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Identification of Knee Joint Spasticity using Pendulum Movement Test
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Table 1 Modified Ashworth Scale for Clinical Evaluation
of Spasticity

Grade Content

0 No increase in muscle tone

Slight increase in muscle tone, manifested by a
catch and release or by minimum resistance at the
end of the range of motion when the affected part is
moved in flexion or extension

Slight increase in muscle tone, manifested by a
slight catch, followed by minimal resistance
throughout the remainder (less than half) of the
range of motion

More marked increase in muscle tone through most
3 of the range of movement, but affected part easily
moved

Considerable increase in muscle tone, passive
movement difficult

5 Affected part rigid in flexion or extension
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Fig. 2 EMG electrode & magnetic sensor position
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Table 2 The information of the subjects

. Weight | Height
Subject | Age | Sex MAS
! £ Kg) | (cm)
A 66 F 81 171 1
B 57 F 45 158 1
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G: Gravity coefficient

D: Damper coefficient

ki, ks: spring coefficient
n: nonlinear damper index
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Fig. 3 Block diagram of Knee joint model
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Fig. 4 Experimental knee joint angle trajectory & EMG
pattern
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3.2 Stretch reflex model
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r( ): ramp function
u( ):unit step function
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0'”, : angular velocity threshold
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Fig. 5 Simulation results used initial intrinsic parameters & experimental results (left:Subject A, right:Subject B)
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Table 3 Comparison of initial intrinsic parameters

Subject G D k, k, n Opon [de8l | NMRSE
A 294329 | 12065 | 13762 | 4.4599 | 0.6709 | -22.8256 | 0.0545
B 36.4304 | 0.5415 | 3.4966 | 29201 | 05941 | 29.9257 0.1385
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Fig.6 simulation outputs of Knee joint & stretch reflex model and experimental knee joint trajectory (left:

right: Subject B)
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Fig. 7 EMG pattern versus stretch reflex output(left: Subject A, right: Subject B)

Table 4 Comparison of the searched intrinsic & stretch reflex parameters

Subject | G ) k, k, n | G, ldesl
A 29.0786 | 1.4188 | 1.3528 | 4.6419 | 0.7244 | -24.0909
B 32.4759 | 0.6482 | 3.4977 | 2.3759 | 0.5531 | 25.5611
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