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Introduction  

The fourth edition of the European Guidelines for breast cancer screening and diagnosis, and its 

supplement, have been used as a starting point for the development of this protocol (Perry et al 

2006, Perry et al 2013).  This protocol is work-in-progress and should be regarded as a 

preliminary protocol for quality control in Digital Breast Tomosynthesis (DBT). Large parts of 

the protocol are supported by scientific research (van Engen 2008, Marshall 2010, Bouwman  

2010, Jacobs 2010, Dance 2011, Bouwman 2012, Marshall 2012, Bouwman 2013). 

Scope: 

This protocol applies only to tomosynthesis systems which measure X-ray transmission through 

the breast over a limited range of angles, followed by reconstruction of a series of images of the 

breast reconstructed for different heights above the detector. These images represent breast tissue 

at the height of the corresponding focal planes as well as a remaining portion of overlying tissue. 

In this protocol such systems will be referred to as DBT systems. This imaging modality is 

distinct from computed tomography (CT) in which a three dimensional image is reconstructed 

using X-ray transmission data from a rotation of at least 180º around the imaged volume 

(Dobbins 2009, Sechopoulos 2013).  

This protocol does not apply to CT or any other mammographic modalities such as conventional 

2D imaging, stereotactic imaging using pairs of images, or any other form of reconstructive 

tomography.  

  

Figure 1 Typical geometry used for a breast tomosynthesis system with a full field detector, showing three 

positions of the X-ray tube, the tube rotation angle ű and the projection angle ɗ  for the rotated 
position (not to scale).  

Two types of DBT geometries are currently available or under development:  

1. Full-field geometry: DBT systems incorporating a detector, as used in conventional 2D full 

field digital mammography (FFDM), and an X-ray tube that rotates above this detector. A series 
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of individual projection images, in which the whole breast is irradiated in each exposure, is 

acquired over a range of angles, as shown in Figure 1. 

2. Scanning geometry: Geometry of DBT systems utilising a narrow collimated X-ray beam 

which scans across the breast as the X-ray tube rotates, and by which the breast is only partially 

irradiated at each position of the X-ray tube. Due to the design of the system, individual 

projection images might not exist. 

  

Figure 2 Geometry of a scanning breast tomosynthesis system with a narrow X-ray beam (currently under 

development) showing three positions of the X-ray tube (not to scale). In this system both the X-

ray tube and image receptor rotate. The X-ray field i s collimated to the image receptor. The limits 

of the X-ray field and the ray passing through the centre of rotation are shown. 

In Table 1 specifications and geometry of currently available or prototype DBT systems can be 

found. These geometries have been taken into account for the calculation of the dosimetry 

factors (T-factors) in appendix I.  

In FFDM the signal from the detector forms an óoriginal dataô image, to which corrections are 

applied, including a flat-field correction for óbadô (or defective) pixels and for non-uniformities 

of the radiation field, corrections for the offset and gain of detector elements, geometrical 

distortion and for readout time variation. This corrected image is referred to as the ófor 

processingô or unprocessed image. The unprocessed image is then processed to adjust the 

appearance of clinical images, resulting in the ófor presentationô or processed image. 

In DBT the signals of the individual DBT projection images from the detector are corrected for 

bad pixels and non-uniformities of the radiation field, offset and gain of detector elements, 

geometrical distortion and time variation during a scan. The corrected projection images may 

then be pre-processed before they are used for the reconstruction. After reconstruction, 

mammography specific post-processing may be applied. Alternatively, some of the 

mammography specific processing may be incorporated into the image reconstruction process. 

In several tests in the present protocol, we refer to the ófirst projection image of a DBT seriesô. 

This projection image will not be influenced by lag from previous exposures of the DBT series.  
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If the first projection image is different from the other images in the series of projections, the 

second image should be used instead. Examples include the first projection being used as pre-

exposure with fixed tube current-exposure time  or being used for  calibration purposes. 

Table 1 Specifications and geometry of breast tomosynthesis systems currently available or in development 
(based on Sechopoulos 2013 and  subsequent information from manufacturers). 

DBT System GE 

Healthcare 

SenoClaire 

GE 

Healthcare 

Pristina 

Hologic 

Selenia 

Dimensions 

IMS Giotto 

TOMO 

IMS Giotto 

Class 

Philips 

Microdose 

Planmed 

Clarity3D 

Siemens 

Mammomat 

Inspiration 

Fujifilm 

Amulet 

Innovality 

Type of 

geometry 

Full-field Full-field Full-field Full-field Full-field Scanning 

multislit 

Full-field Full-field Full-field 

Detector type Energy 

integrating 

Energy 

integrating 

Energy 

integrating 

Energy 

integrating 

Energy 
integrating 

Photon 

counting 

Energy 

integrating 

Energy 

integrating 

Energy 

integrating 

Detector 

material 

CsI-Si CsI-Si a-Se a-Se a-Se Si CsI-a-Si a-Se a-Se 

Detector element 

pitch (µm) 

100 100 70 85 85 50 83 85 68
5
 

Focal plane pixel 

size (µm) 

100 100 95-117
1
 90 90 100 83/166 85 50-100/ 

100-150 

X-ray tube 

motion 

Step-and 

shoot 

Step-and 

shoot 

Continuous Step-and 

shoot 

Step-and-

shoot 

Continuous Continuous 

Sync-and-

Shoot 

Continuous Continuous 

Target Mo/Rh Mo/Rh W W W W W W W 

Filter Mo: 30µm 

Rh: 25 µm 

Mo: 30µm 

Ag: 30µm 

Al: 700 µm Rh: 50 µm     

Ag: 50 µm 

Ag: 50 µm Al: 500 µm Rh: 75 µm 

Ag: 60 µm 

Rh: 50 µm Al: 700 µm 

Angular range 

(°) 

25 25 15 40
2
 30 N/A

6
 30 50 15/40 

Number of 

projection 

images 

9 9 15 13 11 21
3
 15 25 15 

Source to 

detector distance 

(mm) 

660 660 700 685 690 660 650 655 650 

Distance 

between detector 

and centre of 

rotation (mm) 

40 40 0 20 40 400
4
 4.4 47 46 

1
 The pixel size in the focal plane changes with height above the breast support table. 

2
 The projection images may not be equally spaced and may not have the same exposure factor. 

3
 This system does not have projection images, but 21 datasets from the detector lines. 

4
 Below the detector. 

5
 Hexagonal shaped detector elements. 

6 
Tube movement: 34°. 
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Aim of this draft version: 

DBT systems are currently available on the market and the number of installations rapidly 

increases. DBT systems are also considered for breast cancer screening. Guidance on Quality 

Control (QC) measurements for these systems is necessary and therefore it has been decided that 

this protocol should be made available in its present phase even though it does not yet cover all 

aspects of DBT performance testing and incorporates some QC tests which are not in their final 

version. The tests described in this protocol can be used to characterize DBT systems, to test 

their stability and to perform dose measurements. In most cases, limiting values are not yet 

given; more experience with DBT, results of clinical trials and /or technical performance tests 

are necessary to determine the limiting technical requirements. In this document, reference 

values are given in several cases which have been derived from full field digital mammography 

(FFDM).  

We emphasise that dose limiting values from FFDM should not be used as limiting values for 

DBT systems, but should be used as reference values. Another reason for distributing this 

protocol at an early stage is that physicists may need specific imaging modes to facilitate 

adequate testing. A main objective of this document is to ensure that access to these imaging 

modes is made available. 

