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Abstract

Introduction: Considered the second leading cause of death worldwide, stroke leads to several consequenc-
es resulting from the injury in regions responsible for the processing of sensorimotor information, leading 
to deficits in the maintenance and performance of postural control. Objective: To relate the performance 
of postural control during upright stance and a virtual reality task in post-stroke individuals. Method: Nine 
post-stroke individuals, aged 30 to 76 years, characterized by the Berg balance scale, Fugl - Meyer scale and 
Mini Mental State Examination participated in this study. Postural performance was measured by the center 
of pressure under bipedal conditions, in anteroposterior and mediolateral directions and unipedal with the 
affected and unaffected sides, using a force platform. Virtual reality performance was measured by distance 
and time required to perform a task in the Nintendo Wii®. Results: Revealed significant correlations be-
tween distance and displacement time of the affected side (distance x disc_affected = 0.667 | p = 0.025; time 
x disc_affected = 0.683 | p = 0.021) and between variables time and mean amplitude of mediolateral oscil-
lation (time x amo_ml = -0.733 | p = 0.012), time and mediolateral and anteroposterior mean velocity (time 
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x vm_ml = -0.617 | p = 0.038; time x vm_ap = -0.833 | p = 0.003) and between time and area (time x area = 
-0.633 | p = 0.034). Conclusion: the performance of standing postural control in post-stroke individuals, 
represented by measures of weight discharge and variables of postural control, presented a significant rela-
tion with the variables of virtual reality.

Keywords: Postural Control. Stroke. Virtual Reality.

Resumo

Introdução: Tido como a segunda maior causa de morte no mundo, o Acidente Vascular Cerebral tem suas 
consequências resultantes da lesão em regiões responsáveis pelo processamento das informações sensório-
-motoras, acarretando déficits na manutenção e desempenho do Controle Postural. Objetivo: Relacionar o 
desempenho do controle postural em pé e uma tarefa em realidade virtual em indivíduos pós–AVC. Método: 
Participaram 9 indivíduos em condição de pós–AVC com idades entre 30 a 76 anos, caracterizados por meio da 
escala de equilíbrio de Berg, Escala de Fugl-Meyer e Mini-Exame de Estado Mental. O desempenho postural foi 
medido através do deslocamento do centro de pressão nas condições bipodal, nas direções ântero-posterior e 
médio-lateral, e unipodal, com o lado afetado e não afetado, por meio de uma plataforma de força. O desem-
penho em realidade virtual, medido por distância e tempo, foi realizado por meio do console Nintendo Wii®. 
Resultados: Revelaram correlações significativas entre as variáveis distância e tempo de deslocamento do 
lado afetado (distância x desc_afetado=0,667 | p=0,025; tempo x desc_afetado=0,683 | p=0,021) e entre as 
variáveis tempo e amplitude média de oscilação médio-lateral (tempo x amo_ml= -0,733 | p=0,012), tempo e 
velocidade média médio-lateral e ântero-posterior (tempo x vm_ml= -0,617 | p=0,038; tempo x vm_ap= -0,833 
| p=0,003) e entre tempo e área (tempo x área= -0,633 | p=0,034). Conclusão: Há relação entre o desempenho 
do controle postural, mensurado quantitativamente a partir de uma plataforma de força, e o desempenho em 
tarefa virtual pé em indivíduos pós-AVC.
 
Palavras-chave: Controle Postural. Acidente Vascular Cerebral. Realidade Virtual.
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Considered as the second leading cause of death 
in the world [1], the Stroke can be due to a blood 
restriction (anoxic-ischemic), resulting from a vas-
cular failure to supply the demand for oxygen and 
substrates necessary for the cerebral tissue, or 
hemorrhagic, where there is blood leakage into or 
around the structures of the central nervous system 
[2,3]. Stroke can cause cell damage and neurological 
complications. Clinically, there are several possibili-
ties for the development of pathological conditions, 
which are commonly associated with mental, percep-
tual, language, sensory and motor functions [4,5]. 

