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- Big5sE -
ERMETAEESERPHER

EEEY R R eF &0 Amk
(" EHEANEERSE SR, B, 201620) (° EHEAMNEREREEMHLBHEN G BAT M A%, B, 201620)
C LSl RO RE, B, 200030)  (*AEARITE OB S B -2 2R, LI, 200062)

B OE LR I RENTY OB BUL Sz SR, TR SN T ARG R AT S N S R I OCR
BB S NAE 7R T HARIE 5 B T 9 E T R A i D e e ek . BTSRRI, RS 22 51 L Ak SEIn T,
Hrh e O SN AT AR STk RS IR B S ARG, (ARSI E A Besh, SERZE T LR
B e HE FR S 5 B 28 — SRR 28 1 T S M 5 A . DA SRR, ARORBT S — PRI I 2 AR R A AT XL

RN RE R GEAE T 75 B P ELARBILED , RS FOR AR RS 15 BA I 5 e

KR JURMAT EEE LEBIKGERS S R

1 5|

FLCHZT (basal ganglia ) & KM= T —24H
MBI SR DIReEE, 5R R )2 AAE 2%
# (Graybiel, 2000) . FEfFHIZ5H (LK 1)
BLRA 2T F ARG SOIRIR (striatum ) | 45 FIER

( globus pallidus, GP) . fr fiXi JiI§ #% ( subthalamic
nucleus, STN ) FlIEEJF ( substantia nigra, SN ) , HH,
B IMBCRAAALFE AR ( caudate ) FIFER% ( putamen ) ,
JE SRR FARB#4% ( nucleus accumbens, NAc )
PR, FENRPRA T SRR Z . B R T A,
PR ZR PR I 2% o AR BRI R 210 I E 205 B
B AZERE, SORRIZICER 17 R R J2 R0 Fe ik 25 A 1X.
2SAr PRSI, X SEE R o B[R] 42 A i
2 HABAZ A, Wt H BRI, 7E R g,

5T NBCIRAR A% 3 22 N AE 13K (globus pallidus
internus, GPi ) , i1/ AN FHERXS B - B2
PRI s, DTSSR 2G5, {2k sh
AT A FAIN 1.5 B 428 B R 4 T 20K, 38
L AMI % HER (globus pallidus externus, GPe ) il -
A TR AZ 52 M A 3K TG 5l Rt e i - R 223

[l

BEAT R s, DT B 2 2 R . e
P B R4 I (R S R R B 2R X, (640
Ml EAMUETRIT R Fo il R R )R A
RV S E N =1 gD ONE:: i) bewn) [P SN 13I8
I

STl B AR MRS A A B 5 2 i
S Z AN D EE  ( Graybiel, 2000) o AT 5%
FERETHAEBIHER T ER, BxR 175K
Mz 5. SifEREH . SifEiLEEmEz
i ) 4 (Graybiel et al,, 1994) , i — 1+ 4F
K, HORBZ AR RV, BIRM AR
HINFIZ e b A ¥ A HEAE N, UHAEERE (van
Schouwenburg et al., 2015) . JF %) i1 T. (Liu et al.,
2021) . $AFEEHl (Wei & Wang, 2016 ) FliE 5
T. (Copland et al., 2021; Snijders et al., 2010 ) Z$IJfg
b EOCHEEL, kAR R IR
P (DBS) FLCEEZHE2= g s it 7 AR TS 5o
T AR R, 2 T ARG DU E e
IS R

FEJRE M ETE S I TR B 5 YR X R
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JF M A

LB i FAR )
O H e AHSR N X

b.
T
e N |®
" : ,ﬁm
i BRI (SN
HO)
v
SIS 15K
(GPe) o
)
Fr i iE A%
2 (STV)
+® L A
Wl EER (GP1) [~ |
@ MEER  — EE
O HMBUER]  eeeenes (AL B

B 1 BERMETZANERER AT EEREN%
T (a) BERCMHZTT BARCEER Y. (b) SERCMZETY T30 v Bl i AT B R B 2. Bl , SCIRVSBICR 19 K R 2 R AR ) 4 A PR
RS R ENME AR (GPL) |, I KA, S5EMA AR . BN R AMUE R (GPe ) FIECARIEA% (STN ) G ki
i, TR A B SR A A VAR . R IR R O (R B BRI IR, TR IRsE B A 2 Pt

