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Estimation of Effective Dose
from CT Examination

Kanae Nishizawa”, Takashi Maruyama?,
Makoto Takayama”, Kazuo Iwai® and Yoshiro Furuya®

Tissue or organ doses related to radiological risk were
determined for four different types of CT scanners with a
spiral scan function. Dose measurements were performed
using a Rando phantom and two types of thermoluminescent
dosimeters. The effective doses recommended by the
International Commission on Radiological Protection in
1990 were evaluated using the tissuec or organ doses
determined with the phantom measurement. The resultant
effective dose per CT examination ranged from 4.6 to 10.8
mSyv for chest examination and from 6.7 to 13.3 mSv for
upper abdominal examination. It should be noted that the
effective dose from CT examination will be increased by
increasing in the frequency of CT examinations and
technical development of CT scanners.
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Table 1 Characieristics of CT Scanners

'C’#i?(]ke\fﬁﬁf&k éh% Z (lZ Scanner A B 0 D
ﬂg%w' Tub It (kV) 80, 120, 137 120, 140 120 100, 120, 1
= e ube voltage , 120, 0, 1 2 . 120,
2. 77> bh - RRAER Tmum;NWU 70~320 50~300 55~200 m~w£o
Hetr Oy - MLk Forcus size 0.8x0.9 0.9x0.9 0.9x0.9 0.6x0.75
DRIEIZITBE LT, (mm>mm) 1.3x1.2 1.5x1.0 1.5%1.0 1.0x1.5
KET V¥ = v RS o Heat unit (HU) 35 35 2 2
k77> b4 (§E163em, Detector Xe CdWO. Xe Xe
k E 53kg) & Al W 7. Fotous Detacar 1135 1066.2 1050 1080
ICRPG?E% Y LT R AR ECUs Cortey 700 685 685 606
(W) #__}K; 2 éﬂﬁ; Fan beam angle (* ) 42.6 0.0 49.0 48.6
#2e 5 LU, #ofholzs
ELT, Mk, B, B,
T, B, FEBIUEBLZERLLE. 25 0OMEIE
MLz Y 8772 b AOXHEEDB L UEREPOHRE L
7z, o
MEREIIET ¥ 3 FVUD-170A, 1108 (E#E2mm, & 1
E12mmDH T A AR) 0 2 FHEOBL I v+ AR g
#H(TLD) Z Fiv /2. UD-170A13BeOF T T, WAL L < % g
WHRZ AN F— AR BN S {, 50ke VA 570ke VD ( 6
XBUIAF L, $95%DEETH S, UD-170ALFHBEEN O g
77 ¥ FAKREBIUTRNEOHEICH . UD-110SiX \ \ 9
CaSOsFF TR E AT AV F —KAFE L B\, S0keV ] \ I
75 70ke VAREEDX AR LT3 5 — I 24930 % D) } / £
HéH5H. UD-110SIEMEDS DR VEFHEENL T 7V b A o 14
WEBOF RIS ORSOMWEI T2, 1 s OFF y L
IEMixDp7 7 ¥ b A% BV TEERS & OBEBICOW 8 17
T, BTHAHREHIERT CRIE S - BRI & 1 PR R L
BRRSTE L 72, T35 7 %127 % RPN b DE A L7z, E 20
3§ 22
y © 23
% * g 24
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¥ % HN—F 5728, BIRZSEL D2.5em T A 5l
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Fig.1 Scarning Area(the part of No.19 with dots is measuring
area at chest examination and the part of No.22 with cross stripes
is meaning area at upper abdomen examination)
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Table 2 Red Bone Marrow and Mineralized Bone Distributions

(Weight and Fraction) after Reference *Miyagawa® and *+Tanaka”

765

Table 3 The Values of Tissue Weighting Factor (Wr) Recormmended
by ICRP 60 and Number of Measured Points (or TLD chips)

