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Abstract

Dental radiology represents the most frequent diagnostic radiological investigation in the industrialized world,
with over 16 million examinations performed annually in England and Wales alone. Although individual doses
and risks are low in dental radiography, the collective dose is not inconsiderable and many examinations are
performed in younger age groups. Radiation protection of patients in dental radiology is achieved in three
ways: by appropriate selection criteria for patients and equipment, methods of dose limitation and quality
assurance procedures. There is a lack of agreed radiographic selection criteria to guide British dentists and
this may lead to overuse of certain techniques, principally panoramic radiography. In intraoral radiography
the use of fast (E-speed) film and rectangular collimation offer dose reductions of approximately 50% and
60%, respectively. Constant potential X-ray units and rare-earth filtration permit further reductions. In
panoramic and cephalometric radiography, improved collimation offers a simple means of dose limitation,
while doses can be reduced by up to one-eighth by combining the use of constant potential X-ray units,
rare-earth intensifying screens and rare-earth filtration. Lead protection of the abdomen has little relevance
to radiation protection; however, thyroid shielding has some value. Concern has been expressed about the
poor diagnostic quality of radiographs taken in the general dental services. Consequently a quality assurance
programme plays an essential part in dental radiation protection by improving diagnostic yield and limiting

repeat examinations.

Analysis of the statistics of the Dental Practice Board
of England and Wales [1] over the 1980s demonstrates
a steady growth in dental radiology (Figure 1). In 1980
over 11 million dental radiographic examinations were
performed; currently the annual figure is approximately
15 million. These figures are limited to National Health
Service (NHS) general dental practice in England and
Wales, excluding other parts of the kingdom and work
carried out in private practices, hospitals and the
community service. The true figures for the scale of
dental radiology are clearly even greater, but have been
estimated to represent approximately 25% of the total
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annual frequency of all medical X-ray examinations [2].
Dental radiology almost exclusively comprises plain
radiographic examinations, almost 90% of these being
simple bitewing or periapical views [1]. Panoramic radi-
ography is the second most common form of examin-
ation, with the remainder consisting occlusal, oblique
jaw and cephalometric radiography.

Although the numbers of examinations are consider-
able, the radiation doses in dental radiology are individ-
ually very small. In 1983 Wall and Kendall [3] assessed
the weighted dose equivalents for typical dental examin-
ations carried out using standard equipment and facili-
ties at the time. They calculated the weighted dose
equivalent from a single dental intraoral radiograph to
be 10 uSv and that from a panoramic radiographic
examination to be 80 uSv. Such dose levels are a fraction
of annual background and lower than those received in
most medical radiological examinations. Furthermore,
Hughes et al [2] estimated that dental radiology
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Figure 1. Numbers of radiographs (panoramic and all other
types) taken in general dental practice in England and Wales
(1981-1991/2). Data from reference [1].

contributes only a small proportion, around 200 man-
Sv, to the total annual collective dose in the UK. Despite
this, there are still concerns about dose levels in dental
radiology. This is for several reasons. First, unlike
medical radiology, where the benefits from diagnostic
X-ray examinations may be of great significance to the
management of life-threatening conditions, dental radi-
ology is rarely of such immediate and tangible benefit to
patients. Secondly, a high proportion of dental radiogra-
phy is carried out in children and young adults, where
the risks from X-ray exposure may be twice as high [4].
Thirdly, and perhaps most disturbingly, there is con-
siderable evidence that many patients are subjected to
unnecessarily high radiation doses during dental radi-
ography because of unsatisfactory equipment, outdated
techniques and inadequate processing of films in general
dental practice. For example, Hewitt et al [5], reporting
the results of the National Radiological Protection
Board (NRPB) dental monitoring service, stated that for
40% of X-ray sets tested the exposures that were used by
the dentists exceeded the optimum, presumably because
of routine underdevelopment. Allied to the latter point
is the evidence that many dental radiographic examin-
ations result in images of poor or non-diagnostic quality.
Rushton [6], in a small survey of periapical radiography
in Cheshire, found that 44.5% of films were diagnosti-
cally unacceptable due to errors in technique, while
Smith et al [7], in a large survey of panoramic radio-
graphs from general dental practices, found 25.9% were
entirely non-diagnostic. Clearly, in such cases patients
are receiving no benefits from the X-ray examination,
and the exposure and risks are unacceptable.
Radiation risk assessment from dental radiography
was the subject of a recent excellent review by White [8].
The principal risks are those of cancer induction, notably
leukaemia and in susceptible organs in the face and neck
such as the thyroid, parotid glands and oesophagus.
Estimates of risk are usually derived from studies of
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individuals exposed to high doses of radiation, but some
studies [9, 10] have associated previous exposure to
multiple dental radiographic examinations with a higher
incidence of salivary gland and brain tumours.

