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ABSTRACT

Marrow adipose tissue (MAT) is an important part of the adult bone marrow microenvironment.In recent
years,studies have found that the change of MAT content is related to the occurrence and development of blood
system diseases and metabolic diseases.At present,a variety of imaging techniques are used for quantitative
study of MATThis article reviews the principle and clinical application of image quantitative technology of MAT.
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HRERERAZELR (marrow adipose tissue, MAT)ZRA & BEHIFRPHEZAME
9, TEHMASHENEBARRRDNRNERENNR, 45EEREASHEEN
70%", FARKEE, EIREMET, MBARSIEIEE, MATEERE"", 58883
IRENMEEX, ERENREER, ASBRERST S8/, MATIZN, BRER
1%, SRR, FEEHHMATS B SHISEXEREEENIREN, S5
WRIMEBSEEINSITE, B%AFE0EEEREIRE, THLHE. SRR SEE
SEEIE b, MEZGRANER, SMCTRMRIEABFEHRVATER T, &4
REEREARNARIERE, DI EIT MR RS EER f5 MEER89 IR AR R 1 B
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1.1LIWBECTEPAE R AR (dual energy computed tomography virtual noncalcium
imaging, DECT VNCa) DECT VNCaFIEAREXS&EEE TMRRBRER, WHIB#H
x5, RZYRSBHNELREE:, ERERTRAESNEES, BHEH
Mg, X EBEPNEASRUI T, WRESR, VNCaE L@ 2 5K (fat
fraction, FF)5BRELREBIFHMEXM", AT, ZRABGELBEXBNSFHEE
TEBFESH—TE, BRERT2mmbIA S 8K SRt 8 MmO E &iT
1.1.2 f8CT(Micro-CT) Micro-CTR MR mXEIKE & STHIXEERITHE, JRMEHAS
NEGZE, EBERITEERIE. 8/ RREESRSUHBIS I PENIDERME
WEAE", BIMicro-CTRINA KB BMAERFALHTAR, TER=HANKEH M
REMATEIR, EE=#E8TSTEFVERRSMEMRMER 7 (S BEREAM AR/ S
1), MEEGEaREnae". BNSNATEN SR BEERNBALTIN,
1.2 MRIEZR

1.2.1 SRFHIIREIE('H-magnetic resonance spectroscopy, 'H-MRS) "H-MRSEZ
BUZABERTNSECSMHTEEON, ZEABMRESELEEHTIREHR
NEAIARVRERE, FERMERRFEANKETARMEMNE LBR, HHEEE
THEMERS SENNE AL AREFFE". B, H-MRSESREANMATHGTE S
TEE. ARER, H-MRSIEHMATEB5AMEHEREESE 8, MK
TOIRERE BN EIRE . A, H-MRSEEZ I IREXHRFLENMMN, Wi
WRARER™E, BINH-MRSHRERKEE), BHXETGEBENERE, WA
SEE. FYONERREIIEERE",

1.2.2 ERBMAE(in-phase and out-of-phase imaging, IOP) 10P, X#FA R
Dixon¥ R W F A& (chemical shift imaging, CSI), HEREZFAKSEH+HE
RFIHMNEER, EAREIENE#HT2RESEKE, S RFIVEMHEZEL80°,
REBOEE D RERBENTE, W RERKSEI KRB (out of phase, OP)E
(Sop=|Swater-Stet|); BT AERIRTIEIELfS, RMBRTFREMIIEZE360°, MEEREKD K
EHEEN, ENREBKSEIEMEM(inphase, IP)EIB(Sr=|SwatertSe)o BIHEE
SR THIZEISHFFE(FF =|Sp-Sopl/2Sk)e FRRET ", IOPYHE (B BERERRTER0E
it 5 H-MRSAEIN, BEEGAERLAIXTLER'H-MRSS, HHEEEER, ERI0OPH
B EEIDUERS, BOINAHIMMT2 BN =7 MIOPREE 21T,

