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Upper Limb Spasticity Evaluation Based on Stretch Reflex Threshold:
Method, Device, Validity and Reliability

HU Bao-Hua! MU Jing-Song? ZHU Zong-Jun® ZHAO Peng-Peng! WANG Yong'

Abstract Clinical methods for spasticity evaluation are criticized as subjective, and their validity and reliability remain
to improve. This study is to present a new evaluation method for accurate and reliable evaluation of spasticity based on
a stretch reflex threshold which is obtained from the acceleration and angle data. A corresponding device is designed to
test the validity and reliability of the stretch reflex threshold in spasticity assessment, and further study is conducted to
discuss the validity and reliability of acceleration mean variance (AMV). Spasticity is evaluated in 22 subjects with upper
limb spasticity using the constructed portable device and the modified Ashworth scale (MAS) by four evaluators. The
results of correlation analysis show that there is a strong negative correlation (r = —0.831 ~ —0.953, P < 0.05) between
MAS and the stretch reflex threshold. Also, the correlation coefficient between the MAS and AMV is (r = 0.665 ~ 0.900,
P < 0.05). Their test-retest reliabilities are (r = 0.890 ~ 0.962, P < 0.05) and (r = 0.632 ~ 0.928, P < 0.05). These
results demonstrate that the method and device may provide a quantitative and practical way for spasticity measurement.

Key words Spasticity, stretch reflex threshold, acceleration, modified Ashworth scale (MAS)

Citation Hu Bao-Hua, Mu Jing-Song, Zhu Zong-Jun, Zhao Peng-Peng, Wang Yong. Upper limb spasticity evaluation
based on stretch reflex threshold: method, device, validity and reliability. Acta Automatica Sinica, 2018, 44(1): 129—139

#2745 (Spasticity) 5 BE R 2
Ik H i 2016-03-01  s#H A 2016-11-17 R Dﬂﬁwgf ( pastict y) = jjfkl}ﬁtpﬂ:}q} Iz/‘/':
Manuscript received March 1, 2016; accepted November 17, éﬁi%ﬂ{jj, ﬂDHP_(IZF‘EF (Stroke), II]EI_TE**% (ParkIHSOD S

2016 di PD) Zd Mk oh el -2, HaiE
% B (008, REBe e namEe oo PD) Sl IMES haekd - H Al
(11C26214402042) %1 br) 2 B2 MR AR A SR — i R 2 5K R S A

Supported by National Natural Science Foundation of China i %Fﬁ‘ﬁ[ E/\JHJI F/SJ g{,/(j] ir%} ;{F I)j\ﬂ@fiﬁj‘ﬁiﬁj\jﬁ%ﬁ}i EI/(J

(41076061), and Ministry of Science and Technology of Small and — 3 e . o o ATt
Medium-sized Enterprise Innovation Fund (11C26214402042) JQZJJ Kﬁﬁ%’[ ]' %E[lm% [)J\&;H’E%EP’ E%‘* E/‘JHZE%@%

ASCIUES S T DB FREERIEN, W7 RIHIE, ZREFHY

Recommended by Associate Editor WANG Wei-Qun N \ o . .

1AM TR 2EHUB TR A 230000 2. Zepiirpeboness o0 TREE, AR RRSZIGI PRI WTIe4E, W BORER
B R A 230086 3. SCRUMBETAES WIREEBEE R RER & ARSI S 2 . RS R o)

At 230031
1.  School of Mechanical Engineering, Hefei University of partment of Acupuncture & Rehabilitation Department, First

Technology, Hefei 230009 2. Department of Rehabilitation Affiliated Hospital of Anhui University of Traditional Chinese
Medicine, Anhui Provincial Hospital, Hefei 230036 3. De- Medicine, Hefei 230031




130 H 3l 1k

44 %

E N

H KPR, BRAEEHITE FEAREEREAER
FULHI, Bz BALIEART. H I AR R Bk
JIZR2 R Ashworth #58 (Modified Ashworth
scale, MAS), HAL AU M 8, JTofasmidtiy, 2
TR SE B, (H MAS A B J8 T @ Mgl Has R 3
MPESR, ASHEW 2 R ITE py R B

