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Abstract

Objective: To investigate the changes of lower limb motor function and surface electromyogram-
phy in stroke patients with hemiplegia after intensive multi-channel functional electrical stimula-
tion (FES). Methods: Sixty stroke patients with hemiplegia who met the inclusion criteria were
randomly divided into control group, conventional stimulation group and intensive stimulation
group, with 20 cases in each group. The patients in the three groups were given routine drug
treatment and rehabilitation training, and the control group was given hemiplegic limb movement
therapy (PT) training for 30 min each time. The conventional stimulation group was treated with PT
for 30 min each time and FES for 10 min once a day. The intensive stimulation group was treated
with PT for 30 min each time and FES for 20 min once a day. Before and after treatment, the lower
limb part of Fugl-Meyer motor assessment scale (FMA-LE), TUGT (“standing-walking” timing test),
step length (affected side) and step frequency of patients in gait parameters were evaluated. At the
same time, surface electromyography was used to measure the median frequency (MF) of the medial
head of the gastrocnemius muscle on the affected side of the three groups before and after treat-
ment. Result: After 4 weeks of treatment, the FMA-LE, TUGT, step length (affected side), step fre-
quency and MF values of the three groups were improved compared with those before treatment,
and the difference was statistically significant (P < 0.05). After 4 weeks of treatment, the FMA-LE,
TUGT, step length (affected side), step frequency and MF values of the conventional stimulation
group and the intensive stimulation group were improved compared with the control group, and
the differences were statistically significant (P < 0.05); the above indexes in the intensive stimula-
tion group were improved compared with those in the conventional stimulation group, and the
differences were statistically significant (P < 0.05). Conclusion: Multi-channel functional electrical
stimulation can improve the motor function of lower limbs in stroke patients with hemiplegia,
enhance the anti-fatigue of limbs, and improve the motor function of lower limbs more obvious-
ly by increasing the treatment time. This research method can be widely used in clinical prac-
tice.
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1. 518

Jii % Hi (cerebral stroke) H A KR mEIRE .. mEKENF A1 [2], 20 50%~80%EE K 6
N A EAFAEA R R NI ReRanG . AR 3], MEEE 05 A IR & KA.

HATIRIT FIRIZsh D REREASIRTT )ik %, FES M7 sifie . H{E ST ERERIT PN iz .
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FES s&#H 2 LA # 3] J (Neuro-muscular electrical stimulation, NMES)Ff)—Ff VY, 2 I8 15 4% T 56 2 1€ IO A
JF, 4 TR RDIRE 28 B BB AR — s B Rk B i, IR BIRIuE e &, AREHERINNIZE), 57
PAIEH (1) B 3383 IR B A I8 5 MBAR DI RE 1) — M y7 J5ik 4], Hhfilscs B T ohaett g H
BB EN, 8RR e LD it SRR S X — H Y, UL ams, 2=k ] LLDhRefd g 305
1960 EALHT Liberson [6]A B — A T W Bl (e 2855 (¥ 2 T N ZRIK FES BL4, Ja R AATZHIT A
HIE 2 ZIEE D Re U S, BN H T AEZ AT BT BITRZ . ZINS 58K 5),
WEA: FES 1697 2 VB E W E 2 58 %, AeiREPATR IR A PI4s, Ao HE T I BT aT
FES JEd R E A7 BB, W NS 3h e E oL, FEUEE N BHash Dhrefe &8 BN FES JlEIR %L
[IEEEIEE-S

B NRBE DR 2280, RGOS TR MR EUD, RERCR, KD Rett Bl S R L
K (surface electromyography, SEMG)FHZ: &, AT LLEE -4 s S Dl e 1t FEORINBOT 2% B F LRI sk, 4
HEEREFEERN, 85 N PRERIT. ROVIBERAILOME, e S0, 8 ek k&
AL ETCE R, AT RAFILE S (A A S, € 8EAE i &g s RS T s
WL DRE[ 7] AHE T8I0 W5 B 1E A AT J A rh 0 R JRE S S AR R LA 2k MF U4, OBE
R UINARS T WAYE R

2. ARTRREFTE
2.1. RIHR

HEHL 2021 ££ 9 A & 2022 4 3 AET KM s B e 3 By e X B IR 22 RHE: e BLAT S AU ST B
AHE R 26 (e R85 60 9], FHRBENLE T2 0 =20 X HRAE, A AR A R, F4 20 1.

