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Mean Glandular Dose (MGD)
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Mean Glandular Dose (MGD)

Energy Deposited: Glandular Tissue

—l Skin
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Monte Carlo simulation




Previous Estimations:

64% thinner

Credits: Boone & Hernandez 1316, AAPM. “Changing
Perceptions and Updated Methods for Mammography

”

Dosimetr

Current Measures:




Objectives

Adapt MC
Code

e Geometry
e MGD calculus

e MGD X Skin Models
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Methodology

« PENELOPE (2014) + penEasy (2015) iati ’

Beam Parameters: nw air

* Monoenergetic (8 - 60 keV)
. Polyenergetic (22 - 35 kV)Z IS

* Mo ( Mo-Rh ) Anti-scatter grid

\ upport/compression
* Rh (Rh) detector paddles

. W (Rh-Al-Ag)

*X-ray spectra from Hernandez et al (2014)



Methodology

Breast Model*

et=2cm-8cm

* Glandularity (f;) = 1%-100%

*Compositions from Hammerstein et al 1979




Methodology

Breast Model*
et=2cm-8cm

* Glandularity (f,) = 1%-100%

Skin shielding Models

. 5 mm adipose;

II. 4 mm skin;

1. 1,45 mm skin;

IV. 1,45 mm skin + 2 mm adipose;

V. 1,45 mm skin + 3,55 mm adipose;

*Compositions from Hammerstein et al 1979




Mean Glandular Dose (MGD)

Fot T wp@, N 3 sty g,.f "

Mohte Ca‘rlo Slmulatlo: 1S

How do we separate the deposited
energy between tissues?

enEasy: E
Skin PENERRY: Pavg

Homogeneous Glandular-
Adipose Tissue Mixture

Adipose
Tissue



Mean Glandular Dose (MGD)

Simulaﬁon Ends:

Return Egland

Random sampling ¢ [0.1[
MGD - Egland

Mass X fg

Egland: Egland + dE




Code modifications...

' ]

OFF STATUS (ON or OFF)

1 DETECTION MATERIAL

8.50 GLANDULAR TISSUE PROPORTION (MUST BE FROM © TO 1
8.5 RELATIVE UNCERTAINTY (%) REQUESTED

END OF EDP SECTION]

SECTION ION CHAMBER ENERGY DEPOSITION v.2816-11-21]

OFF STATUS (ON or OFF)
3 DETECTION MATERIAL
8.8 RELATIVE UNCERTAINTY (%) REQUESTED

END OF EDP SECTION]

W Air Kerma from Primary
Photons

~40.000 simulations




Automatization with Python™

Windows/Linux full compatibility

User Input

Mono/Poly;

Energy Range/Anode Filter;
Breast Thickness range;

Parallel Simulations

List of Simulations Qi

o
N

Breast Composition;
Skin Model;
Detector Type;
« Antiscatter Grid Model;
« etc

~40.000 simulations

Return Data

Data Collection
and saving




Automatization with Python™

Mone | Poly

Beam Energy (keV)
Min Max Steps

b_Effeo [l 2

penEasyMam V. 0.0.1
Grid Type Breast Thickness (cm)
Ideal 2
Linear 4
Cellular 6
None 8

Detector Type Skin Maodel

Ideal 4 mm Skin

CR 5 mm Adipose

DR 1.45mm 5 2Zmm A
1.45 mm Skin

Glandularity List
‘ 0.01 - |

Generate List |

Simulation Parameters
Mumber of Histories

| |
Simulation Time

| |
Number of Processors

| |
Desired Uncertainty (%)

Mono | Paly |

Tube Potential (kv)
Min Max Steps

(22 [2][k2 [2][1 ]2

Anode/Filter

Mo/Mo Mo/Rh
Rh/Rh
W/Rh WAl W/Ag

penEasyMam V. 0.0.1
Grid Type Breast Thickness (cm)
Ideal 2
Linear 4
Cellular b
None 8

Detector Type Skin Model

Ideal 4 mm Skin

CR 5 mm Adipose

DR 1.45mm S 2mm A
1.45 mm Skin

Glandularity List
‘ 0.01 - |

Generate List |

Simulation Parameters
Mumber of Histories

| |
Simulation Time

| |
Mumber of Processors

| |
Desired Uncertainty (%)

Processor i7 7700 3.6 Ghz

3-10 min/simulation - Uncertainty (1o - 0.25%)
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Efhist (eV)

Results - Code Validation

AAPM - Report 195 (2015)

Mean Deposited Breast Energy per history

4714 4697

4000 +

3000 +

2000 +

1000 A

D_

I This Work
[ Report-195

4309 4293

Monoenergetic (16,8 keV)

