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Article Type: Original Article  Introduction: Successful endodontic treatment depends on completely clearing, shaping, and filling the 
prepared canals. Knowledge of the common and aberrant varying pulp anatomies is essential for suitable 
root canal treatment. Since, this anatomy is complex and varies morphologically in different populations. 
This study aims to determine the number of roots, canals, and evaluation of mandibular premolars canals 
using cone-beam computed tomography (CBCT) images in one of Iran's northern provinces (Golestan). 
Materials and Methods: CBCT axial, coronal, and sagittal slices of two hundred and twelve mandibular 
premolars were analyzed to determine the number of roots and canals based on Vertucci type. The images 
were analyzed in a one-millimeter slice in mesiodistal and buccolingual dimensions based on gender. The 
data were analyzed using the Chi-score test to compare the components if the defaults were not established. 
A significance level of 0.05 was considered. Result: Of the two hundred twelve teeth evaluated, 130 (61.3%) 
were first premolars, and 82 (38.6%) were second premolars. Most first premolars (78.5%) and almost all 
second premolars (97.6%) had one root. Morphological types of root canals were identified based on 
Vertucci’s classification types I, II, III, IV, V, or VIII, and type I was the most frequent. There were no 
significant associations between number of roots and sex (P>0.05). Conclusion: Mandibular premolars 
mostly had one root and type I Vertucci morphology. The frequency of two-canal premolars was higher in 
the male population. Although the abundance of two or three roots with different morphologies was also 
observed, the possibility of the presence of an additional root canal should be considered.  
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Introduction 

oot canal treatment is one of the essential treatments in 
dentistry used to treat teeth damaged due to caries, pulp 

inflammation/infection and trauma [1]. Tooth growth and 
development are a dynamic and complex process [2]. Inner and 
outer enamel epithelial cells form a bilayered epithelial sheath 
named Hertwig’s epithelial root sheath (HERS), which will 
continue to grow apically and determine the root’s shape. This 
results in increased variations and a varying number of branches 
and canals in a single-rooted tooth, such as the mandibular second 
premolar [3-6]. successful endodontic treatment depends on 
completely clearing infected or necrotic pulp tissues and shaping 
and filling the prepared canals [7]. Insufficient knowledge of the 
morphological variations of root canals can result in missing and 
inadequate instrumentation of root canals [8]. An untreated root 

canal can lead to the persistent presence of microorganisms and 
necrotic tissue inside the canal, accounting for a high rate of root 
canal failure [1, 9]. Knowledge of the common and aberrant varying 
pulp morphologies is essential for a suitable treatment plan before 
beginning root canal treatment [10, 11]. Such variations may 
include the number of roots and the number and configuration of 
the root canals [12, 13]. Due to the high variability of root canal 
configuration that varies among races and geographic regions, 
especially in mandibular first and second premolars, root canal 
treatment is challenging and the results may be poor [14-16]. Many 
studies of different populations have reported an extremely 
complex canal morphology for the premolar teeth showing 
additional canals and roots [8]. Mandibular premolars are often 
considered as single-root and single-canal teeth, but due to many 
varies morphologies and lack of dentists' knowledge, failure in root 
treatment occurs. Variation in canal morphology is seen mostly in  
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Figure 1. Vertucci classification 
 
mandibular first Premolars [17]. These teeth often present an 8-
shaped cross-section with one or up to three roots that may 
occur fused or separate [14]. Although findings of three-root 
canals with separate apical foramina in mandibular premolars 
are relatively rare [18]. Among various classification systems, 
Vertucci’s classification is used widely [1]. He classified the 
root canal configuration into eight categories: type I (1), type 
II (1-2), type III (1-2-1), type IV (2), type V (1- 2), type VI (2-
1-2), type VII (1-2-1-2) and type VIII (3) [19] (Figure 1). 

