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Purpose. To  etermine the effects of a structure protocol using commercial vi eo games on balance, postural control, func-
tionality, quality of life, an level of motivation in patients with subacute stroke. Methods. A ran omize controlle trial was
con ucte . A control group (n� 25) receive eight weeks of conventional rehabilitation consisting of five weekly sessions base on
an approach for task-oriente motor training.2e experimental group (n� 23) receive conventional rehabilitation + vi eo-game
base therapy for eight weeks with commercial vi eo games using the Xbox 360° vi eo games console an the Kinect®  evice with
the same total treatment time for both groups. 2e Mo ifie Rankin Scale, Barthel In ex, Tinetti scale, Functional Reach test, Get
Up an Go test, Baropo ometry, EuroQoL 5D (EQ-5D), satisfaction, a herence, an motivation were use as outcome measures.
Results. In the between-group comparison, statistically significant  ifferences were observe in the Mo ifie Rankin scores
(p< 0.01), the Barthel In ex (p � 0.05), the Tinetti gait assessment (p � 0.02), the Functional Reach test (p< 0.01), the Get Up an 
Go test (p � 0.05), the pain/ iscomfort  imension (p< 0.01), an anxiety/ epression  imension (p< 0.01) of the EQ-5D an the
VAS (visual analog scale) (p< 0.01) on the perceive health status base on the EQ-5D questionnaire. Regar ing the scale of
motivation, self-esteem, an a herence, statistically significant  ifferences were achieve in motivation (p< 0.01), self-esteem
(p< 0.01), an a herence (p< 0.01) variables. Conclusion. A protocol of semi-immersive vi eo-game base therapy, combine 
with conventional therapy, may be effective for improving balance, functionality, quality of life, an motivation in patients with
subacute stroke. 2is trial is registere with NCT03528395.

1. Introduction

Stroke constitutes a clinical syn rome with a rapi onset
originate by a focal  isor er of brain function of a vascular
origin [1]. 2e global bur en of stroke has continue to
increase, representing an important public health problem
an the secon cause of  eath worl wi e [2–4]. However,
mortality after a stroke has  ecrease in recent years
probably  ue to an improve control of risk factors, the

recognition of stroke signs, an improvement in hospital care
 uring the acute phase, an the  evelopment of strategies for
secon ary prevention, together with complementary inter-
ventions that offer comprehensive patient treatment [5].

Motor an sensitive  eficits are common in stroke pa-
tients, pro ucing  isor ers of motor control, balance, an 
gait [6]. In the subacute phase, alterations in bo y alignment
occur, requiring the incorporation of treatment strategies
focuse on improving the postural control an symmetry of
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weight bearing [7–9]. In a  ition, limitations affecting the
performance of activities of  aily living are common, lea ing
to an impact on patients’ functionality an quality of life
[10, 11].

Virtual reality (VR) an interactive vi eo gaming have
emerge as recent treatment approaches in stroke rehabil-
itation, with commercial gaming consoles, in particular,
being rapi ly a opte in clinical settings [4]. Key concepts
relate to VR are immersion an interaction. Immersion
refers to the extent to which users perceive that they are in
the virtual environment rather than the real worl an is
relate to the  esign of the software an har ware. Virtual
environments can vary in their  egree of immersion of the
user. Systems that inclu e projection onto a concave surface
or a hea -mounte  isplay are generally  escribe as
immersive, whereas a single screen projection is consi ere 
as semi-immersive an those using a  esktop, joysticks, or
pa  isplays are consi ere nonimmersive. Interaction with
the environment can be ma e through a variety of simple
 evices, such as a mouse or joystick, or more complex
systems using cameras, sensors, or haptic (touch) fee back
 evices.2us,  epen ing on the intervention, the user’s level
of physical activity may range from relatively inactive (for
example, sitting at a computer using a joystick) to highly
active (for example, challenging, full-bo y movements).
2erefore, virtual reality relies on computer har ware an 
software to me iate the interaction between the user an the
virtual environment.