A fREPEX — A, H Al E WA BT T
TAFSE. 1) FIH S EIN G R G W5 % B G
TR L AASL, 308 A A 0 Jif 5 4 e e 2 A v R 51
M. RMNLRRAF S A KA, BORP &R
By R RS R A MV BB i PU R S i o S 2 PN i
HRE R B R A B AR B AR Ak, AR bR 2R
LAY I S WA b o 2 ek AR 1) R 48 DAL BE U 1|
SEl1618] 959k 1) EAR W AR E RR 28, (H HHR A
B AT IR ik 2) $e 4t T A B2k
ARG, (HHEAFANRE EWWE, AREE I TRE
A

2% 5K RS MU B fr 22 5 | IL DA I 5 | A 2 7 1)
FIRILIA US4 SO, B A RS2 2 SR ILAR A 1 7 L e
B R s PR R GV, PR R
G T ECRZE G, TR R K B T S F At = g%
HOX I, 22 5K 20 RS 0N, A2 5K S S 9
1. B AR rh BT A 1 A2 B RS IR SR S i sh A2
f el B v A K RO R AR G AN, B A P A S AR A
KB AT BEAE 20 B HR 5 2 I 24 5K S S B 1 vl
PAFE KBS ZE PP M i B B4 A 2 — 112 2722 ARk
Pt 5 A A 2 T 0k B 22 Al B JR VT I K TR AR B A
JEE DA K 338 R et 4 o A 5K ROt IR, A EfRT SR, &)
Tl R HE

E2 0 B NS T Y B 22 S U N N VAN
R ZE (R Gy AR Y, Y T — B T A2 5K SN A 1Y)
SR ZEPEE 7k, I EISON 57 AU b ATk oK A
JE A R KA B (IR ZE PR ) PASR K7y
AR AT 35 35 K A B2 2 il TS d KA B2 (LS
ZEPEAE) TR T O AR I B DA % A R R
FIWHRZE S, FFARIE I T TP e, @i
SEISMNT TiZ T vES MAS G5B A Rk R nf B
PR DA IE LA 545 B

1 ERBMXTEERBEIT SO

TR A Wy b R 2 N R AR AR, b
WRZ T i LR 28 A An el AR B xh B 57
28, gty MAS., SCBPAKSCHR [17,23—24] , A3CHf
B SRR ZE R A B R, DAZR SR SO
(ELA G SR, 2 5K SO I 2 A DA R 2% m] 56 1
NENEHFE T R 5

7 =10+ b0 + k6 (1)

Horp, 7 FR A2 KU B 2 A IR AT, T
BRI RATE DR, b R RRMHE AL, k o
RGUHIERRL, 0 Fon i KTz AL

2 (1) P A2 A BRI 51 L A 4R T
FIBGB B 2 KON . i Y iz Bl A A K U
V3 (L PR, % 5 S Sl 2 98 - S50 51 FHL R B
RN BRI N 5 AE . ARG LA LG FR, I DA th 22 5K
SIS TR e A I A S FEL ) A

To1 = AT + T1_ena (2)

Hor, ooy R A KU RER S — B B B 22
AE L, T1—ena 7 22 5K I BUAEL BT — B B4 SR
I RATIIIHE, AT Fom a2 3K U B (E % AR P 0
HIGRAL KA.

X (2) Frid A AR A, R 5 FH ) AR
SEI (1) BRRES, BER IR R B 7o PR
(1).

2 (1) H(2) Br et i 2eid A, T ASE A fil
WG A SCER 2V E M R IR S, AR SC AR 2R A
RO TR AR e R BT

FIEF R VP E SR S B L, A
i SRR RS ST 2 S U s B,
RS Y B R DA A A o h LR AR
AR A 03 P55 ARG R AR, TSI 91 A ookt 2

H M
£=7 (3)

Horh, e FORM RATAMEEE, M FR K524
G, J o LI

A K SO (AT, G 7 AR AR e 36 2 A S oK
TR OR PR fil 5] e 2,

My =7g,e =0 (4)

Horp, My FoRtafE s R, Ty Fonpizhizzhd
PR KA A
i in P S E EPARCER e

Tlgﬁzbé—}‘ke (5)

BAERE LR RKREHHGR My = 70, H
My, TEJE IR A S RAL.

