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BE BFrFPRARCANFHRALAGEILRRZ — AR LHKREESTERETELNES IR AL
BIRE, MEMNZHFZHRGEN, A TAZT BRI REZGNZRAEER, BT ENAEREZAET
TR, B R AT AR FFE T MNE DT, AREEF TG REE(PSA) ST @FEET 6K E A
B AR ZARGR T A ZPIEHE AL PSAE I PO AT L&, B SR PSAE 2 AR 69 345 Bk AL
B Feif 2R ARG AR BRI MG T 5N E AR (TMS) (2 8 43 (TES) mALE 2 (BCIL) % 4%
ZEERAREPSA TR A, )N KB IT 5 20k, S5 M ZEEE R & T PSA B4 B TR

Bk kKT 61, VARR A ARAL PSA AR 2R3 08 7 69 W R 2 3R R AR AR B
KB ME P RE TS RER M ZAEER, AL S R RS

figi 25 1 JE 2R 1 9 (post—stroke aphasia, PSA ) f&
T5 10 A v R BUOL G 2 BRI D RE X AZ 45 5|
B RAS R 5 AT, R A R UG T AR 2
A4 REABE 6 N E DIREA AR R 2
1, PSA 2N A Hh 5 2 e R i e UL A9 I R AR =2
—, SR AR BT IR 3491 SRABRE X Bl A T R
B i 25 77 A ™ O RA 52 45 V) 3 A2 AT R
5 IS5 AT H A TE RE DT B AR A A T R
R 52 AR R DR B2 7 AR B R Jre

H T, I R _L 367 PSA B8 BLF B & 1B -1
5 18T (speech—language therapy, SLT) , [A] i} B & #if
PR 258 B ORI ZRAE T B LA iR iR
BB RBOR T ARG, X SR T T B I RN
FHATSER 52 B0 PPAS J7 1% WM IR 9T S ER LA
B AMIFRCR S L B A A 2% 5 S R 2R i R

EASOCHERY 2, B A ph &R 22t 58 1Y S Pk
J& , M 22 15 BOR © M BRI 932 gl BRI IR T

A A Z A R AAIAE L < R A BT R T
B4 22 R PRl 28 RGeS IR YT, HUTE PSA T
S R A L B R B AR IR T A . M
PR T 1R VRS2 AR T 4 ) 2 T IR
HAEGESLT iRy Rt T E A A T B FE T,
RS G R A 28 PR B B AR AL, s
FUAE PSA FESZIR YT Hh B RS AR, I % R R &
JET7 I AT BB, LA M HE 5l PSA RS HE R S35 )T
SIS AR AN S e T

1 PSAIES ARG B ik E 4 H

PSA [ # 32 8 2 R A Rk~ 3k i 5 ThRe IX.
e R 0 B 5 453 05 R 2 B ARG o 3 B 3 (Broca
1) i 22 15 5B (Broca KO Fi45 T2, LA F
TH AR ATF R RHIE 5 B M 2K 18 (Wernicke 2K 18 ) 9
A T 22D 9] )5 358 (Wernicke X)) , BRI A
T PR BB ;15 S 2% 08 B 7% 3% Broca X 5 Wer-
nicke DX [ IREFAE R Z 051 162 , 98 11 R BN S i

SIS B e, BRSCHT . SR B R AE IR A PR SR RE VRS T N () ). R 24412, 2026,36(7) : 508-516.
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5, M H & TS AR DI REAH R 52 41 5 58 41 (43K
PE) R 18 22 WL Rl v Bl kA . DR T ARAREAE ,
A5 2 ] Broca [X. . Wernicke X % J8 31 1 i, 5 | 4% 1
WHE e (W Uk 52 V5 ) A2 A 44 1 e )
P A P A I S 3, A% O R 3] TR M, HG
fhiF = DI RE AR R

