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Abstract 
Diagnostic treatment planning is crucial to achieve optimal success in oral rehabilitation, and this will be impossible without assistance of 

diagnostic imaging. For this reason, cone beam computed tomography (CBCT) was introduced and is known for its accuracy and 

variegated clinical importance. In current era, cone-beam tomography is aiding in the process of diagnosis by dispensing an exorbitant 

three dimensional image. CBCT not only be used in surgical fields, endodontics, prosthodontics, and orthodontics, for appropriate 

treatment planning and effective dental care, but also in forensics and radiotherapy. The clinical significance of this review is to update 

dental clinicians about CBCT applications in several fields of dental sciences. 
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Introduction 
Oral radiology has been empowered by the imaging 

techniques which helped them to refurbish their diagnosis 

and subsequent treatment plans. Though, even in presence 

of number of advanced diagnostic techniques available, 

imaging has been considered as one of the most 

indispensable, accurate, precise and non-invasive 

technology for evaluation, analysis as well as deciding the 

current treatment plan.1,2 

CBCT has several advantages that include:  

1. Rapid Scan Time: A single rotation reduces the chances 

of appearance of artifacts related to the movement of 

the patient. 

2. Beam Limitation: Availability of different field of view 

(FOV) results into limited irradiation and sharp image. 

3. Image Accuracy: Image development with volume 

elements as declined as 0.076mm.  

The reasons most commonly associated with artifacts 

production in CBCT includes X-ray beam artifact, 

subjective movement of patient and poor scanner detection. 

Image noise is an unnecessary additional pixel record due to 

considerate amount of scattering associated with the X-ray 

radiation. Another limitation of CBCT is inferior soft tissue 

contrast which is because of scattered radiation along with 

the image noise. 

CBCT provides a 3-dimensional image viewing, 

enabling exact location and extent of lesions or any 

anatomical region. This is the reason why, CBCT isn’t only 

used in surgical fields but also in fields of endodontics, 

orthodontics, periodontics and prosthodontics. But the 

excessive cost and considerable radiation dose have been 

responsible to confined CBCT use.3 

The source of ionizing radiation in CBCT gives a shape 

of a divergent pyramidal or cone shaped beam directed 

through the central x-ray source to a X-ray detector placed 

opposite to the area of interest. Source of the X-rays and 

detectors placed opposite to each other rotates around a 

stationary fulcrum inside the region of interest. From a 

desired field of view (FOV), multiple sequential planar 

projection images of about 600 frames are obtained with a 

single complete rotation. FOV units of <10 cm size (i.e. 

small FOV) are appropriate for dento-alveolar imaging and 

are hugely beneficial for endodontic applications, diagnosis 

of cysts and tumors. Medium FOV’s ranging between 10 

and 15 cm are useful for implant planning and pathological 

conditions in maxillomandibular region. Large FOV units 

ranging from 15 to 23 cm are indicated in the diagnosis of 

maxillofacial fractures, orthognathic surgery planning, 

orthodontic analysis and temporomandibular joint (TMJ) 

analysis.4,5 

“Cone-beam computed tomography is moving from 

aphase of “as low as reasonably achievable-ALARA” to the 

phaseof “as low as diagnostically acceptable-ALADA.”6 

However, due to lacking experience about CBCT use in 

dentistry, unjustified prescription has increased 

exponentially in recent years.7-10 Keeping the fact in mind 

that the greater radiation dose is greater in CBCT than in 

comparison to conventional radiographs, it is must that the 

potential benefits of CBCT should outweigh the risks 

caused by the exposure to ionizing radiation exposure.11 

Therefore prescription of CBCT should be justified 

appropriately and its usage for screening purposes alone 

should be strictly prohibited. The American Dental 

Association Council on Scientific Affairs Council has 

promoted CBCT operators to provide contribution to 

continuing education course, thus inorder to ensure a better 

understanding of dental personnel regarding radiation safety 

in the dental radiology setting.12 

 

Evolution 

Radiology has played extraordinary role in dental and 

medical diagnosis, treatment plan, and prognostic value of 

various diseases ever since the invention of X-rays in 1895. 

