
Vol. 59 - No. 6 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 689

European Journal of physical and rehabilitation 
Medicine
december 2023
Vol. 59 - No. 6

O R I G I N A L  A R T I C L E

Efficacy of non-immersive virtual reality-based 
telerehabilitation on postural stability in parkinson’s 

disease: a multicenter randomized controlled trial
Michela GoffrEdo 1, francesca baGlio 2 *, roberto dE icco 3, 4, 

stefania proiEtti 1, 5, Giorgio MaGGioNi 6, andrea turolla 7, 8, sanaz pourNaJaf 1, 
Johanna JoNsdottir 2, federica ZENi 6, sara fEdErico 9, luisa cacciaNtE 9, Matteo cioEta 1, 

cristina tassorElli 3, 4, Marco fraNcEschiNi 1, 5, rocco s. calabrÒ 10, riN_tr_Group ‡

1Neurorehabilitation research laboratory, department of Neurological and rehabilitation sciences, irccs san raffaele roma, rome, 
italy; 2irccs fondazione don carlo Gnocchi oNlus, Milan, italy; 3Department of Brain and Behavioral Sciences, University of 
Pavia, Pavia, Italy; 4Movement Analysis Research Unit, IRCCS Mondino Foundation, Pavia, Italy; 5department of human sciences and 
Promotion of the Quality of Life, San Raffaele University, Rome, Italy; 6unità di Neuroriabilitazione, ics Maugeri sb irccs Veruno, 
Veruno, Novara, Italy; 7Department of Biomedical and Neuromotor Sciences (DIBINEM), Alma Mater University of Bologna, Bologna, 
italy; 8Unit of Occupational Medicine, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy; 9laboratory of healthcare 
Innovation Technology, IRCCS San Camillo Hospital, Venice, Italy; 10irccs bonino-pulejo, Messina, italy

‡ Members are listed at the end of the paper.
*corresponding author: francesca baglio, irccs fondazione don carlo Gnocchi oNlus, Milan, italy. E-mail: fbaglio@dongnocchi.it

This is an open access article distributed under the terms of the Creative Commons CC BY-NC-ND license which allows users to copy and 
distribute the manuscript, as long as this is not done for commercial purposes and further does not permit distribution of the manuscript if 
it is changed or edited in any way, and as long as the user gives appropriate credits to the original author(s) and the source (with a link to 
the formal publication through the relevant DOI) and provides a link to the license. Full details on the CC BY-NC-ND 4.0 are available at 
https://creativecommons.org/licenses/by-nc-nd/4.0/.

a b s t r a c t
BACKGROUND: The implementation of regular prolonged, and effective rehabilitation in people with Parkinson’s disease is essential for ensur-
ing a good quality of life. However, the continuity of rehabilitation care may find barriers related to economic, geographic, and social issues. In 
these scenarios, telerehabilitation could be a possible solution to guarantee the continuity of care.
AIM: To investigate the efficacy of non-immersive virtual reality-based telerehabilitation on postural stability in people with Parkinson’s disease, 
compared to at-home self-administered structured conventional motor activities.
dEsiGN: Multicenter randomized controlled trial.
SETTING: Five rehabilitation hospitals of the Italian Neuroscience and Rehabilitation Network.
POPULATION: individuals diagnosed with Parkinson’s disease.
METHODS: Ninety-seven participants were randomized into two groups: 49 in the telerehabilitation group (non-immersive virtual reality-based 
telerehabilitation) and 48 in the control group (at-home self-administered structured conventional motor activities). Both treatments lasted 30 sessions 
(3-5 days/week for, 6-10 weeks). Static and dynamic balance, gait, and functional motor outcomes were registered before and after the treatments.
RESULTS: All participants improved the outcomes at the end of the treatments. The primary outcome (mini-Balance Evaluation Systems Test) 
registered a greater significant improvement in the telerehabilitation group than in the control group. The gait and endurance significantly im-
proved in the telerehabilitation group only, with significant within-group and between-group differences.
CONCLUSIONS: Our results showed that non-immersive virtual reality-based telerehabilitation is feasible, improves static and dynamic balance, 
and is a reasonably valuable alternative for reducing postural instability in people with Parkinson’s disease.
CLINICAL REHABILITATION IMPACT: Non-immersive virtual reality-based telerehabilitation is an effective and well-tolerated modality of rehabilita-
tion which may help to improve access and scale up rehabilitation services as suggested by the World Health Organization’s Rehabilitation 2030 agenda.
(Cite this article as: Goffredo M, baglio f, de icco r, proietti s, Maggioni G, turolla a, et al.; RIN_TR_Group. Efficacy of non-immersive vir-
tual reality-based telerehabilitation on postural stability in parkinson’s disease: a multicenter randomized controlled trial. Eur J phys rehabil Med 
2023;59:689-96. doi: 10.23736/s1973-9087.23.07954-6)
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a multicenter trial conducted in a network of neuroreha-
bilitation units. the hypothesis of the study is that physi-
cal therapy delivered via TR may have positive effects 
in improving static and dynamic balance compared to 
at-home self-administered structured conventional motor 
activities.

