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ABSTRACT

Breast cancer is a significant global health challenge, having surpassed lung cancer as the most
common malignant tumor worldwide. Early detection and intervention can reduce treatment costs
and slow disease progression. Magnetic resonance imaging (MRI) of the breast, as an advanced
imaging technique, offers the highest sensitivity and relatively high soft tissue contrast. In recent years,
multimodal MRI technologies, such as diffusion-weighted imaging, simplified magnetic resonance
imaging, magnetic resonance fingerprint imaging, ultrafast dynamic contrast-enhanced imaging,
multi-nuclear magnetic resonance spectroscopy imaging, and MRI-based artificial intelligence have
been used in the screening of benign and malignant breast diseases. It is more and more widely used
in diagnosis and treatment, which greatly improves the accuracy of diagnosis and can also evaluate
the effect of neoadjuvant chemotherapy.This article provides an overview of the clinical applications
and research progress of multimodal MRI techniques and Al based on MRI in the diagnosis of
benign and malignant breast diseases, aiming to reduce the incidence and individual mortality risk
of breast diseases, deepen physicians' understanding of breast diseases, and provide possibilities for
personalized treatment plans.
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BT ERN T SR HRE, ERHRIRERMEEL—", BI1E2020
FHWIE, LEERFNRBENISKEN T ERRRTXGETABE, AW, HEXE
BEGFHRANIES NG, FENRFRIENSRERE", BE N ERTIE
EEMAR, BEMEEIRM % (magnetic resonance imaging, MRI)KREREIRK,
ATHRE. SEBMRIBEAREELEM. FEEE U RRENRMNE, BRIz
R F ISR ImB R, 27 RFEEEY, o, EFMRIBATERE artificial
intelligence, ARARBBTFIRSIIBEIR HRMERNE". AXHSBEEMRIRAIE
IR B RN ERFTH IR AR AR HRRTER, ENTFRPRNAATLER, &
ERET R, HERENEERE.

1 ZEEBIRES

1.1 FRENIER £ (diffusion-weighted imaging, DWI) DWIR—HMEER AT
WA AMBINTBIHBAD FaIBIMRIFE AR, BRI B HE K (apparent diffusion
coefficient, ADC)@DWIH—Fh{E1%, BRIERADCERE A EEME, BIADCHE,
DWIE LB IS S AR B BSHETRISH, HADCEMTFL0X10 mm?/shy, BERE
i, BEADCEBTFZAE, REZSHBRELRT, NEH—FHH 1t
46, bEEDWIRHEEEXEENIER. B, XTILBROERRELENERENE
FEEN. BAMbEDb >1000s/mm?)EFE 7 & BREREUINANEIER, NHIRIEFIEFAR
M1ES, NABTEENGNY, AMERRENbESEEGZRI THEUREK
REE, SERIRBINIMNAEE (conventional diffusion-weighted imaging, CDWI)
1BEL, AMIRBUINAR & (synthetic diffusion-weighted imaging, SDWI)@3#=E 7
%, MELRANREbENEZRMDWIRERHS R, X754 UERCOWIN
BIRM, EHIERSbEDWIRL RG], MEZHMIMIRERHNE, BIEChoi™
BIFFZ, fERACDWI, b{E800F11500s/mm2LAKSDWI, b{EA1000F11500 s/mm?3iF
ES0GIELERIE R E . HARERKAE, TICMEEE(EMIER) WA, BIREXTLE
(contrast) AL Bl (cancer detection rate, CDR)&RFEEBERIE INMIEI, 1tk
4N, SDWIL500My% T B &ML FCDWI1500, SDWI15007E ELERE IR FRIFH AR 2RI 1T
B, 5CDWI150048Ltk, EEEESNMEBEEY, BHFMNEIREXLL, UNEHH
CDR., RESCMRItELL, DWIREBIREELIZHER, BRENbER ESEMERER
2, FENADCHYNEWM AIREETIRE, MM MRERIZHER,

