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Abstract

Alcohol use disorder (AUD) is a widespread and challenging global issue and the most common type
TR

NEF|H: 706, M. AR BOREER RS B 5L 5677 P IORL A 0], IRIREE -2 €, 2025, 15(3): 1807-
1816. DOI: 10.12677/acm.2025.153808


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.153808
https://doi.org/10.12677/acm.2025.153808
https://www.hanspub.org/

o6, XA

of substance use disorder. With continuous advancements in neuroimaging technologies, various
non-invasive imaging techniques have emerged and been widely applied to investigate brain dam-
age characteristics, cognitive deficits, and the neurobiological mechanisms of addiction in drinkers.
These techniques include functional magnetic resonance imaging (fMRI), electroencephalography
(EEG), as well as therapeutic potential methods such as transcranial magnetic stimulation (TMS)
and transcranial direct current stimulation (tDCS). These technologies play a crucial role in the di-
agnosis, prognosis assessment, and treatment of AUD. This article systematically summarizes the
research applications and relevant findings of these techniques, analyzes current research achieve-
ments and limitations, and, by integrating within-group and between-group studies, explores future
research directions, providing theoretical support and guidance for deeper research and treatment
of individuals with AUD.
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1. 5|

PRSI FH < T R S 456 FH [ 65 (alcohol use disorder, AUD)EAE- S8 IT 300 73 ASET:, (H4FRIET:
NELIRT 6% [1] o WX K (520 2 T 80— RV, SRR 90k AH G ix 45473 (alcohol related brain damage,
ARBD) [2]. WFFCHiSEER], RS A SR P 5 oA 75 0 it R AN AT R R3], 2023 4, 5 DA
ZUE (Rt 7)) EORFM— 0 A BRI, XTI S, WA ARE . B, U8R TR 1T
FRI, FEIANIE SO A o8B S5 R AR AE — 8 IO, T HERR X e ) 2 J5 T, TR s
MWEFIHRA TR, HAFE—ANZEE[4][5]. KIS HaRBORMAEH RS, Dl &
A EDRE[6], M EENT, B E AR E . B AE A A, I IS 2 A NI A A (7]
HHT, Z2H5E AN 3 2R8I 2 M0 THHIE 2 NS E SR RIE, MRS EET R TR E 25
(central nervous system, CNS)#ii % [8]. G 2 i JEWUR WI R iz ) )= & o, B EUS 8h R H %
[9]; REVN 2 T80k 5 VPR B 2 oIS BS80S B2 33 [10]. W, FH O # it
T, g HoR AR R R BRI (Alzheimer’s disease, AD) LA M 1H 4 7797 (Parkinson’s disease, PD)F
MEAR[11] [12] 0 PRS2 REME KRN PRI AR BTN 19 5T, 2 SO R P P AR B, Rl ad o 8 T 98 1P (1 3 - 3 3
FRRE[13]. L TE I E AR B S & K DY Re e . TS ST, inDh aeg L3R 4 (functional mag-
netic resonance imaging, fMRI). i Hi[¥] (electroencephalography, EEG) PL & £ fiifif ) ¥ (transcranial magnetic
stimulation, TMS). £ EL it Hifil] ¥ (Transcranial Direct Current Stimulation, tDCS)%%. [Kitk, A BIERS
PR3 BT TR T A B AL ARBD WS I, AR &5 Fh UG A A 1) S BA S A SR A 5 1785 £
Jr T, N A R AT TRV T SRR A LR AR

2. IRBEMINEEEE
I 1 D e U AT I 2 R A AR TR AT A . IMRI 2 H AT SR I E AR 2
—, T 48K P i (blood oxygen level dependent, BOLD)&ES Js W K fini ) Ja3 38 MLt 5h 7127484k, AT ]
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R AP 2 TT I E ) [14] [15].
2.1 REBRXESN 4

B ¥ (regional homogeneity, ReHo) AR 7 IR I (amplitude of low frequency fluctuation,
ALFR)SE #7715, AT APRAS I X B & IE 3 S S B AT AR G fEOB & ik DhReaf 724, ReHo {H
AT ALFF B I SR AR 7R T ORISR e XS 3 57 8 o Liu 55 N HRIE 7SRO & iiA - T - /i
(] % ALFF 5 508 BE[16] . #E— D0t AR, Ol X5 K i ReHo AMEATHRIE 4344 (fractional ALFF,
fALFF) A W3 OCHR, XAl Re MmN AT RE[17].

