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ABSTRACT

INTRODUCTION: In recent years, growing attention is rising to virtual reality (VR) tools and exergaming in rehabilitation management of
patients with Parkinson disease (PD). However, no strong evidence supports the effectiveness of these cutting-edge technologies on cognitive
function and the integration of these promising tool in the rehabilitation framework of PD patients is still challenging. Therefore, the present
systematic review of randomized controlled trials (RCTs) aimed at assessing the effects of VR and exergames/telerehabilitation in the cognitive
rehabilitation management of patients with PD.

EVIDENCE ACQUISITION: PubMed, Scopus and Web of Science databases were systematically searched up to February 14th, 2022,
to identify RCTs assessing patients with PD undergoing cognitive rehabilitation including VR or exergames/telerchabilitation. The in-
tervention was compared to conventional rehabilitation protocols. The primary outcome was cognitive function. The quality assessment
was performed following the Version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2). PROSPERO registration code:
CRD42022319788.

EVIDENCE SYNTHESIS: Out of 1419 identified studies, 66 articles were assessed for eligibility, and, at the end of the screening process, 10
studies were included in the present systematic review. Five RCTs (50%) assessed the exergaming devices, reporting significant positive results
on cognitive outcomes scales (Trail Making test scale, Digit Span backward, MoCA, and MyCQ score). The other 5 RTCs (50%) assessed VR
approaches, reporting significant improvement in executive functions. The RoB 2 showed an overall high risk of bias for the 40% of studies
included.

CONCLUSIONS: Exergaming and VR might be considered promising rehabilitation interventions in the cognitive rehabilitation framework of
PD patients. Further high-quality studies are needed to define the role of exergames and VR in a comprehensive rehabilitation approach aiming
at improving the multilevel cognitive impairment characterizing patients with PD.

(Cite this article as: Marotta N, Calafiore D, Curci C, Lippi L, Ammendolia V, Ferraro F, et al. Integrating virtual reality and exergaming in cognitive
rehabilitation of patients with Parkinson disease: a systematic review of randomized controlled trials. Eur J Phys Rehabil Med 2022;58:818-26. DOI:
10.23736/S1973-9087.22.07643-2)
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Introduction

