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Objectives

To understand

• Why the DRLs are needed in mammography

• What dose metrics should be used for DRLs in 
mammography

• How to collects data and establish and use DRLs 
in mammography
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Mammography
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Mammography

• Tube potentials between 25 kV and 38 kV
• Specially designed meters are used for radiation 

output measurements 

• Require specific calibration with an X ray spectrum in 
the range used for mammography

• The only part of the body that receives a 
significant dose is the breast 
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Mammography  examinations, their relative 
frequencies and contribution to collective 
effective dose

Examination Percentage of total 
frequency of all 

radiography 
examinations (%)

Percentage 
contribution to 

collective dose (%)

Mammography 0.3-15 0.6-4.7

EC, 2008. European Guidance on Estimating Population Doses from Medical X-ray Procedures. Radiation Protection No. 154 . European Commission, Directorate-
General for Energy and Transport, Luxembourg. Available at: https://ec.europa.eu/energy/sites/ener/files/documents/154.zip (last accessed 10 August 2017).
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Why dosimetry in mammography?

• Evaluation of Risk to the Patient

• Comparison of Techniques
• Screen/Film

• New Image Receptors

• Equipment Performance Evaluation

• Information to Patient

• Regulations and Guidelines

• Optimisation
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Development of mammography 
dosimetry

• US, survey in 1976 
(Bent,1978)

• UK, TLD on top of 5 cm 
phantom (Fitzgerald, 1981)

• ESD is not an adequate 
measure of risk as dose 
decrease rapidly with depth

• ICRP, MGD/AGD (ICRP, 1987)

Ozračenost dojki pri 
mamografiji autora 
Tomašević i sardanika
(1983)
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Breast size and composition

• Breast thickness: 5 mm-117 mm 
(Kelaranta, et al 2015)

• 4 major tissues (skin, adipose, 
fibro-glandular, pectoral 
muscle)

• Amount of FG 
tissues=glandularity

• Breast models

• Simple

• Realistic (dedicated breast 
CT)
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Dance, PMB, 2016



European models (Dance et al)

• 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 

• 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

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



Dance, PMB, 2016
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US models (Wu, et al)

• Wu et al (1991, 1994)

• Cylinder model with a semi-
elliptical cross-section

• Dosimetry formalism: D=KDgN

• DgN=normalized average 
glandular dose

Dance, PMB, 2016
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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
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DRL quantity for mammography

Modality DRL quantity Unit

Mammography Ka,e mGy

Ka,i mGy

DG mGy
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Air kerma

• Easy to measure

• Useful for quick comparisons

• Non-additive

• Not representative of risk
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Mean/Average Glandular Dose

• Can not be measured 
directly

• Most representative of 
risk

• Calculated from simple 
measurements and 
lookup tables
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Assumptions

• Firm Compression

• Uniform Cross Section

• Adipose / Gland Mix:
• 100% / 0%

• 50% / 50%

• 0% / 100%

• …

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



Incident air kerma

Focal-spot to 
breast 
support 
distance 
(FFD)

Focal-spot to 
dosimeter 
distance (FDD)

Dosimeter 

X ray tube
focal spot 
position

Breast 
support

QKia kNMFDDK )(,

0,0 /),( ItKFDDUY ia

Incident air kerma

X ray tube output

For detailed information, please refer to IAEA TRS 457, https://www-pub.iaea.org/MTCD/publications/PDF/TRS457_web.pdf
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Mean glandular dose

dP is the distance from the tube focus to the top of the breast support 
platform
dref and dB are the distances from this platform to the reference point  
and the top of the breast (the breast thickness), respectively
PIt,pat is the recorded tube loading for the patient exposure

Incident air kerma

Conversion of  the incident air kerma to the mean 
glandular dose for a breast of 50% glandularity

Conversion of the mean glandular dose for a 
breast of 50% glandularity to that for a breast of 
glandularity

Spectral correction factor

Mean glandular dose

Dance DR, Sechopoulos I. Dosimetry in x-ray-based breast imaging. Phys Med 
Biol. 2016 Oct 7;61(19):R271-R304

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



DRLs for clinical and screening 
mammography

• For the same views 
(craniocaudal, 
mediolateral), use the 
same DRL values  for 
screening programmes
and for examinations of 
patients with clinical 
symptoms
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Digital breast tomosynthesis (DBT)

