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Background: Mandibular second molars frequently show variation in root canal 
configurations. The patients with C-shaped canals are quite challenging in dental 
practice. C-shaped canals have a poor prognosis in terms of debridement, ob-
turation, and restoration. The aim of this study was to investigate the root canal 
configuration of mandibular second molar teeth and to determine the frequency 
of C-shaped canals in mandibular second molars. 
Materials and methods: We designed a retrospective study using cone beam 
computed tomography (CBCT) images and 256 CBCT images were retrieved 
from the archived records of Necmettin Erbakan University Faculty of Dentistry, 
Konya, Turkey. The root canal configurations were evaluated according to Ver-
tucci’s classification and C-shaped canal configurations were identified using the 
method of Fan et al. The frequency in percentages was calculated for C-shaped 
canals in CBCT scans.
Results: Of the 444 mandibular second molars, the most frequent canal morpho-
logy in the mesial roots was Vertucci type IV (40.3%), followed by type II (27.5%). 
The distal roots were predominantly type I (92.9%), followed by types III (3.5%) 
and II (2.5%). Forty-seven (10.6%) teeth had C-shaped canals. 
Conclusions: Clinicians should be concerned about the different types of canal 
configurations. Knowledge of these anatomical variations will facilitate the en-
dodontic practice. (Folia Morphol 2018; 77, 4: 752–757)
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INTRODUCTION
Knowledge of root canal anatomy and variations 

between different populations is necessary for clini-
cians to conduct successful endodontic treatment 
[7, 30]. Mandibular second molars have a wide variety 
of root canal configurations [2]. The C-shaped root 
canal configuration was first described by Cooke and 
Cox in 1979 [3]. This canal configuration is mostly 

found in the mandibular second molars [11, 15, 30] 
but can also be seen in other teeth groups [15]. The 
C-shaped canal morphology is of clinical importance 
that they have a poor prognosis in terms of cleaning, 
obturation, and shaping [2, 11, 15, 23].

Manning [14] proposed that the failure of the 
adhesion of the Hertwig’s epithelial root sheath to the 
buccal or lingual root surface was the main aetiolog-
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ical factor of the C-shaped root canal configuration. 
The primary morphological characteristic of C-shaped 
canal is the presence of a fin or web connecting the 
individual canals [15, 23]. On the other hand, the 
gene(s) leading C-shaped root canals in mice are 
present on either chromosome 5 or 17 [16, 24].

The prevalence of C-shaped mandibular second 
molar canals has been studied worldwide and has 
been reported to range from 2.7% [27] to 44.5% [8] 
depending on the population. It is well accepted that 
there is a higher prevalence of this configuration in 
Asia when compared with other populations [10, 15] 
such as Europeans and Americans [9]. Some authors stat-
ed that the prevalence of C-shaped canal morphology 
has been shown to vary significantly by race [8, 10, 22].

Sectioning method, transparent model method, 
dye infiltration method, radiography, computed to-
mography (CT), micro-CT, cone beam CT (CBCT) im-
aging techniques have been used in the literature to 
define C-shaped root canal configurations [2, 4, 5, 
14, 17, 22, 30]. Diagnosis of C-shaped canals with 
two-dimensional imaging methods is challenging 
[6, 12, 23] because of the image superimposition [11]. 
CBCT imaging is a non-invasive method and facilitates 
the understanding of C-shaped canal morphology along 
the root [11, 23]. Compared with conventional medical 
CT, CBCT provides lower effective radiation dose, higher 
resolution and shorter working time [18]. Micro-CT is 
non-destructive technique and offers up to 2 µm reso-
lution compared to CBCT. However, micro-CT method 
required much more time and it is applicable only in ex 
vivo studies [21]. Although all methodologies have their 
own benefits and defects, CBCT is the only technology 
that enables a good resolution of three-dimensional 
(3D) images of in vivo studies [15]. This study aimed to 
investigate the root canal configuration of mandibular 
second molar teeth and to find out the frequency of 
C-shaped canals in mandibular second molars.

MATERIALS AND METHODS
This retrospective radiological study was per-

formed with the approval of the Necmettin Erba-
kan University Faculty of Dentistry Research Ethics 
Committee. Furthermore, the analysis was performed 
within the stipulations laid out by the Declaration of 
Helsinki (decision no: 2016/011). The study consisted 
of 256 patients (123 males and 133 females) who had 
undergone CBCT imaging for diagnostic purposes and 
treatment planning between 2013 and 2016 years. 
CBCT images were retrieved from the archived records 

of Department of Oral and Maxillofacial Radiology, 
Necmettin Erbakan University, Faculty of Dentistry, 
Konya, Turkey.

