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Abstract 
Background and Aim: Root canal morphology impacts endodontic success, yet data on mandibular second molars in the  
Iranian population is limited. This study aims to evaluate their root canal anatomy using Cone-Beam Computed Tomography, 
enhancing treatment planning and clinical outcomes in endodontics. 
Materials and Methods: This cross-sectional study utilized a convenient sampling method to analyze 221 Cone-Beam Computed 
Tomography (CBCT) images of mandibular second molars from an initial 718 scans taken between October 2013 and May 
2014. Exclusions were made for previous root canal treatment, root resorption, periapical pathosis, calcified canals, post and 
core restoration, open apex, and low image quality. The study assessed root and canal numbers, canal shapes using the  
Vertucci classification, and C-shaped canals per the modified Melton method, while also evaluating the effects of age, gender, 
and bilaterality. The data were analyzed using the marginal homogeneity test and the exact Chi-Square test. The statistical  
software employed in this study was SPSS Software (Version 23.0, IBM Corp., USA) for Windows. 
Results: Most second mandibular molars had two roots (81.5%), with C-shaped roots observed in 6.9% of cases. Among those 
with separated roots, the predominant canal type in the distal root was Type I of the Vertucci classification (98%), followed by 
Type V (1.7%) and Type II (0.3%). The mesial root exhibited more variation, with Type III being the most common configuration 
(40.6%). Most cases on both sides had the same number of roots (81.6%), and two-rooted second molars predominantly had 
one canal in the distal root (95.6%). In both genders, two roots were found in most cases (male: 62.7%, female: 80.9%), and 80% 
of individuals over 50 had two-rooted second molars, with the highest prevalence of C-shaped roots in this age group (13.3%).  
Conclusion: The mandibular second molars in the studied Iranian population predominantly had two roots, with Type I being 
the most common configuration in the distal root (98%) and Type III in the mesial root (40.6%). The prevalence of "C-shaped 
canals was low (5.1%), highest in those over 50 (13.3%). No significant differences were found in root shape between genders 
or sides of the mandible. 
Key Words: Root Canal Morphology, Mandibular Second Molars, Cone-Beam Computed Tomography (CBCT), Endodontics, 
Dental Anatomy, Root Canal Configuration. 
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Introduction  
Root canal morphology plays a critical role in the 

success of endodontic treatments (1). Understanding 

the variations in root canal anatomy is essential for 

effective cleaning, shaping, and obturation of the 

root canal system (2). The root canal system has a 

wide range of anatomical variations in terms of the 

presence of extra roots, extra root canals, conical 

roots, fins, isthmuses, loops, as well as unique  

morphologies such as S-shaped and C-shaped canals 

which can complicate the stages of  

endodontic treatment, from canals identification to  

obturation (3, 4). Hence, it is important to  

comprehend root canal morphologic variations in all 

tooth types before treatment (3, 5, 6). Variations in 
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root canal anatomy of the mandibular second molar 

have been documented for several populations, it is 

also well established that root canal anatomy has a 

definitive racial influence, thereby necessitating the 

identification of root canal morphologies of different 

races (7). Previous studies have highlighted  

significant differences in root canal morphology 

across different populations, emphasizing the need 

for region-specific data (6). 

Numerous studies have investigated the root canal 

morphology of mandibular second molars that show 

these teeth usually have two roots with three root 

canals, two canals in mesial root and one in distal  

(5). While studies conducted in mixed populations 

demonstrate a predominance of Vertucci’s type II 

canal configuration in the mesial roots, two-rooted 

second molars of Asians appear to show Vertucci’s 

type IV in the mesial roots and type I in the distal (7).  

