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[ Abstract] Objective To study the effect of repetitive peripheral magnetic stimulation combined with ex-
ercise on spasticity in the ankle plantar flexors among stroke survivors. Methods Sixty stroke survivors with spas-
ticity in their ankle plantar flexors were randomly divided into a treatment group and a control group, each of 30.
Both groups were given conventional kinesitherapy, while the treatment group were additionally provided with repeti-
tive peripheral magnetic stimulation for 4 weeks. The myoelectric activity of the agonist and antagonist muscles was
recorded using surface electromyography during maximum isometric voluntary contractions of the ankle dorsiflexors
and co-contraction ratios (CRs) were calculated. The motor function, walking ability and ankle plantar flexor spas-
ticity were evaluated using the Fugl-Meyer lower extremity assessment ( FMA-LE) , functional ambulation categories
(FACs) and a composite spasticity scale (CSS). Results Before the intervention there was no signification
difference between the two groups in terms of any of the assessments. After 4 weeks of treatment, the average inte-
grated EMG of the anterior tibialis in the treatment group was significantly better than in the control group. That
group’s average FMA-LE and FAC scores were also significantly better. The experimental group’s average spasticity
score and co-contraction ratio during maximum isometric voluntary contractions of the ankle dorsiflexors had both
decreased significantly. All of the improvements in the treatment group were significantly better than those in the
control group. Conclusion Repetitive peripheral magnetic stimulation combined with the exercise therapy can ef-
fectively reduce ankle plantar flexior spasticity while improving motor function and walking ability. It is more effec-

tive than exercise alone.

DOI;10.3760/ cma.].issn.0254-1424.2017.11.006
YRS HAL:210009 T 5T, AR R 27 T rh R BE e e A2 s 24
EEVES . 50, Email : NJ9868@ 163com



- 824 - h AR R BE A SRS 2k 2017 4E 11 J145 39 %% 111 Chin J Phys Med Rehabil, November 2017, Vol. 39, No.11

[ Key words] Magnetic stimulation; Exercise therapy;

Stroke ;

Spasticity;  Surface electromyography

Fund program : Scientific Research Foundation of the Jiangsu Province Health and Family Planning Commission
(grant MS201509) ; Research Foundation of Nanjing Municipal Sports Bureau ( grant NJTY2015-501)

I R R A R RS R e, R A A i A
HERE 2 200 JT N, A TR R 5 B A AN R R
(5RPE, ANREALSL AR TR IR RIS VR YT KB, 28K
i 2 rp SR A AR A (R R BE 1 R Iz S Re g, i R
JE LA e 22 R Bz 3 D ek &2 i F 2 BUIA 5 il
AR SRR R )™ 2 0 o 28 B SR A0, i P 42 i
EA PR 1 43 i A v A8 1Y a2 3 D fE R T 2
AE, DU REMERERIRTG 7 B0 £ 1 o e Y
T R T A T Ry 12 o T RO R g ft
WLARE o AT T SRS B R A8 shy ik
IR rhE B S LR 2, B AR LSS T s 2
DIREVR S Y52

MNERE5FHE

— WFFEXF 5 M4y

AGEAREQD A7 4 FE A 4 J i I 4 959 2 10
A IS bR AE | R4Sk 5 CT B MRI 6 A 3iE
S QS 30~80 & ;B E =3 A H s @B E AL
K Ashworth 432 = 1" ¢ ; & 15 U & i H. B i 44 i
¥ @I REIEH ; D& F R FE .

HEBRARE . A I 000 BB ; @/ I
T EE RS A e SO R A B BN N R A
(BRBRJE L) 5 @ F A 7™ 51 297 98 AN RE AT Il
Y QOWEEA &R EY .

