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Introduction

The use of technology, including exergaming (EG), is
rapidly increasing in functional rehabilitation, also of the
older adult. Recent studies have highlighted positive as-
pects regarding the rehabilitation use of this type of tech-
nology, diversified and potentially very broad.

EG are video games that combine real-time motion de-
tection and feedback about performance, to promote phys-
ical condition and practice of simulated functional tasks.
The participant’s movements, detected by special sensors
or through an external controller, animate an avatar on the
screen/monitor representing the player involved in dif-
ferent type of games. Several options of changing the vir-
tual environment and objects, task difficulty level, and
adapt the specific task to the user requirements are pro-
vided. Minimum risk and ludic aspects of gaming may
augment motivation toward motion and fulfilment of ob-
jectives. This technology can deliver multisensory, task-
oriented exercises that are promising in the rehabilitation
process of neurologic disorders. The multisensory feed-
back boosts motor learning and facilitates cortical reor-
ganisation, thereby facilitating the recovery of functions
and activities.

EGs have emerged as therapeutic approaches in clin-
ical settings, providing improvements in the functions of
the upper limbs, in daily activities (1,2) and in gait (3) in
post-stroke patients and in motor symptoms (4) and bal-
ance (5) in patients with Parkinson's disease (PD). EG
treatment also allows for long-term exercise planning,
which is useful for reducing the impact of multiple scle-
rosis (MS) related disorders in adults. Commercial inter-
active gaming system such as Wii (Nintendo, 2006) and
Kinect (Microsoft, 2010), designed for an entertaining
purpose of a ‘typical’ healthy user, found to be effective
when used in rehabilitation programs to assist in patients’
recovery of motor function (6).

The Wii, with variety of games enabled through its pe-
ripheral devices (Wii Remote and Wii Balance Board), has
been used with the Wii Fit for physical activity condi-
tioning (7) and balance rehabilitation (8) in people with
MS (9), stroke (1,10-12) and subacute stroke (13).

The Kinect system, inclusive of hands-free interface
device (Kinect sensor) compatible with the Xbox 360 and

ABSTRACT. Rehabilitation based on Exergame is showing 
a rapid evolution, with interesting applications for the
recovery of mobility, balance, postural control, coordination
and fine motor skills, and including home-based training. 
At present, there are no precise indications for Exergame-
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We examined randomized controlled trials published between
2016-2020, with search in the databases of PubMed, Scopus,
Cochrane Library, RehabData, selecting 24 studies.
The study of patients with chronic or subacute stroke in
outpatient treatment, and with small sample sizes, prevails.
Wide variability characterizes the rehabilitation methods, 
the technological platforms used, the type and dose of
exercise administered, the outcome measures.
The adequacy and efficacy of Exergames remains uncertain
in the neurological elderly, and the functional improvement 
in the neurological adult patient is not yet attested using this
type of approach.
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RIASSUNTO. EXERGAME PER LA RIABILITAZIONE

FUNZIONALE DI ADULTI OVER 55 CON MALATTIE

NEUROLOGICHE. La riabilitazione basata su Exergame 
sta mostrando una rapida evoluzione, con interessanti
applicazioni per il recupero della mobilità, dell’equilibrio,
del controllo posturale, della coordinazione e della motricità
fine, comprendendo il contesto dell’allenamento domiciliare.
Al momento, non esistono indicazioni precise per la
riabilitazione basata su Exergame di soggetti over 55 colpiti
da ictus, malattia di Parkinson, o sclerosi multipla.
Questa revisione esamina le modalità proposte e l’efficacia
degli interventi riabilitativi basati su Exergame per adulti
over 55 con ictus, morbo di Parkinson o sclerosi multipla,
evidenziando i limiti, i vantaggi, le controversie e l’impatto
di questo approccio.
Sono stati esaminati studi randomizzati controllati
pubblicati tra il 2016-2020, con ricerca nei database 
di PubMed, Scopus, Cochrane Library, RehabData,
selezionando 24 studi.
Prevale lo studio su pazienti con ictus cronico o subacuto 
in trattamento ambulatoriale, e con dimensioni piccole 
dei campioni. Ampia variabilità caratterizza le modalità
riabilitative, le piattaforme tecnologiche utilizzate, il tipo 
e la dose di esercizio somministrato, le misure di esito.
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Xbox One console, and leveraging the creation or adapta-
tion of new games by open source software, proved reli-
able for assessment of postural control and training of
muscle tone and power in post-stroke patients (14).

