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Introduction

The fourth edition of theEuropean Guidelines for breast cancer screening and diagangits
supplementhave beemsed as atarting pointfor the development of this protoc@erry et al
2006, Perry et al 2013)This protocol is workn-progress and should be regardecas
preliminary protocbfor quality control inDigital Breast TomosynthesiDBT). Large parts of
the protocol are supported by scientific research (van Engen 2008, M&&HhaJIBouwman
2010, Jacobs 2010, Dance 2011, Bouwman 2012, Marshal| Béi&man 2013

Scope:

This protocol applies only to tomosynthesis systems which measuag &Kansmission through

the breasbvera limited range of angles, followed by reconsiuctof aseries oimagesof the

breast reconstructed for different heights above the detector. These images represent breast tissue
at the heighof the corresponding focal planes as well as a remaining portion of overlying tissue

In this protocol suchystems will be referred to &3BT systems. This imaging modality is

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

using Xray transmission data froarotationof at least 1808round the imaged volume

(Dobbins2009, 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.

ray
at 0° ¢
-ray ay
t-(° @ at+0
Q (9
Centre o 1"=.}\ . ‘>
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Breast: ;"‘,\ =
Slzeaztrt ‘ it = ‘; | Image
pp > 2 receptor

N 7
Figurel Typical geometry used for a breast tomosynthesis system with a full field detector, showing three

positions of the Xray tube, the tube rotation angle(i and the projection angled for the rotated
position (not to scale).

Two types of DBTgeometriesare currently available or under development:

1. Full-field geometry:DBT systems incorporatingdetector as used in conventional 2D full
field digital mammography (FFDM), and afiray tubethat rotates abovenhts detectar A saies
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of individual projection images, in whidhe whole breast is irradiated in each expossre
acquiredover a range of angleas shown in Figure 1.

2. Scanning geometryGeometry of DBT systems utilising a narrow collimateday beam

which scans aoss the breast as therAy tube rotates, and by which the breast is only partially
irradiated at each position of therAy tube. Due to the design of the system, individual
projection images might not exist.

ray (s

ray t at 0° ay

t-G° o) at+d
©) O

Breast\ T

1)

\ \ = \
Breastt Vi [; ' Image
suppor ‘ 'ﬁ» i . receptor

A :
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Figure2 Geometry ofa scanning breast tomosynthesis system with a narrowpdy beam (currently under
development) showing ireepositions of the Xray tube (not to scale). Inthis system both the X
ray tube and image receptor rotate. The Xray 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 bdaken into account for the calculation of the dosimetry
factors (Ffactors) in appendix I.

In FFDM the signal from the detector formsdriginal dat®d i ma g e, to which c
applied, includingaflat i el d corr ecti on xelsand for nocaifédmiteo r def
of the radiation field, corrections for the offset and gain of detector elements, geometrical

distortion and foreadout i me vari ation. This corrected i me
processingd or un pocessedimags tbenprocesgd® adju§ithe unp
appearance of clinical i mages, resul ting in

In DBT the signas of the individual DBT projection images from the detector are corrected for
bad pixels and neaniformities of the radiation field, offset and gain of detector elements,
geometrical distortiomnd time variation during a scarhe correctedorojection imagesnay

thenbe pre-processdbefore they aresed for thereconstrugbn. After reconstruction,

mammogaphy specific posprocessing may be applied. Alternatively, some of the
mammography specific processing may be incorporated into the image reconstruction process.

I n several tests in the present proteacoels,6.we
This projection image will not be influenced by lag from previous exposures of the DBT series.

Protocol for the Qality Control of the Physical and Technical Aspects of Digital Breast
Tomoswthesis systems, version 1.03



If the firstprojectionimage is different from thether images in theerief projections the
second image should be used instead. Examples intledest projection being useas pre
exposure with fixed tube curreakposure timeor being usedor calibration purpose

Table 1 Specifications and geometry of breast tomosynthesis systems currently available or in developine
(based on Sechopoulos 20Ead subsequent information from manufacturers.

DBT System GE GE Hologic IMS Giotto IMS Giotto Philips Planmed Siemens Fujifilm
Healthcare Healthcare Selenia TOMO Class Microdose  Clarity3aD  Mammomat Amulet
SenoClaire  Pristina Dimensions Inspiration Innovality
Type of Full-field Full-field Full-field Full-field Full-field Scanning Full-field Full-field Full-field
geometry multislit
Detector type Energy Energy Energy Energy Energy Photon Energy Energy Energy
integrating integrating  integrating integrating integrating  counting integrating  integrating  integrating
Detector CstSi CstSi a-Se a-Se a-Se Si CstaSi a-Se a-Se
material
Detector element 100 100 70 85 85 50 83 85 68
pitch (um)
Focal plane pixel 100 100 95117 90 90 100 83/166 85 50-100/
size (um) 100150
X-ray tube Stepand Stepand  Continuous  Stepand Stepand  Continuous Continuous Continuous Continuous
motion shoot shoot shoot shoot Syncand
Shoot
Target Mo/Rh Mo/Rh W W W w W W W
Filter Mo: 30pm  Mo: 30um  AL700 pum  Rh: 50 ym  Ag:50 pm  AL500 pum  Rh: 75pum  Rh: 50 pm  Al: 700 pm
Rh: 25 ym  Ag: 30pm Ag: 50 pym Ag: 60 um
Angular range 25 25 15 40 30 N/AS 30 50 15/40
)
Number of 9 9 15 13 11 22 15 25 15
projection
images
Source to 660 660 700 685 690 660 650 655 650
detector distance
(mm)
Distance 40 40 0 20 40 400 4.4 47 46

between detector
and centre of
rotation (mm)

*The pixel size in the focal plane changes with height above the breast support table.
2The projection imagesmay notbeequally spaced anday not havéhe same exposure factor
®This systemdoes not have projection images, but 21 datasets from the detectorlines

“Below the detector

®Hexagonal shaped detector elements

®Tube movement34°.
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Aim of this draft version:

DBT systems areurrently available on the markahd the number of installations rapidly
increases. DBT systems are atemsidered for breast cancer screening. Guidance on Quality
Control (QC) measurements for these systems is necessary and therefore it has beethatecided
this protocol should be made availaiviets present phaseventhoughit 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 this protocokan be usetb characterize DBT systems, to test

their stability and tgperformdose measurements. In most cases, limiting values are not yet
given; more experienceith DBT, results of clinical trial&nd /or technical performance tests
arenecessary to determineettimiting technical requirements. this documentreference

values are givein several caseshich have been derived from full field digital mammography
(FFDM).

