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[Abstract] Early screening and timely treatment can effectively reduce the morbidity and mortality of the osteoporotic fractures,
and hence efficient and accurate non-invasive radiological method is crucial. Non-invasive imaging methods of radiology frequently
encounter less resistance in the promotion of therapeutic activities than invasive procedures like bone biopsy and perfusion imaging.
Although dual-energy X-ray absorption has been established as the primary diagnostic method for osteoporosis, its efficacy is
relatively constrained due to various parameters, and it is challenging to accurately depict the true status of bone structure. In recent
years, radiological techniques have developed rapidly. Computed tomography, magnetic resonance imaging, quantitative ultrasound
and other imaging techniques have been widely used in the diagnosis of osteoporosis in the research and clinical practices, which
provides more comprehensive and detailed information about bone mineral density and bone structure for early diagnosis, treatment
design and prognosis monitoring. As clinic and computer science crosstalk closely, it will become possible for artificial intelligence
to assist or even independently perform imaging analysis and disease screening in image data base. This article reviews the
individual characteristics and latest research progress of the non-invasive radiological techniques for the osteoporosis.
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P Y 20%~30%DXA 1l 5 1) BMD ANiifi /22 OP 12 Wi
KR AN EE T 1, BUE T W DXA AN
FEMZRAREL, T2 I H AR F B A W8 hr kb 7t .
1RAMER G A F AR AN B O T B LR Z F 3 B A
FUVE TE AR e e LA B S B2 P, T LA Y
FHF KRBT 2 A OP K ME 4% . AP AR A MY
GE AR B M 5 AWk e, R HAE OP 23R
) I AT S 0 R A 25 .

1 REFEAR

1.1 OWUAE X SRl ik

DXA J W i /2 B 2H 2100 FUE % £ (area bone
mineral density, aBMD), ™% il A& B SC ) H
WRE 5y % I DX B (AR BRI I T 7 A
A aBMD 2 B4 X BT & B i 2R A R, 5
B AR R BT o D X3 B ) o AR A 2 i
DXA MR, WIEHE DXA K5 5% F sh k& RIn A&
P54k B AR AR Y I aBMD B K, 0Tk S e B 5K
;l\ﬂﬁiﬁ [4]C

Bl DXA 7 BER A5 AL PR T 82T, H /N
43 %0 (trabecular bone score, TBS) . ‘B M J1 5 %
(bone strain index, BSI) %¥Z: 4G i T DXA 5214
BER IR B 534 57240, AT#b 58 DXA X T B /N R4
4 PFEAG 575 3D-DXA H A AR 45 i 45 5 15052 H
3D-2D Bk SE G AL PR = 4 2h 1S RIARE
(volumetric bone mineral density, vBMD) . J i &
VBMD 1 B IR S S8 A 5T 4R 1T 3D-DXA
AT DA f i v St LG L BRSO RR L ARTE RS S5
i DIROECE A F GV S i N[ = ]
(quantitative computed tomography, QCT) hhrif Lt
B, R I S5 S B0 ¢ R 80=0.86~0.96, H ik
TREEM) 2 50r=0.84~0.97, 3D-DXA EA A5 BE B ok
JEE A T 1 R 3 R e A A O A D A
FA S5 AL B [] RO 22 RE A HLAS R LA
[FIZE SR R o B o 5 25 IH Y42, TBS. BSIDI K
3D-DXA I A2 A 0 1 B e, HOE AR AR
DXA AR 51T, AT 20508k

1.2 XZkias
X LA E i R _ LB Nz, I 1Y
AR BRI . TEBR D DXA B AL X BT 3 5
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e, WF9E T R S X LK A AT LR 4H OP i 25 A AT
% o HE % U078 B X 487 A rb i B s i
R TR, A R O v B S5 JER R R B R 4 8K
2SR, B R ECS W T ARG R
4f (1=0.654, r=0.464) . WATRLEAR =SB PR
W, A e O e . R e A T g X
B, R R L AE T S PO A S . (HE DL
5% 2 L) DXA 25 R0 IE S 50T bk, HECT %
AR FHAR ML WIN . 5 SR R AR R
BLSE I B (AR, 2K X 2R 2 BOR oK b S
1l OP 1) fii 5 F1 45 3L

