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Attenuation of breast tissues

Infiftrating cuctal carcinoma

Mo target / Mo filter
50% glandular -- 50% adipose lissue

Film OD = 1.80 25kVp

30 kVp

35 kVp




Mammography ’ ,”;
o %/

* Tube potentials between 25 kV and 38 kV

* Specially designed meters are used for radiation
output measurem,ents

* Require specific callbratlon with an X ray spectrum in
the range used for mammography

» The only part of thé’body that receives a
significant dose is the breast
g
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uencies and contri

- Examination Percentage of total Percentage S

frequency of all contribution to S
radiography collectivedose (%) |
examinations (%)

Mammography 0.3-15 0.6-4.7




Why dosimetry in mammography?

* Evaluation of Risk to the Patient

* Comparison of Techniques
e Screen/Film
* New Image Receptors

* Equipment Performance Evaluation
* Information to Patient

* Regulations and Guidelines

* Optimisation
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Compressed breast thickness (mm) 1. -

Figure 1. Typical distributions of compressed breast thickness for CC and MLO views.
The data are for women attending for a diagnostic examination. Figure from Kelaranta | - .
et al (2015) and reproduced by permission of Oxford University Press. 1

Glandularity (%)

Breast thickness (cm)

Figure 2. Estimates of average breast composition for different compressed breast | -
thickness from two United Kingdom centres for women in the age range 50-64. The |.-.

error bars comrespond to +1 standard error on the mean. In some cases the error bars are [ *. 7. 7
too small to show. Figure from Dance et al (2000).




European models (Dance et al)

Plan

* Used in the United Kingdom (IPEM 2005),
European (EC 2013) and IAEA (2007)

* Simple model, a cylinder of fixed semi-
circular cross section of diameter 160 mm (a)

* Typical glandularities for women of age
groups 40—49 and 50-64 (figure 2) were
provided (Dance et al 2000)

* Tormalism used to calculate MGD: D=Kgcs
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Figure 5. (Left) The g factor for varying breast thickness and 1st HVL. (Right)
o c factors for a 5cm compressed breast thickness for varying breast glandularity and 1st
I HVL. Data taken from Dance ef al (2000).
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US models (Boone, et al)

Extended model of Wu et al

Mono-energetic x-rays up to 120
keV (Boone 1999)

More T/F combinations

DgN=normalized average
glandular dose

Better explanation of energy
absorbtion in the central
homogeneous region of the
breastbetween the adipose and
glandular tissues

Dance, PMB, 2016

Elevation
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CrossMark
Abstract
The estimation of the mean glandular dose to the breast (MGD) for x-ray based
imaging modalities forms an essential part of quality control and is needed for
risk estimation and for system design and optimisation. This review considers
the development of methods for estimating the MGD for mammography, digital
breast tomosynthesis (DBT) and dedicated breast CT (DBCT). Almost all of
the methodology used employs Monte Carlo calculated conversion factors to
relate the measurable quantity, generally the incident air kerma, to the MGD.
After a review of the size and composition of the female breast, the various
mathematical models used are discussed, with particular emphasis on models
for mammography. These range from simple geometrical shapes, to the more
recent complex models based on patient DBCT examinations. The possibility
of patient-specific dose estimates is considered as well as special diagnostic
views and the effect of breast implants. Calculations using the complex
models show that the MGD for mammography is overestimated by about 30%
when the simple models are used. The design and uses of breast-simulating
test phantoms for measuring incident air kerma are outlined and comparisons
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Dy = XcrDeNo > RGD(a)

= Ckmip

- 25kV MoMo
29 kV RhRh
34 kV WRh
40 KV WAg

« 50 kV W 0.7mm Al
— Sechopoulos

I I
10 20
Projection angle (degrees)
Figure 9. Comparison of Dance et al’s t factors with Sechopoulos ef al’s RGD(«), §2 2e

showing the expected similarity given their equivalent definition. Figure from Dance 8 5 -&
etal (2011).
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Figure 3. Comparison of MGD based on standard phantom exposures, MGD, (45 mm), and patient exposumes, mean
MGDM (50 mm), for systems D2 D8 and 5253, For D1 and 81, the calculated values with ¢ = 1 are shown.
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Figure 2. Correlation of mean glandular dose (M-
and compressed breast thickness (CBT) for patient
phantom dose measurements at. EEDM unit




