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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 1-3: General requirements for basic safety
and essential performance —
Collateral Standard:
Radiation protection in diagnostic X-ray equipment

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

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 60601-1-3 has been prepared by IEC subcommittee 62B:
Diagnostic imaging equipment, of IEC technical committee 62: Electrical equipment in medical
practice.

This second edition constitutes a collateral standard to IEC 60601-1: Medical electrical
equipment — Part 1: General requirements for basic safety and essential performance
hereafter referred to as the general standard.

This document cancels and replaces the first edition of IEC 60601-1-3, published in 1994
(which replaced IEC 407 issued in 1973). It constitutes a technical revision. This edition has
been restructured and aligned to IEC 60601-1(2005) and focussed on general
requirements for RADIATION PROTECTION that apply to all diagnostic X-RAY EQUIPMENT.
Requirements particular to specific equipment have been removed and will be covered in
particular standards. For a description of the changes, see the mapping in ABex C.
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The text of this collateral standard is based on the following documents:

FDIS Report on voting
62B/673/FDIS 62B/683/RVD

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

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

In the 60601 series of publications, collateral standards specify general requirements for

safety applicable to:

— a subgroup of MEDICAL ELECTRICAL EQUIPMENT (e.g. RADIOLOGICAL equipment); or

— a specific characteristic of all MEDICAL ELECTRICAL EQUIPMENT, not fully addressed in the
general standard (e.g. alarm systems).

In this collateral standard, the following print types are used:

— requirements and definitions: roman type.
— test specifications: italic type.

— informative material appearing outside of tables, such as notes, examples and references: in smaller type.
Normative text of tables is also in a smaller type.

— TERMS DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD, IN THIS COLLATERAL STANDARD OR AS
NOTED: SMALL CAPITALS.

In referring to the structure of this standard, the term
“clause” means one of the thirteen numbered divisions within the table of contents,
inclusive of all subdivisions (e.g. Clause 7 includes subclauses 7.1, 7.2, etc.);

— “subclause” means a numbered subdivision of a clause (e.g. 7.1, 7.2 and 7.2.1 are all
subclauses of Clause 7).

References to clauses within this standard are preceded by the term “Clause” followed by the
clause number. References to subclauses within this collateral standard are by number only.

In this standard, the conjunctive “or” is used as an “inclusive or” so a statement is true if any
combination of the conditions is true.

The verbal forms used in this standard conform to usage described in Annex H of the ISO/IEC
Directives, Part 2. For the purposes of this standard, the auxiliary verb:

“shall” means that compliance with a requirement or a test is mandatory for compliance
with this standard;

— “should” means that compliance with a requirement or a test is recommended but is not
mandatory for compliance with this standard;

— “may” is used to describe a permissible way to achieve compliance with a requirement or
test.

Clauses, subclauses and definitions for which a rationale is provided in informative Annex A
are marked with an asterisk (*).

A list of all parts of the IEC 60601 series, published under the general title Medical electrical
equipment, can be found on the IEC website.
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The committee has decided that the contents of this edition and the base 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

e reconfirmed;

e withdrawn;

e replaced by a revised edition, or
e amended
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INTRODUCTION

The requirements in this collateral Standard concern protective measures to be taken by the
MANUFACTURER in the design and construction of medical diagnostic X-RAY EQUIPMENT and its
subassemblies. They relate to the application of the X-RADIATION generated, both deliberately
and incidentally, in fulfilling the medical purpose of the EQUIPMENT. Additional measures are
necessary to regulate the generation processes themselves. These are described in the
general requirements for safety, IEC 60601-1, and, where appropriate, in particular
requirements for the EQUIPMENT concerned. The second edition of this collateral standard is
focused on general requirements for RADIATION PROTECTION. The aim of the revision was to
restrict to those requirements that apply to all diagnostic X-RAY EQUIPMENT. In consequence,
most of the clauses have been reduced compared with the first edition of this standard, owing
to the exclusion of content specific to projection RADIOGRAPHY and RADIOSCOPY.
Implementation shall be considered in the RISK MANAGEMENT process or by using particular
standards.

The recommended principles governing the use of RADIATION for medical purposes, as stated
in Publication 60 of the International Commission on Radiological Protection (ICRP)[17]"),
Chapter 4, have been taken into account. The implementation of these principles is
essentially determined in the prevailing circumstances at the point of use. It requires
judgements to be made by the user and the establishment of measures and working practices
part of which are connected with the construction of EQUIPMENT. The requirements in this
collateral Standard are intended to be consistent with generally accepted good practice in the
administration of X-RADIATION in medicine.

In some cases, the formulation of the requirements is deliberately designed to provide scope
for accommodating local laws and regulations at the time of installation and commissioning.
Several of the requirements include provisions for relevant technical information to be
included in ACCOMPANYING DOCUMENTS.

RESPONSIBLE ORGANIZATIONs for medical diagnostic X-RAY EQUIPMENT should be aware that
effective protection against IONIZING RADIATION requires the consideration of many aspects
additional to the construction of the EQUIPMENT. Among these are the following:

e compatibility of components and correct installation of EQUIPMENT;
e the protective properties of rooms where X-RAY EQUIPMENT is installed;

e measures for monitoring and maintaining the safety and effectiveness of EQUIPMENT
throughout its life, with particular attention to components that can deteriorate
progressively with time and use;

e the need in appropriate circumstances for PROTECTIVE CLOTHING to be worn by staff and for
suitable devices to be used to protect PATIENTS;

e the keeping of appropriate records concerning the usage of the EQUIPMENT and the results
of tests, with systematic review and the application of corrective action when necessary;

e the training of staff in the principles of RADIATION PROTECTION and in the correct use of
EQUIPMENT, including any PROTECTIVE DEVICES provided.

Further advice on these aspects can be found in ICRP Publications 33[15], 34[16], 60[17],
73[18], 85[21], 87[22] and 93[23].

Readers of this collateral standard are reminded that, in accordance with IEC 60601-1,
Clause 5, all the test procedures described are TYPE TESTS, intended to be carried out in a
dedicated testing environment in order to determine compliance. Tests to be carried out by
MANUFACTURERS to ensure compliance during production or installation and tests for detecting
non-compliance subsequently to delivery, are not included.

1) Figures in square brackets refer to the Bibliography. Documents
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MEDICAL ELECTRICAL EQUIPMENT -

Part 1-3: General requirements for basic safety
and essential performance —
Collateral Standard:
Radiation protection in diagnostic X-ray equipment

1 Scope, object and related standards

1.1  Scope

This International Standard applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of
MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS, hereafter referred to as
ME EQUIPMENT and ME SYSTEMS.

This collateral standard applies to X-RAY EQUIPMENT and to subassemblies of such equipment,
where RADIOLOGICAL IMAGES of a human PATIENT are used for diagnosis, planning or guidance
of medical procedures.

1.2 Object

The object of this collateral standard is to specify general requirements that are in addition to
those of the general standard and to serve as the basis for particular standards.

The object of this collateral standard is to establish general requirements for protection
against X-RADIATION in X-RAY EQUIPMENT, in order that the IRRADIATION of the human PATIENT,
the OPERATOR, staff and members of the public can be kept as low as reasonably achievable,
without jeopardizing the benefit of the RADIOLOGICAL procedure. Particular standards may
specify their appropriate values and/or measures for general requirements specified in this
collateral standard. The implementation of the general requirements or the reference to the
particular standard instead, shall be justified in the RISK MANAGEMENT process.

