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Glossary

Introduction

Technological improvement in diagnostic imaging tech-
niques and equipment has recently led to a great qualitative
and quantitative improvement.

Dental imaging has dramatically changed over the last fif-
teen years, in particular in the field of oral surgery and pae-
diatric dentistry. In both these specialties, scientific evidence
has increased, highlighting the need for guidelines concerning
radiation dose justification and optimisation in dental imaging.

As a matter of fact, several scientific articles and com-
munications on dose issues in dental imaging increased,
with particular focus on applied physics in medicine. In
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this sense, interest also arose in the international scientific
community, leading to publication of guidelines by several
institutions and societies (1, 2, 3, 4, 5, 6).

Among the campaigns for oral health promotion, in 2016
the National Department of Health decided to prepare guide-
lines on dental diagnostic imaging procedures in children
and adolescents.

Therefore, a dedicated workgroup was created under the
coordination of Prof. Laura Strohmenger, member of the
W.H.O. Collaborating Centre for Epidemiology and Com-
munity Dentistry.
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This document aims to support the dental professional in
choosing the adequate diagnostic technique, minimising the
radiation dose in observance of the As Low As Reasonably
Achievable (ALARA) principle (7). This principle states that
the biological cost can only be justified when the benefit, that is,
the diagnosis, outweighs the risk related to radiation exposure.

In this guideline paper, we report recommendations for
radiologists, medical physicists, paediatrician, dentists and
maxillofacial surgeons, with reference to the specific fields.

The diagnostic techniques considered in this paper are
intraoral X-ray, orthopantomography (OPT), cephalometric
(Ceph) x-ray and cone beam computed tomography (CBCT).

This work considers the Methodological Manual for
National Guidelines System (2011), titled “How to produce,
spread, and update Public Health Guidelines”.

Bibliographical research

A systematic analysis of existing literature was carried out
using PubMed, Embase and The Cochrane Library data-
bases, with the following restrictions:

Publication date: From 2006/2004 to 2016/2004;
Species: Humans;

Age: Child: birth—18 years;

Language: English;

Article type: Guideline, Systematic Review.

When research did not produce exhaustive results, anal-
ysis was extended to non-systematic reviews and to ran-
domised clinical trials.

Research was carried out by identifying specific Medi-
cal Subject Headings (MeSH) terms, checked on the
NLM (National Library of Medicine) thesaurus and used
for research, both individually and in mutual association,
depending on their specificity with regard to the argument
of the MeSH employed (Table 1a).

Terms were associated through Boolean operators (AND
and OR).

Table 1a. Medical Subject Headings used for bibliographical research

From the identified publications, 185 articles and 7 web
pages were selected, whose references are reported in this
document.

For evaluation of the gathered documents, we used
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses), one of the tools suggested by the Meth-
odological Manual of the 2011 National Guidelines Sys-
tem “How to produce, disseminate and update public health
guidelines”.
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Recommendations

These guidelines are based on the available scientific data,
analysed based on the purpose of this document and on the
participants’ skills.

Radiological field Patient field Radiation protection Diagnostics field

field
Dental radiology Child* Dose* Periodontal disease
Dental radiography Adolescent Optimisation Dental decay
Dental Cone Beam Paediatric Optimised Dental trauma
Dental CBCT AND Age AND Radiation protection AND Orthodontic conditions
Intraoral Jaw fracture
Panoramic Dental anomalies
Cephalometer*
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Strong recommendations are based on the available high-
quality data from Guidelines and Systematic Reviews by
meta-analysis.

Weak recommendations come from expert opinions and
scientific data from lower evidence hierarchy.

Clinical options represent situations for which finding ele-
ments in favor or against was impossible.

Hierarchy of evidence and strength of recommendations
were classified according to the instructions of the National
Guidelines Plan:

Hierarchy of evidence

I Evidence from several controlled randomised clinical
studies and/or from the systematic review of ran-
domised studies, or from International Guidelines

1I Evidence from one single randomised study of suitable
design
111 Evidence from non-randomised cohort studies with com-

petitor or historical control, or their metanalysis

v Evidence from retrospective studies such as case—control
or their metanalysis

\Y Evidence from series of case studies, without control
group

VI Evidence based on the opinion of authoritative experts

or of expert committees, as indicated in the guidelines,
or consensus conferences, or based on the opinions of
members of this workgroup in charge of drawing the
present guidelines

Strength of recommendations

A Execution of that particular procedure is strongly
recommended. It indicates a recommendation
backed up by good-quality scientific evidence, even
if not necessarily of type I or I

B It is questionable whether that particular procedure
or operation should always be recommended, but it
should be carefully considered

C There is substantial uncertainty in favour of or
against the recommendation to carry out the proce-
dure or operation

D Execution of the procedure is not recommended

E It is strongly advised not to perform the procedure

Current regulations

Safeguarding the health of patients and other members of
the population from medical ionising radiation bound risks
is currently governed in Italy by Legislative Decree 187/00
and subsequent additions and modifications.

In this decree, the fundamental principles of radiation
protection for justification and optimisation take the form of
a regulatory constraint, with penalties for non-compliance.

@ Springer

In particular, Art. 3, sub-paragraph 2 states that: “a) all
new types of practices involving medical exposure must be
preliminarily justified before being generally adopted; b)
existing types of practices involving medical exposure may
be reviewed every time new and relevant evidence concern-
ing their efficacy is acquired”.

It is therefore clear that justification is an ever evolving
conceptual and regulatory process, especially consider-
ing the spreading of new technologies, such as cone beam
computed tomography (CBCT), which leads to an evolu-
tion in diagnostic information access. For these appliances,
the Italian Ministry of Health drew the “Recommendations
for the correct use of CBCT equipment” (Official Bulletin
No 124 of 29/05/2010 http://www.gazzettaufficiale.it/eli/
id/2010/05/29/10A06042/sg).

Art. 4 “Principle of optimisation” introduces the diag-
nostic reference levels (DRL) with the aim of providing a
working tool to guarantee an optimisation process standardi-
sation for the most common radiological practices. These are
easily measureable dose-level thresholds that should never
be exceeded in normal examination of average build patient
groups, and for well-defined appliances and techniques. In
the field of dental radiological imaging, there are currently
no defined DRLs in Italy, whereas some DRL values defined
in other countries will be illustrated in a dedicated section
of this document.

Specific aspects regarding apparatuses are featured in
Art. 8, including the obligation to define quality assurance
programmes, to make acceptance and performance tests,
and for the head of radiological equipment to state their
clinical adequacy. All these aspects are particularly signifi-
cant in the context of “special practices” defined by Art.
9, meaning medical exposures concerning children, screen-
ing programmes and techniques involving high doses for
the patient, such as interventional radiology and computed
tomography. So, within the context of these guidelines pur-
pose, it is highlighted that all dental radiological practices
involving exposure of paediatric patients must be considered
as special practices, in accordance with the above-mentioned
Art. 9. All provisions of the latter article must therefore be
adhered to, including periodic dosimetric assessments by a
medical physics expert, based on which the head of radio-
logical equipment shall judge the technical service quality
and the diagnostic procedure.

Generally, in the current regulatory framework and in
particular with regard to the implementation modes, the
European Guidelines on radiation protection must be taken
into consideration. Among these, we point out:

e “European guidelines on radiation protection in dental
radiology—No 136” [1]


http://www.gazzettaufficiale.it/eli/id/2010/05/29/10A06042/sg
http://www.gazzettaufficiale.it/eli/id/2010/05/29/10A06042/sg
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e “Criteria for acceptability of medical radiological equip-
ment used in diagnostic radiology, nuclear medicine and
radiotherapy—No 162 [2]

e “Cone beam CT for dental and maxillofacial radiology—
No 1727 [3]

Moreover, the reference technical regulations defined by
the Italian Electrotechnical Committee are of fundamen-
tal importance in verifying the equipment technical fea-
tures. In the field of dental radiology, the following may be
considered:

e JEC EN 60601-2-63 “Medical electrical equipment Part
2: Particular requirements for the basic safety and essen-
tial performance of dental extra-oral X-ray equipment”
(4]

e JEC EN 60601-2-65 “IEC Classification: 62-235 Medi-
cal electrical equipment Part 2: Particular requirements
for the basic safety and essential performance of intraoral
dental X-ray equipment” [5]

Updating

These guidelines will be updated also following transposi-
tion of Directive 2013/59/Euratom and every 4 years, unless
the basis of the evidence should change earlier, thus making
these recommendations obsolete or in need of upgrading.

Monitoring

Efficacy of these guidelines will be assessed over time, by
measuring the variations in certain clinical indicators, as
described by the World Health Organisation.

Considerations on radiological risks
and containment strategies in X-ray
examinations

What are the risks associated with diagnostic
radiological dental examinations
during development?

Radiological diagnosis in dentistry is based mainly on
intraoral radiography, orthopantomography, computed
tomography (CT) and, more recently, cone beam CT. All
these methods use X-rays and thus ionising radiation that
may interact at a cellular level.

When ionising radiation passes through a cell, there may
be ionisations of atoms in the molecules that constitute the

cell itself. These ionisation phenomena may lead to molecu-
lar damage of varying degree depending on the type and
quantity of radiation, and the characteristics of the cell itself.
The cellular structure most sensitive to ionising radiation is
the DNA, which may be damaged following exposure to ion-
ising radiation. Damage to the DNA may be entirely repaired
by means of complex mechanisms; it may be irreparable,
with consequent cellular death; or it may be partially repair-
able with the consequent appearance of a genetic mutation.
This mutation could be the primum movens of a complex
series of events potentially resulting in carcinogenesis or, in
the case of the involvement of germ cells, causing hereditary
diseases in the radiated persons’ progeny.

The biological effects of ionising radiation may be
grouped in deterministic effects and stochastic effects.

Deterministic effects are caused by exposure to ionising
radiation doses that are far higher than those used in radio-
logical diagnostics, occurring only if specific threshold val-
ues are exceeded and with a gravity that increases with an
increase in the absorbed dose. They are caused by cellular
death and may manifest themselves in pancytopenia, alope-
cia, sterility, burns, pneumonia and serious gastrointestinal
disturbances, with possible death of the radiated person.

