a subcategory of serious games, require players to engage their upper or lower body
to participate®. Clinicians employing game-based approaches may utilize either
gamified approaches or serious games to achieve target outcomes.
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Clinical applications of game-based approaches

The use of game-based approaches in clinical rehabilitation has increased
in recent years, partly as a strategy to enhance treatment motivation, improve
adherence, and ultimately strengthen treatment outcomes. Serious games have
demonstrated effectiveness in improving cognitive skills among adults with
neurodegenerative diseases, including Alzheimer’s disease’**, and MS*. They are
also common in the education sector, where they have been employed to promote
and enhance learning in children***” and to support cognition and language skills
in healthy older adults®°.

Progress in motor rehabilitation is often attenuated when patients fail to adhere to
treatment recommendations, including completion of home exercise programs® .
For optimal motor skill learning, retention, and transfer to occur, patients must be
sufficiently motivated to regularly practice their prescribed exercises. Game-based
learning refers to an approach in which games or game elements are leveraged
to achieve specific learning objectives'®””. In this review, the term game-based
treatment approaches (i.e., game-based approaches) is used broadly to describe
interventions involving gamification or serious games; this terminology is discussed
in more detail below. Gamification describes approaches that incorporate game
elements (e.g., points or other extrinsic rewards) into non-game activities, whereas
serious games are games designed with purposes beyond entertainment'’. While
gamified activities do not necessarily include a component of ‘winning’ or ‘losing,
serious games typically do, though this distinction remains a topic of debate.

Serious games have been used to address motor impairments secondary to a
variety of neurological pathologies, including cerebrovascular accidents (CVAs)*,
traumatic brain injuries”, and neurodegenerative pathologies, such as PD**
and MS*. Serious games targeting symptoms of neurodegenerative diseases
span multiple rehabilitation disciplines, including interventions for gross motor
symptoms*, fine motor symptoms*, voice and speech symptoms*, and swallowing
difficulties®.

Gaps in the current literature

Despite the growing evidence base supporting the use of serious games for motor
rehabilitation in neurodegenerative disorders*~*, there remains a lack of research
integrating findings across PT, OT, and SLP disciplines. There is also a critical need
to systematically synthesize key intervention features, such as dosage, feedback, and
technology (i.e., technology used for game-based approaches). Furthermore, prior
work has not compared motor outcomes across domains and neurodegenerative
conditions, leaving important gaps in clinical interpretation.

Purpose

This scoping review, therefore, aims to characterize how serious games are
leveraged for motor rehabilitation in neurodegenerative disease by identifying:
(1) the range of target populations, interventions, and study procedures involving
serious games and (2) the range and types of serious games reported in this
literature. The findings of this review may inform the development of optimized
protocols for serious game administration for motor rehabilitation in the setting of
neurodegenerative disorders, thereby enhancing treatment outcomes.
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MATERIALS AND METHODS

This scoping review followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)
guidelines®; the PRISMA-ScR checklist will be used to report the results of this
review. Fidelity to the methodology determined a priori was maintained by
all authors. Searches were conducted in PubMed, CINAHL, and Scopus. The
review protocol is available in the Open Science Framework (OSF) repository
(http://doi.org/10.17605/OSEIO/NX7AY).

The electronic search strategy employed in this review is detailed below. To
ensure a maximally comprehensive scoping review, no filters were applied to the
database queries (e.g., a variety of publication types, including articles, conference
papers, etc.). Searches of the three databases were conducted in January 2024, and
the results were imported into Covidence (Veritas Health Innovation, Melbourne,
Australia)”. An updated search was performed in September 2025, with results
presented in aggregate below.

Eligibility criteria

Inclusion criteria were English-language studies involving adults (>18 years old)
that examined the use of serious games or gamification for motor rehabilitation
in neurodegenerative diseases. Studies not meeting these criteria were excluded,
as were review articles and perspective papers. Preliminary studies (e.g., pilot
studies) were included to more comprehensively characterize the current state of
the literature. See Table 1 for a summary of eligibility criteria.

Information sources and search strategy

The search strategy was developed collaboratively by M.P. and T.K., with
consultation from a Michigan State University Communicative Sciences and
Disorders librarian. Queries were iteratively refined over approximately 4 months
to maximize consistency across databases while accounting for database-specific
syntax. Initial searches using broad motor rehabilitation terms yielded limited
representation of SLP outcomes. Final queries were therefore expanded to include
targeted terms related to speech, voice, and swallowing. The final search was
conducted in PubMed, CINAHL, and Scopus in September 2025 by M.P. The search
strategy is summarized as follows, and the final search syntax for each database
appears in the Supplementary Materials (see S1. Search Terms).

e Game-based terminology (e.g., game*, gamif*, exergaming) AND

¢ Neurological disorder terminology (e.g., neurol*, neurodegen*) AND

e Motor rehabilitation terminology (e.g., motor rehabilitation, motor skills,
speech/voice/swallowing specific terminology)

The results of these queries were exported to Covidence for screening, review,
and extraction.

Study selection and screening

For both the initial and updated searches, as well as duplicate removal, two
blinded reviewers conducted title and abstract screening in Covidence, followed by
full-text review. Blinding, facilitated via Covidence, was used to mitigate potential
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Table 1. Scoping review eligibility criteria

Criterion Inclusion Exclusion
Population Adults aged 18 and Children under age 18, animals (e.g.,
over with motor skill mice and rats), or adults without
disorders secondary to motor skill disorders secondary to
neurodegenerative diseases neurodegenerative diseases (e.g., just

language disorders, just cognitive
disorders, motor skills disorders not due
to neurodegenerative diseases)

Intervention/Exposure Video games, low- Non-gamified low-tech interventions
tech games, tabletop/ (e.g., non-game pen-and-paper
board games, gamified interventions), non-gamified hi-tech
interventions, and interventions (e.g., non-game virtual or
exergames augmented reality, non-game apps or

computer programs, non-game robotics
or prosthetics), or assessments without
mention of treatment administered

Outcome Gross motor symptom Non-motor symptom management (e.g.,
management (e.g., walking ~ mental health symptom management,
and posture), fine motor ~ management of only cognitive symptoms,

symptom management and management of only language
(e.g., handwriting and symptoms)
grasping things with

hands), and motor speech
symptom management
(e.g., dysarthria

management)
Study Characteristics Published in English and Not published in English or reviews
presenting new or original  (e.g., systematic/scoping reviews, meta-
data (i.e., non-review) analyses, short reviews, or perspective

papers)

Table detailing inclusion and exclusion criteria for each criterion (i.e., population, intervention/exposure, outco-
me, & study characteristics)

reviewer biases. All conflicts were resolved via consensus meetings, during which
reviewers discussed voting discrepancies, explained the rationale behind their
initial votes, and jointly reached final decisions.

Data charting/collection/extraction

An informal data extraction template was collaboratively developed by M.P.
and T.K. to guide the data extraction process, which subsequently informed the
final template used in Covidence. Extracted data items included general study
information (e.g., title, authors, study location, and publication year), study design,
rehabilitation discipline (e.g., SLP, OT, and PT), participant demographics, game
devices and systems used, therapeutic intervention details, outcomes, and key
findings. After data were extracted from all eligible studies in Covidence, results
were exported into a single spreadsheet for analysis. See Table 2 for data item
descriptions and rationales.
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Table 2. Data item descriptions and rationales

Data item Description Rationale
Study details Title, authors, publication year, ~ To identify each study and to contextualize
DOL & country study findings
Rehabilitation Examples: PT, OT, SLP To identify any patterns in game-based
discipline approaches across motor rehabilitation
disciplines
Study aim(s) The stated aim(s) of each study To characterize the general purpose of
each study and aid in the determination of
relevance to the aim of this scoping review
Study design  The study design employed in each  To gain insight into the type(s) of studies
study conducted thus far concerning serious
game use for motor rehabilitation in
neurodegenerative populations
Participant Age, sex, neurological diagnosis, ~ To characterize study findings and identify
demographics & disease stage patterns across participant demographics
Recruitment Examples: Clinic patients, To identify any patterns in how
method voluntary, not stated participants were recruited for enhanced
contextualization and characterization of
study findings
Number of Number of participants receiving ~ To gain insight into statistical power and
participants game-based intervention versus generalizability relative to reported study
control or no intervention (as outcomes
applicable)
Participant Number of participants who To gain insight into participant adherence
mortality withdrew or discontinued study and the feasibility of the administered
participation intervention
Game Devices (e.g., computer, tablet, To characterize the game-based
technology sensor) and systems (e.g., interventions employed and gain an
(devices & Nintendo, Microsoft, Unity) used ~ understanding of any patterns in devices/
systems) for game-based intervention systems employed
Intervention Examples: Frequency, duration, To identify and characterize the specific
protocol medication state, setting where protocols administered and identify any
intervention was completed, games patterns in administered protocols
used, game targets
Primary & Outcomes relative to primary To gain insight into game-based
secondary study aim(s) and any secondary intervention efficacy/effectiveness and
study outcomes reported identify any patterns across outcomes for
outcomes administered interventions
Qualitative  Qualitative participant perspectives To gain insight into participant
study regarding game design, interface, experiences and perspectives regarding
outcomes (as protocol, feasibility, usability, game-based interventions
applicable) etc., for game-based intervention

administered

OT - occupational therapy, PT - physical therapy, SLP - speech-language pathology

Table detailing each data item and its rationale for inclusion

Data synthesis and analysis

Data synthesis and analysis procedures followed established recommendations
for scoping reviews*. Data exported from Covidence were imported into R
(version 4.5.2; R Foundation for Statistical Computing, Vienna, Austria)® for
synthesis and analysis. Descriptive numerical summaries were used to characterize
quantitative study characteristics (e.g., participant age), while frequencies and
proportions summarized categorical variables (e.g., rehabilitation targets). For
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qualitative synthesis, a narrative approach was used to summarize and interpret
extracted data. Study findings were reviewed iteratively to identify recurring
concepts, which were subsequently organized into descriptive categories. Patterns
across studies and categories were refined through team discussions to ensure a
comprehensive summary of the available evidence.

RESULTS

Search and selection

The results are presented as a descriptive mapping of the literature, organized
by study characteristics, participant characteristics, intervention characteristics,
and intervention outcomes. The initial search, conducted on 24 January 2024,
revealed 23 articles meeting eligibility criteria. An updated search conducted on 21
September 2025 revealed 5 additional articles meeting eligibility criteria. In total,
28 articles were included in the final analysis and are discussed below.

