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Abstract

Objective

A scoping review was conducted to explore what is known about gamification-based
tele-rehabilitation (GBT) to enable physical therapy in home settings for people with
Parkinson’s disease (PD).

Methods

The peer-reviewed literature (OVID Medline, OVID EMBASE, CINAHL EBSCO, and
Scopus databases) was searched from January 2010 to May 2024, and 24 articles
met the inclusion criteria. The methodological quality of the studies was assessed
using the Downs and Black evaluation tool, and levels of evidence were assigned
using a modified Sackett scale.

Results

The majority of the 24 studies were of poor to fair methodological quality (83%), and
all used a quantitative design with small sample sizes. The focus of the included
studies was to enhance whole-body rehabilitation, with most addressing the upper
extremities. Thirteen studies customized their games, whereas others utilized strictly
commercial systems (n=11). Eight studies reported no adverse events while the
rest did not report on these. Eight studies indicated that participants maintained high
levels of motivation and adherence in home settings.
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an updated review in the future on this topic.
Please note our paper does not contain raw

data since it is a review of existing published
material.
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Conclusion

GBT has the potential to offer a safe, engaging and effective physical therapy to the
PD population in home settings, but further research is warranted to help delineate
clearer implementation considerations.

Introduction

Parkinson’s disease (PD) is a progressive brain disorder that affects the nervous
system [1]. It occurs when the brain cells responsible for making dopamine, a chem-
ical that coordinates movement, breakdown or die. PD is best known for its motor
symptoms, which include increased muscle tone (stiffness), slow movement (bradyki-
nesia), resting tremor, and impaired walking balance, and posture. Worldwide, there
are more than six million people with PD, which represents almost a three-times
increase compared to the 2.5 million with PD in 1990 [2]. PD is typically managed by
medications (i.e., L-DOPA and dopamine agonists); however, the disease remains
progressive, and the therapeutic window narrows after a few years, which conse-
quently results in patients experiencing diminished returns and reduced functioning
[3]. To help optimize physical capacity, a multidisciplinary approach, including phys-
ical therapy is recommended for PD patients [4]. A recent meta-analysis has shown
that physical therapy interventions are highly effective in managing motor symptoms,
and improving balance, gait and functional mobility for persons with PD [5,6].

A crucial component of physical therapy is home exercises, which often require
patients to complete a set of repetitive exercises in between their appointments with
their therapists to help maintain therapeutic gains. However, there is low adher-
ence to physical therapy home-prescribed exercise programs, which may stem
from patients having poor motivation due to low self-efficacy, depression or anxiety,

a sense of helplessness, increased pain, and poor social support [7]. Studies that
examined adherence to physical therapy have found that non-adherence is as high
as 70% [8], especially in the case of home-based and unsupervised programs [9,10].
Several detrimental clinical outcomes have been associated with non-adherence to
physical therapy home-based exercises, including worsening symptoms, reduced
functional ability, and exacerbation of chronic conditions. This can lead to increased
recovery time; adding expense to the client and health system [7].

A promising approach to increase patient motivation and satisfaction with physical
therapy is to pair it with tele-rehabilitation [11]. Tele-rehabilitation is a sub-discipline of
telemedicine that integrates rehabilitation and telehealth technologies, such as video-
conferencing, educational patient portals, and wearable sensors, among others [12].
In particular, game-based tele-rehabilitation (GBT) solutions may be particularly moti-
vating for patients as they introduce challenge, engagement, and rewards; making
physical therapy more enjoyable and goal-driven [13]. Game-based solutions can be
categorized as either serious games or those that incorporate gamification elements.
Sailer et al. [14] define gamification as the use of game design elements in non-
game contexts to encourage a desired type of behavior. Within this context, games
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are employed to eliminate mental barriers (e.g., fear) to undertaking physical activities. Game design elements may also
include reward collection, encouraging reminders, a to-do list of the daily exercises, feedback, or it may rely on attractive
visualizations of task activities such as introducing a virtual exercise coach or video demonstration of the exercises. The
presence of challenges with reward and fail options in serious games can foster higher levels of engagement and motiva-
tion while also enabling an automatic assessment of the correct implementation of the target exercises [13].

Despite the growing interest in GBT, the existing literature on game-based rehabilitation for PD primarily focuses on vir-
tual reality (VR) as an intervention, with limited emphasis on tele-rehabilitation as a standalone approach. Several reviews
[15-17] have examined the effects of VR on gait, balance, and manual dexterity in PD patients. However, the reviews did
not include studies that incorporated tele-rehabilitation as a key component or were not focused on home-setting solu-
tions. While other reviews [18,19] included studies that used a tele-rehabilitation element alongside VR, the focus was on
multiple conditions, such as multiple sclerosis and stroke, in addition to PD. Therefore, the objective of the present scop-
ing review was to provide a descriptive overview of the existing literature on tele-rehabilitation solutions for physical ther-
apy in PD patients in home settings, focusing specifically on those incorporating gamification elements, such as reward
collection, interactivity, engagement, and brain stimulation to boost motivation. The intended aim was to better understand
the intersection of gamification and tele-rehabilitation while also identifying insights on how to best implement GBT to
meet the physical therapy needs of the PD population in their homes.

Materials and methods

We followed the five-step scoping review framework proposed by Arksey & O’Malley [20] and the subsequent revisions
introduced by Levac, Colquhoun and O’Brien [21]. This included (1) identifying the research questions; (2) identifying
relevant studies; (3) screening and selecting studies; (4) charting the data; and (5) collating, summarizing, and synthesiz-
ing the results. The optional step of consulting with stakeholders was not undertaken for the present review. The protocol
for this review was registered in OSF (Open Science Framework — https://osf.io/a7xfg). We also referred to the Preferred
Reporting ltems for Systematic Reviews and Meta-analyses extension for Scoping Reviews Checklist (PRISMA-ScR) (see
S1 Appendix for the completed PRISMA-ScR checklist) [22].

Research question

The research question guiding this scoping review was: what is known about GBT to enable physical therapy in home
settings for people with PD? Through this review, we aimed to: (1) explore the key features of technology systems that
have been used with the PD population; (2) describe their effectiveness for PD patients; and (3) identify gaps and chal-
lenges in the adoption of GBT physical therapy solutions for PD. As noted, no studies have focused on the implementation
considerations of using GBT paired with physical therapy with the PD population. Mapping out the different technologies,
approaches, and end-user experiences is critical for informing clinical practice and for supporting the design of future
studies. Hence, a scoping review centered on implementation considerations can offer valuable insights regarding the
feasibility of utilizing GBT physical therapy-based approaches in home settings for individuals with PD, and for identifying
strategies to optimize their adoption by both patients and healthcare providers.

Information source and search strategy

As the topic is related to both the medical field and engineering, relevant studies were identified through the searching of
four major electronic databases (OVID Medline, OVID EMBASE, CINAHL EBSCO, and Scopus) between January 2010
and May 2024 In order to retrieve information from the electronic databases, all possible combinations of the following key
word strings were used: Game OR gamification OR user-computer interface OR software, mobile OR cellphone OR iOS
OR Android, app OR application OR program, Rehabilitation OR Physiotherapy OR Physical therapy, Tele OR Remote
OR Virtual OR home exercises OR Unsupervised. An expert librarian supervised the development of the search strategy.

PLOS One | https://doi.org/10.1371/journal.pone.0326705 August 29, 2025 3/27



https://osf.io/a7xfg

PLO\Sﬁ\\.- One

Details of the search terms and search strategies in all four databases are shown in S2 Appendix. Our results from each
database were exported to a systematic review software system, Covidence, which automatically de-duplicated the
extracted data [23].

Inclusion and exclusion criteria

The inclusion criteria were studies of any design (quantitative, qualitative), published in English with adult PD individuals
(18 years old and older), and that developed and/or evaluated technologies (software and/or hardware) to facilitate home-
based physical therapy exercises. As well, the study needed to incorporate a gamification element. To ensure alignment
with current standards in the rapidly evolving technological landscape, our inclusion criteria focused on studies published
from 2010 onwards.

We excluded (1) book chapters, conference papers, commentaries, gray literature, review papers, mini-reviews, and
letters; (2) studies that did not include gamification features/elements (e.g., reward collection, interactive, engaging, fun,
brain stimulation to boost motivation); (3) immersive-VR; and (4) studies that only presented the conceptual designs of
their systems (i.e., no PD patient involvement or no device development).

Study selection process

The selection of studies was conducted in two phases: (1) screening of titles and abstracts and (2) full-text screening.
Both phases were conducted independently by three authors (SNG, SM, ZL), who undertook an inter-rater screen of the
first 80 abstracts (Phase |) and the first 30 full-text articles (Phase Il) to test their rates of agreement. An agreement of
80% was set as the target, which was obtained in the title and abstract screening and full-text review phases. Any dis-
agreements were discussed in consultation with a pre-identified fourth reviewer (SLH).

Data extraction

A review of a subset of articles was conducted to ensure the accuracy of data extracted by the authors (SNG, SM, ZL).
The remaining articles were then divided across the three reviewers for data extraction. The extracted data encompassed
study purpose and design, features of the software and hardware systems (i.e., game system, sensors, functional fea-
tures, etc.), characteristics of the patient population (i.e., age, sex, etc.), intervention (exercise programs, type of exer-
cises, etc.), adverse effects associated with using the technologies, and study outcomes.

