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ABSTRACT
Introduction  Multiple sclerosis (MS) is one of the major 
causes of disability in young adults and affects mobility, 
compromising daily living activities and participation in 
social life. Cognitive domain is also frequently impaired 
in people with MS (PwMS), particularly the capacity to 
perform dual-task activities. Impaired cognitive processing 
abilities need to be treated, and motor and cognitive 
aspects need to be considered together. Recently, video 
game therapy (VGT) has been used in rehabilitation to 
improve motor outcomes and cognitive processing speed. 
The aim of this study is to test the efficacy of commercially 
available VGT on mobility and dual tasking in PwMS 
compared with standardised balance platform training 
(BPT).
Methods and analysis  This will be a parallel-assignment, 
double-blinded, randomised control trial. Forty-eight (24 
per arm) PwMS with Expanded Disability Status Scale 
4–5.5 will be randomly assigned to receive 1 hour training 
session over 4 weeks (three sessions/week) of either: (1) 
VGT on commercial video game console to train balance 
and mobility-related activities or (2) BPT to perform 
balance, postural stability and weight-shifting exercises 
with and without visual feedback. The same assessor will 
evaluate outcome measures at points: before and after 
the 12 training sessions and at 3 months of follow-up. 
The primary outcome will be functional mobility, assessed 
by the Timed Up and Go test. We will also evaluate gait, 
risk of fall, fatigue and health-related quality of life as 
well as cognitive and psychological aspects (depression, 
anxiety and attentional performance) and stability through 
posturographic evaluation. Dual-tasking assessment 
will be performed combining posturographic and 
neuropsychological tests. Data analysis will be performed 
to compare the efficacy of the two treatments.
Ethics and dissemination  Ethical approval have been 
granted from the local Ethics Committee. Study results 
will be communicated through high-quality journals and 
national and international conferences.
Trial registration number  NCT03353974

INTRODUCTION
Multiple sclerosis (MS) is characterised 
by multifocal inflammatory demyelinated 
plaques distributed over time and space within 

the central nervous system (CNS). It affects 
approximately 1.3 million people worldwide 
and is a major cause of chronic neurological 
disability in young adults aged 18–50 years.1 2 
Deficits in balance control and cognition are 
prevalent impairments in people with MS 
(PwMS),3 even at an early stage and without 
clinical disability.4 Previous studies have 
reported that 30%–63% of PwMS experience 
a fall event between 1 and 12 months since 
the onset of the disease.5 Balance mainte-
nance is a complex task that depends on the 
continuous flow of proprioceptive informa-
tion from the muscles, tendons, joints, skin, 
vestibular and visual systems toward the CNS.3 
In PwMS, the extended damage caused in the 
CNS leads to a decreased ability in integrating 
the afferent proprioceptive information, thus 
negatively influencing postural response and 
the capability to maintain balance safely.5 6 
Balance impairment can consistently limit the 
activities of daily living and the active partici-
pation in social life.

Cognitive impairment is various among 
PwMS, with current prevalence rates ranging 
from 43% to 70%.7 The following cognitive 
domains are frequently impaired: memory 

Strengths and limitations of this study

►► This trial will use objective evaluation as a pos-
turographic assessment to test balance and dual 
tasking.

►► Motor and cognitive outcomes will be assessed sep-
arately and in association.

►► Results from this trial will need a larger sample to 
be confirmed.

►► This study protocol includes only young sub-
jects (aged under 60) with good comprehensive 
functioning.

