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NI g B DD REIIN 25 | B R IR 2 L H
PIEAFES L SR RCRAD AR I . (EAS TR
JE , ORI 22 (A 2 W, E 5 28 R R (repeti-
tive transcranial magnetic stimulation, rTMS) F1 £ fili
B AL 3% (transcranial direct current stimulation ,
tDCS) A5 AF R AL RIS AR BA BFLH . XLk
TR REE 2L M K JZ 08 24y P , (2 o 22 4 T 2
PEAS A, 5l 22058 BT A RS, 3 AT LAHE L 5 A
M) X A 28 7 10 T80 3 Bl 7 A SR P RS R RN
I 2 A W ) R R 0

UTAER  TENRAILEE 11 OHG B 0 A of 22 9 422
A AR 8RS P DS I S U, P B o 2 e 4
( “closed—loop” neuromodulation, CLN) fi*) Bl 5 & 2
PR . ORI R EOR B e
IR W 000 b 22 2 G2 1% B0 O 2 A 8 R R 2 B, S B
HE AP RIR YT o EARWTTE Y, B Sy A 3
JE LI IR A S R, 25 B B 2 e A
P B2 0, BERS 1 H X AHOC T RE X 7™ A 5200, DA
1T 96k A 2 A 5 T 224 71 Jo] A A 25 1 52 2 R U+
MR B A T T B R AL R ARk R 4
HREDX o axX 2 P42 07 SO A5 &, Al il 1 A
PR

AR Fi I K B, 18 WA I D BE )
SRR E R B ISR, B A H AL WA 2 RE I
Y5 T RE AT R AR Ml 2 v i A I A AR B A A
HRE . FE TG ARG B TEARR R pf 229

FEECA EIE B U2k, Re S U — 2P OE i A v 5
WER s i 26 3 P 7 MR B A G A AL 1) D) B
1 IERER
1.1 il ks
111 9 AFRME (D 22 CT 5 MRIFIESE A4 i 2 rp
H @ 18~80% ;B LT d~3 4 H ;@ &l IR
PP R M 335 5% A A 6 o A 7 A ) g B A HLJE B
PERIE ;B PSR RREC AR A IR o
112 HEBRARuE O BEAEA nT BE 5 305 W A HE
M2 RGN ;@ O I A f TP 5% i 1
WAWE ;@ ABLHAF7EMRIER R ;@ BA ™ H
K SO B AR AR B VR s & XTRGR A
1.1.3  SIBRS & bre 2 AL B T AE
R R CAn 4wt B i T8 28 Ak ASTC & 58 BOTAS A
IRITAE) A ShiR 5
1.2 —fEBER

PEFE 2023 4 3 H—2024 4 3 H 76 5t K RF K24
B IR B Bk B B AR I 24 B2 AT B 9 AR
THE 1 i A e 5 A A R A R 100 7] 0 SR FH B AL
TP H o B B Al CLN 4l fEk & 4
A4 R 25, WG AR R AT 9 I I, o)
WEAZH 19, 3 £ 4 29, CLN 2H 4 151]  BRS 2 2451) . 440
— TR R, 2 R TSR X (P>0.05) , B
Al bl DL 1, AW E KR BT Rl K 2 b
JE T BT R R P B A B 2 5L A Lo (R IE S < 2018
KY024-01).

1 4B—RERILLE (v+s)

Table 1 Comparison of general data in four groups (x+s)