This collateral standard considers RADIATION PROTECTION aspects related to X-RADIATION only.

Requirements for the control of the electrical energy used to generate X-RADIATION, which is
also an important aspect of RADIATION PROTECTION, are included in IEC 60601-1 and in
particular standards for the safety and ESSENTIAL PERFORMANCE of the EQUIPMENT concerned.

1.3 Related standards
1.3.1 IEC 60601-1

For ME EQUIPMENT and ME SYSTEMS, this collateral standard complements IEC 60601-1.

When referring to IEC 60601-1 or to this collateral standard, either individually or in
combination, the following conventions are used:

e "the general standard" designates IEC 60601-1 alone;
e "this collateral standard" designates IEC 60601-1-3 alone;

e "this standard" designates the combination of the general standard and this collateral
standard.

1.3.2 Particular standards

A requirement in a particular standard takes priority over the corresponding rqu'ement in

this collateral standard. ocuments
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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 60336, Medical electrical equipment — X-ray tube assemblies for medical diagnosis-
Characteristics of focal spots

IEC 60522:1999, Determination of the permanent filtration of X-ray tube assemblies

IEC 60601-1:2005, Medical electrical equipment — Part 1. General requirements for basic
safety and essential performance

IEC 60788:2004, Medical electrical equipment — Glossary of defined terms

ISO 497, Guide to the choice of series of preferred numbers and of series containing more
rounded values of preferred numbers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-1:2005,
IEC 60788:2004 and the following apply.

NOTE An index of defined terms is found beginning on page 45.

3.1

ACCESSIBLE SURFACE

surface of EQUIPMENT or of an EQUIPMENT part that can be easily or accidentally touched by
persons without the use of a TooL

3.2

ADDED FILTER

removable or irremovable FILTER positioned in the RADIATION BEAM to provide part or all of the
ADDITIONAL FILTRATION

3.3

ADDITIONAL FILTRATION

QUALITY EQUIVALENT FILTRATION due to ADDED FILTERS and other removable materials in the
RADIATION BEAM which are between the RADIATION SOURCE and the PATIENT or a specified plane

3.4

AIR KERMA

K

quotient of dE;, by dm, where dE,, is the sum of the initial kinetic energies of all the charged

particles liberated by uncharged particles in a mass dm of air, thus

_ 9By
K= dm

Unit: J kg™
The special name for the unit of AIR KERMA is gray (Gy) (ICRU 60) [20]

[IEC 60580:2000, definition 3.2, modified] [8]
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3.5
AIR KERMA RATE
K
quotient of dK by dt, where dK is the increment of AIR KERMA in the time interval dt, thus
Kk = 9K
dt

Unit: J kg=1 s1

If the special name gray is used, the unit of AIR KERMA RATE is gray per second (Gy s~1) (ICRU
60) [20]

[IEC 60580:2000, definition 3.3] [8]

3.6

AMBIENT DOSE EQUIVALENT

H*(d)

at a point in a RADIATION FIELD, the DOSE EQUIVALENT that would be produced by corresponding
expanded and aligned field, in the ICRU sphere at a depth, d, on the radius opposing the
direction of the aligned field

Unit: J kg1

The special name for the unit of AMBIENT DOSE EQUIVALENT is sievert (Sv) (ICRU 51)[19]

3.7

ATTENUATION

reduction of a RADIATION QUANTITY upon passage of the RADIATION through matter resulting
from all types of interaction with this matter

NOTE The RADIATION QUANTITY may be, for example, the particle flux density or the energy density. ATTENUATION
does not include the geometric reduction of the RADIATION QUANTITY with distance from the RADIATION SOURCE.

3.8

ATTENUATION EQUIVALENT

)

thickness of a layer of reference material which, if substituted for the material under
consideration in a beam of specified RADIATION QUALITY and under specified geometrical
conditions, gives the same degree of ATTENUATION. ATTENUATION EQUIVALENT is expressed in
suitable submultiples of the metre together with the reference

3.9

AUTOMATIC CONTROL SYSTEM

in an X-RAY EQUIPMENT, system in which the control or limitation of the electric energy
delivered to an X-RAY TUBE ASSEMBLY depends upon the measurement of one or more
RADIATION QUANTITIES or corresponding physical quantities

3.10

AUTOMATIC EXPOSURE CONTROL

in an X-RAY EQUIPMENT, MODE OF OPERATION in which one or more LOADING FACTORS are
controlled automatically in order to obtain at a pre-selected location a desired quantity of
RADIATION

3.11
BEAM LIMITING DEVICE
device to limit the RADIATION FIELD
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3.12

BEAM LIMITING SYSTEM

entirety of parts and their geometrical configuration contributing to the limitation of the
RADIATION BEAM

3.13
CONTINUOUS ANODE INPUT POWER

specified highest ANODE INPUT POWER which can be applied to the ANODE continuously
Unit: W

3.14

CONTROL PANEL

part of EQUIPMENT for the purpose of controlling all, or some, of the functions of the
EQUIPMENT. The CONTROL PANEL may contain devices for indicating and displaying operating
factors

3.15

CONTROLLED AREA

defined area which is part of an area under surveillance and for which access, occupancy and
working conditions are regulated and controlled in order to protect persons against IONIZING
RADIATION

3.16

CURRENT TIME PRODUCT

in MEDICAL RADIOLOGY, quantity of electricity resulting from the LOADING of an X-RAY TUBE,
expressed in milliampere seconds, as the product of the mean X-RAY TUBE CURRENT in
milliamperes and the duration of the LOADING in seconds

3.17
DIAPHRAGM
BEAM LIMITING DEVICE with either a fixed or an adjustable aperture in one plane

3.18

DOSE EQUIVALENT

H

is the product of Q and D, at a point in tissue, where D is the ABSORBED DOSE and Q is the
quality factor at that point, thus

H=QD.
Unit: J kg™

The special name for the unit of DOSE EQUIVALENT is sievert (Sv) (ICRU 51)[19]

3.19

EDGE FILTER

FILTER whose ABSORPTION characteristic as a function of RADIATION ENERGY shows a
discontinuity in the useful photon energy range

3.20
EFFECTIVE IMAGE RECEPTION AREA

part of the IMAGE RECEPTION AREA that is configured to receive an X-RAY PATTERN that can be
processed for display or storage

NOTE 1 In accordance with this convention, the IMAGE RECEPTION AREA of a multi-field X-ray image intensifier
tube is considered to be restricted by the selection of magnification modes, to exclude any portion of the input
screen from which the X-RAY PATTERN is not electronically processed.
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NOTE 2 For X-RAY EQUIPMENT based on scanning that varies the position for receiving an X-RAY PATTERN during
the exposure, the EFFECTIVE IMAGE RECEPTION AREA at a certain time during the scan is the area of the image
receptor that is receiving and processing an X-RAY PATTERN at that very moment.

