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bl

st ol g dAEA A Pl E AGDE 3 mGy ©|3tE 7F  standard polymethylmethacrylate (PMMA) & A2}t
Aol uk? ey AAld oz f FA 9 AARY b Standard PMMA RS thoket ghabgulel FAE
o wigl AGD= th2rug 3] 3 mGys HA vk EAE7] AEke] 10 mm F79] HES1EE slab 4702} 5 mm
A g 9 F AFe] Hrhas & g Jick E AFelA 519 slab UHE FAEI Y ekFig. 1).

o o o o]law K Ul T 1
= SHZE AlgdoldE o] &sle] thakdt i A Y > WES 0|23 =X

AR F ol whg H T AL REE FAso] FRIAE =

ZslaAt sk} 1) mAs (BEF - A|ZHQ| ZH: Standard PMMA ] 9]

AGD FA<5 9% 2A=7S ZAs7] $sle] automatic
exposure control (AEC) ZE-gdeoll4 ZAgtt). Standard
PMMA 2 FUAAN A3 3l Sl A4
], A ] kel w3 XA 71k 4 A FHREE

=
T
wa
0
ic3

1. AEEH 7Y

£ ATolAE AGD 24 U ACD 240l Jabe E & & A8 showl, S shhwe 2AAGH YA
A ole) ARsle] 4RAAE Eel7] 918 Table 13}
T AEE 2 AP DA YRR Selenia,

Hologic, Bedford, USA)7} AH-25] 1t} Incident air kerma 2
half value layer (HVL)E Z743%}7] $13 european mammo-
graphic dosimetry protocol¥} IAEACl A A|A]&F 7}o] =g}l
ol CoPell we} 50% glandularityS ZH= 45 mm 7719

Table 1. Specifications of the digital mammography system.

X-ray unit Digital mammography system
X-ray tube target material =~ Molybdenum

X-ray tube fliter material Molybdenum, Rhodium
X-ray tube electrical power 4.1 kW

kV range 20 to 39 kVp
Tube mA range 10/ mA to 100 mA (large focus) Fig. 1. Photograph of a 45 mm thick standard PMMA phantom
10 mA to 30 mA (small focus) S - .. .
. which is comprised of four semicircular slabs of thickness 10
Exposure time range Up to 5 sec

mm and one semicircular slab of thickness 5 mm.

- -
605 mm 605 mm
Compression paddle Compression paddle
45 mm standard
PMMA phantom
45 mrEI: 45 mm:I: I lon chamber
- . - e Fig. 2. Illustrations of experimental
: : set-up for measuring tube loading
160 mm'! (a), and incident air kerma (b).



7] $l3l = ol ZA k] mAs th, Pnsg ;_%X_]J.]_ =3
%74 % mAs Py, P, Pise B3] H T mAs Prawes T
s} o} (Fig. 2a).

2) Incident air kerma &3 : Incident air kerma %85 ¢
3l mAs FA X setup L ZHE WS AA A7 F UIE

of] Zgkg o]-2 A (Radcal 9095, Radcal, Corp., Monrovia,
CAE AXAIZIt 7IE- L 8 AA YN A9 FohAdell
A FHtto 2HE 60 mm "WolA X e}, Atkg o]
= A Aol o3 gk Hadkely] fsle] £
AA N 8 7|EH 2 HE 45 mm el YA A7), Zck
& o] Ao 3 S Sl - AANZTE 45 mm B
o]z X3k shukghol]l WAA| A F=rh(Fig. 2b). Manual =
A BEAdA A% FHHF mAs Prawed TAREY PrE
2Rz 4FE F 3 2A%e] FF FTFAEF Muens
7153k v A (D o] &3le] AEC REA eollA o
T mAs P ™ FT74%F Maos Al

T om o

Mauto = Pll,aulo(Mmean/PIl) (1)
Ki = Mayo * Nig * ko * krp )]
ol 7] 4,

Nig: 2ZBAIF,

ko: quality EA A,

Krp: %“?"2., %E— 57(6]7:“5!“

Ki: AEC X 454] mm standard PMMA 3E-9] incident

air kerma.

