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Quantitative evaluation of lumbar spine osteoporosis by apparent diffusion coefficient and signal intensity ratio of
magnetic resonance diffusion-weighted magnetic resonance imaging ZHU Hui-ling, DING Jian-ping™ ,and QI Ying-jie.
*Department of Radiology ,the Affiliated Hospital of Hangzhou Normal University , Hangzhou 310015, Zhejiang , China

ABSTRACT Objective:To investigate the application value of apparent diffusion coefficient (ADC) and signal intensity
ratio (SIR) of MR diffusion-weighted imaging (DWI) in quantitative evaluation of lumbar spine osteoporosis. Methods: A total
of 175 patients with lumbar spine diseases who received dualenergy X-ray absorption (DXA) bone mineral density (BMD),
routine MRI and DWT of the lumbar spine from May 2017 to October 2019 were selected. According to the T-value of DXA ,the
patients were divided into osteoporosis group (64 cases) ,osteopenia group (53 cases) and normal bone mass group (58 cas-
es). The ADC and SIR values of L,~1, were measured and compared among the three groups and the correlation between ADC,
SIR and BMD was analyzed. The ROC curve was used to evaluate the differential diagnosis value of ADC and SIR for osteo-
porosis, osteopenia and normal bone mass. Results: There were statistically significant differences in ADC and SIR values a-
mong three groups (F=41.386,37.114,all P=0.000). The ADC value of the osteoporosis group was lower than that of the os-
teopenia group and the normal bone mass group,and the difference was statistically significant (¢ =3.540,9.069,P =
0.001,0.000) ; the SIR value of the osteoporosis group was higher than that of the osteopenia group and the normal bone mass
group, and the difference was statistically significant (1=5.083,8.523,all P=0.000). Spearman correlation analysis showed that
ADC value was positively correlated with BMD  (r=0.313,P=0.004) ;SIR value was negatively correlated with BMD  (r=—
0.589,P=0.000). Receiver operator characteristic (ROC) curve analysis showed that the area under curve (AUC) ,sensitivity
and specificity of ADC and SIR in the diagnosis of lumbar osteoporosis and osteopenia were 0.742,89.1% ,52.8% and
0.729,89.1%,50.9% respectively (P=0.000) ;the AUC, sensitivity and specificity of ADC and SIR in the diagnosis of lumbar
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osteoporosis and normal bone mass were 0.815,100.0% ,50.0% and 0.856,65.6% ,93.1% ,respectively (P=0.000) ;the AUC,
sensitivity and specificity of ADC and SIR in the diagnosis of lumbar osteoporosis were 0.78,89.1%,51.4% and 0.795,50.0%
and 94.6% respectively (P=0.000) ; All have a certain diagnostic value. Conclusion: ADC and SIR can better reflect the BMD

of patients with lumbar diseases,and can quantitatively evaluate the vertebral body of osteoporosis,which play an important

role in the diagnosis of lumbar osteoporosis.
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FL MRI F1 DWT ki 5 1 HEAE 2 0 58 5 o o rp 55 58 3
e 117 B 4F 1% 36~79 % M4l DXA Wy T {853
R B AA AL (64 1) B s D A (53 ) R OE
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Bone mineral density ;

Diffusion magnetic resonance imaging;  Apparent
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Tab.1 Comparison of general information of patients with
lumbar spine diseases among three groups

P [ (%) ]

