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Introduction: Considering the effect of ethnicity and race on the root canal morphology of different teeth, 

this study was conducted to determine the root canal anatomy of permanent maxillary first premolars 

using cone-beam computed tomography (CBCT) in an Iranian population. 

Materials & Methods: This descriptive cross-sectional study was performed on 150 CBCT radiographs of 

an Iranian population, referred to a Radiology Clinic in Rafsanjan, Iran. The CBCT images were 

evaluated in terms of the number of roots and canals of maxillary first premolar and also canal types in 

axial and sagittal images. The Vertucci classification was used for assessing the root morphology. Data 

were collected using a checklist. The independent t-test and Chi-square test were used and analyzed at a 

significance level of 0.05. 

Results: A study of 150 radiographs showed that 81 and 69 ones had one root and two roots, respectively. 

In terms of canal type in the single-root teeth, 13 radiographs (16%) were type I, 36 (44.4%) were type 

II, 6 (7.4%) were type III, 17 (21%) were type IV, two (2.5%) were type V, four (4.9%) were type VI, 

and three (16%) were type VII. It should be noted that none of the radiographs had a type-VIII canal. 

Conclusion: This study has indicated that the Iranian population has a complex maxillary first premolars 

root canal morphology, and according to Vertucci classification, types II and IV are more common; 

hence, the Clinician must be very careful before treating the root canal of the first maxillary premolars.  
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Introduction 

Success in root canal treatment depends on various factors, two of which are more important: the biomechanical 

preparation of the canal and the acquisition of strong and solid seal through the complete occlusion of the root canal, 

which in turn depend on having sufficient and thorough knowledge about the root canal anatomy of the treated tooth. 
[1, 2]

 Therefore, to be successful in endodontic treatment, the dentist must be aware of the potential variations in root 

canal type and must know not just the natural anatomy of the pulp but also any possible variations. 
[3]

 

Numerous studies have been conducted to identify the internal anatomy of teeth in different countries, and racial 

differences are reflected in this anatomy. Therefore, the ideal treatment of roots requires knowing about the internal 

anatomy of teeth in each country and ethnicity. 
[2, 4-6]

  

Several methods have been used to examine the root canal anatomy of permanent teeth. 
[7]

 Sectioning 
[8, 9]

, 

clearing techniques 
[10]

, conventional radiography 
[11]

, advanced and digital imaging techniques 
[12]

 such as micro-

computed tomography (MCT) 
[10]

 and cone-beam computed tomography (CBCT) 
[13, 14]

, and the observation of the 

pulp chamber floor by electron microscope scanning 
[15]

, and clinical methods, including observation during 

endodontic treatment (with or without magnification), constitute some of these methods. 
[16, 17]

 

CBCT is one of the new methods used to identify additional canals.
[18]

 Using images obtained from CBCT scans 

has currently received special attention in dentistry as a diagnostic technique.
[19, 20]

 Using CBCT is preferable over 

CT due to the lower radiation dose, shorter scan time, less artifact in the presence of metal restoration, and higher 

image accuracy. 
[21]

 CBCT was developed to examine the hard tissue of the mouth and to aid in the diagnosis and 

design of implants; furthermore, this system has proved to be very useful in examining specific endodontic 

problems.
[22]

 Identifying the anatomical features and systems of the root canal by 2D imaging used in conventional 

and digital methods is a difficult task, but CBCT provides a 3D image of the teeth and their surrounding tissues and 

demonstrates the anatomical relationships of structures, such as the maxillary sinuses, submandibular nerves, root 

fractures and root canal anatomies, rather clearly. 
[23, 24] 

Most studies use the clearing method to evaluate the root 

canal morphology and it has been demonstrated that CBCT can be just as reliable as the clearing method. 
[2, 14, 25]

 

With its excellent accuracy, this method is also non-invasive and can be used in both laboratory and clinical studies. 
[26, 27]

 

CBCT is a type of computerized cross-section. Unlike conventional systems, this system uses cone-shaped beams 

rather than fan-shaped beams. Since this system uses array detectors, the resulting images provide a volume of data 

about the patient instead of providing sectioned images. 
[28, 29]

  

The maxillary first premolars usually have two roots and two root canals with different anatomies 
[30]

 and can 

have one, two or three roots. 
[31]

 The successful root treatment of these teeth requires sufficient knowledge about 

their root canal anatomy.
[30, 32]

 Numerous studies around the world have investigated the number and morphology of 

maxillary first premolars in different races 
[30,32-36]

 to gain more thorough knowledge about their root canal anatomy. 

