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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS -

Part 3-6: Acceptance and constancy tests —
Imaging performance of mammographic X-ray equipment used in a
mammographic tomosynthesis mode of operation

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All USERS should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61223-3-6 has been prepared by subcommittee 62B: Diagnostic
imaging equipment, of IEC technical committee 62: Electrical equipment in medical practice.

The text of this International Standard is based on the following documents:

CbhV Report on voting
62B/1127/CDV 62B/1148/RVC

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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In this document, the following print types are used:

— requirements, compliance with which can be tested, and definitions: in roman type.

— explanations, advice, notes, general statements, exceptions and references: in smaller type;

— TERMS USED THROUGHOUT THIS DOCUMENT THAT HAVE BEEN LISTED IN THE INDEX OF DEFINED
TERMS AND DEFINED IN CLAUSE 3, OR IN OTHER STANDARDS: IN SMALL CAPITALS.

A list of all parts of the IEC 61223 series, published under the general title Evaluation and
routine testing in medical imaging departments, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

e amended.

NOTE The attention of the users of this document is drawn to the fact that equipment MANUFACTURERS and testing
organizations may need a transitional period following publication of a new, amended or revised IEC publication in
which to make products in accordance with the new requirements and to equip themselves for conducting new or
revised tests. It is the recommendation of the committee that the content of this publication be adopted for
implementation nationally not earlier than 3 years from the date of publication.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

IEC 61223 (all parts) gives methods for ACCEPTANCE TESTS and CONSTANCY TESTS for diagnostic
X-RAY EQUIPMENT.

This part of IEC 61223 describes test methods for the ACCEPTANCE and CONSTANCY TESTS of
MAMMOGRAPHIC X-RAY EQUIPMENT used in a MAMMOGRAPHIC TOMOSYNTHESIS MODE OF OPERATION.

Documents

Document Sharing Hub

Full document details: IEC 61223-3-6-2020


http://www.avadocuments.com/doc/iec-61223-3-6-2020
http://www.avadocuments.com/doc/iec-61223-3-6-2020

IEC 61223-3-6:2020 © |IEC 2020 -9-

EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS -

Part 3-6: Acceptance and constancy tests —
Imaging performance of mammographic X-ray equipment used in a
mammographic tomosynthesis mode of operation

1 Scope and object

This part of IEC 61223 applies to the performance of MAMMOGRAPHIC X-RAY EQUIPMENT when
used in MAMMOGRAPHIC TOMOSYNTHESIS modes of operation, with respect to image quality and
dose.

Excluded from the scope of this document are:

— MAMMOGRAPHIC X-RAY EQUIPMENT modes of operation other than MAMMOGRAPHIC
TOMOSYNTHESIS;

— 2D images synthesised from the tomosynthesis images;
— reconstructive TOMOGRAPHY other than MAMMOGRAPHIC TOMOSYNTHESIS;
— CT SCANNERS covered by IEC 61223-3-5.

This document defines:

a) the essential parameters which describe the acceptability criteria of MAMMOGRAPHIC
TOMOSYNTHESIS modes of operation of MAMMOGRAPHIC X-RAY EQUIPMENT with regard to
image quality and dose,

b) the methods of testing whether measured quantities related to those parameters comply
with specified tolerances, and

C) CONSTANCY TEST frequency when required.

This document is intended to be applied along with the acceptability criteria included in
IEC 61223-3-2 or equivalent protocol for 2D mammography which are also relevant for
MAMMOGRAPHIC TOMOSYNTHESIS modes of operation.

These methods mainly rely on non-invasive measurements that use appropriate test equipment
and are performed during or after the installation. Signed statements covering steps in the
installation procedure can be used as part of the ACCEPTANCE TEST. Tests required by a higher
level of compliance take precedence over similar tests with a lower level of compliance.

When the results of the ACCEPTANCE TEST are in compliance with the expected values, the
BASELINE VALUES for the subsequent CONSTANCY TESTS are established.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60601-2-45:2011, Medical electrical equipment — Part 2-45: Particular requirements for
basic safety and essential performance of mammographic X-ray equipment and mammographic

stereotactic devices
IEC 60601-2-45:2011/AMD1:2015 Documents

Document Sharing Hub

Full document details: IEC 61223-3-6-2020


http://www.avadocuments.com/doc/iec-61223-3-6-2020
http://www.avadocuments.com/doc/iec-61223-3-6-2020

-10 - IEC 61223-3-6:2020 © IEC 2020

IEC 61223-3-2:2007, Evaluation and routine testing in medical imaging departments — Part 3-
2: Acceptance tests — Imaging performance of mammographic X-ray equipment

IEC 61674:2012, Medical electrical equipment — Dosimeters with jonization chambers and/or
semiconductor detectors as used in X-ray diagnostic imaging

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-2-45,
IEC 61223-3-2 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |ISO Online browsing platform: available at http://www.iso.org/obp

3.11

ACCEPTANCE TEST

test carried out after new equipment has been installed, or major modifications have been made
to existing equipment, in order to verify compliance with contractual specifications

[SOURCE: IEC TR 61223-1:1993, 3.2.4]

3.1.2
ARTEFACT
apparent structure, visible in the image, which does not represent a structure within the object

[SOURCE: IEC 61223-3-4:2000, 3.3.1]

3.1.3

AUTOMATIC EXPOSURE CONTROL

AEC

MODE OF OPERATION, in a radiological equipment, in which, in reaction to the properties of the
object, one or more of the LOADING FACTORS or IRRADIATION conditions are controlled
automatically in order to obtain a specified quantity of RADIATION of a desired quality

Note 1 to entry: Examples of such properties of the object are: thickness, composition, or X-ray TRANSMISSION.
Examples for IRRADIATION conditions are anode materials of the X-RAY TUBE and ADDED FILTERS.

Note 2 to entry: This note applies to the French language only.

3.14

AVERAGE GLANDULAR DOSE

AGD

X-ray mammography average ABSORBED DOSE in the glandular tissue (excluding skin) in a
uniformly compressed breast of known tissue composition, using a specified calculation method

[SOURCE: IEC 61223-3-2:2007, 3.7]

3.1.5
BASELINE VALUE
reference value of functional parameter, which is either:

— the value obtained for this parameter in the initial CONSTANCY TEST immediately following a
STATUS TEST, or

— where described in a corresponding particular standard, the mean value of valu ﬁfﬁﬁ'iﬁ‘l
in a series of initial CONSTANCY TESTS, immediately following a STATUS TEST B ents
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3.1.6

CONSTANCY TEST

CONSTANCY TESTING

each of a series of tests, carried out:

— to ensure that the functional performance of the equipment meets ESTABLISHED CRITERIA; or
— to enable the early recognition of changes in the properties of components of the equipment

Note 1 to entry: May use a subset of the ACCEPTANCE TEST.