2e number of publishe stu ies involving the use of
these technologies, such as vi eo-game base therapy (VG),
is on the rise, base on commercial game consoles, such as
the Ninten oWii®, the EyeToy by PlayStation®, or the Xbox
with the Kinect®motion capture sensor for the treatment of
stroke [12–14]. 2ese systems facilitate the generation of
movement, thanks to a certain level of immersion, as well as
the interaction an simulation of human movement, via the
performance of varie an progressive functional activities,
with high levels of repetition an intensity, provi ing real-
time multisensory fee back  uring task-oriente training,
facilitating motor learning. In a  ition, VG pro uces im-
provements in the motor control of patients after a stroke
with a positive impact on functional recovery [15–18]. 2e
main basis for the use of vi eo games is their ability to
pro uce a plastic reorganization of the central nervous
system, via the activation of a aptive neuroplasticity
mechanisms, when virtual environments are use with
appropriate levels of immersion that are both enjoyable an 
realistic [19, 20].

Furthermore, commercial vi eo games a apte to
neurological patients with functional  eficits can promote
motivation, self-esteem, an patient a herence to these
interventions [12–14], through strategies that promote en-
joyment, involving sensorimotor an cognitive specificity
for the performance of the propose tasks, an eliciting
changes in motor control [21–24]. Nonetheless, few stu ies
have been  evelope in subacute stroke patients with an
appropriate metho ological  esign, in or er to  evelop
clearly  efine intervention protocols with commercial VG,
as a complement to conventional treatment programs in

terms of balance, postural control, functionality, quality of
life, an motivation outcomes [25–27].

2e aim of the present stu y was to examine the effects of
a protocol base on commercial VG on balance, postural
control, functionality, quality of life, an motivation out-
comes in patients with subacute stroke. Our initial hy-
pothesis is that a structure protocol, using the Xbox 360°

vi eo games console an the Kinect®  evice (vi eo-game
base therapy)  esigne by a neurorehabilitation team base 
on commercial VG, coul be a complement to conventional
therapy an correctly applie in a hospital environment for
patients with subacute stroke.

2. Material and Methods

2.1.  esign. A ran omize controlle trial (RCT) was
con ucte . 2e participants were ran omly  istribute into
two groups, using the QuickCalcs application by GraphPa 
Software®: a control group (n� 28) an an experimental
group (n� 28). All participants ha to be  iagnose with
stroke in the subacute phase of illness, consi ere to be a
perio of between 15  ays an six months after the vascular
event [28].

Approval was obtaine from the Ethics Committee of the
∗Blin e for peer review∗, conforming to the Helsinki
Declaration. 2is trial was registere in ClinicalTrials with
the register number NCT03528395.

All participants receive a  ocument informing them of
the stu y aims an signe an informe consent.2e  irectives
of the CONSORT  eclaration for nonpharmacological RCTs
were followe [29].

2.2. Subjects. In total, 56 subjects  iagnose with stroke in
the subacute phase were initially recruite to take part in the
stu y. All participants were patients hospitalize at the La
Fuenfŕıa Hospital (Ma ri ).

2e inclusion criteria were patients of both sexes  i-
agnose with ischemic or hemorrhagic stroke confirme by
me ical imaging, in the subacute phase, an age between 18
an 80 years, with a score on the National Institute of Health
Stroke Scale (NIHSS) [30] below 20, a Montreal Cognitive
Assessment (MoCA) [31, 32] score equal to or above 14
(mil cognitive  ecline or absence of cognitive  ecline), a
mo ifie Rankin scale [33] score between 0 an 4, subjects
able to maintain a stan ing position unassiste , an a score
of ≥1 on the Functional Ambulation Categories (FAC) [34].

2e exclusion criteria were  etermine by the presence
of other visual, au itory, musculoskeletal, bone, or joint
alterations in the acute or chronic phase that coul influence
the primary pathology; the presence of other neurological or
car iovascular illnesses which contrain icate physical ex-
ercise; patients unable to maintain a sitting position unas-
siste ; subjects who, at any time,  isplaye a worsening state
of health  ue to another me ical problem; subjects who
 isplaye a contrain ication for the use of VG  evices an 
commercial vi eo games, such as the presence of photo-
sensitive epilepsy, or a score above two in the extremities on
the mo ifie Ashworth scale [35]; an patients who were
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unable to collaborate, with behavioral  isor ers, or rejecting
treatment with vi eo-game base systems.