1.2 B RE3EIRAM % (abbreviated breast magnetic resonance imaging, AB-
MRI) AB-MRIBESHVIEERA T &R E G R EFM AR AT B RFEEMRIBY S 2 AL
#, MMRBLEMRIGEITE, E—FFUMMRT, KuhlZA " E20145E R
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ET7RUABEMRIAERTFARERENATHE, ZHEHRKIE
BTN FFIME RIEETIMNFES.. REREHNE N R AR
B EGAR, Moraes""EAMMR, HANTALFIERE, H
RERKA, WREITIRME(AB-MR) 52 12EILIRM &GS =
(full diagnostic magnetic resonance imaging, FD-MRI)EZ{K
FTEERIFHNIZSH—BE, b9, EEIMIINARER AR
EMRIBYIRER BT B 8048, E{EMRITTBELLFD-MRIEE S FILEE
", HhHRRAAB-MRITLIEKFD-MRI, S5Moraes#y
HR—",

BeIXFAB-MREEZBEERXHEN, AB-MRIFEWMEFEE

2 HEALLIALRIT, AEAREREN, IERTHNE
INF102%, BIRIRGRIEETIINESI. STEEIEaRAIT 10
FHT2mmES", REGAAR, AN, AOMAEE
TES, BAB-MRIRIE 57 ERFD-MRIB LB, It
46, AB-MRIZBRHNEEFEREEIZALEN/ZREUSE
BZ. Bk, BRTHEI, AB-MRIEHIANTTBFFEZ 2N A
M, EKImEANWHARS, SRRE, TELEEREENE
4, AB-MRITEZLERERNAEERINE S5FD-MRIFE S B SR
¥, ANEEEEMNISEM, EFonseca” WFARA, SEIAE
FIMGHELL, AB-MRIZEPHBCHEAEESMIESRENHE, R
EERERE, HAB-MRIXERE. BIMERMERRK T EEH
E®, &k, AB-MRIEZBTIBRREZLENTTE, S5DBTHE
tbCDREE", HEik, AB-MRIFAAEIERE PGS ZMA,
BEEMmEES, HARREFIRKRIERETEIGEIIHkG.
1.3 B HLIRIBOUR % (magnetic resonance fingerprinting,
MRF) MRFR—MHRFTI, TRMT —HIHBINHIREE KN
MomERNT L, XETUHATURRYRIYIERT I ERR
SHAEAR" . MRFIEE] AT BIEIRS BRI RSB R I7ZE,
XEREESMRIFFRNRHE. BFREMRE, HERBESIANFTR
L E A=, EZanderigo™ R, RITUBENES
FHIR B SIEBA4RRAL (fibroglandular tissue, FGT)HIEE
BEARE, FIMEEEEMNMRFEHE L2 S0 LU N EIEE,
ERREAMRFEERAFX DA EEMFGTU R DI ELET/BT1
T, BEIMRFIETEAFHRERZME, BRI ZWATFIHLER
T, ERRMRFERIREEN—FEINNES, BTFAREEER
ERFIMIMRIZ T A 2,
1.4 ZRREBHR BT L1438 MRI (ultrafast dynamic contrast-
enhanced, UF-DCE) UF-DCERmNA¥T L1383 (dynamic
contrast-enhanced, DCE)RYRZEHHEHZE, UF-DCE-MRIEE
BT IE) ) RN FE0M10%), HEZDCE-MRIBIEMI60F) R,
IERUF-DCE MRISIMEFR AN EREZEART S, TEFMEL
=, HE4ERH (compressed sensing, CS)RARZE, xite
AREBFENNHALN SN ESHE, MEREHEBITER
ERYEMNKT B #HTRERINRRE, AR ENIRIST
BZlai%, 1TUF-DCE MRIBE—IRFAZRA, Mann™"% A%
BOYWEME ST RESINIGKSZER, FIEBERNILIRRN G ZE
ALUREEENZER, MATEPRUF-DCE MRIFNIRE &
HEL. CSATFMBENMBE T RENSSSREPEREE,
CSEMATFIERMUF-DCE MRI, LUB/LHAERE], ENREEE
BB RO RY B FN 2= 8 o e,

