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Compression in mammography
Vajuhudeen, Z., Haouimi, A. Compression in mammography. Reference article, Radiopaedia.org. (accessed on 10 
Dec 2021) https://doi.org/10.53347/rID-80054

In mammography, compression of the breast is performed to reduce its thickness. By 
doing so, the following benefits are achieved:

improved subject contrast (by reducing scattered radiation)

improved density uniformity

improved visualization of breast tissue near chest wall (by spreading out superimposed 
anatomy

decreased radiation dose

decreased blurring (by reducing motion artifact)

Compression is performed by the use of compression paddles, a component of the 
mammographic unit, which can vary in size and function.

https://radiopaedia.org/articles/compression-in-mammography#:~:text=The%20typical%20compression%20force%20used,between%2010%20and%2020%20Newtons. 

https://doi.org/10.53347/rID-80054
https://radiopaedia.org/articles/compression-in-mammography#:~:text=The%20typical%20compression%20force%20used,between%2010%20and%2020%20Newtons


Q: Compression force… how much it’s enough ?

In x-ray mammography, it is well known that the flattening of the
breast improves image quality and reduces absorbed dose (citare
Amended 2014 (Resolution 39)* ACR–AAPM–SIIM PRACTICE
PARAMETER FOR DETERMINANTS OF IMAGE QUALITY IN DIGITAL
MAMMOGRAPHY).

In the Euref protocol is stated: “The compression of the breast tissue
should be firm but tolerable. There is no optimal value known for the
force, but attention should be given to the applied compression and
the accuracy of the indication.”



Mean glandular dose
Vajuhudeen, Z., Singh, S. Mean glandular dose. Reference article, Radiopaedia.org. (accessed on 10 Dec 2021) 
https://doi.org/10.53347/rID-79640

The mean glandular dose (MGD) is an estimate of the average absorbed dose to the 
glandular tissues of a breast during mammography. It is measured in Gray (Gy).

The most commonly accepted method of calculating the mean glandular dose is 
described by Dance et al (2000):

MGD = K * g * c * s

K = entrant surface air kerma

g = conversion factor for 50% glandular breast based on thickness and half-value layer

c = correction factor based on non-standard glandularity/thickness

s = correction factor based on non-molybdenum anode/filter combination

https://radiopaedia.org/articles/mean-glandular-dose

https://doi.org/10.53347/rID-79640
https://radiopaedia.org/articles/absorbed-dose?lang=us
https://radiopaedia.org/articles/gray-si-unit?lang=us
https://radiopaedia.org/articles/mean-glandular-dose


Q: DOSE… how much it’s «ALARA» ?
In the Euref protocol Executive summary is stated: “A prerequisite for a successful
screening project is that the mammograms contain sufficient diagnostic
information to be able to detect breast cancer, using as low a radiation dose as is
reasonably achievable (ALARA).”





https://dicom.nema.org/medical/dicom/2015c/output/chtml/part03/sect_C.8.31.html

«1» means MANDATORY
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At the beginning (2012) 11 GE 

Senographe Essential units
(3 CESM + 3 DBT)

Today 10 GE Senographe Essential units + 

1 Pristina
(4 CESM + 11 DBT)

Reggio Emilia’s provincial breast diagnosis network
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For 2D MX  three automatic exposure control modes with increasing dose levels
are selectable (“DOSE”, “STANDARD” and “CONTRAST”)

Breast screening program
From 45 to 49 every year - from 50 to 74 every 2 years

Workload activity (2019)

• about 49.937 women (+ 19.520 diagnostic exams)

Target population @ 2019 ~ 103.000 women 

Screening program: adhesion ~79%

Radiographer  each workshift ~ 30 invited women
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AGD (mGy) vs AOP* mode

* 2D MG offers three automatic

exposure control modes with

increasing dose levels

(“DOSE”, “STANDARD” and

“CONTRAST”), while DBT uses a

single mode (“TOMO”).



