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Cone-beam and micro-computed 
tomography for the assessment of root 
canal morphology: a systematic review

Abstract: This study presents an overview of the accuracy of cone 
beam computed tomography (CBCT) compared with micro-computed 
tomography (μCT) in the assessment of root canal morphology of 
extracted human permanent teeth. A database search in PubMed, 
PubMed Central, Embase, Scopus, Opengrey, Scielo and Virtual Health 
Library was conducted which compared root canal morphology of 
extracted human permanent teeth on the accuracy of CBCT with μCT. In 
accordance with PRISMA statement guidelines, data were extracted on 
study characteristics, target mediators, sampling and assay techniques 
and the parameters associated with obtaining the image and ability to 
identify the root canal morphology. Amongst 2734 records, ten fulfilled 
the inclusion criteria. Four studies compared the accuracy of CBCT 
and μCT in the assessment of root canal morphology using Vertucci’s 
classification, with at least one CBCT group or subgroup of each study 
presented high agreement compared to the μCT. Six studies assessed 
more detailed root canal morphology, including two articles that found 
a lack of agreement between these imaging systems. Risk of bias was 
deemed low in three studies, moderate in four and high in three. CBCT 
can be as accurate as μCT in the assessment of several morphological 
features of extracted human permanent teeth; however there are some 
exceptions related to the more detailed morphological aspects. Voxel 
size likely influences the ability to detect these features, though the 
different aspects of exposure setting used in studies components may 
be confounding factors. CBCT may be considered for the assessment of 
root canal morphology ex-vivo.

Keywords: Cone-Beam Computed Tomography; X-Ray 
Microtomography; Dental Pulp Cavity.

Introduction

The morphology of the root canal system is possibly one of the main 
confounding factors in ex vivo studies in Endodontology. In-vitro studies aim 
to have strictly controlled conditions, including limiting the heterogeneity 
of samples used for the assays. In fact, study results may be influenced by 
the effect of the morphological variations of the root canal system instead of 
the element of interest.1,2 Two-dimensional radiography is commonly used 
as the method for sample selection in endodontic research.3,4,5 However, this 
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method presents with limited accuracy by providing 
two-dimensional images of what, in reality, is a three-
dimensional structure.2,6

Micro-computed tomography (µCT) has been 
popular in recent years in studies of hard tissues 
in general. In Endodontology, in particular, it has 
been used to document the internal and external 
morphologies of teeth7,8,9 amongst others. μCT 
has been used as a reference standard in several 
root canal morphology studies.10,11 μCT has the 
advantages of being a reproducible, non-invasive 
and non-destructive technique.

Similarly, cone beam computed tomography 
(CBCT) is frequently used for the identification of root 
canal morphology.8,9,12,13 CBCT overcomes some of the 
disadvantages of µCT such as scan time, radiation 
dosage and high cost, as well as widespread use in 
clinical practice, therefore, it has also been used in 
laboratory assays.

However, previous studies suggest that CBCT could 
fail to detect some minute morphological features, 
such as of accessory canals14 and be inadequate 
for the assessment and identification of particular 
types of root canal morphology.15,16 Therefore, it can 
be expected that CBCT and µCT imaging does not 
yield comparable values for root canal morphologic 
quality parameters, as the latter has superior image 
sharpness, amongst others.

Recently, the development of specific software 
and programs for the interactive visualisation of 
CBCT datasets has allowed the evaluation of the 
entire volume of the scanned structure, as well as 
axial, sagittal and coronal bi-dimensional sections 
simultaneously.8,17,18,19,20,21 Furthermore, CBCT is of 
relatively easier access for many investigators.

Due to the technological innovations in CBCT 
imaging, we must consider the following question: can 
CBCT images be used to assess root canal morphology 
ex-vivo, instead of µCT? Is It might be possible 
to obtain root canal morphology measurements 
for CBCT images which can be equivalent to µCT 
with lower scanning time and lower cost for image 
acquisition and easier access? Thus, the accuracy 
of CBCT and µCT in the assessment of root canal 
morphology of extracted human permanent teeth 
should be compared. The question under review was 

framed according to the PICO format (Population; 
Intervention; Comparison; Outcome): P: extracted 
human permanent teeth; I: imaging using CBCT; 
C: imaging using µCT; O: accuracy to identify/detect 
morphological features.

The question under review was framed according: 
Is CBCT as accurate as µCT in the assessment of root 
canal morphology of extracted human permanent teeth?

Methodology

This systematic review followed the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) statement guidelines.22

Preregistration
A protocol was preregistered with the International 

Prospective Register of Systematic Reviews 
(PROSPERO) on the 20th of July 2018 (record number: 
CRD42019123288).