P2 R IR I B OIS . F R
MR T 75 2 RS A BRI, T 252 B i Bl
J2 )2 FNE R ph 2215 45 X B 4% ( Silveri, 2021 ) .
FLEM i, WmA4 % (Parkinson's disease,
PD ) A= 4L )% ( Huntington' s disease, HD ) ,
WA AT . R RIE . T N,
HHEEMFIE  (Benke et al., 2000; Moro-Velazquez
etal, 2021 ) o HIEHITCAFTHIIERD], XIEFH
77 B RS AN AN IR T 5 RS A 28 19 A s Bl AR ] v Y
B, TEOCHEME, e 7R MZT - 2N
EAEMES /N h R D RERERS  ( Camerino
etal, 2024 ) . X Fk & T 1% 4 19 Broca-Wernicke-
Geschwind 15 F 58, SRIFILIE AT EE SN T
T EZMEH . AR ERE, SCRIKEIEF 4
PRI B R X,  JEH SRR A9 i T (Cop-
land et al., 2021 ) ,

B4R 1k, A OCEEIE A2 7E1E & B i
R NA R, 15T G T A EZA

BBy, HiET IR A R, (A
W BRI Rl ML AN 52 4 AH TR (Giglio et al,
2024) . MHBGEF A L NaEsiiEg, EF
PRfE RO 2 3 R R AE BN TR, RE L
WOE . ANERE S DLGE IR A UME - (Meyer
etal, 2016) , iXELiFFE H R TINBTECR I
ANUAHG, BEAh, FEELTT IR —TREZE ), H
AN AR F N T M e g At 55—
D, FEANZAT L S HAA 1S S R
SAEAER, SRS SOOI T M (UNZERT
BRI R R EIME AT RERIH — 2 18 5 R
X N T T 4% (Snijders et al,, 2010)
[, VERZ TR M I —i 0, FESZ Ty fg
LA T D RE R A S AR N2
fIAJIESS  (Copland et al,, 2021) . (K, #R7%H:
JEE R 2T AN [ AR o B P A S RE 4> T 1 HAE
A5 Y T IS EENLE], ABERI
PR S T8 Z A AR ML 22 R, 8
REdh R 5 TR R )y, I IR 2

Ve B RIBERR , 55 E A (2023 ) GABIMIZ R 6T OB IAEYE ) ST, 8233 M. JL5t : (PR Tl ik 2 2% Graybiel, A.

M. (2000). The basal ganglia. Current Biology, 10(14), RS09-R511.
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TR BRI I T B AU i B A S
If PRI A o

ARERIR RGBS TR 27 2 515 5 B Y
MAPLRIBETE, B9 =AREBCEEITHE: |
S5, BT RE A S ) e — I A 2 A [ A
CANZCRIR | SR ) e & B A R ZE T
WX Ak R LR TRE e RS B R K
B AP RIALE s R, i A Y R A —
JUE oA TR 2 N LS I I RE R ST (i
ZUM . EWE ERE) , A SRR 21y
B R B Bon, S RS R
PR A —JE R 2 1 7R 5 B AR 5058
B AU — Mk B R ] CIngi AT Sl ihoe
WidE) , EREFRRERITES R ARG
PSRBT T 1], 15 75 B S A0 B |
M G S B2 A S AR BRI
MR, G BEFE IR 2 1 7R S PR Y
AR /AR

2 BERMETEFERIAEER

T BRI N 2R KN A 2% A I D RE 1 % 0 i
B, WA RN, FEARE AT B
LR IX A = X A AE S M3 ] ( Fedorenko et al.,
2024 ) . HORMZRIEIER, BT WA
PETE 5 PRAR 0 A 0 T RO EAE AT T AT
P RAR VISP 2 N AL AT (CAnRIRA% | 5e#%
B FERFN A% ) FEANRNE &0 T2 b iy 2R
PAEEALE, IS KN B2 2 B D Re i B n ey
THpEE . R AR AR RAE S I
2.1 R S i A