We emphasise thatoselimiting valuesfrom FFDM should not be used as limiting valdes
DBT systems but shouldbe used as reference valudsother reaon for distributing this
protocolat an early stage is that physicists may need specific imaging modes to facilitate
adequate testing. A main objective of this document is to ensure tlesaochese imaging
modes is made available.

This protocol does not give any advicer guarantee on the suitability of DBT equipment
for any particular clinical task.

Some DBT systems are able to perform both FFDM and DBT imagingnastDBT systems
arecapable of synthesizing a 2D image from the Diifa setThe FFDM modality should be
tested according to the current version of the European Guid@liamedsngen 200&nd its
Supplement(van Engen 2013)This protocol focuses on the DBT modality anesloot 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 apm@itahll currently available DBT systems.
However, the differencdsetweerthe full-field DBT systems currently available and in

developrent, and the scanningeometrysystens in development are such that some QC tests

have to be adjustetd be used for #se geometries he developmenbf the DBT QC tests

startedwith an evaluation of whether existing FFDM QC tests ctvadddaptedor use with

DBT systemsThis approachvas appropriate because most curl®Bfl systems are based on

existing FFDM systers. Different system design and implementatiomscur, for example, in the
movementof the X-ray tube antbr the detectqrthe use of an arficatter grid, beam quality and

the detector readout sequences. Whiidnas r adi o
FFDM i mages to radiologists, they will be 6r
further processing before presentation.

This protocol startsvith aphilosophysection in which the thoughts behind tests are explained.
Subsequentlyhe diferent testoroceduresiredescribegandterms and definitions can be found
in the definitions section (Appendix III).

Protocol for the Qality Control of the Physical and Technical Aspects of Digital Breast
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Philosophy

Digital Breast Tomosynthesis (DBT) is an active area of reseautllevelopmentThe first
clinical systems have beertrioduced to the market atiae first results of (European) breast
cancer screening trials are availal@errent DBT systems have very different retweristics,
such as thangular range, step and shoot versus contswmotion of the tube, new tarfeter
combinations,new AEC working principleswith or without anti scatter griagtc.

Theclinical role br DBT systems has not yet bedrarlydefined In addition it is not clear

which design is optimal for different taskSor example the advantagesdadisadvantages of
usingsmall or large angular rang@re not yeapparentWill DBT systems be used primarily for
diagnostic workup, further assessment sifispicious findingsr for breast cancer screening?

Will DBT be used as a complementary method~EDM 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 practie, the implementation of DBT QC tests may difierm system to systenif DBT

systems can perform both DBT and FFDM imaging, some measuremente panformed in

FFDM mode.It must be verified thaall relevantexposurg conditions are similar (e.g. target
materialand filterthicknes$ andthat in the case of detector tettts waking of the detector is

identical (e.g. binning of detector elementssponse curvand detector correctionsyhe

measurement of Xay beam parametersasractical challegewhen a system is operating in

DBT andmay require special equipment. Exampbdshe problems faced are the pulsed

exposure and the changing angle of incidence of thayXeam 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 mostucrent kVp and dose measuring equipment.

In developing QC procedures, itis important to conglicketypeof imagesavailable for
analysis. For example, on some systems projection images are available, while on other systems
they are not available or domhexist.

This protocol is intendeébr useonall DBT systemsWe ultimately aim to providerhiting
valuesguaranteeing proper performance for the different applications of BBGause of the
differencesin DBT systemsmentioned above, and the pringphat the same performance
parameters should be measured on all systeystem performance tesiseperformed using the
reconstructed tomosynthesis image. The benefit of this approach is that the image reconstruction
is included in the QC test. Howevydhere are someetector and systetasts that have to be
performed using projection images, as there is no addinethod of measurement using
reconstructedomosynthesismages. For scanninggeometrysystemsprojection images are not
availableandalternative tests aesting in alternative imagingodesneed to be investigated

Some QC testdjke 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, imageswi t h t he DI COM tag O6For processingo
images pixel values are assumed to have a linear relationship to recept@mra@sebe

linearizd), and to be shift invariant. The pixel values in reconstructed D&l planesare

somehow relad to tissue density but a waléfined relationship with attenuation does not exist
(like the Hounsfield units in Timaging).

Protocol for the Qality Control of the Physical and Technical Aspects of Digital Breast
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It is not yet knowrto whatextert aDBT system can be assumed to bi& shvariant
Furthermore,image recortsuction algorithms can produce regi@pecific SDNRand spatial
resolution

Therefore image quality assessment using contrast detail approaches or linear system theory
metrics are a challeng&his is a topic under investigation.

The system should fulfthe requirementsegarding breast tomosynthesis systemihe IHE
profiles for DBT systems.

Zero degree angle stationary modeor dose, HVL and tube voltage measurements a statiopary
mode athe zero degree angle is requirked full -field geomety giving the same exposure as ip
DBT mode but without the tomosynthesis movemeiit full -field geometryDBT systers
should have this mode available. In this mode it must be possibddetct the samx-ray
spectra assed inDBT mode.

For scanning slageometrysystemsthe tomosynthesis mod®IUST beusedin dosimetry
measurements to obtain accurate results.

—

The series of unprocessed projection imagezero degree stationary mode must be supplie
with all appropriat@letectorcorrections and flaielding in an easily accessible DICOM formaf

Availability of projection imagesSome QC tests can only be performed using projection
images. On all DBT systems using aiilld geometry thaunprocessedprojectionimages
must be made accessible for QC poses these have to be provided in easily accessible forpnat

e. g. a oDI COM for processingd file for ¢ach
order of the images in the series of projections. All tags regarding the exposuresaisddg
the identification of the image should be filled in

On scanninggeometryDBT systems projection imagesay notexist and therefore cannot be
supplied.For these systems which inherently do not have projection images, the evaluatign of
system stabilitynight be performedisingsimple backprojectiormages These images should
fulfil the DICOM standard for DBT systems.