2.2. BSThaEERE ST

SR B JR 50 23 BT A J2 DA 4 THI 488 7~ T %o i B e AR S el o 3 T4 227K ST 9 £ 00 B (degrree centrality,
DC) 775 AT LA SR VFAd R A [7] X 42 [B] ) Dy R Be s B . DC A 7k KL, 54 AUD 3 o il b e
AT IEIfE) DC B B Sk iy TR RRZE,  HL e 000G DX 1 22 S B0 ALGVARRR I S 2 T 0, X gk — SRR PR i
N5 B 2 A ENLHI[18]. IRk, ThAE%E 2 (functional connectivity, FC) J5 1% — 487 7 K % [X
A BB S0 A . ) E S S Th RS I % (resting-state functional connectivity, rsFC)HF73[19]1£ 8, /£
A e S [8] 5 P DU RE 0 Rz J5it DA R 55 92 R 1 T R G 1 /KA A TR K B D Re e HE, 3 5 0 T 4% 2 DA
Ko FI—WUFE[2015 B, BEAE ISR, S5 R080 2 8 D) 5eE Rk S5 . Ruan 55 A [21] )6
st 7 DC 5ETFh+ 51 FC 404, KIL AUD B3 1) FC AL SHER ™ EAR LA G, X NEfE AUD
AN R TR &R .

2.3. BIFSThREER A

WFRRIL, AUD B3 15h 7568 #E (dynamic functional connectivity, dFC)IR 2 Hufd FEXT IR 20 5 /D,
I AR, R BRI BRI CEAS [F) D R RZS (Rl R D)4 B 0 R R [22] o bAh, TR M6 2 3 7E i 5
A T =E M (Triple Network Model), BIER AR X 2% (default mode network, DMN) . 28 . 2% (salience
network, SN)A1 e Sk 4T /4 2% (central executive network, CEN), HZENaThREERHE K A RT, BRI NM
RS BIRRE M T B R 2 FRAIC, BA S CEN A Tl Re 1% 452 1Y B 5 [ 23] i ) L AP G %% #% (prenatal alcohol
exposure, PAE) S 2 it ) LiFi A5 1 2 65 (fetal alcohol spectrum disorder, FASD) ()i 2245 5 25 T g fY 2% 3 4%
(resting-state dynamic functional network connectivity, dFNC) & A= 53 5 454k, AHEC T A BEx HR 4L, A8
I B TR BN VE AN S ST L, I S E AL T D) BE 11 e IR [24] 0 3X 838 40 R BE S IR RN T e
HE—DHRR T PAE XK T RE N 45 1 A BRVE R A o

24. WIS ZEMBER

BT % 4343 #T (independent components analysis, ICA) & —Fh 52 & I s /7%, fefigHs BOLD (55
Gy AR RIS Ry, o/ T SOPD - IX ek, DR )32 )8 T TR 3R 5 A K0 v 118 A (] Ty e X
#4[15] [25]. ZeRii—TAT FE (2613 W], SRR B8R 220 DMN i B DD RedEs:, X 5icimig Y]
K. HE—D 2B ARV, Y E ) DMN 1% H /2% (salience network, SN)&% #4574 51012 119k
IBAS[27]. BbAb, ARG 0 5 554 (] 1) DMN 42 186 B R HR AT 25 1] 1% 4% (executive control network,
ECN)EFPEIHTH[28]. Sl LG, BN 7E ECN H ) ReiEHe vk & 95 [29] . AUD BETE#HES
T =H M4 (CEN, DMN, SN) D REER KA 1 W g9k, JUHJEAE CEN W#EE &L 5 DMN AT SN 2 [H] i)
HERE[30], IXWTRESCL T AUD BETEIARIIE M I3 R Bl K FRAH S AR HE 5 T 1
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2.5. GEHME T SHRINER

FT B IR R 28 o fr i it 7 — M R A, ROy — AN AR AR M A%, H T e s Ak
R IR 245 P 2 8 PR R B Fh 85 K0 A8 4K . Zhang 28 A [311 R B0 2 R 2 I 3 52 1 KR P9 265 () Th e i 4, aXmT
RE S HH SRR ) A AN . Lee S5 A[32]3E — Pl R 0 At I, AUD 538 B RE A Jik 9 455 757 i 2K
HEUK, RUHINREERLZ 0.