Materials and methods

The study was a multicentre randomized controlled trial 
that involved five Italian rehabilitation hospitals (Istituti 
di Ricovero e Cura a Carattere Scientifico - IRCCS) of the 
Italian Neuroscience and Rehabilitation Network (https://
www.reteneuroscienze.it/en). All investigators and out-
come assessors were blinded to the type of treatment.

Participants

A sample of individuals diagnosed with PD (according to 
the uK pd society brain bank criteria)26 was recruited 
between 2018 and 2020. The subjects were enrolled if they 
met the following eligibility inclusion criteria:

• Hoehn & Yahr (H&Y) score between ≤3 (ON-state);
• absence of moderate and severe dyskinesias assessed 

by the MDS-Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS) with a score of items 4.1 and 4.2 <3;

• absence of moderate and severe freezing episodes as-
sessed by the MDS-UPDRS with a score of items 2.13 and 
3.11 <3;

• ability to perform the 6 Minutes Walking Test 
(6MWT) between 200 m and 600 m;

• age ≤80 years;
• absence of cognitive impairment measured by the 

Montreal Cognitive Assessment (MoCA) total score 
≥17.54;27

• stabilized drug treatment;
• sufficient cognitive and linguistic level to understand 

and comply with study procedures;
• sign informed consent.
Subjects were excluded if having:
• other neurological pathologies, psychiatric complica-

tions or personality disorders;
• blurred or low vision problems;
• hearing and speech impairment affecting participa-

tion in the study.
• Written and informed consent was obtained for all 

participants. None of the participants were involved in 
other experimental trials during the entire duration of the 
present study.

parkinson’s disease (PD) is a chronic degenerative pa-
thology characterized by both motor and non-motor 

symptoms that may have a significant long-term impact 
on activities of daily living (ADL).1 Subjects with PD 
need continuous, intensive, and tailored rehabilitation in 
order to improve motor function as well as their Quality of 
life (Qol), and to reduce the risk of balance impairment 
and falls.2, 3 To this extent, the implementation of regular 
prolonged, and effective rehabilitation in people with PD 
is essential for ensuring well-being.4-6 However, the con-
tinuity of rehabilitation care may find barriers related to 
economic, geographic, and social issues.7 the latter has 
become more evident during the recent COVID-19 pan-
demic-related quarantine measures.8 Recent studies have 
shown that pandemic-related sedentariness decreased 
functional mobility, postural control, and Qol in people 
with PD.9-11 In this scenario, the delivery of rehabilitation 
services at distance, namely telerehabilitation (TR), is a 
possible solution to guarantee the continuity of care and 
physical exercise at home via digital healthcare.12, 13

TR allows clinicians to set exercise plans, remotely 
monitor the patient, and continuously adapt and tailor the 
rehabilitation treatment. the literature of the last decade 
demonstrated the feasibility, acceptability, and cost-bene-
fit of TR in individuals with PD.14-18 Vellata et al.19 found 
that TR improves a subset of motor (balance, gait perfor-
mance, and postural stability) parameters and non-motor 
(speech and dysphagia) functions in pd, comparably to 
the conventional treatments. The randomized controlled 
trial (RCT) by Gandolfi et al.20 evidenced that TR with 
a virtual reality (VR) system is a feasible alternative to 
in-clinic sensory integration balance training for reducing 
postural instability in people with PD having a caregiver.

