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Dose estimation in x-ray CT examination by using Monte Carlo simulation
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Abstract

X-ray computed tomography (CT) dose estimation is commonly performed based on the volume
CT dose index (CTDI,,;). CTDI,, measurements are only performed using 16- or 32-cm-diameter
polymethyl methacrylate cylindrical phantoms; thus, patient size is not considered. Therefore, the
CTDI,, parameter does not estimate patient dose. To overcome this problem, the American
Association of Physicists in Medicine (AAPM) Task Group 204 has developed and recommended
size-dependent conversion factors, which can be used to determine size-specific dose estimate
(SSDE) values from CTDI,,; values. However, these conversion factors do not consider the effects
of volume scanning or the new CT dosimetry metrics proposed by AAPM Task Group 111. This
study aims to investigate the influence of these examinations and metrics on the conversion
factors reported by AAPM Task Group 204, using Monte Carlo simulations.

An accurate Monte Carlo simulation requires an understanding of the change of x-ray energy and
air kerma along the fan-beam arc of the CT scanner. To measure the effective energy and air kerma
distributions, we devised a pin-photodiode array utilizing eight channels of x-ray sensors arranged
at regular intervals along the fan-beam arc of the CT scanner.

Simulations were performed modelling a Toshiba Aquilion ONE CT scanner, in order to compute
dose values in water for cylindrical phantoms with 8-40-cm diameters. Then, the conversion
factors were obtained by applying exponential regression analysis between the dose values for a
given phantom diameter and the phantom diameter. The conversion factors for volume scanning
and the CT dosimetry metrics proposed by the AAPM Task Group 111 were in agreement with
those reported by AAPM Task Group 204, within a percentage error of 14.2 %. The results
obtained in this study indicate that the conversion factors previously presented by AAPM Task
Group 204 can be used to provide appropriate SSDE values for volume scanning and the CT

dosimetry metrics proposed by the AAPM Task Group 111.
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(b)

Incident x-ray
Pin silicon photodiode
N . S __
b \N I\
_ _ ” w || .

Shielding cable Aluminum foil o Front photodiode
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—= gz |7 Rearphotodiode
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_____________________ v__
(c) (d)

Aperture width of 3 mm

2-mm-thick lead
65 mm

X-ray sensor

25mm

Figure 1 A pin silicon photodiode, Hamamatsu S2506-04 (a), as used for the x-ray sensor (b), and
the lead collimator (c), incorporated into the eight channels of x-ray sensors (d) of the

pin-photodiode array.
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Figure 2 Angular dependence of the output voltages of the x-ray sensor with the lead collimator

shown in Fig. 1c.
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Figure 3 Ratio of output voltages of the x-ray sensor with the lead collimator as a function of the
x-ray intensity of a CT scanner — Siemens SOMATOM Definition Flash - at a tube voltage of 80

kV, at fan-beam angles of 0°, i.e. the isocenter, and 21°.
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Figure 4 Effective energy of x rays as a function of the ratio of the output voltages of the rear to

the front photodiodes (a), and dose calibration coefficient for the output voltage from the front

photodiode as a function of the effective energy (b), which were measured for tube voltages of 80,

100, 120, 135, and 140 kV separately.
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The solid lines are second-order polynomial



Figure 4a |2 C, TR VF—EMMBIT, M7 4 L2 L LTT NI =0 LDOHIC THER
SNl LU, CT HEBORUZA T4 NV ZEITNAI =0 LS OMEICTERIAT
WHTAREME L H D, £ 2T, 8mm LV 22mm JEOT 7w 0.4mm JEDO AR 0.5mm JF O
% X BEICIR T 2B IO EIE R & ER = %L X — 2 MIE L, Figure 4a TR E
NIEZT VI =T LD THER LI 2L F— R EMR Lo EoRERRE 7 7y b
L7z R % Figure 5 1T T, TR L X — IR IEMAR & OB E ORE M & DOFEIT 27%LNT
bhote, TNED, RUEAL T4V EOMEDOENNT R LXK IEMBOKEICE XS

