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Virtual reality (VR) is used in the rehabilitation of patients with Parkinson’s disease (PD) in several studies. In VR trials, the
motor, physical characteristics, and the degree of the disease are often well de�ned, while PD cognitive reserve is not. �is
systematic review was performed to de�ne a cognitive pro�le for patients with PD who could best bene�t from using VR to
enhance functional motor aspects during rehabilitation. PubMed, Cochrane Library, Scopus, andWeb of Sciences databases were
analysed to identify randomized clinical trials (RCT) and randomized pilot trials that addressed the rehabilitation of motor
symptoms in subjects with PD using VR. �e included studies used Mini-Mental State Examination (MMSE) or Montreal
Cognitive Assessment (MoCA) to evaluate the cognitive aspect. Only articles written in English and with full texts were
considered. �e risk of bias from all included studies was assessed based on the Cochrane risk-of-bias tool and the PRISMA
guideline was considered. Eighteen articles were eligible for review, including three randomized pilot trials. All studies aimed to
evaluate the e�ect of VR on the motor aspects typically a�ected by PD (balance, postural control, risk of falls, walking, and
reaching).�e most widely adopted approach has been nonimmersive VR, except for one study that used immersive VR. Both the
bene�ts of physical activity on the motor symptoms of patients with PD and the impact of cognitive reserve during the re-
habilitation of these patients were highlighted.�e analysis of the results allowed us to outline the ideal cognitive pro�le of patients
with PD who can bene�t from the e�ects of rehabilitation using VR.

1. Introduction

Parkinson’s disease (PD) is a chronic progressive neuro-
degenerative disease, characterized by the loss of dopa-
minergic neurons in the pars compacta of the substantia
nigra and the accumulation of alpha-synuclein aggregates
in speci�c regions of the brain stem, spinal cord, and ce-
rebral cortex [1]. �e estimated prevalence of PD in in-
dustrialized countries is 0.3% in the general population (1%
in people over the age of 65 and 3% over 80 years), with

incidence rates from 11 to 19 per 100,000 people each year
[2, 3].

Patients with PD may also have a�ected cognitive
functions, particularly global cognitive performance (as
measured by the MMSE screening test) and behavioral
de�cits that a�ect aspects of social and community life [4].
�e most common cognitive symptoms are de�cit of at-
tention and executive functions (working memory, plan-
ning, and inhibition), di¡culties in episodic memory, verbal
¢uency, and visuospatial and visuoperceptual abilities [5].
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Cognitive reserve (CR) is a theoretical construct that
describes differences in individuals’ susceptibility to cog-
nitive, functional, or clinical decline due to ageing or
neurological disease [6]. (is concept is fundamental in
neurodegenerative disorders such as PD, considering the
severity of motor and cognitive disability and the functional
impact on daily life [6]. Higher levels of CR are thought to be
related to delayed disease onset and higher cognitive per-
formance [7], and higher CR was associated with a better
performance on the MMSE, thus confirming the protective
role of CR on global cognitive functioning.

CR cannot be measured directly; it encompasses several
different factors, including genetics, environment, educa-
tion, occupational demands, lifetime experiences, and
mental stimulation [8, 9].

Studies in the literature show that the level of education
and physical activity, especially aerobic, and cognitive ac-
tivities, reducing the loss of brain mass and strengthening
compensatory circuits, have protective effects on the brain
[10].

(e study by Koerts et al. highlighted the relationship
between CR and impairment of executive functions, that is,
cognition skills; they pointed out that patients with PD who
have high premorbid intellectual capacity show fewer cog-
nitive deficits than patients with low premorbid capacity
[11].

(e complex management of PD can be achieved
through a calibrated combination of drug therapy and re-
habilitation. Physiotherapy aims to maximize the quality of
movement and promote functional independence and
general fitness in patients with PD, minimizing secondary
complications of the disease [12].

From a rehabilitation perspective, virtual reality (VR)
represents an alternative, noninvasive therapeutic modality,
often used in association with conventional rehabilitation, to
cope with the degenerative characteristics of PD. Further-
more, VR is more captivating for patients with high CR, as
Pazzaglia et al. pointed, and the therapeutic exercise is
perceived as more exciting and fun by having visual and
auditory feedback contextual to the movement [13].

(e following are the two main categories of VR:
immersive, which allows a more direct experience of vir-
tually generated environments, and nonimmersive, which
allows a subject to observe, through a standard high-reso-
lution monitor, a virtual environment with which he/she can
interact through interfaces, such as keyboards and con-
trollers [14].