Data Collection
The following databases used were PubMed, 

PubMed Central (PMC), Embase, Scopus, Opengrey, 
Scielo and Virtual Health Library (VHL) with 
combinations of the following terms: [CBCT*] OR [Cone 
Beam computed Tomography*] OR [micro-CT*] OR 
[x-ray microtomography] OR [micro ct] AND [anatomy 
root canal*] OR [root canal*] OR [morphology root 
canal*]. The Endnote software (Thompson Reuters, 
Toronto, Canada) was used to manage research data 
and eliminate duplicated publications. There were 
no restrictions placed on the year of publication. 
Final database search was completed on the 5th of 
December 2018.

The inclusion criteria used in the systematic 
review were as follows:
a. Publication in English or other Latin alphabets;
b. Extracted permanent human teeth;
c. Absence of root canal instrumentation or other 

root canal treatment procedures;
d. Root canal morphology assessment using CBCT 

and µCT;
e. Root canal morphology assessment as the outcome.

Studies were excluded when they assessed 
pathological variations (e.g. dental resorption) or 
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when they were case report/series, review articles or 
expert opinion, or when the above inclusion criteria 
were not met.

Additional articles of potential relevance from the 
bibliography of included articles were subjected to 
the same inclusion/exclusion criteria. Authors of the 
included studies were contacted for clarification or 
requested to provide further information as needed.

Evaluation of the selected studies
The titles and abstracts of the articles were analyzed 

by two independent reviewers (CCB and GRF), taking 
into consideration the inclusion and exclusion criteria 
established for this review. In case of disagreement 
regarding inclusion and exclusion of a retrieved article, 
the consensus was reached by a discussion between 
reviewers. The description of the study methodology 
was retrieved and summarised from the included 
articles by two reviewers (CCB and GRF) to allow 
comparison amongst studies.

The following information was extracted for each 
study and recorded on a data collection sheet: author(s), 
year of publication, journal, country, study, tooth 
type, imaging and described settings by methods 
and compared morphological outcomes.

The studies were evaluated according to their 
experimental quality by two independent reviewers 
(CCB, GRF) based on a modified version of a previously 
published risk of bias assessment tool.22 The assessment 
included the following:
a. Sample size calculation (Adequate: yes; Unclear: 

not specified; Inadequate: no);
b. The comprehensiveness of exposure settings 

reporting (Adequate: yes; Unclear: not specified; 
Inadequate: no). Various factors may interfere 
with the final result of the image quality as voxel 
size, dynamic image range, x-ray parameters 
Kilovoltage and Milliamperage, native 
acquisition, the field of view (FOV), software 
and scanner calibration and the software itself.20 
The studies were considered adequate - when 
they depicted parameters such as Kilovoltage, 
Milliamperage and FOV values corresponding 
to CBCTs, not specified - when it did not present 
one of these parameters and inadequate - when 
the field of view and voxel size were inadequate.

c. Sufficient description of outcomes (Adequate: 
yes; Unclear: not specified; Inadequate: no); 
Blinding of outcome assessment [Examiner(s) 
concealment of allocation (Adequate: yes; 
Unclear: not specified; Inadequate: no)];

d. Observer(s) reliability assessment (Adequate: 
yes; Unclear: not specified; Inadequate: no);

e. Attrition bias [Sample loss reported] (Adequate: 
yes; Unclear: not specified; Inadequate: no). To 
synthesize the validity of studies, they were 
classified into the following categories:

f. Low risk of bias (i.e. studies that met at least 
four of the quality criteria);

g. Moderate risk of bias (i.e. studies that met 
between two and four of the quality criteria);

h. High risk of bias (i.e. studies that met at less 
than two of the quality criteria). Disagreements 
concerning study scores were discussed until a 
decision was obtained by consensus.

Results

The database search strategy yielded in a total 
of 2734 publications after the removal of duplicates. 
Amongst the 2734 studies, ten satisfied the inclusion 
criteria9,18,23,24,25,26,27,28,29,30 and ten were excluded, nine 
have different object of study 24,31,32,33,34,35,36,37,38 and 
one study has absence of comparative analysis.14 The 
results of the search strategy are represented in Figure 
1, while the information extracted for each study is 
presented in Tables 1 and 2. µCT was considered as 
the reference in all component studies. The authors of 
six studies23,25,26,27,29,30 were contacted for clarification 
of the imaging exposure setting, as this was not 
able to be determined by the data presented in the 
studies, without reply.