This protocol does not give any advice or guarantee on the suitability of DBT equipment 

for any particular clinical task. 

Some DBT systems are able to perform both FFDM and DBT imaging, and most DBT systems 

are capable of synthesizing a 2D image from the DBT data set. The FFDM modality should be 

tested according to the current version of the European Guidelines (van Engen 2006) and its 

Supplement (van Engen 2013). This protocol focuses on the DBT modality and does not give 

guidance on synthesized 2D images. 

Note: It should not be assumed that the image information in the synthesized 2D image is 

equivalent to the information in FFDM images or the DBT dataset. 

The test methods described are intended to be applicable to all currently available DBT systems. 

However, the differences between the full -field DBT systems currently available and in 

development, and the scanning geometry systems in development are such that some QC tests 

have to be adjusted to be used for these geometries. The development of the DBT QC tests 

started with an evaluation of whether existing FFDM QC tests could be adapted for use with 

DBT systems. This approach was appropriate because most current DBT systems are based on 

existing FFDM systems. Different system design and implementations occur, for example, in the 

movement of the X-ray tube and/or the detector, the use of an anti-scatter grid, beam quality and 

the detector readout sequences.  While radiographic images are óprocessedô for presentation as 

FFDM images to radiologists, they will be óreconstructedô for DBT purposes and may then have 

further processing before presentation. 

This protocol starts with a philosophy section in which the thoughts behind tests are explained. 

Subsequently the different test procedures are described, and terms and definitions can be found 

in the definitions section (Appendix III).  
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Philosophy 

Digital Breast Tomosynthesis (DBT) is an active area of research and development. The first 

clinical systems have been introduced to the market and the first results of (European) breast 

cancer screening trials are available. Current DBT systems have very different characteristics, 

such as the angular range, step and shoot versus continuous motion of the tube, new target/fil ter 

combinations, new AEC working principles, with or without anti scatter grid, etc. 

 The clinical role for DBT systems has not yet been clearly defined. In addition it is not clear 

which design is optimal for different tasks. For example the advantages and disadvantages of 

using small or large angular ranges are not yet apparent. Will DBT systems be used primarily for 

diagnostic work-up, further assessment of suspicious findings or for breast cancer screening?  

Will DBT be used as a complementary method to FFDM or as a standalone screening technique? 

Answers to these questions will help to determine the limiting values for the tests proposed in the 

current document.  

In practice, the implementation of DBT QC tests may differ from system to system. If DBT 

systems can perform both DBT and FFDM imaging, some measurements can be performed in 

FFDM mode. It must be verified that all relevant (exposure) conditions are similar (e.g. target 

material and filter thickness) and that in the case of detector tests the working of the detector is 

identical (e.g. binning of detector elements, response curve and detector corrections). The 

measurement of X-ray beam parameters is a practical challenge when a system is operating in 

DBT and may require special equipment. Examples of the problems faced are the pulsed 

exposure and the changing angle of incidence of the X-ray beam upon the breast support table as 

the tube moves. These challenges make measurements in DBT mode of tube voltage, tube output 

and HVL impossible with most current kVp and dose measuring equipment. 

In developing QC procedures, it is important to consider the type of images available for 

analysis. For example, on some systems projection images are available, while on other systems 

they are not available or do not exist.   

This protocol is intended for use on all DBT systems. We ultimately aim to provide limiting 

values guaranteeing proper performance for the different applications of DBT. Because of the 

differences in DBT systems mentioned above, and the principle that the same performance 

parameters should be measured on all systems, system performance tests are performed using the 

reconstructed tomosynthesis image. The benefit of this approach is that the image reconstruction 

is included in the QC test. However, there are some detector and system tests that have to be 

performed using projection images, as there is no validated method of measurement using 

reconstructed tomosynthesis images.  For scanning geometry systems projection images are not 

available and alternative tests or testing in alternative imaging modes need to be investigated. 

Some QC tests, like the evaluation of artefacts caused by the image receptor, may be performed 

more easily in FFDM mode (if available) or in projection images. 

In FFDM, images with the DICOM tag óFor processingô are used for QC analysis. In these 

images pixel values are assumed to have a linear relationship to receptor dose (or can be 

linearized), and to be shift invariant. The pixel values in reconstructed DBT focal planes are 

somehow related to tissue density but a well-defined relationship with attenuation does not exist 

(like the Hounsfield units in CT imaging).  
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It is not yet known to what extent a DBT system can be assumed to be shift invariant. 

Furthermore, image reconstruction algorithms can produce region-specific SDNR and spatial 

resolution.  

Therefore, image quality assessment using contrast detail approaches or linear system theory 

metrics are a challenge. This is a topic under investigation. 

The system should fulfil the requirements regarding breast tomosynthesis systems in the IHE 

profiles  for DBT systems. 

 

Zero degree angle stationary mode:  For dose, HVL and tube voltage measurements a stationary 

mode at the zero degree angle is required for full -field geometry giving the same exposure as in 

DBT mode but without the tomosynthesis movement. All full -field geometry DBT systems 

should have this mode available. In this mode it must be possible to select the same X-ray 

spectra as used in DBT mode.  

For scanning slot geometry systems the tomosynthesis mode MUST be used in dosimetry 

measurements to obtain accurate results. 

The series of unprocessed projection images in zero degree stationary mode must be supplied 

with all appropriate detector corrections and flat-fielding in an easily accessible DICOM format. 

 

Availability of projection images: Some QC tests can only be performed using projection 

images. On all DBT systems using a full-field geometry the unprocessed projection images 

must be made accessible for QC purposes, these have to be provided in easily accessible format  

e.g. a óDICOM for processingô file for each projection image. It must be possible to restore the 

order of the images in the series of projections. All tags regarding the exposure and tags used for 

the identification of the image should be filled in.  

On scanning geometry DBT systems projection images may not exist and therefore cannot be 

supplied. For these systems which inherently do not have projection images, the evaluation of 

system stability might be performed using simple backprojection images. These images should 

fulfil the DICOM standard for DBT systems. 

 

The requirements of DBT systems regarding aspects of image quality are not yet known. 

Therefore limiting values are not given in this preliminary QC protocol, but in some cases 

reference values are given, in other cases baseline values have to be determined at acceptance, 

which are referred to in subsequent tests. 

The reference values for dose have been changed into limiting values, because in practice, most 

if not all DBT systems, are able to comply. However for very small breasts (2 cm breast 

thickness) the dose limit might be too strict to obtain sufficient image quality for DBT systems 

and therefore the limiting value has been raised. This is considered acceptable because of the low 

glandular dose and associated risk of inducing tumours for this group of women. 
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All relevant exposure information for individual projections should be available from the 

DICOM image header, including angular range of movement during projections, angular spacing 

between projections, and the distribution of the X-ray exposure between projections. 

Manufacturers should also provide the following information: focal spot - detector distance, 

focal spot-centre of rotation distance, exposure parameters and exposure time per projection for  

different beam loads, total scan time (with and without initial pre-exposure). 

 

The bad pixel map applied to the detector when used in tomosynthesis mode should be made 

available to the user. 