Therequirementof DBT systemgegarding aspects of image quality are not yet known.
Therefore limiting values are not given in this |prénary QC protocol, but in some cases
reference values are given other caselsaseline valuebave to baletermined at acceptance
which are referred to in subsequent tests

The reference values for dose have been changed into limiting values, baganasdice, 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 Ehconsidered 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 informatiofor individual projections should kevailable fromthe

DICOM imageheadey includingangular angeof movement during projectionangular spacing
between projectionsind thedistributionof the X-ray exposure betwegmojections.
Manufacturers should algwovide the following informatianfocal spot- detector distance,
focal spotcentre of rothon distance, exposuggarameters&nd exposuréme per projection for
differentbeam loag, total scan time (with and without initial pexposuré.

The bad pixel map appligo the detector when used in tomosynthesis mode should be magle
available tothe user.

It is noted that for some systems the first image in the series of projections is-the@sere in
zero degre@osition or in the largest angle positidar other systems the first image is the
projection imagean largest anglgosition It should beensured thathe correct images used
when measurements are perforined. thefirst projection imageor which the exposure is
determined by the Automatic Exposure Control

Some vendors consider to offer DBT systems with a variable exposupegpection imagelf
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 ghostindetween projection imagasight influence the image quality dig
reconstructed DBT imagdhis might be particularly the case when a tomosynthesis image is
acquired after a 2D imagén future versions of this protocdDC tests might be introduced to
guantify the amount of lag and ghosting.

Changes compared to veisn 1.0

- Table 1 has been updated.

- Forscanning 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 refence ROI in simple backprojection images has been
added.

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

Changes compared to version 11D

- The reference dose values have been changed in limiting values

- The limiting dose value for a 2.0¢k 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 madspecial QC moderas mentionedncorporating
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 #{'tbdition of the
European Guidelines. Use thero degree angle stationary mode imagan 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 usedsin DBT mode.

Limiting values For reference purposes
Frequency Optional @ acceptancefimage quality problems occur
Equipment Suitable foal spot size phantom

1.2 Focal spotmotion

For DBT systems in which thiecal spotis in motion while thetargetis emitting xrays, he
distance that théocal spotravels during the exposure is an important parameter needed when
determining the geometrignsharpness due focal spotmotion for a given object. This test
applies to systems withnay tube motion during exposuri. Table 1 thefocal spotto centre of
rotation (h) and angular range of the syst@dy,( are given for currently available DBT stgms
and some prototype systems.

0=0
.......... W +em
---- ,
., /
4.,/
’
SID h
\\
\\ em
\\
N centre of
\\i 7 rotation (COR)
Zo
table

- | detector
4 alﬂ

Figure3 Definition of distances forcal culation of focal spotmotion. The termd; is the dimension othe
focal spot the termd,, is the extendedocal spotsize due to motion of the anode during exposure
(for systems wth tube motion during exposure).The term d, is the distance from the focus to the
object of interest, the termd, is the distance from this object to the detector entrance planés an
example, geometric unsharpness is shown for an object at some heigfdtmove thebreast support
table.
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Method:Measure thgrojectionexposure timetf,) for typical currenttime productsetting

found during the AEC object thickness compensation ,tesiisg the zero degree stationary
modeif necessary, anthe time fora complete scans,,). These figures can also be taken from
DICOM header data if accurate and if available.

The focal spotmotion length can be calculated using the equation:

d,, = 2hg, P9 1)

scan

In this formulag,, is in radianskFocal spomotion length (g) should be compared agaifgtal
spotsize (typically0.45 mm at the reference position) to give an idea of the influence of
geometric unsharpness duefdoal spoimotion.

Remark:The blurring expressed as th@ojectedfocal spotravel length &,,) of an object at
some pointz, above thebreast suppoitable from the extendefbcal spotsize due tdocal spot
motion () can be calculated using lengithsandd, as:

g % 2)
a, =d, d
Limiting values For reference purposgbhe exposure time value from the DICOM header
should bewithin 10% of the measuredralue(provisional).
Frequency At acceptancer after asoftware update that changes exposuresime
Equipment A suitable exposure timeneter

1.3 Alignment and collimation checks

Method PositionX-ray rulerson the buckyto mark the chest wall and lateeadges of the
detectoras indicated by the light field or lines on the breast support table as shown in figure 4
As the exact position ahe edge of the detector i®t known this information is obtained from
the image of the rulerddark the middle ofour pieces okelfdeveloping film and positiothem
on the bucky wittthe mark alignedwith the X-ray ruler Make an exposuréo give suficient
blackening of the film, withousaturatingthe detector. This may be achievedngking multiple
exposures, or by placing an attenuating matéfoalexamplea 3mm thick aluminium plate)
between theself-developing film and the detectand usinga large exposureEvaluate the
coincidence of theX-ray field and thetomosynthesis imagby finding the position of the Xay
field relativeto the light beam from the sedieveloping film, and the position of the light beam
relative to the image frorihe image of the Xray rulers in theeconstructed focal plane in which
the rulers are in focudt may be helpful to examinthe projection images
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Light field

Light field

X-ray rulers

X-ray rulers

Self
developing

L

Figure4 Setupfor measuring coincidence of reconstructed and irradiated volumen the bucky, top view
and 3D view,

Limiting values: Chest wall sideX-ray field must extend no more than 5 mm beyond the
edge of thamage receptor (using projection imagesgbnstructed
tomosynthesis imagéit lateral sides the Xay field should not extel
beyondthe primary beam stopper in the bucky

Frequency: At acceptance and every six months
Equipment: X-ray rlers, seHdeveloping film

1.4 Tube output

For measuring tube outpuh distinction is made between systems that laNdield geometry
and €anning geometryA description of the different geometriessgiven inthe introduction of
this protocol and ilbance et al 201

Method Measure the tube outpidr all clinically usedtarget filter combinations and relevant
tube voltageslt is adequatdo interpolate between tube voltage measuremé&epeat the
measurement dhe tube output of the spectrum usedtfar standard test blogk the clinically
used AEC mode 5 times to check short term reproducibility.

