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Objectives:  Many studies to evaluate the accuracy of root fracture diagnosis have been 
conducted. However, there is a scarcity of studies to assess the quality and the sources of 
heterogeneity in the literature. For this reason, the aim of this study was to conduct systematic 
reviews and meta-analyses to summarize the available evidence on detection of root fractures 
by cone  beam  CT  (CBCT) and periapical radiograph  (PR) images and the interference of 
artefact by investigating possible sources of heterogeneity. 
Methods:  Studies reporting root fracture detection, from January 2010 to February 2016, 
were selected. All selected studies were subjected to selection criteria and then, compara-
tive and qualitative analyses by using the quality assessment of diagnostic accuracy studies 
(QUADAS-2) tool were performed. Pooled sensitivity, specificity and diagnostic odds ratios 
were calculated. Also, receiver operator characteristics (ROC) curves were built to summa-
rize the results. SROC curve analyses were performed to investigate the heterogeneity among 
studies. 
Results:  Initially, 799 articles were selected. After screening titles and abstracts, 743 articles 
were excluded. After reading the remaining 56 full-texts, 47 relevant articles were included in 
this study. Diagnostic odds ratio values revealed a wide range of results across the studies and 
determined a higher heterogeneity for PR compared with CBCT. The analyses of the SROC 
curves compared CBCT imaging versus PR in the diagnosis of root fracture, favouring CBCT 
modality. 
Conclusions:  CBCT was the imaging exam that rendered a higher diagnostic accuracy for 
root fractures.
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Introduction

Root fractures are a type of dental damage with unfa-
vourable prognosis,1 which increases the importance of 
precise initial diagnosis. In some cases, the endodon-
tist first identifies or suspects the presence of fracture 
in a clinical exam. However, it is necessary to ascertain 
the extension (complete or incomplete) and direction 

(horizontal or vertical) of the root fracture. The frac-
ture may involve both proximal surfaces or just involve 
one proximal surface2 and the radiographic examination 
should be used to establish this information.3

Periapical radiographs (PRs) are the most used 
imaging modalities. However, the X-ray beam needs 
to be set at the same angle of  the root fracture line in 
order to become visible.4 Since this method is suitable 
in many cases, many authors suggest doing a PR exam 
with two or three different angles in order to confirm 
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the correct orthogonal angulation fracture line.5–9 On 
the other hand, cone beam CT (CBCT) images are 
tridimensional exams, presenting the entire volume 
for that patient,10 without superimposing anatomic 
structures over the teeth. This exam gives a perception 
of  dimension and allows the maxillofacial radiologist 
(MFR) to perform a complete diagnosis of  patholo-
gies, facial fractures, surgical planning and root frac-
tures.11 An important disadvantage of  CBCT is the 
artefact interference induced by metallic objects such 
as metallic posts,12 restorative materials13 and dental 
implants.14,15 This interference is commonly referred as 
metallic artefact (MA).

Several studies have evaluated the accuracy of root 
fracture diagnosis by CBCT and PR, and the range 
of reported results has been extensive. The data were 
conflicting: the majority was pro CBCT and a minority 
was against this imaging method. This discrepancy may 
be related to different types of tomography equipment 
used for the researches, presence of artefact in CBCT 
images, different angulations for PR and the methods 
used to simulate root fracture for in vitro studies.

Many studies reported a decrease in root frac-
ture diagnosis accuracy in the presence of metallic 
posts 12,16,17 and endodontic fillings.7,13,18–20 These circum-
stances may cause artefacts that seriously impair the 
quality of CBCT images.17 Artefacts are represented 
by radiopaque, radiolucent and bright tracks that can 
overlap the tooth root and mimic root fractures.1

Considering that a large number of  studies performed 
root fractures diagnosis and the controversies found 
among their results, systematic reviews are useful to 
provide the best evidence on a subject based on the 
available scientific literature.21 Some previous system-
atic reviews have investigated this issue.22–24  Never-
theless,  one of  them has only included vertical  root 
fractures,24  and  another  one  has  analysed  only  clin-
ical studies.22 Recognizing the importance of  providing 
a wider overview on the evidence for diagnosis of  root 
fractures, a meta-analysis on accuracy of  relevant 
methods could be interest to summarize available data 
about relevant tests. This summary could be helpful 
in choosing the best modality of  imaging exam in 
order to correctly detect root fracture and it is one 
of  the first steps when investigating diagnostic tests.25 
Additionally, possible sources of  variability in the 
methodology of  studies could be explored in order to 
understand the impact of  these options in the pooled 
findings. To the best of  our knowledge, this evidence is 
not available for studies on detection of  root fractures.

