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Introduction

Thefourth edition of theeuropean Guidelines fdareast cancer screening and diagn@sislits
supplementhave beemised as atarting poinfor the development of this protocarhis
protocol is workin-progress and should be regarded aseliminary protoddor quality control
in Digital Breast DmosynthesisBT).

Scope:

This protocol applies only to tomosynthesis systems which meastag tansmission through

the breasbvera limited range of angles, followed by reconstruction séres of images of the
breast reconstructed for differergights above the detector. These images represent breast tissue
of the corresponding focal planes as well as a remaining portion of overlying tisshis

protocol such systems will be referred to as digital breast tomosynthesis (DBT) systems. This
imagng modality is distinct from computed tomography (CT) in which a three dimensional

image is reconstructed usingr&y transmission data fromagerrotation around the imaged
volume. This protocol does not apply to CT or any other mammographic madsilitke as
conventional 2D imaging, stereotactic imaging using pairs of images, or any other form of
reconstructive tomography.

| | Image
receptor

Figure 1  Typical geometry used for a breast tomosynthesis system with a full field detector, showing three
positions of the Xray tube, the tube rotation angleli and the projection angled for the rotated
position (not to scale).

Two types of DBTgeometriesare currently available or under development:

1. Full-field geometryDBT systems incorporatingdetectoras used in conventional 2D full
field digital mammography (FFDM), and 3iray tubethatrotates abovehis detectarA series
of individual projection images, in whiche whole breast is irradiated in each expgsane
acquiredover a range of angleas shown in Figure 1.
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2. Scanning geometryPBT systems utilising a narrow collimat&-ray beam which scans

across the breast as therd§ tube rotates, and by which the breast is only partially irradiated at
each position of the Xay tube, as shown in Figure 2. Due to the design of the system and
continuous readout from the detectodividual projection imagesight not exist.

~ Image
receptor

Figure 2 Geometry of a scanningoreast tomosynthesis system with a narrow Xay beam (currently under
development) showing liree positions of the Xray tube (not to scale). In this system both the X
ray tube and image receptor rotate. The Xray field is collimated to the image receptorThe 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 calouwéthe dosimetry
factors (Ffactors) in appendix .

In FFDM the signal Oorigimmhdatd hemdgéeectorwhbobchmsca
applied, includingaflat i el d correction f or O b adiférmifesr def
of theradiation field, corrections for the offset and gain of detector elements, geometrical

di stortion and for time variation during a s
processingd or unprocessed i ma gngappliedteadjushpr oc
t he appearance of <clinical i mages, resulting

In DBT the signal of the individual DBT projection images from the detector are corrected for
bad pixels and neaniformities of the radiatiofield, offset and gain of detector elements,
geometrical distortion. Next, on the projection imagesguoeessing may be applied before they
are reconstructed. After reconstruction, mammography specifipppastssing may be applied.
Alternatively, somef the mammography specific processing may be incorporated into the
image reconstruction process.
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Tablel  Specifications and geometry of breast tomosynthesis systems currently available or in
development (based on Sechopoulos 2048d subsequent information from manufacturers.

DBT System General Hologic IMS Giotto Philips Planmed Siemens Fujifilm
Electric Selenia TOMO Microdose Clarity3D Mammomat Amulet
Essential Dimensions Inspiration Innovality
Type of geometry Full-field Full-field Full-field  Scanning  Fullfield Full-field Full-field
multislit
Energy
Detector type Energy Energy Energy Photon integrating Energy Energy
integrating integrating integrating counting integrating integrating
. . . CstaSi
Detector material CstSi aSe aSe Si aSe aSe
83
Detectorelementsize (um) 100 70 85 50 85 68°
. . 83/166
Focal plane pixel size 100 95117 85 50 85 100/150
. . . Continuous, . .
X-ray tube motion Stepand Continuous Stepand Continuous Syncand Continuous  Continuous
shoot shoot Shoot
w
Target Mo/Rh \ W W w W
) Mo: 30um  Al: 700 pm Rh: 50um  Al: 500 um Ag: 75um Rh: 50 pm Al: 700 pm
Filter Rh: 25 pm Ag: 50 um Rh: 60um
6 30
Angular range 25 15 40 N/A 50 15/40
Number of projection 9 15 13 213 15 25 15
images
Source to detectafistance 660 700 680 660 650 655 650
(mm)
Distance between detector 40 0 20 400 4.4 47 46

and centre of rotation (mm)

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

2 The projection imagesiaynot beequally spaced antay not havéhe same exposure factor
% This system does not have projection images, but 21 datasets from the detector lines

“ Below the detector

® Hexagonal shaped detector elements

®Tube movement34®.

Aim of this draft version:

DBT systems are currently available on the market and their use is being considered for breast
cancer screening. Guidance on Quality Control (QC) measurements for these systems is
necessary and therefore it has been decided that this draft protocollshowddie available. The

tests described can be used to ensure the stability of DBT equipment and to give guidance on
dose measurements. This protocol does not yet cover all aspects of DBT performance testing and
it incorporates some QC tests which are ndheir final version. In most cases, limiting values

are not yet given; more experience in DBT and results of clinical trials will be necessary to
determine the limiting technical requirements. In several cases, reference values are given which
have beerlerived from full field digital mammography (FFDM).

We emphasise that these values should not be used as limiting values, but are solely to be used as
reference valueg\nother reason for distributing this draft version at an early stage is that

physiciss 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 on the suitability of DBT equipment for any
particular clinical task. This has to be determined in clinical trials.
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Some DBT systems are able to perform both FFDM and DBT imaging, and some DBT systems
are capable of synthesizing a 2D image from the DBT images. The FFDM modality should be
tested accordintp the current version of the European Guidelines and its Supplement. This
protocol focuses on the DBT modality and does not give guidance on synthesized 2D images.

