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ABSTRACT

The implementation of imaging methods that enable sensitive and specific observation of 
anatomical structures has been a constant in the evolution of endodontic therapy. Cone-
beam computed tomography (CBCT) enables 3-dimensional (3D) spatial anatomical 
navigation in the 3 volumetric planes (sagittal, coronal and axial) which translates into great 
accuracy for the identification of endodontic pathologies/conditions. CBCT interpretation 
consists of 2 main components: (i) the generation of specific tasks of the image and (ii) 
the subsequent interpretation report. A systematic and reproducible method to review 
CBCT scans can improve the accuracy of the interpretation process, translating into greater 
precision in terms of diagnosis and planning of endodontic clinical procedures. MEDLINE 
(PubMed), Web of Science, Google Scholar, Embase and Scopus were searched from 
inception to March 2023. This narrative review addresses the theoretical concepts, elements 
of interpretation and applications of the CBCT scan in endodontics. In addition, the contents 
and rationale for reporting 3D endodontic imaging are discussed.
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INTRODUCTION

The accurate description of the dental and periapical tissues and the root canal system 
is essential for the diagnosis, treatment planning and follow-up in endodontics. The 
implementation of imaging techniques that allow precise observation of these structures, 
in terms of sensitivity and specificity has been a constant in the evolution of endodontic 
therapy [1]. Although currently, conventional 2-dimensional (2D) periapical imaging used in 
conjunction with clinical evaluation continues to be the standard, multiple limitations such 
as compression of 3-dimensional (3D) anatomy, geometric distortion, anatomical noise and 
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temporal perspective—inherent in the nature of 2D imaging, and which can directly impact 
the outcome of endodontic therapy—have been well established in the literature [1,2].

The possibility of navigating the conventional volumetric planes: axial, sagittal, and coronal 
(view of 3D structures) and multiple alternative planes—which at the same time translates 
into greater sensitivity for the identification of endodontic pathologies and conditions—has 
allowed cone-beam computed tomography (CBCT) to acquire a predominant role in the 
analysis of clinical cases in which 2D images do not offer the necessary information for an 
adequate endodontic approach [3]. Likewise, the widespread use of CBCT in endodontics has 
allowed the development of multiple technological tools for the analysis and interpretations 
of CBCT scans. 3D volume interpretation must be approached systematically and 
reproducibly to improve precision in terms of diagnosis and planning of endodontic clinical 
procedures and thus reduce the probability of inherent errors. To date, multiple studies 
have evaluated the applications of CBCT in terms of diagnosis, treatment, and outcome in 
endodontic therapy. However, little has been published about CBCT interpretation. This 
comprehensive review of the literature provides an updated overview of the theoretical 
concepts and elements of interpretation of the CBCT scan in endodontics based on 
specific technical considerations that enable accurate diagnosis and treatment planning. 
Additionally, the contents and rationale for reporting 3D endodontic imaging and cutting-
edge therapeutic options based on CBCT are presented.

RADIOLOGICAL ASPECTS OF CBCT

Obtaining the image
The generation of 3D images requires a tomograph, also called a scanner (CT scanner), which 
needs specific hardware, composed primarily of a rotating C-arm (Gantry), that hosts the 
X-ray source and the detector (converts the X-rays into the electrical signal) [4]. During the 
scan, a collimated, fan-shaped X-ray beam is directed through the region of interest, across 
the maxillofacial study area. The attenuated photons strike the scintillation detector on the 
opposite side [4].

Ideally, the arm rotates 360° around the patient (but can vary from 180 to 720°) with scan 
times between 10 and 40 seconds. Since the X-ray beam is pulsed, the real exposure period 
is 2–5 seconds, resulting in as many as 580 “mini-exposures” or “projection images” 
throughout the scan. A pixel matrix comprising 262,144 (5122) pixels is produced for each 
mini-exposure [3]. The resulting dataset is then computer-aided reconstructed in 3D pixels 
(voxels), which account for around 100 million voxels (5123). The resolution can be improved 
by increasing the number of pixels per matrix (from 5122 to 1,0242), which also increases 
irradiation exposure [3].

During the reconstruction process, each observation unit is assigned a value on a predefined 
grey scale, according to the attenuation of the material on each of its axes (X, Y, and Z). 
Subsequently, the values are integrated with the use of mathematical algorithms in specific 
software that allows volumetric (3D) observation on a computer screen [3,4].

Observation planes
The CBCT scans enable 3D spatial navigation of the anatomical structures in the 3 volumetric 
planes. The sagittal plane (vertical plane parallel to the median plane, which runs/divides 
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from mesial to distal or left to right), coronal plane (vertical plane, perpendicular to the 
sagittal plane, anteroposterior observation), and axial plane (perpendicular to the sagittal 
and coronal planes, cephalocaudal observation) (Figure 1A and 1B) [5]. Likewise, the 
reconstructed data allows observation in alternative planes—oblique planes—which are very 
useful in endodontics, since they allow the visualization of anatomical structures according 
to the longitudinal axis of the tooth (Figure 1C and 1D).

Conditions for the acquisition
1. Voxel
In CBCT, a voxel is defined as the smallest viewable part, represented by a cube, which the 
digital 3D image data can be divided into (the smallest 3D element of the volume). Unlike 
the pixel with only x and y coordinates, the voxel also has the z coordinate, providing 
depth. For CBCT, voxels are isotropic, and their size is directly related to image quality 
and reconstruction time [6]. The detector’s matrix and pixel size serve as the primary 
determinants of the nominal voxel size in a CBCT image. Detectors are produced with 
varying active sensor areas (matrix size, which in turn depends on the total number of 
pixels). Pixel size ranges from less than 20 µm to 70 µm [7]. The spatial resolution of CBCT 
devices is linked to the physical pixel size, the reconstruction technique applied and the 
grey-level resolution among other factors [8]. The smaller the size of the pixel, the higher the 
maximally attainable resolution. However, detectors with smaller pixels capture fewer X-ray 

3/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

A B

C D

Figure 1. Volumetric observation planes. (A) Side view. (B) Front view. (C) Sagittal view of the oblique planes of a 
lower incisor. (D) Axial view of the oblique planes of a lower incisor. (A-D) Yellow: axial plane, pink: sagittal plane, 
blue: coronal plane.



photons, therefore generating more noise in the image. Consequently, to obtain a better 
resolution, it is necessary to use higher doses to compensate for the image-noise ratio [7,8]. 
The selection of the voxel size must be made according to the initial diagnostic impression, 
since anatomical structures or pathological findings of sizes smaller than the selected voxel 
size may not be evident in the tomographic image (Figure 2) [9-11].

Comparatively, smaller voxel sizes are related to higher resolution, higher radiation dose, and 
longer reconstruction time, but also a greater possibility of occurrence of artifacts [12]. Voxel 
values between 76 μm to 300 μm are therefore recommended for endodontics, given the 
structural characteristics of the dentine pulp complex and periapical tissues (Figure 3) [10].

