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INTRODUCTION
While the human body naturally sways during upright stance, it increases with ageing [1]. It

has been proved that the postural sway in older people can associate with likelihood of future

falls [2]. This makes the assessment of the postural sway in older people essential. There are

different tools and methods used to assess postural sway at the clinical settings [3]. However,

these methods are mainly scored visually and subjectively by clinicians, and they are prone to

human error [4].

In the last decade many studies have focused on postural sway assessment using different

measurement technologies [5]. While these methods lead to quantitative and objective results,

they can be both expensive and difficult to use. Usually, experts and specialists are needed to

deploy the specialised equipment. Hence, the need for a reliable and quantitative, yet easy to

use assessment device for postural sway is apparent.

METHODS
In total, twenty older participants (67.1 ± 9.9 years) were recruited for this study. Each

participant conducted 6 standing tests while standing on the BM and equipped with an IMU:

1) double stance, 2) double stance with eyes closed, 3) tandem stance, 4) tandem stance with

eyes closed, 5) single stance right, and 6) single stance left.

Fig. 1. A) Normal Stance, B) Tandem Stance, C) Single Stance Left, D) Single Stance Right

The Multimetric Balance Mat (Balance Mat Pty Ltd, Canberra, Australia) is made up of

plastic optical fibre (POF) woven in a crossing grid pattern. These intersections enable all

movement through the feet to have a cumulative effect on the signal transmitted to the

computer. The BM measures the cumulative minor postural adjustments transferred as

pressure to the light fiber data. The BM is connected by a USB cable to a computer and the

software records and displays the postural sway in real time (Fig. 2).

Fig. 2. The BM is connected by a USB cable to a computer and the software records and

displays the postural sway in real time

An IMU (MTw from Xsens Technology) was attached to the trunk at pelvis level in the

lumbar region of the back (between L2 and L3 Vertebrae) of the participants (Fig. 3). Using

the IMU, the participants’ trunk acceleration in the horizontal plane in the two Anterior-

posterior (AP) and Medio-lateral (ML) directions was recorded.

Fig. 2. The BM is connected by a USB cable to a computer and the software records and

displays the postural sway in real time

In this study the performance of a Balance Mat (BM) prototype and its reliability in postural

sway assessment is examined. A group of older participants completed a set of standing

balance tests while equipped with an IMU and standing on the BM. The sway measures

yielded from the BM are compared against those of the IMU.
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The following time and frequency domain sway measures were derived from the IMU

acceleration data and the BM data [6]:

1) Sway Range, Sway Range AP, Sway Range ML

2) Sway RMS, Sway RMS AP, Sway RMS ML

3) Sway Path

4) Sway Distance

5) Sway Jerk

6) Sway Velocity

7) Sway Total Power

8) Sway Median Frequency

9) Sway 95% Frequency

RESULTS

Using Spearman Correlation coefficient test, the correlation between the sway metrics

derived from the IMU against the corresponding metrics of the BM is measured. The mean

and confidence interval of the sway metrics are shown in table I and the results of the

Spearman Correlation coefficient test are shown in table II.

TABLE I

The Sway Features Results Derived From The IMU and the Balance Mat

TABLE II

The Spearman Correlation Coefficient Test Results

DISCUSSION
Thirteen sway measures were extracted from the IMU recorded data and nine measures from

BM data. The results show that sway range, RMS, path, distance, jerk, velocity, and total

power derived from IMU and BM have strong to very strong correlations. This suggests that

the BM is effective in postural sway assessment.

The Balance Mat treats human balance as an inverted pendulum. The nervous system

stimulates the musculoskeletal system causing continuous motion [7]. This slight rocking

movement in the sagittal and frontal planes are similar to an inverted pendulum. The BM

works similarly to a force plate by responding to the postural sway of the person standing on

the mat. Whereas a force plate measures the CoP, the BM measures the cumulative minor

postural adjustments made by the person standing on the mat.

Despite force plate data that measures CoP in two AP and ML directions, BM data is a one-

dimensional time series. While this can be a limitation of BM, its light weight, portability,

and ease of use make it an appealing postural sway assessment device specifically in the

clinical and aged care settings.

CONCLUSION

In summary, the current study examined the validity of the Balance Mat for postural sway

assessment. Our results demonstrated that this device is a valid and objective measurement

tool for postural sway assessment. Balance Mat can offer unique advantages in postural sway

assessment due to its light weight, portability, and ease of use. While inertial sensors are

proved to be highly sensitive in postural sway analysis, the BM measurements are found to

be strongly correlated with those of the IMU sensor. Future investigations should examine the

reproducibility of this device across multiple timescales and its capability in distinguishing

individuals with underlying health issues affecting their postural balance.
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