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Revised consensus guidelines for the use of cone-beam computed tomography/ digital volume tomography

Abstract

Cone beam computed tomography (CBCT) is established in dentistry for about 20 years.
Technique evolved and indications clarified since then and since the Swiss consensus
guidelines regarding CBCT were published in 2014 and 2015. Therefore, the Swiss association
of dentomaxillofacial radiology decided to initiate the process of updating these guidelines by
forming a consensus group divided into a core group responsible for the whole process and
an approval group responsible for specific clinical matters. The manuscript outlines the revised
guidelines in a practical way and is divided along the different specialties and clinical fields of
dentistry. In result the guidelines are updated regarding reconstructive dentistry,
orthodontics, geriatric dentistry, temporomandibular joint disorders, maxillofacial
traumatology, benign and malignant tumors, assessment and detection of dental foci and
endodontic infections and apical surgery. Overall, it can be stated that CBCT is utilized more
consistently and somewhat broader than ten years ago. Today CBCT is well established and
has proven benefits if indicated and analyzed precisely. Therefore, it might very well become
more and more standard in dental radiology.
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Introduction

About 20 years ago the first cone-beam computed tomography (CBCT) devices for radiological
3D diagnosis in dentistry were installed in Switzerland. These CBCT devices had been
developed for use in private dental practices (1). Until then, three-dimensional (3D) imaging
diagnostics in dentistry had mostly been used for tumor or fracture diagnosis by means of
computed tomography (CT), which had to be done in dedicated radiological units in hospitals,
medical practices, or some dental universities. With the advent of CBCT technology,
indications for 3D-imaging which earlier were strictly limited (wisdom teeth or implant
dentistry) became more and more established in dental medicine (2-9).

For guidance on correct indication and radiation protection, the SADMFR decided to establish
guidelines for the use of CBCT in dentistry in two articles about a decade ago (10, 11). Ten
years have passed since the publication of the Swiss guidelines on the use of CBCT. The
SADMEFR believes that these recommendations need to be revised and updated as the use of
CBCT in dentistry has expanded drastically, which is also reflected by the increasing number
of publications on this topic (Fig. 1).
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Figure 1. Number of PubMed entries per year with the following search query: (cbct) OR ("cone beam CT") AND
(dentistry). Data retrieved from https://pubmed.nchi.nlm.nih.gov/ on Nov 24th, 2024.

Materials and methods

The SADMFR decided to organize this third consensus conference online. The process was
initiated on February 18, 2021. To keep the effort for preparation and implementation of the
revision of these guidelines within reasonable time and resource limits, a core group of six
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members was appointed by the board of the SADMFR to prepare the revised guidelines
comprising of recognized colleagues in Switzerland in the field of dentomaxillofacial radiology.
This core group covered the areas of oral surgery, dentomaxillofacial radiology and
stomatology / oral medicine with expert level knowledge. Thus, other experts were consulted
on areas that did not fall within the expertise of the core group. These additional experts
became part of an "approval group" to whom the revised publications were sent as a proposal
with the request to check and add comments or improvements for their specific topic. The
"approval group" included experts from the following specialties: TMJ dysfunction and
disease, periodontology, implantology, reconstructive dentistry, orthodontics, geriatric, and
pediatric dentistry. All members of the "approval group" had the opportunity to include other
experts from the relevant areas in the discussion, which gave the guidelines even broader
support. All members of the "approval group" thus became “group leaders” and thus the
contact person for the SADMFR in the respective specialist’s area.

All proposals and corrections made by the approval group were incorporated into the text
prepared by the core group. This revised text was then sent back to all members of the core
group for comments and additional corrections. As a last step, a final meeting of the members
of the core group took place to come to a consensus including discussions of all chapters
focusing on specialties as mentioned above.

Results and Discussion
Imaging settings and general recommendations (approved by all authors)

Creating CBCT images comprises four components: acquisition configuration, image
detection, image reconstruction and image display (12).

The acquisition configuration determines the image quality of CBCT scans (irrespective of
moving artefacts), and therefore the application of dose. Prior to every CBCT scan, CBCT
scanning protocols must be defined. Therefore, all clinical questions must be merged with an
individual indication and justification.

First, the region of interest (ROI) must be defined and translated to the scanned field of view
(FOV), which can contain a few teeth (= small FOV), a whole jaw (= medium FOV) or both jaws
as well as neighboring anatomic structures for example the temporomandibular joints,
maxillary sinuses or the orbit (= large FOV) (13). Second, the resolution of anatomical
structures needed for visualization must be chosen according to the clinical questions. Most
manufacturers provide a selection of different voxel sizes. The lower the voxel size, the higher
the energy needed to generate good image quality and the higher the effective dose resulting
for the patient (13, 14). Third, the number of raw images taken, range of rotation, scanning
time and modulation of beam are other possibilities to influence image quality as well as
effective dose. Multiple manufacturers provide special features with varying names, and
operators are not able to directly compare these features (15-17).

General principles on the use of dental CBCT are stated as follows (14, 18):

- CBCT should only be carried out after acquiring a patient’s history and thorough
clinical examination.
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- CBCT imaging needs justification for image taking and already available radiographs
should be considered.

- CBCTs should be taken only by dentists who underwent special training and
qualification.

- Continuing education and training in CBCT including radiation dose protection issues
even after basic training is mandatory.

Adapting CBCT scanning protocols to individual indications seems to be the most effective way
to limit effective dose and provide sufficient data/image quality for diagnostic and treatment
purposes in dentistry.

