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Comparison of cone beam CT and conventional CT in absorbed and effective dose
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Department of Oral and Maxillofacial Radiology, College of Dentistry, Kangnung National University &
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ABSTRACT

Purpose : This study provides comparative measurements of absorbed and effective doses for newly developed
cone beam computed tomography (CT) in comparison with these doses for conventional CT.

Materials and Methods

: Thermoluminescent dosimeter rods (TLD rod: GR-200, Thermo Fisher Scientific Inc.,

Waltham, MA, USA) were placed at 25 sites throughout the layers of Male ART Head and Neck Phantom (Radio-
logy Support Devices Inc., Long Beach, USA) for dosimetry. Implagraphy, DCT Pro (Vatech Co., Hwasung,
Korea) units, SCT-6800TXL (Shimadzu Corp., Kyoto, Japan), and Cranex 3+ (Soredex Orion Corp., Helsinki,
Finland) were used for radiation exposures. Absorption doses were measured with Harshaw 3500TLD reader (The-
rmo Fisher Scientific Inc., Waltham, MA, USA). Radiation weighted doses and effective doses were measured and

calculated by 2005 ICRP tissue weighting factors.

Results : Absorbed doses in Rt. submandibular gland were 110.57 mGy for SCT 6800TXL (Implant), 24.56 mGy
for SCT 6800TXL (3D), 22.39 mGy for Implagraphy3. 7.19 mGy for DCT Pro, 5.96 mGy for Implagraphyl, 0.70
mGy for Cranex 3+. Effective doses (Eyggsargs) Were 2.551 mSv for SCT 6800TXL (Implant), 1.272 mSv for SCT
6800TXL (3D), 0.598 mSv for Implagraphy3, 0.428 mSv for DCT Pro and 0.146 mSv for Implagraphy1. These are
108.6, 54.1, 25.5, 18.2 and 6.2 times greater than panoramic examination (Cranex 3+) doses (0.023 mSv).
Conclusion : Cone beam CT machines recently developed in Korea, showed lower effective doses than conven-
tional CT. Cone beam CT provides a lower dose and cost alternative to conventional CT, promising to revolutionize
the practice of oral and maxillofacial radiology. (Korean J Oral Maxillofac Radiol 2008; 38 : 7-15)
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Ha goh? T 2o cjaelste) wHow Az
A Akgl Z|HBo] Ak AHEHmEA £4= cone beam CT
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Abell -2 7 ¢l o}, o]E cone beam CTol] 23 F4=4
ko] A3 dF= =Ec} E3] cone beam CT$} Y1l CT
el 9T FEAS v mYAFe 9 Aeelct

ofo]] & AFoM = F ol FHfelM Al cone beam
CT4l Implagraphy (Vatech Co., Hwasung, Korea)$} DCT
Pro (Vatech Co., Hwasung, Korea) 39§ A] F-7}elglmed of ]
Fo H9le FeAwEs fFadsgs &A%, duk CT A
B]el SCT-6800TXL (Shimadzu Corp., Kyoto, Japan) &3 A]
o FeAdw 2 faAdEs v ng st staat shels
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1. 7R Z

bl AgEde e QA 22, dxAe WA
A At fAME AR A=Y 2.5 om B4 107 A
T o = FA% Male ART Head and Neck Phantom (Radi-
ology Support Devices, Inc., Long Beach, USA: ¢]&} phan-
tom) (Fig. ¥} 217 1 mm, Zo] 6mme] Zefsie]e] I
A=A (TLD-200 LiF: Mg, Cu, P rod, Thermo Fisher Scien-
tific Inc., Waltham, MA, USA: ¢]3&} TLD rod), Harshaw
3500TLD reader (Thermo Fisher Scientific Inc., Waltham,
MA, USA) (Fig. 2)& o|§-3tey A& FA 1)