2.3. Assessments. Two assessments were performe . First, a
pretreatment assessment was performe after assigning the
subjects to the control or experimental group. Secon , a
posttreatment assessment was performe eight weeks after
the intervention. All the assessments were performe with
two evaluators who were blin e to the establishe stu y
groups. 2e same environmental con itions were main-
taine  uring both assessments to limit the influence of
external factors for both the assessments, an for the in-
tervention. Both evaluators receive previous training for
the a ministration of the scales an tests use in or er to
guarantee the reliability criteria.

2.3.1. Outcome Measures. All stu y participants were
evaluate using the following outcome measures:

Modified Rankin Scale. 2is is a useful tool, which has been
vali ate an translate to categorize the functional level
after a stroke. 2is scale  etermines the level of physical
 isability base on a score from 1 to 5 [33]. 2is outcome
measure was consi ere as the main outcome measure for
the calculation of statistical power an to  escribe changes in
the level of functional in epen ence in the pre-post as-
sessments of both groups.

Barthel Index. 2is test evaluates basic activities of  aily
living, vali ate in the context of stroke. In this stu y, we
use the version translate an a apte to Spanish. 2e
Barthel In ex comprises 10 items: fee ing, personal toilet-
ing, bathing,  ressing an un ressing, getting on an off a
toilet, controlling bla  er, controlling bowel, moving from
wheelchair to be an returning, walking on level surface,
an ascen ing an  escen ing stairs. 2e total score ranges
between 0 an 100 (the lower the score, the greater the
 epen ence) [36].

Tinetti Scale for Balance and Gait. 2is scale is vali ate for
the assessment of balance an gait in the context of stroke,
an has been translate an a apte to Spanish. 2e
maximum score for balance is 16 an for gait 12, out of a
total of 28 points. A greater overall score in icates a lower
risk for falls (less than 19 equals a high risk of falls; from 19 to
24 is a mo erate risk) [37].

Functional Reach Test. 2is test evaluates the  ynamic
balance. It is performe in the following start position: the
patient in stan ing, placing the shoul er in 90° flexion with a
close fist. 2e healthy si e is place close to but not
touching the wall, an the maximum anterior  istance is
measure without provi ing assistance. 2e patient is aske 
to lean forwar , as far as possible, without moving the feet,
an the en point is measure base on the position of the
thir metacarpal joint. 2e scores are  etermine via the
assessment of the  ifference between the beginning an en 
positions. 2e reaching  istance is note in centimeters, an 

three tests are performe with a 15-secon rest perio be-
tween each. 2e mean of the two last measures is taken. 2e
establishe cut-off rate of in ivi uals with stroke to  eter-
mine the risk of falls is 15 cm of anterior reach [38].

Get Up and Go Test. 2is test assesses functional mobility
an balance. For this stu y, we use a version a apte an 
translate into Spanish.2e person is aske to stan up from
a chair without using the arms, walk three meters forwar in
a straight line, turn aroun , return, an sit  own again. 2e
test is score from 1 to 5, with 1 being normal an 5 almost
falling  uring the test, a ministere by supervising the
patient on one si e [39].

Baropodometry. A static test in stan ing was performe 
using the T-plate ® pe ometer (T-plate foot pressure plate
mo el, Me icapteurs, BA, France), which provi es infor-
mation on the pressure exercise by each point on the sole of
the foot. 2e  istribution of loa s was registere using a
force plate (%) an by calculating the support surface (cm2)
of each foot, informing of the position of the center of
pressure when the subject maintains unassiste stan ing for
10 secon s, gazing forwar at a fixe point [40].

EuroQoL 5 (EQ-5 ). 2is is a self-a ministere , generic
questionnaire, a apte to Spanish, which evaluates the
health-relate quality of life in five  imensions (mobility,
personal care, activities, pain/ iscomfort, an anxiety/ e-
pression) to  etermine quality of life. 2is inclu es a visual
analog scale (VAS), which is consi ere optimal to assess the
perceive health status at the time of the test (0–100) [41].

Scale of Satisfaction, Adherence, and Motivation with the
Treatment of Video-Game Based *erapy. 2is purposely
 esigne questionnaire was  esigne by the research team as
no vali ate an translate questionnaire existe to measure
motivation in these types of vi eo-game base interventions.
2is is a Likert scale a ministere to an experimental group
before an after completing the protocol of commercial
vi eo games. 2e interpretation of the scale is as follows: the
higher the scores, the higher the satisfaction (five items,
score 25), self-esteem (five items, score 25), an a herence
(six items, score 30). 2e total score ranges from 0 to 80
(Table 1).

