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Effects of surface neuromuscular electrical stimulation on post-stroke dysphagia: A systemic review and meta-analysis
Liu Cheng . Pei Ziwen . Meng Xianmei. Renmin Hospital of Wuhan University » Wuhan 430000, China

[ Abstract] Objective: To comprehensively evaluate the therapeutic effect of neuromuscular electrical stimulation on
dysphagia after stroke. Methods: This study searched the Cochrane Library, PubMed, Medline, WOS core collec-
tion, CINAHL, EMbase, OCLC, ProQuest, CNKI, Wanfang, VIP, and CBM about randomized controlled trials
(RCT) of the treatment of neuromuscular stimulation on dysphagia after stroke. Cochrane Handbook-version 5. 1. 0
was used to assess trial quality and RevMan 5. 3 was used to analyze meta data. Results: A total of 46 RCT were in-
cluded in this study. There were 30 articles about neuromuscular electrical stimulation with swallowing training wvs.
swallowing training only, and swallowing function score was used as the outcome measure. The meta analysis
showed that SMD=0. 60, 95%CI=0.11—1. 09 (P<C0.05). There were 7 articles about neuromuscular electrical
stimulation with swallowing training vs. swallowing training only. and effective rate was used as the outcome meas-
ure. The meta analysis showed that OR=0. 21, 95%CI=0.13—0. 35 (P<C0.05). There were 4 articles on neuro-
muscular electrical stimulation vs. swallowing training, and the swallowing function score was used as the outcome
measure. The meta analysis showed that SMD=0. 04, 95% CI=—0.19—0. 26 (P>>0.05). There were 3 articles
on the neuromuscular electrical stimulation ws. acupuncture, and swallowing function score was used as the outcome
measures. The meta analysis showed that SMD=0. 52, 95%CI=—0.21—1.26 (P>>0.05). There were 3 articles
on neuromuscular electrical stimulation ws. electroacupuncture, and the swallowing function score was used as the
outcome measures. The meta analysis showed that
4 ST 2L B 2 W R BT B (2017052) SMD=0. 45, 95% CI= —0. 31 —1.22 (P>0.05).
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—0.05—1.58 (P>>0.05). Conclusion: There is a statistically significant difference between the swallowing training

combined with the neuromuscular electrical stimulation therapy and the swallowing training only. There is no statis-

tically significant difference between the neuromuscular electrical stimulation with swallowing training, the acupunc-

ture, the electroacupuncture, or the electromyographic biofeedback respectively.
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L1.4 SUHRAFZZER M WUA L RG24 b
Ji A W B 0 7 B AL X B
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1.2 Uk k R AUFFER R RSO EE .
The Cochrane Library,PubMed, Medline, WOS #% .0
4 CINAHL.EMbase, DL 3 564847 “ Stroke/ cere-
brovascular disease/cerebrovascular accident/CVA/
infarction/cerebral infarction/brain infarction/hemor-
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chrane Library, PubMed, Medline, WOS #% .» 45 & .
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2.3.1.1 BBIhaeiFs 32 5 LLE WY REI & b 4
JEEE bR HEAT 0T, AR A 2109 4 B L Hoh T T4
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PER R 1= 96 20 » Wik % Bl AL 2% 0 A5 AL 3 4T Meta 43
Wro 48R BR,SMD=0.51,95%CI=0.04~0. 98,1%
HAE TR . Z=2.21,P=0. 03, &R &
FERON AT o2 A S 3 B M2 LA H R A A
v ki A LA S 2R RS
JBT P 2 v W LA X B i AN ), A7 2 40 B . 32 S
HR TR AT 30 Je STHR Ry A 28 L IR R O 8+ R A )1 2
VS FHLAE N 2R, Sh g8 A 1992 il g, Hoh F 4
1014 4], % BB ZH 978 M, 1, = 96 % , 34 3 i L %4 W 4
REAT Meta 2087 . 458 /R . SMD=0. 60,95 % CI=
0. 11~1. 09, % 4 & I 20 & ks I 25 S, Z=2. 38,
P=0.02,#&/R IR0 A G it 8 L R
A FEL TR 38 285 5 i A A D e e A R I 3R 9T
RORET . WK 2, 25 855 B v = nl 68 A S5 06 40 5 0k
TR TR it IS B S5 R AR AR TR T H 22 57
G2 ZEA K5 MO 453 B S AT 3 s 4R
FIBE R AN A SCHR BT B AR A 6. B 3 I 4] Meta
S3ATT BT AN SCHR s ) 0 T 2 18], L 25 21 B OR AN R
TR . 32 R SCHkRoA 1R 0 b LA H ofil 8+ X