2.1.1. ANEREE

(D) EREW, HFFEWAE 2 BbRE 8]

(2) FEE R BRI, TG BA S R O KN T RERR AT s

(3) i 30~80 %, JiFE 3 NHWN;

(4) £ N Brunstrom 43 > TIT #;

(5) HMF ALK 77 Ashworth 432 <2 2%, Holden 47 fE J1ik 2 e UL b, HEH TR — g
177E% /0 15 min;

(6) =INEBE, WTETEE;

(7) ZBAGE R R,

2.1.2. HiptRE
(1) 2RI AT E &
() BEAHEON G F ARG, B A A BURS,, R A BRI AR
(3) FFAELLGF RIS ARERT . A7 ™ F A KN Th RERRE AT 5 (1 R
(4) AFAEARmD 20, BN K 22 7% E s AT 3
(5) BFEEAAEAED . B, BEARERESTE
2.1.3. BiiEdnE
(1) HTEMERARRARTT, SRS RATEEE,;
(2) BITH I E A B EAERA R RN
(3) M MEZE, By R AT HE R A .

DOI: 10.12677/acm.2024.1451495 811 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451495

R 2

2.2. BT A%

ZHBEG T ERGWIET MEARZ IS, REINGETE: (1) W EIEITENZAREPT): L
Brunstrom £ K. Bobath iR\ Rood HiA . AN ZALEARPNEWRENIANLT; KWL Ol
BEUISR: TCIhReISR; Aafr. ShA-Paroheeillge, A - S llge, SR B 41 B ROPAT RS HE IE
k. (2) HHEATRAE /1% (activities of daily living, ADL)IIZ5:, HIEZEMAY . EHEZE. (3) 4.
B RFIRIT 5

ot HEZH 25 O JB AR 32 2197 V(P T) VI ZRAF K 30 min; & B4 PT 3597 54K 30 min, [HHS LA FES
10 min, —R—K; SRALHIBEA PT ¥897 &K 30 min, FES 20 min, —RK—{K. AR M LEHE
7R A B A B AR = BB T IR A7 A A A DU S8 58 Dh R 1t R B T A (R i 44 - 20 3%47), 245 : P2-9632,
HENHIES: Bk 201522602, & EEBPHENAENAC . DhRerE RERTTAC TN R A R
JEJR I SZ 248 AR o 2. VRIT R E el AT FES 28 E . BIACREUTERK(S), #i% 30 Hz, Nk
200 ps, BATHIALL 58 NFedE, FRRRYEEE AT I SOV R EEE[9],  FR SR E DU ORI 2 N, I
]2} 20 min.

RITEINGEE, Bies, BEFEGERY. 1. BERE: Q) BEIARAL, XU i,
BB (2) MM RERFTAL. VUL HER LS R SR L 4 2RIV, SRR i IR 5 4 F Al
WA RAL B, RN B (3) AT (S)EAT ISR, RS HCEAT AN 5 s\ 1] 10 min),
WATREORE, DUEBENZRNE: (4) FTFRRE RS2, KEVLE T EHFOEN, B e .
BT TR FRIEIT MRS A, WG W ILOSE. R SRSEANIE S IR . I A, SCH HIE,
N, B R 1Sz ER, IRITE .

23. WERE
3 M TIRITRIANAYT 4 A JEXT 3 4LEE BT ST E R Rl E -

2.3.1. Fugl-Meyer E& NI (FMA-LE)

FMA &8 FEH 5 7 K, 17 AN, GF MRS EWigsh. o@iEs. il @, #f
RNFGZEEThae P, BT IR, BANIUME 0~2 4y, 9T EERRN T Es)ThRE, 145
Gy R B T S B D R [10]

2.3.2. “H23I - {T5E” HEHR (Timed “Up & Go” Test, TUGT)

VAL TR AL ST b, MR TIFRARICH 3 KGR AI B, WrE “IFeR” $64 )R, BE NI
FIRTAT . 0SB MR I TR, SBAT 3 KARicAbFE BRIk, B e I F V& T Wi (o Bt e o i 58
R 1] [ 7 58 2 P BE I RN SR & B AT RE I 8 BARAR[ 1],

