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 ABSTRACT 

Statement of the Problem: A thorough knowledge of the morphological and anatomical 

variations of root canal system can help identify all root canals, adequate instrumentation, 

and consequently leads to a successful endodontic treatment. The knowledge of root mor-

phology can influence the outcome of root canal therapy.  

Purpose: The aim of this study was to investigate the morphology of maxillary premolar 

canals in Iranian population by analyzing cone-beam computed tomography (CBCT) 

scans. 

Materials and Method: This cross-sectional retrospective study consisted of CBCT of 

280 patients over 16 years of age. The position, number of roots, and root morphology of 

maxillary premolars were inspected. The root canal configurations of maxillary premolar 

teeth were also analyzed according to the Vertucci classification. The statistical analyses 

wee performed using chi-square test. Significance level was set at p < 0.05. 

Results: In the present study, of 462 maxillary first premolars, 8 (1.73%) teeth had three 

roots, 222 (48.05%) teeth had two roots, and 232 (50.22%) were single-rooted. In the se-

cond maxillary premolar group, of 400 premolars, 2 (0.5%) teeth had three roots, 34 

(8.5%) teeth were two-rooted, and 364 (91%) were single-rooted. The most root canal 

configurations were type IV (71.64%) and type I (63%) in maxillary first and second pre-

molars, respectively. Among females, single rooted premolars were the most prevalent 

(56.83%), and among males, two-rooted premolars were the most prevalent (57.61%). 

Conclusion: This study provided information about the root canals of maxillary premolar 

teeth for Iranian subpopulation leading to more optimal diagnosis and treatment planning 

for the endodontists. According to the findings, the complexity of root canal system and 

the number of roots were less common in females compared to males. 
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Introduction 

Success in root canal treatment depends entirely on 

cleaning and disinfection of all root canals in a teeth [1].  

Inadequate knowledge of the root canal anatomy results 

in missing and insufficient cleaning of root canals. The 

complexity of root canal anatomy is the cause of most 

root canal treatment failures including missing root ca-

nals [2]. Among different groups of teeth, root canal 

treatment of premolar teeth has always been a challenge 

for clinicians [3]. Many studies of different populations 

have reported an extremely diverse and complex root 

and canal morphology for the premolar teeth showing 

additional canals and roots [4-6]. Several studies have 

reported that maxillary premolars have a highly variable 

internal canal configuration, which can vary according 

to race and geographic origin [4-7]. 

Tel:+98-7136263193-4
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Previous studies have reported a prevalence of 22% 

to 66% for single rooted, 33% to 84% for two-rooted, 

and 0 to 6% for three-rooted maxillary first premolar [3, 

5, 7-12]. Vertucci et al. [8] showed that there is a third 

root in 5-6% of maxillary first premolars. 

Significant anatomical variation has also been ob-

served in the maxillary second premolar. Vertucci, in a 

research performed on maxillary second premolars, 

reported a prevalence of 1% for three-rooted second 

premolars [13]. The incidence of three canals in maxil-

lary premolars has also been reported to vary from 0% 

to 10% [14-15].  

One of the factors that can affect the results of prev-

alence studies on the morphology of teeth in diverse 

populations is the various in-vivo and in-vitro methods 

used to identify root canal morphology in different stud-

ies [16-17]. 

Recently, the application of in-vivo methods such as 

cone-beam computed tomography (CBCT), that can 

create a three-dimensional image in the axial, sagittal 

and coronal dimensions with the precision of canal 

staining and clearing techniques and without the limita-

tions of conventional radiography such as distortion and 

superimposition of images, has become increasingly 

popular [18-21]. 

In addition, when using CBCT, patients’ demo-

graphic data such as age and gender as well as the 

symmetry of specific morphologies can be verified 

while this may not be feasible in the in-vitro methods 

performed on extracted teeth [22]. 

Besides the investigation methods, other factors 

such as sex [7, 23-24], age [25-26], race, or ethnicity 

[26], and the geographical location [6] can affect the 

root canal system especially in the premolar teeth and 

subsequently can influence the morphological com-

plexity of the canal. Therefore, clinicians should be 

aware of the anatomy of this group of teeth to be able to 

use appropriate therapeutic techniques to achieve higher 

success rate in root canal treatment. 

Several studies have evaluated the anatomy of max-

illary premolars in different Iranian populations [27-30]. 

Considering the vastness of different races of people in 

Iran, there is a need to study of number and root mor-

phology of maxillary premolars in the south of Iran.  

Therefore, the aim of this study was to investigate 

the root and canal morphology of maxillary premolar 

teeth in relation to sex and position in an Iranian sub-

population in the south of the country by using CBCT 

from 2015 to 2018. 

