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Abstract

Neurological diseases are characterized by complex pathological mechanisms, significant clinical
heterogeneity, and strong early concealment. Traditional single-modal imaging examinations are
difficult to fully reflect the overall pathophysiological process of the diseases. Multi-modal image
fusion technology breaks through the limitations of single modality by integrating multi-dimen-
sional imaging information such as structure, function and molecule, and realizes a leaping devel-
opment from “morphological description” to “systems biology characterization”. In recent years,
with the establishment of large-scale multi-modal neuroimaging databases and the rapid develop-
ment of artificial intelligence algorithms, deep learning-based multi-modal fusion strategies have
shown significant advantages in the early diagnosis, progression prediction and individualized
treatment decision-making of Alzheimer’s disease, Parkinson’s disease, stroke, autism spectrum
disorder and other diseases. The fusion paradigm has evolved from the traditional early, middle
and late fusion to advanced interaction modes based on orthogonal compensation, cross-layer guid-
ance and attention mechanism; the introduction of explainable artificial intelligence technology
provides an effective path to break the “black box” dilemma and improve clinical trust. This paper
systematically reviews the latest progress of multi-modal image fusion technology, expounds the
application status of multi-modal combinations such as MRI-PET, structural-functional imaging and
imaging-electrophysiology in the evaluation of neurological diseases, analyzes the core challenges
such as data heterogeneity, modality missing and model generalization ability, and prospects the
development prospect of multi-modal artificial intelligence in precision medicine of neurological
diseases.
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1. 5|

M RGP A FRBUR MBI F R 2 —, HRELHI Lidtfe . A EE T (L 8
KR MR ARAL T, IWRRILEA &R M. FR R E W (Alzheimer’s disease, AD) 1IH 4 #% % (Parkin-
son’s disease, PD). fiiZcr. B FE I & 15 (autism spectrum disorder, ASD)25 5955 4141 48 7 Kk BaE
FERTAE R PR AT B AT ORI, 3K B 395 B AR OV R AR (ELIN ARORE IR M R S B, BRSO
W Rk, SEIAEE R G050 I SRS 2 W R R O, X T i dERE . s R s A E
TR X

MG LR R N AR VAL i &5/ 5 Thae et T 1 T R BESEHR A% (magnetic resonance
imaging, MRI) A A% 20 Z1 i i 35 S5 4« 1 PR 4R 4 R EAT RIS e I 4 %82 1F o7 R 5 W7 2 49 4 (positron
emission tomography, PET)i# i e V7> T IREF AT AL B-ie M BEER ORI, tau BRI 4EEs . ) B G155
S FIRBERIE . JRT, BB AR RE S s B % B —MUTHT . 2544 MRI AR K 248, (H
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HE LA Be P AU R s DORE MRI AT R 2% 2R, (HBRZ 70 TRk PET BRI 2 2
VIR, HERIDHEAR. FORKIATUREHN . DIt 2 TEZ R RFERZIAEE, BB EEME

LoEdE 2 m H A
ZISE MG BRI DAL T, 8ISk B AR KR modalities B9 EAMS S, SKL#L

RGN RGEYERAE . 450 - THRERLVE PTHE /R B45 5 B8 RSG5 R MRI-PET & il
B PRRMEE R SRR TESHSE, RERISHHERIE. TR, AT ak(artificial intel-
ligence, AU IR IRFZ 2 I BRI PGE K&, 2 BESHIR A & 524t 7k TR . 54501450
JiEARL, TREE S STREN A 3h 2 T IS BAS IE e e SC R, JeEE s 4. B, Sl ML KT 10K
T .

2025~2026 (1], Z A AR LA AU IS T — RN H B 20 KA FE (40 UK Biobank
ADNI. ABCD)RFEEY 25, ALY ZRRISE IESR AL T A St flA SEms A a7 58 AR RFAE D 32 ) 2 T )
B IERC M #5251 10 m a8 BRI AT @R A T34 it (explainable Al XADNE A 5] A AR
PRI T AL ARE, R T IRR SR . SUbREN, EEREAFHEBERA T Al LT RN
bR IT A AE LS, HE 3 2 AR AS Al H AR T 72 E [l R 1k

R BIERGLR L HEAZM S EME RGERE WP R e, E SR 2 Bsm a1
ARV FERSAE RILGRN A PR, FERT 4 ar G ki 5 AR R 7 .

