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ORIGINAL ARTICLE

A contribution to the validation of the Wii Balance Board for the
assessment of standing balance

PIERO PAVAN1, MATTEO CARDAIOLI1, ILARIA FERRI2, ERICA GOBBI3, &
ATTILIO CARRARO3

1Department of Industrial Engineering, University of Padua, Padova, Italy, 2Department of Philosophy, Sociology, Education
and Applied Psychology, University of Padua, Padova, Italy, 3Department of Biomedical Sciences, University of Padua,
Padova, Italy

Abstract
Valid and reliable accessible measures of balance are required in a health-related fitness test battery, both in the general
population and in groups with special needs. For this purpose, the capability of the Wii Balance Board (WBB) in evaluating
standing balance was analysed and compared with a laboratory-graded force platform (FP). A 30-s double limb standing test
with open and closed eyes was performed by 28 individuals (12 male and 16 female, mean age = 23.8, SD = ±2.7 years).
A simple method of acquisition of the centre of pressure (CoP) over time was applied to compare WBB and FP
simultaneously on the same signal. User-defined software was developed to obtain the CoP from WBB over time and the
resulting related measures and graphical representations. The comparison of measures, such as sway path and maximum
oscillations along the anterior–posterior and medial–lateral direction, obtained with the FP and the WBB shows that the
latter, in conjunction with the user-defined developed software, can be appropriate, considering prescribed limits, and an
easy-to-use tool for evaluating standing balance.

Keywords: Posture, standing balance, low-cost measures

Introduction

The strength of common field-based tests in meas-
uring standing balance, e.g. the Flamingo Balance
test (Eurofit, 1993; Oja & Tuxworth, 1995) and the
Stork Balance Test (Johnson & Nelson, 1979), has
been criticised because of their poor reliability and
validity (Lagley & Mackintosh, 2007). However, the
use of specific instrumentation tools such as labor-
atory-graded force platforms (FP) is usually limited
to laboratory or clinical settings due to their cost
and complexity. The need for accessible, low-cost
and easy-to-use equipment that is widely available and
can be used in different situations has been high-
lighted in the literature.

One of the first evaluations of the effectiveness of
low-cost tools for the assessment of balance abilities
was made by Clark, Bryant, et al. (2010). Here, the
validity and reliability of the Wii Balance Board

(WBB, Nintendo Company Ltd.) for assessing
standing balance was tested, comparing the WBB
with a laboratory-graded FP asynchronously. Clark,
McGough, and Paterson (2010) studied the use of a
coupled WBB to evaluate the asymmetry in the
weight-bearing of different subjects. Both tests
showed the good reliability of the WBB in estimating
balance abilities. Similar results were found by
Deans (2011), confirming the reliability of the
WBB. The use of a coupled WBB was also adopted
by McGough, Paterson, Bradshaw, Bryant, and
Clark (2012) for the evaluation of weight-bearing
asymmetries through squat tests and for implement-
ing a programme to reduce asymmetries. WBB was
adopted by Yamamoto and Mamoru (2012) for
dynamic tests and training, by Koslucher et al.
(2012) to evaluate standing sway in healthy elderly
adults and by Holmes, Jenkins, Johnson, Hunt, and
Clark (2012) to investigate standing balance of
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patients with Parkinson’s disease. Recently, Foo,
Paterson, Williams, and Clark (2013) used the
WBB coupled with customised visual feedback soft-
ware to reduce weight-bearing asymmetry in patients
with neurological conditions, and Bartlett, Ting, and
Bingham (2014) evaluated the accuracy and repeat-
ability of the WBB force and Centre of Pressure
(CoP) measures.

The purpose of the present paper has been to
evaluate the WBB as an instrument for testing
standing balance. Previous research (Clark, Bryant,
et al., 2010; Deans, 2011) tended to evaluate the
discrepancy between the two tools by considering
two separate trials obtained as a test/retest performed
by the same subject on the WBB and on the FP. On
the other hand, the novelty of this study lies in its
adoption of an alternative method involving the
simultaneous measurement of the signals of the
WBB and the FP during the same trial using a
mechanical coupling of the two systems.

Methods

Participants

A convenience sample was considered. It was com-
posed of 28 university students, 12 male and 16
female (mean age = 23.8, SD=±2.7, min = 20,max =
30 years; mean height = 173.0, SD = ±14.1 cm;
mean body weight = 66.3 SD = ±10.4 kg). Partici-
pants were all normal weight and did not report any
history of neurological diseases, orthopaedic pathol-
ogies, use of medication or temporary problems that
may have influenced the results of standing balance
tests. The study was approved by the Institution’s
Research Ethics Committee; all participants provided
written informed consent.