Various studies, considering the premises to integrate
cognitive and motor aspects, propose multimodal rehabil-
itation approaches that combine motor training with cog-
nitive stimuli through technologies and virtual reality for
patients with PD. (e common goal is to create an enriched
environment capable of stimulating different cognitive as-
pects, involving the subjects with a more playful approach
[15–17].

Often, the physical characteristics and disease stage of
PD patients, included in VR trials, are well defined; the same
does not happen regarding their cognitive profiles. (is
could erroneously suggest that VR-associated motor

rehabilitation may be useful to all patients with PD re-
gardless of the degree of cognitive reserve. About 25% of
patients with PD, especially after the age of 70, may expe-
rience mild cognitive impairment or dementia. In addition,
in patients with PD, dual-task rehabilitation exercises or
multimodal activities are not always recommended, espe-
cially in the presence of cognitive or complex tasks, which
can lead to freezing of gait, loss of balance, and increased
falls, all due to attention deficits and the reduction of au-
tomatisms and psychomotor speed in patients with PD [18].

From this premise, our hypothesis was that VR may be
effective in patients with PD who respond to a specific
neuro-cognitive profile. On the other hand, in PD patients
with inadequate cognitive reserve, VR may not have the
same therapeutic efficacy as suggested by Imbimbo et al.,
where patients with a higher cognitive reserve benefited
more from the VR treatment. In contrast, patients with low
cognitive reserve could achieve better results by following a
traditional rehabilitation program [19].

(erefore, the cognitive reserve of PD patients could
indicate the disease’s evolution and help clinicians choose
the most suitable rehabilitation strategy [14].

As a result, the considerations addressed so far lead to
the goal of this systematic review, which is investigating to
what extent neuro-motor rehabilitation with VR is useful for
improving the motor aspects in patients with PD in relation
to the cognitive reserve.

2. Materials and Methods

2.1. Search Strategy. (is systematic review included articles
published in the last 10 years (from 2011 to July 2021),
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [20], and
evaluated studies related to the rehabilitation of patients
with PD using VR in the following databases: PubMed,
Cochrane Library, Scopus, and Web of Science.

Different combinations of the following MeSH terms
were used to select the articles: (Parkinson OR Parkinson’s
Disease) AND virtual reality AND (rehabilitation OR
training OR exercise).

(e reference lists for most of the relevant studies were
scanned for additional citations. Country, author, affiliated
institution, and enrolment period data were extracted and
reviewed to identify and exclude duplicate publications
using the same cohort. Any disagreement regarding
accepting full-text articles was resolved by discussion until a
consensus was reached.

2.2. Study Eligibility Criteria. Our target was randomized
clinical trials (RCTs) and randomized pilot studies (full text
in English) and studies evaluating cognitive aspects using the
Mini Mental State Examination (MMSE) [21] or Montreal
Cognitive Assessment (MoCA) [22] and that deal with the
motor aspects of rehabilitation through virtual reality; the
motor aspects were “balance,” “falls,” “ambulation,” “pos-
tural control,” and “reaching.” MMSE is a short exam, used
to evaluate the patient’s neuro-cognitive performance by
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administering a few questions to test orientation, memory,
attention, calculation, and language. (e total score is be-
tween 0 and 30; a score ≥ 24 indicates normal values. (e
MoCA acts as a quick screening for mild cognitive im-
pairment. It evaluates different cognitive domains: attention
and concentration, executive functions, memory, language,
visuo-constructive skills, abstraction, calculation, and ori-
entation. (e maximum possible score is 30; a score ≥26 is
considered normal.

Studies that adopted one or both of the previously
mentioned scales were preferred to facilitate the analysis of
the results. In this way, based on similar and comparable
data, it was possible to consider the cognitive characteristics
of the patients.

Studies other than RCTs and those that administered VR
treatment to patients with neurological conditions other
than PD (stroke and multiple sclerosis) were excluded.

2.3. Studies Quality Evaluation. (e methodological quality
of the studies was assessed using the PEDro scale [23].
Studies with scores ≥ 9 were of “excellent” quality. Studies
with scores from 6 to 8 were considered “good,” studies with
scores from 4 to 5, “fair,” and those with scores ≤4, “poor.”
(e risk of bias was also assessed for each RCT using the
Cochrane risk-of-bias tool [24]. (e main domains were
evaluated in the following sequence: (1) selection bias
(generation of randomized sequences and allocation con-
cealment); (2) reporting bias; (3) performance bias (blind-
ness of participants and staff); (4) detection bias (blinding of
the evaluation of results); (5) attrition bias (incomplete
outcome data, such as those due to dropouts); (6) other
sources of bias. (e scores for each domain of bias and the

final score for the risk of systematic bias were classified as
low, high, or unclear risk.