BTN NN Z D,

80 80 -
80 kV [ 100kV
F = 70 [
= 70 = [
z ]
= F - I
:;E 60 - %n 60
g ® Teflon 8 mm E [
@ [ L
'E 50 ¢ © Teflon 22 mm 5 30
g g
= [ A5n 0.4 mm = i
=40 ¢ =40
r A Cu0.5mm [
30 L ! ; ; . ! 30 Lo o
0.1 0.2 03 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ratio of output voltages Ratio of output voltages
80 80
120 kV L 140kV
= 70 ¢ s 70t
- @
2 3 [
& 60 & 60
2 s
o v F
g 50 - 2 50 |
Hoo40 | Moo |
30 1 L L 30 L L L 1 L L L n L L P |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ratio of output voltages Ratio of output voltages

Figure 5 The relationship between the ratio of output voltages and the effective energy measured
for various filter materials, i.e., 8- and 22-mm-thick teflon, 0.4-mm-thick Sn, or 0.5-mm-thick Cu,
where measurements were carried out for tube voltages of 80, 100, 120, and 140 kV separately.
The solid lines are the energy calibration curves obtained with Al additional filters, as shown in

Figure 4a.
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2-4 EFHTRXNX—HIESR O ERIE

PERL L 72 Eah= R L F — I ELRIC FENT AN F—EOKEEZRIET D720, &
B px o F—zflES & EBER CRIE LIk L7z, MET Siemens O SOMATOM
Definition Flash CT scanner TATV>, &L IX 80, 100, 120, 140kV Z i L7-, X #RIRE X
200mAs/rotation, Al [ — AEIE 38.4mm & L7z, RU XA 7 4 b X (XA & Kig
MHZ & 2RE L, WEMEBEIZ CTEBEOT A VYL XA THL 77 E—LME 0 EL
L7z, BHERMIC KD ED= 3 AF—MEIX, Al & FRICT VI =7 AU K 2 -l 3l
EIEICESE T, EHT RN F—JERICLDED T R F—HEIL, X HEHICE
DL DEEL S Figure4da D= R VX —KRIEMBZEH L CHEEB 21T 72, %3
Bz X —HIEI 3 ET 21T o7,

FRh xR — R IE S & BRI L D FEDT R F—ORIER R & Table 1 (23T, EL)
TRNAX—HEREEHBECLDED RV —DOERITRRKT28% Thole, 2LV,
Figure 4a (2R T =R AF — K IEMBITET TH Y, EDHT RV F—HERICE D CT i
DEHT X NAVF—HPEDOREEIIFEETEZDILVR D,

Table 1 Effective energies measured with the x-ray sensor and the CT ionization chamber.

Experiments were performed using the Siemens SOMATOM Definition Flash CT scanner.

Tube voltage
Bow-tie filter

Effective energy (£SD*1) [keV]

Percent difference

[kV] X-ray sensor Ionization chamber [%]
Head"™ 48.4 (+£0.6) 47.1 (+0.8) 2.8
80
Body 49.0 (£0.6) 48.5 (+0.8) 1.1
Head 53.4 (£0.6) 53.7 (£0.9) -0.5
100
Body 54.7 (£0.6) 54.0 (+0.8) 1.3
Head 59.0 (+0.7) 58.9 (+1.0) 0.2
120
Body 59.9 (x0.7) 59.0 (£1.0) 1.5
Head 64.8 (+0.8) 65.9 (£1.0) 1.7
140
Body 65.1 (x0.7) 66.1 (£1.1) 1.5

! Standard Deviation,

designed for body examinations.
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Table ] TIET A VBV X ThHDH 77 E—LABE0ETORERIEOKETH LN, E
MRV X —REREHEHTDIICHED, 77 E— L HFHOEAEDEHT X LT — K
OHRABREORKERIELLETH D, 77 v E— L H R OKAEDFEHT XX — KR
S 2 WE 4 & FERER CIDE Lkl L7z, JZE 1L Siemens 15 0> SOMATOM Definition
Flash CT scanner CATV), FEEIL 120kV, RO X A 7 o VX TR EHHAEEH Lz, 3
T RVF—JELRIC L 5 EBRABLE X % Figure 6a (2, HEBEF I X 5 EBELE X % Figure 6b
R T,