- For a system with &ull field geomety: Positionthe dog meterwithin the X-ray field
60 mm from cheswall sideunderneath and icontactwith the compression paddle and
measure the incident air kerrimathe zero degreeangle stationary mode. The dose
metershould be positioned on a lingtending from the tubécal spotto a point on the
mid-line of the breast support tabl® Bim from the chest wall edg#.the dose meter
has back scatter correction the recommended position is directly on the breast support
with the paddle in contaclf the dosemeter is not corrected for backscatiecaution
has to be taken as suggested in the dosimeter manual.
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- For thescanning geometry Position thedose meteon themidline of thebucky surface
and ® mm from chestwall side. Measure the incidentr &erma for thescanning beam.

Note:In zero degree angle stationary mdbde measured tube outpuatight differ slightly from
the FFDM mode due tthe pulsedexposureAt acceptanc@ comparison could be made
between the tube output during a tomosynthesaries and using FFDM mode.

Limiting values: No limiting values Tube output is meased for dosimetry purposes only
Tube output of 5 consecutive measuremdngproducibility)should be
within 5% of the average tube output.

Frequency: Every 6 months

Equipment: Dosemeterwith suitable calibration

1.5 Tube voltage and beam quality

The beam quality of the emitted-vdy beam is determined by tube voltage, target material and
filtration. Tube voltage and beam quality are usedaiculateaverageglandulardose.

1.5.1 Tube voltage (optional)

Method The method for measuring the tube voltage is described in the European Guiditines
edition Perform the measurements in ttero degree angle stationary moBerform at least 5
measurementsovering the range dfibe voltages used clinicallfhe reproducibility is

measured bynaking 5 repeat exposures at one fixed tube voltage that isfoséte standard

test block

Note: In DBT mode the measuredube voltagemight differ slightly from the FFDM mode due
to the pulsedexposure in DBT mode

Limiting values: Accuracy for the range of clinidglused tube voltages: <+ 1 kV
Reproducibility: <+ 0.5 kV

Frequency Every 6 months

Equipment: Suitabletube voltage meter

1.5.2 Half Value Layer (HVL)

The Half Value Layer (HV) can becalculatedoy insertingthin aluminium filteranto the Xxray
beam and measuring the attenuatiBerform the masurementsn the zero degree angle
stationary mode.

Method Position thedogmeterat the referencposition Place the compressiondefieas high

up as possibleetween focal spot and the buckymit the X-ray field to the area of the
dosimeter Perform neasurements fagachclinically used target filter combinatiolsample the
tube voltage range such that at least 3 measurementerérenedfor each clinically used target
filter combination, unless fewer than 3 tube voltages need to be measuaiex akkxposire

with the compression paddle in place avithout an aluminium filteand epeat the exposure
twicewith different thicknesgs ofaluminium filter placedon the compression paddle. The
thickneses of the aluminium filtersshould be chosen such that the measunedent air kerma
levels are just above and below half theident air kermameasured without filter.
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Determine tb HVL usingequation(3):

« 820, 0 < 82(%, 0
X, dngg. 28 X, dng = g 3)
HVL = C o~ &=
Inaig
a;

In this equatiory is theair kermareadingwithout additional attenuatioand Y; and Y, are the
air kermareadings with addeduminium filter thicknes®s of X; and X respectively.

Note:In DBT mode themeasuredHVL might differ slightly from the FFDM mode due tdhe
pulsedexposure in DBT mode

Note: Filters used in DBT should lbestedat least oncen DBT modeandthe resultcompared
to those with the same filtersn 2D FFDM

Limiting values No limiting values, only measurddr the calculaton of averageglandular
dose

Frequency At acceptance and after replacement of thea)Xtube

Equipment Suitable dose meter

1.6 Exposure distribution per projection image (optional)

The aim of thisdst is tomeasure the @osure distribution over therojectiors. This may be
constant for some designehereather DBT systems may vary the air kerma per projection
according to some defined regime.

Method:If the dosimeter has a suitable waveform optind if there is a zero degree stationary
mode incident air kermdor each individual projection image candeterminedPosition he
dosmeteron a line extending from the tuli@cal spotto a point on the midine of the breast
support table 8 mm from the chest wall edgtnitiate an exposurén zero degreangle mode

and measure thimcident air kerméor each projection imageJse clinically relevant exposure
parameters fothe standardtest block

Verify whether the distribution of the doses amnfs to the description in the DICOM header of
the images or to the description at the console.

Note: Depending on thdesign of the AEC and the angle of the-p#posurethe measurement
in the zero degree angle stationary mode mige slightly different results to those obtained
with amoving tube.

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

Limiting values Manufacturers specification
Frequency At acceptance
Equipment Dos meterwith suitable waveform option
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2 AEC-system

If multiple AEC modesare used clinicallyall modesmust be measureat acceptancand after
upgrade of the AEC software

2.1 Guard timer/security cut-off

The security cutoff protects the patienthe exposure is terminated after the-prposue (orin
the first milliseconds of the exposure) because the image qudligh the AEC aims for, cannot
be achieved. The guard timprotects the xay tube from reaching or exceeding its Heaiding
capacityto prevent damage to the rdy tube

Method Make an exposurm the clinically used AEC modeith a highy attenuating object
covering theAEC part of the image receptdrecord thecurrenttime productvalue at which the
exposurds terminated

Warning An incorrect functioning of the baakp timer andsecurity cuoff could damage the
tube. To &oid excessiveurrent time product (mAskonsult the manual for maximum permitted
exposure time.

Limiting values The guard timerand/or security cubff should functionaccording to
specifications

Frequency Yearly

Equipment: Suitable highattenuation object e.g. metal plate.

2.2 Short term reproducibility

Method Positiona standard test bloadn the bucky and initiate an exposure in the clinically
used AEC mode. Record the exposure settings. Repeatthisdure 4 timedMeasure the
averagepixel value and starmald deviation in the referenceORin the firstprojection imageand
calculatelinearizedSNR Calculate the variation iourrent time product (mAs)andin SNR.