The test methods described are intended to be applicable to all currently available BB sys
However, the differencdsetweerthe flatpanel DBT systems currently available and in

developnent, and the scanning slot system in development are such that some QC tests need to
be adopted to be used on the laffdéie developmenof these DBT QQests startedith an

evaluation of whether existing FFDM QC tests could be adapted for use with tomosynthesis.

This approachvas appropriate because most curi2BT systems are based on existigDM

systens. In general, but not necestbar the same tygs of detector and Xay units are used.

Different system design and implementatiatsur, for example, in the mementof the X-ray

tube andbr the detectgrthe use of an ansicatter grid, beam quality and the detector readout
sequences. Whileradiagp hi ¢ i mages are Oprocessedd for g
radiologists, they will be 6reconstructeddo f
before presentation.

This protocol startwith aphilosophysection in which the thoughts betitests are explained.
Subsequentlyhe different tesproceduresiredescribedandterms and definitions can be found
in the definitions section (Appendix Ill).
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Philosophy

Digital Breast Tomosynthesis (DBT) is an active area of research. The fiisaclystems have
been introduced to the market and systems from other manufacturers are in various stages of
development. Currently available DBT systems have very differenactesistics, such as the
angular range for projections, step and shoot gersutinuais motion of the tube, new

targeffilter combinations, AEC working principles, etc. The clinical task for DBT systems has
not yet been defineds the purpose of the technology to reduce the obscuring effect of overlying
tissue (small angular rgr) or is a more Glike approach with a large angular range and
potentially better suppression of the appearance of overlying tissue more appropriate? Or
perhaps small and large angular ranges will be used for different clinical tasks. Will DBT
systems besed primarily for diagnostic worlip, further assessment of detected abnormalities

or for breast cancer screening? Will DBT be used as a complementary method to FFDM or as a
stand alone screening technique? Answers to these questions will help torgeteentimiting

values for the tests proposed in the current document.

In practie, the implementation of DBT QC tests may differ, as some DBT systems can perform
both DBT and FFDM imaging. In this case some of the measurements may need only to be
perfomed in FFDM mode. When a QC test is performeBRDM mode it must be verified that

all relevant(exposurgconditions are similar (e.g. target and filtand the working of the

detector is identical (e.g. binning of detector elements and detector orsgcihe

measurement of Xay beam parametersaspractical challegewhen a system is operating in

DBT mode or may require special equipment. Examples of the problems faced are the pulsed
exposure and the changing angle of incidence of theyXeam pon 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 considetimagesareavailable 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 to be used in testing all DBT systeimsting values, which may in

the future be set for specific performance parameters, could depend on the diagnostic task for
which an individual system is intended. Because of the differences mentioned above, and the
principle that the same performance paeters should be measured on all systems, most tests
will be performed using the reconstructed tomosynthesis images. The benefit of this approach is
that the image reconstruction is included in the QC test. However, there are some tests of
detector perforrance that have to be performed using projection or FFDM images, as there is no
valid method of measurement usiegonstructed images-or scanning slot systemsojection
images are not available, alternative tests or modes need to be investigdiedkiadtof
systemsSome QC testdike the evaluation of artefacts caused by the image receptor, may be
performed more easily in FFDM mode (if available) or in projection images.

InFFDMma mmogr aphy, i mages with the DRCOM tag 0
analysis. In these images pixel values are assumed to have a linear relationship to receptor dose
(or can be lineared), and to be shift invariant. The pixel values in reconstructed DBT images

are somehow related to tissue density but a well defilationship with attenuation does not

exist (like the Hounsfield units inTCimaging). It is not yet knowto whatextert aDBT system

Protocol for the Quality Control of the Physical and Technical Aspects of Digital Breast
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can be assumed to bafsimvariant Furthermoreimage reconstructioalgorithms can produce
regionspecific SDNRandspatial resolution

Therefore challenges might arise in quantifying image quality using contrast detail analysis or
linear system theory metrics. This is a topic under investigation.

The system should fulfil the requiremenggarding breast tomosyntlesystemsn the DICCM
standardor DBT systems.

It is noted thafor testingpurpose®.g.acquisition geometry checkaspecialQC mode
incorporating themage reconstructiobut excludingadditionalbreastspecificimage processing
and visualizatioimmight benecessary

Zero degree angle stationary mod&ar dose, HVL and tube voltage measurements a statiopary
mode athezero degree angle is requiretiich gives the same exposure as in DBT mode byt
without the tomosynthesis movenieAll full-field geometryDBT system should have this

mode available. In this mode it must be possibketect the same-ray spectra agsed inDBT
mode.For scanning slot systems a stationary modg not benot possible, so for these systens
tomosynthesis mode is used instead of zero degree angle stationary mode

An unprocessed image with all appropriate corrections anéldlding in zero degree stationafy
mode should be supplied.

Availability of projection imagesSome QC tests can only performed using projection
images. On all DBT systems using aiidlld geometry theinprocessedorojection images
mustbe made accessible for QC purposes. On scanning DBT systems projectionnragges
exist and therefore cannot be supplieéds under discussion in which alternative mode
measurements need to be made.

Therequirement®f DBT systemgegarding aspects of image quality are not yet known.

Therefore limiting values are not given in this preliminary QC protocol, but in some cases
refererce values are given. An example of such reference values are those given for average
glandular doséor tomosynthesis systems or tomosynthesis mote reference values are

identical to the limiting values from the European Guidelines for FFDM. Thegmljwalues

have been chosen as reference values because the benefit of DBT in terms of cancer detection,
versus the cost in terms of radiation dose is not yet clear. Applying too many restrictions at an
early stage in the development of DBT may lead $al@optimal dosémage quality balance.
However, exceeding the limiting values of 2D mammography should only be accepted if clear
benefit for the patient/client is expected.

Protocol for the Quality Control of the Physical and Technical Aspects of Digital Breast
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All relevant exposure informatidior individual projections should keevailablefrom the

DICOM imageheadeyincludingangular rangef movement during projectionangular spacing
between projectionaind thedistributionof the X-ray exposure betweegojections.
Manufacturers should algwovide the following informatiorfocal spa - detector distance,
focal spotcentre of rotation distance, exposperametersnd exposuréme per projection for a
typical beam load, total scan time (with and without initiatgnet).