2. ZETSHEZGEAREL
2.1. GHasig

T1 IMALEAZ (T1-weighted MRI, T1w): $&4EE o0 B gl BUR, AIRG 8 0 JIKBL. AR, WEH, €
HEIEMX AR FEEE. RERAGETEE. ER/RRIGERP T, AR R 2D 402 5 A
AR fE H MIRETE REERG Y, LIRS B Rl A K

R UL AZ (diffusion-weighted MRI, dMRI): 3@ i A 7K 73 5 IR B ) e, HEBRT 1157 2F 4 SRR 3k
SER) e, IRERTK B R (diffusion tensor imaging, DTI)AJ ¥4 & 7] 5 1443 $ (fractional anisotropy, FA).
FHITRECE (mean diffusivity, MD)&:54; T8 = OB Y 409 500G B a4 (diffusion kurtosis imaging, DKI)F
FRZE FE 7 1) 73 U 25 1 i 4% (neurite orientation dispersion and density imaging, NODDI)AJ $2fit4H 4145 % 1tk
fEE . LF4EUE BRI AT E G LS, 3B 7R P57 AH O 1 i 9 28 40 Fh 250

T2/FLAIR ifg: Xf/KM . S0E i SEs kA MUK, 722 RIEREAG . /N AR 26 S50 2 W
A B A EEANME.

2.2. IhEeRi&

Ii6e MRI (functional MRI, fMRI):  J& - Ifil 7K 14K #i (blood-oxygen-level-dependent, BOLD) {5 5, %
LA 22 LG SIAR S [ LA 3h /754840 . §3 R A IMRI AT SEAG fi IX 8] ShREE R T, AT4525 TMRI Al 2 7 4F
SEWNHE S BOE N X . DAL RIZE AT (I ER B4R . PATIEHIG) ) 2 S H T AD. R #7240 45
PR -

i £ %] (electroencephalography, EEG) 5 fifi &l (magnetoencephalography, MEG): T2l &t £8 fi 4=
58, BAZRDHN R EEG |2 N T HEURIZ W ABEIR 2> 11; MEG s 508 e 1o SRS e o 7
# 5 MRI fil o] SR 25 73 528 H A

ik H i€ bric (arterial spin labeling, ASL): JCEIE S/ ML &, SWLIERRE, e, e
IRAT MRS B N HANME
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23. TR

PET: Al H U MR BRI S0 () e e 20 T4 5, SEIER AR T Mk . AD AHOG/RERFIELFE: 11C-PiB
I 18F-AV-45 §i[n) p-iE ¥y FEEE H, 18F-AV-1451 §[A] tau 251 . 18F-FDG PET J il fisi i 2 B AX U, 7£ AD
FLHRE AT B S 0y B AN ARG . 7E 2 B RGBT, 18F-DOPA 1] F T & A il . PET
s R A MRI R 23 (8 2 R R AR BAN, MRI-PET @A A4 IR AT M B 72 16

24. REFBIERMAETD

AR FU I, PR SR AR P 48 R 408 () A, JHG Al I A A 28 2 4 0 A T B B R 5 BER AR AL,
2R W 2 43 4 1L 15045 (optical coherence tomography angiography, OCTA) ] 75 73 # 28 f2 7 A0 W) FE A if.
BN BT R OB B LI O IMIE IS XK, R Z IR 2 B4 L % S T . IRER
K (electronystagmography, ENG) iJ s AL HR BN DI RES 4L, QoM AR A . P I8 R a5 55, e B F = R /) i
DifeRA . IRMERRA 0] EHE. fTEEENH, AEAMERIT YR R “&n” .

3. ZRTSHMAHIFATER

LG IO YRR Tl RS i s, SRECEAMS ORI T A . ARAERL & R A Y
B, KRS SRNg > =3 ROIR S (BOE BRRELR) P IR A (R 2 r ] ) R TR (PR L) -
UTEESR,  HETURPZ S 5 1 B i A HEZS AN Wit AR 2 A s AR

3.1. EGRhA RER

FURRL SRR T BURHE SRS R 2 S BdEPHE . W T8, ARG EHES I MRI A
PET EIGHEIELEE PR EMAM L X T4 - e G8dE, WIRIGEBRRHMERE 5IhREER. FERAH
FRHMEPHE . ARSI, (AEORAES G AN HE,  HfE DLAG B AS Bk (7]

HHIRR A s 7RSS AT R U, TEM 48 18 8] 2 51 NAE EHLE], GnRIEEEE. IR A,
KBRS POHRS RS R RRHME S R T R E, BAREN. W AR BERE.
ZEME . HEEEMEE.

WG SRASMSI AR, ERRERMER BRI RER, WRFEE. MECFE. %
25 MRS TR ERE, W RIEHA RIUBAL, RS AR R RS (R ARG A B .

