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Introduction  
Since the X-ray was first developed, the field of 
dental radiology has developed into an 
increasingly important component in the 
clinical diagnosis, treatment planning, and 
prognostic evaluation of dental diseases(1). 
Radiographic procedures, whether intraoral or 
conventional, are constrained by the use of 
two-dimensional projections, which magnify, 
distort, superimpose, and otherwise 
misrepresent the structures that are being 
examined(2). This is the case regardless of 
whether the procedure is performed 
intraorally or conventionally. These 
restrictions apply in any case, regardless of 
whether the procedure is carried out 
intraorally or in the traditional manner. This is 

always the case, regardless of whether the 
procedures are performed intraorally or in the 
conventional manner(3). There is no difference 
between the two. Conventional computed 
tomography (CT) generates three-dimensional 
data at a lower radiation dose, cost, and spatial 
resolution than cone-beam computed 
tomography (CT). This is because the C-arm 
that is used in conventional computed 
tomography (CT) is different from the C-arm 
that is used in cone-beam computed 
tomography (CT) (CT). Conventional CT also 
generates less data(4). The field of dentistry 
has witnessed a rise in the utilization of cone-
beam computed tomography over the course of 
the past five years as a direct result of the 
numerous benefits that this imaging technique 
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offers(5). The reasons for this rise can be 
directly attributed to the numerous advantages 
that this imaging technique offers. Since the 
introduction of cone-beam CT, imaging of the 
maxillofacial region, from diagnosis to the 
planning of treatment, has undergone a 
complete revolution(5). This transformation 
will have an effect on all aspects of imaging. 
They make unnecessary referrals to CCT 
because dentists lack the education and 
awareness to recognize the problem(6), which 
results in the problem being perpetuated over 
and over again. CCT is responsible for this. This 
is due to the limited number of educational 
opportunities that are currently available. 
Patients were exposed to higher radiation 
doses than were strictly necessary when they 
were being examined by early cone-beam CT 
machines. These machines were not as 
advanced as they are today(7). This was due to 
the fact that these machines used image 
intensifiers that had large fields of view. As a 
result, a larger portion of the patient's body 
could be scanned at the same time, which was a 
significant advantage. As a direct consequence 
of this, this was the reason why that 
occurred(8). As a result of developments in 
software, cone-beam computed tomography 
(CT) scanners have become more efficient as a 
result of the incorporation of small fields of 
view, pulsed radiation exposure, and 
collimation. These capabilities have only 
recently become accessible to the public(9). 
The American Dental Association recommends 
that a clinical justification for the utilization of 
cone-beam CT exposure should be provided for 
each and every individual patient prior to the 
performance of the procedure. This should be 
done before the examination is performed(10). 
The American Dental Association endorses the 
idea that radiation doses should be maintained 
at a level that is as low as is reasonably 
possible to achieve while still ensuring that 
patients receive the level of care that they 
require(11). Cone-beam computed tomography 
is not meant to be used in place of conventional 
projection radiography or panoramic 
radiography; rather, it is a modality that is used 
in addition to these other imaging methods. 
This is because of the way that the technology 

was designed(12). Cone-beam computed 
tomography (CT), which is increasingly used 
for maxillofacial imaging, will be the primary 
focus of attention throughout the entirety of 
this review. In addition to this, it discusses the 
non-dental enhancement of cone-beam CT 
through the use of artificial intelligence or 
machine learning, as well as the combination of 
cone-beam CT with optical imaging in order to 
more accurately diagnose and treat complex 
dental pathologies. All of this is done in order 
to improve diagnostic accuracy and treatment 
outcomes(13). All of this is carried out with the 
goal of enhancing the diagnostic accuracy as 
well as the treatment outcomes(14). The aim of 
this review is to determination of digital 
technologies in computed tomography of 
recent investigations and diagnosis of dental 
sciences.  
 
