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Abstract

Statistical differences between men and women are investigated for a total of eleven joint motions
during level walking. Human locomotion which exhibits nonlinear dynamical behaviors is quantified by
the chaos analysis. Time series of joint motions was obtained from gait experiments with ten young
males and ten young females. Body motions were captured using eight video cameras, and the
corresponding angular displacements of the neck and the upper body and lower extremity were
computed by motion analysis software. The maxima Lyapunov exponents for eleven joints were
calculated from attractors constructed and then were analyzed statistically by one-way ANOVA test to
find any difference between the genders. This study shows that sexual differences in joint motions
were statistically significant at the shoulder, knee and hip joints.
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Fig. 1 Maker positions of the body.
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Fig. 2 Time series of joint angles.

Table 1 Embeddng dimensions.
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Fig. 3 Three-dimensional attractors of six joints.

Table 2 Maxima Lyapunov exponents and
correlation dimensions in mean+SD.
. Lyapunov Correlation
Joint | Gender yep ) )
exponent dimension
Men 0.123+0.030 2.548+0.353
Neck
Women 0.117+0.221 2.443+0.184
Men 0.087+0.013 1.968+0.144
Shoulder
Women 0.100+0.016 2.042+0.125
Men 0.114+0.018 2.144+0.168
Elbow
Women 0.127+0.027 2.228+0.268
Men 0.092+0.016 1.889+0.111
Hip
Women 0.105+£0.014 2.017+0.158
Men 0.094+0.022 2.151+0.206
Knee
Women 0.112+0.017 2.233+0.163
Men 0.137+0.020 2.690+0.152
Ankle
Women 0.144+0.024 2.587+0.149
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Table 2
p<0.01
. Stergiou @
0.000
0.100, 0.487
5.
Stergiou @ 0.108
0.103
0.092
0.105
Fig. 4

2006

790



D00007)

(1) Crak, R. L. and Oatis, C. A., 1995, Gait
analysis theory and application, Mosby-Year Book
Inc. pp. 12~38.

(2) Moon, B. Y., Son, K., Park, J. H. and Suh, J.
T., 2003, "A method to describe and anayze
human knee joint motion,” J. of KSPE, Vol. 20,
No. 10, pp. 233~239.

(3) Chung, C. Y., Lee, M. C., Moon, Y. W., Kim,
T. G, Lim, S. T. and Seong, S. C., 1997, "Gait
analysis after total knee arthroplasty,” J. of Korean
Orthop. Assoc, Vol. 32, No. 5, pp. 1290~ 1301.

(4) Hausdorff, J. M., Edelberg, H. K., Mitchell, S.
L. and Goldberger, A. L., 1997, "Incresed gait
unsteadiness in community-dwelling elderly fallers”
J. Arch. Phys. Med. Rehab., Vol. 78, No. 3, pp.
278~ 283.

(5) Stergiou, N., Moraiti, C., Giakas, G., Ristanis,
S. and Georgoulis, A. D., 2004, "The effect of
the walking speed on the stability of the anterior
cruciate ligament deficient knee™ Clin. Biomech,
Vol. 19, No. 9, pp. 957~963.

(6) Buzzi, U. H., Stergiou, N., Kurz, M. J,
Hageman, P. A. and Heidd, J.,, 2003, "Nonlinear
dynamics indicates aging affects variability during
gait, Clin. Biomech, Vol. 18, No. 5, pp. 435~
443.

(7) Dingwell, J. B., Cusumano, J. P., Srernad, D.
and Cavanagh, P. R., 2000, "Slower speeds in
patients with diabetic neuropathy lead to improved
local dynamic stability of continuous overground
walking," J. of Biomech, Vol. 33, No. 10, pp.
1269~ 1277.

(8) Dingwell, J. B. and Cusumano, J. P., 2000,
"Nonlinear time series anaysis of norma and
pathologica human walking," Chaos, Vol. 10, No.
4, pp. 848~863.

(9) Grassberger, P. and Procaccia, 1., 1983,
"Characterization of strange attractors,” Physical
Review Letters, Vol. 50, pp. 346~349.

(10) Wolf, A., Swift, J B., Swinney, H. L. and
Vastano, J. A., 1985, "Determining Lyapunov
exponents from a time series" Physica D:
Nonlinear Phenomena, Vol. 16, No. 3, pp. 285~
317.

791