3.21
ENTRANCE SURFACE
in RADIOLOGY, plane or curved surface through which the RADIATION enters an irradiated object

3.22

EXTRA-FOCAL RADIATION

in an X-RAY SOURCE ASSEMBLY, X-RADIATION emitted from the RADIATION SOURCE other than that
emitted from the ACTUAL FOCAL SPOT

3.23

FILTER

in RADIOLOGICAL EQUIPMENT, material or device provided to effect FILTRATION of the RADIATION
BEAM

3.24
FILTRATION
modification of characteristics of IONIZING RADIATION on passing through matter

NOTE FILTRATION may be:

—  preferential ABSORPTION of certain components of polyenergetic X-RADIATION accompanying its ATTENUATION;

— a modification of the distribution of RADIATION intensity over the cross-section of a RADIATION BEAM

3.25

FOCAL SPOT TO IMAGE RECEPTOR DISTANCE

distance from the REFERENCE PLANE of an EFFECTIVE FOCAL SPOT to the point at which the
REFERENCE AXIS intersects with the image receptor plane

3.26

FOCAL SPOT TO SKIN DISTANCE

in MEDICAL DIAGNOSTIC RADIOLOGY, distance from the REFERENCE PLANE of an EFFECTIVE FOCAL
SPOT to a plane normal to the REFERENCE DIRECTION and containing the point on the PATIENT
surface nearest to the RADIATION SOURCE

3.27

HALF-VALUE LAYER

thickness of a specified material, which attenuates under NARROW BEAM CONDITIONS X-
RADIATION with a particular spectrum to an extent such that the AIR KERMA RATE, EXPOSURE
RATE or ABSORBED DOSE rate is reduced to one half of the value that is measured without the
material. The HALF-VALUE LAYER (HVL) is expressed in suitable submultiples of the metre
together with the material.

3.28
IMAGE RECEPTION AREA
in RADIOLOGY, surface on which an X-RAY PATTERN is received

3.29

IONIZING RADIATION

RADIATION consisting of directly or indirectly ionizing particles or a mixture of both. By
convention, ultraviolet radiation is excluded

3.30

IRRADIATION

exposing of a living being or matter to RADIATION. In RADIOLOGY, exposing of a living being or
matter to IONIZING RADIATION

Thus: X-IRRADIATION Documents
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3.31
IRRADIATION SWITCH
in RADIOLOGICAL EQUIPMENT, control device provided to initiate and/or stop IRRADIATION

3.32

IRRADIATION TIME

duration of an IRRADIATION determined according to specific methods, usually the time a rate
of a RADIATION QUANTITY exceeds a specified level

3.33

LEAKAGE RADIATION

IONIZING RADIATION which has passed through the PROTECTIVE SHIELDING of a RADIATION
SOURCE as well as that which, for some types of X-RAY GENERATORS, has passed through the
RADIATION APERTURE before and after LOADING (for example one containing a grid controlled X-
RAY TUBE)

3.34
LOADING
in an X-RAY GENERATOR, act of supplying electrical energy to the ANODE of an X-RAY TUBE

3.35

LOADING FACTOR

factor influencing by its value the X-RAY TUBE LOAD, for example X-RAY TUBE CURRENT, LOADING
TIME, CONTINUOUS ANODE INPUT POWER, X-RAY TUBE VOLTAGE and PERCENTAGE RIPPLE

3.36

LOADING STATE

for an X-RAY GENERATOR, state from the end of the READY STATE, when the intended function of
the generator is initiated, until the end of the LOADING of the X-RAY TUBE

3.37

LOADING TIME

time determined according to a specific method, during which the ANODE INPUT POWER is
applied to the X-RAY TUBE

3.38

MEASURED VALUE

estimate of the TRUE VALUE of a quantity, derived from the INDICATED VALUE of a meter after
applying all relevant CORRECTION FACTORS

3.39

MEDICAL RADIOLOGY

branch of RADIOLOGY applied to human and veterinary medicine as well as to dentistry and
chiropractic

3.40

MODE OF OPERATION

for X-RAY EQUIPMENT the technical state defined by a configuration of several predetermined
LOADING FACTORS and other settings for RADIOSCOPY or RADIOGRAPHY, selectable
simultaneously by the operation of a single control

NOTE 1 Selection of a particular mode does not necessarily define the values of all the parameters affecting its
use.

NOTE 2 Values defined by selection of a particular mode are not necessarily invariable during its use.

3.41
NARROW BEAM CONDITION
arrangement for the measurement of a RADIATION QUANTITY in @ NARROW BEAM oOf IONIZING

RADIATION Documents
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3.42
NOMINAL X-RAY TUBE VOLTAGE
highest permitted X-RAY TUBE VOLTAGE for specific operating conditions

3.43

PATIENT ENTRANCE REFERENCE POINT

point intended to represent the intersection of the X-RAY BEAM AXIS with the ENTRANCE SURFACE
of the PATIENT

NOTE The geometries to be used for various X-RAY EQUIPMENT are given in the particular standards.

3.44

PERCENTAGE RIPPLE

for a HIGH-VOLTAGE GENERATOR, ratio of the difference between the highest and the lowest
values of a rectified voltage waveform during a cycle of the supply to the highest value,
expressed as a percentage

3.45

PERMANENT FILTRATION

the QUALITY EQUIVALENT FILTRATION effected in an X-RAY TUBE ASSEMBLY by permanently fixed
materials intercepting the X-RAY BEAM, that are not intended to be removed for any application
and are not provided with means for removal in NORMAL USE

3.46
PHANTOM
device intended to simulate parts of the PATIENT for test purposes

3.47
PRIMARY PROTECTIVE SHIELDING
PROTECTIVE SHIELDING for attenuating RESIDUAL RADIATION

3.48

PROTECTED AREA

defined area within an area under surveillance or within a CONTROLLED AREA which is
protected by STRUCTURAL SHIELDING or by distance so that the resulting level of RADIATION is
lower than the ambient level in the overall area of which it is a part

3.49
PROTECTIVE BARRIER
PROTECTIVE SHIELDING in the form of attenuating material provided for RADIOLOGICAL protection

3.50
PROTECTIVE DEVICE
in RADIOLOGY, device for the purpose of RADIOLOGICAL protection

Thus:

— PROTECTIVE CLOTHING:
— PROTECTIVE APRON,;

— PROTECTIVE SKIRT;

— PROTECTIVE GLOVE;

— PROTECTIVE GLASSES;

— mobile PROTECTIVE BARRIER
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3.51

PROTECTIVE SHIELDING

in RADIOLOGY, material that limits the extent of the RADIATION BEAM or attenuates STRAY
RADIATION

NOTE PROTECTIVE SHIELDING may include materials provided for RADIOLOGICAL protection, or devices or materials
provided for other purposes, which attenuate IONIZING RADIATION.

3.52

QUALITY EQUIVALENT FILTRATION

quantitative indication of the FILTRATION effected by one or several layer(s) of reference
material(s) which, if substituted in a beam of specified RADIATION QUALITY under NARROW BEAM
CONDITION for the material under consideration, give(s) the same RADIATION QUALITY as for the
material under consideration. The QUALITY EQUIVALENT FILTRATION is expressed in suitable
submultiples of the metre together with the reference material(s)

3.53

RADIATION

propagation of emitted energy through space or through a material medium in the form of
waves or in the form of kinetic energy of particles

NOTE When unqualified, the term RADIATION usually refers to

— electromagnetic radiations according to frequency or origin such as: radiofrequency radiation, infra-red
radiation, visible radiation (light), ultraviolet radiation, X-RADIATION, gamma radiation;

— corpuscular radiations according to particles or origin such as: alpha radiation, beta radiation, electron
radiation, neutron radiation.

