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Gait Study on the Nommal and ACL Deficient Patients After Ligament
Reconstruction Surgery Using Chaos Analysis Method

Key Words: Lyapunov Exponent(2]0}=X =X X] %), Knee Flexion-Extension(+-2& &%

Jae Hun Ko, Kwon Son, Byung Young Moon and Jeung Tak Suh

A13), ACL

(A A1), Ligament Reconstruction Surgery( At A A &)

Abstract

The anterior cruciate ligament(ACL) is an important stabilizer of knee joint. The ACL injury of knee
is common and a serious ACL injury leads to ligament reconstruction surgery. Gait analysis is essential
to identify knee condition of patients who display abnormal gait. The purpose of this study is to
evaluate and classify knee condition of ACL deficient patients using a nonlinear dynamic method. The
nonlinear method focuses on understanding how variations in the gait pattern change over time. The
experiments were carried out for 17 subjects(12 healthy subjects and five subjects with unilateral

deficiency) walking on a motorized treadmill for 100 seconds.

Three dimensional kinematics of the

lower extremity were collected by using four cameras and KWON 3D motion analysis system. The
largest Lyapunov exponent calculated from knee joint flexion-extension time series was used to quantify
knee stability. The results revealed the difference between healthy subjects and patients. The deficient
knee was significantly unstable compared with the contralateral knee. This study suggests an evaluation
scheme of the severity of injury and the level of recovery. The proposed Lyapunov exponent can be
used in rehabilitation and diagnosis of recoverable patients.

LA S s AR Faol AYd 4 ¢
B olgd AL de A ARl g §HA
2%z AF 9 ZF Atne F7tE AR AEdd, @9 Fax $859 34 Ix Fo
oltfe] &4roz olgh AWLAzY AL Bl 2 Hqrtste] gob® AaAdY 4aFse] 2
b 7bsta ok uF A oaw g #E U o 2RH AL WAL £2
ot 100000i o] AgErk AU AAE o HHE FFHo2 sy As RS
Fo| 7] FA BN F2 9 )T 4F TR
39 3EL 70-90%2 RuE5 Qrk? ABAA B BN g} A7E A
Q) L% ZEk R &Elo] g Wy wed sjRFHA 7
I:;]-mjlz.}ksfn{@dp;;n}.j:.kij s 2 AFolN AFse), thkd sod a7
TEL : (051)510-3066  FAX : (051)512-9835 e AHEE H29 A7HA 553 498 F
*oabdietal ekl 7) Al A o Fotm FE3 2de foh RAEAe ¥AY
opddisa FarFa dedgEaagg Be JehE st A4 Ase A9t o)y
TR wabrhoh olaoieh A9 el ) 2998 Fohjo] Apst L FAsste] Wi, 3




136 2AE & A- WY - AYY

i

Zystedl ga4Aolnh ¥gk ohz FAAAY B Table 1 Subjects of the test
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& ABse= o] Yasteh e By B Subject | Age |Height(cm){Weight(kgf) | Remark
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e, 771 §¢ viuwste s Wwyos W52 | 24 | 160 33
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® o)z A= =B og Hz
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2 o]2% HL&3 By 4 wUyo] g HLH WS6 | 25 160 48 Healthy
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g OF = gFojt) o]y Ay 95 o2 MS3 28 180 74
of BF BE AT B AYDID way A MS4 | 33 | 170 82
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5 234E o] &% A AIE(time series)o] ThI MS6 | 27 180 90
A2 A7 Yol oA L] AFHL P1 35 179 71
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3 FEO AHE BIPEA L E oI X X P3 36 168 74 deficient
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Fig. 2 Marker positions of the lower extremities
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Fig. 3 Flowchart to calculate Lyapunov exponent
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Table 2 Lyapunov exponents for participants
. Right lower | Left lower .
Subject . ) Difference
extremity extremity

WSl 0.117 0.110 0.007
WS2 0.116 0.113 0.003
WS3 0.102 0.101 0.001
WS4 0.110 0.115 0.005
WS5 0.114 0.112 0.002
WS6 0.118 0.126 0.008
MS1 0.104 0.103 0.001
MS2 0.110 0.106 0.004
MS3 0.104 0.105 0.001
MsS4 0.123 0.125 0.002
MS5 0.105 0.113 0.008
MS6 0.108 0.104 0.004
P1 0.135 0.115 0.020
P2 0.087 0.124 0.037
P3 0.151 0.103 0.048
P4 0.132 0.116 0.016
P5 0.111 0.108 0.003

Table 3 Comparison of Lyapunov exponents

. Lyapunov
Subject
exponent
Right 0.113 (+0.006)
Healthy | Women Left | 0.113 (+0.008)
subjects Men Right 0.109 (£0.007)
Left 0.109 (+0.008)

Right | 0.123 (£0.025)

ACL deficient patients

Left 0.113 (£0.008)
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