Cone-beam computed tomography in 
treatment of endodontics teeth  
When it comes to examining teeth that have 
had endodontic treatment done to them, the 
method of choice is intraoral radiography (also 
known as root canal therapy). Cone beam 
computed tomography, also known as CBCT, 
has been demonstrated in recent research to be 
an effective diagnostic tool for endodontic 
cases that involve extra canals, lateral canals, 
perforations, obturations, canal shape, and 
vertical root fractures(15). Dentists have an 
improved ability to see the root canal inside of 
a patient's tooth when they make use of CBCT 
images that have a high resolution, a restricted 
field of view, and small voxels in each image. 
The findings of the CBCT examination revealed 
that the maxillary first molar had seven root 
canals. Cone beam computed tomography, also 
known as CBCT, is a technique that can 
evaluate complex dental pathologies. Some 
examples of these complex pathologies include 
malformed teeth, caries extension, periapical 
pathologies, external and internal root 
resorption, and root fractures. The 1980s were 
pivotal in the development of this strategy(16). 
As a result of the finding that there was no 
communication between the invagination and 
the main root canal, which was revealed by a 
CBCT scan, unnecessary root canal treatment 
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was able to be avoided as a result of this 
finding. Using CBCT technology, the maxillary 
second and third molars were scanned, which 
led to the discovery of enamel pearls in the 
tooth. High-resolution CBCT images obtained 
with 3DX performed noticeably better than 
digital intraoral 2D images when it came to 
accurately detecting the extension of proximal 
caries. This was one of the objectives of the 
study(17). Root fracture is the most common 
cause of treatment failure after root canal 
therapy has been performed. This occurs as a 
result of the superimposition of a variety of 

distinct anatomical structures on top of one 
another(17). Oral radiology only makes use of 
conventional computed tomography (CT) on an 
extremely infrequent basis due to the 
prohibitive financial and health risks 
associated with the procedure. In comparison 
to CT with sensors (Figure 1), cone beam 
computed tomography (CBCT) is superior in its 
ability to diagnose root fractures, visualize 
external and internal root resorption, and 
visualize the repair of resorptive defects with 
greater accuracy and resolution(18). 

 
Figure 1: Sensors used in con-beam tomography(19). 
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Cone-beam computed tomography in 
inflammation of dental supporting 
structure and gingival regions  
When it comes to assessing furcation 
involvement, buccal and lingual periodontal 
bone defects, and intra bony defects (Figure 2), 
CBCT is a method that is more reliable and 
reproducible than conventional 2D 
radiography. The cone beam computed 
tomography (CBCT) technique makes it 
possible to evaluate not only the preoperative 
alveolar bone volume but also the 
postoperative bone fill. These two 
measurements can be taken at the same time 
and precise assessment of both regenerative 
periodontal therapy and bone grafts can be 
carried out with the help of CBCT(14,15). 
However, conventional radiography is superior 
to computed tomography (CT) in the field of 
periodontics, which has diagnostic 
applications, in terms of its ability to depict 
bone quality, periodontal ligament space, and 
bone levels. The use of CT scans is steadily on 
the rise. Because of this, the choice to utilize 
CBCT imaging should only be made after 
carefully weighing the benefits and drawbacks 
of the procedure(17). CBCT imaging has a 
number of advantages, but it also has a number 
of disadvantages. Imaging with CBCT has a 
number of benefits, but it also has a number of 
drawbacks that should be considered. The 
parameters of the imaging protocol have the 
potential to have a variety of different effects 

on CBCT, which is carried out in order to 
measure the height and thickness of the 
alveolar bone. On CBCT images, the absolute 
bone height was found to be anywhere from 
0.560.35 mm to 1.08 0.92 mm, while the mean 
height of the facial bones ranged anywhere 
from 0.330.78 mm to 0.881.14 mm(18). This 
information was obtained from comparing the 
absolute bone height to the mean height of the 
facial bones. This suggests that the absolute 
bone height is significantly higher than the 
mean height of the facial bones, which indicates 
that the mean height of the facial bones is 
significantly lower(20). CBCT, despite the fact 
that it produces images of a higher quality, is 
not as effective as 2D radiography in detecting 
fenestrations and dehiscence. This is the case 
despite the fact that CBCT generates images of 
a higher quality. In spite of the fact that it 
produces images of a higher quality, this is still 
the case(21). There is a possibility that the 
accuracy of the CBCT will be impacted if the 
patient's mouth contains metallic fillings, teeth, 
or any other beam-hardening artifacts. This 
possibility exists because of the presence of 
these factors. This is a potential outcome(22). 
Using a full-scan CBCT (360°) with voxels 
measuring 0.2 millimeters and a small field of 
view makes it easier to detect fenestrations 
and dehiscence, particularly in cases involving 
peri-implant tissue. This is especially true in 
situations where the implant has already been 
placed (FOV)(23).  

