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Breast Dosimetry 

Dosimetry ????? 

Dance et al, 1980 
MGD = cgs K   

Boone et al, 2004 
MGD = Kiso DgN 

Mammography Cone Beam Breast CT Syncrotron breast CT 

MGD = ???? 
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2D Dosimetry 

3 



where Ei is the energy of the i-th photon which passes through 
the scoring surface S. 
No backscatter from the breast is taken into account in the 
evaluation of Kair.  

2D Breast Dosimetry 
Mean Glandular dose 
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𝑀𝐺𝐷= 𝐺 𝑥 𝐸↓𝑑𝑒𝑝 /𝑓↓𝑔 𝑥 𝑀  

𝐺(𝐸)= 𝑓↓𝑔 𝑥𝜇↓𝑒𝑛 /𝜌 (𝐸)↓𝑔 /𝑓↓𝑔 𝑥𝜇↓𝑒𝑛 /𝜌 (𝐸)↓𝑔 + (1−𝑓↓𝑔 )𝑥𝜇↓𝑒𝑛 /𝜌 (𝐸)↓𝑎   

𝐾↓𝑎𝑖𝑟 = ∑↑▒𝐸↓𝑖 𝑥𝜇↓𝑒𝑛 /𝜌 (𝐸)↓𝑖,𝑎𝑖𝑟  /𝑆  

fg is the breast glandular fraction by mass  
The deposited energy in the breast tissue included the energy 
released by photons at their interaction site in the breast, as 
well as the energy released by electrons produced at the 
photon hit (multiple scatter included).  

The factor G(E), introduced by Boone (1999),  
μen/ρ = the mass energy absorption coefficient.  

𝐷= 𝐸↓𝑑𝑒𝑝 /𝑀  Edep is the energy delivered to the breast tissue (without skin) 
M is the breast mass (without skin) 



-  K (mGy) - > Entrance Surface Air Kerma at the skin surface 
-  DgN or cgs are coefficients obtained from MC simulations. 

Reference values for a single view for a 50/50, 5.2 cm thick breast 
-  USA   3 mGy 
-  Europa  2.5 mGy 

MGD = K DgN (Boone) 
MGD = K cgs (Dance) 

2D Breast Dosimetry 
Mean Glandular dose 
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How to measure 

D. R. Dance, Phys. Med. Biol., vol. 35, pp. 1211–1219, 1980. 
R. van Engen et al., “Addendum on Digital Mammography,” European Guidelines for Quality Assurance in Mammography Screening, 
ch. 3, 1.0 ed. , European Reference Organization for Quality Assured Breast Screening and Diagnostic Services, 2003. 



2D Breast Dosimetry 
Mean Glandular dose 
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2D Breast Dosimetry 
Mean Glandular dose 

7 



From 2D Dosimetry to 3D Dosimetry 
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MGD = Kiso DgNCT     (Boone) 

-  Kiso (mGy) = Kerma measured at the scanner isocenter  
-  DgNCT obtained from MC simulations. 

-  There are no legal reference. The dose reference value is the dose of two view 
mammography 

-  Many authors provided DgNCT coefficients both for monochromatic and polychromatic 
spectra (Boone et al 2004, Thacker and Glick 2004, Sechopoulos et al 2010). Sechopoulos et 
al (2010) tabulated the DgNCT coefficients for the FDA approved and CE marked Koning corp 
prototype (http://koninghealth.com/);  

Cone Beam BCT dosimetry 
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J. M. Boone et al., Med. Phys. 31 (2004) 226−235 
S.C.Thacker and S.J.Glick,  Phys. Med. Biol. 2004, 49: 5433–5444 

Cone Beam BCT dosimetry 
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From 3D Dosimetry  
to 3D Syncrotron Dosimetry 
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Syncrotron Radiation-BCT 
Geometry 

Mettivier et al., PMB 61 (2016) 569-587 12 



Syncrotron Radiation-BCT 
Code validation 

13 Mettivier et al., PMB 61 (2016) 569-587 
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Syncrotron Radiation-BCT 
Dose evaluation 
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𝑀𝐺𝐷= 𝐸𝑑𝑒𝑝/𝑀𝑏𝑟𝑒𝑎𝑠𝑡  

Beam 
90 mm 
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Syncrotron Radiation-BCT 
Dose evaluation 
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𝑀𝐺𝐷= 𝐸𝑑𝑒𝑝/𝑀𝑏𝑟𝑒𝑎𝑠𝑡  
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Syncrotron Radiation-BCT 
Dose evaluation 
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𝑀𝐺𝐷𝑣= 𝑒𝑑𝑒𝑝/𝑚𝑖𝑟𝑟  



Syncrotron Radiation-BCT 
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Mettivier et al., PMB 61 (2016) 569-587 



Syncrotron Radiation-BCT 
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𝑀𝐺𝐷𝑣=𝐾𝑖𝑠𝑜 𝑥 𝐷𝑔𝑁↓𝐶𝑇↑𝑣  



What next ? 
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Code Validation 
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The MC code was validated as suggested in AAPM TG-195.  

Sarno et al., PMB 62 (2017) 306-325. 



Skin thickness influence 
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Sarno et al., PMB 62 (2017) 306-325. 



Skin thickness influence 
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Sarno et al., PMB 62 (2017) 306-325. 



Not homogeneous phantom 
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Sarno et al., PMB 62 (2017) 306-325. 



Bremsstrahlung 
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Sarno et al., PMB 62 (2017) 306-325. 



25 Sarno et al., PMB 62 (2017) N337-N349. 

X-ray incidence angle 



Thank you 
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Prof. Giovanni Mettivier, PhD 

mettivier@na.infn.it 

081676137 
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