Although the TR intervention has been proposed as a 
sustainable and innovative approach in people with PD, 
there are still conflicting results in the literature about its 
efficacy, as concluded by recent systematic reviews.21-23 
Specifically, Lei et al.22 and truijen et al.23 reviewed the 
existing literature focusing on gait and balance, and found 
that, despite the small sample sizes, TR associated with 
VR seems to achieve the same effect as conventional re-
habilitation training and it can therefore be used as an al-
ternative approach. However, larger trials are needed, con-
sidering the importance of balance rehabilitation to reduce 
the risk of falls and fractures,24 and the potential impact of 
Vr in pd rehabilitation.25

This study aims to investigate the efficacy of non-im-
mersive VR-based TR on postural stability in people with 
PD, compared to at-home conventional rehabilitation in 
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without the use of any technological devices. The CG re-
habilitation was an active comparator treatment and con-
sisted of a written home-based self-administered booklet 
with conventional motor activities tailored for each sub-
ject. The motor activities were chosen and adapted from 
a specialized manual.28 The motor exercises were aimed 
at the rehabilitation of balance and at the improvement 
of motor performance in lower limbs (e.g., maintaining 
balance on one leg, marching in place, standing on tip-
toe, squatting, etc.), as detailed in supplementary digital 
Material 3 (supplementary table iii). the intensity and 
duration of the CG were the same as the TG. Monitor-
ing of adherence to the program was ensured with a paper 
diary drawn up daily by the patient (with the help of a 
caregiver) and checked by the physiotherapist at the end 
of the treatment.

All patients were sequentially assigned to either the TG 
or cG subsequent to enrolment in the study by using an 
envelope randomization technique. The randomization 
was performed in a 1:1 equal allocation ratio. The opaque, 
sealed, and sequentially numbered randomization enve-
lopes were mixed and distributed to the research hospitals 
by the main research center. A randomization envelope 
was opened at the time of recruitment for each patient who 
met the inclusion criteria.

Outcome measures

Clinical assessment was performed at baseline (T1) and 
at the end of the treatment (T2). The following outcome 
measures were administered by an assessor blinded to the 
intervention groups (all assessors involved in the study un-
derwent a preliminary course to harmonize methods and 
increase inter-rater reliability).

primary outcome measure:
• the mini-Balance Evaluation Systems Test (mini-

BESTest) is a shortened version of the Balance Evalua-
tion systems test. it is composed of 14 items scale that 
evaluates balance with a total score of 28. Items are 
grouped into the following four subcomponents: antici-
patory postural control (max score = 6), reactive postural 
control (max score = 6), somatosensory orientation (max 
score = 6), and dynamic walking (max score = 10). The 
mini-BESTest has been shown to have good psychometric 
properties in people with PD,29 with a Minimal Clinically 
important difference (Mcid) of 4 points.30

secondary outcome measures:
• the Timed Up-and-Go (TUG) test which involves 

rising from a seated position, walking to a pre-defined 
location, turning, and returning to a seated position, is a 

Rehabilitation procedures

All enrolled subjects were randomized into two groups: 
1) the telerehabilitation group (TG) which received non-
immersive VR-based TR; 2) the control group (CG) which 
received at-home conventional rehabilitation. All treat-
ments were always performed under the effect of stable 
anti-parkinsonian therapy (i.e., in the best motor condition 
[“ON” phase]). Participants in both groups were excluded 
from the study if they missed three consecutive sessions.

supplementary digital Material 1 (supplementary table 
I) shows an overview of an intervention session in TG and 
CG according to the Template for Intervention Description 
and replication (tidier) checklist and guide.

