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Abstract

Cone beam computed tomography (CBCT) is an important source of three‐dimensional 
volumetric data in clinical orthodontics. Due to the progress in the technology of CBCT, 
for orthodontic clinical diagnosis, treatment and follow‐up, CBCT supply much more 
reliable information compared to conventional radiography. The most justified indica‐
tions for the use of CBCT in orthodontics are the existence of impacted and transposed 
teeth. For the management of the impacted teeth, CBCT enhances the ability to localize 
these teeth accurately and to assess root resorption of adjacent teeth. Patients with cranio‐
facial anomalies like cleft palate cases, the abnormalities of the temporomandibular joint 
contributing malocclusion, evaluation of airway morphology in obstructive sleep apnea 
cases, patients needing maxillary expansion or planning orthognathic surgery in severe 
skeletal discrepancies are also listed among the indications of using CBCT in orthodon‐
tics. CBCT is useful in identifying optimal site location for temporary skeletal anchorage 
device. The use of CBCT for the assessment of treatment outcomes and evaluation of 
cervical vertebral maturation are still controversial issues. It should be kept in mind that 
before using CBCT, justification and evaluation of risks and benefits are needed. In order 
to minimize the radiation dose, the exam should include only the areas of interest.

Keywords: cone beam computed tomography, orthodontics, impacted canine, 

orthodontic treatment planning, root resorption

1. Introduction

The key of a successful orthodontic treatment is an accurate diagnosis, growth evaluation 

and treatment planning. Diagnostic records for an orthodontic treatment planning generally 

begin with history and intraoral and extraoral examination of the patient. Dental casts, intra‐

oral and extraoral photographs are also routine diagnostic materials. Imaging is a neces‐

sary diagnostic tool in the practice of orthodontics. For radiographic evaluation, panoramic 
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radiograph, periapical views, upper occlusal radiograph and lateral cephalometric radio‐

graph are obtained if indicated. Imaging should answer the questions that cannot be solved 

clinically. By using radiographic examination, it is possible to confirm or rule out clinical 
findings [1].

In recent years, orthodontists have begun to use three‐dimensional (3D) cone beam com‐

puted tomography (CBCT) images to overcome the inadequateness of two‐dimensional (2D) 

radiographic records. When computed tomography was first introduced into the dental field, 
because of the high radiation dose, it is not preferred for orthodontic diagnosis. The technol‐

ogy has been evolving ever since, resulting in a reduction in radiation dose and relatively 

low cost of CBCT systems, so they become popular to visualize the craniofacial complex in 

three dimensions.

In some studies, it has been suggested that different options for orthodontic treatment plans in 
some specific cases may change due to use of CBCT [2–4]. Orthodontists should know how to 

use the radiographic records and what they offer, before deciding which tool they will use [1].

2. Advantages and disadvantages of using CBCT in orthodontics

Although there has been considerable interest in using CBCT as a part of routine orthodon‐

tic management, diverse results about the advantages, disadvantages and indications were 

noted in the literature.

The review of recent literature reveals some advantages [1, 5–15] and disadvantages [16–20] 

as following:

2.1. Advantages

• Accuracy of image geometry is increased, and real size 3D image is obtained by CBCT. 

Unlike lateral cephalometric radiographs, CBCT image is more similar to the patient, more 

accurate and distortion‐free.

• It eliminates the magnification, overlapping and distortion of structures.

• It is possible to assess the image from the three planes.

• CBCT images allow to make localized and specific transversal cuts to assess areas of clini‐
cal interest.

• For a proper diagnosis and treatment planning, sometimes temporomandibular, postero‐

anterior cephalograms, periapical, occlusal and bite‐wing radiographs are also required 

besides the routine panoramic and lateral cephalometric examination. But, by using CBCT 

technology, it is possible to produce several types of radiographic images and to construct 

study casts from a single scan.

• The reorientation of the images, on the contrary to the lateral cephalometric radiograph, 

is possible.
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• The ease of landmark identification and high precision of superimposed images have 
been reported.