2. Field of view (FOV)
The FOV refers to the anatomical area—measured in mm—that will be included in the 
volume of data or the area that will be subjected to radiation [9,10]. The FOV’s or scan 
volume’s dimensions are principally influenced by the detector’s size and shape, the beam’s 
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Figure 2. The ability of cone-beam computed tomography (CBCT) to identify vertical fractures is affected by 
several factors: (i) size of the fracture line < 80 µ and/or smaller than the CBCT voxel size. (ii) Noise/artifact in 
the image related to endodontic treatment, intra-radicular posts and ceramic/metallic restorations. (iii) Noise/
artifact produced by patient movement during the CBCT scanning [11]. In the aforementioned clinical case, the 
CBCT revealed a relatively localized pattern of bone loss on the coronal plane (buccal area of the mandibular 
molar), which is a very typical tomographic finding in patients in which vertical fracture is suspected [11].



projection geometry, and the beam collimation capability [10]. The selection of the given 
FOV will depend on the clinical characteristics of the studied case (Figure 4) and the 
tomograph’s characteristics [9,10].

In general, the smaller the scanning volume, the higher the spatial resolution of the image, 
and the lower the radiation dose and the reconstruction time needed, therefore, small FOVs 
are recommended for diagnosis and treatment in endodontics, as they reduce the volume 
of the tissues being exposed to radiation and also the ray dispersion, favorably impacting 
the quality of the images [9,10]. Although most authors have suggested small FOVs for 
endodontic purposes, specific suggestions have also been given according to the specific 
requirement (Table 1, Figure 5) [13-22].

Technical characteristics: dosages and specific requirements for endodontic
Due to the occurrence of deterministic and stochastic effects caused by the interaction 
of X-rays with biological tissues, international regulations specify the appropriate use of 
artificially generated ionizing radiation. Clinicians should have a grasp of basic concepts and 
regularly update their knowledge of CBCT, and respect the principles of radiation protection: 
ALARA “as low as reasonably achievable” and ALADA “as low as diagnostically acceptable” 
[13,23,24]. The European Academy of DentoMaxilloFacial Radiology recommends 2 levels 
of CBCT training: level 1 training for those who prescribe CBCT exams and are involved in 
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A B C

Figure 3. Voxel in endodontics. Image quality comparison concerning different voxel sizes. (A) Premolar image 90 μm voxel; (B) 200 μm voxel; (C) > 200 μm voxel.

A B C

Figure 4. Field of view (FOV) sizes. (A) Large FOV (78–150 mm). (B) Medium FOV (61–78 mm). (C) Small FOV (≤ 50 mm).



acquiring CBCT scans, and level 2 training for those who interpret CBCT image volumes and 
provide CBCT imaging and reporting services [13].

The choice of a CBCT image as a diagnostic alternative should occur only when it is justifiable 
and after a complete clinical history has been obtained, where the clinical information 
indicates that a 3D image will add additional information to that already obtained in 
the 2D observation [9]. Thus, 3D imaging may be suggested when patients present with 
contradictory or non-specific clinical signs and symptoms, on suspicion of unusual anatomy, 
when preoperative factors such as anatomical noise or the presence and actual size of a 
periapical lesion play an important role in the outcome of the treatment or when intraoral 
pain persists after an endodontic procedure and more recently for planning guided clinical 
procedures under static or dynamic navigation [9,13].

The effective dose (radiation), is defined as the tissue-weighted sum of the equivalent doses 
in all specified tissues and organs of the body [23]. Patients undergoing craniofacial CBCT 
examination may result in up to 140 times higher doses than conventional radiographic 

6/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

Table 1. Recommendations for interpreting various endodontic situations
Procedure Suggested FOV Recommendations
Endodontic diagnosis Small FOV •  A small FOV CBCT examination should only be considered if 2-dimensional conventional radiography does 

not provide enough information for a confident diagnosis and the additional information from reconstructed 
3-dimensional images is likely to help with diagnosis and treatment planning and/or improve clinical 
management [13].

CBCT diagnostic image with the 
presence of highly radiopaque 
objects

Small FOV •  In order to prevent scanning locations prone to beam hardening, limit the FOV and modify the arch selection.
•  The beam hardening and scattering impacts brought on by a metallic structure can be lessened using the 

metal artifact-reducing algorithm [14].
Diagnosis of vertical root 
fractures and cracks

Small FOV •  Although even the smallest voxel size may not have enough spatial resolution for diagnosing vertical root 
fractures, the CBCT scan can reveal typical patterns of peri-radicular bone loss associated with vertical 
fractures [13].

•  As long as there are no high-density objects in the region of interest, small FOV high-resolution protocols 
may be effective in detecting fine endodontic structures such as cracks [15].

Interpretation of complex pulp 
and root anatomies (dens 
invaginatus)

Small FOV •  Analysing the axial plane to determine its configuration is advised in cases when dens invaginatus has been 
diagnosed [16].

 
 

•  CBCT representations of different patterns of dens invaginatus in cross-section. Adapted from Zhu et al. [16].
Diagnosis of radicular root 
resorption

Small FOV •  The interpretation of root resorptions must be carried out with small FOVs and voxel sizes up to 200 μm [17].
•  To prevent under- or overestimation of the lesion size, which could affect the therapeutic management of 

root resorptions, voxel size should be standardized in CBCT image acquisition protocols [17].
•  It emphasizes the significance of standardizing CBCT image acquisition techniques, particularly during the 

follow-up of an internal root resorption lesion, to avoid inaccurate interpretation of its extent, which can lead 
to bias in therapeutic judgments [17].

Endodontic surgery Small FOV •  Even with limited FOVs and voxel sizes, CBCT has trouble identifying thin cortical bones, which should be 
taken into consideration when planning endodontic surgeries [18].

•  Small FOVs and voxel values are recommended to conduct a precise assessment of the proximity to 
anatomical structures [19].

Treatment planning under static 
or dynamic navigation protocols

Small FOV •  Although most authors propose high-resolution CBCT scans with small FOVs, planning for the development 
of static or dynamic navigation procedures may be a deciding factor in the choice of a wider FOV in support 
of sufficient comprehension of the operative field [20,21].

Assessment of complex root 
canal anatomy (missed canals 
and vertical fractures)

Small FOV •  A complete exploratory view of the entire volume of CBCT data, systematically executed in the 3 orthogonal 
planes is recommended.

•  The specificity of CBCT scans for assessing complex endodontic structures is increased by using a 360° 
rotation as opposed to a 180° rotation and doubling the basis images [22].

FOV, field of view; CBCT, cone-beam computed tomography.
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Figure 5. Clinical applications of cone-beam computed tomography (CBCT) in endodontics. (A-C) Endodontic surgery: multiple navigation planes enable the 
planning of surgical procedures while preserving the integrity of anatomical structures (mental nerve) nearby the operative site. Root resorption: the perforating 
aspect of the internal root resorption (E) may be seen in the sagittal plane thanks to 3-dimensional navigation. Neither periapical radiography (D) nor the 
examination of the coronal plane (F) can yield this finding. Dens invaginatus: (G) initial periapical radiograph suggesting the possibility of an atypical tooth 
anatomy. The classification (type 1) of the dens invaginatus can be determined by navigating the axial (H) and sagittal planes (I) of the CBCT scan. The sagittal 
plane (I) enables the relationship between the invagination and the main root canal to be confirmed. Type-I dens invaginatus without connection to the main 
canal is seen at the cervical level. Vertical root fracture: (J) initial endodontic fistulography. Vertical root fractures typically exhibit dehiscence-type bone defects 
that are seen on the CBCT in conjunction with a single, narrow periodontal pocket (K). However, clinical validation of these results is required (L). Missed canals: 
(M) endodontic sinus tract suggesting endodontic failure. Axial and sagittal planes (N, O) confirm the presence of an MV2 missing canal. (P) Clinical validation of 
tomographic findings.



imaging [24,25]. Exposures that involve the salivary glands in the FOV, larger FOVs, higher 
kilo-voltage (kV), higher milli-amperage (mA), greater exposure time and smaller voxel size 
(usually, manufacturers increase exposure to make up for the higher noise in small-voxel 
images) may raise the dosage (in μSv) [26]. Effective doses for large, medium and small FOV 
sizes scans have been measured at 212, 177 and 84 μSv, respectively, which, in comparison, 
with panoramic radiography (16–20 μSv) can result in a significantly higher dose, which is 
why adjusting the technical conditions of acquisition is an important criterion in obtaining 
3D images [25].