EHT R A X —JERICLDBETIX, CT EBOESR LIC, EA8-7A V¥ ¥ WEH
EEELTAMNIINEDRIWATF o — L EEE L, BiRAFa— EIZ8EOEHT XL
XF—HEL%E CT EBOESFMICHT CERE L, EHZRXALF—HERT, 770
— LA O NS 21 FEETO 3 EMICERE Lz, CTHEEICZT 1 EERD X MR 2170,

SO N H AL D Figure 4a O T XX —KRIEMMBAZHH L CEH= I L — 2 &
L7, £, BB 7 + M¥ A 4 — ROMELED D Figure 4b Ofif #E4% 1E i #7
AR L CHRAEBREL RN L,

BHEAICEZHETIE, CT BEBEOEGLOLOKILREBIT -0, Btz H o HY

BB ST ROV ICEFEOREATF o — L 2B L, BHEROREAFz—L |
WML EORBEAF o — L &2 fl@E Lz, X#BBFIEZ, A7 F 25— RIZLo T X HBE
KA 120 FICHEE LIZREETITo 7o, 7 7 Y E— LA AEOEND 21 FEE TO 3 EFI,
RANME L EHT XX —Z2ME LT, EHT VX170 =7 LIS K 2 i &
EEICESWTEB L,

Fho AN X —HEREEBHAEICLD, 77 E— LA HRAOKFAEDOEG T X NLF—K
OVBRIH 7 8 0 I B A& 2R % Figure 7 (I d, EH— R X —RIEdS & EBHAEIC XL 2FEDH X
N —DEBIT 32%UNTH Y, BEREOZEBIIHESHREIZT 004 LLNTH- 72, &
NED ., EPDHz XV F—RERICEDED T X LF — R ORI EOREDREIL, 7 A
YR DHBTIERLS 77V E— LT AOFAEICEVTHHEASIA TS &R D,
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(a)

CT scanner
(Rotating exposure mode)

(b)

CT scanner

215

Isocenter 0’ 36 9° 1 < Polystyrene foam

CT patient table |

(Nonrotating exposure mode) -

Al plate

Tonization chamber

Polystyrene foam
2| bolysbrenedoam

| Polystyrene foam

Figure 6 Geometry for the measurements of the effective energy and the relative dose at various

fan-beam angles of a CT scanner using the pin-photodiode array (a), and an ionization chamber

(b).
(a)
80 r
I e ® o e ]
[ ]
= 60 e 8
s
£
e 40 @ Pin-photodiode array
= L oOlIonization chamber
%
P 20 -
=
0 L 1 1 1 1 L J
0 3 6 9 12 15 18 21

Fan-beam angle [deg.]

(b)
12 ¢
1.0 & @ Pin-photodiode array
= [~} O Ionization chamber
g 0.8
< r °
£ o5 |
s L
Z o4t C
L 8
02 | * & 8
00 £ 1 L L L L I
0 3 6 9 12 15 18 21

Fan-beam angle [deg.]

Figure 7 Effective energies (a) and relative doses normalized to a dose value at 0° (b) obtained by

using an ionization chamber and the pin-photodiode array as a function of fan-beam angles for the

Siemens SOMATOM Definition Flash CT scanner.
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2-5 Aquilion ONE D EH =XV F—RURFHREO B ERE R

B3I CTRABTI2EVT IV a I ab— g &7 HBRICHME L 72 5 | Toshiba tLHL D
Aquilion ONE CT scanner @ 7 7 ' B — LA F [ D Egh = 1)L F — K ORGH#& 2 [ E L7z,
EREIE T 80, 100, 120, 135kV., R X A 7 4 v Z I ZFHER A e QK& 26 L7z, E%)
TV FX—EREMHEH L, LR d Figure 6a & [AAR O RBREE X IZ CHIE Lz, BOICE
E LT NEELZG 5720, X #RIRE X 400mAs/rotation & L7z,