After reviewing the abstracts and identifying papers for inclusion, three reviewers (ZL, MA, SS) conducted a qual-
ity assessment of each relevant article using the Downs and Black (D&B) tool [24]. Any disagreements in scoring were
resolved through consultation with the fourth author (SM). This tool is comprised of 27 questions designed to assess
external and internal validity, with a focus on evaluating bias and confounding factors. The last question in the tool, origi-
nally scored on a 0-5 scale, was adjusted to a 0—1 scale. A score of 1 was given if the study included a power or sample
size calculation, while a score of 0 was assigned if neither was provided nor any explanation on the appropriateness of the
sample size. Consequently, the maximum score any reviewed article could achieve was 28, with a higher score reflecting
higher methodological quality. The Sackett Scale was then used to assign a level of evidence to each study (See Table 1),
with level 1 representing the highest level and level 5 representing the lowest [25].

Results

The search strategy yielded 6,322 abstracts. Following de-duplication, 4,078 articles remained, and 812 full texts were
subsequently screened. Twenty-four articles met the inclusion criteria. The PRIMSA flowchart is shown in Fig 1.

The mean D&B score (summarized in Table 2) was 16.3, and scores ranged from 11 to 24 out of a possible total
score of 28, with the majority being regarded as having poor (n=7) [26—32] or fair (n=12) [33—44] methodological quality
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Table 1. Sackett Scale level of evidence.

Level of Evidence
1A
1B

2A
2B

3A
3B
4

5
https://doi.org/10.1371/journal.pone.0326705.t001

Type of Study
Systematic reviews of randomized controlled trials

Individual randomized controlled trials with narrow
confidence interval

Systematic reviews of cohort studies

Individual cohort studies and low-quality random-
ized controlled trials

Systematic reviews of case-control studies
Case-controlled studies

Case series and poor-quality cohort and
case-control studies

Expert opinion

Identified Records [n = 6322]

A 4

=
S)
.‘§ OVID Medline OVID EMBASE| | CINAHL EBSCO Scopus
k= [n=1137] [n=1646] [n=1829] [n=1710]
5
=
N Removed duplicate articles
[n=2244]
00 ., o0
g 3 .8 . . .
g B 5 Articles imported to abstract and title screening: [n = 4078]
o £ &
28 @
LIS % Irrelevant studies: [n = 3266]

Articles imported to full-text screening: [n = 812]

\ 4

27 screening
(Full-text screening)

Irrelevant studies: [n = 788]

Conference, book chapter, review study, non-English [n=225]

No PD patient’s population [n=208]

No gamification/immersive-VR [n=158]

Clinical/supervised setting [n=122]

Not for physical rehabilitation [n=44]

Wrong age range [n=18]

Concepts, no technology, no info of hardware/software module [n=13]

\ 4

Articles included: [n =24]

Fig 1. PRISMA (Preferred reporting items for systematic reviews and meta-analysis). Reporting checklist.

https://doi.org/10.1371/journal.pone.0326705.9001
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Table 2. Study bias assessment and assigned level of evidence.

Author D&B Score Level of Evidence Author D&B Score Level of Evidence
Albiol-Perez [26] 11 2b Gandolfi [46] 24 1b
Amprino [27] 14 3b Hashemi [40] 19 2b
Bacha [33] 15 3b Herz [41] 17 3b
Barth [45] 20 1b Holmes [42] 17 2b
Brachman [35] 18 2b Negrini [47] 20 3b
Blanc [34] 18 3b Nuic [48] 20 1b
Cikajlo [28] 11 4 Nuic [30] 14 4
Cikajlo [36] 15 3b Palacios-N. [31] 11 4
Cikajlo [37] 17 4 Pelosin [32] 11 4
Dauvergne [29] 12 4 Cornejo Th. [38] 15 4
Del Pino [49] 24 2b Vallabhajosula [43] 15 4
Esculier [39] 18 4 Zeigelboim [44] 15 3b

https://doi.org/10.1371/journal.pone.0326705.t002

(see Table 2). Only five [45—-49] were of good methodological quality. After assigning the Sackett levels of evidence, three
articles were level 1b, 4 articles were level 2b, 7 were level 3b, and 9 were level 4.

Study characteristics

All 24 studies used a quantitative methodology. This included: five clinical studies [35,36,40—42], three observational
clinical studies [26,27,34], five pilot clinical studies [30-32,39,49], one non-randomized pilot study [37], three single-blind
randomized controlled trials (RCT) [45,46,48], three pre-post observational studies [28,29,33], one cross-sectional study
[44], two case studies [38,43] and one comparative study [47]. These studies were conducted across eight countries, with
the majority (66%) done in Europe. The breakdown of countries was: France (n=4) [29,30,34,48], Spain (n=3) [26,31,49],
Italy (n=4) [27,32,46,47], Poland (n=1) [35], Slovenia (n=3) [28,36,37], Brazil (n=2) [33,44], Canada (n=2) [39,42], The
United States (n=2) [41,43], Iran (n=1) [40], Germany (n=1) [45], and Israel (n=1) [38].

Participant characteristics

Across all studies (see Table 3), the sample size ranged from 2 to 76, with an average of 20 participants. All studies reported
participants’ ages, with a mean age range between 46 and 80 years of age. Twenty studies reported on participants’ disease
severity using the Hoehn and Yahr (H&Y) scale [50], where classifications ranged between | and 1V, and the majority (73%)
were classified in stages II-lll. Only one study used the Unified Parkinson’s Disease Rating Scale (UPDRS) [51] to report

on the disease severity, while twelve studies used both H&Y and the UPDRS to characterize severity. The H&Y stage-

range marks the transition from bilateral symptoms without balance impairment (Stage Il) to the onset of postural instability
with preserved physical independence (Stage Ill). Similarly, mean UPDRS Il and Movement Disorder Society-UPDRS
(MDS-UPDRS) Il scores largely fell between approximately 27 and 34, except for one study that had a score as high as 51
[46], which suggested that participants generally exhibited mild to moderate motor symptom severity. Cognitive status was
assessed in 16 studies using the Mini-Mental State Examination (MMSE) [52] or Montreal Cognitive Assessment (MoCA)
[53], with mean MoCA scores ranging from 25.8 (standard deviation [SD]=2.8) to 26.77 (SD=1.48), indicating intact or mildly
impaired cognition. Twelve studies excluded participants with severe cognitive impairments (i.e., MMSE <24).

Rehabilitation process and outcomes

Eighteen articles [4 level 2b, 6 level 3b, 5 level 4, and 3 level 1b] focused on whole-body rehabilitation that predomi-
nantly involved balance-focused exercises with controlled lower extremity and trunk/postural movements (weight shifting
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Table 3. Intervention and patient population characteristics.

Author Participants Characteristics Targeted Body Part
Mean Age | Sample |Sex (M/F) Disease Severity | Cognitive Status Tele-rehabilitation Program
(SD) or Size (stage range or
Range stage/ score
Mean (SD)
Albiol- M=79.6 10 4/6 NR MMSE >24/30 WB Exercise: Balance, weight-transfers.
Perez [26] | (SD=5.8) Schedule: 1 hour/session, 2-3x/week,
15 sessions.
Amprino M=71.1 20 11/9 H&Y: MMSE >27/30 WB Exercise: Leg agility, postural stabil-
[27] (SD=9.2) M=2.2 (SD=0.9) ity, gait, lateral and frontal weightlifting
UPDRS Il of upper limbs.
M=33.7 (SD=5.9) Schedule: 1 hour/session.
Bacha [33] | M=63.4 14 10/4 H&Y: I-llI MMSE >22/30 WB Exercise: Plugs the cracks using
(SD=5.7) hands and feet, popping bubbles with
hands, stepping left or right jumping
to steer a raft.
Schedule: 1 hour/session, 2x/week
for 7 weeks.
Barth [45] | M=73.56 25 15/10 H&Y: I-IV Individuals without WB Exercise: Upper limb-abduction and
(SD=9.28) UPDRS Il severe dementia elevation, lower limb-hip and knee
CG: M=31.0 extension.
(SD=16.5) Schedule: 2x/week for 3 weeks.
EG1:M=26.1
(SD=14.8)
EG2:M=27.9
(SD=14.6)
Brachman |CG: M=65.3 |CG:12 |CG:7/5 H&Y: II-11l MMSE >24/30 WB Exercise: Balance, leaning, reaching,
[35] (SD=9.2) EG: 12 EG: 8/4 UPDRS il: trunk rotations, and alternating steps.
EG: M=69.5 M=31.7 (SD=10.3) Schedule: 3x/week for 4 weeks.
(Sb=7.2)
Blanc [34] | M=69 31 17/14 H&Y: |-V NR wB Exercise: NR
(SD=8) M=1.86 (SD=0.86) Schedule: For 1 year
Cikajlo M=76 NR NR H&Y: 111l NR UL Exercise: Hand exercise, fruit
[28] (SD=7) MDS-UPDRS il picking.
Pre: Schedule: 30 minutes/session, 10
M=29.5(SD=10.3) sessions over 3 weeks.
Post:
M=27.3(SD=10.4)
Cikajlo M=68 NR 12/16 H&Y: 1I-1ll MMSE >24/30 UL Exercise: Fruit picking game.
[36] (SD=7) UPDRS il: Schedule: 30 minutes/session, 10
M=29.5(SD=10.3) sessions over 3 weeks.
Cikajlo HG: M=62.3 | HG: 7 HG: 3/4 H&Y: II-1lI NR UL Exercise: Hand exergames.
[37] (SD=7.3) 0G:21 | 0G:9/12 Schedule: 30 minutes/session, 10
0G: M=69.5 sessions over 2—3 weeks.
(SD=5.8)
Cornejo M=56.5 2 11 H&Y: Il NR WB Exercise: Negotiating obstacles on
Thumm (SD=14.8) MDS-UPDRS IlI: an obstacle-lined pathway.
[38] M=29.5 (SD=0.7) Schedule: 45 minutes/session,
weekly training for 12 months.
Dauvergne | M=65 16 12/4 H&Y: II-11l MMSE >24/30 Hand Exercise: Rhythmic skills (finger
[29] (SD=7.3) MDS-UPDRS: tapping).