1.3 i SPLsA 4

TEAUBIZ SIS (computed tomography, CT) )
X Gt bl 45 P20 SURMUS 208 A5 BIXT R (1 C T . Bl
OP [yt J&, B il&s i b B i 4121 i b3, 3K
CTEFAK. LTS/ R CT 845 %R 2 A2 K OP
HAW KGR X . LIMZE M 72 BeE 53 CT 3k
B Ward = £ X EOSHR X, MEHZ X0 CTE, &
P CTH<0415 CT (=130 HU L FUBCE T W A0
(r=0.74, r=-0.57) . LI% " il & HEf& L1-L5 9 CT
{H, VADXA MtnifE, BREENFEHE AP LICTHE
X3 OP (97HU) . ‘H /> (135HU) FlHE & EH
(230HU) . CT AMLA] LAEG bR HEALHEBR AL /Y T4
WRE [ BEEUBSHR X, (H R SR X (1 B U = 4t
— A, ORTE] A 1R A AR S AN AT s e R B CT (H
I 2% o

QCT | I X L w15 20 2038 43 W AU 36 0k 114 i
DA o AR F5 i 5 FB1 UL PR T AL 8 bt K S AR
AR B % . M T DXA, QCT M W&k
PR M PG, WT LA & vBMD., [ 643
SIS Rz S5 RIRA B vBMD S8 T RE, Sk OP 4
o R A8 7 i . QCT g g NI Ak OP J i 14745
PRLABGEIT RO, B 1 H A B 5 i 5 A B ) BMD
Atk 155 OPIRYT I MY IHE ., POOLE % '™ 1
28R 1A OPYRYF R R B, B 5 BB A e T 5 S
JURK 0 22 JR ) 7 o5 M AR R R B R B AR
QCT ¥ 3%, /8 5L fi nf LS AL AR B i 1R
F MR 451 o 4Rk QCT & T OP A Jy k1%
WORS Ak . SUZE 140 g A 319 {5i) 2 R 5 38 1 47 Lo
B, I QCT K Jm 4b 3 T Hobs i 3k 43 NHTF .
JEF . BT EAE EANZIR, RIBE KSR
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LA WAEAADE, 554 5958 AR 1.2 em®; A
FLF e sk 1, B vBMD S4E ISR ZIA5& (R
T #=023, 5 F =022, I I ~=0.095, J5 I
r’=0.094) . B T 22 2 B T A T 2 R0 A
QCT 2K MU= 7K BMD {5 B 094 5 o] LAds BB R N
B ENE A, B vBMD SR A X, fnse
(B X TR ), PR T BN R . R
FLCT B 45 TE A A A 5 Ak BRAR J7 J5 BRI AT 5% 25 oy
QCT, CT iR 1AM QCT ryHE) ™. i H
VT AR RAR ) e A H R C RS e, TR UESCRE Ho %
I QCT ¥ A A B B B HR ST wT fiE . QCT 9 OP 2
T TS T RV FE S T, S LN R R FH R
B IR SHLA