Therefore, the aim of this study was to synthesize the 
findings concerning the accuracy of detecting root frac-
tures by imaging diagnose and the interference of arte-
facts through conducting a systematic review including 
a meta-analysis and analysis of sources of heterogeneity, 
investigating possible factors that may influence the 
performance of the method and evaluate the accuracy 
of each imaging method. For this systematic review, 

both types of root fracture (horizontal and vertical) and 
both in vivo, in vitro and ex vivo studies were considered.

Methods and Materials

To report this review, PRISMA guidelines26 were adopted. 
The following sections describe the specific methodolog-
ical aspects of the review. This review was registered 
with the National Institute for Health Research PROS-
PERO, International Prospective Register of Systematic 
Reviews (http://www.​crd.​york.​ac.​uk/​PROSPERO, regis-
tration number CRD42015023521).

Search strategy
Studies reporting root fracture diagnosis by using 
imaging exam published in Medline, Scopus, Lilacs and 
Scielo databases were searched. The selection included 
studies from January 2010 to February 2016.

The PubMed search strategy included a combi-
nation of the MeSH terms and text word described 
as follows: (((((((“cone-beam computed tomog-
raphy”  [MeSH Terms] OR Cone beam computed 
tomography  [Text Word]) OR CBCT  [Text Word] OR 
cone-beam CT  [Text Word] OR cone beam CT  [Text 
Word] OR cone-beam [Text Word] OR cone beam [Text 
Word]) AND root fracture [Text Word]) OR root frac-
tures  [Text Word]) OR endodontic fillings[Text Word]) 
OR canal sealer [Text Word]) OR tooth endodontically 
treated  [Text Word]) OR endodontic treatment  [Text 
Word]. For other databases, this strategy was adapted 
using appropriate Boolean strategies.

Studies were screened according to the selection 
criteria. In addition, references of the included articles 
were also checked manually. Duplicate studies among 
databases results were manually eliminated.

Evaluated studies and search criteria
The types of study considered eligible for this review 
were in vivo, in vitro and ex vivo studies. Studies were 
included if  they reported outcomes related to perfor-
mance of root fracture diagnosis by using CBCT, and if  
they had been written in English.

Follow-up reports, case reports, narrative review as 
well as those papers that did not report any data related 
to the CBCT accuracy (sensitivity, specificity, false and 
negative values or any data that permit calculation of 
performance parameters) for the detection of root 
fractures.

Outcome measures
Outcomes were measured through the assessment of 
accuracy and/or performance of root fracture diag-
nosis with or without artefact in CBCT and PR images. 
When that information was not provided by the study, 
the authors collected true positive, true negative, false 
positive and false negative data for accuracy estimative 
of the methods.

http://birpublications.org/dmfr
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Assessment of validity and data extraction
Two independent reviewers (FCSS and SKV) screened 
the titles and abstracts of  the eligible studies for subject 
relevance. Studies that could not be definitely excluded 
based on abstract information were also selected for 
full text screening.27 When agreement could not be 
reached after all the inclusion criteria were fulfilled, 
a third researcher (MGPC) decided if  the study was 
eligible, based on the same criteria of  inclusion and 
exclusion previously described. The full text screening 
was conducted following the same methodology that 
was proposed for the title and abstract screening.

The observer extracted the recorded data from each 
selected study and categorized them on structured 
table (Supplementary Table 1, supplementary material 
available online) as follows: sample size, root fracture 
type (horizontal or vertical, and complete or incom-
plete), root fracture’s induction methodology (for 
laboratorial studies or clinical condition for clinical 
studies), the analysed images parameters [including 
voxel size, field of  view (FOV) and tube voltage/current, 
when these date were available at the study], observ-
er’s professional experience (MFR, endodontist, if  the 
observer was trained and calibrated, or non-reported), 
analyses imaging methods (multiplanar reconstructed 
images from CBCT, more than one PR image and 
slides presentation) and conclusions.