wal sk HEA Y Gees, %) T (s d) I Lo U
3 WiREsE R B2 IR M R

X HRZH 24 13 11 66.19+8.35 43.12+15.70 10 14 6 10 2 6

BeEd 23 14 63.76+9.19 41.83+14.64 13 10 7 9 3 4

CLNZ 21 11 10 65.17+11.74 45.01+12.36 8 13 7 8 1 5

JiF Al 23 13 10 60.96+10.92 44 52+15.13 12 11 5 10 2 6

2 7 ik

2.1 RV Jiik

211 XM AR E LA R I 2 A
W 2y B I A 458 11 s Jet At sl il 25 < E PR AP I
SRR R RNBOA YT o BR 1R, R 30 min, &S]
5d,FgE2 .

212 BEEA AR FNRH AT I REUI
SLnh bR B AR YISk, R 23K, K 30 min,
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2121 HESEZEG OMHI8FEREcO"
M H A, 1.5 g/42) A 200 mL T /K36 HEA 515 ik
IKEERER A . @ YIZRnixt g KRBT E
DA IR B LA . @ KB — M3 3 mLIF
W DBE, AR 20K, B R R IG5 NS 220
T4 AR RE S R 45 R G R SR
BESle Sk ARk R AR IR R HE T 2K
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M 2SI, AR R WA ek R 2 AR -2 B I
(Volume—Viscosity Swallow Test—Chinese Rersion,
VVST-CV) = R axPEAE bR (0 2 A5 (Bl
A5 T8 IR s B ISR RN B ) A TR . @ 5 AR
KB I HE S B W 2 IR 100 mL, HESE
SRV ZE, — D' INE] 5 mL, FFEE =
BUINTCLAMEZ M, — DN E) 10 mL, AR &
FAE S min A DAFFE K BERE 200 mL H & 2: =& 04
VA, AT SO AR Y & TR

21.22 HEHEE BURE/DOER, EEERE,
A TSR LA 30~40 min 24 H, AHEE A AR b kA
LAVESURI S B R

2123 BEEZEH AR R AR YR
AR IS, AR PR Sk 46 1 30° ~60° K5 2515 1] miT A
P JE 78 AR Sk 2R , DR 5 oty 1 AR A
2.1.24 HEEINE RPN BB E R B Y e
SRS AR IF A TR AR R T Sk AR A
BN EY G, 1E R 2 A W LRSI A W e
P ERAR (<1 mL), B 1 025t ARiE
JE RS2 1,

2.1.3 CLNZH  7E“2.1.17 B4 Ko iy 5 HL A i ) g
YR LA b, 380 X + S0 v TMS, B o &R 7
A9 8] 8K 1 Theta # A& 2] 3 (intermittent theta burst
stimulation , iTBS ) 853X Fl /1 & # 1)#4 (peripheral mag-
netic stimulation, PMS) .

2131 WG TS 28 3 R UK i 7 R Y
A B BOARA R F A2 77 B YRD CCY 1 UK i 7
TG e WA, He e R 758 O 3 T, e 48 [ 2
Pl TERIE B JZ I, b MM, 4 B Ok, 4R
L i £ B v o AR R I A A R > 3K 1 L
TE R JZ X, A 26 Bl 5 A i S T AR DT, A B
T 1) £ E AR o 3 R e T A ML DR T
i ) BIE, T 55 32 009 BRI 5 — 35 - [a] LA
1a 317 & B A7 (motor evoked potential , MEP),

2.1.3.2 BRSBTS XU
 WURE Bz J3 AR DX (1) AT BS A5 LA B A1 i i A A =
iTBS BEUHY Z 8040 < %R 50 Hz, B 34 ikl
— M\ AR 5 Ha, BN 2 s, TR BRI KR
8 s, HIZ 20 ¢, B3 600>k, 3522 ) ] 4 200 s,
R R B E R A AR R L R 3 A Y
80%. Ah & SR BAR S DL AN T < R AL
B EWURE, B3R 5 He, 58 B LARE A% 5 | A W] I A

SRR, Bk ehECA 1000, 4 3AYF I A 20 min.
2.1.33 JRYTATE CTMSIRIT T B AR 1K,
TS d, ELHRYT 214
214 HREA AE2.007 Pk F ALY WA I 25 4 2
filt 257 EESR YN ZR AN P A + & ' TMS, B
BINGINE SR AAME , PR+ SME TMS Tk S
CLNAHAHI . ARYIZR 1, B 5 d, ES0RYT 2 4.
2.2 MgHiRhs

