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ABSTRACT 

A better understanding of the root canal morphology and the number of root canals plays an important role in successful 
root canal treatments.  The present in vitro study investigated the reliability and validity of CBCT in detecting the 
number of distal canals in the mandibular first molars compared to sections as gold standard.   64 mandibular first 
molars were used to form 8 experimental models and CBCT scans were acquired. CBCT scans were reconstructed and 
observed by two endodontist and radiologist observers to detect the number of existing distal canals. The observations 
were repeated a week later. The teeth were sectioned and the number of distal canals was determined following the 
staining by metylene blue and observations by a light microscope as a gold standard. The reliability of the observations 
compared to the gold standard and second stage results were subjected to weighted kappa analysis.    Among teeth 
samples, 54.7% and 45.3% had one and two roots respectively. In the endodontist observations; sensitivity, specificity, 
positive and negative predictive value, likelihood ratio positive, likelihood ratio negative and odds ratio were 97%, 93%, 
94%, 96%, 14, 0.03 and 45.9 while the values were 94%, 79%, 85%, 92%, 4.5, 0.07 and 63.2 for the radiologist 
observations respectively. The inter-reliability of endodontist and radiologists were very good and good compared to the 
gold standard (p<0.001). The intra-reliability of the endodontist and radiologist observers with their second-stage 
observation results were also estimated to be good and very good (p<0.001).Indeed, CBCT can be a valid and reliable 
modality in detecting the number of distal canals in mandibular first molars. 
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INTRODUCTION 
 A successful root canal treatment requires complete mechanical and chemical debridement of canals and 
also perfect removal of all the pulp tissue and microorganisms from the root canal system [1]. The 
primary reason of root canal therapy failures is also incapability to find all the root canals. Therefore, 
understanding of root canal anatomy is crucial for improving the predictability of root canal treatment 
and performing a favorable therapy [2]. Due to this, several researches have been conducted to 
investigate the configuration of distal root canals in mandible molars [3-5]. 

  A number of researches have evaluated the mandible molars with multiple root canals. Probability of 
mandibles with four canals are reported variously in different communities, as it has been reported to be 
31.57% in Urmia, Iran; 45% in southern China; 46% in Taiwan and 59% in Sudan. The worldwide 
probability of two distal root canals in first mandible molars has been reported to be 30% [6]. 

  A variety of methods are used to detect number and anatomy of root canals and examine each root’s 
complexities. Conventional imaging methods compress three-dimensional anatomy into a two-
dimensional image, resulting in an unwanted neglect of all the existing details of a root [7]. In addition, 
this method of radiography will be practically useless to distinguish main canals from auxiliary ones or to 
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detect exact place of main apical foramina let alone facing tooth overlaps or other similar radiographic 
issues [8-11]. 

  Cone-beam computed tomography (CBCT), introduced in the field of endodontics in 1990 [12] is a non-
invasive, 3D imaging technique with various endodontic applications, including morphologic analysis [13] 

, ability to reduce or eliminate the superimposition of the surrounding structures [14-15] and higher-
quality image rendering for assessment of dental hard tissues [16]. Compared to helical CT scanners, 
CBCT provides higher image resolution and a noticeable reduction in the radiation exposure [17]. 

  In this research, reliability of 3-D CBCT imaging is tested to detect distal root canals in mandible molars, 
compared to local tissue section results as a gold standard. Influence of clinical experience on detection of 
molar distal canals was also evaluated by comparing two different examiners: endodontists and 
radiologists.  
 
