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Abstract

Background/Objectives: This study aim to evaluate the inter-rater consistency of static standing balance
measurement equipment using inertial measurement system.

Methods/Statistical analysis: 45 residents over 50 years old of Seongnam-si were recruited. The participants
were randomly divided into 2 groups, and their static standing balance ability was measured by 2 physical
therapists for 2 days. The measurements were performed on standing with open eyes, with closed eyes, standing
on an unstable surface. The measured items were 3 parts, right and left trunk shaking, anterior and posterior

trunk shaking, trunk rotation.

Findings: For the open eyes part of the test, right and left trunk shaking’s Cronbach alpha was .552, and
anterior and posterior trunk shaking’s Cronbach alpha was .626. And for the closed eyes part of the test, right
and left trunk shaking’s Cronbach alpha was .409 and anterior and posterior trunk shaking’s Cronbach alpha
was .623. Finally, for the unstable surface part of the test, only anterior and posterior trunk shaking data was
able to be checked and the result was .570. The trunk rotation of all standing posture didn’t give significant
Cronbach alpha data. Reliability of anterior and posterior trunk shaking in the all position was confirmed.
And the right and left trunk shaking showed that there is reliability in the partly position. And there is no

reliability in the trunk rotation of all standing position.

Improvements/Applications: The results of this study shows the IMUs as a balance evaluation tool has moderate

reliability in partial items.
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1. INTRODUCTION

The balance is defined as an ability to keep COG(Center Of Gravity) in BOS(Base Of Support)[1]. A
deficit of balance is the one of common problems that is treated by physical therapists[2]. The imbalance was
defined by the variation of center of mass that is outside the standard age-matched reference limitation[3].
Physical therapists need to be able to distinguish between the people who have balance problems, after that,
decide the optimal way for rehabilitation[2]. Balance is important factor of daily life and performance, it is
used for therapy and evaluation in major of orthopedics, sports medicine, gerontology, neurology,
rehabilitation[4]. Loss of balance causes problem in therapeutic intervention or rehabilitation, in addition, it
causes disability that makes difficult to conduct daily life. And it causes the other injury like fall-down or

fracture. Thereby, balance evaluation is important[5].

Clinically, the balance is evaluated using functional movement test(timed up and go test, functional
reach, romberg test) or evaluation tool(berg balance scale, activity-specific balance confidence scale), balance
measuring equipment[6]. The equipment that evaluates balance ability provides objective information, but most

of the equipment is expensive and needs wide space to keep it[5].

Recent research started to depend upon wearable sensor to measure acceleration or velocity of human
body during balance exercise[7]. And, recent study addresses that center of gravity is near the middle height of

human body should be considered[8].

The 4th industrial revolution began recently. Ubiquitous and mobile internet and cheaper and small and
stronger sensor, artificial intelligence and machine learning are feature of the 4th industrial revolution[9]. Along
with start of industrial revolution, thanks to recent development of technology of microelectromechanical
system, wearable sensor is becoming applicable to field of health and bio-medical technology in terms of price,
size, power consumption. An example of this technological trend is the Inertial Measurement Units(IMUs)[10].
The inertial sensor device consists of an accelerometer and a gyroscope and electromagnetic machine[6]. The
inertial measurement unit integrates 3-axis gyroscope and 3-axis accelerometer to measure angular velocity

and acceleration, and perceives magnetic field of earth using 3-axis magnetic sensor[10].

The inertial measurement units has been used to estimate the motion of human body like motion
capture[6],[10], recently it was developed for balance training and measurement[7]. Precedent research about
balance training has been conducted, but there is no study that check the reliability that is essential to use that
device as a measurement tool. This study aims to check the reliability of inertial measurement unit as a balance

evaluation tool to utilize in this field.

2. MATERIALS AND METHODS
2.1. Participants

The participants of this study were 45 adults over 50 years old who use the welfare center in Seongnam-si. They

fully understood and agreed on the contents of this experiment. They are able to stand independently and no
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psychologic disease, and able to understand and perform the verbal indication of experimenter.
The characteristics of participants is showed in the table[Table 1].