2e a verse effects of the treatment were recor e by
interview at the en of each session together with the
percentage of a hesion of participants in the experimental
group receiving the vi eo-game base therapy.

2.4. Intervention. 2e intervention protocol was applie by
four therapists. 2erapists were blin e to the participants’
initial an final assessments.

2.4.1. Control Group. 2e control group receive eight
weeks of conventional rehabilitation consisting of five
weekly sessions comprising 45 minutes of physical therapy
an 45 minutes of occupational therapy. It total, 40 sessions
of physical therapy an 40 sessions of occupational therapy
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were a ministere , both of which were base on an ap-
proach for task-oriente motor training [42]. During these
interventions, strategies were use to promote the  evel-
opment of activities of  aily living (ADL) base on repe-
tition, fee back, intensity progression, variation of
interventions, an tools for the acquisition of motor re-
quirements (trunk control in sitting, transfer from sitting to
stan ing, stan ing with assistance an autonomy, weight
transfers, single leg support, an ree ucation of gait)
[43, 44].

2.4.2. Experimental Group. 2e experimental group re-
ceive conventional rehabilitation (35 minutes of physical
therapy an 35 minutes of occupational therapy) plus the
experimental intervention (20 minutes), consisting of vi eo-
game base therapy  uring eight weeks with commercial
vi eo games using the Xbox 360° vi eo games console an 
the Kinect® (Microsoft Corporation, Re mon , WA, USA)
 evice, receiving three sessions per week on alternate  ays
over an eight-week perio , for a total of 24 sessions per
participant. For the remaining  ays of the week without
experimental treatment, the patients followe the conven-
tional treatment sche ule . All experimental treatments
were performe imme iately after the conventional reha-
bilitation sessions. 2e intensity an motor requirements of

each Kinect® session gra ually increase . 2us, the Kinect®
session progresse base on the sensorimotor requirements
of the participant, an working in  ifferent positions, such as
sitting, sitting combine with stan ing, an stan ing with
an without help by physical therapists. 2e total treatment
times for both groups were always the same throughout the
entire intervention process (90 minutes per  ay for both
groups).

2e therapeutic tool use was the Xbox 360° vi eo-game
console an the Kinect®  evice, using the following games:
Kinect Sports I®, Kinect Sport II®, Kinect Joy Ri e®, an 
Kinect A ventures®, base on a specific protocol (Figure 1),
 esigne by three physical therapists with over 10 years of
experience an one physiatrist with over 15 years of expe-
rience in the fiel of neurological rehabilitation with people
with stroke an teste for patients with stroke in a previous
pilot stu y. During the initial weeks, the protocol was fo-
cuse on the patient’s trunk control, reaching reactions,
spee of reaction, an interaction with the upper limbs using
the VG. 2e weekly progression was  irecte at facilitating
autonomous stan ing with weight transfer work, limits of
stability, upper limb control, an  ynamic balance.

2.4.3. Sample Size Calculation. 2e main outcome measure
use to calculate the sample size was the mo ifie Rankin

Table 1: Scale of satisfaction, self-esteem, an a herence.

0. No
comments

1.
Strongly
 isagree

2.
Disagree

3.
Uncertain

4.
Agree

5.
Strongly
agree

1. I fin the setup provi e by a cutting-e ge game console to be
enjoyable an appealing

2.2ese virtual environments awakenmy interest as a complement to my
conventional therapy

3. 2e Xbox 360 Kinect® allows me to  irect the activity by continuously
interacting an receiving information

4.2is protocol is useful for improving functional capacities, balance, an 
postural control

5. 2e virtual environment allows me to interact with interesting scenes

6. I am able to  o things well, like other people, a apting to my functional
limitations

7. 2ere are times when I feel I am not useful, an that I cannot  o the
tasks appropriately

8. At times I feel that I am unable to  o what I am aske to  o an I feel
 iscourage 

9. I am convince that I have goo qualities for improving my limitations

10. 2ese complementary interventions make me feel stresse an tire 

11. I feel that the number of virtual reality sessions that I receive per week
is sufficient

12. 2e recommen ations/requests ma e by the therapist seem easy

13. I consi er that the time employe in this approach using game
consoles is sufficient

14. 2e therapist mo ulates the intensity at all times, accor ing to my
general status

15. I woul like to continue  oing this type of activity because it motivates
an interests me

16. I have atten e all sessions with eagerness an enthusiasm
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scale [45]. 2e G∗Power 3.1.6 program was use for sta-
tistical analysis [46], consi ering that the estimate effect
size for the main measure was 0.25. Consi ering a statistical
power test of 0.95, an alpha error of 0.05, an a total of two
measurements performe for the two groups, the estimate 
sample size require was 48 participants.