MATERIALS AND METHODS 
For this cross-sectional in vitro experiment, 64 mandible molars - with close apices and without any tooth 
decays below CEJ level - were collected. The teeth were stored in 10% formalin for seven days to get 
disinfected. Then all specimens were removed from disinfection medium and air dried for 24 hours. Eight 
base models were prepared with eight teeth in each model embedded in plaster model.  
  All scans were performed by CBCT (NewTom VGI) in dental faculty of Shahid Beheshti University of 
medical sciences. The device was operating at 120 kV and set to standard resolution.  After scanning, the 
data was reconstructed by NNT viewer software and cross-sectional images became available for 
evaluation. A radiologist and an endodontist were initially briefed on the sequences of the research and 
then were asked to view the images and independently assess the number of distal canals. To determine 
the repeatability of the evaluations, same two raters viewed and evaluated the images seven days later 
again. 
  After completion of observations, teeth were removed from the model and were cleansed finely with 
brushes and scaling equipment. Specimens were placed in marked plastic cups, soaking in clear acrylic 
resin for 24 hours. Then resin was removed with polishing lathe and grinding disks so that teeth became 
prepared for sectioning step. The distal root of each tooth was horizontally sectioned in 2-mm increments 
and four to five sections were made depending on the root’s length. Sectioning was started from apex 
continued coronally to the furcation. Roots were then stained with methylene blue to highlight the canal 
spaces and each root section was viewed under a stereomicroscope (Nikon ZMS1000) to determine the 
number of canals. Photographs were taken using a digital camera and a blind evaluator was asked to 
assess the specimens. If two canals were detected in any section, the tooth was considered to have two 
distal canals. Finally this evaluation was compared to the CBCT scan results and the percentage of 
consistent and correct responses was calculated for each rater. 
 Data was analyzed using SPSS v18 (statistical package for social sciences version 18). The results of 
endodontist and radiologist’s observation in first and second evaluation were compared to each other 
and to the gold standard (section assessment) using weighted kappa test. In addition the obtained data 
was analyzed for sensitivity, specificity, positive predictive value, negative predictive value, likelihood 
ratio positive, likelihood ratio negative and odds ratio. Scoring levels were determined due to kappa level 
as: 0 - 0.2 = weak; 0.2 – 0.4 = fair; 0.4 – 0.6 = moderate; 0.6 – 0.8 = good; 0.8 to 1 = very good. Alpha error 
rate of 0.05 was also applied.  
 
RESULTS 
Out of total number of 64 teeth, according to the analysis of the cross sections of the distal roots, 29 teeth 
(45.3%) had two canals and 35 teeth (54.7%) had one canal. In the first evaluation, the endodontist 
detected 43.8% of teeth with two canals. In the second evaluation 37.5% of teeth were detected as having 
two canals. In the first and second evaluation of the radiologist, respectively 39.1% and 40.6% of distal 
roots were detected to have two canals (Fig 1). 
  Due to the specificity, sensitivity, positive predictive value, negative predictive value, likelihood ratio of 
positive tests and likelihood ratio of negative test for both raters, validity of the CBCT imaging is in a high 
and satisfactory level in determining root canal numbers (Table 1).  
By considering the diagnostic odds ratio of the two evaluators, the radiologist (odds = 63.25) shows 
higher validity level when compared to the endodontist (odds = 45.9) (Table 1).  
 The reliability of the evaluations was also contemplated by two aspects, the inter-rater and intra-rater 
reliability. Inter-rater reliability was measured as ‘good’ which is acceptable (weighted kappa=0.77). 
Intra-rater reliability of the radiologist shows a consistent evaluation and is determined to be in a ‘very 
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good’ level and acceptable (weighted kappa=0.84, p<0.001). For the endodontist, intra-rater reliability 
was measured to be ‘good’ which is also acceptable (weighted kappa=0.68, p<0.001). 
 