Stochastic effects are caused by radiation doses lower
than those required for the manifestation of deterministic
effects and are due to non-lethal and unrepaired cells dam-
age that may become manifest with a variable latency, even
of several years.

For the purposes of radiation protection, the accepted
assumption is that there is a linear relationship between
risk and radiation dose, and that there is no threshold value
below which risk is zero. On the basis of this assumption,
the risk associated with the execution of specific radiologi-
cal examinations may be estimated. At present, however, the
form of relationship between low doses of ionising radia-
tion—such as those used in radiological imaging—and the
manifestation of stochastic effects is not clear. It may indeed
be the case that the risk is lower than that estimated using the
above-mentioned linear no-threshold model. In the absence
of certainty in this regard, a prudential approach is preferred
to ensure that the dose of radiation employed for radiological
diagnostics is the minimum indispensable for producing an
image of adequate diagnostic quality.

The absorbed dose for ionising radiation may be defined
as the quantity of energy deposited in the exposed tissues
or organs. It is measured in gray (Gy), where 1 Gy is equal
to one joule of energy absorbed by a one kg mass of tissue.
The Gray is a very large unit of measurement in diagnostic
imaging so it is therefore more practical to use the milliGray
as unit of measurement, corresponding to one thousandth
of a Gray.

@ Springer
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The risks due to exposure to different types of ionising
radiation may be compared in terms of equivalent dose. The
equivalent dose for a given type of radiation is defined by
using (i.e. multiplying the absorbed dose by) a weighting
factor specific to that type of radiation, which in the case of
X- and gamma-rays is equal to 1, and can be higher for other
types of ionising radiation.

The effective dose is the weighted sum of the equivalent
dose in a series of tissues or organs, using weighting factors
specific to each of the tissues on the basis of their suscep-
tibility to the onset of radio-induced cancers. The concept
of effective dose is a tool for both occupational and gen-
eral population radiation protection. It may be used for the
comparison of doses originating from different diagnostic
examinations and interventional procedures. Moreover, the
effective dose allows comparison of doses resulting from
different techniques employed for the same medical exami-
nation and/or comparison of doses resulting from similar
procedures carried out in several institutions. The effective
dose is not, however, conceived to give an accurate esti-
mate of the risk associated with a given radiation exposure
for a single individual The organs dose—both in terms of
absorbed dose and of equivalent dose—appears to be more
appropriate for the assessment of individual risk.

The risk of developing a malignant neoplasm during
one’s lifetime is around 42% (i.e. in the course of their life-
time almost one out of every two people will suffer a malign
neoplasm). This is the so-called lifetime baseline risk (LBR).
The additional risk of developing a malignant tumour fol-
lowing exposure to ionising radiation is known as “lifetime
attributable risk” (LAR). The LAR is correlated with sex
and age at time of exposure and is calculated on the basis of
risk models drawn from epidemiological studies carried out
with survivors of the bombing of Hiroshima and Nagasaki,
supplemented with data on individuals exposed to ionising
radiation for clinical or professional reasons.

On the basis of the risk assessment model proposed
by the National Academy of Sciences in the report “Bio-
logical Effects of Ionizing Radiation VII” (BEIR VII),
exposure to 1 mSv (the average national per capita dose
originating from execution of diagnostic procedures for
adults) involves a LAR of developing a tumour equal
to 5 cases per 100.000 adults. With risk depending on
age, it diminishes to 1-2 cases per 100.000 for people
over 60 and increases to 10-15 cases per 100.000 for
children. It follows that the risk must always be kept in
mind, especially in the case of using radiological proce-
dures that expose patients to high doses of radiation, this
being justifiable only when there is a clear benefit to the
patient deriving from execution of the procedure itself.

@ Springer

Radiological diagnostic procedures typically involve an
exposure of less than 1 mSv, though CT examinations may
involve exposure to doses of several mSv. For radiologi-
cal procedures in the dental field, the scientific reference
literature consistently reports the values of effective dose
and equivalent dose to be at levels of microSieverts (uSv),
where one uSv is equal to one thousandth of an mSv. In
the context of CBCT procedures in dentistry during the
developmental years, Ludlow’s recent review [1] provides
a metanalysis of assessments of effective doses with pae-
diatric protocols and phantoms, derived from the use of
10 different apparatuses. The assessments are subdivided
into those deriving involving the use of a medium or large
field of view (height greater than 10 cm) or small field of
view (height less than 10 cm) for maxillary bone and for
mandible. Table 1 shows the median values and the mini-
mum—maximum ranges of the main dosimetric quantities.
Figures 1 and 2 illustrate the box-and-whisker plots of the
distributions of values, also with indication of the inter-
quartile range. Ludlow underscores that the effective dose
assessed using paediatric simulation phantoms with CBCT
apparatuses is around 36% greater than that found with
adult phantoms, an increase to be correlated mainly with
the greater proximity of the thyroid to the inferior margin
of the jaw in children, with the consequence of a greater
irradiation, both direct and as scatter from the maxillary
structures. The consideration on greater closeness to the
irradiation zone is also valid for the nerve structures.

The magnitude and the wide range of variabilities of
the values shown underline the importance of an attentive
assessment of clinical justification prior to exposing paedi-
atric patients to a CBCT examination, and of the optimisa-
tion criteria that allow positioning in the low part of the
distributions shown, aspects which will be widely recalled
in the various recommendations in these guidelines.

Table 1. Median values of effective dose, thyroid and salivary glands
doses for a range of CBCT equipments and protocols employed on
paediatric simulation phantoms [1]

FOV Effective dose Dose to thyroid Dose to salivary
glands
Small maxillary 44 227 1930
bone (16-177) (53-575) (438—4974)
Small jaw 80 659 1654
(24-331) (327-3382) (404-5937)
Medium or 127 1003 2045
large (39—430) (384—4265) (531-6622)

The values in brackets are the minimum—maximum range.
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Fig. 1: Effective dose distributions for the range of equipment used
for CBCT examinations of paediatric patients in [1].
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Fig. 2: Distributions of equivalent dose to thyroid and salivary for
the range of equipments used for CBCT examinations of paediatric
patients in [1].

What is(are) the meaning(s) of the dosimetric
quantities and of the patient dose indicators?

With a view to supplying operators with an operational
indication of the ionising radiation exposure for every

examination carried out, dose indicators for the patient
have been defined, specific to the different radiological
methodologies. Unlike the dose absorbed by the organs or
the effective dose, which require a complex assessment pro-
cedure, these can be easily measured with an instrument
integrated into the radiological apparatus or calculated from
the exposure parameters (e.g. voltage, anodic current, acqui-
sition time, X-ray beam dimension) so their value may be
visualised immediately at the end of the examination. If the
assessment is carried out by calculation, the value is avail-
able at the same time as the choice of protocol, even before
acquisition. These indicators are defined by scientific bodies
in the radiology and medical physics sector, and their adop-
tion is rendered operational through the reference technical
regulations. The availability of such dosimetric indicators
makes it feasible to carry out multicentric data gathering
that, with appropriate statistical analyses, can be used to
define diagnostic reference levels.

The obligation to have this dose indication available is
prescribed by the Italian regulations 187/00 in article 8, sub-
paragraph 8: “In the case of utilisation of a newly installed
radiodiagnostic equipment, this must be equipped, if feasi-
ble, with a device that informs the specialist about the quan-
tity of ionised radiation produced by the device during the
radiological procedure”. The latest European directive on
the subject of protection from ionising radiation (2013/59/
Euratom), currently being integrated into the national regu-
lations, confirms this obligation and, moreover, prescribes
the recording of the pertinent parameters for assessment of
the dose to the patient for each examination. The new direc-
tive further prescribes that the information regarding the
patient’s exposure should be part of the medical-radiological
procedure report.

The table below shows the dose indicators used in the
dental radiology field:

Table 2. Indicators of doses used in the various apparatuses for dental radiology

Magnitude Unit of measurement Apparatus on which used  Definition

normally used

Air kerma (K,;,) mGy Intraoral Air kerma value measured in correspondence to the

or entrance of the beam into patient

Entrance skin air kerma (ESAK)

Entrance skin dose (ESD) mGy Cephalometry unit Dose value resulting from product of air kerma and
backscatter factor measured in correspondence to
entrance of beam into patient

Dose area product (DAP) mGy cm Intraoral, Product of the area of a radiological beam section

or orthopantomograph, ceph-  and the average air kerma on that section

Kerma area product (KAP) alometry unit, CBCT

Computed tomography dose index mGy Multislice CT Computed tomography dose index. See [2] for a

(CTDI)

more complete definition

@ Springer
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Kerma (Kinetic Energy Released per unit Mass) means
the kinetic energy transferred by the X photons to the
charged particles of the irradiated material: for the x-ray
energies used in radiodiagnostics, its air value coincides
with the value of the dose, and therefore, the two terms may
be used in an equivalent manner. The ESAK (Entrance Skin
Air Kerma) for an intraoral apparatus therefore corresponds
to the air dose assessed on the axis of the beam at the exit
of the cylinder and is a quantity directly proportional to the
duration of exposure and to the intensity of the anodic cur-
rent. The ESD (Entrance Skin Dose) is used for the diagnos-
tic reference levels of the most common projections of radio-
diagnostics (Enclosure II Italian Legislative Decree 187/00),
and its value corresponds to that of the air kerma multiplied
by a “backscatter factor” which takes backscattered radia-
tion into consideration and which typically assumes values
between 1.3 and 1.4. The DAP (Dose Area Product) takes
into account of both the intensity of the beam and its dimen-
sions, and its assessment does not depend on the distance
from the source for which it is evaluated. The quantity CTDI
(Computed Tomography Dose Index) is used for CT equip-
ment, and until a few years, ago was also used for CBCT, but
for the latter it has now been replaced by DAP.

In the field of intraoral equipment, the standard IEC
EN 60601-2-65 [3] prescribes that newly installed devices
should supply the air kerma value at a pre-established dis-
tance. It is, moreover, required that the apparatus documen-
tation should include a method for calculating DAP on the
basis of the air kerma and of the size of the radiation beam.