3. Results

(e initial search, carried out through electronic databases,
produced 108 results. (is search was complemented by a
manual search of individual citations of systematic reviews
and articles included in the review, identifying 11 additional
studies. After duplicates were removed, the remaining 71
publications were reviewed according to their titles and
abstracts. (is led to the exclusion of 11 publications. Of the
remaining 60, the full text of 11 studies could not be found
(as they were posters and abstracts presented at confer-
ences). (e subsequent screening of the remaining complete
texts allowed the identification of 15 publications relevant
for the revision, and another three studies resulting from the
selection of citations were added. Overall, 18 RCTs published
in English were screened for inclusion (Figure 1).

(e selected studies are shown in Table 1, which de-
scribes the type of VR and the protocols used, the results
measured, the evaluation times, and the presence of adverse
events during treatment.

According to the PEDro scale (Table 2), the mean
methodological quality of the included RCTs was 6.1, in-
dicating the overall good quality of the included studies. (e
risk of bias was considered low for 11 articles, while for the
remaining seven articles, it was considered high (Table 3).
(e most frequent sources of potential bias were perfor-
mance bias (related to participant and staff blinding),
concealment of distribution in groups, the presence of
uncompensated dropouts from analysis by intention to treat,
and incomplete result data.

Studies included in review
(n = 18)

Reports identified from:
Databases (n = 108)

Identification of studies via databases and registers Identification of studies via other methods

Reports screened
(n = 71)

Reports excluded
(n = 11)

Reports sought for
retrieval (n = 60)

Reports sought for
retrieval (n = 11)

Reports not retrieved
(n = 11)

Reports not retrieved
(n = 0)

Reports assessed for
eligibility (n = 49)

Reports assessed for
eligibility (n = 11)

Reports excluded: Reports excluded:

Reports removed before
screening: Reports identified from:

In
cl

ud
ed

Sc
re

en
in

g
id

en
tifi

ca
tio

n

Not RCTs (n = 7)
Absence of
cognitive scales
(n = 1)

Citation searching
(n = 11)

Not RCTs (n = 7)
Incomplete studies (n= 11)
Absence of cognitive
scales (n = 13)

Duplicate records
removed (n =37)

Figure 1: PRISMA flow-diagram.
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It should be noted that, among the studies included in
the review, Del Din et al. [26], Mirelman et al. [35], and
Pelosin et al. [36] included elderly patients with mild cog-
nitive impairment; therefore, of the 1393 patients analysed in
the studies, only 1052 were PD patients, with a mean age of
68.8 years and a mean disease duration of 8.47 years.

In all studies, the cognitive level of the patients was
assessed using the MMSE and/or the MoCA. (e inclusion
of patients in the trials, except in Del Din et al.’s study [26],
was defined using the Hoehn and Yahr scale (H&Y) [41]
relating to the progression of the disease (Figures 2 and 3).

A synthesis study was conducted on the patients in-
cluded in the various protocols to observe under which
conditions VR can be used effectively. None of the studies
examined showed the influence of cognitive reserve (or the
analysis of the patient’s cognitive profile) on the results.
However, no study planned the treatment protocol with VR
by comparing subjects with high cognitive reserve and
groups with poor cognitive reserve.

All the studies included in the review aimed to evaluate
the effects of VR-associated rehabilitation on the motor
characteristics typically affected by PD. More specifically,
seven trials [25, 27–29, 31, 37, 39] focused on improving
balance; five studies [15, 25, 26, 35, 36] addressed the risk of
falls reduction and their incidence.; seven articles
[17, 26–28, 32, 34, 39] aimed to evaluate the effects of re-
habilitation treatment on walking; three articles [28, 38, 40]
dealt with the problem of postural control in patients with
PD; only one article [30] focused on motor symptoms
(assessed through the third section of the UMPRS scale) and
one article [33] dealt with motor performance during
reaching exercises. Unfortunately, it is impossible to com-
pare the individual studies’ results as different outcome
measures were used.

Among the studies listed, two [32, 40] evaluated the
effects of VR on sensory integration, and three [16, 34, 36]
examined the effect of VR on brain activation and cholin-
ergic activity.

All studies adopted nonimmersive virtual reality systems
[16, 25–32, 34–37, 39, 40] or exergaming [17, 38], except for
one study [33], which used immersive VR.

4. Discussion

(is review aims to investigate to what extent neuromotor
rehabilitation with VR is useful for improving the motor
aspects in PD patients in relation to the cognitive reserve.