Localization/orientation of anatomical structures (low resolution)

For general visualization of teeth or the measurement of bone volume, the image resolution
can be limited to lower the effective dose for the patient.

Whenever localization and the relation of entire teeth to neighboring structures or bone
margins/ surroundings must be visualized (for example wisdom teeth and their relationship
to the mandibular canal, or bone visualization for implant planning), a reduction of exposure
parameters is possible (16, 19):

a. Reduction of FOV to smallest possible volume
Reduction of the electric current to 4-6 mA

c. Reduction of scan-time to standard mode instead of high-resolution mode or use of
half rotation (180 degrees), keeping voxel-size up to 0.2/0.3 mm

d. Application of low-dose protocols, if available and if they enable an adequate
resolution.

e. Choice of optimal voltage (e.g., 80-100kV), if possible.

Need for high resolution imaging

As soon as more refined details like the root canal system, root resorption, ankylosis or similar
pathologies are needed for \visualization, parameters should be adapted to:
a. reduce to the smallest FoV

b. choose the smallest possible voxel size available and
c. select the high(est) amount of image numbers within the scan (full rotation)

High resolution is needed to visualize rather small anatomical and/or pathological structures.
Thus, the highest resolution and the smallest FoV are often needed. Some manufacturers
provide the highest resolution with a small voxel size only in the smallest FoV.

To limit the effective dose to the maximum, the FoV always should be adapted to the smallest
possible FoV.

As high-resolution imaging generally results in longer scan times than for standard protocols,
children may not always be compliant when exposed to long scan times. Thus, settings with
shorter scan times must be chosen in these cases. On an individual basis, decisions must be

Swiss Dental Journal SSO - Science and Clinical Topics 90



Revised consensus guidelines for the use of cone-beam computed tomography/ digital volume tomography

balanced between blurry-free images with lower resolution due to reduced scan times versus
high-resolution images with the risk of motion artifacts (20, 21).

Conclusion: The correct CBCT settings regarding FoV, resolution, current and voltage must be
chosen individually depending on patient and indication. Therefore, and due to its often
sophisticated diagnostic evaluation, CBCTs should be taken only by dentists who underwent a
special training and qualification.

Reconstructive dentistry (approved by Nicola U. Zitzmann and Tim Joda)

Restoration and replacement of missing teeth is the classic task of reconstructive dentistry
(prosthodontics). Treatment planning of fixed and removable dental protheses needs
visualization of both jaws in a radiographic overview to evaluate the individual situation of
teeth and bone. Some detailed two-dimensional radiographs may be indicated to check caries
lesions, restoration margins, and bone loss. Only rare cases of teeth requiring advanced
periodontal, endodontic treatment or further assessment of pathologic bone conditions, need
to have a CBCT scan conducted (see section Endo/Paro/Surgery). Digitalization, with methods
like computer-aided design and computer-aided manufacturing (CAD/CAM) changed
traditional workflows for the provision of implant-supported protheses. In some cases, where
restoring missing teeth lead to involvement of dental implants, CBCT scans are needed in the
setting of guided implantology or fully digital treatment (9). Patients in need of reconstructive
dentistry are usually elderly adults. Due to the life span of these patients, radiation risk is
reduced by the factor of 0.5 (30 to 50 year old patients) or even 0.3 (50 to 80 year old patients)
of effective dose (18, 22). The caveat in these age groups is a high probability of restorations
present in the oral cavity with high-absorbing (metal) material. Resulting artefacts may
interfere with the diagnostic process and reduce image quality (23, 24). New algorithms
reducing metal induced artefacts (MAS) are implemented in some CBCT scanners and shall
help improve image quality (25, 26). Nevertheless, these artefacts make full-digital workflows
difficult, especially matching intraoral scans with CBCT scans (27, 28). From this point of view,
indications for adjunctive CBCT imaging must be considered carefully. Follow-up care in
reconstructive dentistry follows ALARA principles and usually there is no indication for CBCT
evaluation (10).

In conclusion the utilization of CBCT in reconstructive dentistry is rather rare and focusses on
specific topics as e.g. implant planning, advanced periodontal or endodontic treatment, or
visualization of complex trauma cases, in which the potential abutment teeth show e.g. clinical
signs of invasive cervical resorption.

Orthodontics (approved by Raphael Patcas)

In orthodontics, two-dimensional radiographs such as panoramic views and lateral
cephalograms are routinely and successfully used for diagnostics and treatment planning (29,
30). Magnification, distortions, superimpositions of unrelated anatomical structures, double-
contours, landmark identification and head positioning errors are well known limiting factors
in interpreting these radiographic images (30-34).
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CBCT may prove advantageous in daily orthodontic practice to overcome these limitations to
reach diagnostic certainty. In comparison to conventional radiographs, CBCT scans offer the
benefit of a 3D representation of the volume in different visualization methods, such as multi-
planar reformatted slices, intensity projections or as rendered surface models, and can thus
be beneficial for the diagnosis of more generalized cranio-maxillofacial and localized
dentoalveolar anomalies.

CBCT scans, which cover the same field of view of standard 2D orthodontic radiographs, cause,
however a higher effective dose (35).

Sensitivity to radiation varies considerably with age. In general, radiosensitivity, i.e. the
susceptibility of cells, tissues, organs or organisms to the harmful effects of radiation,
decreases with age. This means that growing organisms are more susceptible to the effects of
radiation. Accordingly, most orthodontic patients, are more vulnerable to radiation (36-38),
and concerns relating to a potential carcinogen risk of higher radiation doses are especially
relevant.

