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ABSTRACT

Virtual reality (VR) promotes intensive training of a single task, enabling the motor learning, thereby
affecting the recovery of postural control (PC) in individuals with stroke. Video game with balance
platform are used as a form of intervention and, at the end of the game, a score is provided, but there
is no evidence that it can be used as a quantitative parameter of PC. Objective: To determine whether
there is a correlation between the score obtained by a video game and stabilometric variables. Methods:
Nine individuals with stroke participated in an experimental protocol using the game Penguin Slide as
intervention. The score was collected in the first and last sessions. The 2.0 AMTI force platform was used,
with an acquisition frequency of 200Hz for evaluating before and after intervention. The volunteers
were positioned with open eyes (OE) and closed eyes (CE) in the upright position for 1 minute, with
one foot on each platform. Using the Matlab software, the variables of center of pressure (COP) were
obtained: total COP area (ACOPt), COP area on the mediolateral (ACOPx) and anteroposterior (ACOPy)
axis, average speed of COP (VCOP). The non-parametric paired Wilcoxon test (p < 0.05) was used to
compare the initial and final results of Penguin Slide game score and the pre and post intervention data
obtained by the force platform in the OE and CE conditions. The analysis were done with the software R.
Results: Comparison of initial and final score (p = 0.003). In OE condition, the initial and final comparison:
ACOPt (p=0.91), ACOPx (p = 0.57), ACOPy (p = 0.49), VCOP (p = 0.09). In CE condition, the initial and final
comparison: ACOPt (p =0.73) ACOPx (p = 1.0), ACOPy (p = 0.73) VCOP (p = 0.73). Conclusion: The VR did
not provide PC improvement of the patients despite the score of the Penguin Slide game have increased
significantly at the end of the protocol. Thus, there was no correlation between the score obtained by
video game and the stabilometric variables.
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INTRDUCTION

The cerebrovascular accident (stroke) is
characterized by a sudden establishment of a
neurological deficit that may cause, depend-
ing on the area of the injury, relative clinical
conditions, among them hemiparesis is the
most common. There are, however, motor,
sensitive, cognitive, and perception related
deficits,* which bring about important alter-
ations in postural control (PC).2 Falls are one
of the most relevant complications of patients
with stroke and interfere in their functional
recovery,® causing the balance retraining to be
an important approach in the rehabilitation
of these patients. In 2009, 160,121 hospital-
izations due to cerebrovascular diseases were
registered, with a mortality rate of 51.8 per
100,000 individuals,* what confirms the rele-
vance of researches focused on advances for
the rehabilitation of these patients.

The PC covers the body positioning in the
space, with the objective to maintain it stable
and oriented, whereas the stability is charac-
terized by the individual capacity to hold the
center of mass (CM) projected inside the limits
of the base support.®> There are three sourc-
es engaged in the PC: the somatosensitive
afferences, the vestibular afferences and the
visual afferences. Their integration combined
with the ability to choose and use the most
adequate sensorial input is crucial to the suit-
able PC.°* Maintaining the balance, even in a
static posture, is a dynamic process in which
forces interact with the body and the vertical
projection of these forces impacts the center
of pressure (COP). The COP oscillation is in-
versely proportional to the postural stability,
in other words, the bigger the COP oscillation,
the lower postural stability, once the CM is the
closest to the stability limits.”

The treatment methods for rehabilitating
patients with stroke are based on the motor
learning principles, in which the repetitive and
intensive practice of a specific task induces ce-
rebral plasticity modifications and influences
the functional recovery of the deficits.®® It is
known, however, that the conventional thera-
pies promote a limited amount of repetitions,®
whereas therapies with virtual reality (VR)**2
have become promising, once they allow inten-
sive and repetitive training of one single task.®

VR is described as form of interface be-
tween the user and the computer that simu-
lates a real environment and that allows the
patients to interact with it.*?
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It is a resource that assures visual feed-
back as an opportunity for the patients to
observe their own movements in real time,
facilitating the training and activating mirror
neurons.’ The mirror neurons aid the corti-
cal reorganization and the learning facilita-
tion, therefore contributing to the functional
recovery.*

In November 2006, Nintendo® released
the seventh-generation videogame console
Nintendo Wii®, a non-immersive VR device.?®
With the Wii Remote is possible to recognize
gestures in an envonment?*® and, with the use
of a balance platform, connected to the con-
sole via Bluetooth, the user on the platform
can control a virtual character (avatar) by us-
ing the movements of the trunk, upper limbs
and lower limbs. Considering the potential
benefits of this new tool in rehabilitation of
patients with neurological alterations, in 2008
the first case report of the use of Nintendo
Wii® as a tool for neurological rehabilitation of
a patient with cerebral palsy was published®
and many other studies were performed
ever since.