WEFE R, NN B2 2 PR B T AH 2R B i ]
SRR, LT Rl S PSA B TR N 4%
PRIZ B 2 AL BE L], O TUARHE NS .
AN [ 22 0 28 B A AT AL T D RE A A2 RE )
B — DO 2% 451 473 P 3 Al D 2% M 5 () T AR pf 22 Aor
AR UG - G434 I , 18 75 X 4% v oK i 7 2 1 1) 4%
FHX IR A 24 R [R) U5 D) #3005 38 40 i 26 I 28 TN
B ) 2% %) i 2H S B AR A SRR Sk
TR AR PR AR R A T R R AR TR 4R AL
Y BEA, PSA 83 1T 5 VR MO T il 18 7 1 4%
B 2 FH X A s

2 MEPFPEF AR

PREPFEFAR AT LU iR AEREAE R APE2 K
2 2 AL 3 (invasive brain stimulation, IBS) 3%

A FEEZAFER AL O (invasive brain—computer
interface , iBCI) % & fixi 1] ¥ (deep brain stimula-
tion, DBS) (2K 2E #1258 HEL I (vagus nerve stimulation,
VNS) . J7 2 i 3] 1 (cortical stimulation, CS) %%, X
BRI T T ARBHAB AR APERRAE KB 5l
T RAE AR, 5 H X 4 E P2 S50 it fin v, Ak
s CH AR 2308, LR & oTTh s, Ko 4F
EAE T 5 B2 58 A= Wy o B (I B2 Jik ot s )
R0 A BUE U B, AT S 3 R s ORG Y
M (HHEA A, HEA ARSI
ARG IR | R A R A KU o R AR AR il 3R
(non—invasive brain stimulation , NIBS ) 4% K i, 45 £ fill
1 513% (transcranial magnetic stimulation , TMS) 22 /i
FH, i 34 (transcranial electric stimulation, TES) | 3F {2
AP B AL $E 11 (non—invasive brain—computer inter-
face, nBCI) | 28 J¢ o 5 1 28 HL ] 3 (transcutaneous
vagus nerve stimulation, tVNS) | £ fiit i 7 ] 3 (tran-
scranial ultrasound stimulation, TUS) %%, ## 1=z A
IR I ZEFORIRAE A B XU AR
AR B AR W AR ARG e FaE e,
IBS 55 NIBS £ AR H, A& 1.

£1 IBS5NIBSH A3t

Table 1 Comparison of invasive and non—invasive brain stimulation technologies

Hege i H IBSH A NIBS A
EAHEARZA  iBCI,DBS,VNS,CS TMS, TES,nBCI,tVNS, TUS
A , 30 35 F ik ot v R 9 R S A A o
FEFIHLE LA BRI EE  o orsm  ro % [F] ETRR 2E 5

P
ZE (B R A
ITRREEmS ] ] SCELR Rk | [a] Wl P R £

ik
YRS AL A RN RO, T MU E A i

FEATAR G T35, o R 5 PR A A7

AL {5 Lk R TR

SERTCRIHRAE , TCRRIE T SO 5C T AR KBS , JE T ARARKG
IR i

FEEAGBAL 5 FRPEIR LBC T ML VTS AN R Sk BRI /RRA/ R AL Rk R Ak 22 G R g/

FER W AR B A PR AR RE A L W R R R R LD b AN | A B | B R

%2R R
L A WA KA

LA AR ST S S R U E AT
YRS RO, R RO A L, FLERR

"
R T BB R S T 3 U
PR A /6T R R YR
FARKE HUBE RS 7 RIS AP /A S % 1 — it
e 25 T R IR R A B o e
W LR
W2 h eV R S S s
S VP 5 B T A B3 LR T S A 2
RIDRRAE e o e ss
8t TR A RS 3 T A PR
s TR 5 20 5 B B T

R AR (BR TUS)
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3 NIBS#HZFER AT PSABTT HHIN A
3.1 TMS

TMS J& — Fift 5 T~ F i e 17 JC B8 S Al 228 0 47 4
A FHZR B 7 A 1 728 1 37 0 B1) 27 385 Sk K At
175 518 Bl B JZ 7 A IO FL AL L DA TR ) 8
G tAr M o AR O AT 23 Ol SRR e RR k
v A PRIk i e 6 43 e ARG RII (thetaburst stimu-
lation, TBS) o G A 8K nfr R0 OGS ik i = A 1 p 038
T, FERH T R NRERE L 2215 I Al K
AR S AFE R T 2 R OE A R A
S el EAY R ER e NI DA EE 5 o2 N R QL T DR
L IRPERCE R LR PSA I EBHAYT T B