CBCT imaging is only justified if additional information needed for diagnosis or therapy
planning can reasonably be expected (11), and should therefore be reserved for subsequent
in-depth analysis of findings for which conventional 2D imaging diagnostics do not provide
conclusive information (30). Therefore, a small field of view with high resolution will usually
be the setting of choice in orthodontics.

Indications and benefits of CBCT scans in orthodontic patients were recently systematically
reviewed (39) and broadly discussed (34, 40). The available literature analyzes the evidence-
based benefits of CBCT for a plethora of orthodontic problems, which are predominantly
dentoalveolar or more localized. These indications can be grouped into:

A. Calcifications or anomalies of dental structures: dysplastic teeth, root resorptions,
ankylosis, supernumerary teeth and odontomas, teeth with dilacerations, gemination
or invaginations (41);

B. Topographical evaluation of unerupted (retained, impacted, aberrated) teeth (39,
42);

C. Assessment of bone: alveolar bone covering of teeth (before or after treatment) and
bone volume for insertion of temporary anchorage devices (43-45).

In practice, a case may evidently present multiple problems of different origins at the same
time (e.g., root resorption of tooth adjacent to an impacted tooth).

Beyond these localized dentoalveolar abnormalities, studies also discuss the potential benefits
of CBCT for various more generalized craniofacial deformities (34, 39, 40), with special
emphasis on facial asymmetry (46, 47), cleft palate (48), temporomandibular joint disorders,
oro-pharyngeal airway assessment (49-51) and planning for orthognathic surgery. As these
cases usually require an interdisciplinary approach, requirements and settings needed should
ideally be discussed and defined prior to the scan, as different specialists may have diverging
expectations in the scanned volume (52).

Several alternatives have been suggested to avoid ionizing radiation in craniofacial imaging,
such as magnetic resonance tomography (MRI) for the assessment of osseous pathologies in
the TMJ (53) and mandibular growth (54), or 3D photography for facial asymmetry
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quantification (55). These non-ionizing options should be further evaluated as alternatives to
CBCT, especially for children and adolescents.

In contrast to our first published guidelines (10), most CBCT devices now offer considerably
more options for dose reduction, which should be implemented in each individual case (e.g.,
use of collimation settings by choosing the smallest FOV; or adjusting patient-related settings
such as reducing exposure parameters and increasing voxel size according to the specific
indication (56).

In conclusion, the lack of sufficient evidence cautions against the undifferentiated use of CBCT
for all orthodontic patients, which are predominantly comprised of children or adolescents.
There is no clear and established therapeutical benefit for the routine use of CBCT imaging
over the established 2D radiographs for orthodontic treatment planning. Thus, CBCT should
be reserved for cases in which 2D radiographs fail to provide sufficient diagnostic clarity or
seem not sufficient for treatment planning purposes.

Gerodontology / geriatric dentistry

Geriatric dentistry focuses on dental care for elderly people, but there exists no clear age
threshold to be termed a geriatric (dental) patient (57). Since some older people are generally
healthy, they can be treated as any other patient (58). In addition to their age geriatric patients
either suffer from typical age-related impairments, or simply overstrain a general or
specialized dentist due to their multimorbidity and/or polypharmacy.

The basic rules for indication and utilization of CBCT as outlined in other chapters also apply
for geriatric patients (17). The literature to date lacks data or recommendations regarding the
use of CBCT imaging in gerodontology.

However, general considerations can be made for geriatric patients:

1)In elderly geriatric patients, the risk for the later development of malignant tumors due
to exposition to radiation is significantly lower than in younger patients (10, 59-66).

2)Elderly and especially geriatric patients tend to have a lower capability for healing, due
to a weaker general condition and medications taken. Furthermore, there is generally
a higher risk for complications resulting from missed pathologies or dental, especially
surgical, procedures.
These patients may, for example, also suffer from inadequate nutrition, oral hygiene,
and salivary quality, which especially influence individual caries risk, periodontal
lesions, and functional abilities. Caries management by risk assessment (CAMBRA) as
well as other systematic check-ups are needed to avoid caries, periodontal and other
diseases to prevent invasive interventions.

Derived from these considerations, the indication for CBCT imaging in elderly and especially
geriatric patients is more likely justified for the following indications:

- Detection of periapical lesions, as well as peri-implantitis may be crucial to general
health for an older multi-morbid patient. If not treated, they can result in
complications such as osteomyelitis in a patient with a weaker immune system or
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osteonecrosis related to antiresorptive therapy (bisphosphonates, denosumab),
which is quite common in an elder patient population (67, 68).

- Implant related bone augmentation might be less preferable in geriatric patients while
at the same time bone volume is often unfavorable. Therefore, three-dimensional
diagnostics and guided surgery might be utilized to avoid bone augmentation and
CBCT imaging is often necessary to achieve this goal (69-71).

- TMJ cases with suspected arthrotic changes might require CBCT as the modality of
choice, since older patients present with a higher rate of bony alterations (72). It is
also important to note that persisting TMJ symptoms can be sign of a malignant
tumor, which is generally more likely in older patients (73-75).

- Special situations like infection from impacted teeth require CBCT to provide precise
information on the patient’s anatomy and its relation to the pathologic conditions (4,
5,76, 77). This helps the clinician to better evaluate the need and type of
intervention and, in case of surgical intervention, to minimize morbidity and potential
complications, which is more crucial in geriatric patients (2, 3, 77).