EG rehabilitation leads to improvement of gross body
(15) and upper body mobility (16), with benefits trans-
ferred also to daily activity (17-20), and rehabilitation
learning sustained up to 3 (15) and 6 months (21). Effects
are particularly evident for EG training applied in addition
to conventional therapy, while limited generalizability of
results prevents to reach conclusions on mobility out-
comes when EG administered alone (19).

Few EG systems have been developed specifically for
rehabilitation purposes. Among these, Serious Games are
systems involving cognitive and motor tasks, developed to
support rehabilitation. Robotic systems, ranging from sim-
pler end effector to more complex exoskeleton, are partic-
ularly promising in sensorimotor rehabilitation.

In the practice of occupational rehabilitation, most
therapeutic interventions aim at the recovery of function
by the adult suffering from diseases such as stroke, PD or
MS. The use of rehabilitation technologies based on EG
can represent an advantage for the use of resources and for
the different possibilities of administering the exercise.
Although technological rehabilitation can be generally
considered a safe treatment, there is no complete overview
of the functional rehabilitation approach with EG for the
older adult. Many issues, such as best dose of therapy,
timing, and types of programs, individual adaptation of
treatment, long-term sustainability of effects, remote ad-
ministration, safety related concerns, and others, are yet to
define clearly.

In this review, we consider the adequacy and efficacy
aspects of Exergame treatments for the functional rehabil-
itation of the adult with stroke, PD, or MS.

Methods

A literature search was undertaken between August and
October 2020 in the international online bibliographic
databases PubMed, Scopus, Cochrane Library, RehabData,
using the keywords: (exergame OR active video game)
AND (elderly OR older adults) AND (rehabilitation OR oc-
cupational therapy). The identification, screening, eligi-
bility and inclusion of studies were performed following
the 2009 Prisma flowchart. Two reviewers (a physician and
a research assistant) conducted the search independently.
Articles that met the following criteria were included in the
review: published since 2016, randomized controlled trial,
focusing on the use of exergames or active video
games/virtual reality rehabilitation of older adults (mean

age 55 years old) affected by neurological disease
(stroke, Parkinson’s disease, multiple sclerosis), written in
English and with full text available online.

Articles were excluded if they were review, if focused
at improving cognitive tasks, considered other patholo-
gies, healthy or frail subjects, or did not describe any re-
habilitative intervention.

The title and/or abstracts of the studies were scanned
for the study objective, study population, exergame plat-
form, training procedure, measurement. Borderline cases
(such as studies with participants’ age not fully corre-
sponding to that supposed), were evaluated according to
their contribution to knowledge.

A scoring sheet was developed on a Microsoft Excel
for the full-text review. Data were sorted in categories, in-
cluding participants (population, main selection criteria,
number of subjects, and participants age), study (method-
ology, location, and focus), game technologies and exer-
cises (gaming system, games, exercise, playtime, fre-
quency and duration), and measure of evaluation (out-
comes and results).

The methodological quality of the included studies
was evaluated by a classification system, the Jadad Scale
(Oxford quality scoring system) (22) commonly used by
the health care community, according to randomization,
blinding, and drop out. In this scoping review the method-
ological quality of the studies did not determine their in-
clusion or exclusion.