HEFRFELE LT, BHEAARNY XA 7 40 V¥ OEYHT X)L X —% Figure 8a (2, HETHE %
Figure 8b (Z/”"d, T2, MBHHR Y XA 7 4V FZ OFEZT %L F¥ —% Figure 8c 2, M
¥R &% Figure 8d 127" T, 7 7 » B — AAEREMT 51206V FEh T 3L F — (3N L.,
PR RR BT LT,

(a) (b)
100 1.2
80 - . A A N 1.0 .
> A A A
2 2 A < ot . g *° 2
, [ o
2 S Y 8
q=_, ° 2 . .; O L ]
S 40 *30kV = i
= Y 04
5 0100 kV = : o
< F L ]
£ 2 t A120kV
= 135 kV 0.2 &
I s §
0 00 1 L 1 1 .
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Fan-beam angle [deg.| Fan-beam angle [deg.]
(c) (d)
100 1.2
A A A 1.0 »
— 80 A A A A ¢
= A A [6) o o 08
=2 A o .
= 60, ; & o o ¢ 2
o0 é o Y = [ ]
bl o] o ° ¢ 0.6
= ® [ ] 2
o 40 | es0kV = 2
2 0100 kV g 04 o
k! 120 kV ¢
= 20 + A 12
- . A135 KV 02 | % A
0 00 L 1 1 L ‘
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Fan-beam angle |deg.] Fan-beam angle [deg.|

Figure 8 Effective energies and relative doses normalized to a dose value at 0° as a function of
fan-beam angles of the Toshiba Aquilion ONE CT scanner, operated at tube voltages of 80 to 135

kV with the bow-tie filter designed for head (a-b) and body (c-d) examinations.
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BIE RYa—bRAFx kO AAPM Task Group 111 HEHE R
SSDE B R D EREICE X D E

3-1 CTREZBIFZEVsT IR Iab—Ta O

FEryTHhARYIal—varEHNT, A a—AAF ¥ K AAPM Task Group
111 JIEVE 2 W72 B> SSDE G R O #L R R % A4 F i L 7=, CT %4 (X Aquilion ONE CT
scanner i L7-, ¥ 2 L —3 3 > 22— K|E Electron Gamma Shower version 5 (EGS5)%
fEH L72[21], EGSS T, hy h A7 =X F—L LT lkeV EF TORZFXALF—DFEF -
HAFHENFIETH D7D, CTHRETHNOLNL2ZHEKD X X LF—Dr Ial
—Ya L TWb, KTOMEREE LTIE, KEIFR - a7 PUoBEL - LA —
BELZER O > TV D, KR TITo7-v I a2 b—3 3 T, MaltiiRzERN 1%L F &
IR DRRIC A F B a2 RE LT,

BT AINBYIal—va UICT CT MAZKE XSBET272012E, 77 E—
LAAEHEOFEHT L — L BAREOKREZ Y I 2L —a v a— NICHAIATLLEN
b, 77— AERBOEHT XX — L REREIX, F2ETRHRLLED= 2L
X — &% A& L CHIZE L 72, Aquilion ONE CT scanner O ] & fi& %1% Figure 8 (278 L 7=,
Figure 8 THOLNT-FEBT XL X —225, Tucker H DUTELX[22]1%2 FHWT X AT v
ZHEE L7z, Tucker b iE, FEHFR LM RN _RIEZRP LT, ¥ 7 RAT 2 —=07
Y MO RAETDH X AT MEHET D FIEEZRE L, BEE, F—F v MAE
N7 4572 EDEM%E Tucker & DFTPRITRAT L2 L TIXMANRZ M EHEET
HZEMWTED,

