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Abstract

Introduction: Hemiparetic Stroke patients have their daily activities affected by the balance impairment.
Techniques that used visual information for training this impairment it seems to be effective. Objective:
To analyze the effects of the unstable balance board training and compare two ways of visual feedback:
the biomechanical instrumentation and the mirror. Materials and methods: Eight chronic hemiparetic
Stroke patients participated in the research, randomized in two groups. The first group (G1) accomplished
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Resumo

the training with biomechanical instrumentation, and the second group (G2) trained in front of the mir-
ror. Sixteen training sessions were done with feet together, and feet apart. The evaluation instruments that
were used before and after the period of training were the Time Up and Go Test (TUGT), Berg Balance Scale
(BBS) and the Instrumented Balance Board (IBB), that quantified the functional mobility, the balance and
the posture control respectively. Results: The TUGT showed significant results (p < 0.05) favorable to G1.
Despite the results of BBS were significant for G2, the intergroup comparison did not reveal statistical sig-
nificance. Both groups obtained decrease in levels of IBB oscillation, what can indicate a higher stability,
however the results did not indicate statistical significance (p > 0.05). A strong correlation between all the
applied tests was observed in this research. Conclusion: Although the advantages found were different
between the groups, in both it could be observed that the training brought benefits, with the transference
to the functional mobility.

Keywords: Biofeedback. Postural balance. Stroke.

Introdugdo: Pacientes hemiparéticos por Acidente Vascular Cerebral (AVC) tém suas atividades didrias afetadas
pelo comprometimento do equilibrio. Técnicas que utilizam informagées visuais para o treinamento de adaptagéo
a esse comprometimento parecem ser efetivas. Objetivo: Analisar os efeitos do treinamento do equilibrio em plata-
forma instdvel e comparar duas formas de feedback visual: a instrumentagdo biomecdnica e o espelho. Materiais
e método: Participaram da pesquisa oito pacientes hemiparéticos por AVC na fase crénica, randomizados em dois
grupos. O primeiro grupo (G1) realizou o treinamento com instrumentagdo biomecdnica e o segundo grupo (G2)
realizou esse treinamento em frente ao espelho. Foram 16 sessées, treinando com os pés unidos e com 0s pés se-
parados. Como instrumentos de avaliagdo foram utilizados, antes e depois do periodo de treinamento, o Timed
Up and Go Test (TUGT), a Escala de Equilibrio de Berg (EEB) e a Prancha de Equilibrio Instrumentada (PEI), que
quantificaram a mobilidade funcional, o equilibrio e o controle postural respectivamente. Resultados: O TUGT re-
velou resultados significativos (p < 0,05) favordveis ao G1. Apesar de os resultados da EEB terem sido significativos
para o G2, a comparagdo intergrupos ndo revelou significancia estatistica. Ambos os grupos obtiveram diminuigdo
nos niveis de oscilagdo da PEI, o que pode indicar uma maior estabilidade, porém os resultados ndo indicaram
significancia estatistica (p > 0,05). Observou-se forte correlagdo entre todos os testes realizados nessa pesquisa.
Conclusdo: Embora as vantagens encontradas tenham sido diferentes entre os grupos, em ambos pdde-se observar
que o treinamento trouxe beneficios, com transferéncia para a mobilidade funcional.

Palavras-chave: Biorretroalimentagdo. Equilibrio postural. Acidente Vascular Cerebral.

Introduction

The mortality rates caused by Stroke in
Brazil are the highest in Latin America, so for
men (128/100,000 inhabitants), and for women
(98.7/100,000 inhabitants), and can be related to
social determinants (1), as identified in the study
accomplished in Joinville, between 2005 and 2007,
where the variation in different districts was ob-
served and its inverse correlation with the level of
schooling. In that period 1,734 cases were regis-
tered, being 1,034 as the first episode. The incidence
rate was of 69.5/100,000 inhabitants (2).

Neuron lesions resulting from the interruption
of the blood flux in Stroke, can result in disabilities
involving the weakness, sensorial deficits, spasticity,
loss of motion selectivity, in addition, aphasia, dysar-
thria and cognitive impairment (3). An evident symp-
tom is the impairment of the contralateral hemibody
distinguished by the hemiparesis. An inability occurs
in transfer the weight to the injured side evidencing
incapacities and limitations, mainly in relation to the
balance and normal mobility (4, 5).