Table 1. Physical characteristics of subjects

Issue MeantSD
Age(years) 21.0+£1.42
Body weight(kg) 62.5+12.4
Height(cm) 167.0+8.8

aMean+SD

2.2. Experimental method

The participants were divided into two groups and the experimenters consisted of physical therapist “a” and
“b” who has worked as a physical therapist for 10 years. Before the participants get involved, they listen about

the experiment and totally understood.

The static standing balance was conducted with open eyes, closed eyes, and on an unstable surface. Each item
was measured three times for 10 seconds and the next measurement was made after 3 seconds of rest after each
measurement. To provide against emergencies of participants because of a fall, the experimental assist always

standed-by the participants during the experiment.

To make the environment the participants can concentrate on the experiment, the experiment was conducted in
enclosed area. To block the any compensation of vision, a sticker was affixed to the wall. During the experiment,
the participants stood on the floor with bare foot, and they participated in the experiment after being educated

to not speak except when there was discomfort.

At the first day, “A” group conducted the experiment with the physical therapist “a”, and “B” group conducted
the experiment with the physical therapist “b”. They visited the laboratory at the next day same time, and “A”
group conducted the same experiment with the physical therapist “b”, “B” group conducted the same

experiment with the physical therapist “a”. The experimental method is shown in figure 1[Figure 1].

Balance measurement
With IMUs

A group B group

Measurement Measurement
By physical therapist | By physical therapist
ayn apyr

|

A group B group

Measurement Measurement
By physical therapist | By physical therapist

|

End of experiment

Figure 1. Experimental diagram
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2.2.1. Inertial Measurement Units(IMUs)

“Balance gear(Alexia, Taiwan)” was used as an experimental tool. Balance gear is a small evaluation tool with
a built-in inertial measurement units(IMUs). It is a wearable device that is used to connected to computer or

laptop without any wire.

Balance gear consists of an angular velocity measurement unit contained 2 gyroscopes that could measure
angular velocity and an accelerometer and a bluetooth for wireless and a dongle that accept the information

from the sensor[7]. Except for these, there are a strap that could fix the balance gear on someone’s back, and

R T W - 1)
| e——
| I |

locking key for shutting off the power supply, and recharging cable. The figure 2 shows part of balance
gear[Figure 2]

Figure 2. Composition of balance gear

The program consists of stability test and training mode, posture control mode, limitation of stability mode.
And level 1 test of stability test was used for this experiment. The figure 3 shows the balance gear screen for

selecting a program[Figure 3].

o - = SALANCE GEAR

POSTURAL STABILITY EVALUATION AND TRAINING SYSTEM

| STABILITY TEST & TRAINING MY POSTURAL CONTROL LINIT OF STABILTY

Figure 3. The programs of balance gear

The proper limitation ranges of shaking following age in each mode is provided. When the sensor over the
limitation, warning horn rings. But in this experiment, to block the feedback, during the experiment, the warning

horn turned off.

2.2.2. Balance pad

To provide unstable surface to participants, Balance pad(Airex, Switzerland) was supplied. Balance pad is a
training tool that made with 6¢cm plasticized polyvinyl chloride cellular. At this experiment, the tool was used

for more difficult standing test. The participants measured their standing ability as if they stand on normal floor
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with staring the indicated point[Figure 4].

Figure 4. The balance pad

2.3. Analysis method

The collected data was statistically processed using SPSS ver. 21. The general characteristics of the subjects
were analyzed using the mean and standard deviation. The angular deviation value of COG that were measured
for 10 seconds were calculated the average, and the median data of 3 sets was picked as a representative data.
The inter-rater consistency reliability of the selected data for each items was analyzed using the intraclass

correlation coefficient. The statistical significance level was set at o < 0.05.

3. RESuLTs AND DiscussiON

At the standing with open eyes, the Cronbach’s a coefficient for reliability between the experimenter
“a” and “b” is follow as. The right and left trunk shaking(Roll) was .552, and the anterior and posterior trunk
shaking(Pitch) was .626. But at the trunk rotation(Yaw), the statistical significance was .485, it was dismissed

under the significance probability.