 

It is noted that for some systems the first image in the series of projections is the pre-exposure in 

zero degree position or in the largest angle position, for other systems the first image is the 

projection image in largest angle position. It should be ensured that the correct image is used 

when measurements are performed, i.e. the first projection image for which the exposure is 

determined by the Automatic Exposure Control. 

Some vendors consider to offer DBT systems with a variable exposure per projection image. If 

such systems are introduced it is important to check the exposure for each projection as this 

might influence both dose calculations and image quality. 

Lag and ghosting between projection images might influence the image quality of the 

reconstructed DBT image. This might be particularly the case when a tomosynthesis image is 

acquired after a 2D image. In future versions of this protocol, QC tests might be introduced to 

quantify the amount of lag and ghosting. 

 

Changes compared to version 1.0 

- Table 1 has been updated. 

- For scanning geometry DBT systems inherently without projection images it has been 

mentioned in the description of several measurements that the simple backprojection 

mode should be used. 

- In the terms of definition the reference ROI in simple backprojection images has been 

added. 

- In the dosimetry section the s-factor for Rh/Ag has been added. 

Changes compared to version 1.01 

- The reference dose values have been changed in limiting values. 

- The limiting dose value for a 2.0 thick standard breast has been raised from 1.0 to 1.2 

mGy. 

- Some text regarding the mode in which images have to be made has been added to 

several methods of measurement. 
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- In the previous versions a special mode a special QC mode was mentioned incorporating 

the image reconstruction but excluding image processing techniques like artefact 

reduction and additional breast specific image processing techniques for visualization. 

This demand has been dropped. 

- The noise analysis measurement has been made optional. 
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1 X-ray generation 

1.1 Focal spot size (optional) 

Method: The method for measuring the focal spot size is described in the 4th edition of the 

European Guidelines. Use the zero degree angle stationary mode image or an FFDM image for 

evaluation of focal spot size.   

Remark: the focal spot size measurement can only be performed in FFDM mode if the same 

focal spot is used as in DBT mode. 

Limiting values:  For reference purposes 

Frequency:  Optional at acceptance, if image quality problems occur 

Equipment: Suitable focal spot size phantom 

 

1.2 Focal spot motion 

For DBT systems in which the focal spot is in motion while the target is emitting x-rays, the 

distance that the focal spot travels during the exposure is an important parameter needed when 

determining the geometric unsharpness due to focal spot motion for a given object. This test 

applies to systems with x-ray tube motion during exposure. In Table 1 the focal spot to centre of 

rotation (h) and angular range of the system (2ɗm) are given for currently available DBT systems 

and some prototype systems. 

Figure 3 Definition of distances for calculation of focal spot motion. The term df  is the dimension of the 

focal spot, the term dm is the extended focal spot size due to motion of the anode during exposure 

(for systems with tube motion during exposure). The term d1 is the distance from the focus to the 
object of interest, the term d2 is the distance from this object to the detector entrance plane. As an 

example, geometric unsharpness is shown for an object at some height zo above the breast support 

table. 
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Method: Measure the projection exposure time (tproj) for typical current-time product settings 

found during the AEC object thickness compensation tests, using the zero degree stationary 

mode if necessary, and the time for a complete scan (tscan). These figures can also be taken from 

DICOM header data if accurate and if available.  

The focal spot motion length can be calculated using the equation: 

 
scan

proj

mm
t

t
hd q2=          (1) 

In this formula mq   is in radians. Focal spot motion length (dm) should be compared against focal 

spot size (typically 0.45 mm at the reference position) to give an idea of the influence of 

geometric unsharpness due to focal spot motion. 

Remark: The blurring, expressed as the projected focal spot travel length (am) of an object at 

some point z0 above the breast support table from the extended focal spot size due to focal spot 

motion (dm) can be calculated using lengths d1 and d2 as: 

1

2

d

d
da mm =

         (2)   

Limiting values:  For reference purposes; The exposure time value from the DICOM header 

should be within 10% of the measured value (provisional).  

Frequency:  At acceptance or after a software update that changes exposure times 

Equipment: A suitable exposure time meter 

 

1.3 Alignment and collimation checks 

Method: Position X-ray rulers on the bucky to mark the chest wall and lateral edges of the 

detector as indicated by the light field or lines on the breast support table as shown in figure 4. 

As the exact position of the edge of the detector is not known, this information is obtained from 

the image of the rulers. Mark the middle of four pieces of self-developing film and position them 

on the bucky with the mark aligned with the X-ray ruler. Make an exposure to give sufficient 

blackening of the film, without saturating the detector. This may be achieved by making multiple 

exposures, or by placing an attenuating material (for example a 3mm thick aluminium plate) 

between the self-developing film and the detector and using a large exposure. Evaluate the 

coincidence of the X-ray field and the tomosynthesis image by finding the position of the X-ray 

field relative to the light beam from the self-developing film, and the position of the light beam 

relative to the image from the image of the X-ray rulers in the reconstructed focal plane in which 

the rulers are in focus. It may be helpful to examine the projection images.   
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Figure 4 Set-up for measuring coincidence of reconstructed and irradiated volume on the bucky, top view 
and 3D view.  

Limiting values:  Chest wall side: X-ray field must extend no more than 5 mm beyond the 

edge of the image receptor (using projection images)/reconstructed 

tomosynthesis image. At lateral sides the X-ray field should not extend 

beyond the primary beam stopper in the bucky 

 

Frequency:  At acceptance and every six months  

Equipment: X-ray rulers, self-developing film 

 

1.4 Tube output 

For measuring tube output, a distinction is made between systems that have full-field geometry 

and scanning geometry. A description of the different geometries is given in the introduction of 

this protocol and in Dance et al 2011. 

Method: Measure the tube output for all clinically used target filter combinations and relevant 

tube voltages. It is adequate to interpolate between tube voltage measurements. Repeat the 

measurement of the tube output of the spectrum used for the standard test block in the clinically 

used AEC mode 5 times to check short term reproducibility. 

- For a system with a full field  geometry : Position the dose meter within the X-ray field 

60 mm from chest-wall side underneath and in contact with the compression paddle and 

measure the incident air kerma in the zero degree angle stationary mode. The dose 

meter should be positioned on a line extending from the tube focal spot to a point on the 

mid-line of the breast support table 60 mm from the chest wall edge. If the dose meter 

has back scatter correction the recommended position is directly on the breast support 

with the paddle in contact. If the dosemeter is not corrected for backscatter, precaution  

has to be taken as suggested in the dosimeter manual. 

Light field 

Bucky 

X-ray rulers 

Self 
developing 

film 

Bucky 

Light field 

X-ray rulers 

Self developing 

film 
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- For the scanning geometry: Position the dose meter on the midline of the bucky surface 

and 60 mm from chest-wall side. Measure the incident air-kerma for the scanning beam.  

Note: In zero degree angle stationary mode the measured tube output might differ slightly from 

the FFDM mode due to the pulsed exposure. At acceptance a comparison could be made 

between the tube output during a tomosynthesis series and using FFDM mode. 

 

Limiting values: No limiting values. Tube output is measured for dosimetry purposes only. 

Tube output of 5 consecutive measurements (reproducibility) should be 

within 5% of the average tube output. 

Frequency:  Every 6 months  

Equipment: Dose meter with suitable calibration 

 

1.5 Tube voltage and beam quality 

The beam quality of the emitted X-ray beam is determined by tube voltage, target material and 

filtration. Tube voltage and beam quality are used to calculate average glandular dose.  