TEIR T HIANIG ST 2 8 J5 %) 4 LA S48 An 2 47
WE
221 FWHINBEVEAL R FALARE A A A O
2% (Videofluoroscopic Grade of Dysphagia, VGF) P-4k
A A P SRR . VOF il adis sh24 407, ek
b F) A Az 3h B TR TG 48 75 Tl 1 A I
S I TG A A g AR e R A KPR A B I
)R o A AR AL, 23 )0k A8 25 11 30 Tl 34
TR AR B 3 AN BB 3 AT IE A3, Hoh F s 3 45, i
W30, RIEARSE 45, BIT N 10900 VGF i3
i, R W A AT IR D BE
222 ZHEERIEM  RIEEFELARTIK
A et 25 O 82 PEAl & 38 (Functional Oral Intake
Scale, FOIS) % 8 35 28 & & e J1 i 1714k . FOIS
JE— MU i, HAYG AR 1 3E R (1~343) 3]
R B BRI A 28 1 HE R (4~643) , -2 TR ) 22
HREE (753) , B350 7437 FOISTEApid s,
FoR BE & BB B
2.2.3 UHB MRS RS 1R
15 3¢ (Penetration Aspiration Scale, PAS) P-4l f % <,
EBWARWAEI . B 218 Y Bt AR, EAR
R T o M S W) B S A L
il N7 B GE o AR BUR A UIE AR R L
NSIE B SHE o PAS 730 843, 1 3
BEYRIEANTIE :2~3 57 W IE N SIE 5 B e
LA b 4~5 00 N BV E A 6~T 00 HEY
PEASGEF LR s 8 0 Wk N GE A LR
H ARG BRI . PAS PE I3l &y , 2 W52 0 A% i
e
2.2.4  DSA B BB ECF AT I I 52 DA A )
Br o BE 90" AL, 354 M 190~ 3% B JEE 1 75 il
HFE R S mL k10 mL, X F R R | 2 Kok i 5
RUIATHERG . FH BRI E-FF
THiR A6 B9 AL &, IR LA IR 0T A I i S 46 )R]
R T E I8 Bl RO A 8~ 1] b ] AL RS ) R
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S BSOS ) o O R B B I IR AT 1 3%
FE57 2 SUHE (C,) FIER 4 SUHE (C) HT N & &bnic A
Y il DN CHEARET N4 36 BT Y i Zedric b £ X
L o1 Y = e = 0 e R VA | R = o) S B AT VA
B B X A Y Bl I R Y, 4 kR
WA E (XY, SR & (X, Y,) TS
T H 1] A7 # (hyoid vertical displace, HV) =X,-X,
A1 H 1 5 A7 # (hyoid anterior displace, HA) =Y,—
Y, fEEM SR, 4 HY FTHA B8 B ok EoR
Il FREA NI OR R, B 45 S i il
AT TR RSt B A
23 il ik

A58 K SPSS 26.0 G8 i 4 AF AT 55 0 HT
THEGERIT A B0, 85 R (ves) 2R N
Fb 55 SR FH BE X AR AR ¢ K56, 2H 0] e R F B R R
0T, P HL B Ad ] LSD—1 . P<<0.05 R 22 5%
EE R -9
3 #R
3.1 44HIBIT NG VGF oy LbEk

EIRIF R LA BT IR 4 VR W ¥ A i
(P<<0.05); SXTHRA LU H5 , $ B 4H .CLN 4Rk A 40
1697 )R VCF 0¥ 715 (P<0.05) s S 4Lt g,
BCA 4 VOF IE4r 37 (P<0.05) 55 CLN 41 Fb %,
A4 VOF P T+ (P<0.05) . L& 2.

£R2 AABITHIG VGFIES LLE (7+s) v

Table 2 Comparison of VGF scores in four groups

before and after treatment (x+s)  Scores
2451 % JRYTHT BIT A
X IR 24 2.55+1.47 3.2541.74Y
Bed 23 2.35+1.79 6.10+1.94"%
CLN4 21 3.25+1.41 4.5041.15Y%
BEd 23 2.40+1.57 7.20+1.88V#99

TE: SIRYTHT AL, 1) P<<0.05; 53T R4 UL, 2) P<<0.05;

SE A, 3) P<0.05;5 CLN41H#,4) P<0.05.

Note: compared with that before treatment, 1) P<0.05; com-

pared with the control group, 2) P<0.05; compared with

the feeding group, 3) P<0.05; compared with the CLN
group, 4) P<0.05.

3.2 4HIBYY NG FOIS P4y LbEk

53R 7 HT L ER L 6T R 4 4 FOIS 43 34 7 7
(P<<0.05); SXF IR L85, BB 41 .CLN 41 Fni A 4
16975 FOIS 433 7+ (P<<0.05) 5 S 41 4,
A 41 FOIS P43 781 (P<<0.05) 5 5 CLN 4l e 45,
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B4 2H FOIS P/ T (P<<0.05) . W33,
=3 44EBTEIE FOIS ¥4 L& (7+s) N

Table 3 Comparison of FOIS scores in four groups

before and after treatment (x+s)  Scores
21 1%L TRIT T BT )R
popiicha:) 24 1.8040.77 2.50+1.15Y
e 23 1.70+0.86  4.65+1.50"%
CLNZ 21 1.9040.79 3.45-+0.94V%
AN 23 1.50+0.76 5.50£1.19V#9%

T SITTET AL, 1) P<0.05; 53 IR4LEEEL,2) P<0.05;

SHE4IE,3) P<0.05;5 CLN4IH#,4) P<0.05.

Note: compared with that before treatment, 1) P<0.05; com-

pared with the control group, 2) P<0.05; compared with

the feeding group, 3) P<0.05; compared with the CLN
group, 4) P<0.05.