3.54

RADIATION APERTURE

aperture in the PROTECTIVE SHIELDING of a RADIATION SOURCE or in a BEAM LIMITING DEVICE, that
is intended to give passage to the RADIATION BEAM

3.55

RADIATION BEAM

in RADIOLOGY, spatial region limited in solid angle and containing a flux of IONIZING RADIATION
originating from a RADIATION SOURCE that is considered as a POINT SOURCE. LEAKAGE RADIATION
and SCATTERED RADIATION are considered not to form a RADIATION BEAM.

Thus: X-RAY BEAM

3.56

RADIATION CONDITION

description of RADIATION FIELDS by a set of electrical and geometrical parameters such as X-
RAY TUBE VOLTAGE, TOTAL FILTRATION and geometrical arrangements.

NOTE The term RADIATION CONDITION refers to a description of RADIATION FIELDS and not to a particular
set-up for testing of EQUIPMENT.

3.57

RADIATION DETECTOR

EQUIPMENT, generally a sub-assembly or substance which, in the presence of RADIATION,
provides by either direct or indirect means a signal or other indication suitable for use in
measuring one or more quantities of the incident RADIATION

3.58

RADIATION FIELD

area on a surface intersected by a RADIATION BEAM within which the RADIATION intensity
exceeds a specific or specified level.

Thus: X-RAY FIELD
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3.59
RADIATION PROTECTION
limitation to an acceptable level of:

— RADIATION hazard;

— damage to material attributable to RADIATION.

3.60

RADIATION QUALITY

characteristic of IONIZING RADIATION determined by the spectral distribution of a RADIATION
QUANTITY with respect to RADIATION ENERGY

NOTE For various purposes concerning X-RADIATION, practical approximations of RADIATION QUALITY are
expressed in terms of variables such as:

a) high voltage with PERCENTAGE RIPPLE and TOTAL FILTRATION;
b) first HALF-VALUE LAYER for specified high voltage with its PERCENTAGE RIPPLE;
c) first HALF-VALUE LAYER and TOTAL FILTRATION;

d) the first HALF-VALUE LAYER and the quotient of the first HALF-VALUE LAYER by the second HALF-VALUE LAYER;

e) equivalent energy.

3.61
RADIATION SOURCE
part of EQUIPMENT capable of emitting IONIZING RADIATION

3.62
RADIATION SOURCE ASSEMBLY

assembly of components comprising:
— the RADIATION SOURCE,

— the means providing protection against IONIZING RADIATION and, where applicable, against
electric shock,

— the BEAM LIMITING SYSTEM.
Thus: X-RAY SOURCE ASSEMBLY

3.63

RADIOGRAPHIC RATING

for the operation of an X-RAY TUBE, specified combination of conditions and LOADING FACTORS,
under which the specified limits of loadability of the X-RAY TUBE are attained

3.64

RADIOGRAPHY

technique for obtaining, recording and optionally processing directly or after TRANSFER,
information contained in an X-RAY PATTERN at an IMAGE RECEPTION AREA intended to be
analysed during a time independent from the IRRADIATION TIME

3.65

RADIOLOGICAL

referring to IONIZING RADIATION, its generation and application for scientific, medical and
technical purposes

3.66

RADIOLOGICAL IMAGE

information obtained by using IONIZING RADIATION presented as an image suitable for medical
diagnosis
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3.67
RADIOLOGICAL INSTALLATION
installed RADIOLOGICAL EQUIPMENT including all means for its intended operation

Thus: X-RAY INSTALLATION

3.68
RADIOLOGY
science of IONIZING RADIATION and its application

3.69

RADIOSCOPY

technique for obtaining continuously or periodically a sequence of X-RAY PATTERNS and
presenting them directly or through a TRANSFER and optional processing simultaneously and
continuously as visible images, intended to provide real-time guidance to an ongoing action

3.70

REFERENCE AIR KERMA
AIR KERMA free in air in the primary X-RAY BEAM measured under specific conditions and
expressed at the PATIENT ENTRANCE REFERENCE POINT

3.71

REFERENCE AIR KERMA RATE

AIR KERMA RATE free in air in the primary X-RAY BEAM measured under specific conditions and
expressed at the PATIENT ENTRANCE REFERENCE POINT

3.72

RESIDUAL RADIATION

in MEDICAL RADIOLOGY, that part of the RADIATION BEAM which remains after having passed the
plane of the IMAGE RECEPTION AREA and any relevant RADIATION measuring device

3.73

SCATTERED RADIATION

IONIZING RADIATION emitted by interaction of IONIZING RADIATION with matter, the interaction
being accompanied by a reduction in RADIATION ENERGY and/or by a change in direction of the
RADIATION

3.74

SIGNIFICANT ZONE OF OCCUPANCY

for X-RAY EQUIPMENT, zone with specified boundaries within an area under surveillance or
within @ CONTROLLED AREA, other than a PROTECTED AREA, that is significant because of the
assumed need for persons to occupy it during IRRADIATION

3.75

STRAY RADIATION

for IONIZING RADIATION, all RADIATION except that of the specified RADIATION BEAM under
consideration, but including its RESIDUAL RADIATION

3.76
STRUCTURAL SHIELDING
PROTECTIVE SHIELDING forming part of the building structure of a RADIOLOGICAL INSTALLATION

3.77
TOTAL FILTRATION
the total of PERMANENT FILTRATION and ADDITIONAL FILTRATION
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3.78

X-RAY EQUIPMENT

EQUIPMENT consisting of a combination of an X-RAY GENERATOR, ASSOCIATED EQUIPMENT and
ACCESSORIES

3.79

X-RAY GENERATOR

combination of all components provided for the generation and control of X-RADIATION,
comprising at least the HIGH-VOLTAGE GENERATOR interconnected with an X-RAY SOURCE
ASSEMBLY

3.80

X-RAY IMAGING ARRANGEMENT

in X-RAY EQUIPMENT, arrangement of RADIATION SOURCE and X-RAY IMAGE RECEPTOR for a
specified RADIOLOGICAL technique

3.81

X-RAY IMAGE RECEPTOR

device, intended to convert X-RAY PATTERNS into another form, from which a visible image is
obtained either directly or indirectly

NOTE Examples of X-ray image receptors are intensifying screens, X-ray image intensifiers, digital X-ray imaging
devices and radiation detectors in CT scanners.

3.82

X-RAY PATTERN

information contained in an X-RAY BEAM the distribution of intensity of which has been
modulated by the object passed

3.83
X-RAY TUBE

evacuated vessel for the production of X-RADIATION by the bombardment of a TARGET, usually
contained in an ANODE, with ELECTRONS accelerated from a CATHODE by an electric field

Thus:
— rotating ANODE X-RAY TUBE;

— double focus X-RAY TUBE

3.84
X-RAY TUBE ASSEMBLY
X-RAY TUBE HOUSING with an X-RAY TUBE installed

3.85

X-RAY TUBE CURRENT

electric current of the ELECTRON beam incident on the TARGET of an X-RAY TUBE. Usually, the
X-RAY TUBE CURRENT is expressed by its mean value in milliamperes (mA)

3.86

X-RAY TUBE HOUSING

container for an X-RAY TUBE providing protection against electric shock and against X-
RADIATION and having a RADIATION APERTURE. It may optionally contain additional components

3.87

X-RAY TUBE LOAD

electrical energy supplied to an X-RAY TUBE expressed by a combination of values of LOADING
FACTORS
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3.88

X-RAY TUBE VOLTAGE

potential difference applied to an X-RAY TUBE between the ANODE and the CATHODE. Usually,
X-RAY TUBE VOLTAGE is expressed by its peak value in kilovolts (kV)

4 General requirements

4.1 Statement of compliance

Any statement of compliance with the requirements of this collateral standard shall be given in
the following form:

xxxx with radiation protection in accordance with IEC 60601-1-3:2008,

where xxxx represents the object (e.g. "X-RAY EQUIPMENT") for which compliance is to be
stated.

