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Title
Muscle fatigue analysis during low-contraction level tasks
using heartbeat-elicited body surface vibration

Abstract

Heartbeat-elicited body surface vibration (HSV) is generated by pulses of heartbeats that
propagate through soft body tissues or vessels. Widespread electromyographic analysis
cannot evaluate muscle fatigue during prolonged tasks with low-level contraction such as
computer work. A device can estimate the mechanical properties of muscle, which reflect
muscle fatigue, by analyzing free vibration after a force impulse on the body surface.
However, such devices are unsuitable for the tasks because the force impulse interferes with
the tasks themselves. This study used heartbeats as the force impulse generator.

Chapter 1 introduced the necessity and uniqueness of HSV by investigating previous
studies of the muscle fatigue field.

Chapter 2 described a comparison of HSV with body surface vibration elicited by muscle
contraction (MSV), which is widely known as mechanomyography, to ascertain
fundamental HSV characteristics. Results revealed that HSV, which is bulk movement
caused by heartbeats and reflects the mechanical deformation characteristics of the muscles,
are much greater than MSV, which is local vibrations from contracting muscle fibers, at the
low contraction level. That fact implies two requirements for mechanical vibration analysis
of HSV: (1) extracting HSV from body surface vibrations that also include noise such as
MSV and body motion, and (2) controlling the force impulse.

Chapter 3 presented evaluation of the HSV of the biceps brachii muscle (BB) of which
fatigue was easily evaluated using electromyography (EMG), HSV of the upper trapezius
muscle (UT), which often becomes stiff, and HSV on the heart, which reflects the strength
of force impulse generating HSV. Both HSV of BB and UT show a free damped vibration
form. However, each HSV generator differs: HSV of BB is generated by phonocardiography
(PCG) caused by noise of heart valves and vessels. In contrast, HSV of UT reflects apex
beats: heart movement during systole. Additionally, it was revealed that the mechanical
properties of muscle can be evaluated from the damped amount of the HSV waveform.

In chapter 4, 5-min isometric contraction of BB 10% MVC was tested to validate the
method described above. Requirement (1) was realized by averaging heartbeat waveforms to
cancel MSV. Requirement (2) was met by confirming that the peak values of HSV
waveform, which represent the strength of the force impulse, were consistent during the
experiment. The RMS of the HSV waveform after muscle contraction indicated that the
degree of wave sustainment increased, which is likely to have resulted from decreased
damping property of muscle because the HSV frequency was almost consistent. HSV can
detect muscle fatigue related to the mechanical change of muscle, which remains longer than
the electrical change, even during low contraction including resting.

In chapter 5, HSV was applied to measurement of the mechanical properties of shoulder
muscle during 3 hr of computer work. Peak timings of heartbeats were detected from ECG,
which has less noise. To satisfy requirement (2), the HSV amplitude of UT was divided by
that of HSV on the heart, and the input—output response of HSV generation was evaluated.
The RMS of shoulder muscle HSV increased after 2 hr of computer work.

Chapter 6 presents the conclusions.
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