2.5. Statistical Analysis. 2e co ing an treatment of  ata
were con ucte using the SPSS 22.0 statistical program for
Win ows. A  escriptive analysis was performe (mean an 
stan ar  eviation), consi ering the normal  istribution
(Kolmogorov–Smirnov) an measures of contrast (tests for
 ifferences in means). Regar ing the comparison of intra-
groupmeans (pre- an posttreatment), theWilcoxon test for
paire  ata was applie to all variables that  i not follow a
normal  istribution. In the case of variables that presente a
normal  istribution, Stu ent’s t-test was use .2e  ifference
of the means between groups in the variables without a
normal  istribution was calculate using the U Man-
n–Whitney test for in epen ent samples, whereas Stu ent’s
t-test was use for those with a normal  istribution (be-
tween-group  ifference in means). 2e level of statistical
significance was set at a p value of ≤0.05.

3. Results

Initially, 80 prospective participants were i entifie . Of
these, 56 participants fulfille the inclusion criteria an were

 istribute between both groups. Ultimately, 48 patients
finishe the complete intervention. 2ere were three
 ropouts in the control group (n� 25) an five  ropouts in
the experimental group (n� 23) (Figure 2). 2is was  ue to a
worsening of their general health status an was not relate 
to the type of intervention performe an /or transfers to
another hospital center. No a verse event was registere 
 erive from the treatment in any of the stu y groups.

2e mean age ±stan ar  eviation of the sample,
comprising 25 women an 23 men, was 63.13± 10.38 years,
age 65.68 ± 10.39 years in the control group (14 women an 
11 men), an 60.35± 9.84 years in the experimental group
(11 women an 12 men).

2e results relate to the  emographic variables of the
sample are presente in Table 2. 2e variables of age, time of
evolution post-stroke, NIHSS, an MoCA test followe a
normal  istribution. Statistically significant  ifferences were
observe between both groups for the variables on the af-
fecte si e (p � 0.03) an the MoCA test (p � 0.01). 2e
percentage of participants  iagnose with ischemic stroke
was 60% in the control group an 73.9% in the experimental
group. Regar ing the affecte si e of the bo y, the left si e
was affecte in 60% of participants of the control group an 
87% of the experimental group. Concerning the previous
management of technological tools, 68% of participants in
the control group were familiar with the use of technology,
compare to 69.6% in the experimental group. No statis-
tically significant  ifferences were observe for the
remaining variables a ministere prior to the intervention

1a Game: Kinect Sport II.
Theme: leisure and sports game. Aim: trunk control, first contact with video games, interaction with virtual 
reality. Time: 20 min

2a Game: Kinect Sport I.
Theme: leisure and sports game. Aim: reaching reactions, coordination, speed of reaction
Time: 20 min. Progression: sitting to standing

3a Game: Kinect Joy Ride. Theme: driving and cars.
Aim: coordination, reaction speed and reaching. Time: 20 min. Progression: sitting/standing

4° Weekly game: Kinect Sport Theme: Free play with mini games
Aim: weight transfer, static balance, reaction speed and progressive reaching
Time: 20 min. Progression: sitting to standing for longer time periods

5° Weekly game: Kinect Sport II
Theme: Leisure and sports game
Aim: trunk control, eye-hand coordination, weight transfer, lateral trunk stability and static balance 
Time: 20 min
Progression: sitting-standing-limits of stability-static posture-holding

6° Weekly game: Kinect Adventures
Theme: Adventure free play
Aim: trunk control, coordination, reaction speed, weight transfer, balance and posture-holding.
Time: Time: 20 min
Progression: sitting-standing-limits-stability-resistance

7° Weekly game: Kinect Sports I
Theme: free play
Aim: trunk control, coordination, reaction speed, weight transfer, static and dynamic balance
Time: 20 min
Progression: standing-rest-standing

