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from a prior investigation by Melzer et al. [21] on pos-
tural sway. A power calculation was conducted, con-
sidering a critical o-value of 0.05, with the aim of at-
taining a power level of 80%. The inclusion criteria
encompassed individuals aged 65 and above, with a
body mass index (BMI) ranging from 18.5 to 30 kg/m?,
who underwent screening for demographic character-
istics. Exclusion criteria were applied to participants
displaying lower extremity joint inflammation or mus-
cle pain, a diagnosis of Parkinson’s disease or stroke
sequelae, reported dizziness, and uncorrectable visual
or auditory deficits. Additionally, individuals with acute
illness or injury, unstable heart disease, or uncontrolled
hypertension were excluded from the study.

The research involved screening eligible participants,
evaluating demographic factors (age, height, weight,
BM]I, and leg length), vital signs, underlying conditions,
and the need for a walking aid. Participants were then
categorised into two groups: non-fallers and fallers, the
latter consisting of those who had experienced one or
more fall events in the previous six months [22]. CoP
sway length variables in each direction during condi-
tions of quiet standing were measured using the NWBB.
The protocols for assessing postural sway with NWBB
and conducting FTSST were as follows.
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Five Times Sit-to-Stand Test (FTSST)

The study participants were directed to sit in a stand-
ard armless chair with a seat height of approximately
43 cm and instructed to cross their arms over their
chests while maintaining a 100° flexion of their knee
joints [23]. They were then instructed to rise from the
chair with their hips and knees fully extended, rapidly
return to a sitting position, and repeat this process five
times. The time it took to complete five repetitions
(Tsit 10 stana) Was recorded by an assessor using a stop-
watch once the participant’s back touched the chair’s
backrest after the fifth repetition. The average time of
three trials was noted, and a power index of the sit-to-
stand test (Pg , sana) Was calculated using the follow-
ing equation [23]:
body mass x (L -0.43) x g X 5)

Psit tostand
7Wsit to stand

where 0.43 (m) represents the height of the chair, L. (m)
represents the participant’s leg length, which is the dis-
tance measured from the greater trochanter of the fe-
mur to the lateral malleolus, and g (9.81 m/s®) repre-
sents the acceleration due to gravity.

NWBB for assessment of postural sway during
quiet standing

The NWBB is constructed from plastic composite
and equipped with four load sensors located on each
corner to measure vertical forces. To extract data, freely
available software was utilised to interface the NWBB
to a laptop via Bluetooth. A Windows laptop computer
was used to stream data from the NWBB, utilising
a Bluetooth protocol and customised programs. Data
were sampled from the NWBB at a frequency of 30 Hz,
which was selected based on the similarity to frequen-
cies (10-50 Hz) used in previous studies [24, 25]. The
signal was then low-pass filtered with a 10 Hz cut-off.
The NWBB was calibrated before each trial by apply-
ing a known weight (20.4 kg) onto the board [24].

The participants completed standing trials in a ran-
domised order across four distinct conditions to re-
duce bias: natural quiet standing with eyes open on
a hard surface (EO/HS), natural quiet standing with
eyes closed on a hard surface (EC/HS), natural quiet
standing with eyes open on a soft surface (EO/SS), and
natural quiet standing with eyes closed on a soft sur-
face (EC/SS). To simulate soft surface conditions dur-
ing natural quiet standing, an AIREX® balance pad
(0.50 x 0.41 m; Airex AG, Inc.) was placed atop the
NWBB. For the hard surface condition, participants
stood directly on the NWBB without the use of a bal-
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ance pad. Each condition was tested in two trials. Dur-
ing each standing trial, participants were instructed
to stand in a comfortable position while maintaining
eye contact on a marker placed at their preferred eye
level in the eyes-open condition and before closing their
eyes in the eyes-closed condition. The trials were one
minute in duration. Participants were instructed to
maintain a standing position with their feet aligned
parallel to each other and separated by approximately
10 cm between the heels [26] while crossing their arms
over the chest. The NWBB was utilised to measure the
CoP sway length during quiet standing, and the record-
ing was performed during the middle 30 seconds of
the testing period. The average value of the two record-
ings was analysed.