WAk 2AF AE] 23 cone beam CT 7] ¢l Implagra-
phy (Vatech Co., Hwasung, Korea)2} DCT Pro (Vatech Co.,
Hwasung, Korea), 4%t CT #u]el SCT-6800TXL (Shi-
madzu Corp., Kyoto, Japan), 3} g}w}ulatAAa] 9l Cranex
3+ (Soredex Orion Corp., Helsinki, Finland)& ¢]43}9t}

Fig. 1. Male ART Head and Neck
Phantom (A) consisted of ten 2.5
cm horizontal sections (level 0 to
9) and the section of level 5 (B).
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HRAbA o] %2 A)7]7]) A TLD rode] Jol 9t A2
25 WEA 717 #1814 furnaces] TLD rodg Q@ 240°C
A 1087 &4 (annealing) &+l o). TLD rod mA-2 'YCs
Fetd el A 8.76 mGye] F71#uke] ZANA Axbrt +
10% o)Jlell & 2x42 ALg-shad).
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ol TLD rod& $/*]A]%{c}(Table 1).
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Fig. 2. Diameter 1 mm X length 6
mm LiF: Mg, Cu, P TLD rods (A)
and TLD 3500 reader (B, C).

Fig. 3. Phantom with TLD rods
was radiographed with Implagra-
phy (A), DCT Pro (B), SCT 6800
TXL (C) and Cranex 3+ (D).

14.5 cme] i} dul CT #AMjel SCT 6800TXL-&- Implant
program (¢]3} SCT 6800TXL (Implant))el] A= 3}t B9)=
120kVp, 200mA, 1.5sec, 48 slice, | mm slice thickness®] <
uks) FAlHlAl o s 3D program (¢} 8} SCT 6800TXL (3D))
A= tHEZ 120kVp, 250 mA, speedsec 1.0 sec, 3 mm
slice thickness, 1.5 pitche] \}A38) ZFAa}Al o 2 36sec )
it FrelepAbd AN Q) Cranex 3+ 71kVp, 6mA
16sec2 HFALA & FAFSHI T (Table 2).
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Table 1. Location of TLD rods on the phantom

Organ Location TLDIp  Fhantom
evel
Thyroid Midline thyroid 1 9
Oesophagus Oesophagus space 2 9
Salivary gland Sublingual gland 3 7
Salivary gland Rt. SubMn. gland 4 7
Salivary gland Lt. SubMn. gland 5 7
Bone marrow Rt. Mn. body 6 6
Bone marrow Lt. Mn. body 7 6
Bone marrow Rt. Mn. ramus 8 6
Bone marrow Lt. Mn. ramus 9 6
Bone marrow Central cervical spine 10 6
Salivary gland Rt. parotid gland 11 5
Salivary gland Lt. parotid gland 12 5
Eyes Rt. orbit 13 3
Eyes Lt. orbit 14 3
Brain Pituitary fossa 15 3
Bone marrow Ant. calvarium 16 2
Bone marrow Rt. calvarium 17 2
Bone marrow Lt. calvarium 18 2
Brain Mid brain 19 2
Thyroid Thyoid surface 20 9
Skin Back of neck 21 7
Skin Rt. cheek 22 5
Skin Lt. cheek 23 5
Eyes Rt lens 24 3
Eyes Lt. lens 25 3

Table 2. Exposure parameter for cone beam CT, conventional CT
and panoramic radiography

Cone beam CT Conventional CT Paporamic
radiography
Impla- DCT SCT 6800  SCT 6800 Cranex
graphy Pro  TXL (Implant) TXL(3D) 3+
kVp 85 90 120 120 71
mA 5 4 200 250 6

Second 24 24 1.5secx48slice 36 16

3) X AHER

Zh AR 2Ab gule) #edxzg 7kA a1, SPECTS
software (the Institute of Physws and Engineering in Medi-
cine, York, UK)E ©]2-3le] zt A} Au]e] XA A=
< 43 FAF XA CdvAE A ol F uFEFEATE
(National Institute of Science and Technology: NIST)2] XA
A} 29 Fiol B FANIA F4AS 2 o
g3e) 27 BANIAESAS e Folo] F4AP
A A B AR,