Parkinson disease (PD) is one of the most common pro-
gressive neurodegenerative disease worldwide and
its prevalence is increasing with age and affects 1% of
the population above 60 years.! The patient with Parkin-
son’s disease is affected by motor disorders such as rest-
ing tremor, bradykinesia, rigidity and postural instability,
which condition balance, gait, and quality of movement,?
but also non-motor disorders, such as dementia, dysau-
tonomia and cognitive deficits.3: 4 Cognitive impairment
is up to six times more expected in people with PD than
in healthy populations.> So, asunder from principal mo-
tor traits, PD is associated with a heterogeneous range of
non-motor manifestations that contribute greatly to the
general condition burden.6 Multiple cognitive domains
are affected in those with cognitive impairment and PD,
including, memory, attention, visuospatial abilities, and
especially executive functions.” Therefore, cognitive im-
pairment seems to be typically associated with gait disor-
ders, such as slower speed and shorter steps as well as poor
postural control.8 Taken together, all these features lead to
a relevant impairment in basic daily activities and qual-
ity of life with a high burden on caregivers and families,
even in the early phases of PD. Nowadays, therapeutic
management in the initial phase aims at an optimal com-
promise between symptom control and side effects deriv-
ing from the enhancement of the dopaminergic function.!0
Levodopa administration might be delayed using other
drugs, such as MAO-B inhibitors and dopamine agonists,
to delay potential dyskinesia onset.!! In the second phase,
the intent is to relieve symptoms, and in drug therapy, the
surgical approach and deep brain stimulation might dem-
onstrate usefully.!2 On other hand, the treatment of cogni-
tive impairment in PD lag far behind our knowledge. Most
randomized controlled trials (RCTs) focusing on cogni-
tive outcomes have been performed on PD with dementia.
However, these patients together with dementia with Lewy
bodies (DLB) are often considered as part of a broader and
different clinic-pathological entity called Lewy body de-
mentia,!3-17 and to date, the only unambiguously positive
RCT for PDD treatment was performed with the cholines-
terase inhibitor (ChEI) rivastigmine.!8 Continued efforts
for a better comprehension of this complex feature of PD
are required, considering that, at present, there is no phar-
macologic treatment to prevent or delay cognitive decline
in PD.5 Multidisciplinary is increasingly recognized as a
crucial point in PD management, such as a complex reha-
bilitative approach.!9-2! Conventional rehabilitation plays
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a pivotal role in PD and it is considered as an adjuvant to
pharmacological and surgical treatments to improve many
dysfunctions and self-care ability and even delay the pro-
gression of the disease.2!: 22 In addition to conventional
applications of physiotherapy and rehabilitation, the use
of technological interventions are a promising feature of
the complex PD rehabilitation framework, and in particu-
lar virtual reality approaches are suggested as potentially
useful tools for these patients.23 The basic neuroscience
pathways underpinning VR-based treatment are mirror
neurons in the primary motor cortex, dorsal premotor cor-
tex and supplementary motor area.? 25 The evidence from
human neuroimaging suggested that the neural effects of
VR on neural plasticity and motor reorganization in hu-
mans might stimulate the internal sensorimotor system
through the activation of mirror neurons in the cortical and
subcortical motor control-related areas and cerebellum.26
Indeed, VR might enhance the interaction with surround-
ing artificial environment, created to appear similar to the
original one, provided through a display that can be also
head-mounted, with complementary motion tracking de-
vices, visual and auditory cues and eventually end-effec-
tors like joystick, or more advanced devices intercepting
even muscle and brain signals.2’ VR has been integrated
in the rehabilitation of several neurological diseases with
promising results.?8-31 As a complementary tool of VR in
rehabilitation programs,3? patients can also perform exer-
games, in association or not with tele-rehabilitation pro-
grams, defined as the activities of playing video games
involving physical exertion.33 Active video game therapy
could reduce the boredom of the rehabilitation process,
increasing patient motivation, providing direct feedback,
and enabling dual-task training. In this way, commercial-
ly available exergames (e.g. Nintendo Wii, Sony Move,
Microsoft Kinect) have successfully transformed living
rooms into playful training environments for about 10
years.3* Clinical and home trials have been conducted to
investigate the effectiveness of Nintendo Wii Fit in PD,
primarily for improving motor symptoms, but the results
are significant but only preliminary.35-3% VR certainly has
the potential to add value to conventional rehabilitation by
providing scenarios and challenges that would be difficult
to recreate safely in a real-world situation. It also facilitates
a task being repeated multiple times using the same condi-
tions and can track progress using different metrics within
the environment providing immediate visual feedback.40
For example, in stroke patients, VR may be beneficial in
improving activities of daily living function when used as
an adjunct to usual care (to increase overall therapy time)
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but there was insufficient evidence to reach conclusions
about their effects on gait speed, balance, participation,
quality of life or cognitive function.#! Therefore, a recent
survey on the use of immersive VR to improve cognitive
function in dementia and mild cognitive impairment was
unable to provide quantitative results regarding the use,
acceptability, and effectiveness of this approach.42 To the
best of our knowledge, few papers investigated the ef-
ficacy of VR to treat cognitive impairment occurring in
PD patients. Therefore, by the present systematic review,
we sought to evaluate the efficacy of virtual reality and
exergames/telerehabilitation compared with conventional
rehabilitation in terms of cognitive outcomes in PD.

Evidence acquisition
Search strategy

PubMed, Scopus, Web of Science and CENTRAL data-
bases were systematically searched for English-language
articles published from the inception until Feb 14th, 2022,
according to each specific thesaurus, following the strat-
egy depicted by Table I. This systematic review followed
the guidance of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines4® and
the Cochrane Handbook for Systematic Reviews of Inter-
ventions.* Systematic review protocol has been registered
on the International Prospective Register of Systematic
Reviews (PROSPERO) (number: CRD42022319788).

Selection criteria

After removing duplicates, two reviewers independently
screened title and abstract of all articles for eligibility. In

TABLE [.—Search strategy.

VR AND EXERGAMES IN COGNITIVE REHABILITATION OF PATIENTS WITH PD

case of disagreement, a consensus was reached with the
opinion of a third reviewer.

Full-text screening was subsequently performed by the
two Authors. If a consensus was not achieved, any dis-
agreement was resolved by consulting one of the other
Authors.

RCTs were considered eligible if responding to the
questions defined by the following PICOS model:

* P) Participants: Patients with PD;

¢ I) Intervention: virtual reality and exergames;

» C) Comparator: conventional rehabilitation;

* O) Outcome measure: cognitive impairments;

¢ S) Study design: RCTs with two groups (study group
and control group)

Moreover, we included only manuscripts providing data
at the end of the intervention (after 1 week later as maxi-
mum). We excluded: 1) studies including patients aged
<18 years; 2) cross-over study design; 3) studies written
in a language different from English; 4) full-text unavail-
ability (i.e., posters and conference abstracts); 5) studies
involving animals.