1.5.1 Tube voltage (optional) 

Method: The method for measuring the tube voltage is described in the European Guidelines, 4th 

edition. Perform the measurements in the zero degree angle stationary mode. Perform at least 5 

measurements covering the range of tube voltages used clinically. The reproducibility is 

measured by making 5 repeat exposures at one fixed tube voltage that is used for the standard 

test block 

Note: In DBT mode, the measured tube voltage might differ slightly from the FFDM mode due 

to the pulsed exposure in DBT mode. 

Limiting values:  Accuracy for the range of clinically used tube voltages: < ± 1 kV  

Reproducibility: < ± 0.5 kV 

Frequency:  Every 6 months 

Equipment: Suitable tube voltage meter 

1.5.2 Half Value Layer (HVL)  

The Half Value Layer (HVL) can be calculated by inserting thin aluminium filters into the X-ray 

beam and measuring the attenuation. Perform the measurements in the zero degree angle 

stationary mode. 

Method: Position the dosimeter at the reference position. Place the compression paddle as high 

up as possible between focal spot and the bucky. Limit the X-ray field to the area of the 

dosimeter. Perform measurements for each clinically used target filter combination. Sample the 

tube voltage range such that at least 3 measurements are performed for each clinically used target 

filter combination, unless fewer than 3 tube voltages need to be measured. Make an exposure 

with the compression paddle in place and without an aluminium filter and repeat the exposure 

twice with different thicknesses of aluminium filter placed on the compression paddle. The 

thicknesses of the aluminium filters should be chosen such that the measured incident air kerma 

levels are just above and below half the incident air kerma measured without filter. 
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Determine the HVL using equation (3): 
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In this equation Y0 is the air kerma reading without additional attenuation and Y1 and Y2 are the 

air kerma readings with added aluminium filter thicknesses of X1 and X2 respectively.   

Note: In DBT mode the measured HVL might differ slightly from the FFDM mode due to the 

pulsed exposure in DBT mode. 

Note: Filters used in DBT should be tested at least once in DBT mode and the results compared 

to those with the same filters in 2D FFDM 

 

Limiting values:  No limiting values, only measured for the calculation of average glandular 

dose  

Frequency:  At acceptance and after replacement of the X-ray tube 

Equipment: Suitable dose meter 

 

1.6  Exposure distribution per projection image (optional) 

The aim of this test is to measure the exposure distribution over the projections. This may be 

constant for some designs, whereas other DBT systems may vary the air kerma per projection 

according to some defined regime. 

Method: If the dosimeter has a suitable waveform option and if there is a zero degree stationary 

mode, incident air kerma for each individual projection image can be determined. Position the 

dosimeter on a line extending from the tube focal spot to a point on the mid-line of the breast 

support table 60 mm from the chest wall edge. Initiate an exposure in zero degree angle mode 

and measure the incident air kerma for each projection image. Use clinically relevant exposure 

parameters for the standard test block.  

Verify whether the distribution of the doses conforms to the description in the DICOM header of 

the images or to the description at the console. 

Note: Depending on the design of the AEC and the angle of the pre-exposure, the measurement 

in the zero degree angle stationary mode might give slightly different results to those obtained 

with a moving tube. 

Note: The exposure distribution per projection image might vary with thickness. 

Limiting values:  Manufacturers specification   

Frequency:  At acceptance 

Equipment: Dosimeter with suitable waveform option 
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2 AEC-system 

If multiple AEC modes are used clinically, all modes must be measured at acceptance and after 

upgrade of the AEC software. 

2.1 Guard timer/security cut-off  

The security cut-off protects the patient, the exposure is terminated after the pre-exposure (or in 

the first milliseconds of the exposure) because the image quality which the AEC aims for, cannot 

be achieved. The guard timer protects the x-ray tube from reaching or exceeding its heat-loading 

capacity to prevent damage to the X-ray tube.  

Method: Make an exposure in the clinically used AEC mode with a highly attenuating object 

covering the AEC part of the image receptor. Record the current-time product value at which the 

exposure is terminated.  

Warning: An incorrect functioning of the back-up timer and security cut-off could damage the 

tube. To avoid excessive currentïtime product (mAs) consult the manual for maximum permitted 

exposure time.  

Limiting values: The guard timer and/or security cut-off should function according to 

specifications 

Frequency: Yearly 

Equipment: Suitable high attenuation object e.g. metal plate. 

 

2.2 Short term reproducibility  

Method: Position a standard test block on the bucky and initiate an exposure in the clinically 

used AEC mode. Record the exposure settings. Repeat this procedure 4 times. Measure the 

average pixel value and standard deviation in the reference ROI in the first projection image and 

calculate linearized SNR. Calculate the variation in currentïtime product (mAs) and in SNR. 

Remark: If the exposure parameters of the first projection image in a DBT sequence of images 

have not been determined by the AEC, the second projection image should be used instead.  

Remark: If it is noticed that the system switches between X-ray spectra, release the compression 

paddle and compress again or use another PMMA thickness (add for example 0.5 cm PMMA) to 

force the choice of one single spectrum and repeat the measurement. 
 

Remark: For scanning geometry DBT systems inherently without projection images, the simple 

backprojection mode should be used for this measurement. Measure the pixel values and 

standard deviations in the reference ROI of the simple backprojection image. 

 

Limiting values: Variation in total currentïtime product (mAs) < 5%, variation in SNR < 

10%. 

Frequency: Every six months 

Equipment: Standard test block 
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2.3 Long term reproducibility  

Method: Position the standard test block on the bucky and initiate an exposure in the clinically 

used AEC mode. Record the exposure settings. Measure the average pixel value and standard 

deviation in the reference ROI in the first projection image and calculate SNR. The exposure is 

repeated a number of times during the QC test . Average pixel value, SNR and exposure settings 

are tracked over time.  

Remark: If the exposure parameters of the first projection image in a DBT sequence of images 

have not been determined by the AEC, the second projection image should be used instead.  

 

Remark: For scanning geometry DBT systems inherently without projection images, the simple 

backprojection mode should be used for this measurement. Measure the pixel values and 

standard deviations in the reference ROI of the simple backprojection image. 

 

Limiting values:  The variation in currentïtime product (mAs), average pixel value and 

SNR in the reference ROI should be <10% and exposure factors should 

remain unchanged.   

Frequency:  Daily/weekly, after system calibration and after maintenance  

Equipment: Standard test block 

 

2.4 AEC performance  

This test uses readily available QC equipment. More advanced tests are under development. 

Method: Automatic exposure control performance for different object thicknesses should be 

measured for PMMA plates in the thickness range from 20 to 70 mm (steps of 10 mm) and the 

standard test block in all clinically used AEC modes. Position the compression paddle at the 

height given in table 2 to obtain the thickness of the equivalent breast with similar attenuation to 

the PMMA slabs, see figure 5a and 5b and table 2. 

Alternatively, a combination of PMMA and PE slabs can be used to mimic the thickness of a 

standard breast with the same attenuation, see table 3.  
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Figure 5a Setup for the breast thickness and composition measurements (50 mm PMMA + 10 mm air gap), 
top view and 3D-view. 

 

  

Figure 5b Setup for the breast thickness and composition measurements (50 mm PMMA + 10 mm air gap), 
front and side view. 
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Figure 5c The ROI positions to calculate SDNR. 