The full search yielded 244 articles. Following the automatic removal of 19
duplicates by Covidence and the manual removal of 3 duplicates, 222 studies were
included in the title and abstract screening. Of the 70 articles that proceeded to
full-text screening, 42 articles were excluded due to wrong patient population
(n = 18/42), wrong intervention (n = 8/42), and wrong study characteristics
(n = 16/42). The remaining 28 articles met eligibility criteria and underwent data
analysis. Please see Figure 1 for the full PRISMA flow diagram® showing study
selection & screening processes.

PRISMA 2020 flow diag| for new sy ic i which included searches of databases and registers only
[ Identification of studies via and regi J
)
Records removed before
B screening:
® Records identified via database Duplicate records removed by
kil search Covidence
= (n=19)
2| | (=249
ﬁ Duplicate records removed
manually by reviewers (n = 3)
S
)
Records screened Records excluded
(1=222) - (n=152)
@
=
:
& Reports excluded (n = 42)
Reports assessed for eligibility Wrong patient population
(n=70) (n=18)
Wrong intervention
(n=8)
Wrong study characteristics (n
=16)
—
—
H
3 Studies included in review
3| | (=28
=
—

Figure 1. PRISMA 2020 flow diagram. PRISMA 2020 flow diagram* showing study
selection and screening processes
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For the initial search, the two reviewers agreed on 84.9% of articles during
title and abstract screening (n = 146 out of 172) and formed a consensus on the
remaining 26. Agreement during full-text screening in the initial search was 74.1%
(n =43 out of 58), with consensus formed on the remaining 15 articles.

For the updated search, the two reviewers agreed on 88% of articles during title
and abstract screening (n = 44 out of 50) and formed consensus on the remaining
six. Agreement during full-text screening in the updated search was 100% (n = 12
out of 12).

Study characteristics
Country of research

Most studies were conducted in Italy (n = 4/28, 14.3%)"**~°, Spain (n = 4/28,
14.3%)*°%%%, and Brazil (n = 4/28, 14.3%)>%*, followed by the United States (n = 3/28,
10.7%)**%*%*, The remaining studies were conducted in Australia (n = 2, 7.1%)%,
Canada (n = 1, 3.6%)", Greece (n =1, 3.6%), Israel (n = 1, 3.6%)%, Turkey (n =1,
3.6%)%, or were multisite studies across two or more countries (n = 3, 10.7%)7%7%

Four studies (14.3%)"*7° did not specify where the research was conducted.

Publication date

Studies included in this review were published between 2012 and 2025. Just
over half of the studies (n = 17/28, 60.7%) were published in the last 5 years. Of
these studies, five (17.9%) were published in 2022°>°777% and five (17.9%) were
published between 2024 and 2025°*°%*¢!, Please see the supplemental materials for
a bar graph of publication dates.

Study design

The majority of included studies used non-randomized experimental designs
(n=15/28, 53.6%), including studies using case series"’, A-B-A single-subject’, and
longitudinal controlled clinical designs™, as well as mixed-methods*, uncontrolled
clinical trial®, within subject comparison®, case report®**’, and qualitative’"’* study
designs. Within this group, pilot studies (# = 7/28) accounted for 25.0% of observed
study designs. One pilot study* (3.6%) utilized an A-B-A design to evaluate change
in articulatory working space (AWS), and another pilot study™ (3.6%) included an
additional focus on technical feasibility. For randomized study designs, five studies
(17.9%) followed a randomized control trial design, three studies (10.7%) followed
a randomized clinical trial design®**%*, and one study (3.6%) employed a cross-
sectional study design with randomization and double-blinding’.

Study groups and sample sizes

In 88.9% of studies, experimental groups included 30 or fewer participants
(n=26/28), with 50.0% of these (i.e., n = 13 out of 26 total studies with experimental
groups < 30) involving between 5 and 15 participants. Overall, experimental group
sizes ranged from 1 participant (n = 2/28, 7.1%)*“ to 56 participants (n = 1/28,
3.6%). Control groups were included in 35.7% (n = 10/28) of studies in this review
Control group sizes ranged from 6 participants (n = 1/28, 3.6%)* to 29 participants
(n=1/28,3.6%)", with 70.0% of these (i.e., n = 7 out of 10 total studies with control
groups) reporting control groups with <20 participants. Reported participant
attrition ranged from 0 (n = 1/28, 3.6%) to 7 participants (n = 1/28, 3.6%)%,
though 11 studies (39.3%) did not explicitly report attrition information.
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Participant characteristics
General age and sex characteristics

Studies differed in how they reported participant ages. Notably, 25 studies
(89.3%) reported descriptive statistics (mean and standard deviation) for
participant ages. These studies reported means ranging from 28.0 years to 75.7
years and reported standard deviations ranging from 2.05* to 11.107*. Roughly half
of the mean age values across the 20 studies fell between ages 60 and 70 (n = 13/28,
46.4%). Two studies (7.1%) were case studies whose participants were aged 58* and
65%, respectively. Please see the supplemental materials for a bar graph of mean
participant ages across studies.

Of the 28 studies, 21 (75.0%) reported participant sex demographics, while seven
(25.0%) did not. One study (3.6%) included only male participants*’, and none
(0%) had exclusively female participants. Two studies (7.1%) were case studies with
a single female participant®®. The reported number of male participants ranged
from 3°* to 63 participants®, with eight studies (28.6%) reporting between 5 and 10
male participants. The number of female participants ranged from 0* to 64, with
six studies (21.4%; excludes case studies described above) reporting between one
and five female participants. Additionally, none of the studies (0%) included in this
scoping review discussed how reported sex corresponded to either gender or sex
assigned at birth.

PD participant characteristics

The majority of studies in this scoping review investigated serious game effects
on motor rehabilitation in patients with PD; n = 17/28, 60.7%, with two of these
studies specifically investigating differences in people with PD versus healthy
controls®”®, while the remainder focused on PD alone. One case study (3.6%)
followed a participant with progressive supranuclear palsy (PSP)%, a form of
atypical Parkinsonism. Although initial data extraction items did not include items
specific to PD, when PD emerged as a prominent diagnosis result, Hoehn and Yahr
Scale”” and medication state data items were added in order to characterize PD-
specific findings in greater detail.

The Hoehn and Yahr (HY) Scale”” is commonly used to describe the progression
of PD symptoms. The scale values range from I to V, with I describing a milder
unilateral motor impairment and V describing those with severe motor impairments
who require wheelchairs and maximal assistance to support mobility””%. 12 studies
(i.e., 42.9% of all 28 included in the review and 66.7% of all 18 PD-specific studies)
reported data regarding participants’ Hoehn and Yahr stages. 8 out of these 12
studies (i.e., 66.7%, or 44.4% of the 18 PD-specific studies) specifically described the
number of participants in each HY stage, revealing that studies tended to include
more participants in HY stages I through III. One study (5.6% of the 18 PD-specific
studies) reported a mean HY stage of 3 and a range of HY stage 1.5 through stage
3%. Another study (5.6% of the 18 PD-specific studies) reported only a mean HY
stage of 1.67°. Two studies (11.1% of the 18 PD-specific studies) reported only that
participant HY stages spanned stages 2-4°*%, and one case study (5.6% of the 18
PD-specific studies) reported that the participant was at HY stage 5%. Excluding
this case study, the reported numbers of participants in each stage ranged from 0-5
for HY stage 1, 0-14 for HY stage 1.5, 0-7 for both HY stages 2 and 2.5, and 0-8
for HY stage 3. Across all 8 studies that described the number of participants in
each HY stage, there were 11 participants reported for HY stage 1, 13 participants
reported for HY stage 1.5, 32 participants reported for HY stage 2, 8 participants
reported for HY stage 2.5, and 16 participants reported for HY stage 3. Regarding
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more general stage reports, one study (5.6% of the 18 PD-specific studies) detailed
participant counts for ‘early’ (n = 2), ‘mid-stage’ (n = 9), and ‘advanced’ progressions
(n=7)%.10 (55.6% of the 18 PD-specific studies) studies did not report stage data.
For people with PD who take dopaminergic medications, the term on state
describes the time period of active pharmacological symptom management
(i.e., improved symptoms), whereas the term off state describes the time during
which the dopaminergic medication has worn off, and symptoms re-emerge”. Of
the 10 studies (55.6% of the PD-specific studies) that reported medication state
information, nine of them (90% of studies that reported medication state, 50.0%
of the 18 PD-specific studies) indicated that participants completed the serious
gameplay in the ‘on’ medication state. Only one study (10% of studies that reported
medication state) reported that participants were in an ‘oft” medication state during
gameplay; however, this study involved participants with MS* (i.e., not PD).

MS participant characteristics

Another case study (3.6%) followed a participant with co-occurring relapsing-
remitting MS and PD®. Given that this particular case study additionally included
an MS diagnosis, it is counted separately from the PD and MS studies reported in
this review (i.e., not included in the aforementioned 16 PD study count) to clearly
characterize the co-occurring MS and PD rehabilitation considerations for this case
study. Altogether, six studies (21.4%) investigated the effects of serious games on
motor rehabilitation in MS. One of these studies investigated differences in people
with MS versus healthy controls, and another one of these specifically included
participants with secondary progressive MS (n = 3), relapsing-remitting MS (n = 3),
and primary progressive MS (n = 1)”’.

Participant characteristics for other diagnoses

Two studies (7.1%) investigated game-based approaches across a variety of
neurological diagnoses. One study investigated serious game effects on motor
rehabilitation in participants with a variety of neurological diagnoses, including
CVAs, PD, MS, tick-borne encephalitis, lumbar spinal stenosis with hip flexor
paresis, structural epilepsy, polytrauma, spinal disk herniation, polyarthrosis,
osteochondrosis with vertigo, and multimorbidity”'. Another study in this scoping
review (3.6%) similarly investigated game effects across a variety of neurological
diagnoses, including hemiplegia, MS, and PD"’. Finally, one study® investigated a
game-based virtual reality (VR) intervention in participants with spinocerebellar
ataxia. Please see Figure 2 for a detailed representation of participant diagnoses.

Intervention characteristics
Rehabilitation discipline

More than half of the studies in this scoping review targeted skills solely within
the PT discipline (n = 15/28, 53.6%). Seven studies (25%) targeted skills in both the
PT and OT disciplines, and one study (3.6%) targeted skills spanning the PT, OT,
and SLP disciplines’. The remaining studies targeted skills in either the OT (OT-
only, n = 1/28, 3.6%)% or SLP (SLP-only, n = 4/28, 14.3%)*>***""* disciplines.