In the future, for example, methods of artificial intelligence could be able to deeply analyze
radiological image data and create preventive approaches in health care. For example,
measurements of bone mineral density (BMD) in CBCT taken for dental purposes might
identify patients at risk of osteoporotic fractures. It has been shown that CBCT (as well as and
maybe better than panoramic imaging) can distinguish between women with osteoporosis
and those with normal BMD (78-80).

As a practical recommendation, we suggest scanning in a sitting position, employment of
restraining measures (such as the chin rest, arm support, head restraint, and bite-blocks) and
rehearsal of the scanning procedure prior to the actual scanning. This should be done to avoid
motion artifacts as much as possible, which are more pronounced in elderly patients (20).

In conclusion, the indication for CBCT imaging can be justified in older patients. Of course,
sometimes CBCT may not be indicated because treatment is minimized due to various
considerations in severely multimorbid patients and a pathological condition that does not
impair quality of life. On the other hand, in today’s daily clinical routine it's more a lack of
access to treatment and recognition of geriatric patients’ needs than a balanced decision that
leads to diagnostics and minimized treatment.

Temporomandibular joint disorders (approved by Jens C. Tiirp)

The basic recommendations for the use of CBCT in the radiological assessment of the
temporomandibular joints (TMJs) have not changed since the first publication of these
guidelines (11). In the meantime, however, CBCT has become even more widely available, and
it is reasonable to assume that it is being used more frequently in clinical practice for TMJ
imaging than it was a decade ago.

Although panoramic radiography can provide basic information about the TMJs, its
visualization is compromised by severe shape distortion of the condyle due to the
nonorthogonal orientation of the x-ray beam (81). Therefore, even before CBCT became
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available and popular, further imaging was recommended when degenerative changes in the
TMJ were suspected (81). CBCT allows for the imaging of the bony components of the TMJs
without any superimposition or distortion (82). Compared to panoramic radiography and
(linear/spiral) tomography of the TMJs, CBCT offers a higher diagnostic accuracy, e.g. for
cortical erosion (83). Therefore, its strength lies in the detection of any bony changes of the
articular condyle, the temporal fossa, and the articular eminence, such as destructive-erosive
remodeling, deformations, flattening of the articular surfaces, osteophyte formation,
subchondral sclerosis and ankylosis (84-87). In order to fully extract all this information, it is
crucial to access the original 3D-dataset of the CBCT and not only refer to single plane views
(5, 13). The fact that the TMJ is not oriented in the main orthogonal planes emphasizes this
requirement.

In order to obtain optimal information, it is recommended that the preferred occlusal position
(e.g., closed jaw, open jaw, prosthesis-related) be accurately selected during the CBCT scan
and noted in the radiologic report. Of course, this recommendation also applies to all other
TMJ imaging modalities.

Compared to conventional computed tomography, CBCT is widely available, cost-efficient, and
generally results in lower dose exposure to the patient. CBCT was developed for specific
diagnostic needs of dentistry. However, while hard tissues are very well depicted, soft tissue
have very uniform gray values. Therefore, CBCT images do not provide sufficient information
about the intra- and periarticular soft tissues, such as the articular disc, the TMJ capsule,
synovial fluid or ligaments. For visualization of these tissues, MRl is the imaging modality of
choice, usually also showing calcified tissues with sufficient diagnostic detail (88).

In addition, there is evidence that ultrasound (US) imaging has the potential to evaluate acute
and chronic TMJ changes, although with slightly less accuracy than MRI. However, following a
baseline MRI, US may further increase diagnostic sensitivity and specificity(89).

Despite advances in orofacial imaging, the mainstays of TMJ diagnosis are a thorough patient
history that includes somatic (Axis 1) and, especially in the case of persistent/chronic pain,
psychosocial (Axis 1) aspects, and clinical examination. Additional information obtained from
CBCT images often does not lead to a change in therapeutic decisions in patients with TMJ
problems (90). Therefore, CBCT is not indicated for routine diagnosis in daily dental practice.
Other radiologic modalities, such as panoramic radiography, are also inappropriate for a
meaningful therapy-oriented assessment (91, 92), but may be used for differential diagnosis.

However, CBCT (as well as MRI (93)) provides objective information about tissue changes, the
progression of pre-existing pathology and, in special cases, whether surgery should be
considered. Therefore, CBCT may be indicated in patients with failure of conventional therapy,
trauma, severely decreased jaw opening, systemic joint disease, and suspicion of tumor
(Petersson 2010).

It is also important to remember that persistent TMJ symptoms of almost any type may be a
sign of a serious underlying pathology, such as neoplasia, although this is very rare (73-75).

In conclusion, CBCT has emerged as a relatively cost-effective and dose-effective imaging
modality for the diagnostic evaluation of a variety of TMJ pathologies. However, the diagnostic
information obtained is limited to the morphology of the osseous joint components, cortical
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bone integrity and subcortical bone destruction (94). In general, and as in other fields of
medicine and dentistry, the decision to obtain a CBCT or MRI (or any other non-basic
diagnostic matter) should be made in a setting that is likely to provide adequate therapy (88).
Thus, in many cases where these imaging modalities are considered, a referral to a TMJ/TMD
specialist may be the more prudent decision, consistent with dose protection considerations.

Thus, the final decision regarding the appropriate imaging required rests with the clinician
managing the patient. The clinician will generally choose CBCT imaging if there is any suspicion
of bony changes that are relevant to clinical diagnosis and therapy.

