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ABSTRACT

Although the radiological doses used by dentists are low individually, patients are often exposured to many repeat dental
radiographic examinations. The ‘routine’ use of dental radiography, such as screening of all patients using dental panoramic
radiography (DPRs) or a random decision to take a dental radiograph, will inevitable lead to unnecessary patient exposure.
The use of Radiographic Referral Criteria has now become a legal requirement for all practitioners following the adoption
of European Legislation. All exposures to x-rays should be clinically justified and each exposure should be expected to
give the patient a positive net benefit.

Recently the European Commission has published guidelines (1) on radiation protection in dental radiology. Guidelines
have previously been available in a number of European countries (2,3) and also within the United States (4,5). At the
present time, no specific guidelines have been published within Spain.

The aim of this review article is to provide the Spanish dentist with guidance as to the appropriateness of different ra-
diographic techniques for a variety of clinical conditions and also the frequency with which they should be taken. It is
hoped that this document will act as a useful work tool in daily dental practice.

Key words: Radiation protection, dentistry, European guidelines, dental radiology, regulations.

RESUMEN

Aunque generalmente las dosis de radiacion empleadas por los odontoestomatologos no suelen ser altas, consideradas
individualmente, las exposiciones a las que algunos y determinados pacientes estan sometidos pueden ser excesivas.
En este sentido, hay que evitar radiaciones rutinarias innecesarias para no incrementar la dosis de irradiacion recibidas
por los pacientes.

El empleo de criterios de seleccion radiografica se ha convertido en requerimientos legales europeos a cumplir por todos
los dentistas. Todas las exposiciones a los rayos X deberian de estar clinicamente justificadas y, a la vez, proporcionar
un beneficio neto para el paciente.

Recientemente, la Comision Europea ha publicado unas Guias (1) sobre Proteccion Radioldgica Dental, existentes ya
en numerosos paises de la Unioén Europea (2, 3) y en Estados Unidos (4, 5); sin embargo, en Espafia no se ha publicado
ningun documento propio especifico que permita difundir un protocolo de actuacion en radiologia dental.

El objetivo de este articulo es proporcionar al odonto-estomatologo general espafiol guias de actuacion en radiologia dental apro-
piadas para cada situacion clinica y, ademas, recomienda la frecuencia con la que se deben de realizar dichas exploraciones.

Palabras clave: Proteccion radiolégica, odontologia, Guias europeas, radiologia dental, legislacion.
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INTRODUCTION

The use of x-rays requires the adoption of measures to limit
the exposure to both the patient and the clinian. One of the
basic tenets of radiation safety is to ensure that all exposures
to ionising radiation are clinically justified.

All radiation exposures must be kept as low as reasonably
achievable (ALARA principle). This is achieved in three
ways, using physical methods of minimising dose (i.e. equip-
ment and film factors), the application of Selection Criteria
when choosing whether or not to use a radiographic exami-
nation and, finally by Quality Assurance Programmes. In the
latter, efforts are made to ensure the consistent production of
high quality radiographs, thereby avoiding repeat exposure
and maximising the benefit to the patient.

The dentist is the person who takes responsibily for the
necessity of a radiographic examination and its frequency.
The clinician must review any previous radiographs as these
may well provide useful information on the patient’s present
symptoms. If these radiographs are not useful, then further
radiography is may well be justified. Selection criteria aid
the clinician in choosing the appropriate radiographic exa-
mination to maximise the diagnostic yield while limiting
the dose to the patient. The use of Selection Criteria is well
established within many countries of the European Union.
However, Spain has not adopted the routine use of selection
criteria although several published papers have highlighted
the importance of implementing radiographic guidelines
within dental practice (6-8).

The main objetive of this study was to review some of the
more relevant aspects of the guidelines that appear in the
recent publication of the European Commission (1) on
dental radiographic selection criteria in adult patients.