The bad pixel map apptigo the detector when used in torothesis mode should be made
available to the user.

It is noted that for some systems the first image in the series of projections is¢éx@@sare in

zero degregfor other systems the first image is the projection image with largest angle. It should
be investigated which image from the series of projections is the correct image to be used in
stability measurementse. the projection image with largest angle.
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1 X-ray generation

1.1 Focal spot size (optional)

Method: The method for measuring the focal spiae is described in thd" edition of the
European Guidelines. Use the projection imageso degree angle stationary mode image
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 & acceptancaf image quality problems occur
Equipment Suitable focakpot size phantom

1.2 Focal spotmotion (optional)

For DBT systems in which tifecal spotis in motion while theargetis emitting xrays, he

distance that thiocal spottravels during the exposure is an important parameter needed when
determining the gometric unsharpness dugdoal spotmotion for a given object. This test

applies to systems with-pay tube motion during exposuta.Table 1 thdocal spotto centre of
rotation (h) and an.ardgen for carremtlg avaldbDBT lsystenssy st e r
and some prototype systems.

=0
............ — o,
...... :
e, /s
4,
’
SID .
\\
\\ em
\\
K centre of
‘\i‘ rotation (COR)
Zp
table
| detector

? alﬂ

Figure 3  Definition of distances forgeometric unsharpnessnotion calculation. The termd; is the
dimension offocal spot the termd,, is the extendedocal spotsize 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 exanple, geometric unsharpness is shown for an object at some heigbt z
(+) above thebreast supporttable.
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Method:Measure the exposure ting{;) for a typical mAs setting using the zero degree
stationary mode along with the time for a complete staf)( These figures can also be taken
from DICOM header data if accurate and if available.

Thefocal spotmotion length can be calculated using the equation:

d, = 2hg, :LJ (1)

scan

Focal spotnotion length (dh) should be compared agaifstal spotsize (typically in the region
~0.45 mm at the reference position) to give an idea of the influence of geometric unsharpness
due tofocal spotmotion.

Remark: As an example of the influencdadfal spotmotion, the blurring (projectefcal spot
travel length &) of an object at some poingabove théreast suppotable from the extended
focal spotsize due tdocal spotmotion (@) can be calculated using lengthsandd, as:

a, = dmdj2 (2)
d,
Limiting values For referenc@urposes
Frequency At acceptancer software update that changes exposure time for
projections
Equipment A suitable exposure time meter

1.3 Alignment betweenX-ray field and reconstructedtomosynthesis image athest wall
edge of the bucky

Method Placethe X-ray rulerson the bucky, aligned witiith theedge of thaletector, using

the light field as a guidesee Figure AMark the middle of self developing film and position

the bucky withthis markalignedwith the X-ray ruler Makean exposuréo give sufficient
blackening of the film, withousaturatinghe detector. This may be achievednbgkingmultiple
exposures, or by placing an attenuating matéioalexample 3mm aluminiunpetween theelf-
developing film and the detectand using a largexposureEvaluate the coincidence of tKe

ray field and theomosynthesis imagesing the markers on the self developing film and the
image of the Xray rulers in theeconstructed focal plane in which the rulers are in focus, or the
projection imagesr images acquired ithe zero degree angle stationary mode.
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Light field

Light field

X-ray rulers

Self
developing

L

Figure 4  Setup for measuring coincidence ofeconstructed and irradiated volumeon the bucky, top view
and 3D view

Self developing
film

Limiting values: Chest wall sideX-ray field must extend no more than 5 mm beyond the
edge of themage receptor (when using projection imagesypnstructed
tomosynthesis image.

Frequency: At acceptance and every six months
Equipment: X-ray mlers, self developing film

1.4 Tube output

For measuring tube outpuat distinction is made between systems that ia«ield geometry
and €anning geometryA description of the different geometriissgiven inthe introduction of
this protocol and ilbance et al 201

Method Measure the tube output at all clinically used speMeasure the tube output of the
spectrum used for 45 mm PMMA in the clinicallyad AEC mode 5 times to check short term
reproducibility.

- For a system with ull field geometry. Positionthe dog meterwithin the X-ray field
60 mm from chestvall sideunderneath and icontactwith the compression paddle and
measure the incident &ermain the zero degreeangle stationary mode Thedose
metershould be positioned on a line extending from the fabal spoto a point on the
mid-line of the breast support tabl® &im from the chest wall edgH.the dose meter
has back scatter correction the recommended position is directly on the breast support
with the paddle in contact.

- For thescanning geometry Position thelose meteon the buckysurface centred
laterally and ® mm from chestvall side. Measure the incideairkerma for the
scanningbeam.

Note:In zero degree angle stationary mddemeasured tube outpatight differ slightly from
the FFDM mode due tihe pulsedexposure
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Limiting values: No limiting valuestube output is meased for dosimetry purposenly.
Tube output of 5 consecutive measurements 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 emittedrdy beam is determined by tube voltage, target material and
filtration. Tube voltage and beam quality are usechloulateaverageglandular dose.

1.5.1 Tube voltage

Method The method for measuring the tube voltage is diesdrin the European Guidelineth
edition Perform the measurements in #texo degree angle stationary modke tube voltage
rangeused clinically may be sampled, perform at least 5 measurements

Note:In DBT mode themeasuredube 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 voltagemeter

1.5.2 Half Value Layer (HVL)

The Half Value Layer (HVL) can bealculatedby insertingthin aluminium filtersinto the Xray
beam and measuring the attenuaterform the masurements the zero degree angle
stationary mode.

