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Nintendo Wii Balance Board is sensitive to effects of visual tasks on standing sway
in healthy elderly adults
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A B S T R A C T

Research has shown that the Nintendo Wii Balance Board (WBB) can reliably detect the quantitative

kinematics of the center of pressure in stance. Previous studies used relatively coarse manipulations (1-

vs. 2-leg stance, and eyes open vs. closed). We sought to determine whether the WBB could reliably

detect postural changes associated with subtle variations in visual tasks. Healthy elderly adults stood on

a WBB while performing one of two visual tasks. In the Inspection task, they maintained their gaze

within the boundaries of a featureless target. In the Search task, they counted the occurrence of

designated target letters within a block of text. Consistent with previous studies using traditional force

plates, the positional variability of the center of pressure was reduced during performance of the Search

task, relative to movement during performance of the Inspection task. Using detrended fluctuation

analysis, a measure of movement dynamics, we found that COP trajectories were more predictable

during performance of the Search task than during performance of the Inspection task. The results

indicate that the WBB is sensitive to subtle variations in both the magnitude and dynamics of body sway

that are related to variations in visual tasks engaged in during stance. The WBB is an inexpensive, reliable

technology that can be used to evaluate subtle characteristics of body sway in large or widely dispersed

samples.

� 2012 Elsevier B.V. All rights reserved.
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1. Introduction

In upright stance, movement of the body is subtle but
continuous. The quantitative kinematics of standing body sway
are influenced by a wide variety of factors, including clinical
conditions such as chronic lead poisoning [1] pregnancy [2], and
autism [3]. For this reason, measures of standing body sway are
increasingly attractive as non-invasive metrics that may be used to
differentiate clinical populations. One area of special interest is
relations between postural sway and aging [4].

Classically, measurement of the quantitative kinematics of
standing body sway has required the use of highly specialized
equipment. Examples include moving platform posturography [5],
laboratory force plates [6], video digitizing systems [7,8], electro-
goniometers [9], magnetic tracking systems [10], and electromy-
ography [11]. Generally, these technologies were developed
specifically for basic research and/or clinical applications. They
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tend to be expensive, which makes it difficult to collect data at
multiple sites or in a dedicated fashion over long periods of time. In
addition, these technologies can be cumbersome to use, often
requiring the attachment of markers, sensors and/or cables to the
skin or clothing, or (in the case of moving platform posturography)
the use of safety harnesses. These factors make it difficult to
conduct rapid, non-invasive assessments of standing body sway in
large groups of subjects.

Advances in technology now offer lower cost systems that
might make it possible to obtain non-invasive data on large
groups of subjects. One of these is the Wii Balance Board, or
WBB, a peripheral of the Wii gaming system (Nintendo, Inc.).
The WBB is about 0.5 m wide, 0.2 m long, and 0.05 m thick. Four
piezoelectric strain gauges are built into the corners of the
device and the outputs of these gauges are available through a
Bluetooth wireless connection. The WBB operates on AA
batteries and weighs about 3.5 kg. The WBB was designed to
permit dynamic body position to be used as a control input for
video games and exercise routines. The WBB is widely available
and has a dramatically reduced cost relative to technologies that
have traditionally been used to measure the kinematics of
standing body sway.

http://dx.doi.org/10.1016/j.gaitpost.2012.05.027
mailto:tas@umn.edu
http://www.sciencedirect.com/science/journal/09666362
http://dx.doi.org/10.1016/j.gaitpost.2012.05.027
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Clark et al. [12] compared standing body sway obtained from
the WBB and from a standard laboratory-grade force plate. They
used a custom software application to access data from the WBB
strain gauges through the Bluetooth connection. They evaluated
total COP path length during one-leg and two-leg stance, and with
eyes open and closed. They concluded that the WBB ‘‘provides
comparable data to a [force plate] when assessing COP path length
during standing balance trials’’ (p. 310). In part due to the results of
Clark et al., the WBB is being used in the development of a variety
of clinical interventions [13,14].

