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How much radiationHow much radiation 
dose does a patient p
get during aget during a 

?mammogram?
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and…and…
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Wh d hWhat does that 
mean?mean?
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Mammogram Acquisition
Cranio‐caudal (CC) View

Medio‐lateral oblique 
(MLO) View(MLO) View

Tx © 1997‐2008, A.D.A.M., Inc.
http://www.answers.com/topic/mammography



CC Vi MCC View Mammograms
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MLO Vi MMLO View Mammograms
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INTRODUCTION TO (BREAST)INTRODUCTION TO (BREAST) 
DOSIMETRYDOSIMETRY
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Absorbed Dose

Amount of energy deposited 
b i iby x‐rays in tissue
Amount of tissue
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Breast Composition

Adi
Skin

Adipose 
Tissue

Pectoralis

Glandular 

Pectoralis
Muscle

Tissue
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Average Glandular Dose

Amount of energy deposited by 
i l d l ix‐rays in glandular tissue

A t f l d l tiAmount of glandular tissue
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What can we measure?
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Air Kerma (K)  Dose ?
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Average Glandular Dose

D Ai K (K) *D = Air Kerma (K) * g c s

Obtained with 
M t C lMonte Carlo 
simulations

Tx



CC Vi MCC View Mammograms
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MLO Vi MMLO View Mammograms

Tx



Standard Breast Shape ‐ CC View

Boone, Med Phys, 2002; 29(5): 869‐875
Dance, PMB, 1980; 25(1): 25‐37

Wu et al, Radiology, 1991; 179: 143‐148
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Standardized Breast Shape
MLO ViewMLO View
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Tx Sechopoulos et al, Med Phys, 2007; 3(1): 221‐232
Sechopoulos et al, JACMP, 2008; 9(4): 161‐171



A d th i id ?And the inside?

Tx



Tx Hammerstein et al, Radiology, 1979; 130, 485–491.



Conversion factors

Tx Dance (1990 and 2000)



Average Glandular Dose

D Ai K (K) *D = Air Kerma (K) * g c s

Obtained with 
M t C lMonte Carlo 
simulations
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PhantomPhantom 
(Prospective)(Prospective)
Dosimetryy

Tx



Prospective (phantom) dosimetry

Tx Bouwman et al, PMB, 60 (2015) 7893
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Mammography Mean Glandular 
Dose (mGy)Dose (mGy)
Breast Thickness 14 3% Density 50% DensityBreast Thickness 

(cm)
14.3% Density 50% Density

2 0.313 0.376
5 0 775 1 205 0.775 1.20
8 1.66 2.28

Tx Feng and Sechopoulos, Radiology, 2012, 263(1): 35‐42



Tomosynthesis Mean Glandular 
Dose (mGy)Dose (mGy)
Breast Thickness 14 3% Density 50% DensityBreast Thickness 

(cm)
14.3% Density 50% Density

2 0.735 0.670
5 1 48 1 305 1.48 1.30
8 3.07 2.64

Tx Feng and Sechopoulos, Radiology, 2012, 263(1): 35‐42



Mammography and Tomosynthesis Dose

(could we do better?)

Tx Feng and Sechopoulos, Radiology, 2012, 263(1): 35‐42



PatientPatient 
(Retrospective)(Retrospective)
Dosimetryosimetry
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DICOM header
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System I Ratio DBT/DM:
Mean = 1.08 (0.54 – 1.81)

Tx Bouwman et al, Phys. Med. Biol. 60 (2015) 7893
Hendrick et al, AJR. 194 (2010) 362



System I Ratio DBT/DM:
Mean = 1.08 (0.54 – 1.81)

Tx Bouwman et al, Phys. Med. Biol. 60 (2015) 7893



System IV Ratio DBT‐ST / DM:
Mean = 1.48 (unpaired)p

Tx Bouwman et al, Phys. Med. Biol. 60 (2015) 7893
Hendrick et al, AJR. 194 (2010) 362



System V Ratio DBT / DM:
Mean = 0.90 (!) (unpaired)p

Tx Bouwman et al, Phys. Med. Biol. 60 (2015) 7893
Hendrick et al, AJR. 194 (2010) 362



A th fi l?Are these final?
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System III Ratio DBT / DM:
Mean = 2.00 (!)( )
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System III Ratio DBT / DM:
Mean = 2.00 (!)( )

Tx



Aft ft dAfter software upgrade…
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System III Ratio DBT / DM:
Mean = 1.90 (1.51 – 2.74)( )

Tx



System III Ratio DBT / DM:
Mean = 1.90 (1.51 – 2.74)( )

Tx



So where are the 
uncertainties?uncertainties?
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Standard Breast Shape ‐ CC View

Boone, Med Phys, 2002; 29(5): 869‐875
Dance, PMB, 1980; 25(1): 25‐37

Wu et al, Radiology, 1991; 179: 143‐148
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Standardized Breast Shape
MLO ViewMLO View
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Tx Sechopoulos et al, Med Phys, 2007; 3(1): 221‐232
Sechopoulos et al, JACMP, 2008; 9(4): 161‐171



C bCan we be more 
objective?objective?
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Principal Component Analysis
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2D Model: From 1000 mammograms

