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Abstract

Objective: To analyze and compare the benefits and advantages of using the Nintendo® WII console software
and conventional physiotherapy for improving the balance in the elderly.

Materials and methods: Sixteen elders, divided in 2 groups according to the received treatment (conventional
physiotherapy or Wii-based rehabilitation), had their balance evaluated by 4 methods, by using the Berg balance
scale, the functional reach, the “time up and go” test, and stabilometry.

Results: Berg balance scale scores improved for the Wii-based rehabilitation group. Larger body displacement
towards the frontal region was observed in the functional reach test for the participants treated with Wii-based
rehabilitation. Decreased time for completing the “time up and go” test was observed for Wii-based rehabilitation.
Stabilometric data revealed no significant differences between the two groups or between the different evaluations.

Conclusions: We conclude that the Wii-based rehabilitation treatment was more effective in improving balance

functional parameters than a more traditional physiotherapy protocol for older adults.
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Introduction

Balance can be defined as the ability of an individual to successfully
maintain his/her body posture or, more specifically, his/her center of
gravity within the physical limits of space. Balance maintenance can
be static (remaining at rest) or dynamic (during motion), and depends
on a complex interaction between the sensory and musculoskeletal
systems [1].

Biological aging is associated with profound changes in cellular,
tissue-level, and organic activities, resulting in a reduction in the
efficiency of several physiological processes of the human body. Among
the physiological processes that exhibit age-related deterioration is the
ability to maintain body balance, which leads to postural abnormalities,
postural instability and falls. Different tests can be used for diagnosis in
patients with balance disorders [2-4].

Melzeretal. [5] pointed out thataging contributes to the deterioration
of balance control mechanisms, causing balance disparities, which leads
to the occurrence of falls and limited functionality.

Many mechanisms have been proposed to explain age-related
changes in balance. Assuming that aging affects all physiological
processes, postural balance reduction can be explained by the loss of
cellular receptors in the vestibular system, impaired sensory perception,
decreased muscular strength, increased reaction time [5] and changes
in proprioception [6].

Reduced physical activity can also cause a reduction in balance in
the elderly. Balance disorders represent a growing public health concern,
owing to their connection with falls and the associated consequences.
These consequences include fractures and immobilization or prolonged
hospitalization, leading to losses in autonomy and quality of life of the
elderly [7,8].

These considerations stress the need to develop a program of special

corporal perception movements for enhancing the reorganization of
body balance during aging, before the loss of balance and consequent
falls lead to social withdrawal, with serious physical and mental
consequences for the elderly [9].

According to Vaghetti et al. [10], state-of-the-art technology has
been widely used in several health care areas, in particular for the
recovery of cognitive and motor autonomy. Physiotherapy, in general,
makes use of diverse methods for recovering the motor abilities of the
injured individual and, as a consequence, aids in improving his/her
self-esteem. Virtual learning environments are gaining wide use, and
videogames are increasingly adopted for working on sensory and motor
skills.

Butler et al. [11] note that virtual environments encourage high-
intensity repetition and have been used in numerous professional
training programs. Current rehabilitation programs are also employing
these tools by using virtual reality (e.g., Nintendo” Wii). The Nintendo’
Wi is the seventh generation video game console developed and sold
by Nintendo'. Its unique feature is the ability to project the physical
movement of its user onto the TV screen, which increases interactivity
and user’s stimulus to play the game, thus providing the user with a
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quick feedback of the movement being performed. The user has a
physical sensation, related to the interaction with objects. Although
this sensation may not be identical to a sensation perceived when
interacting with objects in the real world, it is enhanced by auditory
feedback. The Wii console uses the differences between applied force
and acceleration components on its controls to adjust the amount of
feedback provided to the user.

Thus, the Wii system offers clinicians the potential to develop
routines for practicing both fine and gross motor skills, for coordination
and motor control, and for improving the patient balance by using the
Wii balance board [12,13].

The goal of this study was to analyze and compare the benefits and
advantages of using the Nintendo® WII game console software and
conventional physiotherapy for improving the balance in the elderly.

Materials and Methods
Ethical aspects

This study conformed to the ethical principles and followed the
national and international guidelines for research involving human
beings (CAAE, Protocol n° 01092112.5.0000.5062).