Also, another anatomic variation is such as fused 

roots with buccal or lingual grooves or with one  

single canal and C-shaped  pattern (with a deep  

buccal or lingual groove) (5). The “C”-shaped root is 

thought to be caused by a defect in the fusion of the 

Hertwig’s sheath or by the deposition of cementum 

over time (1). This variation is characterized by a fin 

or web connecting individual root canals, forming a 

'C' shape at the root canal orifice (8). C-shaped  

configuration have reported with wide range of  

incidence (2.7-52%) (6). With more frequent in the 

Asian population or white race. This variation seems 

to be associated with their ethnicity (9).  

Preoperative imaging techniques such as traditional 

radiography, micro-CT, and Cone Beam Computed 

Tomography (CBCT) are commonly used before root 

canal treatment to provide insights into root canal  

morphology (3, 9, 10). While traditional radiographs 

often fail to detect anatomical anomalies due to their 

two-dimensional nature (11), micro-CT offers  

detailed,  

accurate images of root canal systems  but is limited 

to ex-vivo studies due to high radiation doses and 

longer scan times (3, 6, 12).  Recently, CBCT has been 

successful in providing three-dimensional analyses 

for evaluating complex root canal morphologies and 

aiding in treatment planning, especially for  

challenging cases like "C"-shaped canals (1, 3). CBCT 

has also facilitated studies across diverse  

populations, highlighting variations influenced by 

race, age, sex, ethnicity, and geography (1). However, 

there is limited data available on the Iranian  

population concerning root canal morphology of  

different tooth types. 

This study aims to address the gap in the literature 

by analyzing the root canal morphology of  

mandibular second molars in an Iranian population 

using CBCT. The objectives of this study are to  

determine the prevalence of different root canal  

configurations and to compare these findings with 

those reported in other populations. It was  

hypothesized that the root canal morphology of 

mandibular second molars in the Iranian population 

exhibit unique characteristics that differ from those 

reported in other populations. 

 

Materials and Methods  
1. Ethical considerations 

This cross-sectional research was approved by the 

Research Ethics Committee of School of  

Dentistry, Shahed University, Tehran, Iran. 

(IR.SHDU.Dent.Res.1397070). 

2. Sample size calculation 

A convenient sampling approach was employed to 

ensure standardization in image acquisition  

characteristics.  

Consequently, all CBCT images taken for various  

diagnostic purposes between October 2013 and May 

2014 at a private oral and maxillofacial radiology 

clinic were included in the study (n=718). A number 

of 497 CBCT images were excluded from the study 

due to the following criteria: presence of previous 

root canal treatment, root resorption, periapical  

pathosis, calcified canals, post and core restoration, 

open apex, and low quality of the images.  

Ultimately, 221 CBCT images comprising 319 second 

mandibular molars were included in the analysis. 

3. Image acquisition and analysis 

All CBCT images used in this study were prepared 

using the NewTomVG system (QRsrl, Verona, Italy). 

The scanned images, taken at a voltage of 110 KVP, 

were examined in two formats: full and zoom. In the 

zoom format, the parameters were FOV 6.512 cm, 8 

mA, voxel size 0.24 mm, and slice thickness 1 mm. In 

the full format, the parameters were 5 mA, FOV 1116 

cm, and voxel size 0.300 mm. The presence of each 

tooth was initially confirmed from the panoramic 

view in the CBCT images. Then, using the  

Multiplanar Reconstruction (MPR) view available in 
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the NNT viewer software, the pulp chamber floor 

was identified (Figure 1). It should be noted that in 

this view, all three sagittal, axial, and coronal  

sections can be seen. Adjustments in one section 

would simultaneously alter the others to minimize 

errors. Images were subsequently prepared with 

slice intervals of 0.24-0.3 mm in the sagittal, axial, 

and coronal planes. The sections of the mandibular 

plane were moved from coronal to apical in the  

sagittal view, with all cases observed and reported. 

This study examined the number of roots, the  

number of canals in each root, and the shape of the 

canals according to the Vertucci classification (13), 

as well as C-shaped canals according to the modified 

Melton’s method (14,15). Additionally, the effects of 

age, gender, and bilaterality on these cases were 

evaluated. 