3.2. REFIEIHRETER

VEE AHLHIEL S B RASTE /1 (cross-modal attention) {5 15 7 7F 2 5] 55 B v sh 25 55 35 AN IR 25 FR A 5%
X3, Zhang %542 I 2RSS R M4, T8I THE MR R PET HRAE B2 [A] A AR DL PR R I, SEBILAR
ARG S. TR, HR IR A B BB ARG S, $ 77 Ktkae .

IEARZRE SRS SESEIRPFEERBIRZIIREE, TR TUR 50 R 72 1
FRIE M . Zhao S5 H 2B IEAT LA M 4% (MOFNet) 51 N “ 2 245 IE A A AR B (multi-modal
orthogonal compensation, MOC), /il & a5 I 3 — I % ST IEAZ Ry, AME E B R IR, [R) I 401 T
RIGE . ZITVETE ADNI HE 45 FEUHLPERE, JFiEIT Grad-CAM #J7 BEIEGAIE T %53 AH O X 35 1)
RS E Lo

PSR G FAE : EPRIE E B UE BAR B Z 2 (B 4077, RGRFE 2 8] 73 3 i (R S R FE AR
MOFNet 1 {) “ %5 2 5] 552 H A6 7 (cross-layer guidance interaction, CGI) A H i Ze 4 AL 15 SAR ZARE 2 5T
R A G DX I IR P RAE o 3X — EAERE T R AN 98 A G I e Dy
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HIENAEM G AFEAESBESHIS BN A AT REAFAE 22 R — 0% — 8 PET S oAUk 38 5 it
M, J5— B3 MRI ISR AE IR o 8 R S AR mT R 2 A0 4 AP sk P 3h A B R
BUE, sEBANMEAL S

SRR G EAP LM 2% BOERAL AT, AURE 2 AR WA 2 i X 2% 70 $h 22 1, ) P Pl o
Lo 2% 2 ST SRS I i - IR, SRR AR 5 0 4 4 EE R

3.3. HRESERIERS 70 BHESR

BEXTEUAT B SRS AT TR AL . LA LRAZ R R, BB LSRR tH S T Ih B A BT I 2 SRS T
I RHESE, KA Gl o7 SRR BE 2 2T Y X AR & SRS 20 A6 08 SE T BT AR J2 I b a9 “ I3k fn ey
TAE” MARBCOER G B ZERA BT 0 FUIES, FARILAMEIRA, 150 i g L A
BB AT 0B £ i 5 SRS

3.4. TIEREMETS IR

TREE 2 )RR “ BAE 7 FME R IR R AL I B R AG . AT ARRE N TR BEOXAN BRI 5] A\ N BRAF 5 Y
PSEHLEIFRHE T T A

Gradient-weighted Class Activation Mapping (Grad-CAM): A i fy 18], B il 43 2 ok S ) T o
R X 7£ AD 2, Grad-CAM RIS i B SR AR T A IR 2% . Mg Eh S0 A DG X 3, 345 1 25
BRI AE B .

SHapley Additive exPlanations (SHAP): JET- 12818, SRR N FFAE XS A5 85t (1) DT kA8 (1 DTk
B TTHR) . TEZ RS, SHAP IHR/RIELEIn PR R & H . WiLE ENG SH0H2 Wi Bsm 77

R R RS (LIME): (E TN A BT RN, & R A A AR Tl 45 3, & T AR
SR BT o

TE B IR P B IR A 7T, 454 Grad-CAM Ml SHAP b &3, #E7RAF OCTA EIE H ik
I % IR X 35, 1 ENG S 850h 7 IRFEIVLAERA P A BRI AR /0 RSPV A B 2wk fe K, 52
PTG SR AT A S Ak . X — Y Ch 2 IS AL I PREE 2 FE SR TR A T Y541

4. BRGSHBREEHERGRFRTHINA
4.1. FIRIERRAS B A XA HIBERR

BT JR o i BRI 2 2 RS SR Bl B T JE B T BRI A0S AD O BLEERE KA 20 4R, ImIRHTHN R C
L p-vEka e s AU, BEJS tau SFZESS . ARZIBATIEAS . INRTEE T REAR IR L. S HE DA X
— SR PRI [1]