 

Materials and Method 

CBCT radiographs of 280 patients referred to Shiraz 

radiology clinics between 2015 and 2018 were used in 

this cross-sectional retrospective study. The sample size 

was determined in line with literature. The CBCT imag-

es used in this study were taken for other purposes such 

as implant planning, prosthesis, surgery, orthodontic 

and endodontic purposes. Of these images, 862 bilateral 

maxillary premolars were selected using simple random 

sampling. The study approval was obtained from Ethics 

Committee of Shiraz University of Medical Sciences 

(IR. SUMS.REC.1397.120).  

The CBCTs enrolled in this study have been collect-

ed from the patients between 16 and 60 years of age 

who had intact maxillary premolars with completed root 

formation and without root canal treatment. Teeth with 

any signs of filling, external, and internal root canal 

resorption, periapical lesions, post, crown or calcifica-

tion were excluded from the study. In addition, the im-

ages of teeth with compromised anatomy and poor qual-

ity images were withdrawn from the study. 

All images were prepared using Promax 3Dmax 

(PlanMeca®), Helsinki, Finland at 90 kVp, 14 mA, with 

an exposure time of 15s. These parameters were auto-

matically set by the device according to the patients’ 

size and weight. A maximum field of view of 10x10cm, 

voxel size of 150µm, and mode of high definition was 

used.  

Images were evaluated using Romexis imaging 

software version 3.8.2 on a 23-inch monitor in a dim 

light. Using axial, coronal, and sagittal planes, all of the 

CBCT images were inspected retrospectively by a cali-

brated endodontist and senior dental student who were 

trained to interpret images independently, with a two-

week interval between the assessments. Prior to the ex-

periment, the investigators graded 50 samples of CBCT 

images. If any disparity was seen between the opinions, 

a radiologist to reach a consensus evaluated the images. 

To assess the intraexaminer reliability, a re-assessment 

was performed one month following the first session. 

The data obtained from CBCTs were recorded as fol-

lows:  
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1. The number of roots from the axial plane based on 

the classification of Pecora et al. [31] 

2. The number of root canals in each root 

3. The root canal configuration (based on the Vertucci 

classification) (Figure 1) [32]  

4. Position of the teeth in jaws for bilateral symmetry 

evaluation 

5. Patients' gender based on demographic records of 

CBCTs 

Data Analyses 

Data were analyzed using SPSS software version 18 

(SPSS Inc, Chicago, IL, USA). Chi-square test was used 

to study the frequency of various morphologies between 

different sex and root morphology groups. Quantitative 

data was described with mean plus standard deviation 

and qualitative data was presented using frequency 

(percent). Significance level was set at p< 0.05. Differ-

ences in tooth position (right or left) were determined by 

using the X
2
 test and were considered significant if the p 

Value was <.05. Intraexaminer and interexaminer 

agreements were calculated by using the Cohen kappa  

 

coefficient. 

 

Results 

Of 280 CBCT images, 862 bilateral maxillary premolars 

were included in the study, of which 462 were maxillary 

first premolar and 400 were maxillary second premolar. 

In this study, the number of roots recorded for the max-

illary first and second premolars has been up to three 

roots, and the canal configuration of these teeth were 

classified as type I to type VIII (Table 1).  

Maxillary first premolar 

Number of roots 

Of the 462 maxillary first premolars, 232 teeth (50.22%) 

were single-rooted presenting the highest prevalence in 

this subpopulation; 222 teeth (48.05%) had two roots, 

and 8 teeth (1.74%) had three roots. From the two-

rooted maxillary first premolars, in 45.95% (n=102) 

cases, the roots were separated into two independent 

roots from the floor of pulp chamber, and in 54.05% 

(n=120) cases, the roots were separated at different lev-

els of the root. 

  

 
 

 

Figure 1: Vertucci classification 

 
Table 1: Classification of maxillary premolars according to number of roots and type of canal 

 

 No. of 

roots 

Types of canal configuration 
Total 

I (%) II (%) III (%) IV (%) V (%) VI (%) VII (%) VIII (%) 

Maxillary 1st 

premolars 

One 41(17.67) 70(30.17) 4 (1.72) 110(47.41) 6 (2.59) 1 (0.43) 0 0 232 (50.22%) 

Two 0 0 0 221(99.55) 0 0 0 1 (0.45) 222 (48.05%) 

Three 0 0 0 0 0 0 0 8(100) 8 (1.74%) 

Total 41(8.87) 70(15.15) 4 (0.86) 331(71.64) 6 (1.30) 1 (0.22) 0 9 (1.95) 462 

Maxillary 2nd 

premolars 

One 252(69.23) 78(21.43) 3 (0.82) 25 (6.87) 4 (1.10) 2 (0.55) 0 0 364 (91%) 

Two 0 0 0 32(94.12) 0 0 0 2 (5.88) 34 (8.5%) 

Three 0 0 0 0 0 0 0 2 (100) 2 (0.5%) 

Total 252(63.0) 78 (19.5) 3 (0.75) 57(14.25) 4 (1.0) 2 (0.5) 0 4 (1.0) 400 
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Type of roots 

Overall, the most common canal configuration for the 

maxillary first premolar was type IV (n = 331; 71.64%), 

followed by type II (n = 70; 15.15%) and type I (n = 41; 

8.87%). Other types made up 4.33% of all canal config-

urations, which is a low percentage. 