4.2 Composition of reference materials

Values of ATTENUATION EQUIVALENT, HALF-VALUE LAYER and QUALITY EQUIVALENT FILTRATION
shall be expressed in this collateral standard as thicknesses of aluminium of purity 99,9 % or
higher.

5 ME EQUIPMENT identification, marking and documents

5.1 Marking on the outside of ME EQUIPMENT or ME EQUIPMENT parts

Additionally to the requirements in Clause 7 of the general standard, the following applies.

5.1.1 General

All subassemblies, components and ACCESSORIES of X-RAY EQUIPMENT that can be removed in
NORMAL USE, and are relevant to compliance with this collateral standard, shall be marked to
ensure,

— that they can be identified readily and correlated with the ACCOMPANYING DOCUMENTS;

— that interchangeable devices are individually distinguishable to the OPERATOR both in
NORMAL USE and for the purpose of obtaining replacements.

All markings shall be permanently affixed and clearly legible as defined in Clause 7 of
IEC 60601-1.

5.1.2 Marking requirements in subclauses

In this collateral standard particular requirements for marking and for the content of markings
are given in various subclauses, as indicated in Table 1.

Table 1 — Subclauses containing requirements for marking

Title Subclause

General 5.1.1

Indication of FILTER properties 7.3

5.2 ACCOMPANYING DOCUMENTS

Additionally to the requirements of the general standard, the following applies.
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5.2.1 References in subclauses
The subclauses of this collateral standard that contain requirements for statements in

ACCOMPANYING DOCUMENTS (which include instructions for use and technical description) are
listed in Table 2.

Table 2 — Subclauses requiring statements in ACCOMPANYING DOCUMENTS

Title Subclause
Dosimetric calibration 5.2.2
General requirements for the reference of subassemblies and 5.2.3
ACCESSORIES
General requirements for RADIATION dose information 5.2.4.1
Quantitative information 5.2.4.2
Dose indication 5243
Clinical protocols 5.24.4
Deterministic effects 5.2.45
Risk to OPERATORS 5.2.4.6
Reproducibility of the RADIATION output 6.3.2
Indication of LOADING FACTORS and MODES OF OPERATION 6.4.3
Dosimetric indications 6.4.5
AUTOMATIC CONTROL SYSTEM 6.5
SCATTERED RADIATION reduction 6.6
System performance 6.7.2
RADIATION DETECTOR or X-RAY IMAGE RECEPTOR 6.7.4
Indication of FILTER properties 7.3
FOCAL SPOT TO IMAGE RECEPTOR DISTANCE 8.5.2
FOCAL SPOT TO SKIN DISTANCE - Information in the ACCOMPANYING 9.2
DOCUMENTS
ATTENUATION of the X-RAY BEAM - Information in the ACCOMPANYING 10.2
DOCUMENTS
Statement of reference LOADING conditions 12.3
Protection against STRAY RADIATION - General 13.1
Control from a PROTECTED AREA 13.2
Protection by distance 13.3
Designated SIGNIFICANT ZONES OF OCCUPANCY 13.4

5.2.2 Dosimetric calibration

When dosimetric indications are provided on the EQUIPMENT, the ACCOMPANYING DOCUMENTS
shall contain information and instructions on how to check and maintain the accuracy of
dosimetric indications specified by the MANUFACTURER.

Compliance is checked by inspection of the ACCOMPANYING DOCUMENTS.

5.2.3 General requirements for the reference of subassemblies and ACCESSORIES

ACCOMPANYING DOCUMENTS shall clearly identify the items to which they refer and shall
include:
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— the replication of all information required in this collateral standard to be marked on the
items;

— for subassemblies forming part of the items, the following information about the location
and content of their required markings:

a) for markings accessible in the complete assembly, the location of the markings and
instructions for enabling them to be inspected;

b) for markings inaccessible in the complete assembly, either

1) the replication of all information required in this collateral standard to be marked on
the subassemblies; or

2) a list of the subassemblies concerned, with references to their own ACCOMPANYING
DOCUMENTS.

— For items, such as components and subassemblies, specified to be supplied separately
from the main assemblies of which they are intended to form a part, technical descriptions
with the information necessary to maintain their compliance with this collateral standard in
the main assemblies concerned.

Compliance is checked by inspection of the ACCOMPANYING DOCUMENTS.
5.2.4 Instructions for use

Additionally to the requirements of the general standard the following applies.

5.2.41 General requirements for RADIATION dose information

The instructions for use shall contain all the information specific to the EQUIPMENT allowing the
user to minimize the possibility of exposing PATIENTS to RADIATION dose levels where
deterministic effects may occur during the NORMAL USE of the EQUIPMENT, to optimise the
RADIATION dose delivered to the PATIENTS and to minimize the IRRADIATION of the OPERATORS.

5.2.4.2 Quantitative information
For each INTENDED USE of the EQUIPMENT, the following information shall be provided:

— the RADIATION QUANTITY (or quantities) used for describing the RADIATION dose to the
PATIENT. This quantity must be useful for assessing the RADIATION RISK to the PATIENT.

NOTE Such quantities are, for example, the ENTRANCE SURFACE dose (or dose rate), the DOSE AREA PRODUCT
or the CTDlI,.

— the description of a specified test object representative of an average PATIENT;

— the specified procedure allowing measurement of the RADIATION QUANTITY (or quantities)
for the specified test object;

— the value of the specified RADIATION QUANTITY (or quantities) when the specified test object
is used to simulate a PATIENT when performing a procedure typical of this INTENDED USE;

— the influence of the main adjustments or selections available to the OPERATOR on the
value of the specified RADIATION QUANTITY.

NOTE Examples of such adjustments or selections are MODES OF OPERATION, LOADING FACTORS, FOCAL SPOT
selection and FOCAL SPOT TO IMAGE RECEPTOR DISTANCE. INTENDED USE should not be confused with NORMAL USE.
While both include the concept of use as intended by the MANUFACTURER, INTENDED USE focusses on the medical
purpose. NORMAL USE incorporates not only the medical purpose, but maintenance, service, transport etc..

Compliance is checked by inspection of the instructions for use.

5.2.4.3 Dose indication

If applicable, the method used to provide RADIATION dose indication during the NORMAL USE of
the EQUIPMENT shall be described directly or by reference to a published reference.

Compliance is checked by inspection of the instructions for use.
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5.24.4 Clinical protocols

When clinical protocols are proposed by the MANUFACTURER, and preloaded on the EQUIPMENT,
the instructions for use shall state if they constitute recommendations to be applied directly so
as to allow optimized operation or if they are only examples/starting points, to be replaced by
more specific protocols developed by the user.

