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Comparison of the accuracy of bone mineral density measurement by spectral CT vs DXA
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Abstract: Objective With the ash density of sheep lumbar vertebrae as the standard, to compare the accuracy of spectral
computed tomography (CT) and dual- energy X-ray absorptiometry (DXA) for vertebral bone mineral density (BMD)
measurement, and to investigate the value of spectral CT in BMD measurement. Methods A total of 36 freshly prepared
sheep lumbar vertebrae were selected as the research object. After removing soft tissue around the vertebral body and its
attachments, BMD was measured by spectral CT and DXA, and the vertebral body was calcined to obtain the ash density.
The BMD values measured by the two methods were compared with ash density, and the correlations between the measured
BMD values and ash density were analyzed. Finally, the deviation of BMD measured by energy spectrum CT was compared
with the deviation of BMD measured by DXA. Results The difference between measured BMD and ash density was
statistically significant (P<0.05). There was a significant correlation between measured BMD and ash density (P<0.05), but
the correlation of ash density and BMD measured with spectral CT was higher. The mean deviation of BMD measured by
spectral CT was lower than the mean deviation of BMD measured by DXA (0.288 vs 0.372, P<0.05). Conclusion The BMD
measured by spectral CT is closer to ash density. Spectral CT is superior to DXA in BMD measurement accuracy and the
correction with ash density, which indicates that spectral CT can reflect the changes of BMD more accurately.
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1 BEIE CT N EHEABMD
Fig.1 Measurement of the bone mineral density (BMD) of vertebral body by spectral CT

a: Pseudo-color image of hydroxyapatit (HAP); b: Selection of regions of interest; c: Histogram of HAP content distribution; d: Scatter plot of HAP content

distribution
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Tab.1 Ash density and BMD measured with spectral CT
and DXA (n=36)

Method Minimum Maximum Mean+SD

Spectral CT 0.425 0.722 0.584+0.077
DXA 0.369 0.924 0.624+0.123
Ash density 0.343 0.553 0.455+0.050

DXA: Dual-energy X-ray absorptiometry

I+ Fir 75 BMD {H 5 AH X bR o 1 3K 5 %% 55 (B AH L A7
TE—E iR, P15 T0.031 0, 1M P2 25T 0.000 4,
DXA 5fgik CT il & s BMDH 2 B 2 5% A St
3 X (P<0.05) , 21 DXA i BMD BVERA1E T fig
R THERE CT, i EW £ 2,

2.3 BEIE CT.DXA MEHMEETBBMDESREZE

<2 BEE CT.DXANZEFSBMD ERREZEELLRER
Tab.2 Comparison of ash density and BMD measured by

spectral CT and DXA
Comparison t value P value
Spectral CT-Ash density 8.359 P1:0.0310
DXA-Ash density 7.583 P2:0.000 4
DXA-Spectral CT 1.635 P3:0.0370
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Fig.2 Linear correlations of ash density and BMD measured by spectral CT and DXA

a: Linear correlation of ash density and BMD measured by spectral CT; b: Linear correlation of ash density and BMD measured by DXA

A AR A D, B K B 2 A ) AR R
24 BEIECTNEBZEENREEES DXA UEER
BEENREELRER

fiE 1% CT I & FF 15 BMD 8 i 25 5 F ¥ {6 A
0.288, {IX T DXA Il &2 Jir 15 (1) BMD F4) i 259 2 (411
$40.372) , R A G2 L (P=0.003) , i#F— 2100
fET% CT 77 BMD 7 1 b DXA AT {3

RIS i 7

H AT, OP F= ZARFEIG PRAEIR ARIE B A8 AR
J BMD il i 45 J7 T 25 A T2 W, b RS A )
BMD 5t 2 G, W2 W A R . BMD il &
Tk %, Forf DXA HR gt Bt T AE A 28U
BMD Jll i 1 “ A bR ol "1 o AR T4 SR 1
AN TR) BEB Y X 2k IR A ) 4 15 2 AF I B X 2k 5 08
A3 A R, T2 TR 32 B A B AT A5 345 g
B T L HAP 19 7% 12 (g/em?) , RIS BMD {i ™%,
DXA ELAT U b6 (B A 5 s 5 550 A L s
R T B IR R . DXA RSB
DL B B AR B R IR E AN R 2. B,
DXA 5 1 2 17 B BMD , S RERF 55 i T X
A3 T FEUR Y B R T AR R AR AR R
HPT ARG ST, B4 T EBMD I e K
HETMTRZ 0 OP I R Y7 KI5 5 LAk , A%k
HLVELRE Bl Ik RE 5 Ak K i 1 45T 23 52 1 BMD i
FERRPE 7