Main features of the component studies are 
presented in Table 1. Root canal configuration 
using Vertucci’s classification was assessed in 
four articles.25,26,28,29 These component studies 
included 293 teeth in total, including maxillary and 
mandibular first molars and mandibular incisors. 
Among this subgroup, at least one CBCT group or 
subgroup of each study presented high agreement 
compared to µCT. This included assessment 
of mesiobuccal canals,26 anatomic patterns of 
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Figure 1.Flowchart of the methodology.
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Table 1. Main characteristics of the included studies: sample characteristics.

Study Tooth type
Number 
of teeth

General feature assessment Specific feature assessment

Domark et al. (2013)23 First/second maxillary 
molars

27 Detailed morphologic characteristics 
Number of root in the mesiobuccal 

root of maxillary molar

Marca et al. (2013)24 Maxillary premolars 16 Detailed morphologic characteristics Root and canal areas

Freitas et al. (2014)26 First maxillary molars 35
Assessment of root canal configurations 

using Vertucci´s classification 
Type of anatomy of MB canal

 Fernandes et al. (2014)25 Mandibular incisors 40
Assessment of root canal configurations 

using Vertucci´s classification 
Various anatomic patterns of 

mandibular incisor

Ordinola-Zapata et al. 
(2017)28

Mandibular first 
molars

75
Assessment of root canal configurations 

using Vertucci´s classification
 Configuration of the mesial root 

(Type I and II)

Zhang et al. (2017)29 Mandibular first 
premolars 

143
Assessment of root canal configurations 

using Vertucci´s classification
Root canal configuration 

of premolars

Shaheen et al. (2017)18 Mandibular premolars 24 Detailed morphologic characteristics Volume

Michetti et al. (2017)27 Incisors/maxillary molar/
mandibular molars

3 Detailed morphologic characteristics Canal area and the Feret’s diameter

Rashed et al. (2018)30 Maxillary premolars 10 Detailed morphologic characteristics 

Pulp horn/pulp chamber, isthmus, 
number of canals, lateral canals 

and remaining dentin thickness of 
maxillary premolars

Tolentino et al. (2018)9 Mandibular first molars 40 Detailed morphologic characteristics Detect and measure isthmi
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mandibular incisors,21 the configuration of the 
mesial root of mandibular first molars25 and root 
canal configuration of premolars.29

The remaining six studies evaluated more detailed 
morphology of the root canal system.9,18,23,24,27,30 These 
included 120 teeth in total. Two articles including 
56 teeth found lack of agreement when detecting 
and measuring isthmi or assessing root and canal 
areas. 9,24 Four studies with 64 teeth showed evidence 
of the agreement between these methods when 
evaluating the number of canals in mesiobuccal 
roots of maxillary molars as well as canal area 
and volume. 18,23,27,30

Imaging apparatus and methods, together with 
outcome measurement techniques are reported in 
Table 2. A broad variability in equipment settings, 
software and outcome measures was evident amongst 
the component studies.

Due to the variety of methods and parameters used 
to measure the morphological outcomes, it was not 
possible to standardize the research data and perform 
a meta-analysis. Therefore, in the present systematic 
review, a narrative synthesis was carried out, 39 after 
collating the data and tabulating the relevant results 
from the component studies.

Of the ten studies included, three presented a 
high risk of bias, 24,29,27 four showed a moderate risk 
of bias9,18,23,30 and three had a low risk of bias26,25,28 

(Figures 2 and 3).

Discussion

Eight out of ten component studies suggest 
comparable accuracy between the imaging techniques 
tested, at least with one of the CBCT devices compared. 
Disagreement these occurred for the assessment of 
more detailed morphology, such as measurement 
of isthmi9 and canal area.24 Therefore, several CBCT 
scanners, when using specific imaging modes, have a 
comparable accuracy for the assessment of endodontic 
morphology as μCT.

In analyzing the different results, it must be 
considered that numerous factors may influence 
the final image quality and, consequently, in 
the evaluation of the data. These include the 
apparatus, the exposure setting, the software 
used to reconstruct and display the datasets, 
the monitor and, understandably the observer.20 
These considerations are valid for both the μCT 
and CBCT imaging processes.

