Original

A Wii pressure platform to assess balance
in the elderly

Arturo Olvera-Chavez PhD?
Clara Garza-Hume PhD?
Luis M. Gutiérrez-Robledo MD, PhDP
Victoria E. Arango-Lopera MD, PhD"
Mario U. Pérez-Zepeda MD, MSc”

E: ulises.perez@salud.gob.mx

“Instituto de Investigaciones en Matematicas Aplicadas y en Sistemas, Universidad Nacional
Auténoma de México, México; "Instituto Nacional de Geriatria, México

A. Olvera-Chavez, C. Garza-Hume, L.M. Cutiérrez-Robledo, V. E. Arango-Lopera, M.U.
Pérez-Zepeda. A Wii pressure platform to assess balance in the elderly. Gerontechnology
2013;11(3):452-456; doi:10.4017/gt.2013.11.3.003.00 Use of low-cost technologies could sim-
plify assessment of balance in elderly. Objective Determine the usefulness of the Wii™
pressure board in assessing balance in elderly. Methods We conducted a cross-sectional
study in a group of elderly to test their balance with the pressure board compared to con-
ventional tests used in geriatric practice. Community-dwelling adults over 60-years old
were assessed. We compared the Short Physical Performance Battery scores with the Wii
force platform results (average kinetic energy). Two blinded researchers classified each set
of tests; and then a weighted kappa statistic was estimated. Results We assessed a total of
20 subjects, with a median age of 67.5 years (range 60-98), 75% women. The tests were
concordant in 19 of the 20 subjects; with a resulting concordance of 0.6 (p=0.05). Con-
clusion The Wii pressure board has a good concordance with usual clinical assessment

of balance in the elderly.
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The elderly population is growing due to a global
demographic transition'. The appearance of dis-
eases in this age group has some peculiarities,
some of them grouped in the so-called geriat-
ric syndromes, which are conceptualized as a
sole manifestation caused by many risk factors?.
These syndromes include falls, which are of par-
ticular interest due to their health and social con-
sequences: fractures, immobility, dependence
and early institutionalization. In addition, falls are
markers of overall health in the elderly®. Balance
and equilibrium require coordination and integ-
rity of the musculoskeletal, cardiovascular and
nervous systems (particularly sense organs), any
failure or convergence of failures of these organs
can result in balance and gait problems, which
pose a greater risk of falling*. Falls have adverse
consequences for the elderly, their families and
the health care system. For many years, research
has addressed the detection and modification of
falling risk factors, such as balance and gait dis-
orders, which can predict the future occurrence
of falls. In a 14-month follow-up study, the group
of Murphy et al. demonstrated that some spe-
cific tests can predict falling; particularly main-
taining a tandem position more than 10 seconds
and gait speed’. Other screening tools have also
been reported to be useful, including self-report
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to predict falls®. The Wii Balance Board™ (WBB)
is a force platform commonly available as part
of a video game console. It is inexpensive, light,
easy to acquire and has four pressure sensors lo-
cated at the corners. It has been previously stud-
ied to assess balance in other age groups, and
validated against posturography’. The aim of this
study was to determine the effectiveness of the
WBB in balance assessment of a group of com-
munity-dwelling elderly in Mexico City.

METHODS

Elderly 60-year or older community dwelling
subjects who accepted to participate and signed
informed consent declarations were recruited.
We excluded those subjects who had recently
(the last two weeks) had a musculoskeletal injury,
otitis; or who had a chronic balance disorder, as
referred by them. The researchers in a non-ran-
domized fashion recruited the subjects from the
community. Three researchers applied the tests;
those who performed the WBB batteries were
blinded to the Short Physical Performance Bat-
tery (SPPB) and vice versa. The SPPB was used
to be compared with the WBB which consists of
three subtests: balance, gait speed and physical
performance; each one giving a score, and the
final test score was the sum of each score of these
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subtests; with a minimum score of 0 (worst) and
a maximum score of 12 (best). This score and has
been widely used in assessing risk for falls®. Two
sets of tests were carried out with the WBB. In
the first battery each subject had to stand on the
board as still as possible for six different measure-
ments of about 50 seconds each (with a sound
alarm indicating the ending of the test): (i) with
feet slightly apart, arms relaxed, eyes open look-
ing at a fixed point; (ii) the same as (i) but with
eyes closed; (i) in tandem position, right foot
forward, eyes open (arms could be used for bal-
ance); (iv) same tandem position but with eyes
closed, (v) and (vi) as (iii) and (iv) but with the left
foot forward. The measurements were taken con-
tinuously, just giving enough time for the subject
to reach the new position. In the second battery
of tests the subjects were asked to sit and place
their feet on the platform, then stand onto it, stay