At the standing with closed eyes, the Cronbach’s a coefficient for reliability between the experimenter
“a” and “b” is follow as. The right and left trunk shaking(Roll) was .409, and the anterior and posterior trunk
shaking(Pitch) was .623. But at the trunk rotation('Yaw), the statistical significance was .689, it was dismissed

under the significance probability.

At the standing on an unstable surface, the Cronbach’s o coefficient for reliability between the
experiment “a” and “b” is follow as. The anterior and trunk shaking(Pitch) was .570. But at the right and left
trunk shaking(Roll) and the trunk rotation(Yaw), the statistical significance were each .212, .102, it were

dismissed under the significance probability.

The table 2 shows the Cronbach’s o data and P-value of all items[Table 2].

Table 2. Reliability of all items

Item Cronbach’s a P-value
Right and left trunk shaking .552 .004*
Standing _ _ i
) Anterior and posterior trunk shaking .626 .001*
with open eyes
Trunk rotation 011 485
Right and left trunk shaking 406 .042*
Standing _ _ i
) Anterior and posterior trunk shaking .623 .001*
with closed eyes
Trunk rotation -.161 .689
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Right and left trunk shaking 299 212
Standing _ i i
Anterior and posterior trunk shaking 570 .003*
on an unstable surface
Trunk rotation .320 102

*<0.05

4, CONCLUSION

Klaus schwab mentioned about ‘Moore’s Law(Generally, it means that the processor speed or the
amount of transistors in central processing unit are increased doubly every 2 years)’, and addressed that if
anything connects to the internet, it would be possible without financial burden because of continuous growth
of computing power and price reduction of hardware. Lots of people are able to purchase an intelligent sensor
with reasonable price already. Over time the sensor size is getting smaller, and the amount of processing
information is increasing, and the price is getting cheaper. This technique is using in a lot of area, but it hasn’t
affected in the field of physical therapy yet. Meanwhile, IMUs was used in the field of animation for estimation
of motion of human, It was not often used for estimating and training balance ability by estimating human
shaking. But, recently, precedent research addressed that the height of COG is near the human’s lumbar spine,
and a tool that evaluates the human’s posture maintenance ability using wireless wearable sensor has been
developed. There have been researches used the IMUs as a balance training tool, but no research used the IMUs
as a balance evaluation tool. There was no study to use the IMUs as an evaluation tool, and therefore the

purpose of this study was to check the reliability of the IMUs as a balance evaluation tool.

This study checked the inter-rater consistency reliability of IMUs as a balance evaluation tool with 45
adults over 50 years old. The participants measured their static standing balance ability with each different
physical therapists using IMUs for 2 days. The measured posture was 3 type, standing with open eyes, standing
with closed eyes, standing on a unstable surface, and the measured item was 3 items, right/left trunk shaking,
anterior/posterior trunk shaking, right/left trunk rotation. At the result, for the anterior/posterior trunk shaking
of the open eyes part and closed eyes of the test showed that the intraclass correlation coefficient was over 0.60.
And for the right/left trunk shaking of standing with open eyes part of the test and anterior/posterior trunk
shaking of standing on an unstable surface part of the test showed that the intraclass correlation coefficient
wasn’t over 0.60, but each data was 0.552, 0.570, it is close to the standard 0.60. Biorescue(RM Ingénierie,
Marseille, France) is the one of general equipment that measures balance using pressure foothold. In the
precedent research that checked the reliability of Biorescue shows that only partial item was over 0.60.

Considering this, it is difficult to consider that there is no reliability of IMUs as a balance evaluation tool.

However, the number of participants was too small to generalize. And the experiment was conducted
for 2 days, so the change of participants’s body condition couldn't be considered. Besides, the precedent
research by Shin joong-dal that researches sampling time for measuring balance using pressure foothold
presented 60 seconds as a proper sampling time for significant value. Considering this, the sampling time of
10 seconds was considered to short to get significant value. Therefore the follow-up study needs to be

progressed with consideration with this limitation.