[SOURCE: IEC TR 61223-1:1993, 3.2.6, modified — Note 1 to entry has been added.]

3.1.7

DIAGNOSTIC DOSIMETER

DOSIMETER

equipment which uses IONIZATION CHAMBERS and/or semiconductor detectors for the
measurement of AIR KERMA, AIR KERMA length and/or AIR KERMA RATE in the beam of an X-ray
machine used for diagnostic medical radiological examinations

Note 1 to entry: A DIAGNOSTIC DOSIMETER contains the following components:
— one or more detector assemblies which may or may not be an integral part of the measuring assembly;
— a measuring assembly; and/or

— one or more stability check devices.

[SOURCE: IEC 61674:2012, 3.1, modified — Note 1 to entry has been rephrased.]

3.1.8

ESTABLISHED CRITERIA

acceptable variations, in a QUALITY ASSURANCE PROGRAMME, in results of a CONSTANCY TEST
which signal satisfactory functional performance of the equipment tested

3.1.9
FOCAL SPOT
perpendicular PROJECTION of the actual FOCAL SPOT on the reference plane

Note 1 to entry: The shortened term "FOCAL SPOT" refers to the effective FOCAL sPoT (IEC 60806 [1]1).

3.1.10
LINEARIZED DATA
ORIGINAL DATA to which the inverse CONVERSION FUNCTION has been applied

Note 1 to entry: The LINEARIZED DATA are directly proportional to the AIR KERMA.

Note 2 to entry: For practical reasons, AIR KERMA proportional data can be generated by applying the inverse
response function (see 10.1.3).

[SOURCE: IEC 62220-1-2:2007, 3.7, modified — Note 2 to entry has been added.]

3.1.11

MAMMOGRAPHIC TOMOSYNTHESIS

DBT

technique using MAMMOGRAPHIC X-RAY EQUIPMENT to produce multiple tomographic images
reconstructed from multiple PROJECTIONS acquired over a total angular range of less than 180°

Note 1 to entry: This note applies to the French language only.

[SOURCE: IEC 60601-2-45:2011 and IEC 60601-2-45:2011/AMD1:2015, 201.3.210, modified —
The abbreviated term "DBT" has been added, as well as Note 1 to entry.]

1 Numbers in square brackets refer to the Bibliography. Documents
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3.1.12

MEASUREMENT UNCERTAINTY

non-negative parameter characterizing the dispersion of the quantity values being attributed to
a measurand, based on the information used

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified — The notes to entry have been deleted.]

3.1.13
ORIGINAL DATA
RAW DATA to which the corrections as in normal clinical use have been applied

Note 1 to entry: Some detectors execute linear image processing due to their physical concept. As long as this
image processing is linear and image-independent, these operations are allowed as an exception.

Note 2 to entry: See IEC 60601-2-45:2011, 201.3.208.

3.1.14

QUALITY ASSURANCE PROGRAMME

detailed instruction for carrying out actions of quality assurance for individual items of
equipment, systems of equipment or facilities, including quality administrative elements and
QUALITY CONTROL techniques

3.1.15

RAW DATA

PIXEL values read directly after the analogue-digital-conversion from the DIGITAL X-RAY IMAGING
DEVICE or counts from photon counting systems without any corrections

[SOURCE: IEC 60601-2-45:2011, 201.3.209, modified — The word "software" has been deleted
in "software corrections".]

3.1.16
REFERENCE ROI
REGION OF INTEREST (size 5 mm x 5 mm) in the PROJECTION

Note 1 to entry: The centre of the ROl is positioned 60 mm perpendicular to the chest edge of the PATIENT SUPPORT
and centred laterally.

Note 2 to entry: This note applies to the French language only.

3.1.17

SIGNAL DIFFERENCE TO NOISE RATIO

SDNR

ratio, in a digital image, of the difference of mean PIXEL values of the contrast object and image
background and the standard deviation of the image background PIXEL value

Note 1 to entry:  This note applies to the French language only.

3.1.18

SIGNAL TO NOISE RATIO

SNR

measure of signal strength versus the background NOISE, defined as the ratio of mean PIXEL
values of an area of interest in an image to the standard deviation of the PIXEL value of the area
of interest

Note 1 to entry:  This note applies to the French language only.

3.1.19
STATUS TEST
test carried out to establish the functional status of equipment at a given time
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3.1.20

ZERO DEGREE ANGLE STATIONARY MODE

MODE OF OPERATION of the tomosynthesis equipment identical to a tomosynthesis mode, without
the tomosynthesis movement of the X-RAY BEAM with the PATIENT SUPPORT surface positioned
horizontally and the beam axis as close as possible perpendicular to it

3.2 Symbols and abbreviated terms

Symbol/abbreviated Physical quantity/Description Unit
term
Kg ENTRANCE SURFACE AIR KERMA mGy
FWHM full width at half maximum mm
MTF MODULATION TRANSFER FUNCTION -
PMMA polymethylmethacrylate -
ROI region of interest -

4 General aspects of the ACCEPTANCE TEST

4.1 Levels of requirements
411 Local regulatory

Local regulatory requirements, including test procedures and acceptable values, shall take
precedence over similar contractual requirements or corresponding items in this document.

4.1.2 Contractual

Individual contractual requirements, including test procedures and acceptable values, shall take
precedence over similar corresponding items in this document.

Requirements for STATUS TESTS should be included in the contractual requirements.

4.1.3 General

In the absence of specific regulatory or contractual requirements, the test procedures in this
document shall be applicable.

Values and acceptable tolerances shall be in accordance with the MANUFACTURER’s
specifications for the equipment.

The aim of the ACCEPTANCE TEST is to demonstrate that the specified characteristics of the
equipment lie within specified tolerances. These tolerances are determined by regulatory or
contractual requirements.

4.2 General conditions in test procedures

Prior to the ACCEPTANCE TEST procedures, an inventory of the equipment shall be established.

