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The functions of the skeletal muscles are to transit forces to bones in order to carry out the
movement, and to provide dynamic stability for their dominant joints. Two important
muscle properties including force-length and force-velocity relationships determine the
governing strategy of the neuromuscular system. These relationships were obtained in vitro
with isolated muscle or tested in vivo with the assumptions that muscle length was
proportional to the joint angles and muscle force to the joint torque. However, these
assumptions are not true since the position of the rotation center changes with the joint flexion
for the most joints. The purpose of this study was to customize the model of the force-length
relation for each thigh muscle with full activation condition, and to investigate the interaction
of the muscle length and the joint angles around the knee joint. Thirteen healthy subjects
were recruited in this study and received maximum isometric tests at different joint angles,
while superimposed magnetic stimulation will be applied to induce full activation for the
muscles. The three-dimensional motion analysis system was used to record kinematic data
simultaneously. Incorporated with a validated lower-limb model and non-linear optimization
techniques, the parameters of the Hill’s muscle model were customized to describe the
force-length relation of each thigh muscle for each subject. This study found that the
length-tension relation of the maximal isometric voluntary contraction in different knee angles
is similar to the Hill’s model and can be represented by a quadratic regression function.
However, the force of each muscle during the contraction could not be obtained only by this
resultant external force. From the results of this study, the parameters for each muscle in the
Hill’s model have been calculated and the maximum force of each muscle around the knee
joint were also satisfied its physiological property, i.e. positively proportional with its
physiological cross sectional area. The optimal length and width of the force-length
relationship was not exactly the same for the same functional muscle group. This suggested
that the optimal length of each muscle could be different in the different joint angle. This
implies that a proper contribution between the muscles with same function throughout the
range of motion was delicately designed, and thus would provide the dynamic control of the
joint. This study is successfully to integrate the two systems, including the isokinetic
machine and the motion analysis system, in order to measure both kinematic and kinetic data
simultaneously. The results of this study can be used to guide future application of
associated rehabilitation programs or in the field of forward dynamics research.

Keyword: Knee joint, Muscle mechanics, Length-tension relationship
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