Among the games proposed by Ninten-
do Wii® there are the ones named “balance
games”. Such games use balance strategies
to control a virtual character (avatar) that is
shown on the TV screen, by which the patient
can actively interact with the game. At the end
of each game, the console releases a score,
however it is not known whether it can be rat-
ed as a quantitative parameter for the balance
evolution.

Thus, evaluating the use of VR as a tool for
the balance retraining as a mean to verify if it
is an effective therapy, capable of enhancing
the PC of patients with stroke sequelae have
become a request. This verification will allow
the inclusion of this videogame console as a
therapy program.

OBJECTIVE

The objectives were to compare the score
released by the videogame in the first and last
virtual therapy and to compare the data col-
lected at the force platform before and after
the intervention. Verifying whether there is
a correlation between the average score ob-
tained in a single game with the kinetic vari-
ables collected in the force platform of the
patients with stroke sequelae completed the
objectives.
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METHODS

This study was performed in the Insti-
tute of Physical Medicine and Rehabilitation
of the General Hospital of the Medical of the
University of Sdo Paulo (IMREA - HCFMUSP).
Nine subjects of both genders, five male pa-
tients, with sequelae of stroke, were included.
The mean age was 50.88 years (+ 11.63), and
seven of them had right hemiparesis. The sub-
jects consented their participation signing the
informed consent form. Their participation
was mediated by the Ethics Committee of the
General Hospital of the Medical School of the
University of Sdo Paulo, whose approval regis-
tration was 0735/10.

The exclusion criteria were muscle to-
nus higher than 1+ in the Modified Ash-
worth Scale!® of the soleus, gastrocnemius,
tibialis anterior, quadriceps, and hamstring
muscles, once they are considered highly
important for the maintenance of balance
and PC; muscle strength lower than 3 in
the mentioned muscles; atrophies and de-
formities in the lower limbs that could limit
the movement range of waist, knee and an-
kle; cognitive deficits and psychiatric alter-
ations that could hinder the application of
the proposed therapy; visual loss that could
jeopardize the performance of the therapy;
previous diseases that could interfere in the
evaluations; cerebellar or vestibular system
compromised; obesity.

Equipment for the biomechanics
analysis

The data collection was done in the Move-
ment Laboratory of IMREA-HCFMUSP with its
three force platforms AMTI 2.0/2004, model
OR6-7 (1000). With these platforms, it was
possible to measure the tridimensional forces
of the patients in the axis x (medial-lateral),
y (antero-posterior) and z (vertical) as assist-
ed by the reference system of the laboratory.
Although the platforms have a frequency of
data collection of 1000Hz, this study used the
frequency of 200Hz, and the platforms 2 and
3 were the ones used. They were calibrated
prior to the experiment.

Evaluation

After the selection, the patients were
evaluated in the Movement Laboratory of the
IMREA - HCFMUSP before and after the end
of the experimental protocol, which lasted 24
weeks, under the same conditions: The sub-
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jects were positioned in an erect posture with
the arms to the side of the body; Each foot laid
on one platform, the left foot on the platform
2 and the right foot on platform 3. This way,
the x-axis represented the medial-lateral (ML)
position and the y axis the antero-posterior
(AP). The task was performed as follows: a)
opened eyes (OE), in which the patient looked
at a fixed mark on the wall of the Movement
Laboratory; and b) closed eyes (CE), when the
patient wore dive goggles filled with cotton to
eliminate any visual sensorial information. The
task was previously explained to the patient,
and a researcher supported the subject along
the task for safety. Three attempts of one min-
ute each was performed. The first attempt
was for adapting the patient to the task, the
second was the valid one for the data analy-
sis, and the third was done for data safety, in
case there was experimental error. Between
the attempts, the patients could sit and rest
for 1 minute.

Therapy intervention materials

For performing the research, the videog-
ame Wii® was used. A console, a wireless
manual control, and a balance board are parts
of the videogame. The manual control and the
balance board are responsible for the inter-
face between the patient and the virtual envi-
ronment. The console and the balance board
are connected via Bluetooth.