Results

A total of respectively 83 and 50 articles were found in
the databases by the two reviewers (searching phase, Aug-
Oct 2020), reduced to 30 potential eligible studies after
exclusion based on title and abstract (screening phase, No-
vember 2020). Disagreements over inclusion was resolved
by consensus after referring to criteria and relevant theo-
retical and empirical issues. Eventually twenty-four
studies were eligible by both reviewers, and included in
the review (Table I).

All studies, except one with “virtual reality” in the title
(24), included keywords such as exergame, videogame,
virtual reality, virtual rehabilitation, rehabilitation games,
Nintendo Wii, Kinect, biofeedback, proprioception, bal-
ance training-rehabilitation.

Although our main focus was on EG, we included 18
articles (75%) with “Virtual Reality” in the text and / or in
the title. In this review indeed, we use the term virtual re-
ality (VR) referring to EG features.

The studies were published in 2016 (three), 2017
(seven), 2018 (six), 2019 (seven), and 2020 (one), from
America (eight), Europe (six), East (seven) and Middle
East (three). All studies were RTC, randomized controlled
trial, (with five pilot study). The methodological quality of
RCTs assessed by the Jadad scale was high in 70% of
cases. Majority of studies (fifteen) focused on chronic or
subacute stroke (including haemiplegia), eight focused on
Parkinson’s disease (PD), and one study on multiple scle-
rosis (MS).

L’adeguatezza e l’efficacia degli Exergames rimane incerta
negli anziani neurologici, ed il miglioramento funzionale 
nel paziente neurologico adulto non è ancora attestato
utilizzando questo tipo di approccio.

Parole chiave: Exergame, riabilitazione funzionale, 
realtà virtuale, malattie neurologiche, misure di esito.
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Mean size of the experimental group (ExpGr) was
overall sixteen subjects, with 4% females. As for age, in
two studies (7,27), the age range in ExpGr was very broad
(27-78 years), while it was just below the age limit of 55
in another study (28). We kept these last studies in the re-
view due to important contribution to knowledge.

In the studies considered, the criteria for inclusion of
patients in the study samples were based on disease type,
severity and duration, motor or cognitive potential, and
sometimes age. Exclusion was determined by the presence
of cognitive / sensory deficits, aphasia, low vision, motor
problems or syndromes incompatible with training. In
some cases, the patient’s need of use of assistive devices
or previous experience with EG determined retrospective
exclusion as a participant.

EG and VR
In fifteen articles the concepts of VR and EG were

used interchangeably, since VR was meant as stylistic
component of EG (i.e. exercise by gaming through virtual
environments, virtual objects or players). Instead in three
articles (9,11,30), the authors specifically differentiated
between EG (commercial games, more convenient and
easy to use), and VR (specific for rehabilitation). In six ar-
ticles (25%) the term “virtual reality” does not appear.

Type of treatment and duration
The training was provided on an outpatient (50%) or

inpatient (16%) basis, or at home (33%) (Table I). EG-VR
training was delivered as a stand alone treatment (71%), or
it was in addition to traditional treatment (29%). The ex-
perimental treatment lasted on average 630 minutes over 6
weeks, with a follow-up (in 10 studies only) at 2.7 months
after treatment. Primary outcomes included balance and
gait (54%), upper limb functionality (41%), and physical
activity (4%).

Type of platforms and sensor devices
The technological platform observed in the included

studies were:
– (29%): Nintendo Wii Fit with balance board (23,29-

31), Nintendo with Wiimote (32) and Nintendo Wii
Sports with a paddle integrated sensor (3);

– (41%): Kinect (28,34-36), Xbox Kinect (6,7,26,37),
and Kinect2Sctratch (11);

– (30%): Other platforms: Stepmania used with a special
mat (8), and Script with special dynamic orthosis for
UE (39).
Rehabilitation specific designed platforms were:

– Unity Game Development software (40), Rehab@home
(9), and Riablo (24);

– myoelectric computer interface Phython used with a
cursor (27);

– MotionRehab AVE (41);
– 3D Oculus with head mounted device (42);
– a finger robotic exoskeleton in the form of a special

glove (25).
As a theoretical reference, Hebbian’s theory of plas-

ticity (25) and Gentile’s theory of motor learning (37)
were mentioned in two studies, while neurobiological

theory was implicitly assumed in a study related to bal-
ance training (24).