Experimental model

Sixteen elderly residents of the city of Eundpolis BA, 9 females and
7 males, all over 60 years old, provided their informed consent to be
included in the study.

The 16 elderly patients were randomly divided into two groups,
with n = 8 for each group:

The conventional physiotherapy group included the elderly who
were treated by using physiotherapy and were evaluated periodically.

The Wii-based rehabilitation group included the elderly who
participated in guided activities by using the Nintendo” Wii game
console and were evaluated periodically.

Therapeutic procedures

The elderly patients of the physiotherapy and Wii-based
rehabilitation groups were submitted to three weekly sessions with the
respective protocols, for a total of 12 sessions. Each treatment session
lasted 40-50 min. The procedures took place in the school clinic of
UnisulBahia Faculdades Integradas. The elderly in the control group
were only evaluated, without performing any treatment. All elderly
patients were evaluated during the 1%, 6", and 12% sessions.

Therapeutic procedure using conventional physiotherapy: The
elderly treated by using conventional physiotherapy had to perform
the following therapeutic activities: stretching exercises, strengthening,
weight transfer, body stability and marching in three series of ten
repetitions [14-22].

The stretching exercises were performed passively for the
quadriceps, hamstrings, triceps surae, adductors and abductors [14-
16,22]. Strengthening amounted to performing squatting exercises
[16,21,22]. Weight transfer exercises were performed as follows: the
patient and the physiotherapist stood back to back, a ball was passed
by hand, with trunk rotation associated with the elevation of the lower
ipsilateral member, ten passages for each side [14]. Body stability tasks
were performed with normal base, standing with closed eyes, with both
feet parallel to each other, followed by manual disturbance, standing on
an instable surface (proprioceptive disk) and throwing a ball up in the

air and catching it without letting it fall to the ground [19,20]. Marching
tasks were performed with the normal base. The patients were asked to
walk over a straight line on the ground, in parallel bars [19,21,22].

Therapeutic procedure using wii-based rehabilitation: The
exercises involving the Wii Fit Plus software, combined with the Wii
Balance Board, were used as a therapy. The games used were: Lotus
Focus, also known as ,,Zazen”: The participant was in the orthostatic
position, on the Wii Balance Board, with his/her feet a shoulder width
apart. When the game started, the participant had to remain still for as
long as possible, while breathing normally.

Deep breathing: The participant was in the orthostatic position,
with his/her feet a shoulder width apart, on the Wii Balance Board, with
his/her hands positioned over the abdomen, near the belly button. The
participant inhaled and exhaled slowly while trying to maintain a red
dot at the center of a yellow balance line on the screen.

Penguin slide: The participant was in the orthostatic position,
with his/her feet a shoulder width apart, on the Wii Balance Board,
performing weight transfer changes to the left and to the right to tilt
the iceberg in order to capture the fish. By tilting the iceberg, the avatar
started to slide down in the direction of the inclination. If the participant
was not careful, the avatar slid off the iceberg and the participant had to
wait a few seconds before the avatar could be re-allowed to pick up fish.

Balance bubble: The participant was in the orthostatic position,
with his/her feet a shoulder width apart, on the Wii Balance Board.
In this game, the participant had to perform a weight transfer task to
the anterior region for the avatar to move forward or, in the case, he/
she wanted the avatar to move backwards, to the posterior region. The
participant also performed weight transfers to the left and to the right,
for moving the avatar to conform to the weight transfer.

Table tilt: In this game, the participant had to place a set of balls
in holes on a platform. To do so, the participant was in the orthostatic
position, with feet a shoulder width apart on the Wii Balance Board,
and performed a weight transfer task to the anteroposterior, right and
left regions to tilt the floating platform and guide the balls into the
holes. Each exercise was performed at least five times.

Balance analysis

Baropodometry, Berg balance scale, functional reach test and “time
up and go” test were applied for the balance analysis. For all participants,
the tests were performed during the 1%, 6, and 12 sessions.

