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Abstract 

Background: Errors that occur during root canal treatment can be caused by lack of information about the 

anatomical conditions of the root canal system. The purpose of this study was to examine the root and canals 

morphology of mandibular anterior teeth using cone-beam computed tomography (CBCT). 

Materials & Methods: In this descriptive analytical study, 165 CBCT images of mandibular anterior teeth 

of patients from 15 to 60 years in the archives from oral & maxillofacial radiology department in 2015-2021 

were used. CBCT images were examined in three axial, sagittal and coronal sections and the information of 

each tooth were recorded in pre-prepared forms. The data were analysed by Chi-square and Fisher exact 

test (α=0.05). 

Results: All mandibular central teeth were single-rooted, of which 59.7% were single canal and 40.3% were 

double-canal. 99.4% of the mandibular lateral teeth were single-rooted and 0.6% of the teeth were double-

rooted. 62.8% of single-rooted laterals had a single-canal where 37.2% had double-canals. 97.6% of canine 

teeth were single-rooted and 2.4% of teeth were double-rooted. In single-rooted teeth, 95.3% had a single-

canal. In mandibular single-rooted anterior teeth with two canals, Vertucci type III was the most common 

configuration. The frequency distribution of the variation of mandibular central and lateral teeth canals 

between women and men were not statistically significant, while in single-rooted canines significant 

differences were observed (p= 0.031). 

Conclusion: Anterior teeth with two roots was not common. It was more prevalent in canines, laterals and 

central teeth. The prevalence of single-rooted mandibular teeth with two canals was mostly seen in central, 

lateral, and canine teeth. 

 

Key words: Root canal; Cone-Beam Computed Tomography; Anatomy 

 

Introduction 

Cleaning, shaping and three-dimensional filling of the 

root canal system is important in endodontic treatment 

(1). Knowledge about the anatomy of the root canal 

system is  crucial because most of errors that occur 

during root canal treatment are related to lack of 

observation of canal anatomy and an untreated canal 

may lead to treatment failure (2, 3). Weine et al. (4) 

classified tooth canal into four types depending on the 

pattern of dividing the main root canal along its path 

from the floor of the pulp chamber to the apex of the 

root. Vertucci (5) also categorized the shape of the root 

canal in a more descriptive way into eight types. Many 

researchers use this classification widely in studying 

the root canal system. 

There are several methods for determining the 

anatomy of the root canal system, including 

preparation of an access hole and taking radiography 

while the file is in the root canal system. Other 

methods include root canal staining and tooth 

cleaning, conventional and digital radiography, cone 

beam computed tomography, sectioning, and 

microscopic evaluation (6, 7). Conventional periapical 

radiography provides  a two-dimensional image from 

three-dimensional anatomy, and this causes overlap of 
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buccolingual surfaces. Therefore, the differences in 

root canals system cannot be determined without 3D 

images (8). 

Cone beam computed tomography (CBCT) is a non-

invasive method that potentially provides 3D 

diagnostic images without any overlap of tooth 

structures. The shape and number of the root canals, 

along with their divergence or convergence from each 

other can be seen in 3D images (9). 

One of the most important reasons f of root canal 

treatment failure in mandibular incisor teeth is failing 

to treat the second canals. According to previous 

studies, the most mandibular incisor teeth show 

Vertucci type I and II root canal anatomy. While 

Vertucci type IV is rare in these teeth. This condition 

is seen in 3%,2% and 6% of mandibular centrals, 

laterals canines, respectively (5, 10). 

Zhao et al. (11) showed that double root canals are 

most common in mandibular incisors and Vertucci 

type III canal configurations are the most frequent type 

in mandibular anterior teeth. Haghanifar et al. (12) 

revealed that, 87.9% of teeth had one root and 0.3% of 

canines had two roots. According to Vertucci's 

classification, type I (88.2%), type III (8.1%), type II 

(3.3%), type V (0.3%), and type VI (0.1%) were the 

most prevalent configuration, In the study of Saati et 

al (3), all mandibular central and lateral incisor teeth 

had one root, in which, 84.5% of mandibular central 

incisor teeth and 78.2% of all mandibular lateral 

incisor teeth had one canal. Pan et al (13), showed that 

the prevalence of two canals in mandible was observed 

in 5.1% of central incisors, 12.3% of lateral incisors 

and 6.1% of canine teeth.  