Red bone marrow

Mineralized bone

Bone Weight+ Fraction  Weight== Fraction
Skull 55.6g 0.072 663.0g 0.179
Mandible 3.7 0.005

Clavicle 56 0.007 440 0.012
Scapulae 16.7 0.022 113.0 0.031
Sternum 206 0.027 18.5 0.005
Cervical vertebrae 222 0.029 515 0.014
Thoracic vertebrae 101.0 0.132 156.5 0.042
Lumbar vertebrae 856 0.112 128.0 0.035
Sacral vertebrae 65.8 0.086 72,5 0.020
Ribs 1045 0.136 368.5 0.073
llium 170.2 0.222 317.0 0.085
Femur 87.1 0.144 676.0 0.185
Patella 245 0.007
Tibia 3835 0.104
Fibula 90.0 0.024
Feet 198.0 0.053
Humerus 279 0.036 237.0 0.064
Radius 75.0 0.020
Ulna 94.0 0.025
Hand 805 0.024
Total 766.5g 1.000 3700.0g 1.000

Tissue or organ Wr Number of TLD chips
Gonads 0.20 Male ¢
Female 6
Bone marrow (red) 0.12 69
Colon 0.12 5
Lung 0.12 6
Stomach 0.12 3
Bladder 0.05 1
Breast 0.05 6
Liver 0.05 5
Oesophagus 0.05 3
Thyroid 0.05 3
Skin 0.01 120
Bone surface 0.01 (69)
Remainder 0.05
_______________ .l\;lél_e““F"E;ma!e
Kidney 0.0083 0.0071 2
Pancreas 0.0083 0.0071 1
Spleen 0.0083 0.0071 1
Thymus 0.0083 0.0071 |
Uterus 0.0071 1
Adrenals 0.0083 (.0071 2
Rectum 0.0083 C.0071 1
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Fig.2 Relative Dose Distribution by Chest Examinations at a Part

Including the Lung
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Fig.3 Relative Dose Distribution at the Vertebraes by Chest and Upper Abdomen Examinations

Table 4 Tissue or Organ Doses from Chest Examination (Nermal scan) by Type of CT Scanner

Scanner A B C D Mean
Tube current (mA) 210mA 150mA 200mA 200mA
Scan time/slice (sec) 1sec 1sec 1.5sec 1sec
Tissue or Organ dose (mGy)
Gonads (male) 0.03 0.02 0.10 0.08 0.04
(female) 0.12 0.07 0.22 0.10 0.13
Borne marrow (red) 5.31 5.90 12.12 6.82 7.54
Colon 0.77 0.52 1.44 0.74 0.87
Lung 17.22 23.8 391 23.6 25.9
Stomach 8.08 4.50 16.14 9.69 9.60
Bladder 0.12 0.06 0.29 0.09 0.14
Breast 17.75 16.19 37.7 23.4 23.8
Liver 8.58 5.43 18.35 10.70 10.76
Oesophagus 16.06 22.9 37.3 21.9 24.5
Thyroid 4.45 4.14 11.25 5.38 6.31
Bone surface 12.87 13.49 28.6 16.45 17.85
Skin 2.98 2.27 467 2.95 3.22
Remainder (Mean) 5.08 5.47 13.26 7.93 7.94
Effective dose Male 6.57 7.09 14.62 8.63 9.23
(mSv) Female 6.55 7.05 14.54 8.58 9.18

Table 5 Tissue or Organ Doses from Upper Abdomen Examination (Normal scan) by Type of CT Scanner