FEHL 2015 4F 1 A & 2016 4F 12 H K KM &
R S e B R 2RISR ELAT A s o A i 2 i
REBH 60 B, Fe AL T3R50 IR YT AL R X IR 4L,
B 30 B, 2 2R AE BPE R AR RS e R AE — I IR
TR A G T R, 2R LG I E L (P>
0.05) , ARk, TEWER 1, RIFFIFALEE 1
PR bt

RO

. PERI (15 .k P AT
JRIT A 30 16 14 60.80+10.20 5.6+1.7
popiE:l 30 15 15 60.53+8.43 5.8+1.9
o " JHEM 531) (457 i 2T (5
anwe i R e
JRIT A 30 17 13 20 10
PO s 30 16 14 19 11

T IRIT TR
2 HBRE ST % 8 37 Bk, B35 BEYK 30 min
W — iz shiayy . OHHE BRE SRR T TSR

BRI QN RO 2% 5 1a 88l 3 @ B 3%
TR I i3 3ok WP W | PR A 438 20 25 D7 vk kAT 42 B
JRITR LA B TSR 5 A5 KB AT ISR s ORI R e 171
H 1% ; ©Bobath 71 AR GE 2 LA HETT 14
MAEEEAR ; OO B SINS  IGITE RS,
FEATERK 30 min FEAREREA R LR 22 09 51 %6 12 3R
7 O/ AF/MR =L WUBE A2 il 5 b 3 i
il /3 i FER LG 2/3 EEEs iR R E T
LR A C B R E &m0 5SS E =Sk LA T
il FF YA MRAF 2 min, RS, 30 s, 3 3 20 ; @1 5 2]
TR WU ZR S8 E AR BN, T e A Ao e, 1) T 58
Jrr AT R BRIk 10 A8 3, B
WIHSFEEH 2 WA 6 d, 1525 4 JH

TRYT LR EAE Fs ST 2 o 5 1S in 5 42 M4
JEIRERIBAYT < A HAL 5 15 LM-4000B 24 7 RIHAY
A Y B KGR By 4 T, B e e G
A b R4 3 0 1% B 5 M R X U o 2 K R
T B 0 Y a5 1 ep o, T B AR B e JUIL 190 8 22
(/M =SKAL) JRR A 20 Hz, 387 F4E 5 min, JRIT 50
JEE UL SR 7 A B 3 R U O B TR SR NS RS
7 BRIV P T % A2 e oA X M b 22
LR B TR S B TR S, DA v B i A A
1z S ] AREEN20 Hz, Bk 9IHFEE 3 s, [0)#K 6 s 16
S RFLERIEL 15 min , 3677 50 BE DL 51 B 2 1 JUL PR Wi
ELEEH 2 6 d RREE 4 R, AR R R B AR
HH R 2B B, LB AR R AR T o AR R
R o7 B VR — 3K

= RSP R AN A

SEMTRITRIANAYT 4 F 5 (BT )R, Rl —ih
JPITXRT 2 20 B 35 14 3% 10 UL PR BT ARG I 2 T iz 3l )
e LT DI RE FERER JE LK )P

1.2 1 WL H &K 3. fiff  Noraxon Myosystem
1400A 243 1w AL A, A ( 36 7)1 s BR T i e R 45
Kl F LS HTVLEY WL TG 31, H] Myoresearch
BAFHAT 0T . IR I, Jei bk AR S g 72
DR 5 2 BT RMAE , 40 T P Jee 4 e e, R OGS TR p
WAL, SR HLCE TR LU Hh s B Bk S LA Ml
SKUIE S, r AR TR rp o TR 2 em , 225 MR T JHE
BSR4 D W £8 2 d R Y T R O Y O
TRAFE 10 s(Ar ATt g — e 3 s IR Bk
i 3 Yk, BRI & BB 10 s 2247, B RAE #4743
B SRR LA &0 5% R OG5 A R KA Kl



rhAE PR S R 2 2017 4F 11 A% 39 48 11 ] Chin J Phys Med Rehabil, November 2017, Vol. 39, No.11 - 825 -

G 112 5 WL B HE B WL R0 L HL AL (integrated  eletro-
myography , IEMG) , Jf4% 23 2 (1) 353 3 W] e 45 2 (co-

contraction ratio, CO)