still for ten seconds, sit again and repeat the se-
quence four times when prompted by acoustic
signals. All data were registered in a Linux OS
computer via Bluetooth® transfer. Data were pro-
cessed with adapted freeware in C and Python’.

The data from the four sensors were adjusted us-
ing the calibration curve of each sensor and stored
together with the time of the measurements. The
analysis in the time domain corresponds to plot-
ting time versus amplitude of the signal for each
sensor. It was possible to group the data and plotin
real time the position of the center of pressure. To
study the frequency domain a Fast Fourier Trans-
form (FFT) was performed. This algorithm works
best if the number of points is a power of two
so we used 1024 or 2048 points. The sampling
rate was 25Hz. An analysis of signal-to-noise ratio
was carried out and showed that above 8Hz the
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Figure 1. Sway and frequency analysis for (above) a stable person (above), and an unstable person (below);

EC = Eyes Closed; EO=Eyes Opened
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signal is indistinguishable from noise. A low-pass
filter (Butterworth) was tested but no difference
was observed. In fact in all the measurements
the relevant information occurred below 3Hz.
We had to decide what range of frequencies to
study and the best way to obtain measurements
in that range. According to the literature and our
previous experience, for most people the relevant
frequency range is 0-3Hz'’. The Balance Board
allows adequate measurements in that range; it
is only above approximately 8Hz that the signal
becomes indistinguishable from noise. In order
to optimize the resolution in the 0-3Hz range
we had to choose the highest possible sampling
rate permitted by the equipment for the longest
possible time acceptable for the subjects. Addi-
tionally, the FFT algorithm requires a number of
sample points which is a power of two. The limit
in sampling rate of our device is approximately
30Hz; the time limit for the subjects is around one
minute, especially in the tandem position. We
chose a sampling rate of 25Hz and 1024 points
which requires less than 50 seconds per posi-
tion. This choice gives enough cycles and enough
measurements within each cycle to have a good
resolution. The use of a low-pass filter sometimes
allows a better definition of the amplitudes of
low-frequency oscillations but in this case the ad-
dition of a filter at 8Hz had no visible effect on the
spectrum below 3Hz so we did not use it.
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tests was processed to compute kinetic energy
(joules) used in each standing effort (Figure 2).

In order to assess concordance with the tests,
subjects were classified in three categories which
were arbitrarily determined by the researchers:
stable (SPPB 9-12; calculated kinetic energy
0.01-0.06), intermediate (SPPB 5-8, calculated
kinetic energy 0.07-0.12) and unstable (SPPB
0-4; calculated kinetic energy 0.13-0.18); the as-
sessed kinetic energy for concordance was the
worst of the 5 standing efforts. Then a weighted
kappa statistic was performed, we considered a
p<0.05 to be statistically significant. We used the
STATA®12 program for the analysis of the data.

The Instituto Nacional de Geriatria Ethics Re-
search Committee evaluated and approved
this study. All the subjects of the study signed
informed consent declarations, with a previous
explanation of the procedures.