Most of the studies analysed in this review stated that VR
associated with conventional rehabilitation produced better
results, compared with rehabilitation alone, in terms of
increasing motor characteristics, such as walking, balance.
and postural stability, typically affected by PD. VR is a good
rehabilitation option, especially when combined with con-
ventional therapy, and seemsmore suitable in patients with a
good cognitive reserve, measured indirectly with mean
MMSE and MoCA scores of 27.94± 0.86 and 23.43± 2.04,
respectively.Working with VR can be stimulating in patients
with a high cognitive reserve as it is challenging, as Pazzaglia
et al. pointed, where the exercises are perceived as inter-
esting, motivating, and funny, providing immediate visual
and auditory feedback [13].

In the literature, several studies consider VR an efficient
tool for the rehabilitation of patients with PD. Endurance
training, especially exercises performed on the treadmill, can
improve balance, reduce gait disturbances, improve speed,
stride length, and walking [42–44]. VR offers the oppor-
tunity to simulate immersive and controllable environments,

Table 2: PEDro classification: methodological quality.

Author 1 2 3 4 5 6 7 8 9 10 11 Total score
Bekkers et al. [25] N Y N Y N N Y Y N Y Y 6/10
Del Din et al. [26] N Y N Y N N N N Y Y Y 5/10
Feng et al. [27] Y Y N Y N N Y Y Y Y Y 7/10
Ferraz et al. [17] Y Y Y Y N N Y Y N Y Y 7/10
Gandolfi et al. [28] Y Y N Y N N Y Y N Y Y 6/10
van den Heuvel et al. [29] Y Y Y Y N N Y Y Y Y Y 8/10
van der Kolk et al. [30] Y Y Y Y N N Y N Y Y Y 7/10
Liao et al. [31] Y Y Y Y N N Y Y N Y Y 7/10
Liao et al. [32] Y Y Y Y N N Y Y N Y Y 7/10
Ma et al. [33] N Y Y Y N N N N N Y Y 5/10
Maidan et al. [34] N Y N Y N N Y N N Y N 4/10
Maidan et al. [16] Y Y N Y N N Y N N Y N 4/10
Mirelman et al. [35] Y Y Y Y N N Y Y Y Y Y 8/10
Pelosin et al. [36] N Y N Y N N Y N N Y N 4/10
Pompeu et al. [37] N Y N Y N N Y N N Y Y 5/10
Shih et al. [38] Y Y Y Y N N N Y N Y Y 6/10
Yang et al. [39] Y Y N Y N N Y Y Y Y Y 7/10
Yen et al. [40] N Y N Y N N Y Y Y Y Y 7/10
Y� yes; 1. Eligibility criteria; 2. random distribution of subjects in each group; 3. secret allocation of subjects; 4. similar groups regarding the most important
prognosis; 5. blind participation of subjects; 6. Blind participation of therapists; 7. blind examiners; 8. at least one key result obtained in more than 85% of
subjects; 9. subjects received treatment or control condition; 10. intergroup statistical comparisons have been performed for at least one key outcome; 11.
presence of precision and variability measures.
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Table 3: Risk of bias of the included studies.

Random
sequence
generation

Allocation
concealment

Selective
reporting

Blinding of
participants and

personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Other
bias

Bekkers et al.
2020 High ? − + − + − ?

Del Din et al.
2020 High ? − + − − + ?

Feng et al.
2019 Low ? − + − + + ?

Ferraz et al.
2018 Low + + + − + − ?

Gandolfi
et al. 2017 Low + − + − + − ?

Heuvel et al.
2014 Low ? + + − + + ?

Kolk et al.
2019 Low + + + − + − ?

Liao et al.
2015 Low ? + + − + − ?

Liao et al.
2015 (b) Low ? + + − + − ?

Ma et al. 2011 High + + + − − − ?
Maidan et al.
2017 High ? − − − + − ?

Maidan et al.
2018 High ? − − − + − ?

Mirelman
et al.2016 Low + + − − + + ?

Pelosin et al.
2020 Low + − + − + + ?

Pompeu et al.
2012 High + − + − + − ?

Shih et al.
2016 High + + + − − − ?

Yang et al.
2016 Low + − + ? + + ?

Yen et al.
2011 Low + − + − + + ?

“+” means low risk of bias; “− ” means high risk of bias; “?” means unclear risk of bias. Trials involving three or more high risks of bias were considered of poor
methodological quality.
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utilized as inclusion criteria for enrolled patients. (e red spot indicates the mean MMSE score, and the blue tag, the mean MoCa score.

Parkinson’s Disease 13



with the possibility of customizing the rehabilitation
treatment.