The X-RAY EQUIPMENT and its components shall be unambiguously identified, for example with
respect to type and SERIAL NUMBER, and checked against the order contract. The check shall
also encompass ascertaining that the ACCOMPANYING DOCUMENTS, records and acceptance
criteria according to this document are complete, that delivery is complete, and that the
documents relate to the equipment delivered.

Ensure that the configuration of the equipment under this test allows accessing the different

PROJECTIONS as ORIGINAL DATA. ocuments
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When digital images are quantitatively assessed, LINEARIZED DATA shall be used (see 10.1.3),
and acquired with a RADIATION BEAM quality specified by the MANUFACTURER.

Quantitative image analysis in the PROJECTION space shall be performed using the ORIGINAL
DATA.

The IMAGE DISPLAY DEVICES involved in the ACCEPTANCE TEST shall be tested prior to the
ACCEPTANCE TEST of the MAMMOGRAPHIC X-RAY EQUIPMENT. It has to be assured that the IMAGE
DISPLAY DEVICES perform in the specified way, for example with respect to contrast and absence
of ARTEFACTS.

Non-invasive measurements are preferred for the ACCEPTANCE TEST. Whenever invasive tests
are part of the programme, it shall be shown that the equipment has been restored to its original
condition.

The MAMMOGRAPHIC TOMOSYNTHESIS system should be completely calibrated according to the
MANUFACTURER’S specifications prior to performing the tests in this document.

When performing visual assessment of PHANTOM images, use window/level settings as when
reviewing clinical tomosynthesis images.

4.3 Documents and data for the tests

Together with the MAMMOGRAPHIC X-RAY EQUIPMENT used for MAMMOGRAPHIC TOMOSYNTHESIS,
the following documentation is required:
— list of equipment/parts of equipment ordered and actual delivery list;

— list of applicable tests and acceptance criteria according to this document as agreed upon
between the USER and the supplier of the equipment;

— results from tests performed by the MANUFACTURER on the equipment delivered as
contracted;

— instructions for use;
— reports on previous quality assurance tests where applicable;

— documentation of technical changes performed on the equipment since previous testing.
4.4 Test conditions

Different categories of tests can be identified:

— visual inspection;

— functional tests; and

— system performance.

The tests shall yield information reasonably necessary for a demonstration of performance over
the full range of OPERATOR accessible variables.

All relevant data, such as the identification of the MAMMOGRAPHIC X-RAY EQUIPMENT used for
MAMMOGRAPHIC TOMOSYNTHESIS tested, identification of the test equipment used, geometrical
set-up, operating characteristics, correction factors and test results of the ASSOCIATED
EQUIPMENT shall be recorded with the test results. The record shall include the location, the date
and the names of the persons performing the tests.

If not specified otherwise, in all tests where a TEST DEVICE is required, it shall be placed directly
on the PATIENT SUPPORT. The TEST DEVICE shall be centred laterally on the PATIENT SUPPORT,
and the chest wall edges of the TEST DEVICE and the PATIENT SUPPORT shall be in line.
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For testing purposes, a special QUALITY CONTROL mode incorporating the image reconstruction,
but excluding image processing techniques like ARTEFACT reduction or additional breast specific
image processing techniques for visualization, may be used.

For measurements such as dose, SDNR, response function, uncorrected defective element,
HALVE-VALUE LAYER, or tube voltage, a ZERO DEGREE ANGLE STATIONARY MODE may be used. In
this mode, it is possible to apply the same exposure parameters as used in DBT MODE OF
OPERATION.

Some QUALITY CONTROL tests in this document can only be performed using PROJECTION images.
On all DBT systems using a full-field geometry, the unprocessed PROJECTION images are needed.
It shall be possible to identify the order, the exposure techniques and the angular information of
the PROJECTION images.

For some systems, the first image in the series of PROJECTIONS is the pre-exposure in zero degree
position or in the largest angle position, for other systems the first image is the PROJECTION image
in largest angle position. It should be ensured that the correct image is used in stability
measurements, i.e. the first PROJECTION image for which the exposure is determined by the
AUTOMATIC EXPOSURE CONTROL.

NOTE Lag and ghosting between PROJECTION images might influence the image quality of the reconstructed DBT image.
4.5 Scope of tests
The following items are subject to acceptance testing within this document:

— initial checks and documentation inventory;
— alignment and collimation checks;

— short term reproducibility;

— long term reproducibility;

— AEC performance;

— image receptor response function;

— detector element failure;

— uncorrected DEFECTIVE DETECTOR ELEMENT;
— MTF in the PROJECTION image;

— PHANTOM Imaging;

— z-resolution;

— missed tissue at the chest wall;

— missed tissue at the top and bottom of the reconstructed image planes;
— ARTEFACTS in the reconstructed image;

— GEOMETRIC DISTORTION;

— dosimetry.

4.6 Test equipment
4.6.1 General
The measurement equipment used shall be certified as calibrated against a national or

international standard where such a standard exists. Details on the test equipment are specified
in4.6.2 to 4.6.3.

Test equipment required but not specified in 4.6.3:
— X-ray rulers, self-developing film or a sensor capable of measuring X-RAY FIELDbocuments
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— PMMA plates with a thickness tolerance of +0,15 mm:
e seven 10 mm thick PMMA plates, size to cover the image receptor active area;
e 5 mm thick PMMA plate, size to cover the image receptor active area;

o standard test plate made of PMMA with one thickness selected between 40 mm and
60 mm and a size to cover the image receptor active area. This can be a single plate or
comprised of a set of the PMMA plates as described above. It needs to be free of
ARTEFACTS or defects that could interfere with ARTEFACT evaluation and DEFECTIVE
DETECTOR ELEMENTS tests;

— 0,2 mm thick aluminium sheet, size 10 mm x 10 mm,;
— 2 mm aluminium plate large enough to cover the X-RAY TUBE window;

— 5 mm thick PMMA PHANTOM containing aluminium spheres (not to exceed 1 mm in extent) as
specified in 13.3.2;

— 5 mm thick PMMA PHANTOM containing one aluminium sphere (not to exceed 1 mm diameter),
centred laterally and between 40 mm and 60 mm from the chest wall edge of the image
receptor. The above PHANTOM may be used in place of this PHANTOM if there is one sphere
at the correct location as specified;

— small high contrast objects, such as washers, paperclips or staples with a thickness less
than 1 mm, as specified in 12.3;

— image quality PHANTOM as specified in 11.1;

— MTF edge, stainless steel, thickness less than 0,8 mm but radio-opaque at mammographic
energies, size not smaller than 50 mm x 50 mm, with polished edge;

— compressible PHANTOM (e.g. gel or biopsy PHANTOM) which is compatible with the shape of
the compression paddle and the X-ray ATTENUATION comparable with breast tissue.
4.6.2 Analysis software

The use of validated automated analysis software may facilitate the test procedures. For
establishment of BASELINE VALUES and CONSTANCY TESTING, it is recommended that one software
type and version be chosen and used throughout.

