
European Commission

Radiation Protection 136

EUROPEAN GUIDELINES ON RADIATION
PROTECTION IN DENTAL RADIOLOGY

Directorate-General for Energy and Transport

Directorate H - Nuclear Safety and Safeguards

Unit H.4 - Radiation Protection

2003





PREFACE

The aim of this study is to provide a practical guide to radiation protection for
professional groups of dentists and their assistants, based upon the two relevant
Council Directives of the European Union:

� Directive 96/29/Euratom, of 13 May 1996, laying down the basic safety
standards for the protection of the health of workers and the general public
against the dangers arising from ionising radiation

� Directive 97/43/Euratom of 30 June 1997, on health protection of individuals
against the dangers of ionising radiation in relation to medical exposure
(Medical Exposures Directive).

The 1996 Basic Safety Standards Directive mentioned above ensures the protection of
workers exposed to ionising radiation, including dentists and their assistants, and of
members of the public.

Directive 97/43/Euratom provides for a high level of health protection to ionising
radiation in medical exposure. All the measures adopted in the Directive are
concerned not only with avoiding unnecessary or excessive exposure to radiation but
also with improving the quality and effectiveness of medical uses of radiation.

No exposure to X-rays can be considered completely free of risk, so the use of
radiation by dentists and their assistants is accompanied by a responsibility to ensure
appropriate protection.

In order to help Member States to implement the Directives, the Commission decided
to update and extend the technical guidelines in Radiation Protection 81 ( Radiation
protection and quality assurance in dental radiology: "The safe use of radiographs in
dental practice” (1995)). A contract was awarded to the University of Manchester,
UK, to carry out the study “European Guidelines on Radiation Protection in Dental
Radiology”.

The project was designed to give clear and comprehensive information on dental
radiological practices, taking into account relevant knowledge and available
technology, and give guidance on the application of radiation protection principles in
dental radiology to all individuals, including the patient and the personnel.
This document provides general guidelines on the safe use of radiographs in dental
practice. Guidelines are not a rigid constraint on clinical practice, but a concept
against which the needs of the individual patient can be considered.

I am confident that the results of the study will be of help to professional groups of
dentists and their assistants, and will contribute to optimising the use of ionising
radiation in dentistry.

A. JANSSENS
Acting Head of Unit
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Foreword

The radiation protection activities of the Commission of the European Union in
the medical field are based on two Council Directives:

� Directive 96/29/Euratom, of 13 May 1996, laying down the basic safety
standards for the protection of the health of workers and the general
public against the dangers arising from ionising radiation (European
Basic Safety Standards); and

� Directive 97/43/Euratom of 30 June 1997, on health protection of
individuals against the dangers of ionising radiation in relation to
medical exposure (Medical Exposures Directive).

Although doses incurred during dental examinations are in general relatively
low, dental radiology accounts for nearly one third (1)of the total number of
radiological examinations in the European Union and therefore merits specific
attention with regard to radiation protection.

Article 7 of the ‘Medical Exposures Directive’ stipulates that dental
practitioners must have adequate theoretical and practical training for the
purpose of radiological practices as well as relevant competence in radiation
protection. Article 7 also requires continuing education and training after
qualification.

To facilitate the implementation of this article by Member States, the
Commission decided to develop the present document, updating and
extending the technical guide Radiation Protection 81 (2) in order that it takes
into account the technological developments and the new requirements of the
two Council Directives. It is designed to give clear and comprehensive
information on dental radiological practices, taking into account relevant
knowledge and technology available, and give guidance on the application of
the radiation protection principles in dental radiology for all individuals,
including both the patient and the personnel.

It is our hope that this handbook will be of help to professional groups of
dentists and their assistants, and that it will contribute to optimise the use of
ionising radiation in dentistry.

Professor Keith Horner
Professor of Oral and Maxillofacial Imaging,

University of Manchester, UK.
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of radiographs in dental practice. Office for Official Pulications of the European Communities, Luxemborg.
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1. Introduction
The aim of this book is to provide a practical guide to radiation
protection for dentists working in a primary care setting, based
upon the two relevant Council Directives of the European Union
(EU).

� Directive 96/29/Euratom of 13 May 1996 laying down basic
safety standards for the protection of the health of workers
and the general public against the dangers arising from
ionising radiation.

� Directive 97/43/Euratom of 30 June 1997 on health
protection of individuals against the dangers of ionising
radiation in relation to medical exposure.

Laws derived from these Directives exist within individual EU
States that impose specific enforceable requirements upon
dentists. This document sets general guidelines on good
practice in the use of X-rays by dentists.

Guidelines are systematically developed statements to assist
practitioner and patient in decisions about appropriate health
care for certain specific clinical circumstances (1). As this
implies, guidelines are not a rigid constraint on clinical practice,
but a concept of good practice against which the needs of the
individual patient can be considered(2).

1.1. Why radiographs in dentistry?

Radiographs are essential to dentists for:
� Diagnosis
� Treatment planning
� Monitoring treatment or lesion development

However, an integral part of radiography is exposure of patients and,
potentially, clinical staff to X-rays. No exposure to X-rays can be considered
completely free of risk, so the use of radiation by dentists is accompanied by a
responsibility to ensure appropriate protection.

1.2. Guideline development
There is now widespread acceptance in medicine and dentistry that clinical
practice should be as ‘evidence-based’ as possible. This document was
developed using such an approach. The project team collected and analysed
relevant published literature, guidelines that have proved effective in the past
to arrive at recommendations that will contribute to optimisation of the use of
ionising radiation in dentistry. Details of the methodology used in identifying
relevant literature and the appraisal process are given in Table 1.1 and
Appendix 1.
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It should be clearly understood that the approach adopted for different
sections within this document has not been uniform. This is because the
volume of evidence available for review varies. Some sections have involved
more comprehensive sifting of the evidence, while others rely heavily on
expert opinion and conventional literature review.