Dose levels for typical breasts simulated with PMMA

Thickness  Equivalent Maximum average glandular

of PMMA breast dose to equivalent breasts
(mm) thickness (mGy)
(mm) Acceptable level  Achievable
level
20 21 <1.0 <06
30 32 <15 =1.0
40 45 <20 <16
. o o 45 53 <25 =20
L >0 60 =30 =24
S I 0 75 =45 < 3.6
-I-I;I;j:; Figure 1.7: Posiﬁ_on of dosim-eter to estimate incident air kerma for dose estimation, 90 <65 <51
: top view and 3D view

./

Dosimeter




Table A5.1: g-Factors for breasts simulated with PMMA

PMMA  Equivalent Glandularity g-factor (mGy/mGy)
thickness Dbreast of
(mm) thickness equivalent HVL (mm Al)
(mm) h("f’,g;'t 030 0.35 0.40 0.45 050 055 0.60 0.65 0.70 0.75 0.80
20 21 97 0.378 0.421 0460 0496 0529 0559 0585 0609 0.631 0.650 0.669

30 32 67 0.261 0.294 0.326 0357 0.388 0419 0448 0473 0495 0.516 0.536
40 45 41 0.183 0,208 0.232 0.258 0.285 0311 0339 0.366 0387 0406 0425
45 53 29 0.155 0,177 0.198 0.220 0.245 0.272 0.295 0317 0.336 0.354 0.372
50 6l 20 0.135 0.154 0.172 0192 0.214 0.236 0.261 0.282 0.300 0.317 0.333
60 75 9 0.106 0,121 0,136 0,152 0,166 0,189 0.210 0,228 0,243 0.257 0272
70 a0 4 0.086 0.098 0.111 0.123 0136 0.154 0172 0188 0202 0.214 0.227
80 103 3 0.074 0.085 0.096 0.106 0117 0.133 0.149 0.163 0.176 0.187 0.199

Table A5.2: c-Factors for breasts simulated with PMMA

PMMA Equivalent Glandularity cfactor*  Eooococosseesessee s b
thickness breast of equivalent
{(mm) thickness breast HVL (mm Al)
(mm) (%) 0.30 0.35 0.40 045 050 0.55 0.60 0.65 070 0.75 0.80

20 21 97 0.889 0.895 0.903 0.908 0.912 0917 0921 0.924 0.928 0.933 0.937
30 32 &7 0.940 0,943 0,945 0,946 0.949 0.952 0953 0.956 0.959 0.961 0.964
40 45 41 1.043 1.041 1.040 1.039 1.037 1.035 1.034 1.032 1.030 1.028 1.026
45 53 29 1.109 1.105 1.102 1.099 1.096 1.091 1.088 1.082 1.078 1.073 1.068
50 B0 20 1.164 1.160 1.151 1.150 1.144 1.139 1.134 1.124 1.117 1.111 1.103
60 75 9 1.254 1.245 1.235 1.231 1.225 1.217 1.207 1.196 1.186 1.175 1.164
70 0 4 1.299 1.292 1.282 1.275 1270 1.260 1.249 1.236 1.225 1.213 1.200
80 103 3 1.307 1.299 1.292 1.287 1.283 1.273 1.262 1.249 1.238 1.226 1.213