_ HEHUIL TEMG
EFNL IEMC+HEHUIL TEMG

2. NGB S P REIEAE R 1k Fugl-Meyer T i
Yo7 3% ( Fugl-Meyer assessment of lower extremi-
ty, FMA-LE) XJ f 35 T ROz sh D e 1711 |, iz e R Ak
A 1T 3,530 34 43 A5 or e s B T Gs 3 2
REARAL

3. BREAJE LK T E « R L5595 28 3R (com-
posite spasticity scale, CSS) P &4 Bf i LI 5K 71, 6145
it Sz 58 LK ) R ZE = AN D5, G316 53, 70 Bols
PR E

4. AATUIREVERE R D REME 20474 3 (function-
al ambulation category scale , FAC) Xf 24 047 DI RE#EA T
VE , KA 1R 0~ 5 2t 6 YU, PGB R R
BALATIIREA

M Geita 5 ik

fli FH SPSS 17.0 FRGE T2 8 A X 44 47 46
T AL 2R TR SR A (2 +s) R, IE 2010 %%
BRI ¢ K5, AR IE 2570 A5 BORER FH B ARG 56, 314K
BORHLBCR TR 7 R 5, P<0.05 1Ny 22 5 BA 4e 3t

RO
%/%\XO

CO

x100% (1)

# =X

— 2 HLBE IR AT A T UL HE R LB LA
Ak

TRITHT,2 4B E IR AL IEMG B HEM WL TEMG
HAE T co HA R 2R TG 2#E L (P<
0.05), %4 JBIRIT A, 2 LR EIRETIL IEMG {EH#4H
PIRYT T & 325 (P<0.05) , T WL IEMG {8 &% 2R
B CO I 45 MBI ATRE R (P<0.05) , HiR
SPLH EIRFEFR e 0 BR A DA O i 2 LR EIA
I7 IR A [a) 22 S ¥ it # 3 L (P<0.05) . BAR%L
PRI 2,

F2 2 HLBFRTTH S5 ERA b iRR SER ging
F N S LA (xs)

N IEMG(pV - s BREE M CcO

B
popiekcl

YRITHT 30 38.60+9.22 36.72+7.45 48.92+2.80
RITIE 30 47.01£9.02*  31.03+5.18"  39.93+4.58°
RIT A

YRITHT 30 37.43+7.68 36.09+7.81 49.06+2.06
WY IR 30 52.25£6.97""  26.81+7.22"  33.50+4.95%

1 S NIBTTRT LR, " P<0.05 ;5% B 4134775 L #e , P P<0.05

2 HBRIRITHT R AT RE VA PR AR LA

AT, 2 4R H FMA-LE (CSS K FAC PE434H ]
ERW TG FE X (P<0.05), &4 FBIr)E,2 4
BER FMA-LE & FAC PF4r 841 NIRIT AT A B 3%
PEE (P<0.05) , 1 CSS P4 B4 IR IY BT BEAIR (P<
0.05) , FHIAY7 AL %t IR AL i3 0 oy 0 35, 2 B IR
J7JE A ) 22 S YR Gt # i L (P<0.05) . EAR%L
PETEILEE 3,

R3 2HBEWITHT G TSI REVEE 1845 LA

(47, &xs)
25 51 % FMA-LE ¥43 CSS 143 FAC 343
of B4
BRI 30 10.80+3.35 11.73+1.86 1.03+0.67
BIT I 30 16.07+5.10* 9.83+1.49° 2.03+0.81°
VRITHU
b=y gt 30 11.37£3.35 11.33+1.84 1.07+0.78
BIT I 30 20.13+6.20% 8.90+1.81""  2.53+0.90"
T S IRIT R HLAE, 2 P<0.05 ; 5 X IR IGY T 5 He s P P<0.05
W

JUL PR R 2R 2 547 P S50 A LA 3ok 8 i L o i
TN sk R TTHE S B A 2 sh D RE R AT B
Jeb LS AR J2 i A< vp £ 5 8 DL G O A0, S BURE S
AR ST R T AR, S i KU S H R IA YT
SRR FE ARG s A | s 8 IR [ E
24 TEST A FE AT R R AANRL T REIT ED Hoh
By e R ik R EAE R T4 E %
Hiz SR AEREILP B B2, TR LI 22 45 4 F 3=
NS , NS B LR ZE