Number of apical foramens 

The first maxillary premolar with 1, 2 or 3 apical fora-

mens were observed in approximately (n=115; 24.89%), 

(n= 338; 73.16%), and (n= 9; 1.95%) cases respectively. 

In the single-rooted maxillary first premolars, 115 teeth 

(49.57%) had one foramen in root and 117 (50.43%) had 

two foramens. While all the two-rooted maxillary first 

premolars had one foramen in each root, there was only 

one case with two foramens in the buccal root and one 

foramen in the palatal root. In all three-rooted first pre-

molars, there was one foramen in each root. 

Maxillary Second Premolar 

Number of roots 

Of the 400 maxillary second premolars, the highest 

prevalence was observed for single roots (n= 364; 91%), 

followed by two roots (n= 34; 8.5%) and three roots (n= 

2; 0.5%). From the two-rooted maxillary second premo-

lars, in 38.24% (n=13) cases, the roots were separated 

into two independent roots from the floor of pulp cham-

ber, and in 61.76% (n=21) cases, the roots were fused. 

Figures 2 to 5 show a selection of root numbers detected 

in different sections. 

Type of roots 

As a general finding, the most common canal configura-

tion for the maxillary second premolar was type I (n= 

252; 63%), followed by type II (n= 78; 19.5%) and type 

IV (n = 57; 14.25%). 

Number of apical foramens 

The second maxillary premolar with 1, 2 or 3 apical 

foramens were found in almost (n= 333; 83.25%), (n= 

63; 15.75%) and (n= 4; 1%) cases respectively. Among 

single-rooted maxillary second premolars, 333 teeth 

(91.48%) had one foramen in each root and 31 (8.52%) 

had two foramens. Almost all the two-rooted maxillary 

second premolars had one foramen in each root. Only 

two cases with two foramens in the buccal root and one 

foramen in the palatal root were found. In all three-

rooted first premolars, there was one foramen in each 

root. In Table 2, the number of roots is classified ac-

cording to gender. In both maxillary first and second 

premolars, there was a significant relationship between 

the number of roots and sex (p= 0.002 and p= 0.001 

respectively). Single-rooted teeth were dominant in fe-

males and two-rooted were prevailing in males.  
 

 
 

Figure 2: CBCT (Cone-Beam Computed Tomography) in the axial plane revealed single-rooted maxillary first and second premolars 

(arrows indicate the examined teeth) 
 

 
 

Figure 3: CBCT (Cone-Beam Computed Tomography) in the axial plane revealed three-rooted maxillary first premolars (arrows indi-

cate the examined teeth) 
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Figure 4: CBCT (Cone-Beam Computed Tomography) in the 

axial plane revealed two-rooted maxillary first premolars (ar-

rows indicate the examined teeth) 

 

In Table 3, the number of maxillary premolar roots 

has been classified according to their position. Accord-

ing to this table, there was no significant relationship 

between root number and tooth position in maxillary 

first premolar (p= 0.754) and second premolar (p= 

0.277). Regarding the interexaminer agreement, the 

Cohen kappa values after the training session were 

0.993 and 0.995 for the first and second assessments, 

respectively. 

The overall Cohen kappa value for intraexaminer 

agreement was 0.998. In brief, there was a very good 

intraexaminer and interexaminer agreement. 

 

Discussion 

One of the most common causes of failure in root canal 

treatment, especially in premolars, is missed canals due 

to the inadequate knowledge of the specific morpholo-

gies in this group of teeth [2]. This study was designed 

to evaluate the prevalence of extra roots and canals in 

maxillary premolars among an Iranian subpopulation 

using CBCT. Of various methods of studying the canal 

morphology, CBCT has been selected in the present 

study. Neelakantan et al. [19] revealed that CBCT can 

show the root canal system with the precision of stain-

ing and clearing technique and more accurately than the 

conventional radiography. Moreover, other studies also 

found that CBCT was more accurate in detecting addi-

tional canals than intra-oral radiography [20-21, 33]. 

