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Abstract

For the purpose of early diagnosis of the breast cancer, the attention on the screening
mammography has been increasing with supply of digital mammography day by day. Image
quality is decided by target materials and filter combinations. Optimized selection by a glandular
density and a thickness is needed, because these combinations change x-ray spectrum and effect
to image quality. The purpose of this study is to find out optimized target and filter
combinations through the evaluation of quantitative image quality and to suggest means which
minimize patient dose through MCNPX. In results, spatial frequency resolution evaluation which
is quantitative image quality evaluation method, MTF, NPS, DQE shows that we have to select
Mo/Mo combinations or Mo/Rh combinations when compressed breast is thin. but in case of
that when compressed breast is thick, we have to select Rh/Rh combinations or W/Rh
combinations. In a comprehensive evaluation, W/Rh combinations which are not used in thin
breasts in practice was superior to all image quality evaluation. This result is somewhat
different with clinical examination results. Secondary end point was organ dose evaluation,
radiation dose of opposite breast was approximately 47~73% effectiveness when selecting
standard breast. In conculsion, the most important point is that we have to select the optimal
combinations with considering dose evaluation and various thickness.

B keyword : | Digital Mammography System | MCNPX | Evaluation of Image Quality | Evaluation of Organ Dose |
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Mo/Rh, RivRh, W/Rh)ell Al 77} 53|14 edste] £
o] QQALEAMA E, Bt d e 2 QAR g =
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(MCNPX Ver250, USA)S o433, IRRP &9,
ICRU 9% 7|2 3o % 237119 Z+2} 22 Evlt} o}
o= x#ste] £ A2 44218 MIRDE 9
gy A sge] XHg FRE
geometry S A A5t ZAFSCHFig. 1], Z12]a A7k
7V 28 keV dlFA, SSD 65 cm, EF 3 ZE7HA] A
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kAt 69 (tally) & A8t 29 FFAF
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D= (¢ (potons/em?))/sec x (EMe V/photon) x (1)
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¢ BALE
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Fig. 1. Geometric Structure of the Phantom
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Table 1. Entrance skin exposure in the phantom thickness (unit: R)
IT"";?C%';"S‘:{ 3 om (AVG * SD) 4 om (AVG * SD) 6 om (AVG * SD)
Mo/Mo 0.534 £ 0.001 0.536 £ 0.008 3.0488 + 0.020
Mo/Rh 0.381 * 0.002 0.383 * 0.001 1.17 + 0.001
Rh/Rh 0.352 £ 0.002 0.519 £ 0.006 1.483 £ 0.001
W/Rh 0.141 £ 0.002 0.142 £+ 0.007 0.90 + 0.032

* AVG+SD : Average+Standard deviation

surface dose, EDS) A& W/Rh &< ol=dwiy]
FARSKSE, 4, 6 cm)Al| Al B-HA4% 091, 1.27, 256
mGyE 7P 9 yehgton A EEA %S W/Rh
Z3o] 160, 280, 840 mGy & 7P WA vehyith 2
2 Mo/Mo 239 Fat-i-d 4% 1.56, 2.24, 451 mGy
2 7P E=A vElon, AR ARS A ws)
RO A 450, 820, 2534 mGyE 7Hd A Uevttt
[Table 2].

Table 2. AGD & ESD using acryl phantom

thickness (unit: mGy)

Thick. 3.cm 4 cm 6 cm
Tagel  yop ESD AGD ESD AGD  ESD
[Filter

Mo/Mo 156 450 224 820 451 2534
Mo/Rh  1.35 3.00 1.18 530 400 17.06
Rh/Rh 097 295 130 477 269 14.46
W/Rh 091 1.60 127 280 256 840

ot olex| AHEH

qUA ~HAEY W& 0~28 keV, 7 EZl T} ZH
Z3HMo/Mo, Mo/Rh, Rh/Rh, W/Rh)ellA] ZE F7|
(25, 30, 50 ol WE AFEHS EA519T)

