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Title Evaluation of mechanical activity of muscle and tendon by MC sensor method
(Abstract)
Introduction

The Muscle Contraction Sensor (MC sensor) method was developed to assess the mechanical activity
within the muscle and tendon. The MC sensor measures the pressure generated on the tip with sensor by the -
muscle contraction. The muscle bulges by contraction cause pressure on the tip. This pressure is evaluated as
an index of the deformation amount of muscle and tendon by contraction. However, there are not many report
about the force generation using the MC sensor method and the mechanical activity of the muscle tendon unit
during dynamic exercise. Therefore, the purpose of this study was to investigate the mechanical activity of the
knee extensor and patella tendons under isometric contraction and dynamic exercise, and to examine the
effectiveness of the MC sensor method for evaluating muscle-tendon function.

Methods

The subjects were healthy adult males. The morphological parameters of vastus medialis oblique, vastus
latelaris, rectus femoris and patella tendon were measured using an ultrasound method. The knee extension
muscle force under the isometric contraction was measured by a dynamometer (Biodex SystemIIl). The
measurement of knee extension force were performed during with 10 seconds of incremental muscle force at
6 different hip and knee joint angles conditions. The electrical activity on the knee extensor muscles was
measured by surface electromyography method. And, pressure of the knee extensor muscles and patella
tendon as a mechanical activity were measured using the MC sensor method. Moreover, the electrical and
mechanical activities of the knee extensor muscles and the patella tendon during squatting as a dynamic
exercise were measured by electromyography and MC sensor methods. The measurement of pressure by MC
sensor method was measured during resting, generating force and squatting. The knee extension force,
electrical activity and pressure were calculated relative value to the maximum value, respectively.

Results and discussion

In this study, the mechanical and electrical activities of the knee extensor muscles were measured under
the isometric contraction on different conditions with hip joint and knee joint angle. As a result, the maximal
force and electrical activity were higher in the knee joint flexion position than that of extension position. On
the other hand, the pressure measured by the MC sensor method showed a significantly higher value in the
extended position of the knee joint than that of tlexed position. Therefore, it was cleared that the evaluation of
muscle activity during isometric contraction due to changes in muscle length differ between
electromyography and MC sensor methods. And also, it was cleared that the mechanical activity of the vastus
medialis oblique was strongly influenced by the knee joint angle.

In the rectus femoris, which is a biarticular muscle, a significant site difference was observed between the
proximal and distal sites in the pressure measured by the MC sensor method. This tendency was confirmed
under the all condition with different hip and knee joint angles. These results, it was supported the previous




studies for examined using electromyography method.

A significant correlation was observed between the relative muscle force and electrical activity, and the
relative muscle force and the pressure under the all conditions. The relationship between pressure and muscle
force was more linear than that of electrical activity. From these results, it was clarified that the pressure
measured by the MC sensor is a mechanical index that reflects the muscle force level under the every muscle
length conditions. Therefore, it was suggested that the MC sensor is effective method to evaluate the
mechanical function of the muscle.

The deflection of patellar tendon in knee extended position in resting was greater than that of knee flexed
position. The pressure of patellar tendon in muscle contraction indicated a peak value at 20%% muscle force in
all conditions. And, the pressure in knee extended position showed a significantly lower than that of knee
flexed position. From these results, it was suggested that the flexed position increases the mechanical activity
of patellar tendon, whereas it reduction in the extended position.

In squatting as an evaluation of dynamic exercise, the mechanical activity of the knee extensor muscles
and patellar tendon were closely related to the knee joint angle. The pressure measured by MC sensor of knee
extensor muscles showed a consistency on each muscle related to the patellar tendon. From these results, it
was considered that the method using a MC sensor is effective for objectively evaluates the mechanical
activity in muscle-tendon unit during squatting. Squatting is one of the most popular exercises for developing
strength of the knee extensor muscles, which is also the reason why it is frequently used for rehabilitation and
strength fraining. To examine the relation between the mechanical activity of muscle and tendon during
dynamic exercise is highly recommended to help in athletic training and rehabilitation field.

Finally, the results of this study show that the MC sensor method can be a mechanical activity that
reflects the muscle force level even if the muscle length and site conditions are different, and it shows the
usefulness of evaluation of muscle fnction in force output and dynamic exercise. In addition, The mechanical
activity of the patella tendon using MC sensor method evaluates directly and objectively the deformation due
to changes the knee joint angle. In the future, the MC sensor method is expected to be used in sports training
and rehabilitation fields for condition check and management of muscle-tendon.
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