Maxillofacial traumatology (approved by all authors)

The list of 3D imaging indications for cranio-maxillofacial traumatology is broad and is also
considered as the imaging technique of choice in situations as listed in Table 1. In the case of
trauma in the dentomaxillofacial region, which mainly involves hard tissue, CBCT is preferable.
It has become a widely used technique and should be considered often instead of
conventional multi-detector computed tomography (MDCT) due to its easy accessibility, ease
of use, and good bone visualization (88, 95-97). The option of CBCT regularly applies to
midfacial and mandibular trauma with no suspicion of intra-cerebral hemorrhage. While 2D-
imaging — mainly due to massive superimposition of complex local anatomy - provides only
limited insight in existence, course and dislocation of fractures, 3D-imaging — especially
through free choice of section plane (5) — allows thorough evaluation and treatment planning.
As a primary diagnostic alternative, MDCT low dose protocols for sole bone visualization have
emerged over the last decade and are recommended more commonly today. They potentially
solve the quite common “emergency room dilemma” of having a MDCT - but not a CBCT
scanner available in most hospitals’ primary trauma units. However, they are - aside from
childhood trauma - not stringently practiced yet. One must remember: dose considerations in
emergency patients (even if discussed repeatedly in studies) play a subordinate role. What
matters most in this context is to gain a comprehensive picture as quickly as possible.

Table 1. Indications for 3D imaging in cranio-maxillofacial trauma.

General situation 3D imaging / CBCT indicated 3D imaging / CBCT not indicated

No suspicion of in'tr.a-cerebral lesion | syspicion of intra-cerebral lesion or other
or other relevant injury of soft relevant injury of soft tissues (CBCT might be
tissues combined with MRI)

Cranio-maxillofacial
Trauma with need
for 3D-imaging

- Complex fractures of all kinds (98)

Prior to open Schoen et al., (99) Pohlenz et al., 'f_ convent.ional x-ray provides clear
reduction internal | (100) Pohlenz et al. |r?format|on (98) Schoen et al., (101)
fixation - Collum fractures (98) Schoen et al. Zizelmann et al., (102) Drage et al.
No suspicion of relevant soft tissue Suspicion of relevant soft tissue trauma, e.g.,
Orbital wall injury, e.g., muscle incarceration, muscle incarceration (102) Drage et al.
fractures ophthalmic nerve trauma or ophthalmic nerve trauma or retrobulbar
retrobulbar hemorrhage (101) hemorrhage (CBCT might be combined with

Zizelmann et al., (102) Drage et al., MRI)
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(103) Blumer et al., (104) Blumer et
al., (96) Brisco et al.

Clinical situation
with inconclusive
conventional x-rays

Influence on treatment expected

No influence on treatment expected

Foreign body

Foreign body is radiopaque - CBCT
is suggested for localization (105)
Stuehmer et al., (106) Eggers et al.,
(107) Grobe et al., (108) Sadiq et al.,
(99) Pohlenz et al., (100) Pohlenz et
al.

Foreign body is not radiopaque = MRl is
suggested for localization (106) Eggers et al.

Intraoperative
imaging (3D c-arm,
CBCT) (109)
Luebbers et al.

- Immediate control and revision in
reposition and retention of complex
fractures (107) Grobe et al., (99)
Pohlenz et al. (instead of
postoperative 3D imaging)

- To spare a prior anesthesia for 3D
imaging, e.g., in young children with
clear indication for surgery based on
2D-imaging but necessary 3D
imaging for the procedure (99)
Pohlenz et al.

If intraoperative real time navigation is
available, the need for intraoperative 3D
imaging might be reduced (110) Lubbers et al.

Intraoperative
computer
navigation (111)
Lubbers et al., (112)
Lubbers et al., (113)
Lubbers et al., (114)
Luebbers et al.

To obtain a dataset needed for
referencing / registration (115)
Bettschart et al., (116) Venosta et al.

If an existing dataset of a different modality
can be utilized (117) Sun et al., (118) Sun et
al.

Patient specific
models or implants
(119) Quereshy et
al,, (120) Fernandes
etal.

If an extra dataset is needed

If an existing dataset of different modality can
be utilized

For specific cases involving neural structures including the facial or inferior alveolar nerve, high
resolution MRI imaging is discussed and has, of course, the advantage of being a non-ionizing
technique (121-125).

Three-dimensional data sets required for intraoperative surgery (treatment planning) or
postoperative control (follow-up) are considered a routine application for CBCT (97). When
radiopaque foreign bodies need to be diagnosed, such as in shotgun injuries, CBCT might be
superior to MDCT due to reduced artifacts (105). However, in acute gunshot injuries, soft
tissue images with detailed information on the large vessels are regularly required. In such
extended trauma, CT angiography or MRI are often indicated as CBCT cannot visualize these
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tissues. Lastly, ultrasound can be utilized for soft tissue evaluation in the neck area but is
limited, for example, in the midface region, due to the interference of bony structures.

In conclusion it must be stated that due to the complex anatomy in question and availability,
radiation dose and costs of the technique CBCT is widely utilized in maxillofacial traumatology.
It is today’s technique of choice when trauma has to be evaluated and / or treated.

Benign and malignant tumors (approved by all authors)

CBCT is often the three-dimensional imaging technique of choice when examining benign
bone tumors of the jaw. This due to its - compared to MDCT — high availability and generally
low radiation dose, which can be further reduced by FOV-containment, while providing a
similar excellent representation of the hard tissues (66, 126-130). For follow-up assessments
or when choosing a wait-and-see-strategy of benign bone tumors of the jaw to visualize
changes, the use of CBCT has the same advantages as mentioned for the initial assessment of
these tumors (130, 131).

