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A3l @289 <(computed tomography :
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Table 1. Tissue weighting factors

Organ or tissue Weighting factor

Gonads 0.20
Bone marrow (red) 0.12
Colon 0.12
Lung 0.12
Stomach 012
Bladder 0.05
Breast 0.05
Liver 0.05
QOesophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surface 0.01
Remainder* 0.05

* The remainder is composed of the following
additional tissues and organs: aderanals, brain,
upper large intestine, small intestine, kidney,
muscle, pancreas, spleen, thymus and uterus.

I. Asilis 3 9
1. A=

CT #AX : Somatom Plus(Siemens,Germany)

AAFHRE : ART-210 Head and Neck
phantom(Radiology Support Devices,U.S.A.)

og&3M84 © TLD 1000 LiF-N ; rod
(1x1x6mm), chip(3x3x0.8mm)(Teledyne Iso-
topes, U.S.A.)

System 310 TLD reader(Teledyne Isotopes,
USA)
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(1) dgFd5A4e 2%
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33 2 A (Thermoluminescent Dosimeter)< 500
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Table 2. Dosimeter locations

Internal site External site
Pituitary gland Vertex
Orbit(Rt.Lt.) Eye(Rt.Lt.)

Maxillary sinus(Rt.Lt.) Maxillary sinus area(Rt.Lt.)
Parotid gland(Rt.Lt.) Preauricular area(Rt.Lt.)
Submandibular gland(Rt.,Lt.) Philtrum

Bone marrow (Mn.) Chin

- Rt. molar region Submandibular area(Rt.Lt.)
Rt. premolar region Anterior neck
Lt. molar region Occipital area
Lt. premolar region Posterior neck

Nasopharynx
Thyroid gland(Rt.Lt.)

#4F A7 (multiple coronal scan), &3 3¢ A
7N (single ax1a1 scan), &3] T/ AF(single

coronal scan) A A| o}ﬁiu} A% Id 202
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Table 3. Dosimeter locations and equivalent doses

in multiple and single scans(mSv)

Multiple scan Single scan
axial coronal axial coronal
Internal site Orbit Mx.sinus Mn.canal Mx sinus
Pituitary gland 4252 11.05 063 - - -
Orbit
Rt. 61.45 4093 21.26 0.05 ~ 09
Lt. 60.34 4257 20.70 - - 0.4
Maxillary sinus
Rt. 57.60 34.69 -0.68 18.77 - 18.11
Lt. 55.73 3448 - 19.89 - 1771
Parotid gland
Rt. 68381 3.89 - 7.07 - -
Lt. 67.96 305 - 2.8 - -
Submandibular gland
Rt. 72.98 4184 - - 26.33 112
Lt. 73.39 4319 - - 2596 1.08
Bone marrow(Mn.)
Rt. molar region 68.79 48.03 - - 235 340
premolr region 67.88 4319 - - 2692 0.60
Lt. molar region 7377 49.46 - - 3116 12.87
premolar region 67.64 4705 - - 2885 -
Nasopharynx 68.54 6.76 - - - -
Thyroid gland
Rt. 56.30 757 - - - -
Lt 54.38 7.06 -~ - - -
Multiple scan Single scan
axial coronal axial coronal
External site Orbit Mx.sinus Mn.canal Mx.sinus
Vertex 185 2.69 - - - -
Eye
Rt. 71.30 4163 38.36 0.19 - -
Lt. 6897 3703 3518 0.08 - -
Maxillary sinus
Rt. 7351 48.26 - 5815 - 0.01
Lt. 6845 60.98 043 58.26 - -
Preauricular area
Rt. 72.68 183 0.06 1.32 - -
Lt. 66.01 59 0.14 0.90 - -
Philtrum 71.64 200 - - - -
Chin 7451 20.1 - - - -
Submandibular area
Rt. 7192 64.6 - - 4293 -
Lt. 74.29 56.2 - - 44.26 -
Anterior neck 7396 62.7 ~ - - 2991
Occipital area 59.53 - - 2156 - -
Posterior neck 68.42 - - - - -

~ ; non-detectable
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mSv 1, dets AWA WE F2E 19.89
mSv, ¥W 5826 mSvyen, sttd A7
Al W F+2E 31.16 mSv, 9 44.26 mSv
At

@T3 /Y 20A 9 H1 FIMEFE R
TZ2F 1811 mSv($F 4e+E), E9 2991
mSv(AY Z)A .