M=31.4 (SD=15.9)

Schedule: 30 minutes/session, 3x/
week for 6 weeks.

(Continued)
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Table 3. (Continued)

Author Participants Characteristics Targeted Body Part

Mean Age Sample | Sex (M/F) Disease Severity | Cognitive Status Tele-rehabilitation Program

(SD) or Size (stage range or

Range stage/ score

Mean (SD)
Del Pino M=66.4 20 10/10 H&Y: II-11l MoCA WB Exercise: Cognitive and motor skills
[49] (SD=8.5) EG: training via vCare system using virtual
Pre: M=23.6 (SD=2.7) coach & serious games.
Post: M=25.4 (SD=2.7) Schedule: 30 minutes/session, 5x/
CG: week for 4 months.
Pre: M=23.5 (SD=3.4)
Post: M=24.1 (SD=2.9)
Esculier M=61.9 11 6/5 UPDRS Il MMSE >27/30 WB Exercise: Balance, Table Tilt, Ski
[39] (SD=11) M=18.4 (SD=5.4) Slalom, Balance Bubble, Ski Jump,
Penguin Slide.
Schedule: 40 minutes/session, 3x/
week for 6 weeks.
Gandolfi M=67.4 EG:38 |EG: 23/15 H&Y: II-1I; MMSE >24/30 WB Exercise: Balance, weight shifting,
[46] (SD=7.2) CG:38 |CG:28/10 UPDRS il: foot stepping, controlled movements.
EG:M=50.8 Schedule: 50 minutes/session, 3x/
(SD=24.1) week for 7 weeks.
CG:M=441
(SD=24.0)
Hashemi | M=60.1 CG:15 |CG:12/3 H&Y: I-IV MMSE >24/30 UL Exercise: Hand games (reaching,
[40] (SD=7.3) Super- Supervised tracking, rotating wheel).
vised VR: 9/6 Schedule: 75 minutes/session, 3x/
VR: 15 Unsupervised week for 24 sessions.
Unsuper- | VR: 8/7
vised
VR: 15
Herz [41] | M=66.7 1 6/5 H&Y: Il MMSE >25/30 wB Exercise: Wii-hab, tennis, bowling,
(SD=7.2) boxing.
Schedule: 1 hour/session, 3x/week
for 4 weeks.
Holmes M=66.6 11 7/4 H&Y: Cognitively intact WB Exercise: Balance board games.
[42] (SD=5.6) M=2.3 (SD=0.4) Schedule: 30 minutes/session, 3x/
UPDRS lil: week for 12 weeks.
M=25.3 (SD=11.9)
Negrini G1: M=67.0 |G1: 11 G1: 5/6 H&Y: Il MMSE > 26/30 WB Exercise: Table Tilt, Ski Slalom,
[47] (SD=9) G2: 16 G2:9/7 Balance Bubble, Ski Jump, Penguin

G2: M=66 Slide.

(SD=8) Schedule: 20 minutes of using Wii Fit
games, 2x/week for 5 weeks or 3x/
week for 5 weeks.

Nuic [48] |EG: M=68.6 | 25 14/11 H&Y: llI-IV MMSE >24/30 WB Exercise: Foot lifting and postural

(6.9) UPDRS Iil: control, coin collecting and avoiding

CG: M=64.8 M=30.2(SD=14.0) obstacles, perform lateral displace-

(8.2) ments, knee flexion/extension, trunk
rotations and arm movements.
Schedule: 18 sessions over 6 weeks.

Nuic [30] | M=64.0 10 5/5 H&Y: Il MMSE >24/30 WB Exercise: Rapid movements of limbs,

(SD=5.8) M=3.3 (SD=0.5) pelvis & trunk with lateral, vertical &

UPDRS il: forward displacements.

M=20.3 (SD=7.8) Schedule: 18 sessions over 6 weeks.
Palacios- | M=67 7 4/3 NR NR LL Exercise: Lateral leg movements.
Navarro (SD=3) Schedule: 4x/week for 5 weeks, 10

[31]

hours of treatment.

(Continued)
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Table 3. (Continued)

Author Participants Characteristics Targeted Body Part
Mean Age Sample | Sex (M/F) Disease Severity | Cognitive Status Tele-rehabilitation Program
(SD) or Size (stage range or
Range stage/ score
Mean (SD)
Pelosin M=63.2 10 6/4 H&Y: |-l MMSE >24/30 wB Exercise: NR.
[32] (SD=9.3) UPDRS Il Schedule: 30 minutes every day for
M=18.7 (SD=5.4) 1 week.
Vallabha- | M=69 1 1/0 H&Y: Il MoCA>24/30 WB Exercise: Stepping, trunk rotation,
josula [43] | (SD=N/A) balance challenges.
Schedule: 1hour/session, 3x/week
for 8 weeks.
Zeigel- M=57.6 16 10/6 NR NR WB Exercise: Vestibulo-visual interac-
boim [44] | (SD=18.7) tions, static and dynamic postural
stability.
Schedule: 50 minutes/session, 2x/
week.

EG: Experimental Group, G1: Group 1, G2: Group 2, HG: Home Group, H&Y: Hoehn & Yahr Scale, LL: Lower Limb, M: Mean, MoCA: Montreal Cognitive
Assessment, MMSE: Mini-Mental State Exam, N/A: Not Applicable, NR: Not Reported, OG: Outpatient Group, SD: Standard Deviation, UPDRS: Unified
Parkinson’s Disease Rating Scale, UL: Upper Limb, VR: Virtual Reality, WB: Whole-Body.

https://doi.org/10.1371/journal.pone.0326705.t003

ies aimed to treat gait and balance disorders, and to evaluate improvements in postural stability, independence, confi-
dence, as well as perceived balance in performing activities of daily living in PD patients. Except for one study [34], all
the studies that targeted whole-body rehabilitation reported intervention durations ranging from several weeks to a year
and they were scheduled as 30- to 75-minute long sessions [26,27,30,32-35,38,39,41-48].

The most commonly employed outcome measures used in these studies to assess functional mobility, postural stabil-
ity and perceived balance were the Berg Balance Scale (BBS) [54], MDS-UPDRS [51], the Tinetti Performance-Oriented
Mobility Assessment (POMA) [55], the Activities-Specific Balance Confidence (ABC) Scale [56], and the United Theory of
Acceptance and Use of Technology (UTAUT) questionnaire [57]. All 18 studies demonstrated positive outcomes in terms
of improved balance, balance confidence, gait, motor function, mood, and acceptance rates among persons with PD

In addition to physical outcomes, the study by Del Pino and colleagues [49] undertook a cost-utility analysis comparing
their GBT solution (n=10) to a control group of patients (n=10) who underwent standard clinical care. They found that the
cost of GBT was €2243.07 while standard care cost €5108.26 over a 3 month period. The authors attributed the cost sav-
ings to not requiring the physical presence of the professional for the GBT participants. Similarly, Gandolfi et al. [46] exam-
ined costs between their GBT participants who underwent a TeleWii intervention (n=38) versus those who participated in
an in-clinic sensory integration balance training (SIBT; n=38) program, which found the total treatment cost was €246.75
per patient for the GBT group and €493.50 per patient for the SIBT group. When taking into account indirect costs as well
as equipment costs, the total cost for GBT was €383.55 per patient for the TeleWii group and €602.1 per patient for the
SIBT group. One case study [38] using a customizable game estimated their system would cost approximately $2,000
(currency not specified). Other included studies highlighted the cost-effectiveness of GBT compared to traditional therapy
(e.g., Negrini et al. [47]) but did not provide data to support these claims or did not discuss costs at all.

Five studies targeted upper-limb rehabilitation [1 level 2b, 1 level 3b, and 3 level 4], and all of these specifically
focused on exergames that involved rotating and picking up objects with the hands and arms [28,29,36,37,40]. Only one
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study involved fine motor movements of the hand (finger tapping) [29]. All five studies were intervention-based, with the
primary objective of designing targeted tele-rehabilitation programs for the upper extremities. The effectiveness, adher-
ence, usability, and acceptance of these designed exergame tele-rehabilitation services were evaluated in each study

tools across these five studies were the Box and Block Test (BBT) [58], Nine-Hole Peg Hole Test (9HPT) [59], the Jebsen
Hand Function Test (JHFT) [60], and the MDS-UPDRS [51]. Three of the five studies reported significant improvements
in gross and fine manual dexterity and grip strength, as well as the range of motion and hand movements [29,37,40].
However, two studies that utilized the 9HPT to assess gross and fine manual dexterity did not demonstrate statistically
significant improvements [28,36].

Two level 4 studies [31,38] focused on lower-limb rehabilitation. Lower-limb impairments in PD are often associated
with mid to late stages of the disease. One study [38] employed lateral leg movements as the primary exercise, which was
delivered four times per week over five weeks, and totaled 10 hours of treatment. The other study [31] incorporated obsta-
cle negotiation tasks on an obstacle-lined pathway, with 45-minute sessions conducted weekly over a 12-month period,
using game-based elements to enhance engagement.

