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ABSTRACT
Introduction: Detailed diagnosis, treatment planning and successful endodontic treatment require in-depth understanding of 

the root canal anatomy and its distinguishing features in various ethnic groups.

Objective: The aim of this study was to study the C-shaped canal morphology of mandibular second molars in Nepalese 

population by using clinical and radiographic analysis. 

Methods: This descriptive cross-sectional study will be designed and implemented using records from dental records from 

January 2017 to January 2021. Out of 4680 cases, 1800 cases were evaluated as sample based upon inclusion and exclusion 

criteria. The prevalence of C-shaped root canals according to age, sex, and quadrant were calculated. The morphology of 

C-shaped root canals were assessed on the basis of radiographic appearance and clinical examination record. Descriptive 

statistics were presented as numbers and percentage. Chi-square test was used to check any association between variables. 

Level of significance was kept at 0.05. 

Results: The prevalence of C-shaped canals was 0.105%(n=162) in second mandibular molar with highest prevalence was in 

young adult age group (18-25) and slightly higher in male cases than female. Unilateral cases (93.83%) of C-shaped was more 

prevalent than bilateral (6.17%).  Group of age and site(unilateral/bilateral) variables were significantly associated with the 

prevalence of c-shaped canals. 

Conclusions: Knowing the anatomical variation and prevalence of population we are treating is utmost important for favorable 

outcome. In comparison to the prevalence of other Asian countries like China, Korea the prevalence of C-shaped canal was 

comparatively less.
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INTRODUCTION

Study of atypical root canal anatomy such as 
C-shaped might play a roadmap for successful root 
canal treatment.1 C-shaped canal configuration 
was first coined by Cooke and Cox in 1979.2 The 
variation of C-shaped root canal system appears to be 
genetically determined, and it has some relationship 
with ethnic origin.3 Manning et al has described the 
root canal anatomy of mandibular second molars,  in 
which he stated that C-shaped root canals were first 

documented in 1908 and 1911, in the skeletal remains 
of the Neanderthal race, which were predecessors of 
the Mongoloid race that includes Asian populations.3 

Though most commonly found in mandibular second 
molars,4-11 the C-shaped canal configuration may 
also occur in mandibular premolars,12-16 maxillary 
molars,17,18 and mandibular third molars.19,20

The Nepalese population is generally considered to  
be a hybrid of several ethnic groups with 
characteristics of Caucasian, Mongoloid, and 
Negroid races, which is generally referred to as the 
Dravidian group.21 

Although literature shows studies on root canal 
morphology of molars and premolars in different 
Asian population, there is scarcity of data on 
Nepalese population.
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Hence, the aim of this study was to evaluate the 
prevalence of C-shaped canal morphology of 
mandibular second molars in Nepalese population 
by using clinical and radiographic analysis. The 
result of this study will provide a reliable guidance 
for endodontic treatment and enhancing its success 
rate of mandibular second molar.

METHODS

This cross-sectional retrospective study was 
approved by the Institutional Review Committee 
(IRC) of Universal College of Medical Sciences, 
Bhairahawa, Nepal (UCMS/IRC/158/21). The 
study was designed and implemented using dental 
records from record section of the Department 
of Endodontics, Universal College of Medical 
Sciences, Bhairahawa, Nepal for the duration of 
January 2017 to January 2021.Only the full record of 
the patients who were evaluated by radiographic and 
clinical examination, respectively and data entered 
appropriately were taken as sample. Identity of all 
the patients in sample were strictly kept confidential.

The patients within the age group of 18-60 years 
were included in sample size with the pulpal 
diagnosis of irreversible pulpitis and symptomatic 
or asymptomatic apical periodontitis of second 
molar. Whereas, the patients were excluded on the 
basis of: cases with open apices, root resorption 
or calcification, previous root canal treated teeth 
and improper radiographic images and incomplete 
clinical records.

The sample size was calculated by, 

Sample size (n) = z2 × p (1-p) / e2 
  = 2.6 2 × 0.05 (1-0.05) / 0.022  
  = 4225

where, 

Z= 2.6 at 99% Confidence Interval 

p= 50% assumed prevalence of C- shaped canal 

q= 0.5 (1-p) 

e= 0.02 at 2% margin of error

The prevalence of C-shaped root canals according 
to age, sex, and quadrant were calculated. The 
morphology of C-shaped root canals was assessed 
on the basis of radiographic appearance and clinical 
examination record. To evaluate the radiograph, two 
endodontists independently evaluated the images 
twice, with a week interval between the assessments. 
If there were disagreements between them, a 
radiologist with endodontic experience was asked to 
perform a third evaluation and then reached a final 
consensus. All the evaluators were calibrated by 
analyzing 20 random cases of mandibular premolars 
based on the same criteria and variants. The clinical 
evaluation was done based on architecture of 
floor of access cavity by using magnifying loupes 
(Zumax Medical Co, Ltd, China). The radiographic 
assessment was done at three different angulations; 
perpendicular, mesial and distal angulations.

Descriptive statistics were presented as numbers and 
percentage. Chi-square test was used to check any 
association between variables. Level of significance 
was kept at 0.05.