Relative to the current study, the experiment of Clark et al. [12]
was limited in three important respects. First, Clark et al. used as
participants only healthy young adults (mean age = 23.7 � 5.6 -
years). Healthy elderly adults typically exhibit greater overall body
sway [15], which might mask the effects of more subtle manipula-
tions that can influence stance across age groups. In the present study
our participants were healthy elderly adults.

Second, the experimental manipulations employed by Clark
et al. (one-leg vs. two-leg stance and eyes closed vs. eyes open)
while widely used were relatively coarse. Young et al. [14] also
compared stance on a WBB with the eyes open versus closed. The
use of such manipulations in initial validations of the WBB was
appropriate, but raises the question of whether the WBB can be
used to assess more subtle manipulations of postural sway.
Standing body sway is influenced by non-postural tasks that are
engaged in during stance [for reviews, see 4,16]. Examples include
auditory reaction time [17], visual search [10], visual vigilance
[18], and focused auditory attention [19]. These effects have been
observed in multiple age groups, including children [3], young
adults [10], and healthy elderly [8]. In the present study, we asked
whether the WBB would be sensitive to effects of visual tasks on
the standing postural sway of healthy elderly adults.

Finally, in Clark et al. [12] the evaluation of data on body sway
was limited to the measurement of COP path length. Path length is
a common metric for postural sway but there are many others, and
it cannot be assumed that validation of the WBB for measures of
path length will extend to other balance measures [20]. Following
Young et al. [14], we used the WBB to determine the positional
variability of the COP. Positional variability provides a measure of
the overall magnitude of postural activity, and is sensitive to the
effects of variations in visual tasks performed during stance [21].
We asked whether subtle variations in visual tasks would
influence the positional variability of the COP, as measured using
the WBB.

We also evaluated the utility of the WBB for assessment of the
temporal dynamics of body sway. Magnitude measures, such as
positional variability, path length, and range, provide information
about the size or spatial extent of movement (e.g., ‘‘by how many
centimeters do COP data points tend to differ from each other?’’).
Magnitude measures, by their nature, tend to eliminate or discard
the temporal structure of movement data, that is, how the
measured quantity varies in time (e.g., ‘‘to what extent does COP
displacement at time A resemble displacement at time B?’’).
Analyses that preserve information about the temporal structure of
data on human movement (that is, analyses of the temporal
dynamics of movement) are increasingly common [20,22,23]. In
particular, previous research has revealed changes in the temporal
structure of postural activity in response to variations in visual
tasks [24,25].

Clark et al. [12] focused on comparison of the WBB with a
laboratory grade force plate. Following Young et al. [14], we used
only the WBB. We asked whether the WBB would be sensitive to
subtle variations in the postural activity of healthy elderly adults
resulting from variations in visual tasks that have been observed in
previous studies using laboratory grade force plates [8,24,28], and
magnetic tracking systems [3,10,25].
2. Methods

2.1. Participants

There were ten participants aged 64–85 years (mean 72.6 years, SD = 7.1 years)

recruited from the University of Minnesota Retirees volunteer list. They ranged in

height from 1.50 to 1.90 m (mean = 1.70 m, SD = .14 m) and in weight from 56.8 to

105.5 kg (mean = 74.8 kg, SD = 14.4 kg). Foot length ranged from 21.0 to 29.0 cm

(mean = 26.2 cm, SD = 2.37 cm). None of the participants used a cane or other

walking aid, and each reported being in good health.

2.2. Apparatus

We used a standard WBB. The WBB was interfaced with a laptop computer using

a custom Microsoft Windows application written in C# using the open source

library WiiMoteLib running under Windows 7 to access the Wii through the

Bluetooth connection. Data was stored on a disk for later analysis. The sampling rate

was 30 Hz. We did not filter data from the WBB. Nintendo does not report precision

measures for the WBB. We evaluated precision empirically. We placed an 18 kg lead

brick on the WBB in known positions as marked out on a grid. For each position of

the brick we recorded 5 s of COP data and computed the mean position over that

period. This process was repeated 4 times and the means across these are reported

here. In the mediolateral axis (i.e., the long axis of the WBB), movement of the brick

1 cm in either direction yielded a change in measured position of 0.5. In the

anterior–posterior axis (i.e., the short axis of the WBB), movement of the brick 1 cm

in either direction yielded a change in measured position of 1.7. In all analyses we

used these values to scale the data in cm.