Regarding malignant bone tumors of the jaw, MDCT or MRI with a contrast medium is often
imperative and provides the necessary information about soft tissue infiltration and lymph
node involvement for radiological staging (132). In addition, MRI is classically known for its
capability of detailed visualization of the soft tissue to facilitate in the diagnostic workflow. It
was suggested that CBCT can be helpful in specific cases in assessing localized bony infiltration
of squamous cell carcinomas (133-138). Psychologically valuable is CBCTs high availability “on
site”, which allows immediate feedback about the important question of bony infiltration
(130).

In conclusion, for the re-evaluation or follow up assessments of malignant bone tumors, MDCT
and not CBCT imaging is considered as the gold standard and should be applied. However,
after therapy of malignant tumors, CBCT is often indicated when the indication for imaging is
of a reconstructive nature but not to evaluate the disease or a possible relapse. Table 2
summarizes indications and contraindications for CBCT for assessing benign and malignant
maxillofacial tumors.

Table 2. Typical indications for CBCT in head and neck oncology.

General situation CBCT indicated CBCT not indicated

- Invasion through inner cortical
layer in question?

- Invasion of mandibular canal in
question?

- Immediate information desirable.

Bone invasion of soft
tissue malignoma in
dispute (136) Momin et
al.,, (135) Closmann et
al., (139) Ziegler et al.

Amount of bone invasion is cleared
by other (necessary) imaging
techniques as, e.g., MRI or MDCT
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- Structure and localization of

lesion
- Prior to biopsy (surgical access Need for soft tissue evaluation
Intraosseous tumors (131) planning) (could however be used in
Nakagawa et al. - Follow up controls of lesion size

combination with MRI)
(e.g., central giant cell granuloma

under systemic therapy)

Angio CBCT Only in clinical studies Clinical routine

Positioning CBCT prior to
radiotherapy session
(140) Osman et al., (141)
Xu et al.

Only in clinical studies Clinical routine

Intraoperative computer
navigation (111) Lubbers Additional dataset is needed, e.g., with Emstmg dataset of .d.lfferent
et al., (112) Lubbers et fiducials modality can be utilized, e.g., by
al,, (113) Lubbers et al., surface laser registration
(114) Luebbers et al.

Patient specific models or
implants (119) Quereshy Extra dataset needed Emstmg dataset of.d.lfferent
et al.,, (120) Fernandes et modality can be utilized
al.

Assessment and detection of dental foci (approved by all authors)

There are many aspects about so-called dental foci, their diagnosis, and treatment in
alternative or non-conventional medicine. All of those are not covered by this chapter, which
is limited to evidence-based concepts and recommendations in (dental) medicine.

A dental focus has rarely been proven to be responsible for a single event / medical condition
and studies even question the benefit of dental treatment, for example, prior to heart valve
surgery (142). However, the fact that “medicine forgets dentistry” is an existing problem (143,
144). There is a risk of a dental focus to evolve into a medical problem in medically
compromised patients, and sometimes this dental cause is missed.

The necessity to identify dental foci can basically be addressed from two sides. On the one
hand, there are young and healthy patients, in whom a dental focus should be ruled out for
general reasons in a first appointment or during routine recall visits. Missing a focus in these
patients would very likely only lead to minor problems such as pain or a localized dental
abscess. On the other side, missing a focus in a severely ill patient scheduled, for example, to
undergo radiotherapy in the head and neck region or prior to an organ transplantation or to a
heart valve replacement might result in severe consequences as e.g. osteoradio- or -
chemonecrosis.
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In consequence, the meticulousness and rigor of a dental focus assessment differs is
influenced mostly by the potential risk posed to the individual patient due to a missed
pathology. So even if screening for the same pathology, the means to do this differ
significantly. Dental foci occur in many forms. Many of them are visible by a careful clinical
examination. However, radiological techniques are an additional and mandatory aspect to
provide information about incidental findings. While some of these have no clinical relevance
(e.g., Stafne bone cavities) others (retained teeth, cysts, etc.) obviously do (145-147).
Whenever it comes to the evaluation of root canal filled teeth or other nonvital teeth to detect
periapical lesions, panoramic views and apical films are the standard screening techniques
(148, 149). However, as well proven in comparison to CBCT, they lack sensitivity (Table 3) (150-
158). CBCT is also superior in the diagnosis of vertical root fractures, a pathological condition
which also represents a dental focus (159-162).

Since CBCT is widely available nowadays, it is reasonable to utilize it for the identification of
chronic periapical periodontitis in selected cases, to assess and detect dental foci in the above-
mentioned severely ill patient.

Table 3. Sensitivity, Specificity and Accuracy for detection of chronic periapical periodontitis in different
radiological modalities. Numbers approximated based on (150-158).

