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Abstract: Aim: The aim of this review is to analyze and summarize the basics of CBCT technology and its specific application for detecting
periapical lesions in posterior region of the mandible. Materials and methods: PubMed and Google Scholar databases were searched, in
order to select articles, related to the topic. The review includes articles written in English language, published from 1973 to 2021. Results:
CBCT enables three-dimensional examination of segments of the dentition, complete jawbones, facial bones or all of the above. The obtained
images permit the study of objects in all possible projections, as well as for establishing the actual spatial relationships between them by
elimination the distortion of the image and superimposition of adjacent structures, characteristic of conventional two-dimensional
radiographs.The use of CBCT for preoperative diagnostics and examination in the posterior region of the mandible is determined to be most
efficient in comparison to other imaging techniques. Conclusion: CBCT imaging surpassed the obstacles of 2D imaging, offering high
quality, submillimeter resolution images, with short scanning time and low radiation dose. This makes it a method of choice in cases when

conventional two-dimensional radiographs do not provide sufficient information to ensure an adequate treatment approach.
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1. Introduction

Cone-beam computed tomography permits three-dimensional
examination of segments of the dentition, complete jaws,
facial bones or all of the aforementioned structures. The
obtained images enable the examination of objects in all
possible projections, as well as establishing the actual spatial
relationships between them by eliminating the distortion of the
image and superimposition of adjacent structures,
characteristic of conventional two-dimensional radiographs.
Namely because of these advantages, multiple contemporary
studies establish a higher percentage of diagnosed periapical
lesions with cone-beam computed tomography, compared to
conventional radiography.

2. Materials and methods

PubMed and Google Scholar databases were searched, in
order to select articles, related to the topic. The review
includes articles written in English language, published from
1973 to 2021.

3. Results and Discussion

In the daily ambulatory surgicalpractice the most commonly
performed interventions are related not only to the sound
knowledge of anatomical objects, features of the oral
structures and development of pathological processes, but also
the possibilities for their visualization and further
examination.

This is precisely why there is an enormous need for cone-
beam computed tomography (CBCT) — in the diagnostics of
periapical pathology and following up of healing processes,
assessment of different types of cysts and tumors, diagnostics
of fractures and inflammatory diseases of the jawbones,
planning of the surgical extraction of third molars and
impacted teeth, implant treatment, orthognathic surgery and
many more.

Generally, conventional two-dimensional (2D) radiographyis
still the most commonly applied method. In many casesit
provides sufficient information, fulfilling the requirements of
the daily clinical practice — images with good quality, wide
accessibility of the devices, low price, fairy low radiation dose
for the patient. Despite this, they exhibit many disadvantages,
the most substantial of which are: superimposition of adjacent
anatomical structures, lack of information regarding the ratios
between the examined objects in the three dimensions,
distortion and enlargement of the images.

The misinterpretation of data of these two-dimensional
examinations can lead to misdiagnosis and inappropriate
choice of treatment, as well as occurrence of intraoperative
complications of different nature. All of this can compromise
the outcome of the overall treatment.

The development of computed tomography (CT) in 1972 by
Godfrey Hounsfield marks the beginning of the three-
dimensional (3D) diagnostics in medicine (1). Despite its wide
application in many clinical specialties, this equipment is still
relatively high in cost, large in size and exposes the patients to
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a relatively high dose of ionizing radiation. The acquired
images of the maxillofacial region are often difficult to
interpret, which leads to a significant decrease in the use of CT
in the dental practice (2).

Many of the disadvantages of two-dimensional radiographs, as
well as those of conventional computed tomographies, have
enforced the speedy implementation of cone-beam computed
tomography in the daily surgical practice, regarded by many
authors as “standard” in dental radiology (3, 4, 5, 6, 7).