NOTE The validation of the software can be verified by the inspection of the documentation and test records
provided by supplier of this software.

4.6.3 DOSIMETER

The range of the integrating DOSIMETER for the measurement of the AIR KERMA shall be at least
10 uGy to 500 uGy for the measurements behind a PHANTOM, and at least 0,1 mGy to 100 mGy
for direct output measurements, with a MEASUREMENT UNCERTAINTY less than 10 %. This
includes recombination losses at the AIR KERMA RATES involved (up to 100 mGy/s) and
uncertainties with regard to the energy response of the DOSIMETER and the actual X-ray
spectrum. The DOSIMETER used for measurement of AIR KERMA shall conform to IEC 61674.

DOSIMETER for ENTRANCE SURFACE AIR KERMA measurements shall be calibrated for all
anode/FILTER combinations to be tested.

4.7 Evaluating the test results

Whenever specified limiting values or tolerances are exceeded, verify the results by making at
least two additional measurements.

In the evaluation of results concerning limiting values (upper or lower), the uncertainty in the
measurement shall be taken into consideration.
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5 General aspects of CONSTANCY TESTS

5.1 Establishment of BASELINE VALUES

For those parameters subject to CONSTANCY TESTING, the BASELINE VALUES shall be established
when the ACCEPTANCE TEST is done. The same test equipment and procedures as used to
establish the BASELINE VALUES shall be used for the CONSTANCY TEST.

New BASELINE VALUES shall be established when

— the new MAMMOGRAPHIC TOMOSYNTHESIS equipment is brought into use, or

— any component of the MAMMOGRAPHIC TOMOSYNTHESIS equipment or its ACCESSORIES
relevant to image quality or dose is changed, or

— test equipment is changed which may cause a variation.

When other test equipment and procedures are used, the USER shall validate them against the

test equipment and procedures specified in this document.

5.2 Frequency of CONSTANCY TESTS

The CONSTANCY TESTS shall be repeated as prescribed in the individual test methods (refer
to Table 1).

In addition, the appropriate tests should be performed:

a) whenever malfunction is suspected; or

b) immediately after

the MAMMOGRAPHIC TOMOSYNTHESIS equipment

has

maintenance that could affect the performance parameter under test.

6 Summary of tests for MAMMOGRAPHIC TOMOSYNTHESIS equipment

Table 1 lists the tests, test frequencies, and the test objects required.

Table 1 — Tests, test frequencies, and test objects used in this document

Clause/ Test Test frequency Mode Test objects required
subclause (all tests
number performed upon
acceptance)
7 Visual inspection and Annually n.a n.a
functional check
8 Alignment and Annually Standard Self-developing film or solid
collimation checks tomosynthesis state X-ray sensor
9.2 AEC-system: short term | Annually Standard Standard test plate
reproducibility tomosynthesis
9.3 AEC-system: long term Weekly Standard Standard test plate
reproducibility tomosynthesis
9.4 AEC performance Annually ZERO DEGREE Seven 10 mm thick and one
ANGLE 5 mm thick PMMA plates;
STATIONARY MODE, | one 0,2 mm thick and
if possible 10 mm x 10 mm Al sheet
10.1 Image receptor: On acceptance ZERO DEGREE 45 mm thick PMMA; 2 mm
response function only ANGLE thick Al plate (size should
STATIONARY MODE, | cover the collimator)
if possible
10.2 Image receptor: Annually n.a n.a
detector element failure
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Clause/ Test Test frequency Mode Test objects required
subclause (all tests
number performed upon
acceptance)
10.3 Image receptor: Annually ZERO DEGREE Standard test plate
uncorrected DEFECTIVE ANGLE
DETECTOR ELEMENTS STATIONARY MODE,
if possible
10.4 System PROJECTION Annually Standard 2 mm thick Al plate;
MTF tomosynthesis MTF edge 50 mm x 50 mm
1.1 Image quality of the Daily Standard 40 mm to 60 mm thick
reconstructed image: tomosynthesis PHANTOM with round and
PHANTOM testing linear low contrast objects
and objects mimicking
microcalcifications
11.2 Image quality of the Annually Standard Six 10 mm thick PMMA
reconstructed image: z- tomosynthesis plates; a 5 mm thick PMMA
resolution plate containing a 1 mm
diameter Al sphere
12.2 Missed tissue at chest Annually Standard X-ray rulers or equivalent
wall side in the tomosynthesis PHANTOM
reconstructed
tomosynthesis volume
12.3 Missed tissue at the top | Annually Standard Six 10 mm thick PMMA
and bottom of the tomosynthesis plates; thin high contrast
reconstructed objects (e.g. staples, thin
tomosynthesis VOLUME metal foils, wires).
For systems with curved
compression paddle:
compressible PHANTOM (e.qg.
gel or biopsy PHANTOM),
wires to be taped, four thin
washers
13.2 ARTEFACTS in the Weekly Standard Standard test plate
reconstructed tomosynthesis
tomosynthesis image:
ARTEFACT evaluation
13.3 ARTEFACTS in the On acceptance Standard Six 10 mm thick PMMA
reconstructed only tomosynthesis plates; a 5 mm thick PMMA
tomosynthesis image: plate containing a
GEOMETRIC DISTORTION rectangular array of 1 mm
diameter Al spheres. This
array shall be aligned parallel
to the chest wall edge of the
image receptor.
14 Dosimetry for digital Annually ZERO DEGREE Two 10 mm thick PMMA
breast tomosynthesis ANGLE plates; 45 mm thick PMMA
STATIONARY MODE, | plate; seven 10 mm thick
if possible PMMA plates; DOSIMETER

7 Inventory and initial tests for MAMMOGRAPHIC TOMOSYNTHESIS equipment

71 Requirements

The MAMMOGRAPHIC TOMOSYNTHESIS equipment shall be evaluated to ensure the availability of
all system documentation, to complete an inventory of all ACCESSORIES that are required for
operation, and to perform a system functional test.