Various studies have been reported to study the morphology of the root canal of the first maxillary premolars by 

CBCT images in different parts of Iran 
[37-39]

, and the number of single root teeth has been reported from at least 51% 

to more than 95%. Also, evaluations based on Vertucci classification represented that types I, II and IV were the 

most common. Therefore, there is a need for further studies in a different Iranian population to determine the 

morphology of the maxillary first premolars. 

This study was therefore conducted to determine the root canal anatomy of permanent maxillary first premolars 

using CBCT in an Iranian population to determine their morphology and to thereby reduce endodontic treatment 

errors in Iranian populations. 

Materials & Methods 

This descriptive cross-sectional study was conducted on 150 CBCT radiographs of patients who had presented to 

a private oral and maxillofacial radiology clinic in Rafsanjan, Iran, to receive treatments. A code of ethics 

(IR.RUMS.REC.1399.167) to conduct the study was obtained from Rafsanjan University of Medical Sciences.  
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The inclusion criteria were radiographs of people in Rafsanjan whose first premolars did not have large 

restorations or any root canal treatments, and the adjacent teeth of which did not have large fillings or implants (due 

to created artifacts). The exclusion criteria were the presence of a periapical lesion, root resorption, open apex, canal 

calcification, and crowns.  

Based on the study of Alqedairi et al.
 [40]

 in Saudi Arabia in 2018, and using the following equation, the required 

sample size was determined:  

 

%1.75P  
%7d  

Thus, 147 CBCT radiographs of patients over 15 years of age were required for this study. 

CBCT images taken by Planmeca ProMax 3D Classic (Helsinki, Finland) with Fov 8*8, voxel size 150 µm, and 

exposure conditions as 6 mA, 64 Kvp voltage, and 12 seconds time were used for the 3D evaluation of the anatomy 

and morphology of the teeth.  

After preparing the radiographs using Romexis 3.8.3.or software, the CBCT images were evaluated in terms of 

the number of roots and canals of the maxillary first premolars and types of canals in multiplanar reconstruction 

(MPR) sagittal (Figure-1) and axial images (Figure-2) in both males and females. The CBCT images were examined 

by an experienced radiologist and the information was recorded in a checklist. An endodontist was also consulted in 

suspicious cases. 
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Figure 1. Images of the teeth roots in the sagittal plane (MPR) 

A: Type IV, B: Type VI, C: Type IV, D:Type I, E:Type II 
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Figure 2. The axial plane to check the number and shape of the canals 

 

To study the morphology of the roots, after obtaining the MPR images (sagittal and coronal axes were set along 

the longitudinal axis of the root to allow for the tooth apex to be well visible), the assessment was carried out based 

on Vertucci classification. 
[41]

 The information in the checklist was entered into SPSS-21 software one by one. The 

quantitative data were reported as “Mean ± SD” and qualitative data as “number (percent)”. The non-parametric 

Kolmogorov-Smirnov test was used to assess the normality of the frequency distribution of the quantitative 

variables. The independent two-sample t-test and Chi-square test or Fisher’s exact test were used to evaluate the 

canal anatomy of permanent maxillary first premolars by gender, number of roots, and number and type of canals. 

The significance level was P<0.05 for all the tests. 

Results 

This study was conducted on 150 CBCT radiographs of patients who had presented to a private oral and 

maxillofacial radiology clinic in Rafsanjan, Iran. Of the 150 radiographs examined, 79 (52.7%) belonged to male and 

71 (47.3%) to female patients. Also, 66 (44%) were prepared from the right side and 84 (56%) from the left side of 

the patients. Of these 150 radiographs, 81 (54%) had a single root and 69 (46%) had two roots. 

The Chi-square test displayed that the frequency distribution of the number of roots differed significantly 

between the men and women (P=0.012). That is, the frequency of single-root teeth was 63.4% in women and 45.6% 

in men. The Chi-Square test further demonstrated that the frequency distribution of the number of canals between the 

men and women was not significantly different (P=0.38). The frequency of samples with one and two canals was 

33.3% and 66.7% in women and 27.8% and 72.2% in men, respectively.  

A total of 81 radiographs of teeth with one root were examined in terms of their root canal anatomy and based on 

Vertucci classification, 13 (16%) were type I, 36 (44.4%) type II, 6 (7.4%) type III, 17 (21%) type IV, two (2.5%) 

type V, four (4.9%) type VI, and three (3.7%) were type VII. It should be noted that none of the radiographs had a 

type-VIII canal (Table 1). Fisher’s exact test illustrated that the frequency distribution of the canal types did not 

differ significantly between men and women (P=0.053). 