Imaging modality Sensitivity Specificity Accuracy
Histology as reference - (ref.) - (ref.) - (ref.)
Panoramic view ~25% 100 % ~50 %
Periapical film ~70 % 99 % ~75%

Cone Beam Computed Tomography ~90 % 100 % ~90 %

Table 4 outlines, depending on the indication of the screening for dental foci, if a missed focus
might be acceptable or not. In less critical situations, such as a dental screening indicated due
to an upcoming chemotherapy or orthopedic surgery, for example, an artificial joint
replacement or even organ transplantation (163), CBCT is only recommended in cases that
cannot be clarified by thorough clinical examination in addition to conventional two-
dimensional imaging comprising of a panoramic view and additional periapical radiographs for
the root-canal filled teeth. This recommendation goes along with the rules for any general
dental patient (153, 164). However, there are patients, with whom missing an occult dental
focus (even if it may have silently pre-existed for years) is not an option. Such situations are
found, for example, in patients receiving radiotherapy (with the corresponding focus in the
radiation field) or in patients receiving high-dose IV antiresorptive therapy with
bisphosphonates or monoclonal antibodies, which are associated with the development of
osteonecrosis of the jaw (MRONJ) (165). However, one must be aware that these patients
regularly have pre-existing 3D-image datasets (mostly MDCT), which can and should be
utilized. Recently, several anti-VEGF (Vascular Endothelial Growth Factor Inhibitors) based
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antiangiogenic drugs and the anti-TKI (Tyrosine Kinase Inhibitors) as well as different types of
immunomodulators have also been identified as potential promoters of MRONJ (166). In these
patients, there is a relevant risk for severe complications due to a dental focus. In addition,
future treatment options are severely limited due to permanent (even though local)
immunodeficiency induced by the upcoming treatment. For these special indications, we
strongly recommend considering CBCT screening for all nonvital teeth to achieve maximum

sensitivity (Table 3).

Table 4: Different indications for dental focus screening require different levels of sensitivity due to differences
in potential harm caused by missed foci.

A . N f . .
Indication for dental screening z;g'l? Substantiation / Assessment for case of missed focus
No special indication; general Low - Low risk for severe problems
patient in routine dental control - Unlimited future treatment options
Prior to artificial joint or other . .
foreign body (pacemaker) Low - Low risk for medium severe problems
. & . V1P - Unlimited future treatment options
implantation
- Medium risk for medium severe problems
. . - Temporary and relative immunodeficienc
Prior to chemotherapy Medium porary . _ Y
- Temporary and partially limited treatment
options
- Low risk but for excessive problem
- Incomplete and decreasing but permanent
Prior to organ transplantation Medium immunodeficiency
- Partially but permanently limited treatment
options
. . - Potential risk for severe problems
Prior to heart valve surgery Medium o P .
- Unlimited future treatment options
Before and during antiresorptive
therapy (bisphosphonates,
monoclonal antibodies)
- Risk for excessive problem
- Detection of subclinical early stages of MRONJ
Not with the same level of High - Non-permanent but long-lasting local
evidence but also in a number of immunodeficiency
anti-VEGF based antiangiogenic - Limited treatment options
drugs, anti-TKI and different
types of immunomodulators
(166) Eguia et al.
- High risk for excessive problem
- Permanent and pronounced local
Prior to radiotherapy Very high P

immunodeficiency
- Severely limited future treatment options

In summary, CBCT is a cost-effective and dose-effective imaging modality for the diagnostic
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assessment of foci, especially in chronic periapical periodontitis. Mostly it is reserved for
special cases where clinical observation and conventional, two-dimensional radiography
cannot provide the necessary information. Such indications comprise cases with clinical signs
but lack of (two-dimensional) radiological signs; anatomically complex lesions, close
relationship to maxillary sinus or if molars are affected (153, 164). However, in special
situations with the risk of severe consequences of a missed dental focus, mostly a periapical
process, CBCT is justified as a standard imaging technique. As in many cases where extensive
imaging modalities are considered, a referral to a specialist might be the smarter decision, and
in line with dose protection considerations.

Conclusion: The final decision regarding the adequate imaging needed resides with the
clinician performing the treatment. He will perform CBCT in any case, where clinic and
conventional radiographs don’t add up and, in all cases, where no focus should be missed.

Endodontic infections and apical surgery (approved by all authors)

Prior to apical surgery, three-dimensional imaging can be considered if sufficient root canal
treatment and coronal seal as prerequisites are fulfilled (167). Due to the complex anatomy
of the teeth and alveolar process, standard intraoral radiographs regularly fail to adequately
display roots and root canals due to distortion and overlap of anatomical landmarks (168-170).
This is especially true for premolars and molars, which regularly superimpose with the
maxillary sinus or the mandibular canal. Periapical lesions of maxillary molars often expand to
the maxillary sinus and may induce sinus pathologies, which can best be assessed by three-
dimensional scans. Furthermore, measuring the distance of the apex to the sinus floor or the
mandibular canal is helpful to plan the surgery accurately (171-173). Also, superimposition
between upper central incisor and incisive canal is an issue to address.

CBCT often reveals chronic periapical inflammation, and it also provides detailed information
of a possible furcation involvement. This is relevant to treatment decision but justified only if
invasive therapies are planned, for example, if the decision is between tooth removal or apical
surgery to save the tooth (174, 175). For diagnostic purposes, persistent symptoms or pain
without evident pathology in clinical examination and standard radiographs justify the use of
CBCT (150, 171), which is well known to be superior in identification of periapical bone
pathologies (151-158, 176). These and other diagnostic indications are outlined in the
corresponding chapter of this communication (“Application of CBCT for the assessment and
detection of dental foci”). CBCT scans indicated within the background of apical surgery should
ideally be performed with a reduced field of view and patient related factors in choosing the
ideal parameters (176). While in direct postoperative control often the same imaging
technique as preoperatively is applied, during long-term follow-up, intraoral radiographs are
usually sufficient in combination with a thorough clinical examination to assess success or
failure of apical surgeries. CBCT scans can be used in selected cases of doubts regarding the
bony healing following surgery (177).