ORI P 2 3R 22 ) A7 A ORG240 ) - £y
B, EIOL S BRAHE DL B R il AR H
2 PSA FR Ao A R 2 3K A7 45, D A R s
A, S B0 A 0 A i 24 35k 1 410 ok A4 P sl s, a2 o et
X2 2R BE A, I R ad SR ] 1 A2 45 B SR
Ek. TMS A IOE 5 <1 Hz(0.1~1 Hz),
P RAR e 2 24 A v, 7 A= 800, 5 35 9 =5 Haz
(WA 5~50 Hz, Ifi K H UL 5~20 Hz, {3 {5 TBS %3
), AR BR AT R, 77 A RO . (AT IR
ARG RN Z AR LM SC 2R | A — R R e A
[Fi) g DX ] B 7 A= A R RCR , Wi PR IO 5 45 5 22 07 T
RS
3.0 M ARG R RPN R 2 G
1 3 (low—frequency repetitive transcranial magnetic
stimulation , LF-rTMS ) 38 33 #1 ffl 47 22 2K i 5 3% B Y
[FIRIE = DCCAA AR ), I X Ze B 2R = ) 2%
BRI, £ 2E XU - BR ) RE 32 132 19 155, AT 24
I HIRE o KRR S H S 22 TURE R (repeti-
tive transcranial magnetic stimulation, rTMS) 2§ ¥ A%
FEAEPLA . — I R RE LR & (functional
magnetic resonance imaging, IMRI) fff 5% i 7~ , LF—1T-
MS VR YT I 22 Bkt 5 A Ok X (AN Ze gt 35t ) /Y
TR 1 5 I I DR 2 IR I T K T L 4
7 HG R G i 28 T SR AR T

T K HL, LF-rTMS (0.5~ 1 Hz) J1 38 A7 0 K fii
A ERTE T A X U Broca B8 X & T 815 ok
L Il Al 2 AR AR B B R TR T LR
2k A 44 8 71 S e 1E R (aphasia quotient, AQ) , H:
H10.5 Ha 75 B0 T BRAR AE 7 L FEOE, 1 Hz X A %
HERTEE R E T B X AR A
54 {1 3. S P fili A v S S AR AR TR R Ay 2 4
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K542 15 4320 min/d; 1 Hz YTMS 7 %, 43 51 01 %
£ &F 18] 5 %K (posterior inferior frontal gyrus, pIFG)
AR AAT L 8] 5 3 (posterior superior temporal
gyrus, pSTG) , FEAE R 5 AT 30 min Y 5 18R
7. APRRW], SR B, 4 M pSTG 1 Hz
rTMS B35 1 B B W SR 52 R R AQ, T A N
plFG 1 Hz yTMS WM& T FH M EE EiRA AKE
WREJI AT AQ . FEIR YT By R BE AN ] F, BF5E A
X PSA f8 35 A T [9] (right inferior frontal gy-
rus, RIFG) Jifi LA LF—*TMS (<1 Hz) i} , 2 % &
S bk % 40 000, FALYR K w1000 # B iz Bl B E
80%, T TiYT FE Ky 1~8 Ja] , % BT B ok Sy B 4 5
U, AR AR T RO

FUR, PSA SR 5 FH Y LE-TMS J5 58 J& 5%
#5328 3 B {5 19 90% , 20 min/d, 5 d/J& , F52E 2 .
HAEHY LE—yTMS 1857 I AR AL T A I I, X
T H DIRE I BCE S oA
302 R EE AT 2% UG R R 2R G
Jil 3% (high—frequency repetitive transcranial magnetic
stimulation, HF—rTMS ) 3 J7 &80 AT G 8 T~ X5 figg 4 v
Jei TRl DX 38 P 2 i VD B i S ) K i R 3 S 800 o
—J7 T, HF~rTMS AJ fig 1 52 45 KMl DX 34 28 128
P M 2 IUAT I A5 93— I T, HF—TMS REHE 3 S
JE 4P, EHE T T DG B o IX el i i 2o 55 HC Al
SER Y AR HEE AL EY . I Ah , HF—TMS 7]
AEE A D R ARG 4 , A4 i R R T T O
P, T E SR TERE AR AL