The resulting deficits in motor capacity in post-
stroke individuals resulting from the injury in re-
gions responsible for the processing of sensorimotor 
information determine variable disabilities depend-
ing on their extension, which can be characterized 
by changes in voluntary motor control with paralysis 

or paralysis of the contralateral side of the lesion 
(hemiplegia or hemiparesis) [6,7]. Hemiparesis is the 
most common clinical resulting from a post-stroke 
and the motor act in this condition is hampered by 
muscle weakness, sensory deficits, spasticity, syn-
ergistic movements, selective movements, loss of 
balance and deficits in postural maintenance [7]. 

Postural control involves controlling the position 
of the body in space for the dual purpose of stability 
and orientation [5,8] using multiple sensory refer-
ences, derived from gravity, support surface and the 
body's relationship with the environment. An object 
is in equilibrium when it is capable of maintaining 
balanced its center of mass (CM), in which the to-
tal body mass is converged and projected within 
its support base, being at rest (static balance) or in 
stable movement (dynamic balance) [7]. The neural 
components essential for human orthostasis involve 
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motor processes that include synergies of the mus-
cular response and sensory processes covering the 
visual, vestibular and somatosensory systems and 
integration processes at a higher level [9,10]. After 
a stroke there are deficits in responses inherent to 
postural control that can be delayed in the paretic 
limb and the synergistic organization of the muscles 
of the paretic limb can also be interrupted [9].

The use of Virtual Reality (VR) has being sug-
gested as a possibility of intervention with specific 
frames of motor-functional changes, being comple-
mentary to the conventional methods already estab-
lished [11] but, even so, the relationship between 
performance measures of Postural Control and VR 
are poorly described in the literature. Gait and pos-
ture training with weight suspension associated 
with VR performed with a television placed in front 
of a treadmill simulating a daily environment, with 
pedestrians, buildings and vehicle traffic, showed 
significant improvements in speed and duration of 
gait and in balance of participants who, during ex-
posure to VR, received feedbacks about their gait 
and posture condition [12]. The explanation for the 
effectiveness of this form of intervention is based 
on the theory of reorganization mediated by mirror 
neurons responsible for motor imagery, that is, imag-
ination or visualization of movements that facilitate 
learning [13]. Thus, VR brings with it the possibility 
of performing a reliable and methodologically valid 
task for academic purposes [14] in addition to being 
pointed out in the literature as being safe and viable 
for post-stroke individuals [15,16] and is a potential 
new tool for obtaining postural performance mea-
sures in a clinical setting, corroborating investiga-
tions on the subject. 

Knowing that the posture of post-stroke individu-
als in the standing position is characterized by an 
increase in the displacement of the center of mass 
which leads to difficulties in postural control and, 

consequently, asymmetry in load transfers, attrib-
uting greater weight distribution in the non-paretic 
member [17,18], the present study sought to examine 
a possible relationship between the performance of 
standing postural control in unipodal and bipedal 
conditions in a postural control task performed in 
the VR environment in post-stroke individuals. The 
hypothesis of this study is that due to deficits in main-
taining postural control post-stroke individuals have 
a significant relationship between the performance of 
standing postural control in both conditions and per-
formance in a postural control task performed in VR.

Method

Participants

Nine individuals with chronic post-stroke condi-
tion participated in this study (three females and six 
males, aged between 30 and 76 years), being seven 
with hemiparesis present on the left side and two on 
the right side. As an inclusion criterion participants 
should be an integral part of the patients treated 
by the physiotherapy clinic of Fundação Hermínio 
Ometto — Uniararas, have visual and auditory ca-
pacity, maintain standing posture without the aid of 
devices and be able to perform the proposed task.

After identifying the possible participants, the ob-
jectives and procedures were explained and, if they 
agreed to participate in the study, the participant 
was invited to sign an Informed Consent Form, ap-
proved by the Institutional Ethics Committee (CAAE 
47490615.2. 0000.5385). To characterize the sample, 
clinical information of each participant was obtained 
from the medical record and the Mini-Mental State 
Examination (MMSE) [19,20], the Fugl-Meyer Scale 
[21] and the Berg Scale [22] were used (Table 1).