However, within the review, there are several articles,
eight specifically [17, 25, 29, 32, 33, 37, 39, 40], which
considered the effects of rehabilitation associated with VR
on a par with those of conventional rehabilitation, sug-
gesting that the use of VR could complement rehabilitation
to increase motivation during treatment [17]. (e home-
based administration of VR could represent a valid alter-
native for subjects with PD with limited access to rehabil-
itation services [39].

Examples of exercises with VR carried out at home can
be found in the studies of Gandolfi et al. [28] and van der
Kolk et al. [30], which have associated VR with balance
training and aerobic exercise, respectively.

It should be emphasized that the activity performed
through VR guarantees good adherence to the treatment
because, during the exercise, the integration of motor and
cognitive skills is favored and reward circuits of the brain are
stimulated [28, 45], which increases the possibility for pa-
tients to choose to train at any time of the day.

However, it is necessary to consider the cognitive aspects
of patients with PD and their complex motor picture.
Gandolfi et al. [28] admit that their results study should not
be generalized and applied in patients with significant
cognitive decline, as VR could be risky. Indeed, the Euro-
pean Physiotherapy Guideline for Parkinson’s disease [18]
says that dual-task or multimodal therapeutic exercises are
not always indicated for parkinsonian patients because they
can lead to freezing, loss of balance, and increased falls,
especially during complex cognitive tasks. For this reason,
VR could only be used with patients that respond to a
specific cognitive profile since it may not have the same
therapeutic efficacy in others with reduced cognitive reserve.

(is is confirmed by the study of van der Kolk et al. [30],
in which the participants’ cognitive level, considered normal
(MoCA� 26, 3), did not prevent the occurrence of adverse
events, such as arthralgia, back pain, and palpitations, re-
lated to VR treatment, as well as falls, heart problems, and
musculoskeletal damage, even if not related to exercise. In
addition, the same authors state that several patients, from

the VR treatment group, have left the study due to the onset
of technical problems; this suggests that the presence of
supervision or assistance can help in some circumstances to
continue a training session with VR.

Although VR shows numerous advantages (related to
learning motor skills through repetitive practice, perfor-
mance feedback, and motivation) [46], it also presents some
critical issues for patients: insufficient perception of depth
and lack of tactile feedback (which, the latter, can cause
difficulties when performing virtual tasks that simulate re-
ality) [47, 48]. In addition, a recent systematic review results
state that patients with advanced age may find VR games
complicated or boring and may need supervision to com-
plete the task undertaken [49].

Some of the studies described using VR rehabilitation
programs have shown how resistance exercises, stretching,
and cognitive rehabilitation can improve the patient’s
quality of life. (is is because patient perceives themselves as
an active part of treatment. However, the cognitive reserve
was not considered, and its impact on rehabilitation was
therefore not evaluated. However, we can infer from the
review studies and the literature that the cognitive reserve
should be considered in the evaluation phase of patients with
PD to plan the optimal, tailored therapeutic approach.

Piccinini et al. [50] examined the influence of cognitive
reserve on balance rehabilitation, using conventional ther-
apy, in patients with PD. (e results showed an improve-
ment in balance, and regarding the relationship between the
cognitive reserve and balance, the condition of patients with
a lower cognitive reserve index (those with a lower level of
education) improved more than that of patients with a high
cognitive reserve index. It has been hypothesized that pa-
tients with better cognitive reserve should work on more
stimulating mental tasks through approaches such as VR,
dance, and technological tools. (ey found an inverse
correlation between the level of cognitive reserve and the
improvement of balance in patients with PD undergoing
traditional rehabilitation, which highlights the important
role that life experience, education, and recreational activ-
ities play on the individual’s ability to cope with a brain
pathology.
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Figure 3:(e grey line indicates the distribution of H&R scores of patients enrolled in the trials, and the red spot indicates the mean score of
the H&R scale of patients who participated in the VR group.
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Imbimbo et al. [19] examined the relationship between
VR and the cognitive reserve in patients with PD. (e ex-
ercises proposed were intended to improve coordination
and balance. At the end of the study, it was observed that, in
relation to the cognitive reserve, some patients, unlike
others, showed no improvement. VR showed better result in
patients with a medium/high cognitive reserve index; these
PD patients are accustomed to the use of technology, unlike
subjects with a lower level of cognitive reserve who were
uncomfortable with this tool and may felt less stimulated to
learn.(e results of our review may confirm Piccinini et al.’s
results [50], which had suggested using a more complex
rehabilitation approach for patients with a higher cognitive
reserve.