Standard IEC EN 60601-2-63 [4] concerning the essen-
tial capacities of extraoral X-ray dental equipment (there-
fore orthopantomographs and CBCT) prescribes that these
devices should indicate the DAP. In the European guide-
lines [5] as well, indication of the DAP is required for all
protocols and the variations in selectable parameters on
each CBCT equipment. Where these data are not available
on already installed devices, the medical physics expert in
charge of dosimetry must measure and tabulate them in such
a way that the clinician can take account of these indicators
in the choice of the protocols to use. In the case of availabil-
ity of these data, the medical physics expert must check their
accuracy, with a maximum acceptable tolerance of 50%.

What are the typical dose indicator values
given in the literature for the various examinations?

In the absence of diagnostic reference levels defined at Euro-
pean or national level, the dosimetric indicators presented
in the previous paragraph and available with newly installed
radiological equipment may be compared with the values
published in the literature. The values given in the following

@ Springer

tables refer to a bibliographical research carried out on stud-
ies published from the year 2000 onwards.

As for intraoral apparatuses, three multicentric data col-
lections have been identified that focus on statistical analysis
of dosimetric indicators in the utilisation of parameters for
paediatric patients.

Table 3. Values of dose indicators in the literature for intraoral appara-
tuses used with paediatric patients

Reference Mag- Data Typology of datum
nitude
utilised

Hart 2009 [6] ESAK 1.5 mGy Paediatric diagnos-

tic reference level
resulting from data
analysis of 3000
centres in Great
Britain
Differentiated
for the various
projections from

Looe 2006 [7] DAP Average values
resulting from

analysis of 52 cen-

14.4 mGy cm? tres in Germany,
for incisors to considering only
40.9 mGy cm? equipment with
for molars dedicated paediat-

ric protocols

Bekas 2013 [8] ESD From 0.69 to
0.84 mGy
depending on
projection con-
sidered

Average values from
analysis of 72
centres in Poland,
considering paedi-
atric protocols

With regard to orthopantomographs, the data deriving
from studies published between 2004 and 2014 show DAP
values from 77 to 96 mGy cm?”. Guidelines RP162 [9], with
reference to minimum criteria of acceptability for radiologi-
cal apparatuses, consider unacceptable in any case a DAP for
a panoramic radiography greater than 100 mGy cm?, even
for adult patients.

Table 4. Values of dose indicators in the literature for orthopantomo-
graphs used with paediatric patients

Reference Mag- Data Typology of datum
nitude
utilised
Kim 2014 [10] DAP 95.9 mGy cm? Value identified as
third quartile of
distribution data
of 28 Korean
centres
Hart 2009 [6] DAP 82 mGy cm? Diagnostic refer-

ence level result-
ing from data
analysis of 3000
centres in Great
Britain
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Reference Mag- Data Typology of datum
nitude
utilised

Poppe 2007 [11] DAP 75.4 mGy cm? Diagnostic

reference level
resulting from
data analysis
of 50 centres in

Germany
Tierris 2004 [12] DAP 77 mGy cm? per  Diagnostic refer-
DAP ence level result-
ing from data
analysis of 62

centres in Greece

For cephalometry units, only two studies were identified,
with very different DAP values.

Table 4. Values of dose indicators in the literature for cephalometry
units used with paediatric patients

Reference Mag- Data
nitude

utilised

Typology of datum

Kim 2014 [10] DAP 121.3 mGy cm? Diagnostic reference
level resulting
from data analysis
of 20 centres in

Korea

Holroyd 2011 [13] DAP 25 mGy cm? Diagnostic reference
level resulting
from data analysis
of 27 centres in

Great Britain

For CBCT equipment, to date there are no published stud-
ies with multicentric data collection of dosimetric indicators.
The table below shows the average DAP values for paediat-
ric protocols used on 10 different CBCT equipments.

Table 5. Values of dose indicators in the literature for CBCT with
protocols for paediatric patients

Reference Magnitude Data Typology of
utilised datum
Ludlow 2015  DAP FOV large Average values
[1] and medium deriving from
529 mGy cm®  the setting
FOV small of paediatric
maxillary protocols on
121 mGy cm? 10 different
FOV small jaw  apparatuses
153 mGy cm?

What characteristics must the acquisition protocols
and parameters have for radiodiagnostic dental
examinations in the developmental years?

In general, studies published in recent years underline the
need to define acquisition protocols with parameters adapted
to the reduced dimensions and the diagnostic requirements
specific for the paediatric patient, with the published multi-
centric assessments often highlighting the use of inadequate
parameters.

An Anglo-Saxon study of 2013 [15] of intraoral exami-
nations showed the national diagnostic reference level to be
exceeded in 35% of the operational modes used for adult
patients and in no less than 61% of those used for paediatric
patients. The same study highlights how, notwithstanding
the fact that the technological evolution of digital detectors
and collimation systems offers the possibility of significant
dose reductions, in many cases the technical parameters
used lead to patient exposures greater than those required to
obtain the correct diagnostic information.

A Finnish work of 2015 [16] presents an investigation
carried out on 241 orthopantomographs and 118 cepha-
lometric units used on paediatric patients: the panoramic
images turned out to be wider than necessary in 70% of the
cases and of greater length in 96%. Cephalometric radio-
graphs also turned out to be larger than necessary in more
than 50% of cases. Thyroid protection was used in roughly
71% of cases.

“Image Gently” is an awareness-raising and educational
campaign concerning proper radiological risk management
for paediatric patients, promoted by American scientific
associations in the paediatric and radiology field. They have
summarised in the following six steps the key points for
minimising dose in dental radiology practices in the devel-
opmental years [17]:

e selection of radiological images in conformity with the
patient’s specific needs;

e the use of detectors with maximum sensitivity (high
speed in the case of film or equivalent digital systems);

e collimation of the beam on the area of interest;

e use of thyroid collar for all intraoral examinations, and
for extraoral examinations when it does not interfere with
the area under examination,;

e suitable reduction in exposure parameters (time, intensity
of anodic currents, etc.) in comparison with parameters
employed for adult patients;

e use of CBCT only when necessary.

@ Springer
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Among the most common technical errors that might
cause artifacts in the images, one must consider:

e carrying out examinations in the presence of hairclips,
metal jewellery, food in the mouth (sweets, chewing
gum), removable dental prostheses;

e incorrect positioning of the patient;

e incorrect positioning of the tongue;

e errors in limiting patient movement during image acqui-
sition.

The main actions to be adopted in order to reduce the
frequency of these errors are:

e programme suitable child-friendly time schedules for
preparing and carrying out the examination, longer than
those necessary for adults;

e train staff in suitable communications skills with kids and
their families;

e calm the patient: in the case of excessive anxiety and rest-
lessness, do not insist; if necessary, postpone the session;

e check also with the parents that jewellery, hairclips and
dental prostheses have been removed, as well as sweets
or gum from the child’s mouth;

e pay great attention to correct positioning of the patient
(neck, back, shoulders);

e without rush or fuss, show the patient the correct posi-
tioning of the tongue (in contact with the palate);

e for teleradiography of the cranium: in the case of roll,
pitch or rotation, always consider carefully the real need
to repeat the examination; most errors influence assess-
ment of the main angles [18].

The 2012 document “Radiation Protection 162" [9]
defines new acceptability criteria for technical and func-
tional parameters of all radiological apparatuses, including
those used in the dental sector. In particular, the following
are considered unacceptable for intraoral apparatuses:

e the use of analogue film with class lower than E for
which there is no specific justification;

e the use of a non-rectangular collimation for which there
is no specific justification;

e a rectangular collimation in a field greater than
4050 mm.

In particular, the required use of rectangular collima-
tion with a field less than 40 X 50 mm may not be supported
or in any case it is difficult to apply for portable intraoral
apparatuses, as evidenced in the EADMER position paper
[10]. In the same document, it is underlined that this kind
of equipment generally works with lower voltage and mA at
conventional intraoral examinations, involving the need to
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increase the exposure times which, coupled with the method
of positioning the apparatus, augments the risk of movement
artefacts. So special attention must be paid to justification of
the use of these devices and, while awaiting further evidence
from the literature, it is expected that their use will remain
limited to very particular cases where it is not effectively
possible to employ a fixed intraoral unit.

In drawing up these guidelines, comparative evaluation of
the recent reference bibliography has allowed the formula-
tion of the following recommendations.

Recommendation 1

Orthopantomography units frequently used on paediatric
patients must provide protocols with reduced beam
intensity and acquisition fields limited to the area

of interest

Strength of recommendation: A Degree of Evidence: IV A
reduction in effective dose of around 30% and reductions in
dose to the organs of more than 50% are seen in the study
[19], thanks to the use of a radiation field height of 11 cm
instead of the standard adult height of 14 cm.

Recommendation 2

Cephalometric units frequently used on paediatric
patients must have the possibility of collimating the beam
to the area of interest

Strength of recommendation: A Degree of Evidence:
IV Numerous studies report the possibility of reducing
dose by more than 50% through the use of specially defined
collimations for cephalometric examinations on paediatric
patients [20, 21].

Recommendation 3

Cone beam CT units frequently used on paediatric patients
must provide the possibility of using fields of view

no larger than the area of diagnostic interest and to define
reduced exposure parameters compared to the settings
used for adult patients

Strength of recommendation: A Degree of Evidence:
IV Recent dosimetric studies [22, 23] show that the use of
an adult protocol on a paediatric patient may involve unjus-
tified exposure doses. Limiting the FOV in line with the
other parameters and compatibly with diagnostic require-
ments is in general a rule to follow in order to minimise the
dose to the paediatric patient. There are, however, studies
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showing that with some equipment a reduction in FOV may
be associated with an increase in other exposure parameters,
as the beam intensity, such that the dose may even be greater
[24]. It is, therefore, necessary to pay attention to all the
parameters associated with the different equipment settings,
and in order to compare them from a dose viewpoint, it is
appropriate to refer to the DAP indication supplied.