3.3 44IRYIT G PAS TRy LL g%

EIRIT T B IR YT IS 4 41 PAS V43 B BRI
(P<<0.05) ; 5 XTHELH oA, 3 B 4 . CLN 41 Fnik & 41
AT G PAS T4 YA (P<<0.05) ; S &4 L4,
A 2 PAS PE4R ¥ FEAIK (P<<0.05) 5 5 CLN 41 Fb#%,
Bk 20 PASPEATBEIR (P<<0.05) . W3R 4.

R4 AABITRIE PASIES L (7+s) Vi

Table 4 Comparison of PAS scores in four groups

before and after treatment (x+s)  Scores
21 5] 1%k ey agil] BIT IS
papiizta| 24 6.6541.09 5.70+1.42"
gl 23 6.75+0.91  3.75+1.25"%
CLNZ 21 6.8040.89 4.80+1.24V%
BAdA 23 7.00£0.92 2.75+1,520%99

T SIRTrET AL 1) P<<0.05; 53 I41EH4L, 2) P<0.05;

SEEAILE,3) P<0.05; 5 CLNALIL# . 4) P<0.05.

Note: compared with that before treatment, 1) P<0.05; com-

pared with the control group, 2) P<0.05; compared with

the feeding group, 3) P<0.05; compared with the CLN
group, 4) P<0.05.

3.4 4RI HA FITHV 8 g5 beis
EVAYTRT O VRYT )G 4 4 HA FTHV B2 3h i 5
PIHEIN(P<<0.05) ; ST REZH b, B 4 .CLN 41 1
WA 4IRYT 5 HA FTHV B 3 E 25 238 fin (P<<0.05) ;
SR R, e A 2 HA FLHV 5% 50 B 55 2 5
(P<<0.05); 5 CLN 41 b4, Bk & 41 HA FTHV & 8hiiE
BN (P<<0.05), WS,
35 RZAPEVHOY
CLN VAT i R v MR YT IS YA 0 B L il 1
M55 5 KA
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RS 4AFERTTHE HAFIHV ELE (v+s) mm
Table 5 Comparison of HA and HV in four groups before and after treatment (x+s) mm
- " HA HV
A b BT B BT BT
X2 24 0.81+0.29 1.11+0.25" 1.24+0.45 1.714£0.70"
HEH 23 0.91+0.28 1.2440.31% 1.25+0.49 1.98+0.62"%
CLN# 21 0.86+0.32 1.20£0.31"? 1.26+0.45 2.16+0.38V%
A 23 0.89+0.34 1.2440.33"29% 1.29+0.45 2.132£0.40V9%

T SIRYTHTILES, 1) P<<0.05; 5% IRAL LS, 2) P<<0.05; 5HERA1HAEL,3) P<0.05;15 CLN 1AL, 4) P<0.05.
Note: compared with that before treatment, 1) P<0.05; compared with the control group, 2) P<0.05; compared with the feeding group,

3) P<0.05; compared with the CLN group, 4) P<0.05.
4 3 #

Z R ANREREARNERFT R A, 2
W BRI IT I B A H 1Y o ARG S 4 RO [a] By 1
Ty WA IR R R ah R E T B 7E
e PR32 1 FH 5 42 5% ) 3 ) L S 0 B i
HEAT R T BE RIS 5 PR BR 7 B 2 R 45 5 T Sl ik o 22 o
SABLE @t /B FE R 2 SR B AR S X
P2 R GERREHE RO A A+ A1 R ' TMS 45
G HIERENZIE R A G TMS VE A B Xt 228
BEEAR AN THIX S5/ MAE RS, 5 HEER
YIZRER A AT A AE PRI SO0 5 P A 2 I HOR 5 4
BEINGS & LR T EA SRR R, AR
WY, AR £ A 2 ol 5 i B R R I ) S
KoL ERSIE BERE N o AR AR A R B R
R4 TMS FIDCS 7R A v 8 F A &E FE S ia 7 vh )
Z R o fTMSAE AR R AVER 2RI R
T JRR N R DR 2l , M 24 v J A R 5 o 25 B
SRYT T THRCR RAF, BRTPTSE Wos ATV A 2%
GBI TG . 'TMS X R Rz o 2%y M 19 1 B
AR, B TMS B8 (> 1 Hz) 355 5 o 2%
AP AR U = A 0 A D 6 A IR 2 Bl B it in
rTMS RE175- 5 S L7 M AURE A9 B Jo A 5 o % ey Pk, 34
SR IE DI RE 2 BT SRIESE , yTMS 55 LA W
I RE I ZR 25 G A 6T i 2 v J A W 2 e 08 7™ A=
PRERIN 22 LML AE T ' TMS T35 i 28 vl 3
P Bl WA I R i A WA D BE . ' TMS RE OIS D g1
G DX g i Ao 2 T SR A A R JULRE I Bl A JR
95 1z B4 S ) TR A Y S BB A AR 22 ik
REE A2 L, BN v TMS 78 24035 7 WH D B L
b 3 UL DA R sk 5 7 WA R e 7™ o A B 7y 1T L
BN ' TMS BEAT 22, BT IR, FRATT T R b
BLXTE BRI, 90 UE P 3R pl 2 4 K S AR 2 V)

