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Gait Study on the Normal and ACL Deficient Patients after Ligament
Reconstruction Surgery Using Chaos Analysis Method

Jae Hun Ko*, Kwon Son”, Jung Hong Park* and Jeung Tak Suh**

ABSTRACT

Anterior cruciate ligament(ACL) injury of the knee is common and a serious ACL injury leads to ligament
reconstruction surgery. Gait analysis is used to identify the result of surgery. The purpose of this study is to numerically
evaluate and classify knee condition of patients through the chaos analysis. Experiments were carried out for 13 subjects
(8 healthy subjects, 5 ACL deficient patients) walking on a treadmill. Sagittal kinematic data of the right lower extremity
were collected by using a 3D motion analysis system. The recorded gait patterns were digitized and then coordinated by
KWONS3D. The largest Lyapunov exponent from the measured knee angular displacement time series was calculated to
quantify local stability. It was found that the Lyapunov exponent becomes larger as the knee condition becomes worse.
This study suggested a method of the severity of injury and the level of recovery. The proposed method discerns
difference between healthy subjects and patients.

Key Words : Chaos (7}2.2%), Lyapunov Exponent (2]} Z = X 2] 4%), Knee Flexion-Extension (75§ &3 A7),
ACL (A4 A1 i), Ligament Reconstruction Surgery (A 42k} AW &)
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Table 1 Subjects of the test
Subject Age | Height(cm) | Weight(kgf) | Remark
S1 27 169 66
S2 32 181 76
S3 28 175 70
S4 33 170 82 Healthy
S5 26 174 66 subject
S6 27 180 90
S7 28 178 75
S8 29 174 80
ACLD1 35 179 71
ACLD2 24 183 81 ACL
ACLD3 36 168 74 deficient
ACLD4 26 174 71 patients
ACLDS 32 175 69
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Table 2 Lyapunov exponent of participants

. Lyapunov exponent | Lyapunov exponent of

Subject . .
of normal walking abnormal walking

S1 0.107 0.132

S2 0.100 0.116

S3 0.104 0.132

S4 0.103 0.165

S5 0.104 0.126

S6 0.103 0.134

S7 0.116 0.154

S8 0.118 0.150
ACLDI 0.135
ACLD2 0.087
ACLD3 0.151
ACLD4 0.132
ACLDS 0.111
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Subject vap
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