A recent study by Pauwels [25] evaluated image qual-
ity indices on variation in the anatomical dimension con-
cerned. The results show the possibility of reducing the
dose in the paediatric field by maintaining the kV value
relatively high (90 kV on the apparatus examined) and
reducing the value of the mAs prescribed for an adult by
40% for paediatric patients of around 3 years old and by
20% for those around 10 years old.

Recommendation 4

The lead thyroid collar contributes significantly to reducing
the dose to the thyroid for all radiodiagnostic dental
examinations in the developmental years. In the context
of CBCT, it is particularly recommended for extended
fields, except in cases where, at the time of positioning
the patient, the technician, the radiologist or the specialist
ascertains there to be a risk of artifacts or possible
superimpositions with regard to the anatomical structures
of interest. As for cephalometry, the use is recommended
where there is no need to visualise bony structures

below the second cervical vertebra

Strength of recommendation: A Degree of Evidence: IV The
assessments made by Hidalgo [26] on a CBCT apparatus
with FOV diameter 17 cm and height 12 cm, and with vari-
ous types of thyroid collar, show dose reductions to the thy-
roid of between approximately 20 and 40%.

Numerous recent studies [27, 28, 29] highlight the com-
patibility of thyroid protection in carrying out cephalometry
on paediatric patients, which involves a significant reduc-
tion in the dose at the thyroid, with the limitation that the
bone structures represented start from the second cervical
vertebra.
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Diagnostic imaging for caries
and periodontal disease

Numerous studies (1-10) agree that visual examination,
especially in primary dentition, is a key factor in assessing
the presence or absence of dental caries. About this mat-
ter, some authors (11, 12) made an interesting distinction
between dentitions that allow or prevent direct visualisa-
tion of interproximal contact areas. In fact, for the former
type, it seems that radiographic analysis is not necessary
to confirm diagnosis.

Regarding non-invasive diagnostic systems (13), the aid
of fibre-optic transillumination (FOTI) may significantly
favour the diagnostic process (14, 15).

“Ex ante” caries risk assessment of a patient (16-20, B)
appears to be another discriminating factor in the diagnos-
tic process of carious lesions in primary dentition. In fact,
patients identified as at “high caries risk” shall be subject
to a more “aggressive” diagnostic attitude with regard to
the X-ray examinations to be carried out.

Recommendation no. 1

The radiographic examination of choice for all patients
suspected of having caries in primary teeth is a bitewing
X-ray. This examination may be followed by an intraoral
periapical image, if the patient is identified as “at high
caries risk”. Further radiographic examinations are

not justified

Strength of recommendation: A Degree of Evidence:
I Assessment of carious processes in permanent teeth
appears to be sufficiently supported by inspective clinical
examinations, to be performed according to well-established
criteria (17-20) and backed—particularly for high caries
risk patients—in case there is clinical suspicion by a bitew-
ing X-ray and, if necessary, by periapical images to be taken
using image receptor holders and beam aiming appliances.
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Taking an X-ray, using the paralleling technique, of teeth
with suspected caries lesions that may have jeopardised
pulpal health is particularly indicated for high caries risk
patients (21). It should be stressed that, in certain areas of
the mouth, especially the upper and lower posterior areas,
the superimposition of other bony structures might make it
difficult to examine and outline the periapical image. Recent
studies have pointed out that CBCT scans can highlight
endodontium-originated periapical disease more accurately
(22) than standard intraoral X-rays. This examination should,
however, be limited to suspect or unclear cases, after tradi-
tional intraoral examination; CBCT examinations should not
be considered as a first choice examination (23, D).

At present, laser fluorescence and similar technologies
(24-27) do not appear to be viable alternative solutions to
X-ray diagnostics, since they are not significantly supported
by scientific evidence.

Recommendation no. 2

In all patients, when carious lesions of permanent teeth

are suspected, the radiographic technique of choice

is the bitewing. This image size is large enough to evaluate
the whole crown of a permanent tooth. A second intraoral
periapical X-ray should be taken in case of suspect infection
involving the pulp or apex

Strength of recommendation: A Degree of Evidence:1 Acute
alveolar abscess is a rather common clinical condition; it is
sometimes impossible to identify the infected tooth defini-
tively.

In many cases, the patient’s compliance may be limited,
and clinical tests are often not nullifying (28).

Based on data from the literature (29), there are many diag-
nostic procedures that may be useful, from clinical to radio-
graphic examination, by several imaging systems ranging
from simple intraoral X-rays to more complex CBCT scans.

Recommendation no. 3

Swelling of the periapical tissues in primary or permanent
dentition justifies intraoral X-ray examination, preferably
using a dedicated film holder and beam aiming device.
Examinations such as CBCT are not indicated in this
diagnostic phase

Strength of recommendation: A Degree of Evidence: lll If a
fistula is present in the vestibular mucosa, close to the apex
of either primary or permanent teeth, it should always raise
suspicion of a septic lesion of the dental pulp also affecting
the periapical tissues.

Intraoral X-ray, with the aid of a beam aiming device, is
diagnostic investigation of choice. To more accurately assess

the tooth the process originated from, it may be indicated to
insert a gutta-percha cone in the fistula (30, 31).

Recommendation no. 4

If a fistula is present, diagnosis requires the intraoral
radiograph to be taken with a gutta-percha cone inserted
inside the fistula

Strength of recommendation: A Degree of Evidence: Il Pre-
pubertal patients with clear signs of periodontal disease
should be examined through in-depth medical investigation
and specific levels of supervision (32), especially in case dif-
ferential diagnosis of acute septic processes of the periodon-
tal structures is needed, or there is swelling of the marginal
gingiva.

These signs sometimes appear similar to endodontically
originated diseases (32-34).

Recommendation no. 5

X-ray examination of a permanent tooth showing
infection signs on the marginal gingiva seems to be
indicated, especially for patients with confirmed high risk
of periodontal disease

Strength of recommendation: B Degree of Evidence: lll Pro-
cedures such as direct pulp capping, apexogenesis, apecifi-
cation and also complete root canal treatment require taking
a preoperative X-ray with a paralleling system. This may
give sufficient clues regarding the degree of maturity of the
root apex and the estimated working length (35).

Clinicians are advised to be in possession of this image
already in the diagnostic phase. It is worth remembering
that, where cleaning and shaping of the endodontium are
necessary in immature teeth, electronic apex locators are
not reliable (36, 37). So, in case of doubt, a further intraop-
erative X-ray should be taken in such a way as to precisely
confine all clinical manoeuvres within the endodontium.

Lastly, taking a post-operative intraoral X-ray to establish
a reliable reference point for long-term follow-up of periapi-
cal reactive processes is indicated.

Recommendation no. 6

Taking intraoral radiograms with dedicated holders

and beam aiming devices is indicated for partial

or complete RCT, pulp regeneration or canal shaping prior
to root filling

Strength of recommendation: A Degree of Evidence: Il For

developing individuals, who were already treated for caries
or trauma, checkups must follow if treatment included:
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e conservative treatment of a primary tooth;

e endodontic treatment of a primary tooth;

e conservative treatment (pulp capping) of a permanent
tooth with an immature apex;

e conservative treatment (pulp capping) of a permanent
tooth with a fully formed apex;

¢ endodontic treatment of a permanent tooth with an imma-
ture apex;

¢ endodontic treatment of a permanent tooth with a fully
formed apex;

e treatment of intrusive or extrusive luxations;

e avulsion (assessment of the eruptive pathway of other teeth).

Recommendation no. 7

Intraoral X-ray is indicated for assessment, over time,

of the periapical and pulp health conditions of permanent
teeth that have undergone conservative treatment

of the dental pulp. The follow-up images should be

taken three months, six months, one year, since the end
of therapy and then annually for the next three years

Strength of recommendation: A Degree of Evidence: Il Based
on findings from the literature, radiographic treatment long-
term follow-up of primary teeth is deemed justifiable (38).
In case of septic or traumatic pathological processes lead-
ing to eradication or conservative (partial or complete) treat-
ment of the pulp, a careful observation phase allows accu-
rate assessment of positive or negative signs of the health
conditions of the periapical tissues (38, A, B, C, D, E, F).
On this subject, there are no studies indicating exact tim-
ing to mandatorily comply with for following checkups (34);
there are, however, longitudinal studies about the assessment
of healing processes of edodontically originated periapical
lesions, in which patients were checked over time spans vary-
ing between six and twelve months, for the initial phases of
treatment, and then once a year for a period from three to five
years (35). As validating data is missing, it seemed appropri-
ate to trust these deadlines for evaluation of such situations.

Recommendation no. 8

Intraoral X-ray is indicated for periapical health condition
periodical assessment of mature or immature teeth

after provisional endodontic therapy (apecification), pulp
regeneration or definitive RCT. Radiographic follow-up

is recommended after three and six months and then
annually for the next three years, depending on the clinical
situation

Strength of recommendation: A Degree of Evidence: Il On
the other hand, indications do emerge in checkup schedule
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to comply with, for assessing radiographic appearance of
the pulp chamber and root canal—as well as of the apex—
of permanent teeth which, having undergone conservative
pulp treatment (direct or indirect pulp capping/pulpotomy),
must be regularly checked to avoid complications, such as
obliteration of the root canal, or the onset of endodontically
originated periapical lesions, in case partial or complete
necrosis of the pulp occurs (34-36, A).

Clinicians should also keep track of problems that may
arise in case the pulp disease justifies an endodontic treat-
ment, although the tooth has not completed formation of the
root apex, by performing an apexogenesis or apecification
procedure which, based on scientific evidence, should be
then supervised for a six months to three years time span
(33).
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Diagnostic imaging in orthodontics
and gnathology

In orthodontics, radiographic examination is needed in case
dental anomalies are found upon clinical examination or
when orthodontic, corrective or interceptive, treatment is
needed.!
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The timing of the first radiographic examination should
not be based on the patient’s age, but on each developing
individual’s specific clinical needs. Since every patient is
unique, the need for dental X-rays can only be determined
upon the analysis of his medical and dental history, and of
his clinical condition and after assessing exposure to envi-
ronmental risk factors that could jeopardise oral health.

