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Simulation analysis of compensatory movements of a hemiplegic patient with hypertonic soleus
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Abstract: It is important for hemiplegic patients to be evaluated and predicted their walking performance safely under
evidence-based rehabilitation medicine. In this article, the authors constructed a three-dimensional neuro-musculo-skeletal
model of a person with hemiplegia which has 23 degrees of freedom for joints, 70 muscles and a neuronal system composed of
70 central pattern generators. Gaits more than seven strides were produced computationally for different degrees of muscle
contraction. It was observed that lower limb circumduction occurred in all hemiplegic models with hypertonic soleus, of which
the soleus muscle contraction were increased by one, three and five percent of maximum voluntary contraction. By analysis
of gait pattern, it was shown that the strength of soleus muscle hypertonia might affect the magnitude of the circumduction

movement of hemiplegic leg.
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Fig.1 Angle-resistive moment curves of knee joints
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Table 1 Walk. speed, Stride length & Energy consumption rate.

Walk.speed Stride Energy
[m/s] length[m] consumpt. rate [-]
AS01 1.28+0.07 147+0.07 1.04+0.06
AS03 1.22+0.05 1.39+0.07 1.08+0.03
AS05 1.25+0.06 1.39+0.06 1.10£0.07
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Fig.1 Example of ankle plantar flexion angle
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Fig.2 Boxplot of maximum circumductions.
AS01: +1%, AS03:+3%, AS05:+5% abnormal tension of soleus.
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