Compliance is checked by inspection of the instructions for use.

5.2.4.5 * Deterministic effects (ICRP60)[17]

If there is a possibility in NORMAL USE that the PATIENT can be exposed to RADIATION dose
levels where deterministic effects may occur, the instructions for use shall address this fact.
In this case, the particular MODES OF OPERATION, configurations and circumstances in which
deterministic effects may occur shall be listed and the following information shall be provided.

a) The instructions shall draw attention to the need to manage high RADIATION doses, and,
when applicable, to the availability of selectable settings that can have a significant effect
on the RADIATION QUALITY, the delivered RADIATION dose, AIR KERMA or AIR KERMA RATE and
the image quality.

b) The number of EXPOSURES or the duration of LOADING necessary to reach levels where
deterministic effects are possible on the specified average PATIENT and for obese PATIENTS
shall be stated.

c) Information shall be provided concerning available settings of LOADING FACTORS, technique
factors and operating parameters that affect the RADIATION QUALITY or the prevailing
RADIATION dose (rate) in NORMAL USE.

Compliance is checked by inspection of the instructions for use.

5.2.4.6 RISK to OPERATORS

The instructions for use shall draw the attention of the user to the need to restrict access to
the EQUIPMENT in accordance with local regulations for RADIATION PROTECTION.

All information necessary to minimize the IRRADIATION of the OPERATORS in NORMAL USE shall
be provided.

For each type of procedure where OPERATORS have to stay during NORMAL USE in SIGNIFICANT
ZONES OF OCCUPANCY, the following information shall be provided:

a) the RADIATION dose resulting from the operation of the EQUIPMENT measured using a
specified procedure;

b) means to reduce the RADIATION dose received by the OPERATOR, such as RADIATION
PROTECTION provisions provided during installation of the EQUIPMENT, precautions in use,
and adjustments of the EQUIPMENT settings;

c) a list of PROTECTIVE DEVICES and ACCESSORIES to be used for RADIATION PROTECTION. The
listing may include PROTECTIVE DEVICES such as PROTECTIVE CLOTHING, recommended for
use but not forming part of the EQUIPMENT.

Compliance is checked by inspection of the instructions for use.

6 RADIATION management

6.1 General

X-RAY EQUIPMENT shall be so designed to enable the management of the delivery of x-
RADIATION to the PATIENT in a safe and effective way. The measures required in subclauses
6.3 to 6.7 are necessary to enable an acceptable dose-benefit balance to be achie\ﬁd
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6.2 Initiation and termination of the IRRADIATION
6.2.1 Normal initiation and termination of the IRRADIATION

Each LOADING shall be initiated and maintained by means of a control requiring continuous
actuation by the OPERATOR. It shall be possible for the OPERATOR to terminate the LOADING at
any time.

Any control by which the LOADING of an X-RAY TUBE can be initiated shall be protected against
unintended actuation using means compatible with the INTENDED USE of the X-RAY EQUIPMENT.

Compliance is checked by inspection and by the appropriate functional tests.

6.2.2 Safety measures against failure of normal termination of the IRRADIATION

In the case of a failure of its normal termination, the IRRADIATION shall be terminated by a
safety measure.

If the normal termination of IRRADIATION is not effected on the basis of a RADIATION
measurement, continuous actuation by the OPERATOR (see 6.2.1) is sufficient as the safety
measure.

The system for normal termination of IRRADIATION and the system used for the safety measure
shall be separated so that a failure in one system does not affect termination by the other
system.

A visible indication at the CONTROL PANEL shall be provided whenever a LOADING has been
terminated by the safety means required. Another LOADING in the same MODE OF OPERATION
shall not be possible until a control device provided for resetting has been operated at the
CONTROL PANEL.

Compliance is checked by inspection and by the appropriate functional tests.

6.3 RADIATION dose and RADIATION QUALITY
6.3.1 Adjustment of RADIATION dose and RADIATION QUALITY

It shall be possible to restrict the RADIATION dose to the PATIENT in line with the INTENDED USE
of the X-RAY EQUIPMENT. It shall be possible to adjust the RADIATION QUALITY over a suitable
range in line with the INTENDED USE of the X-RAY EQUIPMENT.

When the adjustment of the quantity of X-RADIATION contributing to the image is made through
a manual selection among discrete values of LOADING FACTORS having an essentially
proportional relation to the amount of X-RADIATION produced, particularly values for X-RAY TUBE
CURRENT, LOADING TIME or CURRENT TIME PRODUCT, these values shall be chosen from the series
R'10 or R'20 according to ISO 497 (see Annex B).

NOTE Using values according to this geometric progression helps the OPERATOR in adjusting the quantity of X-
RADIATION by amounts that are just significant, both in terms of RADIATION dose to the PATIENT and image quality.

Compliance is checked by inspection and functional tests.

6.3.2 Reproducibility of the RADIATION output
For EQUIPMENT where this item is not addressed by a particular standard, the RISK

MANAGEMENT FILE shall determine the reproducibility of the RADIATION output relative to fixed
LOADING FACTORS required for the INTENDED USE.

The ACCOMPANYING DOCUMENTS shall state the accuracy of RADIATION output. Documents
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6.4 Indication of operational states
6.4.1 Indication of the X-RAY SOURCE ASSEMBLY selected

Where X-RAY EQUIPMENT has provisions to select more than one X-RAY SOURCE ASSEMBLY and
/or X-RAY IMAGING ARRANGEMENT, an indication of the X-RAY SOURCE ASSEMBLY and/or X-RAY
IMAGING ARRANGEMENT selected shall be provided on the CONTROL PANEL prior to the LOADING
of the X-RAY SOURCE ASSEMBLY.

Where X-RAY EQUIPMENT has provisions to initiate the LOADING of more than one X-RAY SOURCE
ASSEMBLY from a single location, means shall be provided at or near each X-RAY SOURCE
ASSEMBLY to indicate that this X-RAY SOURCE ASSEMBLY has been selected.

Compliance is checked by inspection.

6.4.2 Indication of LOADING STATE

The LOADING STATE shall be unambiguously indicated in NORMAL USE and SINGLE FAULT
CONDITIONS to the OPERATOR and to other persons that are likely to be exposed to X-
RADIATION.

NOTE 1 PATIENTS are not considered to be “other persons” in the requirement above.

NOTE 2 The presence of an image on an IMAGE DISPLAY DEVICE is not considered to satisfy this requirement.

When in NORMAL USE the termination of the LOADING STATE is determined by the EQUIPMENT,
the termination shall be unambiguously indicated to the OPERATOR by an audible signal. Series
of LOADING STATES initiated by a single actuation shall be considered as one LOADING for this
requirement.

Compliance is checked by inspection.

6.4.3 Indication of LOADING FACTORS and MODES OF OPERATION

Adequate information shall be available to the OPERATOR before, during and after the LOADING
of an X-RAY TUBE, regarding LOADING FACTORS or MODES OF OPERATION so as to enable the
OPERATOR to:

— determine and preselect optimal conditions for the IRRADIATION;

— subsequently obtain data necessary for the estimation of the RADIATION dose received by
the PATIENT.

The accuracy of the LOADING FACTORS required for the INTENDED USE shall be determined in
the RISK MANAGEMENT FILE or by application of a particular standard.