In the first place, it is necessary to indicate that there are factors inherent to the device 
being used such as collimation, distribution of the dose within the FOV and in the 
volume of interest, type of detector, quantum efficiency, use of anti-dispersion grids 
and data correction algorithms that the professionals must know to reduce the radiation 
dose, eliminate the repetitions and ensure appropriate image quality [25]. Likewise, the 
equipment’s voltage and current operating conditions have also been described. mA has a 
linear relationship, directly proportional to the number of X-ray photons, as it affects the 
number of electrons available to the cathode of the tube when X-rays are being emitted [27]. 
kV is responsible for the voltage to which the electrons are subjected and consequently the 
energy of the resulting X-ray photons, which affects the balance between the photoelectric 
and Compton effects when interacting with matter [27]. Unlike mA, kV does not have a 
linear relationship to the effective dose [28]. Therefore, the selection of kV and mA must be 
optimized (Table 2) [25,29-31].

It has been suggested that combinations lower than stipulated by the manufacturers 
(between 80–100 kV and 8 mA), allow a substantial reduction of the radiation dose while 
maintaining diagnostic accuracy and/or image quality [32]. Additionally, it has been reported 
that significant dose reductions can be made for relatively low-resolution tasks like pre-
surgical implant planning by reducing tube current by up to 50% [33]. For endodontic 
therapy purposes, the use of a limited FOV with effective doses of 13 μSv for mandibular 
anterior teeth, 11.7 μSv for mandibular molars, 44 μSv for maxillary canines and premolars, 
7.4 μSv for maxillary incisors and 6.3 μSv for maxillary molars have been reported [34]. 
Additionally, it is advised to adjust the X-ray source and detector’s degree of rotation from 
360° to 180° in order to reduce the effective dose to the patient in half without compromising 
diagnostic accuracy [3,35].

Regarding the image acquisition settings, care should be taken when selecting the FOV and 
voxel size in a manner that is pertinent to the clinical situation being evaluated (Figure 6) [36]. 
Although small FOVs are generally recommended, conditions of traumatic origin, extensive 
periapical pathologies or treatment planning under the development of static or dynamic 
navigation protocols could be a decisive factor in the selection of larger FOV in favor of an 
adequate understanding of the operative field (Figure 7) [20,21].

Voxel size less than 200 μm (size of the periodontal ligament space) is recommended for the 
analysis of small or medium size periapical pathologies, which allows observing changes 
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Table 2. Suggested acquisition parameters grouped by field of view (FOV) size
FOV kV mA μSv
Large 60–90 4 212 [25,29]
Medium 70–120 8–12 77 [25,30]
Small 80 3 84 [25,31]



9/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

A B

Figure 6. (A) View in the 3 orthogonal planes and 3-dimensional (3D) volume of an entire mandible (large field of view [FOV]). Note the amount of noise/artifacts 
generated in a large scan volume that outputs a low image resolution. (B) View in the 3 orthogonal planes and 3D volume of a segment in the maxilla (small FOV). 
Note the high resolution of the image generated in a more specific scanning.
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Figure 7. Treatment planning under the development of static/dynamic navigation protocols. (A-F) Guided endodontic for managing a canine with a coronal and 
cervical calcified canal. (A, B) 40 × 50 mm field of view (FOV) and 75 µm voxel cone-beam computed tomography (CBCT) scan with endodontic access guide 
design. (A) Virtual 3-dimensional (3D) template. (B) CBCT image of the canine with model scan aligned to the 3D template. (C-F) Guided endodontic treatment 
clinical sequence. (G-L) Guided endodontic microsurgery “Bone Window” technique. (G, H) 40 × 50 mm FOV and a 75 µm voxel CBCT scan with a 3D template 
design for osteotomy using the cortical window approach. (I, J) Rectangular osteotomy using piezoelectric saws. (K) Representative linear measurements of the 
periapical lesion obtained with the CBCT scan and the location of the inferior alveolar nerve. (L) Post-surgery (2D image). (M-T) Guided auto-transplantation of 
maxillary molar. (M, N) 40 × 50 mm FOV and a 75 µm voxel CBCT scan with tooth segmentation of the left maxillary third molar (tooth #28) from CBCT images. 
(O, P) 3D model of maxillary molar (tooth #28) and 3D template design to guarantee proper insertion into the receiving socket (left maxillary second molar 
[tooth #27]). (Q, R) Clinical auto-transplantation procedure with printed replica tooth (tooth #28) in a suitable position for placement of the natural donor 
tooth afterwards. (S, T) 2D radiographic follow-up. (U, V) Computer-aided dynamic navigation (Navident, ClaroNav, Ontario, Canada). Training on the dynamic 
navigation process using a biomodel.



at the level of the peri-radicular tissues as primary signs of endodontic disease [23]. Small 
voxel sizes are also recommended for longitudinal measurement of anatomical structures, 
and when suspicion of vertical root fractures (VRF) [29,37]. Images with smaller voxel 
values allow a better agreement between the measurements of the scan and the manual 
measurements [29]. High (200 μm) resolution and medium (300 μm) resolution CBCT 
images, for example, can be used to detect root resorption defects more effectively as 
opposed to low-resolution CBCT scans (400 μm) [38].

A limiting factor for the use of CBCT in endodontics occurs when restorative materials 
generate images of great hyper-density, which in turn increases the production of artifacts, 
making it difficult to observe the anatomical areas under study. Therefore, the modification 
of the operating conditions has been proposed using kV values at the lower limit of the 
established range, resulting in images adequate for the observation of the root canal 
system [39]. Likewise, it has been suggested that artifacts can be reduced when imaging 
endodontically treated root fractures, using a 360° as opposed to 180° rotation, thus 
improving specificity [22].

Another solution to this limitation caused by the presence of metal artifacts is the use of 
different methods of reconstruction after the acquisition of the data, implementing in 
the visualization software the option of modifying the algorithms, to eliminate the effects 
produced by the hardening of the beam, the linear artifacts and noise [40-44]. However, the 
available literature on the use of these imaging reconstruction mechanisms for endodontics 
is limited and the results obtained under different methodological designs are contradictory 
(Table 3) [40-44].

