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Introduction

The pain and skeletal deformity associated with osteoporosis may secondarily reduce muscle strength,
and this has been established through previous studies to be closely correlated with back extensor
strength. In this study, we compared BES estimated using Electromyography (EMG) and inertial
measurement units (IMU) sensors with BES measured by the hand-held dynamometer (HHD) and
developed a more convenient method for measuring BES and confirmed its validity. Initially developed
through clinical trials on healthy women, our lumbar paraspinal strength estimation formula was

subsequently refined through empirical testing on osteoporosis patients.

Methods

This study centers on postmenopausal women afflicted with osteoporosis (N=48) (table 1). Back
extensor strength (BES) was assessed using Handheld Dynamometry (HHD) affixed with a Tripod &
Belt system device in the prone position, with subjects exerting maximal effort to lift the upper body.
Additionally, BES evaluations using EMG and IMU sensors were conducted during a single set of back
extension exercises. EMG sensors were positioned at the L1 level, while IMU sensors were affixed to
the interscapular area. Exercises comprised lifting the upper body from prone, sustaining for 5 seconds,

resting for 10 seconds, repeated for 10 repetitions.

Results

Baseline characteristics were depicted in Table 1.
An estimation equation for BES was derived via
multiple linear regression analysis. A novel system
was devised to predict BES, as measured by HHD,
utilizing EMG and IMU signals acquired during
back extension exercises (Figure 1). Quantitative
parameters were extracted from EMG and IMU
data. Notably, these parameters demonstrated
disparities compared to those osteoporosis of
healthy controls in a prior study. Three distinct
models were constructed, incorporating muscle
strength relative to BMI, weight, and height2
(figure 2). It was ascertained that the estimated
BES index effectively approximated HHD-measured

BES. Among the three Indices, muscle
strength/height2 exhibited the strongest
correlation with measured values (r=0.743,
pP<0.001).
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Fig 2. Development of BES estimation formula

Fig 1. BES test using EMG and IMU sensor through multiple linear regression analysis In
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Conclusion

A new method has been developed to measure the strength of the back extensor muscles, and it has
been confirmed to be applicable to postmenopausal women with osteoporosis. Since a method for
measuring back extensor strength in healthy young adults has already been developed in previous
study, further research is needed to determine whether the back extensor measurement method can be
used in screening for normal, osteopenic, and osteoporotic conditions.

This work was supported by the National Research Foundation of Korea(NRF) grant funded by
the Korea government(MSIT) (No. 2021R1F1A1063700).






