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Abstract: A quantitative assessment method of spasticity based on the fusion of acceleration and angle signals is proposed and
corresponding device is developed to solve the difficult problem of accurate quantitative assessment of spasticity in stroke patients. By

analyzing the limb acceleration and joint angle signal data, the joint angle (6,) and joint mobility (6, ) corresponding to the

rom

acceleration mutation point are extracted, and the 6, /6, value is calculated for the evaluation of spasticity status. The modified
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Ashworth scale (MAS) and the device were used in clinical experiments on 27 subjects, and different spasm detection methods were

used for different muscle groups. The correlation analysis between MAS level and 6,/6,,, value shows that 6,/6,,, value can be used to
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assess spasticity state, and the device has good validity, the correlation meets r=-0. 869, P<0.05. Based on MAS and 6,/0,,, values,
the MAS grade indicating spasticity state was modified again. The results showed that there was significant difference between the
modified MAS grades (P<0.001), which could realize quantitative evaluation of spasticity state.

Keywords : acceleration; joint angle; modified Ashworth scale( MAS) ; spasticity level ; quantitative evaluation

SR H 3 . 2020-06-29 Received Date : 2020-06-29
s FEAT0E BB PN Al A B 3 4 (11C26213402042) A HE Tk K 2448 100 H (JZ2016YYPO066 ) | Hh ok 785 4% i A B} if b, 55 3% & 33
(JZ2020HGTA0081) , 1 e @A SEASRHIR L 45 2% % 30 (JZ2020HGQA0196 ) B 1



- 28 - SRR e

W35 5

0 35

i

SR ZEAR S (spasticity ) o2 — R A 22 5K S 5 % Ay it
JITECY | LA S 1) B o P A o S S B i [ I P 5
REIWUAEEZE & L8 shh 2ot 28 Al i —Fh R B
SR AR B A T 22 K PEREAL A B 10 S B0 ik 2
AP b HRR AU WL B Bl QRN K 45 5 1
T, H T B B U ZE 45 FE B MR IRIT
RSN ZRr RS mT 48 1 B 2RI R 3 2 OC H
MR e 0 5 A AR YT RO I B SR IR 46 b
AAEREE T H RS RS R SRR FARE T,

FHT, FH T PR ER 3RS IR R R Ashworth fiE
2% (modified Ashworth scale, MAS) FIE{ B Tardieu % M
FHERCRT ., BRI T i e {75 B (B ply 7 2 K
TGN PRS2 R A o R v i J sz 3 A BEL T R
V3 BEACR T FURSZ, | e 2 RS I R VA ) A
FIRJSEMERAR™ . N T RERS % W i A R 22 bR A A5 4, BF
FEEN RN TIPEFE R IR T T AN I 1T 2 8, Ardabili
S5HOURA Cybex S5 F7 33 HT ki A v R gk R A7 3
BTERE S A i B v R O A BE A Sh B ) R R
Maneski 551" SR 2R S50 175 2 JLPA) RO 4eft DT ik 2 P 2
S B/ NBB AR 1 UK E 5% 32 3 00 4 W A o 95 2 B 1 ) 2
1B SCHRL 12-15 ] BO TR R ZE RS RV E RS, 7B &
ZERRK SUPTEC AR AU AT S 2R T UL AL AR 5 B IR B, H X
WEEITE R R E TR R AN 2 R IV 26 B 45k 5 0% 1%
VEXMERI S B 5 45 I R AN FH I R S R e

4 Fis i 2o O i B 1 AN R 32 41 ) &)
FERLIN IR 27 LR R 2R A 18 SN IHG R T Xof 7 F) 43547
WLERAZ Bl pf 28 50 FF I WS 400 BsF %9 OG5 1 B2 B R ARk Bl 2
Pk i o ST BEL D 98 SR8 IR A ST Ay RE A R A2 5K I
SHEIME 28 N GO A w25 4 1 8 28 52 4 1Y
WA RN 22 5K SO0 B (B2 AT 8 A 6 1T 8 e 28R
AME

L5 L RTIR B IR BNV Ik p R R S AR
SCHESE T A2 TR U AR R 2R S P E fe b, it
RTINS A BE AR T ] R R AR A AL
WEREE  ARBUB AR B 2 22 st B v b JBCRTRY 5 F B/
SRT] Ty 2 i s K O A B R, A B AR AR 2 K R
STEIE, FRTE IE MAS S50, S0 A e R 2R RS A
e, IF i e R S5 AT R E

