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A New Method for the Identification of Joint Mechanical Properties

Gwang-Moon EOM?, Seok-Joo KIM", Tai-Ryoon HAN™

ABSTRACT

The purpose of this paper is to suggest a practical and simple method for the identification of the joint mechanical
properties and to apply it to human knee joints. The passive moment at a joint was modeled by three mechanical parts,
that is, a gravity term, a linear damper term and a nonlinear spring term. Passive pendulum tests were performed in 5 fat
and 5 thin men. The data of pendulum test were used to identify the mechanical properties of joints through sequential
quadratic programming (SQP) with random initial values. The identification was successful where the normalized root-
mean-squared (RMS) errors between the simulated and experimental joint angle trajectories were less than 10%. The
parameter values of mechanical properties obtained in this study agreed with literature. The inertia, gravity and the
damping constant were greater at fat men, which indicates more resistance to body movement and more energy
consumption for fat men. The suggested method is noninvasive and requires simple setup and short measurement time. It
is expected to be useful in the evaluation of joint pathologies.

Key Words : joint mechanical properties(Zd A #3824 E-A), identification(F ), passive pendulum(FE 2 2}),
noninvasive(8] % & 4), joint pathologies(#d 2 %)
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Table 1 Anthropometric data of the subjects

Group Age Height (cm)  Weight (kg) Kaup index
Thin 24t 23 172¢ 6 55 5 -15% 2**
Fat 23t 1.8 170+ 8 83t 13 +31% 14**

Kaup index: see equation (1), **: p<0.01
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Table 2 Bounds of the joint mechanical parameters to

search
G 13 ]E . k 2 QUL ¥
Lower bound 10 0 0 0 0
Upper bound 50 2 1.5 6.0 20

* Angles are represented in degree
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Table 3 Comparison of the identified parameter values with literature

G D k, k, NRMSE

Thin group 34.7% 3.9%* 076+ 0.137  0.61 0.80 4.04t 2.46 9.3t 1.8%

Fat group 37.9% 23* 071 0.171  0.22£ 0.25 5.44+ 0.87 6.1 1.8%

Eom 1999 ¥ 36.7 0.58 0.27 4.62

Winters and Stark 19857 37.5 0.5 0.21 5.09

Franken et al. 1993 ' 33.7 0.44 0.45 5.66

T:p<0.20, *p<0.05, **:p<0.01
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Table 4 Average parameter values resulted from the substitution of moment of inertia

I G D k, k,

Thingroup 035t 0.06* 122+ 14** 027+ 005" 021t 0.26 3.82¢ 2.68
Fat group 0.52+ 0.11* 19.6t 3.6%* 0.38% 0.16" 0.12+ 0.14 5.44t 0.87
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