1.2.3 DixonkfER BEREA HEFGEANHEL, DixonBEARZFHARML, NRYIHFE
mDixonFE A, EI=mDixonfEAR. mDixonfEA. R/NIZFREERDBIEIFRIEKIE S
B A(iterative decomposition of water and fat with echo asymmetric and least-
squares estimation, IDEAL)MERAIIDEAL-IQE AR, IDEAL-IQF: RiB I I hshh %1%
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#5375, T2*RREHTRIE, SMXAEHARNEEDH,
ARG R EHRIZBORIYS . ERTIMBRE UKRK
ET2*ESERE, TRERBEMBEE. KiE. BBIfttGEeEE
%, EEFBLG LOERMBXOFRFEERE 2% (proton
density fat fraction, PDFF)*”, RESEMALNEMNHEE
FEE—TEE5, POFFNABRIEEMATRESMNFEGES %,
1.2.4 WERBIMMEB AR (chemical exchange saturation
transfer, CEST) CESTEABEMD FRKFREERFEEMIMNEES
BRRBNRFRE, ZEGEAR(Z-spectral MRI, ZS-MRI)
ERCESTHHTEFEAR, JBRFEEEHEER. ZS-MRIBELE
MR R FE R B P EB BB R FHEAUBNRE T
EREA, BRERZIEMUSIZINECELERE, EHENFFEL
MEBROITEENEFFE™, ZS-MRIEEHRBETF T UER—
B AT iE] T R ER KW EIZEMEGRELIEREL, EX
T2 EMEH RSN ERR), NMEEESNERLEM
FESPWE, Zimeng Cai% ME AR EIFFAEX ZS-MRIE 1482
HATIIE, HNAZS-MRIENE T FEIEHEEEA FEHEMAT
8, 5'H-MRSHIDEALF E#ITH R, LRET, ZS-MRIS
IDEALRI'H-MRSHIFF{EY B E BIFH—E14 (R>0.99), 5IDEAL
#tb, ZS-MRIZEXE—RTINZIEE %K, FENREK, B&HAZ
b, BEiERMBTFIREMATHNE £,

1.2.5 ¥ BUN A B 4R 8K (diffusion weighted Magnetic
Resonance Spectroscopy, DW-MRS) DW-MRSZi&DWISMRS
MEFER, BB NARHRE= kKD FRE(BH
EkAm), ERNEMESHRALHMELRELRT, XA
MERHYY BUF T, ERNTbE T RREER(1.3ppm)Rn
TR AN MATHR, KBSTEFR & == aE I T Ag B AR (A0
31 3EHA, Dominik WeidlichZ "Rz 3.0 DW-MRSHEAR MRS
R B MEKER A/, ERETEELREAITHN S BE
AT E RSB H(50.1£7.3um). (61.1£6.8um), 5HEE
RN ELE RSB RFA—3ME(R=0.99; P<0.01), %A, DW-
MRSREEGITFYEREERR, SERREEINNEE—ERE,
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2.1 IARS TR

2.1.1 Z &M BBEE (multiple myeloma, MM) MMZ5EREMEZA
MEEMENTEER, $AM2ESHSBMATE2 R,
(1)1 555 SREFFEEAMMIEGITEY, UKD ED
MMM S TAEIRMM (asymptomatic MM, AMM), Miyuki Takasu
%R A IDEALIS RS ZREE, SAMMARLL,SESh1EMMAEHE S 58
FFEZZRK, ROCHLTEIRN0.834, H5b, Mengtian Sun
&2 AmMDIXONS I 2 [ A R i S0, £
MMEARFFEBER T EEIRA. BREAMIKERRMGUS)
AFMAMMEA, FFESBRFXARE DL EEMRX(YP<0.001),
Q)7 e BEENAmMDiXxonEARITMMEE #1770l
EMERUTEREBREFFEEELN, EXEREFFMELHEE
Tk, REBFFER AL MBEMIER". HREM 0P
FAEENTZAERMTEMMEESREFFEFTEEEZEER,
BEAMTERIESHFHNIH D EMR(VGPR)HEFREHMMES
BREFFIEM. )FEIEME: MIZMMBEREHNEBEFFESRE
Ty, AIRBMMIEIRL. Miyuki TakasuZEMM LT 455 AY
HERBRSHTEEMSHEFFEHRITHR, ERETRTEER
(CR). VGPRAFHFFMEEEHS, ROCHL TERA0.964, F
BRLST EREH B BEFFM T (LI FUNCR, VGPREEEE XY,
2.1.2 Afm BIRE—X &M TFAMENEEREERR. £
BSHALAFR, gIRMARSELE, I SRERAR, S
MAT R, (1)REBISHT: HIE"5) L2 MR B E BB
EBRBHITIH-MRSIHE, ZMAMBEE H-MRSEIVAEKIE
MEEE, H4EEMALESREX(ROI)FFESN0%, BY
RIMBEFFESS75.02%F13.70%, FEA'H-MRSEI{ER—FTE
T  EMRFEEBEEMRESNGE. BEFEFXEmDixonik
AU ) | EANFRERBRSANSHRKIEHTAK, 4RE
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®, SEEWBAML, BmF) LENEBEFFEEIETF10%).
JESEmDixon$ A A i B A AR ST B B2 E, ()57
YS: F GlickelZ Y336 REXE B LK B E #ITHTHER
BHEBENNY, RAIOPEAERS. SAMERNSHAR
WISt EFFE, RIFEERENERE, FREZRLM, 858
BERIIRMATRNRAAEXYE, AFE” HAmDixonEAR
NEEMAMFEEEESUTHENSHFFENT KBS, 428
AT BEMREBNFFEZNIZN, 5550IETMIGREMRRZE
—5, TMBERELNEBED, KUFFE2RITR™, A,
mDixon AR IHTE 214 B MRaT7 & N EH —EMHE,