EUROPEAN AND SPANISH REGULATIONS
Within the European Union, the most recent ICRP re-
commendations were incorporated into several Euratom
Directives (9-11). These directives outline the best radiogra-
phic practice and also include many recommendations to
ensure high quality radiography. These recommendations
include: justification and optimization of the radiographic
examination; measures on quality control of radiolographic
equipment; procedures for the annual evaluation of the
doses received by patients in the most frequently conducted
radiographic examinations; the evaluation of the image
quality and also an assessment of annual dose levels. These
directives were implemented within Spanish legislation by
two Royal Decrees 1976/1999 (12) and 783/2001(13).

The control of the doses to patients combined with the
production of high quality images constitutes the first
assessment of the state of the radiological equipment used
and, also, of the training of personnel involved with ioni-
sing radiation.

Dental radiology in adult patients

THE NECESSITY OF SELECTION CRITERIA
IN DENTAL RADIOLOGY: FREQUENCY OF
RADIOGRAPHIC EXAMINATIONS

The Scientific Committee on the Atomic Effects of Radia-
tion within the United Nations noted that dental radiogra-
phy was the most frequent radiographic technique in medical
practice. Dental radiography accounts for nearly one third
of all the total number of radiological examinations con-
ducted within the European Union (14) (see Table 1).

Table 1. Relation of the different countries in Europe and the annual
number of radiographs taken. (UNSCEAR, 2001).

Anual number of
Annual number of
EU Country " radiographs per
radiographs x 10
1,000 population
Denmark 2,400 449
Germany 22,520 274
Spain 5,515 138
Luxembourg 191 433
Netherlands 2,700 169
Portugal 986 96
Finland 1,484 286
Sweden 15,000 1,660
United Kingdom 12,500 209

Within Spain, there are believed to be approximately 440
dental sets per million of the population, although this fi-
gure has not been reliably confirmed. This figure represents
57% of the total medical X-ray units in clinical pracrice.
Throughout the European Union, the number of dental x-
ray sets per million of population varies enormously with
1534 sets in Sweden, 975 to Denmark, 667 sets in Greece,
631 to France and 350 within the UK (14).

Vaiio and colleagues (15) in a recent study assessed the
number of dental sets within Spanish dental practices and
the number of dental radiographs taken per annum com-
pared with medical exposures. The study found that the
number of medical and dental x-ray machines in clinical
practice totalled 14,411, of which 7,327 (50.8%) were dental
x-rays sets. The annual number of medical radiolographic
examinations has been assessed as 25,058,622, representing
an annual rate of 629 examinations per 1000 habitants.
Corresponding figures for the 5,226,823 dental x-ray exa-
minations undertaken in Spain translates into 131 dental
x-ray exposures per 1,000 inhabitants.

In the last 20 years within England and Wales, dental panora-
mic radiography (DPR) has become well-stablished in general
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dental practice, as evidenced by a seven-fold increase when
compared with intra-oral radiography over the same period
(2). Between 1998 and 1999, approximately 2,05 million pa-
noramic radiographs were taken in the general dental service
in England and Wales (16).This increasing use of panoramic
radiography has been observed in other countries. Within the
USA, it was estimated 20 years ago that 60% of all practioners
had access to panoramic equipment (17).

Panoramic equipment often delivers a wide range of doses
to patients and these can vary by a factor of 200. In Spain,
the published data of a recent study illustrates that in the
region of 3,1% of the panoramic equipment fail to reach
the manufacturers’ nominal kilovoltage and machines also
display timer inaccuracies. These innacuries have decreased
from 12% of all equipment for the year 1997 to 3% in 2001
following the adoption of compulsory annual quality con-
trol assessment of x-ray equipment (18).

Although a large number of dental radiographs are expo-
sed within primary dental care, a large proportion of these
exhibit poor image quality. These films represent a cumu-
lative increase in dose to the exposed population without
benefit as often these films are essentially non-diagnostic
because of faults in technique and/or processing. Research
has shown that 42% of dental practitioners in the United
Kingdom practise ‘routine screening’ of new adult patients
using panoramic radiography without any clinical findings
to support such a radiographic examination (19). Of these
‘screening’ panoramic films, when the yield from posterior
bitewing radiographs and the radiological findingsof no
relevance to treatment were excluded, 57% of patients re-
ceived no benefit from these panoramic films.

