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[Abstract] Objective To explore the value of magnetization transfer imaging (MTI) and multi-echo Dixon technique in
diagnosis of primary osteoporosis. Methods Data of 206 patients who underwent quantitative CT (QCT) and MR
(including MTI and multi-echo Dixon sequences) examinations of 1.2—L4 vertebrae were retrospectively analyzed.
According to the results of bone mineral density (BMD) measured by QCT, the patients were divided into osteoporosis
group (BMD<C80 mg/cm®), osteopenia group (BMD 80—120 mg/cm®) or normal control (NC) group (BMD>120 mg/
cm’). The general data, magnetization transfer ratio (MTR) and fat fraction (FF) of L2—L4 vertebrae were compared among
groups. Parameters being significantly different among groups were enrolled in the multivariate binary logistic regression analysis.,
and regression equations were established based on FF, MTR and FF+ MTR, respectively, and the diagnostic efficacy was
analyzed using receiver operating characteristic (ROC) curve. Results There were 64 cases in osteoporosis group, 72 cases in
osteopenia group and 70 cases in NC group. Significant differences of age, body mass index (BMID). BMD, FF and MTR were
found among 3 groups (all P<C0. 05). The regression equation based on multi-echo Dixon was: Logist(Prr) =0. 15X age-+0. 58 X
BMI+0. 04 X FF—27. 09, based on MTTI regression equation was: Logist(Pyrr) = 0. 14 X age+ 0. 63 X BMI— 0. 44 X MTR —
23. 31, while the combined equation was: Logist(Pgrivrr) =0. 15 X age+0. 63X BMI—0. 04 X FF—0. 52 X MTR—20. 59. The
area under the curve (AUC) of Logist(Prr), Logist(Pwurr) and Logist(Prrivrr) for diagnosing osteoporosis was 0. 88, 0. 96 and
0. 98, respectively, with that of Logist(Prr+mrr) higher than those of Logist(Pgr) and Logist(Pyrr) (Z=4. 234, P<<0.001; Z=
1. 252, P=0.041). Conclusion MTI and multi-echo Dixon technique had certain value in diagnosis of osteoporosis, and the
diagnostic efficiency could be improved through MTR combining with FF.
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SRS ZH (BMD<<80 mg/cm®) & & Il K41 (BMD 80~120 mg/cm®) M B &8 1E % 41 (BMD>120 mg/cm?®) , Hb 4 3 4 — %
B L2~ LA MEPRRE AL %38 3 (MTR) K S 105 43 B (FF) o % 22 5 A Ge it B LI S BN A Z ] R —JC logistic [l )9 43 7 , &

Sz R R 2R E TAERRE (RO IR, 2 BT H2 Wi B BB A 19 2L R

HER  QCT Wi RE i 64 4, & i i

72 B AR IER 70 1.3 AL 4R AR B B(BMD \BMD.FF K MTR 2 R # 8 5% 8 X (P #<0.05), EF L
% Dixon ¥ [1] 4 77 #2 & Logist (Pps) = 0. 15 X 4E #% + 0. 58 X BMI+ 0. 04 X FF — 27.09, 2 F MTIL & [ 5 7 #2 K
Logist(Pyrr) =0. 14 X 4F & + 0. 63 X BMI—0. 44 X MTR — 23. 31, Bt & 5 #2 5 Logist (Prrrvrr ) = 0. 15 X 4E % +0. 63 X
BMI—0. 04 X FF—0. 52 X MTR—20. 59, HA2 W J5 % 1 B 55 6 4 19 il 26 F 18 B CAUC) 43 5114 0.88.0. 96 & 0. 98, Logist
(Pepmrr) B AUC KT Logist(Pep) & Logist(Pyrr) ( Z=4. 234, P<<0.001,Z=1.252,P=0.041), &t MTI &£k
Dxion 4% AR ¥y 0] Fl T J5 & P& JU B s 12 W7, 16 G I FH — 3 o] 42 i 2 s g

[REBiA]  BRHR; T 5% BILRAE
[FHE4%XS] R681; R445.2 [TEA#RIRAEE] A

Ji O P B T A T B W S A NAE I o LB
MEIZE Iy E %, B 2k HWAE X 48 %
¢ (dual X-ray absorptiometry, DXA) | & & % &
(bone mineral density, BMD) LL12 i B 544 .
B b S B T A B R R 0 g B R
S EBOCE e E B A 5 22— A I T R A KU
MBS . B DL R AE N S E YR S
() 22 T S AR 2 BOR 1Y 3% 7 K %, 3R B BMD LA iy H
T I BT KR 05 B AT RE L A B AT UL ER
MR #% 4k #% 3% A 1% ( magnetization transfer imaging.,
MTD & 2 [nl % Dixon £ AR 12 W J5 & Y 8 BT i A2 1)
KL=
1 #EREFE
L1 — %R mUBPE S B 2018 4F 8 H—2021 4F 6
H 206 Bil T B P b e 24 K S B D BR B 452 L2 ~ 14
CT J& MR i 5 . 5 107 il .22 99 ] 4F % 41~81
% CFH(57.2410.5) % . GASRHE : O R S0 A
J R 42 2 JEHE CT Je MR f 5 A A 46 L2~ 14
HEA s @K A 17 2 28 0 W) 245 . HEBR AR : O FE B 5P
e AR A BMID (95595 o i 809 B s B R A L R
RPN S5 s ORI R 2L 2595 O W% 1 I L £ 527K
G A SEIRTT s @ WEAMEAA7E B 3T 5590 72 ;s © MR £6 A
AERIUE., AP IRBEC B2 L st .