►► This study does not analyse long-term effects (over 
3 months).
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processing speed, attention/concentration and executive 
functioning.8 Cognitive impairments are associated with 
reduced functional status in MS. They have a deleterious 
impact on the individual’s personal, occupational and 
social functioning and the comprehensive quality of life.9

The role of cognitive functioning on motor perfor-
mance and balance control is widely known.10 However, 
the effects of impaired cognitive processes on balance 
efficacy have not been extensively investigated in 
PwMS.11 Besides, the comprehensive link between atten-
tion and motor-action has been supported by several 
studies.12 Selective attention allows the execution of a 
correct motor response by selecting relevant information 
between the task and the distractors, and it is essential for 
action planning. Concerning the cognitive–motor inter-
ference, this relation is directly measurable by the dual-
task cost,13 14 investigated in PwMS through the Stroop 
Test.15 Dual-task performance is the capacity to do two 
tasks simultaneously, particularly motor and cognitive 
tasks. The subject’s attention is drawn to an external 
source of attention while the primary task is ongoing, 
resulting in cognitive–motor interactions.16 Concerning 
the constrained action hypothesis, this attentional 
change may lead motor systems to react automatically, 
thus increasing the performance effectiveness.17 The 
processing capacity required for doing dual-task activities 
may be affected by cognitive impairments.18 In subjects 
with neurological disorders, such as PwMS, the ability of 
doing a motor task simultaneously to a cognitive one is 
frequently affected.17

It is plausible that motor deficits enhance the cognitive 
demands necessary to execute functional movements, 
and the concurrent performance of tasks may exceed 
cognitive processing abilities.19 Considering the strong 
impact of dual tasking on activities of daily living (ADL),7 
rehabilitative treatment does not have to consider the 
motor and cognitive aspects separately.

In recent years, active video games technologies have 
begun to be used as a treatment tool in rehabilitation given 
their low cost, high portability, off-the-shelf nature and 
ability to deliver engaging, high-repetitive, task-oriented, 
standardised, active learning therapies.20 Moreover, 
PwMS defined gaming experience as fun, challenging 
and self-motivating, critical elements for successful motor 
learning.21 Active video games’ multisensory feedback 
provided to patients may potentiate the use-dependent 
plasticity processes in the sensorimotor cortex, promoting 
functional recovery.22 Furthermore, combined training 
of cognitive and motor abilities in constantly changing 
virtual environments is particularly suited to address dual-
tasking as required for the constantly changing situations 
of everyday life.23

The evidence of interactive video game therapeutic 
exercises for improving balance and motor functions in 
PwMS were inconclusive, even if few studies showed a 
possible positive effect on balance and cognitive functions 
such as processing speed.24–27 Furthermore, patients’ 
motivation seems to be capable of being increased during 

active video game rehabilitation, allowing patients to 
exercise more consistently.22

All previous studies did not investigate the effects on 
motor and cognitive functions simultaneously, partic-
ularly when compared with conventional instrumental 
balance training.

Aims
This study aims to test the efficacy of a commercially 
available video game therapy (VGT) (Xbox Kinect) on 
mobility and dual-tasking in ambulatory PwMS in compar-
ison to a standardised balance platform training (BPT).

We hypothesise that augmented feedback during VGT, 
in terms of intensity and type, would activate the cognitive 
components of motor learning more effectively than BPT. 
Moreover, a challenging and engaging approach contrib-
utes to enhance treatment adherence and patient’s 
satisfaction.

METHODS AND ANALYSIS
Study design and setting
This is a parallel-assignment, double-blinded, randomised 
control trial. The outcome assessor and the data analyst 
will be blinded to the group allocation of participants. 
PwMS who meet the inclusion criteria and provide written 
informed consent will be assigned to two treatments, the 
VGT or the BPT. The trial protocol has been registered 
on ​ClinicalTrials.​gov.

The protocol of this clinical trial is reported following 
the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) guidelines.28 A SPIRIT 
checklist is available as an additional file (online supple-
mental additional file 1). Subjects will be recruited from 
the patients afferent to Outpatient Rehabilitation Clinic 
at University Hospital of Ferrara. Patients’ recruitment 
started on 1 December 2017, and it is going to finish on 
1 October 2022.