Safety and feasibility of exergaming
In some studies, patient’s safety aspects were consid-

ered by verifying a posteriori the absence of adverse events
occurring during training with EG (28,30), or by recording
the number of accidental falls during the same period (23)
or during the following six months (38) (Table II).

In some cases, the patients’ subjective perceptions of
pain, fatigue or discomfort arising during exercise were
considered as a safety criterion to immediately end the
training session (32).

Some studies observed specific risks associated with
carrying out the exercises: risk of repetitive injury, with
patients complaining of upper extremity soreness after a
30-minute Kinect2Scratch games intervention (11), and
shoulder pain due to the use of hemiparetic side (33).

Increased pressure/tension score and corresponding
higher level of average tremor was observed in PD pa-
tients engaged in 3D vs. 2D VR manipulation tasks (42).

One study adopted preventive measures (a harness
safety belt) to minimize risk for stroke patients performing
standing activities (6).

Home based training has been shown to be feasible
(9,26,38-40) even in innovative ways (e.g. Myoelectric
computer interface training) (27), though safety in the
home setting could be a problem for patients with cogni-
tive decline (23). Direct supervision by a physical or oc-
cupational therapist was almost always required to set and
regulate the type and progression of exercises, to assist or
encourage the patient, and ultimately to administer assess-
ment tests. Otherwise, there were regular home visits by
the researcher (25,36,38,39) or contact via skype during
the sessions (23).

Patient perceptions
Patient motivation and compliance were generally

high (6,7,24,25,26,30,36,38), with an explicit greater ap-
preciation of technological training than traditional reha-
bilitation (36,40). Satisfaction and motivation were as-
sessed by questionnaires at follow-up or at each training
session, often using the Intrinsic Motivation Inventory
(25,36,39,42), or including quality of life assessment
(23,26,31,32,34,37,39,40). In case of non-evaluation of
users’ perceptions, this has been addressed as a specific
limit of the study (9,28). Patients reported that adherence
to the program was strengthened by a wide variety of ex-
ercises available and regular contact with the referral ther-
apist (39,40).

Problems detected with patients using technological
equipment

The possibility of a Kinect sensor error in distin-
guishing the assistant from the participant during some
phases of the assisted movement has been reported (6).
Space problems with equipment have been reported in re-
lation to the home setting (40). The participants’ lack of
experience with technology did not reduce participation in
training (36). Eye fatigue could arise in PD patients who
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wear glasses while using immersive 3D equipment (42),
and frustration could occur in older adults with cognitive
problems (37).

Balance training
Balance training was based on WiiFit games

(23,30,31) or dual-task training technique (29), or a com-
bination of upper limb exercises (32) and postural and lo-
comotor skills (34,35), or focusing on physical condi-
tioning and muscle-strengthening (26,33). The Kinect
(33), the Riablo (24) and Stepmania (38) were also used.

The patient mostly maintained an upright position, or
sometimes alternating sitting-upright (26), or always sit-
ting (33).

Upper limbs training
Upper limb training was based on gross limb move-

ments (11,27,28,33,40,41) or finger and hand movements
(25,33,39,42), including trunk movements (41). The pa-
tient maintained the sitting or alternated the sitting /
standing position. Biofeedback technique (27) and robotic
therapy (39) have also been used. Beside Wii remote (32),
particular devices such as gripping assist gloves (33), spe-
cial force-sensing gloves (25), hand-wrist splint (27), hand
orthosis (39), or head-mounted device (42) were some-
times used with particular systems.