 

Table 1. The frequency distribution of canal types by gender in the studied radiographs in Rafsanjan in 2018-

2019 

 

Type 

Type I 

Number 

(percent) 

Type II 

Number 

(percent) 

Type III 

Number 

(percentage) 

Type IV 

Number 

(percent) 

Type V 

Number 

(percentage) 

Type VI 

Number 

(percent) 

Type VII 

Number 

(percentage) 

Fisher’s 

exact test 

result 

Male 6 (16.7) 15 (41.7) 2 (5.6) 8 (22.2) 1 (2.8) 4 (11.1) 0 (0) 

P=0.053 Female 7 (15.6) 21 (46.7) 4 (8.9) 9 (20.0) 1 (2.2) 0 (0) 3 (6.7) 

Total 13 (16.0) 36 (44.4) 6 (7.4) 17 (21.0) 2 (2.5) 4 (4.9) 3 (3.7) 
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Discussion 

In the present study, of the 150 radiographs examined, 81 (54%) had a single root and 69 (46%) had two roots. In 

one study, Burklein reported that 62.4% of their samples had two roots, 36.4% had one root, and 1.2% had three 

roots.
[34]

 In a study by Maghfuri et al. in Saudi Arabia, 36% of the samples had one root, 61% had two roots and 3% 

had three roots.
[31]

 Li et al. reported the number of people with maxillary first premolars that had one, two and three 

roots in the Chinese ethnicity to be 69.7%, 29.8%, and 0.5%. 
[42]

  

Studies on the Iranian population have shown that the prevalence of single-rooted maxillary first premolars is 

57.8%  , 50% and 98%, respectively.
[37,38,39]

 The discrepancy in the results of these studies and the present study can 

be attributed to racial and ethnic differences. Ethnicity influences the morphological differences of teeth. 
[43, 44]

 Sert 

et al. concluded that both gender and race should be considered in pre-treatment evaluations of the root canal. 
[45]

  

This study only examined teeth with one root for its root canal morphology assessment and proceeded based on 

Vertucci classification 
[41]

, which is common and has been used in several studies. 
[2]

 The most common canals were 

type II (36 radiographs; 44.4%) and type IV (17 radiographs; 21%). It should be noted that none of the radiographs 

had a type-VIII canal. Various similar studies have shown that type IV is very common. 
[33, 35,39,46,47]

 Burklein et al. 

reported the most common types as IV (68.5%) and VI (12.3%), and no type III. 
[33]

 In a study by OK et al., the most 

common types were I and II while type VII was observed.
[47]

 Moreover, Li  et al. demonstrated that type IV was the 

most common maxillary first premolar canal. 
[42]

 Other studies have also reported type IV to be the most common 

canal type in maxillary first premolars, followed by types I, III, and V. 
[32,39,47]

 

In a similar study by Tofangchiha et al. on the Iranian ethnicity, type II was found to be one of the most common 

types of the canal. 
[37]

 Asheghi et al. declared that type IV was the most common type among Iranians.
[38]

 Besides, 

Sobhani et al. reported that type I was the most common type in the Iranian population,
[39]

which can indicate the 

prevalence of types I, II and IV in the Iranian ethnicity, which is consistent with the present findings. Nonetheless, 

those studies reported types II and IV as the most common types, but with different percentages, which can be 

attributed to differences in the study methods (laboratory or clinical) and the techniques used to identify the canal, or 

the fact that the other studies had also examined double-root teeth or perhaps differences in the race and ethnicity of 

the study populations and sample sizes. 
[13]

 

The present findings manifested that 45.6% of the single-root teeth belonged to men and 53.4% to women, while 

54.4% of the double-root teeth belonged to men and 36.6% to women. The present study cleared that both types II 

and IV were more common in both men and women. Similar to this finding, Abella et al. also reported that the 

maxillary first premolars of most women had one root 
[35]

, and Burklein et al. showed that single-root teeth were 

more common in women and double-root teeth more common in men. 
[33]

 These differences were not significant in 

any of the studies. There is still a controversy on the relationship between gender and tooth morphology; however, 

further studies with larger sample sizes are recommended to be conducted on the effect of gender on the morphology 

of maxillary first premolars. 
[48]

  

There were some limitations to our study, only one dental CBCT system was studied, There are other dental 

CBCT systems too, On the other hand, the accuracy of CBCT has only been used to detect the root canal 

configurations of maxillary first premolars, also in the current study only one clinician Evaluate the CBCT images 

that increase the likelihood of an error. 

Conclusion 

This study indicated the Iranian population has a complex maxillary premolars root canal morphology, Most of 

these teeth are single root and also the number of roots is affected by sex.  According to vertucci classification, types 

II and IV are more common, so the clinician must be very careful before the maxillary first premolar root canal 

treatment. 
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