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Aeh 9 &559] oM 55 WS E(Fig 1) 200 mAs, £
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Fig. 1. (a) Anthro-pomorphic phantom, (b) various material phantom used in this study, (c) animal spine phantom used in this

study.
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Table 1. Essential criteria for CT number calibration and

mass attenuation coefficient for materials.

Mass attenuation
Standard range

Material coefficient
(CT number) at 150 keV (cm’/g)

Water —7~+7 1.504x10™

Air —1,005~ —970 1.356x10™

Acryl +110~+130 1.456x10

Polyethylene —107~ —87 1.534x10™

Bone +850 ~ +970 1.490x10™
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A dAsA FAAZ (120
kVp, &bl FA 2.5 mm)ollA] 50, 100, 150, 200, 300,
400 mAsE H3FA|A 7he CT G445 g 53}aL o] 5ol ol
3t HUS} SD 7S £4 4 cH(Table 3).

WA freFo] wWislstel whel 7k £49 HU gholle & W
371 @i} (Fig. 3a, Table 3). FAFFS Xray ol Aol <
& 22 ¢7] witell A ko] Wt 49 HU
Zholl Agks w1 ofsket. WA ko] F7b3tol| whe) 7t
=49 HEATe AAA g FHasevl(Fig. 3b), ol&
DA FFo| Z7184E ROI W HU £¥7} 34 3 79

Table 2. HU+SD of materials as a function of kVp.

kVp 80 kVp 120 kVp 140 kVp
Material (HU£SD) (HU+SD) (HU+SD)
Water —6.10+4.02 —3.71+2.52 —3.26+2.56
Air —991.90+8.73 —993.00+5.84 —993.03+5.82
Acryl 94.49+10.45 113.41+7.11 118.44+6.79
Acetal 319.36+5.64 336.75+5.42 338.99+5.29
Bone 1,101.50+44.12 853.63+33.00 750.63£30.61
Lung —717.19447.03 —710.06£46.00 —708.12+45.21
Liver 77.87+12.60 65.07£7.00 62.00+5.73
3% iodine 626.00+£25.06 412.00+14.62 362.00+12.12
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Fig. 2. (a) HU of various materials as a function of kVp with error bars of standard deviation, (b) coefficient of variation of various

materials as a

function of kVp.
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Fig. 3. (a) HU of various materials as a function of mAs with error bars of standard deviation, (b) coefficient of variation of various
materials as a function of mAs.

Table 3. HU+SD of materials as a function of mAs.

mAs 50 mAs 100 mAs 150 mAs 200 mAs 300 mAs 400 mAs
Material (HU+SD) (HU+SD) (HU+SD) (HU+SD) (HU+SD) (HU+SD)
Water —3.89+4.32 —3.51+3.51 —3.76+3.05 —3.91+2.51 —3.95+2.51 —3.54+2.43
Air —995.11+8.73 —994.93+5.33 —995.13+4.58 —995.35+4.17 —995.3313.46 —995.31+3.19
Acryl 113.94+7.33 115.19+7.28 116.3616.67 113.41+6.56 114.19+6.32 115.00+5.98
Acetal 335.86+6.97 335.56+5.80 336.56+5.93 337.04+5.43 336.39+5.43 335.53+5.46
Bone 850.25+33.01 851.50+32.43 853.50+32.32 853.38+31.60 854.63+30.70 852.38+30.40
Lung —710.18+47.83 —709.96+47.89 —710.37+47.71 —710.36+48.00 —710.05+47.60 —710.16+47.58
Liver 65.01+12.75 64.79+10.02 64.83+8.10 64.84+6.16 64.90+5.62 64.79+4.99
3% iodine 415.03+17.13 413.92+16.84 412.43+15.52 412.00+15.07 412.37+13.35 413.02+12.95
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=49 Wxol ukE HU 3] WshE H7kslr] $ls8l 120
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=49 IEE ATl GgE v 7] wifel st
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0.99)2] FA Aol eJ3l] ALl AYH oz Frlsl3lrh(Fig. 4.
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Table 5% 80, 140 kVpollAl iodine 5% ®¥3}ol w2 HU
Fhel WsE Yehli= gholch