AEC REoA 9 AE FFAF Muot A Q= %
HAs Ak & ¥l AL o] A& 20074 3
o] AFoFEAAS B3l LAAF 1.0625 A
o Ad A i x50} ¢4HE FHse] Kns B
o] & WA3lo] incident air kermas A3t}

3) HVL £3: HVL Z3& H3tod, 371 5 We Aks
3 Al ZA(FE

ot ¥ m*" )

o

£

I 99%)°] AAW s e jigs Al
gt} Jige W1 mm FA)E o] gste] fF AR YIS
=4S T de S8 272 AR 34 A A
gl od3ke Fe)r] Y3l S AANZEE 22 100 mm
olZl Stol] o] AW E XA IckFig. 3). WS 34
Al btk I E FA =7, manual 24 REE Z2AE]
Al Hek Al ZEA7E gl wll 7 Hold =A% ¥ Ak
< 7153} dlAE = HVLES Zaste] Al ZHefAle] F7

oletzel : M20d M1S 2009

QT‘

Diaphragm

. Compression paddle

Al attenuators

Jig
—Ion chamber

Breast support

605 mim

300{mm

60 mm

Fig. 3. Illustration of experimental set-up for measuring HVL.

£ Z7HAT 243 Al ZRATE 918 W] 24E gk
o] 1/4 o]at7b v w7kl A5 wWHESh

4) WEO| AGD A&t 45 mm standard PMMA ] €]
AGDE AlAFsl7] $lslo] £33 incident air kermas 2] (3)
ol thdgtet,

DG - CDGBOA’ PMMA ) S ) KVZ. (3)

o]7] A,

Da: AGD,

c gk

D(‘E(J‘I(r./';\/,”:i ]

s : spectral B AF,

Ki: AEC X3} 45 mm standard PMMA phantom?] in-
cident air kerma.

st spectral 2 AT Z targetffilter Zgoll o]l AA =] v

Dance §'Vell <&l B vt giek. ¢, £ 45 mm

G50, K panira

standard PMMA ¥ 9] incident air kermaZXE 50%2
glandularity S Zr+= 50 mm 779 49 AGDE T317]
A3k wgAlol e}k WigkAlF = HVLE o] &3te] ZA=
™, European protocol Voll E.31% n} g},
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1) JIZH0AM X-ray output E&: I 3o HF
AGDE ZAsl7] Slete] 3hak i XAZd A #Ash
mAs, s fHEA, target/filter 2 S5-2 ZAFsIIT
H ATl A= 20079 49, 20081 9L Eek A& AHEA
HdollA A-gg dlolH & g Sslqith

M' Nk,QU ° k?Q b k:TP

Yiey = - )

o171 A,

Yeet: 7157304 9] X-ray output,

M: FTAE,

P: mAs.

Manual 24 2EAE oA 3 SukxABel A 7125
ZAZ7T} S ARG & 7|F- ) ol AHE ¢
A 71k Al W zA k] H 3k M 7153 3 A E
o|&3lo] 7|FH A Xray outputl! Yers =&}

2) &Xtel AGD HlAt: 2219 incident air kerma, Kis 7|

7

Aksl7] 98l =& Xeray outputs o]-&-8keth A (5)¢) o]
Aeloll W X-ray outpure HA gl

a b

=z ) »
o S
s}
<
[e%
>
o
X
480¥pm o
605 mm o
S
2

80 mm _\Compression paddle

45 mm standard

PMMA phantom

somlll N

Breast support

2
Y dp - dref

](i: refl 7 _ 7
N d,—dg

* Pripa (5)
o] 7] A,

dp: tube AT FHF AA N Fw7pA 9] As,
dee: Z7157ACNA G AA N 79 A,

dp: T THOAFE AAN TH7EA 9 A,
Pipa: A XA Z] Al 7155 mAs.

AXFE incident air kermat: 4] (6)ZF o] AAZATE &
8 Rt
DG_ CD(,5(),k L4 D(,WDGSU e S o K; (6)

o1 7] A
: Sk F7lek HVL kol olgh kA,
DGBU.kl
D Dy st §uke] FA9} glandularityol] w2 ¥
A,

s: spectral 1A A,
K;: incident air kerma
Dg: H2Fe] AGD

Dance'Vol] 93 H1=|9)c}.

4 (02 HEAFES

80,000
Energy spectra
70,000 - fAnode material: Mo
IEFiIter material: Be (1.00 mm)
Mo (0.03 mm)

60,000
tube votage in kVp: 26 kVp

50,000
40,000 ~
30,000
20,000

10,000 -

0

10 15 20 25 30
Photon energy (keV)

0 5

Fig. 4. The model used in the Monte Carlo calculations, showing the geometric configuration for simulating the irradiation of the

breast phantom (a), and X-ray spectra (b).