Results reported are referred to 3949 women who performed 

both 2D (CC-MLO)  and DBT (CC+MLO)  exams within a clinical trial



In 2014 Reggio Emilia Diagnostic Imaging Department (REDID) adopted a RIS-PACS integrated
dose monitoring system called "Gray Detector"*. It records data from CT, mammography and
angiographic examinations.

For mammography 
AGD, compression,  
thickness, glandularity, 
automatic exposure control 
(AOP mode), 
are collected for
EACH PROJECTION*

@ Dec 10st 2021 more than
1,400,000 2D MX*
180,000 DBT*

Informazione DICOM tag

Thickness (0018,11A0)

Glandularity (0040,0,310)

Compression Force (0018,11A2)

AGD (0040,0316)

Exposure mode (0018,11A2)

AOP (0018,7062)

Projection (0008,0104)

Modality (0008,0060)

Station name (0040,0242)Patient dose management solution directly integrated 
in the RIS: "Gray Detector" software.  Nitrosi A et al J 
Digit Imaging. 2014 Dec;27(6):786-93



Why AGD vary so much ?

AGD variation

~ 60%

Output

μGy/mAs (1m)

HVL

28 kV 

Mo/Mo

CM 49,69 0,385

CO 49,37 0,384

GU1 51,22 0,381

GU2 51,01 0,381

MO 50,51 0,386

RE1 50,34 0,390

RE2 50,45 0,385

RE3 51,59 0,382

RE4 51,48 0,382

SC1 49,59 0,384

SC2 51,09 0,383

Variation < 4 % Variation < 2 %

Physical charaterization of

11 mammo Units 
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Mammograhy unit



Thickness

Glandularity

CNT STD DOSE MANUAL TOT

CNM 0,8% 2,5% 94% 2,3% 16638

CO 0,0% 94% 4% 2,5% 21184

GU1 13% 86% 0,9% 0,2% 11080

GU2 0,5% 98% 0,7% 0,8% 27743

MO 0,0% 97% 2,1% 0,4% 5982

RE1 0,0% 1,9% 97% 0,7% 68217

RE2 2,8% 4% 93% 0,7% 18919

RE3 0,0% 1,6% 97% 1,0% 30902

RE4 0,0% 1,8% 98% 0,7% 34815

SC1 1,3% 93% 5% 0,8% 40768

SC2 17% 82% 0,0% 0,3% 2308

AOP selected

Compression force
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Compression
variation 63 % !
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) About 50% exams performed selecting 

AOP STANDARD and 50% using AOP DOSE

Women population
charactheristics in terms of 

glandularity or breast thichness
are similar over the entire

Province and for all the 
mammography systems used



Recall probability linear mixed effects model analysis

Recall probability depends on
COMPRESSION, age and glandularity

It is independent of AOP 
(DOSE !!!) and breast thickness.

Recall probability descrease in 
function of compression and 
became stable over 90/100 N



Q: Compression force… how much it’s enough ?

In x-ray mammography, it is well known that the flattening of the breast
improves image quality and reduces absorbed dose (citare Amended 2014
(Resolution 39)* ACR–AAPM–SIIM PRACTICE PARAMETER FOR
DETERMINANTS OF IMAGE QUALITY IN DIGITAL MAMMOGRAPHY).

In the Euref protocol is stated: “The compression of the breast tissue should
be firm but tolerable. There is no optimal value known for the force, but
attention should be given to the applied compression and the accuracy of
the indication.”

A: Since no optimal value is known our observation on recall rate
dependence from compression force was used: the application of a
compression force of at least 100N was suggested to the each radiographer.



Please adopt a standard !

 AOP selection = DOSE

 Compression Force ~ 100 N

Results compare periods before and after this standardization

(Jan-May Vs Jun-Dec 2014)

Jan-May 2014 Jun-Dec 2014*

# Women 14,108 13,987



PRE-Standardization POST-Standardization

Variation: 60%

Mean AGD: 1.4 mGy

Variation: 28%

Mean AGD: 1.2 mGy
- 14%
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Standardization… It’s not enough !!!

(Clinical) Image Quality Control is needed !