29or9 F57} Skl wiegl HU ghol 80 kVpellAl+=
y=18042xx+128.91 (A¥ZE R=0.98)F} 140 kVpollAl+=
y=116.00 X z +70.14 (AWE R=0.98)2] FA 4ol 2ol 4
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kVpE ZF7}etoll vkl iodine?] HUZE-S ZH4=sl % th(Table 5,
Fig. 5). & AET skl ulel Xpol7h whAsh, 3%
EXolA 80 kvpd uwll HU gkol| 140 kvp¥ wi HU gkkr}
AR eg b 3k 1739 Apo] & 53U o
© °o]F olUAE o] &3 CT A && 7MsAE

Al A8

5. et M2 HU B5tE 0|28 bone removed 3D

: 2 =
H AdlellA et wE 77t 80 kVp, 140 kVpE
Wl #ad gk ohg WA wstel] whE HU 3k Aol & o] &3}
of ZF CT g&ollA w7} AAL & 2ek 27 F
Rapidia 3D Z 2135 ©]-83}0] bone removed 3D F4-&

Table 5. HU+SD of iodine as a function of concentration.

Iodine HU#SD at ~ HU=SD at diflfee:;‘::: o
Table 4. HU+SD of various materials as a function of density. concentration (%) 80 kVp 140 kVp HU
. . 3, +

Material Density (g/cm’) HU+SD 1 30141180 200£9.31 151
Air 0.00 —993.00+5.84 2 514+17.31 327+11.23 1.57
Lung 0.31 —710.06+46.00 3 626+25.06 362+12.12 1.73
Water 1.00 —3.71£2.52 4 845+26.72 520+15.36 1.63
Liver 1.11 65.07+7.00 6 1,267+40.16 770+£19.27 1.65
Acryl 1.19 113.41+7.11 8 1,672+93.72 1,008+50.71 1.66
Acetal 141 336.75+5.42 10 2,598+152.14 1,558+79.21 1.67
Bone 1.82 853.63+33.02 20 3,061+178.53 2,409+91.65 1.27
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Fig. 4. HU of various materials as a function of density with
error bars of standard deviation.

T
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Fig. 5. HU of iodine as a function of concentration with error
bars of standard deviation at 80 kVp and 140 kVp.
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Estimation and Application of HU Values for Various Materials as
a Function of Physical Factor

Seung-Wan Lee*", Hee-Joung Kim*', Tae-Ho Kim*, So-Jeong Jo*, Chang-Lae Lee*"

*Department of Radiological Science, College of Health Science, Yonsei University,
TResearch Institute of Health Science, Yonsei University, Seoul, Korea

This study aims to evaluate CT (Computed Tomography) characteristics through the estimation of HU (Hounsfield
Unit) and the corresponding variations using coefficient of variation values for various materials as a function
of physical factor. HU values for various materials with varying densities as a function of physical factor were
measured using MDCT (Siemens SOMATOM Sensation 4, Germany). The results showed that the HU values were
decreased and increased as a function of kVp and material density, respectively. Especially, the HU values for
bone and iodine at 140 kVp were 32% and 42% smaller than those at 80 kVp, respectively. In case of iodine,
the HU values also decreased and increased as a function of kVp and concentration, respectively. While the
HU values were fixed as a function of mAs. The decreased ratio of HU values between 80 keV and 140 keV
was different at various concentration and maximum difference was shown as 1.73 at 3% concentration. These
results indicated that it may be possible to separate composition of materials, e.g. iodine and bone, using single
source CT. The results showed that dual energy techniques using single source CT can be applied to material
separation and expand CT imaging techniques to other practical applications.

Key Words: Physical factor, CT, HU, Material decomposition
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