Statistical analysis

Statistical analyses were conducted using SPSS ver-
sion 21 for Windows, with a significance level of p <
0.05. The Shapiro-Wilk test was employed to evaluate
whether the variables followed a normal distribution.
For normally distributed data, results were presented
as the mean * standard deviation (SD). The independ-
ent sample t-test was used to examine differences in
characteristics, including T  stang @nd Py 0 stands @S
well as CoP sway length measured by the NWBB, be-
tween older adult participants with and without fall
histories. Correlations between FTSST outcomes and
CoP sway length, as assessed by the NWBB, were quan-
tified using the Pearson correlation coefficient (r). Ad-
ditionally, the receiver operating characteristic (ROC)
curve was used to determine the cut-off score, sensitivi-
ty, specificity, and area under the curve (AUC). The
ROC curve is a statistical method used to evaluate the
performance of a diagnostic test by plotting the true
positive rate (sensitivity) against the false positive rate
(1-specificity) at various threshold settings. Multiple
cut-off scores were evaluated, each corresponding to
varying levels of sensitivity and specificity. The optimal
cut-off score was selected based on the highest balance
between sensitivity and specificity, ensuring the best
threshold for accurate outcome prediction. The AUC
was also calculated to assess the model’s ability to dis-
criminate between groups, with values closer to 1 in-
dicating greater accuracy in distinguishing between
the groups.

Results

Table 1 displays the demographic and anthropomet-
ric characteristics of the study participants. A total of
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Table 1. Demographic characteristics and FTSST performance in older adults with and without fall histories

Variables Total Non-faller Faller Mean difference  95% CI of the p-value
(n = 60) (n = 30) (n = 30) [mean (SE)] difference
Age (years) 71.03 = 5.58 70.17 £ 5.17 71.90 + 5.93 -1.73 (1.44) -4.61 to 1.14 0.232
Mass (kg) 52.73 £10.20 54.88 + 8.96 50.58 + 11.03 4.30 (2.59) -0.89 to 9.49 0.103
Height (cm) 15197 £+ 5.52 151.60 £5.12 152.33 £ 5.96 -0.73 (1.43) -0.04 to 0.02 0.611
Body mass index  23.00 + 3.65 23.84 £ 3.42 22.16 + 3.73 1.68 (0.92) -0.17 to 3.53 0.074
(BMI, kg/m?)

Leg length (cm) 83.58 + 3.04 83.38 + 2.81 83.78 + 3.28 -0.40 (0.79) -1.98 to 1.18 0.611
Tsit o stand (S) 13.55 + 2.00 12.55 + 1.59 14.56 + 1.88 -2.01 (0.45) -291to-1.11 <0.001**
Pt t0 stana (W) 80.13 £ 24.38 88.84 £23.48 71.43 £22.29 17.41(5.92) 5.55 t0 29.26 0.005*

* indicates a significant difference at p-value < 0.05, ** indicates a significant difference at p-value < 0.001,
Tsit to stana — time to complete the five-time sit-to-stand test, Py, ana — power index of the sit-to-stand test

Table 2. Comparison of the CoP sway during quiet standing between the faller and non-faller groups

Balance test Centre of pressure Non-faller Faller ~ Mean difference 95% Clof the alue
(CoP) sway direction (n=30) (n=30) [mean (SE)] difference pv

Standing balance with anteroposterior; AP (cm) 2.59 (1.04) 2.61(0.71) -0.05(0.23) -0.51t00.41 0.814

eyes open on a hard mediolateral; ML (cm)  0.54 (0.16) 0.81 (0.73)  0.24 (0.14) -0.03t00.51  0.085

surface (EO/HS)

Standing balance with anteroposterior; AP (cm) 2.99 (2.46) 4.27 (2.48) -1.65(0.62) -2.90to-0.40 0.010*

eyes closed on a hard mediolateral; ML (cm)  1.54 (1.08) 1.88 (1.03) -0.46 (0.27) -1.00to 0.08 0.093

surface (EC/HS)