Risk of bias of individualsstudies
QUADAS-2 (Quality Assessment of studies of Diag-
nostic Accuracy-2)28 was applied to articles included in 
the final analysis in order to evaluate the risk of bias of 
the studies. Two examiners (FCSS and SKV) assessed 
each study and when agreement could not be reached 
a third examiner (MGPC) was invited to decide if  the 
article was qualified for the systematic review.

The QUADAS-2 (University of Bristol Resource, 
Bristol, UK) tool was established upon four domains: 
patient selection, index test, reference standard, and 
flow and timing.28 These domains were evaluated in two 
categories: risk of bias and applicability concerns. Each 
item had to be answered and scored as low risk “−” 
(negative answers), unclear “?”(missing information) 
and high risk “+” (positive answers).

Statistical methods for the meta-analysis
All included studies were carefully read in full, in order 
to ensure that they presented a clearly defined reference 
standard (gold standard).Also, in order to perform 
a meta-analysis, these studies had to report absolute 
numbers of the true positives, false positives, true nega-
tives and false negatives and/or provided sufficient infor-
mation to obtain these data.

Meta-Disc software29 (Ramón y Cajal Hospital, 
Madrid, Spain) was used to perform the analyses. The 
meta-analyses used random-effect models, and the 
source of heterogeneity (analysis) used two indexes: 
Cochran’s Q and I-Square.

All the meta-analyses and source of heterogeneity 
analysis were performed considering the subgroups 
as CBCTs and PRs, presence or absence of artefacts 
in CBCT and PR and the experience of the observers 
(MFR and endodontist).

The ROC curve space (SROC) analysis was performed 
using the R version 0.99.902 combined with the Mada 
package, version 3.5–0 (R Foundation for Statistical 
Computing, Vienna, Austria) to compare the effect of 
methodological differences related to the distinct vari-
ables by subgroups: presence and absence of artefacts 
for CBCT and for PR, CBCT vs PR, the influence of 
type of root fracture (horizontal root fracture vs vertical 
root fracture) and comparison between MFR and  
endodontist.

Results

Study selection
The initial database search found 797 articles, as showed 
on the flow diagram (Figure 1). The manual search resulted 
in two additional studies. After removing duplication and 
the title and abstract screening according to the inclusion 
and exclusion criteria, 743 articles were excluded. Then, 
the full-texts of the 56 eligible articles were assessed. 
All in all, 47 articles were included in the systematic  
review.

Nine articles did not concern with the scope of this 
study. Four of these were systematic reviews, five were 
focused on root fracture treatment, and the last one was 
a letter response from a previous study.

Study characteristics
The vast majority of studies were in vitro or ex vivo studies 
that simulated the root fractures as the gold standard 
by applying a mechanical force with a hammer or using 
a universal testing machine (Instron®, Norwood, MA). 
Only three studies consisted of in vivo situations and their 
reference standard were surgical procedures or clinical 
findings.30–32

The specimens for all the studies developed complete 
root fractures and two of the studies5,20 entailed the 
execution of both incomplete and complete root frac-
tures. These studies5,20 did not obtain good accuracy 
levels for incomplete root fracture.

The studies worked with 14 different types of tomog-
raphy devices. The most frequently selected equipment 
was i-CAT (Imaging Sciences International, Hatfield, 
PA) using all possible protocols for 13 studies, 3D Accu-
itomo 170 (J Morita Mfg. Corp., Kyoto, Japan) for 12 
studies and NewTom Scanner (Quantitative Radiology, 
Verona, Italy) for eleven studies.

Risk of bias within studies
In assessing the quality of  the 47 selected articles 
according to QUADAS-2 (Figure 2), the great majority 
(almost 80% of  the studies) presented a low risk of 
bias in the domain related to patient selection, to the 
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Figure 1   Flow diagram.