WL - 18 SO0 T 48 B9 2 TRl 5 SR b -5 2L
1FE (Hagoort & Indefrey, 2014 ) ., #&HRA5T
KIL, WAA AR A W R RAR TS Shoass S A T i v
P RRETS B A (Roesch-Ely et al., 2006; Skeel
etal, 2001 ) o B F FIAEHRE AT 04 i D fe oA
REM, BIREZSE MRS TS, O X
PE#E (Ketteler et al., 2008 ) | 1 L HEAH ( Tiedt et
al,, 2022 ) . WX FEHl (Al et al., 2010; Rabini et al.,
2023 ) LIS AbEA)FEGE B YT T (Mason
& Just, 2007; Mestres-Missé et al., 2014 ) %, I T

M DI RE 4 M on, 7E R SGRBEOIME S 1, e
PRAZ 5 ZE M (8] e A AR v e ek s (Wu &
Hoffman, 2024 ) . XSERF5EE# SCHF R IR B
ARAEAETN - o5 SO Tk FE b, 80 520w B i) K2
S SO 2 CanZe g el BT ml L A s
R R T ) S, S SIS X
PRI RS, Mk s: Hbsik UE B Ik H
bl UG BEBPE  (Cocquyt et al., 2019) o #R1M,
WAMGEF NN, FEPALAETE SN T ) 3aE v hg
HHARRF b EHA G, AR E#ES 51HE X
T, #ln, Rabini 55 A (2023 ) & B, 1EmIIES
RE N R, FRRA% 5 HE Kz J2 AR Bz 2
R8T, H R S X 3 5 gl A D TR 1 LT
FFICRHk

FARAZABTE AR . FE R Ak g
T E SO, RGN TR R A )
AR e s ) F R AR, R S AT
M ZIEEARSC  (Hagoort & Indefrey, 2014 ) . Ullman
1E 2001 AEFEAR Y, SOIRMAEE 5 AR OCHE X,
JEH S HFIEE M 449 T (Ullman, 2001) . &4
WFoEtaRs, A4 A TE B A e )ik I i )
FEF, HAHCAI RN (P600 RN, I ME -5 m]7k
INTHMEREIROE L ) 13555 TR XS BRZH (Friederici
etal,2003) , HAEFARIEINT RS ELRAHZ Y
AN S KI5 S FAR X A 37 (Johari et al., 2019;
Teichmann et al., 2015 ) . 7EfERR ARET, #EHE
ST, /) T S ey FE R A% 1 390 408 250
W, THASS5AMIEAR)EE R (Kuperberg et
al., 2008 ) . /n) ¥k S ( Mestres-Missé et al., 2012;
Snijders et al., 2010; Snijders et al., 2009 ) . JEHLAITE
J# /4] ( Teichmann et al., 2005; Teichmann et al., 2008;
Ye et al., 2012) LA J 52 Z% /) ( Thibault et al., 2021 )
o Mestres-Missé 6 A\ (2012) 2, REAREZ L
T G Ak 2 B UIA G . e RAZ L BB A iR
FE FRAEAAN T AT S B B ARk JRi S
SR B, TR AR B i S 4
AR I SO I S T . B, SR
L BRI BRI T35 5 A B o e 2
AR, ENASSEMHNIN T (Seyfried &
Uddén, 2023 ) o Zi b, FRAREZAEMGI S5 / A 4
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VLSS, IS IERA AR A R R I T R k4%
HEE,

ARk, —LepisRE R, RAIRTEEHTIN T
Hh L T R A, IXOATRE SR AR & fE AL o
PRI T b i AE T 25 DIAR G (Adolphs, 2001) o
o T2 Fe el 5 Mg mrh, (s 5%
SfE BAEWT UL R & AR I SRy
& (Levinson, 1983 ) , MWLM SI/INZE. Fin
LI RAE A . WA AR A TE TR N T B AF
TERERS, RN TCE M AL R M = 15 A%
PO, MELIPREEXTIE %% ( McNamara & Durso,
2018 ) . McNamara £ Durso (2018 ) A Ky, KK
PP T SS  2 (ARSCIRIR . %R
Ge . IONRTA: Je 2 R B 5 ) SRR IMATETE 5 28
TP TS HERE . R A R Sl SR
2P AT RE R IR X ST, DT S e 8 Y 1
FANNTRE T o A BRE K B B 22 mUAS IF 5 i 3
XU EEARAZ | e e w0 B FHHERIN B 250000, B
5525 T (] USRS 5] 3% e G 58 ( Zhan et
al,, 2017) o Yib R iE S PRI, U R AR A
(IR0 5 0] B AT 4552 BE PR3 AR G ( Dietrich et all,
2019) o XEEHFERI], AR PTRETEII . AN
TR LN T b S S
2.2 SEALXTIE A1 PR R