CBCT IMAGING INTERPRETATION IN ENDODONTICS

The proper interpretation of the CBCT is based on the exhaustive knowledge of the anatomy 
of the acquired volumetric image, the anatomical variations and the observation of anomalies 
[33,45]. In this regard, all image information must be systematically reviewed, consequently, 
it is important to keep in mind that CBCT images comprise 2 components: (i) the generation 
of specific tasks of the image and (ii) the subsequent interpretation report. Frequently, a 
patient’s diagnosis can be complex, and its management may require an interdisciplinary 
group of specialists, for which an interpretation report serves as the optimal method for 
collating the tomographic findings [33,45].
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Table 3. Most popular filters in use for the observation of cone-beam computed tomography in endodontics
Filter Objective Software
MAR Metal Artifact Reduction Planmeca [40,41]
AINO Adaptive Image Noise Optimizer Planmeca [41]
CALM Motion reduction Planmeca [41]
Sharpen Increased sharpness iCAT [42]
Angio Sharpen Increased sharpness iCAT [42]
Hard Image Intensifier iCAT [42]
ARA Artifacts removal Planmeca [41-44]
Shadow Elimination of shading generated by nearby structures iCAT [41-44]
Smooth Image Anti-Aliasing (removal of jagged lines)/smoothing iCAT [43]
BPF Back projection filtering for noise reduction Free use [44]



Specific image tasks
The reconstruction process creates a 3D matrix that can be visualized in a series of cross-
sectional 2D images (axial, sagittal and coronal) [33]. Initially, CBCT data should be 
considered as a volume to be explored and from which other images can be extracted. This 
involves applying a protocol or logical sequence of phases to optimize the presentation of the 
image as follows [33].

1. Correct the data
The initial adjustment involves reorienting the data, which is simply realigning the patient’s 
anatomical profiles in the 3 orthogonal planes (axial, sagittal, and coronal), which can be 
visualized simultaneously, to make a 3D analysis of the area of interest [3,33]. The volumetric 
data set in an endodontic analysis must be adjusted so that the root canal is located, and 
subsequently, the longitudinal axis of the tooth matches the vertical axis in the CBCT screen 
image. The dataset can then be optimized by adjusting brightness, contrast, thickness 
and interval of cross-sectional slices and applying specific filters (e.g., interpolation, noise 
reduction). Subsequently, secondary algorithms for annotations, measurements, angulations 
and magnification can be used [33].

Tomographic slices can be as thin as a voxel thickness (80–400 µm) [3]. Slice thickness 
affects the image’s resolution, which in turn affects how accurately it is interpreted. The slice 
thickness is inversely proportional to image noise [46]. Common sense suggests that a thin, 
magnified slice provides greater documentation, however, there is insufficient scientific 
support for this assumption. Typically, a thicker slice improves the image’s contrast and can 
assist in identifying the volume of interest with greater precision [46,47]. Several studies 
have tried to identify the ideal slice thickness for different analyses; however, the results are 
inconsistent [20,46-51]. Recently, Pham et al. [47] reported that there was a higher agreement 
between an electronic apex locator and CBCT at a slice thickness of 1.2 mm (p = 0.349) than 
at 0.6 mm (p < 0.001) in terms of root canal length estimation [47]. On the other hand, 
Moudi et al. [48] reported a high accuracy in the diagnosis of VRF using CBCT slices at a 
thickness of 0.3 mm. Notably, the accuracy did not decrease in the presence of gutta-percha 
[48]. However, other studies using thinker slices have reported that CBCT is not accurate 
in detecting VRF. Moreover, the imaging artifacts caused by gutta-percha result in an 
overestimation of the VRF [49].

2. View the data
Due to the large number of components of orthogonal images in each plane, it is necessary 
to review each series dynamically by scrolling through the orthogonal image. By selecting 
and moving the cursor over 1 of the 3 planes and in correct alignment with the longitudinal 
axis of the tooth/root of interest, the structure in the other 2 planes is simultaneously altered, 
thus allowing the area of interest to be traversed in real-time [3,33]. It is recommended that 
the displacement is done craniocaudally and then in the opposite direction, slowly in areas of 
interest or greater anatomical complexity. This traversal process must then be performed on 
the other 2 planes [33].

3. Display the data
The CBCT software offers several display options, all focused on highlighting specific 
components of the volumetric data set. Due to the nature of the isotropic acquisition, the 
volumetric data set can be sectioned non-orthogonally to provide non-axial 2D flat images 
referred to as Multiplanar Reformatting (MPR) (Figure 8). MPR mode includes the following 
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transformations: linear oblique and oblique curve, which project simulated panoramic 
images free of distortion, and serial trans-axial reformatting [33]. All of them are very useful 
in highlighting specific anatomical regions and facilitating the diagnostic task. Due to the 
numerous components in the orthogonal images of each plane, and the difficulty in relating 
adjacent structures, 2 additional methods have been designed to visualize adjacent voxels: (i) 
Ray sum or ray casting and (ii) Volumetric rendering (Figure 8) [33,50].

1) Ray sum or Ray casting
An MPR image can be increased in thickness by increasing the number of adjacent voxels. 
This creates an “image slab” that displays a specific patient volume, referred to as a ray 
sum. Total thicknesses of ray sum images can be used to generate simulated projections 
such as lateral cephalometric images. Unlike conventional X-rays, ray sum images are not 
magnified and undistorted. However, this technique uses the complete volumetric data set 
and the interpretation suffers from anatomical noise and overlapping of multiple anatomical 
structures [33,50].

2) Volume rendering
It refers to techniques that allow the visualization of volumetric data by integrating large 
volumes of adjacent voxels and a selective display. For this purpose, 2 techniques have been 
described: indirect volume rendering (IVR) (Figure 8) and direct volume rendering (DVR) 
[33,50]. IVR includes the selection and graphical representation of a range of grayscale 
intensity levels for voxels called segmentation, where a volumetric surface reconstruction 
with depth is obtained. DVR involves selecting an arbitrary limit of voxel intensities, and 
removing all grayscale values below or above [33,50]. The most common DVR technique is 
Maximum Intensity Projection, and its visualizations are achieved by evaluating the values 
of each voxel along an imaginary projection beam from the eyes of the observer and for 
a particular volume of interest, where the high values will be displayed as display values 
[33,50]. Rendering, in general, enables the creation of real 3D images that can be segmented 
and then printed for the performance of clinical and laboratory procedures.
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MPR

Ray sum

Orthogonal projections

Volumetric rendering

Linear oblique Curved oblique

Serial trans-axial

IVR DVR

Figure 8. Cone-beam computed tomography (CBCT) volumetric data display mode options. Multiplanar 
Reformatting (MPR) includes linear oblique, curved oblique, and serial trans-axial imaging. Ray sum is comprised 
of increased thickness section images. Volumetric rendering consists of indirect volumetric rendering (IVR) and 
direct volumetric rendering (DVR). Adapted from Scarfe et al. [33].



CBCT interpretation report
There is no consensus on specific requirements for endodontic CBCT reports. However, 
comparative guidelines for the multi-slice computed tomography report have been widely 
recommended [33,45].

1. Patient information
This section should include information such as names and surnames of the patient, 
identification, residence address, contact telephone number, email, date of birth, age, sex 
and even ethnicity. These last 3 aspects are important for establishing varying diagnoses, for 
example, bone cement dysplasia may be more frequent in women over 40 years of age and 
African/Afro-Caribbean ethnicity [33,45,51].

2. Clinical aspects
This section has 2 objectives: first, to include information of relevance to the time the 
treatment is carried out, and second, to contextualize the information for those cases 
that need a second evaluator. Systemic conditions of relevance such as bisphosphonate 
treatments, signs and symptoms of pain in teeth with or without endodontic treatment, 
history of dental trauma and atypical facial pain should be recorded. This section should 
finally highlight whether other previous imaging tests were taken and should justify the need 
for CBCT [45,52].

3. Scan information (radiography log)
This section will include the date, name and location of the place where the CBCT was 
taken and the name of the referee. Additionally, the type of equipment used, the exposure 
parameters of the scan (180/360 rotation, kV, mA, exposure time and resolution) and relevant 
information such as problems during the procedure (e.g., patient movement) should be 
included in this section. All this information will be relevant when diagnosing a low-quality 
CBCT. In cases that require follow-up, these parameters may be modified or replicated 
according to the quality of the CBCT image previously obtained [45,52].

