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NATIONAL FOREWORD

The adaptation of the IEC Standard as a Malaysian Standard was completed by the Technical
Committee on Diagnostic and Therapeutic Radiation under the authority of the Medical
Devices Industry Standards Committee.

This Malaysian Standard corresponds to IEC 61223-3-5:2004, Evaluation and routine testing
in medical imaging departments — Part 3-5: Acceptance tests — Imaging performance of
computed tomography X-ray equipment, published by the International Electrotechnical
Commission (IEC) with the following modifications:
a) Clause/ Subclause Modifications
3.5.1 Add the clause below:
“In describing the exposure distribution along the z axis another descriptor known as
Dose Length Product (DLP) is used as an integral dose quantity. Dose-Length
Product (DLP) characterises exposure for a complete examination in relation to linear
integration of the dose to the standard head or body CT dosimetry phantom on the
basis of absorbed dose to air (mGy cm).
The DLP is expressed in units of mGy.cm and given in the equation below:
DLP = CTDI,,.Ad (mGy cm)

DLP for complete examination is expressed by:

DLP =2;,CTDI,. T.N.C(mGycm)

where

i represent each serial scan sequence forming part of an examination;
n represent normalised weighted CTDI;

N is the number of slices;

T is the nominal tomographic section thickness (cm); and

C is the radiographic exposure (mAs).

Any variations in applied potential setting during the examination will require
corresponding changes in the value of ,CTDI,, used.

In the case of helical (spiral) scanning:
DLP =23, ,CTDIl,. T.A.t (mGycm)

where for each of i helical sequences forming part of an examination,

© STANDARDS MALAYSIA 2007 — All rights reserved
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NATIONAL FOREWORD (continued)

T is the nominal tomographic section thickness (cm);
A is the tube current (mA); and
t is the total acquisition time (s) for the sequence.

nCTDlI, is determined for a single slice as in serial scanning. Monitoring of DLP
provides control on the volume of irradiation and overall exposure for an
examination.”

Explanation: The addition has been made because DLP is one of the most
frequently used method of calculating estimated effective dose value without taking
account of tissue weighting factor.

b) in the source text, “this International Standard” should read “this Malaysian Standard;
¢) the comma which is used as a decimal sign (if any), to read as a point; and

d) the basis IEC 61223-3-5 is printed in English and French languages. However, only
the English version on odd pages is retained for this Malaysian Standard.

All medical devices to be used in Malaysia shall comply with the local regulations.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. MOD on the front cover indicates a modified standard i.e. a modified standard is a standard adapted from an
International Standard with permitted technical deviations, which are clearly identified and explained. The changes in
structure are permitted provided that the altered structure permits easy comparison of the content of the two
standards. Modified standards also include the changes permitted under identical correspondence.

© STANDARDS MALAYSIA 2007 — All rights reserved
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5 MS IEC 61223-3-5:2006

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS —

Part 3-5: Acceptance tests —
imaging performance of computed tomography
X-ray equipment

FOREWORD

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 “1EC
Publication{s}"). Their preparation is entrusted to technical committees; any 1EC National Committee interested
in the subject dealt with may participate In this preparatory work. International, governmental and non-
governmental organizations liaising with the |EC alse participate in this preparation. |IEC collaborates closely
with the International Organization for Standardization {(ISQ) in accordance with conditions determined by
agreement between the two organizations.

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 Commitiees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonabie efforts are made to ensure that the iechnical 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.

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

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an |EC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to |EC or its directors, employees, servants or agents including individual experts and
members of its technical committees and |EC 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 Pubiication or any other IEC
Publications.

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.

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

International Standard 1EC 61223-3-5 has been prepared by subcommittee 62B: Diagnostic
imaging equipment, of IEC technical committee 62: Electrical equipment in medicai practice.

The text of this standard is based on the following documents:

FDIS Report of voling

62B8/525/FDIS 62B/544/RVD

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

@ DSM 2006 — All rights reserved



7 MS IEC 61223-3-5:2006

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61223-3 includes the following parts, under the general title Evaluation and routine
testing in medical imaging departments — Part 3. Acceptance tests:

Part 3-1: Imaging performance of X-ray equipment for radiographic and radioscopic systems

Part 3-2: Imaging performance of mammographic X-ray equipment
Part 3-3: Imaging performance of X-ray equipment for digital subtraction angiography (DSA)

Part 3-4: Imaging performance of dental X-ray equipment

Part 3-5: Imaging performance of computed tomography X-ray equipment

In this standard, 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;
test specifications and headings of subclauses: in italic type;

TERMS DEFINED IN [EC 60601-1, |EC 60788, IEC 61223-1 OR IN OTHER |EC PUBLICATIONS
REFERENCED IN ANNEX A SMALL CAPITALS.

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

.

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

© DSM 2006 — All rights reserved
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INTRODUCTION

This International Standard forms part of the IEC 61223 series, which gives methods of
acceptance testing and constancy testing for medical diagnostic X-RAY EQUIPMENT.

The ACCEPTANCE TEST is carried out after new EQuIPMENT has been installed, or major
modifications have been made to existing EQUIPMENT, in order to facilitate verification of
applicable safety and performance standards, regulations, and contractual specifications
which influence the image quality, PATIENT dose and positioning.

To maintain the homogeneity of this IEC standard with the other two |EC standards
addressing CT SCANNERS, the measuring methods and the terminology are taken as
applicable from

— the CT safety standard IEC 60601-2-44, and
— the CT constancy testing standard IEC 61223-2-6 [3]V

Scme provisions or statements in this standard require additional information. Additional
information is presented in the annexes. An asterisk in the left margin of a clause or
subclause indicates the presence of such additional information.

1) Figures in square brackels refer to the bibliography.
© DSM 2006 — All rights reserved



11 MS IEC 61223-3-5:2006
EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS -

Part 3-5: Acceptance tests —
Imaging performance of computed tomography
X-ray equipment

1 Scope and object

This part of IEC 61223 applies to those components of CT SCANNERS which influence the
image quality, PATIENT dose and positioning.

This standard

— defines the essential parameiers which describe the performance of the CT SCANNERS with
regard to image quality, PATIENT dose and positioning; the list of parameters to be tested
can be found in section 4.4,

— defines the methods of testing the essential parameters;

— evaluates compliance with the tolerances of the parameters specified by the
ACCOMPANYING DOCUMENTS. ‘

These methods rely mainly on non-invasive measurements, using appropriate test EQUIPMENT,
performed during the installation or after it has been completed. Signed statements covering
steps in the installation procedure may be used as part of the ACCEPTANCE TEST report.

This part of IEC 61223 is intended to assist in performing the ACCEPTANCE TESTS on a CT
SCANNER The aim is to verify compliance of the installation with specifications affecting the
image quality, PATIENT dose and positiening.