Image two 10 mm thick stacked PMMA plates covering the whole image receptor, with an 

aluminium sheet of dimensions 10x10 mm and 0.2 mm thick wedged between the plates. 

Position the aluminium at a distance of 60 mm from chest wall side and centred laterally, as 

shown in Figure 5a. Image the stack of PMMA in the clinically relevant AEC mode, if necessary 

the image can be made in manual mode with settings as close as possible to the clinical AEC 

settings for the equivalent breast thickness. 
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Table 2 Height of the compression paddle when using different PMMA thicknesses. 

PMMA thickness 

(mm) 

Height of the 

compression 

paddle 

(mm) 

20 21 

30 32 

40 45 

45 53 

50 60 

60 75 

70 90 

 

 

Table 3 Thickness of PMMA and PE to match the attenuation of the standard breast with similar 

thickness. 

Standard breast 

thickness  

(mm)  

PMMA thickness 

(mm) 

PE thickness  

(mm) 

20.0 20.0 0.0 

30.0 27.5 2.5 

40.0 30.0 10.0 

50.0 32.5 17.5 

60.0 32.5 27.5 

70.0 32.5 37.5 

80.0 32.5 47.5 

90.0 35.0 55.0 

 

Repeat this measurement for the PMMA thicknesses according to Table 2 column 1 by adding 

additional slabs of PMMA on top of the stack. The compression paddle should be positioned as 

given in Table 2 column 2. This is achieved by leaving an air gap between the PMMA plates and 

the compression paddle. If compression is necessary to make an exposure, then spacers may be 

used, but they must be positioned such that they do not reduce transmission of X-rays to the 

central and chest wall regions of the image at any tube angle. This may be achieved by placing 

spacers along the back edge of the PMMA.  
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Alternatively a combination of PMMA and PE slabs can be used to simulate the standard breasts. 

The required thickness of PMMA and PE is given in table 3, all PMMA slabs should be at the 

bottom of the stack, all PE slabs on top of the PMMA stack. 

Position a 5 mm x 5 mm ROI in the centre of the image of the aluminium sheet in the first 

projection image, and position two 5mm x 5mm ROIs in the background areas on the chest wall 

and nipple sides of the aluminium sheet, see Figure 5c. The centres of both background areas 

should be at a distance of 10 mm from the centre of the ROI in the aluminium sheet. If the 

projection image has a significant degree of non-uniformity it may be necessary to compensate 

for this by using ROIs subdivided into 1mm x 1mm elements and using the averages of the mean 

pixel values and standard deviations from the elements. Measure the pixel values and standard 

deviations in the ROIs. 

Calculate PV(background) and SD(background) according to: 

2

)SD(ROI
 und)SD(backgro

2

1 nä
=        (4) 

2

)PV(ROI
 und)PV(backgro

2

1 nä
=       (5) 

 

Calculate the SDNR of the aluminium object: 

und)SD(backgro

)()(
 SDNR

backgroundPVsignalPV -
=

   
   (6) 

 

Remark: If the exposure parameters of the first projection image in a DBT sequence of images 

have not been determined by the AEC, the second projection image should be used instead.  

 

Remark: For scanning geometry DBT systems inherently without projection images, the simple 

backprojection mode should be used for this measurement. Measure the pixel values and 

standard deviations in the focal plane for which the aluminium sheet is in focus. 

 

Limiting values:  Not yet established, SDNR values are calculated for reference purposes, to 

allow stability testing 

Frequency: Every six months 

Equipment: Aluminium sheet (10mm x 10mm, 0.2 mm thick), seven PMMA slabs of 

10 mm thickness, one PMMA slab of 5 mm thickness 

 

2.5 Exposure duration per projection and total scan duration 

Exposure time per projection and total scan time are important parameters of system 

performance (see focal spot motion tests). The exposure time per projection may lead to focal 

spot motion unsharpness. Long scan times may also lead to an increased risk of patient motion. 
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Method: Position the standard test block on the bucky and make an exposure in the clinically 

used AEC mode. Measure the duration of each projection image and the time between the start 

of the first and the end of the last exposure.  

If the exposure time meter interferes with the exposure chosen by the AEC, the standard test 

block should be imaged without the exposure time meter. The exposure factors should be 

recorded and simulated afterwards in manual mode with the exposure time meter in the X-ray 

beam. 

Optionally, by using the DICOM header of the images made in paragraph 2.4 ´AEC 

performancé, the exposure times of images at different simulated breast thickness can be 

calculated and recorded. 

Limiting values: No limiting values set, clinical evaluations are required to evaluate 

potential motion artefacts and the impact of occasionally long pulse 

widths. Measured values can be used to ensure stability and similar 

settings on the same type of system. 

Frequency: Exposure duration per projection: acceptance test, every six months, Total 

scan time: at acceptance and if changes have been made in the acquisition 

of images. 

Equipment: Exposure time meter with a waveform option 

 

2.6 Local dense area 

Most systems measure the attenuation of the imaged object during a pre-exposure. The areas 

with highest attenuation in the clinically relevant part of the image should determine the 

exposure factors for imaging. We require that the SNR in the projection images is adjusted to the 

(relatively large) regions with highest density.  

Position a stack of 40 mm PMMA on the bucky. Put spacers on top of the stack, such that the 

compression paddle is positioned at a height of 50 mm above the breast holder (compression 

force can be applied), see figure 6a and 6b. The spacers should not cover the part of the detector 

in which exposure factors are determined (AEC sensor area) for all projection images. This 

simulates the attenuation of a 50 mm thick fatty breast. On the compression paddle, a first small 

PMMA plate representing an areas with higher glandularity (dimensions: 20 mm x 40 mm, 2 mm 

thick) is positioned in the central part of the detector with its lower edge 50 mm from chest wall 

side, see figure 5 and 6 (It must be ensured that this is within the AEC sensor area. If this is not 

the case, another position should be chosen). Make an exposure in the clinically relevant AEC 

mode and record the exposure factors. Add another small PMMA plate on top of the previous 

one and repeat the procedure until a total thickness of 14 mm small PMMA plates has been 

added. This is approximately equivalent to a 50 mm thick standard model breast with 100% 

glandularity in the central region, see section 6.1. 

Alternatively a combination of 20 mm thick PMMA and 30 mm thick PE slabs can be used to 

mimick the attenuation of a 50 mm fatty breast. The 30 mm PE must be positioned on top of the 

20 mm PMMA In this case spacers do not have to be used. On the compression paddle, a first 

small PMMA plate representing an areas with higher glandularity (dimensions 20 mm x 40 mm, 

2 mm thick) is positioned in the central part of the detector with its lower edge 50 mm from chest 
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wall side, see figure 5 and 6 (It must be ensured that this is within the AEC sensor area. If this is 

not the case, another position should be chosen).  

Make an exposure and record the exposure factors. Add another small PMMA plate on top of the 

previous one and repeat the procedure until a total thickness of 14 mm small PMMA plates has 

been added (this approximately equals 100% glandularity). 

On the first projection image, measure pixel value and standard deviation in the area of extra 

attenuation (20 mm x 40 mm PMMA plates) with a ROI of 5 mm x 5 mm. Calculate SNR in the 

first projection image of each tomosynthesis acquisition and calculate the average SNR for all 

these first projection images. It should be checked whether the exposure of the tomosynthesis 

acquisitions is increased with additional PMMA object thicknesses. For this the following value 

can be used as guidance: the SNR of each projection image should be within 20% of the average 

SNR (provisional). 