IEAR, RS AR 8 2 B K 5 R AR X 28 (PR AN ZUR AR S, F BRI A RS BAL 1 R PR AR
R e S Bk X ) e M 2 A3 [33] o PR MM 23 T BUM S5 R P 45 (R A e M TR 1, 32 BRI g 4 J=y Al =y 8 3L
FRPEAC, Rl RAEW SOz s . DRI A0 B FR IR O R 28 F [32] o X ) £ 32 38 A 407 5 1T R FARAIG
FURAC B RIS TR R RCR, 45 R AE SR B X D) BE SZ AN S HMEREAT AT RS, HETRE M RIAIAT A D)
HE.

X RO ) AUD S, B ST R I AR D B AT SR ST [34] o T TP — 4 2 1 4 J fii I 2% 241
277 11 550 R ZH A 0l 35 22 5 [35], i B BCIPS NF [) SE C m P &2 — 5 R B2 1) 1E 5 i D e

2.6. BIBkEEFRICA IR

Ak, Bk B kR % (arterial spin labeling, ASL) & —FiAER A MRI AR, B4 FH P Y51 3h ik
VE N REEFR B8 B A S . SRR ASL W SO AR, KRN 30 XS v 3, G2
B X IR[36] [37]0 S SR TRAS 0 NS P O H 2 e S5ME Hb RE e B R 5T, AR, %o T 1 M 3G = T
5, WEERSRNWAAE. £ AUD &3, A X8 fix ifi ji & (cerebral blood flow, CBF)Jik/l>, Jf
H.Bmi) CBF 5 K& 2 FAH[38]. i — L0 7t on, UOIFR B 5 35 52 v R AN 48 15 1) SN ¢
ST AU CBF 52 S A5G [39]. X R B, 18 PERNE FT AE T BUM & T B 2R, T 52 1 1 45 AL N R
XS T YOE E I e B WL, B2 F IMRI 238 5980 ASL R, MASIA A1 FE R 1 AR Rk
Wi ThREIIREN . AE B AT SRR T8 07 VR I G5 — MR 72 45 R & F AR . RSk .0
TEWEIE, SRR SE I BT I AT RE , o SRS, RN I8 10 T A8 U8 5 R0 47
T Z MBS K R, LAS R X T RV &2 (52 I B -
3. EEG EIBEE P HMA

EEG & — it id 3k Bz AR ST ic s ORI BB BN BRI AR i2 B TRl & ik T ge i 7¢,
FRRVHPRE BoRe s AN RESZ B S 4 HTE B R ARG IR . EEG [ 55 444 G fixi HL A7 (eventrelated
potentials, ERPSs)fit 1546 R Pl K Mnid sh, HREAE P3 I St E B & BRAAITRE AR DG i 28 T [40]. 1F
EEG. ERPs filZiffAH2%HR% (event-related oscillations, EROS) I 78, Flii # 76 b H Ax Al H br ) 3%
I RBLH /N P3 B, R BIARAT I PR A4 R GU I RS 55 [41] . IX EE I G AT 8 S W H AR A 4
LR IhAE, R SN R R SAT ShEE A S I Rh IR BRI IR . Db ah, SOEIERE T 2210 55 7 XHE RS A
KRN, BE—BFEAK T P3RIR, RIS IR 1 AR & AL B GE /1[42] . Cofresi
G N[ABVW TR I, RIS 1) P3 Ui T B fE L AR T T, T RE Sl 1 PR IR RS A S 2 454
W2 . X PER 2 R 51R T XRS5BT La 1t — 2B SR R SR, A B e A
PEBIVERRT M 0 TG o 3 — DB TR B P3 I8 M -5 T e ) PO R P (L 90 R AR R R LR ) & 1
FHIR[44]