Method Position thedosmeterat the referencposition Place the compression paddiehigh

up as possiblbetween focal spot and the buckymit the X-ray field to the area of the
dosimeterPerform neasurements farachclinically used target filter combinatioBample the
tube voltage range such that at least 3 measurements are peffimreach clinically used target
filter combination, unless fewer than 3 tube voltages need to be measaleraMxposire
without an aluminium filteand epeat the exposuteice with differentthicknesses of
aluminiumfilter placedon the compression paddle. The thickmssd thealuminium filters
should be chosen such that the measimadent air kermaevels are just above and below half
theincident air kermaneasured without filter

Determine the HVL usingquation(3):

&2, 0 42,9

X, (ngg ~2g- X, (ngg =4
PV A )
In%g
¢hs

In this equatiorY g is theair kermareadingwithout additional attenuatioand Y; and Y, are the
air kermareadings with addeduminiumfilter thicknesgsof X; and X respectively.
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Note:In DBT mode themeasuredHVL might differ slightly from the FFDM mode due tdhe
pulsedexposure in DBT mode

Limiting values No limiting values, only measurddr thecalculaton of averageglandular
dose

Frequency At acceptance and after replacement of thayxtube

Equipment Suitable dose meter

1.6 Exposuredistribution per projection image (optional)

The aim of this test is to determine theidentair kerma (at the surface of a 45 mm PMMA)
delivered per projectiorfhis may be constant for some designs, other DBT systems may vary
the air kerma per projection according to some defined regime.

Method:If the dosimeter has a suitable waveform option, incident air kerma of each individual
projection image can be meadiirBosition hedogmeteron a line extending from the tulbecal
spotto a point on the mitine of the breast support tabl® 6m from the chest wall edge.
Initiatean exposur@ zero degreangle modend measure thacident air kermdor each
projection imageUse clinically relevant exposure parameters for adsted 45 mm thick

PMMA phantom.

Verify whether the distribution of the doses confetmthe description in the DICOM header of
the images or to the description at the cozsol

Note: Depending on the workings of the AEC, performing the measurement in the zero degree
angle stationary mode migpive slightly different results to those obtaineith a moving tube.

Alternatively the pixel values in the projection images canded to determine the exposure
distributionbetweerprojection imags Position the standard 45 mm thick PMMA phantom on
the bucky and make an exposure in the clinically used AEC nusilegthelinearizedmean

pixel valuefrom the reference ROh eachprojection imagecalculate the relative dose per
projection imageand compare the relative dose per projection to that indicatdek lmprrent
time producfor each projectioin the DICOM header

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

If multiple AEC modesre used clinicallythese modesiust be measureat acceptancand
after upgrade of the AEC software

2.1 Back-up timer/security cut-off

Method Make an exposuna the clinically used AEC modsith a highy attenuating object
covering theAEC part of the image receptdtecord the mAs value at which the expossre
terminated

Warning An incorrect functioning of the baakp timer or security cedff could damage the
tube. To &oid excessiveurreni time product (mAstonsult the manual for maximum permitted
exposure time.

Note: The exposure might be terminated after thegxgosure, for the reason that the image

quality which is aimed for by thAEC cannot be achieved (security-off). This prevents
unnecessary exposure to the patient/client. The exposure might also be terminated at a very high
exposure, to preant damage to the-Kay tube (bak-up timer).

Limiting values The backup timer and/or security caiff should functioraccording to
specifications

Frequency Yearly

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

2.2 Short term reproducibility

Method Positiona 45 mm thick homogeneous PMMA phantomthebucky and initiate an

exposure in the clinically used AEC mode. Record the exposure settings. Repeat this procedure 4
times.Measure the averagexel value and staraad deviation in the referencedRin the first

projection imageand calculatéinearizedSNR. Calculate the variation iourrent time product
(mAs)andin SNR.

Limiting values Variation intotal current time product (mAspetween images 5%,
variation in SNR between image < 10%

Frequency Every six months

Equipment: Homogeneous block of PMMA, 45 mm thick covering the whole image
receptor+ 5 mm on all sides

Protocol for the Quality Control of the Physical and Technical Aspects of Digital Breast
Tomosynthesis systems, draft versioif0.

17



2.3 Long term reproducibility

Method Positionthe standard5 mm thick PMMADblock on the bucky and initiate an exposure
in theclinically used AEC modeRecord theexposuresettings Measure the averagpxel value
and standrd deviation in the referenceORin first projection imagend calculate SNRAverage
pixel value SNRandexposure settingaretracked over time.

Limiting values The variation ircurrent time product (mAs)average pixel value and
SNR in the reference R@hould be 40%between imagei$ the
exposurdactors remairunchanged.

Frequency Daily/weekly, after system calibratioand after maintenance

Equipment Standard 45 mm thicRMMA block covering the whole image receptor
5 mm on all sides

2.4 AEC performance
This testusesreadily available QC equipmeahdmore advanced tests avaderdevelopnent

Method:Compensation for object thickness shouldreasured by exposures of PMMA plates
in thethickness range from 20 to 70 mm (steps of 10 rauma) thestandard 45 mm thick PMMA
block, using the clinicdy usedAEC mode.

200um Al object
(10 x 10 mm)

Figure 5a Setup for the breast thickness and composition measurements (50 mm PMMA + 10 mm air gap),
top view and 3Dview.
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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
shown in Figure 5lmage the stack in the clinically relevant AEC mode, if necessary the image
can be made in manual mode with settings as close as possiblelinitad 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) compression

paddle
(mm)

20 21

30 32

40 45

45 53

50 60

60 75

70 90

Repeat this measurement for PIRIMA thicknesses according tale 2 column 1 by adding
additional slabs of PMMA on top of the stadkie compression paddle shoulddmesitionedas
given in Table2 column 2 This is achieved by leaving an air gap betwdgenPMMA plates and
the compression paddle.

If compression is necessary to make an exposure, then spacers may be used, but must be
positioned such that they do not reduce transmissionrafyX to the central and chest wall
regions of the image at any wiangle. This may be achieved by placing spacers along the back
edge of the PMMA.