Across all the included studies, there were overall positive outcomes associated with GBT interventions for individuals
with PD, and the interventions appeared to be feasible in the majority of cases (see Table 4) [33—40,42-56]. Home-based
sented by findings on system usability, where patients and physical therapists reported that they were easy to use and
well-accepted. [31,34,39]. Some noted threats to feasibility however were related to game difficulty and repetitiveness,
which suggested a challenge to sustained engagement [29,34], as well as the need for individualized software enhance-
ments [45].

While the findings from the studies suggest that the interventions were well-accepted and feasible, the consistency
and magnitude of the therapeutic effects of GBT varied across studies. For instance, some interventions demonstrated
either only a trend towards improvement [26], short-lived effects [49], or non-significant differences compared to control
groups for primary outcomes [45,52,55]. Additionally, four studies provided insights into the effectiveness of GBT beyond
the active intervention period. One study [41] showed some longer-term effectiveness, whereby improvements in motor
function and quality of life were maintained at a one-month follow-up. Overall, positive impacts were observed but the
therapeutic gains over time varied in those studies where documented.

Safety and feasibility

Of the 24 studies, 8 studies of varied methodological quality indicated that the GBT interventions were safe, with no
(four in the active group and four in the control group). However, these events were deemed unrelated to the intervention,
including three serious events (e.g., falls, medication-related hospitalizations) and five non-serious events. The remaining
included studies did not report on safety.

There are several factors reported across the included studies that contribute to the feasibility of GBT to support
physical therapy in home settings, such as end-user experience, adherence, perceived use, and cost-effectiveness. For
instance, participants across studies rated the systems to be highly enjoyable [26], and exhibited high levels of motiva-

well-accepted by both patients and physical therapists [31,34,39]. Importantly, participants expressed satisfaction with
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Table 4. Clinical impact and implementation outcomes.

Author

Effectiveness, Safety, Feasibility

Albiol-Perez [26]

Outcome measure: Left, right and center postural control.

Effectiveness: Within-subject improvements in postural control between baseline and final evaluation: no significant improve-
ment in postural control, but a trend toward overall improvement, particularly in left/right positions, which are critical for falls
prevention.

Safety: NR.

Feasibility: The system was rated highly in terms of its enjoyment, success, clarity and helpfulness.

Amprino [27]

Outcome measure: Statistical assessment of the immediate impacts of evaluative motor tasks.

Effectiveness: Functional motor parameters before and after exergame training: improvement in motor function (e.g., arm
swing asymmetry reduced by ~14%, movement speed and range).

Safety: NR.

Feasibility: The system successfully detected motor performance differences between PD patients and healthy individuals:
significant differences (p <0.05) confirmed its sensitivity to disease-specific impairments. Exergames also showed potential as
engaging alternatives to traditional evaluative tasks; targeting specific motor components.

Bacha [33]

Outcome measure: LOS, COP, VOS.

Effectiveness: Postural control measured pre, post-intervention and 30 days after the last session of intervention by force
platform data. Significant improvements in limits of stability were observed after Kinect-based training.

Safety: NR.

Feasibility: The study suggests that Kinect Adventures! games training is feasible and may improve postural control (LOS) in
PD, but further research with larger samples is needed to validate effects on other balance measures (COP area/speed) across
different sensory conditions.

Barth [45]

Outcome measure: MDS-UPDRS-III, clinical measures (abduction, 5 step distance and time).

Effectiveness: All groups showed improvements in UPDRS-III scores, with greater reductions in intervention groups vs. control
group, though differences were not significant. Arm abduction angle and 5-step distance improved significantly more in interven-
tion groups than in control (p<0.05). Higher frequency of additional training correlated with greater improvements.

Safety: No adverse events reported.

Feasibility: Computer-based training, particularly with the Kinect, is feasible, safe, and well-received by patients for improving
mobility, with group dynamics enhancing outcomes; however, individualized software enhancements are needed.

Brachman [35]

Outcome measure: Postural stability and dynamic balance.

Effectiveness: Static and dynamic balance measured by posturography: significant improvement in dynamic balance was
observed only in the exergaming group, while both groups showed improvements in static balance.

Safety: NR.

Feasibility: NR.

Blanc [34] (18, 3b)

Outcome measure: UTAUT questionnaire.

Effectiveness: NR.

Safety: NR.

Feasibility: High acceptability, acceptance, and appropriateness of the system (easy to use) were reported by both physiother-
apists and patients, suggesting its integration into physical therapy practice and telemedicine to be highly feasible. However,
decreased intentions to use the system were reported, which was attributed to factors such as the difficulty and repetitiveness
of the games, and was noted as a challenge to long-term feasibility and sustained engagement of the intervention.

Cikajlo [28] (11, 4)

Outcome measure: MDS-UPDRS lll, JHFT, 9HPT, BBT.

Effectiveness: Significant improvements in JHFT tasks, BBT scores (47.2 to 51.6) and MDS-UPDRS Il scores (29.5 to 27.3).
Safety: NR.

Feasibility: High game completion and positive initial feedback suggest good feasibility for a Kinect-based upper limb
tele-rehabilitation system in PD, supporting home-based use and for maintaining patient motivation.

Cikajlo [36] Outcome measure: BBT, UPDRS IlI, writing a letter, moving light objects, JHFT, PDQ-39.
Effectiveness: Statistically significant and clinically meaningful improvements were found without changes to medication.
Safety: NR.
Feasibility: NR

Cikajlo [37] Outcome measure: UPDRS llI, JHFT, BBT.

Effectiveness: Evaluative tests were done before and after a 2-week exergaming intervention: significant improvements in both
home and hospital groups, with some outcomes favoring the home group, supporting the program’s effectiveness.

Safety: NR.

Feasibility: High levels of motivation and adherence were maintained throughout the study, supporting its potential as an
engaging tool for PD population. Efficiency was addressed through a comparison of home-based and outpatient exergaming
program. Comparable outcomes suggested that home-based delivery methods may be a viable option.

(Continued)

PLOS One | https://doi.org/10.1371/journal.pone.0326705 August 29, 2025 11127




PLO\Sﬁ\\.- One

Table 4. (Continued)

Author

Effectiveness, Safety, Feasibility

Dauvergne [29]

Outcome measure: Time played, average game scores, SEQ, BAASTA.

Effectiveness: Improvements were observed following post-music based game intervention.

Safety: NR.

Feasibility: The results showed the gaming program was feasible at home and reported good or excellent suitability. However,
the adherence was low, which was attributed to the lack of evolution of the tele-rehabilitation tools used (bracelets and a tablet)
and the absence of after-sales service.

Del Pino [49]

Outcome measure: EQ-5D-5L, MoCA, GDS, ADL scales, adherence rates, SUS, cost-utility.

Effectiveness: The PD vCare group showed significantly greater improvement than the control group (p<.05), particularly
in cognition (p=.016) and QoL areas: mobility (p=.008), self-care (p=.008), daily activities (p=.010), and pain/discomfort
(p=.004). Adherence to vCare was high (90.5-100%) and costs were lower (€2,243.07 vs. €5,108.26).

Safety: No adverse events reported.

Feasibility: Demonstrated clinical validity through improved outcomes, feasibility through high patient adherence and
cost-effectiveness, with significantly lower costs per patient compared to standard care.

Esculier [39]

Outcome measure: STST, Tinetti POMA, TUG, 10MWT, CBM, ABC, unipedal stance duration and force platform.
Effectiveness: Significant improvement in static and dynamic balance, mobility and functional performance.

Safety: NR.

Feasibility: The intervention was feasible for individuals with moderate PD, showing usability and adherence. Statistically sig-
nificant improvements in balance and mobility were detected, indicating its potential as an engaging tool.

Gandolfi [46] (24, 1b)

Outcome measure: BBS, ABC scale, 10MWT.

Effectiveness: Significant improvements in postural stability.

Safety: No adverse events reported.

Feasibility: Feasibility was supported through a cost comparison, confirming the tele-rehabilitation programs as a practical
alternative.

Hashemi [40] (19, 2b)

Outcome measure: BBS, ABC scale, 1T0MWT.

Effectiveness: Improvements were observed in discriminative sensory function (HAST weight and HAST-total), wrist proprio-
ception, gross manual dexterity and grip strength of both less and more affected hands.

Safety: NR.

Feasibility: Efficiency was supported through the inclusion of both supervised and non-supervised formats, suggesting exerga-
mes using Kinect appears feasible for PD tele-rehabilitation and may improve some upper limb functions.

Herz [41] (17, 3b)

Outcome measure: NEADL, UPDRS, 9HPT, PPT, a timed tapping task, TUG, HAMD, PDQ-39.

Effectiveness: Significant improvements were seen in ADLs (NEADL), motor function (UPDRS), and QoL (PDQ-39), with a
trend toward improved mood (HAM-D). Some improvements, particularly in UPDRS and QoL, were maintained at one-month
follow-up, indicating short-term motor and non-motor benefits.

Safety: NR.

Feasibility: Efficiency was supported through maintained high levels of adherence over the study period, indicating the feasibil-
ity of the Wii-based home rehabilitation in PD.

Holmes [42] (17, 2b)

Outcome measure: COPL, ABC, number of sessions, mean active exercise time, total active exercise time.

Effectiveness: Measured balance and balance confidence. Improvements were observed by mid-intervention but diminished
post-program, suggesting potential short-term effectiveness.

Safety: No adverse events reported.

Feasibility: Home-based Wii balance training is feasible, well-tolerated, and maintains user interest over 12 weeks, suggesting
its potential as an innovative rehabilitation strategy for PD.