T 7 = A F O K E~D ANF - HUL, Figure 8 O REHRED N & RERIZ R D
L OWCEBM T 2IT o712, 723, Figure 8 DREMEBEOREIL 3 EH TOREDT-H, A
ERORIBREBITRZELICIVE R L, XBMAXZ MET7 7 E—LAE 0 END
20 EETO3EMBTMBEALMEM L., KTOAFMEII—FLVAED AT ML E 8
FEENOLBR LI, EARKETFOZRIAT—1T, XA bLOoGA LK D KD
WCEHEAMIT ZITo70, RFSECTHWEEY T vy I alb—v a3 2T CT A& % B
THFEFYHIEETHACEHAL T2 DOTH L2, JREIEL Tumer & 23RE
% ”equivalent source method” & [AlEETH 5[23], 7o, K#hHMIZ 16cm & JAV FRE B % £F
DAY 2 — ARAF v VU AEAT O BRTIE, KE T oA RO FERh kL X — & R R o 1
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WHRBOFETY I ab—vara— RITHRAAALTE,

32 BT AIAMRYIab—VarEEAEOBEEHEOREE

FUTANRY I alb—var EEEOBESGWERIET D202, W& D CTDL, fE
Z e U7z, FEMIE Aquilion ONE CT scanner (& CT/T\V, & FBE 80, 100, 120, 135kV % i
L7z, X #R98E X 300mAs/rotation, A7 A B — AlEIE 4om & U7z, MEIZBES N & OVK
WO CTIDL 7 7 » M AZMEA L, TN ENEHEHL KRBT OR Y 244 7 4 V2 %
WRE L7z, CTDI 7 7 > b AT AR LE & £HA D lem RO 4 22Fr DFF 5 23FF DAL
B2 CT HEREFFH AN O RNZENT WD, 0% 4 »EFTOUL 90 EMETH S, CT HE
HERS 2 W O RIAZHR A L2 BRICIX, 2D 4 i o AR R SHEO T 7 U Vg
BEA LT, BEER SR G (Radcal, 10X5-3CTHIEE 2 ECHEALEZ LD LFR—THHT-
D, IS%EHXHE T 5% FORHENS TRIESNT WS, CTDI 7 7 & N A O A O
FLEIZ T I T XUy VAT v 2 ffifT Lic, 77 2 b ZHDERTOMIE MR I
CTDligoc. 5% 4 237 D FEEJ O E #E F VX CTDlygp, & FK I 41D, WIE E 7z CTDIgp K Y

CTDlygp, 725 W% T weighted CTDI(CTDI,) % U8 CTDI, o & H HH L 72,

CTDIW=lCTD1100’C+§CTD[100,p. . (6)

R )
PFIIE yF 7727 2L XWE 1 REHZY OREBEE 2 (K 515 0 ©— LigE Tk
L7ETH D,

FrT ALY I alb—a T, LR L RO KM PR E & &KMEICT
CTDL  fEZHH L, Y alb—va VI THIE SIS CTDI,, fE[mGy/source photon]ix
MHXETH D720, ERTHD CTDI, E[mGy/total mAs] & el 9 2 7= DI X R LR K
[source photon/total mAs]23 L3 T 5 [24], BRI EZ ED 572012, CT HEHER MR &
HE CTEEOTA VX EICEEL, YOI ATFHF VX ILAF Y U ETVZEKFTO
CTDI g fEZWE LIz, ¥ ab—a VI THRRICZELST D CTDL fEEZHH Lz, 55
NIz FEH T D ZEKH CTDI o E[mGy/total mAs]Z & 2 = L—3 3 > TOZELH CTDI g &
[mGy/source photon] TF& L 72l 23 #i4& {b.£% £X [source photon/total mAs] & 72 %, T L D |
Ralb—va I THE LA 7 CTDI, fE[mGy/source photon]iZ Rk 1L 4% £k [source
photon/total mAs]Z e U % Z & T, FEH| & th#k v]HE72 CTDI, fE[mGy/total mAs] % & H 9 5
LW HREER D,
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Table 2 Comparisons between measured and simulated CTDI,,; values for standard head and body
CTDI phantoms, for the Toshiba Aquilion ONE CT scanner at tube voltages of 80, 100, 120, and

135 kV, with 300-mAs tube current time and 4-cm longitudinal beam width.