* for typical breasts for women in the age group 50-64

e of Nuclear Sciences .-







Table A5.5: Additional g-factors

HVL

Breast thickness (mm)
| (mm Al) 20 30 40 50 60 70 80 920 100 110 ||
10.30 0.3%0 0.274 0.207 0.1e4 0.135 0.114 0.098 0.0859 0.0763 0.0687| -
10.35 0.433 0.309 0.235 0.187 0.154 0.13 0.112 0.0981 0.0873 0.0786| -
1 0.40 0.473 0.342 0.261 0.209 0.172 0.145 0.126 0.1106 0.0986 0.0887|| -
10.45 0.509 0.374 0.289 0.232 0.192 0.163 0.14 0.1233 0.1096 0.0988]| -
~10.50 0.543 0.406 0.318 0.258 0.214 0.177 0.154 0.1357 0.1207 0.1088|| -
-10.55 0.573 0.437 0.346 0.287 0.236 0.202 0.175 0.1543 0.1375 0.1240|| -
1 0.60 0.587 0.466 0.374 0.31 0.261 0.224 0.195 0.1723 0.1540 0.1385|| -
-1 0.65 0.622 0.491 0 399 IJ 332 0 282 0.244 0.212 0.1879 0.1682 0.1520 Z Z-.
-10.70 0.644 0.514 0.259 0.227 0.2017 0.1809 0.1638
10.75 0.663 Table A5 6 Addltlonal c- factors for average breasts for women in the age group 50—-64
0.80 0.682

EUREF, 2013

Additions to the table in Dance et al. (2000) are highlighted in grey.

Breast
- | thickn. | Gland. | HVL (mm Al)
| (mm) | (%) | 0.30 035 0.40 045 0.50 0.55 0.60 0.65 0.70 0.75 0.80
20 100 | 0.885 0.891 0.9 0.905 051 0914 0.919 0.923 0.928 0.932 0.936
30 72 | 0925 0.929 0.931 0.933 0.937 0.94 0.941 0.947 0.950 0.953 0.956
40 50 |1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
50 33 1.086 1.082 1.081 1.078 1.075 1.071 1.069 1.064 1.060 1.057 1.053
60 21 1.164 1.160 1.151 1.15 1.144 1.139 1.134 1.124 1.117 1.111 1.103
70 12 1.232 1.225 1.214 1.208 1.204 1.196 1.188 1.176 1.167 1.157 1.147| | =
80 7 1.275 1.2€ Taple A5.7: Additional c-factors for average breasts for women in the age group 40—49 R
90 4 1.299 1.2¢ R -
100 301307 128 B
| 110 3 1.306 1.3C B
. _Additinne ta tha tahla in Nanca thickn. | Gland. | HVL (mm Al) T':::::
o (mm) | (%) | 030 0.35 040 045 050 0.55 0.60 0.65 0.70 0.75 0.80 | g -
""""""""""" 20 100 |0.885 0.891 0.9 0.905 091 0.914 0919 0.923 0.928 0.932 o_gssgﬁf:f:
30 82 |0.894 0.898 0.903 0.906 0.911 0.915 0.918 0.924 0.928 0.933 0.937§% &
40 65 0.940 0.943 0.945 0.947 0.948 0.952 0.955 0.956 0.959 0.961 0.964§ £
50 49 1.005 1.005 1.005 1.004 1.004 1.004 1.004 1.004 1.003 1.003 1.003% %I:I
60 35 1.080 1.078 1.074 1.074 1.071 1.068 1.066 1.061 1.058 1.055 1.051% ",EJ:I&,I
70 24 1.152 1.147 1.141 1.138 1.135 1.130 1.127 1.117 1.111 1.105 1.098% g;ﬁéi
80 14 1.220 1.213 1.206 1.205 1.199 1.190 1.183 1.172 1.163 1.154 1.145§ &:
90 8 1.270 1.264 1.254 1.248 1.244 1.235 1.225 1.214 1.204 1.193 1.181 ér“j_gi
100 5 1.295 1.287 1.279 1.275 1272 1.262 1.251 1,238 1.227 1.215 1.2(‘,“4",‘;/',
110 5 1.294 1.290 1.283 1.281 1.273 1.264 1.256 1.242 1.232 1.220 1.2( )ij!f‘?
f 13335 S




Target material

Filter
material

Filter
thickness

(pm)