IMUs doesn’t need the wide space for storage, so it is easy to keep. And IMUs doesn’t have any wire

and be able to wear easily, so when the participants measure their balance, they could attend evaluation
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comfortably. And the price of IMUs is lower compared to general pressure foothold sensor, it is easy to

popularize.

The general balance evaluation tool using the pressure foothold estimates the straight line motion of
center of gravity. But IMUs traces the center of gravity directly and measures the angular motion. Because of
this, the data was from IMUs is considered to be different with existing balance measuring data. To get high

reliability, it is considered to be requested to choose properly with these 2 balance measurement method.

If the follow-up study is actively carried out by adding additional research or improve upon the limitation
that was mentioned, it is expected that the field of physical therapy evaluation could be developed more by

utilizing various IMUs.

ACKNOWLEDGMENT

This research was supported by the Bio & Medical Technology Development Program of the National
Research Foundation (NRF) funded by the Korean government (MSIT) (No. 2016M3A9B694241)

REFERENCES

[1] Shumway-cook A, Woollacott MH. Motor control: translating research into clinical practice. Lippincott
William & Wilkins; c2007. p. 287-288.

[2] Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems test (BESTest) to differentiate balance
deficits. Phys Ther. 2009 May;89(5):484-98. DOI: 10.2522/ptj.20080071

[3] Gill J, Allum JH, Carpenter MG, Held-Ziolkowska M, Adkin AL, Honegger F, et al. Trunk sway
measures of postural stability during clinical balance tests: effects of age. J Gerontol A Biol Sci Med Sci.
2001 Jan;56(7):M438-47. DOI: 10.1093/gerona/56.7.m438

[4] Kwon OY, Choi HS. Evaluation of the Balance Ability for 20 to 29 years Old on the Unstable Platform.
Korean Research Society of Physical Therapy. 1996 Nov;3(3):1-11. Awvailable from:
http://www.koreascience.or.kr/article/JAK0199616549671911.page (website)

[B] Han SK, Lee SY, Lee DH, Park JS. Validity Study of Dynamic Balance Ability Measure using a
Smartphone. J Korean Soc Phys Med. 2016 Apr;11(2):77-82. DOI: 10.13066/kspm.2016.11.2.77.

[6] Kim JH, Choi BR. Intra- and Inter-rater Reliability of BioRescue. The Journal of the Korea Contents
Association. 2018 Nov;18(11):348-52. DOI: 10.5392/JKCA.2018.18.11.348

[7] SoonKS, Lee MY, Tsai WW, Lin CF. A new trunk sway assessment protocol using biofeedback inertial-
based sensing modality for stroke patients. Institute of Electrical and Electronics Engineers. 2011 Jun. DOI:
10.1109/ICSSE.2011.5961988

[8] winter DA. Human balance and posture control during standing and walking. Gait & Posture. 1995
Dec;3(4):193-214. DOI: 10.1016/0966-6362(96)82849-9

[9] Klaus S. The fourth industrial revolution. Geneva:World economic forum; 2016. p. 25.

[10] Ligorio G, Sabatini AM. A Novel Kalman Filter for Human Motion Tracking With an Inertial-Based
Dynamic  Inclinometer. IEEE  Trans Biomed Eng. 2015 Mar;62(8):2033-44. DOI:
10.1109/TBME.2015.2411431

1786


http://www.koreascience.or.kr/article/JAKO199616549671911.page
https://doi.org/10.1109/ICSSE.2011.5961988

International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 7,
2020 ISSN: 1475-7192

[11] shin JD, Youm CH, Moon DS, Kim WK, Park YH. Analysis of proper sampling duration in foot
positions during assessment of quiet stance balance in the elderly women using center of pressure. Korean
journal of sports biomechanics. 2008 Sep;18(3):23-31. DOI: 10.5103/KJSB.2008.08.3.023

1787



