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ABSTRACT 

Objective: To analyse the C-shaped canal configuration in the mandibular second molar in a Pakistani subpopulation using 
cone beam computed tomography (CBCT). 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Radiology, Dow University of Health Sciences, Karachi Pakistan, from Feb to Jul 
2020. 
Methodology: Cone-beam computed tomography (CBCT) scans of the mandibular second molar that were taken for some 
other purpose were included in the study. One hundred fifty mandibular second molar teeth were assessed for C-shaped 
canal morphology. The c-shaped canal was then further examined at three different levels classifying according to Fan criteria, 
a modification of Melton's classification. Differences between gender left and right sides, unilateral and bilateral, were 
determined. 
Results: Out of 150 mandibular second molars, a C-shaped canal was found in 13(8.7%) of the teeth examined, in which 
9(69.2%) were in females, and 4(30.8%) were in males. Bilateral distribution was found to be 11(92.3%). 
Conclusion: A high frequency of C-shaped canal in the mandibular second molars was observed in the present study. 
Therefore the variations in the morphology of the root canal system of the mandibular second molars should be considered 
when performing root canal treatment. 

Keywords: Cone beam computed tomography (CBCT), C-shaped root canal morphology, Karachi pakistan subpopulation, 
Mandibular second molar. 
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INTRODUCTION 

C-shaped canal system was observed in multiple 
teeth, such as mandibular premolars and mandibular 
third molars. It was also found in maxillary first 
molars.1 However, its highest incidence was associated 
with mandibular second molars.2,3 This distinctive ana-
tomy has great significance as it is extremely difficult 
to manage such variation when it comes to cleaning 
and shaping procedures. The debridement of teeth 
with C-shaped canal morphology is the biggest chall-
enge for a clinician because of its complexity and varia-
tion throughout the root length.4 Higher prevalence 
was found to be in the Asian population when it was 
compared with other regions of the world. The ethnic 
influence was observed on the prevalence of C-type 
canal configurations, as reported by a few authors.5 

Cone beam computed tomography (CBCT) is a 
very useful diagnostic aid. It is particularly for imaging 
the facial region, indicating a shift from a two-
dimensional (2D) image to a three-dimensional (3D) 

image. It has been widely used in endodontics in 
recent years.6,7 It is a non-invasive technique, and it 
permits the reconstruction of images. It reconstructs 
images in all three planes, namely, axial, coronal and 
sagittal. Three-dimensional radiographic techniques 
are more accurate and reliable in assessing root canal 
morphology.8,9 It eliminates the superimposition prob-
lem, a major drawback encountered in two-dimensio-
nal radiographic images. 

Limited scientific literature was available for C-
shaped canal morphology using CBCT of mandibular 
second molar teeth in Karachi. Few kinds of literature 
are presently related to the previous diagnostic techni-
ques, i.e. two-dimensional radiography, use of stereo-
microscope, staining etc. Therefore, the rationale of the 
current research was to illustrate the C-shaped root 
canal morphology of the mandibular second molar in 
the subpopulation of Karachi, Pakistan using CBCT. 

METHODOLOGY 

The cross-sectional study was conducted at the 
Department of Radiology, Dow University of Health 
Sciences, Karachi Pakistan, from February to July 2020, 
after obtaining ethical approval from Institutional 
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Review Board (IRB-1139/DUHS/Approval/2018/188). 
The sample size was calculated using PASS version 11, 
taking the prevalence of 1.2% C-shaped root canal 
configuration using CBCT as reference.10 

Inclusion Criteria: Patients who got their CBCT scans 
done for diagnostic purposes, mainly for surgical proc-
edures such as implant placement or to determine the 
location of the impacted third molar having a sound 
mandibular second molar, were included in the study. 

Exclusion Criteria: Unclear canal morphology of the 
lower second molar due to pathologic lesion was excl-
uded from the study. 

The CBCT scans were collected and observed in 
the Department of Radiology of three Dental Institutes 
of Dow University of Health Sciences (DUHS), namely, 
Dr Ishrat ul Ebad Khan Institute of Oral Health 
Sciences, Dow Dental College and Dow International 
Dental College. The selected CBCT scans were imaged 
by a CBCT device (Care Stream 9300) with exposure 
parameters of 90kV and 4mA. The 10×10 cm field of 
view (FOV), a voxel size 1mm with the duration of 
exposure of 08 seconds. The volumetric data set was 
converted into study images via CS 3D imaging soft-
ware; each sample image was viewed on all three 
planes, i.e. sagittal, coronal and axial. 

All mandibular second molar teeth were observed 
to assess the number of roots and root canals and the 
presence of a C-shaped root canal configuration. Teeth 
that showed a C-type canal system were further obser-
ved at three levels on an axial plane. The three levels 
were coronal, middle and apical. The coronal level was 
2mm below the root canal orifice. The middle level was 
the mid-distance from the canal orifice, and the anato-
mic apex and apical were taken 2mm above the 
anatomic apex. 

At three levels, the canal shape was classified 
according to Melton's classification, which was initially 
proposed by Fan et al.11 C1: Continuous uninterrupted 
“C” with no separation, C2: Semicolon. However, 
either the α or the β angle should be not <60°, C3: 2 or 
3 separate canals with both angles α and β<60°, C4: 1 
round / oval canal, C5: No canal lumen (Figure-1). 