Standing balance with anteroposterior; AP (cm) 2.92 (1.16) 4.66 (1.25) -1.31(0.35) -2.00to -0.61 < 0.001**

eyes open on a soft mediolateral; ML (cm)  2.21 (1.08) 3.53(1.39) -1.19(0.33) -1.85t0-0.53 <0.001**

surface (EO/SS)

Standing balance with anteroposterior; AP (cm) 3.37 (1.41) 5.34 (2.76) -2.78 (0.39) -3.56to-2.00 < 0.001**

eyes closed on a soft
surface (EC/SS)

* indicates a significant difference at p-value < 0.05
** indicates a significant difference at p-value < 0.001

sixty female older adults were enrolled, with a mean
age of 71.03 = 5.58 years. The mean weight, height,
BMI, and leg length were 52.73 + 10.20 kg, 151.97 +
5.52 cm, 23.00 + 3.65 kg/m?, and 83.58 + 3.04 cm, re-
spectively. No significant differences were observed in
any of the demographic characteristics between the faller
and non-faller groups (p > 0.05). The mean Ty, stana
and Py o sang Were 13.55 + 2.00 seconds and 80.13 +
24.38 Watts (W), respectively. The faller group ex-
hibited significantly longer Ty, stana and significantly
lower Py o stana compared to the non-faller group (p <
0.01), as shown in Table 1.

The length of CoP sway during quiet standing ex-
hibited significant differences between the faller and
non-faller groups in the EO/SS and EC/SS conditions
in both the anteroposterior (AP) and mediolateral
(ML) directions (p < 0.001). However, in the EC/HS
conditions, significant differences were only observed

in the AP direction (p < 0.05). The faller group exhib-
ited a significantly greater CoP sway length compared
to the non-faller group, as shown in Table 2.

In EC/SS and EO/SS conditions, a strong positive
correlation was found between Ty, stang and CoP sway
length as measured by NWBB in both the AP (r= 0.761,
p < 0.001) and ML directions (r = 0.729, p < 0.001)
and in the AP direction during the EO/SS condition
(r=0.712, p < 0.001). Additionally, Tg  stana Was mod-
erately positively correlated with CoP sway length in the
EO/SS condition, ML direction (r = 0.594, p < 0.001)
and in the EC/HS condition, AP direction (r = 0.468,
p <0.001), and was weakly positively correlated with
CoP sway length in the EC/HS condition, ML direction
(r = 0.345, p = 0.007). No significant correlations
were found between T, stang and CoP sway length in
the EO/HS condition in either direction (p > 0.05), as
shown in Figure 2.
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Table 3. Cut-off of AP sway length in EC/SS measured by
NWRBB to determine the risk of falling in older adults

Cut-off of AP
sway length in  Sensitivity =~ Specificity 0
EC/SS measured (%) (%) AUC (95% CT)
by NWBB (cm)
3.61 0.97 0.70 0.949
3.89 0.90 0.80  (0.902 to 0.997)
4.39 0.80 0.87

AUC - area under the receiver operating characteristic
(ROC) curve

According to the finding of the NWBB measurement
of CoP sway length, the appropriate cut-off scores of AP
sway in EC/SS conditions was > 3.89 cm to identify
those at risk of falls with the best sensitivity (90.0%)
and specificity (80.0%) with an AUC of 0.949 as shown
in Table 3 and Figure 3. The cut-off score of 3.89 cm
was selected based on its optimal balance between sen-
sitivity and specificity. While the 3.61 cm cut-off had
the highest sensitivity (97.0%), its low specificity (70.0%)
resulted in many false positives. The 3.89 cm cut-off
provided a high sensitivity and specificity, making it
a reliable threshold for identifying older adults at risk
of falls while minimising false positives. In contrast,
the 4.39 cm cut-off had higher specificity (87.0%) but
lower sensitivity (80.0%), leading to missed at-risk pa-
tients (false negatives). Therefore, 3.89 cm was chosen
for its balanced performance, with an AUC of 0.949,
ensuring accurate identification of fall-risk individuals.