 
Figure 2: buccal and lingual periodontal bone defects, and intra bony defects(24). 
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The reliability between examiners ranged from 
being poor to being moderate (Cohen's kappa = 
- 0.09 to 0.66), and the CBCT overestimated the 
amount of dehiscence and fenestration defects 
that were present in the patients' teeth. 
Another study found that CBCT had limited 
diagnostic value in clinical practice because it 
overestimated the amount of dehiscence and 
fenestrations in the maxillary anterior teeth of 
patients with Angle class III 
malocclusion(12,15,17). This was due to the 
fact that CBCT did not differentiate between 
normal and abnormal dehiscence and 
fenestrations. This was due to the fact that 
CBCT was unable to distinguish between 
normal and abnormal dehiscence and 
fenestrations in the patient's skull(14,16,17). 
This was the situation in spite of the fact that 
the CBCT was performed by people who had 
received proper training. Both the clinical exam 
and the CBCT image led to the conclusion that 
dehiscence, rather than fenestration, was 
present. This conclusion was reached with a 
greater degree of certainty. The detection of 
root fenestration, on the other hand, had a 
precision that was noticeably superior to that 
of the detection of root dehiscence(11,18).  
Cone-beam computed tomography in 
Pathological application  
CBCT has greater diagnostic accuracy than 
other imaging modalities when it comes to 
visualizing periapical lesions and 

distinguishing them from other types of 
lesions. This is because CBCT can visualize 
periapical lesions more clearly such as 
hyperplasia (Figure 3)(20–22).  
 This is because CBCT is capable of producing 
images in all three dimensions. The use of 
periapical radiography in clinical settings is an 
absolute necessity for the purposes of 
treatment planning and determining the 
tooth's prognosis. Intraoral periapical 
radiographs are a common diagnostic tool in 
endodontics; however, due to their two-
dimensional nature, geometric compression, 
and the superimposition of anatomical 
structures, these radiographs can sometimes 
result in an incorrect diagnosis or expose 
patients to radiation for no reason at al(1)l. 
Despite these potential drawbacks, intraoral 
periapical radiographs are still widely used. 
Throughout the entirety of endodontic 
treatment, it is feasible to make use of modern 
CBCT scanners that have a lower radiation 
dose(2–4). This is a significant benefit. Post-
treatment assessment of endodontically 
treated teeth, determining the cause of a 
persistent periapical lesion, and visualizing 
root canal morphology, accessory canals, 
calcified canals, acute root fractures, and 
external and internal resorption are all 
improved by the use of cone beam computed 
tomography (CBCT) imaging(1,3,5). 
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Figure 3: Hyperplasia of the condylar hyperplasia(25). 

 
According to the recommendations made by 
the American Academy of Oral and 
Maxillofacial Radiology, intraoral radiography 
ought to be the primary imaging modality that 
is used for endodontic treatment. Cone beam 
computed tomography CBCT imaging is also 
beneficial for determining the cause of a 
persistent periapical lesion(2). Cone beam 
computed tomography CBCT imaging can also 
be beneficial. If the condition of the patient 
cannot be accurately diagnosed using intraoral 
2D radiography, or if the patient presents with 
non-specific clinical signs and symptoms 
associated with untreated or endodontically 
treated teeth, then CBCT should be 
recommended as the next step in the diagnostic 
process. CBCT can also be recommended as the 
next step in the diagnostic process when the 
patient presents with non-specific clinical signs 
and symptoms associated with untreated or 
endodontically treated teeth. The capability of 
CBCT to define the extent and internal 
structure of large intraosseous pathologies is 
superior to that of intraoral 
radiography(2,3,5,6). In addition to this, it 
determines how close these pathologies are to 
the body's vital structures. Therefore, 

