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- Comparison of Bone Volume Measurements Using Conventional Single and Dual
Energy Computed Tomography -

o=
— mzx5 —

olFoqA] ArBldEEgo g WE ZALsle] vkl kevel A &2 JA|(material suppression iodine;
MSD, EZ7(material decomposition; MD)7|H< A8319e wl, Tdelux] Arslesatdy) vln H7kghe
=22 g Holo] WelE welslara} sttt AAIRAF WE-S o83t DA HiksldsEae] s 7]
F0 2 o]FRA] ArkslekEEde] 7k} 70 keV, 100 keV, 140 keV 2 70 keV-MSIS} MD Z57Z2EA7]
(material calcium weighting; MCW)2} MD 8 @ =7Z5-A| 4 (material iodine weighting; MIW)7 & 2-831 &
Zge] FIE Agatston score RO 2 H|I H7ISIIt. QIAAL e g FIE keV7t SIS 7HAS1S]
tH(pC0.05). 7P FARsE ofseluA] Hilsldsae] Hee 70 keVE 1 zpol= ZH2t 2w 35.8+12 2, UlE&
16,1424.1, =8k 1374188, FF 179.0461.80|3ck. Z2fu} MSI9| Ful= Fod=s 24zt Zuw 5,550, the=
76.34%, =4t 55.16%, 25 87,587} 7HASFAAL, MDIMCW)= 2tz 2w 55 96%, thElZ 80,78%, =4 69.64%,
= 54 2307} =00, MDMIW)= Z2h Z)w 83.51%, thEZ 87.68%, =4F 86.64%, Z5= 82.62%2] xfo]=
A2EHATHp(0.05).

olFolURA] HiksltsEtodoz AL Al we] Rul= kevel F7bol| wfeba 7asl =il oF 70 keve] oy
A @9l CSCT Hudd) fAReE Hol2 4% 4 Qlok 28]ar Msieh MDD Pd7HE 283 Fujsae 4
Fe QAP MAStE R frofate] ARgsteof gt

38l HOl: oleluA] Widshdad, W 795, 24 7, 29 22 9A

I. M = o= o] ek 58] AUE) AT vl A

gt ExAo® o] ot Wo] g anet o] ut

AALsht22% (computed tomography; CT)S T4 2k XA gHefo] GeElr]7] W&ol Lo sxlolof &3k
o), B34 T L 7Y B9 2L g Ta R of Hu] 4 A gFE wh=rH3].

HE I EAF 9 EE= Rl 234 A & & HUt A1 A T ofjuf ] [AFSEE29 (conventional single

of wj-f- S8ttt A& Tl 2], W= I, AU, sfH source CT; CSCT)+= THAHAMIS ARESlo] 42 =

AL S rlopst HEo@ AT o] 9o 7)o ulzbA stuE HlAY FEA|X el A&Hsle) e e

This paper is performed by the will support Wonkwang Health Science Univ, 2017

Corresponding author: Yon—Min Kim, Department of Radiotechnology, Wonkwang Health Science University, lksan Daero 514, Iksan—si,
Jeonrabok—do, 54538, Korea / Tel: +82—63—840-1238 / E—mail: kimyonmin@wu,ac, kr

Received 23 April 2017; Revised 18 May 2017; Accepted 30 May 2017

WAAZ)EdE 20179 Al40A Al2E 253



b7 1sa8t Vol. 40, No. 2, 2017

T

WA B34S BRI 2AE AUk XA
o] WS- FOFEL AlolL} ARE WA o ofste] @
o Aol 4lo] gau} whebd CSCTR Qofl OT gk

=
to] FAS TS Skt w2

o M&As Ao
3] QAgellAl OT el MBS &

n:
2

[
ol

ot s, o
AZ=7F A} A] ZRS ok AlGEo] 7Aoo 2 AuhE
75 W 4 7] wfiel CT gho] AL v F&
s,

o]F LA AAREHEZE Y (dual energy CT; DECT)+
et A4 YA B3 T o FEE Sl
K714 % SPolehe). DECTE: = o] xadglo] A2 of
BAGHE QAL B skl XAl AR o2 A
2 Qlatol WAE ¥ o] WA} AUERS ol g5l
Apsigle}, DECTE Joj42l oS Alssle] 714to)
gl 2|9 (kilo electronic volt; keV)2| FArS &
=3 4= Q= ES3Al7 |5 (gemstone spectral imaging;
Gso] ALHT), oleft GS1 AR AANA HHe|
Sol RsE 4 YRS keV T YT 4 olA B4
23 g 2 FReRze] oS golaohs], gk DECT
2 e fa YA 2AS AAERe U BATe
(material decomposition; MD)o|2H= 530 Q=1 o]=
] AR QA VA e g o
Lol A 7Ingteh B3 24 FEEE oAl Atold
A x]AJo] CSCTZ AARS wHth Agst dutE A8 4=