iR %k AR (s %)
% E/8

BB A 4 64 21(32.81) 43(67.19) 57.68+8.26

NEgTeI T 53 18(33.96)  35(66.04) 57.29+8.15

i 4L 58 19(32.76)  39(67.24) 57.92+8.31

oA A () x’=0.023 F=0.082

P1{E 0.989 0.921

LUNAR DPX #I DXA {3l 7 WEAE Lo—L, 79 BMD, il
S AN AR A A, A R R A )R
PAXZS A AR HEDETT o 275 (R PR LB A RE 1276
e )" DL BMD () T <-2.5 SD i & i 5
#, T{H-1.0~-2.5 SD g /b, T{H=-1.0SD 2}
B IR o
1.3.2 jEME MRLR: & U736 RAPETTF 15T A-
vanto fif 4R F1 A, 8 T8 T8 1 A A 8 B % 1) 2K 1L R
A5 o JEATH M MR 4, DAHERR HEAE &5 05542
HH5 55 H « ZARAL TIWI(TE=10 ms, TR=650 ms) 1)
K T2WI(TE=100 ms,TR=2 500 ms) . #XJ5#E4F DWI
G T F R B e ] 5 R 8T 8
4 2 # K :TE=100 ms,TR=5 500 ms, )2 [a] I =
0 mm, JZ/E=5 mm, #1 #=28 cmx20 cm,b {H=0 s/mm?,
600 s/mm?, - R =2 K, 5 FE=164x132, 55 5%
Wi X (a1 MRI 476, AR 057 TIWT; s A TE=2.3 ms,
1EA 7 TE=4.6 ms, TR=150 ms, JZ [fi] #i=0 mm, JZ 5=
3.2 mm, F%E M=90°, L HF=48 cmx44 cm, {4 15 |2,
i TIWI:TE=2.5 ms, TR=100 ms, )2 [ fF=2 mm, )2
J==8 mm, Fil%% f1=80°, L HF=48 cmx44 cm, ‘H R H
A8 EME MRI LI 1,
1.4 WMEmiHS ik

(1) He%E 3 4 ADC SIR i . ¥ MRI 748 K14 1%
By 2 T ARG, AR 2 44 5 4 2 s AR R R L W) 5 o
ADC AN & : 78 H sh 4= i ADC [ il 2 L-L, #E
1 ADC A, A5 A HE MR & 3 WK, BOHE 2 (8 ok
L5 ADC {10 5t 35 BROKE 142 1 Hv 2 T8 7 A 2l o7
HEATI A , TF T AR 29 240 mm? [ R JE % Mk X Jak
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DR DX 2 45 1k HE AR 0 2% M HE S Rk A . MRI
5 L A A R IRASE [R] S AR AL A il e B Lo
Ly M E R Z T, T LA ZY 300 mm? 1 B 8%
R IX, 710 P4 B S MEAA 9 b o B 50 4, PR B MEAAR i
% 3 mm DA b, [7) B 3kt R A AR R 51, 4 0] 0 4[] s
AR SR E, 115 SIR {4 :SIR=2 [ 15 5 5
BE/TE A5 5 5 EE (2) 43 Fr ADC (SIR B 5 BMD
MR OCHE . (3) R 3213 TAEFHIE (receiver opera-
tor characteristic, ROC) 1 2k 23 #r ADC, SIR {8 % [ Mi:
B BB A S >, EHEE BB 5 IR &
FEEAE 1 B A 1) 2 5012 T A {1 o

1.5 Siils#abi

AR I SPSS 22.0 GEit- 3k A4 o3 Bt , PR 501 A5 e
TR (%) 1367 ,3 40 9l 38 A7 X2 K 6 5 4F
% ADC {8 SIR {8 55 & 2 GOk L B 5 br il 22 (x£s)
TR, 3 AR ADC {H SIR 5 AT K )y 2
SYHT, WP LR A LSD—t 4 %5 ; ADC SIR i %5 51
W IEAE B BUsi A 5 B s b EHE S Bs AL 5
i E F R U 18 B R T HE 1 BT B A 1 12 B R
ROC il e PFEAL , i £k 1 i 2 (area under curve , AUC)
9 0.7~0.9 $&/R HA — & 2 Wi (8, B 512 Wi R
H Logistic [a] 57347 22 %4l 5 s ADC SIR {5 BMD
Y AH O MR A Spearman A e P43 #r s DL P<0.05 iy
ERAGIFE X,

