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Mechanical Behavior of the Soleus Aponeuroses during Voluntary Contraction
Using Magnetic Resonance Imaging Technique
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ABSTRACT

H. D. LEE, Mechanical Behavior of the Soleus Aponeuroses during Voluntary Contraction Using Magnetic
Resonance Imaging Technique. Korean Journal of Sport Biomechanics, Vol. 17, No. 1, pp. 121-127, 2007.
Muscle force produced by muscle fibers is transmitted to bones via tendinous structures(aponeuroses and
tendon), resulting in joint(s) movement. As force-transmitting elements, mechanical behavior of aponeuroses and
tendon are closely related with the function of muscle-tendon complex. The purpose of this study was to
determine strain characteristics of aponeuroses for in-vivo human soleus muscle during submaximal voluntary
contractions using an advanced medical imaging technique, velocity-encoded phase-contrast magnetic resonance
imaging (VE-PC MRI). VE-PC MRI of the soleus muscle-tendon complex was acquired during submaximal
isometric plantarflexion contraction-relaxation cycle (n = 7), using 3.0T Trio MRI scanner(Siemens AG, Malvern,
MA). From the VE-PC MRI containing the tissue velocity in superior-inferior direction, twenty regions of
interest(20 ROL 10 on the anterior aponeurosis and 10 on the posterior aponeurosis) were tracked. During the
isometric plantarflexion contraction-relaxation cycle, velocity and displacement profiles were different between the
anterior and posterior aponeuroses, indicating heterogeneous strain behavior along the length of the leg. The
anterior aponeurosis elongated while the posterior aponeurosis shortened during the initial phase of the
contraction. Moreover, strain behavior of the posterior aponeurosis was different from that of the Achilles
tendon. Possible explanation for the observed variations in strain behavior of aponeuroses was investigated with
morphological assessment of the soleus muscle and it was found that the intramwuscular tendinous structures
significantly vary among subjects. In conclusion, the heterogeneous mechanical behavior of the soleus
aponeuroses and the Achilles tendon suggests that the complexity of skeletal muscle-tendon complex should be
taken into consideration when modeling the complex for better understanding of its functions.
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