Several research studies have shown that the frequency of
unacceptable panoramic films ranges from 18% to 33%
of the total panoramic radiographs taken. These unacce-
ptable panoramic films limit the diagnostic yield that the
practitioner can obtain from the radiographic image. The
faults range from inadequate processing to technical tech-
nical faults, such as movement of the patient. More often
inadequate panoramic films exhibit a combination of both
technical and processing errors (20). Films faults are not
confined solely to panoramic radiography as a recent study
has reported levels of unacceptable intraoral films ranging
between 45.2-56.4% (21).

Similarly, in the USA, it has been estimated that the elimi-
nation of non-productive examinations could lead to the
reduction of the collective population dose from medical
radiography by 30% (4)

The method proposed to eliminate unnecessary x-ray exami-
nations is by the adoption of selection criteria in radiogra-
phy. Selection criteria have been defined as “descriptions of
clinical conditions observed from patient signs, symptoms
and history that identify those patients who are likely to
benefit from a particular radiographic examination” (22).

RADIATION DOSE AND RISKS
The biological effects of ionizing radiation can be extremely
damaging. Somatic deterministic effects predominate with

Dental radiology in adult patients

high doses of radiation, while somatic stochastic effects
predominate with low doses. Dental radiology employs low
doses and the risk of stochastic effects is very small (23).
The estimated risk of a fatal cancer developing from two
intraoral bitewing exposures, or from a dental panoramic
tomography, is of the order of one tumour for every 2 mi-
llion exposures (24).

In the case of panoramic radiology, the weighted dose
equivalent from a panoramic examination was calculated
to be 3,85-30 uSv, corresponding to a lifetime risk of fatal
cancer (per million) of 0,21-1,9 (25,26). For an intra-oral
radiograh the effective dose is 1-8.3 pSv and the risk of can-
cer is 0,02-0,6 (26, 27). These figures assume best practice
is employed. A panoramic radiograph may be associated
with an effective dose the same as 1-5 days additional bac-
kground radiation, while two bitewing radiographs would
be equivalent to about one day.

However lower levels of risk are associated with newer
equipment and techniques. Recent studies have showed
that the 72,79% of dental x-ray sets in Spain operate at
70 kVp, 88,02% employ a 20 cm of focus-to-film distance
(PID) and the majority of this equipment employ a 6 cm
diameter round beam. Ekta-speed dental film was used in
the 10,24 % of the cases and intraoral digital imaging was
used by 11,95% of practitioners (28-30)

A particular problem arises from the inclusion or exclusion
of the salivary glands in the calculation of dose. The salivary
glands have previously not been included as an organ in
effective dose calculations (31). However, the most recent
document from the International Commission on Radiation
Protection (ICRP) has recognised this omission in view of
the apparent relationship between dental radiography and
increased risk of salivary gland tumours (32). The most
recent ICRP document has included salivary tissue as a
remainder organ and their inclusion in dose calculations
increases the rate of risk of inducing tumours by a factor
of two.

METHODOLOGY

A review of the literature relating to European guidelines
and the protocols of performance of selection criteria in
dental radiology was undertaken.

This study was specially related to the European Guidelines
on Radiation Protection in Dental Radiology (1) which
had been developped by a Committe of European Experts
in Radiation Protection. It has been designed to be used
as a guide for both general dental practitioners and dental
specialists. This document (1) has been developed using a
methodology supported in a critical review of the literature
following an ‘evidence-based practice’. Depending on the
available evidence, the recommendations given were graded
to reflect their relevance. A similar document was produced
by the Royal College of Surgeons, London using identical
techniques leading to the production of “Selection Criteria
for Dental Radiography [2nd edition, The Faculty of Ge-
neral Dental Practitioners, The Royal College of Surgeons,
London WC2A 3PE] (33).
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NEW ADULT PATIENTS

In some centres, it has become routine to take a panoramic
film or full-mouth intraoral radiography of all new patients
and this ‘routine’ practice is not aceptable (34, 35).