Table 1.1 Criteria used to grade recommendations

Symbol used Criteria used to assign grading to reviewed literature

ED
Article or other requirement of the EURATOM
Directive(s) that must be applied.

A
Meta-analyses/systematic reviews of randomised control
trials (RCTs) or laboratory studies with low risk of bias.

or

RCTs.

B

Meta analyses/ systematic reviews of case-control or
cohort studies with high risk of bias.

or

Case-control, cohort studies with a low risk of
confounding, bias or chance and a moderate probability
that the relationship is causal.

or

Good quality laboratory studies with little or no evidence
of bias/experimental error.

C

Non-analytic studies (e.g. case reports, case series,
cross-sectional surveys).

or

Laboratory studies with risk of bias/experimental error.

or

Expert opinion/non-systematic review article.

NR
National Recommendations in some Member States.  In
some cases, however, National requirements will differ
from the recommendations made in this document and
will overrule these.

1.3 References
1. 1998. Making the best Use of a Department of Clinical Radiology: Guidelines for Doctors. 4th ed. Royal

College of Radiologists, London.
2. 1990. Medical Audit in Radiodiagnosis. Royal College of Radiologists, London.
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2 Radiation dose and risk

2.1 X-rays
X-rays are a type of electromagnetic (EM) radiation. EM radiation also
includes visible light, radio waves, microwaves, cosmic radiation, and several
other varieties of ‘rays’. All can be considered as ‘packets’ of energy, called
photons, which have wave properties, most importantly a wavelength and
frequency. X-rays are short wavelength, high frequency EM radiation. The
importance of this is that high frequency means high energy. When X-rays hit
atoms this energy can be transferred, producing ionisation of atoms.

2.2 Radiation damage
When patients undergo X-ray examinations, millions of photons pass through
their bodies. These can damage any molecule by ionisation, but damage to
the DNA in the chromosomes is of particular importance. Most DNA damage
is repaired immediately, but rarely a portion of a chromosome may be
permanently altered (a mutation). This may lead ultimately to the formation of
a tumour. The latent period between exposure to X-rays and the clinical
diagnosis of a tumour may be many years. The risk of a tumour being
produced by a particular X-ray dose can be estimated; therefore, knowledge
of the doses received by radiological techniques is important. While doses
and risks for dental radiology are small, a number of epidemiological studies
have provided evidence of an increased risk of brain (19, 22) , salivary gland
(16, 22) and thyroid(15, 27) tumours for dental radiography.

The effects described above are believed to have no threshold radiation dose
below which they will not occur(2). They can be considered as ‘chance’
(stochastic) effects, where the magnitude of the risk is proportional to the
radiation dose. There are other known damaging effects of radiation, such as
cataract formation, skin erythema and effects on fertility, that definitely have
threshold doses below which they will not occur. These threshold doses vary
in size, but all are of a magnitude far greater than those given in dental
radiography. Thus, except in extraordinary circumstances, these deterministic
effects are given no further consideration.

2.3 Radiation dose
The terms ‘dose’ and ‘exposure’ are widely used but often misunderstood.
‘Doses’ may be measured for particular tissues or organs (e.g. skin, eye, bone
marrow) or for the whole body, while ‘exposure’ usually refers to equipment
settings (time, mA, kV). A commonly used measure of dose in surveys is
‘entrance dose’, measured in milligrays (mGy).This has an advantage of being
fairly easily measured by placing dosemeters on the patient’s skin. Diagnostic

The aim of this section is to describe the:
� The nature of X-rays
� The nature of radiation damage
� Radiation dose
� Radiation risk
� Dental radiography doses and risks in a life

context
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reference levels (DRLs), based upon entrance dose surveys, may be set as
standards against which X-ray equipment can be assessed as part of quality
assurance (see Chapter 5 Section 5.4 for a discussion of DRLs in dental
radiography).

In this chapter, however, radiation dose is expressed as effective dose (refer
to Glossary for definition), measured in units of energy absorption per unit
mass (Joules / kg) called the Sievert (more usually the microSievert, µSv,
representing one millionth of a Sievert). In practice, effective dose is
calculated for any X-ray technique by measuring the energy absorption in a
number of ‘key’ organs in the body, so that the final figure is a representation
of ‘whole body’ detriment. While effective dose is an impossible quantity to
measure in vivo, it is possible to determine it from laboratory studies or
computer modelling.  This can then be used to estimate radiation risk.

Many studies have measured doses of radiation for dental radiography, but
only a few have estimated effective dose. There are still a number of
radiographic techniques for which no published data are available and some
for which very different results have been reported. In many cases this reflects
controversy about whether salivary glands should be given special weighting
in calculation of dose. Furthermore, variation in the technical parameters of
the X-ray sets and image receptors used in studies means that care should be
taken when comparing dose estimations from different studies.

2.4 The risks
Radiation detriment can be considered as the total harm experienced by an
irradiated individual. In terms of stochastic effects, this includes the lifetime
risk of fatal cancer, non-fatal cancer and hereditary effects. The probability of
radiation-induced stochastic effects for the whole population is 7.3 x 10-2Sv-1.
Table 2.1 (derived from (3) ) gives the breakdown of this summed figure into
its constituent elements. Hereditary effects are believed to be negligible in
dental radiography (26).

Table 2.1 Nominal lifetime probability coefficients for stochastic effects

Detriment (10-2 Sv-1)

Fatal cancer 5.0

Non-fatal cancer* 1.0

Severe hereditary effects 1.3

Total 7.3

*The lifetime probability co-efficient for non-fatal cancer represents
detriment rather then true incidence, which would be significantly
greater.