Baropodometry: We used an electronic baropodometer of the
Arkipelago brand and a platform guided by the Footwork program.
Data were acquired for performing baropodometric bipodalic analysis,
through posturographic analysis barefoot and with open eyes. The
statokinesiogram and the stabilogram were used as comparison
parameters. The statokinesiogram is the map of the center of pressure
(CP) in the anteroposterior direction versus the CP in the mediolateral
direction. The stabilogram is the temporal series of the CP in each
direction: anteroposterior and mediolateral [23].

Several time-and frequency-domain variables were calculated
from the CP displacement data. In the time domain the calculated
variables were: the dispersion of the Center of Pressure displacement
from the mean position in the anteroposterior direction (SDap); the
dispersion of the Center of Pressure displacement from the mean
position in the mediolateral direction (SDml); the root mean square
displacement in the anteroposterior direction (RMSap); the root mean
square displacement in the mediolateral direction (RMSml); the total
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average speed (TAS); the maximal and minimal CP displacements in
the anteroposterior direction (AdCPap), and the maximal and minimal
CP displacements in the mediolateral direction (AdCPml).

Berg balance scale: The Berg balance scale test consisted of 14
tasks, on an ordinal scale of 4 points, ranging from 0 (incapable of
performing the task) to 4 (performs the task autonomously). The scores
for the 14 tasks were summed for obtaining a total score, which varied
between 0 and 56 points. A high score implied better performance and
values equal or lower than 45 predicted the risk of fall [3]. Thorbann
and Newton [24] add to this, reporting high specificity (96%) and low
sensitivity (53%) for this test, for the predisposition value of 45 points.

Functional reach test: This test determined to what extent the
elderly were capable of moving within the anterior stability limit, with
their feet being parallel. Duncan et al. [25] have shown that individuals
who were able to reach within 25.4 to 15.2 cm were twice more likely
to suffer two or more falls in the next 6 months, when compared with
those who could reach 25.4 cm or more; those who reached for 15.2 cm
or less were 4 times more likely to suffer two or more falls in the next
6 months.

“Time up and go” test (TUG): This test quantified the time (in
seconds) that the individual required to rise from a standardized chair,
with arm rest and 46 cm above the floor, walk 3 m, turn, walk back
to the chair, and sit down. Bohannon [26] performed a meta-analysis,
revealing that the average time to complete this “time up and go” test
was 9.4 s for elderly. It was also shown that this time increases with age.
Thus, using the upper limit of the confidence interval it is possible to
say that performance time longer than 9 s for elderly between 60 and 69
years old, longer than 10.2 s for elderly between 70 and 79 years old, and
12.7 s for elderly between 80 and 99 years old, can be considered worse
than the average for the respective age groups. Elders who completed
the “time up and go” test in more than 13.5 s have an increased risk of
fall.

Statistical analysis

The Bioestat 5.0 software was used for statistical analysis. After
the descriptive analysis of the data, the Shapiro-Wilk test was used
to assess the normality of the data distribution. As variables were
shown to be non-parametric, the Wilcoxon test was used to compare
variables within each group and the Mann-Whitney test was used for
comparisons between the groups. A significance level of p < 0.05 was
adopted for all analyses.

Results

The results suggest that, at the end of the 12 sessions, the elderly
who received the treatment with Wii-based rehabilitation obtained
better Berg scores than the elderly in the conventional physiotherapy
group. The subjects of the Wii-based rehabilitation group obtained an
average score 46.12 points (£1.20) and the conventional physiotherapy
group obtained 45.12 points (+1.60) at the first evaluation. At the end
of the third evaluation, the Wii-based rehabilitation group obtained an
average score 53.75 points (+1.84) and the conventional physiotherapy
group obtained 50.25 points (+1.35). Comparing the results of the third
evaluation between the Wii-based rehabilitation and the conventional
physiotherapy group, we found that the Wii-based rehabilitation group
exhibited significantly (p = 0.04) higher Berg balance scale scores. In
addition, only the Wii-based rehabilitation group exhibited a significant
(p = 0.01) increase in scores from the first to the third evaluation
(Figure 1).
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Figure 1: The Berg balance scale scores, for the Wii-based rehabilitation
and conventional physiotherapy groups, for the 1, 2" and 3" evaluations.

