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Nonlinear time series analysis of gait stability during walking
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(1. School of Biomedical Engineering, Shanghai Jiaotong University, Engineering Research Center of Clinical
Translational Digital Medicine, Ministry of Education, Shanghai 200030, China; 2. Shanghai Key Laboratory of
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Abstract. Objective To investigate the gait stability of healthy old and young adult volunteers during walking u-
sing the nonlinear time series analysis method so as to comprehensively assess the dynamic balance of human
and provide important references for the prediction of fall risk. Methods The Vicon motion capture system was
used to collect three-dimensional kinematic data of healthy volunteers ( seven old subjects and ten young sub-
jects) at different walking speed (80% , 100% , 120% of the natural walking speed). The anterior-posterior and
medio-lateral motions of the seventh cervical and tenth thoracic vertebrae, as well as the flexion-extension and
abduction-adduction angles of the lower extremity joints, were obtained from 30 consecutive gait cycles to calcu-
late the largest Lyapunov exponents and analyze the difference of gait stability between the old and young group
and the influence of walking speed on gait stability. Results The gait stability in the young group was better than
that in the old group, and there were significant differences in certain motion segments ( P<0.01). The gait sta-
bility in both groups were reduced with the increase of speed (P <0.05). Conclusions The largest Lyapunov
exponent based on nonlinear time series analysis method can be used to effectively and quantitatively analyze the
gait stability of each motion segment in human during walking.
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%« 4 56.8 +£3.50 161.8 +7.64 62.5 +12.01 2.0+0.49
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Tab.2 The largest Lyapunov exponent of cervical and lumbar vertebra’ s motions at different speed

. T #LA] FOX Lyapunor $5
T TS TN TF P
e FHAE 2.00 £0.31 2.44 £0.27 2.81 +0.25 <0.05
% HZAE 2.52 £0.46 2.86 £0.33 3.12 £0.43 <0.05
7 P < 0.05 < 0.05 < 0.05
7] =5 FAE 1.90 +0.26 2,29 +0.18 2.55 +0.25 <0.05
e BAE 2.40 £0.40 2.79 £0.38 3.07 £0.33 <0.05
P < 0.01 < 0.01 < 0.01
e FHAE 2.04 £0.19 2.37£0.29 2.63 +£0.27 <0.05
% HAE 2.61 £0.31 2.96 +0.29 3.12 +0.25 <0.05
10 P < 0.01 < 0.01 < 0.01
] yisval HE 1.69 £0.22 2.05+0.21 2.32£0.25 <0.05
e BAE 2.30+£0.22 2.67 +£0.34 2.8 £0.32 <0.05
P < 0.01 < 0.01 < 0.01
FE:TS 80% A SR, TN 100% BIR2EH, TF 120% A R
®3 TESEMTEXTENRENRX Lyapunov 358
Tab.3 The largest Lyapunov exponent of lower limb angles at different speed
BE) 5 Hx K Lyapunov 551
T TS TN TF P
J i/ FHAE 1.97 £0.22 2.36 +0.14 2.57 £0.20 <0.05
i1 J2 BAE 2.54+0.32 2.73+£0.24 3.04 £0.40 <0.05
?ﬁ P < 0.05 < 0.05 < 0.05
15 S/ FHAE 1.64 +£0.27 2.04 £0.17 2.27 +£0.18 <0.05
W BAE 2.20+0.26 2.49 +0.32 2.72 +£0.46 <0.05
P < 0.05 < 0.05 < 0.05
J i/ FHAE 1.92 +£0.28 2.21+£0.23 2.46 +0.25 <0.05
i1 J2 BAE 2.36 +£0.41 2.69 £0.39 3.00 +0.52 <0.05
H‘? P < 0.05 < 0.05 < 0.05
15 SR/ HE 1.55£0.18 1.73+£0.34 2.04 +£0.23 <0.05
W BAE 1.90 £0.37 2.19 £0.41 2.53 +0.24 <0.05
P < 0.05 < 0.05 < 0.05
Ja it/ HE 1.57 £0.17 1.88 £0.19 2.11 +£0.18 <0.05
i1 J2 BAE 2.00 £0.31 2.15+0.29 2.34 £0.24 <0.05
%ﬁ 4 > 0.05 > 0.05 > 0.05
15 SR/ HE 1.56 £0.20 1.85+0.23 1.99 +£0.20 <0.05
W BAE 1.85+0.29 2.06 +0.25 2.38 £0.17 <0.05
4 > 0.05 > 0.05 > 0.05
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