Table 1 - Characterization of the sample from the clinical record and application of tests to classify the degree of injury and 
functional capacity. Subjects (total number of participants), sex (male and female), affected side and mean values and standard 
deviation (age, Fugl-Meyer, Berg and Mini-Mental State Examination)

Subjects Sex Affected Side Age Fugl-Meyer Berg MMSE

M F  R L  Mean ± SD

9 6 3 2 7 56.2 ± 13 151.7 ± 23.3 42.6 ± 7 24.7 ± 4.1
Note: M = male; F = female; R = right; L = left; SD = standard deviation; MMSE = Mini-Mental State Examination. Source: prepared by 

the authors based on the study.
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Procedures

Participants were taken to a room at the institution's 
physiotherapy clinic and after signing the informed 
consent form performed the sample characterization 
tests. To test the cognitive functions of the participants 
the Mini-Mental State Examination (MMSE) was ap-
plied, which consists of questions typically grouped 
into seven specific categories: time orientation, location 
orientation, three-word record, attention and calcula-
tion, memory of the three words, language and visual 
constructive capacity. The MMSE score can vary from 0 
to 30 points, with a value less than 23 being indicative 
of dementia [19,20].

Participants were assessed for severity of the sen-
sory-motor sequela of the stroke, using the Fugl-Meyer 
Scale (EFM). This scale is divided into 5 domains: Motor 
function, sensitivity, balance, range of motion and pain. 
The items are scored on an ordinal scale from 0 to 2 (0 = 
no performance; 1 = partially performed, 2 = complete 
performance), totaling 226 points [21].

The performance of the participants' balance from 
the functional point of view was evaluated using the 
Berg balance scale. It includes 14 items that correspond 
to different balance tasks, which have a strong relation-
ship with the Activities of Daily Living (ADLs). They are: 
sit and stand, stand without support, sit without sup-
port with your feet on the floor, orthostatism for sit-
ting, postural transfers, stand without support with eyes 
closed, stand without support with your feet together, 
reach forward with your arm outstretched, pick up an 
object on the floor, turn to look behind your right and 
left shoulder, rotate 360o, up and down a step, remain 
upright with one foot forward, remain standing one leg. 
Each item has an ordinal scale of five options that assess 
the participant's performance between 0 and 4 points. 
Therefore, the maximum score that the participant can 
reach is 56 points [22].

After these initial assessments, participants per-
formed an assessment of weight baring and perfor-
mance of postural control and a virtual reality task. 
For the assessment of postural control, the participants 
had to position themselves on a force platform (Kistler, 
model 9286 A), with their arms extended loose at their 
sides as static as possible in two support conditions. In 
the first condition, called unipodal, participants stepped 
with one foot (affected side or unaffected side) on the 
force platform and the other foot on a wooden plat-
form positioned beside and at the same height as the 
force platform.

Two attempts were obtained, one for each side (af-
fected and unaffected) positioned on the platform. In 
the other condition, called bipedal, the participants sup-
ported both feet on the force platform, obtaining two 
attempts in this condition. In all attempts, participants 
remained with their eyes open, fixing a target of 5 cm 
in diameter, located at eye level, 1 meter away from the 
participant. Participants were asked to remain as static 
as possible throughout the attempt, each lasting 30 sec-
onds. Between attempts, participant stepped out of the 
force plate and if necessary, could sit down to avoid any 
fatigue effect. The force platform data were collected 
at frequency of 100 Hz, using an acquisition plate (NI 
USB-6251 BNC, National Instruments, Inc.) and a spe-
cific program developed in the LabView ® environment 
(National Instruments, Inc.).

Right after the end of data collection on the force 
platform, on the same day, participants performed the 
virtual task using the Nintendo Wii ® video game provid-
ed with a balance board system. This system consisted 
of a motion sensor which allows the representation 
of the displacement of the player's center of mass in 
a virtual environment, so that an “avatar” correspond-
ing to the individual in a virtual environment can move 
and achieve the task objective to be performed. Such a 
mechanism makes it possible to perform a reliable and 
methodologically valid task for academic purposes [23], 
in addition to being pointed out in the literature as be-
ing safe and viable for post-stroke individuals [23,24]. 

A projector (Benq ® model MX 660) was used to 
project the virtual environment on a projection screen 
on the premises of the Physiotherapy clinic. The projec-
tor was arranged so that the projection was directed in 
front of the participant. Calibrations were performed 
so that the projection was 2.2 m long by 2.5 m wide. 
The participants were positioned at a distance of ap-
proximately 2.5 m from the projection.