Additionally, the results of the functional reach test showed that
the subjects of the Wii-based rehabilitation group obtained an average
reach of 23 cm (+2.26) and the conventional physiotherapy group
obtained an average reach of 25.12 cm (£1.99). At the end of the
third evaluation, the subjects of the Wii-based rehabilitation group
obtained an average reach of 29.75 cm (+1.33) and the conventional
physiotherapy group obtained an average reach of 23.62 cm (+2.25). The
Wii-based treatment group was the only one in which the elderly were
positively and significantly affected by the treatment. In this group, the
elderly exhibited a significant (p = 0.01) increase in reach in the third
evaluation, compared with the first evaluation. Moreover, in the third
evaluation, the Wii-based rehabilitation group exhibited significantly
(p = 0.03) higher scores than the conventional physiotherapy group
(Figure 2).

For the TUG test, we found that the Wii-based rehabilitation
group performed an average of 10.37 s (+0.86) while the conventional
physiotherapy group performed in 12.75 (£2.60). By the end of the
third evaluation, the subjects of the Wii-based rehabilitation group
performed an average of 8 seconds (+0.70) and the conventional
physiotherapy group in 10 s (£1.48). The only statistically significant
difference (p = 0.03) was obtained for the comparison of the first and
third evaluations of the Wii-based rehabilitation group, for which the
elderly performed 2 s faster in the latter (Figure 3).

The stabilometric data revealed no statistically significant
differences between the two groups or between the different evaluations
(Table 1).

Discussion

Our study shows that both conventional physiotherapy and Wii-
based rehabilitation help to improve and/or maintain balance in the
elderly. The results show the following: (1) a significant improvement
in the Berg balance scale scores in Wii-based rehabilitation groups;
(2) larger body displacement in the frontal direction in the functional
reach test for the participants in the Wii-based rehabilitation group;
(3) smaller times for the “time up and go” test for both groups; (4) no
differences were observed for the evaluated stabilometric variables.

Evaluation by using the Berg balance scale revealed a significant
improvement of balance, with statistical significance of p < 0.05,
between the first and third sessions, for the Wii-based rehabilitation
group. In addition, a statistically significant difference was observed
when comparing the results for the Wii-based rehabilitation and
conventional physiotherapy groups at the end of the third evaluation.
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Figure 3: Time in seconds in the “time up and go” test, for the Wii-based rehabilitation and conventional physiotherapy groups, for the 1, 2"¢ and 3 evaluations.

The Wii-based rehabilitation group exhibited significantly higher scores
than the conventional physiotherapy group.

Our study shows that the Berg balance scale scores indicate an
improvement in the patient balance after treating the patient with
Wii-based rehabilitation. These data support the findings of a study by
Coutinho and Matos [27] and Bateni [28], in which the participants

who used the Nintendo® Wii Fit exhibited significant improvements
in balance, as measured by using the Berg balance scale. Several
studies indicate that training programs that use the Wii console
lead to the improvement or maintenance of balance, by promoting
corporal oscillations in various planes of movement, in a dynamic and
articulated manner with visual and auditory feedback, which probably
stimulates several proprioceptors [29]. Training with visual feedback
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SDap SDml RMSap RMSmI
Evaluations Wii Group Fisio Group Wii Group Wii Group Wii Group Fisio Group Wii Group Fisio Group
Frist 0.21+0.6 0.71+1.1 0.27 £0.15 0.15+0.9 3.30£1.72 3.15+2.58 259 +1.17 2.71+0.81
Second 0.60£0.5 0.74+1.0 0.13 £0.81 0.11+0.9 3.65+1.72 3.58 +1.68 2.60 £ 0.99 2.79+1.53
Third 0.68 £0.6 0.9 £1.02 0.13 £0.69 0.13+0.2 369+14 3.73+£1.03 2.56 +0.84 249+0.89
AdCPap AdCPmI TAS
Evaluations Wii Group Fisio Group Wii Group Wii Group Wii Group Fisio Group
Frist 7.55 + 3.68 3.69+4.71 2.10+0.37 1.78 £ 0.39 1.59 + 0.52 1.73+0.80
Second 3.40 £ 3.00 3.82+4.72 1.79+0.97 1.63 +0.59 1.63+0.30 1.51+0.47
Third 3.89 £ 5.59 4.65+5.00 1.38 £ 0.55 1.74 £ 0.21 1.73+0.61 1.60 + 0.67