These points, allied to the scale of use of dental
radiography, mean that the need to keep all exposures
as low as reasonably practicable is as pertinent to dental
as it is to medical radiology. The recent establishment of
a Royal College of Radiologists and NRPB Joint Work-
ing Party on Dental Radiology is evidence of the concern
over radiological practices in dentistry. In this paper the
main methods whereby radiation protection of dental
patients can be achieved are presented.

Selection criteria

It is fundamental to the practice of radiation protec-
tion that all exposures to ionizing radiation should be
clinically justified. Having made the decision to carry out
radiography the clinician may then be faced with a
choice between several imaging techniques. The type of
examination selected should be that which is most likely
to produce a high diagnostic yield of significance to
treatment while exposing the patient to the lowest
practicable dose.

There has been little published work on formalizing
selection criteria for dental radiography in the UK.
However, in the USA the Department of Health and
Human Services established an expert panel to develop
such criteria in 1983. Their work culminated in the
publication of a strategy for radiological management of
patients seeking dental treatment in 1987 [11]. The
American panel approached the challenge by categoriz-
ing patients according to specific clinical situations, type
of visit (new or recall patient), stage of dental develop-
ment and, in the case of dental caries assessment, the
presence of risk factors (e.g. oral hygiene, exposure to
fluoride). This introduces a sensitivity to variations in
patient needs: for example, in the case of caries assess-
ment the criteria accommodate the likelihood that a
bitewing examination in an individual in a “low risk”
group may be indicated only once every 3 years, while
the time interval may be reduced to every 6 months for
a child with “high risk” factors for dental caries.

Inevitably these criteria are appropriate to disease
prevalence and incidence in the USA and are influenced
by previous accepted practice amongst American den-
tists. Thus the detailed recommendations may be inap-
propriate - for adoption in the UK. However, the
philosophy underlying the development of the selection
criteria is commendable and would provide a useful
model for this country.

In the UK efforts to produce radiographic selection
criteria have been made by specialists such as the British
Association of Oral and Maxillofacial Surgeons [12] and
the British Endodontic Society [13] and also by individ-
ual clinicians [14]. Such developments are welcome, but
there is a need to co-ordinate specialist groups and
societies, Royal Colleges and professional associations
to produce selection criteria that are acceptable to the
whole dental profession.
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The steady rise in the numbers of panoramic radio-
graphic examinations has already been referred to.
Dentists working within the NHS are advised by the
Dental Practice Board of England and Wales that: “The
Board are of the opinion that the taking of a panoral
radiograph may be appropriate for the examination of
a patient new to the practice, or for a patient for whom
a comprehensive radiographic examination has not pre-
viously been undertaken at the practice’ [15]. Although
these comments are meant only as guidelines, it is likely
that many dentists will perceive them as “selection
criteria” and routinely carry out panoramic radiography
of any new patient, regardless of clinical indications and
the likely diagnostic yield. “Screening” radiography of
this kind inevitably leads to unnecessary patient
exposure and risk.

The common dental diseases (caries, periodontal
disease and periapical pathology) have been shown to
be visualized more accurately by intraoral (bitewing
and periapical) radiography than by panoramic
radiography [16, 17]. However, one study [18] in the
UK causes particular concern as it demonstrated that
57% of patients had only a panoramic radiograph taken
at their initial examination, and for 50% of these, the
main reason for taking the radiograph was caries
diagnosis.