_24_



4. Simulation

\'mﬁfi.g

[e)

HAEH S 535t ASAHER
Asl7] flsle] #5H olyA] 2HERS 05
A 2% photonse A&t ch(Fig. 4a). A SEE
A 84S o7 Slste] ALY YAZE A% 5
9 71skehd A4 WS o] &gk b AR o) 2 HE
23472 9] Aels 605 mmol™ FA beam - ] £
w3} 2ot} 2L isotropic point source©] ™, solid an-
gle® 2o ZHE] 480 mm A ol|A] HEA]Eo] 80 mmS
Z+= half cone® 2] X-ray beam 22 A|AFE] Ao} (Fig. 4b).

i XAZd Al shitle XA ZAoF ol E3hEH,
AA 8 Al whel XA e E AGD 34 Al 43
= 7 JouF ubRo] BAE oo} strh BAE ghHttE
2 mm FAE, AL Table 29} 7t}

2) Standard breast 2AF: AGDS} 1
Aol ARPA E4E 8 ZAR AL Dance 57

3

5
mm, 77 45 mmE 2= HHIEH R Theu Gl
AkzA T} FAzH ] 50: 5008 E3tEoe] glon 5
mm 7] 100% AWzZ o Z F#ste] rhFig. SA).
WA Bl A kI ABaAl £4 $1ste] standard

Table 2. Elemental composition and density of compression
paddle.

H C o

Density [g/cm’]
(% by mass) vl

5.566 79.25 15.09 1.20

45 mm

oletzel : M20d M1S 2009

breast HE Y FAE 1 cmPEE] 10 ecm7FA] 1 em® 2714
710 2AAch 7heul el glandularitys 0%5-E]
100%742] 2.5%4 S7HAIA7I ARBAE 43 *
g AA A vz, J7HE 8] Slste] AE 200 mm,
F7) 45 mme] ¥F) 53 PMMA HElS 2ACH(Fig. SB).

Z

AEC B EolA 45 mm 779 standard PMMA &S o]
£33l ZA 3t incident air kermat 8.45 mGyE ZHE 9
t}. Digital mammography system®] ZAFZ7 29 kV, 55 mAs
Y ufl interpolated HVLE 0.37 mm Al 2 374 = 9 vh(Fig.
6). Al 2752 A 142 Folv=dl Z a3t Al ZHokA
o] FAS Al 1= X2 A oH o 29 kV, 55 mAsY
] Ase 142 Fol=dl o3 Al kA e FA& 077
mmAlZ F3Egom, Al 287152 040 mmAIZ Al4HE

10
Test environment
_ -29 kV, dd mAs

Dosimeter reading (mGy)

1

T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 1.0
Filter thickness (mmAl)

Fig. 6. Attenuation curve for the 1st HVL and d1/4 which is
determined by measuring x-ray transmission as function of
attenuator thickness.

45 mm

Fig. 5. The model used in the Monte Carlo calculations, showing a schematic diagram of the standard breast phantom, showing the
positions of the central and adipose regions (a) and the PMMA phantom (b).
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g5l 2l 401 B RS SFUYO EFS L QY FH, AR QAN A 224
Table 3. Evaluation of x-ray beam qualities.
Tube voltage 1* HVL 2" HVL Homogeneity IEC 1% HVL Abs. dif of Meas./IEC
[kV] [mmAl] [mmAl] coefficient [mmAl] 1" HVL [mmAl] 1" HVL ratio
25 0.32 0.38 0.84 0.28 0.04 1.14
28 0.36 0.40 0.90 0.31 0.05 1.16
30 0.38 0.40 0.95 0.33 0.05 1.15
Table 4. The corresponding X-ray tube output at the reference point Yier.
. . . Yref
Tube voltage [kV]  Tube loading, PIt [mAe+s] Dosimeter readings, [nGy] HVL [mmAl] ko [mGy*(m A°s)7]]
25 55 5.00 0.32 1.03 0.10
28 55 7.22 0.36 1.03 0.14
30 55 8.87 0.38 1.01 0.17

Table 5. Comparison of the measured AGD and the
simulated AGD.