L2 U5k

1.2.1 CT K4 R Siemens Sensation 16 JZ IR Jig
CT #l, 5 # JE #5 #E & 85 ( Mindways), Pl & H &
120 kV B H 200 mA $40 L2~ L4 HER . Z 5K i
I E % 1% i & QCT PRO (Mindways Software Inc)
At

1.2.2 MR #% R Siemens Magnetom Skyra
3. 0T MR 4% . 16 38 18 AH 4% B A A 2 B, 454 v [
[ CT. MRS SR AL TIWICTR 550 ms, TE

[XEHS]

1003-3289(2022)11-1694-05

10 ms) \T2WICTR 4 000 ms,TE 110 ms) } % i % it
[8] J2 %% %% &2 (short time of inversion recovery, STIR)
JF%) (TR 3 500 ms, TE 65 ms, TT 180 ms) & 1%,
MTT: S AR PR B /Ny B2 & TIWT, i i 4 0 Jiik o
(Ms) | A fin o # Bk o (Mo) 4 F# 1 k. S 8. TR
405 ms, TE 3.69 ms, FA 70°,iPAT 2, 25 ] 43 ¥t %
1.1 mmX1.1 mmX3.0 mm,H %t 250 Hz, JfE192 X
192,FOV 280 mm X280 mm, T2 # iF £ [l Dixon
ZH:. TR 9.0 ms, TE & 1.23, 2.46., 3.69. 4.92,
6.15.7.38 ms,FA 4.0°, 47 9 1 080 Hz, % [F 256 X
256,FOV 280 mm X 280 mm,

1.3 KEEaH W22HA54FUETHELRNE
BFRFEREIMDBEER R, TS BT 2/3 4b
JCE ROT, S b T2 5 AN 359 5 IS A4 55 o B
DLEE 15 L2~ L4 MR E] )2 E 9 BMD, BCF-#1{E
AT AT . AR EE f CT(QCT) i it B b i 12
W5 5 (2018) )" A5 1, LA BMD<C80 mg/cm® N it
T ,80~120 mg/cm® N H B IHAL, >120 mg/cm®H
EH .,

1 QCT & MEHE BMD /R & B T REMEB FA AT 2/3 Ab ik &
ROTCEZ X380 , 8 5 ik T %5 B2 N ¥ 59 I8l K i 1 ot
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TIEH GRAL Mo BIMR S AR R /9 Ms R 7R
L2~LA4 kv Jez)im ROTGE AU R 1.0 em®) , 3L
L 3 N2 AR X ML A9 {5 5 3 (signal intensity,
SD1H , T8 w45 13 K (magnetization transfer ratio,
MTR) : MTR= (Sly, — Su) /STy, X 100 % 5 B ¥ ¥ &
((EVEE

LiverLab % {4 A 3l /£ 8 & &6 I8 Wi 70 £ &l (fat
fraction mapping, FF mapping) ; il & 1§ B 73 2 (fat
fraction, FF),

L4 GEitsor 8T R SPSS 26. 0 o it 43 Hr 4k #F
% M Kolmogorov-Smirnov 3% X} 1 & % £l ¥ 47 1F &
K, DL o & s RARFF B IES & R R R I7 2
SIRTHEAT 2 A A BALSD K 56 4T W A, SR
R LT R, ISR A G LS
A7, QCT 12 Wr B ot i A 45 2R O 2 &, 47 — 00
logistic 22 [ & [ 9 43 #7 . I @l 37 [l 05 77 B 5 22 i) 32 ik
# TAERRAE (receiver operating characteristic, ROC)
Mk, 17 o2 Wi % RE , JF LL Delong A3 50 i 17 L 4% .
P<C0. 05 2R A G E X

2 HR

206 Gl F P, QCT 2WrE Bisifn 64 4 B
ik 72 ], B & IEE 70 6], 3 4 B A A L AR A TS AL
(body mass index, BMI) .BMD,FF & MTR £ &%
B FE (P #<0.05) , M 22 3 G245 X
(P>0.05, W#*1,

2.1 logistic A4 #5241 [A] 22 55 A7 GE 32 5 LY
ZHCN A B J7 8 L 4300 2 T 2 B Dixon AR \MTI
Lo Z#BRA @S mUE I FEWR : Logist (Pee) = 0. 15X
AE WY 4+ 0.58 X BMI + 0.04 X FF — 27.09,