Teeth with periapical pathologies, resorptions, 
calcifications, open apices were excluded. Fully devel-
oped and untreated (no root fillings, posts or crown 
restorations) teeth were included in the study [29]. 
CBCT images of patients were obtained using a 3D Ac-
cuitomo 170® machine (Morita, Kyoto, Japan). Serial 
axial, coronal and sagittal CBCT slices were observed 
by rolling the toolbar from the pulp chamber to the 
apex. The thickness of the image slices was 1 mm 
and the distance between slices was 1 mm. The root 
canal configurations of mandibular second molars 
were evaluated according to Vertucci’s classification 
(Fig. 1) [26]. C-shaped canal configurations were 
classified using the method of Fan et al. [4] (Fig. 2). 
The frequency in percentages was calculated for 
C-shaped canals in CBCT scans.

The description of a C-shaped canal morphology 
meets all of the following three features (Fig. 3): 

 — fused roots; 
 — a longitudinal groove on the lingual or buccal 
surface of the root; 

 — at least one cross-section of the canal belonging 
to the C1, C2 or C3 configuration [4]. 
All CBCT images were assessed by the same oral 

and maxillofacial radiologist. Two weeks later, exami-
nations were repeated showing good intra-examiner 
agreement. The kappa values (κ = 1.00) reflected 
excellent intraobserver agreement for root canal 
morphology and C-shaped canal morphology. All 
CBCT images were examined in a dark room and in 
the same computer (Intel® Xeon® E5-2620, 2.0 GHz; 
NVIDIA quadro 2000; 32’’ Dell T7600 workstation 
with a resolution of 1280 × 1024 pixels, 8 GB mem-
ory, Windows 7 operating system) with the use of the 
i-Dixel software Ver. 2.0 (J. Morita MFG. Co.). 

Statistical analysis

Statistical analysis was performed by SPSS version 
21.0 (Statistical Package for Social Science Inc., Chica-
go, IL, USA). Data set was analysed using descriptive 
statistics and Pearson χ2 test. The reliability of data 
were analysed using the kappa test. P values less than 
0.05 was considered to be significant. The kappa 
coefficient was interpreted as being poor (0), slight 
(0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60), 
substantial (0.61–0.80), and almost perfect (0.81–1.0), 
according to Landis and Koch [13].
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RESULTS
With a total of 256 individuals, 48% (n = 122) 

were males and 52% (n = 134) were females. The 
mean age of the patients was 32.3 years, ranging 
from 16 to 80 years. Of the 444 mandibular second 
molars included, the most frequent canal morpholo-
gy in the mesial roots was Vertucci type IV (2 canals, 
2 foramina; 40.3%), followed by type II (2 canals, 
1 foramen; 27.5%). The distal roots were predominantly 
type I (1 canal, 1 foramen; 92.9%), followed by types III 
(3.5 %) and II (2.5%). 

Of the 444 mandibular second molars assessed 
in CBCT images, 47 (10.6%) teeth had C-shaped root 
canal morphology and they were all single rooted 
mandibular second molars. This frequency did not 

show statistically difference between males and fe-
males (p = 0.768, p > 0.05). The bilateral occurrence 
of C-shaped canals in mandibular second molars was 
88%. The most of canal orifices (72%) demonstrated 
C1 canal configuration, followed by C2 type (19%), 
and C3 type orifice (9%). 

DISCUSSION
In this study, the root canal configurations of 

mandibular second molars were assessed with CBCT. 
In simple cases, when root canal examination is pos-
sible from intraoral periapical radiographs or clinical 
procedures, the use of CBCT is not necessary. When 
abnormal findings are observed on intraoral periapical 
images and/or clinical setting, it may be impossible 

Figure 2. C-shaped root canal configurations according to Fan et al. [4]. C1 — uninterrupted C-shaped canal; C2 — semi-colon shaped canal; 
C3 — two or three separate canals; C4 — only one round or oval canal; C5 — no observable canal lumen.

Figure 3. Examples of C-shaped canals.

Figure 1. The root canal configurations according to Vertucci [26].
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to evaluate the root canal system effectively. In these 
situations, CBCT imaging is needed for further di-
agnosis regarding as low as reasonably achievable 
principle [29].

The results of this research indicated that mesi-
al roots had a high frequency of Vertucci’s type IV 
(40.3%), whilst the majority of distal roots revealed 
type I (92.9%) morphology similar to the results of 
previous studies [6, 10, 29]. Gulabivala et al. [6] re-
ported this trend as a Mongoloid trait. These findings 
differ from the results of type II dominance in the 
mesial roots in studies of mixed populations [26, 
27]. Clinicians should pay attention for the type IV 
morphology (2 canals, 2 foramina) of the mesial roots 
regarding the possibility of missing 1 canal [10].

Knowledge of the morphological features of 
C-shaped canals such as deep grooves that are lo-
cated buccally or lingually is important. These grooves 
might lead to strip perforations during biomechanical 
preparation [7]. Moreover, presence of transverse 
anastomoses, lateral canals and apical deltas com-
plicate the cleaning and sealing the C-shaped canal 
system in these teeth [2]. 