In addition to the accuracy of this method, CBCT is 

a non-invasive technique, which, unlike in-vitro meth-

ods, does not require extracted teeth and thus, can pro-

vide better information concerning the patients’ gender, 

age, and even teeth symmetry, which is not possible to 

obtain by other laboratory methods [19]. Variations in 

the root and canal morphology exist among various 

populations; the present study provides a report on the 

root morphology and canal configuration of maxillary 

premolars in Iranian subpopulation. Compared to other 

studies on Iranian populations, the present study was the 

first to evaluate both maxillary premolars using CBCT.  

 
 

Figure 5: The coronal and sagittal CBCT (Cone-Beam Computed Tomography) view of secondary maxillary premolar with 

single root 
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Table 2: Classification of maxillary premolars according to gender and number of roots 
 

Tooth position Single root (%) Two roots (%) Three roots (%) Total 

Maxillary 1st premolars 

Female 158 (56.83) 116 (41.73) 4 (1.44) 278 

Male 74 (40.22) 106 (57.61) 4 (2.17) 184 

Total 232 (50.22) 222 (48.05) 8 (1.73) 462 

Maxillary 2nd premolars 

Female 227 (95.38) 10 (4.20) 1 (0.42) 238 

Male 137 (84.57) 24 (14.81) 1 (0.62) 162 

Total 364 (91.00) 34 (8.50) 2 (0.50) 400 

 
Table 3: Classification of maxillary premolars according to tooth position and number of roots 
 

Tooth Position Single root (%) Two roots (%) Three roots (%) Total 

Maxillary 1st premolar  

Right 112 (48.48) 115 (49.78) 4 (1.73) 231 

Left 120 (51.95) 107 (46.32) 4 (1.73) 231 

Total 232 (50.22) 222 (48.05) 8 (1.73) 462 

Maxillary 2nd premolar  

Right 179 (89.5) 19 (9.5) 2 (1.0) 200 

Left 185 (92.5) 15 (7.5) 0 (0) 200 

Total 364 (91.0) 34 (8.5) 2 (0.5) 400 

 
Table 4: Root forms in maxillary first and second premolars in previous studies on Iranian subpopulations and the present study 
 

 
Author 

(year) 

Population  

(sample size) 

One  

root 

(%) 

Two  

roots  

(%) 

Three roots 

(%) 

Most common canal 

configuration (%) 
Method 

3 roots 

with 3 

canals 

Maxillary 

first  

premolar 

Ketabi et al. 

(2008) 

Isfahan 

(n=162) 
66.6 31.48 1.85 - In vitro sectioning 1.85 

Ghate et al. 

(2013) 

Yazd 

(n=180) 
19.5 79.4 1.1 IV (60.0) 

In vitro endodon-

tic access 
1.1 

Tofangchiha 

et al. 

(2018) 

Ghazvin 

(n=106) 
57.8 41.4 0.9 II (56.7) CBCT 0.9 

Present 

Study 

Shiraz 

(n=462) 
50.2 48.0 1.7 IV (71.6) CBCT 1.7 

Maxillary 

second 

 premolar 

Partovi et al. 

(2005) 

Mazandaran 

(n=100) 
98.0 2.0 - II (48.0) Staining - 

Present 

Study 

Shiraz 

(n=400) 
91 8.5 0.5 I (63%) CBCT 0.5 

 

In studies on other Iranian subpopulations, like an in-

vitro study by Ketabi et al. in Isfahan [28], single rooted 

maxillary first premolars were more prevalent. 

In addition, Tofangchiha et al. [27] in Ghazvin 

showed that single rooted maxillary first premolars were 

more prevalent. Similar to our study, Tofangchiha et al. 

also used CBCT in their research. However, in a study 

by Ghate et al. [29] two-rooted maxillary first premolars 

were more prevalent. 

Similar to our study, in studies on other nationalities, 

Tian et al. [11] and Celikten et al. [34] showed that sin-

gle rooted maxillary first premolars were more preva-

lent. However, in contrast to our findings, Abella et al. 

[7] and Alqedairi et al. [35] reported a more prevalent 

maxillary first premolar with two roots. In this study, the 

prevalence of two-rooted maxillary first premolars was 

(n=222; 48.05%). Only one (0.45%) of the two-rooted 

first premolars showed three canals, with two canals 

being in the buccal root and one canal located in the 

palatal root. This finding was not observed in recent 

morphological studies using CBCT as they reported a 

single canal in each root in the two-rooted and three-

rooted first premolars [7, 11, 34-36]. Only Nazeer et al. 

[37] have observed three canals in the single-rooted and 

two-rooted premolars in its population. 