Discussion

The analysis of body CoP sway reveals notable vari-
ations across both AP and ML directions. This discrep-
ancy is particularly evident during the quiet standing
test conducted on a soft surface, utilising sway length
measurements obtained through the NWBB game con-
sole. The eyes closed condition, specifically during the
quiet standing test on a soft surface in the AP direc-
tion, exposed a noteworthy difference of 1.65 cm be-
tween the fallers and non-fallers in our older adult
groups. The variations in sway length across both AP
and ML directions during the quiet standing test on
a soft surface, using the NWBB game console, under-
scores the impact of health conditions on postural sta-
bility. The utilisation of the eyes closed condition during
the quiet standing test on a soft surface adds depth to
the investigation, emphasising the role of sensory input
in maintaining balance [27]. The substantial differ-
ence between the two groups in the AP direction sheds

d A
J_/

0.6

Sensitivity

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Figure 3. The receiver operating characteristic (ROC)
curve of AP sway length in EC/SS measured by NWBB

light on the influence of sensory deprivation on pos-
tural control during such conditions [28]. The findings
of this study unequivocally affirm the test’s remark-
able capability to discern with high effectiveness be-
tween older adult individuals who face an elevated risk
of falling and those who are not susceptible to such
risks. This pivotal distinction underscores the test’s
potential as a valuable tool in identifying and stratify-
ing fall risk among the older adult population, offering
significant implications for targeted intervention strat-
egies and comprehensive healthcare planning tailored
to individual needs. Hence, the incorporation of this
test in conjunction with the NWBB demonstrates dis-
criminative validity, establishing its capacity to effec-
tively screen and identify older adult individuals who
are at a heightened risk of falling.

CoP sway, which refers to the movement of the COP
under the feet, is often analysed to assess postural con-
trol and stability in individuals, particularly in the con-
text of fall risk among older adults [29, 30]. The differ-
ences in CoP sway between fall-risk and non-fall-risk
older adults in both the AP and ML directions can be
attributed to various factors related to age-related
changes, sensorimotor functions, and musculoskeletal
conditions [31, 32]. Fall-risk older adults often expe-
rience muscle weakness and imbalances, especially in
the lower extremities. These factors can lead to dif-
ficulties in maintaining an upright posture and con-
tribute to increased CoP sway in both AP and ML di-
rections [33]. Ageing significantly impacts the nervous
system, particularly in terms of nerve conduction ve-
locity (NCV) and sensory input processing [34, 35],
including vision, proprioception, and vestibular func-
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tion. Impaired sensory input can disrupt the ability to
perceive and respond to changes in body position,
leading to increased CoP sway as individuals struggle
to maintain stability [28, 36]. Ageing is associated with
joint stiffness and reduced flexibility. Limited range of
motion in joints can impact the ability to make subtle
adjustments to maintain balance, resulting in greater
CoP sway [37]. Cognitive functions, such as attention,
executive function, and information processing, play
a crucial role in postural control. Cognitive decline,
which is common in older adults, can affect the ability
to coordinate movements and respond to environmen-
tal cues, contributing to increased CoP sway [38]. In-
dividuals at higher risk of falling may develop a fear of
falling, leading to cautious and stiff movements. This
fear and altered movement patterns can increase CoP
sway as they may overcompensate for perceived in-
stability [39]. It is important to note that these factors
are interconnected, and a comprehensive assessment
is often needed to address the multifaceted nature of
fall risk in older adults.

This demonstrates discriminative validity in assess-
ing fall risk. Research has shown its ability to distin-
guish between older adult individuals who have expe-
rienced falls and those who have not based on CoP
data [40]. Additionally, studies have validated the Wii
Balance Board’s effectiveness in assessing static bal-
ance and detecting the impact of dual-task activities
on balance in healthy participants [41]. The concur-
rent and discriminant validity has been confirmed
through Wii Fit assessments, indicating its reliability
in evaluating balance activities [42]. Overall, the Wii
Balance Board is a promising tool for fall risk assess-
ment, especially in post-stroke patients [43]. In the
present investigation, a noteworthy disparity in CoP
outcomes emerged between cohorts of older adults
categorised as either at risk of falling or not. These find-
ings underscore the robust discriminative validity of
the CoP sway test conducted with the NWBB, aligning
consistently with outcomes observed in prior research.