(is study had a few limitations: only four databases
were searched, and we acknowledge the possibility that we
did not identify all relevant studies.

5. Conclusion

Most of the studies analysed in this review included subjects
with an MMSE score ≥ 24 and a H&Y stage between 2 and 3.
Rehabilitation associated with VR was proposed for patients
with PD with a mean score (mean of averages) of 27.94
(SD� 0.86) and 23.43 (SD� 2.04) for MMSE and MoCA,
respectively, which shows a normal or slightly reduced
cognitive level (if we consider the cut-off of 26 for MoCA).

According to the disease progression state, patients with
PD who underwent treatment with VR had, on average
(average of averages), an H&Y stage of 2.5 (SD� 0.60),
indicating a slight bilateral involvement of the disease with
recovery of balance on the pull test.

In conclusion, the results of these studies show that VR is
a useful strategy that improves motor aspects mainly affected
by PD and is feasible for patients with a normal cognitive
level and an H&Y’s stage less than three. (is innovative
approach, excluding excessively strenuous activities, is
feasible at home and should preferably be performed in the
presence of a caregiver or supervision.

Data Availability

(e data supporting this systematic review are from pre-
viously published studies, which have been cited.

Conflicts of Interest

(e authors declare that they have no conflicts of interest
regarding the publication of this paper.

References

[1] A. J. Lees, J. Hardy, and T. Revesz, “Parkinson’s disease,”
Lancet, vol. 373, no. 9680, pp. 2055–2066, 2009.

[2] A. Lee and R. M. Gilbert, “Epidemiology of Parkinson dis-
ease,” Neurologic Clinics, vol. 34, no. 4, pp. 955–965, 2016.

[3] R. Balestrino and A. H. V. Schapira, “Parkinson disease,”
European Journal of Neurology, vol. 27, no. 1, pp. 27–42, 2020.

[4] C. Papagno and L. Trojano, “Cognitive and behavioral dis-
orders in Parkinson’s disease: an update. I: cognitive

impairments,” Neurological Sciences, vol. 39, no. 2,
pp. 215–223, 2018.

[5] D. Aarsland, K. Brønnick, J. P. Larsen, O. B. Tysnes, G. Alves,
and Norwegian ParkWest Study Group, “Cognitive impair-
ment in incident, untreated Parkinson disease: the Norwegian
Parkwest study,” Neurology, vol. 72, no. 13, pp. 1121–1126,
2009.

[6] Y. Stern, E. M. Arenaza-Urquijo, D. Bartrés-Faz et al., “(e
reserve, resilience and protective factors PIA empirical defi-
nitions and conceptual frameworks workgroup. whitepaper:
defining and investigating cognitive reserve, brain reserve,
and brain maintenance,” Alzheimers Dement, vol. 16, no. 9,
pp. 1305–1311, 2020.

[7] C. Pettigrew and A. Soldan, “Defining cognitive reserve and
implications for cognitive aging,” Current Neurology and
Neuroscience Reports, vol. 19, no. 1, p. 1, 2019.

[8] J. V. Hindle, C. S. Hurt, D. J. Burn et al., “(e effects of
cognitive reserve and lifestyle on cognition and dementia in
Parkinson’s disease-a longitudinal cohort study,” Interna-
tional Journal of Geriatric Psychiatry, vol. 31, no. 1, pp. 13–23,
2015.

[9] J. V. Hindle, A. Martyr, and L. Clare, “Cognitive reserve in
Parkinson’s disease: a systematic review and meta-analysis,”
Parkinsonism & Related Disorders, vol. 20, pp. 1–7, 2014.

[10] S. T. Cheng, “Cognitive reserve and the prevention of de-
mentia: the role of physical and cognitive activities,” Current
Psychiatry Reports, vol. 18, no. 9, p. 85, 2016.

[11] J. Koerts, L. Tucha, K. W. Lange, and O. Tucha, “(e influence
of cognitive reserve on cognition in Parkinson’s disease,”
Journal of Neural Transmission, vol. 120, no. 4, pp. 593–596,
2013.

[12] C. E. Meek, Improving the Clinical Effectiveness of Physio-
therapy in Parkinson’s Disease, University of Birmingham,
Birmingham, UK, 2011.

[13] C. Pazzaglia, I. Imbimbo, E. Tranchita et al., “Comparison of
virtual reality rehabilitation and conventional rehabilitation
in Parkinson’s disease: a randomised controlled trial,”
Physiotherapy, vol. 106, pp. 36–42, 2020.