ey o> BE RS g IR ALIETZ S (high-
resolution peripheral quantitative computed tomography,
HR-pQCT) HEFELE QCT 4 P vBMD At i, X
DU i B R A o AU (<3pSv) AR IBUR B Al
P TR B % V' HR-pQCT X R dm AL, &
BB . B R BALBE . B/NRECE | /N R
FE . BN R A SR R AP R, W
BT RAEA L Z 0 i s K WF 58 . HANSEN
2 U7k A7 23 DXA RS iR B I 3% HR-pQCT 46
fr, RIS ER B PErh SAK BMD T i 3% 22
5, BB EINA EREEEE (10%),
KB R 5 LB BE (51%) AT & A9 #A T i BMD
(25%), [R5 ZoMr BRSEEE AARC, B2
XF 5B P Y 52 Jf R W] R . BOMIC HL A4 (Bone
Microarchitecture International Consortium) - & % H
AN T 52 8 AN ST BAAI 7 000 4% 44 4T i XU A~ 1A 4K
P AT B A AR O ETREPEAE S, 42 8 HR-pQCT I 15
FIR) 1 S0 B FIALS J30 B T35 4 2 BmT LA M T° DXA Al
FRAX f R AT BT KU B4 T SRR & TR
[/l T DXA, HR-pQCT RyH % . 45 SHELUH
TAEHHAT XA, B AT 2 & D S EC S R
a7 IR S Ak S o e A B2 P R R R o
flEHEIR B 12 . HR-pQCT 7 Wi ¥ B B o i A% 697
Ak KB AR ARG 1A 55 07 T 7 ¥ 52 1) FE
W e A B R FURE R BR T4 R
FOERE M B A, X R IR HR-pQCT Joik iz
PEARE A S B B . i H e T 4
himsa], WA EORZIAHE AR 5, BN s g
Ps T R AL BRI R0 Ar . e A J LU %
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MZRRS 2 Gi—brife . ML S %A e T 4t
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XCRE 11 5 ML W )2 H 5 (dual-energy computed
tomography, DECT) J&& T#AX] T A fig i X 2k
W2 W RE J7 A 7] 7 Ji B S IR Gk 7 , PH I DECT #J
DI P 1A v 9 1 AE R A B X A AR
Wl R RSE B sy B Y. ZHOU %8 ) i DECT
P A 55/06 5 . 2 LB K A /g Wi 45 AN ] 35 4 ot %% B
X, 5 QCT i BMD HA — &Mt &AMt
30 RG24 400 B 50 BMD, 5 B 45 R A
Jfe bR 5 207 Tl DECT 4 R 8 22 45 4 AR 7T LA 425
EOE NN, FH CT 2 W IR I Aoy . LIU %5
I 55 2B MR B E, L QCT M & M BMD
b E 43 b B R B A A AT AE B SRR AL 4, BMD Al
DECT il & JEHERY 25 CTE . RS RER R CTE . 5
BRI o3 B8 W E ARG . DECT iR g/ 4 s
thig, BME RRNE X AE A £ I8 PR 9 i &) B B ok
TrVPAl, St e BRAR AR ) B BT A8 DL K4 = J5 22
FARIEIF . (HE DECT-BMD W Ilfi R I A 757 51
A WF 5% % 12 1 DECT-BMD 5 DXA-BMD #k = #f %
P 1230 DECT Y 38 it 41 4 S i) 5 1) A %o P 2%
AR A a3, AT RE s 2 — D3R A B A AT A Ry
Yo B

14 BRIk

IR A% (magnetic resonance imaging, MRI)
VT AR SR AE OPIZ W A2 3 i BE G TTE . IRA EAETCHL
EUARITIE DL N AMUE B T2 W e P s A B
I, ERERE P e B il A B R0 B RN 7 T S 4l A
o AR o