Scanner A B C D Mean
Tube current (mA) 315mA 150mA 200mA 200mA
Scan time/slice (sec) 1sec 1sec 1.5sec 1sec
Tissue or Organ dose (mGy)
Gonads (male) 0.13 0.05 0.17 0.07 0.10
(fernale) 1.19 0.62 1.50 0.68 1.00
Bone marrow (red) 5.50 3.03 8.95 4.65 5.76
Colon 20.7 14,19 28.2 16.74 19.95
Lung 3.21 2.22 5.35 2.88 3.42
Stomach 30.0 24.0 415 27.4 30.7
Bladder 1.09 0.68 1.53 0.71 1.00
Breast 2.93 1.67 4.66 2.28 2.89
Liver 29.3 22.8 44.4 26.5 30.8
Oesophagus 7.80 6.49 13.54 8.36 9.05
Thyroid 0.32 0.16 0.42 0.24 0.28
Bone surface 10.21 7.06 16.53 8.81 10.65
Skin 3.40 1.86 3.83 2.24 2.83
Remainder (Mean) 15.45 12.20 24.5 13.53 16.42
Effective dose Male 10.25 7.71 14.95 9.01 10.48
(mSv) Female 10.34 7.73 15.02 9.02 10.53
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Table 6 Effective Doses from Chest Examinaticon and |Upper Abdomen Examination by Spiral Scans

FERi#at & L7z, Scanner A B C D Mean
- Tube current (mA) 210mA  100mA  150mA  200mA
B E B = % Scan time/slice (sec) 1sec 1sec 1.5sec 1sec
@ £
SE .
i © Effective dose Male 6.04 4.58 10.81 9.03 7.62
RO FE A g
Wik, LA OEH ﬁﬁ_& il ® (mSv) Female 6.02 4.55 10.75 8.97 7.57
v RO - MBIREOWERIR T
BOBOTable 4, 5 125 L7, WILE éﬁ: Tube cfurremF (mA) 210mA  150mA  200mA  200mA
BEEBG I XS D EH T AL F — § g Scan time/slice (sec) 1sec 1sec 1.5sec 1sec
==
60keVOfE! & Hiv, BRHLHEIC0.939, g § | Effective dose Male 6.36 6.71 13.19 8.77 8.76
TNy PAER—IH L2948 L7z, 5 ® (mSv) Female 6.41 6.74 13.27 8.78 8.80

A S NI L B B
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Table 7 Eyes Doses from Chest and Upper Abdomen CT Examination, in mGy

L7z, [EREONALE 2 3R EA & v > Tf7 Scanner A B C D Mean
o 728545 DER) MR % Table 61277 L Examined Site Method

7z, EE LBEA ¥ v O TIHERED

fo. e ikl o Chest Normal 028 019 042 027 029
BEIIEDLLT, HHEHOADEL

.C,a-o,-é 75"‘ 6 iﬁﬁxﬁ. S ¥ ‘/U’)i’z%% & ;) Upper Abdormen Normal 0.07 0.03 0.07 0.04 0.05
FhRELENIZEV, LL, B Chest Spiral 042 031 026  0.23
DEEHEDOBCAL PRI ST Upper Abdomen Spiral 005 003 006 004 004

ALBbhs.

# - : not measured

KGR DFRE % Table TITR L7z, £
7277 v M AOFEHEREEB X K

Table 8 Surface Doses from Chest and Upper Abdomen CT Examination, in mGy

B C D Mean A B o] D Mean

Chest, Normal |Jpper Abdomen, Normal

197 375 259 272 | 389 242 384 257 318

16.0 328 208 227 | 324 177 365 213 270

KOFH: % Table 81278 L 72, ScanSn‘:ar A
e
Method

% = , )

Maximum | 25.7

1. 4B - BRAGE Mean | 21.0

AL - IR X FEOLE * A ¥

Method

¥ L2zZIZh b s, #EEIZLD

Chest, Spiral Upper Abdomen, Spiral

PRz -oTwWi, Ll, 2hb
#100mAs247- 0 THEL TH5 E50%
BEOBWTH- 7. CTEEOWEZS

Meximum 23.7

Mean 19.7

124 264 233 215 | 242 174 315 276 252
92 219 202 178 | 200 141 334 224 225
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