The game chosen for this study was the Balance 
Bubble from the Wii Fit Plus collection as it is a task 
that involves postural control that requires alteration of 
the participant's center of mass, involving anticipatory 
postural responses to voluntary movements, which tend 
to be destabilizing, in order to maintain the stability 
of the organism during movement [4]. The dynamics 
of this game occurs through the multidirectional dis-
placement of the pressure center, making it possible to 
control an avatar inside a bubble. With this displace-
ment it is allowed to make the avatar move along a path 
represented by the current of a river. Thus, the objective 
of the task is to make the avatar travel as far as possible 
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through the current aiming to reach the end of the route 
without touching the river banks and if it touched, a 
new attempt was initiated. For the present study, only 
the Beginner difficulty level was used, which has the 
lowest level of complexity.

After the familiarization period with the task the 
participants were asked to move according to what was 
requested in the game: to follow a river without touch-
ing its edges for most of the possible route, always aim-
ing at the finish line, representing the end of the attempt. 
Each participant made five attempts at the game, and 
from these, the distance and the time elapsed until the 
attempt was completed were obtained.

Data analysis

From the data of the force platform, the total vertical 
force was obtained for the two attempts of the unipodal 
condition. For attempts at the bipedal condition, the 
center of pressure (CoP) was obtained for the antero-
posterior (AP) mediolateral (ML) directions for each 
attempt. Subsequently, the total vertical force and the 
CoP were filtered with a digital Butterworth filter, 4 in 
the order and cutoff frequency of 5 Hz.

For the unipodal condition, the average of the total 
vertical force was obtained for each attempt indicating 
the body weight discharged on the force platform (af-
fected side and unaffected side) and normalized by the 
total weight. In this way, the percentage of the average 
weight unloaded on the platform was obtained along 
the attempt for each side of the participant's body.

For the bipedal condition, the performance of pos-
tural control during the maintenance of an upright pos-
ture during each attempt was verified by obtaining the 
variables amplitude and mean oscillation speed and 
displacement area. The mean amplitude of oscillation 
(AMO) was obtained by subtracting a first order poly-
nomial and the mean of all values of the attempt and, 
subsequently, obtaining the standard deviation. The 
AMO, therefore, corresponds to the variance of the data, 
with lower values indicating smaller magnitude of body 
oscillation and vice versa, obtained for the directions AP 
and ML and given in millimeters. The mean speed of os-
cillation was calculated by obtaining the total trajectory 
of the displacement of the CoP, throughout the trial, and 
dividing by the total trial time. The mean velocity (MV) 
was also obtained for the AP and ML directions and the 
mean unit was mm/s. Finally, the displacement area 
was calculated using the statistical method involving 

analysis of the main components, in which an ellipse 
that encompasses 85% of the CP data for the AP and 
ML directions concurrently was obtained and, subse-
quently, the area of this ellipse was calculated. The larger 
the area, it is inferred that the greater the oscillation; the 
unit of measurement of this variable is mm2.

The variables AMO, mean speed and displacement 
area were obtained for each of the two attempts in the 
bipedal condition. Subsequently, the average between 
the two attempts was obtained and used for further 
analysis. The procedures for processing the data and 
obtaining the variables were performed using routines 
written for specific purposes, using MatLab® software 
(Mathworks, Inc).

The VR task was performed using the Nintendo Wii® 
provided with a Balance Board with the game Balance 
Bubble. The dynamics of this game takes place through 
the multidirectional displacement of the pressure cen-
ter and, thus, it is possible to control an avatar inside a 
bubble in order to travel a path. The distance covered 
and the time required to play the game were obtained 
for each attempt. Subsequently, the mean of the five at-
tempts made was obtained for both variables and used 
for further analysis. 

Statistical analysis

Initialy, descriptive analysis was performed to 
obtaining the mean and standard deviation for each 
variable used in the study. Subsequently, Spearman's 
correlation analysis obtaining the rho coefficient was 
performed among the variables of interest. Thus, as vari-
ables of the virtual reality task, distance and elapsed 
time, they were related to a weight bearing of the af-
fected and unaffected sides. Still, as variables of the vir-
tual task performed, distance and elapsed time, they 
were also related to performance variables of the AMO 
postural control, mean speed, for AP and ML variables, 
and area. All analyzes were performed using the SPSS 
software and the level of significance was maintained 
at 0.05.