Selection criteria and recruitment of participants
People affected by MS will be included if they meet the 
following inclusion criteria:

►► Men and women, aged 18–60 years;
►► Diagnosis of MS (primary or secondary progres-

sive, relapsing–remitting), without relapses in the 
preceding 3 months;

►► Disability rate defined by Expanded Disability Status 
Scale (EDSS) score from 4 to 5.529;

►► Balance impairments with increased fall risk, defined 
as Timed Up and Go (TUG) >8.4 s30;

►► Mini-Mental Status Examination score ≥24/30.31

Exclusion criteria will be:
►► Other (neurological) conditions that may affect 

motor function;
►► Visual impairments (daltonism and visual acuity 

deficit);
►► Medical conditions might interfere with the ability to 

complete the study protocol safely.

https://dx.doi.org/10.1136/bmjopen-2021-052005
https://dx.doi.org/10.1136/bmjopen-2021-052005


3Baroni A, et al. BMJ Open 2021;11:e052005. doi:10.1136/bmjopen-2021-052005

Open access

During the first appointment, potential participants will 
be informed about all the study procedures and screened 
following the inclusion criteria, suppose they meet inclu-
sion criteria and are interested in taking part in the 
study. In that case, the physician will give them a letter 
explaining study purpose and procedures, time commit-
ments, risks, potential benefits, treatment alternatives, 
study staff contact information and the Consent Form. A 
copy of the Consent Form is available as an additional file 
(online supplemental additional file 2). In the following 3 
days, the potential participant will be contacted and asked 
about its decision; if the subject decides to take part in the 
study, the research staff will give him/her an appointment 
for the consign to the signed Consent Form and for the 
baseline outcome measures, conducted by a physiother-
apist. If the subject rejects participation in the study, the 
research staff remains available for further information. 
The total number of subjects screened for participation 
and the number of subjects who decline to participate will 
be recorded, according to the Consolidated Standards of 
Reporting Trials (CONSORT) guidelines (figure 1).32

Randomisation and blinding
People meeting inclusion criteria who decided to partic-
ipate will be assigned to one of the two treatment groups 
through a block randomisation approach (1:1 ratio). 
The randomisation scheme will be set up in permuted 
blocks of four to ensure a similar number of participants 
between groups. The randomisation scheme will be 
generated using the website http://www.​randomization.​
com and managed by an external administrator to the 
research group to prevent selection bias. The outcome 

assessor will be blinded about the subject’s group allo-
cation. All outcome data and assignment groups will be 
organised in different data sets to maintain the blinding 
during data analysis. The privacy of the participants and 
their medical records will be guaranteed by treating the 
data according to the Italian Law n. 196/2003, to the 
‘Safe Harbor Act’ (2000/520/CE) and to the ‘European 
Union Data Protection Directive (95/46/EC 24 October 
1995)’.

Intervention
All participants will receive twelve 1-hour training sessions 
over 4 weeks, resulting in a three sessions/week scheme. 
To manage possible absence lasting one or more treat-
ment sessions, a potential window of 5 weeks will be set 
to ensure the achievement of all 12 sessions. Subjects 
who miss a training session will be contacted by phone 
to determine the absence’s reasons and maintain adher-
ence to following treatment sessions. Subjects who miss 
more than three consecutive treatment sessions will be 
excluded from the study.

Every training session consists of about 50 min of exer-
cise and about 10 min of mobility and flexibility activity to 
prevent muscle soreness due to movement. All interven-
tions will be delivered at the Rehabilitation Clinic of the 
University Hospital of Ferrara.

VGT
VGT will be delivered with a commercial video game 
console, Kinect for Xbox 360 game system (Microsoft 
Corporation, Redmond, Washington, USA). Pre-selected 
games were chosen from ‘Kinect Adventures!’ and ‘Kinect 
Sports’ (Microsoft Game Studios) that encompassed 
a wide range of motor activities in a standing position. 
Specifically, balance and mobility-related motor tasks 
were trained, such as sidestepping, lateral weight shifting, 
jumping, walking (lateral, forward and backward), and 
arm goal reaching.

Kinect is a commercial device therefore calibration of 
the instrument on the individual patient is not provided. 
The physiotherapy treatment with this device will be set 
by the physiotherapist basing on clinical observations 
of the patient’s characteristics, preferences and level of 
functioning.