A high proportion of practitioners (57%) continue to rely
on panoramic radiography alone to assess common dental
pathosis (34). Research has confirmed that intra-oral (bi-
tewing and periapical) radiography is superior to panoramic
radiography for the diagnosis of common dental pathology
(i.e.caries, periodontal and periapical pathology). It is po-
sible that anecdotal evidence of identifying a cyst or other
uncommon lesion in a patient may reinforce this attitude.
However, this standpoint ignores the low prevalence of the
asymtomatic pathology and routine radiography without the
presence of clinical signs or symptoms cannot be justified
(35, 36). A panoramic radiograph may be apropriate for the
patient in certain cases such as one whom presents with a
grossly neglected mouth with significant numbers of clinica-
lly-determined carious lesions and periapical pathology, along
with established periodontal disease (35). In these cases, it may
be expeditious to use panoramic radiography as a means of
identifying teeth requiring a more detailed (intra-oral) radio-
graphic examination or, when limited to a hospital setting,
prior to dental surgery under general anaesthesia.
Full-mouth periapical radiography can be criticised in the
same way as routine panoramic radiography.

For a new adult dentate patient, the choice of radiography
should be based upon history, clinical examination and an
individualised prescription as illustrated in Figure 1.

History and clinical examination

|

Basic Pocket depth

aceacemant

RN

More than 6mm

Less than 6 mm

- Radiographic
Horizonta asessment of Vertical posterior
fgste_nor > caries and <« | bitewings
s = periodontal
bone levels

N\ /

Periapical radiographs of selected teeth if:

Symptoms

Signs

Evidence of gross caries
Previous endodontic treatment
Crowned teeth*

Bridge abutments*

Crown or bridge planned

* If signs or symptoms present

Fig. 1. Guidelines for the Radiographic Management of Dentate Patients
(with grateful acknowledgement to the Facutly of General Dental Practi-
tioners (UK), The Royal College of Surgeons of England).

Dental radiology in adult patients

SCREENING WITH PANORAMIC RADIOGRA-
PHY

Forty-two percent of practitoners were found to use panora-
mic radiography routinely to “screen” the jaws for clinically
unsuspected pathology and 77.4% of these do so for ‘no
specific reason’. Approximately, 65,3% of screening pano-
ramic radiographs have no relevance to treatment rising to
71% in the screened asymptomatic attender. Some dentists
defend routine screening on the basis of detecting of large
cyst and tumours. These lesions are very rare and often have
signs or symptoms, which would alert the practitioner to
the need for radiography. The detection of a small number
of lesions, which are completely asymptomatic, does not
justify the routine screening of the population.

RADIOGRAPHY IN ENDODONTICS
Radiographs are essential for the mechanical aspects of
endodontic treatment allowing evaluation of the root canal
configuration and also for confirmation that treatment goals
have been achieved. Radiographs should have optimum
geometry obtained by using the paralleling technique and
a beam-aiming device (37).

The radiographs recommendated for endodontic treatment
are shown within Table 2.

THE EDENTULOUS PATIENT

In the absense of any clinical signs or symptoms, there is
no justification for any radiographic examinations unless
implant treatment is planned (38). If implant treatment is
extensive, other more advanced imaging techniques, such as
Computed Tomography (CT) imaging, may well be appro-
priate. Where the clinical examination identifies the posible
presence of an abnormality, such as a possible retained root,
then an intra-oral radiograph of the site is the apropriate
radiographic examination.