4. Radiological findings
A complete exploratory view of the entire volume of CBCT data, systematically executed in 
the 3 orthogonal planes is considered an adequate practice according to the European Society 
of Endodontics in 2019 [45,52]. Concentrating only on the area of interest (e.g., a tooth with 
a suspected endodontic problem) is an inappropriate practice, which may lead to omitting 
incidental findings that may be considered negligence on the part of the clinician [52]. Figure 9  
diagrammatically illustrates the information that should be included in an endodontic CBCT 
scan report.

ARTIFACTS

Unfavorable artifacts or alterations of CBCT images are defined as image alterations 
induced by discrepancies between mathematical modeling and the actual physical imaging 
process; due to the technical composition/setup of the scanner, the composition, position 
and behavior of the object under investigation and finally the simplified mathematical 
assumptions used for 3D reconstruction [14,53]. Since artifacts can interfere with the 
diagnostic process performed on CBCT datasets, practitioners must be aware of their 
possible presence and estimate them during imaging analysis. In endodontic CBCT, the 
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following mainly stand out: (i) noise, defined as the result of inconsistent attenuation values 
in projection images, derived from rounding and photon counting errors; scattering, caused 
by photons diffracting from their original path after interaction with matter, resulting in an 
increase in measured intensities. (ii) X-ray beam artifacts that arise from the polychromatic 
nature of their projection, leading to Beam hardening (increase in average energy as a result 
of low-energy photons being absorbed instead of high-energy photons), which in turn results 
in 2 types of artifacts: distortion of the metal structure caused by the difference in absorption 
or cupping artifact and dark streaks or bands that may appear between 2 dense objects. As 
a result, the presence of restorations, including apical obturation materials, may result in 
severe stains in the resulting images. In endodontics, using CBCT with a small or reduced 
FOV helps produce clearer images by preventing the scanning of structures outside the area 
of interest, which reduces the resulting Beam hardening [50,53]. and finally, (iii) Motion 
Artifacts, in which a misalignment occurs either of the sources, the object or the detector 
effect that causes inconsistencies in the process of rear projection. Therefore, the lines 
along which the rear projection takes place do not correspond to the lines along which the 
attenuation was recorded (Figure 10) [54].
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A B C

Figure 10. Most common cone-beam computed tomography-related artifacts in endodontics. (A) Noise. (B) Beam hardening. (C) Movement.

Figure 9. Suggested cone-beam computed tomography (CBCT) endodontic report adapted from Patel et al. [45]. 
FOV, field of view.



Understanding the underlying cause of, identifying, and diagnosing imaging deficiencies and 
artifacts is crucial, hence avoiding their appearance in later shots. The existence of artifacts 
resulting from the presence of high-density materials, such as gutta-percha and sealers, dental 
solid or metal structures, and/or other hyperdense materials, which may impair contrast and 
image quality, is one of the main challenges in endodontic diagnosis with CBCT [55,56]. Any 
systematic discrepancy between the reconstructed image’s grayscale values and the object’s 
actual attenuation coefficients can be defined as an artifact [55,56]. Endodontic artifacts can 
take the form of a variety of patterns, including streaks, hypodense halos, and shadows that 
are aligned with the projection lines. Intracanal filling materials may also result in volumetric 
distortion or blooming, which causes the obturations to appear larger than they actually are on 
CBCT. Similarly, artifacts that mask actual root canal structures may appear on CBCT scans of 
teeth that include intracanal hyperdense materials, increasing the chance of clinical diagnostic 
mistakes. Misinterpretations of CBCT scans have the potential to seriously complicate 
diagnosis, result in mistakes in clinical judgment and decision-making, and jeopardize tooth 
survival [55,56]. As a result, every professional involved in interpreting CBCT images for 
endodontic purposes must have a thorough understanding of the nature of these artifacts, 
the application of particular CBCT acquisition parameters for endodontic images, and the 
knowledge of software with a reduction algorithm that can attenuate these artifacts.

DIGITAL IMAGING AND COMMUNICATION IN MEDICINE 
(DICOM) FILES
DICOM specifies a format for storing and exchanging biomedical digital imaging data 
[57]. Currently, DICOM is considered the standard format protocol for CBCT-based data 
sets. Several visualization software can input DICOM files and export sections or images in 
different formats, which can then be utilized for precise analysis [54,57]. In contrast to other 
image formats, DICOM organizes data into sets. A header and image data sets are combined 
into a single file to form a DICOM file. The header contains the patient’s biographical data, 
imaging study acquisition settings, picture dimensions, matrix size, color space, and a variety 
of other non-intensity data necessary by the computer to display the image properly. The 
image data set (stored as a series of 0 second and 1 second) includes all of the image's pixel 
intensity information, which can be used to reconstruct the image by using the information 
from the header [58]. DICOM not only defines the image and data sets. The complete standard 
is divided into up to 18 interconnected but separate sections, including the definition of 
information objects, service class specification, encoding, data dictionary, message exchange, 
network support for message exchange, communication using physical media, greyscale 
visualization, security, content mapping resource, explanatory information and the Web 
access to DICOM persistent objects among others [59]. DICOM offers several advantages, such 
as the ability to communicate patient information and images via a single network session, 
improved patient safety (keeping data and images together), consistent standards across 
multiple devices and storage of rich acquisition and imaging protocol data [54].

CONCLUSION

CBCT allows us to navigate the 3D structures in the traditional and alternative volumetric 
planes, which leads to increased sensitivity for the accurate detection of endodontic 
pathologies/conditions. CBCT as a diagnostic, planning and follow-up tool should 
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be restricted to endodontic cases of medium to high complexity. The main concerns 
regarding CBCT are the radiation dose that patients are exposed to during the scanning 
and the appearance of noise/artifacts in tomographic images that result from photon 
diffraction or absorption by anatomical structures or dental materials. Likewise, errors 
made when interpreting tomographic images may result in clinical procedure failures and 
complications. Appropriate fields of view, small voxel size, low mA levels, and brief exposure 
times are recommended as the best acquisition parameters in endodontics. Furthermore, 
implementing the option of modifying the algorithms to eliminate the effects produced by 
the hardening of the beam, the linear artifacts and the noise may make precise volumetric 
image analysis easier. Likewise, 3D volume interpretation must be approached systematically 
and reproducibly to improve precision in terms of diagnosis and planning of endodontic 
clinical procedures.

REFERENCES

 1. Patel S, Dawood A, Whaites E, Pitt Ford T. New dimensions in endodontic imaging: part 1. conventional 
and alternative radiographic systems. Int Endod J 2009;42:447-462.     PUBMED | CROSSREF

 2. Jain S, Choudhary K, Nagi R, Shukla S, Kaur N, Grover D. New evolution of cone-beam computed tomography 
in dentistry: combining digital technologies. Imaging Sci Dent 2019;49:179-190.     PUBMED | CROSSREF

 3. Patel S. New dimensions in endodontic imaging: part 2. cone beam computed tomography. Int Endod J 
2009;42:463-475.     PUBMED | CROSSREF

 4. Pauwels R, Araki K, Siewerdsen JH, Thongvigitmanee SS. Technical aspects of dental CBCT: state of the 
art. Dentomaxillofac Radiol 2015;44:20140224.     PUBMED | CROSSREF

 5. Park JS, Chung MS, Park HS, Shin DS, Har DH, Cho ZH, et al. A proposal of new reference system for the 
standard axial, sagittal, coronal planes of brain based on the serially-sectioned images. J Korean Med Sci 
2010;25:135-141.     PUBMED | CROSSREF

 6. Uğur Aydin Z, Göller Bulut D. Determination of root canal length up to perforation area using different 
electronic apex locators and CBCT images obtained at different voxel sizes: a comparative ex vivo study. 
Chin J Dent Res 2021;24:49-54.     PUBMED | CROSSREF

 7. Scarfe WC. Cone beam computed tomography: volume acquisition. In: White SC, Pharoah MJ, editors. 
White and Pharoah’s oral radiology: principles and interpretation. 8th ed. Amsterdam: Elsevier Health 
Sciences; 2014. p386-414.    