2. &3] B 270 i@ A% Jd 204 A4
= U 280-291, 9 1.22-1.89ATHE 4).

Table 4. Multiple/Single axial scan ratios in
equivalent doses Site

Site Ratio

Internal
Orbit 291
Maxillary sinus 293
Submandibular gland 2.80

External
Eye 1.89
Maxillary sinus 1.22
Submandibular area 1.68

35 39 g AN 2PN FR AN H 2
2o BF SUHMIFERS ¥ 59 Ao

Table 5. Critical organ or tissue doses in
multiple scan(mSv)

Site axial coronal

Organ
Bone marrow(Mn.) 69.53 4693
Thyroid gland 55.34 7.32
Parotid gland 68.39 347
Submandibulr gland 7319 4252
Pituitary gland 4252 11.05
Eye 69.64 39.32
Skin 59.25 9.60

4. A% G 2AA 9 FEMFE H3 27/mSv
(F34), FA 005 mSv(FFH)H e, d& &
g 20A9 FEAFES 1 058mSv(Ery
Al), HA 001 mSv(IAFH)AHE 6).



Table 6. Effective doses in multiple scan(mSv)

. Weighting axial coronal
Site factor(Wr) Hr E Yr E
Bone marrow(Mn.) 0.12 69.53 0.11 4693 0.07
Thyroid 0.05 55.34 2T 7.32 0.37
Skin 0.01 59.25 0.06 9.60 0.01
Remainder
Salivary glands 0.025 70.79 177 23.00 058
Brain 0.003 4252 0.11 11.06 0.03
Hr ; Equivalent dose
E ; Effective dose
Table 7. Effective doses in single scan(mSv)
axial coronal
Orbit Mx.sinus Mn.canal Mx.sinus
Weighting
Site factor(WT)  Hr E Hr E Hr E Hr E
Bone marrow(Mn.) 0.12 - - - - 29.07 0.05 422 0.007
Thyroid 0.05 - - - - - - - -
Skin 0.01 - - 425 0.38 - - - -
Remainder
Salivary glands 0.025 0.06 0.002 248 0.06 13.08 0.33 0.55 0.014
Brain 0.003 0.63 0.002 - - - - - -
Hr ; Equivalent dose
E ; Effective dose
Table 8. Probability of Stochastic effect by CT examinations(x107®)
Multiple scan Single scan
axial coronal axial coronal
Site Orbit Mx.sinus Mn.canal Mx.sinus
Bone marrow(Mn.) 8.0 5.1 - - 37 05
Thyroid 202.2 270 - - - -
Skin 3 07 - 217 - -
Remainder
Salivary glands 124.1 422 0.1 45 24.1 1.0
Brain 8.0 2.2 0.1 - - -

+ The whole populataion probability coefficient is 7.3x10™ Sv™!

. reference 5

5 ©@3 Id 270 A3 FREAFS AT 2 6. 2t 78 A7) E 2H o R FEH THY
WA 0002 mSv(HASIEA), detE &WA LA7VEES B 8% 2
038 mSv(H ), & 274 033 mSv(Et
AR 3, @3] FF 2N Hu FEA 7.9% 9 2 B 20, <93 A R BE 2~
F2 0014 mSv(EtY ) ATHET). Aol W MEFeHe a9 2-7¢9 Eoh
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22 81.10 mGy, Frederiksen $(1995)®-2 20.2
mSve H3 FUHMFE Hudigon &3] 3
t© A78A] Shope 5(1982)'®< 47 mGy, Evens
9} Mettler (1984)"®%= 50 mGye] Hx EBAZF
< B399 th Nishizawa 59 Z23E A&
e ZE dyRg E AgdAe dat 25
=A Jehd AL A3 49 ey 24 F
milliampere second settings®} 500mAs&A &
2 HolQx, A& 279 A 1 #Y By ¥
257 Boh7l wEole AR B A
A olg e Ao A3 o], AAl Yl
AN FAE G AdA] Wie HY 2 AR <
Hd 2o Aol g motstr] st P
A o A0 2 FF2AE A3 A7)
27] W&ol