Some clinicians attempt to justify the use of screening
panoramic radiography on the basis of the detection of
“occult” pathology (lesions not associated with symp-
toms and signs). This stance ignores the prevalence of
lesions, the probability of a lesion arising without signs
or symptoms, the clinical consequences if a lesion went
undetected and, most importantly, the consequences of
detection of a lesion on treatment. The detection of
occult lesions that do not require treatment does not
justify a “screening” examination [11]. Furthermore, the
prevalence of unsuspected lesions of major clinical
significance is extremely low [19].

The Dental Practice Board also advises that “...a
panoral radiograph could be an aid to examin-
ation/diagnosis when considering the need for ortho-
dontic treatment (this normally applying to patients
of 8 or 9 years of age, when they can be expected to
be into the mixed dentition stage)” [15]. The need to
take a panoramic radiograph for an orthodontic
assessment of 8 or 9-year-old patients can be questioned
when it is remembered that orthodontic treatment may
not be carried out until children reach 11-12 years of
age. This often means patients undergo a second
panoramic examination to update the information on
the earlier film. Replacing a practice of screening
panoramic radiography for orthodontic purposes at 8
or 9 years with selective radiography at 11 or 12 years
has been shown by Hintze et al [20] to identify effectively
the vast majority of those in need of orthodontic treat-
ment while excluding those without an orthodontic
problem.

As with all radiological examinations, the use of
panoramic radiography should be based on specific
selection criteria which are likely to result in both a high
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and significant diagnostic yield and the minimization of
unnecessary exposures [16, 21, 22].

Methods of dose reduction
X-ray generation

Until recently, dental X-ray sets in Europe were
manufactured to operate at low kilovoltages, at 50 kV
or even lower. Such X-ray units are associated with high-
surface doses and higher kilovoltage units have been
manufactured as a means of dose reduction. Currently,
British dentists are advised [23] to acquire sets operating
at 70 kV, while Swedish legislation permits a minimum
of 60 kV. This increase in kilovoltage is a simple way of
reducing surface dose. However, the choice of around
70kV as “ideal”, rather than an even higher operating
potential, is made for two main reasons. First, although
surface dose can be reduced by increasing the kilovoltage
of X-ray generation, it is an unreliable indicator of total
absorbed dose [24]. Wall et al [25] found lower values for
integrated dose in the head and neck at 45kV than at
65 kV, reflecting the increased deep penetration associ-
ated with higher energy beams. Furthermore, increasing
the kilovoltage far beyond 70 kV would result in a beam
spectrum ill-matched to the optimal sensitivity [26, 27] of
dental non-screen film. While dose is important, so is the
diagnostic quality of the image. High contrast images
associated with lower kilovoltages are most appropriate
for dental caries diagnosis [28-31], while the lower
contrast found with 80kV X-ray sets is said to offer
superior visualization of the thin bone of the alveolar
crest in imaging for periodontal disease [32, 33]. Overall,
the 70 kV sets currently advocated in British guidelines
[23] to dentists probably represent the most reasonable
compromise choice in terms of limiting dose and all-
round diagnostic efficacy.

Until relatively recently, all dental X-ray sets were
fixed kilovoltage, half-wave self-rectified units with sinu-
soidal potentials giving pulses of X-ray production
synchronous with AC mains supply. However, in ad-
dition, because the effective kilovoltage in the X-ray
tube is usually lower than the stated kilovoltage, the
X-ray beam contains a proportionately high level of low
energy, “soft” X-rays. Recently, constant potential or
“DC” X-ray sets, such as the Intrex (Keystone X-ray
Inc., Neptune, NJ, USA), the Minray (Soredex Orion
Corporation, Helsinki, Finland), the Heliodent MD
(Siemens, Sunbury-on Thames, UK) and the Phot-X
(Takara Belmont Co. Ltd., Osaka, Japan) have been
developed for dental work. Several panoramic X-ray
units are also manufactured with this mode of X-ray
generation. The constant potential across the X-ray tube
results in a proportionately smaller. level of low energy
X-rays. In addition, McDavid et al [34] showed that the
average X-ray energies from the Intrex are in the range
37.5-40 keV, corresponding fairly well to the optimum
spectral sensitivity of dental non-screen film determined
by Richards et al [26] and by MacDonald et al [27].
Consequently, dose reductions for dental and panoramic
radiology are to be anticipated with the use of DC
generators. This has been confirmed for intraoral
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radiography by McDavid et al [34], who found that skin
doses could be reduced by about 25% using the Intrex.
Good image contrast is essential for radiographic caries
diagnosis, but unfortunately the use of constant poten-
tial X-ray sets results in a loss of contrast. However, the