 8. Brüllmann D, Schulze RK. Spatial resolution in CBCT machines for dental/maxillofacial applications-
what do we know today? Dentomaxillofac Radiol 2015;44:20140204.     PUBMED | CROSSREF

 9. Special Committee to Revise the Joint AAE/AAOMR Position Statement on use of CBCT in Endodontics. 
AAE and AAOMR joint position statement: use of cone beam computed tomography in endodontics 2015 
update. Oral Surg Oral Med Oral Pathol Oral Radiol 2015;120:508-512.     PUBMED | CROSSREF

 10. Scarfe WC, Levin MD, Gane D, Farman AG. Use of cone beam computed tomography in endodontics. Int 
J Dent 2009;2009:634567.     PUBMED | CROSSREF

 11. Metska ME, Aartman IH, Wesselink PR, Özok AR. Detection of vertical root fractures in vivo in 
endodontically treated teeth by cone-beam computed tomography scans. J Endod 2012;38:1344-1347.     
PUBMED | CROSSREF

 12. Tanimoto H, Arai Y. The effect of voxel size on image reconstruction in cone-beam computed 
tomography. Oral Radiol 2009;25:149-153.     CROSSREF

 13. Patel S, Brown J, Semper M, Abella F, Mannocci F. European Society of Endodontology position 
statement: use of cone beam computed tomography in endodontics: European Society of Endodontology 
(ESE) developed by. Int Endod J 2019;52:1675-1678.     PUBMED | CROSSREF

 14. Sinha A, Mishra A, Srivastava S, Sinha PM, Chaurasia A. Understanding artifacts in cone beam computed 
tomography. Int J Maxillofac Imaging 2016;2:51-53.    

 15. Pinto JC, de Faria Vasconcelos K, Leite AF, Wanderley VA, Pauwels R, Oliveira ML, et al. Image quality 
for visualization of cracks and fine endodontic structures using 10 CBCT devices with various scanning 
protocols and artefact conditions. Sci Rep 2023;13:4001.     PUBMED | CROSSREF

 16. Zhu J, Wang X, Fang Y, Von den Hoff JW, Meng L. An update on the diagnosis and treatment of dens 
invaginatus. Aust Dent J 2017;62:261-275.     PUBMED | CROSSREF

16/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

http://www.ncbi.nlm.nih.gov/pubmed/19298577
https://doi.org/10.1111/j.1365-2591.2008.01530.x
http://www.ncbi.nlm.nih.gov/pubmed/31583200
https://doi.org/10.5624/isd.2019.49.3.179
http://www.ncbi.nlm.nih.gov/pubmed/19298576
https://doi.org/10.1111/j.1365-2591.2008.01531.x
http://www.ncbi.nlm.nih.gov/pubmed/25263643
https://doi.org/10.1259/dmfr.20140224
http://www.ncbi.nlm.nih.gov/pubmed/20052359
https://doi.org/10.3346/jkms.2010.25.1.135
http://www.ncbi.nlm.nih.gov/pubmed/33890455
https://doi.org/10.3290/j.cjdr.b1105877
http://www.ncbi.nlm.nih.gov/pubmed/25168812
https://doi.org/10.1259/dmfr.20140204
http://www.ncbi.nlm.nih.gov/pubmed/26346911
https://doi.org/10.1016/j.oooo.2015.07.033
http://www.ncbi.nlm.nih.gov/pubmed/20379362
https://doi.org/10.1155/2009/634567
http://www.ncbi.nlm.nih.gov/pubmed/22980175
http://www.ncbi.nlm.nih.gov/pubmed/22980175
https://doi.org/10.1016/j.joen.2012.05.003
https://doi.org/10.1007/s11282-009-0019-8
http://www.ncbi.nlm.nih.gov/pubmed/31301231
https://doi.org/10.1111/iej.13187
http://www.ncbi.nlm.nih.gov/pubmed/36899046
https://doi.org/10.1038/s41598-023-31099-5
http://www.ncbi.nlm.nih.gov/pubmed/28306163
https://doi.org/10.1111/adj.12513


 17. Da Silveira PF, Fontana MP, Oliveira HW, Vizzotto MB, Montagner F, Silveira HL, et al. CBCT-based volume 
of simulated root resorption - influence of FOV and voxel size. Int Endod J 2015;48:959-965.     PUBMED | 
CROSSREF

 18. Pérez-Sánchez G, González-Torres M, Guzmán-Espinosa MA, Hernández-Vidal V, Teutle-Coyotecatl B, 
Mendoza-García LV, et al. Vestibular alveolar bone height measurement: accuracy and correlation between 
direct and indirect techniques. Acta Odontol Latinoam 2020;33:22-26.     PUBMED | CROSSREF

 19. Strbac GD, Schnappauf A, Giannis K, Moritz A, Ulm C. Guided modern endodontic surgery: a novel 
approach for guided osteotomy and root resection. J Endod 2017;43:496-501.     PUBMED | CROSSREF

 20. Mayo CV Jr, Replogle KJ, Marshall JG, Best AM, Sehgal HS, Sousa Melo SL, et al. Accuracy of presurgical 
limited field of view cone-beam computed tomography in predicting intraoperative buccal cortical bone. J 
Endod 2020;46:169-177.e1.     PUBMED | CROSSREF

 21. Antal M, Nagy E, Sanyó L, Braunitzer G. Digitally planned root end surgery with static guide and custom 
trephine burs: a case report. Int J Med Robot 2020;16:e2115.     PUBMED | CROSSREF

 22. Bechara B, McMahan CA, Nasseh I, Geha H, Hayek E, Khawam G, et al. Number of basis images effect 
on detection of root fractures in endodontically treated teeth using a cone beam computed tomography 
machine: an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol 2013;115:676-681.     PUBMED | CROSSREF

 23. ICRP, Rehani MM, Gupta R, Bartling S, Sharp GC, Pauwels R, et al. Radiological protection in cone beam 
computed tomography (CBCT). ICRP publication 129. Ann ICRP 2015;44:9-127.     PUBMED | CROSSREF

 24. Kadesjö N, Lynds R, Nilsson M, Shi XQ. Radiation dose from X-ray examinations of impacted canines: cone 
beam CT vs two-dimensional imaging. Dentomaxillofac Radiol 2018;47:20170305.     PUBMED | CROSSREF

 25. Ludlow JB, Timothy R, Walker C, Hunter R, Benavides E, Samuelson DB, et al. Effective dose of dental 
CBCT-a meta analysis of published data and additional data for nine CBCT units. Dentomaxillofac Radiol 
2015;44:20140197.     PUBMED | CROSSREF