Table 1: Results of the the stabilometric data: Dispersion of the Center of Pressure displacement from the mean position in the anteroposterior direction (SDap); Dispersion
of the Center of Pressure displacement from the mean position in the mediolateral direction (SDml); Root mean square displacement in the anteroposterior direction
(RMSap); Root mean square displacement in the mediolateral direction (RMSml); Maximal and minimal CP displacements in the anteroposterior direction (AdCPap).
Maximal and minimal CP displacements in the mediolateral direction (AdCPml); Total average speed (TAS). Results were not considered statistically significant. The results
stabilometric data were provided for: SDap and SDml in cm/s; RMSap and RMSml in cm; AdCPap and AACPml in cm; TAS in cm/s.

promotes motor learning and improves motor control capability
through constant self-correction. During training with visual feedback
by using the Nintendo® Wii, a series of motor tasks were proposed,
in which motor planning skills and motor control were constantly
stimulated [30]. Furthermore, Mao et al. [31] suggests that balance
training with the Nintendo Wii can provide a more realistic visual and
proprioceptive input, improving the patient’s reaction time, postural
stability and balance.

Additionally, we found with the functional reach test that only the
group receiving the Nintendo® Wii treatment exhibited a statistically
significant difference (p = 0.01) between the first and third evaluations.
Functional reach was higher in the third evaluation by 6 cm. This
finding was similar to the conclusions of Soares et al. [32], where the
participants who underwent biofeedback training exhibited significant
and lasting improvements in balance, as measured by using the same
test. According to Tang and Fu [33] training with Wii Fit is effective
because resembles natural body movements within the limits of stability.

Analyzing the TUG test results, we also found that only for the
Wii-based rehabilitation group there was with a statistically significant
improvement (p < 0.01) by the end of the third evaluation. These
participants exhibited a reduction of 2 sec in their task performance
time. This difference of 2 s represented a decrease in average speed
of 0.18 m/s from the first and last evaluation, which according to
Nicholson et al. [34] has functional significance. Shorter time in the
TUG test indicates that the Wii-based rehabilitation treatment promote
improvement in dynamic balance. According to Prado et al. [35] the
shorter TUG times require, primarily, muscle strength and balance, thus
suggesting that the elderly who received the Wii treatment experienced
an improvement in their muscle strength. Similarly, Mussato et al. [36]
and Coutinho et al. [27] found shorter TUG times for participants
who underwent treatment with Nintendo® Wii. Balance improvement
with the Wii-based rehabilitation treatment was related to a higher and
better use of the somatosensory and visual systems, as well as linear and
angular acceleration information of the vestibular system [37].

For all of the stabilometric parameters analyzed no statistically
significant difference was observed, both between the conventional
physiotherapy and Wii-based rehabilitation groups, as well as between
evaluations. These findings are in line with the study by Mussato et al.
[36], who did not observe differences in anteroposterior, mediolateral
and oscillation surface areas after the intervention with Wii Fit, in
healthy elderly subjects. Also, according to these authors, who evaluated
only AdCPap and AdCPml, the lack of statistically significant difference
was due to the fact that CP oscillations were considered relative to their

peak values, and not relative to the average oscillation amplitude of
each individual, which might not be sufficiently sensitive for detecting
differences among individuals. Freitas [38] offered an alternative
explanation, suggesting that the lack of statistically significant difference
could be attributed to the short time span of the evaluation.

Conclusions

We conclude that the Wii-based rehabilitation treatment was more
effective in improving balance functional parameters than a more
traditional physiotherapy protocol for older adults. Furthermore,
the present study highlights the easy and simple applicability of the
Nintendo® Wii as a resource for physiotherapeutic treatment. The
Wii-based treatment is beneficial to the physiotherapeutic practice
because in addition of being effective in improving patients' physical
condition, it also offers a high degree of motivation during therapy, with
consequent increased patient involvement. In addition, this treatment
provides an opportunity for the continued treatment at home, since the
Nintendo® Wii system is user-friendly and cost-efficient. We conclude
that the Nintendo WII video game can be used as a powerful tool for
physiotherapy balance disorders training.
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