- latter was shown not to be of practical significance [35].
For panoramic radiography, Stenstrom and colleagues
[36] demonstrated that the Orthopantomograph Model
OP10 (Siemens, Sunbury-on-Thames, UK), which incor-
porates a constant potential generator, was associated
with a reduction in energy imparted of one-half com-
pared with the same manufacturer’s Model OPS5 using a
conventional generator.

Filtration

Ideally the diagnostic X-ray beam should be matched
in energy range with the optimal spectral sensitivity of
the image receptor used. The optimal sensitivity of
dental film is in the 35-55 keV range [26], with a peak
sensitivity of 4045 keV for E-speed film [27]. An ideal
X-ray filter would tailor the X-ray beam to remove not
only the “soft” X-rays but also those photons whose
energy is outside the optimal sensitivity range of the film.
Rare-earth materials can act in this fashion by virtue of
their K-shell absorption edge on their photoelectric
absorption curve. The role of rare-earth filters in general
radiology has been questioned by Koedooder -and
Venema [37] and Nagel [38], who found that conven-
tional filters can achieve similar levels of dose limitation
at a lower cost. However, Nagel [38] did express the view
that K-edge filters did offer advantages “when imaging
thin objects, i.e. in dental radiology”. There is a large
dental literature on rare-earth filtration, the interpret-
ation of which is limited by the problems of correlating
studies having different methodologies: a variety of
rare-earth materials and different thicknesses of filter
have been used; sometimes the filter material was added
to the conventional aluminium filter and sometimes it
was an alternative to it; different kilovoltage X-ray
generators are used, etc. Nevertheless, most show that
significant dose reductions can be achieved with rare-
earth filtration, mostly without a deleterious effect on
image contrast. This has led to some vigorous marketing
of filters, such as the Niobi-X niobium filter (Rad/Red
Laboratories Inc., Toronto, Canada). The cost of these
rare-earth materials is a real barrier to their widespread
use. White and Gratt [39], while demonstrating the
efficacy of this material as a means of dose reduction,
questioned its cost/benefit. However, Kodak now pro-
duce a cheap means of rare-earth filtration for dentists
in the form of a piece of intensifying screen, which can
be cut-to-size to fit most dental sets. This is primarily
manufactured to make it possible for dentists using
X-ray sets with timers that are inaccurate at very short
exposure times to use fast film. Nevertheless, it also
appears to be an effective means of dose reduction: Kapa
et al [40] showed that a piece of Lanex screen used as
additional filtration can reduce skin exposure by 50%
while still permitting diagnostically acceptable images.
Similar levels of dose reduction have been reported for
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panoramic radiography [41] and for cephalometric radi-
ography [42].

Collimation

Traditionally, round collimation is used for intraoral
radiography. Current statutory guidelines set a maxi-
mum diameter beam of 6 cm. However, a circular beam
of this size is 135% larger in area than a conventional
dental film packet (3 cm x 4 cm), indicating an obvious
way of reducing patient dose. Rectangular collimation
can be achieved using either a suitably shaped collimator
cone on the X-ray set or a film holder incorporating
a steel plate with an appropriately sized window
(Figure 2). Various workers have estimated that rec-
tangular collimation can achieve dose reductions exceed-
ing 60% in dental radiography [43—48], the variation in
dose reduction reflecting whether the comparison is
made with a 7.5cm or a 6 cm round beam. Despite the
fact that this method of dose reduction is simple, very
few dentists use it. This is for two reasons. Few manufac-
turers offer rectangular collimation; those that do simply
offer it as an alternative to the conventional round beam.
Secondly, its use necessitates the use of film holders to
avoid “‘coning off” the film. Few dentists routinely use
film holders, either because of ignorance of their exist-
ence or a reluctance to pay for them. The widespread use
of rectangular collimation is unlikely to be achieved
except by a marked improvement in postgraduate and
undergraduate “hands-on” radiological teaching.