It is not intended to consider:

— aspects of mechanical and electrical safety;

- éspects of mechanical, electrical and software performance, unless they are essential for
performing the ACCEPTANCE TESTS and are directly affecting image quality, PATIENT dose
and positioning.

2 Normative references

The following referenced documents are indispensable for the application 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 60601-1, Medical electrical equipment — Part 1: General requirements for safety?)

IEC 60601-2-44:2001, Medical electrical equipment — Part 2-44: Particular requirements for
the safety of X-ray equipment for computed tomography 3)
Amendment 1 (2002)

IEC 60788, Medical electrical equipment — Glossary of defined terms

2) The new edition of IEC 60601-1 {to be published) will be entitled: Medical electrical equipment — Part {: General
requirements for basic safely and essential performance

3) There exists a consolidated edition 2.1 (2002) including Edition 2 {2001) and its Amendment 1 {2002}
© DSM 2006 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the foilowing terms and definitions apply.

NOTE 1 In this standard, terms printed in SMALL CAPITALS are used in accordance with their definitions in the
General Standard or in IEC 60788,

NOTE 2 Attention is drawn to the fact that in cases where the concept addressed is not strongly confined to the
definition given in one of the publications listed above, a corresponding term is printed in lower case letters.
NQOTE 3 An index of defined terms used in this standard is given in Annex A.

NOTE 4 Associated conditions qualifying the usage of certain terms are given below.

3.1

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

[IEC 61223-1:1993, definition 3.2.4] [1]

3.2

CONSTANCY TEST _

each of a series of tests carried out to ensure that the functional performance of EQUIPMENT
meets established criteria; or to enable the early recognition of changes in the properties of
components of the EQUIPMENT

[l[EC 61223-1:1993, definition 3.2.6]

3.3

CT CONDITIONS OF OPERATION

all selectable parameters governing the operation of a CT SCANNER, for example NOMINAL
TOMOGRAPHIC SECTION THICKNESS, CT PITCH FACTOR, filtration, peak X-RAY TUBE VOLTAGE and
either X-RAY TUBE CURRENT and LOADING TIME Of CURRENT TIME PRODUCT

[IEC 60601-2-44, definition 2.102]

3.4

CT SCANNER

X-RAY EQUIPMENT for COMPUTED TOMOGRAPHY (CT)

diagnostic X-ray system intended to generate cross-sectional images of the body by computer
reconstruction of X-ray transmission data obtained at different angles. This generic type of
device may include signal analysis and display EQUIPMENT, PATIENT SUPPORT, support parts
and ACCESSCRIES

NOTE Secondary imaging processing is not included in the scope of this standard.
[IEC 60601-2-44, definition 2.101] '

3.5

COMPUTED TOMOGRAPHY DOSE INDEX 100

CTDI 100

integral of the DOSE PROFILE produced in a single axial scan along a line perpendicular to
the TOMOGRAPHIC PLANE from —50Q mm to +50 mm, divided by the product of the number of

TOMOGRAPHIC SECTIONS N and the NOMINAL TOMOGRAPHIC SECTION THICKNESS T

© DSM 2006 -- All rights reserved
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+50 mm D (z)
CTDIgp=
-50mm

dz

where

D(z) is the DOSE PROFILE along a line z perpendicular to the TOMOGRAPHIC PLANE, where dose
is reported as absorbed dose to air;

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-ray
source;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS.

NOTE 1 The term CTDl, 4 has been introduced as a more representative value for dose than the traditional cTD!
integrated from —7 T to +7 T as defined by the FDA in 21 CFR 1020.334).

NOTE 2 The dose is reported as absorbed dose to air. This is required in order to avoid present confusion, as
s0me MANUFACTURERS of CT SCANNERS express dose values calculaied as absorbed dose to air and others as
absorbed dose to polymethyl-methacrylate (PMMA),

Although CTDI,4¢ refers to absorbed dose to air, for practical purposes the evaluation of absorbed dose to air
within a PMMA dosimetry PHANTOM is well approximated by measurement of the air kerma with an lionization
chamber in the PHANTOM. g

NOTE 3 This definition assumes that the DOSE PROFILE Is centred on z = 0,
NOTE 4 A single axial scan is typically a 360° rotation of the X-ray source.

[IEC 60601-2-44, definition 2.1086]

3.6
WEIGHTED CTDI 49
weighted CTDI (CTDI,,) defined as

CTDRy = % CTDRqgo(centrg + % CTD4 go(peripleraly

where
CTDIgo(centre) is the value measured in the centre of the test object, and

CTDIgo(peripherar) 1S the average value measured in the periphery of the test object.

3.7

COMPUTED TOMOGRAPHY NUMBER

CT NUMBER

number used to represent the mean X-ray ATTENUATION associated with each elemental area
of the COMPUTED TOMOGRAPHY image

NOTE The CT NUMBER is normally expressed In Hounsfield units. MEASURED VALUES of the linear ATTENUATION
coefficients are transformed into CT NUMBERS using the international Hounsfield scale, using the expression:

Hmateriat = H
CT NUMBER of material =2l “water 4 a4

Hwater

where
418 the linear ATTENUATION coefficient.

The CT NUMBER scale is defined so that water has a value of 0 and air a value of 1 000.

[IEC 61223-2-6:1994, definition 3.3.2] [3]

4} U.s.Code of Federal Regulations, Title 21, Chapler 1. Food and Drug Administration (FDA), Part 1020 —
Performance standards for ionizing radiation emitting products: Section 1020,33: Computed tomography (CT)
equipment

© DSM 2006 — All rights reserved
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3.8
DOSE PROFILE :
representation of the dose as a function of position along a line

[60601-2-44, definition 2.103]

3.9

FULL WIDTH AT HALF-MAXIMUM

FWHM

interval paraiiel to the abscissa between the points on a curve with the value of one-half of the
maximum of the curve

[JEC 81223-2-6:1994, definition 3.3.4)

310
IMAGE DISPLAY DEVICE
device capable of displaying images from an input signal provided by an imaging system

3.1

LOW CONTRAST RESOLUTION

lowest contrast detail of an object of a SPECIFIED shape and area that can be resoived from a
uniform background

3.12
MEAN CT NUMBER
mean value of the CT NUMBERS of all pixels within a certain defined REGION OF INTEREST

[I1EC 61223-2-6:1994, definition 3.3.6]

3.13

NOISE

variation of CT NUMBERS from a mean value in a defined area in the image of a uniform
substance,

The magnitude of NOISE is indicated by the standard deviation of the CT NUMBERS of a uniform
substance in the REGION OF INTEREST

[IEC 61223-2-6:1994, definition 3.3.7]

3.14

NOMINAL TOMOGRAPHIC SECTION THICKNESS

in CT SCANNERS the TOMOGRAPHIC SECTION THICKNESS which is selected and indicated on the
CONTROL PANEL

NOTE In helical scanning the thickness of a reconstructed image depends on the helical reconstructionlalgorithm
and pitch, and hence this thickness may not equai the NOMINAL TOMOGRAPHIC SECTION THICKNESS. The thickness of
the reconslructed image may be indicated or selected prior to the helical scan.