The ACCOMPANYING DOCUMENTS shall state the accuracy of LOADING FACTORS.

Compliance is checked by inspection of the RISK MANAGEMENT FILE, ACCOMPANYING DOCUMENTS
and by the appropriate functional tests.

6.4.4 Indication of automatic modes

For X-RAY EQUIPMENT operating with AUTOMATIC CONTROL SYSTEMS, the preselected mode of
automatic operation shall be indicated on the CONTROL PANEL.

Compliance is checked by inspection.
Documents

Document Sharing Hub

Full document details: IEC 60601-1-3 2008


http://avadocuments2026.com/doc/iec-60601-1-3-2008
http://avadocuments2026.com/doc/iec-60601-1-3-2008

- 26— 60601-1-3 © IEC:2008

6.4.5 Dosimetric indications

Means shall be provided to allow the user to estimate the RADIATION dose delivered to the
PATIENT. This requirement may be satisfied by providing information in the ACCOMPANYING
DOCUMENTS, by the indication of dosimetric values or by a combination thereof. The resulting
accuracy shall be specified in the ACCOMPANYING DOCUMENTS.

NOTE Requirements for particular dosimetric indications are the subject of particular standards within the IEC
60601-series.

Compliance is checked by inspection.

6.5 AUTOMATIC CONTROL SYSTEM

X-RAY EQUIPMENT should be provided with an AUTOMATIC CONTROL SYSTEM.

If the OPERATOR, within the INTENDED USE, is not able to adjust the LOADING FACTORS to match
the PATIENT characteristics (e.g. thickness), an AUTOMATIC CONTROL SYSTEM shall be provided.

NOTE The inclusion of a manual mode option is not in contradiction to these requirements and is often useful.

The constancy of AUTOMATIC EXPOSURE CONTROLS required for the INTENDED USE shall be
determined in the RISK MANAGEMENT FILE or by application of a particular standard.

The ACCOMPANYING DOCUMENTS shall state the accuracy of AUTOMATIC CONTROL SYSTEMS.

Compliance is checked by inspection of the RISK MANAGEMENT FILE and by the appropriate
functional tests.

6.6 SCATTERED RADIATION reduction
Means shall be provided to reduce the influence of RADIATION scattered in the PATIENT to the
X-RAY IMAGE RECEPTOR in case of significant influence on the image quality. If such means are

removable by the OPERATOR, their presence or absence shall be clearly visible or indicated to
the OPERATOR.

The proper use of such means shall be described in the instructions for use.

Compliance is checked by inspection of the instructions for use and by the appropriate
functional tests.

6.7 Imaging performance
6.7.1 General

In order to achieve an acceptable dose-benefit balance, it is important that the expected
medical benefit justifies the IRRADIATION. The measures required in subclauses 6.7.2 to 6.7.4
are necessary to enable an acceptable imaging performance to be achieved.

6.7.2 System performance
Since not all applications or tasks in medical X-ray imaging require the same level of

performance, and of RADIATION dose, the INTENDED USE of the EQUIPMENT shall be specified,
and described in the ACCOMPANYING DOCUMENTS.

For the INTENDED USE, metrics describing imaging performance shall be defined and specified.

Compliance is checked by inspection of the RISK MANAGEMENT FILE and the ACCOMPANYING
DOCUMENTS. Documents
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6.7.3 Nominal focal spot value

The nominal focal spot values of the X-RAY TUBE(S) FOCAL SPOTS in the EQUIPMENT shall be
stated according to IEC 60336:1993 or later versions of IEC 60336 and shall be compatible
with each application within the INTENDED USE.

Compliance is checked by inspection of the RISK MANAGEMENT FILE and the ACCOMPANYING
DOCUMENTS.

6.7.4 RADIATION DETECTOR or X-RAY IMAGE RECEPTOR

If a RADIATION DETECTOR or X-RAY IMAGE RECEPTOR is integrated in the X-RAY EQUIPMENT, its
contribution to the metrics of imaging performance shall be specified. This contribution should
ensure the efficient use of RADIATION.

If no X-RAY IMAGE RECEPTOR is integrated in the system, examples of X-RAY IMAGE RECEPTOR
types or performance shall be described in the ACCOMPANYING DOCUMENTS.

Compliance is checked by inspection of the RISK MANAGEMENT FILE and the ACCOMPANYING
DOCUMENTS.

7 RADIATION QUALITY

71 HALF-VALUE LAYERS and TOTAL FILTRATION in X-RAY EQUIPMENT

The RADIATION QUALITY of the X-RAY BEAM provided by the X-RAY EQUIPMENT shall be
appropriate for producing the intended images without administering unnecessarily high
DOSES to the PATIENT.

The TOTAL FILTRATION in the beam needs to be sufficient in order to achieve the preceding
goal. Requirements for minimum FILTRATION are given here in terms of total QUALITY
EQUIVALENT FILTRATION or of the first HALF-VALUE LAYER for specified X-RAY TUBE VOLTAGE.

In X-RAY EQUIPMENT, for all configurations available in NORMAL USE, the first HALF-VALUE
LAYERS attained in the X-RAY BEAM incident on the PATIENT shall not be less than the minimum
permissible values given in Table 3 unless the X-RAY EQUIPMENT is exempted by a particular
standard.

Alternative to the preceding paragraph, the TOTAL FILTRATION arising from materials in the X-
RAY BEAM incident on the PATIENT shall not be less than 2,5 mm Al QUALITY EQUIVALENT
FILTRATION unless the X-RAY EQUIPMENT is exempted by a particular standard.
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Table 3 — HALF-VALUE LAYERS in X-RAY EQUIPMENT

mm Al

50 1,8

60 2,2

70 2,5

80 2,9

90 3,2

100 3,6

110 3,9

120 4,3

130 4,7

140 5,0

150 5,4
— HALF-VALUE LAYERS for other voltages shall be obtained by linear interpolation or extrapolation.
— These HALF-VALUE LAYER values correspond to a TOTAL FILTRATION of 2,5 mm Al for X-RAY

EQUIPMENT, operating at constant potential X-RAY TUBE VOLTAGE.

Compliance is checked by the tests described in 7.4, 7.5 and 7.6 and inspections.

7.2 Waveform of the X-RAY TUBE VOLTAGE

The distribution of X-RAY TUBE VOLTAGES during LOADING shall not produce an excessive
increase in low energy RADIATION in the X-RAY BEAM. In particular this applies to:

— the rising phase of the X-RAY TUBE VOLTAGE;

— the falling phase of the X-RAY TUBE VOLTAGE; and

— the shape and amplitude of the X-RAY TUBE VOLTAGE RIPPLE.

The X-RAY TUBE VOLTAGE waveform, which, in conjunction with the TOTAL FILTRATION in the X-
RAY EQUIPMENT, results in an acceptable RADIATION dose for the INTENDED USE shall be
determined in the RISK MANAGEMENT FILE or by application of a particular standard.

Compliance is checked by inspection.

7.3 Indication of FILTER properties
Means shall be provided to indicate:

— the PERMANENT FILTRATION in the X-RAY BEAM,;

— thickness and chemical composition of each ADDED FILTER.
FILTER properties shall be indicated as follows:

— X-RAY TUBE ASSEMBLIES shall be marked with their PERMANENT FILTRATION or with the
thicknesses of the materials concerned, together with their chemical symbols.