Remark:If the exposure parametes§the first projection imagen a DBT sequence of images
havenot been determined by the AE@e second projection image should be used instead

Remark:lf it is noticed that the system switches betweera)Xspectra, release the compression
paddle ancompress again or use another PMMA thickness (add for example 0.5 cm PMMA) to
force the choice of one single spectrum and repeahéfasurement.

Remark:For scanning geometry DBT systems inherently without projection images, the simple
backprojection moel should be used for this measuremémeasure the pixel values and
standard deviations in the reference ROI of the simple backprojection image.

Limiting values Variation intotal current time product (mAsk 5%, variation in SNR <
10%.

Frequency Everysix months

Equipment: Standard test block
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2.3 Long term reproducibility

Method Positionthe standartestblockon the bucky and initiate an exposure indheically
used AEC modeRecord the exposuettings Measure the averagexel value and staratd
deviation in the reference@® in the first projection imageand calculate SNRThe exposw& is
repeated a number of timesiring the QC testAveragepixel value SNR andexposure settings
aretracked over time.

Remark:lf the exposure parameters oéthrst projection imagen a DBT sequence of images
havenot been determined by the AE@e second projection image should be used instead

Remark:For scanning geometry DBT systems inherently without projection images, the simple
backprojection modehsuld be used for this measuremeMieasure the pixel values and
standard deviations in the reference ROI of the simple backprojection image.

Limiting values The variation ircurrent time product (mAs)average pixel value and
SNR in the reference RGhould be 40% andexposurdactorsshould
remainunchanged.

Frequency Daily/weekly, after system calibratiaand after maintenance

Equipment Standardest block

2.4 AEC performance
This testusesreadily available QC equipmeniyore advanced tests amederdevelopnent

Method:Automatic exposure control performance for differebject thicknesss should be
measuredor PMMA plates in thethickness range from 20 to 70 mm (steps of 10 rang) the
standardest block irall clinically usedAEC modes. Postion the compression paddle at the
height given in table 2 to obtain the thickness ofabaivalentoreast with similar attenuatioio
the PMMA slabssee figure 5a and %nd table 2

Alternatively, a combination of PMMA and PE slabs can be used toeriina thickness of a
standard breast with the same attenuation, see table 3.
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Figure5a Setup for the breast thickness and composition measurements (50 mm PMMA + 10 mm air gap),
top view and 3Bview.

Compressio Ty
paddle
Compression
50 mm PM paddie A\\
(&)

AN
N\

200 pm Al object \ ~
(10x 10mm) . N 50 mm PMM r
\ 200 pm Al object .
(10x 10 mm\
N
A

Figure5b Setup forthe breast thickness and composition measurements (50 mm PMMA+ 10 mm air gap),
front and side view.
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Movement of Xraytube

10 mm

Figure5¢c The ROI positions to calculate SDNR

Image two 10 mm thick stacked PMMA plates covering the whole image receptor, with an
aluminium sheet ofidhensions 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 laserally
shown in Figure & Image the stackf 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  Height of the

(mm) compresion
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 PMMA thickness PE thickness

thickness (mm) (mm)
(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
60.0 325 27.5
70.0 32.5 37.5
80.0 325 47.5
90.0 35.0 55.0

Repeat this measurement for BIMA thicknesses according talble 2 column 1 by adding
additional slabs of PMMA on top of the stadlthe compression paddle should pesitionedas

given in Table2 column 2 This is achieved by leaving an air gap between the PMMA plates and
the compression paddIé.compression is necessary to make an exposure, then spacers may be
used, buthey must be psitioned such that they do not reduce transmission-i@yX 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 slabsidee usedo simulate the standard breasts.
The required thickness of PMMA @IPE 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 & mm x 5 mm ROIn the centre ofhe image of the aluminium sheetin the first
projection image andpositiontwo 5mm x 5mmROls in the background areas the chest wall
and nipplesides of the aluminiunsheet see Figure 5cThe centrs of both background areas
should be at a distance of 10 mm from ¢eatre of the ROI in the aluminium sheléthe
projection imagehas a significant degree of naniformity it may be necessary to compensate
for this by using RG subdivided into 1mm x 1mm elements and using the avemigidemean
pixel values and stadard deviatiosfrom the elementsMeasure the pixel values and standard
deviations in the ROls.

CalculatePV(background) an®D(background) according to:

4 “SD(ROI
SD(backgrand)= alz(”) (4)
4 PV(ROI
PV(backgrund):alén) (5)
Calculatethe SDNR of the aluminma object:
SDNR = PV(signal) - PV(backgroundl (6)

SD(backgrond)

Remark:lf the exposure parameters of the first projection image DBT sequence of images
havenot been determined by the AE@®e 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 inghfocal plane for which the aluminium sheet is in focus.

Limiting values Not yet establishedSDNR values are calculatéar reference purposg®
allow stability testing

Frequency Every six months

Equipment Aluminium shee{10mm x 10mm, 0.2 mm thigkseverPMMA slabs of

10 mm thicknessone PMMA slab of 5 mm thickness

2.5 Exposure duration per projection and total scanduration

Exposure time per projection and total scan time are important parameters of system
performance (sefecal spotmotion tests)The exposure time per projectionay lead tdocal
spotmotion unsharpnesd.ong scan times may also lead to an increased risk of patient motion.
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Method Positionthe standardest bock on the bucky andnakean exposure ithe clinically
usedAEC mode.Measurethe durationof each projection image and the tilmetween the start
of the firstand the end athe lastexposure

If the exposure time meter interferes with the exposure chosen by the AETantardest
blockshould be imaged without the exquwe time meterThe exposure factors should be
recorded and simulated afterwards in manual mode thetaxposure time meter in the-pay
beam.

Optionally, by using the DICOM header of the images made in parag2aphEC
performanceg the exposure timesfimages at different simulated breast thickness can be
calculated and recorded.

Limiting values No limiting values set, clinical evaluations aegjuiredto evaluate
potentialmotion artefactsand the impact of occasionally long pulse
widths. Measuredralues can be used to ensure stability and similar
settings on the same type of system.

Frequency: Exposureduration per projectiaracceptance tesévery six months Total
scan time: at acceptance and if changes have been made in the acquisition
of images.

Equipment: Exposure time metewith a waveform option

2.6 Local dense area

Most systems measure the attenuation of the imaged object duringegyesure. 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 ipitbgectionimages is adjusted to the
(relatively large) regions with highest density.