The central stimulation is adjusted according to the
task and environment. The sensory stimulus are used
before, during and after the movement permitting the
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anticipation (feed forward) as preparation for risks that
can appear, and the retro feeding (feedback) that per-
mits necessary adjustments to the movement that is be-
ing performed, or correction for future movements (3).

The integration of the somatosensory, visual
and vestibular systems produces information to the
central commands that interpret the messages and
return a motor answer allowing the maintenance of
the postural control (6). To keep standing, walk and
integrate with the environment in a safe and efficient
way it is necessary a good posture orientation and a
good balance, gotten through suitable postural con-
trol. The orientation is the adjustment that allows the
positioning and alignment of the body. So the balance
keeps the body in the position and suitable orienta-
tion during the motor actions (7).

To keep maintenance of the balance in the static
posture we generally use movements up to the ankle
before little oscillations, hip movements when the
support base decreases and becomes more unstable,
and the pace strategy avoids fall when it occurs great
perturbations (8). Hemiparetic Stroke patients em-
ploy very often the pace strategy, and to the mainte-
nance of the support base they use the hip strategy
most of the times (9).

Therefore, deficiencies in the integration process-
es of different concerned systems, resulting from the
Stroke, as neural as musculoskeletal, will directly af-
fect the postural control (9), endangering the daily
life activities and increasing the risk of falls in these
people (10, 11, 12). In addition the deficit of balance
cause more fatigue, disturb attested in a study that
compared the spent of energy of patients with and
without Stroke during activities on a force plate, the
group of patients with Stroke had the energetic de-
mand twice more than the control group (13).

Strategies to the balance rehabilitation have been
researched and have been necessary for the recovery
of these patients. The use of the unstable board with
biofeedback through the biomechanical instrumenta-
tion, has already demonstrated benefits in hemipa-
retic Stroke patients. This kind of training permits the
individuals visualizes the dislocation of the body in
the anteroposterior, latero-lateral and diagonal direc-
tions, and it stimulates the necessary and appropriate
adjustments face to the caused oscillation (14).

Visual information can be used to compensate
the inappropriate proprioception, and correct the
body asymmetry through the reorganization of in-
formation, effect observed in the study of Tripoli et

al. (4) that used a mirror, and Kerdoncuff et al. (6)
that carried out a prospective study and random-
ized comparing the conventional rehabilitation with
the rehabilitation on force plate and visual feedback
during three weeks with two sessions a day, obtain-
ing a significant upgrade in the clinic test and in the
stabilometry with the use of technic.

Thus, the objective of this research was to ana-
lyze the effects of balance training in hemiparetic
Stroke patients in unstable board, and compare the
use of two ways of visual feedback: the biomechani-
cal instrumentation used by Soares et al. (14), and
the training where the patient has as reference the
visualized shift by his own image in the mirror.

Materials and methods

The research had the approval of the Committee
of Ethics in Research of Hospital Municipal Sdo José
in Joinville, Santa Catarina, Brazil, according to the re-
port number 08011. Itis about a randomized clinical
trial involving hemiparetic Stroke patients attended
in the neurological physiotherapy ambulatory of
Faculdade Guilherme Guimbala, in Joinville, Santa
Catarina, Brazil.

Eight patients framed in the inclusion criteria
which were the presence of hemiparesis by Stroke
in the chronic stage, and the capacity of walk in-
dependently. The hemiparesis by other pathology
determined exclusion criteria, as sensorial aphasia,
visual and/or auditory deficits and cognitive deficit.
All patients are dexterous.

The patients were randomized into two groups,
being the first group (G1) composed by four men
affected by the ischemic Stroke, average age of 58
(£ 6.8), with time of lesion of 24 months (+ 17), three
of them featuring left hemiparesis and one with
right hemiparesis.

In the second group (G2) four male patients par-
ticipated, being one afflicted by hemorrhagic Stroke
and the others by the ischemic type, aging average 53
years old ( 13), two of them with left hemiparesis
and two with right hemiparesis, with average lesion
time of 12 months (* 8.2).