• Uses multiple X ray 
exposures of the 
breast from many 
angles

• Multiple image asepect

• DRL quantity:  Ka,e, 
Ka,i, or DG (as for 
mammography)

• DRL  value: differs from 
mammography

X ray 
tube

breast

detector

Dance DR, Sechopoulos I. Dosimetry in x-ray-based breast imaging. Phys Med 
Biol. 2016 Oct 7;61(19):R271-R304
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Dosimetry for DBT

• Sechopoulos et al (2007a)

• Extend the mammography 
model by adding relative 
glandular dose (RGD(α))

• Accounts for the variation 
in the DgN

• Dance et al (2011)

• t(θ) factor

• system-specific, T factor

Dance, PMB, 2016
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Dosimetry for DBT (Dance, et al. 2011)

D(θ) – dose for a single projection at angle θ 
t(θ) - ‘tomo’ factor at that angle

In the 0◦ projection the dose, D(0) is the same as that for 
conventional mammography

For a complete examination the 3D breast dose

i-summation is over the N projections for the examination
αi give the partition of the total tube loading for the 
examination between the different projections

Incident air kerma KT is again measured in the ‘straight 
through’ position, for total mAs
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Phantoms or patients?

• Phantoms can be useful for checking the 
performance of mammography units

• Phantom measurements as standard dose 
comparator

• Patient survey to set DRL
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Example: DRLs for phantoms and patients

Kelaranta A, et al. Conformance of mean glandular dose from phantom and patient data in mammography. Radiat Prot
Dosimetry. 2015 Apr;164(3):342-53. 
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Ciraj-Bjelac  et al, RPD (2010), Vol. 140, pp. 75–80
Statntic ste al, NTRP, 2013
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Dose to typical breasts simulated with 
PMMA

EUREF, 2013
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EUREF, 2013
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Clinical breast doses

• Measurement of incident air kerma

• Measurement of compressed breast thickness
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EUREF, 2013
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S-factors

EUREF, 2013

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



Towards DRLs in mammography

Coordinator 
appointment

Identification of 
examinations 

Selection X ray 
facilities 

Data collection 
method

Data collection 
and analysis

Typical doses in 
each room

Data from 
different rooms 

Establish DRLs for 
the selected 

examinations

Use of  DRLs for 
the optimization  

of mammography 
practice
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Steps to establish DRLs

• Consider national or regional resources

• Discuss with radiologists:

• Class (or code) of the examination (the clinical description)

• Clinical indication of the mammography examination

• Data that comes from procedures has to be similar 

across all participating facilities

Note: For the same views (i.e. craniocaudal, mediolateral), screening programmes for 
asymptomatic individuals should use the same DRL values as examinations performed to 
investigate patients with clinical symptoms

Decide the examinations for which DRLs are to be established
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Steps to establish DRLs

Decide on the methodology

Patients

• At least 50  patients in each room 

• Possibly with restriction f the range 
of breast thicknesses 

Phantoms

• Phantoms can be helpful in 
assessing the performance of 
mammography units 

• They should not replace surveys of 
actual patient examinations

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

• DICOM images are 
automatically routed 
from the PACS to the 
MammoQA System 
that reads the DICOM 
header

• The dose quantities: 
entrance surface air 
kerma and the mean 
glandular dose 

Ten JI, et al. Automatic patient dose registry and clinical audit on line for mammography. Radiat Prot Dosimetry. 2015 
Jul;165(1-4):346-9. 
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Example: Automatic dose registry

• DICOM images are automatically 
routed from the PACS to the 
MammoQA System that reads 
the DICOM header

• The dose quantities: entrance 
surface air kerma and the mean 
glandular dose 

Ten JI, et al. Automatic patient dose registry and clinical audit on line for mammography. Radiat Prot Dosimetry. 2015 
Jul;165(1-4):346-9. 
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Patient specific dose estimates

• Errors in standardized dosimetry (Secopulouus, et al, 
2012)

• Reflects the average (and spread) of the true patient 
breast MGD distribution

• DBT and DBCT provides images that have at least partial 
tomographic information on the internal structure of the 
breast
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Patient specific dose estimates

• Errors in standardized dosimetry (Secopulouus, et al, 
2012)

• Reflects the average (and spread) of the true patient 
breast MGD distribution

• DBT and DBCT provides images that have at least partial 
tomographic information on the internal structure of the 
breast
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• Modality based, e.g. mammography