FeMIe T M BOIRAR R 55— TR 53, e
BN SR AR 2 R U v A4 AR
( Vifias-Guasch & Wu, 2017 ) . 751877 Hid#id,
(Zef)) Fetsde s . ik an bS5 b &
% (Desai et al., 2006 ) . FEAZHTHS AN HR7E 5 18~
th bl B A AN ] S RE—— i &R 7 D AL B D iR FUAS
FRIN AR B R R & e, R FES S
T RAEIE S iz 3 ( Oberhuber et
al., 2013 ) .

SCALAE TR S B R 2 A 7 A kAR
(Ullman et al., 2024) . H5E, e BLR
EREMEEN ., RECESRREEFTEES
PRARAT 55 h AL [EREOS , SR, S RARAETETE .
AEAE I T ERAERRR, REZS
Wit oE i RN 515 & A B UIEE R (Booth
et al., 2007; Cherodath et al., 2017; Wang et al.,

2019) o EEEMAW AR S HE R EEE F
BN, X—dREEZ N KRS E, A
FE&ZC 8] R B 2 L Bz 3 DR £
% (Hickok & Poeppel, 2004 ) . Booth ¢ A (2007 )
BRI, M7 AR AAIBAT 55 b B 3500w, JF
SRS I TR SC ) B R S5 M Ar e s m i, R
FEA%A] LA ) K Rz 2 k55, DR iRiE & n A
KB IXTG Sl JLERFE A, U7 %7 i
FIAT 55 b B0 8 & T 95 HIWT 55, ik —
IR T SE AR S R P R ER] (Bitan et
al., 2007 ) . J& Tk JRYEE T RS W UE BN,
SR WSS AZAR TR L S e i 5 e B 2 KB 465 44
PR, A HC R X B A7 AE S H (Pigdon et al.,
2019; Ullman et al., 2020 ) , FUEAILEH 5]
AEAS AL ] BE SR N TR0 A8 B A L R

SEAZAETRNL - 1 SORI/A)E N T rp % 4 1 24
Al ( Abutalebi & Green, 2016 ) . LR ARE,
W4 AR B N Tl e shinl i), seAx 5 ER &
TNH T TR B E W, e AR
5RO C Py [ AN 55 8 ) Y
WRAFFEEE B IEAI G ( Abrevaya et al., 2016 ) , &
WP 45 AR A8 3 38 o BT R A B R 2% RS2 45 1Y
FLIRP LT INRE . Vifas-Guasch A1 Wu (2017) )
T AT R B, ZEMSe L A e TR o S AR
e, BRAEA R OCHE,, H FE S5 RER
WHE M TR Cangir |, el 8k, 2
HIE ) DAKGE & # Hil hi IX CanZe 4o |, 45 H
ERAFTE 3 )2 ) PRIRlE o 20 M 5E A% i Js &R )
FLESHAEE SO T, 5AMEE L, Hr e
DL KA 2P BRUE 500 U0 DXy A 0 ] 5 DXl A
it K OBUI N ik B [l G o AHEEZ R, il se e
HH A B IRE, (B 5 2058 D3 ]
Z 515 A . AR T 5i1E S
AL X P RIS |, 385 22 R el e [] 3
Z 5 PONFIEFEFE RS
2.3 & HERA B AZ XS 1 5 PR (R A

B BRI e A X 7 3 Bl s il v ke 22 E
( Klostermann et al., 2008; Manes et al., 2018 ) , %
VER BN R (DBS ) FARM FEH A, MA
UEHEFIH, P A 35 0 7 v 4 e A
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0 F I I BR AN KA i IS A% Pl 2
#3188 AE R ( Deep-Brain Stimulation for Parkinson's
Disease Study Group, 2001 ) , {H DBS 1 1 A 5 £
T s T RS S UG R (Cai et al.,
2024; Manes et al., 2014; Vos et al., 2021 ) .