[60601-2-44, definition 2.110]

3.15

REGION OF INTEREST

ROI

localised part of an image, which is of particular interest at a given time

[IEC 61223-2-6:1994, definition 3.3.9]

© DSM 2006 — All rights reserved
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3.16

SENSITIVITY PROFILE

relative response of a system for COMPUTED TOMOGRAPHY as a function of position along a line
perpendicular to the TOMOGRAPHIC PLANE

[source 60601-2-44, definition 2.104]

3.17

SPATIAL RESOLUTION

fn EQUIPMENT for COMPUTED TOMOGRAPHY, the ability to resolve different objecis in the
displayed image, when the difference in ATTENUATION between the objects and the
background is large compared to NOISE

NOTE 1 Normaily a difference in ATTENUATION coefficient between the object and the background resulting in a
difference of the respective CT NUMBERS of several hundred Hounsfield units is regarded as large enough.

NOTE 2 high-contrast resolution is an alternative name for SPATIAL RESOLUTION.
[IEC 61223-2-6:1994, definition 3.3.12]

3.18

TOMOGRAPHIC PLANE

geometric plane perpendicular to the axis of rotation (see Figure 1)

IEC 1069/04

Key
1 TOMOGRAPHIC PLANE
2 PHANTOM

Figure 1 — Coordinate system
3.19

TOMOGRAFPHIC SECTION
volume over which TRANSMISSION data of X-RADIATION are collected in a single axial scan

NOTE Ina CT SCANNER with multiple detector elements along the z-axis, it is the volume over which d.ata are
collected by a single acquisition channel (selected grouping of elements) and not the.total volume irradiated.

[source 60601-2-44, definition 2.108)

@ DSM 2006 — All rights reserved
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3.20

TOMOGRAPHIC SECTION THICKNESS

FULL WIDTH AT HALF MAXIMUM of the SENSITIVITY PROFILE taken at the isocentre of a
TOMOGRAPHIC SECTION

[source 60601-2-44, definition 2.109]

3.21
UNIFORMITY
consistency of the CT NUMBERS of the image of a homogeneous material across the scan field

[IEC 61223-2-6:1994, definition 3.3.13]

3.22

CT PITCH FACTOR

in helical scanning the ratio of the PATIENT SUPPORT travel Ad along the z direclion per rotation
of the X-RAY SOURCE divided by the product of the NOMINAL TOMOGRAPHIC SECTION THICKNESS T
and the number of TOMOGRAPHIC SECTIONS N:

Ad
CT pitch factor =——
pitch factor N.T

where

Ad  is the PATIENT SUPPORT travel along the z direction per rotation of the X-RAY SOURCE;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS;
N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-RAY
SOURCE.

[source 60601-2-44, definition 2.107]

3.23

VOLUME CTDI,

CTDI,,

average dose over the total volume scanned for the selected CT CONDITIONS OF OPERATION

The CTDJ,,, is defined as follows:
a) for axial scanning

NT
CIDI o = = CIDI\,

where

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-raY
SOURCE;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS,;

Ad is the PATIENT SUPPORT travel in z-direction between consecutive scans,

CTDI, is the weighted CTDI.
b) for helical scanning

crDI,,

CTDl o = —————
vel =“cr pitch factor

where CTDI,, is the weighted CTDI.

© DSM 2006 — All rights reserved
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3.24
CTDIfiee ajr . .
CTDI59 Mmeasured at isocenter in the absence of a PHANTOM and the PATIENT SUPPORT

4 General aspects of ACCEPTANCE TESTS

4.1 General conditions to be considered in test procedures

The aim of an ACCEPTANCE TEST is to demonsirate that the SPECIFIED characteristics of the
EQUIPMENT lie within the SPECIFIED tolerances as stated in ACCOMPANYING DOCUMENTS.

An invenfory of the EQUIPMENT under test and the ACCOMPANYING DOCUMENTS shall he
compiled before any ACCEPTANCE TESTS are carried out. Each item shall be identified by its
MODEL OR TYPE REFERENCE (type number) and SERIAL NUMBER, and the entire inventory shall be
compared with the purchase contract.

The performance of the IMAGE DISPLAY DEVICE will affect the measured performance of a digital
imaging system. A test of the performance of these components shall precede the visual
evaluation of any ACCEPTANCE TEST images. The IMAGE DISPLAY DEVICE shall be set up, by
following the instructions in the ACCOMPANYING DOCUMENTS and, if applicable, using the
MANUFACTURER'S electronic test image, to deliver its SPECIFIED performance.

Non-invasive measurements are preferred for ACCEPTANCE TESTS. Whenever invasive tests
are part of the programme, it shall be verified that the EQUIPMENT has been restored to its pre-
test condition after the test.

4.2 Documents and data for the tests

The ACCOMPANYING DOCUMENTS shall include:

statement of compliance with applicable parts of IEC 60601;
— list of EQUIPMENT or EQUIPMENT parts ordered and the actual delivery list (IEC 60601-1});

— performance specification as stated by the MANUFACTURER or as specified in the
ACCOMPANYING DOCUMENTS, including CT CONDITIONS OF OPERATION during acceptance

testing;
— results from tests performed at the MANUFACTURER's site or during installation, covering
items of importance to quality;

— INSTRUCTICONS FOR USE, inciuding guidance for the operation of the EQUIPMENT,
— details of the CT CONDITIONS OF OPERATION under which the CT SCANNER is t0 be used;

— guidance as to the extent and frequency of maintenance procedures;

— reports on previous tests, where applicable.

4.3 Identification of EQUIPMENT, instrumentation and test conditions

All EQUIPMENT under test or used for testing shall be unequivocally identified. All test
conditions, including positions of TEST DEVICES, shall be recorded.

Interchangeable components of CT SCANNER such as:

— ADDED FILTERS; ,
— PATIENT SUPPORT or other attenuating material in the RADIATION BEAM,
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togethier with items of test instrumentation such as:

— TEST DEVICES;
— RADIATION METER

shall be recorded so that the ACCEPTANCE TEST can be repeated under the same test
conditions as applied before.

All relevant data such as the identification of the CT SCANNER 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 identification of the location, the date and the names of the persons performing
the tests.