A list of games will be tested according to the patient’s 
abilities and preferences. In the following sessions, games 
will be proposed with a randomised practice approach. 
Progression proceeds over time according to the patients’ 
motor and balance improvements. Each task will consist 
of 2–5 min of training and a rest period will be given 
if necessary. During sessions, the patients will be care-
fully supervised by a physiotherapist who monitored the 
patient’s safety (eg, risk of falls, impulsive reactions). 
The physiotherapist will also give performance feed-
back and those provided by VGT: visual and augmented 
(knowledge of both results and performance).33 Despite 
variability among treatment protocols available in the 
literature, our treatment dosage in terms of number of 

Figure 1  Consolidated Standards of Reporting Trials flow 
diagram of the study. BPT, balance platform training; VGT, 
video game therapy.

https://dx.doi.org/10.1136/bmjopen-2021-052005
http://www.randomization.com
http://www.randomization.com
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sessions and intervention duration is in line with other 
studies on the efficacy of exergame in people with neuro-
logical disorders.25 34–36

BPT
Balance/rebalancing, postural stability and weight-
shifting exercises with and without visual feedback will 
be administered using a Balance Platform (Biodex 
Medical Systems, Shirley, New York, USA) that had been 
previously tested in patients with MS.37 Each task will be 
trained for about 2–3 min, followed by a rest period when 
necessary. During the first session, the tasks will be set to 
an ‘entry-level’. The exercise progression will be adjusted 
over time according to the patient’s capabilities (interme-
diate and difficult level). BPT offers visual feedback about 
reaching goals (augmented feedback). The physiothera-
pist will carefully supervise the patient and monitor his 
safety, providing additional external feedback during the 
activities.

Concomitant care and recommendations
All the subjects will be advised to not undertake other 
physical treatments until the end of the assessment 
period. Subjects will also be encouraged to not use 
the video game console at home for leisure to prevent 
confounding effects. It will be asked to patients to wear 
the same shoes and orthosis during all the outcome 
assessment and training sessions.

Intervention fidelity and monitoring of adverse events
All the interventions will be delivered by a physiothera-
pist with at least 5 years of experience in the treatment 
of PwMS, properly formed about VGT or BPT. Training 
sessions features and comments will be tracked in a 
precompiled form. Any unpredictable adverse events will 

be recorded in the patient’s registry and the electronic 
study database. Their management will agree with the 
related hospital policies, with a referral for appropriate 
medical follow-up.

Outcome assessment and data collection
All the clinical evaluations will be performed at the 
Ferrara University Hospital by the same blinded assessor 
at the three time-point evaluations: (T0) baseline, before 
the first intervention; (T1) end of treatment, after the 
12 therapy sessions; (T2) follow-up, 3 months after the 
end of treatment. Clinical and posturographic assessment 
will be delivered by a physiotherapist trained adequately 
about evaluation procedures. A neuropsychologist with 
years of experience in the assessment and treatment of 
PwMS will provide cognitive tests. A physician member 
of the research team will define the patient’s EDSS score. 
A team member will record the general demographic 
information (age, gender), comorbidities and medical 
history of every participant. A summary of the study plan 
is reported in table 1.

Primary outcome: functional mobility
This function will be assessed by the TUG test, a reli-
able and valid performance-based measure of functional 
mobility.30 The patient will be instructed to stand up from 
a chair, walk for 3 m, cross a line marked on the floor, 
turn around, walk back and sit down. The time used 
to complete the task is recorded using a chronometer. 
During the assessment, the subject can use any necessary 
gait aid (not physical assistance). This test will be the 
first performed during the assessment session to reduce 
variability due to the subject’s fatigue. The TUG test 

Table 1  Schedule of enrolment, interventions and assessments

 �

Study period

Enrolment Allocation Post allocation Close-out

Time point T-1  �  T0 T1 T2

Enrolment  �   �   �   �

 � Eligibility screen X  �   �   �

 � Informed consent X  �   �   �

 � Allocation  �  X  �   �

 � Interventions  �   �   �   �

 � Video game therapy  �   �  ↔  �   �

 � Balance platform therapy
 � Assessments

 �   �  ↔  �   �

 � Primary outcome

 � Timed Up and Go test
 � Secondary outcome

 �   �  X X X

 � Clinical measures and questionnaires  �   �  X X X

 � Cognitive and psychological assessment  �   �  X X X

 � Posturographic assessment  �   �  X X X

T-1 enrolment, T0 before treatment, T1 after treatment, T2 3-month follow-up.
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will be repeated three times, and the mean value will be 
recorded.