Telerehabilitation group

The TG consisted of 30 sessions lasting approximately 45 
minutes (3-5/week for 6-10 weeks) of motor, and cogni-
tive rehabilitation exercises in non-immersive VR-based 
tr modality using the Vrrs tablet system (Khymeia srl, 
Noventa Padovana, Padua, Italy). The VRRS Tablet sys-
tem is a medical device approved by the Italian Ministry of 
health for the rehabilitation of neurological patients. the 
motor exercises were performed using inertial sensors for 
the acquisition and processing of the movement performed 
by the patient. The patient was trained to perform these 
exercises using visual and auditory feedback in a serious 
game environment. The exercises were aimed at the reha-
bilitation of balance and at the improvement of motor per-
formance in lower limbs (e.g., maintaining balance on one 
leg, marching in place, standing on tiptoe, squatting, etc.), 
as detailed in supplementary digital Material 2 (supple-
mentary table ii).

The therapists involved in the study customized the pro-
tocol of exercises in TR mode according to the character-
istics and needs of the subject. The TR treatments were 
asynchronous and the difficulty of the exercise was gradu-
ally modified by varying a set of parameters in the soft-
ware (e.g., speed of the visualized target, number of virtual 
objects, etc.) with a weekly synchronous session with the 
physiotherapist. The weekly session also ensured the mon-
itoring of adherence to the program in the tG. adherence 
was also ensured by the physiotherapist by checking the 
daily reports from the tablets at the end of the treatment.

Control group

The CG carried consisted of 30 sessions lasting approxi-
mately 45 minutes (3-5 days/week for, 6-10 weeks) of at-
home self-administered structured conventional exercises 
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paired t-test or chi-square test. the normal distribution of 
continuous variables was checked with the Kolmogorov-
Smirnov test with the Lilliefors correction. Data for all 
normally distributed variables were analyzed by two-way 
repeated measures analysis of variance (ANOVA). Clini-
cal changes associated with the therapy were assessed by 
the absolute differences between study time points (factor 
tiME: t1 vs. T2) and compared between groups (factor 
Group: tG vs. CG); the time x group interaction was 
assessed as well. The effect size was calculated by using 
cohen’s d. Statistical significance was set at P<0.05. All 
statistical analyses were performed on SPSS v. 27.0 (SPSS 
inc., chicago, il, usa, 2020).

Results

Among the 156 screened participants, 105 were eligible 
for the study and were randomly allocated to TG (N.=54) 
or CG (N.=51). Eight participants dropped out because of 
drug changes (TG, N.=2; CG, N.=2), medical complica-
tions (TG, N.=1), or discontinued treatment (TG, N.=2; 
CG, N.=1). Figure 1 shows patients’ dispositions. Eventu-
ally, the data from 97 participants (TG: N.=49; CG: N.=48) 
were analyzed for the outcome measures. The demograph-
ic and clinical characteristics at baseline are illustrated in 
Table I. The two groups did not differ in terms of demo-
graphic features or clinical data: the primary (mini-bEst-
est total score) and secondary (mini-bEstest subcompo-

common test used to assess functional mobility, dynamic 
balance, and walking ability. The score is the time required 
to perform the following tasks: standing up from a chair, 
walking three meters: turning around, walking back to the 
chair, and sitting down. The validity and reliability of the 
TUG in people with PD have been published;31, 32

• the 6-Minute Walking Test (6MWT) was employed as 
a sub-maximal test of aerobic capacity or endurance dur-
ing gait.33 The score is the distance (m) walked over a time 
of 6 minutes;

• the motor section of the Mds-updrs (part iii) is 
composed of 18 items with a total score of 132. The MDS-
UPDRS was scored by clinicians specialized in movement 
disorders and trained for its administration and interpreta-
tion.34, 35

All outcome measures were collected in the “ON medi-
cation” phase (i.e., 1 h after oral consumption of the usual 
Levodopa dose and always in the morning to minimize 
variability).

All outcome measures were evaluated at T1 and at T2.