Lipski et al. [38] first accredited the term “ridicu-

lous” to the three-rooted first premolars, which is a char-

acteristic of the Caucasian race. In the present study, the 

prevalence of maxillary first premolars with three dis-

tinct roots and three canals was observed to be 1.74%, 

which is similar to the findings of Ketabi et al. [28] who 

also reported a prevalence of 1.85% for the three-rooted  
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Table 5: Comparison of root forms in maxillary first and second premolars (based on Vertucci classification) in previous studies on 

CBCT and those in this study 
 

 Author (year) 
Population  

(sample size) 

One root  

(%) 

Two roots 

(%) 

Three roots 

(%) 

Most common canal 

configuration (%) 

Maxillary 

first  

premolar 

Tian et al. (2012) Chinese (300) 66.0 33.0 1.0 IV (51.0) 

Ok et al. (2014) Turkish(1379) - - - IV (76.9) 

Felsypremila et al. (2015) Indian (418) 48.4 51.2 - IV (58.0) 

Abella et al. (2015) Spanish (430) 46.0 51.4 2.6 IV (52.8) 

Celikten et al.  (2016) Turkish Cypriot (436) 53.7 44.8 0.9 IV (76.8) 

Shi et al. (2017) Chinese (521) 60.8 37.8 1.3 IV (52.0) 

Alqedairi et al.  (2018) Saudi (334) 23.7 75.1 1.2 IV (70.6) 

Nazeer et al. (2018) Pakistani (114) 31.5 68.5 - I (68.0) 

Popovic et al. (2018) Serbian (129) 42.6 53.5 3.9 IV (58.9) 

Martins et al.  (2018) Portuguese (714) 48.7 49.1 2.1 IV (68.2) 

Present Study Iranian (462) 50.2 48.0 1.7 IV (71.6) 

Maxillary 

second 

 premolar 

Yang et al. (2014) Chinese (392) 86.5 13.5 - I (45.4) 

Ok et al. (2014) Turkish (1301) - - - I (54.5) 

Felsypremila et al. (2015) Indian (393) 90.6 9.4 - I (55.1) 

Abella et al. (2015) Spanish (374) 82.9 15.5 1.6 I (39.3) 

Celikten et al. (2016) Turkish Cypriot (445) 91.9 7.6 0.4 I (49.4) 

Shi et al. (2017) Chinese (517) 92.4 7.5 - II (40.0) 

Alqedairi et al. (2018) Saudi (318) 85.2 14.5 0.3 I (49.4) 

Nazeer et al. (2018) Pakistani (115) 84.3 15.7 - I (53.4) 

Popovic et al. (2018) Serbian (109) 88.1 11.9 - I (59.6) 

Martins et al. (2018) Portuguese (618) 94.6 5.3 - I (40.0) 

Present Study Iranian (400) 91 8.5 0.5 I (63%) 

 

maxillary first premolars in their in-vitro study. This 

finding is also in line with the reported values in the 

literature and those studies using the CBCT method (0-

6%) [7, 11, 34-37, 39]. Only Nazeer et al. [37] and 

Yang et al. [40] did not observe three-rooted maxillary 

first premolars in their studies. In general, single rooted 

maxillary second premolar is the most common type of 

this group of teeth reported in recent studies (Tables 4 

and 5). Similarly, in the present research, the prevalence 

of second premolars with a single root was observed to 

be (n= 364; 91%). In our study, two cases of maxillary 

first premolars with two roots were observed to have 

three canals. This finding has not been previously re-

ported in other studies. Moreover, in this study, the 

prevalence of three roots with three distinct canals was 

reported to be (n= 2, 0.5%), which was consistent with 

the range reported in previous studies (0-1%) [40].  

Partovi et al. [41] reported no cases of three roots 

with three canals in their in vitro study. Nazeer et al. 

[37] also reported a prevalence of 0% for three-rooted 

maxillary second premolars in their study. 

Awareness of the prevalence of different canal con-

figurations can be effective in the success of root canal 

treatment. In the present study, the highest variation in 

the type and configuration of the canals was observed 

for the single-rooted first and second premolars. Types 

IV and I, which are relatively easy to diagnose and treat, 

were the most commonly observed canal configurations 

among the maxillary first and second premolars respec-

tively. Similar findings have been observed in most of 

the studies using CBCT (Table 5). The following most 

common types detected in our study were types II and I 

in the maxillary first premolar, and types II, and IV in 

the maxillary second premolar. 

The two-rooted maxillary first premolars showed 

almost only type IV canal configuration (n=221;99.55 

%) with just one case of type VIII (n= 1; 0.45%). In the 

three-rooted maxillary first premolars, the only canal 

configuration was type VIII (n= 8; 100%). This type 

was not observed in single-rooted teeth. Amid maxillary 

second premolars, the single-rooted teeth had the high-

est variation in canal types. Type I had the highest prev-

alence in single-rooted second premolars (n=252; 69, 

23%). Two-rooted second premolars had almost only 

type IV (n=32; 94.12%) with two cases of type VIII (n= 

2; 5.88%) canal configuration. In the three-rooted seco-

nd premolars, only type VIII was detected (n=2; 100%). 