8° Weekly game: as selected by the patient
Theme: free play/fun. Aim: motivation. Time: 20 min. Progression: standing

Monday

Darts

Bowling

Dash mode

Lonely ball

Pop darts

Carambola-shot

Sidestep 

Selected by the 
patient

Wednesday

Tennis

Strike 

Smash mode

Bolos a gogó

Smash alley-
Tennis

River rush

Super saver

Selected by the 
patient

Friday

Baseball

Goalkeeper

Pro race

Tennis

Baseball

Space pop

Strike 

Selected by the 
patient

Figure 1: Vi eo-game base protocol with Xbox® an Kinect®.
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perio , with the exception of pain/ iscomfort, anxiety/ e-
pression, an VAS for perceive health status.

2e results of the comparisons for the intragroup an 
intergroup variables are shown in Table 3. Regar ing the
intragroup changes, significant improvements were foun in
the control group for the Barthel In ex variables (p< 0.01),
the Tinetti gait (p � 0.01) an balance test (p< 0.01), the
Functional Reach test (p � 0.03), the Get Up an Go test
(p � 0.03), an the anxiety/ epression  imension (p � 0.03)
of the EQ-5D. In the experimental group, significant  if-
ferences were foun in the mo ifie Rankin scores
(p< 0.01), baropo ometry (p< 0.01), an the variable

relate to strength an the pain/ iscomfort  imension
(p< 0.01) of the EQ-5D.

For the intergroup variables, statistically significant
 ifferences were observe for the mo ifie Rankin variables
(p< 0.01), the Barthel In ex (p � 0.05), the Tinetti gait test
(p � 0.02), the Functional Reach test (p< 0.01), the Get Up
an Go test (p � 0.05), the pain/ iscomfort  imension
(p< 0.01), an the anxiety/ epression  imension (p< 0.01)
of the EQ-5D an the VAS (p< 0.01) for the perceive 
health status accor ing to the EQ-5D questionnaire.

2e results obtaine in the experimental group for the
motivation, self-esteem, an a herence scale before an 
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Assessed for eligibility (n = 80)

Randomized subjects (n = 56)

Excluded (n = 24)

Not meeting inclusion
criteria (n = 21)

Declined to participate
(n = 3)

Other reasons (n = 0)

 (i)

 (ii)

 (iii)

Allocated to experimental group:

Received protocol of commercial videogames + 
conventional rehabilitation during 8 weeks.

(n = 28)

Lost during the experimental intervention period
(worsening of the general status) (n = 1)

Discontinued experimental intervention 
(transferred to another hospital center or medical 

discharge) (n = 4)

Analyzed after concluding the 8 week protocol of
commercial videogames + conventional 

rehabilitation (n = 23)

Allocated to control group:

Received conventional rehabilitation during 8 
weeks.

(n = 28)

Lost to follow-up (worsening of general status)
(n = 1)

Discontinued control intervention (transfer to
another hospital center or discharge) (n = 2)

Analyzed after concluding 8 weeks of 
conventional rehabilitation (n = 25)

Figure 2: Flow  iagram.

Table 2: Socio emographic characteristics of the sample.

Variable (N� 48) K-S† Control (n� 25), mean± SD Experimental (n� 23), mean± SD p

Age (years) 65.68± 10.39 60.35± 9.84 0.11
Gen er (male/female) 11/14 12/11 0.58
Type of stroke (hemorrhagic/ischemic) 10/15 6/17 0.31
Si e of the bo y affecte (right/left) 10/15 3/20 0.03∗

Time of evolution of the stroke ( ays) 0.20 54.52± 18.74 50.91± 18.44 0.50
NIHSS‡ 0.20 14.28± 4.13 13.17± 3.47 0.32
MOCA test 0.16 18.12± 3.74 22.26± 4.11 0.01∗∗

Prior use of Xbox +Kinect technology (yes/no) 17/8 16/7 0.90
†K-S: Kolmogorov–Smirnov. ‡NIHSS: National Institute of Health Stroke Scale. Note: ∗∗p< 0.01, ∗p< 0.05.
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after receiving the vi eo-game base protocol are shown in
Table 4. Statistically significant  ifferences were obtaine for
motivation (p< 0.01), self-esteem (p< 0.01), an a herence
(p< 0.01). 2e percentage of assistance provi e to par-
ticipants from the experimental group was 95.28%, per-
forming 526 interventions in a total of the 552 planne ,
 uring the eight-week  uration of the experimental
intervention.