Ethical aspects

Reporting of this controlled clinical trial follows the state-
ment CONSORT. The study protocol was approved by the 
Ethics Committee (protocol code RP2018; date of approv-
al: 20/06/2018) and registered on ClinicalTrial.gov (num-
ber: Nct05842577). Each participant signed an informed 
consent form before any study-related procedures. Each 
record in the database was identified by a unique alphanu-
meric code to protect participants’ privacy. The study was 
in accordance with the Declaration of Helsinki.

Sample size

The sample size estimation was based on an effect size of 
treatment measured with the Mini-BESTest of 0.44 points 
for people with PD.30 The analysis was based on a one-
sided paired t-test at 80% power with a significance level 
at 0.025: 43 participants per group are needed. consider-
ing a 10% dropout rate the sample size of 47 participants 
per group was estimated. The sample size was estimated 
using GPower 3.1.

Statistical analysis

Demographic and clinical data were reported with frequen-
cies and percentages if they were categorical variables, 
while continuous variables were expressed with mean 
and standard deviation, median, and interquartile range. 
Baseline differences between groups were studied with Figure 1.—CONSORT flow diagram of the study.

analyzed in to control group 
(N.=48)

- Excluded from analysis (N.=0)

analyzed in to telerehabilitation 
group (N.=49)

- Excluded from analysis (N.=0)

analysis

allocated to control group
(N.=51)

- Drug changes (N.=2)
- Discontinued the treatment (N.=1)

allocated to telerehabilitation 
group (N.=54)

- Drug changes (N.=2)
- Medical complications (N.=1)
- Discontinued the treatment (N.=2)

Excluded (N.=51)
-  Not meeting inclusion criteria 

(N.=40)
-  Declined to participate (N.=11)

Assessed for eligibility (N.=156)

Randomized (N.=105)

Enrollment

allocation
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statistics are reported in table ii. the mini-bEstest to-
tal score (primary outcome) significantly increased by 
1.7±0.33 and 0.70±0.34 in the TG and CG, respectively 
with a significant TIME effect (P<0.001) and “TIMEx-
GROUP” effect (P=0.029). The 10.3% of participants in 

nents, TUG, 6mWT, and MDS-UPDRS Part III) outcome 
measures were also equally distributed at baseline and did 
not differ between groups (P>0.05).

Both TG and CG showed improvement in all outcome 
measures after treatment. The results of the comparative 

Table I.—  Demographic and clinical characteristics of the telerehabilitation group (TG) and control group (CG) at baseline (T1).
Variable TG (N.=49) CG (N.=48) P value
Sex (M/F) 27/22 (55.1/44.9) 24/24 (50.0/50.0) 0.686
age (year) 67.8±6.6 68.2±5.8 0.744
Education level 0.394

Low (≤8 years) 18 (36.7%) 24 (50.0%)
Medium (9-13 years) 14 (28.6%) 12 (25.0%)
high (15-20 years) 17 (34.7%) 12 (25.0%)

disease duration (year) 4.0 [2.0-8.0] 5.0 [1.75-9.0] 0.858
h&y [1;5] 2.0 [1.5-2.0] 2.0 [1.5-2.5] 0.982
Moca [0;30] 25.0 [23.0-27.0] 24.0 [23.0-27.0] 0.331
Mini-bEstest – primary outcome [0;28] 20.8±4.9 20.5±5.1 0.867
Mini-bEstest anticipatory postural control [0;6] 4.3±1.5 4.0±1.3 0.400
Mini-BESTest reactive postural control [0;6] 4.3±1.3 4.1±1.8 0.532
Mini-bEstest somatosensory orientation [0;6] 4.9±1.3 4.9±1.2 0.993
Mini-BESTest dynamic walking [0;10] 7.2±2.0 7.4±1.9 0.556
tuG (s) 10.5±3.0 11.0±3.3 0.443
6mWT (m) 347.0±123.6 339.7±119.2 0.768
Mds-updrs part iii [0;132] 35.5±15.7 40.2±19.5 0.251
data are depicted as number (percentage), mean±sd or median [iQr].
SD: standard deviation; IQR: interquartile range; H&Y: Hoehn & Yahr Score; MoCA: Montreal Cognitive Assessment total score (no correction); mini-BESTest: 
mini-Balance Evaluation Systems Test; TUG: Timed Up and Go Test; 6mWT: 6-Minute Walking Test; MDS-UPDRS: MDS-Unified Parkinson’s Disease Rating Scale.