H iR ok 2 80d R /Y Ashworth F225 1
PR FERZE AT , BAR TR ST 8, {0 5 52 0 1Y)
FXFE M, SCAHIFFE 5 FH 2 1 AL R P R A7 % 00 i A6 L
iK1, TEMG A1 CO J2 3% 1w AILH B & FH 4 Mr s s
TEMG 52 B BAL037 ] P H 5 AL A e el 0, LA
JrrklcEnt 5 0L RIEA N co e m BT L £
SIS 1L FE T o A EL ), TR RE R LK
T AR, ABFFE R, X IR 4 iR 220 4 JR iRz
FYTHIRYT R, T FMA TE4% . FAC 45 K I8 Tif L
IEMG H35 a7 BB B 42 5, B i CO J& CSS 1F41HH
SERRAR R R 2R 2 P ()32 sl 7 13 0k L 4 B st 3%
71, R R T 2 A 2%

T R — P O TG IR 9T i, HE AR R B
R TH A 2 P A K G 7, 2 I A SRR R SN FL
24N FEL IR o 21 2 %A (T 5 | 7 200 S 3 i
AR i AP RS A A 3 b € S VA E R e 2
JRE A AR, g AR S 0 R e R R T LA T



- 826 - h AR R BE A SRS 2k 2017 4E 11 J145 39 %% 111 Chin J Phys Med Rehabil, November 2017, Vol. 39, No.11

R, U A L T 3 mT L P A A i 6 1 s
SIRERBATRE ST 25 T4 I RV T SR
PR Cy, e Ty o, 55 16 L AL 0BG 5 AT LA 4 38 i
AECR PE R E I, AR T AL RN
FAZMEANABRIEARIT 5, B A I 16 bR 2 O
R b ST, e T A1 J] Bk 5328 Bl ik mT L
SEA RO P AR R it L 00 e 2R R 2 2 s JRS T JUL A Wi
APREST et 2 A RE UL P Rl e . AT RERY AR
FIBL  BE SRR 2 1 UE W e 28 e A Y i B AL B
PUER, DRI, A AR i AR AR i ) g AN T
RE X B 2 A A T A R A R RV T4
JEIR 22T LR Ay A IR0 A AP, T 36 3
I B2 )2 B S 2T A3 58 4 iz 3 B T (M X)) 1Y 2%
PEVSS SR ER RS I ] B R 2 IS B R 5t
(9 T | T B3 M 0 s A (H R
G AR AORT 5 E J F) ELRE AR E T S T
o ARWIHEE SR R LA E S PRI T
7 HE R AR AN ] W ) A PSR O 1 Y 2R SR DI 52 454
{4 BT B ST R S AL e IR R
e LSRR B J % JHE S Aol 2 17 T [ B ) i 52 4 )
A LS A L AL A DS 07 T R A 2 i v R
T E RSN iz Bl

L5 L RTIR  AEis Bl 7 4 B FE A L 3 52 1k A
AT A — 2 3 5 il A R IR AT ILE L,
RHEN LA PR ZEREE | I 7 22 25 oA 38 19 ) I 2 S I
iz s RE ML T RE

2 % x #t

[1] JAJese, SR MR HE, 5532 2)) 124 > 1564 B 0k o i 45 4 28
BB ]). R e B R 2R S R 2, 2015,37(4)
280-284. DOI:10.3760/cma.j.issn.0254-1424.2015.04.011.

(2] SR8, XK , T RTT. 28 R X i A v A8 35 T BRI B2 1) 52 Wi
(1] E LR 2 5 & R 24 2%, 2014,36(9) :689-690. DOI.
10.3760/ cma.j.issn.0254-1424.2010.06.016.

[3] XWAS, SSr o, Tk, DREMERERIRIA YT Bl 2 W 1 e (4 F 5%
HEREL)]. PEYHE S S B R4, 2012,34(5) :390-392.
DOI;10.3760/ cma.j.issn.0254-1424.2012.05.022.