Tube voltage CTDl,, value [mGy/total mAs] Percentage error
CTDI phantom
[kV] Measured Simulated [%]
Head 80 21.5 20.9 -2.9
100 39.0 38.3 -1.7
120 60.3 59.6 -1.2
135 78.0 79.2 1.6
Body 80 7.6 8.0 4.6
100 14.8 14.4 -2.9
120 25.7 25.4 -1.1
135 32.8 33.6 2.5

FEMEI 2L —32 380D CTDL EAEE L7-#E R4 Table2 (CRT, EHlE T I =
L—2 3@ CIDL EDERIT 4.6% N THAZ b, KSR THERALEZETH

oy Ial—yagryra— FOEAEITIHEAINLTWWA EWNZ 5,

3-3 SSDE HEHROMERBOEH

ARWFFETIE 2 IO 7 7 > b LJRIREREE LTz, 1 21F CTDI g MIEIEICHEK S 7 7
FA (BLF.CTDLgy 7 7 ¥ &) THY EE 15em OHEFIRTH S, b9 1 2%, AAPM
Task Group 111 fIEEEICE S 77 Mo (LLF, TGl 77 hA) THYH, KE 45¢m
OMEERTH D M7 7o b e bMHRITK TRk SN TED ¥ 8~40cm £ T 2cm
Ml T b S H iz, MEBEUSEBIXER lem OFERIRTHY . 77 baFbiEeE 7 7
Y LR PBIRS lem O 2 ETE Lz, MERGHEBOR SI1X, CTDLw 7 7~ F AT
(X 10cm, TGI1l 77 & R ATIE 23mm & L7z, T4 56134 CT #&RIEE CHEM 7 5 Ef
HMOESIZHE LW,

VI ab—va YRR % Figure 9 IR T, ABFZETIL, LINICEKFRL L7z 4 fEHO CT #
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B Al vE & B e L 7= ¢ (a) CTDIjgo(axial), (b) CTDI go(volume). (c) TGI11(helical). (d)
TG111(volume), CTDI,g(axial)f¥AliiL TiL, CTDIlgo 7 7 ¥ b L ORI ST A iz T v
TNT FI ¥ VAT ¥ &2L{To712, CTDIg(axia)iliikix. CT BEICB T 2T &
AT ABEOBREOEBEETH Y | —IIZHERH S TWD, CTDI(volume)FFAfi{E
TI&. CTIDligg 7 7 &~ b L DEEH G A H L EIC TR Y 2 — A RAF v 2 {7 o7,
TG111(helical)FFAfi{E TiX, TGl 7 7 » b A D4 45cm OFPHICT~Y BV A X ¥ %
iTolee NUVANAF Y U &2MITT 2 LT, 77 v b AREAEOEET M O R & 5540 O
I 72 BB OEBEMZ D202, ~Y BLE Y FI1E0.29 & FTIT/PSWEEZRE LK
[17]c TG111(volume)f¥ffi{E Tix, TGI11 7 7 & b LA DOAKRHYF M LEHIC TR Y 2 — LA F
YU EAToT, KN FME— A X, T T R LAy RPN DIV AF
Tlddem, RV 2—LZXF ¥ Tl l6em & L7-,

(@)

CT scanner
(Single-axial scan)

Source-to-isocenter
distance

Peripheral cylinder
(10-cm length)

Center cylinder

(10-cm length)

Water

‘Water

(b)

CT scanner
(Volume scan)

Peripheral cylinder
(10-cm length)

Center cylinder

(10-cm length)

T

Phantom diameter

l

15 cm
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(c)

CT scanner
(Helical scan)

g€ Peripheral cylinder
(23-mm length)
Phantom diameter 0 r€ Center cylinder
l (23-mm length)
45 cm

(d)
\ CT scanner

(Volume scan)

Peripheral cylinder
(23-mm length)