The internal anatomy of a root canal is mostly identified 
using methods such as tooth clearing, hard tissue section, 2D 
radiography, in vitro macroscopic examination, and cone-
beam computed tomography (CBCT) [20-22]. Radiography is 
essential for diagnosis, treatment plan, follow-up, and 
treatment outcomes [23]. However, traditional X-ray images 
have intrinsic deficiencies and provide a two-dimensional 
image of a three-dimensional structure, which can lead to 
superimposition, distortion, and magnification, 
compromising diagnostic accuracy [13, 24, 25]. CBCT is a new 
technology built for angiography, among other tasks, at Mayo 
in 1982 and then used for maxillofacial imaging.[26]. This 
three-dimensional radiographic assessment of teeth and their 
surrounding structures is eligible for aiding accurate diagnosis, 
predictable treatment planning and management of complex 
endodontic problems [27, 28]. CBCT can provide accurate 
images below the millimeter limit in short scans with lower 
doses. This method (CBCT) can provide a three-dimensional 
image of a root canal in the axial, sagittal, and coronal 
dimensions [8] without the limitations of sample preparation 
or tooth destruction [1]. Studies of the internal and external 
anatomy of teeth have shown that anatomic variations can be 
extremely complex in all types of teeth. Several factors 
contribute to the variations in ethnicity, age, gender, and study 
design [19]. 

However, no CBCT studies have described the anatomy of 
mandibular premolars in the Golestan Province. Therefore, this 
study aimed to investigate the root and canal morphology of 
mandibular premolars, and dentists should be aware of the 
anatomy of this group of teeth to use appropriate treatment 
methods to achieve greater success in root canal treatment.  

Materials and Methods 

The study approval was obtained from the Golestan University of 
Medical Sciences Ethics Committee (IR.GOUMS.REC.1400.277). 

Referring to the study by Razian et al. [17], with 95% confidence 
and 95.7 % frequency of mandibular single-rooted premolars, the 
number of 80 CBCT images was randomized selected.  

This is a retrospective cross-sectional study which the CBCT 
images of two hundred twelve premolars (76 male, 136 female) of 
patients who were referred to a radiology department for other 
purposes (such as implant planning, prosthesis, surgery, 
orthodontic, or endodontic treatments) in Golestan Province from 
2020 to 2021 were collected. The average age of the subjects was 42 
Years (range: 16-68). The existing CBCT database was used, and no 
new scans were required for this study. In order to obtain more 
comprehensive information, it is proposed to carry out further 
studies with larger samples. 

The images were used to determine the mandibular premolars’ 
root number and canal configurations. Participant age at the time 
of the scans was recorded, but no information on race or ethnicity 
was collected. The inclusion criterion was the existence of at least 
one mandibular premolar with fully formed roots. Exclusion 
criteria included unclear or distorted CBCT images, previous 
endodontic treatment, presence of posts or crowns, periapical 
lesions, and physiological or pathological processes such as 
calcification and root resorption. CBCT images were performed 
using Planmeca ProMax 3d (Planmeca, Helsinki, Finland) 
operating at a voltage of 80 kV, a current of 6 mA, and an exposure 
time of 12 sec. The voxel size and slice thickness were 200 µm, and 
the field of view was 8*11 cm. The CBCT scans were analyzed using 
romexis viewer software (Planmeca, Helsinki, Finland). All teeth 
were analyzed in sagittal, axial, and coronal planes to determine the 
number of roots, root canal configuration, and several root canals 
in each root based on Vertucci’s classification (Figure 2). All images 
were assessed individually by two evaluators (an endodontist and 
general dentist) the kappa value for the inter-observer agreement 
was 0.976. Data were analyzed using SPSS software version 16 (SPSS 
Inc, Chicago, IL, USA). The Chi-square test was used to study the 
frequency of various morphologies between different sex and root 
morphology groups. The significance level was set at P<0.05. 
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Figure 2. A) The coronal plane of CBCT of mandibular first premolar; B) The axial plane of CBCT image; C) The sagittal plane of CBCT image 
 

Results  

Root configurations  
The numbers of roots of the maxillary first and second premolars 
according to sex in this study are described in Table 1. 

Mandibular first premolars  
Most mandibular first premolars studied had one root (78.5%). The 
remainder had two (20.8%) or three roots (0.8%). Most males in this 
study (77.8%) demonstrated one root, with the remainder displaying 
two (22.2%) roots. In comparison, the majority (78.8%) of all females 
had one root, while the remaining females had either two (20%) or 
three roots (1.2%). No statistical differences were found regarding sex 
and root number for mandibular first premolars (P>0.05).  