X-ray should only be used as a diagnostic examination
when considered useful for the patient’s health, and when
it may provide additional information helpful for treatment,
complying with the “principle of justification”. Given the
importance and the current relevance of this issue, numer-
ous guidelines have been published.!”” These studies unani-
mously agree that prescribing X-ray examinations is solely
advisable as necessary. In compliance with all the interna-
tional guidelines,l‘7 this section will describe indications
and levels of evidence for each type of radiographic exami-
nation suitable for identifying disease, also concerning the
cost-benefit ratio.

For the orthodontic patient, radiographic examination
generally consists of panoramic radiography, i.e. orthopan-
tomography (OPT), and latero-lateral teleradiography of
the head, which may be supplemented, in the most complex
cases, by more specific examinations.

OPT allows assessing the presence or agenesis of perma-
nent teeth, the position of teeth yet to erupt, and any super-
numerary teeth.® It is not, however, advisable for evaluat-
ing caries in patients suffering from dental decay about to
undergo orthodontic treatment. In such cases, in fact, a bite-
wing image is to be preferred.’

Teleradiography of the head and cephalometric analy-
sis are indicated for orthodontic diagnosis, treatment plan-
ning and the monitoring of results following therapy on the
maxillo-mandibular bony structure. A useful aid in choosing
the appropriate age to prescribe this radiographic examina-
tion is the Index of Orthodontic Treatment Need (IOTN).10
This index allows objective distinction between severe cases
requiring early treatment (IOTN 4 and IOTN 5) and cases
which treatment may begin by the age of 10-11.!!

The use of teleradiography for PA projection for facial
asymmetries must be carried out with great care, consider-
ing the difficulty in locating the cephalometric points in this
projection.'>!3 Moreover, it should be kept in mind that even
slight rotations of the head in the cephalostat might mask
the presence of facial asymmetry.'>!* Cone beam computed
tomography (CBCT) guarantees the volumetric graphic 3D
representation of all anatomical bony structures, as well as
overcoming the limitations of ordinary 2D radiographic
images—i.e. geometric distortion and superimposition of
bony and dental structures, and improper positioning of the
patient’s head in the cephalostat!>—since usual practice
continues to favour 2D, even though 3D'® cephalometric
analyses do exist.
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Routine prescription of this examination for young
patients is considerably limited, by both the literature and
all the existing guidelines,'>!” upon radiation dose, to indi-
vidual clinical cases. It should be highlighted, though, that it
is current common practice among orthodontists to convert
3D images into 2D, for cephalometric analysis.!>!” In all
cases, choosing the FOV is crucial when prescribing this
examination, in order not to expose the patient to a non-opti-
mised radiation dose with an acquisition field too extensive
for the target zone. Small and medium FOVs are preferable
to large ones. In orthodontics, small and medium FOVs are
indicated for the assessment of impacted teeth, root resorp-
tion caused by impacted teeth, and the designated area for
mini-screw insertion in patients with malocclusion.'*!8-20
Moreover, successful application of mini-implants is influ-
enced by CBCT' evaluation of bone density, as it reduces
the risk of screw detachment. The use of large FOVs may
be indicated in complex orthodontic cases, or severe crani-
ofacial dysmorphoses?'*? (IOTN 5), i.e. of cleft lip—palate,
syndromes, facial asymmetriesB, etc., or, anyway, patients
candidate for major oral or maxillofacial surgery. In all these
cases, with one single exposure, despite the higher radiation
dose being used, the orthodontist and the oral and maxillofa-
cial surgeons get access all the required information.

The use of large FOVs for a 3D cephalometric examina-
tion in simple clinical cases is not validated by the literature,
nor by existing guidelines.!™”’

Temporomandibular disorders (TMD) affect the temporo-
mandibular joint (TMJ), the masticatory muscles and associ-
ated structures. The wide sign and symptom range of these
disorders includes pain, joint noise and irregular or limited
mandibular function. In a recent update, the American Acad-
emy of Orofacial Pain divided TMDs into two large catego-
ries: TMJ disorders and masticatory muscle disorders.?*

The prevalence of TMD in newborns, children and teen-
agers is highly variable in the literature, inasmuch as data
between 6 and 68% are reported. These diverse percentages
may originate from the different analysed samples, the diag-
nostic criteria and examination techniques. The prevalence
of signs and symptoms, however, as supported by important
scientific evidence,? 3 increases with age.

Among the most frequently found TMJ disorders in pae-
diatric age, we may list:

— internal derangement (displacement of the articular disc
with or without reduction);

— inflammatory disorders (e.g. sinovitis, capsulitis);

— ankylosis;

— arthritis;

— fractures, condylar hypoplasia and hyperplasia.

Diagnosis of TMDs is based on a combination of anam-
nestic, clinical and radiological information about the TMJ.

Radiological examination is only indicated when insufficient
information is obtained from the anamnestic—clinical exami-
nations.?*** Different radiological techniques are employed
in study of the TMJ, with different sensitivities, specificity
and appropriateness in relation to the diagnostic question.
Magnetic resonance (MR) and computed tomography (CT)
and/or CBCT scanning should be preferred over conven-
tional radiography.

CT is held to be the gold standard imaging technique
for bone lesion assessment, while MRI is considered the
gold standard for ligament and articular capsule structure
analysis.?*3*

Recommendation no. 1

For a correct orthodontic diagnosis and treatment
planning, a panoramic radiography and a teleradiography
are necessary

Strength of recommendation: A Degree of Evidence: | Tel-
eradiography of the skull in norma lateralis, panoramic
radiography and radiography of the non-dominant hand and
wrist should be prescribed based on the degree of maloc-
clusion (IOTN)!'” and the patient’s age.'”” Frequent radio-
graphic checkups to monitor progress of therapy are advised
against and inappropriate, unless there is a precise clinical
indication.

In case of serious craniofacial dysmorphoses or of skel-
etal III class, orthodontic treatment will begin early, getting
radiographic records of the patient is advisable at an early
stage. It should be highlighted that if a CBCT scan of a
patient with severe dysmorphosis is taken, then the stand-
ard orthodontic radiographic examinations should not be
prescribed, as the same images may be obtained from the
CBCT file itself.

Recommendation no. 2

Limit prescription of CBCT and, preferably, use small
and medium FOVs

Strength of recommendation: A Degree of Evidence: | In the
past decade, a considerable increase in the use of CBCT in
dentistry, especially in orthodontics, was witnessed. This
happened because from one single CBCT scan, we can obtain
all the radiographic images for orthodontic diagnosis. None-
theless, numerous recent guidelines and studies have drasti-
cally limited prescription of CBCT to selected clinical cases.

CBCT is therefore indicated for diagnosis and treatment
planning for severe dysmorphoses—craniofacial syndromes,
impacted teeth, bone anomalies, serious facial asymmetries
and condylar aplasia or hypoplasia.'™’
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Recommendation no. 3

The use of CBCT for cephalometric diagnosis in orthodontic
patients with moderate-light malocclusion is strongly
discouraged

Strength of recommendation: A Degree of Evidence: | Tak-
ing a CBCT scan, and therefore subjecting the patient to
high radiation doses, to only use the latero-lateral and the
panoramic projections, is inappropriate in terms of cost/ben-
efit ratio, nor does it guarantee the patient’s health.'”” The
same information may be obtained by techniques requiring
a lower radiation dose.

CBCT scanning is justified as further examination, when
inclination of the canines on the panoramic image exceeds
30°, or when root resorption of one of the adjacent teeth is
suspected.®

Recommendation no. 4

Posterior-anterior teleradiography, with related
cephalometric analysis, requires a highly experienced
clinician

Strength of recommendation: A Degree of Evidence:
I Cephalometric analysis of the posterior—anterior telera-
diograph, compared to the latero-lateral analysis, requires
the clinician to have extensive experience, as localisation
of the cephalometric points is far more complex due to
bone superimpositions. Moreover, the positioning of the
patient’s head may heavily influence the diagnosis, such
as the presence of an asymmetry.'>!3 If a CBCT scan was
already taken, in accordance with the previous recommen-
dations, the mirroring technique of the bony structures of
the splanchnocranium? may supplement data from the pos-
terior—anterior, allowing a simulation of the treatment plan.

Recommendation no. 5

For TMJ ligament-capsule tissue disorders, an MRI

is recommended. For TMJ bone disease, a CBCT or a CT scan
prescription is indicated. The OPT is of no diagnostic use

in these cases

Strength of recommendation: A Degree of Evidence: | MRI
of the TMJ should be used in case an internal derangement
of the TMJ disc is suspected, while CBCT or CT scan is
used in those clinical cases suspected of condyle and gle-
noid cavity involvement based on medical history and clini-
cal examination. Panoramic and other radiographic images
(e.g. stratigraphy of TMJ and CBCT) do not supply infor-
mation about the joint components and ligament—capsule
components (disc). They are insufficient for assessment of

@ Springer

the bony structures (condyle and glenoid cavity) and may
reproduce the condyle—glenoid cavity relationships unreli-
ably, due to projection errors bound to the imaging tech-
nique.2*
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Diagnostic imaging in cranio-maxillofacial
malformations

A vast number of alteration related diseases of both embry-
onic and acquired origin come under these headings. Cranio-
synostoses and craniofacial stenoses, as well as orofacial
clefts and branchial arch syndromes, are an example.

Since we are dealing with deformations that are often
present at birth, radiographic investigations should be pro-
portionate to the diagnostic and therapeutic objectives of
the single case.®!?

The golden rule is that radiographic investigations should
be carried out only when they are essential to diagnosis and
treatment planning.513-14

By way of example, the diagnosis of skull malformations
and of cranial suture anomalies is purely clinical >!31%13
Direct X-ray imaging is not indicated as a routine examina-
tion, since the same information may be obtained by ultra-
sound imaging.>%132* Multislice computer tomography
(MSCT) or CBCT is indicated in selected cases, when nec-
essary for treatment planning.'>*?