W58 7R, HE—'TMS (B3R > 5 Hz) X 18 1 ik 2
U AR PR T RE A B2 R RCR  BERS AT
RO SR B TR RE 1. B BRAY 72 Broca
X AT 3~10 ¥k 10 Hz HF-'TMS J&77 , 1] LAk 3% £
YT F DIRE RIS R AR A S AR, HOX R
MRS IR 1A H o X KB HF-rTMS AU RETE
FLI N A E 810 F IRERI K E ik BT —E K
BFR . IS A U HF—TMS 78 5035 R T
JiE 7 T AS B ABCME TS I B0 R &2 B A 50> (R
JERE R R Y TMS 518 F IIZRAZE S B 2ia
I7 A U A P 2R T RE Y — R AT AT 5 0 X T HF -
rTMS HYS5 ROEAlT AT B8 22 1 i PR AT 5% ok 0 — 20
Cvafl o
3.1.3 IMSHEHANIAT  H AT R L TMS IR
PSA i 5 HAM G 77 kIS 6 AT Tl B o ]
AN LE-yTMS FISLTAHZE 45, ol LU A B RIS, 5



BN ARV ERORTEINAS P 5 SR AE IR T H Y ]

B ORIT ARSI B T ek B 2 v s Sl A
JABAE B T T IR AR 45 A, S
FE AR IT Y IA L] E WIE B BE A7 R T ik 4 o
JE AR A PE G 1 B RN R D . SR, B
HI*TMS 7E3R Y7 PSA J5 ATk = 50— bR AL T 58
WA P RAETRIT TR DA 22 7. Rk, 7
MEAIRIT I, T R A KR, 452
FRAL R R S IR LA LRI T B85
3.2 TES

TES 43 45 28 /i . It F8 ) 3 (transcranial direct
current stimulation, tDCS) FIl 8 fiii 22 ¥t H, 31 3 (tran-
scranial alternating current stimulation, tACS) , H A
tDCS 7E PSA I RIGYT L8 iz Hl .
3.2.1 tDCS tDCSE—Fhic 4 fHH H BA M2
U 1A ANE TP T B, 5 SRSk K Bk
B2 TERNEGE R A R (B B
3 DR A P B L DA I R R A e R
LA I AN IR o BH tDCS 1 F 5 kA Bl X35
DAVOR A 28 01 20, 1 B A «DCS A FH e = 3k
PR T 90 DX, o 40 o 25~ R 1 B YR ke i 2
BRIA) ) Bl 25 P o EIX e Y AR A3 o7 T
AN HEXT I A WEFEHI AL S B, A A 2 Bk v BH
e tDCS W] 58 25T B 1] 2 1R 8] Ty BE M ol 28 7T 90 1
A, WA B TR IR T

{EAEAS 1 R A2  tDCS MR FH LIRS T 5170
1155 (W H BTG F 097 PR 00 . tDCS i i i
TP R T B A e R i T S (B PR G HL U
5B PR GEE 1~2 mA) , Joik s i & sV,
PR 45 5 SLT 454 55 MO AL I 25, A RE A A% fie ik
S DIREM A Y, AN DCS BYAE R R 2 F 2L
TR - AR RO A R 2 N TR | e 3 %
GUEER g DN DL S e

STAHL A" e 26 44 18 1 PSA 85 , FHAR (DCS
BT ERE VSR )E (primary motor cortex, M1)
DX, AR A HIE b D, R 2 20 min, IF I
SLT, &5 W], 1DCS A5 Ak SLT (A 241k , diesk &
Ffi 4 MZIRAE S . PISANO 25 S I T 14 44 184
i A v A A M TR S T ISP B A T
ook ] A0 5850 T P iz 5, TSP ARG T K 0 58 T e 2 2 DA
2 mA 1 F 5 BE AT SE 20 min BRI, 2 A N 3L
SERL 10 RADCS Ji7 , 22 808 H 55 A1 RE 115 21 Btk 2l
. MSIGWAZEXF L T HLEHBA tDCS FRAtDCS |
1 IR BA SLT X 3 F oy R I7 8, WF 58 £