The following conditions shall be specified and recorded in connection with the use of TEST
DEVICES:

— all CT CONDITIONS OF OPERATION used in the test;
—~ the area of the TEST DEVICE to be imaged;
— the position of the TEST DEVICE during IRRADIATION.

4.4 Scope of tests
The following tests are subject to the ACCEPTANCE TEST:

— check of ACCOMPANYING DOCUMENTS, and
— visua! and functional tests of the CT SCANNER according to the INSTRUCTIONS FOR USE,

The following are subject {0 the ACCEPTANCE TEST using typical head and body CT CONDITIONS
OF OPERATION:

— positioning of PATIENT SUPPORT (see 5.1)
— PATIENT positioning accuracy (see 5.2)
—  TOMOGRAFHIC SECTION THICKNESS (see 5.3)
— dose (see 5.4)

— NOISE, UNIFORMITY and MEAN CT NUMBERS (see 5.5)
—  SPATIAL RESOLUTION {see 5.6)

Other tests may be performed but they are not considered to be a necessary part of the
ACCEPTANCE TEST, e.g. helical TOMOGRAPHIC SECTION THICKNESS (Annex B), LOW CONTRAST
RESOLUTION (Annex C), GANTRY TILT {Annex D), DOSE PROFILES {(Annex E}.

If the measured NOISE and MEAN CT NUMBER meet the specifications, then the Low CONTRAST
RESOLUTION performance is deemed to meet the specifications. If deemed necessary to
measure LOW CONTRAST RESOLUTION, the detailed method for the evaluation shall be provided
by the MANUFACTURER. Other possible methods for measurement of LOW CONTRAST
RESOLUTION can be found in Annex C.

4.5 Test EQUIPMENT, including PHANTOMS and TEST DEVICES

Measuring EQUIPMENT used for ACCEPTANCE TESTS shall be certified as calibrated. The
uncertainty of measuring instruments shall be suitable for the measurement.
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5 Test methods for CT SCANNERS

5.1 Positioning of the PATIENT SUPPORT
5.1.1 Summary

Positional accuracy of the PATIENT SUPPORT includes both longitudinal positioning and
backlash evaluation.

The accuracy of [ongitudinal PATIENT SUPPORT positioning is evaluated by moving the PATIENT
SUPPORT a defined distance in one direction and confirming the distance travelled.

The accuracy of moving the PATIENT SUPPORT in one direction and moving it back to the
starting position is referred to as backlash.

5.1.2 Test EQUIPMENT

A ruler is attached to a fixed part of the PATIENT SUPPORT adjacent to the moving part of the
PATIENT SUPPORT.

NOTE Alternative film or image based methods may be used if accuracy has been validated.

5.1.3 Test procedure

The test shall be performed with a person-equivalent load not exceeding 135 kg on the
PATIENT SUPPORT.

Fix a mark in a convenient way an the moving part of the PATIENT SUPPORT and another one
adjacent to it on the ruler.

Drive the PATIENT SUPPORT out a fixed indicated distance and measure the distance L;,,
moved (distance between the two marks).

Return the PATIENT SUPPORT back to the initial indicated position and measure the distance
Cyor between the two marks.

Then repeat the movement to the opposite direction and measure the distances between the
markers equivalent to above measurements as Ly . and Cpok

The above procedure shall be repeated under CT CONDITIONS OF OPERATION, driving the
PATIENT SUPPORT in scanning mode, in about 10 mm increments, up to a fotal distance of
30 cm in both the forward and backward directions.

5.1.4 Data evaluation
5.1.4.1 Longitudinal positioning of the PATIENT SUPPORT

The measured distances moved in the longitudinal direction L, and Ly, are compared with
the fixed indicated distances.

5.1.4.2 Backlash of the PATIENT SUPPORT

The measured distances Cy,, and Cy o a@re the backlash values.

5.1.4.3 Stepped movement of the PATIENT SUPPORT under CT CONDITIONS OF OPERATION

The longitudinal positioning and backlash evaluation shall be repeated.
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5.1.5 Criteria to be applied
5.1.5.1 Longitudinal positioning of the PATIENT SUPPORT

Lo and L. shall not deviate by more than £ 1 mm from the fixed indicated distances.

5.1.5.2 Backlash of the PATIENT SUPPORT

Cior and Cpaq shall not be greater than + 1 mm.

5.1.5.3 Siepped movement of the PATIENT SUPPORT under CT CONDITIONS OF QPERATION

The criteria of 5.1.5.1 and 5.1.5.2 shall apply.

5.2 PATIENT positioning accuracy
5.2.1 Axial PATIENT positioning accuracy
5.2.1.1 Summary

The correlation of axial PATIENT positioning light and scan plane is tested by positioning and
scanning a thin absorber.

5.2.1.2 Test EQUIPMENT

The TEST DEVICE shall consist of a thin absorber, e.g. a wire with a diameter of about 1 mm.

5.2.1.3 Test procedure

5.2.1.3.1 Procedure to test the internal PATIENT positioning light indicating the scan
plane (if available)

The TEST DEVICE shall be centred in the internal LIGHT FIELD parallel to the TOMOGRAPHIC
PLANE. Narrow sequential tomograms shall be acquired over the range of £ 3 mm about the
centre of the LIGHT FIELD. The narrowest TOMOGRAPHIC SECTION THICKNESS shall be used with a
table increment of 1 mm or less.

NOTE 1 Alternatively, an X-ray film may be positioned at the isocentre and the centre of the PATIENT positioning
light marked. The CT SCANNER must automatically move the film into the scan plane. A tomogram with a
TOMOGRAPHIC SECTION THICKNESS of 2 mm or less must be made.

NOTE 2 |If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on another
method, this may be used instead after it has been validated.

5.2.1.3.2 Procedure to test the external PATIENT positioning light (if available)

The TEST DEVICE shall be centred in the external LIGHT FIELD parallel to the TOMOGRAPHIC
PLANE. The CT SCANNER shall automatically move the TEST DEVICE into the scan plane. Narrow
sequential tomograms shall be acquired over the range of £+3 mm about the centre of the
LIGHT FIELD. The narrowest TOMOGRAPHIC SECTION THICKMESS shall be used with a table
increment of 1 mm or less.

NOTE 1 Alternatively, an X-ray film may be positioned at the isocentre and the centre of the PATIENT positioning
light marked. A tomogram with a TOMOGRAPHIC SECTION THICKNESS of 2 mm or less must be made.