In the pre and post tests the patients had the bal-
ance, the functional mobility and the posture control
evaluated by Berg Balance Scale (BBS), the Timed Up
and Go Test (TUGT) and the Instrumented Balance
Board (IBB).
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The BBS evaluates the balance through 14 items
with scores from 0 to 4 that require keeping positions,
or performing tasks of different levels of difficulty.
The highest score more independence and safety of
the patient. It is a very reliable scale to quantify the
evolution after clinic interventions, besides it, it is
easy to apply it and it is safe for the patient (15, 16).

To monitor the mobility progress, the TUGT is an
efficient test, and consists in timing how much time
the patient takes to accomplish the following func-
tional activities: standing up from a chair, walking
three meters, spinning on his own axis, returning
and sit again. A longer time is consistent with the
symptomatology of Stroke, whereas the paresis, the
spasticity and the asymmetric distribution of the cor-
poral weight, makes the accomplishment of specific
functional activities difficult (17, 18).

The Instrumented Balance Board (IBB) devel-
oped by the Laboratory of Instrumentation (Centro
de Ciéncias da Satude e do Esporte da Universidade do
Estado de Santa Catarina) was used to evaluate and
training. It permits to the patient to visualize through
the monitor, the oscillations through the sensors dis-
posed in five levels (N1, N2, N3, N4, and N5) located in
the bottom side of the board that is unstable. The N1
is the most stable, the N2 indicates instability twice
higher than N1, and so on (19). Therefore, the values
of oscillation seen in each level were multiplied by
them, after summed up and divided by five, obtaining
a total value. Lower values indicated more stability.
The patient remained during the evaluation in ortho-
static position for 30 seconds on the board with the
arms along the body with the eyes opened, initially
with the feet apart (ankles distant 10 centimeters and
forefeet free), and followed with the feet together for
the same time, keeping 70 centimeters of distance
from the eyes to the monitor (14).

The G1 trained the balance through the biomechan-
ics instrumentation (Figure 1A). The system permits
the patient accomplish the necessary adjustments to
the maintenance of the balance using a visual feed-
back the oscillation shown on the monitor (14, 19).
The G2 trained the balance on the same unstable
board in front of a mirror (Figure 1B). Both groups
trained twice a week, during eight weeks, complet-
ing sixteen sessions with the time approximately of
thirty minutes.

Each session was accomplished in four series
of five minutes each, being two with the feet apart
and two with the feet together, with a rest time of

two minutes between the series. Both groups were
kept in conventional physiotherapy, based in classic
kinesiotherapy.

The collected data were tabulated on Microsoft
Office Excel 2007", and exported to the Graph Pad
Prism 4" software where the average and standard
deviation were determined. To compare the pre
and post tests in each group and between them, the
Student’s t Test was applied for paired samples in
significant level of 95% (p < 0.05). The comparison
between the groups was accomplished using the
ANOVA (Kruskal-Wallis Test). To determine the cor-
relation between the tests it was used the Pearson
Correlation Test (p < 0.05).

Figure 1 - (A) Simulation of balance training on the Instru-
mented Balance Board; (B) Simulation of the
training in front of the mirror

Results

Regarded to the individual characteristics, both
groups were composed by men and did not differ
statistically in terms of age, time of lesion, and re-
sults of TUGT pre tests (p = 0.06), scores of BBS (p =
0.53) and levels of oscillation in IBB with feet apart
(p =0.62) and feet together (p = 0.95).

In relation to the functional mobility evaluated
by TUGT both groups had a decrease in average time
in the execution of the test, however, only the G1
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obtained significant results. The average time of
G1 was of 14.5 s (+ 4.8) in the pre testand 11.3 s
(* 3.8) in the post test, indicating an improvement of
22.1% (p = 0.01). The G2 accomplished the pre test
in the average time of 22.8 s (* 6.1), that represents
adecrease in time of performance of 9.6% (p = 0.47).

The results of BBS in G1 showed an average of
46.3 (+ 12.5) in the pre test,and 52 (* 4.8) in the post
test, demonstrating an average increase of 5.7 points
(12.3%), but, this value was not significant (p = 0.23).
In the meantime G2 had an average of 42 (* 3.2) in
the pre test and 49.3 (* 4.3) in the post test, average
increase of 7.3 points (17.4%), indicating statistical
significance (p = 0.02).