‘[ i,

Phantom diameter T

l

Figure 9 Monte Carlo simulation geometries for (a)CTDI,(axial), (b)CTDI;po(volume),

Center cylinder
(23-mm length)

S
v
\___,_//

N

45 cm

(c)TG111(helical), and (d)TG111(volume) method measurement models. These phantoms were
comprised of water-containing cylinders (water is approximately tissue equivalent), with d = 8-40
cm in 2-cm intervals. The doses in water were computed at the central or peripheral (12 o’clock)

dose-computation cylinders, which were 1 cm in diameter.
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Exbo 4 FEO CT MEFHEIC T, 77 b AEEZ 8~40cm £ T 2em [FFFE TE{L S
HIEBOMEEZ Y Ialb—va VICTHSE LA, ¥ a2 b—3 3 X, Aquilion ONE CT
scanner |2 C & & fEJE (80, 100, 120, 135kV), R X A 7 ¢ L Z AR GHE A, K& H) 412
To7ee 77 2 b AHLETORAGIRE Dygrere X7 7 > b LK BIRS lem TO G

B Dyarery 705w K ZE IV T Dygren ZH I L T2,

1 2
Dwater,w = §Dwater,c + EDwater,p ° e (8)

Doarerw IE Figure 9 ICB T2 MK 7 7 F2ADOT v v VlH O EHHREELFER L, X(6)T
L7 CTDI, D& EFFETH 5,

WAZ, B 32em OFAET 7 UAKIIE T 7 > b 2O HLE R BB HIEE lem TOZE
KPP COMEEZ VI 2L —va  ZTRE L, 772 b AHLETOBRIFERE Daerszem
L7 7 b ALHFNHERS lem TOIGHEE Do poem?> D B(8) & [AARIT Dairwizoem %
B U720 Dainwizemld CTEHBEO 2 Y — )L FICHREMICERSND CTDL,, & FHETH
%o Dainwoem 38 CT BEEFIAGIE, SEEE., RV XA 7 4 VERIREBICHET LT,

TEOELE dDOMEKT 7 b 5 TOKMEDBSHRE Dywerw(d) % . EAE 32cm O M1
77 UNBIET 7 b A TOEKHE DTSR E Dy w(32em) TERT 2 & T, BER fd)
EERH LU,

F@O = o™ * O
% CT #R A E O M ESREL f(d) DFE R % Figure 10 (27759, Figure 10 Trx L 72 17E A % H
W, SSDE B R O # R AR EL g(d) &2 IR OFEHENR A XL v BH L,

g(@d) =Ay xexp(Byxd)+ = +(10)
Ag K By 13 TH 5, YR GRAIL. EEE 120kV OHOWRER, EIXEEE
80~135kV O TOHRIE RO 2 CTHE Lz, HEE S 7= e 2mlf 5 2 o i J 1% Figure
10 ICBbE TRid L, #8745k 4,,B) & QR EREL R® O H % Table 3 1IZR T,

Figure 10 £V |, MEBREIT Y 7 P ARBN/NESL 138, WESRMFOE N LD ER
MM LT, Zhix, BEESARTLA 7 4 AZIZ LD AT MVIROE WD DS TSR &
WZHZDEN, 77 PARP/PNIWVIEERENWTZDTH D L. AAPM Task Group 204
Report (2 Tii U 53T 5 [4], Figure 10 L O Table 3 K 0 | E&EIE 120kV O B b H#EE S
7z SSDE R R O FARIE gd)id. REBENOHTE SN BMAESRBE R —B LT,
IR HBERBUTEEBIL 120V OB LHEE SN IR ZEH L TMEZNEVWZ D,

72%. AAPM Task Group 204 Report (ZFL# S 4L TV 2 BAT O HAREL & & & IE 120kV D A
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(¢) TG111(helical) method

5

Normalized dose coefficient

80 kV-head

80 kV-hody
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100 kV-body
120 kV-head
120 kv-body
135 kV-head