Positiona stack o#0 mm PMMA on the bucky. Put spacers on top of the stack, such that the
compression patle is positioned at a height o® 3nm above the breast holder (compression
force can be applied$ee figure 6a and 6bhe spacers should not cover the part of the detector
in which exposure factors are determined (AEC sensor meal) projection imges This
simulates the attenuation of a 50 mm thick fatty bré&astthe compression paddle, a first small
PMMA plate representingnareas with higheglandularity (dimensions20 mm x 40 mm, 2 mm
thick) is positionedn the central part of the detectoith its lower edgeb0 mm from chest wall
side see figure 5 and @t must be ensured that this is within the AEC sensor area. If this is not
the casearother position should be chosen). Make an exposuittee clinically relevant AEC
modeand record thexposure factors. Add another small PMMA plate on top of the previous
one and repeat the procedure uatibtal thickness of 14 mm sm&MMA plateshas been

added. hisis approximately egualent to a 50 mm thick standard model breast W0%
glandilarity in the central regigrsee section 6.1.

Alternatively a combination a0 mmthick PMMA and 30 mmthick PE slabs can be used to
mimick theattenuationof a 50 mm fatty breasthe 30 mm PE must be positioned on top of the
20 mm PMMAIn this case spa&ts do not have to be usé€dh the compression paddle, a first
small PMMA plate representirgnareas with higheglandularity(dimensions20 mm x 40 mm,

2 mm thick) is positioneth the central part of the detectorth its lower edgeb0 mm from chest
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wall side, see figure 5 and @t must be ensured that this is within the AEC sensor area. If this is
not the caseagrother position should be chosen).

Make an exposure and record the exposure factors. Add another small PMMA plate on top of the
previous oneand repeat the procedure umtitotal thickness of 14 mm small PMMA plates has
been added (this approximately equals 100% glandularity).

On the first projection image, easure pixel value and standard deviation in the area of extra
attenuation (20 mm x 4@m PMMA plates) with a ROl of 5 mm x 5 mm. Calculate SiNRhe
first projection image oéachtomosynthesis acquisitiaandcalculatethe average SNR for all
these first projectiommages.It should be checked whether the exposure ofdh@synthesis
aqquisitionsis increased witladditional PMMA object thickness For this the following value
can be used as guidance: the SNR of @acjectionimage should be within 20% of the average
SNR (provisional).

Remark:lf the exposure parameters of the firsbjection imagein a DBT sequence of images
havenot been determined by the AE@e second projection image should be used instead

Guidance The SNR of eacfirst projectionimage should be within 20% of the
average SNR. (provisiondfurther researcis needed beforkmiting
valuescan be established

Frequency Every six months or after AEC software upgrades

Equipment Four PMMA plates (limensions at least 158mx 180 mm, eacii0 mm
thick), two spacers (10 mihick), sever20 mm x 40 mm PMMA plates (2
mm thick)

Figure 6a Setup for the local dense area measurement, top vieamnd 3D view.
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Figure 6b. Setup for the local dense area measuremeifitpnt view and sideview.
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3 Compression

3.1 Compression force

Method Measure lte motorised compression fore with a compression force test devfase
compressible material e.g. a tennis ball to protect the bucky and compression @aiic#)e
appliedcompressiotiorceand the accuracy of the indiedt compression force are verified
Examine the compressigaddlevisually for cracks and sharp edges.

Recordthe maximum compression force and the compression force after 1 minute
compressionReport any visual damage of the compression device.

Limiting values Maximum motorizedcompression force may not exask 2@ N and must
be at least30 N. The decline in compression foragthin 1 minute may
not exceed 10l. No sharp edges and craékghe 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 measur@dBT projection images dn projectionimages acquired in
zero degree angle stationary mode

Method Remove the compression paddle ang other removable parts from therdy beam.
Position a 2 mm thick aluminium plate as cl@sepossible to the -Xay tube.

Set the target/filter combination and tube voltage which is chosen in fully automatic make for
standardestblock In manual mode, set the minimucarrenttime product (mAsyalue. Image

the aluminium plate. Increase theurrenttime productand repeahe acquisition Acquire
severakcangtypically 8 currenttime productvalueg over theavailablerange increasng the
currenttime product bya factor of approximately 1.4f possible)between exposuse

It is optional to repeatthe measurement for all tafijet combinations, with a clinically
relevant tube voltage for each combination.

It is optional to measure or calculafie®m tube output measurementse incidentair kermaon
the detector surfacanduseit instead otturrent time product (mAs)n this evaluation.

Measure the mean pixel value and standard deviation in the standard ROI on phejiicton
image of the zero degree angle stationary mode oirftgofojection imagen DBT modeto
limit the influence otagand ghostingn the measurement$lotmean pixel valuagainst
currenttime product(or incident air kerma at the detectand check whether the response
function is according tonanufacture Gspecification.

Remark:lf the exposure parameters of the first projection image DBT sequence of images
havenot been determined by the AE@e second projection image should be used instead

Remark:Detector gain (the gradient term of the reg@function) isusuallyincreased 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
backprojetion mode should be used for this measuremilgasure the pixel values and
standard deviations in theference ROI in the simple backprojectiorage

Limiting values Results at acceptance are used as reference.
Frequency Every six months
Equipment 2 mm thick aluminium platé99% purity) optional: suitable dose meter.

4.1.2 Noiseanalysis (Optional)

Noiseanalysis is performedh DBT projection images gorojectionimages acquired irero
degree angle stationary mode
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The aimof this test igo quantfy the contribution oflifferent noise components the total
image noisen order to provide additional information on the performance of the imaging
system This may assist ittouble-shootingif image qualityproblems occur

General requiremengor g/stems with a notinear response, the pixel datastbe linearized
before analysis.

Noise in images can be subdivided in electronic noisentguanoise and structirnoise
(Bouwman 2009, Monnin 2014)

SDZ:keZ + qu *p + kSZ * p2 (7)

SD = standarddeviation in reference ROI
ke = electronic noise coefficient

ky = quantum noise coefficient

ks = structunl noise coefficient

p = average pixel value in reference ROI

Electronic noise is assumed to be independent of the exposure level and arisesinmdraraat
sources: dark noise, readout noise, amplifier noise.

