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Abstract : An accurate quantitative biomechanical evaluation for the spasticity caused by the disorder of central nervous sys—
tem was made in this study. A sudden leg dropper was designed to generate objective testing environment at every trial. 3-
dimensional motion analysis system(Elite®, B.T.S%, Italy) was used to measure kinematic data which were angle, and angular
velocity of a lower limb. A program was developed to analyze the kinematic data of lower limb motion, and dynamic EMG data
at the same time. To evaluate spasticity quantitatively, total 26 parameters including 14 parameters newly driven were
analyzed., and statistical analysis were made for bilateral correlations. Results showed possibility to make accurate quantit-
ative and objective evaluation for spasticity with various new parameters using new devices and program.

Key words : Spasticity, Quantitative evaluation, Pendulum, Muscle model, Central nervous system
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Fig. 1 Pendulum test and apparatus
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. Markers and attaching positions
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Fig. 2 Definition of angle on the lower limb joint and
marker position
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Table 1. Definition of parameters newly used in this study
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Parameter |Description

L1 Slope of the first flexion angle to the second angle during the interval |(Alf-A2f)/(t2-t1)|Alf : st flexion angle
12 Muscle length change ratio at EMG peak onset - A2 - 2nd flexion angle
L3 Ratio of the first flexion angle to the second flexion angle Alf/ASf Ale * Ist extension angle
14 Ratio of the first extension angle to the second extension angle Ale/A2e Ale : 2nd extension angle
L5 First maximum flexion angle of ankle - § - angle O_f EMG onset
— ; Arest : resting angle

16 Angle at maximum EMG onset -

L7 Angle ratio of the first flexion angle to the second flexion angle (Alf-A2()/Alf

& L3/14 -

L9 First maximum extension ankle angle Ale

L10(=61) |Normalized angle between first flexion angel to the second angle £ AIfOA2f

L11(=62) |Normalized angle between first flexion angel to the resting angle 2 Al1fOArest

L12(=63) |Normalized angle of the resting angle £ ArestOt3

L13 Muscle length ratio of total length to the length of EMG peak onset -

114 Kinematic energy change ratio of EMG onset angle (900~ 6 )/900
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Table 2. Definition of Parameters of Baid(2)

Parameter | Description

pl Relaxation index (Ao/A1)
p2 Number of swings
Area between goniogram and resting angle
B3 (cm®)
4 First maximum of the goniogram (degrees)
pb Relaxation index at the half-swing
Average relaxation index at ten successive
wo swings
o7 First maximum of the tachogram (rad/s)
m First minimum of the tachogram (rad/s)
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Table 3. Repeatability analysis of parameters in normal subjects mean=S.D.(C.V.)

Ist Ist 2nd Znd 3rd . Angle .
. . . . . . .| Resting .| Swing 1st Znd 3rd
Subject | flexion |extention| flexion {extention| flexion |extention relaxation
angle . No. |frequency | frequency | frequency
angle angle angle angle angle index

A 1106+4.0)248+2.4192.0%2.4) 365118 |81.1229|44.7£1.8 [59.0+1.1| 1.87£0.1 |152%£04| 44£06 | 59x0.1 | 6.0%£0.1

(0.04) (0.09) (0.03) (0.05) 0.04) 0.02) (0.04) 0.1 (0.15) (0.01) (0.01)
106.313.6|28.0+4.694.8+3.7| 38.9%3.5(85.9+3.3] 46,7126 |641£22| 1.66%0.1 [58£05| 58105 | 62101 | 62%0.1

(0.03) (0.16) (0.04) (0.09) (0.04) (0.04) (0.05) 0.1 (0.08) (0.01) (0.01)
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Fig. 3. Definition of parameters of Bajd(2}
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Table 3. Definition of parameters of Ferrarin(3)

g2l(3)

Parameter | Description
ARI Angle Relaxation Index
LRI Muscle Length Relaxation Index
AT Angle Threshold (angle at EMG onset)
AVT Angular Velocity Threshold (angular velo-
city at EMG onset)
LT Length Threshold (length at EMG onset)
LVT Length Threshold (lengthening velocity at
EMG onset)
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Fig. 4. Definition of parameters used in this study
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Fig. 5. Knee angle, angular velocity and EMG graph
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Fig. 6. Slope of parameters (L10, L11, L12) according
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Fig. 7. Slope of change of length and lengthening velo-
city of muscle according to MAS group
Ag GA) gix=ato] 1732023, MAS 1 Z1E°] 1.32+0.11,
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| Mas L L10° L L1 AT AVT”

Mean 0.09 20.32 U2 1896 4419 262.15

' lsp. 0.02 395 638 170 13.18 3854

, [Mean 0.07 18.38 2711 17,60 3033 24764

S.D, 0.02 0.26 0.26 0.26 6.02 B2

;[ Mean 006 16.47 198 16.29 2055 209,11

S.. 001 258 244 134 268 4811
-

MAS LRI L7 LT LVT ARI(=p1)’ AV(=pT)"