SR, KT EAKS EMEZERSHIET
Mg, HirMEEis. —EHRIAh, TH
BR5 Fr o A% A T B ) 20 O TR FEAE
Bahlmann %6 A (2008 ) &I, ZEMIAE FAERFIRUIN
RS HIMTANTARE, BTG & e A
AR ARG, WA AR, FERIEEAEE X
( De Letter et al., 2020; Tiedt et al., 2017 )F1i#E H ( Briick
etal, 2011 ) I Tad B R F#EAE . Tiedt 55 A (2017 )
0k T HRTE IR S 80 SR SR AR &
EEG (5%, &I M A% TE RS Shinl b B 0
MAE AR B B W& s, RV EAEE = 3
2 51 HER FI THE0 o De Letter %A (2020 )
(1) DBS BP9 k7 , 4 AR i 7E N T ahVEShinli
FEN A SR g i shifEsliE] (an “95” ) /Y
I I T N2 ) N N (1= S I G N sl 170 3
FEUE T BEAR rh 8 B R0 5 B ARG I 2. I
Hh, Péron FEANFEH, FlMAZAERE S S G 26

SR AEEEAVER  (Péron et al., 2016; Péron et al.,
2017) o

{H53—2L DBS WA L B RS e
B B AF20  ( Tremblay et al., 2015; Wahl et al.,
2008 ) o filfn, Wahl A (2008 ) [FIIFICs% 1A
FEVEA TG 7 BRAR A SRS 2 AN K B2 2 L
5, BARTE KN K )2 5 Bl E N rh e A% AR S 2]
TiE X (N400) 54k (ELAN, P600 ) fin T.r£e st
ERP 00, H PRI 3R OR B i A% b 20087 AR G
) ERP %0, R ZHReIAEES S R - 2
JEPIE& ) /AT T . Tremblay 56 A( 2015 )& EE,
DBS Hli Fr IR AZ AT LA 25 = r < A f A 1) iz
SIREST XA TR HE SCRIE F I T8 28520
gi I, RAEY4RTLL DBS g IR R 4 s T Bt
IR T FHERF i A% AT 5 PR A R v v e
A, AHH TR S B AR 22 5, e E
IRIREAAFAE L
2.4 LA RE R G A S B EH

N T RGeS 2 TR S B Y
YEH, WA A MZ B I RE, B RA
BEHLASEIE ( Catechalomine, CA ) BERSLAYIHTY
YER. LR, ffs 2 e AN ERER, 75
ZitgFniee E SRR RV, Hifr, 21
J¥e 5 BT R PR T S IS e DX, AR AR
. AT R EZAGIX, S SUIRAA - K
Rz 2T REE o B, W issh . RIE, BFE %
INFITIfE (Cools & D'Esposito, 2011 ) ; 2= H & I
HRER FEA LTI B, 1236 B ECIRIAR . /M55
ZAMGIX, PRTER . OISR A A Y BE

( Unsworth & Robison, 2017 ) , F-ik—25%HE M
TR

IAEAR, CA RERGeAe i SCHL b 0 985 1
WK —AE Ty ), FABOCIEE R A A4 AR
WRE, BERNBRZUMEMEITELERHEZ T
KPR, RBLH T SO B 18 ( Angwin et
al,, 2007) . BCSGAANTRME (Ketteler et al., 2014 )
g S Z 45 ( Copland et al., 2009 ) SEFERS, It
i, DEIZHEEE G R I, CAMRHER (WA EZ
EL) A s ialIL )23 T v e A SCE AL, 4
RATE SUAF RN, AT S s SO By 5 b

( Andreou et al., 2014; Kischka et al., 1996; Roesch-Ely
et al,, 2006 ) , X B 5 ZEAMEE b [R] S S B AN
FTATHE [0 O i B J2 A S A5G ( Copland
etal., 2009 ) . Tan A1 Hagoort (2020 ) #H—H4E7R,
CA {5 w] Al E ) 2 T ) v SCREA, 3 5m ik
Xof v S I B BURREE