Data extraction

Two reviewers independently extracted main data from the
included RCTs, through a customized data extraction mod-
el on a Microsoft Excel sheet. We used for the independent
evaluation of the studies the Review Manager (RevMan)
[Computer program]. Version 5.4. The Cochrane Collabo-
ration, 2020. In case of disagreement, a consensus was ob-
tained asking an opinion of another reviewer. We extracted
the following data: 1) first author; 2) publication year; 3)
nationality; 4) age of study participants; 5) type of virtual
reality and/or exergames as intervention; 6) type of control

PubMed

(“Parkinson” OR “Parkinsonism” OR “Parkinson disease”) AND (“remote” OR “home” OR “tele” OR “video” OR “augmented reality” OR “visual
augmentation” OR “VR” OR “virtual” OR “game” OR “exergaming” OR “wii” OR “kinect” OR “console” OR “consolle” OR “controller” OR
“nirvana”) AND (“attention” OR “orientation” OR “mental” OR “memory” OR “memories” OR “cognitive”” OR “cognition”)

Scopus

TITLE-ABS-KEY (((“Parkinson” OR “Parkinsonism” OR “Parkinson disease”) AND (“remote” OR “home” OR “tele” OR “video” OR “augmented
reality” OR “visual augmentation” OR “VR” OR “virtual” OR “game” OR “exergaming” OR “wii” OR “kinect” OR “console”” OR “consolle” OR
“controller” OR “nirvana’) AND (“attention” OR “orientation” OR “mental” OR “memory” OR “memories” OR “cognitive” OR “cognition”)))

Web of Science

((“Parkinson” OR “Parkinsonism” OR “Parkinson disease”) AND (“remote” OR “home” OR “tele” OR “video” OR “augmented reality” OR “visual
augmentation” OR “VR” OR “virtual” OR “game” OR “exergaming” OR “wii” OR “kinect” OR “console” OR “consolle” OR “controller” OR
“nirvana”) AND (“attention” OR “orientation” OR “mental” OR “memory” OR “memories” OR “cognitive” OR “cognition”))

CENTRAL

(“Parkinson” OR “Parkinsonism” OR “parkinson disease’”) AND (“remote” OR “home” OR “tele” OR “video” OR “augmented reality” OR “visual
augmentation” OR “VR” OR “virtual” OR “game” OR “exergaming” OR “wii” OR “kinect” OR “console” OR “consolle” OR “controller” OR
“nirvana”) AND (“attention” OR “orientation” OR “mental” OR “memory” OR “memories” OR “cognitive” OR “cognition”) in Title Abstract

Keyword - (Word variations have been searched)
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Identification of studies via databases and registers

§ Records identified from: Records exclu_ded
i - Databases (N.=1419) before screening:
g - Registers (N.=0) - Duplicate records removed
g (N=107)
= - Records marked as ineligible
by automation tools (N.=0)
- Records removed for other
reasons (N.=0)
2 A ]
=
8 Records screened o Records excluded
3 (N.=1312) (N.=1246)
Y
Records sought for retrieval - Reports not retrieved
= (N.=66) (N.=0)
B
2
m Y
Reports assessed Records excluded:
for eligibility > - Not RCTs (N.=37)
(N.=66) - Not population of interest
(N.=1)
¢ - Not intervention of interest
B | Studies included in review o o
kS - - Not comparison of interest
3 (N.~10) . (N=3)
= Reports of included studies - Not outcome of interest (N.=8)
(N.=0) - Full-text not available (N.=3)

Figure 1.—PRISMA 2020 flow diagram for systematic review.

(conventional rehabilitation); 7) population and number of
patients included in the RCTs; 8) cognitive outcome scale
values as outcome measure; 9) main findings.

Data synthesis and risk of bias

The RCTs were synthesized describing extracted data. To
evaluate the quality of evidence included in this review,
we adopted the Version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2). As depicted in Figure 1, we
assessed the five risk-of-bias domains,*S and discussed any
disagreements until consensus was reached with a third re-
viewer.