R RBha s B ZE 5K BN IE 6, I, f
(2) WIAFBEIS PR AT + T1_ena, W AN
HEE(EA

Mijj — (AT + Tl—cnd)
6
- (6)

PR I Y iz B A AR 5K B (EL I A £ N

Ep =

Hor e,
.



1 PR BT A SR RO BN LB 2 PP D 1A -5 3 B S AU AR Do 131

B2 (1) ~ (6) ATF3 A i AR 4k
AT
g
Horr, Ae FoRn 22 5K S EE B A TE AR AL (A
WIE (7) ATOAS 1) A 0 R R IS T
FH 3 SEAR AT AR Ak, 45 5 I 56 4 A B ] 0 W A2k
AR 2) A AR A v] Skt i A5 is 8l &
A2 5K KA B s BEL T R AR AR 1R 100
2 KERNFEESAKMEIZIT
2.1 REWRNRE
FRPE bR A8 i A g 57 5 08, it TR 1
JIT 7 AR ZE A I b . 5 SRR A R B AR IR I S
A BEAE S AT T SN B 5 2 al MR A TIOK,
H A RANNAE R, Bl ab PR N BRI —20)) F ik
I FH 5% A A e A ) ) 5 =5 e o DA B i i e A v
i T R ) 1) 4 M1 S e 2, L o 5 e I

Ae = (7)

~ (Gout — ng cos ) (8)
HH, aou ORI AL s i L U, L3R
TN A R P B KK E, g FORE T,
o FRAIE AR R S KT A

1: g AR A
2: Mk
3 Wkt

5 4: HLER{RP AL
5900
6: RYREEMR
7: Wi

8: fI SR AR

K1 RERER

Fig.1 Schematic diagram of the device
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Table 1  Demographic characteristics of the participants
. . . ROM (°) MAS Test MAS Retest
il G i M5 B IR FEAENLHE
Test Retest E1 E2 E1l E2
A S1 64 6 J 5 +i LA 2E Jai SR LA 96 104 0 0 0 0
S2 60 7H % fi e RESE JE A LR 120 126 0 0 0 0
S3 66 3 H B Vit iR AESE TR HLRE 100 104 2 2 2 2
S4 68 3 H 5 7 A7 D i 2E J LR 132 124 1 1 1 1
S5 66 4 A % Vi i g J IR TR 113 114 1.5 1.5 1.5 1.5
56 37 2 A % Vi A D00t S AL Je ST LA 114 117 1 1 1 1
S7 73 3 H 5 fi 2o MR 2E Je A LR 105 113 0 0 0 0
S8 51 2 H 9 7 A i 78 JE A LR 94 99 1 1 1 1
59 45 2 A S Vi A D00 A 1L Je R LA 100 101 2 2 2 2
S10 30 2 A % 7 A5 R SR AL 106 106 1.5 1.5 1.5 1.5
S11 62 6 H % 7 A Pl i 2 T 130 135 3 3 3 3
S12 68 3 H 5 7 A7 D i 2E R IR 123 125 3 3 3 3
S13 37 2 A 5 Vi A D0 A AL 114 117 2 2 2 2
S14 51 2 H 5 Vi A 2 RS TILRE 98 100 1.5 1.5 1.5 1.5
Test Retest E3 E4 E3 E4
B S15 32 14 A P i Pt s 1 SRR 128 129 1.5 1.5 1.5 1.5
S16 37 15 H 3 bl S M i 2E SR AL 118 120 2 2 2
S17 39 2 4 5 fi 2ot Je A LR 103 106 0 0
518 21 2 4 5 1 e 540 JE AL 110 110 3
S19 41 15 K Ul 7 A DA I SR AL 101 100 1.5 1.5 1.5 1.5
S20 30 9 A 5 Vi A i 1 21 Ja IR LA 110 115 1 1 1 1
S21 46 1 4f 5 e e ¢4 I SRR 143 145 1.5 1.5 1.5 1.5
522 54 14 % f Ze O R 3E S IR URE 132 136 1 1 1 1

