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Abstract
The aim of the present study was to examine the prevalence, symmetry and configurations of C-shaped canals and radicular 
groove types in mandibular second molars according to age and sex in a Turkish sub-population using cone beam computed 
tomography (CBCT). In total, 674 CBCT images (368 females and 306 males, aged 18–76 years) of 1348 mandibular sec-
ond molars were evaluated. The symmetry, configuration of C-shaped root canals, radicular groove types with age and sex 
were noted. One sample chi-square test and chi-square test were used to determine statistically significant differences. The 
statistical significance level was set at p < 0.05. Of the 1348 mandibular second molars evaluated, 10.7% had C-shaped root 
canals. C-shaped root canals appeared to be significantly more common in females than in males (p < 0.05). C1 (44.4%) 
was the most frequent configuration in the coronal third, and C2 (44.4%), and C4 (31.9%) were the most frequent configura-
tions in middle and apical thirds, respectively. Type 2 (45.1%) was the most common radicular groove type (p < 0.05). The 
frequency of C-shaped root canals in mandibular second molars in a Turkish sub-population was considerably high (10.7%). 
CBCT can aid the detection of C-shaped canals and their configurations. Dentists should consider the possibility of C-shaped 
canals in root canal treatment of mandibular second molars, as these configurations have implications for biomechanical 
preparation and filling methods.

Keywords C-shaped canal · Cone beam computed tomography · Mandibular second molar · Radicular groove type · Root 
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Introduction

C-shaped canal is an anatomical variation characterized by 
the cross-sectional morphology of the pulp chamber being 
a single ribbon-shaped orifice with a 180° arc (or more), 
resembling the letter “C” instead of having several discrete 
orifices. One of the main features of this variation is the 
existence of a fin or web linking separate root canals. Thus, 
type of C-shape canal configuration may differ along the 
root [1–4]. In addition to their unusual anatomy, C-shaped 
root canals have thin lingual canal walls [5], which can give 
rise to difficulties to clinician in biomechanical prepara-
tion and obturation of root canals [2, 6]. Adhesion loss of 

Hertwig’s epithelia sheath of the root to lingual and buccal 
root surfaces is the primary etiologic factor in the evolution 
of C-shaped root canals [1]. Failure of the sheath to fuse on 
the buccal aspect results in formation of a lingual groove and 
failure to fuse on the lingual aspect gives a buccal groove 
[7]. C-shaped canals are generally found in mandibular sec-
ond molars, with a reported frequency of 2.7–52% in vari-
ous populations [1, 8, 9]. They are seldom found in maxil-
lary first molars [10, 11], mandibular first molars [12, 13], 
mandibular premolars [14] or third molars [15]. According 
to previous research, the frequency of mandibular second 
molars with C-shaped root canals varied between 26.1% and 
68.3%, depending on the study population [16–18].

Various methods have been used to evaluate C-shaped 
canal configurations. These include radiographs of extracted 
teeth at different angles, dye injection into teeth and clear-
ing [19], microcomputed tomography [20] and spiral com-
puted tomography [21]. Cone beam computed tomography 
(CBCT) imaging is a useful, non-invasive and accurate 
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imaging method, which has a number of advantages in endo-
dontics [1, 22]. These include the strong association between 
CBCT imaging and histological results [22]. In addition, by 
reducing or eliminating the superposition of adjacent struc-
tures and three-dimensional reconstruction [22], CBCT can 
detect C-shaped root canals and their associated anatomic 
structures, such as notches and grooves [8, 23]. Other advan-
tages of CBCT are its low radiation dose and high scanning 
speed [1, 22].

Recently, various CBCT studies have assessed the fre-
quency and anatomy of C-shaped canals [24, 25]. Similar 
research in a Turkish sub-population is limited [21, 25]. In 
addition, no studies have examined radicular groove types of 
teeth with C-shaped canals. The aim of the present study was 
to examine the prevalence, symmetry (unilateral or bilat-
eral) and configurations of C-shaped canals and radicular 
groove types in terms of age and sex in mandibular second 
molars in a Turkish sub-population using CBCT. Present 
study findings might be beneficial for clinical management 
of C-shaped canals, in terms of selecting the proper meth-
ods, such as advanced biomechanical preparation and obtu-
ration techniques.