Thickness of PMMA Measured Simulated
phantom [mm] AGD [mGy] AGD [mGy]
45 1.70 1.60
35 1.24 1.30
25 0.75 0.70

9l t}. Homogeneity coefficient= A 14F713=3} A 26E7)229]
HlZ AolEw, 0932 A4k glek(Table 3). 4 3)& °l&
slo] AAEEl AEC 2E3} 45 mm 77¢] standard PMMA
el 9] AGDE 1.70 mGyE A= e},

959 84 el o etel AGD AL A AE
ZollA] X-ray tube output-> Table 49} 7t} A A Nio)
T 1.06, quality B AITkoE 25, 28, 30 kv uff Z+7+
1.03, 1.03, 1.02& =l om, b &5 HAAFKm)w
A Al 719k 1019 kPa, &% 233°CE ZA = 7] 0.99
2 A

H ol oA+ 2007 49, 2008 9¥E<k Al
2 WA dlo|e & B 53k ddellA e i x4
A AT AECERE 3lollA F3ixlojziet. B Ao A&
% digital mammography system-< 30 kVpo]-HE| filter7}
Rho & 7-g5ix| = olon, 714l el gt st
ZHe] AGDE aLEekA %Sk

S35 dlele ¢} /‘lﬁﬂﬂ"]‘d dlolel& u|aLslr] flshe]
AA Ay H7E 27102 HVL F4 o] A= g} 29
kV, 55 mAsE ZAERow, shitks adE {A3 A

=
L=
2

Al ZEAE F7HAA7P HVLEAR S EAsIch AAl
Z4 5 interpolated HVLS 0.37 mmAle|w, A]l&do] A%
interpolated HVL-Z 0.35 mmAlC & ZA =] ¢t}

AR Aga v, J7HE 87 fsted AF 200 mm, F
7l 45 mme) standard PMMA &g R Asto] AGDE &4
stttk PMMA FE ] FA S 45, 35, 25 mmZ ZH4A]7
7FHAGDE FAste] vl sl AAl A8 AEC R=
sloll A z=AE gl 45, 35, 25 mme] F75 Z+= PMMA
M- AEC R alollA] Z+7F 30, 28, 25 kVE ZAE O
™, incident air kermat 57.30, 43.86, 40.36 mGy&E ZA |
gt} o]F £ AA=El AGDE 247 1.70, 1.24, 0.75 mGy
olr, AlEdlo]dE AGDE 1.60, 1.30, 0.70 mGyE A4S
i cH(Table 5).

Algdlo]l s AGDS 1 A 15l Akt
BAEL 98 AE 160 mm, 77 45 mmE Z+
9] standard breast H®lo] RALE]Qlt}. Standard breast
A9] glandularityE 0% (100% AWZ3), 50% (50% -+4
, 50% AWrzA) 100% (100% FAzZ2H)Z AAs) L,
o FAE 1 em®PE 10 em7bA 1 em® F7HAIA 7}
7¢] AGDE A4FsFIch(Fig. 7). Glandularity 50%
e 2, 4, 6, 8 cm FAo1A41 9] AGDE 1.18, 1.25,
1.37, 1.47 mGy= A= e}

45 mm standard breast & 2] 7}-2d] g9 glandularity
£ 0%l 1009744 2.5%% S7HAA7 ZRBAE &+
Agict AlEdol A 3t ZAZZIE 29 kV, 55 mAsE
2AE| 9} Glandularity7} 0, 20, 40, 60, 80, 100% <%
AGDE 124, 1.34, 148, 1.62, 1.80, 2.05 mGy & Z+7} A4t

b

oX

e g

=

E

£ o

N

et}

M 2O N & o
—r

NN

1
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1.8 1
—— 100% adipose tissue

S 174 —* 50% glandular tissue+50% adipose tissue
©] —— 100% glandular tissue
£ 1.6
[0]
8 1.5+
©
& 1.4
>
2
E 13 7
(o)}
S 1.2
(]
= 1.1

10 T T T T T T T T T T 1

0 2 4 6 8 10

Compressed breast thickness (mm)

Fig. 7. Simulated AGD for different compressed breast thick-
ness.

50

Mean glandular dose (mG

1.1 1 o 45 mm thickness breast

1-0 T T T T T T T T T T
0 20 40 60 80 100

Fraction of glandular tissue (%)

Fig. 8. Estimates of the AGD for different glandularity.

9 c}(Fig. 8).

K
Mk

i xAZd Al gkt XA Z2AoF Yol E3hEw,
% | XA A EA F ofTiEke] dRE
X A4, AGD 334 Al
Holuh AlEdlo]d AeY A

oof gt} B ool A= A A&
dlo] g stazr Agol Add shutde] AA 9 FAE
o, zA ok Yol £3HAAH EAS3IEE AGD AlikE 93]
ZA% Wb IS AR E kvpell digk 43 54

g o)