Documents

Document Sharing Hub

Full document details: IEC 61223-3-6-2020


http://www.avadocuments.com/doc/iec-61223-3-6-2020
http://www.avadocuments.com/doc/iec-61223-3-6-2020

IEC 61223-3-6:2020 © |IEC 2020 -19 -

7.2 Test method
The test is performed by visual inspection and functional check. It comprises:

— presence of all documents according to 4.3;

— inventory of equipment under test, including individual identification data for all components;

— visual inspection of the instructions for use (IEC 60601-1 [2]);

— functional check of the mechanical adjustment devices;

— functional check and identification of the control elements;

— visual inspection of the labelling of the control elements;

— visual inspection of the markings;

— mechanical integrity of the equipment; and

— check against acceptance criteria according to this document as agreed upon between the
USER and the supplier of the equipment, for example movements, speeds, forces, interlocks.

7.3 CONSTANCY TESTING

7.3.1 Test method

Same as ACCEPTANCE TEST.

7.3.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

7.4 Action to be taken

Guidance on the action to be taken is given in Annex B.

8 Alignment and collimation checks

8.1 Requirements

Chest wall side: X-RAY FIELD shall not extend more than 2 mm beyond the edge of the PATIENT
SUPPORT.

8.2 Test method

Use a TEST DEVICE capable of measuring spatial position of an X-RAY BEAM to an accuracy of
+0,5 mm, such as self-developing film strip, or a solid state position-sensitive X-ray detector
with a reference mark. If using the self-developing film, draw a mark somewhere in the middle
of the film strip. Position the TEST DEVICE on the PATIENT SUPPORT with the mark aligned to the
edge of the PATIENT SUPPORT.

Protect the image receptor by placing an attenuating material (for example a 3 mm thick aluminium
plate) between the TEST DEVICE and the PATIENT SUPPORT. Make a standard tomosynthesis
acquisition to give sufficient exposure to the TEST DEVICE. This may require multiple exposures.
Measure the distance between the edge of the X-RAY BEAM to the edge of the PATIENT SUPPORT.

This measurement shall be made at two positions. The first position is halfway between the
centre and left edge of the PATIENT SUPPORT and the second between the centre and the right
edge. The first position is shown in Figure 1.
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IEC

Key

1 PATIENT SUPPORT

2 X-ray ruler

3 self-developing film or a digital X-ray sensor

Figure 1 — Set-up for measuring the alignment between the reconstructed and the
irradiated volume at the chest wall edge of the PATIENT SUPPORT

NOTE This test does not include a determination as to whether or not the lateral sides of the X-RAY FIELD extend
beyond the PRIMARY PROTECTIVE SHIELDING.

8.3 CONSTANCY TESTING
8.3.1 Test method

Same as ACCEPTANCE TEST.

8.3.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

8.4 Equipment

X-ray rulers, self-developing film.

8.5 Action to be taken

Guidance on the action to be taken is given in Annex B.
9 AEC-system

9.1 General

All clinically used AEC modes shall be measured at acceptance and for constancy, as well as
after upgrade of the AEC software.

Documents

Document Sharing Hub

Full document details: IEC 61223-3-6-2020


http://www.avadocuments.com/doc/iec-61223-3-6-2020
http://www.avadocuments.com/doc/iec-61223-3-6-2020

IEC 61223-3-6:2020 © |IEC 2020 -21-

9.2 Short term reproducibility
9.2.1 Requirements

The COEFFICIENT OF VARIATION (CoV) of SNR in the REFERENCE ROl shall be less than10 %.

9.2.2 Test method

Position a standard test plate on the PATIENT SUPPORT and initiate an exposure in the clinically used
AEC mode. Record the exposure settings. Measure the average PIXEL value and standard
deviation in the REFERENCE ROl in the first PROJECTION image and calculate SNR using AIR KERMA
proportional data (see 10.1.3). Perform this procedure 4 times and calculate the average value
of the four measurement results.

Calculate the CoV of the four SNR measurements:

CoV = standard deviation of SNR/ average of SNR.

1/2
SNR { J
/=1

<SNR > is the average SNR over the four measurements SNR;, i=1,... 4 and n = 4.

]

CoV =

where

The average value of the four SNR measurements from the ACCEPTANCE TEST shall be taken as
BASELINE VALUE for the CONSTANCY TESTING (9.3).

9.2.3 CONSTANCY TESTING
9.2.3.1 Test method

Same as ACCEPTANCE TEST.

9.2.3.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

9.24 Equipment

Standard test plate.

9.2.5 Action to be taken

Guidance on the action to be taken is given in Annex B.

9.3 Long term reproducibility
9.3.1 Requirements

The average SNR in the REFERENCE ROI shall not deviate from the BASELINE VALUE by more
than 10 %.
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9.3.2 Test method

Position a standard test plate on the PATIENT SUPPORT and initiate an exposure in the clinically used
AEC mode. Record the exposure settings. Measure the average PIXEL value and standard
deviation in the REFERENCE ROI in the first PROJECTION image and calculate SNR using AIR
KERMA proportional data (see 10.1.3). Repeat this procedure 4 times and calculate the average
value of the four measurements. This average SNR is compared with the BASELINE VALUE
average SNR and exposure settings are tracked over time.

9.3.3 CONSTANCY TESTING
9.3.3.1 Test method

Same as ACCEPTANCE TEST.

9.3.3.2 Frequency of testing

CONSTANCY TESTS shall be performed weekly.

9.3.3.3 Equipment

Standard test plate.

9.3.4 Action to be taken

Guidance on the action to be taken is given in Annex B.

9.4 AEC performance
9.4.1 Requirements

SDNR values measured in the PROJECTION domain shall be compliant with the MANUFACTURERS’
specification.

NOTE SDNR limits for acceptance testing are not defined because this number depends on the specific technology
of the detector.

9.4.2 Test method

Image two 10 mm thick stacked PMMA plates, with an aluminium sheet of dimensions
10 mm x 10 mm and 0,2 mm thick placed between the plates. Position the aluminium at a distance
of 60 mm from chest wall side and centred laterally, as shown in Figure 2. When available, the
ZERO DEGREE ANGLE STATIONARY MODE should be used to image the stack of PMMA plates, in the
clinically relevant AEC mode. If the position of the aluminium sheet impacts the AEC, use the
same location during both acceptance and CONSTANCY TESTING.