B Ao &3] e A0 tig A4 ek
AAA Y AFHle i 28-29, BW 1.2-198
A W7 gho] & 15209 = Ft}, o] At
Aol ko] FAECH TN o 7] W&ol
ga Azt e, 270 $7F Bold S5 Al
Zgo2 Qe MFF7he ZUET U FeA
o F=83 Aoz A¥E + 3t

ZA Aol 9 3l WA SO glof
A gAY e MdE AHEE AE ARsta
Atk o] MEL A Ze] AHEA, =5E
AAAA N Jepde AAH 98 F 1 A&
So] AA AgsA B FAH JgS ¥ F
&AL onisted], ofrlde AFAA 49 7t
TAE o vXHAE o 2 KrAERY THE
g, 287 AdA FHRs 52 ¥ P
AAH dgS AT =Fd /A BHE
5o} 713 $93% AL WE@u I WAy et
(radiation-induced carcinogenesis)®]t}.

HYH 2 AAZEd Qg x4 =235 FAs)
i, 4 FAFAN AAEZFE s, F
Mg D Ao AL B AgolN d%
Ik 2 B 270 st EFelMY BT 57t
Age Z+zt 6953 mSv 2 4693 mSvth.

WARA QY #EE FAFY FoU8e R
= 344, 9%, o 282 8§94 Fol Ut

ARG UAEE AEel AEFE Frtet

o 4ol A5 dE 3w o Ao £ 439

D

34

A S JD B} A4 A Y 571
A 42 5534mGy 2 7.32 mGyRth. 3%
Mg d& Jd 2 A 20A9 SriAEe
E A8 5925 mSv 2 960 mSvEA Fre-
deriksen 59 354 mSvEc} ¥ gteolUth

AR Ho gig AFESF S 98 o
A E dgsigled, 944 It 2 Y &
AA KoM SRS 2zt 4252 mSv 2
11.05 mSvg T,

E3 BAA T ALY Edzte] foAdde
A7 gol B v Yo B A8ex
A& o P WY 270 SIS )8k
A 6839 mSv Z 347 mSv, <tslAdo)A 73.19
mSv ¥ 4252 mSvRed], A& Y} 24| o
stado Aol Aol 53] HL of, AAHA
o] obd AFMwrE w7l wWEelth Fre-
deriksen 59 TN E o3t dA 9 FIHA
Fe 2.4 mSv(’et 27), 32.7 mSv(stet 270)
ZA AT AFAZE] @A el B
T &, A4 93894 o= EF A9
Ao MaEghe AHD XAk TFH =A<
oo mzl & Ao]lE BY F glogE A8
"l

AX g wALAE Zo| o3 &g ®IU}
T 7HeAd L AN AR A S8 &
EAZoZRY TG, £ AN 3
B4, A, SR, H 2 MM 2 fEA
ZFg P e, ICRP 60914 AAIE 37 2
Z2AZ Axo T ¥W 8|3 Auk AR AR
PN g dFo] SR EHA Feva
2nE AAM F 9, 9, 9, et 2 e
A ] =] Aot

el d-2 ICRP 60914 §375A4WU 71E
of ¥3=A kAT Frederiksens(1994)"2)
Ao M9} o], B AT % EfdMo] M)
Hoz vZH3, B9d FEA 5x10 ‘Svel
AgA o o] FHASETE Badtm g
N Eof Z1eVe] 23 stFAS 005F S@AA
o 0.0258 WA et YA 00258 71E 10749
A7) wjgste] %t £AE FEAFS AN
skt