A strong negative correlation was observed be-
tween the results of TUGT and IBB with the obtained
value of r-0,96 in G1, and r -0,94 in G2.

The average oscillation value in IBB can be vi-
sualized in the Figures 2 and 3, with feet together

and apart respectively. Both groups obtained im-
provement in postural control, although the dif-
ferences pre and post tests were not significant
in both groups. With feet together G1 obtained an
improvement of 11% (p = 0.14), and G2 decreased
the oscillation in 26.5% (p = 0.10). It is noticeable that
G1 reduced the level of oscillation in 6% (p = 0.47)
with feet apart and G2 in 19.2% (p = 0.11) in the
same position.

The coefficient (r) of correlation test between
the results of IBB, TUGT and BBS are represented
in Table 1.

When the comparison between the two groups
was accomplished the Kruskal-Wallis Test identified
a significant statistics difference only in the results
of the functional mobility evaluated by TUGT favor-
able to G1 (p < 0.05). Both the BBS pointing and the
level of oscillation of the IBB sensors did not have
significant differences (p > 0.05).
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Figure 2 - Comparison between the groups, average values
of oscillation on the balance board with feet to-
gether, before and after the treatment

Figure 3 - Comparison between the groups, average values
of oscillation on the balance board with feet

apart, before and after the treatment

Table 1 - Correlation of IBB with the other tests

Gl G2
IBB ft TUGT BBS IBB ft TUGT BBS
IBB fa 0.95* 0.87* -0.75* 0.76* 0.67* -0.87*
IBB fa TUGT BBS IBB fa TUGT BBS
IBB ft 0.95* 0.83* -0.81* 0.76* 0.52* -0.75*

Note: IBB fa = Instrumented Balance Board with feet apart; IBB ft = Instrumented Balance Board with feet together; TUGT = Timed Up and

Go Test; BBS = Berg Balance Scale.*significant correlation.
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Discussion

The repercussion related to the central nervous
system recurring from the Stroke change the pos-
ture reactions endangering significantly the daily
activities (8, 9, 10, 12), what makes the training of
the postural control a fundamental strategy for the
rehabilitation of these patients. Although it does not
exist consensus about the best techniques for the
training of this function, balance boards associated
to the visual feedback are habitually used for this
population with different and, so controversial re-
sults (20, 21, 22, 23).

The present research had as objective to compare
two ways of training the balance on the unstable
board with two different kinds of visual feedback,
one through the biomedical system and the other
using the own image in the mirror. Once the train-
ing on unstable boards/surfaces is very common in
clinic practice.

Regarding the individuals of the study the sample
was constituted by men, age group over 40, the ma-
jority stricken by ischemic stroke, consistent charac-
teristics with the current literature (1, 2, 24, 25). The
patients had similar clinic characteristics and they
did not differ statistically in age, time of lesion, and
results of pre tests, the groups were considered ho-
mogenous, permitting the comparison between them.

The decrease in time in the TUGT reflected an im-
provement of the functional mobility of the patients,
with favorable results to G1. In Soares et al. (14) study,
the patients trained on IBB the same way as G1 of this
study, and it was equally observed after 8 weeks of
training a significant decrease in performing time.
Therefore, as the TUGT is a good predictor of fall risks
it can be emphasized the importance of the balance
training for greater safety of the patient in the ac-
complishment of the functional activities (11, 17).

The G2 trained the balance in front of the mirror,
and through the reflected image had the possibil-
ity to observe their position and corrected it, being
considered an efficient method for the balance and
posture training (25). This instrument was also used
in the Tripoli et al. study (4) that applied the tech-
nique to verify the weight transference to the affected
lower limb which was asymmetric on hemiparetic
Stroke patients. During the task performance, when
the patients were deprived from the visual stimu-
lus the weight unloading became smaller in the in-
jured limb, which was asymmetric, evidenced the

dependence of the visual information for the senso-
rial reorganization.

Srivastava etal. (20), in a prospective study, trained
the balance on a force plate with visual feedback and
verified an improvement in the rate of BBS and stabi-
lometry, that lead to the functional independence
observed through the scores of Barthel Index. In the
current research, G2 obtained significant results on
BBS scores, however the comparison between the
groups do not demonstrate meaningful differences,
both evolved in score, that can be the result of a better
symmetric weight distribution on the lower limbs (26),
since the asymmetry blocks the properly performance
of standing from a chair, go up on stairs, among other
activities that are evaluated in BBS (27).