Logist(Pyrr) = 0. 14 X 4E#% 4 0. 63 X BMI — 0. 44 X
MTR — 23. 31, Logist ( Prpryrr ) = 0. 15 X 4F % +
0. 63X BMI—0. 04 X FF—0. 52 X MTR—20. 59,
2.2 LWiREE Logist(P) . Logist(Py) M Logist
(Prpoare) 12 W7 D Pk B 5T 8 4 19 it 26 1 R Carea
under the curve, AUC) 45|k 0.88.0.96 M 0.98,
Logist(Prronrr ) B AUC K F Logist (Pyr) & Logist
(Purr) (Z=4. 234, P<<0.001, Z=1.252, P=0.041),
Logist(Pyrr) B AUC KF Logist (Prr) (Z=3. 394,
P<<0.001), W% 2 KK 2~5,
3 iFig

DXA 1 QCT ¥ & BMD )% F k. t
DXA, QCT ANAZ Ifil 48 BE 55 4k, | B ot 35 25 Ko A 7 55 52 0
I BMD f9 i % 5 i . ARBF5E L QCT Il it BMD
R BRIE, R 3 A IRI4ENE . BMILFF K2 MTR 225+ H 4t
T2 X, LEE %0082 105 44 44~50 % B4 2 010 4
(BMI A 18.5~30.7 kg/m”), & ¥ £ 2k BMI>23 kg/m’
B o (R S e 385 AT AR 21T BT 4 25 BMID s {H AR AT W A5 A
Shy FIE PR S SO A 1) A R 2R P g s 3 22 T 5 B0AR
KL 5 0 BB P A ML o T B0 B SRR AR
WFFEE BB AL 21 BMI KT BMD 1E 5 M 98K 4 , {5 52 i
BMI R 2 A R — 0 WL .

ULk, BMD 55 1 i B Ui 19 5¢ 3 i R IF 5% #4
ik 55 SRS S TR, T R L A A A
5 BMD £ A ¢, {H R 3R 15 DB 6 B 1D 12 W 5
P B, v i B 10 40 RN A 20 VR B ] —
2 BT 78 5T 1 40 B s B BT A B FF I s i g
il U I AN (S I T NI 3ol ) O = gl DR G
Dixon £ AR#AE W AR F 80 FAHBF |, )z T

# 1 AF BMD & — %R J BMD.FF . MTR 4%
PER D
2591 R () BMI(kg/m?) BMD(mg/cm?) FF MTR( %)
5 Z

BIRBAS A (n=64) 28 36 66.9+8.3 27.2942.18 65.44+16.19 58.8549. 26 3.17+1.91
BEBIKH (=72 35 37 58.6+8.3 25.23%+1.51 108. 20+7. 61 49, 71+4. 86 8.04+2.73
HiEIEHH(n=70) 44 26 46.8+4.5 23.96+2. 04 172.52+28. 88 43.21+7.59 12.56+3. 20

¥/ FAH 5.38 51. 86 41.48 128. 43 56. 36 233.72

Py 0.07 <0.01 <0.01 <0.01 <0.01 <0.01

TE BRYES AL, 21 W P # LA P 34<C0. 05

#* 2 T ZE Dixon SR MTT K —F G B9 181777 F 12 W I3k Ve BB AL 1 2L RE

iR AUC 95% CI PO (V) PR D EAROE i 59 {8 P1{H
Logist(Pgr) 0. 88 (0. 83,0.92) 93.75 72.54 0. 66 —0. 41 <<0. 001
Logist(Pyrr) 0.96 (0.92,0.98) 90. 62 88.73 0. 80 —0.72 <0. 001
Logist(Prr+mTR) 0. 98 (0.95,0.99) 96. 87 90. 14 0. 87 —0.88 <20. 001
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SEU R B, MITT %t 4G 0 JIL PA) 4 0 B 4 728 b L AT T 7

B2 BHEL.48 %Y, BRIEH (BMD=143 mg/cm®) A.B. 3% F
EF RN FE DU B (A) Je MTR th#% & (B) il L2~ L4 ROI
(A FEF),FF=36,MTR=16.32% B3 BET.66%, 50
/> (BMD=98 mg/cm®) A B. 433 F 1IEH & ARAL FF PR K (A
K MTR % K (B) H it # 1.2 ~ L4 ROILCM |- & F), FF =48,
MTR=7.78% B4 BHEL,60 %, 8 FE R (BMD=143 mg/
em®)  AB. A BITIEHh 54k AL FF tA#% 18 (A) J MTR % € (B)
FCE 1L2~14 ROICA - ZF),FF=60,MTR=4. 34%

PrE s E A SR TE, e B RO R E T BE MTR 5
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ARAF 5 R F —JC logistic 2[R 2 [8] 13 43 #7 . 43 5
HF Z g Dixon HAR MTT K — & B4 @ [ H 7
LI LA ROC i £k 43 A 181 13 5 #2132 W & ot it F 179 24
fi£ . & Logist(Pyr) 1 AUC & F Logist(Pee) » I BE
5 MTR WA EE T 4AH 3 M Logist (Perewrs)
AUC & T Logist (Pee) #1 Logist (Pyr) » Bl " E B &
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