Negrini [47] (20, 3b)

Outcome measure: Tinetti POMA, BBS, PST, FRT.

Effectiveness: There was demonstrated effectiveness within a relatively short treatment duration (10 sessions).

Safety: NR.

Feasibility: This study suggests good feasibility of the proposed solution due to its low equipment cost, ease of use with mini-
mal supervision, and positive patient opinion.

Nuic [48]
(20, 1b)

Outcome measure: SWST duration, FOG-Q, GABS-B axial score, ABC scale, kinematic gait parameters.

Effectiveness: There was no significant difference in primary outcomes (SWST duration) between the active and control
groups after training (p=0.61), though both groups indicated some within-group improvements.

Safety: Nine adverse events were reported in eight participants (four in active group and four in control group). Three serious
events (e.g., falls, medication-related hospitalizations) were deemed unrelated to the intervention. Five non-serious events
occurred during both randomized and open-label phases.

Feasibility: Participants maintained high levels of motivation and adherence to the program consistently throughout the dura-
tion of the study.

(Continued)
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Table 4. (Continued)

Author Effectiveness, Safety, Feasibility

Nuic [30] (14, 4) Outcome measure: Perceived difficulty, competence, interest, fatigue, affects, acceptability, FOG-Q, ABC, GABS-B axial
score, UPDRS, Parkinson motor disability UPDRS Ill, ADL, UPDRS II.

Effectiveness: Significant improvements were observed in post training, supporting the use and effectiveness of customized
video game interventions.

Safety: No adverse events reported.

Feasibility: Efficiency was observed through high feasibility, acceptability and satisfaction rates.

Palacios-N. [31] Outcome measure: 10MWT.

(11, 4) Effectiveness: Significant improvements following the intervention.

Safety: No adverse events reported.

Feasibility: The rehabilitation game was well-accepted, easy to use, and described as motivating by participants. The collected
feedback from participants lends support for its feasibility for home-based use.

Pelosin [32] (11, 4) Outcome measure: Posturographic parameters (sway area and path, x- and y-axis oscillations), BBS.

Effectiveness: Measured postural and balance before and after a 5-day exergame-based training program, demonstrating a
significant decrease in all posturographic parameters in both PD and control groups. This result shows improved postural stabil-
ity in PD patients to a level comparable with baseline in non-symptomatic individuals. BBS scores also improved after training in
PD patients.

Safety: NR.

Feasibility: The study indicates good feasibility due to its short effective training period, low cost, engaging nature, and poten-
tial for home use with augmented feedback.

Cornejo-T. [38] Outcome measure: Gait speed, ABC Scale, MDS-UPDRS.

Effectiveness: Functional improvements in individuals with PD.

Safety: No adverse events reported.

Validation/Feasibility: Participants maintained high levels of motivation and adhered to the program consistently throughout
the duration of the study. Real-time communication and remote setting adjustments supported an ongoing engagement.

Vallabhajosula [43] Outcome measure: FES-I, MiniBEST test, 2MWT, gait parameters (COP, step length/time/velocity, etc.).

Effectiveness: Measured changes in postural control, gait, endurance, and clinical balance outcomes. Significant improve-
ments were observed in FES-I, MiniBEST test, 2MWT, gait parameters. However, only a few of these improvements were
maintained during the post-intervention phase.

Safety: NR.

Feasibility: This case study suggests the multimodal training protocol was feasible to implement. However, the results only
indicated potential benefits for static and dynamic postural control but not for gait, cognition, endurance and clinical measures
of balance. These findings are limited due to the single-participant design.

Zeigelboim [44] Outcome measure: VADL, ABC Scale.

Effectiveness: Measured balance, independence, and confidence in daily activities using VADL and ABC scale, which indi-
cated significant improvements.

Safety: No adverse events reported.

Feasibility: NR.

2MWT: 2 Minute Walk Test, 9HPT: Nine-Hole Peg Test, 10MWT: 10-Meter Walking Test, ABC: Activities-specific Balance & Confidence Scale, ADL:
Activities of Daily Living, BBS: Berg Balance Scale, BBT: Box-Block Test, CBM: Community Balance & Mobility Assessment, COP: Sway of Cen-

ter of Body-pressure, EQ-5D-5L: EuroQoL-5D-5L, FES-I: Falls Efficiency Scale-I, FOG-Q: Freezing of Gait Questionnaire, FRT: Fall Risk Testing,
GABS-B: Gait & Balance Scale Part B, HAST: Hand Active Sensation Test, HAMD: Hamilton Depression Rating Scale, LOS: Limits of Stability, MDS:
Movement Disorder Society, MiniBEST: Mini Balance Evaluation System Test, NR: Not Reported, PDQ: Parkinson’s Disease Questionnaire, POMA:
Performance-Oriented Mobility Assessment, PST: Postural Stability Testing, QoL: Quality of Life, SEQ: Suitability Evaluation Questionnaire, STST: Sit-
to-stand Test, TUG: Timed Up & Go, UPDRS: Unified Parkinson’s Disease Rating Scale, UTAUT: Unified Theory of Acceptance & Use of Technology,
VADL: Vestibular Disorders Activities of Daily Living, WPST: Wrist Position Sense Test, VOS: Vertical Optokinetic Stimulus.

https://doi.org/10.1371/journal.pone.0326705.t004

the interventions [30,31,39]. As noted above, studies also provided evidence on their cost-effectiveness compared to
in-person approaches [32,46,47,49].

Among the seven studies that reported on the adherence levels of individuals with PD to GBT programs, four studies
[29,34,37] utilized customized gamification modules without specifying a product name except for one [49], while one
study [42] used the Nintendo Wii. Two studies [38,48] used the Microsoft Xbox 360 Kinect gaming console. Addition-
ally, among the seven studies, two reported low adherence levels and decreased intentions to use the tele-rehabilitation
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program. The lack of adherence was attributed to factors such as the difficulty and repetitiveness of the games [34], as
well as the lack of evolution of the used tele-rehabilitation tool (comprising bracelets equipped with motion sensors and
a tablet) and the absence of after-sales service [29]. The other five studies reported that their participants maintained
high levels of motivation and adhered to the exergaming programs consistently throughout the duration of the studies

Hardware and software modules

A comprehensive list of the software modules and hardware devices utilized in the included studies are listed in Tables 5
and 6, respectively. Eleven of the 24 included studies [1 level 1b, 2 level 2b, 4 level 3b, and 4 level 4] used commer-

3 out of 11) paired with the Kinect camera [33,36,43].

The Nintendo Wii is a gaming console renowned for its innovative motion control system, which is showcased by the
Wii Remote, Wii Nunchuk, and Wii Balance Board. The Wii Balance Board is an accessory that is designed to be used
with the Wii console, enabling players to participate in games using their balance and physical movements. The Wii
Balance Board enhances interactivity and immersion by accurately detecting and responding to players’ movements. The
Xbox 360, developed by Microsoft, is a gaming console known for its extensive gaming library and immersive experi-
ences. One notable addition to the Xbox 360 is the Kinect camera, which is a motion-sensing device. The Kinect camera,
with its advanced depth sensing, enables controller-free interaction, by tracking players’ body movements, and translates
them into game actions.

Among the 13 studies [2 level 1b, 2 level 2b, 3 level 3b, and 6 level 4] with custom-made games, 9 studies

offers depth sensing, skeletal tracking, and motion capture capabilities for game development. Microsoft provides software
development kits (SDKs) and tools that grant access to the Kinect’s sensor data. Developers can incorporate gesture rec-
ognition, body tracking, and interactive features into their custom games, enabling the creation of unique and personalized
gaming experiences. Additionally, one study developed its own bracelet-type sensory module [34] using an inertial motion
sensor, one study [29] utilized the sensory inputs of a touch screen, one [49] used a tablet-based virtual coaching system
called vCare that delivered customized games without the use of motion sensors or depth cameras, and one [37] relied on
the sensory data of a Leap motion controller. The Leap Motion controller, introduced by Leap Motion Inc. (www.ultraleap.
com/), is a compact device known for its precise hand and finger tracking. It enables intuitive gesture-based interaction
with computers and digital devices, offering fine-grained control and immersive experiences. The commonly included
hardware platforms used to run the software applications to process the data and to display it on a monitor were comput-
ers, tablets, and Nintendo Wii consoles.

Game-based solutions adapted in the rehabilitation interventions in all 24 studies were non-immersive VR-based serious
exergames, except in one level 4 study [30], and one level 2b study [49] that used a combination of both non-immersive VR
and virtual exercise coaching with the gamification techniques. Eleven of the designed gaming interventions included offline
or real-time interactive communication and connection, as well as streaming software applications (i.e., Skype, Zoom), which
allowed for the therapist/ medical professional to provide ongoing supervision and/or real-time visual feedback to patients on
their performance, full tracking of patients’ performance while completing the session, and monitoring if the correct imple-

1 level 2b, 4 level 3b, and 6 level 4] consisted of tele-rehabilitation systems designed as a client-server model, where the
users/patients self-run the session at their convenience, and the system records and stores the data; enabling the therapist/
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Table 5. Software features.

Author Type: Customized or commercial Additional Functional Features

game

Game company: if commercial.

Game names

Albiol-Perez | Type: Commercial. Game tool: VR.

[26] Product name: Wii. Game challenge customization for patients: Yes.

Games: Not reported. Exercise library: Yes.

Patient/PT communication via software: No.
Additional functions: (1) Enables patients to customize configuration parameters, (2)
provides the exercise overview at the end of each session, (3) grants PT access to patients’
exercise overview.