£ AgdM 7 Al fRadEs

53 4

I



e 2AAe) 4H 2 ety
Z} 277 mSv 2 177 mSvEA o2 A%rd =
L Hollon &EH Fe= 47 43 9T
202.2x10 ° 2 1241x10°4 &0, o] B A¥7

e z7oz A% Yo 2L i) o)
o} AT w) FAe AHA e
FRARIE 369, vAEE e 27.750M B
AT+ A2, BaNe) AR e 85, &
Age 239, BlAEA 4 17.7%5004 T4

FENZFS

N

g+ geg duwch
BALGYS FARANN FLT AAH G
& gAY SRR, ol AFH &3}

24 2 9A = G 2A HE e 2 Gy, EF
o 27 &2 FHRE LS A= 5Gy
olFelgte Bzt vt & AEAM A& &

Al FRAA G FHIFS 6964 mSv B 30.
32 mSvEAN FAldes & vA= AZo|A Tt d
SERAMAARI G A] ZHsi Al A gl HlsjA =
453 g PP Volqnt. 2z A, A
ALY 2 X 2dFe] H7E 95 AR
AL BAE AL 7 HAMFS A
A B9, FA & B2 3R APz
A4S THA oF 3, ZE HAMD Al A
A WS E 5 Jornz oo 9L 71
wj sjobgithE WA Wold 712 HdE 9A

olo} @ Relck.

v.d B
TR A% %%‘—%}"31\194 SHE, fE
A% 2 AR A= @ B2 A=
A8 QAFFEY WF 2 ER LiF 93
FAZFAE BA 8k, 2F 7Y A% 203 435
Fol @3 205 Algste] 53 22 S
AU

—

A% AT 2P FRAZFE Ha 277
mSv(% ’EW) HA 0.05 mSV(Jl-r)ﬁi—‘ﬂ
83 g3 bz 202.2x10 °, 3.7x10°°A ¢}
2. A% Y 2WA9 FELAZFES H3 058
mSv(EFYA), A 001 mSv(HF)Fon,
B Zae Zhz 422x10°° 0.7x10°9 ).

AL AN

35

3 @3 Ao 270A9 H3 fEaMAFe JdF
204 38 038 mSv(ElgA)gen &
3 aHE 27710 o}

4. @3 #Y 27UA Y -7‘4 ;fz*d F2 001
mSv(EtdA)g o, & 10x10‘6
At

5 FAEAGEY S7HFL d& Fd A7
69.64 mSv, 9 B4 2AA 39.32 mSv, ¢
T8 Ave @3] Fd 244 36,77 mSvS
o}

REFERENCES

9.

. Stafne’s Oral Radiolographic Diagnosis 5th ed.

Gibilisco, Saunders, 336-337,1985

. Zinreich S.]J., Kennedy D.W., Rosenbaum AE.,

Gayler BW.,, Kumar A.J., Stammberger H,
Paranasal sinuses : CT imaging requirements
for endoscopic surgery. Radiology. 163:769-775,
1987

. Davidson T.M., Brahme F.]J, Gallagher M.E,,

Radiographic evaluation for nasal dysfunction:
Computed tomography versus plain films. Head
and Neck 11:405-409, 1989

. Terrier F., Weber W., Ruffenacht D., Percellini

B., Anatomy of the ethmoid; CT,Endoscopic,
and macroscopic, AJNR, 5,77-84,1985

. ICRP Publication 60. Radiation protection. 1990

Recommendations of the International Commi-
sion on Radiological Protection. Oxford: Perga-
mon Press, 1990, cited from reference 7

. ICRP Publication 26. Radiation protection. Rec-

ommendations of the International Commision
on Radiological Protection. Oxford: Pergamon
Press, 1977, cited from reference 7

. Frederiksen N.L., Breson B.W., Sokolowski T.