UTAER , AETE CT SEBL T B0 1 R 3192 B S e
O, R ) PR T AR AL T SRR | AR ) o
HBA 5 A2 1Y X2 v i 2 AR TR R B
R R B R BB ST HAP 5 i SRR, Bk
B FH HAP KA A B4 5T, il 159 2] B i HAP (K ) 3
Yy Joxt % BEAE, BV BMDAE'' . BB CT & —Fh ELSL A
FUBMD 7 AR, AT DA Rz Jo i A o i o i i A 7

BMD il i, e 08k s TS A GRAT IS 5 R XS
BMD Il = AA 52, S uelRlet, HEA S A
FIEREARN L 2L, BT BB e g
Bhgs i B2, T DIAE EAT IS FP AR 1S CT S48, 7]
ik X6 A R AN E AT BMD I, ICRE A] LA %508 0 7
I8 L E 17517 DXA I 5 BMD, Ji /D AR b 221 X 25
FE AN

ARWFFELE R B, fETE CT . DXA Fifh 7 i 16
AT BMD I {H AR CT # DXA B iR B AL
Pk . FERHSCYE T T , BEIS CT \DXA Y BMD &= {H
5 K T 5 S8 A A P A DG 2 BH R vkl
I 745 BMD {E 5 K 5 % B (8 1) AR (A 3t A i
{HREHE CT 5 3 2 4 W] B A G 5 T DXA

L5 TR BRI CT 78 — 2 B2 1 ] o o ) i
BMD, {H py F H: 4 54 751 1 AH X DXA K 9% A
SRR BRI T AR R A HE . an SR LA b A]
530 Pl 3 R i ke, BETE CT Ry —Ff3gr i BMD il
B EA T2 GRS AT

(&% 30k])

(1] fmedy, REFE, S EE, 5. BILM TN IR ey
BEX] PEESZHESRE, 2017, 34(5): 513-520.

REN X J, CAI S Q, LU G R, et al. The significance of hip structural
analysis in predicting fragility hip fractures[J]. Chinese Journal of
Medical Physics, 2017, 34(5): 513-520.

[2] FARDELLONE P, CORTET B, LEGRAND E, et al. Cost-effectiveness
model of using zoledronic acid once a year versus current treatment
strategies in postmenopausal osteoporosis[ J ]. Joint Bone Spine, 2010,
77(1): 53-57.

[3] EBELING PR, DALY R M, KERR D A, et al. Building healthy bones
throughout life: an evidence-informed strategy to prevent osteoporosis
in Australial J]. Med J Aust, 2013, 199(7 Suppl): S1.

[4] LEVINE J P. Identification, diagnosis, and prevention of osteoporosis
[J]. Am J Manag Care, 2011, 17(Suppl 6): S170-S176.

[5] MATSUMOTO K, JINZAKI M, TANAMI Y, et al. Virtual
monochromatic spectral imaging with fast kilovoltage switching:

improved image quality as compared with that obtained with



- 198 - Hh R B2 3646

conventional 120-kVp CT[J]. Radiology, 2011, 259(1): 257-262.

[6] #ha32 AL, L2, 5. %54 CT(GS)E Wi B R 5 AN B
FMAEAIR[T]. B HA8F 2 &, 2018, 28(2): 294-297.
HANHL, YUW]J, MA Q L, et al. The application value of gem
spectrum CT (GSI) in diagnosing osteoporosis| J |. Journal of Medical
Imaging, 2018, 28(2): 294-297.

(7] A, FIE ATET, . F5RFARME HIRMBAE 0 2540 25
AT]. P EAR IR, 2013, 17(42): 7341-7348.

CULJ, LI Z, HE HYY, et al. Analysis of microscopic spatial structure
of degenerative vertebral cancellous bone scaffold[J ]. Chinese Journal
of Tissue Engineering Research, 2013, 17(42): 7341-7348.