1 R

1.1 EEigit
2R ST B FE AR ST MR A 2 K

A4k B T8 S A A% TR 1 O T A B ROHE 5 A
JEE T AR A 33 TR 75 T8 A AR D o i £ e R
S BT BT B0/ INBR A DD ) 2 o i R ok e s G 1 BHL
AR B
L >I< AT (1)
K, Aa FoRA 5K U BB 55 A 0 B AR A0 (R IE L
KRG FEAAAE 5 L 7 0 o B A% Jeade R B3 5C
TEUBOCT R, A T ROR GBI AR A s 1 ROR
JRCAR B Sy
PRI AH A 25 2 3 o 3k A SR A IR A 1) 1) o) 2k
TN P AR A RS, 38 A R A% SRR AR RO TS 1Y £ B Ak
Bl , SR A2 Bk O BB AR I, BB E AR
TR AR L R AT Sh A5 4, 35 G i O R G
TR, Z) THERAE RS, HAE AT S N NR R
JIk B A B TR AT A BE T R G S R T H A
B BERER IR A ), LA S R BR B2 R/ 3% d i, Ry
fr e A B AL H R AT i hs B i A% Sk g e T 6 il
AT AL SR, AR/ N ORS8RI g, A A%
e AR AT R B, K MR /N T PR 45
R/ IR R A RSP B B e an &l 1 s

Aa =

RSB 2 U I 4 MR SRR

Fig. 1 Spasticity assessment device
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Table 1 22 subjects’ upper limb MAS grade
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Fig. 2 Evaluation process of subject’s upper limb
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Fig. 4 Evaluation process of subject’s lower
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Fig. 5 Evaluation process of subject’s lower limb spasticity

in lateral position
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Table 3 22 subjects’ upper limb 6,/6,,, values

. Test Retest . Test Retest
bl 0,/(°) 6,,/(°) 6/6,, 6/°) 6,/(° 6/6,, bl 0,/(°) 6,,/(°) 6,8, 6/°) 6,/(° 66,
S1 96 96 1. 00 104 104 1. 00 S12 23 123 0.19 46 125 0.37
S2 120 120 1. 00 126 126 1. 00 S13 22 114 0.19 33 117 0.28
S3 38 100 0.38 50 104 0.48 S14 42 98 0.43 49 100 0.49
S4 64 132 0.48 70 124 0.56 S15 54 128 0.42 64 129 0.49
S5 64 113 0.57 58 114 0.51 S16 57 118 0.38 68 120 0.57
S6 75 114 0. 66 62 117 0.53 S17 103 103 1. 00 106 106 1. 00
S7 105 105 1. 00 113 113 1. 00 S18 38 110 0.35 29 110 0.26
S8 71 94 0.76 54 99 0.55 S19 42 101 0.42 55 100 0.55
S9 36 100 0.36 27 101 0.27 520 63 110 0.57 74 115 0. 64
S10 50 106 0. 47 53 106 0.50 S21 60 143 0.42 53 145 0.37
S11 27 130 0.21 22 135 0.16 S22 74 132 0. 56 66 136 0.49
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Table 4 5 subjects’ upper and lower limb 6,/6,,, values
- A s A B Am R B
0,/(° ) 6,,/(°) 0,70, 0])/( °)  0,.7(°) 0,/0,, 0,/(° ) 6,,/(°) 0,70, OP/( °)  0,./(°) 0,70,
S23 50.5 101.0 0.50 74.0 118.0 0.63 27.1 59.7 0.45 43.3 80.7 0.54
S24 64.4 97.8 0. 66 104.0 121.0 0. 86 79.3 79.3 1. 00 77.7 77.7 1. 00
S25 74.2 90. 1 0. 82 86. 1 100. 1 0. 86 21.7 46.9 0. 46 20.2 74.0 0.27
S26 55.0 81.0 0. 68 73.9 101.0 0.73 29.4 60.2 0.49 37.5 74.6 0.50
S27 105.2 119.8 0. 88 123.0 123.0 1.00 36.3 67.6 0.54 90.0 90.0 1. 00