4) ETME A FEMEF Al
TLD rod®] $52 135°CelA 1027+ 493 & 10°C
Jsec®] 7}dE&x = 240°C7bR] 7}g3te] o) | ]
3t B58 22 FA (glow curve)?] I} F=

Table 3. Estimated percentage of tissue irradiated used to calcu-
late mean absorbed dose to a tissue or organ

Tissue or organ Fraction irradiated (%)

Bone marrow 16.5
Mandible 1.3
Calvaria 11.8
Cervical spine 3.4
Thyroid 100
Oesophagus 10
Skin 5
Bone surface 16.5
Mandible 1.3
Calvaria 11.8
Cervical spine 3.4
Salivary glands 100
Parotid 100
Submandibular 100
Sublingual 100
Brain 100
Remainder
Adipose 5
Connective tissue 5
Lymphatic nodes 5
Muscle 5
Extrathoracic airway 100
Pituitary 100
Eyes 100

Bone surface dose=bone marrow dose X 4.64; ICRP 2005 drafr”’

23] ol Fo)Hek o|¥A ol BH el Axpu A
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Table 4. Tissue weighting factors for calculation of effective dose

-ICRP 2005 draft recommendations?’

A7
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AAA Q] WA S =el A =4 B 7|9
o] AAal 7l =g Veliw, 20056 AR AR 15

Tissue 2005wy A A3 147)9] Z|etz ) A4F o] §-3+cH(Table 4).
Bone marrov 012 Fryerermedole] WA A WY A xE
as .
Colon 012 5] ?—3}?‘1_1_: 7H xz]o\l © A-] @Zl— r;:]] _Or] H]—STJ- AE/}]A—] 7J-’
Lung 0.12 Al 979 FetzAe Al9sta faAdHe Felgo
Stomach 0.12
Bladder 0.05
Oesophagus 0.05 ?-é -T'—l'
Gonads 0.05
Liver 0.05 1. XM ATE”
Thyroid 0.05
Bone surface 0.01 B XA oA = SCT 6800TXLe] 55.0keVZ 7}
Brain 0.01 %22, DCT Pro, Implagraphy, Cranex 3+ 4= o] ¢t} (Table
Kidneys 0.0t
L2 A s XA Al Eg L F 2ok}
Salivary glands 0.01 - A 1=l . ig. 4sh U
Skin 0.01
Remainder tissue* 0.10 2. &Mt |l
*Adipose tissue, adrenals, connective tissue, extrathoracic airways, gall . - -
bladder, heart wall, lymphatic nodes, muscle, pancreas, prostate, SI wall, Implagraphyl-"/] 73]‘?" = “1‘!}:"’“ 13.15 mGy, = <:111--5]_)\
spleen, thymus and uterus/cervix _1?‘0“ 5.96 mGyE“.—_ _1_:,2_7_“ ‘,]_E]_%_L’ Implagraphy3“ _;;1;_ “ﬂ:
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Fig. 4. X-ray spectrum for Implagraphy (A), DCT Pro (B), SCT 6800TXL (C) and Cranex 3+ (D).
Table 5. Mean X-ray energy and mass absorption coefficient for Implagraphy, DCT Pro, SCT 6800TXL and Cranex 3+
Implagraphy DCT Pro SCT 6800TXL Cranex 3+
Target material Tungsten Tungsten Tungsten Tungsten
Tube voltage (kVp) 35 90 120 71
Anode angle (°) 17 17 7 5
Filtration material 2.5mm Al 2.5mm Al 1.1 mm Al 2.5mm Al
Mean X-ray energy (keV) 443 459 55.0 419
Mass absorption coefficient (cmz/g) 0.060 0.055 0.038 0.067
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Table 6. Mean absorbed dose for Implagraphy, DCT Pro, SCT 6800TXL and Cranex 3+ (mGy)