(8] F KA, hisw, KR . HIRR B o WA I BT[],
8%, 2007, 43(4): 15-17.

LUO M H, XU Q Q, ZHU Q X. Hydroxyapatite decomposition and
recovery[ J . Chinese pottery, 2007, 43(4): 15-17.

[9] KANISJA, MCCLOSKEY E V, JOHANSSON H, et al. A reference
standard for the description of osteoporosis|J . Bone, 2008, 42(3): 467-
475.

[10] STEWART K J, DEREGIS J R, TURNER K L, et al. Fitness, fatness
and activity as predictors of bone mineral density in older persons|[J].
J Intern Med, 2002, 252(5): 381-388.

[11] 2R, %75, 2, 5. AP AE XA L IOK0R B 2 AU %

3 Challenger 55 Holigic AL % #9 3T AR E[T ], WP HLLR TA2AF R 5
W FR S, 2008, 12(35): 6871-6874.
WANG Q L, YANG N L, WANG J, et al. Two kinds of dual-energy
X-ray absorption bone densitometer data sharing: cross-correction of
Challenger and Holigic Instruments[J]. Chinese Journal of Tissue
Engineering Research, 2008, 12(35): 6871-6874.

[12] GAUSDEN E B, NWACHUKWU B U, SCHREIBER ] J, et al.
Opportunistic use of CT imaging for osteoporosis screening and bone
density assessment: a qualitative systematic review![J ]. ] Bone Joint
Surg Am, 2017, 99(18): 1580-1590.

[13] 2553, R0 2B Rz &5 kAR ] el EF 5 s
JE, 2016, 13(8): 1137-1139.

WANG F J, ZHAO X L. Research progress of osteoporosis

examination methods [J]. Laboratory Medicine and Clinic, 2016,

13(8): 1137-1139.

[14] DAMILAKIS J, ADAMS J E, GUGLIELMI G, et al. Radiation
exposure in X-ray-based imaging techniques used in osteoporosis[J].
Eur Radiol, 2010, 20(11): 2707-2714.

(15 120, e, ZMEd, 5 3855 E NN RSN ES T 35 &k

B[], b4 R I A (R FHR), 2012, 6(3): 472-478.
HOU J M, LAN X H, WU H N, et al. Comparison of guidelines for
diagnosis and treatment of osteoporosis at home and abroad in the past
5 years[J]. Chinese Journal of Joint Surgery (Electronic Edition),
2012, 6(3): 472-478.

[16] KA, 3187, 250, 5 b BAR AEAESWARES RERA(F
ZA45-2014 50 [T ], F B R R4 &, 2014, 20(9): 1007-1010.
ZHANG Z H, LIU Z H, LI N, et al. Expert consensus on diagnostic
criteria for osteoporosis in China (third draft - 2014 edition) [J].
Chinese Journal of Osteoporosis, 2014, 20(9): 1007-1010.

(17] sk, Rem, 3potat, 5 CT RN ST CT R & AN M S

BREE AR R I AT ], b ARlE R BT A E(ETR), 2015,
9(17): 3250-3254.
ZHANG J, SONG F P, GAO L L, et al. Comparative study of CT
emission imaging, quantitative CT bone densitometry and ash dense
weight density[J]. Chinese Journal of Clinicians (Electronic Edition),
2015, 9(17): 3250-3254.

(18] TG, AT #ECTHIE AR NSRRI TEESY
BH AR, 2013, 29(1): 146-149.

LEI L C, CHEN J Y. Clinical application and research progress of
spectral CT [J]. Chinese Journal of Medical Imaging Technology,
2013, 29(1): 146-149.

[19] #4=%, F H R . 463 CT 4906 AR FLA 5 AT LR [T, 2308t 3 52 3%,
2015, 30(1): 81-83.

HUANG R J, LI Y G. Clinical application and research progress of
spectral CT[J]. Radiologic Practice, 2015, 30(1): 81-83.

[20] ZHAOY, WU Y, ZUO Z, et al. CT angiography of the kidney using
routine CT and the latest gemstone spectral imaging combination of
different noise indexes: image quality and radiation dose[J . Radiol
Med, 2017, 122(5): 327-336.

(4m#t: % IF5)