W., Effective dose and risk assessment from

film tomography used for dental implant
diagnositics, Dentomaxillofac. Radiol. Vol.23:
123-127, 1994

. Perry B.]., Bridge C., Computerized transverse

axial scanning(tomography):Part 3 Radiation
dose considerations. Br. J. of Radioclogy.
46:1048-1051, 1973

Horsley R.].,, Peters V.G., Radiation exposure
from EMI scanner-muitiple scans. Br. J. of



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Radiology. 49:810-811, 1976

Dixon R.L., Ekstrand KE., A film dosimetry
system for use in computed tomography. Radio~
logy. 127:255-258, April 1978

Shrivastava P.N,, Lynn S.L,, Ting J.Y., Exposure
to patient and personnel in computed axial
tomography. Radiology. 125:411-415, 1977
McCullough E.C., Payne ].T., Patient dosage in
computed tomography. Radiology. 129:457-463,
Nov. 1978

Hosday P., Parker R.P., Radiation exposure to
the patient in computed tomography. Br. J. of
Radiology. 51:926-927, 1978

Faulkner K., Moores BM., Scattered radiation
distribution around computed tomography scan-
ners and the associated radiation hazard to
personnel. Br. J. of Radiology. 55:70-72:1981
Shope T.B., Morgan T.J., Showalter CK., Pen-
tlow K.S., Rothenberg L.N., White D.R., Speller
R.D., Radiation dosimetry survey of computed
tomography systems from ten manufacturers.
Br. J. of Radiology. 55:60-69, 1982

Mosely R.D., Linton O.W., 1984 Conference on
CT dosimetry(editorial). Am. J. of Radiology.
144:1087-1088, 198

Murphy F., Heaton B., Patient doses recieved
during whole body scanning using an Elscint
905 CT scanner. Br. J. of Radiology. 58:1197-
1201, 1985

Evens R.G, and Mettler F.A., National CT use
and radiation exposure : United States 1983.
Am. J. of Radiology. 144:1077-1081, 1985
Huda W, Sandison G.A., The use of the
effective dose equivalent, Hg, as a risk
parameter in computed tomography. Br. J. of
Radiology, 59, 1236-1238, 1986

McCrohan JL., Patterson J.F., Gagne RM,
Goldstein H.A., Average radiation doses in a
standard head examination for 250 CT systems.
Radiology. 163:263-268, 1987

AR E % EHEEHEEo CT H&iC BiTs &
TiRED BER WE. MR F 284:506-512,
1988

B0 B %, SHEREMSHRIBERIC ) BERRRE
O UE-XBHBRE R VCTIHEICOWT-, &
T 55 29%: 363-374, 1989

. Clark D.E,, Danforth R.A., Barnes R.W,, Burtch

36

3L

32.

M.L, Radiation absorbed from dental implant
radiography : A comparison of linear tomog-
raphy, CT scan, and panoramic and intra-oral
techniques. J. of oral implantol. 16:156-65, 1990

. Nishizawa K., Maruyama T., Takayama M.,

Okada M. Hachiya J.I, Furuya Y. Deter-
minations of organ doses and effective dose
equivalents from computed tomographic
examination. Br. J. of Radiology. 64:20-28, 1991

. Marmolya G., Wiesen E.J., Yagan R., Haria C.D,,

Shah A.C., Paranasal sinuses:Low-dose CT.
Radiology. 181:689-691, 1991

. Kassebaum DK, Stoller NE., McDavid W.D,,

Goshorn B, Ahrens CR., Absorbed dose
determination for tomographic implant site

assessment techniques, Oral surg. Oral med.
Oral pathol. 73:502-509, 1992

. Ekestubbe A. Thilander A., and Grondahl H-G.,

Absorbed doses and energy imparted from
tomography for dental implant installation.
Spiral tomography using the Scanora technique
compared with hypocycloidal tomography.
Dentomaxillofacial Radiology. Vol. 21:65-69,
Mar. 1992