Figure 2. Risk of bias graph: Reviewers’ judgements about each risk of bias item presented across all included studies.
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The findings of the two imaging techniques 
concurred for the assessment of the number of 
canals and type of anatomy in mesiobuccal roots 
of maxillary molars, 23,26 anatomic configuration 
of mandibular incisors25 and mandibular first 
premolars,18,29 the number of root canals, remaining 
dentin thickness, pulp horn detection, presence of 
the isthmi and lateral canals of premolars, 30 plus 
canal area of incisors, maxillary and mandibular 
molars.27,28 Interestingly, agreement for Vertucci’s 
configurations was found, but not for the proposed, 
more detailed, sub-classifications.28

When assessing quantitatively and qualitatively 
small structures, such as the root canal systems, 
high-definition images, the milliamperage must 
be taken into account.40 Tolentino et al.,9 in spite 
of the used of parameters of the CTC and μCT 
similar to other studies, reported the highest 
value of milliamperage μCT, which influences 
the quality of the reference images42,43 with higher 
values decreasing the image noise by increasing 
the signal at the detector. 41

High tube potential has been associated with 
fewer volumetric distortion artefacts in CBCT 
scanning.43,44 However, among the two studies 
that used higher kV values, Marca et al.24 found 
CBCT to be inaccurate in detecting morphological 
features, whereas de Freitas et al.26 found moderate 
and substantial agreement amongst the two 
imaging modalities. Due to the limited detail 
related to the exposure setting of both imaging 

Figure 3. Risk of bias graph: Reviewers’ judgements about each risk of bias item presented across all included studies.
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techniques setting, it was not possible to obtain 
robust conclusions regarding the effect of tube 
potential on the outcome.

Beam collimation restricts the radiation exposure 
to the region of interest, aiming that an optimal FOV 
is chosen depending on the area under investigation. 
Smaller scan volumes usually provide higher resolution 
images45 with enhanced root canal morphology 
visualization.46,47,48 Amongst the ten component 
studies, five did not report the field of view values, 
and of those reported they ranged from 4x4 to 10x9 
cm. Tolentino et al.9 used a small field of view (4x4 
cm) and showed no agreement between CBCT and 
µCT. Conversely, de Freitas et al.,26 when using 
Prexion 3D for the diagnosis of MB canal with the 
same FOV, reported high agreement between imaging 
methods. Therefore, we are unable to present a definite 
conclusion of the effect of FOV per se for the specific 
setting and study designs.

No study compared different imaging software 
programs; therefore, we are unable to present a 
conclusion on this aspect. Two studies23,25 used the 
same software, with all eight remaining studies 
using diverse software programs. The software 
used for reconstruction may influence the image 
through general software design, image editing 
design, dynamic image range, sharpness of noise and 
margin size controls, artefact reduction, functional 
3D (multi-way browser), multidirectional browser, 
compression with or without lost data logging, oblique 
coordinate logging, registration of filter settings for 
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replication, as well as specific search tools. 20 The 
capture, processing and reconstruction of 3D images 
are essential steps to obtain good quality images and 
to prevent artefacts.20,41,44 In order to overcome the 
limitations of the CBCT, Bueno et al.21 have shown 
the potential of new CBCT software with high-
quality images, for the visualization of complex 
anatomical structures and reduction of artefacts. 
Therefore, technological innovations supported by 
three-dimensional CBCT analysis have resulted in a 
considerable revolution, which has highlighted the 
need to review some previously-established concepts 
based on conventional imaging methods.

Four articles recorded that the professionals 
responsible for interpret ing the data were 
endodontists,23,25,26,29 one a radiologist,9 and the 
remaining five studies did not mention the credentials 
and/or qualifications of the observers.18,24,27,28,30 Five 
out of ten components studies assessed intra- and 
inter-examiner agreement, which is of relevance 
considering that reliability is a concern in the study 
where the data is collected by observers.49 Domark et 
al.23 used the Friedman test, and the remaining four 
studies used Kappa statistics.25,26,29,30 All five studies 
showed substantial and almost perfect intra- and 
inter-examiner statistics agreement, thus reducing the 
amount of variability in how they view and interpret 
data and record it on the data collection instruments.

The main limitation of the present systematic review 
is the extensive methodological variation regarding the 

exposure settings; thus, it was not possible to compare 
the effect of the different aspect related to this on the 
assessment of root canal morphology of extracted 
teeth, and therefore propose robust conclusion on these 
aspects. Similarly, the diversity of the morphology 
assessed made comparison unattainable.

Since CBCT is commonly used in the specialist 
practice setting,50-55 the use of this imaging technique 
may simplify the understanding of endodontic 
morphology. However, the use of CBCT for the 
assessment of root morphology in-vivo requires 
further investigation, and variations should be taken 
into account as part of treatment planning. Similarly, 
ex-vivo studies should address this likely confounding 
factor at the design stage.

Conclusion

The present systematic review suggests that 
CBCT is as accurate as µCT in the assessment of 
several morphological features of extracted human 
permanent teeth, however, there are some exceptions 
related to the more detailed morphological aspects.
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