Table 1. Concordance between two balance tests
(n=20)

Short physical performance
battery
stable | intermediate |unstable
Wii stable 6 0 0
balance |intermediate | 0 7 0
board  [unstable 1 0 6
Vol. 11, No 3



ResuLts

We recruited 20 subjects, with a median age of
67.5 (range 60-98), of whom 75% were women.
Regarding the SPPB scores there was a mean
of 6.2 (SD 1.1). Of all the subjects, 35% (n=7)
were classified as stable, 35% (n=7) as interme-
diate and 30% (n=6) as unstable. The level of
sway as seen from the movement of the center of
pressure varied significantly between stable and
unstable subjects (Figure 7). On the other hand,
with the WBB only one subject was classified as
stable, in contrast to the SPPB in which the clas-
sification was unstable (Table 7).

Subjects who were deemed unstable according
to the medical tests used significantly more en-
ergy than those considered stable (Figure 2). In
19 out of 20 subjects the classification accord-
ing to standard geriatric tests coincided with the
classification according to energy spent, with
a weighted kappa statistic value of 0.6, p=0.05
(Table 7).

DiscussioN

Fall prevention is an important part of elderly
health care. A first step in developing a versatile
tool to predict falls is to know if it can discrimi-
nate in grossly different subjects, and its capacity
to perform at least as well as clinimetric avail-
able scales. This study demonstrated that the
WBB had a good concordance with the SPPB, a
widely used tool in the clinical and research set-
tings to assess falls risk’.

A recent study suggests, that available energy de-
creases with age, but the level of energy needed
to perform activities of daily living increases; this
phenomenon was observed in this study, where
the oldest subject used the greater amount
of energy in the sit/stand test in the platform'.
This study has also added more information to
a mathematical model of body equilibrium on
which our group is working at the moment.
Stability is achieved through the interplay of
numerous systems in the body and many or all
can reduce their performance in old age. How-
ever, even if curing stability loss is not an option,
some degree of rehabilitation might be possible
and many relatively simple measures can be put
in effect to reduce the risk of falls if people are
made aware of their condition, in an early stage'.

One of the main flaws of our study was the
lack of representativeness of the study subjects.
Nevertheless, these results could lead to new re-
search in a wider population, due to the portabil-

ity of the board. In addition, subjects in the sam-
ple were from a wide range of age groups, 60 to
98 years old, a representative span of age present
in Mexico City. With a bigger sample also ques-
tions regarding cost and effectiveness of this test
could be answered, with more potential benefit
in public health due to the fact that a procedure
with the WBB takes less than one minute per test,
and the SPPB could take up to five minutes; an
issue that could lead to assessment of falls risk
even in a busy primary health care setting.
Postural instability not only increases the risk of
falls, but also greatly influences the decline in the
quality of life (QOL) of the elderly'*". Falls are
one of the most frequently and expensive geri-
atric syndromes; for clinicians and the sanitary
system one of the most important achievements
would be a test that could detect early, and ef-
fectively, the risk of falling. Until now, in order to
predict the fall risk in the elderly, balance ability
has been measured with various methods in the
laboratory and in clinical settings. Typical tests
include the Berg Balance Scale (BBS), Tinetti’s
Test, and the Timed ‘Up & Go’ Test (TUGT).
However, these tests were developed mainly to
evaluate the functional capacity of the elderly in
the nursing home, not for ambulatory ones. The
Wii™ Balance board is a promising tool to de-
tect loss of stability in the elderly, as shown in
this study, in a broad spectrum such as young
healthy elders, and also in the very old. In this
study the platform was able to discriminate be-
tween stable and unstable patients according to
the standard clinical tests. Similar results were
found by Melzer et al., who were able to discrim-
inate between elderly fallers and non-fallers”.
The board is also easy to transport, easy to in-
stall and use whenever it’s needed, inexpensive
and versatile. Also this board has the advantage
that it can measure weight, which we believe is
important, together with other body measure-
ments, to determine the normal sway frequency
for each individual. We are currently working on
a mathematical model of equilibrium that takes
into account body measurements to predict such
frequencies, a feature that to our knowledge has
not yet been exploited. The use of open software
makes the system very adaptable. Further re-
search should aim to assess which tests are more
predictive of balance problems without posing
risk to the subject.

CoNCLUSION

The balance board is a promising tool regarding
assessment of postural stability in elderly; in a
cheap and portable fashion.
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