UF-DCE-MRIBNANEENHHESH, BERARIE;EE
B ) R TR Y, BEBARK, BRIGHBATIEAGH T
AR A AR T EREY, IHRERRBUF-DCE-MRI
RN NHESRELIABERTHRTE, ZHEESEN
DCE-MRIABYSHEZ ", tEohashiA“ BFRZsH L T UF-DCE
MRIFIE#HDCE MRIFE19161:2 RPN S ERRRTRE. X
470%89% 2+, UF-DCE MRIFIE#] DCE MRI B9 753 1548
[, fBUF-DCE MRILEHI T RIFILE (IS E RUENAI)
BRI, X—4£RAE)3EF HETUF-DCE MRITHMYBI 8]
PHRERERE, WEWRIRETUF-DCE MRITEFTIEBET M2
N ED " UF-DCEXTABE X M B R R AT s 2 B2 R
BNRE, FANEMREELABIATREPHHBHIMERHEER
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Wl BHEEBRMY, FREEBAMN, BETHWHA, 3
FEHERSWATEHTAK, BaBBEnnEg", Al
REERAXTELFIBDWIR R TE R K AT RERL NGB RN B IZ T A
%, BREEASWSLINIERR,

1.5 SEBIEIRR# MR B (multinuclear magnetic resonance
spectroscopic imaging, Multi-NMRS) BiHiRi&EE(magnetic
resonance spectroscopic imaging, MRS)m&E—FEEETH
ToAR, MASIZHNE H, ARNSRFMRSE T M ILARA
AARPSERAEY3.2 ppmBIKERX S IR THEMRIER
T, BREASYKERS, RAEEMELEZE", —BHR
BB, 'H-MRSHIBURIEMIS B M55 5987.9%F188.9%, EFAM
MEA PR FRIE £ 31993.5%F180% Y, %A, BT H-MRS
ReeRBLAERE. AERZE VS F, EILREHTENBEE. EE
;. . BERHNBRGEANLE, B IERESEE, F
182H. 13C. 15N. 18F. 23Na. 31P. 129XeZEHfhi%pk % tik
BRI, XEEMulti-NMRSIZME 7 2RSS AN E
SREIMNEES, BRIEKREHERS, E, FFiEER, M3k
%, U, BRESSHEFEPRA, TIUERGT, FEE
FA'HAI23Na MRITE3T L34, & ag4EE— " Bitencourt
£ N HR T AR TR 5 EEFGTREMEFMRSHBSHR
AR, £RRP: BEFMRSHERMNEFT UEAZTEHEHM
BT 2, LESABRERTNERE. BTFXHE, HEiREE
NE RGBS EEZFHEARMRS, Multi-NMRSTEZLARERRIER
2N, EREESELHNATFIRER.