Mandibular second premolars  
The vast majority of mandibular second premolars had a single 
root (97.6%), and the remainder displayed either two (2.4%). The 
majority of males (93.5%) and all females (100%) displayed a 
single-root configuration. The remaining males had two (6.5%) 
roots; no instances of three-rooted configurations were found. No 
statistical differences were found regarding sex and root number 
for mandibular second premolars (P>0.05).  

Canal configurations  
The frequency and percentage of the number of canals and canal 
configurations in mandibular premolars are summarized in 
Table 2 and Table 3. 

Of the mandibular first premolars, 66.9% had one canal, 
31.5% displayed two canals, and the remainder had three (1.5%).  

The most common canal configuration in the mandibular 
first premolars was type I (66.2%). Type V (16.9%) and IV 
(11.5%) were also frequently seen, while types III (3.1%), VIII 
(1.5%) and II (0.8%) were less commonly identified. The 
majority of males in this study (62.2%) demonstrated type I, 
followed by type V (20%) and type IV (13.3%). In comparison, 
the majority (68.2%) of all females had type I, while the 
remaining females had type V (15.3%) and type IV (10.6%). No 
statistical differences were found regarding sex and canal 
configuration for mandibular first premolars (P>0.05).  

Mandibular second premolars  
Of the mandibular second premolars, 92.7% had one canal, 
7.3% had two canals.  

The most prevalent configuration found in the mandibular 
second premolars was type I (92.7%), followed by type V (2%) 
and type II (2%). The majority of males in this study (87.1%) 
demonstrated type I, followed by type V (6.5%) and type III 
(6.5%). In comparison, the majority (96.1%) of all females had 
type I, while the remaining females had type V (2%) and type II 
(2%). No statistical differences were found regarding sex and 
canal configuration for mandibular second premolars (P>0.05).  

Discussion 

In this study, we investigated the root anatomy and root canal 
morphologies of mandibular premolar teeth among the 
population of Golestan Province using CBCT. A detailed 
understanding of tooth morphology and root canal variations is 
considered important for the clinical success of endodontic 
procedures [1, 7]. Therefore, the current study chose to analyze 
the mandibular premolars to explore their diversity among the 
population of Golestan Province. For this purpose, we analyzed 
CBCT imaging data from Two hundred and twelve premolars. 

The current study showed that mandibular premolars among 
the Golestan Province population presented with various Vertucci 
types of canal configurations, similar to other reported studies in 
different populations. We revealed a higher frequency of 1-rooted 
mandibular first premolars (78.5%), followed by 2 roots in 20.8% 
and 3 in 0.8% of teeth. The 1-canal configuration was the most 
prevalent observation (66.9%), whereas two canals were observed 
in 31.5%, and 3 canals were seen in 1.5% of teeth.  

A lower frequency of single-canal mandibular first premolars, as 
compared with the results of the present study, has been previously 
reported in Chinese, Saudi, and Brazil populations [1, 14, 19]. 

Previous studies have demonstrated that most mandibular 
second premolars have a single root. The reported prevalence 
ranged from 78% to 98.8% [14, 17, 19, 29]. The findings of the 
present study are in agreement with these investigations.  
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Variations in the root morphology of mandibular second 
premolars may be attributed to different sample sizes, 
populations, geographical areas, or methods of evaluation [30]. 

In this study, high anatomical variation was observed in 
mandibular first premolars. These variations can reduce the 
prognosis of endodontic treatment. When abnormal findings 
are evident in traditional periapical films or variations are 
detected with magnification in the clinical setting, it may be 
impossible to evaluate the RCS effectively [19, 20]. In some 
situations, it is advisable to use CBCT for further diagnosis 
before or during clinical endodontic treatment [27]. 

In line with our study, Algarni et al.  Showed that females had a 
significantly lower number of two canal premolars than males [20]. 

Like Rajakeerthi et al. [14] the most common Vertucci type in 
mandibular premolars was type I, followed by type V, and the 
rarest type was type VII, which was not observed in this study.  