NOTE 2 If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation, based on another
method, this may be used instead after it has been validated.
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5.2.1.3.3 Procedure to test the automatic positioning of the TOMOGRAPHIC PLANE using
the scanned projection radiograph (preview image)

The TEST DEVICE shall be positioned on the PATIENT SUPPORT in parallel to the x-axis of the CT
SCANNER. A scanned projection radiograph (preview image) in AP direction shall be made. A
TOMOGRAPHIC SECTION shall be defined exactly at the position of the TEST DEVICE in the
preview image. Aliow the CT ScANNER to automatically position the TEST DEVICE in THE
TOMOGRAPHIC PLANE. Narrow sequential tomograms shall be acquired over the range of
+3 mm about the position of the TEST DEVICE. The narrowest TOMOGRAPHIC SECTION THICKNESS
shall be used with a table increment of 1 mm or less,

NOTE If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation, based on another
method, this may be used instead after it has been validated.

5.2.1.4 Data evaluation

For each of the tests, select the image with the highest CT NUMEER of the test object.

5.2.1.5 Criteria to be applied

For each of the fests, the selected image shall be within £2 mm of either the centre of the light
field or the position of the test object in the preview image.

5.2.2 Sagittal and coronal PATIENT positioning light accuracy (if avaiiable)
5.2.21 Summary

The correlation of sagittal (left/right) and coronal {up/down) PATIENT positioning lights with the
image isocentre is tested by positioning a narrow absorber at isocentre.

5.2.2.2 Test EQUIPMENT

The TEST DEVICE shall consist of a thin absorber, e.g. a pencil, which can be positioned at
isocentre using the sagittal and coronail pasitioning lights.

5.2.2.3 Test procedure

The TEST DEVICE shall be centred within the CT SCANNER by positioning the TEST DEVICE in the
TOMOGRAPHIC PLANE at the intersection of the sagittal and coronal positioning light fields,
A tomogram shall be acquired using a reconstruction field of view of about 10 cm and an
appropriate exposure factor.

5.2.2.4 Data evaiuation

The image of the TEST DEVICE shall be viewed and the position of the TEST DEVICE with respect
to the image centre shall be determined. The image centre can be determined with use of a
superimposed grid or axes that [abel the x and y coordinates 0,0.

5.2.2.5 Criteria to be applied

The stated values and tolerances acceording to the specification in the ACCOMPANYING
DOCUMENTS shall be applied.
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5.3 TOMOGRAPHIC SECTION THICKNESS
5.3.1 TOMOGRAPHIC SECTION THICKNESS for axial scanning
5.3.1.1 Summary

The TOMOGRAPHIC SECTION THICKNESS shall be evaluated by measuring the width of the image
of one or more ramps of suitable material at the intersection of the ramp(s) with the scan
plane. The width is defined as the FULL WIDTH AT HALF-MAXIMUM.

5.3.1.2 Test EQUIPMENT for axial scanning

A TEST DEVICE containing one or preferably two ramps with known opposite angles to the scan
plane and with a linear ATTENUATION coefficient of not less than that of aluminium and suitable
for measuring all available TOMOGRAPHIC SECTION THICKNESSES shall be used.

NOTE 1 A ramp is a thin strip of material or a wire positioned at an angle to the scan ptane.
NOTE 2 The angle and the thickness of the ramp should not appreciably affect the measurement,
NOTE 3 A ramp with discrete beads, discs or wires may also be used.

5.3.1.3 Test procedure for axial scanning

Align the TEST DEVICE so that ifs axis coincides with the axis of rotation of the CT SCANNER.

After the TEST DEVICE has been positioned, it shall be scanned with a set of CT CONDITIONS OF
OPERATION according to the specification of the MANUFACTURER.

The measurements shall be performed for all collimator settings. In multislice CT SCANNERS,
the maximum number of TOMOGRAPHIC SECTIONS should be acquired for each collimator
setting. The evaluation shall be performed at least for both outer TOMOGRAPHIC SECTIONS and
one representative inner TOMOGRAPH!C SECTION.

5.3.1.4 Data evaluation

The evaluation of the scan images is as follows:

The CT NUMBER of the background material shall be determined by adjusting the window width
to the narrowest setting possible and adjusting the window level until half of the background

just disappears.
Record the background CT NUMBER.

The following steps shall be conducted for each ramp:

— the maximum CT NUMBER of each ramp shall be determined using the technique described
for establishing the CT NUMBER of the background;

— add the maximum CT NUMBER for each ramp to the background CT NUMBER and divide the

result by two to obtain the half maximum CT NUMBER value for each ramp. Record these
values;

- with the window width at the narrowest seiting, adjust the window level to the half
maximum value and measure the width of each ramp to determine the FULL WIDTH AT HALF-
MAXIMUM (FWHM} value (which is considered to be the measured TOMOGRAPHIC SECTION
THICKNESS);
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— if the TEST DEVICE contains more than one ramp, average the results to obtain the mean
FWHM value;

— multiply the measured FWHM value by the tangent of the ramp-to-scan plane (i.e. slope)
angle. This result represents the TOMOGRAPHIC SECTION THICKNESS for axial scanning.

NOTE 1 If the CT scanNNER provides automatic TOMOGRAPHIC SECTION THICKNESS evaluation, based on the same
method as indicated above, this may be used instead.

NCTE 2 The pixel size and the reconstruction algorithm should not appreciably affect the measurement. The field
of view must be chosen such that detection of the ramp in the image is not compromised. The reconstruction
algorithm must be chosen such that smoothing effects are minimized. This is especially critical for NOMINAL
TOMOGRAPHIC SECTION THICKNESS of 1 mm or less.

NOTE 3 When using a ramp plate, it is recommended to average several line measurements within the plate.

NOTE 4 If the CT scanNER operating software provides a tool to graph and evaluate the pixel values along a fine,
the section thickness profile may be used to determine the full-width at half-maximum of the image of the inclined
ramp, which represents the axial TOMOGRAPHIC SECTION thickness after correction for the ramp angle.

5.3.1.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS shall be applied. In absence of these specifications in the ACCOMPANYING
DOCUMENTS, refer to Clause B.1.

5.3.2 TOMOGRAPHIC SECTION THICKNESS for helical scanning

Testing TOMOGRAPHIC SECTION THICKNESS for helical scanning is not mandatory. |f
measurements for TOMOGRAPHIC SECTION THICKNESS are desired for helical scanning, refer to
Annex G.

5.4 Dose
5.4.1 Summary

The dose measurements shall be made using the methods described in IEC 60601-2-44.

5.4.2 Test EQUIPMENT

The TEST DEVICES as defined in IEC 60601-2-44 shail be used.

5.4.3 Test procedure
For acceptance testing, the following dose measurements shall be performed:

- CTDI,, for the typical axial head and body conditions of operation;

—  CTDIfee »ir @t all nominal beam collimations (all other independent CT CONDITIONS OF
OPERATION shall be maintained at the typical body conditions of operation, see Table 1
below);

—  CTDlIige air 8t all kVp settings (all other independent CT CONDITIONS OF OPERATION shall be
maintained at the typical body conditions of operation, see Table 1 below),

~  CTDIqe air at the typical head conditions of operation.