2 EFTMRINESAZESAIER
2.1 EFMRINEBAZERAIBIE 8iF, AI—EXTALY
BAFUNERSGENLHE, EAFGEAR SHELHANEIEY
(machine learning, ML)5RE*¥>](deep learning)iB&E &
FHRAFR—MIINNAZE, BINEREGIIEHRTESE
SIFFEIZE, LURBEERANSHEE, BaEXHNAE
T BEME . AT RN, BRERENE, MLBVE
it EVNAKEBMNEIEDESIELME, HHAXLE
EIFANO R M TN, REHETH, MEERHMHITRIZ.
RAEZS(DL)RNBEI (ML —MEX, SHEBHESZNE
B, BIMBIEREIHMTEHFHITOE, NMEINSNEE
23, fFRK, WEREESA—REME, BURE, Wk
%, wEKE®, ANBTLRRESNNESR, BBTFRL
BIRAI S H R B E M RRE o
2.2 IR BERMERNIZE RSILERRTIERRISHAERE
ALURRRARE, BEATER, Batrx™, ZHANGE™
FAMBIEREFMRINZESEGAFER, BTARRTHR
THEFIZHT, RMUBREZIRE TIERHErZ TEfR(area under
the curve, AUC)70.921, #HZEN0.83, RIZGAHFRERLT
MR FLAR B TR, Stogiannos VSR FE— MBS
5, ADCEEMMLEEEX DIER T ERATEERT0%H
UM, 66%09FFE. 82% BIBEMEFTUNERN 67% MY
%, XU AIREFBRINIZEHOWIRE—FREEINENFH IR, Gao
£ g8 T —MEFDLNRBIF TS FEMK RS, AFDCE-
MRIFFZLER R MA 92, ERRPABKIFIESFTENER
FMTEHMAS, THUBENRSREES550.8261+0.051
F0.970+0.014(IRIREN0.375), RBFIFTEEFEMEZER
MAFIEFNRER N FEIIEEE D X E0.779£0.1527
0.790£0.080, A F/Elt, REFTIEFEMEEYS
MEBEKFELONBEHNEHARBRETHMERE AL, EF
MRIFY AR A F BE TSI FLES R B MR IZ BT B0 /R 1o
2.3 NIRRT BTN Fr4EBh (a7 AT LURER B & 1
T, EERSHEEEMR, 1120235F, LiuEA 94208595
HEMLTEBEHRIT TR, bR T logisticBl)3. JREMFEAM
MLE:AR, BFFUNEEERIER. IRES T ATMRIFESE
Mo HEHFEURIGKREE, RS T0.6819AUCTE, ElAdoui
ANURF LU RBRETE— B E TSNS EA
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DCE-MRIZUE, WETERNWENLE, RINTUNTSRIEELRE,
AUCIAZIT0.91, M, ZhouZ A HE2023ERETHERS
BEEIDBIEEME KN FERIRIBEMR, FHIEFLE. Tl
REMBIEEM A E RS FI5K18 T 0.82. 0.86F10.83MAUCTH,
LM ME e e ASiEn, AT 4480 B M SIS EUE
BEE JIZAMBITAAUCHSIH0.98F10.92, LRRAT B
MR B GAFRE A REEIERNEENE,

BAHBIZIESRS, TEcalabres  FFZiREADLYS % B AT1E(E
CNNFIUNZL AR B E R BB RS T ENENT B, ZEENT
BE. RN EREMAUCHFIH}52.50%, 80.51%. 73.42%
f168.56%., SEKRE, RESMARMAUCENERMEGHTZE
8, BXELRMAMETAEEMRIZE M YIAEEAT AR
HIE 53857 R RTERHE A,

3 INgESERE

£ FFTR, EERMRIBN B ERTBAENSH. N, R
BB BT S TN L R F BT A EER T EE T, BEE
[ERBMAGE LIRS, FlmaEretiE. BT EmILE
MRIFYE] K24, AB-MRIFIUF-DCE MRITEERIHEYMNE LT KA
AIERE T EGRENEY, BSEREE, MRIER 2
MATFEREABUMILE, 1o, MRIBERDEREEE,
A EEEREER, UBGHMENRN. RIEMATREM
Mo DWHER—FIEREGRE S, ABEEEFNTRER
R, MRFEEDSTE RITMEEFIFME, FREEMA—FIHNILUF
¥, Multi-NMRSUIRME T SR EEERMAIMNAE S, HEEESR
BUYAPRBIR T, HTIRS LSRN, A, XsiE
SMRINEAZIAKNER. RESHAE. BGLESER
BGRESZHAERENEM, EFMRINEGAY SAINGS
BB EIR R B H R AT SRR R, HEEREETFHM
BRUMEETA™™, ks, SNtbEnTESHEME. &
REMREBITEE™, AT, BTSRRI
RIRF R SR, R AR T ATFIERTE ", 3k
B EBFIMIEDITEYRHBCH B ERE M AT B
MRS AEMME. SR, NERFR. FEit, FRM4%LE
R LEEMRINSSHMRINGR, BRFNSE; AN, &
BT AMEFBUESRURIMRER; B, EEERAAM
IR LU FHS R B A — B, SERABLBNS
EAMRIRGER UL B ENA TS T RN — AR TR
S, MRIGEHBRENRARD R, ELBEEFNIZHAIET
BrR", MERRNRMAR, LEMRIZTIRK EMRERE
TEEMTT, FEEISUERMEBERERH .
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