Table II.—  Pre-post treatment changes in primary and secondary outcomes in the telerehabilitation group (TG) and control group (CG).

outcome measures Group t1 t2 t2-t1 Effect size 
(cohen’s d)

time 
effect (η2)

Group 
effect (η2)

Time x 
group 

effect (η2)
mini-bEstest – primary outcome [0;28] tG

cG
20.8±4.9
20.5±5.1

22.4±4.0
21.2±4.3

1.7±0.33***
0.70±0.34*

0.29 [0.003-0.57]
0.29 [0.003-0.58]

F=17.630, 
P<0.001 
(0.273)

F=1.013, 
P=0.319 
(0.021)

F=5.050, 
P=0.029 
(0.097)

mini-bEstest anticipatory postural control [0;6] tG
cG

4.3±1.5
4.0±1.3

4.8±1.3
4.5±1.1

0.46±0.16**
0.45±0.15**

0.40 [0.11-0.69]
0.43 [0.13-0.72]

F=14.397, 
P<0.001
(0.234)

F=1.397, 
P=0.243 
(0.029)

F=0.0, 
P=1.000 
(0.00)

mini-BESTest reactive postural control [0;6] tG
cG

4.3±1.3
4.1±1.8

4.5±1.2
4.1±1.6

0.18±0.13
0.0±0.15

0.2 [-0.08-0.48]
0.0 [-0.28-0.28]

F=0.378, 
P=0.542
(0.234)

F=1.710, 
P=0.197
(0.035)

F=0.434, 
P=0.513 
(0.009)

mini-bEstest somatosensory orientation [0;6] tG
cG

4.9±1.3
4.9±1.2

5.1±1.0
4.9±1.2

0.2±0.7
0.04±0.1

0.27 [-0.009-0.56]
0.06 [-0.22-0.34]

F=2765, 
P=0.103 
(0.056)

F=0.416, 
P=0.522 
(0.009)

F=1.403, 
P=0.242 
(0.029)

mini-BESTest dynamic walking [0;10] tG
cG

7.2±2.0
7.4±1.9

8.0±1.6
7.6±1.7

0.79±0.17***
0.25±0.17

0.67 [0.35-0.97]
0.21 [-0.08-0.49]

F=13.436, 
P<0.001
(0.222)

F=0.106, 
P=0.746 
(0.002)

F=6.653, 
P=0.013 
(0.124)

tuG (s) tG
cG

10.5±3.0
11.0±3.3

9.8±2.8
10.2±3.0

-0.70±0.19***
-0.78±0.23*

-0.52 [-0.81-0.22]
-0.48 [-0.8-0.17]

F=26.048, 
P<0.001 
(0.357)

F=0.527, 
P=0.471 
(0.011)

F=0.073, 
P=0.789 
(0.002)

6mWT (m) tG
cG

347.0±123.6
339.7±119.2

376±139.7
350.3±122.5

29.7±8.5***
10.6±6.3

0.50 [0.20-0.79]
0.24 [-0.04-0.52]

F=25.672, 
P<0.001 
(0.353)

F=2.078, 
P=0.156 
(0.042)

F=2.413, 
P=0.127 
(0.049)

Mds-updrs part iii [0;132] tG
cG

35.5±15.7
40.2±19.5

32.9±16.3
40.5±19.9

-2.5±0.8**
0.35±0.8

-0.43 [-0.72-0.14]
0.07 [-0.22-0.35]

F=3.394, 
P=0.072 
(0.067)

F=5.759, 
P=0.020 
(0.109)