RESULTS

Out of 4680 cases evaluated for root canal treatment 
only 1800 cases were included in the study after 
taking into consideration of inclusion and exclusion 
criteria. The prevalence of C-shaped canals was 
0.105% (n=162) in second mandibular molar. 
Among which highest prevalence was in young adult 
age group (18-25) as shown in (Table 1) and slightly 
higher in male cases than female as shown in (Table 
2). Unilateral cases (93.83%) of C-shaped was more 
prevalent than bilateral (6.17%) as shown in (Table 
3). Table 4 suggested prevalence of C-shaped canal 
is significantly associated with age group and site 
whereas gender type was not associated.
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DISCUSSION

Recognition of variations in root canal anatomy is 
an essential prerequisite for successful endodontic 
diagnosis and treatment. The complexities of 
internal anatomy are often masked by the external 
surfaces, which have a relatively simple and 
uniform anatomy. C-shaped canal is a single ribbon-

shaped orifice with a 180° arc (or more), which, in 
mandibular molars, starts at the mesiolingual line 
angle and sweeps around the buccal to the end at the 
distal aspect of the pulp chamber.22 Below the orifice 
level, the root structure can harbor a wide range of 
anatomic variations. These can be classified into two 
basic groups: (1) those with a single, ribbon-like, 
C-shaped canal from orifice to apex and (2) those 

Table 1: Prevalence of C-shaped canal in different age groups.

Age Group                               Cases      Percentage
18-25 62 38.27%
25-44 58 35.80%
44-60 42 25.93%
Total 162 100%

 Table2: Prevalence of C-shaped canal gender wise.

Gender           Cases    Percentage
Male 84 51.85%

Female 78 48.15%
Total 162 100%

 Table 3: Prevalence of C-shaped canals site wise.

Side Cases Percentage
Right 86 53.09%
Left 66 40.74%
Both 10 6.17%
Total 162 100

Table 4: Association of variables with C-shaped cases

Variables Categories C- Shaped Count            p-value
         Absent Present

Gender
Male 857 84(51.85%)

0.9
Female 781 78(48.15%)

Age Group
18-25 589 62 (38.27%)

<0.0525-44 813 58 (35.80%)
44-60 236 42 (25.93%)

Site
Unilateral 1402 152(93.83%)

0.003
Bilateral 236 10(6.17%)

Chi-square test at 0.05 level of significant
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with three or more distinct canals below the C-shaped 
orifice.22 C-shaped canals with a single belt of canal 
are generally fortunate finding.22 The configuration 
presents with variations in both the number and 
location of the canal(s), as the canal(s) courses from 
the coronal to the apical third.23 The complexity of 
this canal configuration such as  presence of a fin 
or web connecting the individual root canals proves 
to be a challenge with respect to debridement and 
obturation and possibly the prognosis during root 
canal therapy.23,24 Hence, recognition of a C-shaped 
canal configuration before treatment can facilitate 
effective management, which will prevent irreparable 
damage that may put the tooth in severe jeopardy.

The C-shaped canal is more common in the Asian 
population specifically in Korean with its reported 
prevalence ranging from 31% to 44.5%.25, 26 But in 
the current study, the prevalence of C-shaped canals 
were observed only 0.105%. Differences between 
populations in the prevalence of C-shaped root canal 
systems emphasize the influence of ethnicity on the 
root canal anatomy of mandibular second molars.

C-shaped root canals were significantly less prevalent 
in the age group of 44-60 years than in the 25-44 
years age group, and patients in the over 51 age 
group were less likely to have C-shaped root canals 
than those in other age groups which was consistent 
with previous studies.27,28 It is our conjecture that 
as C-shaped canals are anatomically complex and 
more difficult for performing root canal treatment 
than other types of root canals, the incidence of 
extraction of teeth with C-shaped canals increases 
with age, resulting in a decreased prevalence with 
increasing age. 

In this study, frequency of C-shaped roots in the 
mandibular second molars were unaffected by gender, 
the result was similar to the other studies25,27 whereas 
few studies29,30 show women had a significantly 
higher prevalence of C-shaped roots than men. These 
discrepancies may reflect differences in sample size 
and participants’ ethnic background. 

In present study, unilateral (93.83%) presence of 
C- shaped canal was higher than bilateral (6.17%) 
which is in contrast to the study done by Sung Eun 
et al30 which showed higher bilateral prevalence. 
This discrepancy might be due to variable ethnic 
background and uniform large sample size. As 
our sampling frame is amalgamation of mixed 
community, culture and race.

Limitation of the study: Data were totally relied 
upon record book. The configuration type of 
C-shaped could not be assessed as it was retrospect. 
And moreover, the radiographic data were simple 
radiovisiography record and clinical assessment 
record was based upon loupes and naked eye. For 
more accurate and precise analysis cone beam 
computed tomography (CBCT) and Operating 
microscope would have been better tools. Indeed it 
would add extra cost and radiation exposure burden 
to the patients. 

In light of the present study results, clinicians should 
consider age, sex, and ethnicity when determining 
root canal morphology prior to root canal treatment. 
The results of this study furnish useful information 
for C-shaped canal anatomy for effective endodontic 
treatment, serving as a valuable diagnostic tool in 
endodontics.

CONCLUSIONS

Understanding the prevalence of morphologic 
variation of root canal system of the any locality 
is baseline requirement for any clinician for better 
presumptive visualization and successful treatment 
outcome. The present study will certainly instigate 
the clinician to study the prevalence of C- shaped 
canals in different regions of Nepal.
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