Polyenergetic (Mo/Mo) 28 keV

DGM/hist (mGy) x 10~15

<1%

Mean Glandular Dose per history

1682 1670

1600 A

1400 +

1200 A

1000 -

800

600 -

Monoenergetic (16,8 keV)

1536

I This work
[ Report-195

1525

Polyenergetic (Mo/Mo) 28 keV

()



Results - Code Validation
<4%

x107°
24
= 1.45 mm skin thicknessl
Q 20 « 5 cm thick;
c 5 cm breast thickness 5 .
= 16 20% Glandular * 20% fy;
O I
= Total * 1.45 mm skin
212 AN | :
o et —_—
]
o . ~
a / Secondary radiation
O 414+ ~
= Primary radiation
0 £+ - - - : . :

10 20 30 40 50 60 70 80

a) Incident photon energy, E (keV)




Results: Skin shielding models

MGD per history (mGy)/Hist

Monoenergetic Beam

1% f,

100% £,

e L R

—— (1) 5 mm adipose

= (Il) 4 mm skin

— (lll) 1.45 mm skin

— (IV) .45 mm S. + 2 mm A.
(V) 1.45 mm S. + 3.55 mm A.
2cm
-==- 8cm

x10712 S~
h— (1) 5 mm adipose
—— (Il) 4 mm skin
] — (ll) 1.45 mm skin o 4
— (IV) 1.45mm S. + 2 mm A. T
~— (V) 1.45 mm S. + 3.55 mm A. ,;
34 — 2cm 3 5.
E
e
o
4
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o
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Results: Skin shielding models

Monoenergetic Beam - Depth Dose 18 keV 20% fg

xl(}_u x10-12
—— 5mm adipose

—— 4mm skin

—— 1.45mm skin

— 1.45mm S + 2mm A
— 1.45mm S + 3.55mm A

o
o

5mm adipose

4mm skin

1.45mm skin
1.45mm S + 2Zmm A
1.45mm S + 3.55mm A

-~

w
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o
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Glandular Dose per history (mGy)
Glandular Dose per history (mGy)
P
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Results: Skin shielding models

nMGD

- [ 5 mm adipose e
. -
0.7 -7 - 4 mm skin 5 ’,:5;
. T . f’ ’
1 5? - 0.25{ HE 1.45 mm skin 1 A :}; y
0 { B 1.45mm S 2mm A o
T e mm 1.45mm S 3.55mm A /:;-;‘J:e" o
- -+
C'ﬁ 7 ’," ”" ',#a-“‘ —— Mo/Mo ”:-;‘,':’, "fr
,n‘ ',.-.u' A 0.204 -—— W/Ag ’,:;,'f:,"’,,
f’ ",ﬂ-“ o ’,:55:'d ".r
" E ‘I‘;’J’ "
0.5 < g c v
»#° [ 5 mm adipose o
’ HE 4 mm skin 0.15 - /a’
36(y Bl 1.45 mm skin Ve
0.4 1 0 mm 1.45mm S 2mm A 34%
B 1.45mm S 3.55mm A
— Mo/Mo 0.10 4
--— W/Ag
0.3

025 0.30 035 040 045 050 055 0.60 0.65

HVL (mmaAl)

0.25 030 035 040 045 050 055 0.60 0.65

HVL (mmaAl) O



Results: Skin shielding models

Polyenergetic Beam

—— 5 mm adipose
1 —— 4 mm skin
—— 1.45 mm skin
0.50 - L& — 1.45mm S 2mm A
| —— 1.45mm S 3.55mm A
|| 21%
A 0.45+ ]
0
=
[
0.40 - |
23%
|
0.35 - ;
0 20 40 60 80 100

Glandularity (%)

Mo/Mo 28 kV




Results: Skin shielding models

Polyenergetic Beam

Mo/Mo 28 kV

—— 5 mm adipose

— 4 mm skin

21% —— 1.45 mm skin

— 1.45mm S 2mm A
—— 1.45mm S 3.55mm A

17%

3 4 5 6
Breast Thickness (cm)




Relative Difference to 5 mm Adipose (%)

Results: Summary

Polyenergetic Beam - Skin Models

T T T
4 mm skin 1.45mm skin 1.45mm S 2Zmm A

Compared Skin Models

T
1.45mm 5 3.55mm A

@
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Conclusions

» The Skin Model has a significant impact on MGD estimates;

« Skin model affects the MGD up to 37%;

 Larger variations: low energies; high glandularity, thin breasts

Depth Dose : skin attenuation and Homogeneous Mixture Volume

MGD
Variation

* Reduce the uncertanties;

fg (=50%)  ©greast « Patient-specific dosimetry;

® Thickness
4 (=350%) » Heterogeneous breast
Tube
- Potential
Anode/Filter o
(=90%) ® (=130/))
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