HLEFIC G tDCS X 18 5 T Ae o0 72 i e iy, L4
S A I E R E IR, AR T oAl 2 20, 78
RO 7 T B AL

AL G DCS BHA T it 52 M dr g AR 3 (3
g HCRAR 0 23 [ 3 B S SR 1 G 7 4 i 1X (4
Broca X, #1 [1) (W o 3% — Ry BRHES) 1 ks B &2
Fi LI HEL 3% (high—definition transcranial direct cur-
rent stimulation, HD-tDCS) [ £ R § 81 . HD-tDCS
S — FORH X AR Y BRI Y AR A= A BRI O
FIE ol PR YA DA 1) DA AR DX IO T 7 A B 22 Jy kb
I, BAT B 5T 4 RE B BT R i DX s ORI R OG
RIS —TOBE 38 WFFE LR T 2 R L i o
J# (2 mA Fl 1 mA) B9 B4 HD-tDCS 1 H] T 47 Broca
DXXF PSA S HUSE I, 45 R A AE 2 mA /Y B A HD~
tDCS 21 % B sl i) iy 44 B4 . 25 0003, 3 — 7 TR R W
FHF A 2K 2R 14 [ B HD-tDCS X 15 5 K 52 02 5 44
FR9, 53— 7 T 22 W 24 0 00 o BE T A R G
T A, HD—tDCS FE i 4% Hh 404 i 7 i e A%
G2 ADCS WAF IR YT RCR , Hol i i 2 ph 28 oo ae T,
A BT b R B BOs R A 2 D BB A
3.2.2 tACS  tACS JEil i 78 3k B2 b i i A3
149 52 Bt F, ke 19 Rl B P 2 R s . AN, o B
Bt (8~12 Hz) 5AFIAI TARICAZ ARG  tACS i i %
5 o LB D)8, T RE A SR B IA I D RE L TR
B AR IR AR BRI T 6 A B iR
515 AL BAROC A WS A B ] TR A B 2 1
10 Hz tACS RE 35 14 im0 M5 BE 2 ¢, $2 71 32 180 1Y
WHE AT . tACS IR RETS 5 p 22 ] BB M O
FREET H AR Al 28 W 28 IR PRI, 25 A et
PR« 0 SR RO A T P TR A 3R, S vk T 2%
B s A s T TR AR AR 58 ik ] BRI 555 5 RN |
TR YU I [A] AR P S | PRI Y 5 SR A R DT
PC P Pl 2R BB, T4 SR B R 5 A i 450 AR F
FEIE 2 I A CS IR S DX (AU L 28 ) BB 1S
DR AL VR 7, i G 1AL U 30 ) o, SRy R A AR B
Z R B SR AR R 52 45 ik 4 208 2 R T g
AVJ(‘/E[”]O

— TR BRI BRI E 2B, X512 1 PSA
S L 6 Hz tACS J A Bz 3l X RE 51 5 SLT
CHIET ) IR BFREE R R | B Rk
R U E TR AR BRI S R a4 BE
T s, ERD U AT, 272% 1
Z YR TSR ROR AR A
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Jra BRAE 451 T Bt U5 S A AR i AN R S B
R VA BTG AR B E 7T AEIE 45 R I 22 L (20T 5%
ZERAUESE T 1ACS 5 SLT 43 FH 76 035 12 1 PSA
SR A0 TR A RE ) O TR R L IR ST
St T LA

el M 22 /1 22 ik L ) B (amplitude—modulated
transcranial alternating current stimulation, AM—tACS)
JE tACS By — Bl R 20, AR AL 58 A CS 1Y 2Ll 1
I T ARSI IR B P8 1, 8 1 H R A4 R
X ) S5 B0 05 5 BE 8 BEORS B b R 4 R 1) P 22
Wl DG, FET 58 il RN v JR 3 ™ ] 4 iz
FHW I3 — T I 5T 48 78 L %) S8 Y Broca IX.
FIAT MR R X SRSt 15 Hz AM—tACS 55 SLT (i 1]
T, BEAS (2 HE MR LI BE ) 4% 7 A 457 A 114 R 9 1
b, DT S5 IR ) FLRR SR 0915 5 DI RE e . X Fh
WRAIR YT 7 AT T 1 IR IT PSA WYAT BT %
SR, B AT A AT AR T B — 9 1], oK ke s 2T e
BOR MR B9, A — 2PN Z 07 v A S v
FRENE
3.3 nBCI