4. Discussion

2is RCTexamines the effects of a structure protocol base 
on commercial vi eo games combine with conventional
rehabilitation for subacute stroke inpatients. Objective an 
vali ate outcome measures a apte to patients with stroke
were use for the assessment of balance, postural control,
functionality, quality of life, level of motivation, a herence,
an satisfaction, compare with a control group. Our results
show that the use of a structure protocol combine with
conventional therapy pro uces significant changes at the
level of physical  isability, basic ADL, balance an gait
capacities, functional mobility risk of falls, an health-re-
late quality of life, pro ucing significant changes on levels
of motivation, self-esteem, an treatment a herence in
patients who are hospitalize after a stroke (subacute phase).

Authors such as Ho et al. [46] suggest that the combi-
nation of rehabilitation base on VR an conventional
therapy coul be more effective for the acquisition of
functional improvements in patients after stroke. 2ese
results are supporte by systematic reviews [4, 44, 47] which
in icate that VR pro uces a beneficial effect on ADL when it
is use together with conventional approaches, such as in the
present stu y. Along these lines, Gibbons et al. [48] in icate
that VR interventions are, at least, as effective as conven-
tional physiotherapy for improving the functional results of
the lower limbs after a stroke, on the con ition that the
protocols that are use are ma e progressively more in-
tensive consi ering both time an  ifficulty. Our results
support this claim, showing intragroup benefits for the
control an experimental groups, whereas only for the ex-
perimental group in intergroup comparisons in terms of
balance, postural control, functionality, quality of life, level
of motivation, a herence, an satisfaction. 2erefore, in-
tensity, a progressive  ifficulty of the tasks in VR envi-
ronments, an the combination of conventional an VG
approaches shoul be consi ere for the rehabilitation of
in ivi uals with subacute stroke.

Several systematic reviews have been publishe on the
use of VR, via the use of game consoles, which inform of
significant changes in the motor function of patients after a
stroke, with the use of specific implemente protocols [12],
as use in our research. However, prior research in icates
that protocols with low times an intensity, as well as a low
number of sessions an weeks of treatment,  o not pro uce
significant  ifferences in outcome measures (<30min/ses-
sion, <3 sessions/week, with a frequency <4 weeks an 
unsupervise treatment) [49, 50]. 2is is why our protocol
was structure base on three sessions per week over an

eight-week perio (24 sessions per participant) an always
supervise by physical therapists.

Our results reflect improvements in the performance of
ADL an physical  isability. Lee et al. [51] employe a
similar protocol to that use in the present stu y, via the
Kinect® system, with a lower number of sessions an weeks,
however with the same commercial vi eo games use in the
current work. 2ey  i not fin improvements in the ADL
assesse by the Mo ifie Barthel In ex of stroke patients. A
possible explanation for these results is that the  ose an the
possibility of reaching a high intensity of repetitive an 
specific practice provi ing a multisensory fee back are
important to obtain ADL mo ifications in subacute stroke
patients, as we show in our stu y. Furthermore, other works
point to the nee to in icate the risks of the use of these
 evices, such as cyber sickness, pain, or falls. Recommen-
 ations show that stroke survivors are able to tolerate
30–60mins 3 to 5 times per week (an average of 180mins
gaming per week) without experiencing significant a verse
effects [52]. In our stu y, our results are in line with these
recommen ations as no a verse effects were foun to be
 erive from the experimental intervention. 2us, the use of
vi eo-game therapy base commercial gaming can provi e
high-intensity practice without risk for patients as long as
they are supervise an have some previous familiarization
with such technology.