In this study, type VII was the only configuration, 

which was not found in any of the first or second pre-

molars. Likewise, Ok et al. [39] did not observe a type 
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VII configuration in their study using CBCT. Caliskan 

et al. [42] and Awawdeh et al. [43] also reported no 

cases of this type of canal configuration in their in-vitro 

studies. Similarly, Pineda and Kuttler [44] did not detect 

any cases of types III, VI, and VII in their research. 

Furthermore, in the present study, type VIII was ob-

served in both two-rooted and three-rooted premolars. 

In a study by Nazeer et al. [37], type VIII was reported 

in single-rooted and two-rooted premolars. These dif-

ferences observed in the number of roots and canals 

may be due to the different method of analysis, the 

sample size, and the geographically diverse populations. 

Felsyprenila et al. [45] has reported a bilateral sym-

metry in 81.5% of the maxillary first and second premo-

lars. In this study, all the first and second premolars 

were selected bilaterally. Therefore, it seems that there 

is a bilateral symmetry in the number of roots in the first 

and second premolars of maxilla. Only in the maxillary 

second premolar, no cases of three-rooted teeth were 

seen on the left side; however, this was not statistically 

significant. Like previous researches [7, 11, 34-36], no 

significant correlation was found between the number of 

roots and tooth positions in our study (p= 0.524). 

Gender is one of the other factors, which can affect 

the morphology and number of roots [7, 23-24]. In our 

study, a significant relationship was shown between sex 

and root number in both premolars (p< 0.001), as the 

single-rooted teeth were dominant in females and two-

rooted premolars were more common in men.  

In line with our study, Martin et al. [24] and Ok et 

al. [39] showed that females had significantly lower 

number of roots with less root canal system complexity 

compared to males. Celikten et al. [34], Alqedairi et al. 

[35], and Popovic et al [36] also found less root canal 

system complexity in females; however, these findings 

were not significant. In contrast to our study, Abella et 

al. [7] reported a similar number of roots between males 

and females. Considering the immensity of our country, 

the results of the present study cannot be applied to all 

Iranian population and it is suggested that further stud-

ies be conducted to investigate the number of roots and 

canal morphology in this group of teeth. Moreover, the 

relationship between tooth morphology with gender and 

tooth position needs further investigation.  

 

Conclusion 

This study can provide guidance to the root canals of ma-  

xillary premolar teeth for Iranian subpopulation leading 

to more optimal diagnosis and treatment planning for 

the endodontists. According to the findings, the com-

plexity of root canal system and the number of roots 

were less observed in females compared to males. 

 

Acknowledgments  

The authors thank the Vice-chancellery of Shiraz Uni-

versity of Medical Science for supporting this research 

(Grant#15926). This manuscript is based on the thesis 

by N. Momtahan. The authors also thank Dr. Vossoughi 

from the Center for Dental Research Improvement, the 

School of Dentistry (Shiraz, Iran) for the statistical 

analysis. 

 

Conflict of Interest 

The authors declare that they have no conflict of inter-

est.  

 

References 

[1] Jayasimha Raj U, Mylswamy S. Root canal morphology 

of maxillary second premolars in an Indian population. J 

Conserv Dent. 2010; 13: 148-1451.  

[2] Iqbal A. The Factors Responsible for Endodontic Treat-

ment Failure in the Permanent Dentitions of the Patients 

Reported to the College of Dentistry, the University of 

Aljouf, Kingdom of Saudi Arabia. J Clin Diagn Res. 

2016; 10: ZC146-ZC148.  

[3] Carns EJ, Skidmore AE. Configurations and deviations  

of root canals of maxillary first premolars. Oral Surg Oral 

Med Oral Pathol. 1973; 36: 880-886. 

[4] England MC Jr, Hartwell GR, Lance JR. Detection and 

treatment of multiple canals in mandibular premolars. J 

Endod. 1991; 17: 174-178. 

[5] Loh HS. Root morphology of the maxillary first premolar 

in Singaporeans. Aust Dent J. 1998; 43: 399-402. 

[6] Trope M, Elfenbein L, Tronstad L. Mandibular premolars 

with more than one root canal in different race groups. J 

Endod. 1986; 12: 343-345. 

[7] Abella F, Teixidó LM, Patel S, Sosa F, Duran-Sindreu F,  

Roig M. Cone-beam Computed Tomography Analysis of 

the Root Canal Morphology of Maxillary First and Se-

cond Premolars in a Spanish Population. J Endod. 2015; 

41: 1241-1247.  

