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Quantitative Evaluation of Spasticity through Separation of Reflex and Mechanical
Component Related to Spasticity in Hemiplegic Patients
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The aim of this study was to identify both the mechanical and reflex properties associated with
spasticity in hemiplegic patients. Ten hemiplegic patients were included in this study. Multiple
pendulum tests were executed for each subject, and knee joint angle and EMG of Rectus
Femoris muscle were measured. The neuromusculoskeletal system model was developed from
generally accepted mechanism and identified through minimization of the error in the model-
predicted pendulum trajectories. The identification was successful in terms of small error in
simulated kinematics and high sensitivity and precision of simulated torque against EMG activity.
The reflex threshold showed significant difference between different clinical scores (p<0.01) and
significant negative correlation (r=-0.93) with the EMG duration. It is expected that the suggested
method may help in understanding mechanisms underlying spasticity.
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Fig. 1 Typical experimental trajectories of knee flexion angle, velocity of flexion angle, and EMG in MAS 1 patients (a-b)
and in MAS 1+ patients (c)
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Fig. 2 Comparison of the simulated and experimental pendulum trajectories with the smallest NRMSE (3%) in subject 4
(left) and the greatest NRMSE (23%) in subject 1 (right)
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Table 1. Identified stretch reflex parameters

MAS Number of  Threshold (th) Gain (Gs)

Subjects [rad/s]** [Nms/rad]

1+ 3 0.08+0.11 14.1£2.4

1 7 1.82+1.28 11.6£6.3
** p<(.01

HAztg T Lduies g dx A
FHAH 22 G 3H(normalize)d Al EE oA #2 ¢]
RMS S ZHNRMSE)YE 8§+5%EA % F53t
A 3l7} o] Fo} At} Fig. 2= NRMSE 7} 7} 2bgb
g AHES M WY Aol s A
Feold At 43 ZHE vlwd Aol %
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A AZF ZHEE ON/OFF 9 #H A X3

g
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(sensitivity) = B 95%, L E(precision)= T
92%A Tk Ao HAHLA G Ty Adnz
PH, g 4FHes Y=t dug

Eo] mdujpwHS4 Z}+Z} Table 1 3} Table 2 o
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Fig. 3 Damping moment characteristics in different MAS

scores
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e gme] o7 Gl EAE e A4
& stk

Table 2 ¢ A LA MAS

]
-pg" 2E ZTFHDE D 9

Table 2 Identified intrinsic mechanical parameters

Inertia G D nh* k; ks ks
MAS 5 5
kgm kgm/s Nms/rad Nm/deg deg
1+ 0.54+0.13 10.59+1.06 0.66+0.20 0.40+0.22 1.67+0.77 2.63£1.52 -31.00+19.77
1 0.51+0.09 9.25+2.44 0.68+0.28 0.78+0.22 1.95+1.06 4.12+1.50 -21.94+14.58

**: p<0.01
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