Accordingly, as root canal treatment of mandibular 

anterior teeth is sometimes difficult due to the 

morphological differences that can be seen in the 

shape and number of the roots and canals the aim of 

present study was to evaluate the morphological and 

anatomical diversity of the root canals of mandibular 

anterior teeth in a group of people from Esfahan, Iran 

by using CBCT. 

 

Materials & Methods 

This descriptive analytical study recruited 165 

randomly selected CBCT images of mandibular 

anterior teeth that were selected from patients 15 to 60 

years old (62% female ,28% male) referred to the oral 

and maxillofacial radiology center of Faculty of 

Dentistry, Azad University of Isfahan (Khorasgan) 

during 2015-2021. Ethically this study was approved 

by the ethical code 1399.27.  

These images were taken for other diagnostic and 

therapeutic purposes. It should be noted that, all CBCT 

images were acquired by using Galileos-Sirona 

(Benshim, Germany) with a field of view 13 × 15 cm 

(operational parameters: 90 kV, 5 mA, 8.14 s, 0.38 

mm voxel size). CBCT images were studied on 

SIDEXIS 3D software (Fabrikstr 31, Bensheim, 

Germany) on a computer monitor under standard 

conditions (semi-dark room with constant light 

intensity) to view the images in the axial, sagittal, and 

coronal planes  with a slice thickness of one mm to 

determine the number of roots and root canals 

(regarding the presence or absence of the second 

canal) and the type of canals according to Vertucci 

classification (5). The inclusion criteria of the study 

were the images with optimal quality without motion 

or foreign object artifacts, in which the apex of the 

teeth were complete and had not undergone root canal 

treatment. Also, they did not have developmental 

growth problems, latency, calcification and internal 

resorption.  

To reduce the potential biases, the CBCT stereotypes 

were randomly observed by two researchers separately 

(oral & maxillofacial radiologist and endodontist) in 

two period with the interval of two week and data were 

recorded and analysed by Chi-square and Fisher exact 

tests in SPSS software version 22 at a significance 

level of 0.05. 

 

Results 

Among the 165 patients included in this study, 102 

(61.8%) were women and 63 (28.2%) were men. In the 

CBCT images of the mandible (right and left side) of 

each patient, two mandibular central teeth (330 teeth 

in total), two mandibular lateral teeth (330 teeth in 

total) and two mandibular canines (330 teeth in total) 

were examined. Figure 1 shows the frequency 

distribution of roots and canals of mandibular anterior 

teeth. As can be seen, all central teeth in this study 

were single-rooted, in which 59.7% single canal and 

40.3% double canal. In mandibular lateral teeth, 

99.4% teeth were single-rooted that 62.8% single 

canal and 37.2% double canal. Also, 0.6% of teeth 

were double rooted with double canal. In mandibular 

canine, 97.6% teeth were single-rooted, in which 

95.3% single canal and 4.7% double canal. Besides, 

2.4% teeth were double rooted with double canal.  
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Figure 1. Frequency distribution of roots and canals of mandibular 

anterior teeth (n=330). 

 

Regarding to the results presented in Table 1 by Fisher 

exact test, the frequency distribution of the variation 

of the mandibular central teeth canals between women 

and men were not statistically significant (p =0857). A 

similar result was obtained for the lateral teeth that the 

frequency distribution of canal shape of single-rooted 

lateral teeth (single-canal and double-canal) between 

women and men was not statistically significant (p = 

0.393). There was a significant difference in the 

distribution of the shape of the canals of mandibular 

single-rooted canine teeth between men and women 

(p= 0.031). 

 

Table 1. Frequency distribution of the number of roots and canals of anterior teeth according to gender of patients (n=330). 