[8] Vertucci FJ, Gegauff A. Root canal morphology of the 

maxillary first premolar. J Am Dent Assoc. 1979; 99:  



Asheghi B, et al.  J Dent Shiraz Univ Med Sci. September 2020; 21(3): 215-224. 

10.30476/DENTJODS.2020.82299.1011 

223 

194-198. 

[9] Kartal N, Ozçelik B, Cimilli H. Root canal morphology 

of maxillary premolars. J Endod. 1998; 24: 417-419. 

[10] Neelakantan P, Subbarao C, Ahuja R, Subbarao CV. 

Root and canal morphology of Indian maxillary premo-

lars by a modified root canal staining technique. Odon-

tology. 2011; 99: 18-21. 

[11] Tian YY, Guo B, Zhang R, Yu X, Wang H, Hu T, Dum-

mer PM. Root and canal morphology of maxillary first 

premolars in a Chinese subpopulation evaluated using 

cone-beam computed tomography. Int Endod J. 2012; 45: 

996-1003.  

[12] Bellizzi R, Hartwell G. Radiographic evaluation of root 

canal anatomy of in vivo endodontically treated maxillary 

premolars. J Endod. 1985; 11: 37-39. 

[13] Vertucci F, Seelig A, Gillis R. Root canal morphology of 

the human maxillary second premolar. Oral Surg Oral 

Med Oral Pathol. 1974; 38: 456-464.  

[14] Bulut DG, Kose E, Ozcan G, Sekerci AE, Canger EM, 

Sisman Y. Evaluation of root morphology and root canal 

configuration of premolars in the Turkish individuals us-

ing cone beam computed tomography. Eur J Dent. 2015; 

9: 551-557.  

[15] Nikolić M, Mitić A, Gašić J, Popović J, Barac R, Dačić 

S, et al. First premolar variations in number of roots, root 

canals and tooth length. Glasnik Antropološkog društva 

Srbije. 2014; 49: 37-41.  

[16] Grover C, Shetty N. Methods to study root canal mor-

phology: A review. Endodontic Practice Today. 2012: 6:  

171–182. 

[17] Cleghorn BM, Christie WH, Dong CC. Root and root 

canal morphology of the human permanent maxillary fir-

st molar: a literature review. J Endod. 2006; 32: 813-821.  

[18] Cotton TP, Geisler TM, Holden DT, Schwartz SA, 

Schindler WG. Endodontic applications of cone-beam 

volumetric tomography. J Endod. 2007; 33: 1121-1132.  

[19] Neelakantan P, Subbarao C, Subbarao CV. Comparative 

evaluation of modified canal staining and clearing tech-

nique, cone-beam computed tomography, peripheral 

quantitative computed tomography, spiral computed to-

mography, and plain and contrast medium-enhanced digi-

tal radiography in studying root canal morphology. J En- 

dod. 2010; 36: 1547-1551.  

[20] Domark JD, Hatton JF, Benison RP, Hildebolt CF. An ex 

vivo comparison of digital radiography and cone-beam 

and micro computed tomography in the detection of the 

number of canals in the mesiobuccal roots of maxillary 

molars. J Endod. 2013; 39: 901-905.  

[21] de Toubes KM, Côrtes MI, Valadares MA, Fonseca LC, 

Nunes E, Silveira FF. Comparative analysis of accessory 

mesial canal identification in mandibular first molars by 

using four different diagnostic methods. J Endod. 2012; 

38: 436-441.  

[22] Plotino G, Tocci L, Grande NM, Testarelli L, Messineo 

D, Ciotti M, et al. Symmetry of root and root canal mor-

phology of maxillary and mandibular molars in a white 

population: a cone-beam computed tomography study in 

vivo. J Endod. 2013; 39: 1545-1548.  

[23] Sert S, Bayirli GS. Evaluation of the root canal configu-

rations of the mandibular and maxillary permanent teeth 

by gender in the Turkish population. J Endod. 2004; 30: 

391-398. 

[24] Martins JNR, Marques D, Francisco H, Caramês J. Gen-

der influence on the number of roots and root canal sys-

tem configuration in human permanent teeth of a Portu-

guese subpopulation. Quintessence Int. 2018; 49: 103-

111.  

[25] Shi ZY, Hu N, Shi XW, Dong XX, Ou L, Cao JK. Root 

Canal Morphology of Maxillary Premolars among the 

Elderly. Chin Med J (Engl). 2017; 130: 2999-3000.  

[26] Guo J, Vahidnia A, Sedghizadeh P, Enciso R. Evaluation 

of root and canal morphology of maxillary permanent 

first molars in a North American population by cone-bea-

m computed tomography. J Endod. 2014; 40: 635-639.  