Rehabilitation targets
Altogether, 11 studies (39.2%) investigated game-based approaches targeting
gross motor skills. Three studies (10.7%) specifically focused on upper limb (UL)
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Diagnosis Counts
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Figure 2. Participant diagnoses. Participant diagnosis counts across the 28 articles
included in this review. These included spinocerebellar ataxia, co-occurring MS
and PD, PSP, multiple neurological diagnoses (‘Multiple Neuro Dxs’), MS, and PD.
MS - multiple sclerosis, PD - Parkinson’s disease, PSP - progressive supranuclear

palsy

movements®*>%, and seven studies (25.0%) focused on hand/UL movements.
Among these, two UL studies**, four gross motor studies®****>’®, and the one
fine/gross motor study* additionally targeted cognitive/executive function skills
as part of the approach to motor rehabilitation. Of note, one study (3.6%) targeted
cognition/executive function to investigate the effects of this approach on motor
rehabilitation®.

For the remaining studies, one study (3.6%)* targeted swallowing motor
rehabilitation, and four studies*>**’>”* targeted voice and speech skills. Of these
four studies, one investigated a suite of serious games whose rehabilitation
targets included gross motor, fine motor, speech motor, and cognitive/executive
functioning skills”>. Finally, one qualitative study conducted focus groups to
investigate participants’ perspectives of game-based motor rehabilitation”'. Please
see Figure 3 for a detailed representation of protocol rehabilitation targets.

Protocol frequencies, durations, session lengths, and session totals

Session frequencies ranged from 1 session per month (0.25 sessions per week)”
to 5 sessions per week”*, with 15 studies (53.6%) administering sessions two to
three times per week. Session lengths ranged from 10 minutes® to 1 hour (n = 5/28,
17.9%)*7>>94%  with the majority of the reported session lengths being between
30 minutes and 60 minutes (n = 15/28, 53.6%). Protocol durations ranged from
one single session (n = 4/28, 14.3%)>*%%7* to 18 weeks (n = 1/28, 3.6%)%, with
21 studies (75%) employing protocol durations of 10 weeks or less. The majority
of studies (n = 24/28, 85.7%) involved 25 or fewer sessions. Please see Table 3 and
Figure 4 for a summary of these findings.
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Figure 3. Protocol rehabilitation targets. Bar plot showing counts for the protocol
rehabilitation targets across the 28 studies. ‘UL abbreviation used below represents

‘upper limb’ (rehabilitation target)
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this review
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Table 3. Summary of intervention dosage across included studies

Parameter Reported range Most common pattern
(n &%)
Session frequency 0.25-5 sessions per week 2-3 sessions per week
(n=15/28, 53.6%)
Session duration 10-60 minutes 30-60 minutes
(n=15/28, 53.6%)
Protocol (i.e., intervention) Single session-18 weeks 10 weeks or fewer
duration (n=21/28,75.0%)
Total number of sessions 1-36 sessions 25 or fewer

(n =24/28, 85.7%)

Table detailing findings across studies for session frequency, session duration, protocol (i.e., intervention) dura-
tion, and total number of sessions

n indicates the number of studies.% indicates percentage of studies.

Game characteristics

All 28 studies (100.0%) included in this review investigated games with at least
one digitized component (e.g., playing video games displayed on a screen, moving
sensors that adjust the on-screen game environment accordingly). 17 studies
(60.7%) administered interventions comprised of more than one game (e.g., two
game options, a suite with multiple mini-games), whereas 10 studies (38.5%)
investigated the therapeutic effects of a single serious game. Of note, one study
(3.6%) by Ringgenberg et al.”* conducted focus groups to more broadly investigate
how older adults perceive exergames for motor rehabilitation”".

Game technology

All of the serious games in this review (100%) had one or more digital
components. However, a variety of game devices and systems were identified, with
some studies reporting the use of multiple devices or systems for one intervention.
To accurately represent the frequencies of game technologies observed, the counts
in this section reflect how many times each device or system was mentioned across
all 28 studies. This means that, if a device or system appeared in more than one
study, it was counted each time. Additionally, in studies where more than one
device or system was used, each was counted individually. The rationale for this
was to more readily discern any patterns in game-based intervention technologies.

Regarding devices (i.e., hardware) used for game-based interventions, 12 studies
(42.9%) reported using a computer (e.g., desktop, laptop) for gameplay, and eight
studies (30.4%) reported using an external screen (e.g., TV screen and projector
screen) to display gameplay. Five studies (17.9%) administered serious games for
tablets or mobile devices (e.g., smartphones, smartwatches, tablets). Seven studies
(25.0%) used a Microsoft Kinect sensor®’. Four studies (14.3%) used Nintendo Wii®!
devices and systems for serious gameplay. Two studies (7.1%) used a Leap Motion
Controller®?. Four studies (14.3%) used VR headsets (Meta Quest 3%, n = 1; Meta
Quest 2%, n = 1; Oculus Rift S*, n = 1; Sennheiser PC 3 Chat®, n = 1).

In terms of systems (i.e., software) used for game-based interventions, six studies
(21.4%) used serious games that were developed in the Unity game development
engine”. The remaining 21 systems included both proprietary systems that were
specifically focused on rehabilitation and commercially available systems that
are primarily purposed for entertainment (e.g., Nintendo Wii). In total, 12 of the
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28 total studies (42.9%) used proprietary systems, while 10 (35.7%) studies used
commercially available systems.

Games with biofeedback

Some of the studies administered serious game interventions with biofeedback
components as well. Three studies (10.7%)****” employed surface electromyography
(sEMG) sensors along with computer-based serious games. One study (3.6%)
investigated performance outcomes in biofeedback off versus biofeedback on
conditions, finding that providing heart rate biofeedback immediately after in-
game actions were taken enhanced participants’ engagement during serious
gameplay™. One study (3.6%) used a pulse oximeter to measure participant oxygen
levels during gameplay but had only preliminary results to report at the time of
publication, finding that the UL movement game ‘Grab Your Can’ (i.e., grabbing
and moving cans in the virtual game environment via UL movements) was most
tiring for players, as evidenced by pulse oximeter data and by participant reports™.

Games accompanying existing therapy technology

Two studies (7.1%)%7* investigated the effects of simultaneous transcranial
direct current stimulation (tDCS) and serious gameplay on motor rehabilitation;
thus, these studies included equipment specifically designed to administer this
intervention. Additionally, one study (3.6%) evaluated a serious game designed to
be played while walking on a split-belt treadmill®.

Motor rehabilitation outcomes by domain

Data were collected regarding primary treatment outcomes (i.e., rehabilitation
outcomes relative to the study aims), secondary treatment outcomes (i.e., additional
rehabilitation outcomes reported), and qualitative study findings when applicable.
More than half of the studies (n = 16, 57.1%) reported improved motor skills in
one or more domains (e.g., gross motor, fine motor, speech/swallowing motor)
after participants completed the respective game-based interventions. Results are
organized here in terms of motor rehabilitation outcomes by domain (i.e., gross,
fine, voice/speech, and swallowing motor outcomes) and qualitative perspectives of
the game-based intervention.

Gross and fine motor rehabilitation outcomes

Seven studies (25.0%) focusing solely on gross motor targets reported
improvements in motor outcomes and rehabilitation outcomes, including gains in
balance, gait, and postural control following game-based interventions®>>¢'-%47>,
Three studies (10.7%) reported improvements in standardized clinical measures
(e.g., UPDRS-III*, Mini-BESTest*, and TUG™)**%*¢, while two studies (7.1%)
noted mixed or limited effects, such as improved gait speed without corresponding
balance gains or unclear attribution of improvements due to concurrent therapies.****

Nine studies (32.1%) reported on fine motor rehabilitation outcomes
(32.1%), with improvements in manual dexterity, coordination, and grip
strength observed in interventions using motion-tracking, sensor-based, and VR
technologies*>*7-666770 Within this group, three studies (10.7%) reported mixed
findings, including improvements in some dexterity measures but not others” or
increased movement speed with reduced accuracy®, and one study (3.6%) reported
outcomes comparable to conventional therapy rather than superior effects™.
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Voice/speech and swallowing motor rehabilitation outcomes

Voice/speech and swallowing outcomes were reported in four studies (14.3%),
including three studies (10.7%) targeting speech motor function and one study
(3.6%) targeting swallowing. Speech-focused interventions demonstrated increased
articulatory movement amplitude and improved intelligibility, particularly when
augmented visual feedback was incorporated***”*, while the swallowing study
reported improved oral intake and reduced residue following biofeedback-based
intervention®’.

Other rehabilitation outcomes

One study (n = 1/28, 3.6%) evaluated a suite of game-based interventions,
targeting gross motor, handwriting (i.e., fine motor), and voice/speech motor skills”.
Participants viewed the prototype positively, and, though interface fine-tuning was
needed, most found the design attractive and accessible”. Despite targets focused
on motor rehabilitation, additional outcomes beyond motor performance were
reported in five studies (17.9%), including improvements in cognitive performance
(e.g., attention, executive function, dual-task ability) following combined cognitive-
motor training®**%”2 Two studies (7.1%) reported evidence of motor learning and
transfer across tasks or modalities®”®, and two studies (7.1%) indicated potential
additive or interactive effects when game-based approaches were combined with
other interventions, such as transcranial stimulation or exercise®*’*.

Qualitative outcomes

15 studies (53.6%) analyzed qualitative perspectives regarding the serious
game interventions, while the remaining 13 studies (46.4%) did not include this
information. Of note, two studies’"”” were exclusively qualitative in their design and
analyses. One of these studies (3.6%) by Ringgenberg et al.” investigated perceptions
of an exergame training for older adults. This study found that participants desired
serious games that had multiple difficulty levels within the game, realistic games that
align with goals for participating autonomously in everyday life, high-score boards
to motivate players, a simple harness application for easy use during gameplay,
in-game goals that are small and achievable, and provided lots of feedback for
increased motivation”’.

For the 13 studies (46.4%) that reported qualitative participant perspectives
in addition to game-based intervention outcomes, the reported findings were
generally positive (n = 12, 42.9%)"7%%34575864-666875 'with 1 study finding more varied
perspectives”. Reported factors influencing qualitative perspectives included
preference for certain game mechanics (n = 1, 3.6%”, technology acceptance
(n =1, 3.6%), desired usability enhancements (n = 2, 7.1%)°"%, and perceived
value (i.e., perceived rehabilitation potential) of the administered intervention
(n=2,7.1%)"7".

DISCUSSION

This scoping review sought to identify (1) the range of target populations,
interventions, and study procedures and (2) the range and types of serious
games reported in the literature on motor rehabilitation for individuals with
neurodegenerative disorders. The initial search yielded 244 articles, with 28
articles ultimately meeting the criteria for inclusion (See Figure 1 for PRISMA flow
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diagram). The included studies primarily involved small samples, with most study
groups consisting of 30 or fewer participants (i.e., 26 out of 28 [92.9%] studies that
reported group/sample size values). Additionally, over half of the 28 total studies
included in this scoping review were published after the year 2019, with five of the
included studies (17.9%) published between 2024 and 2025 alone. These findings
underscore the limited and preliminary nature of the current evidence base for
game-based motor rehabilitation interventions in people with neurodegenerative
diseases. A discussion of the findings is provided below.