Figure 2   QUADAS-2 domain.
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reference standard and to flow and timing. However, 
the performance and interpretation of  the index test in 
almost 20% of  the studies was unclear (meaning that 
there were no concerns regarding the applicability of 
this topic).

Results of individual studies
In general, sensitivity and DOR values were higher for 
CBCT than PR. Table 1 summarizes the pooled sensi-
tivities and specificities with their 95%confidence inter-
vals (CI). Studies were grouped by presence or absence 
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of artefact: for CBCT, for PR, for type of fracture 
(horizontal or vertical root fracture), and experience 
of the observer (maxillofacial radiologist—MFR and 
endodontist).

Sensitivity and specificity values for CBCT in the 
presence of MA were lower than for CBCT in the 
absence of MA (Table 1). Both situations presented a 
high level of inconsistency.

Specificity values for PR in the presence or absence 
of MA were similar and sensitivity values were lower 
for PR in the presence of MA (Table 1). PR presented 
higher values of inconsistency than CBCT.

Figure 3 shows SROC curves for CBCT and PR in the 
presence of MA individually. It is possible to observe a 
wide range of results across the studies with a tendency 
to higher sensitivity than specificity values in the diag-
nosis of root fracture by CBCT imaging. In addition, we 
noticed a tendency of higher sensitivity and specificity 
values favouring CBCT.

It is import to emphasize the difference between the 
area under the curve (AUC) for CBCT with MA (AUC 
= 0.783) and CBCT without MA (AUC = 0.936). The 
difference between the AUC for PR with MA (AUC = 
0.870) and PR without MA (AUC = 0.884) was small.

Figure 4 shows the comparison of  the SROC curves 
considering determined subgroups. The compar-
ison between CBCT AUC in the presence of  MA 
and CBCT AUC in the absence of  MA resulted in a 
smaller area at the former subgroup. Also, CI is larger 
for the curve in the presence of  MA. For PR values, 
the same behavior was observed. SROC values were 
lower in the presence of  MA. However, similar values 
could be observed for PR in presence or absence of 
MA (Figure 4).

The observer’s experience demonstrated similar 
values for specificity and a wide variation for sensi-
tivity (Table 1). The SROC curve for MFR (Figure 3) 
presented a tendency to higher sensitivity values in 
root fracture diagnosis than the SROC curve for 
endodontist. AUC for both endodontist and MFR 
produced similar numerical results. However, SE 
(AUC) presented distinct variations when comparing 
MFR [SE (AUC = 0.025)] and endodontist [SE 
(AUC = 0.095)]  confidence regions (Figure  3). The 
SROC illustrated the difference between the curves 
and the extensive confidence regions, corroborating 
the higher percentage of  inconsistency (Figure  4, 
Table 1).

Additional analysis
The effect on the type of  root fracture demonstrated 
a better performance in the absence of  MA and 
higher level of  inconsistency for both types of  root 
fracture (Table 1). The sensitivity and specificity did 
not influence in the accuracy of  root fracture detec-
tion. This evaluation criterion agrees with our inclu-
sion criteria (not discriminative according to the type 
of  fracture).

http://birpublications.org/dmfr
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Figure 3   Summary ROCcurves for detection of root fractures using cone beam CT and periapical radiographs with and without metallic arte-
facts, as well as, performed by maxillofacial radiologists or endodontists (SROC: central curve; other curves: upper and lower limits of confidence).
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Discussion

All studies included in this review fostered a regard not 
only with radiation dosage but also with diagnosis accu-
racy. The ALARA principle must be a concern in the 
treatment of patients; however, the correct diagnosis influ-
ences this principle and some authors have accepted the 
ALADA (“as low as diagnostically acceptable”)33 concept 
instead.