Procedures

The reference tool for the assessment of the WBB
was the ARGO (RGMD ARGO®, Italy), a laboratory-
graded FP with a sampling frequency of 100 Hz.
A standard commercial WBB was connected to a
personal computer through the basic Bluetooth
connection. User-defined software (Matlab®, The
Mathworks, USA) was developed making use also of
standard libraries (BrainPeek, 2013) that were
already available for acquiring data from WBB. The
data consisted in the forces measured by the four-
load cells placed on the corner supports of the WBB
over time. The point of application of the resultant
force was obtained from the position of the load cells
and the value of measured forces. It was considered
to be coincident with the CoP. Additional software
tools were used to filter data and to obtain typical
derived measurements, such as sway path, mean

velocity and CoP range along the anterior–posterior
(A–P) and the medial–lateral (M–L) directions.
Graphical tools were also included in the software
to obtain stabilograms and statokinesigram. As a
function of the graphical tools activated during data
acquisition, the system can work at a sampling
frequency ranging from 30–60 Hz.

The WBB was placed directly upon the FP in the
central position, taking care to obtain a correct align-
ment of the coordinate systems of the two platforms.
In this configuration, the CoP in the WBB is
determined by means of the forces measured by the
four-load cells positioned in the corresponding base
supports. These forces are also applied to the FP
which is also subjected to the weight load of the
WBB. In the case of a free-error acquisition of the
load cells, the CoP measured in the FP at each
time instant should differ from the CoP determined
in the WBB only for the load resulting from the
WBB self-weight, thereby determining a reduction in
the CoP eccentricity. By using W to indicate WBB
self-weight and P the subject body weight, the rela-
tionship between CoP eccentricity evaluated by FP
and the effective eccentricity along a specified direc-
tion is given by:

P � e

P þW
¼ e0

where e is the WBB eccentricity and e′ is the FP
eccentricity. The previous equation was adopted to
compensate for the effect given by the WBB self-
weight. Therefore, it was possible to compare the
CoP positions given by the two systems, considering
the measure of the FP as the goal measure.

A double limb standing test with open eyes (OE)
and closed eyes (CE) (30 s each, with 30 s of rest
between trials) was chosen. Participants were invited
to repeat each trial twice; the order of the trials
(OE or CE) was randomly assigned by means of a
random numbers table, in order to avoid systematic
learning effects. Therefore, a total of 112 measures
were considered.

Data sampling and analysis

During the tests, the CoP position versus time was
acquired simultaneously from FP and WBB. The
data taken by FP were automatically filtered by the
control software. Because the accuracy of the meas-
urement depends on the sampling frequency, the
data were sampled using the lower frequency level
allowed by our WBB control software (30 Hz). In
this way, the system was evaluated in the worst
working conditions. A low-pass filter with a cut-off
of 12 Hz was applied to the WBB signals. The
attention was focused on evaluating the difference

The validation of the Wii Balance Board 601

D
ow

nl
oa

de
d 

by
 [

Pi
er

o 
Pa

va
n]

 a
t 0

7:
51

 0
6 

N
ov

em
be

r 
20

15
 



between sway path and maximum oscillation along
A–P and M–L directions recorded by the two
instruments. Data obtained by WBB and FP were
compared after evaluating the difference between the
measurements of the two instruments. The analysis
included the measures of sway path and maximum
oscillations along the A–P direction and M–L direc-
tion, thereby distinguishing between OE and CE
tests. Absolute error, root mean square error
(RMSE) and relative error were calculated for all
the measurements considered. The correlation
between the subjects’ body weight and the difference
between WBB and FP measurements was also
evaluated.

Results

The main results are reported in Figures 1–3 and in
Table I. Figure 1a shows a Bland–Altman plot with
difference in sway path between WBB and FP

measures versus sway paths measured by FP for the
OE and CE test. The relative difference is reported
in Figure 1b. Similar representations have been
adopted in Figures 2 and 3 to show the difference
and relative difference of CoP maximum oscillations
along the A–P and M–L directions. The confidence
intervals at 95% of the WBB and FP difference in
maximum oscillation calculated on A–P and M–L
directions were (–0.4, –0.2 mm) and (0.6, 0.8 mm),
respectively. The confidence interval at 95% for the
difference in the sway path was (–5.6, –0.6 mm).