Materials and methods

Sample selection

This study was approved by the ethics committee of Biruni 
University (2020/36-15). The informed consent was obtained 
at the first visit of the patients to the oral and maxillofacial 
radiology department. In the study, 1137 CBCT images 
obtained from patients between January 2019 and December 
2019 and saved in the database of the oral and maxillofacial 
radiology department, were assessed retrospectively. In total, 
674 patients (368 females and 306 males aged 18–76 years) 
fulfilling the inclusion criteria of the study, formed the sam-
ple size. The inclusion criteria were the presence of bilateral 
mandibular second molars with fully developed roots. The 
exclusion criteria were the presence of canal calcifications, 
crown and post restorations, endodontic treatments, per-
iradicular lesions, root resorption and CBCT images with 
artifacts and of poor quality. All the CBCT images were 
taken in a standing position using a Sirona Galileos Comfort 
Plus device (Dentsply Sirona, Bensheim, Germany), which 
was operated at 98 kVp and 6 mA, with a 36-s rotation time, 
voxel size of 250 µm and 150 × 150 mm field of view in 
accordance with the manufacturer’s recommendations.

Image assessment

Two endodontists with at least 5 years of experience 
assessed the CBCT images using Sidexis Software 

(Dentsply Sirona, Bensheim, Germany) in all three 
planes (axial, coronal and sagittal) on a 28-inch Samsung 
LU28H750UQMXUF monitor (Samsung Electronics, 
Seoul, South Korea) with a 3840 × 2160 pixel resolution. 
For optimum visualization, the brightness and contrast of 
the CBCT images were adjusted using the image-process-
ing tool of the software. For calibration, the two exam-
iners analyzed CBCT images of 25 mandibular second 
molars separately and Cohen’s Kappa coefficient was used 
to assess consensus between the examiners. The results 
revealed excellent consensus in terms of the detection of 
C-shaped canals (0.93), classification of C-shaped canal 
configurations (0.91) and radicular groove types (0.86). 
Both observers evaluated all the scans individually and any 
disagreement between the observers in the evaluation was 
resolved through discussion until agreement was reached 
afterwards. The C-shaped root canals of the mandibular 
second molars were examined in coronal, middle and api-
cal cross-sections and classified according to the method 
of Fan et al. [2] (p. 900) (Fig. 1), as described below:

Category 1 (C1): Uninterrupted ‘C’ with no separation 
(Fig. 1a).
Category 2 (C2): Semicolon (Fig. 1b, c).
Category 3 (C3): Two or three separate canals (Fig. 1d).
Category 4 (C4): Pyramidal—One large canal (Fig. 1e).
Category 5 of Fan et al.’s [2] classification was not 
included in this study because CBCT does not permit a 
clear image of the apical 2 mm of the canal.

The radicular groove types of teeth with C-shaped root 
canals were evaluated according to the following classifi-
cation system proposed by Shemesh et al. [26] (p. 2040) 
(Fig. 1).

Type 1: Lingual groove.
Type 2: Lingual groove and buccal notch.
Type 3: Buccal groove.
Type 4: Buccal groove and lingual notch.
Type 5: None.

In addition, the symmetry of mandibular second molars 
with C-shaped canals was documented (Fig. 2).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 22 (IBM SPSS, İstanbul, Turkey). One sample chi-
square test and chi-square test were used to determine 
statistically significant differences. The statistical signifi-
cance level was set at p < 0.05.
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Results

In total, 674 patients, 368 females and 306 males, aged 
18–76 years (mean age 36.42 years) were included in the 
study. Of the patients evaluated, 96 (14.2%) had at least one 
C-shaped root canal (p < 0.05). In terms of symmetry, which 
was defined as bilateral occurrence of C-shaped canals, there 
was no significant difference in the frequency of unilateral 
and bilateral C-shaped root canals (p > 0.05) (Table 1). Of 
the 1348 mandibular second molars evaluated, 10.7% had a 
C-shaped root canal (p < 0.05). In addition, the frequency of 
bilateral C-shaped root canals was statistically higher than 
unilateral C-shaped canals (p < 0.05) (Table 2).

The prevalence of C-shaped root canals was significantly 
higher in females than in males (p < 0.05). The prevalence 
of C-shaped canals according to age was not statistically 
significant (p > 0.05) (Table 3).

Table 3 shows the distribution of C-shaped root canal 
configurations at the coronal, middle and apical levels of the 
root. In the coronal third, the prevalence of the C3 (2.8%) 
type was significantly lower than that of the other types 

Fig. 1  CBCT axial images in different levels of mandibular second 
molars with C-shaped canals. C-shape canal and radicular groove 
classifications. a Coronal, C1 with type 1. b Middle, C2 with type 

4. c Middle, C2 with type 5. d Apical, C3 with type 2. e Middle, C4 
with type 5. Black arrows indicate grooves. White arrows indicate 
notches

Fig. 2  Symmetric mandibular second molars with C-shaped canals
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(p < 0.05). The prevalence of the C1 type (44.4%) was sig-
nificantly higher than the C4 (20.8%) type (p < 0.05). In the 
middle third, the prevalence of the C3 (9.7%) type was sig-
nificantly lower than that of the other types (p < 0.05). The 
prevalence of the C2 (44.4%) type was statistically higher 

than the C1 (22.2%) and C4 (23.6%) types (p < 0.05). There 
was no statistically significant difference in the types of 
C-shaped canal configurations in the apical third (p > 0.05).