4. Statistical analysis 

The marginal homogeneity test and the exact  

Chi-Square test were employed to analyze the data in 

this study. SPSS (Version 23.0, IBM Corp., USA) for 

Windows was utilized as the statistical software tool 

for the statistical analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CBCT evaluation in multiplanar reconstruction 

(MPR) view generated with NNT Viewer software,  

illustrating the position of the radicular-coronal pulp  

interface. 

 
Results  
In total, 319 mandibular second molar teeth were 

evaluated from 221 CBCT images. Among these  

images, 156 were from male patients (48.9%) and 

163 from female patients (51.1%). One hundred  

and twenty-three patients (55.6%) had second molar 

teeth on one side of the mandible, while 98 patients 

(44.3%) had second molar teeth on both sides. 

Most of the second mandibular molars had two roots 

(81.5%). Other morphologies included one root 

(0.9%), three roots (2.2%), and four roots (0.9%). 

Some teeth had two separate roots that fused in the  

apical third (7.2%), and one tooth exhibited a single 

root that divided into two roots in the middle. Addi-

tionally, C-shaped roots were observed in 6.9% of 

the cases. 

For second mandibular molars with separated roots, 

the dominant variety of canals in the distal root was 

Type I according to Vertucci's classification (98%), 

followed by Type V (1.7%) and Type II (0.3%).  

Mesial root canals showed more variation; the most 

common configuration was Type III (40.6%),  

followed by Type I (20.1%), Type V (14.7%), Type II 

(11.9%), Type IV (8.5%), and Type VI (2.4%). 

In addition to these canal configuration systems, two 

new configurations were observed which are not 

mentioned in Vertucci’s classification: the 2-1-2-1  

anatomy (1.4%) and the 1-2-1-2-1 anatomy (0.3%).  

1. Bilaterality 

In cases where second molars were observed on 

both sides of the mandible, the majority (81.6%) had 

the same number of roots. Most of these cases 

(71.4%) had two roots on both sides, while a smaller 

portion (5.1%) exhibited C-shaped root variations 

(Table 1, Figure 2). In only one instance, the left  

second molar had two roots, while the right one 

showed a C-shaped variation. The similarity in root 

shape on both sides of the jaw was analyzed using 

the marginal homogeneity test (p-value: 0.452), 

which indicated no significant difference in root 

shape between sides. For second molars with two 

roots on both sides of the mandible, the distal root 

most commonly contained a single canal (95.6%), 

with only a small percentage (4.4%) showing  

variations between the right and left sides.  

Specifically, 3.3% of these cases exhibited a type I 

canal on one side and a type V canal on the other 

(Table 2). Overall, there was no significant difference 

in the shape of distal canals on either side of the jaw.  

However, greater variation was noted in the mesial 

root. Although similar canal types were found in the 

mesial roots on both sides in most cases (74.7%), 

with type III canals being the most prevalent (33%), 

followed by type I (16.5%), there were instances of  
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        Figure 2. Bilateral c-shaped canals  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tooth side 
(number/percentage) 

Root shape 

Right Total                          Left  

3 0 3 One root 
(2.0%) (.0%) (.9%)  

124 136 260 Two roots 
(82.7%) (80.5%) (81.5%)  

3 4 7 Three roots 
(2.0%) (2.4%) (2.2%)  

1 2 3 Four roots 
(.7%) (1.2%) (.9%)  

10 13 23 2-1 root 
(6.7%) (7.7%) (7.2%)  

9 13 22 C-shape root 
(6.0%) (7.7%) (6.9%)  

0 1 1 1-2-1 root 
(.0%) (.6%) (.3%)  
150 319                                169 Total 

100.0% 100.0%                      100.0%  

 Tooth side 
Distal root type 

Total Right Left 

287 

(98.0%) 

1 

(.3%) 

5 

(1.7%) 

137 150 TypeⅠ 

(99.3%) (96.8%) 
 