The investigation additionally revealed that CoP
sway, particularly in the eyes-closed condition and on
soft surfaces during the quiet standing balance test,
demonstrated a significant and strong positive corre-
lation with the FTSST (r = 0.729 to 0.761). FTSST is
a widely employed measure for assessing balance pro-
ficiency in older adults. The study indicates that the
CoP sway test utilising the NWBB not only exhibits
robust concurrent validity, positioning it as a viable
alternative to the FTSST, but offers the distinct advan-
tage of quantifying true balance values numerically.
It is noteworthy; however, that this test does not serve
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as a functional assessment. The literature consistently
supports the concurrent validity of the NWBB in as-
sessing the CoP in older adults. Multiple studies con-
clude that the NWBB is a valid tool for evaluating stand-
ing balance. Its portability, widespread availability,
and cost-effectiveness make it a practical choice for
assessing CoP in older adults [44, 45]. Furthermore,
a systematic review reinforces the reliability and con-
current validity of the NWBB for static standing bal-
ance assessment [46]. Overall, the evidence suggests
that the NWBB can be considered a reliable and valid
instrument for evaluating standing balance and sen-
sory integration in highly functional older adults. This
study uniquely focuses on concurrent validity, deviat-
ing from prior research. The investigation extends its
exploration to determine an optimal cut-off score for
distinguishing older adult individuals prone to falling
from those not at risk. Notably, utilising the NWBB
during a quiet standing balance test, with EC/SS and
assessing the AP sway variable, emerges as the most
effective approach. A pivotal finding reveals that an
AP sway exceeding 3.89 cm during the test indicates
a 90.0% likelihood of falling for older adult individu-
als. This high sensitivity implies the test’s capability to
detect seventy-three out of one hundred older adults
at risk of falling. Additionally, the test demonstrates
a specificity value of 80.0%, enabling the identification
of around fifty-seven older adults from one hundred
older adults not at risk of falling. This level of accuracy
deems the test suitable for effectively screening the risk
of falling among older adult community members.
Nevertheless, this study presents certain limitations
that warrant acknowledgement. The investigation pre-
dominantly concentrates on the AP and ML dimen-
sions in CoP sway, placing a distinct emphasis on soft
surface conditions. Notwithstanding, the exploration of
other potentially influential variables, such as psycho-
logical factors or specific health conditions, remains
relatively cursory. This restricted focus has the poten-
tial to curtail the comprehensive understanding of fall
risk determinants among older adults. Furthermore,
this study is limited by its focus on a specific demo-
graphic, as all participants were older adult females.
This was due to the higher prevalence of falls among
older women, which may limit the generalisability of
the findings. Additionally, the homogeneity in terms of
age, health status, and cultural background further nar-
rows the applicability of the results. Future research
should include male participants and more diverse pop-
ulations to explore potential gender-related differences
and enhance the broader relevance of the findings.

Human Movement, Vol. 26, No 1, 2025



HUMAN MOVEMENT

W. Tapanya, N. Sangkarit, P. Poncumhak, S. Konsanit, Elderly fall risk by Wii Balance Board

Conclusions

This research, utilising the NWBB, highlights sig-
nificant variations in CoP sway during the quiet stand-
ing test on a soft surface. The study emphasises the
impact of older adult health conditions on postural
stability. The CoP sway test effectively discerns older
individuals at risk of falling, showcasing its potential
for targeted fall risk identification. This study provides
valuable insights into fall risk assessment, emphasis-
ing the effectiveness of the NWBB. It serves as a prac-
tical tool for identifying older adult individuals at risk
of falling, offering implications for tailored healthcare
planning.
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