Remark: If the exposure parameters of the first projection image in a DBT sequence of images 

have not been determined by the AEC, the second projection image should be used instead.  

 

Guidance  The SNR of each first projection image should be within 20% of the 

average SNR. (provisional) Further research is needed before limiting 

values can be established. 

Frequency Every six months or after AEC software upgrades 

Equipment Four PMMA plates (dimensions at least 150 mm x 180 mm, each 10 mm 

thick), two spacers (10 mm thick), seven 20 mm x 40 mm PMMA plates (2 

mm thick) 

 

 

Figure 6a. Setup for the local dense area measurement, top view and 3D view. 
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Figure 6b. Setup for the local dense area measurement, front view and side view. 
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3 Compression 

3.1 Compression force 

Method: Measure the motorised compression force with a compression force test device (use 

compressible material e.g. a tennis ball to protect the bucky and compression device). Both the 

applied compression force and the accuracy of the indicated compression force are verified. 

Examine the compression paddle visually for cracks and sharp edges. 

Record the maximum compression force and the compression force after 1 minute of 

compression. Report any visual damage of the compression device.  

Limiting values: Maximum motorized compression force may not exceed 200 N and must 

be at least 130 N. The decline in compression force within 1 minute may 

not exceed 10 N. No sharp edges and cracks in the compression paddle 

should be present. 

Frequency: Yearly 

Equipment: Compression force test device 
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4 Image receptor 

4.1 Image receptor response 

4.1.1 Response function 

Response function is measured in DBT projection images or in projection images acquired in 

zero degree angle stationary mode. 

Method: Remove the compression paddle and any other removable parts from the X-ray beam. 

Position a 2 mm thick aluminium plate as close as possible to the X-ray tube. 

Set the target/filter combination and tube voltage which is chosen in fully automatic mode for the 

standard test block. In manual mode, set the minimum current-time product (mAs) value. Image 

the aluminium plate. Increase the current-time product and repeat the acquisition.  Acquire 

several scans (typically 8 current-time product values) over the available range, increasing the 

current-time product by a factor of approximately 1.4 (if possible) between exposures. 

It is optional to repeat the measurement for all target-filter combinations, with a clinically 

relevant tube voltage for each combination.  

It is optional to measure or calculate, from tube output measurements, the incident air kerma on 

the detector surface and use it instead of currentïtime product (mAs) in this evaluation.  

Measure the mean pixel value and standard deviation in the standard ROI on the first projection 

image of the zero degree angle stationary mode or the first projection image in DBT mode to 

limit the influence of lag and ghosting in the measurements. Plot mean pixel value against 

current-time product (or incident air kerma at the detector) and check whether the response 

function is according to manufacturerôs specification. 

Remark: If the exposure parameters of the first projection image in a DBT sequence of images 

have not been determined by the AEC, the second projection image should be used instead.  

Remark: Detector gain (the gradient term of the response function) is usually increased for DBT 

mode compared to standard 2D mammography mode, because of the lower exposure per 

projection used in DBT systems. 

Remark: For scanning geometry DBT systems inherently without projection images, the simple 

backprojection mode should be used for this measurement. Measure the pixel values and 

standard deviations in the reference ROI in the simple backprojection image. 

 

Limiting values:  Results at acceptance are used as reference. 

Frequency:  Every six months 

Equipment:  2 mm thick aluminium plate (99% purity), optional: suitable dose meter. 

 

4.1.2 Noise analysis  (Optional) 

Noise analysis is performed in DBT projection images or projection images acquired in zero 

degree angle stationary mode. 
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The aim of this test is to quantify the contribution of different noise components to the total 

image noise in order to provide additional information on the performance of the imaging 

system. This may assist in trouble-shooting if image quality problems occur.  

General requirement: For systems with a non-linear response, the pixel data must be linearized 

before analysis. 

Noise in images can be subdivided in electronic noise, quantum noise and structural noise 

(Bouwman 2009, Monnin 2014): 

 

SD2=ke
2 + kq

2 *p + ks
2 * p2      (7) 

SD = standard deviation in reference ROI 

ke = electronic noise coefficient 

kq = quantum noise coefficient 

ks = structural noise coefficient 

p = average pixel value in reference ROI 

 

Electronic noise is assumed to be independent of the exposure level and arises from a number of 

sources: dark noise, readout noise, amplifier noise. 

Structural noise is present due to spatially fixed variations of the gain of an imaging system. The 

flatfielding performed in DR systems will largely remove the effects of structural noise. Due to 

the limited number of images used for the flatfield mask and the associated noise in the mask, 

some structural noise remains. Furthermore flatfielding might not be performed for projection 

images individually, leading to some additional structural noise. 

Quantum noise arises due to the variations in X-ray flux. 

Method: The images acquired for measurement of detector response (section 4.1.1) are used for 

this test. 

It is optional to repeat the measurement for all target-filter combinations, with a clinically 

relevant tube voltage for each combination.  

Optional: Measure or calculate the incident air kerma on the detector surface from tube output 

measurements for all spectra to be able to plot against detector air kerma instead of pixel value. 

Analysing steps: 

1. Measure pixel value and SD in the reference ROI. 

2. Linearize the mean pixel and SD values using the response function measured in paragraph 

4.1.1. 

3. Plot SD² against pixel value (or detector incident air kerma). 

4. Fit a curve to the points using equation (7) and determine the noise coefficients 

 

the calculated noise components can be used to plot pixel value (detector dose) against the 

percentage of the total relative noise for all noise components. In this graph the magnitude (in %) 

of all noise components is visualized for the range of pixel values (detector dose). 
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Note: Quantum noise may not be the largest noise component in individual projection images. 

Limiting values:  Use the noise coefficients for reference purposes to verify stability and 

similar settings/quality on the same model of system. 

Frequency:  Every six months 

Equipment: 2 mm thick aluminium plate, optional: dose meter 

 

4.2 Detector element failure  

Method: Obtain the most recent ñbad pixel mapò for tomosynthesis mode from the system.  

Remark: this map might differ from the bad pixel map in FFDM mode due to the differences in 

readout of the detector or pixel binning after readout. 

Limiting value: At present no limits have been established. It is suggested that the 

manufacturerôs limits are used.  

Frequency:  Every six months 

Equipment:  None 

 

4.3 Uncorrected defective detector elements  

The uncorrected defective detector elements test is performed on projection images acquired in 

tomosynthesis mode or projection images acquired in zero degree angle stationary mode images. 

Method: Make five images of the standard test block and determine whether any pixel deviates 

more than 20%(provisional value)  in value compared to the average value in an ROI of 5 mm x 

5 mm. Uncorrected defective detector elements show deviations in all projection images. 

Limiting value: No uncorrected defective detector elements should be visible and any 

pixel in an ROI of 5mm x 5mm should deviate less than 20% (provisional 

value) in value compared to the average value in this ROI. 

Frequency: Every six months 

Equipment: Standard 45 mm thick PMMA block 

 

4.4 System projection MTF  

The system projection MTF measurement is performed using DBT projection images. 

The system MTF measured in the projection images includes the following sources of blurring: 

focal spot size, focal spot motion and detector MTF.  The detector MTF includes the effect of 

blurring due to the x-ray converter, pixel size and detector binning. The system MTF measured 

in zero degree angle stationary mode includes the same blurring sources with the exception of 

focal spot motion. 

