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Chaos Analysis of Major Joint Motions for Women during Treadmill Walking
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The purpose of this study was to investigate chaotic characteristics of major joint motions during
treadmill walking. Gait experiments were carried out for 20 healthy young women. The subjects
were asked to walk on a treadmill at their own natural speeds. The chaos analysis was used to
quantify nonlinear motions of eleven major joints of each woman. The joints analyzed included the
neck and the right and left shoulders, elbows, hips, knees and ankles. The recorded gait patterns
were digitized and then coordinated by motion analysis software. Lyapunov exponent for every joint
was calculated to evaluate joint characteristics from a state space created by time series and its
embedding dimension. This study shows that differences in joint motion were statistically
significant.
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Fig. 1 Marker positions of the body
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Fig. 2 Definition of eleven joint angles from the attached
markers
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Table 1 Embedding dimensions

Upper extremity Lower extremity

Subject Shoulder | Elbow Hip Knee Ankle
Neck
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Mean | 88 | 40| 56| 65|58|50|52|352|57(90]|86
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Table 2 Lyapunov exponents for eleven joints

D Neck Shoulder Elbow Hip Knee Ankle
Left Right Left Right Left Right Left Right Left Right
1 0.091 0.097 0.090 0.102 0.130 0.103 0.098 0.109 0.119 0.140 0.135
2 0.098 0.093 0.110 0.102 0.122 0.125 0.094 0.093 0.119 0.140 0.132
3 0.131 0.095 0.117 0.195 0.133 0.121 0.112 0.113 0.102 0.129 0.112
4 0.128 0.107 0.100 0.123 0.107 0.098 0.085 0.106 0.086 0.174 0.111
5 0.120 0.106 0.089 0.121 0.101 0.106 0.112 0.125 0.137 0.182 0.168
6 0.095 0.126 0.122 0.108 0.111 0.090 0.095 0.103 0.126 0.148 0.179
7 0.155 0.126 0.103 0.150 0.106 0.109 0.126 0.135 0.132 0.163 0.165
8 0.130 0.090 0.081 0.105 0.098 0.090 0.072 0.080 0.085 0.103 0.124
9 0.089 0.077 0.068 0.156 0.158 0.112 0.114 0.118 0.125 0.120 0.132
10 0.129 0.105 0.100 0.149 0.160 0.114 0.120 0.112 0.117 0.150 0.170
11 0.146 0.094 0.102 0.151 0.123 0.099 0.091 0.088 0.103 0.121 0.096
12 0.104 0.087 0.095 0.1i8 0.111 0.102 0.099 0.113 0.130 0.166 0.171
13 0.134 0.090 0.114 0.163 0.141 0.121 0.140 0.128 0.150 0.165 0.142
14 0.121 0.062 0.060 0.158 0.100 0.089 0.072 0.074 0.085 0.099 0.133
i5 0.121 0.061 0.059 0.121 0.126 0.079 0.090 0.096 0.099 0.140 0.099
16 0.153 0.101 0.113 0.120 0.145 0.098 0.098 0.102 0.119 0.155 0.132
17 0.132 0.092 0.075 0.110 0.126 0.105 0.114 0.141 0.139 0.178 0.156
18 0.145 0.108 0.104 0.114 0.141 0.119 0.126 0.137 0.135 0.166 0.174
19 0.139 0.091 0.099 0.167 0.214 0.106 0.124 0.124 0.148 0.154 0.175
20 0.106 0.106 0.115 0.130 0.112 0.103 0.105 0.107 0.091 0.158 0.163
Mean 0.123 0.096 0.096 0.133 0.128 0.104 0.104 0.110 0.117 0.148 0.143
SD 0.020 0.017 0.019 0.026 0.027 0.012 0.018 0.018 0.021 0.024 0.027
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Fig. 3 Shapes of attractors for eleven joints
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Table 3 Lyapunov exponent of means statistical results
(O: p<0.05, (P: P<0.01, @: P<0.001)
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