Evidence synthesis
Study characteristics

According to the guidance of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines,** at the end of the search, 1419 studies were
identified. After the removal of 107 duplicates, 1312 re-
cords were considered suitable for title and abstract
screening, after the removal of duplicates. Out of these,
1246 were excluded after the title and abstract screening,
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according to the PICO model. Thus, 66 articles were as-
sessed for eligibility and 56 of them were excluded with
reasons: not study design of interest N.=37), not population
of interest N.=1), not intervention of interest (N.=4), not
comparison of interest N.=3), not outcome of interest N.=
8), full text not available N.=3). Therefore, 10 RCTs36.46-54
were included in this systematic review, as depicted by the
PRISMA flowchart in Figure 1. The main characteristics
of these studies are described in detail in Supplementary
Digital Material 1 (Supplementary Table I). The includ-
ed studies3¢. 46-54 have been published in the last 10 years
(from 2012 to 2020). Seven36. 48-51, 53,54 (70%) were con-
ducted in Europe (33649, 50, from Italy, 148 from Belgium,
151 from Israel/Netherland, 153 from Netherland, 154 from
Switzerland), 24752 (20%) from Brazil, and 146 (10%)
from Australia. A total of 453 subjects were analyzed, of
which 230 performed VR training and 223 were included
in the control group (undergone conventional training).
Study cohorts of the RCTs included ranged from 12148 to
2050 patients, with a mean age ranging from 58.89+11.16
years47 to 73.1£1.1 years.5! Concerning Hoehn & Yahr
stage, three3. 46, 54 studies included patient in stage <V,
three studies*s. 49, 51 in stage II-1II, two#7. 53 stage <III, 150
in stage <III, and 152 in stage <II. Regarding the follow-
up evaluations, 2 RCTs#8. 53 performed a follow-up at 24
weeks from baseline, 147 at 9 weeks, and 152 at 15 weeks.
Five RCTs46,47, 52-54 investigated the effectiveness of exer-
gaming, five3o. 48-51 investigated the effectiveness of VR.

Exergaming

Five RCTs#0. 47. 52-54 agsessed exergames as an interven-
tion to improve cognitive function. Allen et al.4¢ showed
a significant improvement in Trail Making test part A
in the experimental group after therapy (32.3+£10.7 vs.
38.6£15.2: P<0.07). Alves et al.#? reported a significant
improvement in Nintendo Wii group in Digit Span back-
ward at follow-up when comparing with baseline and T1
(4.4442.24 vs. 4.43+1.29 vs. 6.00£2.12; P=0.002) and in
Back anxiety inventory at T1 (11.33£9.92 vs. 7.1944.73;
P=0.045), and T2 (6.24+3.97; P=0.031), compared to an-
other exergame device (Microsoft Kinect). On other hand,
Pompeu et al.52 showed a significant difference in MOCA
score after treatment and at follow-up both in EG group
(20.644.5 vs. 22.2+4.5 vs. 21.8+4.5; P<0.05) and in CG
group (21.7+4.6 vs. 23.1£4.6 vs. 23.3+£3.4; P<0.05). Van
de Weijer et al.33 investigated the efficacy of an online
cognitive game (AquaSnapTM) at home, showing a signif-
icant improvement in Global cognition MyCQ score in EG
group compared with waiting list group (0.149+0.275 and
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-0.1754+0.680; P=0.049). However, no significant differ-
ence between groups was observed at follow-up. At last,
Zimmermann et al.54 compared Nintendo Wii and a spe-
cific cognitive exergame program (CogniPlus), showing
a significantly greater enhancement of attention after Wii
training compared with CogniPlus (0.5+£0.8 vs. -0.3+1.2;
P<0.024).

Virtual reality

Five3o. 48-51 gtudies have investigated the effectiveness of
VR on cognitive function in PD patients. Bekkers et al.48
in 2020 reported a significant effect of time for Trail Mak-
ing test part B equally in treadmill+VR group (173.87
vs. 150.67 vs. 164.30; P<0.001) and in treadmill group
(171.05 vs. 153.01 vs. 158.44; P<0.001) after training
and at 6-month follow-up. A similar protocol was used by
Maidan et al.5! They found a significant improvement in
executive function in treadmill+VR and in treadmill group
(P=0.032 both) after training, but no differences were
found between groups. Fundard et al4° used a Robotic
Assisted Gait Training+VR compared with a conventional
training, but no differences were found between groups in
changes for FIM cognitive subscale (0.5+1.0 vs. 0.3£0.7;
P=0.65). Maggio et al.50 used a semi-immersive VR sys-
tem (Nirvana, BTS) compared with a conventional train-
ing. Their results showed a significant difference between
groups in favor of VR group in global cognitive score
(77.5 [59.0-88.3] vs. 70.5 [57.5-72.5]; P<0.0001), in At-
tention and Orientation, (16.0 [15.3-18.0] vs. 14.5 [12.0-
16.8]; P<0.001), in language fluency (9.0 [4.3-11.8] vs. 6.0
[4.3-7.0]; P<0.001), and visual spatial ability (14.0 [11.0-
14.8] vs. 9.5 (6.0-10.0); P<0.0001). Moreover, significant
improvement between groups in favor of VR were found
in frontal ability at FAB scale (15.3 [11.8-15.9] vs. 13.9
[12.3-15.0]; P<0.001) and at Mini-Mental State Exami-
nation (24.1 [22.7-27.1] vs. 23.9 [21.4-25.1]; P=0.014).
Similar results were found by Pazzaglia et al.3¢ The au-
thors showed a significant improvement in Short-form 36
mental composite score only in semi-immersive VR group
(37.7£11.4 vs. 43.5+9.2; P<0.05).

