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Measurement of hard tissue density of head phantom based on the HU by using CBCT

Moon Sun Kim, Jae Duk Kim*, Dong Wan Kang

Department of Prosthodontics and *Department of Oral and Maxillofacial Radiology, School of Dentistry, Chosun University

ABSTRACT

Purpose : The purpose of this study was to determine a conversion coefficient for Hounsfield Units(HU) to material
density (g cm ™) obtained from cone-beam computed tomography (CBMercuRay™) data and to measure the hard
tissue density based on the Hounsfield scale on dental head phantom.

Materials and Methods : CT Scanner Phantom (AAPM) equipped with CT Number Insert consists of five cylindrical
pins of materials with different densities and teflon ring was scanned by using the CBMercuRay™ (Hitachi, Tokyo,
Japan) volume scanner. The raw data were converted into DICOM format and the HU of different areas of CT num-
ber insert measured by using CBWorks™. Linear regression analysis and Student t-test were performed statistically.
Results : There was no significant difference (P> 0.54) between real densities and measured densities. A linear reg-
ression was performed using the density, p (g cm ™), as the dependent variable in terms of the HU (H). The regression
equation obtained was p=0.00072H—0.01588 with an R? value of 0.9968. Density values based on the Hounsfield
scale was 1697.1 +£24.9 HU in cortical bone, 526.5 +44.4 HU in trabecular bone, 2639.1 +48.7 HU in enamel, 1246.1

+39.4HU in dentin of dental head phantom.

Conclusion : CBCT provides an effective option for determination of material density expressed as Hounsfield Units.

(Korean J Oral Maxillofac Radiol 2009; 39 : 115-20)

KEY WORDS : Cone-Beam Computed Tomography; Density, Bone; Hounsfield unit; Phantoms, Imaging

M &
1985\ Branemark7} 3828 & 408 o)d) =zt
el ToAAEA AAEEe) o A aelx W=t

=3

7y zE ol g}
RAANAN FE=E Friebr] st A WA}
oA Behe =227 (radiographic photodensitometry)i o]

43 A7 AslE ole] oA XA F57 (Dual

energy x-ray absorptiometry: DEXA)® o] 7] HELE] o] o]& o

43 F9x £A7|(bone mineral analyzer: BMA)7} 9+&

HEFol AbgRo T YA 840 dAHT glev

AL (2000 64 159), A 9 (2009 74 22, A= (20094 79 64)
Correspondence to : Prof. Dong Wan Kang

Department of Prosthodontis, School of Dentistry, Chosun University

Tel) 82-62-220-3827, Fax) 82-62-227-2363, E-mail) dwkang@chosun.ac.kr

FHE slo] ofFel AL
< AAbsik i &0 g 3
7 A A Xd/‘,l-il—"d'%%ﬂ} A (Quantitative Computed Tomo-
graphy: QCT)e] 7I&= o] QCTE HU (Hounsfield Unity %
+ 01%?1} ?J*J"ﬂ:’ri 71758 frotell A ] sjalzt vzl
Zkel & vehligehs nuleld T
=5 A3k ¥ AhgHo] g
2] A ]/\1.1_ Fanuscu$} Chang”-< micro CTE o]-£3}
of AHA|9] Ab st 2FAM sH T W3 S A
579 3 HU 32 A8t shotel|A] 51-529HU, Aot
A= 186-389 HUZ Madeky shsick 2 9] A& A
Al dubAabsighE (AUCT)2N A S o] 43t F9 7
99 THES HU Froz HrHgk RaEP0) gle] o
£29° 732591 Norton} Gamble'*- 1}413] 3|44
HICTo A HU Zh-& ARgsle] ool A% 3=

2
'y
)
o)
kY
N
p

o
;
I
o e

il
lo
mtﬂ
ruE

ru

s

¢

mz do e

— 115 —



Iuls HMSEIEGAA HUY 23t $2% e 2x%e| U

F-g Alkslge 282 od ¢ A HYrirh 26l |
g Aol A 7]Fe] A ek gk o)
3 AR duiCTE X330 AHEF7le 1
Aul7} A #xpe] X-A ) F3Fo] A A4A oA gt

F & /fatel ZHCT(cone beam computed tomography:
CBCT): WAIRIAA UuiCTe 2 mEoA Zo)7}
g)ct. ghel Mg i Aol ¢huEn] Frxo ofd
e oy ZxzE® ¥¥ 753 3344 AAAE 2§
AR At =3 dojal & AR EFUCEH:
AuICTA A A3 AAE T3 A9 A A3gle] =2
294 §AGEA 283 seepgddE A4 BAF
o =3 A Y PPl Thsdles HRE AT
e A& A Hrle vhg 88k 2HCTE o) %
g TU=e #3 dF2E IUCTY FHrb MR
Newtom™ (QR-DVT9000; QR, Verona, Italy)el] s Agt
HU 33 A4 2% 79 #AAYe) nase] gl A
A oFFollM Aig A dHICTS] QCTel Newtom™<]
QCBCTel 93 dejxl HU & wlmsle] AREH o=z
QCBCTe] 93 HU Ftel kol nwr) 9ldh 2y
g 2] A s YHAE B8 $79 CT A
Aol FdsA LR vt & Hounsfield scale
AHEE CT 270 ol] opeba] wishgiet, 22 ohokat AlE2
FHCT7F Ao} 2 42ol|A 4435 HU ez RE
24 o)t bsd AA L Baste olgA 2HCTY &
F delE23E A4 U3 Frks & 4 A o3
A A sl A YA ez Z oulE 7k & Qleh