[14] B. Chau, S. Humbert, and A. Shou, “Systemic literature review
of the use of virtual reality for rehabilitation in Parkinson
disease,” Federal Practitioner: for the Health Care Professionals
of the VA, DoD, and PHS, vol. 38, no. 1, pp. S20–S27, 2021.

[15] I. Cikajlo and K. Peterlin Potisk, “Advantages of using 3D
virtual reality based training in persons with Parkinson’s
disease: a parallel study,” Journal of NeuroEngineering and
Rehabilitation, vol. 16, no. 1, p. 119, 2019.

[16] I. Maidan, F. Nieuwhof, H. Bernad-Elazari et al., “Evidence for
differential effects of 2 forms of exercise on prefrontal plas-
ticity during walking in Parkinson’s disease,” Neuro-
rehabilitation and Neural Repair, vol. 32, no. 3, pp. 200–208,
2018.

[17] D. D. Ferraz, K. V. Trippo, G. P. Duarte, M. G. Neto,
K. O. Bernardes Santos, and J. O. Filho, “(e effects of
functional training, bicycle exercise, and exergaming on
walking capacity of elderly patients with Parkinson disease: a
pilot randomized controlled single-blinded trial,” Archives of
Physical Medicine and Rehabilitation, vol. 99, no. 5,
pp. 826–833, 2018.

[18] S. H. J. Keus, M. Munneke, M. Graziano et al., “European
Physiotherapy Guideline for Parkinson’s Disease,” 2014,
https://www.parkinsonnet.nl/app/uploads/sites/3/2019/11/
eu_guideline_parkinson_guideline_for_pt_s1.pdf.

[19] I. Imbimbo, D. Coraci, C. Santilli et al., “Parkinson’s disease
and virtual reality rehabilitation: cognitive reserve influences

Parkinson’s Disease 15

https://www.parkinsonnet.nl/app/uploads/sites/3/2019/11/eu_guideline_parkinson_guideline_for_pt_s1.pdf
https://www.parkinsonnet.nl/app/uploads/sites/3/2019/11/eu_guideline_parkinson_guideline_for_pt_s1.pdf


the walking and balance outcome,” Neurological Sciences,
vol. 42, no. 11, pp. 4615–4621, 2021.

[20] M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “(e PRISMA
2020 statement: an updated guideline for reporting systematic
reviews,” BMJ, vol. 372, p. 71, 2021.

[21] M. F. Folstein, S. E. Folstein, and P. R. McHugh, ““Mini-
mental state”,” Journal of Psychiatric Research, vol. 12, no. 3,
pp. 189–198, 1975.

[22] Z. S. Nasreddine, N. A. Phillips, V. Bã©dirian et al., “(e
montreal cognitive assessment, MoCA: a brief screening tool
for mild cognitive impairment,” Journal of the American
Geriatrics Society, vol. 53, no. 4, pp. 695–699, 2005.

[23] N. A. De Morton, “(e PEDro scale is a valid measure of the
methodological quality of clinical trials: a demographic
study,” Australian Journal of Physiotherapy, vol. 55, no. 2,
pp. 129–133, 2009.

[24] J. P. T. Higgins, D. G. Altman, P. C. Gotzsche et al., “(e
Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials,” BMJ, vol. 343, no. 2, Article ID d5928,
2011.

[25] E. M. J. Bekkers, A. Mirelman, L. Alcock et al., “Do patients
with Parkinson’s disease with freezing of gait respond dif-
ferently than those without to treadmill training augmented
by virtual reality?” Neurorehabilitation and Neural Repair,
vol. 34, no. 5, pp. 440–449, 2020.

[26] S. Del Din, B. Galna, S. Lord et al., “Falls risk in relation to
activity exposure in high-risk older adults,” 1e journals of
gerontology. Series A, Biological sciences and medical sciences,
vol. 75, no. 6, pp. 1198–1205, 2020.

[27] H. Feng, C. Li, J. Liu et al., “Virtual reality rehabilitation versus
conventional physical therapy for improving balance and gait
in Parkinson’s disease patients: a randomized controlled
trial,” Medical Science Monitor, vol. 25, pp. 4186–4192, 2019.

[28] M. Gandolfi, C. Geroin, E. Dimitrova et al., “Virtual reality
telerehabilitation for postural instability in Parkinson’s dis-
ease: a multicenter, single-blind, randomized, controlled
trial,” BioMed Research International, vol. 201711 pages,
Article ID 7962826, 2017.

[29] M. R. van den Heuvel, G. Kwakkel, P. J. Beek, H.W. Berendse,
A. Daffertshofer, and E. E. van Wegen, “Effects of augmented
visual feedback during balance training in Parkinson’s disease:
a pilot randomized clinical trial,” Parkinsonism & Related
Disorders, vol. 20, no. 12, pp. 1352–1358, 2014.