F=7.077, 
P=0.011 
(0.131)

data are depicted as mean±sd or median [iQr].
SD: standard deviation; IQR: interquartile range; mini-BESTest: mini-Balance Evaluation Systems Test; TUG: Timed Up and Go test; 6mWT: 6-Minute Walking Test; 
MDS-UPDRS: MDS-Unified Parkinson’s Disease Rating Scale.
***P value <0.001; **P value <0.01; *P value <0.05. The significant results were highlighted with bold characters. The standardized difference between T2-T1 
changes in the two groups was computed to provide the effect size (Cohen’s d). Effect sizes > 0.50 are highlighted as clinically relevant.
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ily monitor adherence to the program. Moreover, the VR 
task-oriented exercises were indeed more engaging and 
motivating than at-home self-administered conventional 
exercises.

the primary outcome of the study, postural balance as-
sessed with the mini-BESTest total score, significantly im-
proved in both intervention groups. However, the signifi-
cant between-group difference, in favour of TR, confirmed 
the study hypothesis and is in agreement with most of the 
published literature.19, 20, 43 Our results partially agree with 
chen et al.,21 lei et al.,22 and truijen et al.23 who reported 
a similar effect in the tG and the cG. on the other hand, 
our findings are similar to the ones from Gandolfi et al.,20 
where at-home rehabilitation (based on a commercial ex-
ergaming system) induced in people with PD an improve-
ment at the Berg Scale significantly more marked than the 
patients who were treated with in-clinic sensory integra-
tion balance training. considering the limited number of 
published studies on the effects of tr on gait and balance 
in pd,19 to our best knowledge, this is the first multicentric 
RCT investigating the effect of non-immersive VR-based 
TR using a system specifically developed for the rehabili-
tation of neurological patients.19

Dynamic balance abilities and gait improved signifi-
cantly at T2 in both groups, but dynamic walking improved 
more in the tG than the cG. thus, the increased ability 
in controlling posture in people of the TG allows them to 
excel in the following motor tasks: change in gait speed; 
walk with head turns; walk with pivot turns; step over ob-
stacles; and timed up & go with a dual task. This outcome 
is in accordance with the literature on the ability of TR of 
increasing dynamic balance and gait abilities.19, 20, 22, 44

We believe that the more marked improvements ob-
served in the TG group may be related to the greater in-
volvement and enjoyment of the subjects using the non-
immersive VR. Indeed, thanks to the acoustic and visual 
feedback while playing different exercises, the subject 
received feedback on the results and the performance, 
which is fundamental for learning reinforcement. We can 
therefore speculate that Vr-based training may boost neu-
ral plasticity and, consequently, functional recovery.45 fur-
thermore, the regular remote follow-ups performed by the 
physiotherapist and the sensor-guided exercises may have 
contributed to improve the outcomes, by ensuring that the 
exercises were performed correctly.20

Limitations of the study

Some study limitations are worth mentioning: 1) the study 
included only subjects with mild disability (H&Y score 

the TG showed an improvement beyond the MCID30 ver-
sus the 5.15% in the cG group.

When analyzing individually the subcomponent of 
the mini-bEstest, the anticipatory postural control sub-
component showed significant within-group differences 
(TIME effect with P<0.001) without between-group dif-
ferences. Conversely, the mini-BESTest dynamic walking 
subcomponent and the 6MWT significantly improved in 
the TG only, with a significant within-group (TIME ef-
fect with P<0.001) and between-group differences (time x 
group effect with P=0.013) in favor of TG, with a fair me-
dium effect size (Cohen’s d: 0.653). The reactive postural 
control and somatosensory orientation subcomponents did 
not register any significant variation between T1 and T2 in 
both groups.

As regards TUG, we detected significant within-group 
differences (TIME effect with P<0.001) without between-
group differences.

in the case of the motor section of Mds-updrs (part 
III) we observed a significant variation in the TG only, with 
a score decrease of -2.5±0.8 points vs. 0.35±0.8 points in 
the CG group (P<0.05).