Structual noiseis presentue to spatially fixed variations of the gain of an imaging system. The
flatfielding performed in DR systems will largely remove the effectstiicturalnoise. Dueto

the limited number of images used for the flatfield mask and the associated noise in the mask,
somestructuralnoiseremains Furthermore flatfielding might not be performed for projection
images individually, leading to some additional struataoise

Quantum noise arises due to the variations-nayxflux.

Method:The images acquired for measurementietectoresponse (section 4.1.4)jeused for
this test.

It is optional to repeat the measurement for all tafifet combinations, with a clinidby
relevant tube voltage for each combination.

Optional: Measure or calculate thacidentair kermaon the detector surface from tube output
measurements for all spectra to be ableltd againstdetectorair kermainstead of pixel value.

Analysing st@s:

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

2. Linearize themean pixel and SD values using tiesponse functiomeasured iparagraph
4.1.1.

3. Plot SD? against pixel value (or deteciiocident air kermp

4. Fita curve tathe points using equatiqi@) 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 componentss visualized for the range of pixel values (detector dose).
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Note Quantum noise ay not be the largest noise componantndividual projection imags.

Limiting values Use the noise coefficients for reference purposeettdy stability and
similar setings/quality o the samemodelof system.

Frequency Every six months

Equipment 2 mm thick aluminium plate, optional: dose meter

4.2 Detectorelement failure
Method Obt ai n t he mo st fortomasymthesisnddefrard thepsystera. | map o

Remark: tis map might differ from the bad pixel mapRRDM modedue to the differences in
readout of the detector or pixel binning after readout

Limiting value At presenino limits have been established. Isiggestd that the
manufactured s | i mit s are used

Frequency Every six months

Equipment: None

4.3 Uncorrected defective detectorelements

The uncorrected defective detector elementsisgstrformedon projectionimages acquired in
tomosynthesis mode projection images acquired aero degree angle sitanary modeimages

Method Make five images of the standard test blocknd determine whether apyxel deviates
more than20%(provisional value)in valuecompared to the average value inR@I of 5 mm x
5mm Uncorrected defective detector elemesitew deviatonsin all projectionimages.

Limiting value No uncorrected defective detector elements should be vesidiany
pixel in an ROI of 5mm x 5mm should deviate less th@#o (provisional
value)in valuecompared to the average valughis ROI.

Frequency Every six months

Equipment Standard 45 mm thick PMMA block

4.4 System projectionMTF
The system projectioMTF measurements performedusingDBT projection images.

The system MTF measured in the projection images includes the following soubtesiad:
focal spotsize,focal spotmotion and detector MTFThe detector MTF includes the effect of
blurring due to thex-ray converterpixel size and detector binninghe system MTF measured
in zero degree angle stationary mode includes the saménglaources with the exception of
focal spotmotion.

The MTF in the tube travel direction may be strongly influenced by the effective sizefotéte
spotdue to tube motion, which in turn depends on the exposure pulse length per projection
image. Bluring (for some object) in the projection images dutal spotsize andocal spot
motion depends on the position abovelibeky.
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Hence, a system MTF in the projection images should be measured at a number of positions
above the buckyusirg the tubevoltage, mAs so that the-Ky pulse lengtitorresponds tthe

clinical situation which is simulated his 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 bredlurring or resolution loss in the detector itself can be
isolated by measuring MTF in FFDiodeor zerodegreeangle stationgy modewith the edge

on the detector housing

Method:Remove the compression paddesition a2 mm thickaluminium plateas close as
possible to the Xay tubeto attenuate the whole-Kay beamPlace the MTF edge on the bucky
at a small angle (=3 to the orientation of the pixel matrix, with the centre of the edge to be
used on the midlinat a distance of approximately 6@mirom the chest wall edge. Perform a
DBT scan using the same beam quality as would be selected by the ABE€ &tandard test
block Ideally one would increase tloairrent time product (mAs}o three times the AEC value
to reduce thenfluence of noise on the measurement, bus likely thatthe exposureluration

for each pulsevould be increasedhich must be avoidedunlesshie system can increase the
tube current and keep the exposure times constant.

A check shouldhereforebe made to ensure that the pulse exposure time is tygicihical
values. Rotate the MTF edge through °@hd repeat to obtain the NFTin the orthognal
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 imtgte
edge positioned0 mm and D nm above the table surface. @ohieve this the MTRkool should
be placedon low contrast supports.(e expanded polystyrene blocks positionedisthat they

do not influence the area used for MTF analgsismall plastic blocks For routine
measurements the MTikasonly to be assessl at40 mm height above the table surface
Calculate the MTHRrom the projection image closest to the 0° position (i.e. DICOM tag
60018, 1530 Det e c tusing afpropriat@sofyvareéd@Q@Bl_¢Q0 reducediay ,
described in NHSBSP Equipment (et 0902). Rebin the MTF data at 0.25mhspatial
frequency intervals. Find the spatial frequency for MTF values of 50% and 10%.

Options: collimate field to 1@x 100 mm if possible Reposition the edge between DBT scans
such that the horizontal edge arettical edge are at the same position on the detector.

Remark: Somesystems use sontend of pixel binning of the projectiormages The binning
usedby the systenshould be noted asis an important source of blurring. Note tisaime
systemsmay savethe projections binned or tbinned;it is possible that systems savehinned
projectionimages and bin thesémages before reconstructiods such, this binning step can be
considered as part of the reconstruction as it cannot be discriminated femonatruction filter.

Remark: If the temporal response of theay detector (e.g. in terms ofray fluorescence or

charge trapping and release in a photoconductor) is not sufficiently fast with respect to the
projection image acquisition rate then sigoatry 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 t@ reduction in MTF at low spatial frequencies.
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Remark: Edge images acquired for systems with dinear detector response curve must be
linearized before MTF calculation while linearization is not essential for systems with a linear
detector responsmurve. 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 Recordthe spatial frequencies 80% and 10% pointsnthe MTFcurve.
These values should be within 10% dhe baselinevalues.
Frequency At acceptanceMeasure athe bucky surface and at 40 and 70 mm above

the bucky tableEvery six months Measureat a height o40 mm above

the bucky table.