Particular techniques
Multi-user therapy (36) and robotic (25) were used for

upper limb training, while Dual Task was used for bal-
ance training (29). Biofeedback with myoelectric inter-
face was used to reduce spasticity in upper limb muscles
(27), and biofeedback associated with IMU sensors and
static force platform was used to improve postural and
balance skills (24).

Feedback and difficulty level
Almost all EGs included visual-auditory feedback pro-

vided to the patient in real time, as a form of encourage-
ment, for correction, or as scoring information. The thera-
pist established the initial difficulty level of exercise, based
on the patient’s skills and motivation, and adapted it grad-
ually, even at a distance, based on the attained score (39).

In some cases the patient himself decided indepen-
dently the intensity of the exercise, on the basis of sub-
jective perception (26,41). Rest intervals between activi-
ties were sometimes indicated in the protocols (27,32). In
one study, patients also had the opportunity to play the
video clip of the training sessions, to understand errors
and correct performance (32). Wide variability character-
ized the number of sessions, from a minimum of 6 (27) to
over 30 (6,32,38,39,40), as well as the session duration,
from a minimum of 15 (29,38,40) to 60-90 minutes (27),
with a maximum cumulative training duration of 25-30
hours (43).

Outcome measures
Each study used heterogeneous sets of outcome mea-

sures to evaluate rehabilitation. Overall, 54 types of mea-
surement tools appear in the analyzed studies (Table III).

The most used were the Berg Balance Scale, together
with instrumental measurements of balance and gait, the
Timed Up & Go, and other tests for the upper limbs func-
tion (Fugl-Meyer Assessment, Box & Block Test, and
Motor Activity Log). Most of outcome measures are
generic and performance-based (except Fugl-Meyer,
which is stroke-specific, and Motor Activity Log which is
self-reporting).

Additional tests, questionnaires, clinician-rated instru-
ments or patient-reported results appear with low frequen-
cies of use (we counted 27 different tools used only once
by a single study) to assess general health, quality of life,
emotions, fatigue, pain, falls, spasticity, manual and fine
dexterity, disability and independence, cognitive aspects,
strength, and transfer ability. Pathology-specific measures
were addressed to stroke (14 tools), to PD (6 tools) and
MS (2 tools). 44% of the outcome measures included in-
dications about MCD (Minimal Detectable Change) or
MCID (Minimal Clinically Important Difference) as sta-
tistical properties. 66% of the studies provided outcome
results that were comparable to the available MCD and
MCID reference values.

Instrumental quantification of outcomes
Some studies have used additional instrumental

methods to quantify the results: “leap motion controller”
for hand movements and tremor (42), kinematic analysis
for range of motion during reaching tasks (27), automatic
calculation of the finger motions (25), electronic platforms
for static and dynamic balance (24,30), the Wii Balance
Board integrated system (33), accelerometer and force dy-
namometer (7).

Other physiological (heart rate), psychophysical (Borg
scale) and subjective measures (VAS), or neuropsycholog-
ical measures were used through the studies.

Effectiveness of EG-VR training
Despite significant improvements in balance achieved

through EG-VR, those were not sufficient for patients to
achieve independence in activities of daily living (6,37),
either this result occurred only in a small sample (30). In
other cases, the improvements in balance did not attained
the threshold of MDC (35) or MCID (23). Upper limb
function (27), fine hand movements (9), and perception of
general health (26) improved significantly after training. A
greater volume of upper limb activity was achieved com-
pared to traditional therapy (36), however this was not as-
sociated with evident functional relapse (39). The benefits
obtained from EG-VR training were not maintained at
follow-up (6,7,11,27,28), or were maintained but at a short
follow-up (30,37). In some cases, patients reported sub-
jectively perceived improvements in ADL performance
(36,38), which however did not rule out general aerobic
training as a concomitant cause (26).