     

 
Fig1. CBCT observation and gold-standard result in detecting the number of distal canal in mandibular 
first molars 
 

Table 1. validity modals for each evaluator 

Parameters Radiologist Endodonstist 

Specificity 79.31% 93.1% 
Sensitivity 94.29% 97.14% 

Positive predictive value 84.62% 94.44% 

Negative predictive value 92% 96.43% 

Positive likelihood ratio 4.55 14.09 

Negative likelihood ratio 0.07 0.03 

Diagnostic Odd’s 63.25 45.9 

 
DISCUSSION 
 In this study, performed in Tehran, Iran two distal canals were found at a rate of 45.3% by the root 
section evaluation. This is consistent with several researches as Chen et al reported an incidence of 46% 
using root sectioning technique [18] and Zhang et al reported a rate of 43% using the same method[19] 
.Walker also reported a 45% rate of two distal canals in mandibular first molars [20]. However, in 
another study located in Tabriz province of Iran, the incidence of two distal canals was reported as 31.5% 
that is not close to the previously mentioned studies and Ahmed et al determined the rate of two distal 
canals as 59% in Sudanese population [21,22] 

  In the present study, the endodontist and the radiologist determined the rate of two distal canals as 
43.8% and 39.1% respectively. Neglecting the direct influence of evaluators’ effect on the determination, 
CBCT shows a high degree of validity that has been approved by a variety of researches. Blattner et al 
concluded that there was no significant difference in the ability of CBCT scanning method when compared 
with the gold standard of clinical sectioning [23]. Michetti et al found a strong correlation between CBCT 
data and histology results, approving the high validity of this imaging technique [24]. In several other 
researches, CBCT imaging was even used as gold standard for morphology evaluation [25-27]. One 
important reason for relying on CBCT, compared to conventional radiographs is that the combination of 
sagittal, coronal, and axial CBCT images eliminates the superimposition of anatomic structures. Therefore, 
root morphology can be visualized in three dimensions, as can the number of root canals [13,28]. Due to 
the present study, seven parameters (Table 1) and weighted kappa for each evaluator suggest that CBCT 
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can be a valid and reliable enough method to determine the number of distal canals in mandibular first 
molars.  
 Another noteworthy point is the higher validity of the radiologist’s evaluation according to the diagnostic 
odds ratio. This could be resulted from the familiarity of the radiologist with CBCT technique and digital 
images and the background knowledge in facing a more complex method of imaging.  
  Considering the 0.6 to 0.8 and 0.8 to 1 as two fine and acceptable levels of weighted kappa, there exists 
an acceptable intra-observer reliability for both the endodontist (w.kappa= 0.9) and the radiologist 
(w.kappa=0.74). These results are consistent with most researches investigating intra-observer 
agreement [29-31].However, when it comes to inter-observer reliability there could be a controversy. In 
2004 Omer et al reported an poor to moderate inter-rater reliability for two endodontists examining root 
canal systems of maxillary molars [7]. In another research, 6 maxillofacial radiologists showed a 
moderate inter-observer reliability (kappa =0.55) reading the radiographs of endodontic treatments [32]. 
In our study a 0.77 inter-observer reliability was found between the radiologist and the endodontist that 
is consistent with a study in which Matberene et al reported a good inter-observer agreement among 
three endodontists [33]. As an explanation to poor inter-rater reliabilities some researchers indicate the 
limited value of radiographs alone when studying certain aspects of the root-canal system, the criteria 
used, and insufficient practice of evaluators could be responsible for the low agreement rates. However, 
open discussions and training for radiographic assessment could reduce observer variation to an 
acceptable level and increase the reliability and validity of the ratings [29-32]. 

  Overall, using CBCT as a helpful and efficient method in understanding the root canal system in 
mandibular molars has been approved by this study as many other relevant researches [33-39]. CBCT 
imaging not only provides a clearer image of root canal morphology and configuration, but also strongly 
aids dentists and endodntists in diagnosing root fractures, detecting additional roots and preventing a 
large number of operative procedural errors [40-43]. Nevertheless, the radiation dose to patients when 
using CBCT is higher than conventional intraoral radiography and any benefit to the patient of CBCT 
scans should outweigh any potential risks of the procedure, in order to be justified. Therefore any 
creditable decision to prescribe CBCT scans in the management of endodontic problems has to be made 
on a case-by-case basis. 
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