Position & mm x 5 mm ROIn the centre ofheimage of thealuminiumsheetatthe focal plane
with the image of the sheeaind two 5mm x 5mrROlsin the background areas the chest

wall and nipplesides of the aluminiuraheet see Figure 5¢The centrs of both background

areas should be at a distance of 10 mm from the centre of the ROI in the aluminiur gteset
focal plane has a significant degree of tumiformity it may be necessary to compensate for this
by using RO$ subdivided into Imm x 1mm elements and using the avem@igeemean pixel
values and standard deviatisfrom the elementdMeasure the pixel values and standard
deviations in the ROIls atme cental projection images aero degree angle stationary mode
images.

CalculatePV(background) an8D(background) according to:

e 2
SD(backgraind) = a18DZ(RO|") 4
e 2
PV(ROI
PV(backgraund)= a,PVIRoL) )

2
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Calculatethe SDNR of the aluminium object:

SDNR = PV(signal) - PV (background (6)
SD(backgraind)
limiting values Not yet establishedSDNR values are calculatéar reference purposg®
ensure stability
Frequency Every sixmonths
Equipment Aluminium sheetsevenPMMA slabs of 10 mm thicknesesne PMMA

slab of 5 mm thickness

2.5 Exposureduration per projection and total scanduration

Exposure time per projection and total scan time are important parameters of system
performance (se®cal spotmotion tests). The long scan times may leashédion unsharpness
and/or artefacts.

Method Positionthe standard5 mm thick PMMADblock on thebucky andmakean exposure in
the clinically usedAEC mode.Measurehe timeof each projection image and the tilbmetween
the starbf the firstand the end ahelastexposurelf the exposure time meter interferes with
the exposure chosen by the AERe standard 45 mm thick PMMA blodhould be imaged
without the exposure time meter The exposure factors should be recorded and simulated
afterwards in manual mode withe exposure time meter in the-pdy beam.

Limiting values No limiting values set, alical evaluations areequiredto evaluate
potentialmotionartefactsMeasured values can be used to ensure stability
and similar settings on the same type of system.

Frequency: Exposure timeacceptance tesévery six monthsTotal scan time: at
acceptance and if changes have been made in the acquisition of.images
Equipment: Exposure time metexith a waveform option
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3 Compression

3.1 Compression force

Method Measure lhe motorised compression force with a compression force test déuise
compressile material e.g. a tennis ball to protect the bucky and compression device). Attention
should be given to the applied compression and the accuracy of the indiEatarine the
compressiomaddlevisually for cracks and sharp edges.

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

Limiting values Maximummotorizedcompression force may not exceed20andmust
be at least 1®BN. The decline in compression foragthin 1 minute may
not exceed 10l. No sharp edges and cragkghe 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 Responsdunction

Response function is measuradBT projection images an images acquired inero degree
angle stationary mode

Method Remove the compression paddle angtother removable parts from thergy beam.
Position a 2 mm thick aluminium plate as clasegpossible to the-¥ay tube.

Set the target/filter combination and tube voltage which is chosen in fully automatic méue for
standard 45 mm thick PMMA blockn manual mode, set the minimum mAs value. Image the
aluminium plate. Increase the mAmslue and repedhe image Acquireseveralcangtypically

8 scansht different mAsvalues over thavailablerange increagng the currentime product

(mAs) by a fador of approximately 1.4if possible)between exposuse

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

It is optional to measure or calculabe®m tube output masuremenisheincident air kerman
the detector surfade useinstead ofcurrent time product (mAs)n this evaluation.

Measure the mean pixel value and standard deviation in the standard ROI on the first image of
the zero degree angle stationary mad the first projection image limit the influence ofag

and ghostingn the measurementBlotmean pixel valu@againstmAs (or incident air kerma at

the detectorand check whether the response function is accordinggtaon uf act ur er 6 s
specification.

Remark:Detector gain (the gradient term of the response functiarguallyincreased for DBT
mode compared to standard 2D mammography mode, because of the lower exposure per
projection used in DBT systems.

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

4.1.2 Noiseanalysis

Noiseanalysis is performeth DBT projection images amages acquired inero degree angle
stationary mode

The aimof this test igo quantify the contribution different noise components the total
image noisen order to provide additional information on the performance of the imaging
system This may assist itroubleshootingif image qualityproblems occur

General requiremeniEor systems with a nelmear response, the pixel dataustbe linearized
before analysis.
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Noise in images can be subdivided in electronic noisetgqoanoise and structaimoise:
SDP=ke’ + kg *p + k&’ * p* ©

SD = standard deviation in reference ROI
ke = electronic noise coefficient

Kq = quantum noise coefficient

ks = structual noise coefficient

p = average pixel value in reference ROI

Electronic noise is assumed to be independent of the exposurarnehvalises from a number of
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 effecstratturalnoise. Due to

the limited number of images used for the flatfield mask and the associated noise in the mask,
somestructuralnoisewill be presentFurthermore flatfielding might not be performed for
projection images individually, leading to soamdditional structual noise.

Quantum noise arises due to the variations-imayXflux.

Method:The images acquired for measuremerdetbctoresponse (section 4.1.4)eused for
this test.

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

Measure or calculate tiecidentair kermaon the detector surface from tube output
measurements for all spectra to be ablglddagainstdetectorair kermainstead of pixel vale.

Analysing steps:

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

2. Linearize the response function from paragraph 4.1.1 if the responselisesn
3. Plot SD? against pixel value (or detedturident air kermpa

4. Fit a curve tahe points using equatid7) and determine the noise coefficients

The calculatedhoise coefficientgan be used to plohe percentage of the total relative noise for
all noise components agaimskel value detectolincident air kermp

Note Quantum noise @y not be the largest noise componienindividual projection image

Limiting values Use the noise coefficients for reference purposes to ensure stability and
similar settings/quality mthe samenodelof system.

