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A Study on the Parameter Analysis for the Quantitative Evaluation
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Abstract

Velocity-dependent increase in tonic stretch reflexes is one of the prominent characteristics of
spasticity. It is very important to evaluate spasticity objectively and quantitatively before and after
treatment for physicians. An accurate quantitative biomechanical evaluation for the spasticity which is
caused by the disorder of central nervous system is made in this study. A sudden leg dropper which is
designed to generate objective testing environment at every trial gives very effective environment for
the test. Kinematic data are archived by the 3-dimensional motion analysis system(Elite®, B.T.S., Italy).
Kinematic data are angle and angular velocity of lower limb joints, and length and lengthening velocity
of lower limb muscle. A program is also developed to analyze the kinematic data of lower limb,
contraction and relaxation length of muscles, and dynamic EMG data at the same time. To evaluate
spasticity quantitatively, total 31 parameters extracted from goniogram, EMG and muscle model are
analyzed. Statistical analysis are made for bilateral correlations for all parameters. The described
instrumentation and parameters to make quantitative and objective evaluation of spasticity shows good
results.
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Table 1. Definition of parameters newly used in this study
Parameter Description ) ) .
TN Air ¢ 1st flexion angle
L1 Slope of the first flexion angle to the second angle during the interval / (-t1) Az ¢ 2nd flexion angle
_ A (Lee—Lo) Aje ¢ Ist extension
L2 Muscle length change ratio at peak EMG onset / Lo angle
L3 Ratio of the first flexion angle to the second flexion angle Axg/Ass Az * 2nd extension
L4 Ratio of the first extension angle to the second extension angle Are/Aze angle
L5 First maximum flexion angle of ankle - Ares * Testing angle
L6 Muscle length relaxation index - Ore angle at peak
L7 Angle ratio of Ist flexion angle to 2nd flexion angle (A An)/Axs EMG onset
L8 L3/L4 B Lee @ Muscle length at
L9 First maximum extension ankle angle Al _p(‘iék EMG onset
L10 Normalized angle between st flexion angel to 2nd angle 2 Ay QA }:O ¢ initial @uscle lengtih
ax * uscle
L11 Normalized angle between 1st flexion angel to the resting angle £ A1fOAres M ler:rg)ztihxunum e
L12 Normalized angle of the resting angle £ ArestOt3 O : time at test starting
(Lre~Lo) i
L13 Muscle length ratio of total length to the length at peak EMG onset t nm,e at lst max.
/(Lvax.~Lo) flexion angle
L14 Kinematic energy change ratio at peak EMG onset angle (90°- 6 pp)/00° [t2 ¢ time at 2nd max.
L15 |Angle at peak EMG onset Grx flexion angle
L16  |Angular velocity at peak EMG onset - t3 @ time at the end of
L17 Angular frequency of 1st half swing - swing
L18 |Angular frequency of 1st swing - f=9x/T
L19 Angular frequency of between 1st flexion and 2nd flexion -
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Fig. 4 Knee angle, angular velocity and
EMG graph
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Table 2. Definition of Parameters of Bajd[2]

Paramete

Description
r

pl Relaxation index

p2 Number of swings

i Area between goniogram and resting angle

(cm?)

p4 First maximum of the goniogram (degrees)
p5 Relaxation index at the half-swing

Average relaxation index at ten successive
swings

je ]

o7 First maximum of the tachogram (rad/s)

p8 First minimum of the tachogram (rad/s)

Table 3. Definition of parameters of Ferrarin[3]

Parameter Description

ARI Angle Relaxation Index

LRI Muscle Length Relaxation Index

AT Angle Threshold {angle at EMG onset)
Angular Velocity Threshold (angular velocity
at EMG onset)

LT Length Threshold (length at EMG onset)

Length Threshold (lengthening velocity at
EMG onset)

AVT

LVT
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Table 4. Parameters that are highly correlated with modified Ashworth scale (p<0.05)

MAS L10™ Lu™ L12™ L14™ AT AVT ]
{ [Mean 20.32 34.27 18.96 051 4419 262.15
S.D. 3% 6.38 1.70 0.18 13.18 3354
5 |Mean 18.38 27.11 17.60 0.60 3033 24764
S.D. 0.26 026 0.26 026 6.02 35.92
5 [Mean 1647 19.88 16.29 0.70 20.55 209.11
S.D. 2.58 2.44 1.34 0.11 2.68 48.11
MAS LRI LV LT" LVT ARI{=pl)’ AV
| Mean 1.27 058 1.16 053 1.32 303.84
SD. 011 007 0.14 0.05 0.11 4511
5 Mean 1.12 053 115 0.42 1.16 279.92
S.D. 0.09 005 0.08 0.04 0.16 42.94
3 [Mean 099 0.44 1.14 0.36 095 24131
SD. 0.10 0.01 015 0.02) 0.14 19.98
* p<0.05, **p<0.01
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Table 5. Comrelation between LCL and other parameters
LCL pl p2 p4 | opS p?f | p8 | ,Lf 12 | 13
r‘ 1 -0.99 0.08 -0.91 | -0.40 | -0.93 0.96 -0.98 | -0.73 | -0.99
p 0 0.00 0.88 0.01 0.43 0.01 0.00 0.00 0.10 0.00
4 [ s | e f 7 | e | 19 | w0 | L1 | w12 | LB
| -0.13 | 0.63 -1.00 | -0.40 | -0.54 0.57 ~0.97 | -0.97 | -0.45 0.92
p| 0.80 0.18 0.00 0.44 0.27 0.24 0.00 0.00 0.37 0.01
L14 o ka5 o oLk16 0 LT L1g |19 AT | AVT T “ENVT
| 0.7 | -0.75 | -0.93 0.91 0.94 0.85 -0.67 | ~0.91 | -0.66 | -0.94
p | 0.08 0.08 0.01 0.01 0.01 0.03 0.15 0.01 0.15 0.01
LCL : Newly scaled group name, (LCL 1 - LCL 6)
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