CBCT enables the three-dimensional examination of segments
of the dentition, complete jawbones, facial bones or all of the
above (8, 9). The obtained images permit the study of objects
in all possible projections, as well as for establishing the actual
spatial relationships between them by elimination the
distortion of the image and superimposition of adjacent
structures, characteristic of conventional two-dimensional
radiographs (5, 10, 11, 12, 13, 14, 15, 16, 17, 18).

All of these advantages of CBCT over the other radiological
methods affirm its place in the diagnostics of maxillofacial
pathology, its follow-up and treatment planning (19).

The image obtained by CBCT is comprised of isotropic voxels
(volumetric pixels), which are analogical to the pixels of two-
dimensional images. Isotropic voxels are of equal sizes in the
three dimensions (X, y, z planes) and have submillimeter
measurements — ranging from 0,4mm to 0,076mm. The quality
of the final image depends directly on the size of the voxels.
The smaller they are in size, the higher the resolution (20).
This determines the immense role and high sensitivity of
CBCT in the diagnostics of bone pathologies even in the early
stages of their development. Alterations, the size of which is
smaller than that of the voxels, cannot be visualized on the
images.

For comparison, the voxels in conventional CT are
anisotropic, which means they are equal in only two of the
dimensions, but differ in the third (20). Although their
superficial measurements can also be around 0,625 mm?, in
depth their size is usually between 1 and 2 mm, i.e. they have
a lower resolution. This determines CBCT as a method of
choicewhen planning surgical interventions, placement of
dental implants, analyzing radiographs for orthodontic
purposes, which require precise measurements with
submillimeter accuracy (5, 21).

Depending on the type of device used, as well as the extent of
the selected zone of interest, the values of the effective dose in
CBCT can range between 29 and 477uSv, with mean values of
212 pSvat large field of view (FOV), 177 pSvat medium FOV
and 84 uSv pSvat small FOV (22, 23, 24, 25, 26).In addition
to this, up to 40% of these numbers can be reduced by
changing the position of the patient (by tilting the chin) and
with the use of a protective lead thyroid collar.

One of the major advantages of CBCT is the ability for
selection of a smaller FOV, which reduces the radiation dose

for the patient. This makes it possible to fulfill the individual
requirements of the actual examination by reducing the
diffusion of rays, respectively occurrence of artefacts (2, 27,
28).A small FOV is indicated when examining segments of
one jaw, medium FOV — for scanning both jaws, large FOV —
for visualization of the entire maxillofacial region and skull,
most commonly applied in maxillofacial traumatology,
orthognathic surgery and orthodontics (29).

All of this defines the radiation dose of a segmented scan as
slightly larger than that of a panoramic x-ray, equivalent to
that of a few segmented x-rays and comparable to the
exposure to the natural radiation background between 3 and 48
days (29). Simultaneously, it is multiple times lower than the
dose of conventional CT — from 1200 uSv and higher for each
scan, depending on the selected field of view (30, 31, 32, 33,
34).

Another advantage of CBCT is the shorter scanning time — all
images are taken with one rotation of the machine, during
which the source of ionizing radiation and the detector rotate
around the head of the patient. During this motion multiple
consequent planar scans are registered, which are afterwards
“stitched up” to one another through processing with special
software (35). The obtained information is transferred to a
computer, where it is reconstructed and stored in DICOM
(Digital Imaging and Communications in Medicine) format.
This allows for examination in the three planes, precise
measurement and application of additional software if needed
(36).

The average scanning time in the abovementioned technique is
between 10 and 70 seconds, which reduces the risk of creating
artefacts due to involuntary movements of the patient.
Nevertheless, the occurrence of artefacts is still among the
most substantial drawbacks of CBCT.

Defined as artefacts are distortions or defects in the acquired
image, which cannot be observed in the actual object of
examination (37).

They significantly affect the quality of the obtained images by
reducing the contrast between the examined objects and can
ultimately lead to making an inaccurate or wrongful diagnosis
(38).

This is exactly why the methods of reducing artefacts are
subject to intense investigation (39, 40, 41, 42, 43).