B 1 AN SR B R AT b B
Expernmental Controld Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean 5D Total Mean 5D Total Weight N, Random, 95% CI v, Random, 95% CI1
MO FREEEASEZ0 7 2.3 0.9 20 2.7 1.1 20 3.4% 0.59 [0.07,1.11] = =
MO 2 RS ESE 2011 7.4 [n Brade 15 5.4 0.69 15 a19% 276 [1.72, 3.80]
MO 3 pREIZ010 2.22 [RR =l 15 4.52 org 15 Z2.8% 415 [2.21,5.48] = =
MO 1 4 ERAEAF 2012 6.92 1.62 50 5.34 1.62 50 2.5% 1.00 [0.58,1.42] =
MO S BEENEEEZ01T 2.47 115 a0 a 115 a0 3.49% -0.45 [-0.97, 0.05] —
MNO1E TE2ESE2014 5.89 1.78 42 4.368 1.28 40 3.4% 0.97 [0.51,1.43] =
MO8 FEEIEEZ011 T.eg o.21 20 4.95 ore 20 1% 2.61 [2.57, 4.65] == =
MO 13 BREEE2012 7.4 o072 15 5.4 069 15 31% 276 [1.72,3.80] ==
MO 2 SEfpEE 2012 7.88 0.81 20 4495 078 20 31% 361 [2.57, 4.65] —
MO 20 FFRECESEZ01 5 T.65 o.g2 20 6.1 0.85 20 2.3% 1.76 [1.02, 2.50] ===
MO 22 BEHIFI016 1.51 083 45 2.7 0.8z 45 3.4% -1.43 [-1.90, -0.96] T
MO 23 ME=sEEE2009 713 282 25 495 4.01 25 3.49% 062 [0.05, 1.19] —
MO 24 FEIEEIZ2017 6.37 1.22 50 T.T2 1.16 50 2.5% 1.12[1.54,-0.70] ===
MO 25 HEFEFEZ013 1.94 o149 33 2.9 021 33 3.1% 4749 [5.76, -3.82] = =
MNO2E EEEEI013 5.6 032 40 5.8 0.36 f<l=] 3.49% 2.33[1.75, 2.90] ==
MO.27 BFBEHEZO1T 238 4.26 20 26.5 4.032 20 3.4% -0.52 [1.10, -0.086] =
MO 28 [FEEE2014 27.320 4.52 25 322.57 2:30 2Z 3.4% -1.25 [1.88, -0.62] =
MO 20 BEEESE01 3 3.03 1.49 30 3.53 1.28 30 3.49% -0.36 [0.87, 0.15] —
MO 23 {HEERSEE2016 6.2 2.368 25 4.01 2.69 25 2.4% 0.29 [0.21,1.47] = =
O35 EHEESFZ012 1.71 0.z =151 2.42 1.26 =151 2.5% -0.67 [-1.0%5, -0.29] e
MNO.38 SEEEF2015 211 a1 56 23.3 ar 56 a.5% -0.55 [-0.93, -0.17] =
MO 41 SE3EEE 2016 5.3233 2108 45 4.5 1.581 a0 3.5% 0.98 [0.56, 1.41] ==
MO 42 UmayEE2017 1.36 0.z 1=} 2.7e 1:33 40 3.4% -1.24 [(1.79, -0.90] =
MNO.43 LeeZE2014 1.4 1 a1 0.5 o7 26 3.4% 1.01 [0.46, 1.57] o
MO 44 LimZE2009 0.86 o8 16 -0.96 o149 2 3.3% 053 [-0.24, 1.249] -+ =
MO 46 Lim3ZEE2014 17.2 9.894 20 -7.95 4.62 20 2.3% -1.12 [1.85, -0.50] e
MNO.5 REETER 2014 7.al 0.8s5 45 697 0.35 45 3.4% 1.43 [0.97,1.90] ===
NO6E FhEFE 2010 812 .25 =1 582 167 =1 3.58% 1.85[1.14,1.96] =
MO8 FPFFIEZ017 =) ooz 232 6.67 1.2 25 3.4% 1.65 [1.05, 2.26] ==
MO8 75 2015 5] 1.89 34 4.71 162 34 3.49% 0.72[0.23,1.22] =
Total {95% CI) 1014 o7Fe  100.0% 0.60 [0.11, 1.09] s