A EYL Mo/Mo 294 Mo ZE| F7H3K25,
30, 50 ol A 0~28 keV ol =] ol A photon fluxS
bl Azfolt). 25 um(Mo) FA A 9] oz 2~ E
2 F ) photon flux 6.06E-09 7/sec, 2t 3] Zo =]
175 keV, HitllU=] 165 keVeltt. 30 mm(Mo)77 ol
2] o photon flux 5.64E-09 7W/sec, | 3] Zol| 4]
175 keV, Bt =] 16,6 keVoltk 50 ym(Mo) 5ol

A H ) photon flux 4.23E-0971/sec, Ht I A=A
175 keV, FitolUA] 170 keVoltHFig. 2].

Mo/Rh Z3¥o|l A& Rh ZE F71(25, 30, 50 gm)ll A
0~28 keV ellv#]olA] photon fluxE el Axfo|tt,
25 mRh)FANA 9] oA ~HE-H-LS ] photon
flux 4.26E-09 7/sec, ) o1 A] 175 keV, H+t
o 4#] 175 keVeltt. 30 mm(Rh)F7llA Z ] photon
flux 370E-09 7/sec, o] T A= 175 keV, Bt
ANIA 176 keVelrt 50 mm(Rh)F714 Zth photon
flux 2.09E-09 7/sec, o] TN A=A 175 keV, Bt
olU=] 180 keVelth

Rh/Rh Zgol & Rh FE F2AHSK25, 30, 50 wm)
o A] 0~28 keV oY= A photon fluxE R Ax}
otk 25 m(Rh)FANA Y] dyA~dERL Huj
photon flux 258E-09 7H/sec, Htf T 2= 20.25
keV, Bitel 7] 183 keVolt}. 30 m(Rh)FA A
9| photon flux 2.34E-09 7/sec, o] I A4 2025
keV, Htoq=] 185 keVoltt. 50 mm(Rh)FH oA =]
] photon flux 1.62E-09 7/sec, #t] 3] Al %] 20.25
keV, HitollUA] 185 keVolth

W/Rh &3}l A= Rh Z¥ 77325, 30, 50 m)ell
A 0~28 keV oAl A photon fluxE LERA Z3}o)
o} 25 mRh)FAAA 9] AUYA~HET A= Hr)
photon flux 2.79E-10 7W/sec, Hth H=ZdIA] 17.25
keV, HtollA] 175 keVelth 30 mRh)F7ol14 #
o] photon flux 250E-107H/sec, Hl 3=l 9=] 18.0
keV, Bitol 2] 17.8 keVolt}. 50 m(Rh)FA oA
o} photon flux 1.80E-10 7ll/sec, H o 3| =l 4#] 180
keV, Hitoll =] 21.75 keVeltHFig. 3].
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Fig. 2. X-ray spectra of Mo/Mo(Mo filter) in the
28 keV electron
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Fig. 3. X-ray spectra of W/Rh(Rh filter) in the
28 keV electron
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Table 3. Organ dose using Mo filter in the system

Organ Absorbed dose(Gy) Dose rate(%)
Breast 3.27E-03~3.75E-03 47.71~56.71
Lung 1.72E-04~6.60E-04 2.51~10.46
Thyroid 2.89E-05~5.45E-05 0.42~0.86

Table 4. Organ dose using Rh filter

in the system

Organ Absorbed dose(Gy) Dose rate(%)
Breast 1.70E-03~1.71E-03 73.89~75.03
Lung 3.04E-04~6.86E-04 13.51~30.52
Thyroid 6.49E-05~7.81E-05 2.88~3.38
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Table 5. Breast absorbed dose rate in the
target/ filter combinations

; ) Absorbed
Filter thickness (Mo) Average energy -
25 im 1.65E-02 5.30E-20

30 m 1.66E-02 4.70E-20

50 um 1.70E-02 3.01E-20
Filter thickness Average eneigy Absorbed
(Rh) dose(Gy)