In this study, the wireless manual control
was used solely for accessing the videogame
menu. The balance board was positioned two
meters away from the TV screen, which in its
turn was 90cm above the ground. Bedrolls
were placed around the balance board of the
videogame as to protect the patients in case of
any falls, which was prevented by a researcher
that stayed next to the patient during the task.
The score accounted in the study was collect-
ed during the Penguin Slide game, once it
presents the same degree of difficulty, there-
fore allowing the comparisons of the score be-
fore the first and after the last session of the
experimental protocol.

The Penguin Slide is a game in which, for
90 seconds, a penguin must move over an
iceberg trying to catch the fish that are tossed
from one side to another. For doing so, the pa-
tient must move over the platform, from one
side to another without letting the avatar slip
and fall in the sea. This activity requests medi-
al-lateral movements and the patients skill to
quickly shift their body weight from one side
to another.

Protocolo experimental

The research protocol consisted of five
balance games of a videogame played twice a
week for 24 weeks. In the protocol, Penguin
Slide was the chosen game in the weeks 1, 3,
6, 8, 11, 14, 17, 20 and 23. In each session,
the same game was repeated five times. All
the patients had physiotherapy sessions twice
a week, which consisted of global stretching,
muscle strengthening, balance and proprio-
ception training, gait training, daily life activ-
ities orientation, and, in some cases, physical
resources. Each session lasted around one
hour approximately.

Data collection and processing

The scores from the first and the last day
of the protocol were the only ones collected;
this way, in these days, at the end of each rep-
etition of the Penguin Slide game, the score
given by the videogame was collected. Also,
the data obtained in the Movement Laborato-
ry before the beginning and after the end of
the experimental protocol were collected. The
kinematic variables were processed by the
software EVArT 5.0 and the Ortotrack 6.6.4,
and calculated with the Matlab® 7.0 (high
performance and interactive statistical anal-
ysis software for numeric calculation that in-
tegrates numeric analysis, matrix calculation,
sign processing and graphic construction).*®

Variable description

Among all available variables of the soft-

ware, the chosen ones were:

a) Total area of center of pressure
(ACOPt): it represents the area of
the transit of the center of pressure
(COP) along AP and ML axis.

b) Area of COP in x axis (ACOPXx): it rep-
resents the roaming of COP transit
the ML axis;

c) Area of COP iny axis (ACOPy): it rep-
resents the transit of COP along the
AP axis; ACOPy

d) Average velocity of COP (VCOP): the
velocity of the COP movements de-
termines how fast the movements
were.

Statistical Analysis

The software R was used for verifying
whether there were any changes in the score
Penguin Slide game and whether there were
changes in the analyzed variables of the force
platform, either with the open eye condition
(OE) or with the closed eye condition (CE),
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and the statistical test was the non-paramet-
ric paired Wilcoxon, at a significance level of
p <0.05.

RESULTS

The score data are described in Table 1.
The comparison of the Penguin Slide game
score in the beginning and the end of the in-
tervention has shown that there as a statisti-
cally significant difference (p = 0.003) of the
results after the intervention.

The comparison of the variables ACOPt,
ACOPx, ACOPy, and VCOP collected in the
initial and final evaluations, with OE (Table 2)
and CE (Table 3) conditions have shown that
their central tendency measures have no dif-
ference. Therefore, the results suggest that
the game did not interfere in the balance im-
provement, once the Penguin Slide score in-
creased, but the variables that evaluated the
PC did not outcome as statistically different.
Thus, no correlation was observed between
the Penguin Slide score and the improvement
of PC.

DISCUSSION

Trials investigate VR once it allows a com-
puter interface that involves real time simula-
tion of movements that stimulates the user to
react towards what is shown on the screen.
As the balance rehabilitation require motor
learning and, therefore, is dependent on the
practice and the feedback,' the virtual ther-
apy could be a promising instrument in the
rehabilitation of neurologic patients.

However, the results of the present study
have shown that, even with statistically signif-
icant increase in the score of the game Pen-
guin Slide of the Nintendo Wii® videogame
(Table 1), which could be an evidence of im-
provement of the postural control (PC) of the
patients, there were no statistical differences
between the results after the intervention
concerning the conditions OE (Table 2) and
CE (Table 3), suggesting that the applied vir-
tual therapy protocol was not satisfactory for
the improvement of the (PC) of patients with
stroke sequelae.