Record the parameters such as LOADING voltage, CURRENT TIME PRODUCT, AGD, anode/TARGET
FILTER combination, the indicated compression thickness, and the AEC mode.
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Dimensions in millimetres
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1 0,2 mm aluminium object
2 placement of the object 10 mm above the breast platform

Figure 2 — Top and 3D view of setup for the AEC performance measurements

Repeat this measurement for each of the PMMA thicknesses according to Table 2, column 1,
by adding additional plates of PMMA on top of the stack. The height of the compression paddle
should be set when using different PMMA thicknesses as shown in Table 2, column 2. This is
achieved by leaving an air gap between the PMMA plates and the compression paddle. If paddle
compression is necessary to initiate an exposure, then spacers may be used, but they shall be
positioned such that they do not generate scatter or reduce TRANSMISSION of X-rays to the central
and chest wall regions of the image at any tube angle. This may be achieved by placing spacers
along the back edge of the PMMA.

Position a 5 mm x 5 mm ROI in the centre of the image of the aluminium sheet in the first
PROJECTION image. If the ZERO DEGREE ANGLE STATIONARY MODE has been used, position four
5 mm x 5 mm ROIS in the background areas on its four sides (Figure 3 a)). If the PROJECTION is
the first of a tomographic sweep, position two 5 mm x 5 mm ROIS in the background areas on
the chest wall and nipple sides of the aluminium sheet (Figure 3 b)). The centres of the background
areas should be at a distance of 10 mm from the centre of the ROI in the aluminium sheet. If the
image has a significant degree of non-uniformity, it may be necessary to compensate for this by
using ROIS subdivided into 1 mm x 1 mm elements and using the averages of the mean PIXEL
values and standard deviations from the elements. Measure the PIXEL values and calculate the
standard deviations in the ROIS.
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Dimensions in millimetres
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In Figure 3 b), the horizontal arrow shows the X-ray scanning direction.

Figure 3 — Placement of ROI for the AEC performance measurement

Table 2 — Height of the compression paddle when using different PMMA thicknesses

PMMA thickness Height of the compression paddle
mm mm
20 21
30 32
40 45
45 53
50 60
60 75
70 90

To compute the SIGNAL DIFFERENCE TO NOISE RATIO (SDNR), first compute the mean PIXEL value,
,u{)kg, and PIXEL standard deviation, O'é)kg1 within each background ROI; shown in Figure 3, for

i=1,..... N, where N = 4 when using the ZERO DEGREE ANGEL STATIONARY MODE, and N = 2 when
using the scanning mode (Figure 3). Also compute the mean PIXEL value within the signal
located in the centre RO, xg;q.

Given the mean and standard deviation from each background ROI, the mean over all N
background ROIS is given as:

- z ,-:utl;kg

and the mean PIXEL standard deviation over the N background ROIS is given as:

i
_ Z,”bkg
Obkg = N
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The SDNR can then be defined as:
/7bkg ~ Hsig

SDNR = =
Obkg

9.4.3 CONSTANCY TESTING
9.4.3.1 Requirements for CONSTANCY TESTING

SDNR values measured in the PROJECTION domain shall not deviate by more than £15% of the
established BASELINE VALUES.

9.4.3.2 Test method

Same as ACCEPTANCE TEST.

9.4.3.3 Frequency of testing

CONSTANCY TESTS shall be performed annually.

9.4.4 Equipment

Aluminium sheet (10 mm x 10 mm, 0,2 mm thick), seven PMMA plates of 10 mm thickness, one
PMMA plate of 5 mm thickness.

9.4.5 Action to be taken

Guidance on the action to be taken is given in Annex B.

10 Image receptor

10.1 Response function

10.1.1 General

The response function (RF) expresses the relationship between the mean PIXEL value ( ukg,) in

a REFERENCE ROI located within a PROJECTION image and the AIR KERMA (AK') per PROJECTION
measured on the PATIENT SUPPORT plate for various current-time product values indexed with
i=1, ... N:

RF(AK') = kol

The response function model of the system is specified by the MANUFACTURER. It commonly is
linear but may be different (e.g. logarithmic). To determine the observed response function, the
MANUFACTURER’s function model is applied to the AIR KERMA data points.

The quality of the system’s observed response function is determined by calculation of the
correlation coefficient between the measured mean PIXEL values and the mean PIXEL values
calculated using the observed response function as a function of AIR KERMA data points.

Alternatively, the inverse of the MANUFACTURER’s response function fit may be applied to the
data set of PIXEL values to obtain AIR KERMA proportional data, for which the correlation
coefficient along with the measured AIR KERMA values is to be determined. The latter leads to
LINEARIZED DATA and is applied in IEC 62220-1-2 [3]. The first procedure leads also to linear
data but omits the determination of the inverse function and is therefore described in this
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10.1.2 Requirements

The squared correlation coefficient r2 between the measured mean PIXEL values and the mean
PIXEL values calculated using the MANUFACTURER’s response function applied to the AIR KERMA
values shall be equal or greater than 0,99. The definition and general description of the
correlation coefficient is given in [4].

NOTE The calculation of the correlation coefficient can be performed by the system itself or by using any
appropriate validated software tool.

10.1.3 Test method

Using the standard test plate, take an AEC exposure and record the anode/FILTER combination,
kV and mAs. Remove the compression paddle and any other removable parts from the X-RAY
BEAM. Position a 2 mm thick aluminium plate as close as possible to the X-RAY TUBE.

Set the TARGET/FILTER combination and tube voltage which is chosen in fully automatic mode
for the standard test plate. In manual mode, perform a tomosynthesis image of the aluminium
plate. Acquire several tomosynthesis acquisitions (typically N = 8 current-time product values)
covering the CURRENT TIME PRODUCT values in the range from 1/10 (or from the minimum,
whichever is larger) to 4 times (or to the maximum, whichever is smaller) of the mAs value
previously obtained in the AEC exposure, by increasing the current-time product by a factor of
approximately 1,6 (if possible) between exposures. The AIR KERMA shall be measured on the
breast support under the same geometry for the set of current-time product values. Expose
using the mAs as close as possible to the TARGET value.

Measure the mean PIXEL value uko in the REFERENCE ROl on the first PROJECTION image

acquired either in scanning or in ZERO DEGREE ANGLE STATIONARY MODE for all j = 1, ...N current-
time product acquisitions.

Use the MANUFACTURER’s response function to calculate the function values for each measured
AIR KERMA point. These data together with the measured mean PIXEL values in the REFERENCE
ROI are used to determine the correlation coefficient.