• By the use of CBCT, less variability and more reproducibility of transverse measurements 

were demonstrated compared to conventional 2D. CBCT images were reported to be more 

reliable than posteroanterior cephalograms and offer an unobstructed view for diagnosis 
of maxillary transverse discrepancies.

• The unerupted tooth sizes, bone dimensions and even soft tissue anthropometric measure‐

ments can be assessed precisely by CBCT.

• The fine adjustment of the head position is not essential for CBCT.

• The use of CBCT in orthodontics greatly enhances evaluation of impacted canines and of‐

fers comprehensive information.

• The detection of root resorption is reported to be highly accurate with CBCT scanners.

• An occlusal view of the maxilla from CBCT can be used for the customized transpalatal 

arch design. This might prevent interfering of the wire to the path of eruption of im‐

pacted tooth.

2.2. Disadvantages

• The amount of generated radiation is the biggest controversy about the use of CBCT in 

dental imaging. Although the radiation dose of the CBCT is lower than the medical spiral 

CT, it is still higher than that of a 2D cephalogram.

• Difficulty in differentiating various soft tissues in the image due to the poor low‐contrast 
resolution compared to medical CT is one of the disadvantages.

• An adequate method to digitize and analyze 3D radiographic images is not still improved.

• The lack of 3D standard population norms has also restricted CBCT from routine orth‐

odontic use.

• Landmark identification on coronal, sagittal and axial views of CBCT is more time consuming 
to carefully select the best slice.

• The diagnostic accuracy for caries detection with CBCT is less than with conventional peri‐

apical radiographs.

3. The usage of CBCT in orthodontics

Many orthodontists interested in using CBCT during their routine diagnosis and treatment 

planning because of the additional diagnostic information. This brings the risk of unneces‐

sary ionizing radiation. So, it is mandatory to determine exact indications for the use of CBCT 

in orthodontics.
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3.1. Impacted and transposed teeth

Tooth impaction is a commonly observed dental anomaly which needs orthodontic treat‐

ment. The most frequent impacted teeth were mandibular wisdom teeth, which were fol‐

lowed by maxillary and mandibular canines [21]. Radiographic examinations play a more 

critical role than clinical examination especially in the initial diagnosis and treatment plan‐

ning of impacted teeth. For several years, radiographic evaluation of these teeth was done 

by using panoramic, periapical, occlusal or lateral cephalograms. These conventional two 

dimensional radiographs are inadequate in accurately visualizing the location, angulation, 

spatial position and relationships of the impacted tooth in three dimensions. So, the most 

justified indications for the use of CBCT in orthodontics are the existence of impacted and 
transposed teeth (Figure 1a–c).

For the management of the impacted teeth, CBCT enhances the ability to localize these teeth 

accurately, evaluate their proximity to other teeth and structures, determine the alveolar 

width and follicle size, the presence of pathology and assess root resorption of adjacent teeth, 

assist in planning surgical access and bond placement, besides determining optimal direction 

for the extrusion of these teeth into the oral cavity [22–25]. In particular, for impacted teeth, if 

exposure or forced eruption is planned, it would be possible to determine not only the posi‐

tion of tooth and dilacerated root but also the alveolar boundary conditions. Additionally, it 

would be much easier to prepare the space needed for the impacted tooth as it is possible to 

obtain a more accurate size from CBCT images.

Haney et al. [26] reported an approximate 20% lack of agreement among clinicians on the 

location (palatal versus labial) of the tooth tip between the routine 2D radiographs and 3D 

CBCT images. Also large differences in treatment approaches were demonstrated when 
the two imaging methods were compared [27]. On the other hand, in another study, it was 

reported that the determination of canine position was not significantly different when using 
panoramic and CBCT systems [3].