Mo

Mo
Rh
W
W

Mo
Rh
Rh
Rh
Ag

30

25

25
5060
S0-75

1.000
1.017
1.061
1.042

Table A5.4e: s-Factors for a tungsten target filtered by 0.7 mm aluminium

Table A5.4d: s-Factors for a tungsten target filtered by 0.5

Breast Glandularity Typical Typical
thickness range glandularity, glandularity,
(mm) (%0) age 50-64 age 4049
(%) (%)

20 80-100 100 100

30 62-82 72 82

40 40-65 50 65

50 23-49 33 49

60 11-35 21 35

70 2-24 12 24

80 0.1-17 7 14

90 0.1-14 4 8

100 0.1-13 3 5

110 0.1-13 3 5

.and Environmentat Protection‘Laboratory: .« =+«

Breast Glandularity Typical Typical kV range s-factor
thickness range glandularity, glandularity, (kv)
(mm) (%) age 50-64 age 4049
(%) (%)
20 80-100 100 100 25-50 1.052
30 62-82 72 82 25-50 1.060
40 40-65 50 65 25-50 1.076
50 23-49 33 49 25-50 1.087
60 11-35 21 35 25-50 1.105
70 2-24 12 24 28-50 1.121
80 0.1-17 7 14 28-50 1.129
90 0.1-14 4 8 28-50 1.136
100 0.1-13 3 28-50 1.140
110 0.1-13 3 28-50 1.144
3040 1.187
30-40 1.198
30-40 1.206
30-40 1.212

Vinca Institute of Nuclear Sciences




- Mammography

- Data collection form for phantom measurements

Radiographic technique Detector Exposure data 8 £
= =
5 5 0 5 z |[Z | ¢
S s |5 1€ |25 B3 18 |3 |2 | € s | B
5 § |2 |8 | £ |y (88 EIZ |5 |3 £ 5 | T
£ £ y7; = 5 |5 X © s | T = = = = ©
| = c [SEI§ | |2 |Be . E& |8 |3.| % 3 3
1= g c |S S S|E e |=x [2E = | E < o a ¢ @ | F @2 2
E 4= OPTION 1:Calculation of x-ray tube output from measurements
) E = Note: this worksheet can be used a s a template, yellow fields are to be updated with actual data and green fields are calculated automatically
& a Date:
-1 12015.04.23| Hospital:
, Room:
3 Dosimeter: K{FDD)=M-N, -k,
4 D=l 80 lem U, FOD)=K, [It,
5 Nk = 1
o - kq = 1
" iy X ray tube
R focal spot
---------- No UolkV] | ltofmAs] | M[mGy] | Ka[mGy] |Y [uGy/mAs]at1m _T_ /.R
1 2R amn 94N 241N 20 1

ASSESSMENT OF MEAN GLANDULAR DOSE FOR PHANTOMS AND PATIENTS

The mean glandular dose is derived from measurements of the incident air kerma (without backscatter) at the surface of the phantom and of the half value layer
(HVL), using tabulated conversion coefficients. The incident air kerma may be obtained by measuring the air kerma in the absence of the phantom using a suitable
ionization chamber and electrometer or semiconductor dosimeter. For detailed information, please refer to IAEA TRS 457, http://www-
pub.iaea.org/MTCD/publications/PDF/TRS457 web.pdf.

The conversion coefficients used to estimate the mean glandular dose from the incident air kerma are quality dependent. It is necessary therefore to note the
target/filter combination and tube voltage used and to measure the HVL of the X ray unit. Data in the tables in worksheet for dose calculation are provided for
situations where measured values of the HVL are not available.

Some X ray equipment uses the thickness of the compressed breast as an aid to the selection of tube voltage and target/filter combination. As the thickness of the
phantom will be less than the thickness of the breast being simulated, the user can consider adding an appropriate thickness of a low density material (spacers) such
as expanded polystyrene to the top of the phantom so that the overall thickness is then correct. The polystyrene should be cut away so that it does not cover the
AEC system.