Risk of bias

To evaluate the quality of evidence included in this review,
we adopted the Version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2). As depicted in Figure 2, we
assessed the five risk-of-bias domains.46-55

All included items had full-text availability. Out of 10
studies, 4 RCTs were judged to have a low overall risk of
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Figure 2.—Risk of bias of the included studies.46-55

bias, in 2 there are some concerns, and 4 had a high risk
of bias. Despite this, we reported low risk with respect to
randomization (90% of low risk) and deviations from in-
tended intervention (90% of low risk). A low risk of bias
was judged regarding the lack of outcome data; however,
the included studies reported a lack of appropriate out-
come measurement with only 50% of low-risk studies. Fi-
nally, we reported a low risk of bias for outcome selection
reported in 90% low-risk studies.

Discussion

Cognitive impairment in neurodegenerative diseases is an
often-neglected issue with relevant implications in terms
of disability, HRQol and care-givers burden. In this con-
text, digital innovation and new technologies might be cru-
cial to implement the complex rehabilitative framework of
these patients in both clinical and home setting. In this sys-
tematic review we tried to synthesize the existing evidence
about VR and exergames/telerchabilitation to explore the
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impact on cognitive outcomes of these interventions in PD
patients. Moreover, as far as we know, this is the first sys-
tematic review focusing on this topic.

The approaches identified in this review differed greatly
across studies. Five trials4¢. 47, 52-54 ysed the exergaming
devices, reporting significant results on the Trail Mak-
ing test scale, Digit Span backward, MoCA, and MyCQ
Score. The other five RTCs36. 48-51 explored VR approach-
es, showing significant improvement in executive function
in combination with the treadmill but without significant
quantitative differences in cognitive outcomes. However,
the immersive and semi-immersive models, decoupled to
the treadmill, showed significant cognitive improvements
compared to conventional rehabilitation.55

More in detail, Exergaming is a novel exercise model
that likewise integrates physical and cognitive exercise
in an interactive digital, augmented, or virtual game-like
environment.55To date, playing video games appears to be
advantageous for cognitive functions, suggesting its pos-
sible use as a computerized cognitive training.5¢ The types
of exergame can be approximately divided into three sepa-
rate classes: 1) dance and step video games; 2) commercial
video game consoles; and 3) interactive virtual ergometers
(cyber cycle and virtual kayak ergometer).5¢ Although exer-
gaming is a combination of gaming and exercise, due to the
diversity of the platforms used to manage these interven-
tions, it was difficult to determine which exergame was the
best to improve cognitive functions in PD patients.57 Alves
et al. reported that Nintendo Wii, compared to Microsoft
Kinect, significantly improved anxiety levels, memory and
attention these patients.4” In this scenario, Nintendo Wii is a
commercial gaming device that employs a manual wireless
controller and a force platform dubbed “Balance Board”.
On the other hand, the Microsoft Kinect tracks body mo-
tions with an infrared camera that identifies real-time
three-dimensional movements, permitting user interaction
with the game environment without any controller.4” Con-
sequently, Xbox KinectTM does not enclose visual refer-
ences that delimit the sensor-capable space. As PD patients
commonly show impairments in terms of divided attention,
dual tasks, inhibition of response and sustained attention,
Xbox Kinect games may be more complex and less com-
pelling rehabilitative tools for these patients.30 Moreover,
the Microsoft Kinect graphic has more details, providing
more interference through distractors for PD patients whose
cognitive alterations may comprise visuospatial disorders,
slow decision strategies and selective attention problems.>8
In light of these considerations, Alves et al. reported that
PD patients appear to experience more advantages in the
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less detailed and augmented interface, with material ref-
erences such as the force platform and controllers of the
Nintendo Wii, compared to the Microsoft Kinect.4?