AR, 2T EEG 3R ML a2 > 7 e i A AUD B 7 B T B K8 /). ikl EEG 55 1)
REAES AN 22 ) Bk, W] LR 35 3 i ek RS 5 FH Bt IR 2 W e 1 . B 03R4 & Do d AR 46
AP 22 X 24 RN A2 IR 288 RO R B 2 ) 204, et DLUER I 90% M vHE A 22 TR I AT 7 [45] o IX P73
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AKRET EEG (W H M2 W T RS el et JFovRG R T 3R 4E 7B TT I . ARG 5T AT DLk — 2
At EEG 15 S HIALEEAI 0, JUH S HMBRMSS G . Filan, sk &l (Magnetoencephalography, MEG)
5 EEG W [A)5 1d 3] DL SE G sl 2R 2 i X R 3, 42 s i 30 6 2 [6) 23 2 [46] . Br itz 4b, B4 EEG
B A B] L W RRUSERARAE, DRI 2 AR E S B 2 X TGS, D BRI R K i T RE A
WARMMEE . EEG BRI M Remt 7t R BT T —EBUR, #67s 7 P3 MRS 0k 5 F (1 G LA
RS, T RTHS LIS B . Ak, Bl EEG B FE RS 5 M & A A0 23 6] 4
PR HAFAE RBR o ARG JJ oI s o), i 5 IR B G, 129858 28R Mbn &9, 37t
PRI 2 K i Dy R S T FE A A2 T e

4. ERRRIBRI T AIMERARIGTT A

BT 2097 RO AR, VF 2 B M AR UE & i, DRI AR T A BT VAT R BB H FR Bk = DR EL
BN JI[47] [48]c TEXPIGOLT, —FhG BRI B AT VEE BRI b 51 7R 2 (%R, B IR R
P B ) i —— 44 G 70 % (transcranial magnetic stimulation, TMS) R4 /i B it FL i) 4 (transcranial direct cur-
rent stimulation, tDCS) . TMS H1tDCS fi i B A — MG Rl 11 o 81 1) 2 T-Fh 22 [ml #& 11 AUD ¥R 97 77 4[49] -

4.1. TMS

TMS &gk H i 2k BBl 7 A il , A2 Kb 51 K ey B At , AT X3 MR 83 B I AR IR APERER . TMS
O Z TR 2R 2 FRE R Va7 [50] [51]. FHr, LTS AMU T 57 2 (dorsolateral
prefrontal cortex, DLPFC) NH#E &5 (1) TMS VAT, FEVRAE iuia (B3 b R ML AR [52] . DLPFC 7EHAT Ih
REFI I Bh d b R4 4 E ], TMS 3831735 DLPFC HIMh&IES), AT s M fvsias /1, b
RS SR AN R B [53]. TEZ AN H it ik vh i, HA Rk N E 2 TMS (repetitive TMS, rTMS). rTMS
XTELAN DLPFC PRI A UE W REAE — € REJE B I/ Pk W oK [54] . Horr, —Ffr il rTMS B ——0 R
R (theta burst stimulation, TBS) W # A/ 7L H T-¥377 AUD &%, McCalley %5 \[55]HIWF 78 7R, TBS Xf
DLPFC T LARR a7 R AV D 2R 2. ImIRIEFiH, DLPFC JUI &4l DLPFC, {E N Edi
rTMS (High Frequency rTMS, HF-rTMS)#E i, 723697 RS B J7 Th 57~ i 5¢[56]. HF-rTMS XA
DLPFC (ISR b T IR TR AN E[57], #R1, /ol DLPFC (1) HF-rTMS 7£ i/ ¥ B2 FNPURS B\ 77 TH AR
BN B EBUR[51] [58]. R4 HF-rTMS X4l DLPFC (7 2 g, (HHKIIMERIEAE S &
ITHIBEFL[ST]4R h, 52 HF-rTMS VRT3 72 3 N H B U5 Hh R I HH 23597 %, HF-rTMS X 45l DLPFC
TR N3 . T — T, IR, 786 ANH M 12 M ARIBEY H, HF-rTMS X AUD B35 KT
RS R RRZE TG 3 72 e [59] . IXFT R AR E ME W] RS ORI A AL 5C . DLPFC 1% wv PR3 5 m] e
S| HA SIREAR S X E R AR, TR TMS KGR . Ak, TMS BER I S REARI
fl AT AT TR — B T . AR T DARR T MM e MR L Semg . flin, SR sk TMS Jile
B3 K E RIS s AE, PRI TMS 8B, 1Ak, WZhE EEG M R HAR, SEif il DLPFC (1%
IR, SN TMS 450, DR sas7 AL AR
4.2.tDCS

tDCS & — s i 75 Sk Bz b 22 T i A SHe A 38t R B2 EEL AT P VAL SR VR 4 K B2 J2 4 28 6 D By PR IV TG )
ZPWTHEAR. 5 TMS #tL, tDCS W& yfii it HAEHE, Hbpets 7 @ EFEX P BT H[56]. T4
¥, tDCS 7E AUD 897 H R AR THIEIRIE, JCHRE AT AT J 2 D Re 77 T