• Available dosimetry systems and other resources

Steps to establish DRLs

Decide DRL quantity
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Steps to establish DRLs

Recording

A process of 
documenting 

patient exposure 
data manually or 

electronically

Collecting

A process of gathering 
patient exposure data 

into a common 
system. The term can 

be used synonymously 
as recording and 

collecting together 

Analyzing

Statistics, 
trending, 

tracking of 
individual or 

collective 
stored data

Data recording and collection 
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42

Data recording and collection 

Steps to establish DRLs

• Data relevant to characterize the exposure and 
contain information that can be easily derived from 
the patient and exam records in the RIS and 
dosimetric quantities that the equipment can provide 
(calculated or measured)

Level 1

Minimal requirements

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

Level 2

Standard requirements

• Data is used for the optimization, includes derived 
dosimetric data 

Level 3

Advanced  requirements
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Data to be recorded in mammography

Level 1

Patient and examination
information

• Patient identification (name, 
hospital ID,…)

• Procedure type (including 
indication)

• Equipment

• Date

• Time

• Age

• Gender

Mammography

• Number and type of views (e.g. 
CC/MLO...) (incl. rejected), 
laterality, breast thickness, source-
detector distance

• Per projection: MGD value

• If MGD not available: kV, mAs, 
tube output
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Data to be recorded in mammography

Level 2

Level 1

Patient and examination
information

• Weight/CBT

Mammography

• kV, mAs, exposure time, 
incident air kerma, anode, filter

• Detector type
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Data to be recorded in mammography

Level 3

Patient and examination information

• Height

• BMI

Mammography

• Focal spot size, compression force

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

• Matrix size, pixel size, image quality

• Tomosynthesis parameters

Level 2

Level 1
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Collect only dose data for procedures where the image 
quality was confirmed as adequate for the clinical purpose. 

Steps to establish DRLs

Collect data in a particular mammography room
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Data collection

• Procedure (mammography)

• Sub-procedure (MLO view),

• Clinical indication targeted for the examination 
(identified breast lump)

47

Examination parameters
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Data collection

• Patient type (inpatient, outpatient)

• Patient characteristics (age, compressed breast 
thickness, etc.)

Examination parameters

Patient parameters
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Data collection

• Specific imaging system used to acquire the images 
(manufacturer and model, software version) 

• Room used to perform the  mammography examination 

• Time of the examination (e.g. shift, period of year, etc) 

• Radiographer/ technologist who performed

• Specific imaging protocol applied in the data acquisition 
(different mammography technologies)

Examination parameters

Patient parameters

Acquisition parameters
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Mammography data set

• Minimum 50  patients

• Some standardization through 
restriction of the range of breast 
thicknesses may be appropriate

• The average compressed breast 
thickens is very close to the 
reference value of 50 mm

• The MGD values determined from 
patient data corresponding to the 
range of thickness 40 to 60 mm 
representative for entire breast 
thickness range
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Example: DRL values in mammography should be 
specific to breast thickness and image detector 
technology

Suleiman M, et al. Diagnostic reference levels for digital mammography in New South Wales, J Med Imaging Radiat Oncol. 
2017 Feb;61(1):48-57
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Suleiman M, et al. Diagnostic reference levels for digital mammography in New South Wales, J Med Imaging Radiat Oncol. 
2017 Feb;61(1):48-57

Example: DRL values in mammography should be 
specific to breast thickness and image detector 
technology

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a
d

ia
ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



• Statistical description: Minimum, Maximum, Average, 
Standard deviation, Median of patient sample

• Typical dose: Median

MEDIAN VALUE TYPICAL DOSE

Data analysis for a given mammography room or facility
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• Collection of data from  different mammography rooms (10-20 rooms), 
performing the same procedure or X ray rooms from a few facilities in 
local area

• Statistical description: Minimum, Maximum, Average, Standard 
deviation, Median 
of typical doses from different rooms

• Local DRL: Third quartile of  median values

Local DRLs

THIRD QUARTILE OF 
MEDIAN VALUES

LOCAL DRL
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• Collection of data from  different mammography rooms (10-20 rooms), 
performing the same procedure or X ray rooms from a few facilities in 
local area

• Statistical description: Minimum, Maximum, Average, Standard 
deviation, Median 
of typical doses from different rooms