In the present study, the highest frequency of canal 
configuration in mandibular first premolars was type I (66.2%) 
and then type V (16.9%). In the second premolars, 92.7% were 
type I; the rest were type V, III, and II, respectively.  

Type V was likewise the second most frequently 
encountered configuration in mandibular first and second 

premolars, consistent with earlier research in the Egyptian 
population [31]. 

However, in the study conducted by Shemesh et al. In the 
Israeli population [29] and the study conducted by Hosseinpour 
in the Iranian population[10], type I and type III were the most 
frequent in both sexes. Racial differences can be the reason for this 
statistical difference [29]. 

In this study, the probability of multiple roots and canals of 
mandibular premolars is higher in males than in females, and the 
probability of a single canal and single root in the first and second 
premolars was higher in females. Generally, male and female 
genders do not show significant differences in the number of the 
canal and their types. As in the study conducted by Wu et al. In 
the Chinese population [1] and the study conducted by Alfawaz 
in the Saudi population[19], no significant relationship was 
observed between gender with the number of roots, the number 
of canals, and the shape of canals. 

The canal systems of mandibular first premolars in a Golestan 
Province subpopulation showed a lot of variation and complexity. 
Mandibular second premolars had less variation in root and canal 
configuration than mandibular first premolars, which agrees with 
a previous study of a Saudi population [32].  

 

Table 1. Prevalence of roots (% of teeth) according to gender 
 One root (%) Two roots (%) Three roots (%) Total 

First premolars 
Male 35 (77.8) 10 (22.2) 0 (0.0) 45 (100) 
Female 67 (78.8) 17 (20) 1 (1.2) 85 (100) 
Total 102 (78.5) 27 (20.8) 1 (0.8) 130(100) 

Second premolars 
Male 29(93.5) 2(6.5) 0(0.0) 31 (100) 
Female 51(100) 0(0.0) 0(0.0) 51 (100) 
Total 80(97.6) 2(2.4) 0(0.0) 82 (100) 

 

Table 2. Prevalence of canals (% of teeth) according to gender 
 One canal (%) Two canals (%) Three canals (%) Total 

First premolars 
Male 28 (62.2) 17(37.8) 0(0.0) 45 (100) 
Female 59 (69.4) 24(28.2) 2(2.4) 85 (100) 
Total 87 (66.9) 41(31.5) 2(1.5) 130 (100) 

Second premolars 
Male 27 (87.1) 4 (12.9) 0 (0.0) 31 (100) 
Female 49 (96.1) 2 (3.9) 0 (0.0) 51  (100) 
Total 76 (92.7) 6 (7.3) 0 (0.0) 82 (100) 

 

Table 3. Prevalence of root canal types according to gender 
 gender Type I (%) Type II (%) Type III (%) Type IV (%) Type V (%) Type VIII (%) Total (%) 

First premolars 
Male 28 (62.2) 0 (0.0) 2 (4.4) 6 (13.3) 9 (2.0) 0 (0.0) 45 (100) 
Female 58 (68.2) 1 (1.2) 2 (2.4) 9 (10.6) 13 (15.3) 2 (2.4) 85 (100) 
Total 86 (66.2) 1 (0.8) 4 (3.1) 15 (11.5) 22 (16.9) 2 (1.5) 13 (100) 

Second premolars 
Male 27 (87.1) 0 (0.0) 2 (6.5) 0 (0.0) 2 (6.5) 0 (0.0) 31 (100) 
Female 49 (96.1) 1 (2.0) 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 51 (100) 
Total 76 (92.7) 1 (1.2) 2 (2.4) 0 (0.0) 3 (3.7) 0 (0.0) 82 (100) 
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Figure 3. Several common canal configurations are demonstrated using coronal and axial sections of CBCT scans. 
 

Conclusion 

This study can guide the root canals of mandibular premolar teeth 
for the Iranian subpopulation, leading to more optimal diagnosis 
and treatment planning for Endodontists. According to the 
findings, the complexity of the root canal system and the number 
of roots were less observed in females than in males. 
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