MRI-PET ffi&r: MRI RS0 #ER 45 E, PET IALEHAEER A . tau EAAREHE B . MRI-PET
REFTSRE “A5HE - 7 WERERAL, WS IRF AR EE AN RS (MCI) ) AD #4610 TG HEf 4 . 72
ADNI 545 -, MOFNet Z556 30 fl A 1R % AD 55 15 35 5% IR 20 v iff AR T B A AR

ghRy - ThReal & 454 MRI BRI 248 55 2348 IMRI BRI D) B8 SUR A A7 AR RN
GNE AR AR - DIRERI” BORR AR, TR AL G BRASES Mk LUK UL 500 o 2% 402

AR - RWAR SRS B AR S I E T ApA2. p-tau. I3 p-tau2l7 2k ibr EVIML &, =
P 3 22 o P AR OIS Y . S R BH, Rl G A B B T P R A0 T AT — SRS AR L[ 2]

IR - AR : OCTA 5 ENG & #A17E AD/MCI R A <3l 1 0.85 il 2 R iR
(AUC), MUK 0.73. K57 FE 0.90. HREBFAZME MO MHEMIHE TR, AREEX AR P M.

=3l
&
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ZRESTMAESE: TSR RS - WHEERTER2 A BBV R G450 1 — 4 AD Z A Fi ot
TC, PR DIARE T IR A > SRMESE, 5 R E B S PR A AN 58 S 2 1 T BB 48 0 TR R 1R 3] -

4.2. IHEFHRH

W <= A9 B0 B B SR 2 (R R RE R 2 T AR bk L - SR A% 2R L UAR R % 5 /IMA TR R . 22 S b & T
FEBERET R HHZWRE 3h A5 A

MRI-#ZE % f . DAT-PET R % B iAIi/D, FDG-PET Sbomysii A ¢ AR M 45 i3, 45
¥ MRI VA 2 J2 B AR RAR AL . ZAAS Al A T 52 5 7 PD 5 Bt BRI X 2r e 7).

W14 - 12B)E 5 RE: HoloLens 2 VREG I SL & & R RARTE S AL I MEN & oo E S, T 11
TEIA HIG(GRU) - HH A A B AUAE PD A R AUC JE 0.875, fi T H—BiSiiAl, B3 E A L K
ZWI I E(AUC = 0.865), kifiaafs BAE KM ER T, 0 TE My MRS hoTik e . X —Hf
IR T RS Al BA R FE W 7114

AR - ARG : EEG 5 MRI @& A #87R B2 - BT 3Ry 7, A B T %5 PD 54 g 1Y
M AREEAAE.

4.3. BHEERER

] PADE 1% 2R A5 0975 B ML A1) 20 A A o P AR . Th RS e o AN 20 S 2 R T . 2 REASEh
W7 R ABIDE 258 JF 508 5

SMRI-fMRI fil & 254 MR BoR B2 B EEAVAR U R, 588 MRl BoR BB M4 . S5 mEa
TCRGFENRER LR . AABA T4 5 ASD 5 FEnt B8 19 7 A 5]

A8 - RS HRAREHE 517 N ER. ADOS W EInAR R MEIER &, AT E i@ L
B, WEFERE, H IS SR LT SR A

AT RREAE TN : GMDH. SHAP. LIME 25 XAI BAY F 18 51 50 43 24 1k 55 11 5% i o DX s
PRIFFAE, SRR B FE AN PR332 B . AR SR 90 75 OV 22 0 i HOHs S I RSS2 2 X RE T [6]

4.4, fXZER

0 A5 H 5 THRE UG I MR ZE SRR, A5 Al A B T 5 T 5 &= Bk Al g S AR IR 7 [ 7]

MRI-IG ARG bR s REOINAURAG B 7s B AEAZ O« ETE B A S5 B 2 55 . FLAIR SR
(I AAFEARRR, SAEHS . LR NIHSS VF4r (L5 FHIE 15 DU I R TR AR Al G, P B 10U TRASE 2R . Heo
25(2025)7E— TN 1247 B 2 MEsh PR AR o 83 1) 22 HpD ISR, TR T 25 T = 4B B4 W 2% 1) DWI-
PWI-FLAIR Z BZSRG B4, 2 AT 90 RIjRe A7 (mRS <2)f) AUC 153 0.89, WEHM THET HA
BEAS BRI PRAE b ) M AR L (AUC 0.78~0.82) 0 B FL[RIET A I, 2R AT BEAZ O AR PR R 14 43 2 T3 f T
I S IR BN (R 3%

Sh0) - Thaeml G A0 S BUR S 15 T 51 RS bR A DhRe N 4 B HE . fl-Gi ikt e A 5§ B A fMRI
W2 b, TR A fE D) ReAREENL, i 3RS SRME k. Tuxunjiang 55 (2025) K &4 - i kEstk
WA, ALK MRI SR IEZERAL 55 A fMRI BoR 02 NTh RS RS, ah il 7 112 41
rh B 6 A H G E S DhEe Ik SR (r = 0.61, p < 0.001), FEIR G A M4 1] 55 BRKE R 4% (1 T B
T 0 R R T ST I DG T R T 8]