2 £#R
2.1 #&%4 ADC SIR {H It &

PR E T 20 R -3 41 ADC (SIR i o5 2%
SWE G E X (F=41.386.37.114, 5 P=0.000) .
H AN ADC EHAL T /b . BaEwd
(1=3.5409.069, P=0.001,0.000) ; & J3i & #A 21 SIR &
o R R A B E R 4 (6=5.083 .8.523, ) P=
0.000), WL% 2,3,

2.2 ADC SIR {55 BMD FJ#H &4t

Spearman H G143 H7 45 R iR : ADC {H5 BMD

HLIE ARG (,=0.313, P=0.004) ;SIR {5 BMD & 17 A

F2 MEMZER 3AEA ADC fn SIR {E b4 (vs)
Tab.2 Comparison of ADC and SIR values of patients with

lumbar spine diseases among three groups (x+s)

e BilEL ADC(x10? mm*/s) SIR

LE ¥R 64 0.29+0.06 0.59+0.12
a4 53 0.35+0.07 0.48+0.12
B i R 4L 58 0.44+0.13 0.41+0.11
F i 41.386 37.114
Pl 0.000 0.000

% (r=—0.589,P=0.000) .,
2.3 ADC .SIR {f X HEAE 5 525 A% 5 8 i >
HE TSR 5 B it I W SN HE B S5 B4 1) 8 53132 W
(AN
2.3.1 ADC SIR {F X HEHE B 5848 5 5 2 ik 2 11
KRS Wi M ROC 1 8 4 #7485 3 2 7R : ADC . SIR
{12 W7 HEAE 15 R A 5 B B 1 AUC, U R |
4 S B 43 0.742 .89.1% 52.8% Fi1 0.729 89.1% .
50.9% (¥ P=0.000) , ¥ — & 2 Wi h B . L3R 4 J
2,3,
2.3.2 ADC SIR {5 X} JEAE & 50 67 b 5 1 2 15 H 1Y
KHIZW M ROC i85 #7453 878 : ADC .SIR
(B2 BT M M 15 T P8 55 B i E 6 1 AUC, UK |
5 S 3 43 314 0.815,100.0% .50.0%F1 0.856 .65.6% .
93.1% (¥] P=0.000) , ¥ —E 2 Wil . W3R S5 X
4,5,
2.3.3 ADC SIR ff X} JEHEB T 85 A 14932 W p (8
ROC [k 23 #7485 5 .7 , ADC SIR 12 W B HE B i
i) AUC, BUREE . 55 5 2 51 0.78.89.1% |
51.4%7#1 0.795 .50.0% .94.6% (¥] P=0.000), ¥4 —
ELWIME. L3 6 K&K 6,7,
3 e
3.1 MRI K52 12 W7 I HE 1 0T 17 0 B

SRR /N AV R = s 0 A N = T e P A = 19
R AR 338 0 G 0 10 DL, 2 23R o 41 M

B 1 R TE R R B HE MRT 1a. TIWI
R LTy HER 2 2 R BE IR A & 5

1b. T2WT 7R To-Ta A4S 20 4 BE 1 IR A5 R 5
Fig.1 MRI of lumbar spine in osteoporotic pa-
tients 1a. TIWI showed multiple patchy het-
erogeneous high signal in L,—-L, vertebral body

1b. T2WI showed multiple patchy isohypointense

in L,—L, vertebral body
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*x3 EHEF3IAEE ADC I SIR 9 E Ebi LSD— #3645 R