(4] hAEph Rl AR 2 ARl 2 25 45 208 I3 1l 9 12 W 22 4
[J]. e 2R 2475 ,1996,29(6) :379-380.

(5] BE3EH ApJiae JULEE, 55 3000 F SR R 7 T 25 il 2 o v
BFLATIIRGERE NG S BT[] B R B gk,
2014,29(5) :446-450. DOI;10.3969/j.issn.1001-1242.2014.05.010.

(6] ERJREIREITES[M]. dbat: AR A H A, 2008 164-
168.

[7] Nielsen JB, Crone C,Hultborn H.The spinal pathophysiology of spas-
ticity-from a basic science point of view[ J]. Acta physiol,2007,189
(2):171-180. DOI;10.1111/j.1748-1716.2006.01652.x.

(8] 24, TRk, SR BNAE. A B IR ENYT IEIA 7 e £ 3 BROC T B Jed 22
ZEMYTROREE [T ], S BE 4 445k, 2014,29 (5) - 451-454.
DOI:10.3969/].1ssn.1001-1242.2014.05.011.

(9] M/ e e b5 MU 28 i SR T e [T ] h AR 3
PEap R R 2R, 2010,32(5) :391-394. DOI; 10.3760/ cma. j.
issn.0254-1424.2010.05.024.

[10] 5%, 5. 2K I L F 120 78 i 22 AL PR 5 5 2 R Pl b s i F (0]
P E I PR FE &, 2004, 8(22) :4580-4581.

[11] Onishi H, Yagi R, Akasaka K, et al. Relationship between EMG sig-
nals and force in human vastus lateralis muscle using multiple bipolar
wire electrodes[ J]. J Electromyogr Kinesiol ,2000,10( 1) :59-67.

[12] fRZRIN, 284 AR , 45 IR R T T 4 I 2R 1B 5 1 Jo] 107 30 0T
AR E TR SR [ )] rh ARy S 24 5 A BR
2F4Ri, 2014, 36 (9) : 694-697. DOI; 10. 3760/ cma. j. issn. 0254-
1424.2014.09.010.

[13] Z=7 M A 2. A AR RE I BE 5 1 7L H R 80 35
AR BB S RERY R [T ] AR BRI 22 5 R A R A 0%
#£,2013,35(11) ; 875-878. DOI; 10.3760/cma. j. issn. 0254-1424.
2013.11.013.

[14] Wissel J,Schelosky LD,Scott J,et al. Early development of spasticity
following stroke: a prospective, observational trial [ J]. J Neurol,
2010,257(7) :1067-1072. DOI.10.1007/500415-010-5463-1.

[15] Struppler A, Havel P, Miiller-Barna P. Facilitation of skilled finger
movements by repetitive peripheral magnetic stimulation (RPMS) - a
new approach in central paresis[ J]. NeuroRehabilitation, 2003, 18
(1):69-82.

[16] Krause P,Straube A.Peripheral repetitive magnetic stimulation induces
intracortical inhibition in healthy subjects[ J ].Neurol Res,2008,30;
690-694. DOI:10.1179/174313208X297959.

[17] Wolters A,Schmidt A,Schramm A, et al. Timing-dependent plasticity
in human primary somatosensory cortex| J]. J Physiol,2005,565(3) .
1039-1052. DOI:10.1113/jphysiol.2005.084954.

[ 18] Struppler A, Binkofski F, Angerer B, et al. A fronto-parietal network is
mediating improvement of motor function related to repetitive peripher-
al magnetic stimulation; a PET-H 2015 study [ J]. Neuroimage,
2007,36:T174-T186. DOI:10.1016/j.neuroimage.2007.03.033.

[19] Lamy JC, Wargon I, Mazevet D, et al. Impaired efficacy of spinal pr-
esynaptic mechanisms in spastic stroke patients[ J]. Brain, 2009, 132

(3) :734-748. DOI.:10.1093/brain/awn310.

(& 1A H 451:2017-09-12)
(ARSCHAEIE )