2 479 A2 ZHYUCTY vl CBMercuRay™
(Hitachi, Tokyo, Japan)& o]-&8}ed CT performance 1 ¥l&
208 Thg dolzl ZHCT *dAkolA 24 ¥ Hounsfield
Unit(HU)238} A= (p: g om™H29) 84 ¢ A43m
o]2]8 CBMercuRay™Z o]4-3t U= H7AAE o4
sle] FARE A BHo]Ad TR UHE st o4F
9 ZAzA) 9=g Wi} viagozy I G- K44
£ A=staz g

e o UY
1. g7 ohHet

2 A7oE uF o|SHE T3 (AAPM)SIA
A A8 71gol] Adrsl CT performance 31 % (Fluke Biomedi-
cal Radiation Management Services, Fluke, USA)(Fig. 1)2}
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Fig. 1. AAPM phantom for the CT Number Insert (block) consists
of five pins, each 1” in diameter, fabricated of the following mate-
rials: Density (g cm™Y). Acrylic 1.19; Polystyrene 1.05; Polycarbo-
nate 1.20; Polyethylene 0.95; Nylon 1.10; Teflon 2.21.

Fig. 2. Dental head phantom and x-ray image with water vynyl
envelope in the esophagus.

oo} (Fig. ). =A% AL acrylic 1.19g cm™, polystyrene
1.05 g em ™, polycarbonate 1.20 g cm™>, polyethylene 0.95 g
em™ nylon 1.10g em™, 28l YA o2 X4 A3
7)== A=E teflon 2.21 gem 2] o]}

1) 24 CT 8¢

CTAM 2= CBMercuRay™ (Hitachi, Tokyo, Japan)&
o) &8t} CT performance A2 1 £7)o] & AHH
27hie] B4R e £Aoz Y] AR G5 (Fig.
1), CT# &3¢ 7o) gz XAU&E AsPA7=
2 AZE teflond] & AR GE 2AHAG A
4 AN Y=e 8o CTAE SA4T 4 J=F 7|28
J & A ¥dEEE HXATIZ 2AF U (Fig. 2).
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Fig. 3. CBCT image of CT number block consists of five pins,
fabricated of 6 materials.
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CT performance N 2] 2+ E-Ao 3] deix HU 3
W M dete] BAHRT AA Dws} 24
¥ 2w 7l Student T-test2 EA 32 {-2lAlo] 7=

4310,

2 =

CTx E=31 o 7+ AyEAe] FA¥ HU Z(H:
Hounsfield Unit)®} =% p(g cm™) Abolol] 372 A A
o] oy vl (Table 1). 3)AWA A2 p=0.00072H—-0.01588
(R*=0.9968) ©]%ic}.

Adolzl FHFAWAA p=0.00072H+1.05518¢] <J] =A
A dx 73 oA Ux g Aleld] EAgA o {23
xpol 2 Ve A] ket (p=0.99).

w3 & b ARRIE A EAE 97 dx 3
G9gA dx gk Polx BEATgH R {3t zjelE YE}
WA ekt (p>0.54).

AR " dFRAM F4F CTAE FAF 9003
+17.5, T 78.3+31.2, oA 1561.8+34.2, Abobal
583.6+£27.70|¢1 5z, ¥EE HU 7> 3|AF 1697.1+£24.9
HU, si®3 52654444 HU, olvpda 2639.1+48.7 HU,
AbolAl 1246.1+39.4 HU oS o} (Table 2).
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Table 1. Measured CT number, calculated HU (H), and density (p) of 5 materials

Nylon Acrylic Polyethylene Polystyrene Teflon
CT number —538.8+68.5 —493.7+60.3 —596.5+61.9 —561.8+61.6 145.8+60.6
H 45.6+9.0 14851155 —86.0+7.5 -6.8+119 1607.2£17.7
Known p 1.10 1.19 0.95 1.05 2.21
Measured p 1.09 1.16 0.99 1.05 2.22

p=0.00072H —0.01588 (R*=0.9968)

Table 2. Measured CT number, calculated HU, and density (p) of hard tissues in jaw bone by equation p=0.00072H+1.05518 in dental

head phantom

Cortical bone Cancellous bone Enamel Dentin
CT number 900.3+17.5 783+31.2 1561.8+34.2 583.6+27.7
HU 1697.1£24.9 526.5+44.4 2639.1+48.7 1246.1+39.4
Measured p 2.28+0.01 1.43+£0.02 2.96+0.02 1.95+£0.02
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