PD prominence is reflected in participant characteristics

Opverall, the general tendency for studies to include older adults is consistent
with expectations, given the elevated prevalence of most neurodegenerative diseases
in older adults”. Since PD emerged as the most common participant diagnosis
(n =17/28, 60.7%) across the included studies, and PD most frequently manifests
in individuals over 60%, participant demographics largely aligned with expectations
for PD-prominent populations. Just under half of the studies reported mean ages
between 60 years and 70 years of age (n = 13/28, 46.4%), illustrating the relative
prominence of older versus younger adults across the included studies. Notably,
the prominence of studies focused on PD and older adult populations may limit
generalizability to other neurodegenerative diagnoses and other age groups.

In terms of PD-specific participant demographics, most participants were
recruited with mild-to-moderate severity (Hoehn and Yahr stage I to III) and
completed the game-based motor rehabilitation protocol in an ‘on’-medication
state. People in the ‘on’ state typically experience reduced motor symptom severity”.
Having participants complete game-based interventions in the ‘on’ state therefore
aligns with the specificity principle of neuroplasticity” in that it enables participants
to train a specific motor pattern (i.e., train a motor pattern that more closely
approximates a target motor pattern), which in turn may enhance motor learning,
retention, and transfer to novel contexts®~’.

While it exceeds the scope of this review to concretely identify the dopaminergic
processes involved in game-based intervention completion, there is room for
speculation regarding the relationships between dopaminergic processes, PD
neuropathophysiology, and motivation. Findings in the literature indicate
associations between dopamine and gameplay®**, as well as between the progressive
reduction in dopaminergic cells and symptoms of demotivation seen in PD*.
Consequently, these authors speculate that game-based interventions may address
therapeutic considerations unique to PD populations due to the overlapping
considerations regarding dopaminergic processes in PD and gameplay. However,
additional research is needed to more clearly discern the exact relationships
between dopaminergic processes during game-based motor rehabilitation activities
in individuals with PD. Furthermore, these findings may not directly apply to other
neurodegenerative diseases beyond PD.

Other condition-specific trends in participant characteristics

A number of studies investigated game-based rehabilitation directed towards
MS, a disease with symptom onset typically between 20 years and 40 years of age”’.
Contrasting the PD-specific findings, studies involving participants with MS tended
to have lower mean participant ages, with six studies (21.4%) reporting mean ages
of <51 years>* 6785

Furthermore, three out of the total five studies identified in the updated review

. These findings are consistent with population demographics.
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focused on participants with MS****%, indicating that this is a potentially growing
area of game-based intervention research for individuals with neurodegenerative
diseases.

Participant sex demographics similarly reflected condition-specific trends.
The elevated numbers of male participants relative to female participants in the
identified PD-focused studies is consistent with existing prevalence data for PD**>%.
Notably, the study with the greatest number of female participants (i.e., 64) focused
exclusively on MS®, whereas the only study with zero female participants*” focused
exclusively on people with PD. None of the studies (0%) included in this scoping
review discussed how reported sex corresponded to either gender or sex assigned at
birth, limiting the generalizability of findings beyond cisgender populations.

Rehabilitation targets span multiple disciplines

The rehabilitation targets for game-based interventions identified in this scoping
review reflected the gross, fine, voice/speech, and swallowing motor skills that may
progressively worsen in people with neurodegenerative diseases'?. Rehabilitation
targets spanned the PT, OT, and SLP disciplines, highlighting the cross-disciplinary
impacts neurodegenerative diseases may have on motor skills and functioning.
Game-based approaches targeting fine and gross motor skills within the collective
PT and OT disciplines were most common (n = 24/28, 85.7%), with 10 studies
(35.7%) targeting hand/UL movements. Targets within the SLP scope of practice,
including voice/speech and swallowing (n = 5/28, 17.9%)*>***”7>7* were less common,
indicating that the current literature for game-based approaches in SLP-specific
motor rehabilitation is much more limited than in the PT and OT disciplines.
The inclusion of cognitive targets alongside motor rehabilitation in several studies
further suggests that game-based approaches may support multidimensional
rehabilitation goals®”>¢4-%0%%7376 OQverall, the identified motor rehabilitation targets
span multiple rehabilitation disciplines, suggesting that game-based approaches
can be leveraged and adapted to address a range of motor rehabilitation needs in
individuals with neurodegenerative diseases.

Game-based intervention protocols align with motor learning the-
ory

Game-based intervention protocols spanned a variety of session frequencies,
durations, lengths, and total session numbers. While variation in administered
treatment protocols is expected, given the range of disorders within the
neurodegenerative disease category and the specific support needs for each
diagnosis, the findings of this scoping review generally align with the principles of
motor learning®”. Most protocols involved moderate dosing (e.g., 2-3 sessions per
week, 30-60 minutes per session) that were generally consistent with standardized
rehabilitation programs for people with neurodegenerative disorders, such as LSVT
LOUD® and LSVT BIG® (LSVT Global, Inc., Tucson, AZ, USA) programs (i.e., four
1-hour sessions per week for 4 weeks, up to 16 sessions)’, SPEAK OUT!” (Parkinson
Voice Project, Dallas, TX, USA) (i.e., two to three 30-40-minute sessions per week
for 4 weeks, 8-12 sessions; )*, and Pitch-Limiting Voice Treatment (PLVT; one to
two 45-60-minute sessions per week for 6-12 weeks)”. These findings suggest
that game-based approaches may be feasibly integrated into existing clinical
workflows. Furthermore, the protocol dosage trends identified in this review are
largely consistent with practices known to support motor learning, retention, and
transfer’”’.
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Game-based intervention outcomes

Although over half of the studies in this review (n = 16, 57.1%) improved motor
skills in one or more domains (e.g., gross motor, fine motor, speech/swallowing
motor) after participants completed the respective game-based interventions,
findings varied and should be interpreted with caution, given the predominance of
non-randomized study designs. The most frequently reported factors influencing
treatment outcomes were treatment intensity and feedback'**>%*7  These
findings are consistent with motor learning theory, which emphasizes the role of
practice intensity and feedback type in promoting skill acquisition and retention. In
particular, interventions that provide knowledge of performance feedback (e.g., to
raise an arm even higher) may enhance motor skill acquisition, whereas providing
knowledge of results feedback (e.g., indicating target versus non-target motor skill
performance) may enhance motor skill retention®'®.

Qualitative findings suggest that individual perspectives of motivation,
engagement, and usability may influence intervention outcomes. Two studies
offered qualitative insights into participant perspectives of feedback, with one
study indicating that participants enjoyed how feedback motivated them to beat
their previous scores® and the other revealing that target users desired feedback to
maintain high motivation”'. Additional factors influencing qualitative perspectives
included a preference for certain game mechanics (n = 1, 3.6%)”, technology
acceptance (n = 1, 3.6%), desired usability enhancements (n = 2, 7.1%)",
and perceived value (i.e., perceived rehabilitation potential) of the administered
intervention (n = 2, 7.1%)*”". These findings underscore the relationship between
an individual’s perspective of a given intervention and the outcomes of that
intervention.

Regarding feature preferences, Ringgenberg et al.”’ investigated older adults’
perceptions of an exergame intervention. Aligning with the tenets of Self-
Determination Theory'”", Expectancy-Value Theory'””, and Uses and Gratifications
Theory'”, findings indicated that participants wanted games with multiple difficulty
levels, realistic scenarios that help them achieve everyday goals independently,
high-score boards for motivation, easy-to-use harnesses, small and achievable in-
game goals, and plenty of feedback to keep them motivated”. Overall, the findings
of this scoping review support the assertion that game-based interventions should
be evidence-based, should incorporate key stakeholder perspectives (e.g., family,
caregivers, providers) into the design process for optimal intervention outcomes.

Technology trends and considerations

All of the game-based interventions in this review had one or more digital
technologies, such as computers, tablets, and motion sensors. It exceeds the scope of
this review to definitively determine the rationale underlying this pattern. However,
digital game-based intervention systems can generally be reprogrammed and
adapted to meet target users’ needs, whereas static game-based interventions (e.g.,
physical tabletop board games) may require additional resources to be updated (e.g.,
additional materials for fabricating and distributing physical game materials, such
as game boards and pieces). Moreover, universal design principles'*
‘equitable use;, ‘flexibility in use, ‘simple and intuitive use, ‘perceptible information;,
‘tolerance for error, low physical effort, and ‘size and space for approach and use’
may be integrated into digital systems.'**'* Digital systems may enhance healthcare
accessibility,'* particularly if the digital system’s design aligns with the principles
of universal design.'””'*® This may explain, at least in part, why the articles in this

advocate for
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review employed game-based interventions with at least one digital component.

The observed use of digital elements across all 28 studies is reasonable given
that digital systems may be designed and adjusted to accommodate person-
specific support needs.'”!' This is particularly relevant to individuals with
neurodegenerative diseases for whom motor skill degeneration may pose a barrier
to game-based intervention accessibility (e.g., ability to type on tablets or mobile
devices).""! Personalizing these systems aligns with expectancy-value'*” and uses
and gratifications'” theories of motivation in that it creates a game environment
wherein the user is less likely to experience accessibility-related barriers to success,
thereby bolstering motivation to engage with a given game-based intervention.
It additionally aligns with self-determination theory™, as administering more
user-accessible interventions can amplify autonomy, thereby enhancing intrinsic
motivation. Future research investigating how the presence or absence of
accessibility features in game-based intervention technologies may offer more
insight into how accessibility influences treatment outcomes for individuals with
neurodegenerative diseases.

Reliance on digital devices and systems, however, may introduce additional
barriers to optimal motor rehabilitation interventions and outcomes. In particular,
cost-related barriers may impede the feasibility of game-based approaches that
require digital elements. Even for interventions using low-cost’ systems®, costs
may still present barriers to access or long-term adherence, particularly in chronic
conditions. Future research should explicitly examine the impact of cost and
technology access on implementation and outcomes.

Limitations

While this scoping review provides insight into the present uses of serious games
to facilitate motor symptom management in individuals with neurodegenerative
disorders, several limitations are discussed. Consistent with established PRISMA-
Scr guidelines®®®, no formal critical appraisal was conducted; however, study
designs were extracted and synthesized. Most of the included studies involved small
sample sizes or non-randomized experimental study designs, whereas randomized
experimental study designs were less common. The elevated proportion of studies
with a lower level of evidence, alongside the growing number of publications in this
area throughout the last 5 years, highlights the emerging and preliminary nature
of the current evidence base. Findings should consequently be interpreted with
caution, and future reviews incorporating quality appraisal are needed to support
more robust and actionable conclusions.