0 1 TypeⅡ 

(.0%) (.6)% 
 

1 4 TypeⅤ 

(.7%) (2.6%) 
 

293 

(100.0%) 

138 155 Total 

(100.0%) (100.0%) 
 

Table1. Frequency of different root configuration types 

Table 2. Frequency of distal root canal configuration types  
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more complex anatomy. One case displayed a 2-1-2-

1 canal pattern (1.1%). The remaining cases (25.3%) 

had different anatomical configurations between the 

right and left sides (Table 3). Notably, type VII and 

type VIII canals were absent in right second molars, 

while left second molars lacked types VI, VII, and VIII 

(p = 0.999). 

2. Gender  

In this context, cases were evaluated that  

featured second molars on both sides of the  

mandible. In both genders, most cases exhibited two 

roots in the second molars on both sides (male: 

62.7%, female: 80.9%). This was followed by  

C-shaped canals in males (7.8%) and second molars 

with two roots on the right side and one root on the 

left side in females (6.1%). The distribution of  

different root canal shapes in the second molars on 

both sides of the mandible was compared using the 

exact Chi-square test. The results indicated no  

significant difference in the root canal shapes of  

second molars between males and females  

(p= 0.502).  

 

 

 

 

 

 

Both genders had a distal root with one canal on 

each side of the mandible (91.1% in males and 100% 

in females) (p= 0.502). However, different types of 

canals were observed in the mesial root, with type III 

being the most common (male: 37.8%, female: 

28.3%). Additionally, significant differences were 

noted in the mesial canals on the right and left sides 

(p= 0.933) (Table 4).  

3. Age 

Most individuals over the age of 50 had second  

molars on both sides of the mandible with two roots 

(80%). This age group also exhibited the highest 

prevalence of C-shaped roots, at 13.3%. In the 36-50 

age group, all second molars on both sides of the 

mandible displayed a type I distal root (100%). 

Meanwhile, in the group under 20 years old, type III 

anatomy of the mesial canals was the most  

prevalent, occurring in 50% of cases. Overall, this 

anatomical variation accounted for 33% of cases 

across all age groups (Table 5). This revision  

improves clarity and provides a smoother reading 

experience while retaining all key information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total 
Tooth side 

(number/percentage) Root shape 
 Right Left 

59(20.1%) 
 

35(11.9%) 
 

119(40.6%) 
 

25(8.5%) 
 

43(14.7%) 
 

7(2.4%) 
 

1(.3%) 
 

4(1.4%) 
 

22(15.9%) 37(23.9%) TypeⅠ 

  
 

16(11.6%) 19(12.3%) TypeⅡ 

  
 

58(42.0%) 61(39.4%) TypeⅢ 

  
 

14(10.1%) 11(7.1%) TypeⅣ 

  
 

20(14.5%) 23(14.8%) TypeⅤ 

  
 

5(3.6%) 2(1.3%) TypeⅥ 

  
 

1(.7%) 0(.0%) New1 

  
 

2(1.4%) 2(1.3%) New2 

  
 

293 138 155 Total 

(100.0%) (100.0%) (100.0%)  

Table 3. Frequency of mesial root canal configuration types 
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Total 
Gender 