NOTE 1 CTDljee ai; IS @ more sensilive measurement compared to measurements in TEST DEVICES (CTDIy,) and it
may be used in future CONSTANCY TESTS. This measurement is not sensitive to off-centre effects of the beam
shaping filters.

NOTE 2 Nominal beam collimation is equal to ¥ x T, where N is the number of TOMOGRAPHIC SECTIONS produced
in a single axial scan and T is the NOMINAL TOMOGRAPHIC SECTICN THICKNESS,

NOTE 3 Only one measurement is required for any given product of (¥ = T).
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NOTE 4 Helical scan dose values can be obtained from the axial dose measurements (CTDly) using the definition
of CTDI,y - The CTDI, values used for helical dose determination must be obtained using the same beam
collimation as for the axial CT CONDITIONS OF OPERATION.

.

Table 1 - Test pattern for dose

Variation of the nominal beam collimation (product of ¥and )
Variation of kV Collimation | Collimation | Collimation Collimation 4 Collimation
1 2 3 (typical} 5
kV 1 Yes
kV 2 {typical) Yes - Yes Yes Yes Yes
kV 3 Yes

5.4.4 Data evaluation

The doses shall be determined by calculating the CTDJ,, and CTDI.. 4 values required
above and the results shall be compared to the specifications in the ACCOMPANYING
DOCUMENTS.

The CTDI,, shall be calculated for the typical head and typical body conditions of operations
using the CTDI, values determined above. The results shall be compared to the CTDI,
values displayed on the operater's console.

5.4.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS shall be applied. In absence of these specifications in the ACCOMPANYING
DOCUMENTS, refer to Clause B.2.

5.5 NOISE, MEAN CT NUMBER and UNIFORMITY
5.5.1 Summary

'NOISE and MEAN CT NUMBERS are evaluated by determining the standard deviation and mean of
CT NUMBERS from REGIONS OF INTEREST, placed in the centre of the displayed image of a
uniform TEST DEVICE.

The UNIFORMITY shall be evaluated from the MEAN CT NUMBERS from REGIONS OF INTEREST
placed at different positions in the image of a uniform TEST DEVICE.

5.5.2 Test EQUIPMENT

A cytindrical TEST DEVICE of SPECIFIED Size, containing a uniform medium, shall be used.

The TEST DEVICES shall be sufficiently long to ensure that the measurements are not affected
by direct IRRADIATION of, or scatter radiation from, other objects within the TEST DEVICES.

For head scanning, a TEST DEVICE with an outside diameter of 16 cm to 20 cm and a total
ATTENUATION equivalent to at least 16 cm of water shall be used to simulate the PATIENT'S
head.

For body scanning, a TEsST DEVICE with an outside diameter of 30 cm to 35 cm and a total
ATTENUATION equivalent to at least 30 cm of water shall be used to simulate the PATIENT'S
body.
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The above TEST DEVICES specifications shall apply unless otherwise stated in the
ACCOMPANYING DOCUMENTS.

NOTE The results for NOISE will vary with actual dimensions and the material of the TEST DEVICE.
5.5.3 Test procedure

Position the TEST DEVICE within the isocentre of the gantry, using a support that enables a
position of the TEST DEVICE appropriate for the measurement. The position of the TEST DEVICE
shall be marked, described and recorded,- so that the test can be reproduced in future
CONSTANCY TESTS.

The TEST DEVICE shall be scanned with CT CONDITIONS OF OPERATION according to the
INSTRUCTIONS FOR USE, see 4.2, All relevant scanning parameters (such as kV, mA, collimation
of the X-ray beam, reconstruction kernel) shall be noted and recorded. Two CT CONDITIONS OF
OPERATION shall he tested, one representing a typical axial head scan and one representing a
typical axial body scan.

5.5.4 Data evaluation

The NOISE, MEAN CT NUMBER and UNIFORMITY shall be evaluated for each image acquired
simultaneously in a single tube rotation in a multislice CT SCANNER.

Select a REGION OF INTEREST located at the centre of the image of the TEST DEVICE and
determine and record an average and standard deviation of the pixels in the REGION OF
INTEREST.

Determine and record the MEAN CT NUMBER in the REGION OF INTEREST with the REGION OF
INTEREST located in turn at four positions, with the outer edge being at a SPECIFIED distance
from the inner edge of the wall of the TEST DEVICE. The recommended distance is 1 cm. These
positions shall be selected so that they can be easily reproduced in future testing (e.g.
corresponding to the 3, 6, 9 and 12 o'clock positions).

The selection of the REGION OF INTEREST should be according to the following criteria:

— for the measurements of CT NUMBERS, the diameter for the REGION OF INTEREST shall be
approximately 10 % of the diameter of the image of the TEST DEVICE;

— for the measurements of NOISE, the diameter for the REGION OF INTEREST shall be
approximately 40 % of the diameter of the image of the TEST DEVICE;

— the REGION OF INTEREST in the centre shall not overlap a REGION OF INTEREST near the edge
of the TEST DEVICE.

The NOISE as measured by the standard deviation of the CT NUMBERS in the central REGION OF
INTEREST shall be compared with the specification given in the ACCOMPANYING DOCUMENTS.

The MEAN CT NuUMBER of the central REGION OF INTEREST shall be compared with the
specification given in the ACCOMPANYING DOCUMENTS.

The UNIFORMITY shall be evaluated by calculating the absolute values of the difference
between the MEAN CT NUMBER of the REGION OF INTEREST in the central position and those in
each of the edge positions. Each of these four values shall be compared to the given
specification in the ACCOMPANYING DOCUMENTS.
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5.5.5 Criteria to be applied

The stated values and tolerances according to the specification in the AGCCOMPANYING
DOCUMENTS shall be applied. In absence of these specifications in the ACCOMPANYING
DOCUMENTS, refer to Clause B.3.

5.6 SPATIAL RESOLUTION
5.6.1 Summary

SPATIAL RESOLUTION is best described by the MODULATION TRANSFER FUNCTION curve obtained
from the Fourier transform of the point-spread function. Alternate methods can be found in
Annex F,

5.6.2 Test EQUIPMENT

The TEST DEVICE used shall consist of a suitably sized high contrast wire placed in a protecting
tube of minimally attenuating material such that the signal-to-NOISE ratio is high.

NOTE 1 The diameter of the wire must not compromise the MTF (MODULATION TRANSFER FUNCTION) nor cause the
CT NuMBER of the CT SCANNER to over-range or under-range. Typical values for the wire are 0,2 mm diameter or
less.