Using CBCT improves the clinician confidence in diagnosis and treatment plan as it is helpful 
in defining the surgical access site, bond position and in designing mechanics [25, 26]. The 

orthodontists have a different perception of localization and can determine the shortest way 
for the impacted tooth in three planes of space while avoiding damage to neighboring teeth.

In some studies, it was suggested that orthodontic treatment planning for impacted tooth showed 

no differences when using 2D‐ or 3D‐based information. On the contrary, findings of some other 
studies showed that orthodontists changed their treatment planning derived from conventional 

radiographs for 25% of the impacted teeth when they viewed CBCT images [26, 28]. Alqerban et 

al. [4, 29] concluded that CBCT allows clinicians to obtain 3D images with visualization of cranio‐

facial structures and significantly increases the orthodontists’ confidence level, with more infor‐

mation on canine localization and detection of possible root resorption on adjacent incisors [30].

When the impacted tooth did not move, CBCT is indicated. Becker et al. [31] reported 

that invasive cervical root resorption is a rare insidious and aggressive form of external 
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Figure 1. (a) Panoramic view of a maxillary impacted canine. Note that in this case, FOV was restricted only to maxilla. 

(b) Determination of vestibular location of a maxillary impacted canine. (c) Evaluation of proximity between impacted 

canine and root of lateral incisor by CBCT.
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root resorption and an overlooked cause of failure of orthodontic resolution of impacted 

canines.

CBCT minimizes superimposition artifacts and provides superior visualization of roots [24, 32]. 

In extraction cases with an impacted tooth, it is a much more important to decide which tooth to 

extract, a tooth with a resorbed root or a healthy premolar? Using CBCT images will contribute 

to a logical clinical outcome, as it provides superior information on root resorption.

Overall, it could be considered to increase efficiency and enhance success rates for the treatment 
of impacted teeth when the treatment and biomechanics are customized by using CBCT [33].

Field of view (FOV) must be determined according to the needs of the case. If the only problem 

is an impacted tooth, it would be logical to localize the FOV as the impacted tooth, adjacent 

teeth and surrounding alveolar structure. In fact, in a recent study, Wriedt et al. [30] recom‐

mended small volume FOV CBCT for impacted maxillary canines if the canine inclination 

on a conventional 2D panoramic radiograph exceeds 30° relative to a perpendicular midline, 

when adjacent root resorption is suspected, and/or when canine root dilaceration is suspected 

on conventional panoramic radiographs. But if an orthognathic surgical treatment plan is 

predicted, cephalometric and panoramic radiograph need must be considered while deter‐

mining FOV. It is advisable to refer the patient to an oral and maxillofacial radiologist with a 

note including clinically significant findings and request a report on the region of interest [27].

Maxillary lateral incisor root resorption is most commonly associated with canine impaction. 

It often remains asymptomatic, limiting early diagnosis. However, early diagnosis is impor‐

tant, because the presence or absence of root resorption will determine the treatment strategy. 

Furthermore, advanced root resorption can make treatment impossible [34]. Improvement in 

diagnostic measures for early detection and prevention is therefore essential for ensuring cor‐

rect treatment, and it might also reduce treatment time, complexity, complications and costs. 

It has been suggested that by using 3D images, overlapping of structures can be avoided.

Dental transposition represents a multifactorial condition. In the etiology of transposition, 

both genetic and environmental factors play an important role [35]. For the diagnosis and 

treatment planning of transposed teeth, several significant variables can be derived from 
CBCT imaging, especially, critical when deciding whether patient requires extraction or not. 

So, it would be much easier to evaluate adequately the quality and shape of teeth, location 

of roots and limitations of the alveolar boundary conditions around the transposed teeth by 

using CBCT. Kapila et al. [28] recommended to be selective about which cases may benefit 
from CBCT scans for assessing boundary conditions. Cases with compromised periodontal or 

gingival conditions, patients with narrow alveolar bone in which it would be critical to man‐

age buccolingual displacements or angulations of teeth, and cases who need shifting position 

of the teeth are listed as cases that will benefit from CBCT scans.

