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ABSTRACT

Analysis of the relationship between muscle stiffness
and electromyography during isometric contraction of

rectus femoris muscle using ultrasound

Jaewon Yu
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Muscle fatigue induces an increase in muscle activity required to sustain a
contraction at a constant force level. This phenomenon could be interpreted as
a decrease in muscle efficiency caused by muscle fatigue. The method for
muscle fatigue measurement is blood-sampling for measuring lactic acid in
blood but it has to be invasive and needs for long time in order to obtain the
results. Another way 1s comparison with before and after muscle fatigue
occurrence by measuring and analyzing surface ElectroMyoGraphy (sEMG).

In this study, we present the new method for measuring muscle fatigue by
the measurement method of muscle stiffness. Due to decline in a contraction
efficiency of muscle caused by muscle fatigue, muscle stiffness is also
decreasing. Muscle stiffness could be measured using ultrasound with a
loadcell.

Ultrasound which is harmless and non-invasive measurement, and can
process in real-time was tried to obtain useful and clinical information from

body tissues by researchers. In this connection, measuring an elastic degree of



stomach wall in patients who have a chronic gastro-intestinal disease using
ultrasound was presented. Another study was presented that they made
phantoms whose acoustic specification is similar to human’s internal tissues
and their stiffness is different to each other. And then measured elasticity of
the phantoms using Non-invasive Elasticity Measurement System(NEMS)
which compose an ultrasonic transducer and a load cell and using public
elasticity measurement machine(Micro Indenter model-5848, Instron). After that
they compared the results of experiment between NEMS and public elasticity
measurement machine.

Thus, in this study, to understand the relationship between muscle stiffness
and EMG, we have used the Biodex System 3 which can measure knee joint
torque, velocity and EMG for measuring the femoral muscle strength during
isometric contraction exercise. Simultaneously, we have also used NEMS,
which is composed an ultrasonic transducer with a load cell, for non-invasively
measuring rectus femoris muscle stiffness. Afterward, we displayed the
relationship between muscle stiffness and EMG.

As a result of the experiment showed that muscle stiffness is changing in
accordance with muscle strength or EMG. So it could be possible to expect

joint torque or root mean square of EMG by using NEMS during exercise.

key words : muscle elasticity, ultrasound, muscle fatigue, electromyograph
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