Amprino [27] | Type: Customized Games Using Com- Game tool: VR.

mercial Platform. Game challenge customization for patients: Yes.

Product name: Microsoft Azure Kinect. | Exercise library: No.

Games: Not reported. Patient/PT communication via software: No.

Additional functions: Configuration file available for each exergame to set specific game
parameters, making it easy to adjust exercise difficulty (Easy, Medium, Hard) to suit a patient’s
motor condition and rehabilitation goals.

Bacha [33] Type: Commercial. Game tool: VR.

Product name: XBOX Kinect. Game challenge customization for patients: No.

Games: Kinect Adventures Exercise library: No.

(20,000 leaks, Space Pop, Reflex Ridge, | Patient/PT communication via software: No.

River Rush) Additional functions: (1) Five chances in each game, (2) PT present at first to provide guid-
ance and familiarize participant, (3) the games stimulated the individuals to move in different
directions in a fast and controlled way, walk in different directions, move their centre of mass,
sit down and jump, move their upper and lower body in a coordinated way and move their
upper body in the three planes of movements.

Barth [45] Type: Customized module Using Com- Game tool: VR.

mercial Platform. Game challenge customization for patients: No.

Product name: Microsoft Kinect. Exercise library: No.

Games: Coconuts, Stars, Balls, Balloons | Patient/PT communication via software: No.

Additional functions: (1) Special virtual reality training game utilizing the Microsoft Kinect®
camera was developed in collaboration with an experienced software company tailored for
patients with PD, (2) software includes guiding instructions for the whole game, as well as pre-
views for all the movements the patients have to perform within the different games making it
completely self-explanatory.

Brachman Type: Customized. Game tool: VR

[35] Product name: NA Game challenge customization for patients: Yes.

Games: Boat, Colours, Froglet, Football | Exercise library: Not specified.

player, Burro, Bicycles, Fruits Patient/PT communication via software: No.

Additional functions: Involves physiotherapist supervision during training sessions to ensure
safety.
Blanc [34] Type: Customized. Game tool: VR.

Product name: NA.
Games: Serious games.

Game challenge customization for patients: Automatic, increase due to several parameters
(duration of session, frequency of exercise, etc.)

Exercise library: Not specified.

Patient/PT communication via software: Yes, format not specified.

Additional functions: (1) Allows performing repetitive movements with large amplitude

and defined pace, (2) provides visual feedback through a visual representation of a vessel
catching coins and stars. Offers auditory feedback based on the performed movements, (3)
facilitates connection with field professionals through a secure telemedicine platform, (4)
enables remote monitoring.

(Continued)
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Table 5. (Continued)

Author Type: Customized or commercial Additional Functional Features
game
Game company: if commercial.
Game names
Cikajlo [36] Type: Customized. Game tool: VR.
Product name: NA. Game challenge customization for patients: Yes, automatic.
Games: Fruit Picking. Exercise library: Not specified.
Patient/PT communication via software: No.
Additional functions: (1) Records and stores data on a local computer during user/patient
exercise sessions, (2) allows medical professionals to remotely review data for planning and
following exergame-based therapy, (3) enables system administrator to update gamification
platforms, add new medical professionals, change access privileges, and grant physician
access, (4) allows saved data to be exported to other software tools for further analysis.
Cikajlo [37] Type: Customized. Game tool: VR.
Product name: NA. Game challenge customization for patients: No.
Games: Pick and Place game. Exercise library: No.
Patient/PT communication via Software: No.
Additional functions: (1) Utilizes a client-server model, with a server and database hosting
the front-end interface for remote therapists and a client running the exergame, (2) synchro-
nizes data after each exercise session to maintain data integrity and consistency.
Cikajlo [28] Type: Customized module Using Com- Game tool: VR.
mercial Platform. Game challenge customization for patients: Yes, automatic.
Product name: Microsoft Kinect. Exercise library: No.
Games: Fruit Picking Patient/PT communication via software: No.
Additional functions: (1) “Fruit picking” was designed as a target based task, requesting
from the user to raise the arm and pick the moving targets, apples growing slow/fast on the
tree. More successful users advanced faster to the higher levels.
Dauvergne Type: Customized. Game tool: VR.
[29] Product name: NA. Game challenge customization for patients: Automatic.
Games: Music-based serious game. Exercise library: No.
Patient/PT communication via software: No.
Additional functions: (1) Incorporates different levels of difficulty within the game, with
scores between 5 and 100 points calculated at the end of each level, (2) unlocks subsequent
levels based on the score achieved, which is converted into a number of stars displayed on
the screen accompanied by motivating messages, (3) allows automatic unlocking of the next
level after 5 successful trials at the same level.
Del Pino [49] | Type: Customized. Game tool: VR.

Product Name: vCare system.
Games: Custom serious games devel-
oped as part of the vCare system.

Game Tool: Virtual Exercise Coaching.

Game challenge customization for patients: Yes.

Exercise library: No.

Patient/PT communication via software: No.

Additional functions: (1) Virtual coach avatar provides motivational prompts and interaction,
(2) providers remotely monitor progress and adjust/customize weekly exercise programs, (3)
vCare system includes a structured adherence tracking dashboard.

Esculier [39]

Type: Commercial.

Product name: Wii Fit.

Games: Table Tilt, Ski Slalom, Balance
Bubble, Ski Jump, Penguin Slide.

Game tool: VR.

Game challenge customization for patients: Automatic.

Exercise library: No.

Patient/PT communication via software: No.

Additional functions: (1) Participants received a logbook.

Training progression within the activities was carried out by the Wii Fit game itself. Increased
difficulty levels could be permanently unlocked secondary to good performances, as well as
temporary levels according to daily results, (2) a motivational telephone call was made by one
of the researchers every week and to ensure that the subjects were doing well. Participants
were encouraged to contact the research team to ask any questions about the programme or
to request assistance with technical problems.

(Continued)
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Table 5. (Continued)

Author Type: Customized or commercial Additional Functional Features
game
Game company: if commercial.
Game names
Gandolfi [46] | Type: Commercial. Game tool: VR.
Product name: Wii. Game challenge customization for patients: Manually by PT through game selections.
Games: Wii Fit. Automatically by game.
Exercise library: No.
Patient/PT communication via software: No.
Additional functions: (1) Supports video calls during intervention sessions, (2) provides full
tracking of patients’ performance, ensuring correct implementation of exercises, (3) offering
real-time visual feedback to patients on their performance.
Hashemi [40] | Type: Commercial. Game tool: VR.
Product name: Kinect. Game challenge customization for patients: Yes.
Games: Not specified. Exercise library: No.
Patient/PT communication via software: No.
Additional functions: (1) Allows for games with customized and random challenges, (2)
offers visual cues about patients’ performance, (3) provides audio feedback to inform and
encourage patients during exercises, (4) initiates automatic running of exercise items sequen-
tially when the patient turns on the system, (5) structures each session with a warm-up, main
exercise item, and evaluation tests, (6) allows patients to pause, rest, and resume if feeling
tired during exercising, (7) generates reports on patient performance through software,
(8) conducts evaluation tests to determine the difficulty level of exercises for subsequent
sessions.
Herz [41] Type: Commercial Game tool: VR.
Product name: Wii. Game challenge customization for patients: Not specified.
Games: Tennis, Bowling, Boxing Exercise library: No.
Patient/PT communication via software: No.
Additional functions: Not specified.
Holmes [42] | Type: Commercial Game tool: VR.
Product name: Wii. Game challenge customization for patients: Yes.
Games: WiiFit plus, Balance bubble, Exercise library: No.
Table Tilt, Soccer Heading, Tightrope Patient/PT communication via software: No.
Tension, Penguin Slide, Ski Slalom, Additional functions: (1) Enables full tracking of patient performance, including monitoring
Snowboard Slalom. the correct implementation of exercises, (2) provides real-time visual feedback to patients
regarding their performance.
Negrini [47] | Type: Commercial. Game tool: VR.
Product name: Wii. Game challenge customization for patients: Not specified.
Games: Wii Fit Balance Board: Table Tilt, | Exercise library: No.
Ski Slalom, Balance Bubble, Ski Jump Patient/PT communication via software: No.
and Penguin Slide. Additional functions: Not specified.
Nuic [30] Type: Customized. Game tool: VR and Virtual Exercise Coaching.
Product name: NA. Game challenge customization for patients: Manually, by PT.
Games: Toap Run. Exercise library: No.
Patient/PT communication via software: No
Additional Functions: (1) Utilizes visual cueing through avatar movements along the trajec-
tory to guide patients during exercises, (2) incorporates auditory cueing with rhythmic music
synchronized to the velocity of the avatar displacement.
Nuic [48] Type: Customized module using Com- Game tool: VR.

mercial Platform.

Product name: Microsoft RGB-D Kinect
Motion Sensor.

Games: Toap Run.

Game challenge customization for patients: Yes.

Exercise library: No.

Patient/PT communication via software: No.

Additional functions: (1) The session duration, number of movements, and success rate
were automatically recorded, allowing the investigator to follow and individually tailor the
game difficulty (easy, medium, hard), (2) designed to treat gait and balance disorders for PD
patients, (3) to play, the patient had to perform large amplitude and fast movements of all four
limbs, pelvis and trunk, in response to visual and auditory cueing, to displace an avatar to
collect coins and avoid obstacles to gain points.

(Continued)
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Table 5. (Continued)

Author Type: Customized or commercial Additional Functional Features
game
Game company: if commercial.
Game names

Palacios- Type: Customized. Game tool: VR.

Navarro [31]

Product name: NA.
Games: Not specified.