« S e O R OPF» D>
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(d) TG111(volume) method
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Figure 10 Normalized dose coefficients f(d) as functions of phantom diameter (d) for CT

dosimetry models based on: (a) CTDI go(axial), (b) CTDI¢o(volume), (¢) TG111(helical), and (d)

TG111(volume) methods. In the key, “head” and “body” indicate bow-tie filters designed for head

and body examinations, respectively. In each figure, the solid line indicates the conversion factors

determined at a single tube voltage of 120 kV, whereas the dashed line indicates the conversion

factors determined across 80 -135 kV tube voltages.
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Table 3 Exponential regression analysis results for conversion factors as functions of phantom

diameter, for each CT dosimetry model.

CT dosimetry Exponential regression coefficients Determination
Tube voltage
model Ay By coefficient (R)
120 kV only 4.537 -0.043 0.99
CTDIloo(aXial)
80-135 kV 4.581 -0.043 0.98
120 kV only 4.026 -0.038 0.99
CTDI]O()(VOlume)
80-135 kV 4.271 -0.040 0.98
120 kV only 4.397 -0.042 0.99
TG111(helical)
80-135 kV 4.693 -0.044 0.98
120 kV only 3.823 -0.038 0.99
TG111(volume)
80-135 kV 3.972 -0.039 0.95

3-4 BYTOHRER/RELOLE

A TEY T AN B Y I ab—rarEHOTEM L2 CT fBEREME o B R
& . AAPM Task Group 204 Report [ZFL#i SAL TV HBATOMFE R L # b L7-#5 R %
Figure 11 (27”87, % CT #REFEAMN L O #L R AR EL ., Figure 10 & O Table 3 IZ TH EHE 120kV
DHCTHEE LT FERZ MM L7z, Figure 11 L1V, & CT MEFHHIEIC X 2B F AT 7
YRNABEPNSLK B DB EERNEL, BATORBRERLE RO ERNPELZDIT,
CTDI,go(axial FEAM{E 1 & B HA R AR E CTd - 7=, ICRU Report 74 {2 £ 5 &, 0.0 % L O (RA &
LM emiEE 2 oMY 7> P AOERIT 11.2cm &FE#H STV 5 [25], Figure 11 12T,
77 FAED 11.2em IZB T S HBELLEIL, BIATIET 2.46. CTDI go(axial)#EAlivE T 2.80
ThY., TOEEIT 142% T >7-, AAPM Task Group 204 Report T, HITDHFIRLK
Z M T SSDE % ##Ali 4~ 2 BRIZIX 16% R EDREEITHFAT 2 Ll Eh Tnad 4], Zh &
D, RAEEROER 142%bHDICHATEL2HEATHDL B2 HND, LLEXD ., AAPM
Task Group 204 Report IZFE#H SN TW O BATOMEAE T, AV 2 — 22X F v VKO
AAPM Task Group 111 AEIEIZK L THHELFRETH D & WO RR B AMIE L V67,

-23-



3.5 f

® CTDI100{axial)
O  CTDI10O{volume)

30
A TG111{helical)

b e A TG111{volume)
<
~
~ e
25 Jes R AAPM TG 204

Conversionfactor
)
[an]
T

1.0

0-5 1 1 1 L l L 1 L 1 1
4 8 12 16 20 24 28 32 36 40 44

Phantom diameter [cm]

Figure 11 Comparison of conversion factors for each CT dosimetry model. The conversion factors
were calculated using the exponential regression equations obtained for a single tube voltage of

120 kV. The dashed line indicates the conversion factors reported by the AAPM Task Group 204.

-4 -



WAE MR

CTREOHIZ S MEFMIZIB N T, AR Y =2 — A A% v > KN AAPM Task Group 111 JI &
%M SSDE BB OMBERIEICHE 2 2 BIZOVWTE Ty I ab—Ya rEH
T LT,

BT ANBRYI a2l —va T CT MELZERET 2729012, EH XX —H1Edw
EMWT CTEBO 7 7 B — L0 O A FEOERT KL ¥ — K OB SHR &2 0E L,
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