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Monte Carlo Simulation-Based Mammographic Anti-Scatter Grids to Evaluate
Performance of Digital Mammography Detector

Yeji Kim"?-Hyejin Jo'?-Yongsu Yoon*?
Y Department of Multidisciplinary Radiological Science, The Graduate School of Dongseo University
2Center for Radiological Environment & Health Science, Dongseo University
% Department of Radiological Science, Dongseo University

Abstract In Recent years, there has been a noticeable increase in the global incidence of breast cancer, with approx-
imately 2.3 million cases of female breast cancer reported worldwide in 2020. Numerous studies are currently underway
to enhance the accuracy of breast cancer diagnosis through the development of digital mammography detectors. This
study aims to create Monte Carlo simulation-based mammographic anti-scatter grids and investigate their utility in evaluat-
ing the performance of digital mammography detector. Two types of mammographic anti-scatter grids, MAM-CP and
Senographe 600T HF, were created using Monte Carlo simulation software (MCNPX 2.7.0), with grid ratios of 3.7:1 and
5:1, respectively, The grid physical characteristics (sensitivity, exposure factor, contrast improvement ratio) were calculated
based on the KS C IEC60627 in the simulations using two X-ray qualities, RQA-M2 (28 kVp) and MW4 (35kVp). As the
X-ray tube voltage increased from 28kVp to 35kVp, sensitivity and exposure factor exhibited a decreasing trend, while
contrast improvement ratio demonstrated an increasing trend., With an increase in grid ratio from 3.7:1 to 5:1, all phys-
ical characteristics showed an upward trend. Our results were consistent with a previous study that conducted measure-
ments of physical properties using a real phantom. However, the pattern of change in the contrast improvement ratio
with X-ray tube voltage differed from the previous study.
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) g AREA AlA a=l=9] AT 2AF AlEY0)A
o= MCNPX 2.7.0 (Los Alamos National Laboratory,
Los Alamos, NM, USAVE AMSSI9Ic), ZAlol Akgah XA
AL 237 RQA-M29} MWAE ARgSI3ct 72+ A4
oJ&s AHEH O SRS-78 for continuous X—ray spectrum
(IPEM, York, UK)® SEat0] ARgalich1i].
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9] A% 18j= MAM-CP(Transworld, Charlotte, NC)<}
Senographe 600T HF(GE Medical Systems, Milwaukee,
Wis)©] AleK(Table 1)< FaLslgitt,. MAM-CPi= 12|= H]
7} 3.7:1, 28 UL} 441p/em, EXF E-o] Exfjo]H,
600T= 18)= v7h 50 1, 22]= Uer} 311p/em, 7+ &4
o] A= =] Uk

Table 1, Specifications of anti-scatter grids for mammography

Specification MAM-CP 600T
Grid type Linear Linear
Grid ratio 3.7 5
Interspace material Wood Fiber
Septa material Lead Lead
Septa height (mm) 0.7 1.5
Septa thickness (mm) 0.03 0.016
Distance between septa (mm) 0.19 0.3
Strip frequency (cm™) 44 31
Lead content (mg/cm’) 108 86

-

3. AtZer ME

= Aol ARG XA B FHES AARIA ARSE
= RQA-M2 (28 kVp)2} MW4 (35 kVp) 2 7+ A1Zlo] AH1=
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7k Ao XA A& AEEYL Fig, 13 At

Table 2, X-ray quality parameters from Monte Carlo simulation

Parameters RQA-M2 Mw4
Target Mo \4
Filter (thickness) Mo (30 um) Rh (50 um)
Tube Potential (kVp) 28 35
Additional Filter (mmaAl) 2 2
Half-value Layer (mmAl) 0.6 0.92
15000
—— RQA-M2
- —- MW4 -
/s e » \
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Fig. 1. X-ray spectra calculated using Monte Carlo simulation
(SRS-78)

1) E8j2dl (Molybdenum)
2) "2Hl (Tungsten)
3) 2% (Rhodium)
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Fig. 2, Geometry of the narrow-beam and broad-beam on the
simulation (X-Z direction)
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Fig. 3. The cross-section of (a) MAM-CP and (b) 600T (X-Z
direction)
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*28kVp: RQA-M2  ** 35kVp: MW4

Fig. 4, Change in grid performance per energy and grid ratio
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Table 3, Results of grid physical characteristics testing on the simulation

&id ratio ?electivity () ] Exposure factor (B) Contrast improvement ratio (K)
28 kVp 35kVp 28 kVp 35kVp 28 kVp 35kVp
MAM-CP Calculation 4,623 4,348 1.800 1.796 1.441 1.453
3.7:1 Normalization 0.817 0.768 0.939 0.957 0.957 0.965
600T Calculation 5.658 5,026 1.876 1.836 1.501 1.505
5:1 Normalization 1,000 0.888 1.000 0.979 0.997 1.000
* 28 kVp: RQA-M2 ** 35 kVp: MW4
Table 4, Results of grid sensitivity calculated from the previous study[15]
Grid ratio Seiectivy (2)
60 kV N kV 120KV
4:1 3.69 2,33 2,09
6:1 7.02 3.48 2,92
8:1 11.09 4,82 3.65

Table 5, Results of exposure factors and contrast improvement factors calculated from the previous study[12]

Phantom

Exposure factor (B)

Contrast improvement ratio (K)

) Grid ratio
thickness  (cm) 25KkVp 35KkVp 25 KVp 35 KkVp
3.7:1 2.10 1.97 1.25 1.20
’ 51 2.41 2,11 1,22 1.20
3.7:1 2.86 2,44 1.43 1.80
® 5:1 3.66 2,50 1.42 1.66
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