Root shape 
Female Male 

70(71.4%) 38(80.9%) 32(62.7%) 
Right side 2 roots 

Left side  2 roots 

3(3.1%) 0(.0%) 3(5.9%) 
Right side 2 roots 

Left side  3 roots 

5(5.1%) 3(6.4%) 2(3.9%) 
Right side 2 roots 

Left side  2-1 root 

3(3.1%) 1(2.1%) 2(3.9%) 
Right side 3 roots 

Left side  2 roots 

1(1.0%) 0(.0%) 1(2.0%) 
Right side 4 roots 

Left side  2 roots 

1(1.0%) 0(.0%) 1(2.0%) 
Right side 4 roots 
Left side  4 roots 

4(4.1%) 2(4.3%) 2(3.9%) Right side 2-1 roots Left side  2 roots 

4(4.1%) 2(4.3%) 2(3.9%) Right side 2-1 roots left side 2-1 roots 

1(1.0%) 0(.0%) 1(2.0%) 
Right side C-shaped 

Left side  2 roots 

5(5.1%) 1(2.1%) 4(7.8%) 
Right side C-shaped 

Left side C-shaped 

1(1.0%) 0(.0%) 1(2.0%) 
Right side 1-2-1 root 

Left side  1 roots 

98(100.0%) 47(100.0%) 51(100.0%) Total 

Total 
Age 

Root shape 
Less than 20 20-35 35-60 More than 50 

70(71.4%) 4(57.1%) 24(64.9%) 30(76.9%) 12(80.0%) 
Right side 2 roots 
Left side 2 roots 

3(3.1%) 1(14.3%) 2(5.4%) 0(0%) 0(0%) 
Right side 2 roots 

Right side 3 roots 

5(5.1%) 0(.0%) 3(8.1%) 2(5.1%) 0(.0%) 
Right side 2 roots 

left side 2-1 roots 

3(3.1%) 
 

0(.0%) 2(5.4%) 1(2.6%) 0(.0%) 
Right side 3 roots 
Left side 2 roots 

1(1.0%) 
 

0(.0%) 0(.0%) 0(.0%) 1(6.7%) 
Right side 4 roots 
Left side 2 roots 

1(1.0%) 
 

1(14.3%) 0(.0%) 0(.0%) 0(.0%) 
Right side 4 roots 
Left side 4 roots 

4(4.1%) 
 

0(.0%) 4(10.8%) 0(.0%) 0(.0%) 
Right side 2-1 roots 
Left side 2 roots 

4(4.1%) 
 

0(.0%) 1(2.7%) 3(7.7%) 0(.0%) 
Right side 2-1 roots 
Left side 2-1 roots 

1(1.0%) 
 

0(.0%) 0(.0%) 1(2.7%) 0(.0%) 
Right side C-shaped 
Left side 2 roots 

5(5.1%) 
 

0(.0%) 1(2.7%) 2(5.1%) 2(13.3%) 
Right side C-shaped 
Left side C-shaped 

1(1.0%) 
 

1(14.3%) 0(.0%) 0(.0%) 0(.0%) 
Right side 1-2-1 
Left side 1 root 

98(100.0%) 98(100.0%) 37(100.0%) 39(100.0%) 15(100.0%) Total 

Table 5. Frequency distribution of root numbers across different age groups 
 

 

 

 

Table 4. Comparison of the Distribution of Root Numbers Between Women and Men 
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Discussion  
This study evaluated the root canal morphology of 

mandibular second molars in an Iranian population 

using CBCT. The findings revealed that the most 

common morphology encompassed two roots 

(81.5%), followed by 2-1 root morphology (7.2%) 

(Table 1). These results align with certain previous 

studies (5, 16, 17) but also highlight unique  

characteristics specific to the Iranian population. 

Additionally, some mandibular second molars  

exhibited three roots (2.2%), consistent with similar 

findings among Caucasians (1.8%–2.7%) (18), 

though differing from studies in Eskimos, North 

Americans, Indians, and Koreans, which reported 

higher percentages (25.3%–51.4%) of a third root 

(19). 

In this study, Vertucci’s classification system was 

employed to categorize canal configurations (13). 

The prevalence of Type I canal configurations in the 

distal root was comparable to other studies (Table 2) 

(20-22). However, in mesial canals, Type III was 

most common in our sample population, contrasting 

with Buchanan et al. (17), who found Type IV to be 

the most prevalent in a South African population. 

Similar Type IV dominance in mesial canals was  

observed in studies on Croatian (11), Gansu (23), 

Turkish (24), and Egyptian (25) populations.  

