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Abstract : A new scale named LCL(Logically Classified Level) has been developed to judge the status of the spasticity
guantitatively implementing a pendulum test in this study. Total 30 parameters have been used to develop the new scale, One
representative parameter that can reprcsent the dominant characteristics of spasticity has been chosen through statistical
analysis. 20 parameters among 30 parameters used in the statistical analysis were newly developed and 10 parameters were
from previous studies, The new 20 parameters were developed using combinations of pendulum iest characteristics, ie. angle,
angular velocity, muscle model, and EMG. 11 parameters among 30 paramelers have showed strong correlations each other.
Finally, L11 that showed consistency at every casc has been chosen to be a representative parameter among the 11
parameters. 28 patienls data were separated into 4 groups. A regression equation to predict the trend of patients of L11 has
been made. The parameter L11 was tested to prove its usabilities for various cases of patients. The new LCL scale is expected
to be a guantitative scale, and to replace the MAS(Modified Ashworth Scale) that is not a guantitative scale, Especially it is
also expected thal the new scale could be used to plan a treatment period. metheds, and intensity. as it can evaliate the
status of patient’s in detail.

Koy words : Spasticity, Quantitative evaluation, Pendulum. Muscle model, Central nerveus system
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Parameter Description
L1 Slope of the first flexion angle to the second flexion angle during the interval [N.D.] {A-A)/(2-11)
L2 Muscle length change ratio at peak EMG onset [N.D.] (Loe~LoXLo
L3 Ratio of the first flexion angle to the sccond flexion angle [degree] Ar/ A
L4 Ratio of the first extension angle to the second extension angle [degree] Are/ Ane
5 First maximum fiexion angle of ankle [degree] -
L6 Muscle length relaxation index [N.D.] -
L7 Angle ratio of the lst flexion angle to the 2nd flexion angle [N.D.] (Ane-An)/An
L8 L.3/L4 [N.D.] -
L9 First maximum extension angular velocity of ankle [degree/sec] -
110 Interior angle of two vectors, OA;; and OAy  [degreel £ A1 OAsr
L1l Interior angle of two vectors, m and OA,. [degree] 2 A0 Aves
L1? Interior angle of two vectors, OA,, and Of [degree] 2 A3
.13 Muscle length ratio of total length to the length at peak EMG onset [N.ID.] (Lpe=La)/(Lmax.~Le)
L14 Kinematic energy change ratio at peak EMG onset angle (N.D.} (90" 8 /90"
L15 Angle at peak EMG onset [degree] (=0
L16 Angular velocity at peak EMG onset [degree/sec] -
L17 Angular frequency of the lst half swing [Hz] -
L18 Angular frequency of the lst swing [Hz] -
L19 Angular frequency of between the 1st flexion and the 2nd flexion [Hz] -
120 Muscle length velocity at peak EMG onset [sec-1] -
pl Relaxation index [N.D]
n2 Number of swings
4 First maximum of the goniogram [degrees] ]
. ) Bajd [3]
ph Relaxation index at the half-swing [N.D.]
7 First maximum of the tachogram [rad s-1]
pd First minimum of the tachogram [rad s-1]
AT Angle threshold (angle at EMG onset) [degree]
AVT Angular velocity threshold (angular velocity at EMG onset) [degree/sec) Ferrarin [8]
LT Length threshold (length at EMG onset) [N.D]
LVT Length threshold (lengthening velocity at EMG onset) [sec-1]

where ND. i Non-dimension, Ay lswhere N.D. is Non-dimension, Ay @

Ares :

£AOAx = (COS™!

LA Ay = (COSil

7 AnOt3 = (COS™!

(1x24+ AxAz) ) 5180
VIP+H AL 28+ Ay, 7

(_1*3+A]kares)
V(—1)2+ A2 %y 3%+ A%,

) 180
T

(3#3+4,.20) . 180
Vart AL, «V3i+0? 7w

1st flexion angle, Aje °

1st extension angle,

resting angle, As : 2nd flexion angle, and As : 2nd extension angle. Au;, Az, Ares, Ale, and Age are radian.
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Appendix 1. LCL scale table (scales in the outside of the thick line are exceptional cases. and scales in grey area are
based on the regression equation of patients)

A A= g0 75 70 65 60 55 50 45 40 35 30 pist 2
120 [ 082 |09 | 104 | 115 | 127 | 139 | 150 | o163 | 176 | 189 | 201 | 214 | 227
115 108 | 100 | 112 | 123 | 135 | 147 | 159 | 171 | 184 | 196 | 209 | 222 | 235
10 | 098 | L09 | 120 | 131 | 143 | 155 | 167 | 179 | 192 | 204 | 217 | 230 | 243
105 106 | 107 | 120 | 140 | 152 | 164 | 176 | 188 | 201 | 213 | 226 | 239 | 252
100 106 | 127 | 138 | 150 | 161 | 173 | 18 | 198 | 210 | 223 | 235 | 248 | 26l
95 126 | 137 | 148 | 160 | 171 | 183 | 195 | 208 | 220 | 233 | 246 | 239 | 272
90 137 ) 148 | 1m0 | 171 | 182 | 194 | 206 | 219 | 231 | 244 | 257 | 270 | 283
85 149 | 160 | 171 | 1.83 | 194 | 206 | 218 | 231 | 243 | 256 | 269 | 282 | 2%
80 162 | 173 | 184 | 196 }.207 | 219 | 231 | 244 | 256 | 269 | 28 | 294 | 307
7 176 | 187 | 198 [ 210 | 221 | 233 | 245 | 258 | 270 | 283 | 29 | 300 | 322
70 191 | 202 | 213 | 225 | 237 | 249 | 261 | 273 | 28 | 298 | 31l | 324 | 337
65 208 | 219 | 230 | 242 | 253 | 265 | 277 | 29 | 302 | 315 | 328 | 340 | 33
60 226 | 237 | 248 | 260 | 271 | 28 | 295 | 308 | 320 | 333 | 346 | 359 | 372
55 246 | 257 | 268 | 280 | 291 | 303 | 315 | 328 | 340 | 353 | 365 | 378 | 34,
50 267 | 278 | 290 | 301 | 318 | 325 | 337 | 349 | 362 | 374 | 387 | 400 | 413
45 291 | 302 | 313 | 325 | 336 | 348 | 360 | 373 | 38 | 398 | 411 | 424 | 437
40 317 | 328 | 339 | 350 | 362 | 374 | 38 | 308 | 411 | 423 | 436 | 449 | 462
35 344 | 35 | 367 | 378 | 390 | 402 | 414 | 426 | 439 | 451 | 464 | 477 | 4%
30 374 | 38 | 397 | 408 | 420 | 432 | 444 | 456 | 469 | 481 | 494 | 507 | 520
25 407 | 418 | 429 | 441 | 452 | 464 | 476 | 489 | 501 | 514 | 5% | 539 | 552
20 441 | 452 | 463 | 475 | 487 | 489 | 511 | 523 | 535 | 548 | 561 | 574 | 587

where Alf! Ist flexion{degree), Ares: resting angle(degree). Initial start angle must be considered into all angle.
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