3.2. Supernumerary teeth

A supernumerary tooth may closely resemble the teeth of the group to which it belongs 

[36]. In supernumerary cases, radiographic examination aims to determine the localization 

and the morphology of the supernumerary teeth. As it is critical to decide which teeth to be 

Computed Tomography - Advanced Applications122



extracted and which teeth to be retained, CBCT helps to precisely evaluate the position and 

morphology of these teeth. It is also possible to detect any contact between the supernumer‐

ary teeth and adjacent teeth and to evaluate their relation with other anatomical structures. 

The information obtained from CBCT images also facilitates the determination of the optimal 

surgical access to these teeth in order to minimize harm to adjacent teeth and to surrounding 

tissue [37] (Figure 2).

3.3. Root resorption

Root resorption is a condition occurs in response to a variety of stimuli resulting in a loss of 

dentin, cementum or bone [36]. Panoramic radiographs have a week diagnostic efficacy in 
determining external root resorption. So, root resorption has traditionally been evaluated by 

periapical radiographs. Nevertheless, in recent years, it is suggested that CBCT can detect 

precise images of small root defects with a greater sensitivity and specificity compared to 2D 
radiographs [3, 24]. In a meta‐analysis, Yi et al. [38] reported that CBCT is superior to periapi‐

cal radiographs in the accuracy of diagnosing external root resorption. They emphasized that 

periapical radiographs provide limited information of external root resorption in the buccal 

and lingual root surface.

External root resorption of maxillary lateral incisor is a common finding that associates 
with canine impaction. Early diagnosis is difficult as it is asymptomatic and advanced root 
resorption makes the treatment planning more complex. In a study evaluating efficacy of 
CBCT for the diagnosis of root resorption associated with impacted canines, improved 

detection rates of root resorption (63%) were reported [39]. By using CBCT, it is possible 

to visualize of root resorptions on buccal and lingual surfaces. This might be critical for 

the extraction decision during treatment planning. In another study, it was suggested that 

the combination of thin slices and high resolution caused overestimation of the cavities for 

moderate root resorption cases [3].

The main problem is to decide how and when a clinician justify taking CBCT scan when a 

patient has undergone root resorption. Yi et al. [38] suggested that patients with clinically 

suspected root resorption be first evaluated by periapical radiographs. If positive results are 
obtained, for further examination, CBCT should be considered.

Alqerban et al. [10] reported that all CBCT systems used in their study showed high accuracy in 

the detection of root resorption, and there was no significant difference among CBCT systems 
in the detection of the severity of root resorption. Limitations of using CBCT for external root 

Figure 2. Evaluation of position of a supernumerary tooth and impacted incisor and their relation with neighboring 

structures.
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resorption are the detection of small resorptions in the apical third and the high dose of radia‐

tion required [3].

3.4. Evaluation of root angulation and length

CBCT imaging becomes a preferred method for diagnosis by orthodontists because of its 

three dimensional rendering capability. Root position and morphology are critical issues for 

an orthodontist as it may affect the final occlusion. Root anatomy, such as short or dilacer‐

ated, is a determinant factor for the amount and direction of a tooth movement. Furthermore, 

because of the concerns about external root resorption, orthodontists need to get precise mea‐

surements of root angulation and length before treatment. Using CBCT images also provide 

detailed information about dysmorphic roots. Root positioning and morphology might be 

indicators of a disease. Of course, all root anomalies are not identical, but when supported 

with genetic testing, CBCT imaging will be helpful in interpreting anomalous root morphol‐

ogy in syndromic cases [40].

3.5. Tooth‐bone relationship

In bimaxillary protrusion cases, Class 3 patients with an initial symphysis bone width, 

cases with preexisting periodontal disease, after maxillary expansion treatment, CBCT pro‐

vides valuable information about tooth‐bone relationships, and it might reduce the risk 

factor for dehiscence. While assessing deficiencies of buccolingual thickness in the alveolar 
ridge of patients subjected to critical tooth movement, high resolution and a limited FOV 

is recommended [41].