Of 144 mandibular second molars with C-shaped root 
canals, the prevalence of the type 2 (45.1%) radicular groove 
type was significantly higher than that of the other radicular 
groove types (p < 0.05).

The prevalence of the type 1 (29.2%) was significantly 
higher than the type 3 (6.9%), 4 (4.9%) and 5 (13.9%) 
(p < 0.05). The prevalence of the type 5 (13.9%) was sig-
nificantly higher than the type 4 (4.9%) (p < 0.05) (Table 4).

Discussion

C-shaped root canals have a complex anatomical struc-
ture. Dentists need to be aware of the configurations of 
C-shaped root canals, as they have implications for the 
clinical outcome of root canal treatment [2, 27]. Previous 
studies reported the presence of C-shaped root canals in 
mandibular premolars [14], mandibular first molars [12], 
maxillary first molars [10] and third molars [15], with the 
highest prevalence detected in mandibular second molars 
[26, 28]. In this study, the prevalence of C-shaped root 
canals in mandibular second molars was 10.7%. Previous 
studies on Turkish sub-populations reported a C-shaped 

Table 1  Frequency of C-shaped canals in patients in terms of pres-
ence and symmetry (n = 674)

One sample chi-square test
*p < 0.05

n % p

C-shaped canals
 Present 96 14.2 0.000*
 Absent 578 85.8

Symmetry (n = 96)
 Unilateral 48 50 1.000
 Bilateral 48 50

Table 2  Frequency of C-shaped canals in teeth examined in terms of 
presence and symmetry (n = 1348)

One sample chi-square test
*p < 0.05

n % p

C-shaped canals
 Present 144 10.7 0.000*
 Absent 1204 89.3

Symmetry (n = 144)
 Unilateral 48 33.3 0.000*
 Bilateral 96 66.7

Table 3  The frequency of C-shaped canals according to age and sex 
(n = 674)

Chi-square test
*p < 0.05

C-shaped canals p

Absent Present

n (%) n (%)

Sex
 Female 296 (80.4) 72 (19.6) 0.000*
 Male 282 (92.2) 24 (7.8)

Age
 18–25 184 (88.5) 24 (11.5) 0.081
 26–35 122 (81.3) 28 (18.7)
 36–45 124 (87.3) 18 (12.7)
 46–55 82 (87.2) 12 (12.8)
 56–65 50 (78.1) 14 (21.9)
 66+ 16 (100) 0 (0)

Table 4  The distribution of 
categories of C-shaped canal 
configuration at different cross 
sections of the root and the 
frequencies of radicular groove 
types

One sample chi-square test
*p < 0.05

n % p

Coronal third
 C1 64 44.4 0.000*
 C2 46 31.9
 C3 4 2.8
 C4 30 20.8

Middle third
 C1 32 22.2 0.000*
 C2 64 44.4
 C3 14 9.7
 C4 34 23.6

Apical third
 C1 34 23.6 0.062
 C2 40 27.8
 C3 24 16.7
 C4 46 31.9

Radicular groove
 Type 1 42 29.2 0.000*
 Type 2 65 45.1
 Type 3 10 6.9
 Type 4 7 4.9
 Type 5 20 13.9
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root canal prevalence of 8% [21, 25]. The much smaller 
sample size in each of these studies as compared with that 
in the present study may explain the different results. In 
other studies, the prevalence of C-shaped root canals var-
ied from 2.7% to 52%, depending on the selected study 
population, origin, sample size and examination tech-
niques [1, 29–33].

The percentage of bilateral C-shaped root canals in the 
present study was 50%, which was consistent with the find-
ings of research by Helvacioglu et al. [25]. Janani et al. 
[34] demonstrated that in mandibular second molars with 
C-shaped canal morphology, the possibility of a C-shaped 
root canal on the contra-lateral side was 57.1%. In terms of 
the bilateral distribution of C-shaped root canals, Ladeira 
et al. [18] noted a prevalence of 31.7% in a Brazilian popu-
lation, whereas Zheng et al. [1] reported a prevalence of 
82% in a Chinese population. These findings highlight the 
importance of considering the possibility of C-shaped root 
canals in contra-lateral second molars in the presence of 
C-shaped mandibular molars.