NOTE 2 Other TEST DEVICES may be used after validation versus the wire.
5.6.3 Test procedure

For testing the SPATIAL RESOLUTION of the CT SCANNER, scanning shall be done with the CT
CONDITIONS OF OPERATION as described in the ACCOMPANYING DOCUMENTS. The CT CONDITIONS
OF OPERATION for typical head and body scans, and a scan having maximum SPATIAL
RESOLUTION shall be selected.

Place the TEST DEVICE within the gantry so that the wire is aligned parallel to the z-axis of the
system and 30 mm + 10 mm off centre.

The position of the TEST DEVICE shall be marked, described and recorded, so that it can be
reproduced in future baseline and CONSTANCY TESTS.

After the TEST DEVICE has been positioned, it shall be scanned.

The reconstruction field of view should be small encugh such that the measurement is not
limited by the pixel size.

5.6.4 Data evaluation

A two-dimensional Fourier transform provides the spatial information on MTF. The
MANUFACTURER is expected to provide a method for evaluation. Alternatively, Annex F
provides references to methods that may be used to measure MTF.

5.6.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS shall be applied. In absence of these specifications in the ACCOMPANYING
DOCUMENTS, refer to Clause B .4.
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Annex A
(normative)

Terminology — Index of defined terms
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Annex B
(informative)

Recommended criteria for test results

B.1 TOMOGRAPHIC SECTION THICKNESS

The measured TOMOGRAPHIC SECTION THICKNESS values should not deviate from the SPECIFIED
nominal values given in the ACCOMPANYING DOCUMENTS by more than the vaiues listed below:

— for thickness above 2 mm; + 1,0 mm;
— for thickness of 2 mmto 1 mm : + 50 %:

— for thickness less than 1 mm: + 0,5 mm.
B.2 Dose

All dose values must be within £ 20 % of the SPECIFIED values given in the ACCOMPANYING
DOCUMENTS. The calculated head and body CTDI,, values must be within £ 20 % of the
values displayed on the operator's console,

B.3 NOISE, MEAN CT NUMBER and UNIFORMITY

The MEASURED VALUE of the NOISE must not deviate from the SPECIFIED value in the
ACCOMPANYING DOCUMENTS by more than £ 15 %.

The MEAN CT NUMBER of the central REGION OF INTEREST must not deviate by more than
+ 4 Hounsfield units from the nominal value SPECIFIED by the MANUFACTURER of the CT
SCANNER for the SPECIFIC material of the TEST DEVICE.

NOTE For a water-filled PHANTOM, the specification value will be zero by definition.

The UNIFORMITY must not be greater than 4 Hounsfield units. .

B.4 SPATIAL RESOLUTION

The measurement of the 50 % point and the 10 % point of the MTF curve must be within
0,5 Ip {line pair)icm or + 10 % of the SPECIFIED nominal value, whichever is greater.
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Annex C
(informative)

Visual method for LOW CONTRAST RESOLUTION

Historically, the visual method has been used as the preferred method for establishing the
LOW CONTRAST RESOLUTION of CT SCANNERS. In this method, small objects {(~ 2 mm to 10 mm),
typically disks, having a MEAN CT NUMBER that corresponds to low contrast with respect to a
uniform background (~ 2 HU to 10 HU) are visually assessed by a certain number of viewers.
To determine detectability, the object must be visualized as distinct from the background. To
determine LOW CONTRAST RESOLUTION, several equally spaced objects must be able to be
resolved from one another. The detection task (either detection against a uniform background
or resolved from adjacent objects) is by its nature subjective, as the result is dependent upon
the observer's visual acuity, ambient light conditions, and the observers threshold for
determining what is or is not visible.

With regard to sPECIFIC performance parameters of CT SCANNERS, MANUFACTURERS generally
specify iow contrast detectability as the “smallest” size hole of a "given” contrast that can be
visualized in a given PHANTOM at or below a SPECIFIED dose. For example, such a specification
might read 4 mm at 0,5 % in an 20 cm diameter water-equivalent PHANTOM at a surface dose
of 30 mGy. To test whether any particular system meets the MANUFACTURER'S specification,
the same PHANTOM, scan conditions (especially radiation dose), viewing conditions, and
visualization criteria are required.

The manufacturing of TEST DEVICES with precisely known contrast relative to a background
material can be difficult, and the actual contrast measured in the image can be a function of
the scanner used to acquire the image. A second concern with the visual method is that
different observers can have significantly different opinions when evaluating the images, as
observers often have different thresholds as to what "being visualized” means. Hence, the
results from a large number of viewers must be somehow combined.

The variability of the PHANTOM and observer's thresholds, and the difficulty of obtaining
statistically objective data with some level of confidence, make it very difficult to objectively
measure low contrast detectability using a visual method. Hence, this method is not
recommended for an ACCEPTANCE TEST. For an objective test of low contrast performance, a
statistical method has been proposed [4], [5].
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Annex D
(informative)

Accuracy of the gantry tilt

D.1  Summary

It must be verified that the physical tilt of the gantry or the table corresponds to the
computer’'s reference location.

D.2 Test EQUIPMENT

Test EQUIPMENT required are

an envelope-wrapped film, such as a therapy localisation or verification film;
— aruler;
— & protractor;

- an acrylic TEST DevICE of sufficient size that is capable of supporting the film envelope
positioned upright on the PATIENT SUPPORT;

— tape, to secure the film package to the acrylic TEST DEVICE and the PATIENT SUPFORT.

D.3 Test procedure

" The tape is used to attach the film envelope to the acrylic TEST DEvVICE. The film and the
acrylic TEST DEVICE are then placed in an upright position on the PATIENT SUPPORT, paraliel to
the sagittal localisation light. The film is irradiated three times using the smallest available
scan widith and appropriate LOADING FACTORS. The three axial scans are made at the
maximum superior gantry tilt, the maximum inferior gantry tilt and at zero degrees (0°).

D.4 Data evaluation

The angles subtended between the images of the maximum superior gantry tilt and the zero
degree position, and the maximum inferior gantry tilt and the zero degree position must be
measured.

b.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS must be applied. '

in absence of these documents, the angles measured on the film must correspond to the
angle displayed on the CT scanNeR. Tolerances of + 2 ° are typical for this measurement
method.

NOTE Alternatively, the tilt can be measured with a quantitative level as SPECIFIED in the ACCOMPANYING
DOCUMENTS. :
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Annex E
(informative)

DOSE PROFILE

E.1 Summary

The DOSE PROFILE width is determined by measuring the width (FWHM) of the dose
distribution along the z-axis.

E.2 Test EQUIPMENT
The test EQUIPMENT comprises an X-ray film, a film processor, and a method to digitise the
processed film.

NOTE Other methods, e.g. TLDs, are also acceptable.