MSCT and CBCT are not indicated as a routine examina-
tion for cleft lip and palate, since their diagnosis is clinical.
These are only indicated when necessary for treatment plan-
ning.*!2 MSCT or CBCT is also not indicated as a routine
examination for skeletal facial deformities involving bone
and/or soft tissues, but may be used for treatment planning.

Recommendation no. 1
Diagnosis of cleft lip and palate is strictly clinical

Strength of recommendation: A Degree of Evidence:1 A CT
examination is indicated for treatment planning.>!0-11:12:16
CT often requires sedation of the patient.

Recommendation no. 2

Diagnosis of craniostenosis is strictly clinical,*'#1>1821
but CT may be of assistance?®

Strength of recommendation: A Degree of Evidence: Il For
treatment planning, a CT examination is indicated.>!'*?3
For suspected anomalies of the cranial sutures and the
anterior fontanelle, an ultrasound examination is often suf-
ficient,>>13:24
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Recommendation no. 3

MSCT or CBCT may be indicated for analysis of |
and Il branchial arch syndromes craniofacial defects
and with the purpose of treatment planning.7/3141517.18,20

Strength of recommendation: A Degree of Evidence: Il In
cranio-maxillofacial defects, CBCT may be indicated as an
investigation alternative to MSCT,>** since the radiation
dose, based on scientific evidence, is lower where evalua-
tion of the soft tissues is not required.>%%1%23
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Diagnosticimaging in dental anomalies

TOOTH IMPACTION.

An impacted tooth is one that, somehow, fails to erupt in
the oral cavity within the expected developmental window. !
An impacted tooth may also be defined as a tooth, which
is partially or not erupted, showing clinical, anatomical
and radiological signs that suggest its correct eruption is
unlikely.?

Dental impaction is a common problem (25-50% of the
world population), which prevalence is strongly related to
age, gender, ethnicity and anatomical localisation (quad-
rants),>* while its incidence appears to be increasing.’

The teeth of normal permanent dentition that are most
often impacted are, in order of frequency, third molars,
upper canines, premolars, and upper central incisors.® In
Europe, impaction of third molars is observed in more than
70% of young adults,” and extraction of third molars is the
most frequent procedure in oral surgery.

Possible causes of dental impaction are lack of space, posi-
tion anomalies, supernumerary teeth, persistence of primary
teeth, odontogenic cysts/tumours, trauma and systemic dis-
eases. Among the causes above listed, the first two are the
most frequent.®

Recommendation no. 1

On suspicion of dental impaction, level | radiological
examination must not be carried out before the age of 6

Strength of recommendation A Degree of Evidence | At
6 years of age, permanent tooth buds, except those of the III
molars, are visible in the panoramic image, a level I radio-
graphic investigation. However, before prescribing a radio-
graphic examination for suspected impaction, the patient’s
medical history (e.g. positive family medical history for
dental impaction) should be taken into consideration,
together with the patient’s clinical signs and symptoms (e.g.
unexpected missing teeth, eruption anomaly, “bulging” of
the gingival mucosa) and the risk/benefit ratio in exposing
the patient to a potentially harmful radiological examination
(exposure to ionising radiations).>”’
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Recommendation no. 2

On suspicion of dental impaction, orthopantomography
should be the first diagnostic examination

Strength of recommendation A Degree of Evidence
IV Orthopantomography is the 2D radiological imaging
technique recommended for the initial assessment of dental
impaction. This image provides information on the posi-
tion of the impacted tooth, its relationship with the alveolar
ridge, its projective relationships with the adjacent teeth and
structures and the presence of any associated lesions (radio-
transparent and/or radio-opaque periradicular lesions).!?
However, 2D imaging techniques turn out to be less accu-
rate in assessing dental impaction than 3D CBCT. In par-
ticular, it should be remembered that 2D imaging is signifi-
cantly inferior to 3D in assessing relationships between the
impacted tooth and the adjacent teeth and critical structures
(e.g. the mandibular canal, the nasal fossa and the maxillary
sinus).'?

There is no clinical evidence supporting the use of CBCT
as an initial diagnostic examination of dental impaction. The
use of this technique must be restricted to cases for which
level I radiographic investigations cannot provide adequate
information.

Recommendation no. 3

Level I radiographic investigations are an efficient

tool in defining the risk of injuring the alveolar nerve

and, in non-critical cases, may be considered sufficient

in treatment planning for the extraction of a Il lower molar

Strength of recommendation A Degree of Evidence IV With
reference to impaction of the third lower molars, orthopan-
tomography, and, in some cases, intraoral radiography, is an
efficient imaging technique for estimating the risk of injur-
ing the lower alveolar nerve.'*!3 So, if level I radiographic
investigations exclude any chance contact between the III
lower molar and the mandibular canals, 2D imaging may
be held to be sufficient and 3D CBCT imaging unneces-
sary. 1618

Recommendation no. 4

Panoramic imaging may be appropriate for assessment llI
upper molar impaction and its treatment planning

Strength of recommendation B Degree of Evidence IV With
reference to impaction of the third upper molar, orthopan-
tomography may be solely considered sufficient (i.e. CBCT
scan would not be necessary) in case panoramic 2D imag-
ing provides adequate information on the position of the
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impacted tooth and its relationship with adjacent anatomi-
cal structures, especially with the maxillary sinus floor.!*?!

Recommendation no. 5

Level I radiographic investigations are not deemed
to be an adequate imaging technique for identification
and characterisation of external root resorption

Strength of recommendation: A Degree of Evidence:
IV Level 1 radiographic investigations (panoramic and
intraoral X-ray) are the most commonly used imaging tech-
niques for identification and localisation of dental impaction.
Nevertheless, accurate localisation of the impacted tooth
and its relationships with adjacent structures are required
for a correct treatment planning. In particular, identifying
and evaluating the extent of an external root resorption pro-
cess—sometimes observed in dental impaction, especially
in the upper canines—require a 3D evaluation.”>** So, on
suspicion of external root resorption associated with dental
impaction, a 3D CBCT imaging technique is indicated.?>%’

Recommendation no. 6

Periapical intraoral imaging may be used for dental
impaction of the upper incisor-canine region

Strength of recommendation: B Degree of Evidence: IV Peri-
apical radiography is an imaging technique generally used in
dentistry to evaluate periapical lesions, root morphology (when
planning extraction/endodontic treatment) and post-implant
surgery checkup. In assessing dental impaction in the upper
incisor—canine area, given its restricted anatomical vision, a
periapical image can play a role, albeit limited, in evaluating
tooth position and relationship with adjacent structures.

Recommendation no. 7

CBCT is an essential imaging technique in assessing

the relationship between third lower molars, mandibular
canal and the surrounding anatomical structures,

and, similarly, those between third upper molars

and the maxillary sinus floor

Strength of recommendation: A Degree of Evidence:
IV CBCT is the imaging technique indicated for assessing
the relationship between the roots of third molars and the
mandibular canal, in case the panoramic image suggests
contact with the canal itself and, therefore, risk of injury of
the lower alveolar nerve during surgery.'*'® In such cases,
and based on the ALARA principle, 3D CBCT imaging
must be as targeted as possible to reduce patient radiation
exposure to a minimum.
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CBCT is the imaging technique indicated in pre-surgical
evaluation for extraction of third upper molars where ortho-
pantomography suggests contact between the tooth (roots)
and the maxillary sinus floor.!%2! In these cases as well,
based on the ALARA principle, 3D imaging (CBCT) must
be as targeted as possible to reduce patient radiation expo-
sure to a minimum.

TOOTH TRANSPOSITION

Tooth transposition is an eruption anomaly, defined as the
positional interchange of two neighbouring teeth. This
anomaly, only found in permanent dentition, causes an
alteration of the normal sequence in the dental arch.?%%°

Tooth transposition may be found in two forms, com-
plete (true/complete transposition) and incomplete (pseudo/
incomplete transposition).>

In its complete form, transposition involves the whole
permanent tooth (crown and root), while, in the incomplete
form, only the crown is involved.

Transposition is a relatively rare, usually unilateral, anomaly,
which prevalence in the population is around 0.3%.28 It is more
frequently found in female patients (female/male ratio 3:1) and
in the upper arch,” and it is often associated with other dental
anomalies.’! In most cases, tooth transposition occurs between
the canine and the neighbouring teeth, in particular between
the upper canine and first premolar, followed by transposition
between the upper canine and lateral incisor (28, 29).

The aetiology of tooth transposition remains unknown to
date. It is presumed to be of a multifactorial origin (genetic,
traumatic, anatomical, etc.).

Recommendation no. 1

On suspicion of tooth transposition, level | radiological
investigation should not be carried out earlier than the age
of six

Strength of recommendation: A Degree of Evidence: | At
age 6, permanent tooth buds, third molars excepted, are vis-
ible on the panoramic image. Nevertheless, prescription of
such examination for suspected tooth transposition must be
evaluated considering the patient’s medical history, clinical
signs and symptoms and the risk/benefit ratio in exposing
the patient to such radiological investigation.

Recommendation no. 2
On suspicion of tooth transposition, the indicated level |
radiological investigation is orthopantomography, which

may be sufficient for treatment planning

Strength of recommendation: A Degree of Evidence: | Level
I radiographic investigations are the first step in the diagnos-

tic approach to tooth transposition, and the panoramic image
is indicated in order to confirm diagnostic suspicion. The
main advantages, compared to those of intraoral images, are
it shows both jaws in one single two-dimensional image, and
it allows reducing exposure to radiation (10 times less than
“radiographic status”).!!

There is no clinical evidence supporting the use of CBCT
as an initial diagnostic examination for tooth transposition.
Use of the latter technique should be restricted to cases for
which level I radiographic investigations cannot provide
adequate information.

Recommendation no. 3

CBCT is a useful imaging technique in assessing tooth
transpositions associated with dental impaction

Strength of recommendation: A Degree of Evidence: V In
assessing complete or incomplete tooth transposition asso-
ciated with impaction, of one or both transposed teeth, 3D
CBCT imaging may be useful for a more accurate evalu-
ation of the position and the inclination of the teeth/buds
affected, and of the relationships between transposed teeth
and adjacent structures/teeth (e.g. remodelling of the bony
limits, external root resorption, etc.) and of any associated
lesion.