Frequency Every six months

Equipment 2 mm thick aluminium plate, optional: dose meter
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4.2 Detector element failure
Method Obt ain t he mostfortomasythdsisnddbfand thepsystera. | mapo

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

Limiting value At presenno limits have been established. Isigygestdthat the
manufactured s | i mit s are used

Frequency Every six months

Equipment: None

4.3 Uncorrected defective detector elements

The uncorrected defective detector elementsggstrformedbn images acquired in
tomosynthesis mod@rojection images arero degree angle stationary maaages

Method Makefive images of thestandard 45 mm thick PMMblock and determine whether
anypixel deviates more thark0%in valuecompared to the average value inR@l of 5 mm x 5
mm. For projection images the pixel valaéuncorrected defective detector elemesfitsuld
deviate in all images.

Limiting value No uncorrected defective detector elements should be vasioleny
pixel in an ROI of 5mm x 5mm should deviate less tha%bin value
compared to the average valughis ROI.

Frequency Every six months

Equipment Standard 45 mm thick PMMA block

4.4 System projection MTF (optional)
The MTF test is performeasingDBT projection images.

The system MTF measured in the projection images includes the following sources of blurring:
focal spotsize,focal spotmotion and detector MTF {ray converter MTF and pel sinc MTF)

and detector binning. The system MTF measured in zero degree angle stationary mode includes
the same blurring sources with the exceptiofooél spotmotion.

The MTF in the tube travel direction may be strongly influenced by the effectw@fthefocal
spotdue to tube motion, which in turn depends on the exposure pulse length per projection
image. Blurring (for some obiject) in the projection images ddec spotsize andocal spot

motion depends on the position of the rotation pait the position in the-direction (distance

above the compression paddle) of the object. Hence, a system MTF in the projection images
should be measured at a number of positions above the bucky. Blurring or resolution loss in the
detector itself can bigolated by measuring MTF in FFDM or zetegreeangle stationary mode

with edge on the detector housing

Method:Remove the compression paddbesition a aluminium platgl or 2 mm thick)as close
as possible to the-Xay tube Place the MTF edge on the bucky at a small angl€)to2he
orientation of the pixel matrix, with the centre of the edge to be used on the midhnistance
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of approximately 60 mm from the chest wall edge. Perform a DBT scan using the same beam
qudity as would be selected by the AEC for 45mm PMMA. Ideally one would increase the
current time product (mAsjo three times the AEC value to reduce the effect of noise on the
measurement, butis likely thatthe exposuréurationfor each pulsaould beincreasedvhich

should be avoidedunless the system can increase the tube current and keep the exposure times
constant.

A check shouldhereforebe made to ensure that the pulse exposure time is a typical clinical
value. Rotate the MTF edge througlf 8ad 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 suitable orthogonal edges.) Repeat the pairs of orthogonal
images at @ mm and © mm above the table surface. To achieve this the kdFshould be
placedon low contrast supports.{eexpanded polystyrene blocks positionedtsthat they do

not influence the area used for MTF analydt®r routine measurements the MTF only needs to
be assessed 40 mm height above the table surfaCalculate the MTF for each image using
appropriate software @ OBJ_IQ_reduced as described in NHSBSP Equipment Report 0902).
Rebin the MTF data at 0.25mifrspatial frequency intervals. Find the spkfrequency for MTF
values of 50% and 10%.

Options: collimate field to 1®x 100 mm if appropriate. Reposition the edge between DBT scans
such that the horizontal edge and vertical edge are at the same position on the detector.

Remark:Somesystems ussomekind of pixel binning of the projectiormages The binning
usedby the systenshould be noted asis obviously an important source of blurring. Note that
somesystemsnaysave the projections binned or-bimned;it is possible that systems sawe
binned projectiommages and bin thesénages before reconstruction.

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

charge trapping and release in a photoconductor) is not sufficiently fast with regpect to
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 pahecedge spread function and

ultimately leads to a reduction in MTF at low spatial frequencies.

Limiting values Record spatial frequency for 50% and 10% points for the MTF; this value
should be within 10% of previous test and baseline.

Frequency At acceptance: at the bucky surface and at 40 and 70 mm above the bucky
tab le.Every six monthst 40 mm height above the bucky table.

Equipment 1 mm thick steesheetof dimension B x 50 mm? (min.) with machined

straight edges. Appropriate MTF calcudatt software 2 mm thick
aluminium plate
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5 Image quality of the reconstructed image

5.1 Stability of image quality in the x-y plane

The use of model observerscisgrrently beingnvestigated for image quality evaluationdreast
tomosynthesis systemButureversionsof this protocolmight includetests using model
observers Fonow, it is advised to use the methods and phantasused in FFDMsuch aghe
CDMAM and TORMAM phantors. It is realized that the tests proposed in this section have
been desiged for FFDM and have problems/disadvantages when used on tomosynthesis
systems.

With the current methods and phantairis not possible to quantify image quality in the
reconstructed tomosynthesis images. However it is importam¢éstigatein-plane ad inter-
planeimage quality eventhoughthe method of testing does have limitations. This quntify
some aspects tie reconstructemnages but more importantly will enabléestingthe stability of
equipment anavill enablecomparisons gbperformancdor systems othe samdorandand
model

It is emphasized thatcomparisons between different modelsannot be made using this
approach.

A test objectvhich is used for this purpos@ould be able to test some measure of resolution and
SNR Examples of such a test objeerethe CDMAM phantomand the Tormam phantom

5.1.1 CDMAM phantom

The limitations of the CDMAM phantom are that the objectsiwithe phantom are cylindrical
with the long axis perpendicular to the detector. As a conseqtlemeéfectiwe thickness varies
with the angle of incidence of the-pdy beam. Furthermore the relationship between CDMAM
scores on homogeneous backgrounds and the image ddatigtion of tumour)f clinical
reconstructed tomosynthesis (with structured backgrqumadge quality is not known yet and
might be complex due to optimization by the reconstruction algorithm.