. Impla-  [mpla- SCT SCT
Organ Location TLD ID DCT Pro  6800TXL 6300TXL Cranex 3+
graphy! graphy3 (Implant) (3D)
Thyroid Midline thyroid 1 0.76 2.96 2.05 11.53 4.82 0.13
Oesophagus Oesophagus space 2 0.50 1.81 1.87 8.10 3.79 0.07
Saltvary gland Sublingual gland 3 5.01 24.06 5.79 89.68 18.32 0.54
Salivary gland Rt. SubMn. gland 4 5.96 22.39 7.19 110.57 24.56 0.70
Salivary gland Lt. SubMn. gland 5 2.87 13.26 6.98 101.27 22.22 0.67
Bone marrow Rt. Mn. body 6 5.04 21.68 6.17 95.30 21.94 0.64
Bone marrow Lt. Mn. body 7 2.64 11.97 6.18 98.40 20.39 0.62
Bone marrow Rt. Mn. ramus 8 4.54 17.22 5.82 77.74 21.66 0.35
Bone marrow Lt. Mn. ramus 9 2.52 10.65 6.00 82.02 21.03 0.53
Bone marrow Central cervical spine 10 3.20 12.78 5.73 85.84 21.01 0.43
Salivary gland Rt. parotid gland 11 343 11.67 5.83 15.18 16.78 0.68
Salivary gland Lt. parotid gland 12 1.30 6.43 5.28 13.40 17.38 0.39
Eyes Rt. orbit 13 0.77 2.73 4.89 4.07 18.66 0.05
Eyes Lt. orbit 14 0.52 2.25 5.45 3.32 17.49 0.04
Brain Pituitary fossa 5 0.32 0.96 4.51 2.89 12.50 0.03
Bone marrow Ant. calvarium 16 0.28 0.87 443 1.33 16.57 0.02
Bone marrow Rt. calvarium 17 0.19 0.42 5.10 3.36 17.29 0.02
Bone marrow Lt. calvarium 18 0.15 0.33 4.88 1.40 17.55 0.23
Brain Mid brain 19 0.21 0.53 3.51 3.24 13.73 0.02
Thyroid Thyoid surface 20 0.79 3.68 2.77 9.97 4.83 0.13
Skin Back of neck 21 3.59 14.11 5.38 31.19 22.71 0.64
Skin Rt. cheek 22 13.15 44.05 6.57 13.99 24.89 0.11
Skin Lt. cheek 23 4.83 21.48 7.79 13.98 23.30 0.08
Eyes Rt. lens 24 0.96 3.62 7.85 2.84 22.35 0.02
Eyes Lt. lens 25 0.69 3.12 7.14 1.92 21.75 0.03
Implagraphy1: Rt. lower posterior tooth area
Implagraphy3: Rt. & Lt. lower posterior, anterior tooth area
Table 7. Radiation weighted dose and effective dose for Implagraphy, DCT Pro, SCT 6800TXL and Cranex 3+ (mSv)

Tissue / Organ Impla-graphy1 Impla-graphy3 DCT Pro chirgg?g{)x L Scr (6?? B?TXL Cranex 3+
Bone marrow 0.181 0.698 0.840 4.307 3.013 0.032
Bone surface 0.840 3.240 3.899 19.983 13.979 0.149
Brain 0.268 0.748 4.012 3.063 13.113 0.029
Eyes 0.735 2.930 6.334 3.040 20.062 0.035
Oesophagus 0.050 0.181 0.187 0.810 0.379 0.007
Salivary glands 3714 15.561 6.214 66.020 19.853 0.597
Skin 0.360 1.327 0.329 0.986 1.182 0.014
Thyroid 0.776 3.318 2.414 10.747 4.828 0.128
Remainder

Adipose tissue 0.186 0.778 0.311 3.301 0.993 0.030

Connective tissue 0.186 0.778 0.311 3.301 0.993 0.030

Lymphatic nodes 0.186 0.778 0.311 3.301 0.993 0.030

Muscle 0.100 0.436 0.237 1.910 0.793 0.011

Extrathoracic airway 3714 15.561 6.214 66.020 19.853 0.597
Effective dose (total) 0.146 0.598 0.428 2.551 1.272 0.023