We foun improvements in the Tinetti gait test, the Get
Up an Go test, an the Functional Reach test, in icating that
the use of commercial vi eo games using the Kinect®  evice,
combine with conventional therapy, can be consi ere an
effective tool for improving balance an postural control, with
a potential effect on the  ecrease risk of falls in patients who
have suffere a stroke. After consulting the scientific litera-
ture, we were unable to fin similar protocols, base on the
use of VG for the stu y of the effect of these on the risk of falls
in patients with stroke.2ere are several possible explanations
for these improvements in  ynamic balance, such as the
possibility of working on active trunk control, as well as
facilitation of reaching reactions an the spee of reaction, all
of which are aspects relate to the acquisition of appropriate
postural control [6–9]. Surprisingly, no improvements were
foun for the Tinetti balance test. 2is coul be because both
treatment mo alities are effective for balance recovery in
subacute stroke patients; however, the semi-immersive vi eo-
game approach coul present more benefits for  ynamic
balance assesse by the Tinetti gait test, Functional Reach test,
an Get Up an Go test. Some stu ies affirm that when VR is
combine with conventional therapy, it is mo erately more
effective at improving  ynamic balance than conventional
therapy alone in patients after a stroke [51–56]. A recent
systematic review has suggeste that VR interventions using
protocols base on more than 10 sessions may have a positive
impact on  ynamic balance an the recovery of gait [57].
2erefore, our results coul be justifie again by the  ose use 
an the type of activities retraine .

Bo y alignment an symmetry were assesse using a
baropo emetry system to  etermine changes in postural
control. No significant results were foun for this outcome
in both groups, an these fin ings may be  ue to the
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variability between patients. However, the pre- an post-
intervention results in the experimental group reveale 
statistical significance for bo y alignment an foot sym-
metry, in relation to the  istribution of loa s on the force
plate. Future stu ies shoul establish the effect of vi eo-
game base therapy on postural control in patients with
subacute stroke, measure using this quantitative postural
control tool.

Concerning quality of life, our results in icate that the
combination of conventional treatment with a semi-
immersive vi eo-game approach pro uce positive effects
on the perception of pain/ iscomfort, sensation of anxiety/
 epression, an an increase subjective perception of
patients regar ing their health status. 2e use of vi eo
games may be an appropriate complement to the con-
ventional rehabilitation of subacute stroke; however, it is
necessary to  evelop protocols that consi er the stages of
motor learning, involving high practice intensity, positive
fee back between stimulation response an increase 
motivation [4]. A recent meta-analysis correlate  epres-
sion after a stroke with a significantly greater risk of
mortality in patients post-stroke; therefore, it is essential to
establish lines of research for  ecreasing anxiety an pain
in these patients. Along these lines, the use of vi eo games
may be an interesting tool for inclusion in a apte pro-
tocols for patients with stroke [58].

Our fin ings for motivation, a herence, an satisfaction,
assesse in the experimental group, reveale significant
results after the protocol of semi-immersive vi eo games.
2e scale use presents the limitation of the lack of vali-
 ation; however, to our knowle ge, no similar tool has
quantifie these  imensions relate to the use of technology
in the neurological patient. Other authors [47, 59] suggest
the nee to stu y the potential acceptability an effectiveness
of commercial vi eo games to obtain motivation-relate 
outcomes. In a  ition, for some authors, the principal
characteristics of these interventions are the low cost of the
system, its portability, an high levels of acceptance on
behalf of patients. 2is research promotes the integration of
these systems in clinical practice, hypothesizing that these
systems may be viable for being incorporate to conven-
tional treatments in patients with stroke as coa juvant
treatment [12, 50, 57, 60].

4.1. Study Limitations. Our stu y presents several meth-
o ological limitations, such as the lack of a long-term follow-
up.2is was not possible because the stu y was con ucte at
a hospital that was part of the public health system, an the
participants were eventually  ischarge from the hospital. In

a  ition, there was heterogeneity in the type of stroke in-
clu e in the current work. It is important to highlight that a
subjective scale was use to quantify motivation, a herence,
an satisfaction. To our knowle ge, no vali ate tool has
been  escribe for this purpose. Furthermore, the software
employe was not specific for the management of patients
with stroke. Finally, the results of the present work cannot be
extrapolate to other patients with stroke in other stages of
the illness, an future research shoul vali ate this protocol
alongsi e other rehabilitation strategies.

5. Conclusions

Our results suggest that the use of a vi eo-game base 
protocol using commercial vi eo games, combine with
conventional therapy, may pro uce improvements of bal-
ance, postural control, functionality, quality of life, level of
motivation, a herence, an satisfaction in patients with
subacute stroke.
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A. I.  e la Peña González, “Aplicación  e la reali a virtual en
los aspectos motores  e la neurorrehabilitación,” Revista de
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