AR - ARG . SELRIEIS EEG W VPG R B AT RS T M . 455 TRBUKE RS R
1 B o BE R SE B8 M, Amador 25 (2025)#4) i (14 22 BLAS B RE S A RS IS 3 Dh BE 1 5275 221K 54%, A4k,
FREJ7 el 1R A 7 2 AR 9]
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4.5. i

SR T B0 M 52 A7 A2 F AR RO . ZBLASRA nT A Sk /15 EEG. 4544 MRI. PET. SPECT.
MEG %255 5., $2mE frEmitE[10].

EEG-fMRI il &: [F)20 EEG-FMRI W] 15 I A& AE [R] AR AE B G I LIR30 ) 2 2508, Sl BhBUiR AL &
fir . EPTGEN I 23.(2025) £ A0 5 389 1 54 fE i VEMR 857 1) 22 Lot FEHHIE SR, EEG-FMRI 5 3E L )
HURTE(78%) 2 & T 5 EEG Y HUZ(62%) 5% fMRI (54%), H. 151 Py FE AR BOAIE 45 5L 10— Stk A 51 81%.

AR - A - RS ZRSEAT S MRI BRI R E R BEAR . PET S A Ui
KX MEG BRI T#%E. IR RIEERZZRAE, P2 299 i Mo 1) F R 95 7 AE 1. Wang
% (2025) 1 R HIEE T B A M4 1 2 BB A B, B4 T 45/ PE MRI. FDG-PET. EAEMIH MEG Flilfs
PRAS &, EBOT IS A f5 1 4353 Engel | 415 1) AUC J£ 0.92. SHAP 434 it n, MEG ik
TS PET ARBHEAR X )25 (] — B0 & e B Z W E 1, Hod MRI AT AL A7 7E[11]

LR UAG - WA S RGBS R BRI R &R . Xie 25(2025)i@ @l & AR AT 7T MRI
EEARPR (2R EE . T2 IR [a] . BEHK 80 5 ARG SHLUR B = (A0 . RIS AEFRRE), 1
FE T S A0 s B B A G TSR, HERRZRIA 89%, VA MU (1 AR BORE M PR A R4 TR
#[12].

4.6. HHEFEHERS

FE PR3 ZLRE « BURF 175 BB A S5 28 K P IR BRI B 2%, R Z e R b B . 2SR G
N NI R ) S R AL T R [13]

S5K - DhRE - ARG RSP ROE RN B Z R LR . A BUSEENE TR iR RS N 4 D Re i R
R BREERIGABA WA U . RG2S EEEA B TR B A MY R E R A, $5 5k
HBIRYT . Yoon 45 (2025)7E €L 7 782 {5l #ih 73 RLE B8 35 A1 935 il Fext HE ¥ 22 rh o s b, SR AR UL I
RN S T VERE G AR MR, TREL MRI AIER B IMRI R, R0 =8 B R RS A E AR Y 220
B WA 1 RN IZ AR ARk > D e R A WA 2 BRI A e B N R AL 3 U
DARTAI - SCRARIRES T REIE R B 9 RHIE . 3X =P LRI PRAEEIRANPURE #08 2590 I B EA7AE i3 22
[14].

A% - g - IRIREL G K e R A S i A G S A BRSOl T s T2 T RS B AL
PR AHBA i 55 W5 25040 2, Zhao 45 (2025) A SRS #7320 7 1) T RE e e A 2K 5 R Al A G 25
IRl (41 SNAP25. SYT1) [ IA A% 7] 4 A B A 9%(r = 0.53, FDR & IE p<0.05), FHAFEAE 1 4 ZLAE 11 22 il
HAERRAL T AEARUESE[15].