Heterogeneity: Tau®™=1.77, Chi®=T7032.72, df= 29 (F = 0.00001}, F= 96%
Test for overall effect: Z= 2. 38 (P = 0.02)
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2.3.1.2 AR E TRSCEIIGITROR ER
B RON G e bR EAT 40 . e 7 R SCHER Y 5 TR R
EARTOR , FEAIR LB A A R TR 4 Y
A BNIE G 7 e A Ry 7 228 5 IR A Ak R o 2
AR AT Meta 4341 (I Meta 438 5085 4 16 97 3R G
RAVEO o 7 T W 58 X R A2 L PR E R 9+ R R A
Yk VS # AWML, Ly A 522 fl g, Hodh 7
ZH 261 4], %R 261 5], 1, =0 %% . e 4[5 5 450w Ak Y
4T Meta 43 #r. 453 /R, OR=0.21,95% CI=0.
13~0. 35, ZA G I k45 R’ .2 = 5. 98, P
<<0. 01, #8718 B IR0 B A Ge it 27 5 S0, R LA
P S0 3 225 i A PR 2 L Bl ol P FE A =R 7 AR
REE, WHE A4,
2.3.2 APZMPUA g RE VS, X 16 B SCHRA AL
GIAT s B LA W T BE VT A2 R 45 SR AR AR IR AT A BT L R A
930 il H 3, Horh T4 467 {5, % PR 4H 463 £, 1, =
65 %0 , BEFE BEHLAL N AL AL 4T Meta 4387, H 5 Bk &=
TN 5 % B il AN ] A B DT 40 A o AN ) A SR .
45 R . SMD=0. 25,95 % C1=0. 03~0. 48, %4 &
IR RS R . Z=2.19. P=0. 03, &/~ & I3
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MR Gt 5 S, AH PR S B PR A AR R
Jiti A ] AT WA A M. WL 5. AR 16 R SCHEk .
Horp 4 B2 WLPS il VS, F LA I 2. 3 R
S L H R VS, BE . 3 A 2 LY
VS, HLE 2 s L H R VS, U RO 1
Jo L R VS, SRS 1 R O & LA
I VS BREY 5K, 1 R A& UL B g VS, o T-
MS, 1 RN NUA BRI VS, S HEEIRIT. 4N
M2 LD LA VS LA IR 2, kgl A 303 B iR
L H A 153 i), 4P HR 4 150 i), L= 0%, ik $
[ 72 %0 N #5547 Meta 23 B, 45 2R 1k, SMD =
0.04,95%CI=—0.19~0. 26, 3% 4 & I BO% £ 16 5
G50, Z=0.33,P=0. 74 48 /8 & IF R0 i LG =
S F WA 28 LA F 5 R R R I R IR T RO G
Giite R, WK S, 3R AMAENLA BRI VS &
R AL 144 B R FE Hrh AL 72 ), xR 72
B, I,= 785  ERERAHLAN A AL E4T Meta S0 H7 . 45
WK .SMD=0. 52,95 %CIl=—0. 21 ~1. 26, % &
RO B R IR 45 3R . Z=1. 39, P=0. 16§75 & I 5L
N TCGETT A R S, R R LA A RS R Tk
WITRCR LG %25, A E v 1 i s
Sy LS TR R L T AR 5 M2 LA F R T TOAS [R) B
A e AR A . ULIE 5. 3 G Sk bR LAY HR
W VS BER IR A 143 ] B Horh IR 72 ) X
WA 71 i), T, =762, ¥ 5 b L34 0 B 78 34E 47 Meta
. R ER, SMD=0.45,95% Cl= —0. 31 ~
L22.iZH BIFRN B mE R, Z=1.17, P =
0. 24, 7R A I RN B oG24 2 X R WA 2 LA
T 2 S5 RIT IR T AR RS L it
0 i S A A O HL S R ok W L S ¢ D A
AN, WL 5. 2 R AR LI R VS L R B
gy A 108 ) B, Horp T R4 55 ), X BRZH 53 i,
L ="76% , S PERAMLALN BRI HEAT Meta 20 Hr. 4550 W