Two-dimensional radiographs are the foreshadowed 

techniques in dentistry. These radiographic methods have 

certain limitations like magnification, distortions and 
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superimpositions of structures restricting its diagnostic 

value. To overcome these limiting challenges 3D imaging 

techniques were introduced. Discovery by Sir Godfrey N. 

Hounsfield in 1972 of the leading commercial available 

computed tomography (CT) scanner. A newer generation of 

CT was developed in 1982 called cone beam CT (CBCT). 

The introduction of CBCT specifically dedicated to imaging 

the maxillofacial region lead to a true paradigm shift in 

imaging system.13,14 The first prototype of clinical CBCT 

scanner was originally devised as a cost-effective and 

efficient method for obtaining cross-sectional three-

dimensional images for radiotherapy and later (1982) for 

angiography.15 Columbia Scientific Inc., introduced 3D 

dental software in dentistry in 1988, and after 2 years, 

CBCT started to appear in dental research publications.16 

First commercially available CBCT was introduced in 

Europe in 1998 and US in 2001.3 

 

Applications in Dentistry 

Oral Surgery: An amalgamation of low radiation dose and 

high-quality bony definition, has made CBCT alluring in 

dental imaging system for assessment the size, extent, and 

location of a tumor or cyst, its surrounding structures, and 

approximity to vital structures such as nerves and blood 

vessels as well as regions of bone destruction, bony 

deformities related to bisphosphonate-associated 

osteonecrosis of the jaw, bone grafts and accurate 

assessment of the involvement of maxillary sinus site and 

root configuration of impacted teeth and supernumerary in 

the head and neck, extracranial, paranasal, and temporal 

bone regions.17 

Even the “spots” visible on conventional radiography 

can be pinpointed, eliminating the possibility of 

misinterpretation thus allowing the dentist to ameliorate 

their diagnosis.13,18,19 

The accurate assessment of the inferior alveolar canal to 

the roots of mandibular third molar has reduced the injuries 

to nerve in extraction of impacted third molar drastically 

and also avoids loss of sensation to the lower lip during 

implant placement due to nerve injury. Although 

conventional 2D panoramic imaging provides clear image of 

the third molar when it is away from the canal but it is 

advisable to opt for 3D imaging approach in cases of 

radiographic superimposition of the structures.20,21 

CBCT has the ability to provide pinpoint details, so it 

becomes the technology of choice for midface fracture cases 

e.g., maxilla-mandibular fractures, orbital fracture 

management, interoperative visualization of the facial bones 

after fracture, and intraoperative observation during surgical 

procedures.22-24 

Cleft lip and palate evaluation and treatment planning is 

a tangled challenge for dentists. CBCT allows for the 

superior evaluation of dental age, arch segment positioning, 

and cleft size. Multislice CT and CBCT have been proved as 

reliable techniques in the volumetric assessment of bone 

defects in the alveolar and palatal regions.25 

 

 

 

 

Obstructive Sleep Apnea 

Obstructive sleep apnea is an anonymous and under 

diagnosed medical condition which is characterized by 

snoring and episodes of breathing cessation or the absence 

of respiratory airflow (10 seconds) during sleep, despite 

respiratory effort.26 

CBCT, with its 3D presentation of the airway and its 

surrounding structures, provides better understanding of the 

intricacies. CBCT can evaluate the cross-sectional area, the 

volume, and the form, thus providing a more accurate 

anatomization than a 2D view, since it exemplifies the 

peculiarity that modifies airflow, which depicts the cross-

sectional area radius.27 This better vision of inward eye of 

both untreated obstruction cases and potential changes that 

can be made in the airway by treatment modality. To 

analyze changes in the upper airway with and without 

placement of a mandibular advancement device using 

different software have been used. Excellent segmentation 

was achieved, and made it possible to make airway 

minimum cross-sectional area and volumetric assessment.28 

Inspite the fact that CBCT neither have the highest 

resolution like that of conventional CT and is nor the most 

sophisticated airway imaging method, this technology has 

been developing and used frequently, because of its lower 

radiation exposure dose.29 

 