233, EBSHHRBENLKEN)FLM

BT M — BB ARG R G AT-2, FTA RS TR 57 IRES T T, 17 EE S, @i
3D BEREREEHMEEEE, BFBH. SR/, DiE. B SRS S A S A
A G LA, e I R GERM) (121850 131347 Se it 204

2.3.4. REAEE

I PR 5 ) 2 T UL e PR AL PR I UL D < LK 0 98 55 BEA T AIF 7T, AS VR 72 K i FED 2 R UL PR A2 AT 6 (MIF)
MBI LI 717840 . MF 2385 B4 i R o WLZF 4 JgOda 3 () TR 1AM [ 14], AT RONIET RIS LA i
F178 4k
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FEAAT A A BR OGS FE i 36 20 AT A R A B D RE, A TR R B/ INRR = S IURT A AT I 7 A i S
71, FEBAT R R I8 e FAER (7], BB 334 (single support phase, SS)X#E AN 3S Jil BA R M ¢
RNEE15], SARHEFOCR A B SS B HENLA M Sk MF 4840, W73 SRS ERERRETIE . %8 ML,
BEAETCIE5PIRAE T AT . KRR, VB2 s . BARNGF, A AEE VR v S I,
KiK; 1E sSEMG 15 5 IRFFERL (L RIS 10 pv); WK R FIE 4, S2il3 s P i T
TRWLBAE S, PG, REEL TG FEEATE, EE 3K, BRGEREIRE 20 s T T
—I; [FPRE sSEMG 55 . BN R H TG K 2 50 BT Ll gl [15]. 4505, &K
WU 535854, BUEM SS I A2 HER LA NSk (1) MF o
24, BHEHHIE

NLF SPSS26.0 FAFATHAR G AT, TR RMER XA, THE R A TS EAS ALy
W+ PRHEZE(X £5)Row, TBITHTG EEBCRHBCOFEAS t e Z AR ILBCR R R T Z 04, 4HIH
P LLEL, 77 22550 A LSD 8% Bonferroni %, 77 Z A5 K A Tamhane’s T2 % & A& IEAS A0,
DA AL E (N Y 2 8, DY A2 B P50 (P25, P75)RaR, BT R G ERBCR Rk AIRG 56, 2 4H 1A HUBEK
H Kruskal-Wallis H f:56, J5 2251 ELECR H Mann-Whitney #3256 . K556 7K o = 0.05.

3. ZR
31 SHBE—REREE

IR B2 R A T B 60 4], I LT RIEG FL A o I ZE L I L s R,
R % 20 BB . 3 HBE —RTDRIMER . AR, TR BRIRME . ImEON ] . i R 2 vl (P >
0.05). W% 1.

Table 1. Comparison of general data of three groups of patients

# 1. ZHBE-RIEEER

5 i PET(Y) i 7 10 531 R i it
Hii Ik IV 5 /i 14 1, (%, X*s) (K, xts)
payiieei:| 20 8/12 11/9 7/13 55.50 £9.53 32.50 £9.71
" F 2 20 713 7/13 8/12 5430+ 10.15 35.20+9.61
S A 20 11/9 9/11 11/9 56.45 + 8.84 33.85+8.72

3.2. B EATAIR B RET LB

= ANBTIRIT T FMA-LE. TUGT. SHKCEM). BHiE S LRI FE (P > 0.05). A7 4 )5
HEATPPAG, FMA-LE. TUGT. SAKCEM). BUUNEGRIT RIS, 270G 58 (P < 0.05); # R
WA SRR FMA-LE. TUGT. KGR PR A s, 72 R I0H S5 E (P < 0.05);
A A U ZH FMA-LE. TUGT. K(GEM). BotcE, ZRE 50 %E (P <0.05). ¥
W3 2,
3.3. ZHBEFREAEFHERAAN MF £5RELE

TRIT R, =4 B MF 48 2 3 80245 (P > 0.05); 1697 5 » —4H 84 MF BU{E 425, (P < 0.05);
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YA ELAE, FOURNERA . SRR MF BB s TR, ZERE G EE (P < 0.05); sRiLIIERA &
il MF 15 F % S H(P < 0.05). V£ ILEE 3.