Expenmental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
M1 =iEF 2018 3 a0 11 a0 14.3% 0.23[0.06, 0.87]
MOAT AL 2018 2 a0 a a0 10.3% 0.20[0.04,1.02]
MO EREFE 2014 3 a1 11 a1 14.3% 0.23[0.06, 0.87]
MO 34 EFFE2015 1 20 T 20 9.2% 0.10[0.01, 0.89]
MO 36 222012 2 24 g 28 11.4% 0.145[0.03, 0.81] = ®= 7
WOL3T AHETEE2013 3 40 12 a0 153% 0190005, 0.73] E— T
MNO4 2T 2014 12 45 25 45 35.3% 029012, 070] R T
Total (95% CI) 261 261 100.0%  0.21[0.13,0.35] &
Total events 26 23 . :

Heterogeneity: Chi*=1.15, df=6 (P =098); F=0%
Testfoar overall effect £= 598 (P = 0.00001)
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7R sSMD=0. 77,95 % Cl=—0. 05~1. 58, iZ 4 & 33k
N R I 25 2R . Z=1. 84, P=0. 07 , $& /5 & IR AU
TG i 5 S0, R WA LA B0 s S L H S i
STPIRITRCR G 7 . WK 6. 1 &l
PR RIS V'S o v 3. 1R S # 2 UL IR R i VS,
BRAEY 5K 1 RO AR WU I VS, rTMS, 15N
P AL N VS, & R AR YT 0K 4 FR SOk STk
#4T Meta 53 #7 .

3 itig

3.1 TS *F B B SCERE I 2
B 355 V& PR LR R S AR A I T RE I
SRAE 27 B R SOKE BT B R R A R I 2
o DR R A I 2 A L St 4 it 5 e e ] A 4
FANSA ] 3 A SRR B2 S M2 B AR 28 L R
TE4 5 BIBIEFE v 6 LA R I 25 D7 Tt 7 A B A ) 3
B, 4 Meta 737 5 5 0 o pf 28 JJL DA R 30807 VR S
AR WA 25 BT Zo 7 vk LR ST RE ULER A W B Y
RITROR B TRGE T 7 22 5 . (H BRI R L H M
YIZ e B8 W 235 DI R AR I 5 41 50 )7 35 AR &7 35
5 B BRI AT  ANH T K UH AR W) B BT ik
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TWERIT B 2 I X B E S S8R E .
FH HCHCTT 7, pl 22 LA F R AR R S B 2 2, L
Xf B H 32 GHEEORON & A T A

3.2 ARE TR BNAS TR AR A R R
B AR 1] R 52 A 22 L PR R RO 80 BT AAS YRBE 5
AL B 2 v U 30 A A A s O g A v A A A
MR s 0 19 AT BB o A AIE 53 % R A TR B 1 12 W A
HEAATE 22 57, 46 T SCHR B A WA 52 1512 W 7 v5 A Fa O o2
M % W 58 J1 K # (video fluoroscopic swallowing
study, VESS) 12 Wi -4 i3 AR KR 56 BB — W 3h
45 VT 5 B 2 M 76 30 B Bt %% Cstandardized
Swallowing Assessment,SSA) I fEtER O £
(Functional Oral Intake Scale, FOIS) Z&, [k 260
PR R ORI 5 VESS i) 22 S M I8 R4 )5
B 5% 7 12 W 7 WA s i B 17 98 — s 7 o DA TTT 4 T X
TRCR B HER BRI . HA9A 46 STk b I 2 1
MR AR FE BE AR GE — ., Lee 25 U BF 58 KA 0 2 LA
FL, ) O 8 0 A M s T ™ JC R (R B K AR Y
JUEE R BRI RIS T AR A A R
F WF G YT 85 HLAE AW 58 % G2 0 07 % R UL &R .
3.3 AhZBABIET A 46 R SCERAF ST B