Application of CBCT in the diagnostics of periapical
lesions

For the most part, periapical lesions progress
asymptomatically and are usually discovered during routine
radiographic examinations (44).

The gold standard in the diagnostics of periapical lesions is the
histological examination, but due to its invasive character, the
method cannot be regularly applied.
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Conventional intraoral and panoramic Xx-rays present the
lesions as 2D images. Although they allow for the
visualization and assessment of the pathology in many cases,
they rarely provide adequate information regarding its size and
extension (45). The use of CBCT enables the acquisition of
three-dimensional data, which provides the clinician with
valuable information regarding the proximity of the lesion to
important anatomical structures, as well as the bone
resorption, sclerosis of the adjacent tissue, cortical expansion,
internal and external calcification (46).

According to some authors,the buccolingual dimensions of
periapical lesions are the largest(47). The lack of information
about these dimensions on standard two-dimensional images
can lead to underestimation of the clinical condition, selection
of an inappropriate treatment method and ultimately to tooth
loss.

Tsai et al. (48) compare the diagnostic possibilities of two-
and three-dimensional examinations and conclude that 3D
images provides more detailed data, regarding the size,
location and extension of periapical lesions. They also permit
the visualization of lesions with submillimeter dimensions,
which cannot be accomplished with two-dimensional
techniques. This facilitates the selection of an appropriate
treatment method and improves the outcome for the patient
(48).

Two-dimensional radiographs allow the differentiation of
periapical lesions when there is advanced demineralization of
at least 30%, due to the superimposition of the dense cortical
plates. As a result, only half of the small and medium lesions
are discovered on 2D x-rays (50-55%) (49).

Liang et al. (50) compare the sensitivity of periapical
radiographs, panoramic x-rays and CBCT images in the
diagnostics od periapical lesions. They find that the least
sensitive are panoramic radiographs, followed by periapical
and most sensitive are three-dimensional ones.

Multiple studies establish a higher percentage of diagnosed
periapical lesions by cone-beam computed tomography,
compared to conventional radiography (51, 52, 53, 54, 55). In
many cases, after analyzing the data from CBCT, the
previously determined treatment plan undergoes some changes
(56).

An experimental study by Patel et al. (57) demonstrates the
presence of artificially created defects in the cancellous bone
with a diameter of 2 mm in 100% of CBCT images, whereas
in periapical x-rays this percentage is four times smaller —
24,8%.

As the different types of periapical lesions often have an
identical radiographic image, the precise diagnosis on a two-
dimensional x-ray is practically impossible.

Guo et al. (58) assess the radiographic diagnosis of CBCT
images, comparing it to the histological one of 36 teeth with

existing periapical pathology. Based on this, they determine
CBCT as a reliable method for diagnostics as they observe a
coincidence in 87% of the examined cases (58).

Simon et al. (59) define CBCT as an even more reliable
method for differentiation of periapical lesions, owing to the
possibility of misinterpretation of the histological examination
or a flaw in the surgical protocol when performing a biopsy.

Tyndall et al. (60) also point out the possibilities for
distinguishing chronic localized periodontitis from radicular
cysts on CBCT images,based on the contents of the lesion —
dense granulation tissue in chronic periodontitis and
liquidsubstance in the cystic cavity.

Many authors use cone-beam computed tomography as a
diagnostic tool for different cystic formations (61, 62, 63, 64,
65).

Stoetzer et al. (66)use the data from CBCT to assess the
volume of 71 cysts of the jaws. According to them, the
information, obtained by these measurements, is sufficiently
accurate and fulfills the requirements for precise preoperative
planning, as well as shortening the diagnostic period. Another
advantage of the method is the ability to reproduce the
measurements non-invasively (66).

The results of previous studies of multiple authors also
confirm the high accuracy and reproducibility of the
measurements obtainedby CBCT (67, 68, 69).