• Local DRL: Third quartile of  median values

Local DRLs

THIRD QUARTILE OF 
MEDIAN VALUES

LOCAL DRL

Local DRL values or typical DRLs can be established for newer 
technologies that enable lower dose levels to be used in achieving a 

similar level of image quality or diagnostic information.
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• Collection of data from representative sample of facilities covering an 
entire country

• Statistical description: Minimum, Maximum, Average, Standard deviation, 
Median 
of typical doses from different hospital

• National DRL: Third quartile of  median values

THIRD QUARTILE OF 
MEDIAN VALUES

NATIONAL DRL

National DRLs
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Collect data for patients

Calculate median value=typical 
dose value

Compare to DRL

Review technique, exposure settings and equipment performance

Recommend and implement 
optimization strategy

Image quality

>DRL

<DRL

Application of DRLs in mammography
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Collect data for patients

Calculate median value=typical 
dose value

Compare to DRL

Review technique, exposure settings and equipment 
performance

Recommend and implement 
optimization strategy

Image quality

>DRL

<DRL

Application of DRLs in mammography
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Collect data for patients

Calculate median value=typical 
dose value

Compare to DRL

Review technique, exposure settings and equipment 
performance

Recommend and implement 
optimization strategy

Image quality

>DRL

<DRL

Application of DRLs in mammography

V
in

c
a

 I
n

s
ti
tu

te
 o

f 
N

u
c
le

a
r 

S
c
ie

n
c
e

s
 

R
a

d
ia

ti
o

n
 a

n
d

 E
n

v
ir

o
n

m
e

n
ta

l 
P

ro
te

c
ti
o

n
 L

a
b

o
ra

to
ry

w
w

w
.v

in
c
a

.r
s



Collect data for patients

Calculate median value

Compare to DRL

Review technique, exposure settings and equipment 
performance

Recommend and implement 
optimization strategy

Image quality

>DRL

<DRL

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 
factors set by the manufacturer or medical physicist

• Procedure protocol, relating to technique factors used at the 
facility 

• Operator skill, including individual technique and operator 
training

Application of DRLs in mammography
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Outcome of the investigation

Comparis
on of local 
data with 

DRL

Optimisati
on process

Identificat
ion of 

reasons 
for higher 

doses

Remedial 
actions 

Repetition 
of  dose 
survey Image 

quality



Application od DRLs in mammography

• Local surveys of DRL quantities in mammography:

• in the 3 year intervals

• whenever substantial changes in technology or software have 
been introduces

• If continuous collection of data is possible, the dose management 
process may take the form of a regular review 
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Example: DRLs vs Figure of Merit (FOM)

Hauge IH, et al. New diagnostic reference level for full-field digital mammography units. Radiat Prot Dosimetry. 2013 
Dec;157(2):181-92. 
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Example: Different mammography 
technologies

Hauge IH, et al. Patient doses from screen-film and full-field digital mammography in a population-based screening programme. 
Radiat Prot Dosimetry. 2012 Jan;148(1):65-73. 
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Dose vs image detector technology

Young and Oduko (2016).
five different DR systems.
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Example: Dose reference curve

Michielsen K, et al. ,. Results of a European dose survey for mammography. Radiat Prot Dosimetry. 2008;129(1-3):199-203. 
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Mean glandular dose: DBT vs FFDS

Gennaro G, et al. Radiation dose with digital breast tomosynthesis compared to digital mammography: per-view 
analysis. Eur Radiol. 2018 Feb;28(2):573-581
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average increase of DBT dose compared to FFDM is 38 %, 
and range between 0 % and 75 %.



Example: DRL for digital mammography 

Suleiman ME, Diagnostic reference levels in digital mammography: a systematic review. Radiat Prot Dosimetry. 2015,167(4):608-19
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O'Leary D, et al.  A comparison of mean glandular dose diagnostic reference levels within the all-digital Irish National Breast 
Screening Programme and the Irish Symptomatic Breast Services. Radiat Prot Dosimetry. 2013, 153(3):300-8

Example: Automatic dose registry
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Irish National Breast Screening Programme



What was not covered?

• DBCT

• Photon counting

• Alternatives for dose assessment (MOSFET, TLD, OSL, 
RPL..)

• Dosimetry within a breast phantom
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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.
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