The data was collected by observing mandibular 
second molar teeth in sagittal, coronal and axial planes. 
Several roots and a number of canals were counted. 
Mandibular second molar teeth with fused roots or 
single roots were checked for the presence or absence 
of a C-shaped canal system. Mandibular second molar 
teeth with a C-shaped canal system were further 
studied at three levels of an axial plane that were 

coronal, middle & apical. Canal shapes at these levels 
were observed and classified according to Fan criteria. 
 

 
Figure-1: Fan et al. Anatomic Classification of C-shaped Canal 

Configuration 
 

Data was analysed using Statistical Package for 
the Social Sciences (SPSS) version 23.00 and MS Excel 
2016 software. Frequency and percentages were calcu-
lated for categorical variables. The Chi-square test was 
used to observe the presence of a C-shaped canal in 
accordance with gender. The p-value ≤0.05 was 
considered significant. 
RESULTS 

Out of 150 teeth, a C-shaped root canal configu-
ration was found in 13(8.7%). 9(69.2%) were in females, 
and 4(30.8%) were in males. No significant difference 
was found in the distribution of the C-shaped canal 
with respect to gender (p=0.079) (Table). Bilateral distr-
ibution in the same arch was observed in 11(92.3%) 
teeth. Most teeth were classified as C1 at the coronal 
level, whereas C2 at the middle and apical level, as 
shown in Figure-2. 

 

Table: Analysis of Root Canals and C-shaped Canal type in 
Mandibular 2nd Molar with respect to Gender (n=150) 

Number and 
canal type 

Male Female Total 
p-

value 

C-shaped 4(2.7%) 9(6.0%) 13(8.7%) 0.079 

1 4(2.7%) 0(0%) 4(2.7%) 

0.105 
2 0(0%) 1(0.7%) 1(0.7%) 

3 56(37.3%) 47(31.3%) 103(68.7%) 

4 17(11.3%) 12(8.0%) 29(19.3%) 

 

 
Figure-2: C-shaped Canal Classified according to Fan et al. at 
three Different Root Levels  
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DISCUSSION 

A detailed knowledge of the anatomy of a root 
canal is very important for a dentist to understand the 
complexity and variations in the root canal systems. C-
shaped root canal morphology is mostly observed in 
mandibular second molar teeth.12 

In relation to shape, the entire length of the C-
shaped root canal system exhibits changes, as observed 
by Fan et al.11 The morphology seen at the orifice level 
may differ at the mid-root or apical level. Different 
techniques were used for this purpose, for instance, 
sectioning the root of an extracted root at different 
levels and injection of a dye after cleaning the canal 
space. In this study, it was viewed under CBCT, which 
is an effective and non-invasive technique. It provides 
volumetric data that can be viewed in different planes 
and levels. Therefore, in this study, the root canal was 
evaluated in an axial plane at three different root levels 
that were coronal, mid-level and apical level using 
CBCT on non-extracted teeth. 

It is observed from the literature that the presence 
of a C-shaped canal configuration is an ethnic varia-
tion.13-15 Its prevalence ranges from 2.7% to 8.1% in 
Americans,16 and up to 44.5% among the Asian popu-
lation. It was found to be 9.1% in the Saudi Arabia 
study,17 13.2% in the Indian population,18 1% in the 
Lebanese study, 22.4% was found in the Burmese 
study,19 and 29% to 41% were found in the Chinese 
population. The highest was up to 48.7% among the 
Malaysian population.20 According to the present 
study, the prevalence of C type of canal system was 
8.7% in the sample of Karachi subpopulation. This 
result was similar to the findings of previous studies 
that were done around the globe.11 

Previous studies showed that the prevalence of C-
shaped canal was associated with ethnicity. The lack of 
evaluation of the occurrence and variations of C-type 
canal morphology in other regions of Karachi, Pakis-
tan, is one of the limitations of this study. This data 
indicates that it is essential for an endodontist to 
consider the likelihood of C type canal system on the 
contralateral mandibular second molar, also if it is 
found on one side. 

C-shaped canal has multiple variations along the 
entire length of the root.13 The canal shape at the orifice 
level may not remain the same at the mid-root level 
and may vary at the apical level. The cleaning of such 
variations at different levels is challenging for an 
endodontist. In this study, the C1 type was the most 
frequent in the coronal third, similar to the previous 

study,10 whereas type C2 was mostly observed at the 
mid-level and apical levels. Therefore, the analysis of 
C-type canal systems at different root levels helps the 
clinician pre-plan the procedure accordingly. 

The discrepancies and variations in these results 
could be due to differences in the sample size and 
subjects. More data, including different ethnic groups 
and a larger sample size, may explain these variations 
better. 

CONCLUSION 

A reflective knowledge of intricate root canal anatomy 
leads to a successful endodontic treatment. According to the 
present study, a higher prevalence of C-type root canal 
configuration was observed in the Pakistani subpopulations. 
Variations in the entire length of the root of the C-type canal 
and its bilateral distribution should be considered while 

performing root canal treatment. 
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