A: BT ERE, B: BIPEZ KEE— B ERE; ROM: range of motion; E1 ~ E4: Evaluatorl ~4, & # 1 ~4; S1~S22:
Subjectl ~ 22, Zik# 1~22; MAS Test: 5k MAS iF4r, MAS Retest: =%/ MAS iF4).
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Fig.2 Assessment of spasticity by our device
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Table 2  Experimental result at test and at retest
Test Retest
ZRE 0, 0,/0m  AMV 0, 0p/0iom AMV 0,  0p/0iom AMV 0, 0p/0iom AMV

A E1l E2 E1l E2
S1 96 1.00 0 96 1.00 0 104 1.00 0 104 1.00 0
S2 120 1.00 0 120 1.00 0 126 1.00 0 126 1.00 0
S3 38 0.38 0.698 34 0.34 0.423 50 0.48 0.596 46 0.44 0.624
S4 64 0.48 0.412 93 0.70 0.392 70 0.56 0.321 80.63 0.65 0.469
S5 64 0.57 0.910 50 0.44 0.862 58 0.51 0.867 68 0.60 0.453
S6 75 0.66 0.192 64 0.56 0.182 62 0.53 0.260 75 0.64 0.175
S7 105 1.00 0 105 1.00 0 113 1.00 0 113 1.00 0
S8 71 0.76 0.526 56 0.60 0.421 54 0.55 1.501 47 0.47 0.479
S9 36 0.36 0.636 30 0.30 0.584 27 0.27 0.673 23 0.23 0.702
S10 50 0.47 0.498 44 0.42 0.455 53 0.50 0.426 55 0.52 0.452
S11 27 0.21 0.565 33 0.25 0.627 22 0.16 1.421 40 0.30 0.526
S12 23 0.19 1.268 25 0.20 0.746 46 0.37 0.837 29 0.23 1.105
S13 22 0.19 0.412 30 0.26 0.536 33 0.28 0.459 40 0.34 0.381
S14 42 0.43 0.526 46 0.47 0.469 49 0.49 0.450 55 0.55 0.502
B E3 E4 E3 E4
S15 54 0.42 0.380 80 0.63 0.485 64 0.50 0.325 65 0.50 0.416
S16 57 0.38 0.440 48 0.41 0.648 68 0.57 0.574 51 0.43 0.464
S17 103 1.00 0 103 1.00 0 106 1.00 0 106 1.00 0
S18 38 0.35 1.172 28 0.25 0.947 29 0.26 0.804 37 0.34 2.828
S19 42 0.42 0.206 50 0.50 0.258 55 0.55 0.249 37 0.37 0.225
S20 63 0.57 0.364 60 0.55 0.426 74 0.64 0.378 68 0.59 0.301
S21 60 0.42 0.628 70 0.49 0.450 53 0.37 0.459 50 0.34 0.416
S22 74 0.56 0.488 87 0.66 0.598 66 0.49 0.450 r 0.57 0.459

H: 0,(°); AMV(m/s?).

#3 Op/0com S Amv 5 MAS R

Table 3  The correlation between the MAS scores and 60, /0rom and between the MAS scores and AMV
MAS ¥
HIPXEE: S LR HXFRH " P
GIMrEE R
Test Retest Test Retest
- 0, /6rom —0.944 ~0.918 P < 0.05 P <0.05
AMV 0.821 0.665 P < 0.05 P < 0.05
2 0p/6rom —0.953 —0.931 P < 0.05 P < 0.05
AMV 0.841 0.864 P < 0.05 P < 0.05
B3 0p/60rom —0.855 —0.846 P < 0.05 P < 0.05
AMV 0.857 0.900 P < 0.05 P < 0.05
B4 0p/6rom —0.940 —0.831 P < 0.05 P < 0.05
AMV 0.873 0.813 P < 0.05 P < 0.05
4.3 Gtoh 431 HESH

FI e i1 8k SPSS21.0 X 4F & $8A7 HE47 45 11
2EOHT DASRIE S B R OE S5 . X T RTaA Mgt
4387, ¥R Pearson # XM, WEMK KA
P < 0.05.

FI ] Pearson 03 204 MAS 5 AMV K&
Op/Ocom WA INE, DAKS TN RS B AL RE, Tl B &t
TR i"%ﬁé’]ﬁ R, g RN 3 i 5 7H1
Bl 6 Frn. 45REM 0,/00m Al AMV 5 MAS
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Fig.7 The test-retest reliability of 6,/0:om of each evaluator
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