Game challenge customization for patients: Yes, manually by PT.

Exercise library: Not specified.

Patient/PT communication via software: No.

Additional functions: (1) Allows patients to set configuration parameters, (2) provides exer-
cise overview at the end of each session.

Grants PT access to patients’ exercise overview.

Pelosin [32] | Type: Commercial. Game tool: VR.
Product name: Nintendo Wii-Fit. Game challenge customization for patients: Automatic.
Games: Wii-Fit. Exercise library: No.
Patient/PT communication via software: No.
Additional functions: The complexity of the exercises was progressively increased and the
maximum game-level reached depended on the subjects’ ability.
Cornejo Type: Customized module using Com- Game tool: VR.
Thumm [38] | mercial Platform. Game challenge customization for patients: Yes, manually by PT.
Product name: Microsoft Kinect. Exercise library: Not specified.
Games: Not specified. Patient/PT communication via software: Yes.
Additional functions: (1) Remote monitoring software (Google Chrome remote desktop tool)
and Skype were also installed to enable visual and auditory communication during training, (2)
allows trainer to monitor participant’s movement, provide feedback in real-time, and manage
parameters remotely.
Training settings were controlled remotely to change the level of challenge.
Vallabha- Type: Commercial. Game tool: VR.
josula [43] Product name: XBOX Kinect. Game challenge customization for patients: Yes.
Games: Kinect Sports Season 1 DVD: Exercise library: No.
Bowling, Boxing, Table Tennis. Patient/PT communication via software: No.
Additional functions: (1) Based on the participant’s performance and choice, all the Kinect
games were played at the easiest level throughout the intervention, (2) participants could
choose from multiple game designs targeting stepping, trunk rotation, and balance.
Zeigelboim Type: Commercial. Game tool: VR.
[44] Product name: Wii. Game challenge customization for patients: No.

Games: Soccer Heading, Table Tilt,
Tightrope Walk, Ski Slalom.

Exercise library: No.

Patient/PT communication via software: No.

Additional functions: (1) Utilizes the Wii balance board to engage reactive and proactive
strategies of postural control, (2) offers visual feedback to enhance performance and motiva-
tion in completing the games.

*GM: Gamification module, PT: Physical Therapist, VR: Virtual Reality.

https://doi.org/10.1371/journal.pone.0326705.t005

Applied gamification elements

Several game designs used combinations of different elements and techniques. For instance, some exergame designs
introduced persons with PD as avatar characters within the game and assigned them target-based tasks (i.e., fruit picking,
finger tapping task, and moving small virtual objects) with the simultaneous addition of auditory and/or visual feedback. For
instance, the level 4 study by Nuic and colleagues [30] designed a video game consisting of a scenario of the patient mov-
ing to induce displacement of a small animal (avatar) in real-time environments to avoid obstacles and collect points related
to visual and auditory feedback. Ten out of 24 studies [1 level 2b, 3 level 3b, 6 level 4] focused on the implementation of a
single game [26,28-31,34,36—38,44], while the other 14 studies [3 level 1b, 4 level 2b, 4 level 3b, 3 level 4] provided multiple
different games aiming to increase motivation and acceptance of users by inhibiting boredom [27,32,33,35,39-43,45-49].
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Table 6. Hardware features.

Author (Year) Customized | Sensor Type Supporting Additional Hardware
Hardware Platform
(yes/no)
Albiol-Perez [26] | No Nintendo Wii Balance Board | Tablet No
Amprino [27] Yes Microsoft Azure Kinect Computer Monitor
Camera
Bacha [33] No Xbox Kinect Xbox 360 Virtual reality glasses
Barth [45] No Kinect Camera Computer LCD Screen
Brachman [35] Yes Kinect Camera and a Computer 65-inch screen 2 meters away from participant
Custom-made Force
Platform
Blanc [34] Yes Bracelets equipped with Tablet Velcro strips
inertial motion sensors
Cikajlo [28] No 3D Infrared Camera (Kinect | Computer Unity 3D game engine
Sensor)
Cikajlo [36] No Kinect Camera Computer LCD screen
Cikajlo [37] No Leap Motion Controller Computer Cloud server, Camera connects to high speed USB of computer and
requires graphic adapter (e.g., Nvidia GeForce series). Infrared camera
requires light calibration or constant light conditions to operate properly.
Cornejo Thumm | Yes VR Stimulation Computer TV screen, treadmill.
[38]
Dauvergne [29] | No Touch Screen Tablet No
Del Pino [49] Yes N/A Tablet TV screen
Esculier [39] No Nintendo Wii Balance Board | Nintendo Wii | Monitor, TV.
Console
Gandolfi [46] No Nintendo Wii Balance Board | Nintendo Wii | No
Console
Hashemi [40] No Kinect Camera Computer Monitor, computer 2 or 3 meters away from rehabilitation station.
Herz [41] No N/A Computer No
Holmes [42] No Nintendo Wii Balance Board | Nintendo Wii | Screen
Console
Negrini [47] No Nintendo Wii Balance Board | Nintendo Wii | Monitor
Console
Nuic [48] Yes RGB-D Kinect Motion Sen- | Laptop HD TV screen
sor (version 2, Microsoft)
Nuic [30] No Kinect Camera and Force Computer Laptop, TV 2 meters away from patients.
Platform
Palacios-Navarro | No Kinect Camera Computer Computer, Cloud, monitor, Microsoft Kinect Device, 2 GB Ram, graphic
[31] card compatible with Direct X9 and processor Intel Pentium 4 3.0 Ghz,
Screen 2 meters away from patients.
Pelosin [32] No Nintendo Wii Balance Board | Wii Console Monitor, TV.
Vallabhajosula No Xbox Kinect Xbox 360 Monitor, TV.
[43]
Zeigelboim [44] No Nintendo Wii Balance Board | Wii Console Screen

https://doi.org/10.1371/journal.pone.0326705.t006

Game dynamics

One study [49] did not provide a clear description of the implemented game dynamics by participants when undergoing
GBT other than to state the activities were personalized. For the remaining 23 studies, all implemented tasks were based
on six main categories of game dynamics (activities) for therapeutic games: (1) free movements (5/23 or 22%)
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six categories of game dynamics were used to design the therapeutic exergames that focused on whole-body rehabilita-
tion. Activities such as reaching and hitting the target, catching and picking up the target, carrying and moving the target,
and following and tracking the target were used in the design of upper-limb rehabilitation-based exergames. In one study
[31] that specifically targeted lower-limb rehabilitation, the therapeutic exergames were designed around a single game
activity involving reaching and hitting the target.

Discussion

The objective of this scoping review was to comprehensively examine the available literature on the GBT systems
developed to facilitate physical therapy for persons with PD in home settings. This review aimed to explore the
design and technological components of these systems to extract implementation considerations, and to describe
their impact on physical function and patient well-being. The 24 articles included in this scoping review were com-
prised mostly of low levels of evidence with poor to fair methodological quality, which indicates more rigorous study
designs are required to elevate the evidence for use of these technologies. With regard to study design, all were
quantitative studies that aimed to examine the extent to which GBT approaches yielded comparable outcomes to
traditional standard rehabilitation services. In the majority of the included studies, sample size sufficiency was often
viewed as inadequate or being relatively small but was acknowledged in the context of each study’s limitations sec-
tion. As a result, the low methodological quality paired with small samples limits the quality of evidence for the PD
population.

When examining the characteristics of the included participants across studies, the majority were in the earlier or mid-
stages of the disease progression, and all were cognitively intact. This sampling approach may have been undertaken for
safety reasons (e.g., later stages at higher risks for adverse events or physically unable to participate), and because those
in the earlier or mid-stages still have the capability to retain better control over their movements, and physical therapy is
likely more effective in improving or maintaining functional abilities. It has been noted that while rehabilitation is important
to provide throughout the disease’s progression, initiating it early contributes to a foundation that makes interventions in
later stages more effective. [61] Although the included participants across studies did not have any significant cognitive
impairments, it is known that cognition does become increasingly impaired as the disease progresses, which includes
multi-tasking, word recall, problem-solving and maintaining focus, which are all relevant functions to participate in GBT.
As such, undertaking re-assessments of cognition in patients over time is warranted to ensure they are able to continue
to participate in GBT in the long-term, and to perhaps adjust gaming complexity to ensure it does not overwhelm partici-
pants, and lead to adverse effects.

Relatedly, the lack of studies on later stages suggests there may be opportunities to explore the application of GBT
physical therapy for these patients, as they may face additional barriers to accessing traditional forms of physical therapy
since lowered physical function, among other factors, might make it more difficult for patients to travel to clinics to receive
specialized care. [62] Our findings indicate this is a knowledge gap that warrants further investigation to enhance out-
comes of those in the later stages. As well, more longitudinal studies may elucidate how GBT influences PD progression
over time.

Based on the included studies, it appears participants with PD are able to tolerate interventions ranging from 1 to 8
weeks, with some studies having people participate up to three times a week for a minimum of 30 minutes and a maxi-
mum of 75 minutes per session. This duration of physical activity aligns with existing guidelines for the PD population [63],
which recommends that this population engage in aerobic exercise three days a week for at least 30 minutes per session
of continuous or intermittent movement at a moderate or vigorous intensity. As well, persons with PD should undergo
strength training 2—3 non-consecutive days a week. Other components involve activities related to balance, multi-tasking,
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agility and stretching. Based on our review, it appears that a physical therapy-prescribed GBT approach, properly cali-
brated in terms of duration, intensity, and game design can serve to help persons with PD engage in clinically impactful
outcomes while also serving to put individuals on a path to regular physical activity since some of the commercially avail-
able options can be continued post-physical therapy intervention.