The MTF in the tube travel direction may be strongly influenced by the effective size of the focal 

spot due to tube motion, which in turn depends on the exposure pulse length per projection 

image. Blurring (for some object) in the projection images due to focal spot size and focal spot 

motion depends on the position above the bucky.  
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Hence, a system MTF in the projection images should be measured at a number of positions 

above the bucky, using the tube voltage, mAs so that the X-ray pulse length corresponds to the 

clinical situation which is simulated. This information can be found in the AEC test results, as a 

function of PMMA thickness. For example, placing the edge 70 mm above the table and using 

the x-ray factors for 70 mm PMMA gives an assessment of system projection MTF at a position 

towards the top of a 90 mm thick breast. Blurring or resolution loss in the detector itself can be 

isolated by measuring MTF in FFDM mode or zero degree angle stationary mode with the edge 

on the detector housing. 

Method: Remove the compression paddle. Position a 2 mm thick aluminium plate as close as 

possible to the X-ray tube to attenuate the whole X-ray beam. Place the MTF edge on the bucky 

at a small angle (~ 3O) to the orientation of the pixel matrix, with the centre of the edge to be 

used on the midline at a distance of approximately 60 mm from the chest wall edge. Perform a 

DBT scan using the same beam quality as would be selected by the AEC for the standard test 

block. Ideally one would increase the currentïtime product (mAs) to three times the AEC value 

to reduce the influence of noise on the measurement, but it is likely that the exposure duration 

for each pulse would be increased which must be avoided, unless the system can increase the 

tube current and keep the exposure times constant.  

A check should therefore be made to ensure that the pulse exposure time is typical of clinical 

values. Rotate the MTF edge through 90o and repeat to obtain the MTF in the orthogonal 

direction. Alternatively the MTF can be measured in both directions in a single image using a 

suitable MTF test tool with two orthogonal edges. Repeat the pairs of orthogonal images with the 

edge positioned 40 mm and 70 mm above the table surface. To achieve this the MTF tool should 

be placed on low contrast supports (e.g. expanded polystyrene blocks positioned such that they 

do not influence the area used for MTF analysis or small plastic blocks)  For routine 

measurements the MTF has only to be assessed at 40 mm height above the table surface. 

Calculate the MTF from the projection image closest to the 0° position (i.e. DICOM tag 

ó0018,1530  Detector Primary Angleô ~0Á), using appropriate software (e.g. OBJ_IQ_reduced as 

described in NHSBSP Equipment Report 0902). Re-bin the MTF data at 0.25mm-1 spatial 

frequency intervals. Find the spatial frequency for MTF values of 50% and 10%. 

Options: collimate field to 100 x 100 mm if possible. Reposition the edge between DBT scans 

such that the horizontal edge and vertical edge are at the same position on the detector.  

Remark: Some systems use some kind of pixel binning of the projection images. The binning 

used by the system should be noted as it is an important source of blurring. Note that some 

systems may save the projections binned or un-binned; it is possible that systems save un-binned 

projection images and bin these images before reconstruction. As such, this binning step can be 

considered as part of the reconstruction as it cannot be discriminated from a reconstruction filter. 

Remark: If the temporal response of the x-ray detector (e.g. in terms of x-ray fluorescence or 

charge trapping and release in a photoconductor) is not sufficiently fast with respect to the 

projection image acquisition rate then signal carry over (lag) between projections will be seen. 

The cumulative effect of the lag is changing brightness near the region of the edge. This results 

in a ramp function superimposed on the high value part of the edge spread function and 

ultimately leads to a reduction in MTF at low spatial frequencies. 
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Remark: Edge images acquired for systems with a non-linear detector response curve must be 

linearized before MTF calculation while linearization is not essential for systems with a linear 

detector response curve. The generic (standard) response curve, as measured using 2 mm Al in 

section 4.1.1, can be used for all the edge images, regardless of beam quality setting. 

Remark: For scanning geometry DBT systems inherently without projection images, the simple 

backprojection mode can be used for this measurement. Measure the MTF in the focal plane for 

which the MTF object sheet is in focus. 

 

Limiting values: Record the spatial frequencies at 50% and 10% points on the MTF curve. 

These values should be within 10% of the baseline values. 

Frequency: At acceptance: Measure at the bucky surface and at 40 and 70 mm above 

the bucky table. Every six months: Measure at a height of 40 mm above 

the bucky table. 

Equipment: A  1 mm thick steel sheet of minimum dimension 50 x 50 mm² with 

straight edges. Appropriate MTF calculation software, 2 mm thick 

aluminium plate. 

 

4.5 Lag-ghosting 

Under development. 
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5 Image quality of the reconstructed image 

 

Image quality measurements are essential for the evaluation and optimization of breast 

tomosynthesis systems. Sufficiently high image quality is required at acceptance and should be 

maintained during the lifetime of the equipment. These image quality measurements in breast 

tomosynthesis should represent relevant clinical tasks. Examples are detection of 

microcalcifications and masses in mammographic backgrounds.  

The current phantoms used in FFDM cannot be used to assess image reconstruction because they 

do not include mammographic backgrounds. New 3D structured phantoms are being developed 

with some of them including objects for detection tasks. This detection can be evaluated via 

human observers or using model observers which are being developed. As soon as validated  

methods to test system performance are available they will be included in this protocol including 

fail/pass criteria.  

Limiting values:  Under evaluation. 

Frequency:   Every 6 months.  

Equipment:  validated phantom typically including mammographic 3D backgrounds 

and simulated clinical objects 

 

5.1 Stability  of image quality in the x-y plane 

It is important to investigate in-plane and inter-plane stability of image quality.  For now, it is 

advised to use the methods and phantoms as used in FFDM, such as the CDMAM and 

TORMAM phantoms. It is realized that the tests proposed in this section have been designed for 

FFDM and have problems/disadvantages when used on tomosynthesis systems. 

 

It is emphasized that comparisons of performance between different models cannot be 

made using the current 2D phantoms. However these phantoms do have an important role 

in stability assessment and quantifying some aspects of image quality. 

 

 

5.1.1 CDMAM phantom 

Method: Image the CDMAM phantom in the middle of a 40 mm stack of PMMA using exposure 

factors as would be selected automatically for a 60 mm equivalent breast. Repeat 6 times, 

moving the phantom slightly between exposures. Score the reconstructed tomosynthesis images 

of the CDMAM phantom using human observers and calculate the CD-curve according to the 

supplement to the fourth edition of the European Guidelines. 

For some DBT systems it is possible to score the focal plane where the image of the CDMAM 

phantom is in focus using CDCOM, in which case 8 to 16 CDMAM images should be used. It is 

advisable to ensure that the entire CDMAM is brought into focus in a single focal plane by 

careful positioning of the phantom to compensate for any tilt of the reconstructed focal planes 

relative to the breast support table.  
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As CDCOM is designed to read images in the FFDM format, it is necessary to extract the focal 

plane where the CDMAM is in focus from the reconstructed tomosynthesis image. Where there 

is significant low frequency non-uniformity in the reconstructed focal planes, flatfielding should 

be applied before automated reading using CDCOM. A suitable flatfielding algorithm involves 

cropping to the useful area of the CDMAM and padding out to achieve an image size equal to 

the nearest power of two. An appropriate filter such as a Butterworth filter should be applied in 

the frequency domain to remove the higher frequencies including the grid and contrast details of 

the CDMAM, using a fourth order filter with a cut-off of 5mm. The original image is then 

divided by the original image and the pixel values rescaled. 