Method Imagethe CDMAM phantorin the middle of a 4énm stack ofPMMA using exposure
factors as would be selected automatically for a 60 mm eguivateastRepeat to obtain a total
of 8 images moving the phantom slightly between exposugesre theeconstructed
tomosynthesis images of t@MAM phantom using human observers and calculate the CD
curve according to theupplement to the fourth gidn of theEuropean 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 16 CDMAM images may be used. It is
advisable to ensure that the entire CDMAM is bidugto 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. As CDCOM is designed to read images in the FFDM format,
it is necessary to extrathe focal plane where the CDMAM is in focus from the reconstructed
tomosynthesis image. Where there is significant low frequencynidormity in the

reconstructed focal planes, flatfielding should be applied before automated reading using
CDCOM. A suitble flatfielding algorithm involves cropping to the useful area of the CDMAM
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and padding out to achieve an image size equal to the nearest power of two. A Butterworth filter
is applied in the frequency domain to remove the higher frequencies includiggotlaad

contrast details of the CDMAM, using a fourth order filter with aaffiof Smm. 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 hdatedaby
comparison with human reading 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 analysisog/hthesis
CDMAM images using software designed for 2D images may be a useful interim tool for
monitoring the stability of DBT image quality.

Limiting values The measured contrast threshold values can be used for reference purposes
to ensure stabilitgnd similar settings/quality of the same type of system.
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

The TOR MAM phantom, likéthe CDMAM, has limitations due to having been designed for
testing the image quality of 2D images. However it may be used as an alternative interim tool for
monitoring the stability of image quality in reconstructed tomosynthesis focal planes.

Method Imagethe TORMAM phantomon top of a 30 mnstack ofPMMA using automatically
selected exposure factors. Carry out a visual assessment of the image of the TORMAM in the
focal plane where it appears in focus. For this assessment it is necessary to use aigptagry
monitor under appropriate conditions, with window level and width and zoom functions adjusted
to maximise visibility of the details. A scoring system may be ushdre points are

accumulated for discs, filaments and specks according to how dieaylare 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 imag®rding whether the visibility of details in the
image are the same, or better or worse than in the baseline image. When comparing against a
baseline image the two images should be displayed simultaneously.

Limiting values The visibility of detailsm a baseline image can be used for reference
purposes to ensure stability and similar settings/quality of the same type of
system. Note: Standards for theitility of details in a 2D TORIAM
image cannot be applied to DBT.

Frequency Every 6 months

Equpment TORMAM phantom, PMMA plates

5.2 Z-resolution

Tomosynthesis imaging of a 3D phantom containing 1 mm diameter aluminium spheres enables
an assessment to be made of the iptane spread of the reconstruction artefacts associated with
each sphere, whidippear 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-plangresolution az-resolution.
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This measurement is dependent upon the size of the sphere. There is a change in the appearance
of reconstruction artefacts between focal planes; typically the sphere stretches into a faint line in
the direction of tube motion. There igef also a shift in the position of the artefact within the

focal plane, relative to the position of the sphere in focus, due to magnification effects.

Therefore, when assessing infgane 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 inteplane spread is assessed, by plotting a profile through the maximum pixel

value in the vicinity of the sphere from each of the adjacent fdaaks.

A test phantom is used which contains several 1mm aluminium balls 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)enuggd for this purpose,
enabling the two tests to be combined.

10 mm PMMA

5 mm PMMA
incl. Al spheres

Figure 6b Setup for the evaluation of zresolution (60mm PMMA + 5mm phantom), top view and 3Dview.
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Figure 6¢ Setup for the evaluation of zresolution (50mm PMMA + 5mm phantom), front and side view.

Method Position six1O mm thick slabs dPMMA on the buckyPosition the 5 mrthick
phantomcontainingthe aluminium spherdsetween the first and second séaiml make an
exposureRepeat witithe aluminiumsphers between the third and fourth slabhdagain
between the fifth and sixth slab

A visual inspection is made of the appearance of artefacts and how they change and shift
between focal planes.

Quantitative measurements are made o¥#rdcal compoent of theartefact spread in terms of

full width at half maximum (FWHM) 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 imagfkthe ball and the average background pixel value taken
from an artefact free region surrounding the ball in the plane in which the ball is in focus.

The vertical spread of the artefé&hot necessarily measured in a straight line through the
reconstrgted image: the maximum pixel value within the artefact for each plane perpendicular
to the direction of the FWHM is used, thus enabling allowance to be made for angulation and
inhomogeneous spread of the artefact. Automated software or DICOM viewesr@oised to
produce composite images of pixel maxima and reduce them to single lines of maxima, from
which thevertical FWHM is calculateckither by linear interpolation or fitting a polynomial

spline to the dataVhere the shape of the vertical profile@mplex it may not be sufficient to
measure the FWHM: for example, if the base of the profile is particularly broad then it may be
desirable to quantify this by also measuring the full width quarter maximum.

This analysis is most easily carried out byngsiledicated software, which will be made
available on the EUREF website.
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Limiting values To be determingdhe FWHM 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 quatitnmfl reconstructed
tomosynthesis (with structured backgrounds) is not known yet and might be complex due to
optimization within the reconstruction algorithm. Currernltig measuement ofMTF could be
performed tanonitorstability of the tomosynthesgystem ando allow compaison of results

obtained from systems of the samedel

The system MTF measured in the reconstructed plafiestively the total system MTier the
focal plane in which the wire is locadedcludes all the sources of blurgiin the system

detector MTF, and alidditional sources of unsharpnessithe reconstructioalgorithm DBT

is a pseudesD techniqueand shoulddeally be measured using a method that gives the 3D.MTF
Themethodgiven belowdoes not give the 3D MTF birtstead the irplane MTF (xy) in tube

travel and chest walipple directions.

5 mm PMMA

Figure 7a Setup for the evaluation of MTF in focal plane, top viewand 3D-view.
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Figure 7b: Setup for the evaluation of MTF in focal plane, front and side view.