Mandibular anterior 

tooth type 
Number of roots number of canals 

Gender of patients 

P value 
Female Male 

central Single root 
Single canal (61.4  )121 (38.6  )76 

0.857 
Double canal (62.4  )83 (37.6  )50 

Lateral 
Single root 

Single canal (63.6  )131 (36.4  )75 
0.393 

Double canal (58.2  )71 (41.8  )51 

Double root Double canal (100.0  )2 0 - 

Canine 
Single root 

Single canal (60.9  )187 (39.1  )120 
0.031 

Double canal (86.7  )13 (13.3  )2 

Double root Double canal (50.0  )4 (50.0  )4 - 

By Chi-squared test, the results of Table 2 show that, 

in all mandibular anterior teeth with single root, there 

were not statistically significant differences were seen 

in the distribution of the frequency of the anatomical 

variation of the canals according to the Vertucci 

classification between men and women. There were no 

significant value was more than 5% for all three types 

of teeth. 

 

Table 2. Frequency distribution of canal morphology of mandibular anterior teeth based on Vertucci's classification by gender of 

patients (n=330). 

Mandibular anterior tooth type Number of roots Number of canals Vertucci's classification 
Gender of patients 

P value 
Female Male 

central Single root 

Single canal type I (61.4  )121 (38.6  )76 - 

Double canal 

type II (100.0  )2 0 

0.289 type III (61.2  )79 (38.8  )50 

type V (100.0  )2 0 

lateral 
Single root 

Single canal type I (63.6  )131 (36.4 )75 - 

Double canal 
type III (57.5  )69 (42.5  )51 

0.139 
type V (100.0  )2 0 

Double root Double canal type I (100.0  )2 0 - 

canine 
Single root 

Single canal type I (60.9  )187 (39.1  )120 - 

Double canal 

type II (100.0  )1 0 

0.865 type III (84.6 )11 (15.4  )2 

type V (100.0  )1 0 

Double root Double canal type I (50.0 )4 (50.0  )4 - 

Discussion  

Knowledge of teeth anatomy and their diversity are 

essential for successful of root canal treatment. 

Anatomy and morphology of teeth are influenced by 

various factors such as genetics, which have caused 

anatomical variations among different populations. 

Also, different methods are used to verify the anatomy 

of root canal system. None of the commonly applied 

methods for determination of internal root canal 

anatomy such as colouring of canals and clearing 

technique, conventional radiography, computed 

tomography can serve as the gold standard for this 
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purpose because of their characteristic limitations. 

CBCT method has many advantages, including the 

ability to compare with common methods and enable 

to examine adjacent structure and it is possible to 

accurately identify the anatomy of the tooth (14-17). 

To avoid any potential bias, all CBCT images were 

assessed by oral & maxillofacial radiologist and in the 

next step, the CBCT stereotype were observed and 

confirmed by endodontist. 

According to the results of the present study, the 

probability of having two roots in the anterior teeth of 

mandible is not high. Also, the prevalence of single-

rooted and double-canal teeth in mandible, from most 

to least includes central, lateral and canine. 

In Saati et al. (3) investigation all mandibular central 

and lateral incisor teeth had one root. Also, 84.5% of 

the mandibular central incisors and 78.2% of the 

lateral incisor’s teeth had one canal. The prevalence of 

Vertucci types, from most to least, in mandibular 

central and lateral teeth with two-canal included: type 

III and type V and the type II and IV were not 

observed. In our survey, like the Saati et al study (3), 

Vertucci type III was the most common type in the 

mandibular central and lateral teeth with two canals. 

Despite of this study, our investigation shows 0.6 

lateral mandibular teeth were two-rooted with 

Vertucci type I in all cases.  It seems that genetic 

differences can play an important role in this diversity. 

In the present study, the frequency of single-rooted 

mandibular incisor (single-canal and double-canal) 

was higher in females, but this was not statistically 

significant, Mirhosseini et al. (18) showed, the 

frequency of mandibular incisor with single root and 

two canals in men was significantly higher than 

women. 

In the present study, despite the higher frequency of 

all Vertucci types (I, II, III, V) in mandibular incisor 

teeth in female patients, the distribution of the 

frequency of Vartucci types among central and lateral 

mandibular teeth statistically did not show a 

significant difference among males and females. 