Tab.3 Multiple comparison LSD— test results of ADC and SIR of patients with lumbar spine diseases among three groups
o N 95% 51X fi]
PR AS 44 () 5 () #5) Ty 2E (1-]) PR B
TRR BR
ADC Jo g A 2 s Ul -0.06 0.016 95 0.001 -0.093 5 -0.026 5
IR 4 -0.15 0.016 54 0.000 -0.1827 -0.1173
B I 4L BT B A 4 0.06 0.016 95 0.001 0.026 5 0.093 5
B 2 -0.09 0.017 34 0.000 -0.124 2 -0.055 8
B 1 H 4L BT 4L 0.15 0.016 54 0.000 0.1173 0.1827
B 4 0.09 0.017 34 0.000 0.055 8 0.124 2
SIR BT 4L it 21 0.11 0.021 64 0.000 0.067 3 0.1527
B IE 4 0.18 0.021 12 0.000 0.138 3 0.2217
B 4L BT E A 4L -0.11 0.021 64 0.000 -0.1527 -0.067 3
B IR 4L 0.07 0.022 14 0.002 0.026 3 0.1137
B IR T3P 2 -0.18 0.021 12 0.000 -0.2217 -0.138 3
=g il -0.07 0.022 14 0.002 -0.1137 -0.026 3
*4 ADCSIR EXEHEGRERSEBERDHENSHNE
Tab.4 The differential diagnosis value of ADC and SIR for lumbar osteoporosis and osteopenia
) R W T 2 Wi 95% A X 7] o "
o 46 25 S A8 AUC B R URIE (%) FeRIE (%) 4R E REERYE
K- TR R
ADC 0.742 0.046 0.000 0.651 0.833 89.1 52.8 0.419 0.355
SIR 0.729 0.046 0.000 0.639 0.819 89.1 50.9 0.400 0.460
ROC i £k ROC £t
10 10
//
e
0.6+ 0.6+ /
S
06 5z /
Il i /
3 i ==
13 15
0:44 0.4+
0.2 0.2
|,
0o
DIGD 0 02 04 06 08 1.0 0o 02 04 05 0 10
1- 15 1-H5
B 2 SIR %508 Wi R HEF BLgi b 5 8 5 1 ROC i £k B 3 ADC %52 Wi AR Bgi A 5 i 0 1 ROC (i £k

Fig.2 The ROC curve of SIR in the differential diagnosis of lumbar
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Fig.3 The ROC curve of ADC in differential diagnosis of lumbar
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x5 ADCHSIREXBHEFRBEHSEEETNEINSHMNE

Tab.5 Differential diagnosis values of ADC and SIR for lumbar osteoporosis and normal bone mass

T . e WDEREE W 9590 £ IX 1] N - e
R g 245 A AUC P B o WU (%) HERE (%) 2B dmfEim A
K LS LR
ADC 0.815 0.037 0.000 0.742 0.887 100.0 50.0 0.500 0.465
SIR 0.856 0.033 0.000 0.792 0.920 65.6 93.1 0.587 0.545

% 6 ADC 70 SIR {E X B2 HE B R 2 8912 i &
Tab.6 The diagnostic value of ADC and SIR for lumbar osteoporosis

i 2

W 95% {5 X [

R 30 25 e A ik AUC T 1 BUESE (%) FESEE(%)  EIEEC RAERAYE
K TR b B
ADC 0.78 0.035 0.000 0.712 0.848 89.1 514 0.405 0.355
SIR 0.795 0.034 0.000 0.729 0.862 50.0 94.6 0.446 0.605
ROC ih£k . ROC ih#k
10 !
0.8 f 0.8
— //
0.6 / 0.6 -
fa 7 v
e #
P i3
0.4 0.4~
0.2+ 0.2+
00
0o 02 D4 06 08 10 D'GD_O 0‘2 n? 4 nj. A U?B Al
1 - R 1 - 51

B 4 SIR %512 Wi MEHE B Bt AL 5 B B R g ROC i 2k
Fig.4 The ROC curve for differential diagnosis of lumbar osteoporosis

and normal bone mass by SIR
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— Pl UL S B AR bR AR B T A S e
B BB A B R X IR R i2 R B S L, MRI
Ky BA o HE s SO E TR TR S5 A
Z AN LS e Bt N H 2512 .

5 ADC %532 W AR & BUgi a5 & 4 1E % 19 ROC 2k
Fig.5 The ROC curve of ADC for differential diagnosis of lumbar osteo-

porosis and normal bone mass
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Fig.6 The ROC curve of SIR diagnosis of lumbar osteoporosis
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Fig.7 The ROC curve of ADC in diagnosing lumbar osteoporosis
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