Calculate the squared correlation coefficient r2. It shall meet the following requirement:
2
r< =0,99.

10.1.4 CONSTANCY TESTING
10.1.4.1 Test method

Not performed.

10.1.4.2 Frequency of testing

Only performed upon acceptance.

10.1.4.3 Equipment

2 mm thick aluminium plate.

10.1.5 Action to be taken

Not applicable.
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10.2 Detector element failure
10.2.1 Requirements

The MANUFACTURER'’s limits for DEFECTIVE DETECTOR ELEMENTS should be used.

10.2.2 Test method

Obtain the most recent DEFECTIVE DETECTOR ELEMENTS map for tomosynthesis mode from the
system and determine if it meets the MANUFACTURERS limit or confirm that the system passes its
internal test.

NOTE This map might differ from the DEFECTIVE DETECTOR ELEMENTS map in FFDM mode.
10.2.3 CONSTANCY TESTING
10.2.3.1 Test method

Same as ACCEPTANCE TEST.

10.2.3.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

10.2.4 Equipment

None.

10.2.5 Action to be taken

Guidance on the action to be taken is given in Annex B.

10.3 Uncorrected DEFECTIVE DETECTOR ELEMENTS
10.3.1 General

The test is performed on PROJECTION images acquired either in scanning or in ZERO DEGREE ANGLE
STATIONARY MODE.

10.3.2 Requirements

The system shall have no uncorrected defective PIXELS. A defective PIXEL is one that deviates
more than 20 % in value compared to the average PIXEL value in an ROl of 5 mm x 5§ mm
containing the PIXEL.

10.3.3 Test method

Remove the paddle.

Perform a tomosynthesis acquisition of the standard test plate using AEC mode, without the
ANTI-SCATTER GRID, if possible.

Determine which PIXELS are defective.
Generate an image which is a PIXEL by PIXEL average of all PROJECTION images.

The following operation shall be performed for every PIXEL in the average image.
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An uncorrected DEFECTIVE DETECTOR ELEMENT corresponds to one PIXEL whose value in this
image deviates more than 20 % compared to the average PIXEL value in a 5 mm by 5 mm ROI
centred around the PIXEL of interest. For edge pixels where the ROI cannot be centred around
the PIXEL of interest, the 5 mm by 5 mm ROI surrounding the PIXEL of interest can be off-centre
(in this case, one or two sides of the ROI will abut the edge of the image).

If DEFECTIVE DETECTOR ELEMENTS are detected, the acquisition shall be repeated with the
standard test plate rotated or moved, to guarantee that the defective area represents the
DEFECTIVE DETECTOR ELEMENT and not a defective area on the standard test plate.

10.3.4 CONSTANCY TESTING
10.3.4.1 Test method

Same as ACCEPTANCE TEST.

10.3.4.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

10.3.5 Equipment

Standard test plate.

10.3.6 Action to be taken

Guidance on the action to be taken is given in Annex B.

10.4 System PROJECTION MTF
10.4.1 General

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

The system MTF measured in the PROJECTION images includes the following sources of blurring:
FOCAL SPOT size, FOCAL SPOT motion and detector MTF. The detector MTF includes the effect of
blurring due to the X-ray converter, pitch and aperture dimensions of detector elements, and detector
binning.

The MTF in the tube travel direction can be strongly influenced by the effective size of the FOCAL
SPOT due to tube motion, which in turn depends on the exposure pulse length per PROJECTION
image. Blurring (for some objects) in the PROJECTION images due to size and motion depends on
the position above the image receptor. Hence, a system MTF in the PROJECTION images shall be
measured at a number of positions above the image receptor, using the tube voltage and
CURRENT-TIME PRODUCT so that the X-ray pulse length corresponds to the clinical situation which
is simulated. This information can be found in the AEC test results, as a function of PMMA
thickness. For example, placing the edge 70 mm above the table and using the X-ray factors for
70 mm PMMA gives an assessment of system PROJECTION MTF at a position towards the top of
a 90 mm thick breast. Blurring or resolution loss in the detector itself can be isolated by measuring
MTF in FFDM mode or ZERO DEGREE ANGLE STATIONARY MODE with the edge on the detector
housing.

10.4.2 Requirements

The spatial frequency where the MTF curve reaches its 50 % value shall be used for CONSTANCY
TESTS to ensure stability.

This frequency value during the ACCEPTANCE TESTS shall be within 10 % as specified according
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The value shall be within 10 % of the BASELINE VALUE for CONSTANCY TESTS.

10.4.3 Test method

The MTF measurement method is similar to that for FFDM as described in
IEC 62220-1-2 [3]. Remove the compression paddle, if possible. Position a 2 mm thick aluminium
plate as close as possible to the X-RAY TUBE to attenuate the whole X-RAY BEAM. Place the MTF
edge on the PATIENT SUPPORT at a small angle (~ 3°) to the orientation of the PIXEL matrix in the
parallel plane to the DETECTOR SURFACE, with the centre of the edge positioned on the midline at
a distance of approximately 60 mm from the chest wall edge. Perform a tomosynthesis scan using
the same beam quality as would be selected by the AEC for the standard test plate.

A check should therefore be made to ensure that the pulse exposure time is typical of clinical
values. Rotate the MTF edge through 90° and repeat to obtain the MTF in the orthogonal
direction. Alternatively, the MTF can be measured in both directions in a single image using a
suitable MTF edge with two orthogonal edges. Repeat the pairs of images taken in orthogonal
directions with the edge positioned 40 mm and 70 mm above the PATIENT SUPPORT. To achieve
this, the MTF edge should be placed on low contrast supports (e.g. expanded polystyrene blocks
positioned such that they do not influence the area used for MTF analysis or small plastic blocks).
For CONSTANCY TESTING, the MTF shall only be assessed at 40 mm height above the table surface.
Generate AIR KERMA proportional data (see 10.1.3) and calculate MTF from the PROJECTION
image closest to the 0° position. Calculate the MTF data in approximately 0,25 mm-" intervals.
The spatial frequencies for MTF values of 50 % shall be recorded. If needed, this frequency shall
result from a linear interpolation between neighbouring frequency values.

10.4.4 CONSTANCY TESTING
10.4.4.1 Test method

Measure at a height of 40 mm above the PATIENT SUPPORT.

10.4.4.2 Frequency of testing

CONSTANCY TESTS shall be performed annually.