Determination of tube loading for phantoms and patients
Clinical exposures are terminated automatically, but the tube voltage and in some cases the materials of the target and filter have to be selected. For some

- T T T T
I eliences

nstitute of Nucl
Radiation and Environmental Protection Laboratory
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Coordinator
appointment

Identification of
examinations

Selection X ray
facilities

Typical doses in
each room

Data collection
and analysis

Data collection
method

Data from
different rooms

Establish DRLs for
the selected
examinations

Use of DRLs for
the optimization
of mammography
practice







Patients Phantoms

e At least 50 patientsin each room ¢ Phantoms can be helpful in
- & Possibly with restriction f the range assessing the performance of

of breast thicknesses mammography units

e They should not replace surveys of
actual patient examinations

e Example: PMMA plates of various
specified thicknesses, a semi-
circular PMMA phantom, 160 mm
in diameter and 45 mm thick, or
similar




. - - ’ Registered Entrance Dose (mGy)




P, exposure, breast thickness, E*
group by target/filter combination for cranio-caudal (CC) and mediolateral oblique (MLO) views.

Target/filter View (cases) kVp+SD Exposure + SD Breast ESAK + 5D (mGy)
H(%o of cases) (mAs) Thickn. +8D
' (mm) Registered

IMo/Mo CC (8682) 276+08 51.2+16.3 37411 430414 1.0240.3

1(21.2%) MLO (5445) 27.7409 52.8+18.0 37+11 444+ 1.5 1.04+03 1.20+ 0.3}
IMo/Rh CC(15880) 28.0+1.0 782+128 5148 5.86+1.3 132402 1401028
1(44.0%) MLO (13580) 28.1+1.0 79.7+13.8 5249 6.10+1.5 1.36+03 140+ 030
JRh/Rh CC(10010) 295413 T748+172 58410 6.92+23 143404 150+087
1(34.8%) MLO (13236) 29.741.3  79.9+21.0 770429 1.54+0.5 1.60+6050







1bo 1k

Thickness (mm)

@ TUNGSTEM ! RHODILM + MOLYBDENUM/ MOLYBDENUK @ MOLYEDEMUK | RHODIUK

Figure 15. Screen capture of mammographic patient dose monitoring using TQM
software (Qaelum NV, Leuven, Belgium) at the University of Leuven. Image courtesy
of Hilde Bosmans.
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A process of
| documenting |
- patient exposure | | -
| datamanuallyor | |

electronically )

Ny
o E;E;EKA process of gatherin

|| patient exposure data

into a common
system. The term can

be used synonymously

as recording and

collecting together

Statistics,
trending,
tracking of

| individualor =~ %

collective
stored data




Steps to establish DRLs

e Data relevant to characterize the exposure and
Level 1 contain information that can be easily derived from
.. . the patient and exam records in the RIS and
Minimal requirements dosimetric quantities that the equipment can provide

(calculated or measured)

—

e Data for the single irradiation events are included for every
Level 2 modality. Scope of this set of data is to refine the exposure
conditions in order to estimate single patient dose. The level
Standard requirements of accuracy in the calculations depends on the amount of

J information collected

—

e Data is used for the optimization, includes derived

Level 3 dosimetric data

Advanced requirements

J
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Patien.t and exa.mination ‘ e
information .
| e Patient identification (name, | e Number and type of views (e.g.
| hospital ID,...) | CC/MLO...)(incl. rejected),
e Procedure type (including - laterality, breast thickness, source-
indication) - detector distance

e Equipment - ePer projection: MGD value

e Date - | *If MGD not available: kV, mAs,
| e Time ~| tubeoutput
| eAge S
| e Gender RN




Patient and examination
information

e Weight/CBT | KV, mAs, exposure time,
S incident air kerma, anode, filter
e Detector type




e Focal spot size, compression force

* Post-processing settings, AEC (Y/N;
~ chamber location)

| » Matrix size, pixel size, image quality
| e Tomosynthesis parameters



















Median Mean
1.39mGy 1.51 mGy

Frequency
»n
o
=3
o

04 T
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 60 63 66 69 72 75 78 81 84 87 90 93 96 99102105108
Compressed breast thickness (mm)

Fig 2. Distribution of image mean glandular dose (MGD) for 45,054 mammography images
Fig. 1. Distribution of compressed breast thickness for 45,054 mammaography images




Table 4. 75th and 95th percentiles for different compressed breast thickness ranges and three different detector technologies, representing 45,054 mam-
mograms from 61 BreastScreen units (Proposed DRLs for 60 = 5 mm breast thickness are in bold).