CA BERGUXT AN T A A R EH . mad:
BB TEAL A A B M AR IRE - ( Bocanegra
etal., 2015; Colman etal., 2011 ) ; A CA {255,
BB e ) B EE ) B 2% ( Grossman et al.,
2001) . Novakova %N (2023) KB, TENNTA %
FIVERY, R AREA MZOIR AR 5 5 Bhiz s X R D e
PEHERES PR R AR REAROC, A AR R Y
AR S P IR R TR G, R CRER 22
JCRY R AT BESZ I 1 SOIRAA - 45038 [ 7 ) 7k 3L i
HZIRE

CA BE R GuAe i I T b 4 £ 32 K
T <6 % s A8 2 70 T AR (] 4 [ 24 A R AR 2 i X
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( Monetta et al.,, 2009 ) BJ £7 75 i T BE A%, 1] 4n,
A 4 AR A8 2 M DA B 52 ) 5 A 2 2 (Holtgraves
& McNamara, 2010) , 7F K4 Bk, [ A1 e R B
fiit 1 3 B A {E (Baraldi et al., 2021; Chahine et al.,
2021; Humphries et al., 2019; Montemurro et al., 2019;
Tremblay et al., 2015 ) .

Zi bR, AR BN, JREA AT
Wit CA g RGN E T M 24 J7 7= A 2
AR SR, H AT OC T e 22 3 Jot B fn ey
Z5IEF ML e AT S R 215 Z [ DAL
HIHAA T RARNIRRE SRR, AR
o7 BTN 2R 45 Ml R 5 P 2 AR i DA 491 B B 24
PSR T B, MR LR B B RE R G = T
FR ks A VE FH AL

3 ERMEVEESERTNIER: 5%
R 2 TS — A

C A S T R AU BERE , FE P2 i 2
REMUE E LSz e, dph Sl = B nd 45
DI, —DEEMREUE, MRS F
it R R AR 15 R P (language-specific )
1, BRI — M (domain-general ) 17 i 74
SEH I, SCIRARXTE T A XK 5 F X e A
1 e B0 R iR JE 2 ML (Jacquemot & Bachoud-Lévi,
2021) 5 MG — e A IRy, B RHZE T R
[FAERHLT, 7E0E S TS AL e aRE F 5 h
BB S WAG I (Copland et al,, 2021)
AR, KA R, RIOIET
W28 (QnZCRTA R ) XHE & T A R R
M2 FRkMgs (BUNFETAn:, T, foss e, et
Sk ) D) B A — Pt ( domain-general )
SZH5FES T, id2, EEENKZFINAIE
% (Blank & Fedorenko, 2017; Fedorenko et al., 2012;
Fedorenko et al., 2024 ) . #R1j, JFERMATIEERS
PR PR HAA R AN . XX — R
AT BT ML OB 7 F R A LSRR ORI —
HH I T RO U — e 2 H AR, 2
HAMERR P2 3EAE ( Caplan & Waters, 1999; Hsu et
al., 2021; Tan et al., 2017 ) .

3.1 ALY B s — A E

A B0 3 SRR ISP 2 1 FE TR 5 B rh B
A G — DR, AR F SR
FAES Th U REARARL, Yo PR AR AR A T A )
fit, PR AL LB ( Crescentini et al., 2008;
Dominey et al., 2009; Hervais-Adelman et al., 2015;
Ludlow et al., 1987; Thibault et al., 2021 ) . {4411,
Thibault 55 A (2021) %3, AL S5 THAEH
POTE T ABLR AR 2R 28, A5 0 TP o) 246 TG o
225 (ZEMRRAZ . B A T ER R Fe A% )
HiX—BE&IFARE A TAE I 2 8062 g Hil AR i
FEo T EAT 5]k oz (] A8 8 ) e B8 2500 i —
WS T LN ML AR . BUE IR AR
RI, 0 F VAL 5 505 T DT 553006 T4t
R ARG X, dnZ2 &+ [l Fefi . bR fnae %

( Abutalebi & Green, 2016; Sulpizio et al., 2020; Tao

etal, 2021) .