Holla % N[ 7B, tDCS RS = AUD B8 I A i I 25 0%, 1X — g J1 3R 5 3 4R Rr b
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(e S Ik SE[60]. BLAh, FBABTAE T 2 mA HLIR tDCS BRI, tDCS REW A R/ il ks i A
[61] [62]. {HAG LERff i3 R[54] [63]-[65], tDCS TEI /b MRS ¥ BE 77 [l A2 Jo 2K 1) o X Fh7 R AN — ST
Re S SLIG BT T A %, AFERIRAE . FRELm] ) CLR 2R MR R A . Flin, I & ]
BET77E DLPFC ZhAe2Hi, S DCS Myrak R . 1h4h, tDCS MY Bam e, wRERI L Nk
X, BEACREREE R . JRETT ARSI, BOR 2250 M7 3CRe /2 DLPFC X386 A 2 mA HLit i
tDCS 1EAIRIT AUD A 8L s [66]. A KHIEFT AT E— 20 PP A5 58 & B2 (0 3 mA) ) tDCS, DMEAKIEIT S
e, (HITR IR AMATN 20 R KA 2 Atk . Ak, IR AT 2R AT B H R, AR R A X A DT
P rR R PR IR 5% (1 YA SR R TE AUD JR IR YT R 140 i L, TR VR 2 0 70K tDCS H T Tl =K
Z IR FE[60] [67] [68]%F 2 mA MMMl DLPFC, FE7E KL HUHH T A tDCS BE W/ THEK
o IX—{EFHHLEI AT R85 tDCS XFRTA - B M 4 Bk (I T 56 . BUAR K 2 BT 78 3 FF tDCS 1R
ATE BRI R A AR, AT B B SU R RE R I tDCS R A TR B 2% . i, Witkiewitz 25 A
[69]45 Hi, YAITHATE, tDCS MIRRIFR B FERTRTIESWE R . KRE L, HSHHIHEFE[70]%H,
XA DLPFC ] tDCS Hll & —Fh2e 4> HAA Rt AR A v 22 1) 7 2.

DLPFC /& TMS/HDCS i F (88 i, fH /N4 5] fif 51 45 A4) 1 22 5 ] e 52 o R B R R o T
TMSADCS IR i 38 1 3 T ARAE AR, (RN RS A DI Re AR AR BOR 22 57 . (R, ARSI mT UGS &
fMRI D ReZER 50, Ak DLPFC BIRIBEEEIX, R5 2 5 oAl S i 45 (4 DMN. CEN. SN)Ff OG5
X3 sbAh, AREF[7IIERY, RS AETRS AOB  sh ZHLH  BI EZAER, wReER 7 — IMEASR
EOREEIE =

SRS, tDCS 5 TMS RO fl B AR TE AUD 1697 B B A 1R K F1, B H BT I
JTRAFRE « KIABERA & A A RA— B m . RRATE5 4 M TS TMSADCS HAR, FIH]
EEG WM AMARRE g S, B R IR AT R],  DASR ANV T R

5. IR MAKRKRE

I LT O AR T B OB BT FUE R 1R OB D REA A, VIR . AUD R R
MW, V69T T RO A SR TR AR R . XSRS RN OR R T RRE R R K
DIRIPh 2R, ARG TT SIS 7T n. RECH RERRE, A2 B M. Rk
B 7 AT LAt — PRI BOR, JFRE 2 R s G AR T B s S, BB ot A RN 2% AT 2
[AISCIRI BRAR . BEAh, WFFCRR B OB, I ] BE DT A RIS, AIGRAE TMS A1 tDCS A8 B % BRI
KT RO 2 Ak, BB ARG E, 45 auHE . MR E RGN 2 g T, FRAERE S AT
M5 7 WA R R BN, D MPEAL IR T IR BE RS B O BRI . AT F , MR AR
BEESHT TP R IE, (B AR 2Pk ARRTE MBI . ZHERRBE . I K R FE R 5 27
PHE VRS TT HIR AR R, LSS 68 ] B S MALIIT FC 20 PRIG T 1O 4T S8 80, cdess S5 i Bk
LB T30 -
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