REFERRAL CRITERIA FOR DENTAL RADIOLO-
GY:PRIOR TO THIRD MOLARS EXODONTIA,
SIMPLE EXTRACTIONS AND SURGERY

The panoramic radiograph is commonly used to assess third
molars prior to their surgical renoval but this examination does
not need to be carried out at the initial examination (3). Routine
radiography of unerupted third molars is not recommended.
The techniques recommended in the extractions of the third mo-
lar vary depending on the geographic situation of the tooth:
Lower third molar: a panoramic radiograph provides in-
formation about the tooth position, the relationship to the
inferior dental canal and the distance to the lower border. A
periapical radiograph is indicated where there is any ques-
tion of a complex root formation or an intimate relation
between the molar roots and the ID canal (3).

Upper third molar: If the tooth is erupted fully then a
periapical radiograph should be requested in the first ins-
tance, and remember to always check previous radiographs
before requesting new films. Previous radiographs may show
that there are no contralateral third molars present and thus
avoid the need to take a full panoramic radiograph.
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Table 2. Radiographs recommendations carried out in endodontic treatment.

1. Pre-operative radiography: a periapical radiograph provides essential information about pulp and root

canal anatomy that cannot be obtained in any other way.

2. Working length estimation: May need more than one in the case of multi-rooted teeth. Use may be

limited where practitioner has access to latest multifrequency electronic apex locators.

3. Pre-condensation: Only in the case there were there is doubt about the integrity of the apical constriction.

4. Post-operative: At least one post-operative radiograph is necessary to assess the success of the obturation
and to act as a baseline for assessment of apical pathology or healing. The peak incidence of healing and
peak incidence or emerging chronic apical periodontitis are seen at one year after treatment. This suggests
that a one-year follow up radiodiograph may be sufficient for small asymptomatic apical lesions, while

larger periapical radiolucencies should be monitored more frequently (34).

5. Surgical root canal treatment: It is mandatory for surgical endodontic treatment planning.

Table 3. Radiological recommendations indicated prior to dental extrac-
tions.

e A history of previous difficult extractions.

e A clinical suspicion of unusual anatomy

e A medical history placing the patient at special risk if
complications were encountered.

e  Prior to orthodontic extractions.

e  Extraction of teeth or roots impacted, buried or likely to
have a close relationship to anatomical structures).

Table 4. Clinical conditions needed for a radiograph prior to dental extractions.

e Teeth to be surgically removed, including third molars.

e  Partially erupted teeth.

e  Lone standing upper molars.

e  Patients with history of difficult extractions.

e  Retained roots.

e Teeth associated with swelling.

e Clinical suspicion of unusual anatomy.

e A medical history placing the patient at special risk if complications were encountered.

e  Prior to orthodontic extractions.
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Table 5. Radiological recomendations in periodontal disease

Dental radiology in adult patients

It is assumed that a clinical examination has been carried out which has included the basic periodontal examination

(BPE) to screen clinically for periodontal disease. From this, the prescription of radiographs is as follows:

1. Uniform pockets <6mm: Horizontal bitewings.

2. Pockets>6mm: Vetical Bitewings supplemented if necessary with periapical views using the parallelling

technique at sites where alveolar bone is not imaged.

3. Irregular pocketing: Either horizontal or vertical bitewings, supplemented if necessary with periapical

radiographs taken using the parallelling technique are recommended.

4. Pocketing evident and concurrently there is heavily restored dentidion: A panoramic radiograph of optimal
quality may offer a dose advantage over large numbers of intraoral radiographs and may be considered as
an alternative is available. However, in view of the limitations in fine detail on radiographs taken on older

machines, supplementary intraoral radiographs may be necessary for selected site.

indicated.

5. Periodontal/endodontic lesion suspected: Intraoral periapical radiograph using the paralleling technique is

In other surgical situacions, such as apicectomy, root renoval
or enucleation of small cysts, an intra-oral radiograph may
be all that is required for treatment planning.

There is no convincing evidence to support the need for
radiography prior to uncomplicated routine extrabtions
in adults; however, where a radiograph already exists, this
should be referred to before commencing the procedure.
Radiological recomendations for dental extractions are
shown at Table 3 and clinical situations that indicate radio-
logical examination at Table 4.