2.3. Procedure

Participants completed the informed consent procedure and were asked to

remove their shoes. The WBB was placed 1.0 m from a wall. Using lines marked on

the surface of the WBB, stance width was fixed at 15 cm between the midline of the

heels, and the angle between the feet was fixed at 17 degrees. Targets for the visual

tasks were affixed to the wall at each participant’s eye height. For the Inspection

task, a blank piece of white cardstock was used. For the Search task, the target was a

block (paragraph) of English text printed in sans seriff 12 point Avante Garde font.

There were three targets, each with a different block of text. All targets were

13.5 cm � 17 cm.

The WBB was calibrated before each trial. With the participant standing off the

board we collected data from each of the board’s sensors for 10 s. We computed the

mean reading for each sensor over the 10-s period, and used that mean as the zero

point for that sensor for that trial. For each trial, the computed zero point for each

sensor was subtracted from each data point for that sensor before combining the

calibrated values to compute the COP.

For each trial the participant was asked to stand with their heels and great toes

on designated marks on the WBB. Participants were instructed to stand comfortably

with their arms at their sides. There was a total of six trials for each subject, each

lasting 30 s, with postural data being collected continuously. On three trials the

participant performed the Inspection task, and on three trials they performed the

Inspection task. The order in which the tasks were performed was randomized

using a Latin Square.

Participants were instructed to stand comfortably, without moving their feet or

arms. For the Search task, the participant was instructed to read the text on the

card and to count the number of a target letters in the text. The target letters were

A, R, N, and S, with one used as the target letter for a given trial. At the end of the

trial, they were asked to indicate their position in the text at the end of the trial as

well as how many target letters they counted. For the Inspection task, the

participants were asked to maintain their gaze within the borders of the blank

target.

After postural testing, each participant completed the Mini Mental State Exam,

version 1 (MMSE) to screen for individuals with dementia [27]. The maximum

possible score on the MMSE was 30. On the MMSE, a score of 27 or greater indicates

normal cognition.

2.4. Analysis of postural data

We assessed the magnitude of postural activity in terms of the positional

variability of the COP, which we defined operationally as the standard deviation

of COP position. We assessed movement dynamics using detrended  fluctuation

analysis, or DFA. DFA describes the relation between the magnitude of

fluctuations in postural motion and the time scale over which those fluctuations

are measured [26]. DFA has been used in several studies of the control of stance

[23], and in our own research at sea [18,25]. We conducted inferential tests on

a, the scaling exponent of DFA, as derived from the COP data [23]. The scaling

exponent is an index of long-range autocorrelation in the data, that is, the

extent to which the data are self-similar over different time-scales. When

a < 0.5 or 1 < a < 1.5, the signal is anti-persistent (smaller a = more anti-

persistence). When 0.5 < a < 1 or 1.5 < a < 2, the signal is persistent (larger

a = more persistence [23]). In conducting detrended fluctuation analysis we did

not integrate the time series.
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Fig. 1. Representative raw COP data from the WBB from two trials for a single

participant. (A) COP during performance of the Inspection task. (B) COP during

performance of the Search task. ML: COP in the mediolateral axis. AP: COP in the

anterior–posterior axis.
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Fig. 2. Postural sway as a function of visual task condition for the anterior–posterior

(AP) and mediolateral (ML) axes. (A) Positional variability. (B) a of detrended

fluctuation analysis (DFA). The error bars represent the standard error of the mean.
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3. Results

One participant struggled to read the cards during the search
task. For this participant, the WBB was moved 24 cm closer to the
wall.