We decided to insert horizontal and vertical root 
fracture without discriminating them since clinically 
it is not possible to predetermine the type of  root 
fracture that the dentist will detect and consequently 
treat. Following the results of  the meta-analyses, a 
similar performance for the detection of  horizontal 
and vertical root fracture was observed, corroborating 
there is no negative impact of  analysing data of  all 
types of  fracture in conjunction. Another method-
ological option was to select studies starting in 2010. 

http://birpublications.org/dmfr
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Figure 4    Comparison of summary ROC curves considering: 
cone  beam  CT with metallic  artefacts  vs without metallic arte-
facts; periapical radiograph with metallic artefacts vs without metallic 
artefacts and, maxillofacial radiologists vsendodontists performances 
for detecting root fractures. (Circles related to the curves demonstrate 
their respective confidence regions (CR).
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Before this period, CBCT scan technology was not 
always available to the clinician in his region. Also, 
after 2010 we observed an increase in the number of 
studies adopting CBCT.

Most CBCT machines allow for numerous possibil-
ities of acquisition protocols. Proper selection of these 
protocols is very important in order to obtain high 
quality and diagnostically appropriate images.11,34 3D 
Accuitomo 170 (J Morita Mfg. Corp., Kyoto, Japan) 
and PreXion (Terarecon, San Mateo, CA) were used 
to evaluate volumes with a higher number of frames 
in several studies.5,6,12,20,32,35 Images with more frames 
increased the radiation dose but gave more informa-
tion about the area of interest. Consequently, a higher 
number of projections influences positively on the 
accuracy level.12 Picasso Trio (E-WOO, Giheung-gu, 
Republic of Korea), Picasso Trio (Vatech, Hwaseong, 
South Korea), ProMax® (Planmeca, Helsinki, Finland), 
Master 3D (Vatech, Hwaseong, South Korea) were used 
for three studies to analyse the AR (artifacts reduction 
algorithm) tool.18,36,37 These studies observed that accu-
racy levels decreased in the presence of this tool. The 
original image protocol of acquisition in these studies 
obtained better results.

Some authors used different types of protocols to 
analyse CBCT performance, thereby testing different 
voxel and FOV sizes, kVp and mA influence, as well as 
filters in post-acquisition time.1,5–7,12,31,35,38–45 The authors 
that applied different sizes of voxel and FOV observed 
that images with a smaller voxel size rendered better 
accuracy levels,1,5–8,30,31,35,37,40–43,45 and that voxel and FOV 
sizes had to be proportionally related.1

Different of diagnostic studies, intervention studies 
contain a randomization, a hard design and specific 
outcomes. However, diagnostic studies contain multiple 
sample variation and aspect that interfere on the hetero-
geneity. Possible sources of heterogeneity were not 
identify in previous systematic reviews.22,23 Trying to 
lead to the heterogeneity, we performed subgroup anal-
ysis according to other specifications, such as presence 
or absence of metallic artefact, imaging exam type, 
observer experience and fracture type. By doing this, 
it was possible to analyse each item independently. 
Table 1 shows that all groups mostly presented a higher 
percentage of inconsistence (I-square value) and a 
significant p value, revealing probably these circum-
stances were not the main responsible for heterogeneity 
of studies and they should be more related to different 
protocols, different equipment and methodologies 
assumed by different studies.

A large number of  studies analysed the influence 
of  artefact interference, such as metallic post and 
endodontic fillings or both, by using CBCT images. 
Only two articles quantified such interference in 
CBCT images; one used a method to evaluate the white 
and black strikes,13 and the other evaluated image 
density.36 The remaining articles evaluated the influ-
ence of  artefact interference on the accuracy of  root 
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fracture diagnosis. It was observed that a decrease of 
CBCT accuracy levels occurred in the presence of  an 
artefact.1,7,8,19,20,30–32,37,39,41–48 The pooled accuracy values 
(AUC) were similar, sensitivity presented close values 
(0.73 for presence of  artefact and 0.82 for absence of 
artefact), and specificity presented higher values in the 
absence of  artefact (0.88) when compared with anal-
yses with the presence of  artefact (0.72). Artefacts 
seem to decrease both the sensitivity and specificity in 
approximately 10%. However, the DOR without arte-
facts is fivefold higher when artefacts are present.

Artefact strikes spread mainly along the axial 
plane.11 As a result, observers had greater difficulty in 
analysing axial plane images, thereby making it neces-
sary to also evaluate coronal and sagittal planes images 
to differentiate the root fracture line from the artefact. 
It is important to point out that many studies did not 
use these images on three planes in the software to 
analyse the CBCT imaging. Two studies employed a 
Power Point presentation for the observer to perform 
analyses.5,20 When the authors used this type of  anal-
ysis, studies had a higher risk of  bias because the 
observer normally evaluates just a single image of  the 
CBCT volume, while the operator who created the 
Power Point presentation could induce some answers 
in the process.