The results of this study revealed no significant associa-
tion between age and C-shaped root canals, which was in 
accordance with the findings of many previous studies [1, 
25, 28, 34–36]. On the other hand, similar to the findings of 
the present study, previous studies detected a significantly 
higher prevalence of C-shaped canals in females from a vari-
ety of ethnic groups [28, 36–39]. In contrast, some stud-
ies demonstrated a higher prevalence of C-shaped canals 
in males [1, 18, 25]. The differences among these findings 
may be due to variations in sample sizes and study popu-
lations. Awareness of these preoperative factors may help 
clinicians to manage complicated anatomical variations such 
as C-shaped canals.

In the present study, we assessed the cross-section con-
figuration at coronal, middle and apical thirds in C-shaped 
canals following Fan’s et al.’s classification method [2], in 
accordance with that used in previous studies [26, 34]. We 
observed the C1 type most frequently in the coronal third 
of C-shaped root canals. This result was in agreement with 
that of Janani et al. [34], Shemesh et al. [26] and Nejaim 
et al. [28]. In our study, the C2 configuration was the most 
frequent configuration detected in the middle third of roots.

In contrast, Janani et al. [34] and Shemesh et al. [26] 
found that C3 was the most prevalent configuration in the 
middle third of roots. In the present study, C4 was the most 
frequent configuration in the apical third, whereas Nejaim 
et al. [28] found that C1 and C4 were the most frequent 
configurations. In contrast, Janani et al. [34] reported that 
C3 was the most frequent configuration in the apical third of 
the root. As biomechanical preparation of C1 and C2 canal 
configurations is more challenging than C3 and C4 configu-
rations [1], recent irrigation and shaping methods may be 
more efficient in C-shaped canals.

Molar teeth which are commonly used as abutments 
for fixed partial dentures, are gaining importance in root 
canal treatment. Hence, it is significant to improve diag-
nostic accuracy for successful treatment management and 
outcome [40]. Mandibular second molars with C-shaped 
canals may be clinically challenging since these canals dif-
fer in the configuration along the root length and have many 
interconnections which serve as microorganism niches [41, 
42]. In addition, two-dimensional radiographs may fail to 
diagnose C-shaped canals. Therefore, CBCT, a three-dimen-
sional imaging method, helps to identify the characteristics 
of C-shaped canals [33]. On the other hand, CBCT provides 
lower detailed images in comparison to micro-CT or clear-
ing [43, 44]. However, CBCT was the most appropriate 
method for the present study design.

In most cases with C-shaped canals, dentin tissue sur-
rounding the root canal is not evenly distributed, and the 
thin part is described as the ‘danger zone’. According to 
the literature, nearly all molar teeth with C-shaped canals 
are characterized by lingual radicular grooves [5, 45]. In 
accordance with the literature, we detected a significantly 
high percentage of radicular groove type 2 (a lingual groove 
and buccal notch) in the present study. In such cases, dentists 
should consider the position of the danger zone, which is 
under the risk of perforation [46], especially on the lingual 
side of the root.

Due to the complex anatomy of C-shaped root canals, 
root canal treatment may be challenging. Clinicians should 
always be aware of the prevalence and types of C-shaped 
canals with the accompanying “danger-zones” to perform a 
successful endodontic treatment. Besides, dental operating 
microscopes are helpful in the clinical management of root 
canals with such anatomic variations.

A limitation of this study is its focus on the prevalence 
of C-shaped canals and anatomic differences in these canals 
in a specific sub-population in Istanbul, Turkey. Although 
İstanbul is the most cosmopolitan and populous city in 
Turkey, the findings might not reflect the true frequency of 
C-shaped canals and canal configurations in second man-
dibular molars in the Turkish population. Another limitation 
of the present study was the presence of both left and right 
mandibular second molars as an inclusion criteria in the 
study population. Although this criteria may provide more 
accurate information about the prevalence of symmetry, it 
may decrease the prevalence of C-shaped canals.

Conclusion

In the present study, the frequency of C-shaped root canals 
in patients and mandibular second molars was 14.2% and 
10.7%, respectively. C-shaped root canals were more preva-
lent in females. Moreover, C1 and C2 were the most frequent 
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C-shaped canal configurations in coronal and middle thirds, 
and the most frequent radicular groove type was type 2. 
CBCT can aid the detection of C-shaped canals and their 
configurations. Dentists should consider the possibility of 
C-shaped canals in root canal treatment of mandibular sec-
ond molars, as these configurations have implications for 
biomechanical preparation and filling methods.
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