5 LR R I 2 | T B DI R s Bl £ P e 2
TR AR BRI R G4
VGF P43 (FOIS PE43 fic i , PAS ¥E43 /)y, HA FTHV
(B K, 33X 28 B I A5 2L BB A 4050t o U 7 R i i ™
HRERE, WK, CEFERe ), FhE & LR
TiRE . J5 PR AT AR [ B 306 o X T R DX K A1 L
e, 0 VE R AR BLAR 2 T8 B R X - 20 JE] - A
B A AR 2 . PMS X6 7 W PR X A R 52 )« — T
T, PMS A B 30 1 JUL P A A Ak ok 5 75 W A 56 14 =
FEORE AR AU I, R WU RT3 iz 3h
B BRI L SRR R I A g BN s
B, kD R A R AR U A
Ik WU & RS 55— 5 T, PMS AT 5E i A%
TS 5 8 R A DG 1 o b 28 R A8 Ak Tl 2%
7 MR AL A0 28, 45 55 208 6 R ik 2 22 1 5 W I
I RN NI i R E o R ) A VA D PR e N1}
SCEAE AR . B WLEE ) PMS A i HE A i X
SoRN A MR R AR 2 AR 2 A B TR 26 T T B,
AT 25 BE R N5 A R A 56 1 iz Bl R R I Dt b
A5 45 R WK, CLN 4L B 413697 5 HV #8850
HEZH B, 2% I R 35 R g M T LA )
fig . VGF \FOIS | PAS 3 - 73 (1) ele 385 3 40 V8 T 7
T AR . IR IA A — A EE A, HiE
BEE IR A5 B0 W I 25 e 2 300 D9 RO T4
2R 5 H A I 2R, B2 SRR AT 2 R as R
A, TG A P 2 A 4 5 VR FH T RE RS K8 2 A
H BT TS I 3 75 0 1 2508 P 915 o 2 mp 9 4
T HAFAEDMEIVE RO, v TMS A2 R T I i DX I
B pp 2 T A AT L A SCIZ Sh BB T,
T B iz 248 il AR XX o K ) T S B R
{EFERThRE T IR, P, TMS 5 [ 35 JI ZREX
A L6 rTMS FLE M A AR A R IR TE A Ak, S
BRI BE G DRSS, nTREE AL LA 4 F5
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ARAEAE - O R UL 2 3l N 4% e B 1% 2 g
235 S RIS LA S el 5 B LU )
AE 5 B TE S A7 WA 1 A v 488 i 45 A IR 285 SR L
FEG S A PR s @ Lk B A R S AT I e A v
FARAT AU B, R A A AT O B, sl

25 LR, 5 B A TS S G A Ry 7 i
SBFE AL, XU B2 JZ+51 8 9 PR 2R 7 TS B
HAEBEIIZRAE SR AW RE T AR B3 . X
TR 1167 7 20 L A Al ] v TMS AL 58 4 WA ¥ 7
EHA R HERT REAY DDA [R] i i o A 2 e IX
LA R WUAE RT LUASE  AT T a8 1 AR A 3 Al
MR -G - AR g P R

AT BT T — @ MOR B Es TA 2
ZAb o E S WSO AR RUR IS, X T e I
SN TR AUTEE QDS VNG S o/ i R ]
Ao, A LTR8BS, AR I ST A e A
FRIAERE EA R AR . 12, 321 Ak A ik
S B WIS R 5 % A RIR A B R R wfe
PR HEAC IR T B A9 B OR . AR5 AR
bRk AR W] S A AN i (Rl il /B FR AR AR JE
DRUAGE N o 22 08 JOAS ) 0 M 0 BE R4 LA B el
22 LE PR A K D REAGLIN 45 , MT G 1 e B B BLIF AT
XGRS F3 Ak, BB SR AR ] ) 2% A 1k
T3 58, A RE AR A VR A RS TR 033, X L2 52 B e £ 114
HIPRICR . BUAh, il 000 B J= 155 AR R A g+
PUREAAE i PR S BT 1 A D , AR F AL )
RR T VT BRI 2 WA R 3t
FRAE T U 22 3B L 52 ), T8 58 72 AR R I R T 151
R AR E T 18