computed tomography (CT) images can act as a 
helpful guide for surgeons as they carry out 
appropriate early surgical interventions, 
particularly in the treatment of oral cancers. 
This is particularly important in the case of oral 
cancers. This is something that should be kept 
in mind in all circumstances, but especially in 
those in which the cancer has already spread to 
the mouth(7–9). 
 
Cone-beam computed tomography in 
mandibles   
It is possible that an accurate assessment of the 
variation and position of the inferior alveolar 
canal in relation to the mandibular third molar 
roots can reduce the risk of injury to the nerve 
during extraction and implant placement, 
thereby preventing further complications. This 
would be the case if it were possible to 
determine the variation and position of the 
canal in relation to the roots(1,4,5). If it were 
feasible to identify the variation and position of 
the canal in regard to the roots, then this would 
be the correct assumption to make. Imaging in 
a panoramic format may be enough in certain 
cases, such as when the canal is positioned at a 
considerable distance from the third molar; 
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however, when radiographic superimposition 
is involved, the employment of a 3D imaging 
strategy is advised. Imaging in a panoramic 
format could be all that's necessary in certain 
situations, such as when the canal is placed at a 
considerable distance from the third molar. 
Imaging using CBCT has so far been employed 
on 84 distinct patients, with the goal of 

effectively seeing a bifid mandibular canal in 
each of them(6,7,26–28). With the use of CBCT, 
not only was it anticipated that the visibility of 
the mandibular canal and the marginal crest 
would significantly improve, but it was also 
anticipated that the degree of observer 
agreement about the positioning of these 
structures would increase (Figure 4). 

 
Figure 4: different states of mandible Cone-beam tomography(29). 

 
Con-beam computed tomography in 
fractures  
Evaluation of a fracture using conventional, 
two-dimensional radiography can be a highly 
challenging endeavor on account of the 
superimposition of a number of different 
components. This is especially the case when 
the fracture is found in the complex area of the 
maxilla(29). In addition, radiographic 
evaluation of patients with maxillofacial 
injuries can be fairly difficult owing to the 
clinical state of these patients, as well as the 
fact that these patients are typically unwilling 

to undergo the procedure(30,31). This makes 
the process more difficult. Cone beam 
computed tomography, often known as 3D 
CBCT, is a cost- and dose-effective alternative 
to conventional 2D imaging that can be used to 
detect difficult maxillary fractures. Traditional 
imaging uses a cone beam. It provides the 
surgeon with 3D-reconstructed photographs 
that may be utilized to examine the type of 
damage, the position of the fracture, and the 
degree to which the fractured segments have 
been displaced from their original positions 
(Figure 5)(32).  
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Figure 5:  cone-beam tomography of fractures segments(32). 

 
The surgeon can more accurately evaluate the 
appropriate surgical strategy for the reduction 
and stabilization of the fractured segments 
with the assistance of these photographs. On a 
panoramic radiograph, a fracture of the 
mandible may be seen quite plainly in the vast 
majority of cases(13,15,16). On the other hand, 
there are certain scenarios that call for further 
confirmation by CBCT, such as the 
displacement of fracture fragments in the 
mandibular corpus or split fractures in which 
the fracture line is not parallel to the X-ray 
beam. In these circumstances, CBCT is 
necessary. In situations like these, CBCT is 
essential. It is advised that CBCT be made 
mandatory in situations when suspected 
maxillofacial and mandibular fractures are 
present in order to improve the overall level of 
treatment provided to trauma patients. This 
approach should be used in conjunction with 
panoramic radiographs, which are helpful for 
the first screening of fractures that are difficult 
to diagnose(7,9,10,12).  
 