Method In-plane MTF ismeasured using a 25 pm diameter wire held within two PMMA plates
of 5mm and 10mm thicksee kgure 7. The wire is stretched across@nim thick, 240 x 300

mm PMMA plate A 5 mm thick plate ishenplaced on top of thisThe wire should be stretched
(heldunder tension) so it is straigfitemove compressioragddle Position the MTF phantom

(15 mm PMMA containing the wire) such that it is held 40 mm above the breast support
platform. To measure the MTF in the chest waiple direction, position the wite runleft-

right across theetectorat 60 mm from the chest wall edge. To measure the MTF in the tube
travel direction rotate the MTF phantom 90°, so the wire is centreddhftand is orthogonal to
the tubetravel direction(at an angle)it is vital that thewire is heldparallel to the detect@nd
therefore remains within a given reconstructed pl@hes can bedifficult to achieve. Take care
that the phantom is not vibrating or moving as this will degrade the B&istandard beam
quality (typicl target, filter,tube voltageandcurrent time product (mAsjor 45 mm PMMA)

but no added filtration. Acquir@DBT scan and reconstruct using the reconstruction algorithm
of interest (typical clinicdy used algorithmh Calculate irplane MTF (leftright and front back)
from the irfocus plane containing the wire using appropriate software. Thaydoesome
overshoot in the MTFdepending on the reconstruction algorithm uS¢kereas for MTF
measurements of projection imagkes MTF is normalized to MT[B], for DBT it should be
normalizedto max(MTF). Rebin to 0.25 mrit spatial frequency bins. Record spatial frequency
for 50% and 10% points for the MTF

Remark system linearity and stationarity of statistis@ssumedThe use of a small signal (thin
wire) helps to fulfil this assumption, however this will not be fulfilled for fiaear
reconstruction algorithesuch asterative methodsThe usefulness of linear system theory
metricsin DBT QCshould be investigated further.

Remark: The contrast the image of the MTF phantom should not be too high. Artefacts might
be introduced which might influence the measurement.
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Limiting values Record spatial frequency f60% and 10% points for the MTFFhese
values can be used for reference purposes amstare stability and
similar settings/quality of the same type of system.

Frequency Every six months

Equipment 25 pm diameter W wire. Appropriate MTF calculation software.

5.4 NoisePower Spectra(optional)
See Appendix II.

5.5 Missed tissue

Missed tissue athest wall side and #te top and bottom of threconstructed tomosynthesis
image is evaluated

5.5.1 Missed tissue at chest wall side the reconstructed tomosynthesis image

Method Position two Xray rulers on the bucky perpendicularand alignedvith the chest wall
edge and acquirenamage.

Evaluate the amount of missed tistegond the chest wall edgetbkereconstructed plane
corresponding to the surface of the bucky.

Instead of Xray rulers, a phantom with markers can also be used.

Limiting values Width of missed tissue at chest wal
Frequency Every six months
Equipment X-ray rulers

5.5.2 Missed tissue at the top and bottom of the reconstructed tomosynthesis image

Method:Position somemall high contrasibjects (e.g. staples, paperclips)he centre, near
the chest wall edge and in each coyparthe bucky surfacand afterwardsaped to the
underside of the compression pad#kace some attenuating material between the bucky and
compression paddléof example 3mm sheet of aluminiuemd acquire a tomosynthesis image
under AEC controlCheck that all objects are brought into focufoical planes near tihe

bottom and topf the reconstructed image, respectively

Limiting values All the objectsat the bottom and top of the stack should be brought into
focuswithin the reconstructed tomosyntheisimge

Frequency Every six months

Equipment Small high contrast objects
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5.6 Homogeneity of the reconstructed tomosynthesis image
The evaluation of hongeneity is performed on the reconstructed tomosynthesis image.

Method Positiona45 mmthick PMMA block on the buckyoveringthe whole field of view
andmalke an exposure in the clinically used AEC mode. Record the exposure factors. The
reconstructed toosynthesigplanesshould bedivided inregionsof-interest ROIs) of 5.0mm by
5.0 mmand averaged with adjacent focal planes covering a vertical range of BnaachROl
the average gel value standard deviatioand varianceshould be calculated. Sigria-noise
ratio (SNR) is calculated for ea&0Ol by dividing he average gel value by the standard
deviation.

For the calculation of homogeneity and stability a program, Homogenei3D has been developed
which will be made avéble via the Euref website (www.euref.arg)

Detector artefacts might be easier to evaluate on zero degree angle stationaoy pnopetion
images The methodor evaluationof projection images is similar #FDM.

Limiting values No disturbing artefets should be present.
Frequency Daily/Weekly
Equipment 45 mm thick PMMA block covering the whole field of view

5.7 Geometric distortion

Images of a phantom containing a rectangular array of 1mm diameter aluminium spheres may be
used to assess geometristdrtion see kgure 8

Figure 8a Phantom for evaluation of geometric distortion; The phantom consists o 5 mm thick PMMA
slab with a rectangular array of 1mm diameter aluminium spheres embedded in the middle of the
slab. The balls are spaced at 55mm interval with an accuracy of-6/1mm.

Method Thegeometric distortiopphantom is imaged at the bottomidaie and top of a@mm
stack of PMMA.
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5 mm PMMA
incl. Al spheres

60 mm PMMA

Figure 8b Setup for the evaluation ofgeometric distortion (60mm PMMA + 5mm phantom on top), topview
and 3D-view.

Compression

paddle
5 mm PMMA Compression
incl. Al spheres paddle
5 mm PMMA
60 mm PMMA incl. Al spheres
60 mm PMMA

Figure 8c Setup for the evaluation ofgeometric distortion (60mm PMMA + 5mm phantom on top), front
and side view.

Analysis software can be used to find the position of each sphere in the x, y and z directions.
This software will bemade available via the EUREF websitais information can be used to

assess whether the focal planes are flat (ie no distortion in the z direction), whether they are tilted
relative to the plane of the surface of the table, and to asbesiser there is any distortion or
inaccuracy of scaling within the focal planes.
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