Recommendation no. 4

Intraoral periapical imaging may be used in tooth
transpositions

Strength of recommendation: B Degree of Evidence:V Peri-
apical radiography is an imaging technique generally used
in dentistry to evaluate periapical lesions, root morphol-
ogy (when planning extraction/endodontic treatment) and
post-implant surgery checkup. To assess tooth transposi-
tion, given its restricted anatomical vision, periapical radi-
ography can play a role in evaluation of the location of the
affected teeth/buds (complete Vs incomplete transposition),
the developmental degree of the transposed teeth and their
relationships with adjacent structures/teeth.

NUMERICAL ANOMALIES OF TEETH
Teeth number anomalies may concern either additional or
missing teeth.

With regard to missing teeth, the absence of all teeth
is called anodontia; this clinical situation is very rare and
is mainly due to congenital diseases such as ectodermal
dysplasia.

Oligodontia is the presence of less than 50% teeth, while
hypodontia means one or more teeth (but less than 50%) are
missing.
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The presence of supernumerary teeth in the dental arches
is rarely found in primary (0.3-1.7%) and in permanent den-
titions (0.2-3.6%).>! Supernumerary elements are most fre-
quently in the anterior area of the maxilla, and cause delayed
and ectopic eruptions, and other eruption disorders, e.g.
crowding. These are occasionally found upon diagnostic
examination carried out for other reasons. Early diagnosis of
this disorder is very important for early prevention/intercep-
tion of eruptive complications, thus favouring physiological
dentition. The typical clinical observation that should arouse
suspicion of supernumerary teeth is non-symmetrical denti-
tion in the dental arches.*?

Recommendation no. 1

On suspicion of numeric anomalies of teeth, a level |
radiological investigation is advised after the age of 6.
Orthopantomography is the indicated 2D radiological
imaging technique

Strength of recommendation: A Degree of Evidence: IV Pre-
scribing a radiographic examination for suspected dental
impaction should be evaluated, considering the patient’s
medical record (e.g. positive family medical history), signs
and symptoms (e.g. unexpected absence of a tooth, anoma-
lous eruption of a tooth, bulging of the gingival mucosa)
and the risk/benefit ratio of exposing the patient to a poten-
tially harmful radiological investigation (exposure to ionis-
ing radiation).!!

The main advantages of orthopantomography scanning,
compared to intraoral radiography, are the possibility to
include both jaws in one single two-dimensional image
and a reduced exposure to radiation (10 times less than
a “radiographic status”).!! There is no clinical evidence
supporting the use of CBCT as an initial diagnostic inves-
tigation for numerical dental anomalies. Use of the latter
technique should be restricted to cases where level I radio-
graphic investigations cannot provide adequate informa-
tion. Orthopantomography is the 2D radiological imaging
technique advised for the initial assessment of numeri-
cal dental anomalies. This radiographic image provides
information on the number and position of supernumerary
teeth, their relationship with the alveolar ridge, the projec-
tive relationships with teeth and adjacent structures and
the presence of any associated lesions (radio-transparent
lesions and/or periradicular radio-opaque lesions).'> How-
ever, in the assessment of a supernumerary tooth that has
caused dental impaction, 2D imaging techniques turn out
to be less accurate than 3D CBCT. In particular, it should
be considered that 2D imaging is significantly less effec-
tive than 3D imaging in establishing correct positioning
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of the supernumerary teeth with regard to adjacent struc-
tures (teeth and critical structures such as the mandibular
canal, the nasal fossa and the maxillary sinus)'® and also
in supplying necessary information for correct surgical
planning. The use of CBCT should be considered as a level
II diagnostic examination, with view to establishing and
planning the correct surgical strategy.

In order to assess a numerical dental anomaly, 3D CBCT
imaging may be useful for a more accurate evaluation of the
location and position of the supernumerary tooth or teeth,
as well as of the relationships between the latter and the
adjacent teeth, and any associated lesions.

In some cases, CBCT is an crucial aid in choosing the
correct surgical strategy and its degree of difficulty.

ANOMALIES OF TOOTH MORPHOLOGY

Dental morphology anomalies are rare conditions, caused by
developmental defects of permanent teeth as a result of den-
tal and periodontal trauma, infections, radiation or chemo-
therapeutic agent related damage, or of congenital alterations
associated with genetic defects.>*3!

Size anomalies are known as macrodontia, microdontia
and taurodontism.

The teeth that most often present anomalies of size are
lateral incisors, canines and third upper molars.

Microdontia is the most frequent one and may, in some
cases, be associated with syndromic conditions.

Taurodontism typically involves molars and features an
elongated pulp chamber with an apical displacement of the
pulp floor and the root bi-/trifurcation.?? It is determined
by failure of Hertwig’s epithelia sheath to invaginate at the
proper level of the root. It may occur in a sporadic form or
associated with hypodontia, within the picture of genetic
syndromes.

The term “dilaceration” describes the presence of a sharp
curvature of the root with regard to the crown. According
to some authors, for a tooth to be defined as “dilacerated”,
the angle formed by the axis along the root must be >90°,
while others say >20°.% The aetiology of dilaceration is not
fully known yet. The most supported explanation is that this
shape anomaly results from a traumatic event, occurring to
the corresponding deciduous tooth in early childhood, even
though idiopathic forms are described, probably consequent
upon ectopic development of the tooth germ.*

Dens invaginatus (dens in dente) is an anomaly mainly
involving the upper lateral incisors and originates from
infolding and consequent development of part of a tooth
within another tooth.

The fusion and germination of two neighbouring perma-
nent germs determine the formation of teeth with separate
pulp chambers and completely fused, either at the level of



La radiologia medica

the crown in the former case or with a single pulp chamber
in the latter. Often, these two forms are clinically and radio-
logically hard to distinguish from one other.>! Germination
is the merging of only the roots of two contiguous teeth.
These anomalies are often associated with the presence of
supernumerary teeth.

Dental anomalies of structure are rare conditions char-
acterised by dysplasia of dental hard tissues and may be
caused by genetic conditions (type I and II dentin dysplasia,
dentinogenesis imperfecta, amelogenesis imperfecta)* or be
caused by severe vitamin or nutritional deficiencies, or by
infections contracted during pregnancy, the neonatal period
or the early childhood.*

Recommendation no. 1

On suspicion of dental morphology anomaly, a level
I radiological investigation should be considered
after the age of 6

Strength of recommendation: A Degree of Evidence: | Radi-
ographic examination for suspected dental morphology
anomaly should only be prescribed considering the patient’s
medical records (e.g. positive medical history of congenital
syndromic conditions related to genetic disoorders, dental
traumas in early childhood, severe early childhood vitamin
or nutritional deficiencies), the patient’s clinical signs and
symptoms (e.g. tooth of altered shape or size) and the risk/
benefit of exposure to a potentially harmful radiological
examination (exposure to ionising radiation).

Recommendation no. 2

Level I radiographic investigations (orthopantomography
and intraoral radiography) are considered suitable imaging
techniques for identification and analysis of morphology
anomalies

Strength of recommendation: A Degree of Evidence: IV The
main advantages of the panoramic image, compared to
intraoral one, include the possibility to include both jaws in
one single two-dimensional image, and a reduced exposure
to radiation (10 times less than a “radiographic status”).!!

There is no clinical evidence supporting the use of CBCT
as an initial diagnostic examination of morphological
anomaly of teeth The use of the latter techniques should be
restricted to cases where level I radiographic investigations
do not provide adequate information.

For assessing of a dysmorphic tooth, taking periapical
radiograph is mandatory before root canal treatment for
diagnosis, treatment planning and follow-up.

Recommendation no. 3

When 2D imaging is insufficient to clarify the anatomical
relationships of an anomalously shaped tooth

with the surrounding anatomical structures,

or when the internal structure of the dysmorphic dental
roots needs to be better defined, the use of CBCT

is recommended

Strength of recommendation: A Degree of Evidence: IV In
these cases, based on the ALARA principle, 3D CBCT
imaging must be as targeted as possible, to reduce the
patient’s exposure to radiation to a minimum and, at the
same time, obtain optimal spatial resolution.
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Diagnostic imaging in dental traumatology

For dento-alveolar traumatology, please refer to “Guide-
lines for prevention and clinical management of dental
trauma in children and adolescents” (2012) (1, 11, A).

Diagnostic imaging in dental trauma is used to evalu-
ate the degree of root formation of the tooth affected by
trauma and to assess tooth displacement or possible root
fracture. However, radiological examination should always
be preceded by a thorough clinical and anamnestic evalu-
ation. In case of tooth avulsion, intrusive luxation should
be excluded in the impossibility of retrieving the missing
tooth. Intrusive luxation is defined as tooth displacement
into the alveolar bone. If complex lip laceration is present,
some additional imaging should be taken to exclude pen-
etration of foreign bodies in the soft tissues.

Recommended procedure n.1

Ortopantomography (OPT) is not recommended in cases
of localised dental trauma

Strength of recommendation: A Degree of Evidence:
IV OPT is a two-dimensional imaging technique which has
a lower spatial resolution compared to intraoral X-ray in the
evaluation of localised dento-alveolar trauma. OPT requires
a 10-15 s exposure time, leading to possible movement
artifacts mostly in preschool-aged children, due to poor col-
laboration (2-11).

Recommended procedure no. 2

Periapical intraoral x-ray is necessary in the diagnostic
investigation of dento-alveolar trauma in paediatric
patients

Strength of recommendation: A Degree of Evidence: IV Per-
iapical intraoral x-ray performed with an adequate parallel-
ing system is the imaging technique of choice, which finds
indication in identifying dento-alveolar modifications sub-
sequent to localised trauma. In the majority of cases, peri-
apical x-ray provides sufficient information for treatment
planning (3, 12).