TRAUMA

For simple dental trauma, intraoral radiography will provide
greater diagnostic detail.

A panoramic radiograph is indispensble when assessing ma-
dibular fractures (39); however, poor panoramic film quality
has been shown to severely affect diagnosis (40). Panoramic
radiography has been shown to necesitate supplementary
radiography in order accurately to diagnose high condylar
fractures (41).

If there is clinical evidence of a bony fracture, it is proba-
bly more appropriate for a dentist to refer the patient for a
complete radiographic examination at the hospital where
treatment wil be performed. Panoramic radigoraphy has a
limited ability to detect mid-facial fractures.

TEMPOROMANDIBULAR JOINT PROBLEMS
The panoramic radiograph shows an image of the
mandibular condyles and is often used as a first choice ima-
ging technique for those patients with TMJ symptoms.

A recent study (42) of patients with TMJ symptoms found
that panoramic radiography provided little or no informa-
tion that influenced diagnosis or patient management in the
majority of cases examined.

The overwhelming majority of patients with symptoms and
signs related to the TMJ region are suffering from myofacial
pain/disfunction or internal disc derangements.
Radiography is not recommended for patients with joint
sounds (‘clicking’) in the absence of other signs or symptoms
(43). Radiographic examination is indicated where there is
recent evidence of progressive pathology (recent trauma,
change in occlusion, madibular shift, sensory or motor
alterations or change in range of movement).

To assess disc position in cases of internal derangement in
which simple treatments have been unsuccessful, it may be
useful to use Magnetic Resonance Imaging.

In the situation where a clinical diagnosis of condylar hyper-
plasia is suspected, it should be necessary to use Computed
Tomography (CT).

PERIODONTAL DISEASE

There is insufficient evidence from research studies to de-
velop robust evidence-based radiographic selection criteria
for periodontal disease. While the panoramic radiograph
can offer a dose advantage over large numbers of intra-
oral radiographs, it may be considered as an alternative
imaging modality, if available. This may be the case when
there are other concurrent problems for which radiography
is indicated (i.e. symptomatic third molars, multiple existing
crowns/heavily restored teeth, and/or multiple endodonti-
cally-treated teeth in a patient new to a practice). The use
of radiography should be view as secondary to a detailed
clinical examination in the diagnosis of periodontal diseases.
Access to previous radiographs may be useful in assessing
the rate of disease progression (5).

Guidelines for the use of dental radiography in periodontal
disease are shown in Table 5.
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SUGGESTED SELECTION CRITERIA FOR PA-
NORAMIC RADIOGRAPHY

The general recommendations are detailed below:

* Where a bony lesion or unerupted tooth is of a size or
position that precludes its complete demostration on intra-
oral radigraphs.

* In the case of a grossly neglected mouth, with signifi-
cant numbers of clinically-determined carious lesions and
periapical pathology, along with established periodontal
disease (other than simple gingivitis) and where there is
pocketting greater than 6 mm in depth.

* For the assessment of wisdom teeth prior to planned
surgical intervention. Routine radiography of unrerupted
third molars is not recommended.

* As a part of an orthodontic assessment where there is
a clinical need to know the state of the dentition and the
presence/absence of teeth. The use of clinical criteria to
select patients rather than routine screening of patients is
essential

* Panoramic radiographs should only be taken in the pre-
sence of specific clinical signs and symptoms. There is no
justification for review panoramic radiography at arbitrary
time intervals

The European Recommendations have been shaped to
reflect the most frequent radiographic practices within
General Dentistry.

CONCLUSION

The main conclusion of this study was to emphasise that ‘All
patients must have a clinical history taken prior to any ra-
diological examination and when radiographs are clinically
indicated, intra-oral radiographs should be considered first
because of their better detail and lower radiation dose”.
Within Spain, it is necessary to change the dentist’s attitude to
the use of ionising radiation. This requires a readjustment to
the new regulations on radiological safety of the patient and
also to reinforce the need for justification for all radiographic
examinations used in dental radiological diagnosis.
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