 26. Patel S, Brown J, Pimentel T, Kelly RD, Abella F, Durack C. Cone beam computed tomography in 
endodontics - a review of the literature. Int Endod J 2019;52:1138-1152.     PUBMED | CROSSREF

 27. Candemil AP, Salmon B, Vasconcelos KF, Oenning AC, Jacobs R, Freitas DQ, et al. Cone beam CT 
optimisation for detection of vertical root fracture with metal in the field of view or the exomass. Sci Rep 
2021;11:19155.     PUBMED | CROSSREF

 28. Van Acker JW, Pauwels NS, Cauwels RG, Rajasekharan S. Outcomes of different radioprotective precautions 
in children undergoing dental radiography: a systematic review. Eur Arch Paediatr Dent 2020;21:463-508.     
PUBMED | CROSSREF

 29. Gamache C, English JD, Salas-Lopez AM, Rong J, Akyalcin S. Assessment of image quality in maxillofacial 
cone-beam computed tomography imaging. Semin Orthod 2015;21:248-253.     CROSSREF

 30. Soares MR, Batista WO, Antonio PL, Caldas LV, Maia AF. Study of effective dose of various protocols in 
equipment cone beam CT. Appl Radiat Isot 2015;100:21-26.     PUBMED | CROSSREF

 31. Lagos de Melo LP, Oenning AC, Nadaes MR, Nejaim Y, Neves FS, Oliveira ML, et al. Influence of 
acquisition parameters on the evaluation of mandibular third molars through cone beam computed 
tomography. Oral Surg Oral Med Oral Pathol Oral Radiol 2017;124:183-190.     PUBMED | CROSSREF

 32. Goulston R, Davies J, Horner K, Murphy F. Dose optimization by altering the operating potential and 
tube current exposure time product in dental cone beam CT: a systematic review. Dentomaxillofac Radiol 
2016;45:20150254.     PUBMED | CROSSREF

 33. Scarfe WC, Li Z, Aboelmaaty W, Scott SA, Farman AG. Maxillofacial cone beam computed tomography: 
essence, elements and steps to interpretation. Aust Dent J 2012;57 Supplement 1:46-60.     PUBMED | CROSSREF

 34. Durack C, Patel S. Cone beam computed tomography in endodontics. Braz Dent J 2012;23:179-191.     
PUBMED | CROSSREF

 35. Hoff MN, Zamora D, Spiekerman C, Aps JKM, Bollen AM, Herring SW, et al. Can cephalometric 
parameters be measured reproducibly using reduced-dose cone-beam computed tomography? J World 
Fed Orthod 2019;8:43-50.     CROSSREF

 36. Dillenseger JP, Gros CI, Sayeh A, Rasamimanana J, Lawniczak F, Leminor JM, et al. Image quality 
evaluation of small FOV and large FOV CBCT devices for oral and maxillofacial radiology. 
Dentomaxillofac Radiol 2017;46:20160285.     PUBMED | CROSSREF

 37. Uysal S, Akcicek G, Yalcin ED, Tuncel B, Dural S. The influence of voxel size and artifact reduction on the 
detection of vertical root fracture in endodontically treated teeth. Acta Odontol Scand 2021;79:354-358.     
PUBMED | CROSSREF

 38. Liedke GS, da Silveira HE, da Silveira HL, Dutra V, de Figueiredo JA. Influence of voxel size in the 
diagnostic ability of cone beam tomography to evaluate simulated external root resorption. J Endod 
2009;35:233-235.     PUBMED | CROSSREF

17/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

http://www.ncbi.nlm.nih.gov/pubmed/25283786
https://doi.org/10.1111/iej.12390
http://www.ncbi.nlm.nih.gov/pubmed/32621595
https://doi.org/10.54589/aol.33/1/022
http://www.ncbi.nlm.nih.gov/pubmed/28139285
https://doi.org/10.1016/j.joen.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/31839413
https://doi.org/10.1016/j.joen.2019.10.026
http://www.ncbi.nlm.nih.gov/pubmed/32304137
https://doi.org/10.1002/rcs.2115
http://www.ncbi.nlm.nih.gov/pubmed/23601223
https://doi.org/10.1016/j.oooo.2013.01.026
http://www.ncbi.nlm.nih.gov/pubmed/26116562
https://doi.org/10.1177/0146645315575485
http://www.ncbi.nlm.nih.gov/pubmed/29303367
https://doi.org/10.1259/dmfr.20170305
http://www.ncbi.nlm.nih.gov/pubmed/25224586
https://doi.org/10.1259/dmfr.20140197
http://www.ncbi.nlm.nih.gov/pubmed/30868610
https://doi.org/10.1111/iej.13115
http://www.ncbi.nlm.nih.gov/pubmed/34580339
https://doi.org/10.1038/s41598-021-98345-6
http://www.ncbi.nlm.nih.gov/pubmed/32557182
http://www.ncbi.nlm.nih.gov/pubmed/32557182
https://doi.org/10.1007/s40368-020-00544-8
https://doi.org/10.1053/j.sodo.2015.07.002
http://www.ncbi.nlm.nih.gov/pubmed/25665897
https://doi.org/10.1016/j.apradiso.2015.01.012
http://www.ncbi.nlm.nih.gov/pubmed/28483471
https://doi.org/10.1016/j.oooo.2017.03.008
http://www.ncbi.nlm.nih.gov/pubmed/26732433
https://doi.org/10.1259/dmfr.20150254
http://www.ncbi.nlm.nih.gov/pubmed/22376097
https://doi.org/10.1111/j.1834-7819.2011.01657.x
http://www.ncbi.nlm.nih.gov/pubmed/22814684
http://www.ncbi.nlm.nih.gov/pubmed/22814684
https://doi.org/10.1590/S0103-64402012000300001
https://doi.org/10.1016/j.ejwf.2019.02.006
http://www.ncbi.nlm.nih.gov/pubmed/27580474
https://doi.org/10.1259/dmfr.20160285
http://www.ncbi.nlm.nih.gov/pubmed/33337942
http://www.ncbi.nlm.nih.gov/pubmed/33337942
https://doi.org/10.1080/00016357.2020.1859611
http://www.ncbi.nlm.nih.gov/pubmed/19166780
https://doi.org/10.1016/j.joen.2008.11.005


 39. BashizadehFakhar H, Bolhari B, Shamshiri A, Amini S, Ranji P. Diagnostic accuracy of cone-beam 
computed tomography at different tube voltages for vertical root fractures in endodontically treated teeth 
with metallic posts. Dent Hypotheses 2021;12:132-138.     CROSSREF

 40. Bechara B, McMahan CA, Geha H, Noujeim M. Evaluation of a cone beam CT artefact reduction 
algorithm. Dentomaxillofac Radiol 2012;41:422-428.     PUBMED | CROSSREF

 41. Bagis N, Kurt MH, Evli C, Camgoz M, Atakan C, Peker Ozturk H, et al. Evaluation of a metal artifact 
reduction algorithm and an adaptive image noise optimization filter in the estimation of peri-implant 
fenestration defects using cone beam computed tomography: an in-vitro study. Oral Radiol 2022;38:325-335.     
PUBMED | CROSSREF

 42. Nascimento MC, Nejaim Y, de Almeida SM, Bóscolo FN, Haiter-Neto F, Sobrinho LC, et al. Influence of 
cone beam CT enhancement filters on diagnosis ability of longitudinal root fractures. Dentomaxillofac 
Radiol 2014;43:20130374.     PUBMED | CROSSREF