5 IN %

A58 L T A WA HP X TG I S 00 4000 75 L) B
Gl A AR, ELA R RS cRE B i b A ot | P[]
IDHREEIE . WA SRR, N2 rh s U A i iz
) B JZ NS T i L LA A 2 9 4 LA R A T
FE SRR IR n] LU A7 0K D B S, X 4% I e
R 2 7 ) R, P R AR B 3% . (B
ABFFEHIA R ZAEAET - @ SIS 5 @) /b
B A TS F A SRR RN S F SR X L s B W
I FR A B /b, AN 4 T PP AR 7 38 SRR
2% 3k

[1] HSIAOM Y,CHOO Y J,LIUIC,et al. Effect of repetitive tran-

474

scranial magnetic stimulation on post—stroke dysphagia:a meta—
analysis of stimulation frequency, stimulation site, and timing of
outcome measurement [ J ]. Dysphagia,2023,38(1):435-445.

[2] KUMAR S, SELIM M H, CAPLAN L R. Medical complications
after stroke [ J]. Lancet Neurol,2010,9(1):105-118.

[3] LEE K C,LIU C T, TZENG I S, et al. Predictors of nasogastric
tube removal in patients with stroke and dysphagia [J]. Int J Re-
habil Res,2021,44(3):205-208.

[4] SASEGBON A, CHENG I, LABEIT B, et al. New and evolving
treatments for neurologic dysphagia [J]. Drugs,2024,84(8):
909-932.

[5] SCIORTINO K,LISS J M, CASE J L, et al. Effects of mechanical ,
cold, gustatory, and combined stimulation to the human anterior
faucial pillars [J]. Dysphagia,2003,18(1):16-26.

[6] LEEJH,KIM HS,YUN D H, et al. The relationship between
tongue pressure and oral dysphagia in stroke patients [J]. Ann
Rehabil Med,2016,40(4) : 620-628.

[7] FUKUOKA T,ONO T,HORI K, et al. Effect of the effortful swal-
low and the Mendelsohn maneuver on tongue pressure production
against the hard palate [ J]. Dysphagia,2013,28(4):539-547.

[8] KESIKBURUN S. Non—invasive brain stimulation in rehabilita-
tion [J]. Turk ] Phys Med Rehabil ,2022,68(1):1-8.

[9] LIK,FUC Y,XIE Z,et al. The impact of physical therapy on dys-
phagia in neurological diseases: a review [J]. Front Hum Neuro-
sci,2024,18:1404398.

[10] GEORGIOU A M,PHYLACTOU P,KAMBANAROS M. The effec-
tiveness of transcranial magnetic stimulation for dysphagia in
stroke patients: an umbrella review of systematic reviews and me-
ta—analyses [J]. Front Hum Neurosci,2024,18:1355407.

[11] PENG X M, GONG C,XIAO M X, et al. Effect of repetitive tran-
scranial magnetic stimulation with different stimulation parame-
ters on post—stroke dysphagia:a systematic review and meta—anal-
ysis of randomized controlled trials [J]. Front Neurol, 2025, 16:
1586734.

[12] TAIJ H,HU R P,FAN S J, et al. Theta—burst transcranial mag-
netic stimulation for dysphagia patients during recovery stage of
stroke: a randomized controlled trial [J]. Eur J Phys Rehabil
Med,2023,59(5) : 543-553.

[13] W AREE, XIF, 5 AR N Zoe I 2 v i R 8

FATMW I REMIZ AE R [T ], rp AR B B2 S R A J% 0, 2019,
41(12):920-923.
HUANG S C,XU J Z, LIU L, et al. Effect of direct feeding
training on the recovery of swallowing function in patients with
dysphagia after stroke [J]. Chin J Phys Med Rehabil, 2019,
41(12):920-923.

[14] B AR, XF, 55 . KB RE YI Rl A6 o s £ M it
ik B AT R PRI L) ). FREAZ 241, 2021,31(5) :396-401.
HUANG S C,XU J Z,LIU L, et al. Efficacy study on training by
using hydrogel to improve swallowing function in patients with
dysphagia after stroke [J]. Rehabil Med,2021,31(5):396-401.