Conversely, in the United Arab Emirates, Type II and 

Type III were most common in mesial roots (26), 

while among Venezuelans, Type II followed by Type 

IV were predominant (16). These variations  

emphasize the need for regional studies to better 

understand population-specific root canal  

morphologies, suggesting potential genetic or  

environmental influences in the Iranian population. 

The prevalence of C-shaped canals in this study was 

5.1% (Table 1), which is similar to Turkish  

populations (4.1%) (24) but lower than that found in 

Belgians (10.7%) (27), Saudis (9.1%) (28), Yemenis 

(9%) (21), Chileans (8.9%) (27), and Brazilians 

(8.5%) (29). However, the prevalence of C-shaped 

canals was notably higher in Chinese (29%–47.05%) 

(30-32), Koreans (44.5%) (33), and Malaysians 

(48.7%) (34), potentially due to racial and ethnic  

differences (17). Previous Iranian studies reported a 

higher prevalence of C-shaped canals (17.6%, 

21.4%)in Iranian samples (20, 35), possibly due to 

differences in sample size, imaging parameters, or  

geographic focus. 

Regarding gender, this study found a higher  

prevalence of C-shaped canals in males (7.4%)  

(Table 4), in agreement with Martins et al. (18), 

though other studies reported higher prevalence 

among females (23, 25). Some studies observed no 

significant gender difference in C-shaped canal  

prevalence (16, 17, 36, 37). Additionally, one study 

noted that C-shaped canals and extra roots are more 

frequent in younger individuals (11), while another 

found that pulp chamber height and the number of 

root canals decline with age (23). However, other 

studies reported no age-related differences in root 

canal anatomy for mandibular second molars (17, 

36). In our study, the highest prevalence of C-shaped 

canals was found in individuals over 50 (13.3%), 

while the highest variation in mesial canal types 

(Type III, 50%) was observed in those under  

20 (Table 5). These findings suggest that age-related 

changes in the dentine-pulp complex, such as  

secondary dentin formation, may impact endodontic 

outcomes by complicating canal structure. 

Understanding the prevalence of root canal  

configurations in the Iranian population can improve 

the accuracy of endodontic treatments, allowing  

clinicians to anticipate specific canal types and 

thereby enhance treatment success. However, 

missed canals due to incomplete biofilm removal can 

lead to post-treatment apical periodontitis,  

contributing to ongoing or new infections (38). CBCT 

imaging aids in accurate canal morphology  

identification, though its resolution may not capture 

intricate canal complexities (39). While  

high-resolution imaging is ideal in endodontics, 

CBCT use is limited by radiation exposure concerns 

and potential artifacts from metallic restorations, 

which can obscure root canal anatomy and  

pathologies like root resorption or fractures (12). 

This study’s sample, though representative,  

may not fully reflect the diversity of the Iranian  

population, as participants were drawn from Tehran, 

a city with a range of ethnicities that may not  

generalize to all regions. Although CBCT has clear  

advantages, its resolution remains inferior to  

micro-CT, a method often used in anatomical studies 

of root canal morphology due to its capacity to  

capture fine details. However, micro-CT’s use is 
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restricted to non-living subjects due to high  

radiation exposure and significant cost (17, 40). 

Thus, many epidemiological studies rely on CBCT for 

ethical and practical reasons, typically only including 

patients already requiring CBCT for clinical purposes 

(11). 

Future research should expand sample sizes to  

better represent the Iranian population and explore 

other imaging techniques like micro-CT for enhanced 

detail. Examining genetic and environmental factors 

that influence canal morphology could also provide 

valuable insights into root canal anatomy, enhancing 

endodontic treatment strategies for specific  

populations. 

 

Conclusion  
In the studied Iranian population, mandibular  

second molars predominantly had two roots. The 

most common canal configurations were Type I in 

the distal root and Type III in the mesial root. The  

prevalence of C-shaped canals was low, and root 

morphology did not differ between sides of the man-

dible or between genders. 
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