In Table I, errors in the measurements of CoP
maximum oscillations along A–P and M–L direc-
tions and of the sway path have been reported.
Pooling OE and CE tests results, it was found that
the error between WBB and FP for the maximum
oscillation along the M–L direction was 3% or lower
for 78% of the data, while less than 4% of the data
showed an error greater than 5%. For the maximum
oscillation along the A–P direction, 46% of the data

Figure 1. Bland–Altman plot of the sway path measures for the
OE test and the CE test. The difference (a) and percentage
difference (b) between the WBB and the FP is plotted versus the
sway path measured by the FP. The black continuous lines
represent the average, while the two grey continuous lines refer
to the values of average ±2·SD, the OE and the CE data being
pooled together.

Figure 2. Bland–Altman plot of the CoP range in the anterior–
posterior direction (A–P) in the OE test and in the CE test. The
difference (a) and the percentage difference (b) between the WBB
and the FP is plotted versus the value measured by the FP. The
black continuous line represents the average, while the two grey
continuous lines refer to the values of average ±2·SD, the OE and
the CE data being pooled together.
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showed an error lower than 3%, while an error
greater than 5% was found for 19% of the data
collected. For the sway path, the error was below 3%
for 69% of the data and over 5% for 8% of the data.

The correlation of the subject’s weight with the
difference in maximum CoP oscillations measured
by the WBB and the FP showed that a R2 = 0.27
along the A–P direction and R2 = 0.45 along the
M–L direction. Finally, taking into account the
subjects’ weight and the difference in WBB and FP
sway path measurements, the correlation showed
that a R2 = 0.27.

Discussion

The comparison of the stabilograms obtained from
the FP and the WBB showed a good superimposi-
tion of the two signals, which is confirmed by the
analysis of the Bland–Altman plots presented for
both the OE and the CE tests. Data obtained from
CE tests are averagely shifted to the right on the
graphs compared to data obtained from OE tests.
This is related to the expected worsening of the
subjects’ balance abilities in performing the test with
CE as opposed to OE. The comparison between the
WBB and the FP was limited to the CoP sway path
and the oscillations along M–L and A–P directions,
since these are robust measures of standing balance
and are among the most widely used in both studies
on a general or clinical population (Young, Ferguson,
Brault, & Craig, 2011). However, the software de-
veloped makes it possible to obtain other measures
related to balance abilities.

Differently from previous studies, where data were
compared after being obtained from the same sub-
ject during trials performed separately with the WBB
and the FP (Clark, Bryant, et al., 2010; Deans,
2011), in the present study, signals obtained from
both the WBB and the FP were considered simulta-
neously. Because of the large differences that can
characterise a test and a retest made by the same
subject, a comparison between WBB and FP based
on the same signals was fundamental. The study
conducted by Huurnink, Fransz, Kingma, and van
Dieën (2013) is similar to the one described in the
present paper due to the method adopted in coup-
ling the two instruments. Although the latter applied
a single-leg standing test with a time interval of 10 s,
compared to our experience in which the double-leg
stance test was conducted for 30 s, it was none-
theless possible to compare the CoP sway path in
terms of relative errors between the WBB and the
FP. These were similar in the two works, both for
tests with OE and tests with CE. The maximum
difference in the CoP oscillation along the M–L and
A–P direction found in the present work, i.e. 1.8 mm
for M–L range of oscillation and 2.8 mm for the A–P

Figure 3. Bland–Altman plot of the CoP range in the medial–
lateral direction (M–L) for the OE test and the CE test. The
difference (a) and the percentage difference (b) between the WBB
and the FP is plotted versus the value measured by FP. The black
continuous line represents the average, while the two grey
continuous lines refer to the values of average ±2·SD, the OE
and the CE data being pooled together.

Table I. Measures of error between the WBB and the FP in CoP
sway path and maximum oscillations along the anterior–posterior
direction (A–P) and the medial–lateral direction (M–L)

Test

M–L
max osc.

A–P
max osc. Sway path

OE CE OE CE OE CE

Absolute
error (mm)

Max 1.3 1.8 1.6 2.8 41.8 68.8

Mean 0.4 0.6 0.7 0.8 8.3 10.6
SD 0.3 0.5 0.4 0.5 8.3 11.7

RMSE (mm) 0.8 0.9 0.4 0.7 11.7 15.6
Relative error Max

(%)
7.1 5.3 8.4 7.3 10.1 9.8

Mean
(%)

2.1 2.0 3.6 3.3 2.7 2.2

SD (%) 1.6 1.3 1.9 1.7 2.2 1.9

Note: Values are reported separately for OE tests (n = 56) and CE
tests (n = 56).
RMSE, root mean square error.
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range of oscillation, can be compared to the results
of static measurements made on the WBB by others
in the literature (Bartlett et al., 2014).