Expermmental Control Std. Mean Difference Std. Mean Difference
Study Oor Subqgroup Mean SD Total Mean SD Total Weight v, Random, 95% C1 ns. 5% C1
2.1.1 FREZ AL Pa eV S A I A IR BIEE:
MO GREEERSE 201 T 2.a 1.4 20 27 1.1 =0 6.79% 016 [0.35, 0.66] e
M1 4 ERAEASZ01 2 569 1.58 50 5.34 1.63 50 % 0.22 [0.18, 0.61] = =
MO.S AEET R 201 4 5.4 .04 45 5.97 0.35 45 T.5% -0.22 [F0.64, 0.19] =
MO S FEFEIEIONT .69 1.24 28 6.67 1.8 25 5.49% 0.01 [0.53, 0.55] —f—
Subtotal (95% CI} 153 150 28.3% 004 [-0.19, 0.26] -
Heterogeneity: Tau== 0.00; ChiS= 2.55, df= 3 (P = 0.47); IF= 0%
Test for overall effect: Z= 0.33 (F = 0.74)
2.1.2 s Pk s v S S5t
MO 20 SRS 2015 2.1z 0.9z az .11 0.76 2z 5.49% 1.18[0.65,1.72] A
MO 3 EYERESE 20T 4.02 .41 15 26 1.24 15 5.09% 0.21 [0.41,1.03] —1
MO 33 (HESEEEE 016 5.3 2.35 25 6.21 213 25 5.39% 0.04 [0.52, 0.59)] ——
Subtotal (95% Cl) ¥z Tz 17 7% 0.52 [-0.21, 1.26] ~reii——
Heterogeneity: Tau== 0.33; Chi== 9.02, df= 2 (P = 0.01); F= 78%
Testfor overall effect: Z= 1.39 (F = 0.16)
2.1.3 MhEZ AN A ek v S UL
MO 2 BERERCEEEZO011 T.4 0.TZ 15 T.2 D81 15 S5.0% 0.25 [-0.47, 0.97] S
M1 3 FRErZ010 8.28 0497 15 ¥.0OFr 0.82 15 449 1.:31 [D.51, 2.11] =
MO G FEEREFEZ014 5.89 1.78 42 5.96 1.76 41 oA -0.04 0. 47, 0.39] S
Subtotal (95% CI} z 71 16.8% 0.45 [0.31, 1.22] —~i—
Heterogeneity: Tau== 0.34; Chi*= 2.50, df= 2 (P = 0.01); F= TE%
Testfor overall effect Z=1.17 (F = 0.24)
2.1.4 AN g sk v S ANLEBL BT iR
MO 28 [ EEEE 201 4 27.39 4.58 25 22.4 346 =3 5. 7% 1.20[0.58,1.82] _——
MO 29 AR SEER01 3 209 1.49 =0 2.57 1.3 =0 5.5% 0.37 [0.14, 0.85)] ==
Subtotal (95% CI) 55 53 12.4% 07T [-0.05, 1.58] |—eRa—
Heterogeneity: Tau== 0.26; Chi*= 416, df=1 (P = 0.04); F= TE%
Testfor overall effect: Z= 1.84 (P = 0.07)
2.1.5 WhE= AN P rR R S W S T e s A
MO.T SETRFHEE 2016 -1.02 077 24 -1.01 0.59 25 B.3% -0.10 066, 0.45] ==
Subtotal (95% CIy 24 26 6.3% _0.10 [(0.66, 0.45] ~ip—
Heterogeneaity: Mot applicable
Test far overall effect: Z=0.36 (P = 0.72)
2.1.6 TREZ AL P ERL RV S HEFEN SK
MO 9 BRREESE 2O 2 7.4 072 15 7.2 0.81 15 a.0% 0.25 [0.47, 0.97] e
Subtotal (95% CI} 15 15 5.0% 0.25 [-0.47, 0.97] o
Heterogeneity: kot applicable
Testfor overall effect: Z= 0.68 (F = 0.49)
Z2.1.7 TR P S VS rTM S
MO A6 LirmmZF2014 -17.2 9.84 20 -14.4 5.61 20 5.7 % 0.34 FO.97, 0.28] o
Subtotal (95% Cly 20 20 5. 7% L0344 09T, 0.28] —~aii-
Heterogeneity: Mot applicable
Testfor overall effect 2= 1.07 (F = 0.28)
2.1.8 FpEZANLPI R VS S ER
MO 28 SEEEF2015 211 31 56 21.3 4.2 56 T.a% -0.01 [[0.38, 0.36] - o
Subtotal {(95% CI) 56 56 T.9% -0.01 [-0.38, 0.36] -
Heterogeneity: Mot applicable
Test for overall effect: Z= 0.05 (F = 0.96)
Total (95% CI} AGT 463  100.0% 0.25 [0.03, 0.48] -
Heterogeneity: Tau== 0.13; Chi*= 42332, df= 156 (P = 0.0002); = 6G5%

Testfor overall effect 2= 2.19 (F = 0.03)
Test for subaroun differences: Chi®=7.75. df=7 (F = 0.36). F=9.7%

-2 o z L]
Fawours [control] Fawours [experimental]
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