Equipment A 1 mm thick steesheetof minimum dimension B x 50 mm? with
straight edges. Appropriate MTF calculation softw&em 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 systemSufficiently high image quality is requireat acceptance and should be
maintained during the lifetime of the equipmehhese image quality measurements in breast
tomosynthesis should represeglevant clinical task€EExamples areeatection of
microcalcificationsand 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 prdtocol 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 iplane and inteplanestability ofimage 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 thisosdudive been designed for
FFDM and have problems/disadvantages when used on tomosynthesis systems.

It is emphasized thatcomparisons of performance between different modelscannot be
made using tke current 2D phartoms. However these phantoms do have amportant role
in stability assessment and quantifying some aspects of image quality.

5.1.1 CDMAM phantom

Method Image the CDMAM phantomin the middle of a 40nm stack ofPMMA using exposure
factors as would be selected automatically for a 60 mm equivaleagtiiRepeab times

moving the phantom slightly between exposufsore thaeconstructed tomosynthesis images
of the CDMAM phantom using human observers and calculate the@ie according to the
supplement to the fourth edition of tBeiropean Guideties.

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 c#@st® 16 CDMAM imagesshouldbe used. It is
advisable to ensure that the entire CDMAM is brought into focus imgesiocal 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 wiere the CDMAM is in focus from the reconstructed tomosynthesis image. Where there
is significant low frequency neaniformity in the reconstructed focal planes, flatfielding should
be applied before automated reading using CDCOM. A suitable flatfieldgogithin involves
cropping to the useful area of the CDMAM and padding out to achieve an image size equal to
the nearest power of two.nfappropriate filter such asBatterworth filtershould beapplied in

the frequency domain to remove the higher frequsnmcluding the grid and contrast details of
the CDMAM, using a fourth order filter with a eaff 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 imagesiot been validated by
comparison with human readifgs in Young 2006and 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. Howeaatigmated 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 redeyitdiited slightly. To
get all the objects of phantoms in focus in one focal plane requires to tilt the phantom with the
same angl&imiting values The measured contrast threshold values can beassaaference
Note: The limiting values for FFDM imagquality measurements cannot be appliedto DBT.

Frequency Every 6 months
Equipment CDMAM phantom, PMMA plates

5.1.2 TORMAM phantom

Method Image the TORMAM phantomon top of a 30 mnstack ofPMMA using automatically
selected exposure factors. Carry omisaial 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 systen may be usedvhere 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 sameobs
different occasions. Alternatively assessment may be made by comparison to a baseline image,
recording whether the visibility of details in the imageéhe same, or better or worse than in the
baseline image. When comparing against a baselingeithe 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
sameangle.
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Limiting values The visibility of details in a baseline image can be usedreference
Note: Standards for thesibility of details ina 2D TORIAM image
cannot be applied to DBT.

Frequency Every 6 months

Equipment TORMAM phantom, PMMAplates

5.2 Z-resolution

Tomosynthesis imaging of a 3D phantom containing 1 mm diameter aluminium spheres enables
an assessment of the inf@ane spread of the reconstruction artefacts associated with each
sphere These artefacts appearfocal planes adjackto 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-pfanteresolution or-gzesolution.

This measurenm is dependent upon the size of the spHeeeonstruction artefactgpically
stretchethe spherénto a faint line in the direction of tube motion. There is often also a shift in

the position of the artefagt the adjacerfocal plana, relative to tie position of the sphere in

focus, due to magnification effects. Therefore, when assessinglate 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 thertical component of inteplane 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 alumisjineresn order b 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.

10 mm PMMA

5mm PMMA
incl. Al spheres

50 mm PMMA

Figure 7a Setup for the evaluation of zresolution (50mm PMMA + 5mm phantom), top view and 3Dview.
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10 mm PMMA
\ Compression
5mm PM paddle
incl. Al sphefles
\ 10 mm PMMA
40 mm PMMA 5 mm PMMA
\\\ incl. Al sphere
T

40 mm PMMA\

—

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

Method Position sixtO mm thick slabsfd®MMA on the bucky Position the 5 mnthick
phantomcontainingthe aluminium spherdsetween the first and second statdl make an
exposuran the clinically used AEC moddRepeat witlthe aluminium sphesbetween the third
and fourth slalandagain betveen the fifth and sixth slabee 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 ol#wical component of thartefact spread in tesrof

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 recordtmnztge of the
sphereand the average background pixel value taken from an artefact free region surrounding
the spherein the plane in which the ball is in focus.

The vertical spread of the artefastnot necessarily measured in a straight line through th
reconstructed image: the maximum pixel value within the artefact for each plane perpendicular
to the direction of the FWHMor FWQM) is used, thus enabling allowance to be made for
angulation and inhomogeneous spread of the artefact. Automated softvid@OM viewer

tools are used to produce composite images of pixel maxima and reduce them to single lines of
maxima, from which thererticalFWHM (or FWQM) is calculateckither by linear interpolation

or fitting a polynomial spline to the dat/here the Bape of the vertical profile is complex it

may not be sufficient to measure the FWHIilereforeit is advised to calculateWQM also.

This analysis is most easily carried out by using dedicated software, which will be made
available on the EUREF website.
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Limiting values To be determingdthe FWHMand FWQM valuegsan 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 aluminuspheres (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 lineagrayieory 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 measuement ofMITF in the xy plane is proposei monitor stability of the tomosynthesis

system ando allow comparson of results obtained from systems of the sanoelel

The system MTF measured in the reconstructed pl@festively the total system MTfor the
focal plane in which the wire is¢ated includes all the sources of blurring in the system
detector MTF, and alddditional sources of unsharpnes¥the reconstructiomlgorithm DBT

is a pseudesD techniqueand shoulddeallybe measured using a method that gives the 3D.MTF
The methal given belowdoes not give the 3D MTF but instead theplane MTF (xy) in tube

travel and chest wahipple directions.

5 mm PMMA

Tungsten wire

10 mm PMMA

30 mm spacel/

Figure8a Setup for the evaluation of MTF in focal plane, top view and 3Bview.
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