= 1° optimization step

Standardization

compression force and AOP selection

 lower dose and variability

+
Clinical control

Image quality… in a BSP ~ 

 higher performance (cancer detection rate DR)

 more stable performance (recall rate RR)

=



Standardization + Clinical control = 1° optimization step

* Preliminary result: recalls “on going”: e.g. waiting for early recall (3-6-9-12 months) results

S
ta

n
d

a
rd

iz
a

ti
o

n
C

lin
ic

a
l
c
o

n
tr

o
l

Jan-May 2014 Jun-Dec 2014

# women --> 14,108 13,987

AGD (mGy)

1st Qu. 1.13 1.07

Median 1.38 1.22

3rd Qu. 1.64 1.44

Thickness (mm)

1st Qu. 46.3 45.0

Median 55.8 54.5

3rd Qu. 64.5 63.0

Glandularity (%)                     

(fibrogl./ fat))

1st Qu. 17.5 19.3

Median 35.5 37.3

3rd Qu. 59.3 62.3

Compression 

(daN)

1st Qu. 90 103

Median 105 110

3rd Qu. 120 123

Jan-May 2014 Jun-Dec 2014*

# Women 14,108 13,987

# Recalls 484 644

Recall Rate RR % 3.43 4.60

# True positive 63 71

Detection Rate DR ‰ 4.47 5.08

AGD from 1.38 to 1.22 mGy

Thickness 1-2 mm lower

Glandularity ~ 2 % higher

Compression higher & more uniform

Detection rate increse of about 15 % !!!



Discrepancy between 1st - 2nd reader

Recalls

Linear mixed effects model analysis

Fixed effects
- AOP dose
- first period

Fixed effects
- AOP dose
- first period

Only “Period” seem to be significant.

AGD seem to be significant … 
further analysis demonstrate that, for both 
periods, the reader concordance were higher 
(3.14 % Vs 2.59 %) for lower dose level

OR 2.5% 97.5%

2nd Period 1.094 0.965 1.242

AOP STD 0.834 0.678 1.025

AOP CNT 0.642 0.375 1.048

Thickness 0.988 0.976 1.001

Compression Force 0.999 0.999 1.000

AGD 1.595 1.127 2.226

Glandularity 1.020 1.012 1.029

I(Glandularity^2) 1.000 1.000 1.000

Age 0.757 0.684 0.839

I(age^2) 1.002 1.001 1.003

OR 2.5% 97.5%

2nd Period 1.274 1.118 1.454

AOP STD 0.822 0.693 0.972

AOP CNT 1.035 0.658 1.546

Thickness 0.978 0.960 0.997

I(Thickness^2) 1.000 1.000 1.000

Compression Force 0.999 0.999 1.000

Glandularity 1.027 1.019 1.036

I(Glandularity^2) 1.000 1.000 1.000

Age 0.733 0.660 0.814

I(age^2) 1.003 1.002 1.003



Is it necessary to have a dose monitoring 

system to do this type of analysis ? 

Not anymore ... in principle it is NOT 

necessary to configure nodes and 

connections on modality / RIS / PACS / 

RDS but simply to “listen” the network !

Security Platform Agent can discovers and profiles every 
connected device, analyzes their risks, and automates 
responses to keep it safe and operating efficiently.

For some of that for medical device profiles, contextual 
anomaly detection (e.g. FDA warning), and risk identification 
with a unique approach are available, too !



Conclusions: As a suggested mammographic guideline,
compression pressures of approximately 10kPa aid in
image acquisition reproducibility both within and
between women; pain levels decrease, with minimal
variations to breast thickness, AGD and image quality.



Take it home:

Compression force To be firm but tolerable 
(~100 N for Reggio could be ok)

DOSE «ALARA»
(~AOP DOSE for Reggio could be ok)

Image quality in a BSP  recall rate RR ? detection rate DR ?

Dose monitoring systems (BUT NON ONLY) could allow
to standardize and optimize image acquisition setups

Optimization needs continuos monitoring of clinical results
over iterative application of standardization process «Plan Do Check Act» 



Thanks for your attention !

nitrosi.andrea@ausl.re.it

mailto:nitrosi.andrea@ausl.re.it