Secondary outcome measures
Secondary outcomes will include: (1) clinical measures 
and questionnaires, (2) cognitive and psychological assess-
ment and (3) posturographic assessment. All secondary 
outcome measures will be carried out in random order.

Clinical measures and questionnaires
►► Dynamic Gait Index (DGI): gait, balance and risk of 

fall are measured using DGI. DGI will evaluate not 
only usual steady-state walking but also during a more 
challenging task (ie, cross obstacles, slalom). The 
subject will perform eight functional walking tests and 
score out of three (maximum total score is 24).38

►► Four Square Step Test (FSST): this timed test is 
intended to challenge the rapid change in direction 
while stepping forward, backward and sideways over a 
low obstacle. The faster the time measured to perform 
the task signifies a superior level of dynamic balance 
abilities. The minimal detectable change estimate for 
the FSST in MS is 4.6 s, and it was found to be a valid 
assessment tool in MS.39

►► Functional Reach Test (FRT): this test assesses the 
subject’s stability by measuring the maximum distance 
an individual can reach forward while standing in a 
fixed position. A longer reaching distance indicates 
better postural control.40

►► Multiple Sclerosis Impact Scale—29 (MSIS-29): this 
health-rated quality of life questionnaire assesses the 
impact of MS on physical and psychological functions. 
It is formed by 29 items on ADL I and II: 20 about 
physical activity and 9 about psychological status. 
Each item can be scored with a value from 0 to 5; the 
total score is given by the sum of all the items and then 
is transformed in a range from 0 to 100.41

►► Multiple Sclerosis Walking Scale—12 (MSWS-12): this 
questionnaire assesses the impact of MS on walking 
ability. It is formed by 12 items, asking the patient 
about his perception on gait speed, running, confi-
dence ascending/descending stairs, balance and 
fatigue. The total score is obtained by the sum of the 
score of each item (0–5) and then transformed into a 
value from 0 to 100.42

►► Modified Fatigue Impact Scale (MFIS): this 21-item 
questionnaire assesses the perceived impact of fatigue 
on the subscale physical, cognitive and psycholog-
ical functioning during the past 4 weeks. MFIS has 
been recommended for use by the Multiple Sclerosis 
Council for Clinical Practice Guidelines.43 44

Cognitive and psychological assessment
►► Beck Depression Inventory—Second Edition (BDI-

II): this is a 21-item self-report measure that quanti-
fies the severity of depression and over behavioural 
characteristics of depression.45

►► State Trait Anxiety Inventory (STAI-Y): this self-report 
questionnaire measures the presence and severity 
of current symptoms of anxiety and a generalised 
propensity to be anxious. There are two subscales: 
20 items allocated to each of the State Anxiety (S‐
Anxiety) and Trait Anxiety (T‐Anxiety).46

►► Test of Attentional Performance (T.A.P. V.2.3): 
attentional performance will be evaluated using a 
neuropsychological computer test. Errors, omissions 
and reaction times will be recorded as outcomes of 
performance. Three modules of the T.A.P. will be 
administered: Go-No Go subtest as it allows assess-
ment of the specific ability of subjects to suppress 
undesired responses; alertness subtest that measures 
the simple reaction time in response to a visual stim-
ulus and, divided attention subtest, that explored with 
‘dual-task’ test the ability to attend simultaneously two 
stimuli (visual and acoustic) processed in parallel.47

