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ABSTRACT

The purpose of this paper is to develop a more precise damper model of the joint for the quantification of the joint
mechanical properties. We modified the linear damper model of a knee joint model to nonlinear one. The normalized
RMS errors between the simulated and measured joint angle trajectories during passive pendulum test became smaller
with the nonlinear damper model than those of the linear one which indicates the nonlinear damper model is better in
precision and accuracy. The error between the experimental and simulated knee joint moment also reduced with the
nonlinear damper model. The reduction in both the trajectory error and the moment error was significant at the latter part
of the pendulum test where the joint angular velocity was small. The nonlinearity of the damper was significantly greater

at thin subject group and this indicates the nonlinearity is a useful index of joint mechanical properties.
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Fig. 1 Knee joint model
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Table |  Anthropometric data of the subjects
Height(cm) Weight(kg) Obesity[%)]
172t 6 55 5 -15% 2%

170t 8 83+ 13 +31% 14**

Age
24t 2.3
23+ 1.8

Group
Thin
Fat

Obesity=(weight-standard weight)/standard weight [%],
** significantly different: p<0.01

vt = S0 -g+) [Se)

6’:“’ : ith experimental joint angle
6°™ : ith simulated joint angle

N: number of data
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Table 2 Comparison of the quantified model parameters

Damper model 1 G D n NRMSE [%]
Fat Linear 0.52% .11* 19.6¢ 3.6 0.38% .16 1 6.1% 1.8
group Nonlinear 19.6t 3.6 0.43% .18 ° 0.80% .10" 5.6t 157
Thin group [ inear 0.37+ .06* 13.14 1.3** 0.25+ .04 1 8.1t 1.0

Nonlinear 12.9+ 1.7%* 0.33+ .06 ' 0.51+ 10" ** 50t 03"

¥ values significantly different from those of lincar damper model ¥ p<0.05, 7¥ p<0.01

* values significantly different from those of fat group *p<0.05,
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Fig. 3 Damping moment-angular velocity relationship
with linear and nonlinear damper model
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**p<0.01
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Fig. 5 Typical moment error-angular velocity

relationship (subject 6 in thin group)
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