ZREAS YN IR T = FOTINDRE AT I DR v i N B A RS R BT ) OG8 . NAPLS-3 1t 2 (2025) 25
A4 MRIL 5REE MR FIIGIR &R, JFR T 5T 282 ) s e NBEFAL TR AY, 7Epk 7 50 E S 2
FENEALKE PR I AUC 183 0.84, BUKSE 0.81. 4757 0.76, H A0y [l 5 )2 B . SURMAE & ) 54
I3 BN BE L BH IR VP 7 42 f5 A B P T L 7 o
5. KMIESIESHIBESIRKIEWK

ARk, ZRESMA AR B P R R A RS IE SR At | HiE S At

B JR K e BRG # 2 52 1548 L (ADNI):  £14 MRI. PET. RWFRED . RN RIEAL M 3, 2
EZ &SR DI DR A6 S

UK Biobank: i1XiIR4E 10 /7 EEE ) 2RS4 EEE (MRIL fMRIL dMRI), 72 H AT SR A FF
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Kl P

/DMK R L (ABCD): B #R 11,000 424 JLE IR B 508, B85 458 MRIL fMRI. dMRI
M2 HEFEAT N -

NFGERA T RI(HCP): $24 1200 R A MERE RN M w7 HE S50 . That. sREUSIG R .

ABIDE: H HPESU G K Z 0 BdiE 2, B sMRI AL FMRI £dE .

X B P T AR T B A DA AT B BLIRAE, HESh T 2R R AT 5T M B L N REA
] 25 H O KRR AR IR

6. Bk EXREKFE
REZHERGMER ARG T EEHE, (HESLIEIEREREAVmIE S EBk .
6.1. BIEEEBERL

BB HLIRKI S, ZBHLEE . W T, AR KW, # RS RES K
AT AEAS e B 2 AF T PR AFA T BE, 2 S I A EE 2R

Zob Atk AR E AR RS RED NFMBFEER, SBEIRE M MmE. KAE
AR RIS, B DI A PERE 2 T B

He UL S AT PR IR R GIREA BRI, INZREE A RA T . BR8], Al
CENE(Ci: Fi S s % NIV 23

6.2. REZHEHEK
FIEREEAN L . RIRIR AL A P RO R e DL EUL AR, S RS AR L AR 2 S . XAl HR 753t

— DR AR AL o
BT R ZE . A RIS 8] (RO W IE v 2 SEBUA AUt A O RO 3R . PCHEIRZ DI, [FRIRRE
A ERE-

Rl SRR MG bRAERE T QAT BT X R E AR ST IR FE A LR & 3RS . ThRE T R 2> RAEZEAH B T
RGLLE, (BT 3 2 SHERT 7T -

6.3. IGAREFELHERE

WEfA RGRL: ZHEAUT T RVER A B, SR ATHETE . 2. FUSEH S IE R I IE .

WESE: Al FENZSBIR o) AR SRR M AR e A s, BERAA. BE WL, ST E e
1) R 75 B

TAEREE S Wk Al B T4 NIUA IR TAETRAE, AN LA e, 2 v S FH (1 ¢
o (ESPRESE T, 2 A BTG 2 B TR © BOGRA R DA R PACS (B2
GRS SRS M HIS (RS 8 AR50 %2 KA HLT/FHIR 25187 508 22 Bebr e, 10 Al B 3E 3 5 2
FrE & A AEIE (A NIFTI. DICOM Jo#dafiieti), 75 7R (el fF s i is s e . o it st A
FiEES]; @ SERTE TR SR EAILHL: 2 41 2B TR E % IR (W 3 T Transformer fORL&
W2 ) HHEHE 7 B GPU B /750 FF, M2 BE R PACS RGN % CPU R 4545, SR LR L i (k4
B, TIEH RSP BN RFSRE S R I R @ BIRRESRAG M. ZEEMEF
BOCERAR . AR, R CASEZ IR, WAERE. BRAWH, FELE —MEIEHEESL, 7
REFE (NG BRI E) A HIPAA SREMER ;. @ GRS CRE R Al i g5 R (Bl
W2 B0 75 ZE DL B AT A2 EL A 7 AR N TSR B T A p 22 R T ) By ST, 5 SIA RS R (nsh

DOI: 10.12677/acm.2026.1641356 1240 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641356

PURE

PR TS AR ) IR A, T AR IEAT
6.4. RFKJ7E

GG RBNBASGREA, BAE, S E G 5L, T80 3 w3 sk RS
Al Iz A RUIEE LA .

JRIG RN s HEER 2S00 AR (i B . 2R R EAT « B AL AR Q) N B T, SR T AT AR
PERZ AL BE

KB F MRS PR KIS 5 R AE A IR R SCARE B ORI B IRE . HBi/Ngs), 2Bl
AR - RS

BRI 5T o BT U e N B TR0 A (P 52 A5 B R, e o ORI S R e
BWHES, SR/ A

Z ] SRS RO AN RS EEE AR, IR A M4 . Transformer 28 AN 7152157
B, SIS TR .