In the study by Cho, Lee and Song,*® pa-
tients with stroke sequelae were evaluated on
static balance (postural oscillation speed) and
dynamic balance (Berg balance scale - BBS,
Timed Up and Go - TUG), and were randomized
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Table 1. Score in the first session (initial) and the fourty-sixth session (final) for each patient in

the Penguin Slide game
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Randomization

Initial score Penguin Slide

Final score Penguin Slide

IND. 1
IND.
IND.
IND.
IND.
IND.
IND.
IND.

oV ® N o A WN

IND.
Mean

Standard Deviation

42.8
37.8
43.4
52
39
47.6
32
60.6
57.6
45.8*
9.45

52
66.4
74.8
84.8

68
68.2
65.2
74.4
88.8
71.4*
10.97

* Statistical difference (p = 0.003).

Table 2. Mean of the variables analyzed in the force platform and the p-value

Before-OE After-OE p-value
ACOPt 382.26 281.15 0.910
ACOPx 11.84 13.29 0.570
ACOPy 28.83 27.39 0.496
VCOP 2.14 1.58 0.097

Open eyes condition.

Table 3. Mean of the variables analyzed in the force platform and the p-value

Before-CE After- CE p-value
ACOPt 494.50 458.62 0.734
ACOPx 23.65 14.17 1.000
ACOPy 33.62 29.23 0.734
VCOP 276 2.28 0.734

Closed eyes condition.

to control group (physiotherapy only) and ex-
perimental group (physiotherapy combined
with virtual reality). The results indicate there
was a considerable increase in the dynamic
balance skills of the experimental group when
compared to the control group. However, when
the antero-posterior (AP) and medial-lateral
(ML) postural oscillation speed in open and
closed eyes conditions (OE and CE) were ana-
lyzed, no statistical difference was found in the
groups, what suggested there was no static bal-
ance improvements in any of the groups. It was
expected that, in the CE condition, the patient
would gain more postural oscillation speed due
to the loss of the visual afference. This result
agrees with the results of the present study,
once the force platform was used, a device
commonly applied for evaluating the static bal-
ance and he postural oscillation.

Barcala et al.* used the Berg scale and the
stabilometry which measures the oscillation
of the COP in the axis AP and ML by a pres-
sure platform in the conditions OE and CE. The
results found by Barcala et al.** suggest that,
after the experimental protocol, there was a
decrease in the ML oscillation and an improve-
ment in the Berg score in both groups, but the
AP oscillation was reduced only in the group
that used the VR therapy, indicating that RV
may influence the balance recovery, especially
in the AP strategies. This result is opposed to
the ones found in the present study, in which
no statistical difference was found in the total
corporal oscillation, neither AP nor ML.

Gil-Gémez et al.,® however, found im-
provements of the static balance of stroke
patients after undergoing virtual therapy
combined with conventional therapy. Morone
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et al.*? achieved, in their findings, balance and
independence for daily life activities improve-
ments in subacute stroke patients who per-
formed physiotherapy associated to balance
training at Wii fit, as compared to those who
performed physiotherapy combined with con-
ventional balance training.

The results presented in the previous stud-
ies,®1?2 which applied only scales as tools for
evaluating the balance, indicated the improve-
ment of PC after the intervention with Wii Fit,
however the studies which applied the pos-
turography for evaluating the PC did not find
significant statistical differences in the variables
analyzed in the force platform, except for Bar-
cala et al.* study, in which the six patients of
the experimental group presented AP reduc-
tion of the COP, whereas the Berg scale score
and the medial-lateral oscillation of the COP did
not have significant difference when compared
to the patients of the control group.

The authors Goble, Cone and Fling,° per-
formed a review on the use of Wii Fit as a tool for
evaluating the balance and neurological rehabili-
tation and concluded the interventions of Wii Fit
are effective, evidencing balance improvement
when measured by instruments as the Berg
scale and the TUG which evaluate dynamic com-
ponents. They concluded, however, that there is
a gap in the scientific researches that evaluate
the recovery of CP based on virtual therapy due
to the lack of convincing statistical significance,
once most of the studies assessed narrow sam-
ples of training patients, with as many as 40% of
the studies being performed with sample sizes
of five or less patients.

CONCLUSION

Thus, it is possible to conclude that the
proposed intervention did not significant-
ly change the data of the variables collected
during the evaluation of the force platform,
suggesting the patients with sequelae of
stroke had no improvements of postural con-
trol after receiving a virtual therapy protocol
composed of five balance games of a videog-
ame, however, other studies, with broader
sample sizes, could be performed to test this
hypothesis, and function scales as Berg and
TUG should be used, once, per literature they
present significant results after the application
of virtual therapy. The game used in this study
was not rated as adequate to improve the
postural control and, therefore, other games
could have their efficacy evaluated.
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