3.6. Cleft lip and palate (CLP) cases

Patients with CLP are treated by interdisciplinary teams from infancy until adulthood. 

Several types of surgical procedures are used to reconstruct the anatomy of the alveolar 

ridge, dentofacial region, lips and nose. The SEDENTEXCT Consortium stated, in regard 

to the radiation dose, that “the application of CBCT in cleft lip and palate patients was 

found to be the simplest to support” in dentistry [42]. However, in a recent systematic 

review, it was suggested that further investigation is necessary to determine the influence 
of this new 3D facial imaging modality on treatment planning, treatment outcome and 

treatment evaluation.

The preoperative CBCT may provide reliable estimates on how much expansion and graft 

material will be needed, aid in appropriate selection of an autogenous graft donor site 

before surgery and enable the visualization of the three‐dimensional morphology of the 

bone bridge, the relationship between the bone bridge and roots of the neighboring teeth. 

For alveolar bone graft success, determination of the buccal‐palatal width of the bone 

in CLP cases, the use of CBCT is recommended [43] (Figure 3). Pharyngeal space, the 

results of bone grafting, and the effect of nasoalveolar molding can be evaluated with a 
post‐treatment CBCT.
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3.7. Temporomandibular joint (TMJ) morphology and pathology contributing to 

malocclusion

The changes in the size, form and special and functional relationships of the TMJ compo‐

nents might cause pathological TMJ conditions. TMJ disorders which occurred during active 

growth period might alter jaw, tooth positions and occlusion. Even though signs and symp‐

toms of disturbances in the masticatory system are common, understanding the cause can 

be very complex. A proper diagnosis is possible, if only a through history and examination 

were achieved. Various types of imaging techniques can be used to gain additional informa‐

tion regarding the health and function of TMJs. CBCT is indicated for orthodontic cases that 

require analysis of TMJ bone components accompanied by signs and symptoms [44, 45]. 

One of the greatest advantages of CT scan is evaluating the condyle‐disk relationship [46]. In 

comparison with panoramic radiograph and linear tomography, CBCT proves more accurate 

in diagnosing erosion of the condyle [47]. Soft tissue imaging is possible, but bony tissues 

are best imaged with CT scans [48]. As magnetic resonance imaging enables visualizing the 

non‐mineralized soft tissues, it is preferable for the diagnosis of internal derangements of 

TMJ. However, it is not possible to observe dynamic joint movements.

Besides the evaluation of TMJ disorders, CBCT has been used to evaluate the condylar changes 

after orthodontic treatment. It allows volumetric evaluation of TMJ and provides better land‐

mark identification on curved surfaces like condyle. Literature review showed that CBCT evalu‐

ation was preferred to determine respond of TMJ to mandibular advancement [49] or extraction 

treatment [50] and effects of the distraction splint therapy in mandibular asymmetry cases.

3.8. Airway morphology and obstructive sleep apnea (OSA)

Sleep‐disordered breathing is a spectrum of conditions with abnormal respiratory pattern, 
and OSA is the severe end of that spectrum. Orthodontics takes place in the management of 

OSA by using mandibular advancement appliances and by planning orthognathic surgery in 

Figure 3. Preoperative CBCT view of a CLP case showing the graft site.
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these cases. It is also crucial to evaluate the dimensional changes in the nasopharyngeal area 

and airway obstruction in CLP [51]. Until recent years, lateral cephalometric radiography 

was used for the evaluation of the upper airway. But, changes which occur in the transverse 

dimension cannot be visualized. Three‐dimensional analysis and evaluation of airway have 

got a significant attention in the literature. CBCT allows orthodontists to measure cross‐sec‐

tional area, minimum cross section and total volume of the patient’s airway accurately. Also, 
it has been used to investigate the effects of orthodontic treatments and orthognathic surgery 
on airway dimensions.