‘1} 13']3} 752 549 A4l e 2ETEsEs

o)

o] AsfRAe ZolY AT 4 Adnt

Jlm

ofr
-

S
.l

lﬂ l‘_ﬂ of

DECTEZHH s 7Hdu 29 @4 (virtual non
contrast; VNC)2 H|%Z% %AKtrue non contrast; TNC)
B2 G FAL 5 Yol ATl 27N
e SEA = Qln) 53] 294 =4
suppression iodine; MSDE 83t JARS VNCL} TNC
St v ol ABBAS wolzr), mby izt
Z7b8 DROT Holel gy-amiol 4gaue] 24 2t
ZAo] wl$- f-8sic10,11], 28|al PARET 2 AHF
(coronary calcium score; CAC)S 43|sle} @ 2 =3} o
25 Ao|z eIt} o 2] of7] the] vl
27} QAL ol gale] ==t 18} DECTE AANSH &
A old A Yt vhekRt 71 9] A8l whEt CT 4k

o) wiseli, E8) Hu2gold oX7) wasc Trebd
2 ¢d+-= DECTE #ME FAfsto] thefgh kevel MSI, MD
o e 24

E

ol

oA (material

olN

I. Uy X 3=

GE Discovery 750 HD(General Electric medical system,
Milwaukee, USA) CTE ©]-835}91 MEL Fig, 13} 242
human phantom (76—083, Victoreen, Cleveland, USA)
2 ARSI Zs9] Bul= aquarius intuition edition
(Terarecon, California, USA)2] calcium score2 ©]-£3
of Fig. 29} o] ZAFAT, AAZE 140 HUS AHgs}
ek,

(o) Femur

(c) Pelvis

(d) Spine

Fig, 2 Axial section view of human phantom for calcium
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Table 1 Classification of energy factor

Scan Mode Energy (keV)
CSCT .
Polychromatic
(120 kVp)
70
DECT .
Monochormatic 100
(80+140 kVp)
140

Table 2 Classification of application factor

Scan Mode Application
CSCT N
n
(120 kVp) ¢
70keV - MSI
DECT 70keV - MD(MCW)
ev -
(80+140 kVp)

70keV - MD(MIW)

MSI @ Material suppression iodine, MD : Material decomposition,
MCW: Material calcium weighting, MIW : Material iodine weighting.

Table 1, 22} 20| QIAE WHSIAIAA S5

1) GSI @/ollAl keve] Ws}e] whe} Z< FulS53A] 9
S v A=A gofstalat 70 keVel 100 keV 140 keV
A 7] o Fsle] Table 13} Lol 25T

) MSIE 2] AES AAST BepEon B
7] wizoll shae] wsk dojdt), T1eja MD= 54 4
& AESAY AAANT = 7He2A, A = A
A (material calcium weighting; MCW)2} Q@& 725
A (material iodine weighting; MIW) & 7}A] MD G4k
<= g53ste] Hrisksict, oluff MSI2F MD+= 70 keV o]
G4 Table 29F o] 2§53,

3) WO e W Ao we} FujS7g o) 2ol
AT 4= qlomw Zum 93 =t tiElE 47H4] §.919]
a5 S48k

e o] A70 2A-S CSCTol|A] 120 kVp, 130 mAsE 2.5

mm thickness©o] 2.5 mm interval, field of view+ 40,

pitch+= 0,984, rotation time-2 1,0 sec, algorithm->

Table 3 Results of Agatston score with body regions

standard2 A3} 25 auto exposure control(AEC)S
AREB1A] §qkt) o]l DECT+ GSI(80,140) kVp mode®
AABIEL CTDLG3 tola] AAIZZL CSoTe} 5 s
st Tl WY B 153] W 25t Bk
& eI

EAE= ZTZ1W-L2 PASW Statistics 18, Release 18.0.0
2 0]83}993, human phantom®| Hu|7}keve] wabxa]
WL =A] B7Fs17] $18k, paired t—test2 Al3Y5Ho]
Ol 0.05% ek 7+e) 74 Hatoll Fol3 Apo|7t Q=
A A7kt

I 2 i

DECTY] keV H3}o]| w2 human phantom®] Hu&
CSCTS} H]3w3F A7H= Table 37} 7t} DECTS] keV7} 2=
713to] whebA Agatston scorer= TAdh= AE H )

CSCT 120 kVp ek} DECT 3712 7ke] Hato] xjol=
AA3E Aal= Table 49} Zt}h CSCT 120 kVp%} DECT
140 keV 9] H|I oA ribQ] Agatston score”| L3514 H
 Salo] folat Hol7} YAT(p=0.709), UviA] 18 2
A7l X= Agatston score Hat Fu]of F-oJ3t 2ol & H
ATHp<0.05).

cscTef wa] Afol} AP Hew, s Al s
288 4 91 DECT A5HE 70 keVE 1 Zjoli= 212} 2
u|m 35 81£12.21, E|Z 16,15£24.1, 2} 13,77+18.87.
22 179.04461 810910, BAHO R Bito] FIT 3
ot len] Rulzgo] A At B o 5 9
ek 71 Qo= CSCTo Zu|w|, thElE, ZHh Ao &
2 212} keVH DECT2] Agatston score:= 25 Table 4
of Zro] Hul&7 Zho] Bate] 2 AolE EAth(p<0.05).