This review did not examine game-based interventions targeting non-motor
outcomes (e.g., cognition) or pediatric populations. Future research should explore
these areas to better inform intervention use across a broader range of clinical
contexts. The databases included in this review (i.e., PubMed, CINAHL, and
Scopus) were selected due to their relative emphasis on healthcare outcomes, which
align with the clinical focus of this review; however, this approach may have limited
the inclusion of studies emphasizing technological development or engineering-
based outcomes. Additionally, only studies published in English were included, as
all reviewers were monolingual English speakers and therefore unable to reliably
interpret studies published in other languages. Accordingly, future reviews may
benefit from incorporating additional interdisciplinary databases and multilingual
screening procedures to capture a broader range of game-based intervention
research.
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Additionally, all included studies utilized interventions with at least one digital
component, highlighting a need for research comparing digital and analog (i.e., low-
tech, non-digital) game-based approaches. Because this review focused on motor
rehabilitation outcomes, game design features such as genre, rules, and mechanics
were not analyzed. Future studies should examine these design elements to improve
understanding of how serious games are developed and applied in rehabilitation,
and to inform the design of more effective, user-centered interventions for
individuals with neurodegenerative diseases.

CONCLUSIONS

Findings from this scoping review suggest a growing research interest in the
use of game-based interventions to support motor rehabilitation in individuals
with neurodegenerative diseases. Studies across the OT, PT, and speech therapy
disciplines have explored game-based interventions as a feasible intervention option.
However, the current evidence base remains preliminary and is characterized by
small sample sizes, heterogeneous study designs, and variability in intervention
protocols, which limits generalizability across populations and settings. Evidence is
most prevalent for individuals with PD, with a smaller but emerging body of work
examining applications for individuals with MS. Consequently, findings should be
interpreted cautiously and may not generalize beyond PD to individuals with other
types of neurodegenerative diseases.

Game-based interventions were frequently associated with improvements in
motor, speech, and swallowing outcomes in some studies, although results were
inconsistent and often influenced by factors such as intervention intensity, feedback
features, and concurrent therapies. Additionally, barriers to implementation,
including cost, access to technology, and usability considerations, may impact the
feasibility and scalability of these interventions in clinical rehabilitation settings.

Future research should prioritize more rigorous and adequately powered study
designs, with a focus on evaluating long-term effects, quality of life outcomes, and
adherence to intervention protocols. Greater standardization of outcome measures
and intervention reporting is also needed to support comparison across studies
and to better determine the clinical utility of game-based rehabilitation approaches.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We would like to thank Jessica Sender, Michigan State University Communicative
Sciences and Disorders Librarian, for her insights and guidance during the search
strategy formulation.

FUNDING STATEMENT

The authors received no financial support for the research, authorship, and/or
publication of this article.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 20/30



REFERENCES

1.

10.

11.

12.

13.

14.

15.

Przedborski S, Vila M, Jackson-Lewis V. Neurodegeneration: what is it and
where are we? J Clin Invest. 2003;111(1):3-10. doi: 10.1172/JCI17522.
Pena-Bautista C, Casas-Fernandez E, Vento M, Baquero M, Chéfer-Pericés
C. Stress and neurodegeneration. Clin Chim Acta. 2020;503:163-8. doi:
10.1016/j.cca.2020.01.019.

Sawers A, Hahn ME, Kelly VE, Czerniecki JM, Kartin D. Beyond
componentry: how principles of motor learning can enhance locomotor
rehabilitation of individuals with lower limb loss — a review. ] Rehabil Res
Dev. 2012;49(10):1431-42. doi: 10.1682/jrrd.2011.12.0235.

Muratori LM, Lamberg EM, Quinn L, Duft SV. Applying principles of
motor learning and control to upper extremity rehabilitation. ] Hand Ther.
2013;26(2):94-103. doi: 10.1016/j.jht.2012.12.007.

Maas E, Robin DA, Austermann Hula SN, Freedman SE, Wulf G, Ballard KJ,
et al. Principles of motor learning in treatment of motor speech disorders. Am
J Speech Lang Pathol. 2008;17(3):277-98. doi: 10.1044/1058-0360(2008/025).
Magill RA, Anderson D. Motor learning and control: concepts and applications.
10th ed. New York, NY: McGraw-Hill Companies, Inc; 2014.

Guadagnoli MA, Lee TD. Challenge point: a framework for conceptualizing
the effects of various practice conditions in motor learning. ] Mot Behav.
2004;36(2):212-24. doi: 10.3200/JMBR.36.2.212-224.

Behrman A, Cody]J, Chitnis S, Elandary S. Dysarthria treatment for Parkinson’s
disease: one-year follow-up of SPEAK OUT!* with the LOUD Crowd®. Logoped
Phoniatr Vocol. 2022;47(4):271-8. doi: 10.1080/14015439.2021.1958001.

Fox C, Ebersbach G, Ramig L, Sapir S. LSVT LOUD and LSVT BIG: behavioral
treatment programs for speech and body movement in Parkinson disease.
Parkinsons Dis. 2012;2012:391946. doi: 10.1155/2012/391946.

Becker K. What’s the difference between gamification, serious games,
educational games, and game-based learning? Acad Lett. 2021:Article 209.
doi: 10.20935/al209.

Johnson ML, Taub E, Harper LH, Wade JT, Bowman MH, Bishop-McKay S, et al.
An enhanced protocol for constraint-induced aphasia therapy II: a case series. Am
J Speech Lang Pathol. 2014;23(1):60-72. doi: 10.1044/1058-0360(2013/12-0168).
Lin L], Li KY. Comparing the effects of olfactory-based sensory stimulation
and board game training on cognition, emotion, and blood biomarkers among
individuals with dementia: a pilot randomized controlled trial. Front Psychol.
2022;13:1003325. doi: 10.3389/fpsyg.2022.1003325.

Burdea G, Polistico K, Krishnamoorthy A, House G, Rethage D, Hundal
J, et al. Feasibility study of the BrightBrainerTM integrative cognitive
rehabilitation system for elderly with dementia. Disabil Rehabil Assist
Technol. 2015;10(5):421-32. doi: 10.3109/17483107.2014.900575.

Carro RM, Costales FG, Ortigosa A. Serious games for training myoelectric
prostheses through multi-contact devices. Children (Basel). 2022;9(3):423.
doi: 10.3390/children9030423.

Nintendo Support. Nintendo Wii [Gaming console]. 2006. Available from:
https://en-americas-support.nintendo.com/app/answers/detail/a_id/2650/~/
what-is-the-difference-between-the-models-of-wii-consoles%3E.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 21/30


https://doi.org/10.1172/JCI17522
https://doi.org/10.1016/j.cca.2020.01.019
https://doi.org/10.1682/jrrd.2011.12.0235
https://doi.org/10.1016/j.jht.2012.12.007
https://doi.org/10.1044/1058-0360(2008/025)
https://doi.org/10.3200/JMBR.36.2.212-224
https://doi.org/10.1080/14015439.2021.1958001
https://doi.org/10.1155/2012/391946
https://doi.org/10.20935/al209
https://doi.org/10.1044/1058-0360(2013/12-0168)
https://doi.org/10.3389/fpsyg.2022.1003325
https://doi.org/10.3109/17483107.2014.900575
https://doi.org/10.3390/children9030423
https://en-americas-support.nintendo.com/app/answers/detail/a_id/2650/~/what-is-the-difference-betwe
https://en-americas-support.nintendo.com/app/answers/detail/a_id/2650/~/what-is-the-difference-betwe

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Baranyi R, Zivojinovic M, Hoelbling D, Aigner C, Hoerner W, Grechenig T.
Vivifying knee rehabilitation: SquatEmUp, a serious game utilizing the wii
fit balance board. Stud Health Technol Inform. 2024;313:7-8. doi: 10.3233/
SHTI1240003.

Microsoft. Xbox 360 [Gaming Console. 2005. Available from: https://www.
xbox.com/en-US/games/xbox-360.

Dobbins S, Hubbard E, Leutwyler H. “Looking Forward™ a qualitative
evaluation of a physical activity program for middle-aged and older adults
with serious mental illness. Int Psychogeriatr. 2020;32(12):1449-56. doi:
10.1017/51041610218002004.

Hasbro, Inc. Scrabble: The Classic Crossword Game [Board Game]. 1948
[cited 2024 Oct 3. Available from: https://shop.hasbro.com/en-us/product/
scrabble-board-game-classic-word-game-for-kids-ages-8-and-up-fun-
family-game-for-2-4-players-the-classic-crossword-game/5160FA AF-E466-
4934-A6AB-A0607AFA1747.

Stanmore E, Stubbs B, Vancampfort D, de Bruin ED, Firth J. The effect of active
video games on cognitive functioning in clinical and non-clinical populations:
a meta-analysis of randomized controlled trials. Neurosci Biobehav Rev.
2017;78:34-43. doi: 10.1016/j.neubiorev.2017.04.011.

Zuo X, Tang Y, Chen Y, Zhou Z. Effects of electronic serious games on older
adults with Alzheimer’s disease and mild cognitive impairment: systematic
review with meta-analysis of randomized controlled trials. JMIR Serious
Games. 2024;12(1):e55785. doi: 10.2196/55785.

Llorente A, del Rio A, Semerci YC, Kurano JA, Jiminez D, Menéndez JM.
Assessment of cognitive games to improve the quality of life of Parkinson’s
and Alzheimer’s patients. Digit Health. 2024;10:20552076241254733. doi:
10.1177/20552076241254733.

Manera V, Petit PD, Derreumaux A, Orvieto I, Romagnoli M, Lyttle G, et
al. Kitchen and cooking, a serious game for mild cognitive impairment
and Alzheimer’s disease: a pilot study. Front Aging Neurosci. 2015;7:24. doi:
10.3389/fnagi.2015.00024.

Imbeault F, Bouchard B, Bouzouane A. Serious games in cognitive training
for Alzheimer’s patients. In: Proceedings of the 2011 IEEE 1st International
Conference on Serious Games and Applications for Health (SeGAH); 2011
Nov; Braga, Portugal. Piscataway (NJ): IEEE; 2011. p. 1-8. doi: 10.1109/
SeGAH.2011.6165447.

De Giglio L, De Luca F, Prosperini L, Borriello G, Bianchi V, Pantano
P, et al. A low-cost cognitive rehabilitation with a commercial video
game improves sustained attention and executive functions in multiple
sclerosis: a pilot study. Neurorehabil Neural Repair. 2015;29(5):453-61. doi:
10.1177/1545968314554623.

Flogie A, Abersek B, Kordigel Abersek M, Sik Lanyi C, Pesek I. Development
and evaluation of intelligent serious games for children with learning
difficulties: observational study. JMIR Serious Games. 2020;8(2):e13190. doi:
10.2196/13190.