Discussion

The findings from this multicenter RCT conducted on 
97 subjects support the efficacy of non-immersive VR-
based TR in the motor rehabilitation of persons with PD 
and show that this approach seems more effective than at-
home conventional rehabilitation. The low dropout rate in 
the TG (3.7%) suggests that the TR approach was feasible 
and well accepted, in accordance with the literature on TR 
in pd.14, 16

considering the importance of regular balance rehabili-
tation for preventing falls and maintaining a good level of 
Qol in pd,6 this study contributes an important addition to 
the armamentarium of rehabilitative options for the reha-
bilitative approach to these patients showing that non-im-
mersive VR-based TR is a well-accepted and useful solu-
tion for improving the static and dynamic postural control. 
These outcomes are in accordance with studies that em-
ployed the same TR system with subjects with stroke,36-39 
brain injury,40, 41 and mild cognitive impairment.42 We as-
sume that the outcomes of our study were related more to 
the TR modality than to the VR-based intervention, espe-
cially considering that the employed VR technology was 
a non-immersive one.33 Although the TR treatments were 
asynchronous, the periodically synchronous session to set 
the exercise parameters allowed the physiotherapist to eas-
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hon MK. Telehealth for patients with Parkinson’s disease: delivering ef-
ficient and sustainable long-term care. Hosp Pract 2016;44:92–7. 
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p, et al. Effects of an innovative telerehabilitation intervention for people 
with Parkinson’s disease on quality of life, motor, and non-motor abilities. 
front Neurol 2020;11:846. 
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G. Effectiveness of Telerehabilitation on Motor Impairments, Non-motor 
Symptoms and Compliance in Patients With Parkinson’s Disease: A Sys-
tematic Review. Front Neurol 2021;12:627999. 
20. Gandolfi M, Geroin C, Dimitrova E, Boldrini P, Waldner A, Bonadi-
man s, et al. Virtual reality telerehabilitation for postural instability in 
parkinson’s disease: a multicenter, single-blind, randomized, controlled 
trial. bioMed res int 2017;2017:7962826. 
21. chen yy, Guan bs, li ZK, yang Qh, Xu tJ, li hb, et al. applica-
tion of telehealth intervention in Parkinson’s disease: A systematic review 
and meta-analysis. J telemed telecare 2020;26:3–13. 
22. Lei C, Sunzi K, Dai F, Liu X, Wang Y, Zhang B, et al. Effects of 
virtual reality rehabilitation training on gait and balance in patients with 
Parkinson’s disease: A systematic review. PLoS One 2019;14:e0224819. 
23. Truijen S, Abdullahi A, Bijsterbosch D, van Zoest E, Conijn M, Wang Y, 
et al. Effect of home-based virtual reality training and telerehabilitation on 
balance in individuals with Parkinson disease, multiple sclerosis, and stroke: 
a systematic review and meta-analysis. Neurol Sci 2022;43:2995–3006. 
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between 2.5 and 3), which may limit the transferability of 
our findings, although this subgroup of patients evidences 
the least postural problems and the most significant ben-
efit from any rehabilitation intervention; the effects of TR 
on freezing of gait were not assessed as the TR system 
used in this study does not include exercises to train gait 
and endurance; 2) no follow-up evaluation was planned. 
Therefore, future trials targeting more severely impaired 
patients, including a wider range of motor exercises de-
livered and assessing the potential long-term effects of the 
treatments are required to evaluate the full spectrum of ef-
ficacy of the non-immersive VR-based TR tested in this 
study.

Nevertheless, our findings provide an effective and well-
tolerated modality of rehabilitation of a highly disabling 
motor symptom of people with PD that can be delivered 
at home and for prolonged periods of time. In this context, 
the tr modality tested in the present study is perfectly in 
line with the World Health Organization’s Rehabilitation 
2030 agenda suggestions to improve access and scale up 
rehabilitation services.46

Conclusions

A chronic and progressive disease like PD requires effec-
tive and long-lasting rehabilitative approaches to maintain 
as long as possible a satisfactory Qol and social participa-
tion. the recent coVid-19 pandemic has highlighted the 
need to introduce new modalities to ensure the continuum 
of care. Our results showed that non-immersive VR-based 
TR is feasible, improves static and dynamic balance, and 
is a reasonably valuable alternative for reducing postural 
instability in people with PD.
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