Con-beam computed tomography in 
mandibular pain of joints  

Disorders of the temporomandibular joint (also 
known as TMDs) (Figure 6) (33)are the most 
common cause of TMJ and muscular pain 
illnesses. The evaluation of TMJ fractures, 
ankylosis, dislocation, growth abnormalities, 
and degenerative joint diseases such as 
osteophytes, erosions, flattening, subchondral 
sclerosis, and pseudocysts is notably aided by 
the utilization of CBCT(4,6). The dynamic 
interaction of the articular surfaces of the TMJ 
must be evaluated in order to determine the 
strain that is placed on the articular disc during 
chewing. If the strain is too great, it may 
compromise the integrity of the disc. CBCT 
allows for the research and diagnosis of bone 
morphological features, joint space, and 
dynamic function in TMD patients by providing 
three-dimensional images of the mandibular 
condyle and the structures that are close to 
it(5). Studies reveal that field of view (FOV) has 
an effect on the diagnostic accuracy of CBCT in 
terms of assessing erosive alterations to the 
condyle. In these investigations, the fields of 
view (FOV) were varied between 15 and 8 
inches, while the voxel sizes ranged from 1 to 
0.5 millimeters. Condylar anomalies were 
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detected with a sensitivity of 80% using a high-
resolution, small-field-of-view (FOV) CBCT 
scanner. However, MRI has low accuracy in 
detecting bone abnormalities, which should be 
explored by CBCT(6). MRI is the optimal 
imaging modality for anterior disc 
displacement without decrease. The use of 
automatic registration of CBCT scans with MRI 
allows for the provision of complementary 

images of hard and soft TMJ tissues within a 
single frame, hence facilitating accurate 
diagnosis and optimal treatment outcomes. In 
the evaluation of the TMJ, the use of fused MRI-
CBCT registered images boosted both the intra- 
and inter-examiner consistency as well as the 
diagnostic value. In order to develop MRI-CBCT 
registration for TMDs, more clinical research is 
required(7). 

 
Figure 6: corrected Disorders of the temporomandibular joint(33). 

 
Con-beam computed tomography in glands 
and soft tissue  
Imaging modalities that are employed often 
include things like ultrasound, panoramic 
radiography, sia endoscopy, sialography, 
magnetic resonance imaging (MRI), and 
computed tomography(34–37). 
Ultrasonography and two-dimensional 
radiography are both employed extensively 
since they are not only conveniently accessible 
but also inexpensive. Previous diagnostic 

methods have been shown to be less sensitive 
and specific than superimposition-free, three-
dimensional cone beam computed tomography 
(CBCT) images (Figure 8), which have shown to 
be more sensitive and specific for identifying 
salivary calculi, stenosis, and dilatations. 
Previous diagnostic methods have also been 
shown to be less accurate overall. CBCT 
sialography is a method that allows 
irregularities in the ducts of the salivary glands 
to be seen on a computer screen(35,37).  
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Figure 7: cone-beam tomography of the mandible glands(38). 

 
As a method for treating salivary glands that 
have been obstructed, CBCT sialography was 
initially described. They said that CBCT 
sialography will expose the patient to greater 
radiation doses than standard film sialography 
would, and as a result, it should be reserved for 
use only in situations that are extremely 
challenging. Maximizing the image signal 
difference-to-noise ratio was recommended as 
a way to make it easier to distinguish the 
delicate secretory branches of salivary gland 
ducts as well as the parenchyma of the salivary 
glands on CBCT photographs. This was done in 
order to achieve this goal in order to improve 
the resolution of the photographs so that they 
could be viewed more clearly(11,27,39,40). 
CBCT sialography exhibited moderate to very 
excellent inter-observer agreement for normal 
gland structures (Figure 8), as well as aberrant 
discoveries, in contrast to traditional film 