Garcia MB. A speech therapy game application for aphasia patient
neurorehabilitation - a pilot study of an mHealth app. Int J Simul Syst Sci
Technol. 2019;20(2):1-8. doi: 10.5013/IJSSST.a.20.52.05.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 22/30


https://doi.org/10.3233/SHTI240003
https://doi.org/10.3233/SHTI240003
https://www.xbox.com/en-US/games/xbox-360
https://www.xbox.com/en-US/games/xbox-360
https://doi.org/10.1017/S1041610218002004
https://shop.hasbro.com/en-us/product/scrabble-board-game-classic-word-game-for-kids-ages-8-and-up-f
https://shop.hasbro.com/en-us/product/scrabble-board-game-classic-word-game-for-kids-ages-8-and-up-f
https://shop.hasbro.com/en-us/product/scrabble-board-game-classic-word-game-for-kids-ages-8-and-up-f
https://shop.hasbro.com/en-us/product/scrabble-board-game-classic-word-game-for-kids-ages-8-and-up-f
https://doi.org/10.1016/j.neubiorev.2017.04.011
https://doi.org/10.2196/55785
https://doi.org/10.1177/20552076241254733
https://doi.org/10.3389/fnagi.2015.00024
https://doi.org/10.1109/SeGAH.2011.6165447
https://doi.org/10.1109/SeGAH.2011.6165447
https://doi.org/10.1177/1545968314554623
https://doi.org/10.2196/13190
https://doi.org/10.5013/IJSSST.a.20.S2.05

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Belchior P, Yam A, Thomas KR, Bavelier D, Ball KK, Mann WC, et al. Computer
and videogame interventions for older adults’ cognitive and everyday
functioning. Games Health J. 2019;8(2):129-43. doi: 10.1089/g4h.2017.0092.
Anguera JA, Gunning FM, Arean PA. Improving late life depression and
cognitive control through the use of therapeutic video game technology: a
proof-of-concept randomized trial. Depress Anxiety. 2017;34(6):508-17. doi:
10.1002/da.22588.

Ordonez TN, Borges F, Kanashiro CS, Santos CCDN, Hora SS, Lima-Silva TB.
Actively station: effects on global cognition of mature adults and healthy elderly
program using eletronic games. Dement Neuropsychol. 2017;11(2):186-97.
doi: 10.1590/1980-57642016dn11-020011.

van Leer E, Lewis B, Porcaro N. Effect of an iOS App on voice therapy
adherence and motivation. Am J Speech Lang Pathol. 2021;30(1):210-27. doi:
10.1044/2020_AJSLP-19-00213.

Rose A, Rosewilliam S, Soundy A. Shared decision making within goal
setting in rehabilitation settings: a systematic review. Patient Educ Couns.
2017;100(1):65-75. doi: 10.1016/j.pec.2016.07.030.

van Leer E, Connor NP. Patient perceptions of voice therapy adherence.
J Voice. 2010;24(4):458-69. doi: 10.1016/j.jvoice.2008.12.009.

Hapner E, Portone-Maira C, Johns MM. A study of voice therapy dropout.
J Voice. 2009;23(3):337-40. doi: 10.1016/j.jvoice.2007.10.009.

McLean SM, May S, Moftett JK, Sharp DM, Gardiner E. Prognostic factors
for progressive non-specific neck pain: a systematic review. Phys Ther Rev.
2007;12(3):207-20. doi: 10.1179/108331907X222967.

Vermeire E, Hearnshaw H, Van Royen P, Denekens J. Patient adherence to
treatment: three decades of research. A comprehensive review. ] Clin Pharm
Ther. 2001;26(5):331-42. doi: 10.1046/j.1365-2710.2001.00363.x.

Perrotta C. Game-based learning: latest evidence and future directions.
Slough: National Foundation for Educational Research (NFER); 2013.
Arjoranta ]. How to define games and why we need to. Comput Games
J. 2019;8(3):109-20. doi: 10.1007/s40869-019-00080-6.

Doumas I, Everard G, Dehem S, Lejeune T. Serious games for upper limb
rehabilitation after stroke: a meta-analysis. ] Neuroeng Rehabil. 2021;18:100.
doi: 10.1186/s12984-021-00889-1.

Rahmani-Katigari M, Mohammadian F, Shahmoradi L. Development of a
serious game-based cognitive rehabilitation system for patients with brain
injury. BMC Psychiatry. 2023;23(1):893. doi: 10.1186/s12888-023-05396-2.
Kearney E, Shellikeri S, Martino R, Yunusova Y. Augmented visual
feedback-aided interventions for motor rehabilitation in Parkinson’s
disease: a systematic review. Disabil Rehabil. 2019;41(9):995-1011. doi:
10.1080/09638288.2017.1419292.

Kearney E, Haworth B, Scholl ], Faloutsos P, Baljko M, Yunusova Y. Treating
speech movement hypokinesia in Parkinsons disease: does movement size
matter? ] Speech Lang Hear Res. 2018;61(11):2703-21. doi: 10.1044/2018_
jslhr-s-17-0439.

Schittin A, Hafliger S, Meyer A, Frith B, Bockler S, Hungerbiihler Y, et al.
Design and evaluation of user-centered exergames for patients with multiple

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 23/30


https://doi.org/10.1089/g4h.2017.0092
https://doi.org/10.1002/da.22588
https://doi.org/10.1590/1980-57642016dn11-020011
https://doi.org/10.1044/2020_AJSLP-19-00213
https://doi.org/10.1016/j.pec.2016.07.030
https://doi.org/10.1016/j.jvoice.2008.12.009
https://doi.org/10.1016/j.jvoice.2007.10.009
https://doi.org/10.1179/108331907X222967
https://doi.org/10.1046/j.1365-2710.2001.00363.x
https://doi.org/10.1007/s40869-019-00080-6
https://doi.org/10.1186/s12984-021-00889-1
https://doi.org/10.1186/s12888-023-05396-2
https://doi.org/10.1080/09638288.2017.1419292
https://doi.org/10.1044/2018_jslhr-s-17-0439
https://doi.org/10.1044/2018_jslhr-s-17-0439

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

sclerosis: multilevel usability and feasibility studies. JMIR Serious Games.
2021;9(2):22826. doi: 10.2196/22826.

Nuic D, van de Weijer S, Cherif S, Skrzatek A, Zeeboer E, Olivier C, et al.
Home-based exergaming to treat gait and balance disorders in patients with
Parkinson’s disease: a phase II randomized controlled trial. Eur J Neurol.
2024;31(1):e16055. doi: 10.1111/ene.16055.

Sdnchez-Herrera-Baeza P, Cano-de-la-Cuerda R, Ona-Simbana ED, Palacios-
Cena D, Pérez-Corrales J, Cuenca-Zaldivar JN, 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 (Basel). 2020;20(8):2168. doi: 10.3390/520082168.
Yunusova Y, Kearney E, Kulkarni M, Haworth B, Baljko M, Faloutsos P.
Game-based augmented visual feedback for enlarging speech movements
in Parkinsons disease. ] Speech Lang Hear Res. 2017;60(6S):1818-25. doi:
10.1044/2017_JSLHR-S-16-0233.

Battel I, Walshe M. An intensive neurorehabilitation programme with SEMG
biofeedback to improve swallowing in idiopathic Parkinson’s disease (IPD):
a feasibility study. Int J Lang Commun Disord. 2023;58(3):813-25. doi:
10.1111/1460-6984.12824.

Tricco AG, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, etal. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann
Intern Med. 2018;169(7):467-73. doi: 10.7326/M18-0850.

Veritas Health Innovation. Covidence systematic review software [Computer
software]. Veritas Health Innovation; n.d. Available from: http://www.
covidence.org.

Pollock D, Peters MD]J, Khalil H, McInerney P, Alexander L, Tricco AC,
et al. Recommendations for the extraction, analysis, and presentation of
results in scoping reviews. JBI Evid Synth. 2023;21(3):520-32. doi: 10.11124/
JBIES-22-00123.

R Core Team. R: A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing; 2025. Available
from: https://www.R-project.org/.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et
al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71. doi: 10.1136/bmj.n71.

Bevilacqua R, Maranesi E, Benadduci M, Cortellessa G, Umbrico A, Fracasso
E et al. Exploring dance as a therapeutic approach for Parkinson disease
through the social robotics for active and healthy ageing (SI-Robotics):
results from a technical feasibility study. JMIR Aging. 2025;8(1):62930. doi:
10.2196/62930.

Parente C, Galletti C, Bottino A, Lamberti F, Podda J, Tacchino A, et al. A
biofeedback-enhanced virtual exergame for upper limb motor-cognitive
rehabilitation. In: Proceedings of the 2023 IEEE International Conference on
Serious Games and Applications for Health (SeGAH); 2023. Piscataway, NJ:
IEEE; 2023. doi: 10.1109/SeGAH57547.2023.10253757.

Celesti A, Cimino V, Naro A, Portaro S, Fazio M, Villari M, et al. Recent
considerations on gaming console based training for multiple sclerosis
rehabilitation. Med Sci (Basel). 2022;10(1):13. doi: 10.3390/medscil0010013.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 24/30


https://doi.org/10.2196/22826
https://doi.org/10.1111/ene.16055
https://doi.org/10.3390/s20082168
https://doi.org/10.1044/2017_JSLHR-S-16-0233
https://doi.org/10.1111/1460-6984.12824
https://doi.org/10.7326/M18-0850
http://www.covidence.org
http://www.covidence.org
https://doi.org/10.11124/JBIES-22-00123
https://doi.org/10.11124/JBIES-22-00123
from: https://www.R-project.org/
https://doi.org/10.1136/bmj.n71
https://doi.org/10.2196/62930
https://doi.org/10.1109/SeGAH57547.2023.10253757
https://doi.org/10.3390/medsci10010013

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rodriguez-Fuentes G, Ferreiro-Gémez E, Campo-Prieto P, Cancela-Carral
JM. Exergames and immersive virtual reality as a novel therapy approach in
multiple sclerosis: randomised feasibility study. ] Clin Med. 2024;13(19):5845.
doi: 10.3390/jcm13195845.

Ona ED, Marcos-Antén S, Copaci DS, Arias J, Cano-de-la-Cuerda R, Jardon
A. Effects of EMG-controlled video games on the upper limb functionality in
patients with multiple sclerosis: a feasibility study and development description.
Comput Intell Neurosci. 2022;2022:3735979. doi: 10.1155/2022/3735979.
Ona ED, Balaguer C, Cano-de la Cuerda R, Collado-Vazquez S, Jardén A.
Effectiveness of serious games for leap motion on the functionality of the
upper limb in Parkinson’s disease: a feasibility study. Comput Intell Neurosci.
2018;2018:7148427. doi: 10.1155/2018/7148427.

da Silva KG, Soares RF, Pompeu JE, Ragonese P, Pinheiro HA, Augusto dos
Santos Mendes E Do exergames combined with physical exercise improve
upper limb motor function in people with multiple sclerosis? Randomized
clinical trial. Mult Scler Relat Disord. 2025;103:106672. doi: 10.1016/j.
msard.2025.106672.