FT X RS, Copland 28 A (2021) $#2H—4
W E TR R )2 - SUIRASHE BRI corticostriatal
regulation of language functions ) . Z & BTN Ky, 4L
PRAR S8 . B E R AR, 7E 58 B S
T (AEF % 20, Akl L) RES
Wbt CmiERE SRSt ) WiEEEH, x4
PR R R i 5 e — e R A s i D e, A4S
A PHANK M . A R I 2 (] 5 4 DL SO B
PEATHEF R RE , T S2 05 5 0 T o A5 ) F )2 -
SUIR A i R A S AR, SREE
P ) 5 2R A BN S B, LAIE WA 55 B A A iR
T AR E V. SCRIARTEAR RS o THI6S: e
IR TT PR, e A ST PR, X —
B RN T AR . IR AR DL RO R 2 32
FEMSCRE, XEEWFIE LR E B, SCRIREE ST
RS F AT S5 80 5 el mA i 23t
[FiE G (Korb et al., 2017; Mestres-Missé et al., 2017;
Snijders et al., 2009 )
3.2 FECHLTIIE TR R

SR, WA BFFIN T, FEIR AR X &
TRy 2 Al 58 B A 5 R 5 (Chan et al., 2013;
Crescentini et al., 2008 ) , —EEfF5T & P, L Hi
2R R I B A 5 L — e A 4
AE 1 B9 P45 2 JE B = SCHBE (Grossman et al., 1992;
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Sambin et al., 2012; Troyer et al., 2004 ) . i 0,
Grossman 55 (1992) & B, M4 £k 85 115 = PR
RS- ST T . R SR AR 5 S TG
FHHI; Sambin %5 (2012) KB, ARG B E
) RMEI AR IR TC A2 At i, eAk, Chan
AEN (2013) By IMRIBFSERIL, A& - SORIKE
AR S A5 h U & THIRB S5, 20
SRR R F N AR SR

FEFX LU , Jacquemot A1 Bachoud-Lévi (2021 )
P TR I TR - D) he e & LR (anatomico-
functional integrative model of language ) . 2% 5 I
SURIRTEIE ST (OB SHM S SiES ) F
IR OVERT: B2, SCIRIBFESR O AR, 524
HEEEXEERE, S5REEA. Wi0E L., )
PR E AR AE TN T Hak, SeRikE o
SRR R R0, R TSR R 1A
FIGEIR, TR e 52 2908 = N LR BCR
BEs dmeha, ZeMERA% 03 5 B IO O FNIE 5 N1
PR, AMSeN s s RILERGE, 25510
FEH AR, ISR IEE T TR S TR
SNHIIBERI S HAEN; WE SIS, BRI
SUIRAFE IR SR A T F R e, SR
FEHRITE LIRS TiET, XMET 1R A
SEIAI - SCIRIR IS, SCHREE &R E M T I RE
FHHETR T AT S rh R LA A 55 50 s () R 42 1
PERE 2P (Alietal., 2010; Stanc et al., 2024 )

M, AT BT SRR R A S
I ORI S ) STl Z a1 2 v)
HE, SRR S BE IS ol 2871 32 28 1o i,
— RN I DI RES HiEF N T, (AR
1555 CnAgshn ™) w75 R B SO 20 1 il 4 e
J1o BRI, SXERREAE— R B, 8ek
P o A TR R e i I TR BARPL R
ffys Uk, HABFFR AR S T O - i 3
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Abstract The basal ganglia (BG) are a group of subcortical nuclei that play critical roles in motor control, reinforcement learning, and language
processing. Anatomically, the BG include the striatum, globus pallidus, subthalamic nucleus, and substantia nigra, which are closely connected to
the cerebral cortex. Traditionally, the BG have been implicated primarily in motor functions. However, emerging evidence has shown that they also
play important roles in language processing. Patients with BG dysfunction, such as those with Parkinson’s disease or Huntington’s disease, exhibit
not only motor impairments but also a range of language disorders. These findings challenge traditional Broca-Wernicke-Geschwind language model,
suggesting that both cortical and subcortical structures, particularly the BG, are essential for language function.