sialography, which demonstrated poor to 
moderate inter-observer agreement. CBCT 
scanners are utilized in the field of dentistry for 
the purpose of imaging the oro-facial and facial 
hard tissues. The difference between soft tissue 
and other types of tissue is nearly 
nonexistent(5,11,27). The researchers scanned 
the maxilla for a total of forty seconds using an 
i-CAT scanner that had a focus point of 
5millimeters, a voxel size of 1 millimeter, and a 
grayscale resolution of 14 bits in order to find a 
solution to this issue. Our method increases the 
picture quality of soft tissue in all three 
orthogonal dimensions (axial, sagittal, and 
coronal) by recreating photographs in all three 
of these planes (axial, sagittal, and 
coronal)(6,40,41). The i-CATTM application 
was used in order to ascertain the degree to 
which the periodontal structures were 
connected to the dental of gingiva region. This 
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was done so that appropriate treatment can be 
administered. It has been suggested by the Oral 
and Maxillofacial Radiology Section of the 
American Academy of Oral and Maxillofacial 
Radiology (AAOR) that oral and maxillofacial 
radiologists adopt CBCT because it makes it 
simpler for them to locate calcifications in soft 
tissue. Calcifications of soft tissue usually do 
not result in the manifestation of any 
symptoms, despite the fact that they are 
detectable with radiography(4,16,35). It is 
conceivable that calcifications in soft tissue will 
be difficult to locate during the diagnostic 
procedure. in point: When panoramic 
radiography is employed, there is a risk that 
two-dimensional imaging methods will 
produce ghost pictures. This is because 
panoramic radiography creates images in three 
dimensions. According to the findings of a 
research study, images obtained using CBCT 
exhibit noticeably higher levels of calcifications 
in the soft tissue than those obtained using 
traditional imaging methods 
do(3,4,16,35,36,42). 
 
Discussion and conclusion  
Cone-beam tomography was utilized so that an 
analysis could be performed to determine the 
nature of the relationship that existed between 
the patient's periodontal structures, teeth, and 
gums. This ensures that the patient will receive 
the best effective therapy that is feasible under 
the circumstances(39). Because it simplifies 
the process of locating calcifications inside soft 
tissue, CBCT comes highly recommended by 
the American Academy of Oral and 
Maxillofacial Radiology. One of the many 
reasons why they support it is because of this. 
Despite the fact that they can be observed on 
radiographs, calcifications of soft tissue rarely 
never result in the manifestation of any 
symptoms. In spite of the existence of 
calcifications, this is still the case(8). It may be 
difficult to recognize calcifications in soft tissue 
if they are present. This is made possible by the 
existence of tissue. When panoramic 
radiography is carried out, the use of imaging 
modalities that are just two-dimensional might 
lead to the production of ghost pictures(27). 
The method of panoramic radiography 

encompasses a number of different 
dimensions. The three-dimensional appearance 
of images derived from panoramas may be 
seen. Traditional photographs, as opposed to 
CBCT scans, are capable of revealing a higher 
number of calcifications in soft tissues, as was 
the outcome of one research investigation. 
Both panoramic radiography and computed 
tomography (CT) scans are effective diagnostic 
technologies that can play an important role in 
the diagnosis, treatment planning, and 
prognosis evaluation of complex dental 
disorders. Both of these methods are capable of 
producing three-dimensional pictures(5). This 
imaging technique is widely acknowledged as 
the gold standard for diagnosing oral and 
maxillofacial disorders in the medical field. In 
comparison to other imaging modalities, it has 
a cheaper cost, a lower radiation dosage, and a 
shorter exposure duration(11). These are just a 
few of the advantages that it offers. The cone-
beam CT scan is the approach that provides the 
most precise results when scanning the mouth 
and face. The practice of dentistry has 
undergone a significant revolution as a direct 
consequence of the adoption of this 
methodology(6). This study focuses not only on 
the broad application of cone-beam computed 
tomography (CT) in craniofacial and dental 
areas, but also on the anticipated software 
advances that might improve CT imaging(6,11). 
The purpose of this study is to evaluate the 
applications of cone-beam CT in maxillofacial 
and dental medicine, as well as the prevalence 
of these applications. Imaging using cone-beam 
CT is going to reap the benefits of these recent 
technical breakthroughs in a variety of 
different ways(18,27,40). 
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