A G ATV /NG — O BB AT 5T Y
R, X/ INGEIR A PG e 5 IR A5 M4 L g FIR 1 A
PRI TP, B AT SCHk b 2 S ROE 12 15T,
TR TT WESRIE o 324 9 1L R 2 B A5 MRIAESE
JEAE LSTHI3T i FEATHY, T 58 7T MRIA
AU/ VA Z RUAR AN B A S ], SR RETR AHERE . IR
T i S A ) 5 AT o B R MR R, R
sz EEAR . CHANG % PV R 7T MRIZE e PB4t
LA R, R ISR A TR A W] o 22
S, ABJEMEVE A R AR B AR B B
PR R /N R I . X T DXA Jo ik X 43 M i
BEO G 4, BEAE I S B Tl 45 A 19 MRLKE 8k A7
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JIRIFMFE B o w43 BERE MRIARICE 22 1 5243 405
PEHEA BROT/M TR RE , 1298 5 HHENUI
SRIELERFA Bk, AT IS J5 [0 FR/INGY )
VER TE RO S i A0 A B 4 XU PP A, HAE S A
g S e 0 O A Sy B G B e g R
%1% (ultrashort echo time imaging MRI, UTE-MRI)
RERS RAERM T2HANIE S, 458 K T2 HZUMHIf5
SARH BRI HOR BB BLHN B B AR, AR
FEVEVEAS B B BT, I BE X K B K B BEAT I AE o
JERBAN 45 %) i Jf] UTE-MRI X 135 {3l it 5 LR ke
A3 AT G P BT T AR S S AL L LR IEAROC
(r=0.66, r=0.57), L5 BMD A W& KHK (7=0.71).
UTE-MRI7EH [ BT AR I AR S8 aT VR b FE N 25
BT A HEUVE AR B I L BX — T 9] o R
NI V5 20 2R B A e B B S AW e e A e T, S
fdt B 2% U1 AH 56 o AR 22 0F 9% 3% W g 3L Bk i 43 A
(magnetic resonance spectroscopy, MRS) 4514 & H&
g i 4345 5 BMD & fUARSE BT LIAE B8 i 4 2
JE AL B RERE AT, R BN BMD 214 LT X B2 A
T AN TR0 00 R BN R KT 0 AN, A A
KF-B 42 T . WOODS 45 ' il | MRS % 5 4 Hr
HE A B P e B R A B BRI L U A B, R
R0 132 4 7 v G P A XU S5 R &5 0 o JIr AR i
R Wi 225 BMD A LAl (X DG &R , AEARR 52
5 e XS B BN 17 A4 TR T B AT ALY . GUO %5
PLQCT Ml i 25 JORE 4 22 ) o Ve oy B B ol . o it
WD AU R R 32, AT B BUROE B RUR
(quantitative susceptibility mapping, QSM) Fl/K A543
B %, & BHE 1R QSM 5 BMD & ¥ fi M %
(r==0.70), 55 % E IR 0 BOEA G (7=0.64),
P A BRI A 2 OP VAL T B . ki
1% (diffusion weighted imaging, DWI) &3 F
KA F P BLS Bk A 228 B %, MOMENT % !
fE 48 28 J5 10 Lo W A3 DWI R 3R OW 3 8 & 4L
(apparent diffusion coefficient, ADC) 5 DXA-BMD
BIEMSE (7,=0.74) . G ZUE TR A /N R B,
WD ALK ST BT ELADC R R, irl ADC A
A B P HEIR OP 1Y BE 7 . MRITE B 2H ZURIH T 45
B FE i RIS, AER R4 0 5% 45 2R 1 48 XHE
IEAR—5, FIEe S B MR R4 A ¢, [RET
BRI 32 BRI B s s P B AR
KNS SINE TN
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1.5 a8 H

T EME (quantitative Ultrasound, QUS) &K
PR B A SUR AR TR | BE SRR M O A
FIRRIE, WEPEIRE . Bl . IBE . BEESEE I
X, QUS Ay 7 i LU K R (H 0 55 SRR I 27 5 )
B B AR R, AT DA T DXA S48 3 KU
I 4241 MCCLOSKEY £ ! 45 A 94~ QUS A I
AR VERIF Y & PR (B 20 05 T R 1R 25 qE, B
B HE N2y 1.45 4%, T s 1.42 4%, $#&H QUS &
— ANl S BAA SO BT T E . QUS 7RI Z IR IR
By7 BN Tz W R AR A (4 . TR R AR Y .
{ER S ot RN 1 e el e e Y A LD B b = i U S <1
BT R Z2 IS LA AT, T LI e B T R
AT PRI ME S SO T B BB 14 0, AR TE 23 B

2 AIEREREERR

AR AMERAR 22 B AR AE OP 26 T AT R FH
FORAGRIE ITARE 4 . A ol MR AT RS 04 3K BURN £
SR M ST R R R . N TR REC & RE U B
TERRIEROLR X, il B B U OC T AR 5y Z R Ay .
LIU % 05 F & RS [ 8 QCT R 48, R x4
VE# A i FLRE 1 8l 2538 WL PR i A 7 IR 4 R X
5 DXA M R QCT M4 I B 22 57 . BlE IR
)P, N TR e T L BEAT A R R
AT 55 o A BIF 5T N T B 2 2 BE R 6 38 3 X 2 %
SV A R 5 R L e P BT, ) e R A
BT S YE R 91% (260/285), #UEME N 97% (60/
62) ', FANG %5 "7 B F & B 28 M 45 78 CT [&]
Gorh 4 H3h oy I, RERS X BB TRERAL . B U
SRERIER, M HEARBS CTHhRARE. B
AN T BB AT LUHEAT T 2 i A i 2, R REwS
B AR WE A Is 2R k. B ETAT
BremmrR SN HZRRTREAN S E R G55%,
T NI fr E— 2P I 2, HL R AL IA B v R
ARG A R LI A0 P 9 S PR TN T B A
OP 2 L& JE .
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