2.1.3 BMHERE 7ERERHATEKDEARSISH, S5
MATEZ 2RMEY. B, XFEMHEHEENSREHTURRRK
B HREMCSHERNE T HECEBEN SIS, KMTH4
PR ED JE 58 25 FF(30.8%) $XIE # X4 BRAAMIFF (50.20%) 18>, REAZH
RIEMEE MR DS 200 ERE S ERE EEISHKNE,
2.2 %R

2.2. 18 RERIE (osteoporosis, OP) OPRUIUBERIE. B
IS SRS ERED, OPEEBRIREESE B8k
e e mEaE, KihnE ™ FIB=SDixonEAKWOPE
BRSNS ITERE, SNHEPDFFEBEFS, SFOP
BESHEHSBEMN, BXEFAVNCa R HROPEE,
AMEFFESEXREABEEEXM(rEN0.492, P<0.01), &
PR ARTERITEOPHEHIENHSENENERS E, SINH
RIFEL'H-MRSTUEMOPEESFFES BXEFEEEMEX
M, SBEFFERERIEKNSBERMETRILN, SBFFESES
B2, XEMRERERTOPEEMN REIS T R H
BERHE M AT, HERU B NS AT AR
IRUHKIE, H—FIESIERRE,

2.2.2 ¥EFRJ® ¥EFRJE(diabetes mellitus, DM)ZIEES mMEER
ARSI SR, RER, DMESMEK TSRS SEEE
BEEZraAX", Sikhs eSS EMDMEESINNNG
#10, Fang LinZ“\&M H-MRS5CTH 42 B DML B HAS
RS EZETWER, SRER5REWRA(58.917.5%,
112.8+15.2mg/cm’)iBLt, 442 EDMIALHIESEFF(66.317.2%)
T, MBTE(105.6113.8mg/cm’)Fff. b, E-ERWALA
FRIENDMEE T, BHRFFENREEZAMEEEKE, B
BEFFE (L5 BRE 2 RMEFEM(r=-0.771, P<0.001), BHEFIFE
'H-MRSO DM Gt A SBEFFE, HS5E=EATEDMRNEEE
FERAFFLLER, £RET, DMRARMA, FFEES, BFEEAFT
SEWETDMREBEFFE, FEMEINBANKT, XL
R RRADHEH S E2IRTNDM B BRENESISR, H
BiEBRFET s S EEE X EE .

2.2.3 IBREE PRBLESRMASH A 2 HAMIB RS ER.
MATEE5KIE. BRTRBEHSEZEAXY, ErERS
MATIZINETRERE R B BN EEr — ", —TUTERREE
Roux-enYEEBRARBSMATEL HIFRER, FIAH-MRSTE
S S BFFES RN S BEMNREN MBEEIEX, EFR—
FS, BEBBFFETRTI0.7%, AHARAN, ERRFES
HIBBRE/NEAER R, ZS-MRIEM R NER BN SN S 2
T, EEEST SRR, SRESERE, RADLERH
sEmMNEREEEATEY M, U EMRKREF BAMRISH
EEBRARNFFEREA LRSS TFIe SRS R AT
R TSRS,
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EHEZERANLE, ENEERAENELERE. EED
WERBHBS RN MATRIEEEER AN MARATEME
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