 43. Verner FS, D’Addazio PS, Campos CN, Devito KL, Almeida SM, Junqueira RB. Influence of cone-
beam computed tomography filters on diagnosis of simulated endodontic complications. Int Endod J 
2017;50:1089-1096.     PUBMED | CROSSREF

 44. Xia D, Cho S, Pan X. Backprojection-filtration reconstruction without invoking a spatially varying 
weighting factor. Med Phys 2010;37:1201-1209.     PUBMED | CROSSREF

 45. Patel S, Harvey S. Guidelines for reporting on CBCT scans. Int Endod J 2021;54:628-633.     PUBMED | CROSSREF

 46. Moshfeghi M, Tavakoli MA, Ghaznavi D, Ghaznavi A. Effect of slice thickness on the accuracy of 
linear measurements made on cone beam computed tomography images. J Dent Sch 2019;34:100-108.     
CROSSREF

 47. Pham VK, Pham TL. Root canal length estimated by cone-beam computed tomography at different 
slice thicknesses, dedicated endodontic software, or measured by an electronic apex locator. Sci Rep 
2022;12:6531.     PUBMED | CROSSREF

 48. Moudi E, Haghanifar S, Madani Z, Alhavaz A, Bijani A, Bagheri M. Assessment of vertical root fracture 
using cone-beam computed tomography. Imaging Sci Dent 2014;44:37-41.     PUBMED | CROSSREF

 49. Patel S, Brady E, Wilson R, Brown J, Mannocci F. The detection of vertical root fractures in root filled teeth 
with periapical radiographs and CBCT scans. Int Endod J 2013;46:1140-1152.     PUBMED | CROSSREF

 50. Scarfe WC, Farman AG. What is cone-beam CT and how does it work? Dent Clin North Am 2008;52:707-730.     
PUBMED | CROSSREF

 51. Martins JN, Gu Y, Marques D, Francisco H, Caramês J. Differences on the root and root canal 
morphologies between Asian and White ethnic groups analyzed by cone-beam computed tomography. J 
Endod 2018;44:1096-1104.     PUBMED | CROSSREF

 52. European Society of Radiology (ESR). Good practice for radiological reporting. Guidelines from the 
European Society of Radiology (ESR). Insights Imaging 2011;2:93-96.     PUBMED | CROSSREF

 53. Schulze R, Heil U, Gross D, Bruellmann DD, Dranischnikow E, Schwanecke U, et al. Artefacts in CBCT: a 
review. Dentomaxillofac Radiol 2011;40:265-273.     PUBMED | CROSSREF

 54. Bidgood WD Jr, Horii SC, Prior FW, Van Syckle DE. Understanding and using DICOM, the data interchange 
standard for biomedical imaging. J Am Med Inform Assoc 1997;4:199-212.     PUBMED | CROSSREF

 55. Rodrigues CT, Jacobs R, Vasconcelos KF, Lambrechts P, Rubira-Bullen IR, Gaêta-Araujo H, et al. Influence 
of CBCT-based volumetric distortion and beam hardening artefacts on the assessment of root canal filling 
quality in isthmus-containing molars. Dentomaxillofac Radiol 2021;50:20200503.     PUBMED | CROSSREF

 56. Gregoris Rabelo LE, Bueno MD, Costa MV, de Musis CR, Estrela CR, Guedes OA, et al. Blooming artifact 
reduction using different cone-beam computed tomography software to analyze endodontically treated 
teeth with intracanal posts. Comput Biol Med 2021;136:104679.     PUBMED | CROSSREF

 57. Spin-Neto R, Marcantonio E Jr, Gotfredsen E, Wenzel A. Exploring CBCT-based DICOM files. A 
systematic review on the properties of images used to evaluate maxillofacial bone grafts. J Digit Imaging 
2011;24:959-966.     PUBMED | CROSSREF

 58. Varma DR. Managing DICOM images: tips and tricks for the radiologist. Indian J Radiol Imaging 
2012;22:4-13.     PUBMED | CROSSREF

 59. Gibaud B. The DICOM standard: a brief overview. In: Lemoigne Y, Caner A, editors. Molecular imaging: 
computer reconstruction and practice. NATO science for peace and security series B: physics and 
biophysics. Berlin: Springer; 2008. p229-38.

18/18

Cone-beam computed tomography in endodontics

https://doi.org/10.5395/rde.2024.49.e1https://rde.ac

https://doi.org/10.4103/denthyp.denthyp_107_21
http://www.ncbi.nlm.nih.gov/pubmed/22362221
https://doi.org/10.1259/dmfr/43691321
http://www.ncbi.nlm.nih.gov/pubmed/34387842
http://www.ncbi.nlm.nih.gov/pubmed/34387842
https://doi.org/10.1007/s11282-021-00561-3
http://www.ncbi.nlm.nih.gov/pubmed/24408819
https://doi.org/10.1259/dmfr.20130374
http://www.ncbi.nlm.nih.gov/pubmed/27977857
https://doi.org/10.1111/iej.12732
http://www.ncbi.nlm.nih.gov/pubmed/20384257
https://doi.org/10.1118/1.3285041
http://www.ncbi.nlm.nih.gov/pubmed/33170952
https://doi.org/10.1111/iej.13443
https://doi.org/10.22037/jds.v34i2.24683
https://doi.org/10.22037/jds.v34i2.24683
http://www.ncbi.nlm.nih.gov/pubmed/35444163
https://doi.org/10.1038/s41598-022-10534-z
http://www.ncbi.nlm.nih.gov/pubmed/24701457
https://doi.org/10.5624/isd.2014.44.1.37
http://www.ncbi.nlm.nih.gov/pubmed/23617242
https://doi.org/10.1111/iej.12109
http://www.ncbi.nlm.nih.gov/pubmed/18805225
http://www.ncbi.nlm.nih.gov/pubmed/18805225
https://doi.org/10.1016/j.cden.2008.05.005
http://www.ncbi.nlm.nih.gov/pubmed/29861062
https://doi.org/10.1016/j.joen.2018.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22347937
https://doi.org/10.1007/s13244-011-0066-7
http://www.ncbi.nlm.nih.gov/pubmed/21697151
https://doi.org/10.1259/dmfr/30642039
http://www.ncbi.nlm.nih.gov/pubmed/9147339
https://doi.org/10.1136/jamia.1997.0040199
http://www.ncbi.nlm.nih.gov/pubmed/33400563
https://doi.org/10.1259/dmfr.20200503
http://www.ncbi.nlm.nih.gov/pubmed/34325229
https://doi.org/10.1016/j.compbiomed.2021.104679
http://www.ncbi.nlm.nih.gov/pubmed/21448762
https://doi.org/10.1007/s10278-011-9377-y
http://www.ncbi.nlm.nih.gov/pubmed/22623808
https://doi.org/10.4103/0971-3026.95396

	Cone-beam computed tomography in endodontics: from the specific technical considerations of acquisition parameters and interpretation to advanced clinical applications
	INTRODUCTION
	RADIOLOGICAL ASPECTS OF CBCT
	Observation planes
	Conditions for the acquisition
	Technical characteristics: dosages and specific requirements for endodontic

	CBCT IMAGING INTERPRETATION IN ENDODONTICS
	Specific image tasks
	CBCT interpretation report

	ARTIFACTS
	DIGITAL IMAGING AND COMMUNICATION IN MEDICINE (DICOM) FILES
	CONCLUSION
	REFERENCES