Venskutonis et al. (70) review the literature on the need for
CBCT when assessing periapical pathologies. After analyzing
1200 publications, they conclude that CBCT is a method of
choice in the cases when conventional two-dimensional
radiographs do not provide sufficient information to ensure an
adequate treatment approach. According to them, CBCT has a
potential to become a method of choice, especially as the
technology progresses and theradiation doses are limited
withcontemporary machines (70).

Application of CBCT in the preoperative planning of
apical surgery

Apical surgery is one of the treatment modalities for periapical
lesions, non-responsive to conservative treatment. The
outcome of the surgical intervention is, however, directly
related to the correct diagnosis, assessment of the extent of the
lesion and the selection of surgical access.

After the incorporation of CBCT in the daily practice, the
application of two-dimensional radiographs for planning of
endodontic surgery is very limited (71). Reason for this are the
multiple advantages of the 3D examination — volumetric
visualization of structures without overlapping, distortion or
amplification of images (71).

Performing apical surgery in the posterior regions of the
mandible is often highly complicated, due to the risk of
damaging the inferior alveolar nerve, located in the
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mandibular canal.Damage to the nerve can lead to several
symptoms and functional disturbances that can persist for
months and in rare cases may even be irreversible, which
significantly decreases the quality of life of the affected
patients (72).

The ability to prevent such severe complications is a major
factor for enforcing CBCT as a treatment of choice and a
standard in preoperative diagnostics for interventions, directly
dependent on anatomical variations of the position of this
nerve.

Zahedi et al. (73) examine 170 CBCT images of posterior
teeth in the mandible, on which they perform some
measurements: thickness of the root in medio-distal and
buccolingual direction; thickness of the buccal and lingual
bone, covering the roots; distance between the apices of the
teeth and the mandibular canal; distance between the
premolars and the mental foramen.

The authors find that the data regarding the thickness of the
roots of the posterior teeth, the density of the buccal cortex
and the distance between the roots of the teeth and the
mandibular canal can guide the surgeon pre-, as well as
intraoperatively (73).

The use of CBCT for preoperative diagnostics and
examination of the distances between the mandibular canal
and the apices, which are subject to resection, is determined to
be much more efficient compared to 2D radiographs (74, 75).

However, in the molar region of the mandiblea higher
percentage of failure of the apical surgeryis still observed.
Defined as reasons for this are the close proximity of the roots
to anatomically important structures such as the mandibular
canal and the mandibular foramen, as well as the high density
of the buccal cortical plate and the tendency for excessive
enlargement of the bony window for the surgical access (74,
76, 77).

Application of CBCT for following up of the healing
process

Many authors follow up the healing process after endodontic
surgery, comparing the dataobtained from intraoral
radiographs and CBCT. As a result they point out the higher
sensitivity of CBCT for establishing the presence or lack of
bone regeneration in the periapical region and acknowledge
the significance of three-dimensional examination in these
cases (78, 79, 80).

In their study Gouveia et al. (81) also follow up and compare
the healing process after endodontic surgery on two-
dimensional radiographs and CBCT. They, however, do not
establish significant diagnostic differences between the
methods, which they explain with the removal of a portion of
the cortical plate while creating the surgical access. According
to them, this eliminates one of the factors that decrease the
diagnostic value of intraoral radiographs and this effect is
maintained up to 8 months after the intervention (81).

Similar are the results of Balasundaram et al. (49).

Intraoperative application of CBCT
Also worth mentioning are the advantages of application of
CBCT intraoperatively.

Many authors acknowledge the important role of the method
when performing interventions for the removal of foreign
bodies, bone fragments, dislocated roots, which can lead to
life-threatening complications (82, 83).

4. Conclusion

CBCT imaging surpassed the obstacles of 2D imaging,
offering high quality, submillimeter resolution images, with
short scanning time and low radiation dose. This makes it a
method of choice in cases when conventional two-dimensional
radiographs do not provide sufficient information to ensure an
adequate treatment approach.
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