[15] PR o bl 28 27 G0 2, FPAR IR 2 2o 20 2 7 23 I I A



BT PR G RIS B B U Rond i A v e I R A ) R 19 5 1

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

AL R G B EORTE R A 2 Wb i HE R LT ]
fep 2R, 2024 ,57(3) :206-224.

Chinese Society of Neurology, Cinese Stroke Society. Guidelines
for the application of common brain imaging technologies in
diagnosis of stroke [J]. Chin J Neurol,2024,57(3) :206-224.
RAMSEY D J C,SMITHARD D G,KALRA L. Early assessments
of dysphagia and aspiration risk in acute stroke patients [J].
Stroke,2003,34(5) : 1252-1257.

CRARY M A,MANN G D C,GROHER M E. Initial psychometric
assessment of a functional oral intake scale for dysphagia in stroke
patients [ J]. Arch Phys Med Rehabil ,2005,86(8) : 1516-1520.
ROSENBEK J C,ROBBINS J A,ROECKER E B, et al. A penetra-
tion—aspiration scale [J]. Dysphagia, 1996,11(2):93-98.

MENG P P,ZHANG S C, WANG Q, et al. The effect of surface
neuromuscular electrical stimulation on patients with post—stroke
dysphagia [J]. ] Back Musculoskelet Rehabil,2018,31(2):
363-370.

WEN X, YANG Q,LIU Z C, et al. The effect of repetitive transcra-
nial magnetic stimulation in synchronization with effortful swal-
lowing on post-stroke dysphagia [J]. Dysphagia, 2023, 38(3) :
912-922.

SUH I,YOU J,SON S, et al. The effect of real versus sham inter-
mittent Theta burst transcranial magnetic stimulation combined
with conventional treatment on poststroke dysphagia:a randomized
controlled trial [J]. Int ] Rehabil Res,2024,47(2) : 81-86.
HAMMAD A B, ELHAMRAWY E A, ABDEL-TAWAB H, et al.
Transcranial magnetic stimulation versus transcutaneous neuro-
muscular electrical stimulation in post stroke dysphagia:a clinical
randomized controlled trial [J]. J Stroke Cerebrovasc Dis, 2022,
31(8):106554.

ZOU F J, CHEN X X, NIU L C, et al. Effect of repetitive tran-
scranial magnetic stimulation on post—stroke dysphagia in acute
stage [ J]. Dysphagia,2023,38(4):1117-1127.

CHEN M Y,HUANG Z Y,CHEN Y, et al. Repetitive transcranial
magnetic stimulation on individualized spots based on task func-
tional magnetic resonance imaging improves swallowing function
in poststroke dysphagia [J]. Brain Connect, 2024, 14 (10) :
513-526.

WANG Z L,FU ] M, YANG C, et al. Repetitive transcranial mag-
netic stimulation over a different side of the cortex for rehabilitat-

ing poststroke dysphagia: a randomized, double=blind clinical

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

trial [J]. Dysphagia,2025. DOI:10.1007/s00455-025-10842-2.

FOUDA B H, KISHK A M. Unilateral contralesional versus bilat-
eral repetitive transcranial magnetic stimulation for patients with
post stroke dysphagia: a randomized controlled study [J]. Neurol
Sci, 2025,46(9) :4483-4491.

Park J] S,0h D H, Chang M Y, et al. Effects of expiratory muscle
strength training on oropharyngeal dysphagia in subacute stroke
patients : a randomised controlled trial [J]. J Oral Rehabil 2016,
43(5):364-372.

WHEELER K M, CHIARA T, SAPIENZA C M. Surface electro-
myographic activity of the submental muscles during swallow and
expiratory pressure threshold training tasks [ J]. Dysphagia, 2007,
22(2):108-116.

MATSUO K, PALMER J B. Anatomy and physiology of feeding
and swallowing: normal and abnormal [J]. Phys Med Rehabil Clin
N Am,2008,19(4):691-707.

ERTEKIN C, AYDOGDU 1. Neurophysiology of swallowing [J].
Clin Neurophysiol ,2003,114(12) :2226-2244.

OGAWA M,KAGAYA H,NAGASHIMA Y, et al. Repetitive periph-
eral magnetic stimulation for strengthening of the suprahyoid mus-
cles: a randomized controlled trial [J]. Neuromodulation, 2020,
23(6):778-783.

MOMOSAKI R,ABO M, WATANABE S, et al. Functional magnetic
stimulation using a parabolic coil for dysphagia after stroke [J].
Neuromodulation,2014,17(7) :637-641.