Recommended procedure n.3

CBCT is indicated for further study of selected cases,

in which primary investigation provided by periapical
x-ray does not provide sufficient information for treatment
planning

Strength of recommendation: A Degree of Evidence:
IV CBCT finds application in dental traumatology when
clinical evaluation and primary radiographic investigations
are not exhaustive for correct treatment planning (16, 17).

Moreover, CBCT finds application when clinical eval-
uation and periapical x-ray hypothesise the presence of
root fracture and/or alveolar bone fracture. In these cases,
CBCT can confirm the possible presence of a fracture
and help in the evaluation of the fracture line on the buc-
cal-lingual plane, whereas two-dimensional imaging can-
not provide adequate information for treatment planning
(2, 13, 14, 15).

Another application of CBCT is in the diagnosis of tooth
luxation, a condition often difficult to assess using two-
dimensional imaging.

In the aforementioned cases, CBCT imaging should
respect the ALARA principle, by reducing FOV dimension
and minimising radiation dose to the patient.
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Table of Recommendations

Diagnostic imaging for caries and periodontal disease.

1. The radiographic examination of
choice for all patients suspected
of having caries in primary teeth
is a bitewing X-ray.

This examination may be followed
by an intraoral periapical X-ray, if
the patient is defined as “at high
caries risk”.

Further radiographic examinations
are not justified.

Strength of recommendation: A
Degree of Evidence: 1

2. In all patients, when carious
lesions are suspected in perma-
nent teeth, the favoured radio-
graphic image of choice is the
bitewing.

This film size is large enough to
evaluate the whole crown of
a permanent tooth. A second
intraoral periapical X-ray should
be taken in case of suspected
infection involving the pulp or
apex.

Strength of recommendation: A
Degree of Evidence: 1

3. Swelling of the periapical tissues Strength of recommendation: A
in primary or permanent dentition Degree of Evidence: 111
justifies intraoral X-ray examina-
tion, preferably using a dedicated
film holder and beam aiming
device.

Exams such as CBCT are not indi-
cated in this diagnostic phase.

4. If a fistula is present, diagnosis
requires the intraoral radiograph
to be taken with a gutta-percha
cone inserted inside the fistula.

Strength of recommendation: A
Degree of Evidence: 11l

5. X-ray examination of a perma- Strength of recommendation: B
nent tooth showing infection signs Degree of Evidence: 11
on the marginal gingiva seems
to be indicated especially for
patients with confirmed high risk
of periodontal disease.

6. Taking intraoral X-rays with
dedicated holders and beam aim-
ing devices is indicated for partial
or complete RCT, pulp regenera-
tion or canal shaping prior to root
filling.

Strength of recommendation: A
Degree of Evidence: 11
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7. Intraoral X-ray is indicated for
assessment, over time, of the
periapical and pulp health condi-
tions of permanent teeth that have
undergone conservative treatment
of the dental pulp. The follow-
up images should be taken three
months, six months, one year,
since the end of therapy and then
annually for the next three years.

8. Intraoral X-ray is indicated
for periapical health condition
periodical assessment of mature
or immature teeth that have
undergone provisional endodontic
treatment (apecification), pulp
regeneration or definitive RCT.
Radiohraphic follow-up is recom-
mended after three months, six
months and then annually for the
next three years, depending on the
clinical situation.

Strength of recommendation: A
Degree of Evidence: 11

Strength of recommendation: A
Degree of Evidence: 11

Diagnostic imaging in orthodontics and gnathology.

1. For a correct orthodontic diagno-
sis, a panoramic radiograph and a
teleradiograph are necessary.

2. Limit prescription of CBCT and,
preferably, use small and medium
FOVs.

3. The use of CBCT for cephalo-
metric diagnosis in orthodontic
patients with moderate-light mal-
occlusion is strongly discouraged.

4. Posterior—anterior teleradiogra-
phy, with related cephalometric
analysis, requires a highly experi-
enced clinician.

5. For TMJ ligament—capsule tissue
disorders, MRI is recommended.

For TM1J bone disease, a CBCT or
CT scan prescription is indicated.

The OPT is of no diagnostic use in
these cases.

Strength of recommendation: A
Degree of Evidence: 1

Strength of recommendation: A
Degree of Evidence: 1

Strength of recommendation: A
Degree of Evidence: 1

Strength of recommendation: A
Degree of Evidence: 1

Strength of recommendation: A
Degree of Evidence: 1

Diagnostic imaging in cranio-maxillofacial malformations.

1. Diagnosis of cleft lip and palate
is strictly clinical.

2. Diagnosis craniostenosis strictly
clinical, but CT may be of assis-
tance.

3. MSCT or CBCT may be
indicated for analysis of I and II
branchial arch syndrome crani-
ofacial defects with the purpose
of treatment planning.

Strength of recommendation: A
Degree of Evidence: 1

Strength of recommendation: A
Degree of Evidence: 11

Strength of recommendation: A
Degree of Evidence: 11

Use of radiological diagnosis in dental anomalies: impac-

tion, transposition, numerical and morphology anomalies.

1. On suspicion of dental impac-
tion, level I radiological exami-
nation must not be carried out
before the age of 6.

2. For suspected dental impaction,
orthopantomography is the first
diagnostic examination.

3. Level I radiographic investiga-
tions are an efficient tool in
defining the risk of injuring the
alveolar nerve and, in non-critical
cases, may be considered suffi-
cient in treatment planning for the
extraction of a III lower molar.

4. Panoramic imaging may be
appropriate for assessment I1I
upper molar impaction and its
treatment planning.

5. Level I radiographic investiga-
tions are not deemed to be an
adequate imaging technique for
identification and characterisation
of external root resorption.

6. Periapical intraoral imaging may
be used for dental impaction of
the upper incisor—canine region.

7. CBCT is an essential imag-
ing technique in assessing the
relationship between third lower
molars, mandibular canal and the
surrounding anatomical structures
and, similarly, those between third
upper molars and the maxillary
sinus floor.

Strength of recommendation: A

Degree of Evidence: 1

Strength of recommendation:
Degree of Evidence: IV

Strength of recommendation:
Degree of Evidence: IV

Strength of recommendation:
Degree of Evidence: IV

Strength of recommendation:
Degree of Evidence: IV

Strength of recommendation:
Degree of Evidence: IV

Strength of recommendation:
Degree of Evidence: IV

1. On suspicion of dental morphol-
ogy anomaly, a level I radio-
logical investigation should be
considered after the age of 6.

2. If tooth transposition is
suspected, the indicated level
I radiological investigation is
orthopantomography, which may
be a sufficient tool for treatment
planning.

3. CBCT is a useful imaging
technique useful in assessment
of tooth transpositions associated
with dental impaction.

4. Intraoral periapical imaging may
be used in tooth transpositions.

1. On suspicion of numeric anoma-
lies of teeth, a level I radiological
investigation is advised after the
age of 6. Orthopantomography
is the indicated 2D radiological
imaging technique.

Strength of recommendation:
Degree of Evidence: 1

Strength of recommendation:
Degree of Evidence: 1

Strength of recommendation:
Degree of Evidence: V

Strength of recommendation:
Degree of Evidence: V

Strength of recommendation:
Degree of Evidence: IV
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1. On suspicion of dental morphol-
ogy anomaly, a level I radio-
logical investigation should be
considered after the age of 6.

Strength of recommendation: A
Degree of Evidence: 1

2. Level I radiographic investiga-
tions (orthopantomography and
intraoral radiography) are consid-
ered suitable imaging techniques
for identification and analysis of
morphology anomalies.

Strength of recommendation: A
Degree of Evidence: IV

Strength of recommendation: A
Degree of Evidence: IV

3. When 2D imaging is insuf-
ficient to clarify the anatomical
relationships of an anomalously
shaped tooth with the surrounding
anatomical structures or when the
internal structure of the dysmor-
phic dental roots needs to be
better defined, the use of CBCT is
recommended.

Diagnostic imaging in dental traumatology.

1. Orthopantomography is not indi-
cated in the presence of a defined
traumatic dental event.

Strength of recommendation: A
Degree of Evidence: IV

Strength of recommendation: A
Degree of Evidence: IV

2. Periapical intraoral radiography
is the first and often conclusive
radiological step in the presence
of dentoalveolar trauma in paedi-
atric patients.

3. CBCT is the level II examina-
tion indicated for selected cases
in which level I investigations
(periapical intraoral radiography)
do not supply sufficient diagnostic
information for suitable therapeu-
tic planning.

Strength of recommendation: A
Degree of Evidence: IV

Glossary

ALARA—As Low As Reasonably Achievable: each expo-
sure to radiation must be kept as low as it is reasonably
achievable base on both economic and social considerations.
This principle is mostly used, whereas exposure limits are
not defined by a threshold, but on the basis of the ‘accept-
able risk’. Under these circumstances, it is reasonable to
minimise a risk that may be presumed to exist also at levels
lower than the recommended limits, considering that what

@ Springer

makes a risk acceptable may vary greatly from one indi-
vidual to another.

Lead-lined collar: individual protection device for the
thyroid.

Developmental years: the age of individuals between 0
and 18 years.

FOV—Field of View: the field of investigation prescribed
in order to avoid subjecting the patient to useless radiation
with areas of acquisition that are over-extensive with regard
to the district under examination. Availability of different
FOVs (small, medium, large) depends on the device used.

IOTN—Index of Orthodontic Treatment Need: devised
to rate the need for an orthodontic treatment based on den-
tal position alterations that may be associated with selected
functional alterations. Besides being used for epidemiologi-
cal research, it is also used as a tool by the National Health
Service to assess children’s orthodontic treatment priority
and eligibility for free care. The IOTN index has 5 classes
for orthodontic condition grading.

DRLs—Diagnostic Reference Levels: radiation dose lev-
els for each diagnostic imaging system or, in nuclear medi-
cine diagnostics, levels of activity, for each type of exami-
nation, performed with standard appliances, for groups of
patients of standard body size or for standard dummies.
These levels should not be exceeded for standard procedures,
in consideration of correct and normal applications of the
diagnostic and technical procedure.

Optimisation: a series of actions that allow using the
lowest possible dose suitable for the quality of the image
required and necessary to obtain the desired diagnostic
information.
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