[30] N. M. van der Kolk, N. M. de Vries, R. P. C. Kessels et al.,
“Effectiveness of home-based and remotely supervised aerobic
exercise in Parkinson’s disease: a double-blind, randomised
controlled trial,” 1e Lancet Neurology, vol. 18, no. 11,
pp. 998–1008, 2019.

[31] Y. Y. Liao, Y. R. Yang, S. J. Cheng, Y. R. Wu, J. L. Fuh, and
R. Y. Wang, “Virtual reality-based training to improve ob-
stacle-crossing performance and dynamic balance in patients
with Parkinson’s disease,” Neurorehabilitation and Neural
Repair, vol. 29, no. 7, pp. 658–667, 2015.

[32] Y. Y. Liao, Y. R. Yang, Y. R. Wu, and R. Y. Wang, “Virtual
reality-based wii fit training in improving muscle strength,
sensory integration ability, and walking abilities in patients
with Parkinson’s disease: a randomized control trial,” Inter-
national Journal of Gerontology, vol. 9, no. 4, pp. 190–195,
2015.

[33] H. I. Ma,W. J. Hwang, J. J. Fang et al., “Effects of virtual reality
training on functional reaching movements in people with
Parkinson’s disease: a randomized controlled pilot trial,”
Clinical Rehabilitation, vol. 25, no. 10, pp. 892–902, 2011.

[34] I. Maidan, K. Rosenberg-Katz, Y. Jacob, N. Giladi,
J. M. Hausdorff, and A. Mirelman, “Disparate effects of
training on brain activation in Parkinson disease,” Neurology,
vol. 89, no. 17, pp. 1804–1810, 2017.

[35] A. Mirelman, L. Rochester, I. Maidan et al., “Addition of a
non-immersive virtual reality component to treadmill
training to reduce fall risk in older adults (V-TIME): a
randomised controlled trial,” 1e Lancet, vol. 388, no. 10050,
pp. 1170–1182, 2016.

[36] E. Pelosin, C. Cerulli, C. Ogliastro et al., “A multimodal
training modulates short afferent inhibition and improves
complex walking in a cohort of faller older adults with an
increased prevalence of Parkinson’s disease,” 1e Journals of
Gerontology. Series A, Biological sciences and medical sciences,
vol. 75, no. 4, pp. 722–728, 2020.

[37] J. E. Pompeu, F. A. d S. Mendes, K. G. d Silva et al., “Effect of
Nintendo Wii™-based motor and cognitive training on ac-
tivities of daily living in patients with Parkinson’s disease: a
randomised clinical trial,” Physiotherapy, vol. 98, no. 3,
pp. 196–204, 2012.

[38] M. C. Shih, R. Y.Wang, S. J. Cheng, and Y. R. Yang, “Effects of
a balance-based exergaming inteVRention using the Kinect
sensor on posture stability in individuals with Parkinson’s
disease: a single-blinded randomized controlled trial,” Journal
of NeuroEngineering and Rehabilitation, vol. 13, no. 1, p. 78,
2016.

[39] W. C. Yang, H. K. Wang, R. M. Wu, C. S. Lo, and K. H. Lin,
“Home-based virtual reality balance training and conven-
tional balance training in Parkinson’s disease: a randomized
controlled trial,” Journal of the Formosan Medical Association,
vol. 115, no. 9, pp. 734–743, 2016.

[40] C. Y. Yen, K. H. Lin, M. H. Hu, R. M. Wu, T. W. Lu, and
C. H. Lin, “Effects of virtual reality-augmented balance
training on sensory organization and attentional demand for
postural control in people with Parkinson disease: a ran-
domized controlled trial,” Physical 1erapy, vol. 91, no. 6,
pp. 862–874, 2011.

[41] M. M. Hoehn and M. D. Yahr, “Parkinsonism: onset, pro-
gression andmortality,”Neurology, vol. 17, no. 5, pp. 427–442,
1967.

[42] D. Cano Porras, P. Siemonsma, R. Inzelberg, G. Zeilig, and
M. Plotnik, “Advantages of virtual reality in the rehabilitation
of balance and gait: systematic review,” Neurology, vol. 90,
no. 22, pp. 1017–1025, 2018.

[43] K. Dockx, E. M. Bekkers, V. Van den Bergh et al., “Virtual
reality for rehabilitation in Parkinson’s disease,” Cochrane
Database of Systematic Reviews, vol. 12, no. 12, Article ID
CD010760, 2016.
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