Panoramic radiography was originally designed as a
means of examining the whole of the mandible, maxilla
and their respective dentitions. However, the area radio-
graphed is frequently far in excess of that of diagnostic
interest. Dentists had no facility for reducing the field
irradiated. However, several machines now offer

Figure 2. Film holder (Rinn Corporation, Elgin, Illinois) incor-
porating a rectangular collimator.
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Figure 3. Temporomandibular joint images produced on the Cranex DC3 panoramic using programmed field-size trimming.
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Figure 4. Lateral cephalometric radiograph of the head carried
out using a wedge-shaped collimator. This limits the area
irradiated to that required for cephalometric tracing and
analysis.
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programmed field-size trimming as a means of reducing
patient dose. Both the Cranex DC3 (Soredex Orion
Corporation, Helsinki, Finland) and the Planmeca
2002CC (Planmeca, Helsinki, Finland) have a child
imaging mode, which reduces the exposed area in the
vertical plane by 27%. The latter machine also has a
mechanically driven horizontal collimator so that the
total reduction in field size is 45%. The Orthoralix
(Philips, London, UK) has a “dentition-only” mode
offering similar reductions in the exposed area. Some
units offer more sophisticated programmes to permit
imaging of individual jaw segments and temporo-
mandibular joints (Figure 3). In a recent study,
Lecomber and Faulkner [49] reported that by using a
field size programme on the Orthophos X-ray unit
(Siemens, Bensheim, Germany) limited to the toothbear-
ing regions of the jaws, effective dose could be reduced
by more than 50%. Such facilities offer a simple way of
reducing dose and the purchase of machines with these
facilities should be encouraged.

Cephalometry traditionally produces images of the
entire head and much of the cervical spine. However, the
area of interest to orthodontists usually stops at the level
of the base of the skull. This anomalous situation was
addressed by the Joint Working Party of the British
Society for the Study of Orthodontics and the British
Society of Dental and Maxillofacial Radiology [50].
They recommended a simple wedge collimation to ex-
clude the unwanted regions from irradiation (Figure 4).
This system has been adopted in many hospitals, but its
widespread introduction has been hindered by the failure
of manufacturers of cephalometric equipment to include
this form of collimation as standard. Soft-tissue profile
enhancement using wedge filters is usual on lateral
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cephalometric radiographs. Some dose reduction can be
included by placing the filter between the patient and the
X-ray source rather than on the cassette.

The image receptor

For intraoral radiography, the standard method of
recording the image has, since 1919, been machine-
wrapped non-screen film. There have been steady im-
provements in film speed over the years and E-speed
represents the current fastest film available. An even
faster, F-speed film, Dentus M4 (Agfa-Gevaert,
Antwerp, Belgium), was recently introduced but sub-
sequently withdrawn, possibly because of its reduced
diagnostic accuracy for approximal caries diagnosis [51].

E-speed film requires about 50% less exposure than its
predecessor to achieve the same optical density, a differ-
ence that Kaffe et al [52] showed to be consistent over
the range of kilovoltages commonly used on dental
X-ray sets. Despite this film being introduced in 1981,
it is still used by a minority of dentists [53,54]. This may
be for several reasons. First, both D and E speed
continue to be marketed and “brand loyalty”” may play
a part in a resistance to change. Secondly, many older
dental sets are not fitted with timers capable of the short
exposure times required with E-speed film, although
Ponce et al [55] pointed out that extra filtration could be
used to avoid this problem. Finally, E-speed film has a
lower contrast and higher fog level than D-speed film
[56-58]. In addition, some workers report an increased
“graininess” of images with E-speed film [57,59]. Poor
quality clinical images with E-speed film probably result
from less than ideal storage and processing conditions.
This, in turn, may contribute to the disappointingly slow
conversion to E-speed film among clinicians. However,
a large literature comparing film speeds for a range of
applications has demonstrated no significant loss in
diagnostic quality [31,59-67]. The use of E-speed film
costs no more than D-speed film and thus offers the most
cost-effective means of dose reduction in dental radi-
ography. Consequently, the statement of Gibbs et al [68]
that ““the use of D-speed film can no longer be justified”
is undeniable. However, successful change to the faster
film depends on careful attention to storage, film hand-
ling and processing.