[27] Tofangchiha M, Bolbolian M, Ghasemi A. Evaluation of 

Root Canal Morphology of Maxillary First Premolars Us-

ing Cone Beam Computed Tomography. Journal of 

Mashhad Dental School. 2018; 42: 31-40.  

[28] Ketabi M, Mahabadi M, Esfahanian V. Evaluation of 

Root morphology of maxillary first premolars. Journal of 

Isfahan Dental School. 2008; 4: 162-169. 

[29] Ghate AR, Habibi Ardakani F, Tabrizizadeh M, Malek 

Sabet M. Investigating the Prevalence of Extracted Max-

illary First Premolars with Three Root Canals in Yazd in  

2009. YJDR. 2014; 2: 92-99.  

[30] Moshfeghi M, Sajadi SS, Sajadi S, Shahbazian M. Con-

ventional versus digital radiography in detecting root ca-

nal type in maxillary premolars: an in vitro study. J Dent  

(Tehran). 2013; 10: 74-81.  

[31] Pécora JD, Saquy PC, Sousa Neto MD, Woelfel JB. Root 

form and canal anatomy of maxillary first premolars. 

Braz Dent J. 1992; 2: 87-94. 



 A CBCT Study of Maxillary Premolar Canals in Iranian Population                                                                              Asheghi B, et al. 

10.30476/DENTJODS.2020.82299.1011 

224 

[32] Vertucci FJ. Root canal anatomy of the human permanent 

teeth. Oral Surg Oral Med Oral Pathol. 1984; 58: 589-599. 

[33] Matherne RP, Angelopoulos C, Kulild JC, Tira D. Use of 

cone-beam computed tomography to identify root canal 

systems in vitro. J Endod. 2008; 34: 87-89. 

[34] Celikten B, Orhan K, Aksoy U, Tufenkci P, Kalender A, 

Basmaci F, et al. Cone-beam CT evaluation of root canal 

morphology of maxillary and mandibular premolars in a 

Turkish Cypriot population. BDJ Open. 2016; 2: 15006.  

[35] Alqedairi A, Alfawaz H, Al-Dahman Y, Alnassar F, Al-

Jebaly A, Alsubait S. Cone-Beam Computed Tomo-

graphic Evaluation of Root Canal Morphology of Maxil-

lary Premolars in a Saudi Population. Biomed Res Int. 

2018; 2018: 8170620.  

[36] Popović M, Papić M, Acović A, Živanović S, Kanjevac 

T. Cone-beam computed tomography study of root num-

ber and root canal configuration of premolars in Serbian 

population. Medicinski pregled. 2018; 71: 100-107. 

[37] Nazeer MR, Khan FR, Ghafoor R. Evaluation of root 

morphology and canal configuration of Maxillary Premo-

lars in a sample of Pakistani population by using Cone 

Beam Computed Tomography. J Pak Med Assoc. 2018; 

68: 423-427. 

[38] Lipski M, Wozniak K, Lagocka R, Tomasik M. Root and  

canal morphology of the first human maxillary premolar.        

Durham Anthropol J. 2005; 12: 2-3. 

[39] Ok E, Altunsoy M, Nur BG, Aglarci OS, Çolak M, Gün- 

 

gör E. A cone-beam computed tomography study of root 

canal morphology of maxillary and mandibular premolars 

in a Turkish population. Acta Odontol Scand. 2014; 72: 

701-706.  

[40] Yang L, Chen X, Tian C, Han T, Wang Y. Use of cone-

beam computed tomography to evaluate root canal mor-

phology and locate root canal orifices of maxillary se-

cond premolars in a Chinese subpopulation. J Endod. 

2014; 40: 630-634.  

[41] Partovi M, Mozafari SF.  Root canal morphology of hu-

man maxillary second premolar. Journal of Babol Uni-

versity of Medical Sciences. 2005; 7: 34-36. 

[42] Calişkan MK, Pehlivan Y, Sepetçioğlu F, Türkün M, 

Tuncer SS. Root canal morphology of human permanent 

teeth in a Turkish population. J Endod. 1995; 21: 200-

204. 

[43] Awawdeh L, Abdullah H, Al-Qudah A. Root form and 

canal morphology of Jordanian maxillary first premolars. 

J Endod. 2008; 34: 956-961.  

[44] Pineda F, Kuttler Y. Mesiodistal and buccolingual roent-

genographic investigation of 7,275 root canals. Oral Surg 

Oral Med Oral Pathol. 1972; 33: 101-110. 

[45] Felsypremila G, Vinothkumar TS, Kandaswamy D. Ana-

tomic symmetry of root and root canal morphology of 

posterior teeth in Indian subpopulation using cone beam 

computed tomography: A retrospective study. Eur J Dent. 

2015; 9: 500-507.  

 