E.3 Test procedure

The set of scan parameters used for DOSE PROFILE measurement must be given by the
ACCOMPANYING DOCUMENTS. The film must be exposed with each of the radiation collimation
widths available on the CT SCANNER using appropriate exposure factors such that the film is
not overexposed. The film must be processed appropriately.

E.4 Data evaluation

The DOSE PROFILE is obtained from the digitised, processed film after correction for the
characteristic curve of the film. The FWHM of the DOSE PROFILE must be considered to be the
width of the DOSE PROFILE.

NOTE In the absence of an appropriate digitiser, the FWHM may be estimated visually by measuring the distance
between the two centres of the penumbra region.

E.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS must be applied.
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Annex F
(informative)

Alternate test methods for SPATIAL RESOLUTION

F.1  Summary

SPATIAL RESOLUTION, also known as HIGH CONTRAST RESOLUTION, is best described by the
MODULATION TRANSFER FUNCTION curve obtained from the Fourier transform of the point-spread
function. There are two other measures of SPATIAL RESOLUTION that may he considered:

- visual determination of the minimum separation of elements (like holes, bars or lines) of a
repeating pattern that can be distinguished in the image of an appropriate TEST DEVICE;

— the quantitative measurement of the modulation of a pericdic pattern.

Table F.1 summarises relative advantages and disadvantages for each of these test
procedures.

Table F.1 — Comparison of SPATIAL RESOLUTION test procedures

Test Advantages Disadvantages

Easy and quick Subjective
. . A single number representing Dependent on observer and viewing
Visual determination resolution conditions
{may also be interpreted alsc as a
disadvantage) Moderate reproducibility
Easy
Objective A single number representing quality

Modulapodr! mzasurer;ent of a ‘ 3 (may also be interpreted also as an
periodic (bar) pattern Independent of viewing conditions advantage)

High reproducibility

Requires dedicated software
Provides detailed information for all .
spatial frequencies Requires extremely careful
positioning

MODULATION TRANSFER FUNCTION

F.2 Alternate TEST DEVICE

A “bar pattern” TEST DEVICE can be used as an alternative device for visual determination of the
minimum separation of elements or for quantitative measurement of the MODULATION TRANSFER
FUNCTION.

The TEST DEVICE shall contain periodic patterns of elements. Each pattern shall consist of
approximately five bars and spaces with spatial frequencies ranging from those that are easily
resolvable to frequencies that the CT SCANNER would not be expected o resolve. The patterns
should cover the range from at least 3 Ip/cm to 10 [p/ocm.

The length of the bars and spaces should be at least five times the period of the periodic
pattern. The difference in MEAN CT NUMBERS between the material constituting the bars and
spaces shall be at least 100 Hounsfield units.
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The TEST DEVICE shall contain two reference zones made up of the same materials as the
pattern bars and spaces with dimensions of about 1 ¢cm or larger, and positioned close to the
bar pattern.

F.3 Test procedure with the alternate TEST DEVICE “bar pattern”
Place the TEST DEVICE within the gantry so that it is centred in the scan field.

The TEST DEVICE with the periodic patterns inside shall be positioned such that the periodic
patterns are placed at an angle of 45° to the horizontal axis (x-axis) and perpendicular to the
longitudinal axis of the system (z-axis).

After the TEST DEVICE has been positioned, it shall be scanned.

A REGION OF INTEREST shall be positioned over each of the periodic patterns. The size of the
REGION OF INTEREST should be adjusted so that only the periodic pattern is included in the
REGION OF INTEREST. The REGION OF INTEREST should be positioned and sized so that it does
not include any edge artefacts near the edges of the periodic pattern.

The mean and standard deviations of each periodic pattern shall be determined and reported.
The mean values of the reference zones shall be measured and reported.

If a visual method is used, look for the highest frequency of bars that can be distinguished
using an appropriate window setting.

F.4 Data evaluation with the alternate TEST DEVICE “bar pattern”

The MODULATION TRANSFER FUNCTION (MTF) can be measured using the method by Droege and
Morin [6] which relies on the measurement of the output amplitude of an input square wave of
a known period. Since the MODULATION TRANSFER FUNCTION is defined as the ratio of the output
modulation to the input modulation, the MTF of a periodic pattern can be measured as
follows:

Mg i \f Mpatiern — Npackground
= %
M; \/5 ‘CTmaierial - CTwater

MTF =

where

Mpattern is the modulation of the periodic pattern which is calculated as the
standard deviation of the pixel values within the image of the cyclic
pattern;

Npackground is equal to the average background NOISE (due to water and the bar

pattern material); and

CT material @8Nd CTyate, are equal to the measured CT value of the bar pattern material and
water using the same ROIls as for the NoISE calculation which shall
include at [east 100 pixels.

A plot of the MTF curve can be obtained by plotting the measured MTF points of all resolvable
periodic patterns versus the spatial frequency of the periodic patierns.
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The limiting SPATIAL RESOLUTION corresponds to the highest frequency of the bar pattern for
which the bars and spaces become blurred (i.e. where the bars and spaces can no longer be
resolved from one another). This corresponds approximately to the 5 % point of the MTF
curve,

For references for MTF, see [6-9] in bibliography.
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Annex G
(informative)

TOMOGRAPHIC SECTION THICKNESS for helical scanning

G.1 Summary

The TOMOGRAPHIC SECTION THICKNESS is evaluated by scanning through a thin disc or bead
PHANTOM. The width is defined as the FULL WIDTH AT HALF-MAXIMUM of the SENSITIVITY PROFILE
as a function of the z position {10], [11], [12].

G.2 Test EQUIPMENT

A TEST DEVICE containing a thin disc or bead with a linear ATTENUATION coefficient of not less
than that of aluminium mounted in a medium such that the signal-to-NOISE ratio (SNR) is high.

NOTE The disc or bead should be narrow, approximately 0,05 mm to 0,1 mm maximum along the z-axis.

G.3 Test procedure

Align the TEST DEVICE sO the centre plane of the disc or bead coincides with the axis of
rotation of the COMPUTED TOMOGRAPHY EQUIPMENT.

After the TEST DEVICE has been positioned, it is scanned with a set CT CONDITIONS OF
OPERATION according to 4.2, '

G.4 Data evaluation

The evaluation of the scan images is as follows:
~ reconstruct images at small z position increments (10 % or less of the TOMOGRAPHIC
SECTION THICKNESS);

— the MEAN CT NUMBER of the disc or bead material is measured over the set of images using
a suitable ROI;

— record the MEAN CT NUMBER as a function of the z position (SENSITIVITY PROFILE);
— compute the widih as the FULL WIDTH AT HALF-MAXIMUM of the SENSITIVITY PROFILE.
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