►► Stroop Color-Word Test (SCWT): this neuropsycho-
logical test is used to assess the ability to inhibit cogni-
tive interference when processing a specific stimulus 
feature impedes the simultaneous processing of a 
second stimulus attribute. Subjects are required to 
read three different tables as fast as possible. Two of 
them represent the ‘congruous condition’, in which 
participants are required to read names of colours 
printed in black ink and name different colour 
patches. Conversely, the third table represents the 
incongruent condition, in which participants are 
required to name the colour of the ink instead of 
reading the word.48

►► Symbol Digit Modalities Test (SDMT): this neuropsy-
chological test quantifies cognitive processing speed. 
It consists of orally report the correct number corre-
sponding to a symbol in a pseudorandom sequence of 
nine symbols as quickly as possible.49

Posturographic assessment
Instrumented basic balance evaluation: Force platform 
measurements are routinely used as objective markers 
of subjects’ balance ability.50 51 Several parameters can 
be extracted from the force platforms that correlate 
with balance ability and risk of falls in PwMS. During the 
instrumented tasks, subjects will be asked to stand on a 
force plate (BERTEC Model 4080–10, Bertec, Columbus, 
Ohio, USA) with arms parallel to their body. Each subject 
will undergo five repetitions (each lasting 60 s) of two 
tasks that will consist in standing with the eyes open and 
standing with the eyes closed. The movements of the 
centre of pressure (CoP) of the subjects will be recorded. 
A series of features will be extracted from the CoP traces 
to inform on different balance characteristics of each 
patient and the specific effect of each of the proposed 
therapies. Features that will be analysed include different 
measures of CoP displacement in the anteroposterior 
(AP) and mediolateral (ML) directions, the CoP path 
length (total, AP and ML) and the CoP average and 
maximum speed.33
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Dual-tasking assessment will be performed combining 
posturographic and neuropsychological tests: subjects will 
be asked to complete SCWT standing on the force plat-
form, ensuring a similar condition to single-task SCWT. 
Head position will be fixed using a large panel fixed on 
the wall facing the force plate in order to prevent subjects 
lowering their head and distort the data. The ability to 
inhibit cognitive interferences during quiet and standing 
conditions will be compared.

Data management
Data analysis will be performed according to the research 
hypothesis mentioned. Stata Statistical Software (Release 
13.1.: StataCorp LP) will be used for data analysis.

Sample size and power
The primary outcome of this study is to highlight differ-
ences in the time used to perform the TUG test between 
PwMS who underwent VGT and BPT. Our preliminary 
results from an unpublished pilot study (n=6) shown a 
VGT effect size of 0.93 in people with MS and EDSS <6. 
Given equal allocation between treatment and control 
arms, and using 80% power and alpha of 5%, we would 
need 40 subjects to complete the study. Conservatively, we 
expect a 10% rate of drop-out. Thus the sample size will 
be increased by 10% to 48 subjects (24 per arm).

Statistical analyses
Descriptive statistics (mean and 95% CI) will be reported 
before treatment, after treatment and at 3 months 
follow-up for all the selected variables (clinical, instru-
mental and questionnaires). Specifically, TUG changes 
after treatments will be considered as our primary 
endpoint, whereas changes of all the other outcome 
measures (DGI, FSST, FRT, MSIS-29, MSWS-12, MFIS, 
BDI-II, STAI-Y, SCWT, SDMT, T.A.P., posturographic vari-
ables) will be treated as secondary endpoints. Between-
group differences will be explored with the Wilcoxon 
rank-sum test. Moreover, a repeated-measures analysis 
of variance (within-group factor: TIME; between-group 
factor: TREATMENT) will be conducted to detect the 
main effects for treatment and time for all the available 
outcomes. To calculate the effect size of both treatments, 
we will use Cohen’s d.52 Results will be reported as mean 
and 95% CI. Significance will be recognised for p<0.05.

Intention-to-treat
Every attempt will be made to avoid missing data 
through a careful check of self-reported measures, as 
self-administered questionnaires. An intention-to-treat 
analysis was carried out on all outcome measures. Missing 
data will be treated using the last observation carried 
forward approach.