nBCLH i R 3k B2 iy A5 5 B ML it 3 g 27445
il AT KT Bl , 455 1 RS ORI R v A
AT H R IHRETE 3 76— WG e 5 b,
FENGULE 10 B8 A 4% 5 2 o JR A 1 2R TR0 1) A
HEAT T BT g AR IR A A 55, [R] B S A AT i)
o Fi BT BIL A 2 T RS W i B ik 2455, IR AR ik
AMEACH S RIEY BET R AR AS B R . XA
Tt B 7 A8 2 O R U B 1 00 T e Be s AT o8
BT S5 IS DL . S5 IR, BCLAY = i B 1 25 (g

4d, 530 h)iES TSR B IR S B E L
T 55 VA I3k 80 it s, Horh a4
T ECA B W — TR ISP A 5 s AT AL
() P300-BCI PFE R G5, FIl FHALGE I K HL A SE 04
VEPE, A AT B PSA FRE I, o HOH A TR R
M R ST nBCLIYIG IR G A BR HE 455
2R SR AR S IR S ) A 28 B RN 1) AL
PSA A RAE T ML B B RE F B, Kok
Wt — R E S A AL T R ZRERA R
4t I T 2058 50 e LI R A
3.4 NIBSI{YY PSA MKWy s b 224 Pk

TES7 R0 T5 1, tDCS HI rTMS X PSA 247 Jig 3 iy —
TEMIRIT RO IF YT R 1~6 > A MR KRR E -
SR, tDCS 76 #& AR T8 T T BE 235 J7 1 AH 8 T 1 TMS
BN T RRCR . BEAh  yTMS S ZPE Fie v R
H YR TR, W (DCS ALPA 8 M e TR
AR ARFFRATAEAE R BR A AL FE R AR /N
FEFE A Rr AU 25 (] 8, o) — T 56 F NIBS # R B A
g IR YT PSA WA ZUPE 2 2 VE R GV
BT R, NIBS 254 5 B I 25T LU 2E3E 75 ThRE Y
WAL o (HJE TR U A 2, BEELH
TR R B KWk . B2 arkJrm,
A B NIBS £ ARG 5 B I ZRIG 7 PSA 238 finAs
RSN B RURS: A T 4 T IPAG K 3] 2 e v A
TEREIE T, A58 3 — 2L o iF 5. B A, tACS Al
nBCI7EIG T PSA J7 I B BIF 5T 1 A FE 53, i Lk 49
HOCT H A2 VRIS B il 4518 . NIBS 4%
ARG IT PSA 19 ) 3 2 8 38 I IE K OUE 4 45 %
W2,

*2 NIBSEARIETT PSAMNRB S ENIERIETESER

Table 2 Stimulation param eters, indications, and levels of evidence for Non—invasive

brain stimulation in the treatment of PSA

HARA RS

T D IE HEYE S

IR TMS (1 Hz) 380384 %7 T [l , an BA4S5 Xk, % 21
TMS 1 200 ki /¥, 10~20 KIGYT , BERIAYY Ja WL A 45~

60 min F 1B FIHIT

BB T e A R AR R M R 3 AR
W e, X B B IR
TRE HRETESCIR (Ar A BE T A RET) |
FI A1 75 B ot PR S5 07 T A A AR

Bg&[m

Wl 457 = ZE A 4% Broca X (ZE % T [B]) , Wernicke [X.
(ZEM s B ED) A7 R~ £k Broca X Al Wernicke [X.
£ ) 58 DX 3L ZE M ML X (C3 Az ) ZE BT (AN 20 S 1) T sle 3508 M JE TR VE PSA B2 10 6