GALLAS S,MARIE J P,LEROI A M, et al. Sensory transcutane-
ous electrical stimulation improves post—stroke dysphagic pa-
tients [ J]. Dysphagia,2010,25(4):291-297.

MUHLE P, LABEIT B, WOLLBRINK A, et al. Targeting the sen-
sory feedback within the swallowing network—Reversing artificially
induced pharyngolaryngeal hypesthesia by central and peripheral
stimulation strategies [J]. Hum Brain Mapp,2021,42(2) :427-438.
CHENG I,HAMDY S. Current perspectives on the benefits , risks,
and limitations of noninvasive brain stimulation (NIBS) for post—
stroke dysphagia [J]. Expert Rev Neurother, 2021,21(10) :
1135-1146.

YANG Y W, PAN H J, PAN W X, et al. Repetitive transcranial
magnetic stimulation on the affected hemisphere enhances hand
functional recovery in subacute adult stroke patients :a randomized

trial [ J]. Front Aging Neurosci,2021,13:636184.

475



FEE 2R 202548 #5358 4553

Effect of Closed—Loop Neuromodulation Combined with Direct Feeding Training
on Swallowing Function in Post—Stroke Dysphagia
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ABSTRACT Objective To observe the effect of "closed-loop" neuromodulation combined with direct feeding training on swal-
lowing function in patients with dysphagia after stroke. Methods A total of 100 patients with post-stroke dysphagia who met the
inclusion criteria and were treated at the Department of Rehabilitation, Brain Hospital Affiliated to Nanjing Medical University from
March 2023 to March 2024 were selected. They were divided into four groups using random number table method: the control
group, the feeding group, the "closed-loop" neuromodulation (CLN) group, and the combination group, with 25 cases in each group.
During the study, 9 cases were lost to follow-up, including 1 from the control group, 2 from the feeding group, 4 from the CLN
group, and 2 from the combination group. All four groups received conventional swallowing training. Additionally, the feeding
group received direct feeding training, the CLN group received central + peripheral repetitive transcranial magnetic stimulation (rT-
MS), and the combination group received both direct feeding training and central + peripheral rTMS. Conventional swallowing train-
ing and CLN were conducted once daily, 5 days per week, for 2 consecutive weeks. Relevant data were collected from the four
groups before treatment and after 2 weeks of treatment. The Videofluoroscopic Grade of Dysphagia (VGF) was used to assess the
severity of dysphagia. The Functional Oral Intake Scale (FOIS) was used to assess oral feeding ability. The Penetration-Aspiration
Scale (PAS) was used to assess airway penetration and aspiration. Digital videofluoroscopic swallowing examination was performed
using DSA equipment to assess the hyoid bone vertical displacement distance (HV) and hyoid bone anterior displacement dis-
tance (HA). Results Compared with those before treatment, the VGF scores of all four groups increased after treatment (P<0.05);
compared with the control group, the VGF scores of the feeding group, CLN group, and combination group all increased after treat-
ment (P<0.05); compared with the feeding group, the VGF scores of the combination group increased (P<0.05); compared with the
CLN group, the VGF score of the combination group increased (P<0.05). Compared with those before treatment, the FOIS scores of
all four groups increased after treatment (P<0.05); compared with the control group, the FOIS scores of the feeding group, CLN
group, and combination group all increased after treatment (P<0.05); compared with the feeding group, the FOIS scores of the com-
bination group increased (P<0.05); compared with the CLN group, the FOIS score of the combination group increased (P<0.05).
Compared with those before treatment, the PAS scores of all four groups decreased after treatment (P<0.05); compared with the con-
trol group, the PAS scores of the feeding group, CLN group, and combination group all decreased after treatment (P<0.05); com-
pared with the feeding group, the PAS scores of the combination group decreased (P<0.05); compared with the CLN group, the PAS
score of the combination group decreased (P<0.05). Compared with those before treatment, the moving distances of HA and HV in
all four groups increased after treatment (P<0.05); compared with the control group, the moving distances of HA and HV in the feed-
ing group, CLN group, and combination group all increased after treatment (P<0.05); compared with the feeding group, the moving
distances of HA and HV in the combination group increased (P<0.05); compared with the CLN group, the moving distances of HA
and HV in the combination group both increased (P<0.05). Conclusion The intervention method of "closed-loop" neuromodula-
tion combined with direct feeding training can significantly improve the swallowing function of patients with post-stroke dysphagia,
reduce aspiration, and increase oral feeding ability.
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DOI:10.3724/SP.J.1329.2025.05005

476