The frequency of C-shaped canal morphology 
in the Turkish population is lower than some other 

Table 1. C-shaped canal studies in the literature

Author Year Population Method Number of teeth Frequency (%)

Weine et al. [27] 1988 Mixed (American) X-ray 75 2.7

Yang et al. [28] 1988 Chinese Clearing 581 13.3

Lambrianidis et al. [12] 2001 Greek X-ray 480 4.6

Gulabivala et al. [6] 2002 Thai Clearing 60 10

Seo and Park [22] 2004 Korean Sectioning 96 31.3

Seo and Park [22] 2004 Korean X-ray 272 32

Cimilli et al. [2] 2005 Turkish CT 491 8.1

Jin et al. [8] 2006 Korean CT 220 44.5

Rahimi et al. [20] 2008 Iranian Clearing 139 7.2

Zheng et al. [30] 2011 Chinese CBCT 528 38.6

Zhang et al. [29] 2011 Chinese CBCT 157 29

Helcacioglu-Yigit and Sinanoglu [7] 2013 Turkish CBCT 271 8.9

Silva et al. [25] 2013 Brazilian CBCT 226 3.5

Ladeira et al. [11] 2014 Brazilian CBCT 406 15.3

Kim et al. [10] 2016 Korean CBCT 1920 40

Martins et al. [15] 2016 Portuguese CBCT 1088 8.5

Shemesh et al. [23] 2016 Israeli CBCT 1465 4.6

Pawar et al. [19] 2017 Indian CBCT 983 13.12

Present study 2018 Turkish CBCT 444 10.6

CBCT — cone beam computed tomography; CT — computed tomography

populations [7]. As mentioned before, the frequen-
cy of C-shaped canals may reach 44.5% in Asian 
populations [8]. In the Middle East, frequency of 
7.2% and 10.6% for Iranian [20] and Saudi Arabian 
[1] populations was reported. According to the re-
sults of this study, the frequency of C-shaped canal 
configuration was 10.6%, which is in accordance 
with the findings of the studies conducted in the 
Middle East populations. Other frequency findings of 
several researchers in the literature are given in the 
Table 1. These differences may be result of the lack 
of homogeneity between studies, mainly regarding 
the defining criteria of ‘C-shape’, discrepancy of the 
sample size and methodologies (radiographs, tooth 
sections, clearing, CBCT, CT, and micro-CT) [15, 30].

Several methods were reported in the literature 
which investigating the root canal morphology. One 
of those, micro-CT which is an imaging technique 
used for in vitro studies, cannot be used clinically yet. 
Fan et al. [4] examined the morphological characteris-
tics of C-shaped canals with micro-CT. They observed 
that when a C-shaped canal orifice was observed in 
the pulp chamber, it may change along the length of 
the root. As a limitation of this study, examination of 
C-shaped morphology was done only at canal orifice 
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level. Most of canal orifices (72%) demonstrated C1 
canal configuration in our study. C1 and C2 config-
urations are much more difficult to shape and clean 
than the C3 and C4 [30]. 

Zheng et al. [30] evaluated the mandibular second 
molars at four root levels including canal orifice, cor-
onal, middle and apical third of the root. The results 
revealed that only 12 (5.5%) teeth did not change 
canal configuration from the orifice to the apical 
space. The frequency of C1 and C2 morphologies 
decreased from the orifice to the apical region, whilst 
that of C3 and C4 increased. 

In this study, no statistical relationship was found 
between gender and the frequency of C-shaped canals. 
This result in accordance with Zheng et al. [30], Pawar 
et al. [19] but in contrast with Martins et al. [15]. These 
differences may be due to the disparities in the ethnic 
backgrounds of participants and sample size [10]. 

According to the results of the current study, 
C-shaped root canal morphology tends to have 
a bilateral appearance. Majority (88%) of the C-shaped 
canals were both seen in right and left arch similar to 
the results of the studies conducted by Kim et al. [10] 
in Koreans and Zheng et al. [30] in Chinese population. 
Therefore, clinicians should consider possible symme-
try of the C-shaped canal morphology when treating 
two homologous molars in the same patient [10, 23]. 

CONCLUSIONS
As a conclusion, the most frequent root canal con-

figuration in mandibular second molars was charac-
terised by 2 canals, 2 foramina in the mesial roots and 
1 canal, 1 foramen in the distal roots. C-shaped canal 
can be seen unilateral or bilateral and the frequency 
of C-shaped canals showed no difference between 
genders. C-shaped canal morphology is not rare in 
Turkish population and clinician should be aware of 
this morphology during the treatment procedures. 
CBCT imaging is the best method to provide 3D nature 
of the root canal morphology if abnormal findings 
are observed on intraoral radiographs.
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