10.4.5 Equipment

MTF edge of minimum dimension 50 x 50 mm2. MTF calculation software. 2 mm thick aluminium
plate.

10.4.6 Action to be taken

Guidance on the action to be taken is given in Annex B.

11 Image quality of the reconstructed image

11.1 PHANTOM testing
11.1.1 General

This test results in a visual assessment of image quality in the reconstructed image.
Requirements for the objects in the PHANTOM used in this test are described below. See Annex C
for a general discussion of image quality testing in tomosynthesis.

11.1.2 Requirements

The PHANTOM should contain objects allowing inspection of the visibility of low contrast round
and linear structures, and small objects mimicking microcalcifications embedded in a 40 mm to
60 mm PHANTOM material. The visibility of the objects shall meet MANUFACTURER'’S spe@m[rnents
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11.1.3 Test method

Image the PHANTOM using clinical AEC exposure. Review the reconstructed slices for the visibility
of the objects.

11.1.4 CONSTANCY TESTING
11.1.4.1 Test method

Same as ACCEPTANCE TEST.

11.1.4.2 Frequency of testing

CONSTANCY TESTS shall be performed daily.

11.1.5 Action to be taken

Guidance on the action to be taken is given in Annex B.

11.2 z-resolution (ARTEFACT spread function)

This test characterizes the z-resolution or ARTEFACT spread function in terms of its FWHM in
millimetres. Tomosynthesis imaging of a 3D PHANTOM containing 1 mm diameter spheres
enables an assessment of the inter-plane spread of the reconstruction ARTEFACTS associated
with each sphere. These ARTEFACTS appear in planes adjacent to the plane representing the
actual height of the sphere. A measurement of the spread between planes of the reconstruction
ARTEFACTS associated with a sphere can be regarded as a measure of inter-plane resolution or
z-resolution. This measurement is dependent upon the size of the sphere.

11.2.1 Requirements

The observed FWHM of the z-resolution (ARTEFACT spread function) shall be within the
MANUFACTURERS’ specification.

11.2.2 Test method

The test consists of imaging a single sphere embedded in PMMA. The sphere shall not exceed
1 mm in diameter and should be centred laterally and between 40 mm and 60 mm from the
chest wall edge of the image receptor. The test should be performed at two heights above the
PATIENT SUPPORT (see Figure 4 and Figure 5). The first height shall be between 10 mm and
20 mm and the second height between 50 mm and 60 mm above the PATIENT SUPPORT. There is
a total of 65 mm of PMMA in this test. The test PHANTOM may contain additional spheres, such as
if the geometric test PHANTOM (13.3) is used for this purpose, enabling the two tests to be
combined. The paddle shall touch the PMMA stack.

The tomosynthesis exposures shall be performed in the clinically used AEC mode, and
reconstructed slices are obtained.

The test requires measuring the ARTEFACT spread function of the image of the sphere in the
reconstructed slices in terms of the FWHM measurement in the direction perpendicular to the
DETECTOR SURFACE (referred to here as the z-axis direction). Note that there is often a shift in the
in-plane x,y position of the ARTEFACT in adjacent z planes, relative to the x,y position of the
sphere in the plane of focus, due to the choice of the coordinate system (see [5]). Therefore,
when assessing inter-plane spread, it is not sufficient to include only those PIXELS in a vertical
line in the reconstructed volume through the x,y position of the sphere determined in the plane
of focus. Instead the vertical component of inter-plane spread is assessed using the maximum
PIXEL value in the vicinity of the sphere from each of the adjacent planes. This shift in the x,y
location of the ARTEFACT as a function of z-position of a reconstructed plane is apparent in
reconstructions using Cartesian coordinates, and does not occur in reconstructions using
projective geometry coordinates which do not exhibit the magnification and x,y shif@pctuiments
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Observing the reconstructed slices, select that slice in which the sphere of interest comes into
focus and define an ROl encompassing the sphere. Record the extremum PIXELZ value (Pomax ),
of the reconstructed sphere within this ROI, as well as the average background PIXEL value
(Pobkg) taken from an ARTEFACT free region surrounding the sphere. Then examine the ROI
containing the sphere in neighbouring slices, and record the extremum PIXEL value in these
slices, P,-max, i=+1, 2, ... N, where positive and negative values of i represent slice locations

above and below the plane of focus. For each neighbouring slice i = +1, 2, ... N, compute and
pmax _Pbkg

record — 0

——————=Az; with N defined by the number of slices needed until Az; is less than
Pomax _Pobkg

0,5. Note that Az; = 1 for the centre slice, and will decrease with increasing distance from the
centre slice. From the sequence of numbers Az;, the FWHM in the z-axis direction can be

determined. To improve the accuracy in estimating the FWHM, a fractional slice number should
be computed using linear interpolation between the first slice where Az; < 0,5 and its

neighbouring slice where Az; > 0,5. Alternatively, the sequence of numbers Az; can be fit to a
Gaussian function to determine the FWHM.

Dimensions in millimetres

IEC

Key

1 1 mm diameter aluminium sphere embedded in 5 mm PMMA

Figure 4 — Top and 3D view of setup for the evaluation of z-resolution

2 Extremum PIXEL here is defined as the PIXEL location within the ROl where the X-ray fluence on the detector is
minimal. Some detectors generate images where this PIXEL has maximum value and for other d r iS.j
the minimum value within the ROI. eﬁaéi}]?ﬁents
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Dimensions in millimetres
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2 1 mm diameter aluminium sphere embedded in 5 mm PMMA

Figure 5 — Front and side view of setup for the evaluation of z-resolution

11.2.3 CONSTANCY TESTING
11.2.3.1 Test method

Same as ACCEPTANCE TEST.

11.2.3.2 Frequency of testing
CONSTANCY TESTS shall be performed annually.

11.2.4 Equipment

— 5 mm thick PHANTOM containing sphere (not to exceed 1 mm diameter), centred laterally and
between 40 mm and 60 mm from the chest wall edge of the image receptor;

— six 10 mm thick PMMA plates.
11.2.5 Action to be taken

Guidance on the action to be taken is given in Annex B.

12 Missed tissue

12.1 General

Missed tissue at chest wall side and at the top and bottom of the reconstructed tomosynthesis
volume is evaluated.

Documents

Document Sharing Hub

Full document details: IEC 61223-3-6-2020


http://www.avadocuments.com/doc/iec-61223-3-6-2020
http://www.avadocuments.com/doc/iec-61223-3-6-2020