FHSCHE, S0F%E B R . FETE 3 MK 4 27 A7k
Hi 64151 6,/6,, (KR, 22 W0 PRIV E 19 MAS 559046
KA OB, MAS S50 1+ 1.5 /08, MAS 254
s 7 B, 6,/6,,, 55 MAS 55902 (B AR G
i /& r=-0.869( P<0.05) , KM IZPe B AR E E L
PP PRI ARG IR, 0, /6, (8 T LU F 2 3T
BE MRS ER, FE, hE 7 TUAEH 1.5 952
P2 953 R 6,/6,, 16A 3L, FWIKWHH1T
MAS 259 28 A 25 WPE R 0, AS BERG 1 D1 2 BR 250k
BEX,

3.3 EERBTENITE

AR MAS PP 20 28 MRS 55 G 19 3 5 A 1
AR AR Iz 2 A BE T 5 OC F B Tk £ 2
A SRR A S SR B, BV BTS00 /6, .
MFHIE 0 /6, (EEFIFE BF IR IEREEL AN
BIEJG 1 MAS 452, DL 55 AL 2R A TP g 1 R v 9 32 00
K&, 0,/6,, [HSEIERF MAS 9 W% 5.6 Fix, 8
AEHT TR IE ST 6,/6,, HSIEIEJR Y MAS £ 552
Z I PR SEE  AE nE 8 TR, IRl 8 ml i B IE IR Y
MAS #5452 [0 2A 32 %1k, P=0.00( P<0.001),



S 32 GV S I T e o 553545
£ MAS SERXIRIIY 60,/6,, 162 [0 JCH] BIRVE 3C X B 1E Looe = | P=0.00
J5 B9 MAS SEGRR B IE RS BAT AR, IR, A SCHE osol =
MAS PEEMTIA 6,/0,,, B T RS E '
Lo — /=0.869, P<0.05 " 060 -
:\:Q 0.40 E
080 .
& 060 i 0201 =
$; 040l % 0.00 I I I I L
<==0. 3 0% 1% 15S® 2% 3%
020 ‘ Q MASHE
ok L L B8 0,0, (HSHETRIMAS R
0% 1% 1.5% 2% 3% Fig.8 6,/6,,, values and modified MAS grade box diagram
MASE %
K7 6,6, H5 MAS 4K " ot £ 22 T e s
! iR SR E AR E . R E R R R A
Fig.7 6,/6,,, values and MAS grade box diagram

®5 2ZZKENLEG,/0,, ESEBIERK MAS E4
Table 5 22 subjects’ upper limb 6,/6,,,
values and modified MAS level

Test Retest Test Retest

il 0,/6,,, MAS 0,/0,,, MAS it 0,/0,,, MAS 6,/0,,, MAS
SI 1.00 0 1. 00 0 SI12 019 3 0.37 2
S2  1.00 0 1. 00 0 S13 019 3 0.28 2
S3 0.38 2 0.48 2 Sl4 0.43 2 049 2
S4 0.48 2 0.56 1+ S15 0.42 2 0.49 2
S5 0.57 1+ 0.51 1+ Sl6  0.38 2 0.57 1+
S6 0.66 1+ 0.53 I+ S17 1.00 0 1. 00

S7 1.00 0 1. 00 0 SI8 0.35 2 0.26

S8 0.76 1+ 0.55 1+ S19 0.42 2 0.55 1+
S9  0.36 0.27 2 S20 0.57 1+ 0.64 1+
S10  0.47 0.50 2 821 0.42 2 0.37 2
SI1  0.21 3 0.16 3 S22 0.56 1+ 0.49 2
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Table 6 5 subjects’ upper and lower limb 6,/0,,,
values and modified MAS level

- A % A R T AR ER T B R
6,/0,,, MAS 6,/6,, MAS 6,/0,, MAS 0,/0,, MAS

$23  0.50 1+ 0.63 1+ 0.45 2  0.54 I+

$24 066 1+ 0.8 1 1.00 0 1.00

25 0.82 1 0.8 1 046 2  0.27

$26  0.68 1+ 0.73 1+ 0.49 2 0.50 I+

S27 0. 88 1 1. 00 0 0. 54 1+ 1. 00 0
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