Capelini CM, Ferrero GM, Canzonieri AM, Silva RP, Bando MO, Rosa RM, et
al. Comparison between motor performance of people with multiple sclerosis
during a virtual reality task practiced on concrete and abstract devices: a
cross-sectional randomized study. Brain Sci. 2024;14(9):916. doi: 10.3390/
brainsci14090916.

Malisky JS, Cavalcante-Ledo BL, Severiano MI, Dos Santos GJB, Teive HAG,
José MR, et al. Evaluation of quality of life after use the virtual reality in patients
with neurodegenerative disease. Int Arch Otorhinolaryngol. 2024;28(3):e523-
9. doi: 10.1055/s-0044-1785681.

Da Silva KG, Nuvolini RA, Bacha JMR, De Freitas TB, Donéa F, Torriani-
Pasin C, et al. Comparison of the effects of an exergame-based program with
conventional physiotherapy protocol based on core areas of the european
guideline on postural control, functional mobility, and quality of life in
patients with Parkinson’s disease: randomized clinical trial. Games Health J.
2023;12(3):228-41. doi: 10.1089/g4h.2022.0039.

Lau J, Regis C, Burke C, Kaleda M, McKenna R, Muratori LM. Immersive
technology for cognitive-motor training in Parkinson’s disease. Front Hum
Neurosci. 2022;16:863930. doi: 10.3389/fnhum.2022.863930.

Seamon B, DeFranco M, Thigpen M. Use of the Xbox Kinect virtual
gaming system to improve gait, postural control and cognitive awareness
in an individual with progressive supranuclear palsy. Disabil Rehabil.
2017;39(7):721-6. doi: 10.3109/09638288.2016.1160444.

Harris DM, Rantalainen T, Muthalib M, Johnson L, Duckham RL, Smith ST, et al.
Concurrent exergaming and transcranial direct current stimulation to improve
balance in people with Parkinson’s disease: study protocol for a randomised
controlled trial. Trials. 2018;19(1):387. doi: 10.1186/s13063-018-2773-6.

Allen NE, Song J, Paul SS, Smith S, O’Dufty J, Schmidt M, et al. An interactive
videogame for arm and hand exercise in people with Parkinson’s disease: a
randomized controlled trial. Parkinsonism Relat Disord. 2017;41:66-72. doi:
10.1016/j.parkreldis.2017.05.011.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 25/30


https://doi.org/10.3390/jcm13195845
https://doi.org/10.1155/2022/3735979
https://doi.org/10.1155/2018/7148427
https://doi.org/10.1016/j.msard.2025.106672
https://doi.org/10.1016/j.msard.2025.106672
https://doi.org/10.3390/brainsci14090916
https://doi.org/10.3390/brainsci14090916
https://doi.org/10.1055/s-0044-1785681
https://doi.org/10.1089/g4h.2022.0039
https://doi.org/10.3389/fnhum.2022.863930
https://doi.org/10.3109/09638288.2016.1160444
https://doi.org/10.1186/s13063-018-2773-6
https://doi.org/10.1016/j.parkreldis.2017.05.011

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Grammatikopoulou A, Dimitropoulos K, Bostantjopoulou S, Katsarou Z,
Grammalidis N. Motion analysis of Parkinson diseased patients using a video
game approach. In: Proceedings of the 12th ACM International Conference
on PErvasive Technologies Related to Assistive Environments (PETRA °19);
2019 Jun 5-7; Rhodes, Greece. New York, NY: Association for Computing
Machinery; 2019. p. 523-7. doi: 10.1145/3316782.3322757.

Milman U, Atias H, Weiss A, Mirelman A, Hausdorff JM. Can cognitive
remediation improve mobility in patients with Parkinson’s disease? Findings
from a 12 week pilot study. ] Parkinsons Dis. 2014;4(1):37-44. doi: 10.3233/
JPD-130321.

Siit¢li G, Kiling M. Investigation of the effects of game supported rehabilitation
program on motor and cognitive skills in a patient with co-occurrence of
multiple sclerosis and Parkinson’s disease: a case report. Turk Norol Derg.
2021;27(2):195-200. doi: 10.4274/tnd.2020.84594.

Ponte S, Gabrielli S, Jonsdottir J, Morando M, Dellepiane S. Monitoring game-
based motor rehabilitation of patients at home for better plans of care and
quality of life. Annu Int Conf IEEE Eng Med Biol Soc. 2015;2015:3941-4. doi:
10.1109/EMBC.2015.7319256.

Ringgenberg N, Mildner S, Hapig M, Hermann S, Kruszewski K, Martin-
Niedecken AL, et al. ExerG: adapting an exergame training solution to the
needs of older adults using focus group and expert interviews. ] Neuroeng
Rehabil. 2022;19(1):89. doi: 10.1186/512984-022-01063-x.

Dias SB, Ioakeimidis I, Dimitropoulos K, Grammatikopoulou A, Grammalidis
N, DinizJA, etal. Innovative interventions for Parkinson’s disease patients using
iPrognosis games: an evaluation analysis by medical experts. In: Proceedings
of the 13th ACM International Conference on Pervasive Technologies Related
to Assistive Environments (PETRA 20); 2020 Jun 30-Jul 3; Corfu, Greece.
New York, NY: Association for Computing Machinery; 2020. p. 288-295.
doi:10.1145/3389189.3397974.

Ganzeboom M, Bakker M, Beijer L, Strik H, Rietveld T. A serious game for
speech training in dysarthric speakers with Parkinson’s disease: exploring
therapeutic efficacy and patient satisfaction. Int ] Lang Commun Disord.
2022;57(4):808-21. doi: 10.1111/1460-6984.12722.

de Lima JA, Simcsik AO, Rodrigues FD, Raimundo RD, Galhardoni R,
Monteiro CBM, et al. Virtual task associated with transcranial stimulation
by continuing the current in people with Parkinson’s disease. Rev Pesqui Em
Fisioter. 2020;10:31-4. doi: 10.17267/2238-2704RPEV1015.3582.
Palacios-Navarro G, Garcia-Magarifio I, Ramos-Lorente P. A kinect-based
system for lower limb rehabilitation in Parkinson’s disease patients: a pilot
study. ] Med Syst. 2015;39(9):103. doi: 10.1007/s10916-015-0289-0.

dos Santos Mendes FA, Pompeu JE, Modenesi Lobo A, Guedes da Silva K,
Oliveira Tde P, Peterson Zomignani A, et al. Motor learning, retention and
transfer after virtual-reality-based training in Parkinson’s disease — effect of
motor and cognitive demands of games: a longitudinal, controlled clinical
study. Physiotherapy. 2012;98(3):217-23. doi: 10.1016/j.physi0.2012.06.001.
Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality.
Neurology. 1967;17(5):427-42. doi: 10.1212/wnl.17.5.427.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 26/30


https://doi.org/10.1145/3316782.3322757
https://doi.org/10.3233/JPD-130321
https://doi.org/10.3233/JPD-130321
https://doi.org/10.4274/tnd.2020.84594
https://doi.org/10.1109/EMBC.2015.7319256
https://doi.org/10.1186/s12984-022-01063-x
https://doi.org/10.1145/3389189.3397974
https://doi.org/10.1111/1460-6984.12722
https://doi.org/10.17267/2238-2704RPF.V10I5.3582
https://doi.org/10.1007/s10916-015-0289-0
https://doi.org/10.1016/j.physio.2012.06.001
https://doi.org/10.1212/wnl.17.5.427

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

91.

92.

93.

Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, et al.
Movement disorder society task force report on the Hoehn and Yahr staging
scale: status and recommendations The Movement Disorder Society Task
Force on rating scales for Parkinson’s disease. Mov Disord. 2004;19(9):1020-8.
doi: 10.1002/mds.20213.

Freitas ME, Hess CW, Fox SH. Motor complications of dopaminergic
medications in Parkinson’s disease. Semin Neurol. 2017;37(2):147-57. doi:
10.1055/s-0037-1602423.

Microsoft. Kinect sensor [Motion-sensing device]. 2010 [cited 2024 Oct 4.
Available from: https://news.microsoft.com/source/2010/11/04/the-future-
of-entertainment-starts-today-as-kinect-for-xbox-360-leaps-and-lands-
at-retailers-nationwide/#:~:text=%E2%80%9CKinect%20transforms%20e-
ntertainment%20and%20introduces,greatest%20controller%20ever%20
invented%20%E2%80%94%20you.

Nintendo. Nintendo Wii Fit [Video game]. 2008. Available from: https://www.
nintendo.com/en-za/Games/Wii/Wii-Fit-283894.html?srsltid=AfmBOo0AC
pWeQRO2c2a0-mNKufXQa7PwVpdHCIIWT735VSuK50TFaLcV.

Leap Motion. Leap Motion Controller [Motion-sensing device].2013. Available
from: https://www.ultraleap.com/leap-motion-controller-overview/.

Meta Platforms, Inc. Meta Quest 3 [Virtual reality headset]. 2023. Available
from: https://www.meta.com/quest/quest-3/.

Meta Platforms, Inc. Meta Quest 2 [Virtual reality headset]. 2020. Available
from: https://www.meta.com/quest/products/quest-2/.

Oculus VR. Oculus Rift S [Virtual reality headset]. 2019. Available from:
https://www.oculus.com/rift-s/.

Sennheiser Electronic SE & Co. Sennheiser PC 3 Chat [Headset. n.d. Available
from: https://www.eposaudio.com/en/us/products/pc-3-chat-voice-over-ip-
headset-1000430.

Unity Technologies. Unity 6.0 [Unity 6.0]. 2024. Available from: https://unity.com/.
Unified Parkinson’s Disease Rating Scale (UPDRS) and The Movement-Disorder
Society Sponsored-unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
[Internet. 2010 Jan 1;307-9. doi: 10.1016/B978-0-12-374105-9.00091-5.
Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psychometric
techniques to improve the Balance Evaluation Systems Test: the mini-BESTest.
J Rehabil Med. 2010;42(4):323-31. doi: 10.2340/16501977-0537.

Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional
mobility for frail elderly persons. ] Am Geriatr Soc. 1991;39(2):142-8. doi:
10.1111/j.1532-5415.1991.tb01616.x.