Additionally, the findings regarding safety are encouraging, with the majority of studies reporting no adverse events
associated with GBT interventions. Only one study reported any adverse events, which was considered unrelated to the
intervention. Regardless, and as noted above, it may be prudent to periodically re-assess physical and cognitive abilities
to ensure GBT remains a safe modality as the disease progresses. While other included studies did not comment on
adverse events, which implies none occurred, it is still important that researchers explicitly document the absence of these
to help raise confidence in GBT as well as increase enthusiasm for it by minimizing potential safety concerns, which need
to be especially accounted for if exercises are being done at home without a therapist being there to oversee the patient.
Overall, physical therapists interested in prescribing GBT can assume that the associated risks for its’ use are low, and
likely can be utilized by patients following a standard physical and cognitive assessment, along with providing appropriate
training and guidance.

Critically, the high rates of adherence noted across studies highlights the motivating and appealing features of GBT for
persons with PD. However, a number of articles in this review highlighted the importance of the need to make appropri-
ate exercise and difficulty adjustments to the exercise program throughout the intervention period to sustain users’ inter-
est and adherence to the home-based program. In addition, the use of auditory and visual feedback (cues) in the game
structure may also have beneficial impacts for providing relevant feedback to patients; thereby keeping them engaged.
Interestingly, this does not necessitate the need for the use of a wide variety of games to sustain interest since 10 of the
24 includes studies focused on the implementation of a single game or limited set of games [26,28—-31,34,36-38,44]. For
instance, Zeigelboim et al. [44] used four games provided by the Nintendo Wii that provided visual feedback on perfor-
mance (soccer heading, table tile, tightrope walk, and ski slalom), where significant improvements in gait and balance
were noted in the tightrope walking and ski slalom games over the course of 20 sessions. Overall, our analysis of the
application systems in terms of the game design elements and techniques applied, it is apparent they are often easy to
implement and physical therapists can use game components and techniques in a number of ways to help their clients.
The findings of this review further suggest that within the development of GBT, more complex game components and a
combination of multiple different games are rarely used. Hence, providers should feel confident that using single, easy-to-
use and broader-concept games will likely make it easier for patients to initially follow at home.

With regard to hardware and software modules employed, most of the included studies customized their own games
while the rest utilized those from commercially available games. The two most popular platforms were the Nintendo Wii
paired with the Wii balance board, as well as Microsoft Xbox 360 paired with the Kinect camera. Moreover, the systems
that incorporated customized games primarily utilized the Xbox Kinect Sensor. As such, commercial systems appear to be
easily used within one’s home, and are adaptable to enable customized games designed to provide individuals with PD
with therapeutic benefits. A challenge with the commercially available systems, however, is that both Microsoft Xbox and
the Nintendo Wii were discontinued, which will make access to these systems to both patients and providers more chal-
lenging as time continues. Regardless, commercial systems are those that are relatively low-cost to purchase as noted
by several of the authors across the included studies, and lend themselves for easier access by patients and clinicians.
When systems are customized, this adds a layer of complexity and cost, with one study [38] pairing a treadmill with the
GBT, and offered patients an optional harness attached to the ceiling for safety, and the estimated cost of the system with
the treadmill was $2,000 (currency not specified).

Conversely, a key advantage of developing customized gaming modules, even when using the sensory components of
commercial gaming systems, is their independence from the game market; allowing for tailored rehabilitation experiences.
For new research groups, selecting the right motion-sensing technology requires balancing innovation with practicality.
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Established platforms like the Wii and Kinect used in the included studies demonstrated efficacy, albeit in studies of low
methodological quality, but also have the advantage of clinical familiarity. The challenge moving forward is to determine
approaches for incorporating newer technologies such as including VR-based systems, artificial intelligence (Al)-powered
motion capture, and wearable sensors, which offer greater accuracy and adaptability. A hybrid approach that maintains the
accessibility of Wii/Kinect while integrating emerging technologies may be the most effective strategy for advancing GBT.

Our analysis of current GBT systems shows a preference for easy-to-implement components like target-based tasks,
avatar navigation, and simple motion tracking with feedback. While these enhance usability for people with PD, they
often limit adaptability and complexity, which are crucial as PD symptoms progress. Many systems focus on single-limb
or single-task exercises, potentially reducing long-term engagement and functional improvement. Future research should
prioritize modular, multi-activity games that adapt to evolving motor impairments and increase in complexity. Structured
progression—from simple to full-body movements—could support sustained engagement and holistic therapy. Seamless
task transitions and personalized challenges can also serve to optimize motor learning and maintain motivation.

While not explored in the included studies, further work exploring community-based gamification—such as multiplayer
or remote cooperative games—may hold promise for improving motivation and adherence in prescribed physical ther-
apy for persons with PD given the reduced levels of community participation that occurs as the disease progresses [64].
Exploring how social connectivity influences outcomes can inform both physical and psychological rehabilitation strat-
egies. To further enhance effectiveness, systems should integrate adaptive difficulty, machine learning-driven person-
alization, and multi-modal feedback (e.g., haptic, proprioceptive). Several of the included studies in the present review
emphasized the need for dynamic exercise adjustments to sustain user interest and adherence. Eight studies featured
cueing systems—mostly using commercial modules like balance boards—to aid gait and balance. Cueing types included
verbal encouragement and real-time feedback, which are all effective in improving motor performance. As symptoms
worsen, cueing strategies should evolve from simple rhythmic prompts to multimodal support, addressing both motor and
cognitive decline. Including cognitive-motor tasks can further improve engagement and outcomes in PD rehabilitation.

From our review, we have mapped out a range of GBT options that range from being relatively simple, and those that
are much more complex in their implementation. However, it is difficult to extract ideal implementation considerations
given the variety of GBT approaches used with the PD population in terms of the ideal set-up. The lack of qualitative
findings related to end-user experiences, including the perspectives of providers, is a glaring gap in knowledge on ways
on what patients and providers might view as the ideal set-up to meet their respective needs, and what would incentivize
them to adopt and continue to use GBT.

A systematic review on GBT for neurological disorders [65], which included one PD study identified in this review [40],
reported on a number of challenges (i.e., medical constraints, technical issues, safety of the technology, individual and
social attitudes) and opportunities (i.e., medical opportunities, individual and societal attitudes towards new technologies,
financial opportunities) associated with GBT. While many of the noted issues have applicability to the PD population, there
are additional nuances to the PD population that need to be better contextualized since it is progressive in nature with
unique physical and cognitive features compared to other neurological conditions (i.e., stroke).

Critically, pairing a qualitative approach with an underlying theory may also be useful for helping to pinpoint these
implementation considerations. For the present review, there appeared to be little attention paid to applying models
and theories in establishing GBT interventions to demonstrate or prove the effects of game design elements on users’
behaviors or therapeutic outcomes. Only one study used an integrated UTAUT model to evaluate the usability of a digital
self-rehabilitation device in persons with PD [34]. Doing so may help provide additional insights on why some of the partic-
ipants in some studies had low interest/ adherence [29,34], while others had high levels [37,38,42,48], as well as elucidate
what is required to optimize the delivery of GBT for the PD population.

In summary, the findings of this review revealed that almost all of the evaluated GBT interventions highlighted
their technical feasibility, efficacy, and acceptance in home settings. This aligns with another review noting that
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tele-rehabilitation is a feasible approach for the PD population [66] and with the conceptual findings of a recent meta-
analysis conducted on the stroke population by Aminov et al. [67], which found that both types of exergames, customized
and commercially available off-the-shelf systems, are effective in enhancing upper extremity motor function, activity, and
social participation when compared with conventional therapy. The evidence from our review and others [66,67] sup-
porting its’ use can be used to build increased acceptance by a variety of stakeholders (e.g., people with PD, clinicians,
decision-makers, etc.); thereby facilitating its’ implementation [68]. While the results of this scoping review also provides
an initial roadmap of the types of patients, GBT technologies, and parameters of clinical efficacy for providers to refer to
as a means of starting their own GBT intervention for their patients, there is clearly a need for additional research to better
clarify the ideal implementation considerations of GBT for PD.

Limitations

Several limitations should be acknowledged in this scoping review. Firstly, the inclusion criteria were limited to
English-written articles, potentially leading to the omission of relevant studies in other languages. Secondly, our search
strategy may not have captured all relevant literature, potentially affecting our interpretations of the results. It is important
to note that the primary purpose of this scoping review was not to assess the quality of evidence per se, but rather to gain
insights into the current approaches used in the PD population and extract key implementation considerations for home-
based settings. As such, the findings of this review can serve as a valuable roadmap for the design of future research
studies in PD and offer broader implementation considerations to support the adoption and integration of GBT to enhance
physical therapy outcomes.

Conclusion

This scoping review provides an overview of the current literature concerning the utilization of GBT systems devel-
oped to facilitate physical therapy exercises among individuals with PD. GBT is increasingly being employed to
enhance different functional skills such as physical activity, mobility, and balance, among individuals with PD in
various practice settings including rehabilitation centers, hospitals, community health centers, and homes. Based on
the findings from this review, the combination of exergames with tele-rehabilitation presents an intriguing alternative
to conventional therapy that would benefit from more research given its potential to enable ongoing monitoring by
healthcare providers and to increase the motivation of individuals with PD to actively participate in their rehabilitation
from the comfort of their homes. However, the small number of identified studies indicates that further research is
warranted, both for the development of new technologies, as well as the potential health and psychosocial benefits
for the PD population.
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