Radiotherapy  

In recent years image guided radiation therapy (IGRT) 

has been stated to employ CBCT for patient positioning 

during radiation therapy. With CBCT, a precise positioning 

of the patient i.e iso centre in radiotherapy machine is 

obtained with a single rotation immediately before 

delivering radiotherapy. It is further reconstructed in <2 min 

for treatment planning.31 

 

Periodontics  

CBCT allows better figuring out of bone craters, crestal 

bone loss, fenestrations, and dehiscences and furcation 

involvements than digital intraoral radiography.The authors 

have also concluded that CBCT imaging is exclusivefor the 

detection of bone topography with only minimal error and 

lesion architecture but of similar accuracy as that of 2D for 

bone height evaluation.33 Most of the CBCT software 

includes tools for bone density evaluation, which aid to 

assess and predict the treatment modality, and its 

prognosis.9  

Despite of CBCT extraordinary usefulness in 

periodontics, it is not indicated as a routine method. But, 

CBCT is usually indicated in cases of infrabony (buccal or 

lingual) defects and furcation involvements, where 

conventional radiographic examinations do not provide the 

high resolution image needed for management.34,35 CBCT 

can also useful within a period of 1 month for postoperative 

defect fill or bone density evaluation, which cannot be 

detected through normal radiographs, and it can also replace 

subtraction radiography.35  

https://www.thesaurus.com/browse/amalgamation
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ST-CBCT is used for establishing minor bone defect 

size and early signs of periodontitis by computing 

periodontal ligament space, evaluating of gingival tissue, 

and the dimensions of the dentogingival unit, gingival 

margin and the facial bone crest, gingival margin and the 

cement-enamel junction (CEJ).36-38 It is also conducive for 

precise visualization and measurement of distances 

corresponding to the hard and soft tissue of the 

periodontium and dentogingival attachment apparatus. 

It helps dental clinicians to evaluate post-surgical 

results of regenerative periodontal therapy. It also helps to 

select absorbable membrane with the optimal shape to fit 

into interproximal bony defect and decreases the time 

needed for GTR. 

 

Endodontics  

CBCT is more atheletic and finer to periapical 

radiographs in the depiction of periapical pathologies, 

signifying lesion intimacy to the maxillary sinus, or relative 

location to the mandibular canal.9 CBCT provide better and 

precise anatomization for periradicular surgical procedures, 

periapical pathology demarcation, internal and external root 

resorption differentiation, and dentoalveolar trauma 

depiction. 

CBCT can also be used for caries diagnosis inproximal 

and occlusal surface along with precise depth. However, its 

application in endodontic metallic restoration is limited as it 

produces metal artifacts thus reducing its diagnostic 

accuracy.35 CBCT imaging for caries should be limited to 

non-restored teeth. Sensitivity may increase with use of 

CBCT but it should not compromise specificity.35 CBCT 

can be used to differentiate solid from fluid-filled lesions 

(e.g., periapical granulomas from cysts) using grayscale 

values in the lesions.35 CBCT plays an important role in 

endodontic therapy by identifying of all root canals (e.g-

second mesiobuccal canal (MB2) in maxillary first molars 

and aberrant pulpal anatomy, e.g., dens invaginatus) without 

any fail so that they can be accessed, cleaned, shaped, and 

obturated.39,40 

 