Results

Table 2 shows the average values referring to the vari-
ables of virtual reality and the performance of postural 
control of the participants of the present study.



                Fisioter Mov. 2020;33:e003333

Paes JP, Perotti Junior A, Barela AMF, Barela JA.
6

a positive relationship between distance x disc_af-
fected (rho = 0, 667), with a significance value of p = 
0.025. Also note that the relationship between time 
x disc_affected was also positive (rho = 0.683) and 
with a significance value of p = 0.021. The variables 
of distance and time, when related to a discharge 
from the unaffected limb, did not show statistically 
significant coefficients (p> 0.05), reported no rela-
tionship between these variables.

Table 3 - Values of the rho coefficient between the variables 
of RV and weight unloading

VR x Discharge of weight

 
distance 
x disc_

unaffected

distance 
x disc_

affected 

time x  
disc_

unaffected

time x  
disc_

affected

Correlation 
Coefficient 
(rho)

0.350 0.667 -0.450 0.683

Sig. 0.178 0.025* 0.112 0.021*

Note: VR = Virtual Reality; desc_n_afocado = displacement of side 

not affected; desc_af affected = displacement of the affected side; 

Coef. correlation = Correlation Coefficient; Sig. = Statistically Sig-

nificant. : * Indicates statistically significant. Source: prepared by 

the authors based on the study.

Table 4 presents the results of the correlation analy-
sis between the variables of VR (distance and time) and 
those of postural performance, mediolateral and antero-
posterior amplitude, mean of mediolateral and antero-
posterior speed and total area (amo_ml, amo_ap, vm_ml, 
vm_ap and area).

Table 2 - Average values (± standard deviation) of the vari-
ables obtained in the performance of the virtual reality task, 
weight unloading and the performance of postural control

Virtual Reality Mean ± Standard Deviation

Time (seconds)  326 ± 304.2

Concluded 33.2 ± 21.5

Discharge of weight

Discharge of the unaffected 
limb weight (%) 60.3 ± 8.2

Discharge of the affected limb 
weight (%) 40.8 ± 7.3 

Postural Control

Mean amplitude of oscillation 
AP (mm) ostural Control 2.1 ± 0.55

Mean amplitude of oscillation 
ML (mm) Age 1.5 ± 0.52 

Mean speed of oscillation AP 
(mm/s) 9.3 ± 3.3

Mean speed of oscillation ML 
(mm/s) 5.7 ± 1.7

Area (mm/s2) 83.0 ± 69.3

Note: Virtual Reality in meters and seconds; Weight discharge of af-

fected and unaffected limbs in percentage; Variables of postural con-

trol in millimeters (mean amplitude of anteroposterior and mediolater-

al oscillation), millimeters per second (mean speed of anteroposterior 

and mediolateral oscillation) and millimeters per second squared (to-

tal area). Source: prepared by the authors based on the study.

Table 3 presents the data related to the correla-
tion analysis carried out between as VR variables 
(distance and time) and as weight unloading, ac-
cording to the affected and unaffected side (disc_af-
fected and disc_unaffected). It is possible to identify 
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Table 4 - Values of the return coefficient between VR variables and postural control performance variables
VR x Postural Control

  distance x 
amo_ap

distance x 
amo_ml distance x vm_ap distance x vm_ml Distance x área

Correlation 
Coefficient (rho) -0.400 -0.367 -0.567 -0.333 -0.267

Sig. 0.14 0.17 0.06 0.19 0.24

Correlation 
Coefficient (rho)

time x amo_ap time x amo_ml Time x vm_ap time x vm_ml Time x área

-0.483 -0.733 -0.833 -0.617 -0.633

Sig. 0.094 0.012* 0.003* 0.038* 0.034*
Note: VR = Virtual Reality; amo_ap = mean amplitude of anteroposterior oscillation; amo_ml = mean amplitude of mediolateral oscillation; 

vm_ap = mean anteroposterior oscillation speed; vm_ml = mean speed of mediolateral oscillation; area = total area. Coef. correlation = 

Correlation Coefficient; Sig. = Statistically Significant. *Indicates statistically significant. Source: prepared by the authors based on the study.