Based on inclusion criteria, all studies analysed 
CBCT images and other types of images. Only one 
study49 did not report better results using CBCT. In 
this study, the authors concluded that PRs demon-
strated fewer false positive cases (high specificity). In 
Table 1, the I-square for the inconsistency analysis illus-
trated higher values for PR on pooled sensitivity than 
on pooled specificity. Imaging exams with high speci-
ficity may not identify some true-positive cases, mostly 
in the cases with metallic artefact. However, some 
studies5,39 demonstrated that by performing two or more 
different angulations in PR might increase this exam  
accuracy.

Two studies8,9 performed in vitro experiments, demon-
strating that CBCT imaging obtained higher scores in 
detecting vertical root fractures when compared to PR. 
Nevertheless, these results were not statistically signif-
icant. Thus, the authors suggested that the PR should 
be the first imaging modality to assess the presence 
or absence of a root fracture. Figure  3 shows a slight 
decrease on AUC for PR in presence of metallic artefact 
than CBCT, this occurred by the larger CI. That means 
that the diagnostic of root fractures by using PR images 
suffer less artefact interference than CBCT images. If  
the PR was not efficient to identify the root fracture, 
the CBCT exam is the exam that could execute detailed 
analysis.

Concerning with the risk of bias among the selected 
studies, we decided to use the QUADAS-2 assess-
ment because we intended to evaluate the accuracy 
of diagnostic method and we could comprehend the 
studies according to four different domains (patient 

selection, index test and reference standard flow and  
timing).

One in  vivo study50 in which a risk of bias was 
observed in the QUADAS-2 assessment (Figure  2), 
the authors suggested relating clinical examination to 
the image aspects. The in vivo study did not use a gold 
standard to compare its findings; in most cases, a muco-
periosteal flap was performed to evaluate if  a fracture 
was present. However, it is possible that in this study the 
fracture line might be located on another root face that 
was not exposed during surgery. In other cases, a dental 
extraction was performed. However, tooth removal 
may induce a root fracture and result in false-positive  
cases.

In vitro studies carry the risk of bias for inducing root 
fractures. It is important for in vitro studies to simulate 
situations that provide useful information to the clinical 
practice. Two authors induced a root fracture sectioning 
each tooth by using diamond-coated steel discs,38,41 
which resulted in wide and regular lines of fracture, 
quite different than fractures found at in vivo situations. 
At other in vitro studies, the operator induced root frac-
tures by applying force with the aid of a hammer1,12,49 or 
a universal machine,5,51,52 simulating more irregular and 
thin lines of fracture.

Selection bias by observers is also a possibility to 
be considered. The observer’s experience and area 
of  expertise can significantly influence results. Patel 
et al20 and Jones et al38 only selected examiners with 
endodontics expertise and accuracy results for CBCT 
imaging and PR were equal. However, some studies 
selected radiologists or professionals from two areas 
of  expertise (radiology and endodontics), which were 
able to discern the high accuracy on CBCT imaging 
and the high specificity of  PR.

The observers’ experience resulted in higher 
numbers of  true positives cases for MFRs than for 
endodontists. For the inconsistency analysis, it was 
observed an inferior percentage for MFRs than for 
endodontists. The amount of  selected studies did not 
represent a good number for meta-regression analysis 
and the number of  observers was different between 
MFRs and endodontists.

Conclusion

The present study demonstrated the variations in the 
report of detection of root fractures established by 
imaging diagnosis. Based on these data, CBCT imaging 
rendered a higher sensitivity and DOR values for root 
fractures. In addition, the presence of artefacts as 
metallic posts or endodontic fillings should serve as alert 
for choosing the correct exam and protocol because the 
artefact interference could slightly affect the diagnosis 
accuracy of root fractures in CBCT images. This implies 
that the selection of an appropriate imaging exam is a 
critical factor for detection of root fractures.
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