. Ekestubbe A., Thilander A., Grondahl K., and

Grondahl H-G., Absorbed doses from computed
tomography for dental implant surgery : Com-
parison with conventional tomography. Den-
tomaxillofacial Radiology. Vol. 22:13-17, Feb.
1993

. Federiksen N.L., Benson B.W., and Sokolowski

T.W.,, Effective dose and risk assessment from
computed tomography of the maxillofacial
complex. Dentomaxillofacial Radiology. Vol. 24:
55-58, 19%

. White S.C., 1992 Assessment of radiation risk

from dental radiography, Dentomaxillofac.
Radiol. Vol. 21:118-126, 1992

Birchm R., Marshall M, and Ardran GM.,,
Catalogue of spectral Date Diagnostic x-ray,
Hospital physicist's Association, 1979, cited
form reference 22

Ellis RE, The distribution of active bone marrow
in the adult, Phy Med Biol., 5:225-228,1961, cited
from reference 7

. Boswick J.A., The art and science of burn care,

Rockville, Maryland: Aspen Publisher, Inc. 1987,



35.

36.

cited from reference 7

Preston-Martin S., Thomas D.C., Whute S.C,,
Cohen D., Prior exposure to medical and dental
x-ray related tumors of the parotid gland, J.
Natl. Cancer Inst., 80(12):943-949, 1988
Preston—Martin S., White S.C., Brain and sal-
ivary gland tumors related to prior dental
radiography: implications for current practice,
JJADA., 120:151-158,1990

Gibbs S.J., Influence of Organs in the ICRP's
remainder on effective dose equivalent com-
puted for diagnostic radiation exposures, Health
physics Vol.56, No.4, 515-520, 1989

37

37. UNSCEAR 1977, Source and effects of ionizing
radiation. United Nations Scientific Committe on
the Effects of Atomic Radiation. 1977 Report to
the General Assembly with Annexes. New York
: United Nations, 1977, cited from rerefence 7

38. Borglin K., Petersson A., Rohlin M., Thapper K,,
Radiation dosimetry in multi-film tomography
of the maxillary sinuses. Dentomaxillofacial
Radiology. 15:67-71, 1986



-ABSTRACT-

ORGAN DOSE, EFFECTIVE DOSE AND RISK ASSESSMENT FROM
COMPUTED TOMOGRAPHY TO HEAD AND NECK REGION

Ae-Ji Kim, Bong-Hae Cho, Kyung-Soo Nah

Department of Dental Radiology, College of Dentistry, Pusan National University

The organ or tissue doses were determined with head and neck phantom measurement for muitiple axial
scans (36 slices), multiple coronal scans (13 slices), 3 types of single axial scans(orbit, maxillary sinus and
mandibular canal) and single coronal scan(maxillary sinus). For each scan sequence 30 TLDs were placed in
selected sites(16 internal sites and 14 external sites) in a tissue-equivalent phantom. The exposure was made
at 120kVp, 500mAs with 5 mm slice width.

The results were as follows :

1. In multiple axial scans, the greatest effective dose recorded was that delivered to the thyroid glands(2.77
mSv) and the least was that received by the skin(0.06 mSv). From these data, stochastic effects were
202.2x10°° and 3.7x10°, respectively. |

2. In multiple coronal scans, the greatest effective dose recorded was that delivered to the salivary glands(0.58
mSv) and the least was that received by the skin(0.0l mSv). From these data, stochastic effects were
42.2x10™ and 0.7x107° , repectively.

3. Among single axial scans, the greatest effective dose recorded was that delivered to the salivary gland(0.38
mSv) in maxillary sinus scan. From this data, stochastic effect was 27.7x10°° .

4. In single coronal scan, the greatest effective dose recorded was that delivered to the salivary gland(0.01 mSv).
From this data, stochastic effect was 1.0x10°8.

5. The equivalent dose measured that delivered to the lens of the eyes was 69.64 mSv in multiple axial scan,
39.32 mSv in multiple coronal scan and 36.77 mSv in single axial scan(orhit).
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