Discussion

As already highlighted in the literature (19), the
studies on the use of EG in rehabilitation don’t provide
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generalizable data, due to the smallness of the samples, the
variability of the training methods and dosage, as well as
the poor control of the results at follow-up. In our opinion,
a certain fragility of the conclusions also derives from the
heterogeneity of the outcome measures used among the
studies. In many respects, EG based rehabilitation meets
the indications of the rehabilitation guidelines (43): high
repetition and task-oriented training; combined exercises;
fall prevention; hand dexterity and fine motor skills; home
rehabilitation; prevention of secondary disabilities. The
studies we have analyzed, randomized controlled trials
published in the last 5 years on the use of EG in the reha-
bilitation of the older adult, suggest interesting develop-
ments especially in relation to the training of mobility, bal-
ance and postural control, as well as of coordination and
hand dexterity. All these motor skills affect independence
and quality of life of neurological patients. The EG based
rehabilitation allows for large volumes of exercise by cus-
tomizing tasks training and stimulating patient motivation.
In particular, remote monitoring of physical activity
throgh EG based rehabilitation represents a significant op-
portunity for the management of patients at home and in
continuity of care.

Although our main focus was on the use of EGs, re-
gardless if associated with immersive or non-immersive
VR, we found that 18 of the 24 included articles (75%)
used “virtual reality” in association with  “exergame”, and
without a clear distinction between the two terms. Only in
three articles, EG (easy-to-use and cost-effective commer-
cial games) and VR (specific tools for rehabilitation) were
treated as distinct techniques, but without reporting an ob-
vious advantage of one over the  other.

Training based both on EG and VR leads to savings in
terms of staff employed and convenience. Excellent ad-
herence to therapy and a greater total amount of exercise
accumulated by patients are a strength, which can also
contribute to improvements in quality of life, regardless of
the type of exercise (26).

In the future, a more functional and task oriented EG
design could increase the efficiency of motor learning in
patients (41) and encourage the acquisition of more effi-
cient automatic behaviours (44). Mitigation of some crit-
ical issues relating to home-based training may occur in
the future also thanks to the refinement of innovative tech-
niques, such as robotics and exoskeletons. However, di-
rectly available care and supervision of patients with high
disease severity remains a key aspect of home rehabilita-
tion. Training at home using platforms that involve mul-
tiple users in the game could be a valid modality for the re-
mote rehabilitation of patients with mild illness; however
the effects of this methodology have not been explored in
the literature so far (only the study by Thielbar et al. em-
ploys part of the experimental group in multi-user mode).
The high involvement of patients in VR and EG could in-
duce some disadvantages, typically due to the perception
of time pressure, and consequently low precision in exer-
cise execution, compensatory movements or tremors, as
well as greater postural instability and even risk of falling.
A key point still to be clarified are the recommendations
on the type and dosage of training based on the severity of

the disease and the patient’s cognitive abilities. The dura-
tion and intensity of rehabilitation, generally short in the
studies analyzed, could be decisive for a greater relevance
of the outcomes.

Since neurological patients have a high potential for
motor improvement even after discharge from the hos-
pital, training based on VR and EG could represent a valid
alternative to traditional rehabilitation in the perspective
of continuity of patient care. The studies analyzed, al-
though within the limits highlighted, show that VR and
EG can be included in a training program for patients who
have suffered from stroke, PD or MS. The rehabilitative
effects obtained with EG-VR are generally comparable to
those obtained through traditional rehabilitation and ap-
pear to benefit mainly patients with mild to moderate dis-
ease severity.