3.1. Mini Mental State exam

The mean score on the Mini Mental State exam was 29.30
(SD = 0.675). The minimum score was 28, indicating that all of the
participants were functioning without dementia.

3.2. Visual performance

There was no measure of visual performance for the Inspection
task. Following previous studies, we took for granted that
participants were able to maintain their gaze within the
boundaries of the blank target [10,28]. For the Search task, the
overall mean proportion correct was 73.2 and the mean number of
errors per trial was 4.13.

3.3. Postural activity

For each dependent variable we conducted separate repeated
measures analyses of variance for movement in the anterior–
posterior (AP) and mediolateral (ML) axes with factors Task
(Inspection, Search) and Trials (1–3). We estimated the effect size
using the partial h2 statistic. Cohen [29] has argued that values of
partial h2 > 0.14 indicate a large effect.

Representative data from sample trials are shown in Fig. 1. The
results are illustrated in Fig. 2. For positional variability of the COP
in the AP axis, we found a significant effect of conditions,
F(1, 9) = 7.61, p = .022, partial h2 = 0.458, with positional variabili-
ty being reduced during performance of the Search task, relative to
the Inspection task. For DFA we also found a significant effect of
conditions for movement in the AP axis, F(1, 9) = 6.97, p = .027,
partial h2 = 0.436, with greater predictability or self-similarity
during performance of the Search task, relative to the Inspection
task. There were no other significant effects.

4. Discussion

Visual performance data were similar to previous studies using
the same task. Stoffregen et al. [10] used the same search task with
young adults (university students) and obtained values were 90.1
and 6.13. Stoffregen et al. [28], also using the same search task,
obtained values of 84.3 and 8.60 for a group of mixed-age adults
(25–54 years old). These similarities suggest that our sample was
representative of those used in earlier studies.

Analysis of postural activity revealed reduced positional
variability of sway in the AP axis during performance of the
Search task, relative to sway during performance of the Inspection
task. Previous studies have found reduction in the positional
variability of sway in the AP axis during performance of more
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demanding visual tasks in the elderly [8] in healthy young adults
[10], and in 9-year old children with and without autism spectrum
disorder [3]. The present results confirm that the WBB can be used
to detect similar effects in the unperturbed body sway of healthy
elderly adults.

Our analysis of movement dynamics revealed increased
predictability or self-similarity of sway in the AP axis during
performance of the Search task, relative to sway during perfor-
mance of the Inspection task. Previous studies of the dynamics of
sway in elderly samples have not evaluated the effects of visual
tasks on unperturbed standing sway [23]; thus, the present study is
the first demonstration of an effect of visual tasks on the dynamics
of postural sway in this age group. Studies of younger adults have
identified effects of variations in the difficulty of visual tasks on the
self-similarity of postural activity in the AP axis [24] and across
both AP and ML axes [25]. Overall, our results suggest that the WBB
can be a simple, inexpensive tool for evaluating the dynamics of
unperturbed standing body sway in the elderly.

The results of the present study confirm the findings of Clark
et al. [12] and extend these to effects of visual tasks on both the
magnitude and the dynamics of standing body sway in healthy
elderly participants. The results suggest that the WBB can be used
to evaluate subtler, more fine-grained aspects of postural control.
The results of the present study indicate that clinicians can use the
WBB for assessment of standing balance. One possible application
concerns relations between postural sway and clinical movement
disorders in children. Developmental research has shown that the
influence of visual tasks on standing body sway occurs in typically
developing children and also in children with autism spectrum
disorder [3]. By contrast, variations in visual tasks have different
effects on typically developing children than among children with
developmental coordination disorder [30]. These studies suggest
that the influence of visual task on standing body sway may be
specific to particular clinical conditions. If so, then it may be
possible to use the WBB as a low-cost, non-invasive part of
diagnostic test batteries for some clinical conditions.

The results of the present study, combined with the low cost
and easy availability of the WBB suggest new opportunities for
large-scale data collection and screening. The WBB might be
obtained in quantity and used to assess relatively large numbers of
individuals in a wide variety of settings.
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