WES SR R IR . WO CERIIRCE SRR 11y s g o7 2

CgﬁHSJ

W&, A0 2225 F |1 BHBE tDCS 54 %0 T 181 B #% tDCS A8
ZEG o HLRGR T 1~2 mA, 3R] 5 10~20 min,

SRR EAE 5~16 IR A%
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4 |IBSTEPSABITHHIA

JUETE A 2R R IR 7 AU, TBS B A
AT R B TT S, 140 DBS A1 VNS 2 #iF L e i8R
PR | BT R P U B IR RE S 9 o SR, K
T HAE PSA JRYT 7 i B BF 5 VA X 40 o e X —
R, iBCls FT R A 1 1 A 1 R TT BE & 5 G Ak
YEH .

iBCI 38 8 AE A fi N HL A B 9], 4 1 i i
Jr R 28T By, S R G 5 AhH RLT SEA
AT nBCI, iBCIH A T &) 1Y 25 8] 43 HF 580017 Wt
Lt , RS KE MEAR IS & s sh B IE . iBCI Y HT )
12 2 Bl B A2 408K, L3 ol A A PR A BT i
SEAIZ TG BN, SEIUN ML T sl 2 B A
B 2T B S . s HE PR 210E 7 4
W A —IRGE 1R AR e A iBCT S B o)
Bl 90 F-AF B SCAH A, HERf R T 949, iBCT L
AR 1) R TR S R A BRI O g L 7R
T I ST i 5 bR DX 36 BB, s
P 265 1) T2, f9) o ok 5 Ak A R AR A B 2
BRuk BA E i, SRS TR

S H AT iBCT 1 I 3 2R B T2 sh U g bR
i CAN PR 205 i UL 4 00 R A Ak 55 ) 5 RS A ) 5
B hs (AR I 5 O R A A 5 40 o 6 b 2 3 A
R BV I AN A, Ak 5 AT T PSATR YT .
SR, iBCL A e PR AT I Il T AR B Pk A&
S I UE N A R A HR A i S G R R X 2 SR PR
PEAA™N 5 TR APEFE AR I A B, Bt
VR H AR RS NAR R JT5 BUARE 1 5 e 2tk AR
LS FRIEL Z 8] 7 )i -

5 #MAFAEREARBIT PSARNMBESHE

PR EAR B0 A T AR R AR 0]
P S Z RSB IT R AE . H AT 2 R R
HAR M TIRIT PSA 19 T Bt LA NIBS BK 45 SLTIR YT A
F, HTCA] R0 AR T R 2 Az
H P tDCS (TS 7EAE P 3 i 7 vh i B rh OR35S
AR B M4 AT AR IMRURIREME 21500
1547 R (functional near—infrared spectroscopy , fNIRS)
SN 2SRRI D | il R H AR B 5
LRARFE ARG A R0 22 57 5 10 R X358 LA
HEAT A, S LA ) A A R IR a5 DA LA
STEAR SRy 2 A B8 22 A B0 A e [ g, = Il i
RPN 45 1% e ] sl 3

IR, BEARBREAL J7 AR I 2 A e
T K BAS 2 i 73 B AT 2 Wi PR HE )™ R 5 A7 DR 114 O
IR . BRAT B AR SEATS A L 2 P i T A e A I
B A RUBUR 7 S s 5
30 NTBS {2 BE I AT B0 1) HL A HIL ) 458 IR
I 54 4 2557 CBL 5 e BB 005
PN EEy i D RSN P N N R N o e
R BE S ) BOR, A £ R 0% 22 RO RE AR At I, 75 213
38 A AT F) fie IR T 7 S8R I PRAT IS 35 7 B 51
A W 2 R A T L T 2 59
ARJEA R T RS R S R R AR A IR
XA HUR T XA ST 2 R RN A5 )
L, TR AR 52 2