Several questions emerge from the analyzed studies,
which will have to be answered in the future:
– find out which factors influence the patient’s accept-

ability, motivation and adherence to therapy
(28,37,39,40,41,42);

– verify to what extent the patient’s physical characteris-
tics such as muscle strength, lean mass (23) or obesity
(32) affect motor recovery, and how the benefits ob-
tained can be maintained over time (26,28,38);

– which variables to monitor during exercise, to more
precisely control intensity and tolerability (34);

– better define the conditions for tele-rehabilitation
(9,11,28,39) also considering new modalities (eg wear-
able exoskeletons) (27);

– study of the rehabilitation of the lower limb (41);
– verify the effects associated with different exercise

programs on important outcome measures such as fit-
ness and mobility, quality of life, daily activities, cost-
benefit ratio, fall risk and muscle strength (34), and
verify functional relapses (40);

– performing studies on much larger sample sizes, in-
cluding other pathologies, to confirm the clinical effi-
cacy of the approaches (24,39,42) and to investigate
the superiority of EG and VR over conventional pro-
grams (30,32);

– explore the interaction between cognitive aspects and
motor therapy interventions (40).
In rehabilitation, appropriate selection of outcome

measures is essential to obtain informative data on the ef-
ficacy of treatments and to assess the change over time of
motor and functional aspects, as recommended by clinical
practice guidelines (45) and by the StrokEDGE consent
group (46). A fundamental set of recommended outcome
measures for the neuro-rehabilitation of the older patient
is still missing. Recent stroke guidelines (47,48) recom-
mend the use of primary and secondary outcome mea-
sures, which include measures of impairment, activity
limitation, and quality of life, and with established psy-
chometric properties. Self-assessment measures should
complement objective measures to assess functional gain
and motivational aspects.

Many of the scales used in the studies analysed (Berg
Balance Scale, Fugl-Meyer, Balance Confidence Scale,
Functional Gait Assessment, 10-meter Walk Test and 6-
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minute Walk Test) are recommended as primary outcome
measures for neurological conditions in adults. Other,
such as the Wolf Motor Function Test, the Action Re-
search Arm Test, the ten-meter and six-minute Walk Tests,
and the Stroke Impact Scale, are recommended as sec-
ondary outcomes. Subjective patient experience has often
been evaluated in studies through the Intrinsic Motivation
Inventory (49).

Our review was thorough in examining the RCTs
found in databases and offering an integrated view on the
technical, individual and rehabilitative aspects of the
problem. It is possible however, that some interesting
works including “grey literature” have not been addressed.

Regarding the limitations of our study, it was not pos-
sible to compare the long-term benefit obtained from a
specific platforms used in patients with the same
pathology, or with the same characteristics in terms of age,
sex and severity of motor disorders. Limited duration of
the trial in the studies and variety of platforms, training
methodologies and outcome measures helped to blur ho-
mogeneous conclusions. Furthermore, in the samples
studied, already numerically scarce, the female gender
was very little represented (4%), which could also gen-
erate an imprecise knowledge of the motivational and
functional aspects related to exercise, generally different
between male and female (50,51). The lack of standard-
ization between studies with respect to the rehabilitation
protocol is an aspect that should be improved in future
in this research area.

Conclusions

The EG rehabilitation of the older adult with stroke,
PD or MS seems to offer multiple advantages. However,
to date it is not possible to draw precise indications on the
effectiveness and optimal treatment methods for the var-
ious pathologies, especially in relation to functional re-
covery.

Further efforts are needed to collect data on larger
samples and analyze them according to an agreed research
direction, also by better defining the significant parame-
ters to be evaluated through more homogeneous and stan-
dardized outcome measures.
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30) Karasu AU, Batur EB, Karataş GK. Effectiveness of Wii-based
rehabilitation in stroke: A randomized controlled study. J Rehabil
Med 2018; 50:406-412. doi: 10.2340/16501977-2331

31) Ribas CG, Alves da Silva L, Corrêa MR, et al. Effectiveness of
exergaming in improving functional balance, fatigue and quality of life
in Parkinson’s disease: A pilot randomized controlled trial. Parkinsonism
Relat Disord 2017; 38:13-18. doi: 10.1016/j.parkreldis.2017.02.006
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