— When accessible to the OPERATOR, ADDED FILTERS, including EDGE FILTERS, shall be
marked so that the thickness and chemical symbols of each material employed can be
identified. The marking may be given in the form of a reference to a statement of these
particulars in the ACCOMPANYING DOCUMENTS.

e For all ADDED FILTERS, the ACCOMPANYING DOCUMENTS shall state the QuAaLITy
EQUIVALENT FILTRATION in thickness of aluminium or another suitable reference
material, together with the RADIATION QUALITY used for its determination (Example: 0,3
mm Al 75 kV/HVL 2,7 mm Al). Any value of QUALITY EQUIVALENT FILTRATION given for
an EDGE FILTER shall relate to the low-energy side of the discontinuity. Documents
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— Fixed layers of material in the X-RAY BEAM incident on the PATIENT, other than ADDED
FILTERS and irremovable materials in X-RAY TUBE ASSEMBLIES, shall be marked to show the
QUALITY EQUIVALENT FILTRATION in thickness of aluminium together with the RADIATION
QUALITY used for its determination. The marking may be given in the form of a reference to
a statement of these particulars in the ACCOMPANYING DOCUMENTS. Such layers need not
be marked if they add altogether no more than a QUALITY EQUIVALENT FILTRATION of
0,2 mm Al and they are not intended to be taken into account as part of the TOTAL
FILTRATION required for compliance with 4th paragraph of subclause 7.1.

- Where the X-RAY EQUIPMENT has provisions to select ADDED FILTERS by remote control or
automatic systems the selected ADDED FILTER shall be indicated on the CONTROL PANEL.

Compliance is checked by inspection, as appropriate, of the X-RAY TUBE ASSEMBLIES, filtering
materials and ADDED FILTERS and by examination of the ACCOMPANYING DOCUMENTS.

7.4 Test for FILTRATION by irremovable materials

Determine the represented FILTRATION by irremovable materials in an X-RAY SOURCE ASSEMBLY
by adding the values of QUALITY EQUIVALENT FILTRATION from each irremovable layer of
material intercepting the X-RAY BEAM. If this information is not obtainable, determine the
QUALITY EQUIVALENT FILTRATION in accordance with |IEC 60522.

7.5 Test for ADDED FILTERS and materials

Determine the QUALITY EQUIVALENT FILTRATION of ADDED FILTERS and of other materials forming
part of the TOTAL FILTRATION, under NARROW BEAM CONDITIONS, as the thickness of aluminium
that results in the same first HALF-VALUE LAYER as the material under test. For measurement,
use an X-RAY BEAM with the same X-RAY TUBE VOLTAGE as used to determine the FILTRATION by
irremovable materials and the first HALF-VALUE LAYER given in Table 3.

If the QUALITY EQUIVALENT FILTRATION of an EDGE FILTER is to be determined, use a RADIATION
QUALITY appropriate to the low-energy side of the discontinuity.

7.6 Test for HALF-VALUE LAYER

Measure the first HALF-VALUE LAYER under NARROW BEAM CONDITIONS with the X-RAY EQUIPMENT
operating at selected values of X-RAY TUBE VOLTAGE given in Table 3 at corresponding
LOADING FACTORS in the range of NORMAL USE.

8 Limitation of the extent of the X-RAY BEAM and relationship between X-RAY
FIELD and IMAGE RECEPTION AREA

8.1 General

X-RAY EQUIPMENT shall be designed to limit the RADIATION FIELD not contributing to the
formation of the image.

Implementation shall be considered in the RISK MANAGEMENT FILE or by using particular
standards.

NOTE This clause has been reduced in comparison with the first edition of this collateral standard because most
of its content was considered to be specific to projection RADIOGRAPHY and RADIOSCOPY.

8.2 Enclosure of X-RAY TUBES

X-RAY TUBES shall be utilized as part of an X-RAY SOURCE ASSEMBLY, including the functions of
an X-RAY TUBE HOUSING and a BEAM LIMITING SYSTEM.

Compliance is checked by inspection.
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8.3 Limiting DIAPHRAGM in X-RAY TUBE ASSEMBLIES

An X-RAY TUBE ASSEMBLY shall not have a RADIATION APERTURE larger than is needed to
provide the largest X-RAY BEAM required for its specified applications. The RADIATION APERTURE
shall be restricted to the appropriate size by means of a fixed-size DIAPHRAGM, fitted as close
as practicable to the FOCAL SPOT.

Compliance is checked by verification of the technical description and design data.

8.4 Confinement of EXTRA-FOCAL RADIATION

The contribution of EXTRA-FOCAL RADIATION to the X-RAY IMAGE RECEPTOR and to the PATIENT
dose shall be limited to an acceptable level. Acceptable levels of EXTRA-FOCAL RADIATION
might be given in the particular standards.

NOTE One of the most important means of decreasing the EXTRA-FOCAL RADIATION is to limit the RADIATION
BEAM close to the FOCAL-SPOT.

Compliance is checked by verification of the technical description and design data.

8.5 Relationship between X-RAY FIELD and IMAGE RECEPTION AREA
8.5.1 General

X-RAY EQUIPMENT shall be designed in such a way that the X-RAY BEAM can be safely directed
and aligned in relation to the PATIENT and to the X-RAY IMAGE RECEPTOR, as appropriate to the
specified applications, to ensure that the X-RAY EQUIPMENT is capable of being used without
excessive RISK of administering RADIATION to the PATIENT, from which useful diagnostic
information cannot be derived.

8.5.2 * FOCAL SPOT TO IMAGE RECEPTOR DISTANCE
The FOCAL SPOT TO IMAGE RECEPTOR DISTANCE shall be indicated as follows:
— the ACCOMPANYING DOCUMENTS shall contain particulars of the values or ranges of the

FOCAL SPOT TO IMAGE RECEPTOR DISTANCE specified for NORMAL USE;

— if the FOCAL SPOT TO IMAGE RECEPTOR DISTANCE is adjustable and the specified applications
require its value to be known to the OPERATOR prior to LOADING, the currently selected
value shall be indicated on the EQUIPMENT;

— the accuracy of indication shall be such that the FOCAL SPOT TO IMAGE RECEPTOR DISTANCE
does not differ by more than 5 % from any corresponding value indicated on the
EQUIPMENT or from any corresponding value stated in the ACCOMPANYING DOCUMENTS.

Compliance is checked by inspection and functional tests, by examination of the
ACCOMPANYING DOCUMENTS and, where applicable, by measurement of the FOCAL SPOT TO
IMAGE RECEPTOR DISTANCE in selected configurations and settings of the EQUIPMENT.

8.5.3 Correspondence between X-RAY FIELD and EFFECTIVE IMAGE RECEPTION AREA

Means shall be provided to adjust the X-RAY FIELD such that its position and size correspond
to the EFFECTIVE IMAGE RECEPTION AREA within an acceptable accuracy according to the
particular standards or the RISK MANAGEMENT FILE.

NOTE |If a secondary BEAM LIMITING DEVICE is used between PATIENT and X-RAY IMAGE RECEPTOR, this requirement
applies to the X-RAY FIELD defined by the primary BEAM LIMITING DEVICE and the EFFECTIVE IMAGE RECEPTION AREA as
defined by the secondary BEAM LIMITING DEVICE.

Compliance is checked by inspection of the RISK MANAGEMENT FILE.
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