Until recently the availability of alternative image
receptors for intraoral radiography was extremely
limited. Despite favourable early experience with dental
xeroradiography, which offered wide exposure latitude
and edge enhancement, the system is no longer marketed
commercially. The use of screen—film combinations for
intraoral work has never gone beyond the research
stages. However, the past 5 years have seen a very real
challenge to non-screen film. Direct digital intraoral
radiographic systems, using charge-coupled devices, are
now marketed by four companies. Such systems have
still be evaluated fully and compared. However, they
offer the potential of substantial dose reduction. Radio-
VisioGraphy (Trophy Radiologie, Vincennes), the first
commercially available system (Fig—ure 5), was shown to
require only 41% of the exposure required for conven-
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Figure 5. The RadioVisioGraphy system for direct digital dental
imaging. The system consists of an intraoral charge-coupled
device sensor and a processing unit with monitor.

tional radiography using E-speed film [69,70]. A more
recently developed system, the Sens-a-ray (Regam Medi-
cal Systems, Sundsvall, Sweden), gave speed values of
over three times that of E-speed emulsion [71]. Currently
the limitation of the systems available is sensor size,
which is smaller than that of a dental film packet. Thus
more than one exposure may be required to cover the
anatomical area imaged using a single conventional film
and, unless strict collimation is used, the dose advantage
of digital systems may be lost. Furthermore, problems
with positioning sensors have been reported as leading
to a high reject rate [69)]. Nevertheless, it seems likely that
in due course digital systems will displace film as the
standard image receptor for intraoral imaging.

The introduction of rare-earth film-screen combi-
nations has been shown to give dose reductions of
around 50% for panoramic and cephalometric radiology
[72,73] with Lanex regular screen in combination with
T-Mat-L being the receptor of choice for the latter
[42,73].

Lead shielding

The use of lead aprons in dental radiography is
commonplace. Despite the extremely small gonadal dose
associated with dental radiography, the use of lead
aprons has been recommended on the grounds of patient
reassurance. However, it has been shown that gonadal
doses are not significantly different in dental radiogra-
phy with and without a lead apron [74]. In contrast, the
thyroid gland, one of the more radiosensitive organs in
the head and neck region, is frequently exposed to
scattered radiation and occasionally to primary beam
during dental radiography. Thyroid shielding reduces
dose to this organ by about half [48]. However, it is
probable that rectangular collimation for intraoral radi-
ography offers similar levels of thyroid protection to lead
shielding, in addition to its other dose reducing effects.
Clearly, lead protection is of relatively low importance
in radiation protection for dental radiology. Thyroid
shielding is inappropriate for panoramic radiography
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because of the well-collimated beam and its direction; for
cephalometric radiography additional shields may be of
use where the beam collimation does not exclude the
thyroid.

Quality assurance

Studies in both the USA and Europe consistently
report that many dental radiological examinations result
in poor quality or non-diagnostic images, because of
both poor radiographic technique and inadequate pro-
cessing [6,7,75-79]. Efforts at reducing dose by such
methods as increased film speed and collimation are
ineffective if examinations are subsequently performed
to an unacceptable standard. Thus quality assurance
programmes form an essential component of radiation
protection in dental radiology.

Summary

Wall and Kendall [3] estimated the effective dose
equivalent for an intraoral radiograph to be 10 #Sv. The
use of fast film and rectangular collimation can reduce
this to around 2 uSv. Constant potential generators,
rare-earth filters and digital systems will offer further
reductions. In panoramic radiology, Wall and Kendall
[3] estimated the effective dose equivalent to be 80 uSv.
By using constant potential generators, rare-earth
screen—film combinations and rare-earth filtration, this
can be reduced by up to one-eighth, with field size
trimming offering further reductions. Similar levels of
dose reduction are achievable with cephalometric radi-
ology by introducing rare-earth screen—film combi-
nations and strict collimation. However, it is evident that
the introduction of radiographic selection criteria and
quality assurance programmes will themselves make an
essential contribution to achieving optimal radiation
protection in dental radiology.
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