oletzel : M20d M1S 2009

= Yeble AZEA QoA AEE = kVpE o] &34
Sk Fakg A%l dietel ZAselch A4S B
Fo & oS v X, incident air kermaZHE] A==
AGD+ HVLol| e} 2ehA]7] ufFoll HVL 42 digital
mammography system®] AGDE ZAAsl=d| T3+ 247}
b v 5d A Part 9000 8= e ) XAZ
< 77774 (MQSA, mammography quality standards act)
oA = Mo =E Mo-W alloy target®] 73-% 30 kVpollA <]
HVLE 2|4 03 mmAIZ Al Ik 2 odoll A4
= system®] A 19712 30 kVY w 0.38 mmAlS & =7
o] qrefe] =7s FHAZ . Al 29 A%e 14
2 Zolsul otk AleA FAL Al 1M1 A2
AoE™ 0.40 mmAlZ Z4 =9 tl. Homogeneity coefficient
A 1R A 207129 v Zelse 0sE A
]9t} Homogeneity coefficient+ X-ray A#FEHO] &
et AEE 0ollA 17h 22 AXtEm, ghe] S5 F
< ZHERS vekdih Zgk WA elA 22% homoge-
neity coefficient= 0.7~0.97} ) & odol|A Z4 % ho-
mogeneity coefficient= 27} £ ZAF o, o]:= HVL
o] IECAlA AAste ghhet A SAEA7] witolch
A4 54 AREE FHAII7 S8l dbE 03~04
mmAl equivalent®] A<l ek 735 oUR] RAZE
elste Aol Fesi

B ool A= 20079 49, 2008 9UEQk A1 Al
2 W holA] 2] FF XAEodoll tigt dlolHE ¥
AA AR R case®] AGDE T Al EFF
of gl AFoorEckdAd zelx 3o dwAdteld
ol FAsE Y& 3 mGy o|stE ZAHH ) 2=71H 9l

Nl iyecy

-

sholelat 918l e Analole] AAel ol Ao
WAL SABIS ol AFE S GAAT FUhA

ard §9F M2 FAE 1 emPE 10 emZHA] 1 em® Z7}
A71¥] AGDE AR Azt A2 Z7bol v} AGD
ol ARA R 2

AeTH A5 A3bagel el F27ke] F5 Aol
t zFobd IAA g Yk 3 ARk
2 oA EES UF % ozt Aol 5)%
ZHAZIAl "t o] & FH4dbelr] eliA i XAE
e A e AarstAl shite s Abek
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T ek el
Eo] FXof glof ~
<= o4 A A%
XA&ed A gAke t}. ofol] A3
A SR aEE Has o] gt}
AlEd|o] A4 standard breast T Q] 7Hg-vl] d Aol glan-
dularity S 0%+-E1 100%7HA] 2.5%% Z7HA1A 749 AGDE
ARFstgiel. Glandularity7} 571845 AGDE AR Z o0&
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Standardization of the Method of Measuring Average Glandular Dose
(AGD) and Evaluation of the Breast Composition and
Thickness for AGD

Hye-Suk Park, Hee-Joung Kim, Chang-Lae Lee, Hyo-Min Cho, A-Ram Yu

Department of Radiological Science, College of Health Science and
Research Institute of Health Science, Yonsei University, Wonju, Korea

Breast cancer is the most common form of cancer among korean woman. Therefore, the early detection activities
of breast cancer such as breast self-examinations, clinical breast examinations, mammography are important.
A yearly mammography examination has been recommended for women aged 40 and older for the early detection
of breast cancer in asymptomatic periods. However, the glandular tissue of breast is the most radiation—sensitive
tissue, and the determination of average glandular dose (AGD) forms an important part of the quality control
of the mammographic systems. Because of the difficulty of estimating AGD directly, it is often estimated from
the measurements of the incident air kerma and by applying the appropriate conversion factors. The primary
objective of this study was to standardize the method of measuring AGD. The secondary objective was to evaluate
the relationships between AGD per various composition and thickness of the breast using Monte Carlo simulations.
As a result, we standardized the method of measuring AGD according to International Atomic Energy Agency
(IAEA) guidelines (CoP: an international code of practice). Overall, AGD for mammographic practice in Korea
was less than 3.0 mGy recommended by the Korea Food and Drug Adminstration (KFDA) protocol, and Korean
Institute for Accreditation of Medical Image (KIAMI). The measured and simulated AGD for a given condition
were calculated as 1.7 and 1.6 mGy, respectively. For the AGDs obtained, there was no significant difference
between them. The simulated AGD was dependent on the fraction of glandular tissue of the breast. The AGD
increases with increasing of the breast glandularity due to increasing absorption of low energy photons. The AGD
also increases as a function of breast thickness. In conclusion, the results of this study could be used as a
baseline to establish a reference level of radiation dose in mammography.

Key Words: Mammography, AGD, Glandularity, Breast thickness
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