Studies of the upper airway based on CBCT scans are considered to be reliable in providing 

important information about the morphology of the pharyngeal airway; however, they have 

limitation in distinguishing different types of soft tissues [52]. Variations in airway dimen‐

sions and morphology due to patient’s swallowing movement and head posture are also 
among the limitations of this technique [53].

3.9. Maxillary transverse dimension and maxillary expansion

In the treatment of transverse maxillary deficiencies, it is important to assess transverse 
dimension as early as possible and accurately diagnose the need for transverse maxillary 

expansion using proper diagnostic tools. Before CBCT, post‐treatment skeletal changes on 

patients treated with RME were measured on dental casts, lateral and posterior‐anterior 

cephalometric and occlusal radiographs. Researches to date on rapid maxillary expansion 

have focused on determining treatment outcomes like dental tipping, alveolar bone bending, 

skeletal expansion and soft tissue changes, rather than the benefits of CBCT in diagnosis and 
treatment planning. Nowadays, it is claimed that CBCT images appear to be more reliable 

than posteroanterior cephalograms, offer an unobstructed view for the assessment of trans‐

versal intermaxillary discrepancies and provide much greater resolution and minimal image 

distortion [15]. However, the radiation dosage and its effect on growing patients must be 
taken into account.

The mid‐palatal suture becomes more fused after the completion of the adolescent growth 

spurt [54], as prediction of mid‐palatal suture maturation is possible by using CBCT [55]. 

It is a reliable diagnostic tool, while planning surgically assisted rapid maxillary expansion 

(SARME) in skeletally mature patients or using bone‐borne devices, which have recently 

gained popularity. It is possible to determine treatment outcomes of SARME and also permits 

the detection of the complications, such as tooth tilting of the anchoring teeth and bone fenes‐

tration due to periodontal stress [56].

3.10. Temporary anchorage device (TAD) placement

In recent years, TADs are considered as a prerequisite for the resistance of unwanted tooth 

movements during the treatment of various orthodontic problems without patient compli‐

ance. The most common indications for treatment with TADs are molar protraction followed 

by indirect skeletal anchorage for space closure, intrusion of supraerupted teeth, intrusion 

of anterior to manage anterior open bite, anterior en‐masse retraction, molar uprighting, 
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intrusion of maxillary cant, molar distalization, traction on impacted canine, and attachment 
for protraction facemask. CBCT images can be helpful to anchor the miniscrew and mini‐

plate securely in the surrounding bone and to visualize neighboring structures for avoiding 

damage or complications during TAD placement and be useful in identifying optimal site 

location (Figure 4).

CBCT technology enables us to evaluate the interradicular distance and thickness, trans‐

verse bone thickness, bone density and thickness, cortical bone dimensions and quality. 

Even though anterior palate offers the greatest bone thickness, Holm et al. [57] recom‐

mended a CBCT evaluation for maximum screw length, as there is considerable varia‐

tion of bone thickness between individuals. Before placing a miniscrew by using CBCT, it 

is also possible to define even cranial and caudal boundaries, besides alveolar boundary 
conditions, and eliminate the risk of bone and root perforations. Surgical guides fabri‐

cated using CBCT images will help to avoid possible root and maxillary sinuses damage. 

Finite element analysis constructed using CBCT will also guide the evaluation of mechani‐

cal advantages or disadvantages of the orthodontic appliances with TADs by simulating 

stress distribution.

There are several factors that affect the stability and success rate of TADs. If cortical bone thick‐

ness is less than 1 mm, primary stability may not be achieved, and the TAD may loosen dur‐

ing orthodontic treatment [58]. Evaluation of cortical bone quantity and quality is also critical 

for long‐term stability. With finite element analysis, it has been shown that root contact is also 
one of the factors that can cause loss of miniscrew stability [59]. The information gathered 

from CBCT will be determinant for some of these factors, such as the dimension and insertion 

Figure 4. Planning and preparation of TAD (zygomatic skeletal anchorage) on a 3D model obtained from CBCT before 

surgery.
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angle of the miniscrew, the insertion procedure, the depth of the screw insertion and insertion 

torque [38, 57, 60].