Another important consideration should be done about
distinct exergame approaches that varies in their physical
and cognitive needs. However, as most studies have not
systematically reported and checked physical and cogni-
tive demands, we can only speculate on the distinguish-
ing needs of the diverse exergame approaches.5 In this
context, virtual ergometers, dance video game platforms
or mats can provide limited physical-cognitive training
outcomes based on lower play contexts, similar physical
activity conditions and cognitive demand.®® On the other
hand, exercise intensity may be easier to manage with vir-
tual ergometers or dance systems by controlling game pace
and heart rate measurements, which guarantees a relatively
steady physical-cognitive and individually flexible inten-
sity level.57 In contrast, commercial device consoles exert
variable and relatively determined training requests rely-
ing on standard commercial games, standard breaks and
standard success in each game level up.#7 In conclusion,
exergames could vary considerably in physical-cognitive
demands, anyhow commercial devices are more accessi-
ble, with a simpler more user-friendly environment. Lastly,
with a visual reference as the platform, the Wii device ap-
pears to provide, but above all satisfy appropriate PD cog-
nitive needs.

VR models simulate the activities of the real world, in
the context of an environment enriched by graphic interfac-
es and audio-visual feedback, allowing the patient to carry
out cognitive and motor activities at the same time. These
VR settings can virtually involve the outside world, in a
safe and regulated clinical environment, avoiding risky ac-
tivities during therapeutic sessions. Furthermore, they can
engage patients in more intense and frequent rehabilitative
programs as these approaches are more stimulating and
entertaining than conventional rehabilitation programs.®!
Through the replication of real-life scenarios, VR technol-
ogy provides greater potential for transfer to functional ac-
tivities of daily living. However, to date, it remains unclear
how VR technology may be optimally used and adjusted to
the specific cognitive demands of PD patients.62

In almost all the included studies on VR,36.48,49,51 these
novel rehabilitation approach showed to obtain to an im-
provement in the global mental domain of HRQoL, and
not only in specific cognitive facets. This result may be
due, in part, to the fact that during the VR program the
patient perceives himself as an active part and center of the
treatment, compared to a more passive role in convention-
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al rehabilitative interventions.®3 Nevertheless, this might
also imply that PD patients have usually gone through a
long period of conventional rehabilitation thus, a VR mod-
el may be perceived as new and more intriguing.3¢ Nor can
it be underestimated that the coupling to a conventional
rehabilitative program does not bring further benefits, but
this could be justified by the complex of dual-task mod-
els in the complex management of this disease and this
could be supported by the positive benefits of VR when
decoupled from the treadmill.36. 48. 49, 51 Lastly, cognitive
disorders can be different in both clinical manifestation
and severity and patients with major deficits are probably
less friendly and uncomfortable in interacting with tech-
nological devices and may be less inclined to use them.®4

Limitations of the study

This systematic review is not free from limitations. The first
is that we found a moderate-high methodological quality in
all the included studies. However, the lack of standardized
consensus on the cognitive assessment of these patients
led to a large number of inconsistent outcome measures,
which prevented a quantitative meta-analysis from being
performed. Furthermore, we also found a high heterogene-
ity of the interventions performed with great differences
across studies. There was only one study comparing com-
mercial devices and considering the small number of tri-
als it is not clear to define the role of coupling to VR gait
training. Moreover, we should underline that in most of the
included studies the cognitive assessment was a secondary
outcome. Lastly, almost all studies had cognitive assess-
ment as a secondary outcome. However, it should be noted
that, to the best of our knowledge, this is the first system-
atic review that investigated the role of exergaming and
virtual reality on cognition in patients with PD.

Conclusions

Taken together, findings of this systematic review showed
a positive impact of exergames and VR on cognitive im-
pairment in PD patients. Thus, these two innovative and
technological interventions might be part of the complex
rehabilitative treatment framework of PD patients. How-
ever, the clinical significance of the effects observed on
the parameters of visuospatial disorders, slow decision
strategies and selective attention disturbances remain still
unclear, although a multidisciplinary approach involving
exergames and VR can be regardless beneficial in these
patients in terms of stimulation, participation, and engage-
ment. In light of these considerations, more high-quality
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research is needed to better define the role of exergames
and VR to implement cognitive rehabilitation strategies in
PD patients. This could implement standardized, compre-
hensive, and appropriate strategies to implement the clini-
cal management of these patients.
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