Breast thickness range

All Units

CR

DR

Photon counting

75th % (MGy)

95th % (MGy)

75th % (mGy)

95th % (MGy)

75th % (MGy)

95th % (MGy)

75th % (mGy)  95th % (MGy)

Frequency

DRLs 60 + 5

Fig. 1. Distribution of NoTASnE—ee

0.97
1.13
1.31
1.67
237
223
248
2.89

2.06

1.19
1.50
1.86
2.38
3.00
4.38
6.24
7.75

1.17
1.50
1.92
2.48
3.08
4.4
6.39
7.84

2.22

1.26
1.52
2.08
258
3.21
4.46
6.74
7.85

0.97
1.12
1.30
1.65
235
2.08
234
2.63

2.04

1.1
1.22
1.41
1.80
2.57
2.67
3.07
3.48

0.58
0.60
0.58
0.65
0.88
1.08
1.12
0.99

0.79

CR, computed radiography; DR, digital radiography.

0.63
0.65
0.65
0.69
0.99
1.56
1.52
1.39
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THIRD QUARTILE OF
MEDIAN VALUES




technologies that enable lower dose levels to be used in achieving a
similar level of image quality or diagnostic information.
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Collect data for patients

g Calculate median value=typical
S dose value

Recommend and implement
optimization strategy




Review technique, exposure settings and equipment
performance

Recommend and implement
optimization strategy




Calculate median value—typlcal
dose value SO

Review technique, exposure settings and equipment
performance

g Recommend and implement
: optimization strategy




Collect data for patients

R Remedial measures

* Survey methodology, including the performance of the survey
| instrument used and the selection of patients included in the
survey

* Equipment performance, including the imaging device, technical
g8 factors set by the manufacturer or medical physicist

B - Procedure protocol, relating to technique factors used at the

g facility

B - Operator skill, including individual technique and operator
training

g Kecommend and impiement
optimization strategy




Outcome of the investigation

- Remedial
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Figure 8. The average MGD (mGy) for SFM and FFDM
systems versus compressed breast thickness (mm) for CC
and MLO projection.
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MGD.




; 2 Giotto g

—
-&= Dimensions { pEoon
-8- Seclenia W
—=
——

- R 5] | 7% Dmmensims ) g
69| -~ TFilm-screen

-8~ DR

Inspiration

MicroDose

MGD (mGy)
1

MGD (mGy)
1

7 -

0 | | L| 1 1 L | | L} | | ||

0 rr . r.r.rrrrr ” .
0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 50 100110

Compressed breast thickness (mm)

Compressed breast thickness (mm)




Dose Curve
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average increase of DBT dose compared to FFDM is 38 %,
and range between 0 % and 75 %.
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Figure 3. DR Ls (75th percentile} for patient studies categonsed by BCT.




Table 4. Summary of MGDs found in this study.

Mean 75th 95th
MGD, percentile, percentile,
mQy mQGy mGy

Digital units
All projections
CC projection
Mediolateral
projection

Analogue units
All projections
CC projection
Mediolateral
projection







Summary

* Mammography use low energy X ray and requires specific
dosimetry procedures

* Three DRL quantities have been used for surveys of
mammography and breast tomosynthesis: entrance
surface air kerma, incident air kerma and mean glandular
dose

* Phantoms can be useful for checking the performance of
mammography units, however, patient survey should be
used to set DRL

* Data set should contain at least 50 patients
* The dose surveys should be repeated periodically.