In conclusion, Table 5 sums up the SADMFR-recommendations for the use of CBCT in the
context of apical surgery.
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Table 5. General recommendations of the SADMFR for the use of CBCT prior to apical surgery.

CBCT indicated

CBCT not indicated

Prior to apical surgery of upper Molars

Prior to apical surgery of lower molars with
difficult anatomy or pathology

Suspected periapical problem without
periapical pathology in standard radiographs
Sensitive anatomical structures near the apex
(E.g., maxillary sinus, mandibular canal,
mental foramen, incisive canal)

Difficult pathology (E.g., involvement of root

furcation)

Insufficient root canal
treatment

Insufficient coronal seal
Simple anatomy and
pathology with no
relevant structures
nearby

Clinical signs of root

fracture
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Zusammenfassung
Einleitung

Seit ihrer Einflihrung in die Zahnmedizin vor rund 20 Jahren hat sich die Digitale
Volumentomografie (DVT) zunehmend verbreitet. Vor zehn Jahren erfolgte die
Erstverdffentlichung der Schweizerischen Konsensusleitlinien zur Anwendung der DVT im
zahnmedizinischen Fachgebiet. Seither haben sich sowohl die DVT-Technik als auch deren
zahnmedizinische Indikationen deutlich weiterentwickelt. Aus diesen Griinden wurde eine
Uberpriifung und Uberarbeitung der Leitlinien durch die Schweizerischen Gesellschaft fiir
Dentomaxillofaziale Radiologie SGDMFR initiiert.

Material und Methoden

Fir die Uberarbeitung der Leitlinien wurde eine Konsensgruppe gebildet. Diese unterteilte
sich in eine Kerngruppe (Autoren), welche fir den gesamten Prozess verantwortlich war. Die
«approval»-Gruppe hingegen war fir spezifische klinische Fragen und Teilkapitel zustandig
und hat die jeweils zugeordneten Themenfelder gegengelesen und wo noétig korrigiert
beziehungsweise erganzt.

Resultate

Das Manuskript legt die Uberarbeiteten Leitlinien auf praktische Weise dar und ist
entsprechend den unterschiedlichen Fachgebieten und klinischen Bereichen der Zahnmedizin
gegliedert Im Ergebnis wurden die Leitlinien fir die Bereiche rekonstruktive Zahnheilkunde,
Kieferorthopadie, geriatrische Zahnheilkunde, Kiefergelenkserkrankungen,
Kiefertraumatologie, gutartige und bdsartige Tumore, Beurteilung und Erkennung von
Zahnherden und periapikale / endodontische Entziindungen sowie apikale Chirurgie
aktualisiert.

Diskussion

Insgesamt lasst sich feststellen, dass die DVT in der Zahnmedizin konsequenter und auch
breiter eingesetzt wird als noch vor zehn Jahren. Sie ist gut etabliert und hat nachweislich
Vorteile, sofern sie genau indiziert und vollstandig analysiert wird. In den vergangenen Jahren
konnte sie sich in der zahnarztlichen Radiologie mehr und mehr durchsetzen. In Teilbereichen
beziehungsweise bei spezifischen Fragestellungen ist sie heute zahnarztlich-radiologischer
«Gold Standard».
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Résumé
Introduction

Depuis son introduction en médecine dentaire il y a une vingtaine d'années, la tomographie
volumique a faisceau conique (TVFC), nommée en anglais cone beam computed tomography
(CBCT) s'est de plus en plus répandue. Il y a dix ans, les résultats de la premiere conférence de
consensus suisses sur |'utilisation de la TVFC dans le domaine de la médecine dentaire ont été
publiés. Depuis, la technique de la TVFC et ses indications en médecine dentaire ont
considérablement évolué, justifiant, un nouvel examen et une révision des directives ce qui a
été initiés par la Société Suisse de Radiologie Dentaire et Maxillo-Faciale (SSRDMF).

Matériel et méthodes

Pour la révision des lignes directrices, un groupe de consensus a été constitué. Celui-ci s'est
scindé en un groupe de travail principal (auteurs), responsable de I'ensemble du processus, et
un groupe de validation. Ce dernier a abordé des questions cliniques spécifiques et pris en
charge des chapitres dédiés. En outre, le groupe de validation a relu, complété et corrigé, si
nécessaire, les sections textuelles traitant les thématiques attribuées.

Résultats

Le manuscrit présente les lignes directrices révisées de maniére pratique et est structuré selon
les différentes spécialités et domaines cliniques de la médecine dentaire. Les mises a jour des
lignes directrices ont été effectuées pour la médecine dentaire reconstructive, I'orthodontie,
la gérodontologie, les troubles de l'articulation temporo-mandibulaire, la traumatologie
maxillaire, les tumeurs bénignes et malignes, I'évaluation et l'identification des foyers
dentaires et des inflammations périapicales / endodontiques et de la chirurgie apicale.

Discussion

Dans I'ensemble, on constate que la TVFC est utilisée de maniere plus conséquente et plus
répandue en médecine dentaire qu'il y a dix ans. Elle est bien établie et présente des
avantages avérés, sous condition d’une indication précise et d’'une analyse complete. Ces
dernieres années, la TVFC s’est progressivement imposée en radiologie dentaire, devenant
méme la référence absolue dans certains domaines pour des questions spécifiques.
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