In some cases, routine panoramic, lateral and frontal cephalometric radiographs may not pro‐

vide all information needed to optimize the location of a miniscrew placement. However, it 

should be kept in mind that in regions with a high bone quality, such as paramedian palate 

and palatal region, lateral cephalometric radiographs are usable to determine the location of 

TADs. Therefore, it is not necessary to take a CBCT in all cases [61].

It is recommended to use the smallest possible FOV unless the CBCT is needed for the diag‐

nosis of another condition in which case a large FOV may be preferred [60].

3.11. Dentofacial deformities and craniofacial anomalies

Evaluation of changes in the craniofacial region during growth and with treatment using 

lateral cephalograms makes a great contribution to the science of orthodontics. However, in 

recent years, researches discussed the validity of evaluating a 3D craniofacial  structure in a 

2D plane. CBCT imaging can provide valuable information about dentofacial deformities and 

craniofacial anomalies, like facial asymmetry which affects three dimensions of the face, 
and it can be used to simulate virtual treatment plans for orthopedic corrections, orthog‐

nathic surgeries and distraction osteogenesis. By capturing images and analyzing the cra‐

niofacial hard and soft tissues and by generating virtual patient models, CBCT imaging 

permits the clinicians to reposition and reconstruct craniofacial structures (Figure 5a, b).

Several studies were conducted to determine reference planes, to develop cephalometric 

analysis, to evaluate the accuracy of these measurements, to establish the mean normality val‐

ues and to assess the differences of gender and ethnic groups for 3D evaluations [62]. Besides 

morphological analysis, these images are used to evaluate the spatial relationship of the 

neighboring structures. CBCT technology enables carrying out the model surgery. So, com‐

puter assisted orthognathic surgery permits the design and fabrication of the occlusal surgi‐

cal splints. By using virtual models, constructing anatomically grafts and correct replacement 

can be achieved (Figure 6). The data obtained from CBCT provide a better prediction of soft 
tissue response to the changes in the hard tissue after orthognathic surgery [63]. In the litera‐

ture, CBCT is recommended for the assessment of preoperative orthodontic decompensation 

of maxillary and mandibular incisors [64]. This is an additional information from CBCT that 

is taken for orthognathic surgery planning, and it could not be one of the main purpose of 

using CBCT. Furthermore, CBCT proves a good method to assess TMJ after orthognathic 

surgery, particularly when there is considerable potential for resorption of the condyle [14].

3.12. Treatment outcomes

Taking CBCT at the end of orthodontic treatment is a controversial issue. However, it must 

be taken into consideration that studies on response to treatment can help elucidate clinical 

questions on variability of outcomes of treatment. There are studies assessing treatment 
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outcomes of orthognathic surgery, maxillary expansion, bone grafting and several orthope‐

dic appliances. A review of literature showed that jaw and teeth relationships, soft tissue, 

hyoid bone position, pharyngeal airway dimensions and morphology were evaluated after 

orthodontic and surgical treatments. To facilitate the evaluation of treatment outcomes, 

superimposition methods for CBCT images were also offered [28].

3.13. Evaluation of cervical vertebral maturation (CVM)

Skeletal maturation of patients is an important factor while planning orthodontic treatment. 

Hand‐wrist and CVM methods were used for assessing the adolescent growth peak. It is sug‐

gested that the CBCT images may be useful for estimates of skeletal maturation, although 

they should not be used solely for that purpose [65]. Shim et al. [66] claimed that the esti‐

Figure 5. (a) 3D view of a case with Golden Haar syndrome. Note the asymmetric growth of left and right condyles. (b) 

3D evaluation of mandible and condyles in this case.
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mate of maturation stages of the cervical vertebrae on CBCT provided a reliable evaluation 

of pubertal growth support and strongly positive correlations with lateral cephalograms and 

hand‐wrist radiographs.