Tx Rodríguez‐Ruiz et al 2016 [under review]Feng, Patel and Sechopoulos, Medical Physics, 2013, 40(3), 031902‐1 ‐ 12
Rodriguez‐Ruiz et al, Medical Physics, under review



PCA Model Parameter Characterization

Tx Feng et al, Medical Physics, 2013



Clinical Distribution of PCA Parameter Values

Tx Rodriguez‐Ruiz et al, Medical Physics, under review



Average CC view
Area = 155.4 cm2

Patient average:1g
Area = 157.3 cm2

Tx 1Boone et al., Medical Physics, 2000
Rodriguez‐Ruiz et al, Medical Physics, under review



Average MLO view

Tx Rodriguez‐Ruiz et al, Medical Physics, under review



Tx Rodriguez‐Ruiz et al, Medical Physics, under review



How about the 3rd dimension?

Can weCan we 
characterize this?characterize this?
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Acquisition of 3‐D breast shape
Compression

C

Compression 
paddle

Projector

Camera

3‐D scanner

Support paddleSupport paddle

Tx Agasthya et al, AAPM 2015



3‐D scanner

Tx Agasthya et al, AAPM 2015



Tx http://www.david‐3d.com/?section=Gallery



Patient scansPatient scans

Tx Agasthya et al, AAPM 2015
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Breast model
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But what do these values 
of AGD mean?of AGD mean?
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Tx Hammerstein et al, Radiology, 1979; 130, 485–491.
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So…
“detailed information will have to be obtained on the 
amount and distribution of gland tissue in many 
individual cases” before individual risk estimates can 
be made.

Hammerstein et al, Radiology, 1979
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What is the errorWhat is the error 
introduced by theintroduced by the 
h ihomogeneous tissue 
approximation in breast 
dosimetry?dos e y
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Heterogeneous 
Mammography DgN

Patient BCT Tissue Simulated

Monte Carlo 
Simulation

Patient BCT 
Imaging

Tissue 
Classification

Simulated 
Compression

Homogenization

Homogeneous 

Monte Carlo 
Simulation

19 patients Homogeneous 
Mammography 

DgN

19 patients

Tx



Tx Courtesy of Koning Corp.



Automated Tissue Classification

Tx Yang et al, Medical Physics, 2012, 39(10), 6397‐6406.



h i l iMechanical Breast Compression

Tx Zyganitidis et al, Med. Biol. Eng. Comput. 2007, 45, 661‐669.



M C l i l iMonte Carlo simulations
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Sechopoulos et al, Medical Physics, 2012, 39(8), 5050‐5059



2 2
us

 D
gN

2 0

2.2
90th percentile

75th percentile

ge
ne

ou

1.8

2.0 p
mean

median
25th percentile

H
et

er
og

1.6
10th percentile

D
gN

 / 
H

1.4

ne
ou

s 

1.2

om
og

en

1.0

Mammography BCT 49 kVp BCT 80 kVp

H
o

0.8

Tx Sechopoulos et al, Medical Physics, 2012, 39(8), 5050‐5059



Model‐based Confirmation (N=219)

Mo anode: −35.3% (SD = 4.1)
W d 24 2% (SD 3 0)W anode: −24.2% (SD = 3.0)

Tx Hernandez et al, Medical Physics, 2015, 42(11), 6337



Glandular tissue distribution
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Tx Huang et al, Med. Phys. 38(4), 2180, 2011

Relative Radial Distance



10.3
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Tx

0.0
Sechopoulos et al, Medical Physics, 2012, 39(8), 5050‐5059



Patient‐Specific Breast Dosimetry
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Sechopoulos et al, Medical Physics, 2012, 39(8), 5050‐5059



DIGITAL BREAST TOMOSYNTHESISDIGITAL BREAST TOMOSYNTHESIS

Tx 88



Tx https://www.youtube.com/watch?v=qju‐rw8MmHs



Tx Courtesy of Hologic Inc.



Tx Courtesy of Hologic Inc.



Patient‐Specific Breast Dosimetry

Need a tomosynthesisNeed a tomosynthesis 
image classificationimage classification 
algorithmalgorithm

Tx



Automated Tissue Classification

Tx Yang et al, Medical Physics, 2012, 39(10), 6397‐6406.



Image in the “wrong” direction

Tx



Option 1

Classify the reconstructedClassify the reconstructed 
tomosynthesis imagetomosynthesis image
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Representative Classification ‐ Fuji

Tomography ClassificationGold Standard

Tx



Representative Classification ‐
PhillipsPhillips

Tomography ClassificationGold Standard
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Option 2

Reconstruct to a binaryReconstruct to a binary 
(trinary?) image(trinary?) image
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Local tomography
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Density maps
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Patient‐Specific Breast Dosimetry
4‐year project y p j
funded by the 
Susan G. Komen 
F d ti f thFoundation for the 
CureCure
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How does doseHow does dose 
t l t t i k?translate to risk?
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In short…
Breast dosimetry for QA/QC is wellBreast dosimetry for QA/QC is well 
understood

So are its shortcomings
P i ifi dPatient‐specific dose
Possible with (pseudo )3D imagingPossible with (pseudo‐)3D imaging
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Questions?
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