This weight unloading more asymmetric was
proved in some studies with the use of visual feed-
back, although in relation to the balance when com-
pared with conventional techniques there were no
benefits, despite this, the force plates were stable as
the strength ones (21, 23, 26), and not unstable, like
in this study. The unstable plates challenge more the
patients, provide more perturbations to the balance
and need more dynamic reactions facing the task.

Controversial results are found in studies with
patients in a sharper stage of the Stroke. Some re-
searches reveled improvement on scores, although
they do not indicate additional benefit in the use of
visual feedback, comparing with the rehabilitation
without the use of the technique (28, 29), however,
others obtained advantages using the technique com-
paring with the conventional physical therapy, with
significant results on the score that evaluate the dy-
namic balance (22).

A comparison between the conventional physio-
therapy and the balance training with visual feed-
back through the Wii Fit in twelve hemiparetic Stroke
patients in the chronic stage, demonstrated in both
groups, significant improvements on the static and
dynamic balance evaluated by BBS. The group that
made use of the visual information obtained an ad-
vantage in relation to the evaluation on the force
plate, where the results were significant in the de-
crease of anteroposterior oscillation comparing with
the conventional technic (5).

To verify the effects on the corporal oscillation
Vaillant et al. (30) used a frontal image on a mirror
in elderly training. Exactly as they expected, the re-
sults indicated a decrease in medio-lateral oscillation,
while the anteroposterior oscillation kept unchanged,
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probably by the fact that the reflected image shows
more clearly the average lateral oscillations. Possibly
the application of IBB would have the advantage to
decrease also the anteroposterior oscillations, be-
sides the medio-lateral, regarding that the equipment
enables the individual visualize the displacements of
his body in all directions (14).

As it was observed, the majority of the studies
uses force plates not only for the balance training
but, also as an evaluation instrument (20, 17, 26, 21),
and reinforcing, the difference of the balance board
used in this research is its instability, what demands
more concentration to keep the posture regarding
the oscillations (14). Soares et al. (14), obtained sig-
nificant results after the IBB training, where it had a
decrease in oscillation of 79.6% with feet together,
and of 119.1% with feet apart, evidencing potential
benefits in its application. Although not significant,
in the present research, the use of biomechanical in-
strumentation and the use of the mirror resulted in
average values of minor oscillation, what can indicate
a better stability for the patients.

A strong correlation was observed between the
IBB and the other tests. The values obtained with
feet together correlated positively with the TUGT
results and negatively with BBS. It indicates that as
less the level of oscillation is, less is also the time to
accomplish the TUGT, and higher is the rate in BBS.
Therefore, a suitable postural control profit the reac-
tions of balance with positive repercussions over the
functional mobility (10, 17, 31). The strong correla-
tion observed between the IBB and TUGT, was also
evidenced in other studies (10, 25, 31), confirming
the fact that individuals with high scores in IBB ac-
complish the sequence of TUGT with a better perfor-
mance, observed by the lower run time.

There are benefits with the use of the technic that
can be explained regarded to the use of visual in-
formation that are fundamental to the maintenance
of the balance, as well as supply sensor afferent to
the compensatory adjustments face to perturbations
(32), being, therefore a relevant help for the indi-
viduals rehabilitation with this kind of impairment
recurring from the Stroke.

Conclusion

Disturbs related to the postural control are quite
common in hemiparetic Stroke patients, and implies

in insecurity, risk of falls and different levels of func-
tional dependence. Therefore, training the postural
alignment and the balance reactions are fundamental
requirements for the strategies of treatment of this
population of patients. Even though there was found
different advantages in both groups, in both it could
be observed that the training brought benefits along,
with transference to the functional mobility.

[tis important to remark the necessity to expand
the studies about this topic, where it is essential the
development of research with a larger number of
patients, comparing different techniques, and seek to
measure the effects related to the daily life activities,
beyond the control and other factors, such as atten-
tion and motivation, that can influence decisively the
process of rehabilitation.
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