Wt Ji 0 245 ML Al 8 BT O TR L B2 AR BOR Y
SE3% , LA 27 BHOMIE AN , ok n] BEFa 4 1)
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ABSTRACT Stroke is one of the leading causes of adult in disability globally, and post-stroke aphasia (PSA), a common neurolog-
ical sequela, severely impairs language function and reduces quality of life. With advances in neuroscience, neuromodulation tech-
nologies based on the principles of neuroplasticity have emerged as promising therapeutic strategies for PSA. Through invasive or
non-invasive interventions, these techniques promote functional reorganization of language networks by modulating synaptic plastic-
ity, thereby facilitating language recovery. This review systematically summarizes recent progress in the application of neuromodula-
tion technologies for the treatment of PSA. First, it elaborates on the mechanisms underlying language network injury and recovery
in PSA, as well as the fundamental principles of neuromodulation. Subsequently, it highlights the clinical applications of mainstream
neuromodulation techniques, including transcranial magnetic stimulation (TMS), transcranial electrical stimulation (TES), and brain-
computer interface (BCI), and synthesizes existing evidence on their long-term efficacy and safety. Furthermore, the advantages, cur-
rent limitations, and future research directions of neuromodulation for PSA are discussed, with the aim of providing a theoretical
foundation for optimizing the clinical application of neuromodulation in post-stroke aphasia rehabilitation.

KEY WORDS stroke; post-stroke aphasia; neuromodulation technology; non-invasive neural electrical stimulation; rehabilitation
therapy
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speech-language therapy for 120 min per session, while the AISLT group received artificial intelligence-based intensive speech-lan-
guage therapy for 120 min per session. All interventions were administered once daily, 5 days per week, for 2 consecutive weeks. As-
sessments were performed before treatment, immediately after treatment and one month after treatment. Language functions (listen-
ing, speaking, reading and writing) were comprehensively evaluated and aphasia was classified using the Western Aphasia Battery
(WAB). Naming ability was assessed via the Boston naming test (BNT), functional communication was evaluated using the commu-
nicative activities of daily living (CADL), and quality of life was assessed using the Stroke and Aphasia Quality of Life Scale-39
generic version (SAQOL-39g). Results Compared with baseline, the naming score significantly increased in the control group (P<
0.05). In the TISLT group, the WAB Aphasia Quotient (WAB-AQ), spontaneous speech-language, auditory comprehension, repeti-
tion and naming scores significantly increased immediately after treatment (P<0.05), while the WAB-AQ, auditory comprehension,
repetition and naming scores remained significantly improved at one month after treatment (P<0.05). In the AISLT group, the WAB-
AQ, auditory comprehension, repetition and naming scores significantly increased both immediately after treatment and at one
month after treatment (£<0.05). Compared with the control group, both the TISLT and AISLT groups showed significantly higher
WAB-AQ, auditory comprehension, repetition and naming scores immediately after treatment (P<0.05). At one month after treat-
ment, the TISLT group demonstrated significantly higher WAB-AQ, auditory comprehension and repetition scores (P<0.05), where-
as the AISLT group exhibited significantly higher WAB-AQ, auditory comprehension and naming scores (P<0.05). Compared with
the TISLT group, the AISLT group achieved significantly higher WAB-AQ and repetition scores immediately after treatment (P<
0.05). Compared with baseline, BNT scores significantly increased after treatment in all three groups (£<0.05), and remained signifi-
cantly improved at one month after treatment in both the TISLT and AISLT groups (P<0.05). Compared with the control group, the
AISLT group showed significantly higher BNT scores both immediately after treatment and at one month after treatment (P<0.05).
CADL scores significantly increased immediately after treatment and at one month after treatment in the AISLT group (P<0.05), and
were significantly higher than those in both the control group and the TISLT group (P<0.05). SAQOL-39g scores significantly
increased immediately after treatment and at one month after treatment in both the TISLT and AISLT groups (P<0.05). Compared
with the control group, the TISLT group showed significantly higher SAQOL-39g score immediately after treatment, whereas the
AISLT group demonstrated significantly higher scores both immediately after treatment and at one month after treatment (P<0.05).
Conclusion Both therapist-led intensive speech-language therapy and artificial intelligence-based intensive speech-language thera-
py effectively improve language function in patients with subacute post-stroke aphasia. However, AISLT producing more pronounced
therapeutic effects.

KEY WORDS post-stroke aphasia; language function; artificial intelligence-based intensive speech-language therapy; traditional
intensive speech-language therapy; artificial intelligence
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