Implantology 

CBCT provides cross-sectional images in three spatial 

planes (sagittal, axial, coronal) of the alveolar bone 

determining its height, width, density and angulations. Also, 

the loss of buccal or lingual cortical plates and unexpected 

concavities can also be demarcated on cross-sectional 

veiws, which aren’t visible on panoramic images due to 

overlapping.CBCT images illustrate the quantity as well as 

quality of bone available for placement of implant as well as 

to demarcate the boundaries of significant vital structures in 

surgical preparation for dental implant planning for example 

incisive canal, mental foramen mandibular canal, and 

maxillary sinus. Cross-sectional images provide us 

knowledge about ridge patterns, such as irregular ridge, 

narrow crestal ridge, and knife shape ridge.10 CBCT in 

implantology is indicated for determination of the distance 

of implant to vital anatomic structures to deciding if a bone 

graft or sinus lift is required or not by measuring alveolar 

bone thickness, density and bony contours, deciding the 

implant type and size for a particular patient and last but not 

the least for identification of the implant site and 

angulations ideal according to individual anatomization.  

Computer-generated surgical guides (stereolithographic 

models) are being fabricated with the assistance of DICOM 

data i.e nothing but the CBCT image data to eliminate 

potential inaccuracy of impressions, conventional guide 

stents. The use of computer-guided implant surgery has 

really enhanced the dental implant team’s ability to plan, 

place, and restore implants accurately with a level of 

precision.41 

In peri-implantitis cases, the amount of bone present 

surrounding the implant can be assessed as radiolucency.42,43 

 

Temporomandibular Joint Assessment 

Due to complex anatomization and overlapping of 

structures in 2D imaging the diagnosis of TMJ disorders 

become very challenging. Though MRI is the gold standard 

for intra-articular components of the TMJ imaging, whereas 

conventional panoramic radiography is usually considered 

for routine evaluation of its bony components.44 

But, conventional radiographs in two dimensions have 

low sensitivity, accuracy and reliability in evaluating the 

condylar region. CBCT high diagnostic quality images 

provides a complete radiographic evaluation of the bony 

components of the TMJ.45 

Mandibular movement, function limitation, stiffness of 

the jaw, dysfunctioning related to trauma, pain, dysfunction, 

detecting condylar cortical erosion, cysts, visualization of 

soft tissue (ST), and fibro-osseous ankylosis can also be 

assessed by CBCT imaging.46 Due to significantly reduced 

radiation dose and cost compared to CT, CBCT is becoming 

revolutionary investigational tool of choice for evaluating 

bony changes of the TMJ.44 

CBCT can assess congenital/developmental 

malformations, malocclusion, degenerative diseases, 

ankylosis, joint remodelling following discectomy more 

precisely. The authors have concluded that CBCT 

accurately assess periarticular bony defects, osteophytes, 

sclerotic change and pathologic/degenerative changes, such 

as osteophytes, condylar erosion, condylar hyperplasia, and 

rheumatic disease.44,47,48 

 

Orthodontics  

Introduction of CBCT offered a 3D image that can be 

used to predict in orthodontic tooth movement in all three 

spatial planes. CBCT is an accurate tool for assessing the 

intimacy of impacted teeth to vital structures that could 

interfere with orthodontic movement.30 

The angulation is well appreciated in CBCT 3D images, 

which would be difficult in conventional radiographs even 

when taken in two different (SLOB technique). It also helps 

in identification of any resorption of adjacent teeth (i.e., 

where positioning of maxillary canines are ectopic and 

incisor roots are suspected for resorption). 

Structural and anatomic relations can be visualized 

accurately due to the cross-sectional imaging that nullifies 
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the image overlapping. CBCT imaging has in recent past 

been largely explored in the field of orthodontics for 

evaluation of thickness of bone on the palatal aspect, 

skeletal growth patterns, age estimation by evaluating the 

dentition, upper airway assessment, and visualization of 

impacted teeth.20,30 

CBCT imaging allows a more widespread orthodontic 

diagnosis and more correct treatment planning by 

anatomization of impacted teeth precisely in 3D, treatment 

planning and growth assessments in orthognathic surgery 

cases, proper placement mini-implants as temporary 

anchorage devices (TADs), level of skeletal asymmetry and 

anomalies (cleft palate) assessment,49 as well as assessment 

of bone quality and dimensions and precise location of 

placement of mini –screw for anchorage to minimize 

complications.50 

CBCT images are orthogonal images with a 1:1 

measuring ratio i.e no magnification thus CBCT is consid-

ered as an accurate option than panoramic and other 

conventional 2D imaging. 