25 im 1.75E-02 3.25E-20

30 um 1.76E-02 2.77E-20

50 um 1.80E-02 1.51E-20
Filter thickness Average eneigy Absorbed
(Rh) dose(Gy)

25 im 1.83E-02 2.50E-20

30 im 1.85E-02 2.09E-20

50 m 1.91E-02 1.15E-20
Filter thickness Average eneigy Absorbed
(Rh) dose(Gy)

25 im 1.75E-02 2.91E-20

30 um 1.78E-02 2.38E-20

50 um 1.83E-02 1.28E-20
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Table 6. MTF values (unit: Ip/mm)

Target/Filter

(Thickness) St gl e
Mo/Mo 5.18 5.53 473
Mo/Rh 457 4.46 5.51
Rh/Rh 417 3.89 3.69
W/Rh 5.71 6.12 5.61

31t 337}01]"1*‘1 50% MTF 33tikrghe

2 Mo/Mo 232 MR F7 W3k3, 4, 6 cm)ol| Al A}
£ 5.18, 553, 473 Ip/mm, Mo/Rh 2§ 7 3}of| A
457, 446, 551 Ip/mm= Wbt Z12] 3 Rh/Rh 229
< FAWMSI A 417, 3.89, 369 Ip/mm, W/Rh 2%
FARSe| A 571, 612, 561 Ip/mm=Z YERST 18]
v A% A= 3 cmoll A Mo/Mo 23] 7H =
A v em, 4, 6 cmell A& W/Rh &3] 7P =4
et Table 6].

Lt NPS

S 1 Ip/mm oA ok d A o] FA RSt
A NPS A7& Mo/Mo 3 &7 Wsk3, 4, 6
cm)ol Al 2987E-4, 2.245E-4, 5.883E-4, Mo/Rh &2
A3} A 3145E-4, 2521E-4, 5912E-4, Rh/Rh =
e FARSIA  7235E-6, 887BE-6, 6.251E-6,
W/Rh Z32  FAMstA  312E-4, 2.865E4,
5.787TE-4 Aot Table 7]. Z3EZ H& A= 3
4 cmell A Mo/Mo 2%e] 71 viAl YEl o™, 6 cm
o xE= W/Rh &3] 7H¢ A YebstH Table 7).

Table 7. NPS values (unit: mrd)

Target/ffilter

(Thickness) el fom gem
Mo/Mo 2.987E-4  2.245E-4  5883E-4
Mo/Rh 3.145E-4  2521E-4  5.912E-4
Rh/Rh 7.235E-6  8.875E-6  6.251E-6
W/Rh 312564  2.865E-4  5.787E-4

Ct. DQE

T 15 Ip/mmel A DQE Z 3= Mo/Mo %
ko e A W33, 4, 6 cm)oll A 1.37 %, 212 %,
052 %2 uehyton Mo/Rh %3 F7|H 3ol A
1.26 %, 1.73 %, 051 %, Rh/Rh 32 57 H 3}l A
2461 %, 21.23 %, 23.14 %, W/Rh 23S T 3lol A
120 %, 146 %, 542 %= el 12w A3 4

3= Rh/Rh 23] 713 $-478F Ao 2 yehytoy 3
4 cmollAE BT Mo/Mo 28] =4 Yelster 6

emoll A= W/Rh 2g9llA =4 Yyt Table 8.
Table 8. DQE values (unit: %)
Target/Filter
(Thickness) S am & om 6cm
Mo/Mo 1.37 2.12 0.52
Mo/Rh 1.26 1.73 0.51
Rh/Rh 24.61 21.23 23.14
W/Rh 1.20 1.46 5.42

FgEelA el v she] WAL Ake f

W, ol e S E Az F7}
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st gtk 93 A2 AR
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