Note that the use of CDCOM for reading tomosynthesis images has not been validated by 

comparison with human reading (as in Young 2006) and converting the results of this automated 

analysis to predicted human values using the method described in the Supplement to the 

European Guidelines may not be correct. However, automated reading and analysis of 

tomosynthesis CDMAM images using software designed for 2D images may be a useful interim 

tool for monitoring the stability of DBT image quality. 

Note that for some systems the bucky is not parallel to the image receptor, but tilted slightly. To 

get all the objects of phantoms in focus in one focal plane requires to tilt the phantom with the 

same angle.Limiting values:  The measured contrast threshold values can be used as a reference 

Note: The limiting values for FFDM image quality measurements cannot be applied to DBT. 

Frequency:  Every 6 months.  

Equipment:  CDMAM phantom, PMMA plates 

 

5.1.2 TORMAM phantom 

Method: Image the TORMAM phantom on top of a 30 mm stack of PMMA using automatically 

selected exposure factors. Carry out a visual assessment of the image of the TORMAM. For this 

assessment it is necessary to use a primary display monitor under appropriate conditions, with 

window level and width and zoom functions adjusted to maximise visibility of the details. A 

scoring system may be used, where points are accumulated for discs, filaments and specks 

according to how clearly they are visualised. However such systems are highly subjective and 

likely to vary significantly between observers and between observations by the same observer on 

different occasions. Alternatively assessment may be made by comparison to a baseline image, 

recording whether the visibility of details in the image is the same, or better or worse than in the 

baseline image. When comparing against a baseline image the two images should be displayed 

simultaneously. 

Note that for some systems the bucky is not parallel to the image receptor, but tilted slightly. To 

get all the objects of phantoms in focus in one focal plane requires to tilt the phantom with the 

same angle. 

  



Protocol for the Quality Control of the Physical and Technical Aspects of Digital Breast 

Tomosynthesis systems, version 1.03 

37 

Limiting values:  The visibility of details in a baseline image can be used as a reference 

Note: Standards for the visibility of details in a 2D TORMAM image 

cannot be applied to DBT. 

Frequency:  Every 6 months.  

Equipment:  TORMAM phantom, PMMA plates 

 

5.2 Z-resolution 

Tomosynthesis imaging of a 3D phantom containing 1 mm diameter aluminium spheres enables 

an assessment of the inter-plane spread of the reconstruction artefacts associated with each 

sphere. These artefacts appear in focal planes adjacent to the plane representing the actual height 

of the sphere.  A measurement of the spread between focal planes of the reconstruction artefacts 

associated with a sphere can be regarded as a measure of inter-plane resolution or z-resolution.  

This measurement is dependent upon the size of the sphere. Reconstruction artefacts typically 

stretche the sphere into a faint line in the direction of tube motion.  There is often also a shift in 

the position of the artefact in the adjacent focal planes, relative to the position of the sphere in 

focus, due to magnification effects. Therefore, when assessing inter-plane spread, it is not 

sufficient to include only those pixels in a vertical line through the position of the sphere in the 

reconstructed volume. Instead the vertical component of inter-plane spread is assessed, by 

plotting a profile through the maximum pixel value in the vicinity of the sphere from each of the 

adjacent focal planes. 

A test phantom is used which contains several 1mm aluminium spheres in order to make 

simultaneous measurements at multiple positions across the field of view within a single image. 

Images acquired using the geometric test phantom (section 5.7) may be used for this purpose, 

enabling the two tests to be combined. 

 

  

Figure 7a Setup for the evaluation of z-resolution (50mm PMMA + 5mm phantom), top view and 3D-view. 

Al spheres (1 mm diameter) 
embedded in 5 mm PMMA 

5 mm PMMA 
incl. Al spheres 

10 mm PMMA 

50 mm PMMA 
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Figure 7b Setup for the evaluation of z-resolution (50mm PMMA + 5mm phantom), front and side view. 

 

Method: Position six 10 mm thick slabs of PMMA on the bucky. Position the 5 mm thick 

phantom containing the aluminium spheres between the first and second slab and make an 

exposure in the clinically used AEC mode. Repeat with the aluminium spheres between the third 

and fourth slab and again between the fifth and sixth slab, see figures 7a and 7b.  

A visual inspection is made of the appearance of artefacts and how they change and shift 

between focal planes. 

Quantitative measurements are made of the vertical component of the artefact spread in terms of 

full width at half maximum (FWHM) and full width at quarter maximum (FWQM) 

measurements in the direction perpendicular to the detector surface.  The half maximum value is 

taken to be the midpoint between the highest pixel value within the reconstructed image of the 

sphere and the average background pixel value taken from an artefact free region surrounding 

the sphere in the plane in which the ball is in focus. 

The vertical spread of the artefact is not necessarily measured in a straight line through the 

reconstructed image: the maximum pixel value within the artefact for each plane perpendicular 

to the direction of the FWHM (or FWQM) is used, thus enabling allowance to be made for 

angulation and inhomogeneous spread of the artefact. Automated software or DICOM viewer 

tools are used to produce composite images of pixel maxima and reduce them to single lines of 

maxima, from which the vertical FWHM (or FWQM) is calculated either by linear interpolation 

or fitting a polynomial spline to the data. Where the shape of the vertical profile is complex it 

may not be sufficient to measure the FWHM, therefore  it is advised to calculate FWQM also. 

This analysis is most easily carried out by using dedicated software, which will be made 

available on the EUREF website. 

 

Compression 
paddle 

5 mm PMMA 
incl. Al spheres 

10 mm PMMA 
 

40 mm PMMA 

Compression 
paddle 

10 mm PMMA 

5 mm PMMA 
incl. Al spheres 

40 mm PMMA 
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Limiting values: To be determined, the FWHM and FWQM values can be used for 

reference purposes and to ensure stability and similar settings/quality of 

the same model of system.  

Frequency: Every six months 

Equipment: 5 mm thick phantom containing aluminium spheres (1 mm diameter), six 

10 mm thick PMMA slabs  

5.3 MTF in the  x-y plane (optional) 

The use of linear system theory metrics on reconstructed images is under debate. Especially for 

iterative reconstruction techniques, it is not known whether linear system theory metrics are 

valid. The relationship between these metrics and image quality of clinical reconstructed 

tomosynthesis (with structured backgrounds) is not known yet and might be complex. Currently 

the measurement of MTF in the x-y plane is proposed to monitor stability of the tomosynthesis 

system and to allow comparison of  results obtained from systems of the same model. 

The system MTF measured in the reconstructed planes (effectively the total system MTF for the 

focal plane in which the wire is located) includes all the sources of blurring in the system: 

detector MTF, and all additional sources of unsharpness and the reconstruction algorithm. DBT 

is a pseudo-3D technique and should ideally be measured using a method that gives the 3D MTF. 

The method given below does not give the 3D MTF but instead the in-plane MTF (x-y) in tube 

travel and chest wall-nipple directions. 

 

  

Figure 8a Setup for the evaluation of MTF in focal plane, top view and 3D-view. 
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