Table 2. Comparison of motor function before and after treatment in three groups of patients

+? 2. ZRBREIBTRIR SR AR

fabr 415 HIT R I 4 FJE
payiieei:| 19.60 + 2.48 2290 +3.14*
FMA-LA “HFA A 19.85£2.41 25.10 +2.88%
SEAY T 19.95 + 1.99 27.40 + 2.52%°
X} e 2H 22.17+4.81 19.15+4.71*
TUGT (s) R R 22.13+3.22 16.75 + 4.00®
SEAL AL 21.47 £4.39 13.63 + 1.35%°
X HEZH 38.10 + 7.62 4430 +7.19°
A EM) (cm) R 39.15 + 6.48 49.40 + 6.59%
sEAV R 38.05 +5.82 53.65 +3.38%
it B4 74.79 + 6.08 80.57 +9.23
WIRCE 574 BRI 75.54 +6.10 87.41 +8.21%®
s AR A 76.61 £ 5.47 93.95 + 5.89"

e 5VRITETELEL, P <0.05; SHTHRAHELEL, PP<0.05; SEINIEA L, P <0.05,

Table 3. Changes of surface electromyography before and after treatment in three groups of patients

3. ZHBEATAIEREMBEL

fabr 21531 I HWIT 4 FJE
X HE2H 54.53 +5.47 59.26 £ 6.16°
MF (Hz) Egvi el 56.25 +5.58 65.95 + 5.05%
SEAY . 56.91+6.47 71.51 + 6.22%

T SHITRTHAEL, *P<0.05; SXEALELEL, °P<0.05; SHEMEIBMA L, P <0.05.
4. ¥ig

i 25 O W 2R, KRR B 2B A LS RE, MR —R i 2 2R 1Eshid
FE, WEZLT. A, wass, Kb —ARTHlnE, W SRl ErsE. RESE8R 5 58T
EAT, HERPMESE, MEEWEHE AN Kk, RePEAFREE, WBEE TR ER D S
S [N TN E R i

o 2 T JE A R A R Al TR S R W BB, T ) B NZRIRAT DA 4 O TR AR 2R A K
A=Ak, TR ER S R B [16]. Van BFF0 R ILAENG 25 b 5 FLHBET 4ERF 10 A1) MFES 48 M A2
YIGRn] oot B3 RIS Zh DhRE(17]. @3 h3e A, ARFMEAT DhaeiEsn 5 3 Tz 3, #2&L0
— € PE AN A, DA AR DR S IR H [18], RS b, AP RATHEE T IR

DOI: 10.12677/acm.2024.1451495 814 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451495

R A

(12 818 FES X I & HH e S AT VR YT, B e 4 I R AT B T NS, LR Ens sh 1 i
Y, (Rt Ezshr=E, WO EES), FFENGR AR ES ., BRI ERIER 7, 82280
BRI, IR SRR G, 5 R B R AT [ 19], AT E B R R DRI, ek Sk
B ARFFCR AR T AR IEH S0 VB IE FES 6974 & BRI 4 A, B A F R
FES 1697, MBI s) DR et ol & M LR T VL F AR 1L .

AR R R TR, WS . SR HALLE FMA. TUGT. K. 2550 T 4800 IR 4 B B0,
LIS T IE AT B U FES V97 G H MU RN 2R T IR I 45 s b i e i MR S 2t
B, HERASOFFE, WIS FES IIZRXEUSUIREIF. /£ FMA W2 /T, T LA FES 7 ¥
Worm, M H@ES SRR S, ThRese R, FEA FMA R F RS, JLEES).
SrEiEEh. il EES, TLLEMZSIE T 2l et e T e, T ERE S BB,
T EEREARIZ B D Re A B AR A TR B - i SR T LA FES B R R 4 3 S FMA PE43 )2 Berg
P R VP BB TT R IR, AR RVREGK ) SR (DT R K I EH AR B Z, FMA ot
AT E, BB RE E SR IS sl n] 5 I 4 i EE B[ 20], A SR F R T IR H i sh A UK FES
1E5| 5 B R ER I PATE, 8 5 S A RO I Sk LS /N R =S, [RIEE, s s 58 1
NE AR BT,  BEAE XA IE B D AT R A0 e B AR, s A8 T I D R AS B e, 1l e [k
K, EahdeEEME R, FMA W4 tlseE,