Minute details of root resorption, bone width 

availability for the buccolingual movement of teeth, tooth 

inclination and torque can also be obtained from CBCT 

images. 3D cephalometry is beneficial in several ways 

including accurate measurement of horizontal and vertical 

growth, visual assessment of dentoskeletal relationships and 

facial esthetics.51,52 

 

CBCT in Forensic Odontology   

The clinical introduction of CBCT has created new 

opportunities in forensic odontology.Secondary dentine 

apposition is an age-related process that begins after tooth 

root get completely developed and continues throughout 

whole life. As age increases, secondary dentine lays on the 

walls of pulp cavity and decrease the size of pulp cavity. 

With this principle in mind, many attempts have been made 

to correlate the pulp cavity size and chronological age by 

the use of two-dimensional radiographic imaging techniques 

like panoramic or periapical radiographs for age 

estimation.53-54 

Though the conventionally used periapical, lateral 

oblique, cephalometric, panoramic, digital imaging system 

displays only two dimensional images, the use of CT and 

CBCT have resulted in the dawn of three dimensional 

volumetric analysis as means of age assessment. 

Using CBCT acquisitions, multiple regression analysis 

including quantitative volumetric measurement of the tooth 

can be useful to determine significant variables for 

dental age estimation in living subjects. CBCT offers clear 

images of 3D volumetric anatomy of the pulp chamber and 

root canal by a single scan and at a lower radiation dose. 

CBCT evaluation of teeth is non-invasive technique 

requiring, neither tooth extraction nor sectioning, thus easy 

to accept on cultural, ethical, or scientific basis. 

It provides an alternative to view the physiological as 

well as the pathological changes of the pulpo-dentinal 

complex in antemortem and postmortem scans.55 There is 

high scope of CBCT for victim identification and age 

estimation. CBCT is equally accurate in skeletal age 

assessment, especially when analyzing the cervical vertebra 

morphology. It also provides a 3D approach to the biologic 

aging by depicting images of the cervical spine for age 

assessment. 

 

Future Trends in CBCT 

The future of CBCT is the “ultra CBCT scanners” 

which is enhanced CT scanner. It provides specific 

information concerning the 3D structure of vascular 

channels, nerve supply of the region imaged, soft tissue and 

bone.30 Conventional cone CT imaging renders an 8-bit 

grayscale which yields 256 shades or 12-bit grayscale that 

provides 4,096 shades, whereas new ILUMA Ultra CBCT 

Scanner renders images in 14-bit grayscale, resulting in the 

shades of 16,384.30,57 

The contrast-enhanced territories imaged by CBCT 

with selective intra-arterial contrast agent administration 

were employed to forecast allotment of microspheres.57 

It also provide information about tumor and tissue 

perfusion presently which are unpredictable with digital 

subtraction angiography or 99mTc macro-aggregated 

albumin imaging, which should optimize 90Y (yttrium-90) 

microsphere delivery and reduce non-target 

embolization.57,58 

 

Conclusion  
While clinical applications of CBCT have increased 

soar in current scenario, we must also bear its disadvantages 

and limitations into our mind before prescription. However, 

this should not demotivate dental surgeons from utilizing 

CBCT. But the judicious use of CBCT technology can 

outweigh inherent risks over its extraordinary potential 

benefits. Proper training and education in CBCT for oral 

maxillofacial radiologists and dentists is must to ensure 

judicious use of CBCT technology. 
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