Data monitoring and interim analysis
The trial does not include Data Monitoring Committee. 
An update on trial progress will be shared with Ferrara 
University Hospital Research office every 6 months. The 
research coordinator will be responsible for interim 

analysis to determine if the trial should stop, modify or 
carry out. The research group will discuss any subsequent 
modifications and communicate to the funding agency 
and Ethics Committee.

Patient and public involvement
The research question in this study starts from years 
of experience in rehabilitation of PwMS and previous 
research study on the use of VGT in balance impairment. 
The drafting of the study was submitted to the Multiple 
Sclerosis Italian Society (FISM) and reviewed to better 
meet patients’ needs. The final version of the study 
reflects the collaboration between the research group 
and the patients’ association.

Ethics and dissemination
The Ethics Committee of Ferrara approved this study 
with approval number 170 691 on 19 October 2017. 
Communication of results and conclusions will be 
assigned to high-quality journals and national and inter-
national conferences. Results will also be disseminated 
through FISM annual conference. People with MS will 
be informed about the possible efficacy of the proposed 
treatment through MS support groups.

DISCUSSION
This trial may highlight the role of gaming in the reha-
bilitation of PwMS, enforcing the utilisation of new tech-
nologies in daily clinical practice among subjects with 
mild-to-moderate disability.53

Our expectation from the proposed research is to 
observe a more significant effect on mobility, balance and 
dual-tasking through virtual reality training compared 
with a conventional approach. A meta-analysis by Casuso-
Holgado et al found that active video game training could 
be considered as effective as conventional training in 
improving balance and gait abilities in PwMS, but treat-
ment modalities’ variability among the included studies 
may give rise to various interpretations.54 Furthermore, 
we expect different results due to the dosage of our 
treatment compared with those of included studies in 
the review and treatment administration modalities that 
include home-based interventions and one intervention 
based on telerehabilitation. Instead, our expected results 
are in line with what was found by Nascimento et al in 
their systematic review regarding fatigue, quality of life 
and balance.55 Making the rehabilitative session more 
engaging for patients may increase involvement and 
adherence in the rehabilitation process. Increased partic-
ipation and motivation were already being observed in 
PwMS treated with gamified training.53 56 Traditional 
rehabilitation approaches is often repetitive and boring, 
decreasing patient’s interest and exercise participation. 
However, patients’ satisfaction represents one of the 
key features for treatment adherence and rehabilita-
tion success, particularly in PwMS.57 Virtual reality-based 
therapy has been proposed to overcome the drawbacks 
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of conventional rehabilitation, providing augmented 
feedback during training that contribute to a more effec-
tive motor learning.58 Active video games may offer an 
enriched environment useful for subjects with neuropsy-
chological disorders, like attentional deficit or impaired 
alertness. Exergaming has recently been studied as an 
effective strategy to improve dual-task performance in 
people with neurological disabilities.59 Indeed, active 
video games not only engage patients in motor activities, 
but it simultaneously require subjects to use cognitive 
abilities for managing inputs into an enriched environ-
ment.5 Therefore, we expect to observe greater modifica-
tions on cognitive and psychological evaluation of people 
who received rehabilitation through video game plat-
forms. Recently, gaming consoles introduced in clinical 
and research settings may represent a low-cost opportu-
nity of delivering virtual-reality training. For this reason, 
the use of VGT may be delivered at home, promoting self-
management strategies to improve mobility function and 
long-term outcomes. Our study may have several limita-
tions. First, the absence of evaluation over 3 months could 
not give any information about the long-term effects of 
active video game training. Second, we will not use any 
instrument to assess patients’ satisfaction with the exper-
imental treatment. Third, any neuroimaging technique 
will be used to show the possible neuroplastic changes in 
the brain due to VGT. Finally, we will not study the effects 
of combined treatment of VGT and other rehabilitative 
techniques for balance and mobility, despite combining 
treatments seems to augment training efficacy and boost 
effects of a single approach.22 Further studies should 
consider these possible limitations and confirm the results 
related to physical and neuropsychological outcomes.
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