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Monte Carlo simulation research started in Naples in 1990 (A. Del 

Guerra and P. Russo)

1994: EGS4 Course held in 
Capri (fist time outside North 
America) 
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Recent genesis: 3D breast CT - first prototype in Europe in 2008

8 degrees of freedom step-motor drives

Microfocus X-ray tube (80 kV, 0.5 mA)

Breast dedicated CT and SPECT imaging

Prof. John Boone inaugurates the new 

BCT prototype in Sep 2009
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Geant4 for scatter correction in breast CT

Mettivier, G., Russo, P., Lanconelli, N., & Meo, S. L. (2010). Evaluation of scattering in cone-beam breast computed tomography: a Monte Carlo and experimental phantom study. IEEE 

Transactions on Nuclear Science, 57(5), 2510-2517.

Mettivier G, Lanconelli N, Meo SL & Russo, P. (2012). Scatter correction in cone-beam breast computed tomography: simulations and experiments. IEEE Transactions on Nuclear 

Science, 59(5), 2008-2019.
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Geant4 for dose distribution assessment in x-ray breast imaging

Lanconelli N, Mettivier G, Meo SL & Russo, P. (2013). Investigation of the dose distribution for a cone beam CT system dedicated to breast imaging. Physica Medica, 29(4), 379-387.
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New technologies requires new models: partial breast irradiation with a 

synchotron radiation beam

SYRMA-CT/SYRMA3D INFN national project

𝑀𝐺𝐷 =
𝐸𝑀
𝑀

𝑀𝐺𝐷𝑡 =
𝐸𝑀
𝑚

𝑀𝐺𝐷𝑉 =
𝐸𝑚
𝑚

Mettivier, G., Fedon, C., Di Lillo, F., Longo, R., Sarno, A., Tromba, G., & Russo, P. (2015). Glandular dose in breast computed tomography with synchrotron radiation. Physics in 

Medicine & Biology, 61(2), 569.



IV Geant4 International User Conference 2022, 24 - 26 October 2022, Napoli (Italy) 12

The case of spot mammography dosimetry: a European collaboration

Sarno, A., Dance, D. R., Van Engen, R. E., Young, K. C., Russo, P., Di Lillo, F., ... & Sechopoulos, I. (2017). A Monte Carlo model for mean glandular dose evaluation in spot 

compression mammography. Medical physics, 44(7), 3848-3860.
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Adoption of a new skin model for mammography dosimetry

Sarno, A., Mettivier, G., Di Lillo, F., & Russo, P. (2016). A Monte Carlo study of monoenergetic and polyenergetic normalized glandular dose (DgN) coefficients in 

mammography. Physics in Medicine & Biology, 62(1), 306.

Breast CT for finer

skin model: 1.45 mm 

thick instead of the 

supposed 4-5 mm

Shi L et al. "Skin thickness measurements using high‐resolution flat‐panel cone‐beam dedicated breast 

CT." Med Phys 40.3 (2013): 031913.

Huang S‐Y et al. "The effect of skin thickness determined using breast CT on mammographic 

dosimetry." Med Phys 35.4 (2008): 1199-1206.
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Recalculation of dose conversion coefficients in DM and DBT

Sarno A et al. "Monte Carlo calculation of monoenergetic and polyenergetic DgN coefficients for mean glandular dose estimates in mammography using a homogeneous breast

model." Phys Med Biol 64.12 (2019): 125012.

Sarno A et al. "Normalized glandular dose coefficients for digital breast tomosynthesis systems with a homogeneous breast model." Phys Med Biol 66.6 (2021): 065024.
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Homogeneous vs. non-homogeneous models in x-ray breast imaging

Sarno A et al. "Dataset of patient‐derived digital breast phantoms for in silico studies in breast computed tomography, digital breast tomosynthesis, and digital mammography." Medical

Physics 48.5 (2021): 2682-2693; Dataset available on zenodo.org, https://doi.org/10.5281/zenodo.4529852 and https://doi.org/10.5281/zenodo.4515360

Sarno A et al. "Comparisons of glandular breast dose between digital mammography, tomosynthesis and breast CT based on anthropomorphic patient-derived breast phantoms." Physica

Medica 97 (2022): 50-58.
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Is a new paradigm necessary in x-ray breast imaging dosimetry?

Sarno A et al. "Homogeneous vs. patient specific breast models for Monte Carlo evaluation of mean glandular dose in mammography." Physica Medica 51 (2018): 56-63.

Sarno A et al. "Comparisons of glandular breast dose between digital mammography, tomosynthesis and breast CT based on anthropomorphic patient-derived breast

phantoms." Physica Medica 97 (2022): 50-58

Sarno A et al. "Monte Carlo evaluation of glandular dose in cone-beam X-ray computed tomography dedicated to the breast: Homogeneous and heterogeneous breast

models." Physica Medica 51 (2018): 99-107.
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Kilovoltage rotational breast radiotherapy: innovative approach at low 

photon energy  

Buonanno F. et al. "Rotational radiotherapy of breast cancer with polyenergetic kilovoltage X-ray beams: An experimental and Monte Carlo phantom study." Phys Med 62 (2019): 63-72.

MC simulation and experimental validation at 300 kV of a technique initially proposed by J. Boone 2012  
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Virtual clinical trials in x-ray breast imaging: the AGATA project

di Franco F et al (2020). GEANT4 Monte Carlo simulations for virtual clinical trials in breast X-ray imaging: Proof of concept. Physica Medica, 74, 133-142.

Sarno A et al. "Advanced Monte Carlo application for in-silico clinical trials in X-ray breast imaging." IWBI2020. Vol. 11513. SPIE, 2020.

*Further details in the presentation that will be taken by A. Sarno “Noise in accelerated in-silico x-ray breast images: impact on the breast anatomy and the detector”, Monday, Sess II

Digital phantom Energy window: 1-80 keV Energy window: 10-50 keV
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New models for dosimetry in CT: 3D optical scanning for personalized

dose estimates before the CT scan

Male adult

Female adult

Tube spectrum Brain Eyeballs dose Lens dose
Pituitary gland 

dose

80 kV +0.8 -7.4 -10.2 +4.9

100 kV -2.7 -9.2 -13.1 -0.7

120 kV -4.5 -10.0 -12.2 -4.1

135 kV -5.1 -9.9 -13.7 -4.9

Tube spectrum Brain Eyeballs dose Lens dose
Pituitary gland 

dose

80 kV +17.9 +8.9 +4.7 +20.4

100 kV +36.3 +30.8 +28.2 +38.0

120 kV +22.2 +17.6 +14.9 +23.3

135 kV +24.4 +16.8 +3.0 +6.6

Relative discrepancies between 

standard and customized phantoms

*Further details in the presentation that will be taken by F.S. Maddaloni “Geant4 Monte Carlo simulations for size specific organ dose estimates in CT based on patient silhouette and 
voxelilzed phantoms”, Monday, Sess II
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X-ray flash radiotherapy: simulation of beam production for the new 

BriXSino high brilliance source 
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Photon energy (MeV)

Integrated air kerma rate: 38.4 Gy/s 

(40 cm diameter field at 100 cm SSD)

estimate for 5 mA, 1 mm electron beam (10 MeV)

incident on 2 mm W target + 1 mm Cu layer

Temperature over the time: Max target temperature (1200 °C)

for 10^9 electrons/pulse at 100 Hz

*Further details in the presentation “Monte Carlo optimization of the target configuration for bremsstrahlung x-ray production in flash radiotherapy”, Tuesday, Sess IV
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Welcome in Napoli and have an amazing conference!!!