Implagraphy1: Rt. lower posterior tooth area
Implagraphy3: Rt. & Lt. lower posterior, anterior tooth area

ol 44.05mGy, A3t Rel] 2406 mGy2 E7A iehdon,

st e 110.57 mGy, &2 <tsbAl el 101.57 mGy2s =
DCT Pro= %% ol 7.85mGy, $3& <tsfAlRe] 7.19 7 vEPgE, SCT 6800TXL 3D)= 9= wko] 24.89 mGy,
mGy & ¥ epgoh SCT 6800TXL (Implan= -2 o £ A3} Re| 2456 mGy=2 =74 vlelytom, Cranex
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Table 8. Comparison of effective dose by tissue weighting protocol, as a multiple of single panoramic dose and as a percentage of annual

per capita background X-ray dose from all sources

. SCT 6800TXL SCT 6800TXL
Tissue/Organ Impla-graphy1 Impla-graphy3 DCT Pro (Implant) (3D) Cranex 3+

Effective dose (total) (mSv) 0.146 0.598 0.428 2.551 1.272 0.023
Dose as a multiple 6.2 25.5 18.2 108.6 54.1 !

of single panoramic dose
Dose as a % of annual

per capita background 4.1 16.6 {19 70.9 35.3 0.7
Implagraphy1: Rt. lower posterior tooth area
Implagraphy3: Rt. & Lt. lower posterior, anterior tooth area
3+ 92 ol o) 0.70 mGy, $= o] 3418 0.68 $13) ICRP)o A 2005e) 4= =) A5

mGy=E 27 Yelsdel (Table 6).

3. SARMIEEME 2 REME 8D

WA A e SCT 6800TXL (Implan) 2. #e3gt 3
% iAo M 66.020mSvE 7FF otow, e ut
AP 7y E M eEe Z42ZE Implagraphyl-2 3.714 mSv, Impla-
graphy3-& 15.561 mSv, DCT Pro¥ 6.214 mSv, SCT
6800TXL (3D)E 19.853 mSv, Cranex 3+ 0.597 mSvat}
(Table 7).

FE&EA S SCT 6800TXL (Implant), SCT 6800TXL (3D),
Implagraphy3, DCT Pro, Implagraphyl <o 2 Z+z} 2.551
mSv, 1.272 mSv, 0.598 mSv, 0.428 mSv, 0.146 mSvl !
(Table 7), Cranex 3+ §-&A 8 (0.023 mSv)& 7|Feo= 7}
7} 108.64), 54140, 25.54), 18.24, 6.2u} %I} (Table 8).
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Rem, 20059 4 AAR 274 5 (Table 4)7ol) =
FAR B4 B Age] 2ARE sljde g
o ¥, AFe] F7MH 157 =A/7)1%e 7}%74]%“—9}
remainder tissue 2 X8}, 224, FZA, &, JFR =
Z2lo) 2FH Gt S&ABF AAFA] remainder tissued] 3
Aol ofelgol glo} 2006 Ludlow 579 whi$ a}
2t AAtsldnt o8 dFAbEe] frEAFE AE | F
gk W AMEEA] ekol A AR FheAdel B
Aoz Q7o) faAdwe) Adge d=kyed #rgo
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A4e u|FuxF A4 (National Institute of Science and
Technology: NIST)8] XAl ojvfA]et &4 ZFof wE &
AGAAESAS 2TE o]45hed Age X Xeray, 24
soft tissueol] Tl WAASE ALEE = FHpMHS
Hatel 2248 Arssen vyt

x| Al#= 37 9= cone beam CT #¢]7]%= NewTom
3G (QR, Verona, Italy), i-CAT (Imaging Sciences Inter-
national, Hatfield, USA), CB Mercuray (Hitachi Medical Sys-
tems, Tokyo, Japan), PSR-9000N™ (Asahi Roentgen Ind.
Co., Kyoto, Japan), Accuitomo (J. Morita, Kyoto, Japan),
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