The literature reports that the minimum sampling
frequency to determine a correct assessment of the
CoP oscillations should be 50 Hz (Scoppa, Capra,
Gallamini, & Shiffer, 2013). However, the data of
this work show that acceptable results can also be
obtained with a 30 Hz sampling frequency. This
conclusion is in agreement with the experimental
protocol adopted by Huurnink et al. (2013), who
used a 35 Hz sampling frequency. The good results
obtained could be related to the fact that in a double-
leg stance test dynamic effects are limited, although
equally good results have been obtained in a single-
leg test (Huurnink et al., 2013) where dynamic
effects are more prominent. As pointed out above,
however, the coupling of the WBB with the
developed software makes the use of the instrument
even at a sampling frequency of 60 Hz possible,
which is greater than the minimum sampling fre-
quency suggested in the literature. The evaluation of
the measurement accuracy as a function of the
sampling frequency will be part of further
investigation.

The WBB adopted in the experimental testing was
intentionally not calibrated in order to verify the
capability of a standard commercial instrument for
standing balance measurements. The confidence
interval of the difference between WBB and FP
showed that the WBB overestimated the maximum
oscillation along the A–P direction, while the max-
imum oscillation along M–L direction and the sway
path were underestimated compared to FP mea-
sures. These data have to be considered in the light
of the intra-subject performance variability; for
example, in the OE tests, the range amplitude of
the values was 26.5, 16.8 and 381.5 mm for A–P
maximum oscillation, M–L maximum oscillation
and sway path, respectively. Assuming data from
FP as goal values, the maximum WBB error at 95%
of confidence was 3.0%, 2.4% and 1.5% of the range
amplitude for A–P oscillation, M–L oscillation and
sway path, respectively. Lower percentage values
were found for the CE tests because the range
amplitude was larger compared to OE trials (37.9,
33.4 and 652.2 mm for A–P maximum oscillation,
M–L maximum oscillation and sway path, respect-
ively). These data should be considered when com-
paring measurements taken by means of the WBB
with those of different devices.

When measurements are made with the same
WBB device, the possible error can be estimated by
considering the absolute range of the confidence
interval at 95%, which was 0.2 mm for the maximum
oscillation along the A–P and M–L directions and
5 mm for the sway path. These values should be

considered when deciding if or not to use the WBB
to assess balance abilities.

The reliability of the WBB after a long period of
use was not considered in this work. During the
experimental tests (consisting in over 100 trials), no
reduction in precision or accuracy between the first
and the last measures was observed. Further inves-
tigations should be carried out in this area, as well as
assessing the possible need for periodic calibrations
of the WBB.

A weak correlation between body weight and
difference in the measures taken with the WBB and
the FP was found. Further analyses are, therefore,
required to investigate if the correlation is low also for
individuals with body weight exceeding those of the
groups considered in the present work (49–86 kg).

Horizontal forces, which were not considered in
our experiments, could determine a different posi-
tion of the CoP for the WBB and the FP because the
measurement planes of the forces of the two systems
were different mainly due to the type of coupling
adopted for the two instruments. However, it is
recognised that in quasi-static tests, such as the
double limb standing test, horizontal forces are very
small (Clark, Bryant, et al., 2010) and this limits the
entity of the resulting difference in determining the
CoP in the FP compared to the WBB.

In conclusion, the direct comparison of the WBB
and the FP on standing balance tests confirmed
that the WBB could be adopted as a tool for the
assessment of standing balance by estimating typical
measurements (i.e. CoP maximum oscillations and
sway path). The suitability of the WBB as an
instrument for evaluating standing balance depends
on the accuracy needed to distinguish between
individuals with different balance abilities or to test
improvements in individual performance following
exercise protocols. The capability of the WBB has
been pointed out in this work by considering the
confidence interval in the expected errors. The
reduced accuracy compared to laboratory-graded
platforms can be compensated by the portability
and the reduced cost of the WBB. A laboratory-
graded platform can be considered when the need
for high resolution measures or the uncertainty
about results obtained with the WBB imply a more
in depth investigation of the problem.

It is worth noting that the developed user-defined
software makes the combined use of coupled WBBs,
one for each foot, possible. Considering this, the
adoption of the WBB for evaluating individuals with
reduced balance abilities is made easier, because it
offers a larger base. Directions for future research
include the development of a simple, low-cost
system for the periodic calibration of the WBB,
thereby avoiding the use of a laboratory-graded FP
and the remote use of the WBB for testing and
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training programmes, as well as the adoption of the
WBB in studies on groups with special needs.
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