BCH S 2] SR FARY: 762 PO EMEHR B FHERIR . 2, TEA L GG 50 (AT 32 N ECA I ZRiaY,
SHe R BeORL AR R

PRAEAC VP HESE : G Z RS Al BB AR HEAL VAL IR RE, A I 7 o PEREFR AR . AT ARV &
AR R A, HES ARG S

7. R
LRSS B E BOR EHES A R GRS W “ L —BSHIR " \ “ RGBSR FIRZIE

. MRI. PET. fMRI. dMRI. EEG A [FEMERAE 1 iG] Thae. o1 BAMSZ LN EAMEE,
R 3K G A 5 T B A TR 2 I A B, BT B W M AT LS TG e

AR, TRFES IR IR AT AW ER . WARFEDFEE M 2 TR IHUH] . B AME . B2
FREAL ER: PR LR REROR I 5 AR e S S i 7 I A AR s A 22 BS54 e 1)
TR SN FE IV LR A T IR SRRl . BT/RIIGEG . MR . R TS R 25,
PR S RS T T AR T R, B R I I R N TR

SR, AT T8 1) I AT T WG 280 e P SRR . BRI AL, PTARREE . IR0 R4S 2 E kAR .
ARRBIRJETT PR R T Sl & FIE. RN . KBSV S . BORS SIBRFA RS S5 VA0
B, HEESTARHE VAL IS IE A R

VAT, BB SR ORFEERE 0 MBS 2 RHME IR L, 2 BES R G A B RO 28 32 G f
CIT7 %0 TR, MR MAIRST RS & B BB 2 R R S
SE

[1] Zhu, Z., Zhang, X., Xu, C. and Shen, Y. (2026) Construction and Interpretability of a Multimodal Deep Learning Model
of Electronystagmography-Optical Coherence Tomography Angiography for Early Screening of Alzheimer’s Disease.
American Journal of Alzheimer’s Disease & Other Dementias, 41. https://doi.org/10.1177/15333175261422037

[2] Zhang, R., Sheng, J., Zhang, Q., Wang, J. and Wang, B. (2025) A Review of Multimodal Fusion-Based Deep Learning
for Alzheimer’s Disease. Neuroscience, 576, 80-95. https://doi.org/10.1016/j.neuroscience.2025.04.035

[3] Guan, Y., Wang, W., Chen, J., Yang, P., Xu, J. and Qi, J. (2026) A Survey of Multimodal Fusion for Alzheimer’s Disease
Prediction: A New Taxonomy and Trends. Information Fusion, 131, 104098.
https://doi.org/10.1016/j.inffus.2025.104098

[4] Hemmerling, D., Dudek, M., Krzywdziak, J., Zbik, M., Szecowka, W., Daniol, M., et al. (2026) Gru-Based Deep Mul-

timodal Fusion of Speech and Head-IMU Signals in Mixed Reality for Parkinson’s Disease Detection. Sensors, 26, Ar-
ticle 269. https://doi.org/10.3390/s26010269

DOI: 10.12677/acm.2026.1641356 1241 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641356
https://doi.org/10.1177/15333175261422037
https://doi.org/10.1016/j.neuroscience.2025.04.035
https://doi.org/10.1016/j.inffus.2025.104098
https://doi.org/10.3390/s26010269

PURE =4

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Huang, W. and Shu, N. (2025) Al-Powered Integration of Multimodal Imaging in Precision Medicine for Neuropsychiatric
Disorders. Cell Reports Medicine, 6, Article ID: 102132. https://doi.org/10.1016/j.xcrm.2025.102132

El-Askary, N.S., Gawish, M., Morsey, M.M., Mahmoud, A.M., Aref, M. and EI-Arif, T.I. (2025) Towards Explainable
Multi-Modal Fusion Strategies for ASD Detection: A Review. 2025 Twelfth International Conference on Intelligent
Computing and Information Systems (ICICIS), Cairo, 25-27 November 2025, 560-567.
https://doi.org/10.1109/icicis66182.2025.11313196

Viswan, V., Shaffi, N., Malathy, E., Chemmalar Selvi, G., Kavitha, B.R., Abdesselam, A., et al. (2026) Multimodal
Fusion and Explainability of Artificial Intelligence Models in Alzheimer’s Disease Detection. Brain Informatics, 13,
Article No. 5. https://doi.org/10.1186/s40708-025-00291-w

Tuxunjiang, P., Huang, C., Zhou, Z., Zhao, W., Han, B., Tan, W., et al. (2025) Prediction of NIHSS Scores and Acute
Ischemic Stroke Severity Using a Cross-Attention Vision Transformer Model with Multimodal MRI. Academic Radiol-
ogy, 32, 5453-5467. https://doi.org/10.1016/j.acra.2025.05.031