 Meanwhile, in the study of Saati et al. (3) the 

frequency of all Vertucci types observed in the 

mandibular central teeth (including: type I, III, V) and 

in mandibular lateral teeth (including: type I and V) 

were higher in females. Interestingly, in mandibular 

lateral teeth, the frequency of type III was higher in 

males  

In the study of Doumani et al. (19) which assessed the 

morphology of mandibular canine, 97.85% of the teeth 

had single root, while 2.15% of the teeth had two roots. 

In single-rooted and double-canal canine teeth, the 

prevalence of Vertucci types, from most to least, 

included: type III, type II, and type V which is 

consistent with the results of the present study. 

Candeiro et al. (20) concluded in their study that all 

mandibular central and lateral incisors were single-

rooted, whilst 2.4% of mandibular canines were 

double rooted. Also, in their research, about 20% of 

incisors and about 11% of mandibular canines had two 

canals. The highest prevalence of Vertucci type in 

these teeth were type I and type III, respectively. In 

this investigation, mandibular lateral and canine teeth 

showed no relation to gender whilst in the mandibular 

central; the prevalence of double canal teeth was 

higher in male patients. 

In research conducted by Pan et al. (13) in the 

Malaysian population on mandibular anterior teeth, all 

central and lateral mandibular teeth were single-rooted 

and 98.8% of mandibular canine teeth were single-

rooted, while 1.2% of mandibular canines had two 

roots. Also, in this study 1.5% of central, 12.3% of 

lateral incisors and 1.6% of canine teeth had double 

canals. The order of prevalence of Vertucci type of 

canals, from most to least, was as follows: 

Mandibular central with two canals: type V, type III.  

Mandibular lateral with two canals: type V, type III 

and type IV.  

Mandibular canine with two canals: All teeth were 

type II. 

The results of the present study and other research 

conducted regarding the anatomical variation of the 

teeth showed that single rooted mandibular anterior 

teeth with two canals the variation of Vertucci type III, 

was more common than other types. Also, the study 

showed that mandibular canines with single root and 

single canal in 60.9% and 39.1% were seen in females 

and males respectively.86.7% and 13.3% mandibular 

canines having a single root with two canals were seen 

in females and males, respectively. In other words, the 

prevalence of single-root canine teeth (single-canal 

and double-canal) was higher in females and this 

difference was confirmed statistically. 

According to the study of Doumani et al. (19) the 

prevalence of single-rooted canine teeth was higher in 

women The present study demonstrates, in double-

rooted canines with two canals, 50% of the teeth 

belonged to women while in the study of Doumani et 

al. (19) 88.9% of double-rooted teeth were seen in 

women and none of the differences between gender 

and the number of roots were statistically significant. 
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Moreover, in our study the frequency distribution of 

all Vertucci types of canals of mandibular canine 

(including Type I, II, III, V) was higher in women but 

this difference was not statistically significant. In the 

study of Doumani et al. (19) the frequency of all 

Vertucci types observed in single-rooted mandibular 

canine teeth (including: types I, II, III, V) was higher 

in women, although this difference was not 

statistically significant (19). 

Understanding the anatomical variation of the tooth is 

essential in the success of treatment. Sometimes root 

canal treatment of mandibular anterior teeth is difficult 

due to anatomical variations in shape and number of 

canals Therefore, the treatment of these conditions 

needs special consideration. For instance, to find next 

canal, the clinician should modify access cavity and 

use magnification like endodontic microscope which 

is helpful in facilitating the access cavity preparation, 

location, and negotiation of the root canal system. 

It should be mentioned that one of the main limitations 

of this study was providing appropriate CBCT 

stereotypes according to the inclusion criteria of the 

studyTo have a better understanding of root canal 

anatomy similar research with a larger sample size and 

from various races is recommended.  

 

Conclusion 

The highest prevalence of Vertucci type in single-

rooted and single-canal mandibular anterior teeth was 

type I, and in single-rooted and double-canal 

mandibular anterior teeth was type III. 

The results of the present study in Esfahan advice 

seeking for the second canal in the mandibular anterior 

teeth, especially the mandibular incisors, and to pay 

more attention to Vertucci type III in these teeth. 
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