Hou Y, Dan X, Babbar M, Wei Y, Hasselbalch SG, Croteau DL, et al. Ageing as
a risk factor for neurodegenerative disease. Nat Rev Neurol. 2019;15(10):565-
81. doi: 10.1038/s41582-019-0244-7.

Van Den Eeden SK, Tanner CM, Bernstein AL, Fross RD, Leimpeter A, Bloch
DA, et al. Incidence of Parkinson’s disease: variation by age, gender, and race/
ethnicity. Am ] Epidemiol. 2003;157(11):1015-22. doi: 10.1093/aje/kwg068.
Kleim JA, Jones TA. Principles of experience-dependent neural plasticity:
implications for rehabilitation after brain damage. J Speech Lang Hear Res.
2008;51(1):5225-39. doi: 10.1044/1092-4388(2008/018).

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 27/30


https://doi.org/10.1002/mds.20213
https://doi.org/10.1055/s-0037-1602423
https://news.microsoft.com/source/2010/11/04/the-future-of-entertainment-starts-today-as-kinect-for-
https://news.microsoft.com/source/2010/11/04/the-future-of-entertainment-starts-today-as-kinect-for-
https://news.microsoft.com/source/2010/11/04/the-future-of-entertainment-starts-today-as-kinect-for-
https://news.microsoft.com/source/2010/11/04/the-future-of-entertainment-starts-today-as-kinect-for-
https://news.microsoft.com/source/2010/11/04/the-future-of-entertainment-starts-today-as-kinect-for-
https://www.nintendo.com/en-za/Games/Wii/Wii-Fit-283894.html?srsltid=AfmBOooACpWeQRO2c2aO-mNKufXQa7P
https://www.nintendo.com/en-za/Games/Wii/Wii-Fit-283894.html?srsltid=AfmBOooACpWeQRO2c2aO-mNKufXQa7P
https://www.nintendo.com/en-za/Games/Wii/Wii-Fit-283894.html?srsltid=AfmBOooACpWeQRO2c2aO-mNKufXQa7P
https://www.ultraleap.com/leap-motion-controller-overview/
https://www.meta.com/quest/quest-3/
https://www.meta.com/quest/products/quest-2/
https://www.oculus.com/rift-s/
https://www.eposaudio.com/en/us/products/pc-3-chat-voice-over-ip-headset-1000430
https://www.eposaudio.com/en/us/products/pc-3-chat-voice-over-ip-headset-1000430
https://unity.com/
https://doi.org/10.1016/B978-0-12-374105-9.00091-5
https://doi.org/10.2340/16501977-0537
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1038/s41582-019-0244-7
https://doi.org/10.1093/aje/kwg068
https://doi.org/10.1044/1092-4388(2008/018)

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Weinstein A, Lejoyeux M. Neurobiological mechanisms underlying internet
gaming disorder. Dialogues Clin Neurosci. 2020;22(2):113-26. doi: 10.31887/
DCNS.2020.22.2/aweinstein.

Mensen A, Poryazova R, Huegli G, Baumann CR, Schwartz S, Khatami R. The
roles of dopamine and hypocretin in reward: a electroencephalographic study.
PLoS One. 2015;10(11):e0142432. doi: 10.1371/journal.pone.0142432.
Chagraoui A, Puginier E, De Deurwaerdere P. Chapter 31 - Motivation and
motivational aspects of Parkinson’s disease. In: Martin CR, Preedy VR, editors.
Genetics, neurology, behavior, and diet in Parkinsons disease [Internet.
Academic Press; 2020 [cited 2024 Oct 3. p. 497-509. Available from: https://
www.sciencedirect.com/science/article/pii/B978012815950700031X. doi:
10.1016/B978-0-12-815950-7.00031-X.

Leray E, Moreau T, Fromont A, Edan G. Epidemiology of multiple sclerosis.
Rev Neurol (Paris). 2016;172(1):3-13. doi: 10.1016/j.neurol.2015.10.006.
Cerri S, Mus L, Blandini E Parkinson’s disease in women and men: what’s the
difference? J Parkinsons Dis. 2019;9(3):501-15. doi: 10.3233/JPD-191683.

de Swart BJM, Willemse SC, Maassen BAM, Horstink MWIM. Improvement
of voicing in patients with Parkinson’s disease by speech therapy. Neurology.
2003;60(3):498-500. doi: 10.1212/01.WNL.0000044480.95458.56.

Kitago T, Krakauer JW. Chapter 8 - Motor learning principles for
neurorehabilitation. In: Handbook of clinical neurology [Internet. Elsevier;
2013 [cited 2024 Oct 4. p. 93-103. Available from: https://www.sciencedirect.
com/science/article/abs/pii/B9780444529015000083. doi: 10.1016/B978-0-
444-52901-5.00008-3.

Ryan RM, Deci EL. Intrinsic and extrinsic motivations: classic definitions
and new directions. Contemp Educ Psychol. 2000;25(1):54-67. doi: 10.1006/
ceps.1999.1020.

Wigfield A, Eccles JS. Expectancy-value theory of achievement motivation.
Contemp Educ Psychol. 2000;25(1):68-81. doi: 10.1006/ceps.1999.1015.
Ruggiero TE. Uses and gratifications theory in the 21st Century. Mass
Commun Soc. 2000;3(1):3-37. doi: 10.1207/s15327825mcs0301_02.

Mace RL, Ostroff E. Center for universal design. Principles of universal
design [Internet]. Raleigh, NC, USA: North Carolina (NC) State University;
1997. Available from: https://design.ncsu.edu/research/center-for-universal-
design/.

Preiser WFE, Smith KH, editors. Universal design handbook [Internet].
2nd ed. McGraw-Hill Companies, Inc.; 2011. Available from: https://www.
mheducation.com/highered/mhp/product/universal-design-handbook-2e.
html.

van Eijk RPA, Beelen A, Kruitwagen ET, Murray D, Radakovic R, Hobson
E, et al. A road map for remote digital health technology for motor neuron
disease. ] Med Internet Res. 2021;23(9):e28766. doi: 10.2196/28766.

Henni SH, Maurud S, Fuglerud KS, Moen A. The experiences, needs and
barriers of people with impairments related to usability and accessibility
of digital health solutions, levels of involvement in the design process and
strategies for participatory and universal design: a scoping review. BMC
Public Health. 2022;22:35. doi: 10.1186/s12889-021-12393-1.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 28/30


https://doi.org/10.31887/DCNS.2020.22.2/aweinstein
https://doi.org/10.31887/DCNS.2020.22.2/aweinstein
https://doi.org/10.1371/journal.pone.0142432
https://www.sciencedirect.com/science/article/pii/B978012815950700031X
https://www.sciencedirect.com/science/article/pii/B978012815950700031X
https://doi.org/10.1016/B978-0-12-815950-7.00031-X
https://doi.org/10.1016/j.neurol.2015.10.006
https://doi.org/10.3233/JPD-191683
https://doi.org/10.1212/01.WNL.0000044480.95458.56
https://www.sciencedirect.com/science/article/abs/pii/B9780444529015000083
https://www.sciencedirect.com/science/article/abs/pii/B9780444529015000083
https://doi.org/10.1016/B978-0-444-52901-5.00008-3
https://doi.org/10.1016/B978-0-444-52901-5.00008-3
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1006/ceps.1999.1015
https://doi.org/10.1207/s15327825mcs0301_02
https://design.ncsu.edu/research/center-for-universal-design/
https://design.ncsu.edu/research/center-for-universal-design/
https://www.mheducation.com/highered/mhp/product/universal-design-handbook-2e.html
https://www.mheducation.com/highered/mhp/product/universal-design-handbook-2e.html
https://www.mheducation.com/highered/mhp/product/universal-design-handbook-2e.html
https://doi.org/10.2196/28766
https://doi.org/10.1186/s12889-021-12393-1

108. Botelho FHE Accessibility to digital technology: virtual barriers,
real  opportunities.  Assist  Technol.  2021;33(supl):27-34.  doi:
10.1080/10400435.2021.1945705.

109. Sedlakova J, Westermair AL, Biller-Andorno N, Meier CA, Trachsel M.
Comparison of analog and digital patient decision aids for the treatment
of depression: a scoping review. Front Digit Health. 2023;5:1208889. doi:
10.3389/fdgth.2023.1208889.

110. Ben-Sadoun G, Manera V, Alvarez ], Sacco G, Robert P. Recommendations
for the design of serious games in neurodegenerative diseases. Front Aging
Neurosci. 2018;10:13. doi: 10.3389/fnagi.2018.00013.

111. Winberg C, Kylberg M, Pettersson C, Harnett T, Hedvall PO, Mattsson T, et
al. The use of apps for health in persons with multiple sclerosis, Parkinson’s
disease and stroke - barriers and facilitators. Stud Health Technol Inform.
2017;242:638-41. doi: 10.3233/978-1-61499-798-6-638.

Philippone M, Emerick B, Knowles T, Adv Rehab. 2026; AoP. doi: 10.2478/advrehab-2026-0013. 29/30


https://doi.org/10.1080/10400435.2021.1945705
https://doi.org/10.3389/fdgth.2023.1208889
https://doi.org/10.3389/fnagi.2018.00013
https://doi.org/10.3233/978-1-61499-798-6-638

SUPPLEMENTARY MATERIAL

S1. Search Terms. Search terms used in this scoping review.

Database Search Terms

PubMed (((((((game*[Title/ Abstract]) OR (gami*[Title/ Abstract])) OR
((,»gamification”[Title/ Abstract]))) OR (,Gamification’[MeSH]))
OR (exergaming”[Title/Abstract])) OR (,,Exergaming”[MeSH]))
AND ((((neurol*[Title/Abstract]) OR (neurodegen*[Title/ Abstract]))
OR (,Nervous System” [Title/ Abstract])) OR (,Neurodegenerative
diseases’[MeSH]))) AND ((,,motor function”[Title/ Abstract]) OR (,,motor
learning”[Title/Abstract]) OR (,,Motor Skills Disorders”[MeSH]) OR
(»motor rehabilitation”[Title/ Abstract]) OR (,,speech’[Title/ Abstract]) OR
(»voice” [Title/ Abstract]) OR (dysph*[Title/Abstract]) OR (swallow*[Title/
Abstract]))

CINAHL (“Games” OR ,,Exergames” OR “Gamification”) AND (,,Neurodegenerative
Diseases” OR ,,Nervous System Physiology”) AND (motor* OR
»Rehabilitation” OR ,,Motor Skills Disorders” OR “speech” OR ,,voice” OR
dysph* OR swallow*)

Scopus (gamif* OR ,,games” OR ,.exergame”) AND (,,Neurodegenerative diseases”
OR “Nervous system”) AND (motor* OR ,,Rehabilitation” OR ,,Motor Skills
Disorders” OR “speech” OR ,,voice” OR dysph* OR swallow*)
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