FMA Sl o N T IROE s g G oL, S - 478”7 THIIA(TUGT) il id 2 W 2405 e N 4K
T I T B REARIZ B DhRE . Ha 8IS EE SN G b T DhRe itk i, 455 5o TUGT A sefd g il
A o, AUCK FES MIERCTIZ IR et & b 3 ThE 10 T TAE [21]. FES BECSCGE B B T
MiZsh e, R ez shir=E, deEEalfhm:, 2T AR B PDEE FES TG MY
ORI ZE VBRI, @ U U s s P ThRe, B RAL GRS i S IR] . ASHIF FOLE SRR A
WL FIRT, HER L FUS4E, RefliBROCTIZ S BB b, A S 3 P D Re . AN 70 Hh ik F 3k
Y11) Fugl-Meyer B3R N1 TUGT 37400 U ISZE o538 B0 5, 10 B 388 Jn o R e v sk 331 5
][] e B B Sl s SR R BOE B TRk . SR AL D Re R RSO ZRod i 1Y 0 A o B 1] ARCR s BE B R .

TED & BRI P KA AP NG, SREmMEEG: 1) EIFEEOCTE A, BT
BROCT R AL 2) SCHEMI: s feE e, IER D EAHEIESN ). (e R DK 32 B R D B
FHRHIBEOCTT R dh T AN 2, BN SRR A 1 0 S A P b TR PR AN, XU KA K BR T
FULR R, WA TR S EURBIRAE e AT I AR 1) 32 B S TR A 3 J A X A
G EEIEK, Smiht &5 M RIWEE T F BT REE B IO 8 RE N PR h RETE B2, BN B FES 1
R S P X ) R0 < (RN - [N SR R[22 ] Taylor S LRI [23 JUE B F] FES 1697 2 N 2 ik
ADREEITRETHARE, DT . D UE R SR I R AN SRR R IR T AT B, HB AT
HRFE B SR AT AR OCT  FEAEE, FECRE AWM AT RO SRR A R
IR IEE A TR RIEIA YT IS, TERR VLIRS, RS FOR st s, 52 s AT
SE L FURI AR YT I IR A, 2D ROD Aot 58 B I .

N SERER b FR 42 FES Y87 BTG LRI ZhREAR (b, mIdd R T L R AR AT G Bl A2 LA
B, WHETERE. TSN 25170, sSEMG 0 L2 B 5 25 b BT 25 L e 45 s e R 7K S,
FRAE BARIU AT SR RE AR, TR RIS D5 . A2 A SR SCPEAR I, 43000 7K 4R 43
PR, SEITERSCT BB R AT e, NSRS, SRS O NIRRT, Rk m iR S
IEH N, RIS 5B R 2 iR 2 Rk, MPARAIH R AR, HHEZHR,
G R [15], MR TR BRI S AL, WS ¥6 9T TG MF H381k.
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MF 5iazh i A iy LA 4ER AL Sk FE A B R R, Rt 7R SLIA R 7 R L, T RIS LA
W57 . BB RERIRTT AT, ERIUR 55 VEREA, T Ao . 3 # IR R e g SR AT e I 2y
BISAIABARGEF (077, BRRWAREW I, SBUTEAE MAAERT DL, WA, IEAEmN
SR A GAE SRR R . B2 il R R IR I AT B IE S AT I 2R, FRAE ISR AT
B ORI IEHE a7, (et 38 TIDIRE R s A I H L AB AL T, IR T
Ty, REBATERE, NiRmmULAN /). sais gl e r s 8, MFE Jhe, S Uo7 g,
i AT 8 =R i D Gl S i) i

P, BT IR AT BRI FES XA e B8 AT IRYT, NROEsiseE I TR R R UIZ, iE
RLE S FERIRY TN M DY RE I IR . B AR R FES Broe s LA By RIS AR 0L 17 IR # AT 38 I 114
BN, AR EE SR BRI R R, BT BB WALAE O, (e TR &iaTT, IR
R HHEAERE KT, WEEE R B .
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