The time analysis x amo_ml showed a strong and 
negative relationship (rho = -0.733) with a significance 
of p = 0.012. The time variable also had a strong relation-
ship with the variables vm_ap and vm_ml (rho = -0.833 

and -0.617), with significance of p = 0.003 and p = 0.038, 
respectively. Finally, the analysis between time x area also 
shows a strong relationship (rho = -0.6333) and with 
significance of p = 0.034.
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In our experimental protocol, those who oscillated 
the most during the recording of the postural variables 
and task in virtual reality had less control of the ava-
tar's actions and, therefore, could not even control the 
avatar to a minimum distance so that if it could obtain 
a measure of performance in the task. Understanding 
postural control as the control of body segment arrange-
ments based on the supply of sensory information from 
different sources, it can be said that this allows us to 
form an internal representation of the external world, 
reporting and recognizing the position and movement 
of each body part [26 - 28] in favor of efficient ortho-
statism and, deficits in this scheme, can explain the 
results found. To perform the task in VR, as well as in 
most functional tasks, it is necessary to maintain the 
vertical orientation of the body, which consequently 
demands the need for action of visual, vestibular and 
somatosensory systems [4] and a poor sensory integra-
tion may have contributed to the low performance in 
performing the virtual environment task, a hypothesis 
that needs further investigation.

The results of the present study indicated a rela-
tionship between performance in maintaining standing 
posture and performing the task in a virtual environ-
ment, which corroborates the use of instruments based 
on these systems in clinical settings. The use of VR for 
rehabilitation is already extensively investigated in the 
literature, this is due to the characteristic of a new pos-
sibility of intervention amid traditional methods, but 
little is discussed about the use of these platforms as 
instruments for assessing postural performance. The 
literature is already consistent in showing that the abil-
ity to perform a postural control task at higher levels 
of complexity causes post-stroke individuals to differ 
negatively from healthy individuals [15] but, the effects 
of the injury side in relation to learning of postural con-
trol tasks, performed in a virtual environment, show 
that post-stroke individuals have the ability to learn 
a postural control task similar to healthy individuals 
and that the injury side does not affect the learning of 
this task [15].

Seeking to reinforce the use of accessories used in 
the VR environment as an assessment instrument and 
not just an intervention, one of the most significant 
attributions given to the Wii Balance Board platform 
occurred due to its great potential for use in the mea-
surement of postural variables, once in standing on 
the platform, due to sensors distributed under it, it is 
possible to measure anteroposterior and mediolateral 
oscillations of the center of pressure, making it an even 

Discussion
  
The present study sought to answer whether there 

is a correlation between the performance of standing 
postural control and in a task performed in the VR envi-
ronment in post-stroke individuals using the Nintendo 
Wii ® console provided by the Balance Board. The re-
sults indicated (i) a positive and significant correlation 
between the performance in the VR task (distance and 
time) and the percentage of weight unloading on the 
side affected by the injury and (ii) a negative and signifi-
cant correlation between VR and variables of postural 
performance, showing that the lower the postural oscil-
lation, the greater the time and distance in performing 
the virtual task. Based on these results the hypothesis 
raised in the study of the relationship between perfor-
mance in a virtual task and performance during the 
maintenance of standing posture was accepted.

The observed relationship between weight-bearing 
on the affected limb and performance on the virtual task 
demonstrates the importance of symmetry between the 
hemibodies for greater functionality and performance 
of individuals after stroke. From the results obtained 
in this study, it is possible to suggested that a better 
performance in maintaining upright stance is related to 
a better performance in functional tasks with postural 
demands. Such finding also occurred in a previous study, 
revealing relationship between trunk control, functional 
performance and balance in stroke patients, which may 
be associated with asymmetries that alter the biome-
chanics of movement, deviating the center of mass from 
the support base, making postural adjustment reac-
tions difficult, which can interfere with performance 
of activities of daily living (ADL's) [24, 25]. Moreover, 
our results also indicated an important relation with 
the weight unloading of the affected side. The lack of 
relationship between performance in the virtual task 
and the unloading of weight from the unaffected side 
should be better examined to furhter understand such 
finding. One explanation could be that each individual, 
considering the possible postural changes resulting 
from stroke, seeks different strategies for the efficient 
maintenance of standing posture from the unaffected 
side, which does not seem to occur with the affected 
side. Yet, further investigations are necessary because 
it is important to consider experimental designs whose 
models contemplate the relationship between the ef-
fect of learning the task on postural performance and, 
not having presented this, was a limitation of the pres-
ent study.