Amador, K., Winder, A.J., Fiehler, J., Barber, P.A., Wilms, M. and Forkert, N.D. (2025) A Multimodal Multitask Deep
Learning Model for Predicting Stroke Lesion and Functional Outcomes Using 4D CTP Imaging and Clinical Metadata.
Scientific Reports, 15, Article No. 38136. https://doi.org/10.1038/s41598-025-21945-7

Xiao, L., Zheng, Q., Li, S., Wei, Y., Si, W. and Pan, Y. (2025) Integration of Spatiotemporal Dynamics and Structural
Connectivity for Automated Epileptogenic Zone Localization in Temporal Lobe Epilepsy. IEEE Transactions on Neural
Systems and Rehabilitation Engineering, 33, 3065-3075. https://doi.org/10.1109/tnsre.2025.3595906

Zhang, L., Sheng, S., Wang, X., Gao, J., Sun, Y., Xiao, K., et al. (2025) CrossConvPyramid: Deep Multimodal Fusion
for Epileptic Magnetoencephalography Spike Detection. IEEE Journal of Biomedical and Health Informatics, 29, 3194-
3205. https://doi.org/10.1109/jbhi.2025.3538582

Xie, K., Sahlas, E., Ngo, A., Chen, J., Arafat, T., Royer, J., et al. (2025) Personalized Biomarkers of Multiscale Func-

tional Alterations in Temporal Lobe Epilepsy. Nature Communications, 16, 10145.
https://doi.org/10.1038/s41467-025-65042-1

Rokham, H., Falakshahi, H., Pearlson, G.D. and Calhoun, V.D. (2025) Neuroimaging Data Informed Mood and Psycho-
sis Diagnosis Using an Ensemble Deep Multimodal Framework. Human Brain Mapping, 46, e70347.
https://doi.org/10.1002/hbm.70347

Yoon, V., Kim, S., Park, J., Lee, H., Choi, M., Kang, D., et al. (2025) Multimodal Meta-Analytically Anchored Cluster-
ing Reveals Five Distinct Schizophrenia Spectrum Disorder Subgroups with Divergent Brain-Symptom-Genetics Pro-
files. medRxiv.

Zhao, J., Wang, Y., Liu, M., Guo, B., Wang, Y., Gao, B, et al. (2025) Deciphering the Molecular Tapestry of Schizo-
phrenia: Integrating Transcriptomics, Neuroimaging, and Clinical Data for Precision Medicine. Translational Psychiatry,
15, Article No. 489. https://doi.org/10.1038/s41398-025-03692-x

DOI: 10.12677/acm.2026.1641356 1242 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.1641356
https://doi.org/10.1016/j.xcrm.2025.102132
https://doi.org/10.1109/icicis66182.2025.11313196
https://doi.org/10.1186/s40708-025-00291-w
https://doi.org/10.1016/j.acra.2025.05.031
https://doi.org/10.1038/s41598-025-21945-z
https://doi.org/10.1109/tnsre.2025.3595906
https://doi.org/10.1109/jbhi.2025.3538582
https://doi.org/10.1038/s41467-025-65042-1
https://doi.org/10.1002/hbm.70347
https://doi.org/10.1038/s41398-025-03692-x

	多模态影像融合在神经系统疾病诊断中的应用进展
	——基于人工智能的技术范式与临床转化
	摘  要
	关键词
	Advances in the Application of Multi-Modal Image Fusion in the Diagnosis of Neurological Diseases
	—AI-Based Technical Paradigms and Clinical Translation
	Abstract
	Keywords
	1. 引言
	2. 多模态神经影像技术概览
	2.1. 结构影像
	2.2. 功能影像
	2.3. 分子影像
	2.4. 眼部影像作为神经窗口

	3. 多模态融合的技术范式
	3.1. 传统融合策略
	3.2. 深度学习驱动的融合新范式
	3.3. 功能导向的融合分类框架
	3.4. 可解释性方法

	4. 多模态影像融合在神经系统疾病中的应用
	4.1. 阿尔茨海默病及相关认知障碍
	4.2. 帕金森病
	4.3. 自闭症谱系障碍
	4.4. 脑卒中
	4.5. 癫痫
	4.6. 神经精神疾病

	5. 大规模多模态数据库与临床转化
	6. 挑战与未来方向
	6.1. 数据层面挑战
	6.2. 模型层面挑战
	6.3. 临床转化挑战
	6.4. 未来方向

	7. 总结
	参考文献