While earlier research has primarily focused on the role of the BG in speech production, recent studies have expanded the scope to encompass
language comprehension. Although language comprehension and production share certain neural mechanisms, they also involve distinct processes.
It remains unclear, however, whether the different BG nuclei contribute differently to various aspects of language comprehension, such as semantics,
syntax, phonology, and pragmatics. This review summarizes research using methods from neuropsychology, neuroimaging, and psychopharmacology
to address these questions.

Our review indicates that the dorsal striatum, composed of the caudate and putamen, is crucial for regulating almost all aspects of language
comprehension. During both semantic and syntactic processing, the dorsal striatum is involved in monitoring and modulating information selection,
activating goal-relevant information while inhibiting irrelevant or less-preferred ones. Neuroimaging studies reveal an anterior-posterior gradient within
the dorsomedial striatum, with more anterior regions supporting complex syntactic processing. Moreover, the dorsal striatum is involved in pragmatic
processing, as it coactivates with the frontal-temporal network to generate context-appropriate meanings. Studies also suggest that the putamen
contributes uniquely to phonological processing. In contrast, the globus pallidus and subthalamic nucleus, which are commonly targeted in deep brain
stimulation (DBS) for medical treatment, are primarily linked to speech production. Although some studies suggest their involvement in semantic and
syntactic processing, others have failed to observe activation in these areas. Further research is necessary to clarify the precise role of these nuclei in
language processing.

Beyond the BG nuclei themselves, the catecholaminergic (CA) system—particularly dopamine (DA) and norepinephrine (NA)—plays a crucial
role in language comprehension via the fronto-striatal pathway. Closely interconnected with the basal ganglia, this system not only modulates motor
function but also supports higher-order cognitive processes, including multiple aspects of language. The role of CAs in semantic processing has gained
considerable attention. Patients with BG dysfunctions often exhibit deficits in semantic, syntactic, and pragmatic processing. Recent pharmacological
studies in healthy individuals have shown that CA stimulants (e.g., levodopa and methylphenidate) causally enhance the semantic and syntactic
unification, even when language processing per se is goal-irrelevant. These findings demonstrate that higher CA levels may further amplify the
importance of language processing through modulating fronto-striatal connectivity.

A central question in current research is whether the BG support language comprehension through mechanisms that are language-specific or
domain-general mechanisms. The domain-general view, supported by evidence from neuroimaging, neuropsychological, and bilingual-switching
studies, proposes that the BG—particularly the caudate nucleus and putamen—modulate cognitive control processes such as selection, monitoring, and
resource allocation across both linguistic and non-linguistic tasks. In contrast, the language-specific view argues that certain BG—frontal circuits are
specialized for language, with some neuropsychological and fMRI studies showing comprehension deficits or heightened fronto-striatal sensitivity in

language tasks independent of general executive dysfunction. While current findings largely favor a domain-general regulatory role, the BG may exert
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finer-grained, potentially specialized control in specific linguistic domains, such as syntactic processing. Resolving this issue is critical for addressing
a longstanding debate in psycholinguistics: whether language processing relies solely on shared neural resources or also engages dedicated neural
mechanisms.

In summary, this review underscores the distinctive role of the BG in language comprehension, highlighting functional specializations among
its nuclei. Several critical questions, however, remain unanswered. Future research should move beyond isolated activation patterns to systematically
map the division of labor and coordination among BG nuclei, as well as their interactions with cortical language networks, using advanced techniques
such as high-resolution diffusion imaging, laminar fMRI, intracranial recordings, and psychopharmacology. A central priority is to clarify whether
BG regulatory functions are language-specific or domain-general by directly comparing linguistic and non-linguistic tasks with temporally precise
(MEG/EEG) and spatially precise (ultra-high-field fMRI) measures. The catecholaminergic system—particularly dopamine and norepinephrine—
also warrants focused investigation to disentangle their distinct and potentially non-linear contributions, integrating pharmacological, genetic, and MR
spectroscopy approaches to assess neurotransmitter concentrations, receptor distributions, and connectivity effects. Finally, the role of neural plasticity,
especially the bilingualism-induced structural and functional adaptations, should be incorporated into dynamic, developmentally informed models of
BG-language interaction. These models should be supported by longitudinal, multimodal imaging to link language experience with functional network
reorganization.

Key words basal ganglia, language comprehension, catecholaminergic system, language-specific mechanisms