DECTO] /71 #goll e FuE BF7et dik=
Table 52} 2T}, Human phantom®] F3|7} QA7 o] &

~

Scan Region
Energy , - -
Mode Rib Fermur Pelvis Spine
eseT Polychromatic 567.22+4.16 3,916,97£14.56 3,9605.39+24,35 4,769.7+58.67
(120kVp) . . 916, . 905, . ,769. .
70 keVv 603.03£10.85 3,933.11£20.25 3,979.16%18,49 4,948.74%10.79
DECT
+ 1425 45 + 5 46
(80+140 kVp) 100 keV 578.33+11.86 3,822.431+25 45 3,908,02+15.67 4,645.46119,93
140 keV 568.85%14.97 3,238.3+116.57 3,499.4970.84 3211.6+121.31

CSCT: Conventional single source CT, DECT: Dual energy CT.
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Table 4 Agatston score compared with CSCT and DECT keV by body regions

Body Region Mean SD t pvalue

Rib -35.80733 12.20181 -11.366 0.001

CSCT - DECT Femur -16.14033 2409083 -2.595 0.021
70keV Pelvis -13.76371 18.86986 -2.825 0.014
Spine -179.0364 61.80062 -11,220 0.001

Rib -11.10880 13.51122 -3.184 0.007

CSCT - DECT Femur 94.53080 31.95520 11.458 0.001
100keV Pelvis 57.37313 24.77699 8.968 0.001
Spine 124.2404 66.14241 7.275 0.001

Rib -1.62767 16.17041 -.390 0.703

CSCT - DECT Femur 678.5754 117.6347 22,341 0,001
140keV Pelvis 465.9016 71.81529 25.126 0.001
Spine 1,558,024 113.1648 53.322 0.001

SD: standard deviation, t: test statistic, p-value by paired t-test, CSCT: conventional single source CT, DECT: dual energy CT.

Table 5 Results of Agaston score with body regions

Region
Scan Mode . - -
Rib Fermur Pelvis Spine
CSCT 120 kvp 567.22+4.16 3.916.97+14.56 3,965.39+24.35 4,769.7+58.67
MSI 535.73%13.68 926,72£36.04 1,778.16+98,74 592.23%23 81
DECT MD(MCW) 249,78%7 24 752.91£16,91 1,203.75%20.29 2,183,21425 83
MD(MIW) 93.5616.40 482.73%20.01 529.82£8.99 829.21+56.59

CSCT: conventional single source CT, DECT: dual energy CT, MCW: material calcium weighting, MIW: material iodine weighting.
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*Abstract

Comparison of Bone Volume Measurements Using Conventional Single and Dual
Energy Computed Tomography

Yung-kyoon Kim”-Sang-Hoon Park”-Yon-Min Kim?

Y Dept. of Radiology, Samsung Medical Center
2 Dept. of Radiotechnology, Wonkwang Health Science University

The study examines changes in calcium volume on born by comparing two figures; one is measured by
dual energy computed tomography(DECT) followed by applying variation in monochromatic energy se-
lection(keV), material decomposition(MD), and material suppressed iodine(MSI) analysis, and the other is
measured by conventional single source computed tomography(CSCT). For this study, based on CSCT im-
ages taken by using human mimicked phantom, 70, 100, 140 keV and MSI, MD material calcium weight-
ing(MCW) and MD material iodine weighting(MIW) of DECT were applied respectively, Then calculated
calcium volume was converted to Agatston score for comparison. Volume of human mimicked phantom
was in inverse proportion to keV. The volume decreased while keV increased(p€0.05). The most similar
DECT volumes were reconstructed at 70 keV, the difference was showed 35.8%12.2 for rib, femur
(16.1£24.1), pelvis(13.7+18.8), and spine(179.0161,8), However, the volume of MSI was down for each
organ; the volume of rib was 5.55%, femur(76.34%), pelvis(55.16%) and spine(87.58%). The volume of
MSI decreased 55.9% for rib, femur(80,7%), pelvis(69.6%) and spine(54.2%) while MD MIW reduced for
1ib(83.51%), femur(87.68%), pelvis(86.64%), and spine(82.62%).

With the results, the study found that outcomes were affected by the method which examiners
employed. When using DECT, calcium volume of born dropped with keV increased. It also found that
the most similar DECT images were reconstructed at 70 keV. The results of experiments implied that the
users of MSI and MD should be cautious of errors as there are big differences in scores between those
two methods,

Key Words : Dual-energy CT, Bone volumetry, Material decomposition, Material suppression iodine
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