Page 07 of 09
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2010;6(3):13-9.

7.	 Polese JC. Parâmetros Biomecânicos e Percepção de 
Hemiparéticos Crônicos com o uso de dispositivos Aux-
iliares na Marcha (master´s thesis ). Belo Horizonte: Uni-
versidade Federal de Minas Gerais; 2011. 126 p.

8.	 Chou SW, Wong AMK, Leong CP, Hong WS, Tang FT, Lin 
TH. Postural control during sit-to-stand and gait in stroke 
patients. Am J Phys Med Rehabil. 2003;82(1):42-7.

9.	 Farias NC, Rech I, Ribeiro BG, Oliveira CS, Menna W, Albu-
querque CE, et al. Avaliação postural em hemiparéticos 
por meio do software SAPo – Relato de caso. ConScien-
tiae Saude. 2011;8(4):649-54.

10.	 Gawryszeweski LG, Lameira AP, Ferreira, M, Guimaraes-
Silva S, Conde EFQ, Pereira JRA. A Compatibilidade 
Estímulo-Resposta como Modelo para o Estudo do 
Comportamento Motor.  Psicol USP. 2006;17(4):103-21.

11.	 Sveistrup H. Motor rehabilitation using virtual real-
ity. J Neuroeng Rehabil. 2004;1(1):1-8.

12.	 Walker ML, Ringleb SI, Maihafer GC, Walker R, Crouch 
JR, Van Lunen B, et al. Virtual Reality-Enhanced Partial 
body Weight-Supported Treadmill Poststroke: Feasi-
bility and Effectiveness in 6 Subjects. Arch Phys Med 
Rehabil. 2010;91(1):115-22.

13.	 Souza LB, Paim CRP, Imamura M, Alfieri FM. Uso de um 
ambiente de realidade virtual para a reabilitação de aci-
dente vascular encefálico. Acta Fisiatr. 2011;18:217-9.

14.	 Deutch JE, Brettler A, Smith C, Welsh J, John R, Guarrera-
Bowlby P, et al. Nintendo Wii Sports and Wii Fit Game 
Analysis, Validation, and Application to Stroke Rehabili-
tation. Top Stroke Rehabil. 2011;18(6):701-19.

15.	 Saposnik G, Cohen LG, Mamdani M, Pooyania S, Plough-
man M, Cheung D, et al. Efficacy and safety of non-im-
mersive virtual reality exercising in stroke rehabilita-
tion (EVREST): a randomized, multicentre, single blind, 
controlled trial. Lancet. 2016;15(10):1-9.

16.	 Pérennou D. Weight bearing asymmetry in standing 
hemiparetic patients. J Neurol Neurosurg Psychiatry. 
2005;76(5):621.

more mobile and cheaper alternative facing the already 
established conventional force platforms, which makes 
it viable in clinical settings [29]. Through a study, using 
a Balance Board platform and software developed in a 
MatLab ® environment (Mathworks, Inc), researchers 
validated the use of the Balance Board as alternatives to 
traditional platforms when comparing CoP data from it 
with o a conventional force platform, which presented 
significantly relevant results [30] confirming that the 
use of VR environments and accessories from these 
platforms appear as a real possibility of postural as-
sessment in a clinical environment.

Conclusion
  
From the results obtained, it was possible to con-

firm the initial hypothesis raised by the present study 
that, from the impairment of postural maintenance of 
post-stroke individuals, which can be represented by 
the deficit in the maintenance of the center of mass and 
the load distribution asymmetrical within a support 
base, the performance of postural control correlates 
with a postural control task performed in virtual real-
ity. As already mentioned, studies with greater depth 
should be considered in order to investigate whether 
the effect of a periodized program within the proposed 
task would alter, for example, the effect of the relation-
ship evidenced by the present study.
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