4. Radiation dose

Radiation dose depends on the CBCT scanner’s specifications, milliampere setting, peak kilo‐

voltage (kVp), voxel size, sensor sensitivity and number of images obtained, the time of scan‐

ning, and FOV. It is recommended to apply the 3D evaluation when the use of CBCT can be 

justified. Clinicians should always keep in mind that the radiation exposure to a human being 
should be kept “As Low As Reasonably Achievable” (ALARA) principle.

SEDENTEXCT project guidelines include a variety of topics, like justification, referral crite‐

ria, optimization, training, quality assurance and staff protection aspects [67]. Justification 

Figure 6. Presurgical 3D model of a case with Crouzon syndrome obtained from CBCT.
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of using CBCT in dentistry can be considered if only a patient history and clinical infor‐

mation are available, if additional new information is expected, and if 2D radiographs are 

inadequate for diagnosis. The orthodontist should weigh the potential benefits of a CBCT 
against the chance of causing cancer for each patient. The chance may be small, but it is 

never negligible.

To reduce the patient dose, the smallest available volume size should be preferred. kVp and 

mAs of CBCT used in dental and maxillofacial region vary in a wide range and patients’ 
doses varies considerably. It is recommended to standardize exposure parameters in dental 

and maxillofacial CBCT for each imaging task [68]. Gamache et al. [7] suggested that the total 

radiation exposure from CBCT scans can be reduced by while maintaining adequate image 

quality using low kV and moderate‐to‐high mA settings rather than the manufacturer‐recom‐

mended settings.

Voxel size should be determined according to the purpose of the exam. When voxel dimen‐

sion decreases, a better spatial resolution will be achieved, but the radiation dose will be 
increased [70]. Voxel sizes of 0.3–0.4 mm should be preferred if there is no need for a high 
level of detail [41].

Using child dose is offered because effective doses are higher compared with adults if expo‐

sure factors are not adapted. In a study on estimation of pediatric organ and effective doses 
from dental CBCT in 2012, it was reported that the average effective doses to the 10‐year‐old 
and adolescent phantoms were 116 and 79 mSv, respectively, which are similar to adult doses. 
So, the authors concluded that dental CBCT examinations on children should be fully justi‐

fied over conventional X‐ray imaging due to the higher radiosensitivity of children and that 
dose optimization by FOV collimation is particularly important in young children [69]. FOV 

should be restricted as much as possible [42]. So, the examination should include only the 

areas of interest in order to minimize radiation dose and ALARA principle must be followed. 

Repeated CBCT examinations should be avoided. The patient must be informed, and consent 

of the patient or parents must be obtained.

Technical properties of CBCT units were given inadequately in several studies. To make 

a comparison based on effective dose between studies, these properties must be reported 
and more evidence base studies on effective dose and image quality relation are still 
needed [70].

5. Future of CBCT in orthodontics

Further research‐based technological developments are needed to achieve CBCT imaging, 

which is cost‐effective, more precise on landmark identification and providing more accurate 
image quality with reduced radiation dose. By technological evolution and innovation of this 

technique, indications and the usage of CBCT in orthodontics will advance in the future. 

Future investigations are needed to investigate the dose levels for pediatric imaging protocols 

and to assess the use of a thyroid collar as a dose reduction technique.
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6. Conclusions

In recent years, the use of CBCT in orthodontics has gained popularity and preferred as an 

imaging method by many clinicians for diagnosis and treatment planning. In this chapter, 

the indications and usage of CBCT in orthodontics are summarized. Clinicians should have 

comprehensive knowledge about advantages, disadvantages, limitations and potential risks 

due to increased radiation dose before deciding to use CBCT. Evidence‐based studies are still 

needed whether using CBCT has any effect on clinical decision and lead to an improvement 
in treatment outcome.
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