Mean 127 0.12 116 053 132 30384

' s 0.1 0.0 0.4 0.05 0.11 4511

Mean 112 011 115 042 116 279.92

* [“sp. 0.09 0.06 0.8 0.04 0.16 42.94

, | Mean 099 002 114 036 095 24131

S, 0.10 0.02 0.15 002 0.14 19.98

* p<0.05, *#p<0.01

J. Biomed. Eng. Res: Vol. 21, No. 3, 2000



308

o
o
o
o
2
o
jo)]
C
<
.01 06 1191782372963 554144.73.532591. 6
Time (sec)
(a)
@
o)
C
®
kel
o
N
©
£
a
=4

-0.2.61 6.6 1.191.78 2.37-2.96 3.554.144.73 5.32-5:91~ i

Time (sec)
(b)
02 8 #xle] A Mefol| w2 F2H J2i=(a) Y 7| 22Z

oz Mzt A7l 8= (b)
Fig. 8. Knee goniogram according to the patient condi-
tion(a), normalized goniogram by the first flexion angle(b)

Ztzo] wE Fxpd v FEEA AU

MAS 1 280l sigsls 825k MAS 29} 3] AFoe &
A2 Age a2 8 (oA Role ANY 2% dx 7
4 o]l FEYAA Ao Wt o] Hx FTALER AT
A 7IH 7 89 (h)e} Zol Aol Wt o|HT AdelA
T3 gteol L1117 L122 &3] L1I2MAS 1539 =2 4
A (>08, p<0.05)ol Ago] EXHRLH 2§ 2}017} g
QA e o) A g4 ofjde] AF2]3]eA ®i
3 olgAjgrel] didt FARGE & JWAAE Holi oy,
Ag @70 8A $F AQY BS JFS vIA
1e BANAFE A7AAY,
EMGS ZAARAAE v FoId
LVTd dgted 2oy, A7 Wit A
O(LT), Z4=(AT)9} g2 ‘?i e AR
Hlate] 2] F9ITH(E 5

2 dye dne °]X4
FAAATE A Yoa drh

Exjo
1O

=X
=

].g] )\Fj‘_
oI weferd

o,

w 44

L

3}]1\1 Nx}] Agdolgje) #Ago] ©f
b3, ghabel Adapzke] 4ol ‘%B
P T 2319 AN} oEFoz

o

o

o

lo

B

214, A3z, 2000

o) UF BAEE HAUA
2486 n AESGHLIT. 1
Aol RAASE B

I o
s
b1
—\rl—‘
o
o 8 0

2L
rr
=
=
2

7}

o ko ot 4N

=
=

o,

2
g

B ATy Bty A#Ho]
Asted AAAFe] AAFH AL 1
Hjo} 27 AEagd], el o)E
Azste] AREEI T o]l de] AR
e =
N
_\4/(40]
L3, L10, L11, L12 LRI %0l
EAYAT

1hiy
o,
i)

N
~
o?‘:
l‘B.
o
i

e

r L
i

E
9
AL

H

_13: 1y

fac)
ox
=~ 2
=
4
o
=~
h=}
A
<o
je
Ol
=
o :

ox

£e Jow

=t
=

roe

Ho

Z

1. T. Bajd and B. Bowman, “Testing and Modelling of
Spasticity”, ]. Biomed. Eng., Vol. 4, pp. 90-96, 1982

. T. Bajd and L. Vodovnik, “Pendulum Testing of
Spasticity”, J. Biomed. Eng., Vol. 6, pp. 9-16, 1984

. M. Ferrarin, M. Osis and G. Abello, “A New Bio-
mechanical Approach to Pendulum Test for Spasti-
city Evaluation”, ]J. Neurol. Neurosurg. Psychiat., Vol
63, pp. 411-426, 1996

4. A5 FelE, A2, FAEHAL pp. 263-264, 1997

5. C. Frigo, And A. Pedotti, “Determination of Muscle



AAAYE BH A9 4FA Bl B AP 309

Length During Locomotion”, in: Biomechanics, VI-A hanics, Vol. 23, No. 5, pp. 487-494, 1990

Assuseen E., and Jorgensen K.(Eds.), University 7. D.C. Lin, and W.Z. Rymer, “A Quantitative Analysis

Park Press, Baltimore, pp. 355-360, 1977 of Pendular Motion of the Lower Leg in Spastic
6. D. Hawkins and M.L. Hull, “A Method for Deter- Human Subjects”, IEEE Trans. on Bijomedical En-

mining Lower Extremity Muscle-Tendon Lengths gineering, Vol. 38, No. 9, pp. 906-918, 1991

during Flexion/Extension Movements”, ]. Biomec-

J. Biomed. Eng. Res: Vol 21, No. 3, 2000



