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Objective

To get a more realistic dose estimation for the individual in 

breast tomosynthesis (BT).

1. Investigate the local energy absorption in breasts with 

different amount and distribution of glandular tissue.

2. Use a method for volumetric localization of glandular 

breast tissue from BT data to take the individual amount 

and distribution of glandular tissue into account.
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Mean/average glandular dose (MGD/AGD)

Dance, D. R. et al. (2000, 2009)

Mean glandular dose to the standard breast:

D = K * g * c * s

• K – incident air kerma at the upper surface of the breast

• g – converts the incident air kerma to mean glandular 

dose for the standard breast 

• c – corrects for different breast composition (glandularity)

• s – corrects for different x-ray spectrum



Mean/average glandular dose (MGD/AGD)

Dance, D. R. et al. (2010)

Mean glandular dose to the standard breast for BT:

Single projection: D(θ)= K * g * c * s * t(θ)

Full scan: DT = KT * g * c * s * T

• t(θ) – ’tomo’ factor at projection angle θ

T – ’tomo’ factor for complete examination

K measured at angle 0°but with the tube loading used at angle θ.

KT measured at angle 0°but with the total mAs for the examination.
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Dance, D. R. et al. (2010)

Mean glandular dose to the standard breast for BT:

Single projection: D(θ)= K * g * c * s * t(θ)

Full scan: DT = KT * g * c * s * T

• t(θ) – ’tomo’ factor at projection angle θ

• T – ’tomo’ factor for complete examination

K measured at angle 0°but with the tube loading used at angle θ.

KT measured at angle 0°but with the total mAs for the examination.



Software breast phantom

Software phantom in the form of a compressed breast 

developed at the University of Pennsylvania

Bakic, P. R. et al. (2011)
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8 %: No glandular compartments, only 

ligaments as dense tissue

10 %: 3 different 

distributions 

15 %: 3 different 

distributions 



7 modified phantoms

8 % 10 %     10.2 %     10 % 15 % 15 % 15 %



Monte Carlo simulations

• Projection images generated with PENELOPE

– Breast thickness 6.4 cm, spectrum 30 kV

– Primary images with analytical ray tracing

– Scatter contribution with Monte Carlo

• Scoring of total energy deposition (eV) to glandular tissue



Glandular absorbed dos for 3 phantoms

8 %

10.2 %

15 %0

0.2

0.4

0.6

0.8

1

1.2

6 7 8 9 10 11 12 13 14 15 16

N
o

rm
al

is
e

d
 g

la
n

d
u

la
r

ab
so

rb
ed

 d
o

se
 p

e
r 

m
A

s

Breast phantom glandularity (%)



Glandular absorbed dos for 7 phantoms
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Relative glandular absorbed dose 
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DT = KT * g * c * s * T

- same KT (incident air kerma) per mAs

• g – converts the incident air kerma to mean glandular 

dose for the standard breast 

• s – corrects for different x-ray spectrum

• T – ’tomo’ factor for complete examination
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Dance, D. R. 

et al. (2010)
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DT = KT * g * c * s * T

- same KT (incident air kerma) per mAs

- same g (conversion factor)

- same s (spectrum correction)

- same T (‘tomo’ correction)

 DT proportional to c (glandularity correction)

for the 7 phantoms



c (glandularity correction)

Dance, D. R. et al. (2000)
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Mean/average glandular dose (MGD/AGD)

DT = KT * g * c * s * T

- same KT (incident air kerma) per mAs

- same g (conversion factor)

- same s (spectrum correction)

- same T (‘tomo’ correction)

- same c (glandularity correction)

 DT same for the 7 phantoms
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• No individual estimation of glandularity

• Maybe a large overestimation of glandularities

• No correction for glandular distribution



Dance, D. R. et al. (2000)

Glandularity 40 – 49 years Glandularity 50 – 64 years

No individual estimation of glandularity



Maybe a large overestimation of 

glandularities



No correction for glandular distribution

Continuation of the project:

• Use a method for volumetric localization of glandular 

breast tissue from BT data to take the individual amount 

and distribution of glandular tissue into account.



Tack!


