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ABSTRACT

Introduction

Aim - The aim of this study was to identify morphological peculiarities of roots and analyze the root canal
configuration in mandibular first and second molars using cone-beam computed tomography (CBCT)
imaging in a Central Indian population.

Method - A total of 200 mandibular first and 200 mandibular second molars were examined by CBCT
imaging. Only molars with healthy and fully matured apices were included in this study. Details regarding
the number of roots, number of canals, and root canal configuration were recorded in Microsoft Excel
2013 and subjected to statistical analysis using IBM Statistical Package for the Social Sciences (SPSS)
software. Fisher’s exact test was used, and P-values less than 0.05 were considered significant.

Result - Among the mandibular first molars, 30% had 3 canals, 56% had 4 canals, and 14% had 5 canals.
Middle mesial canals were present in 12% of mandibular first molars, while radix entomolaris was seen in
8%. 14% of mandibular second molars had 1 canal, 6% had 2 canals, 62% had 3 canals, and 18% had 4
canals. C-shaped anatomy was seen in 18% of mandibular second molars.

Conclusion - CBCT is a useful tool in assessing root canal morphology. Preoperative information on the
root canal anatomy can help reduce the chances of missed canals and provide a better outcome for the
patient.

treatment.””  Mandibular molars are most

The goal of an endodontic treatment is common tooth to undergo endodontic
to clean the canal and fill it with an inert treatment.)  Anatomical variations like
material to eliminate any chances of re- additional distolingual roots have been reported
infection. Failure to meet the standard for mandibular first and second molars.[*
principles results in failure of the treatment. ™! Mandibular molars have also shown the
Failure in locating and treating the root canal is presence of C-shaped root canal anatomy.™
one the major reasons for failure of endodontic The occurrence of C-shaped anatomy in
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mandibular second molar has been discussed
thoroughly in literature.’® There are several
methods to study the root canal configuration
such as conventional dye injection method or
by the use of 2-dimensional radiography. !
However, dye injection method require
extensive preparation of the sample and is time
consuming in nature. Conventional radiography
presents a 2D image of 3D object and thus is
susceptible to errors. Cone Beam Computerized
Tomography (CBCT) has found to be a useful

tool in  assessing the root canal

310 several studies have used

morphology.
CBCT to assess the root canal anatomy of the
regional population for better understanding to
minimize any endodontic failures.***? CBCT
has proved to be superior to periapical
radiographs  for endodontic  purposes**!
Literature search showed that there have no
studies utilizing CBCT to study the canal
anatomy of mandibular molars in central Indian

population. Hence, the purpose of this study

was to investigate the mandibular molar root
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canal morphology of Central Indian population
using cone-beam computerised tomography.
Materials and Methods

The research protocol underwent rigorous
scrutiny and received approval from the
institutional  ethical committee, ensuring
compliance with the principles outlined in the
Helsinki Declaration (Approval no. IEC/2019-
23). The study cohort comprised individuals
from the Indian population necessitating Cone
Beam Computed Tomography (CBCT) for
dental diagnostic purposes during the period
spanning from June 2020 to January 2021.

The enrolment criteria dictated the inclusion of
CBCT scans encompassing both mandibular
first and second molars, with distinction made
between full mouth and limited field of view
scans. Only mandibular molars that had fully
emerged and exhibited complete apical root
development were considered for inclusion,
while those displaying open apices, canal
calcifications, or image artifacts were

systematically excluded from analysis. A total



of 200 mandibular first and 200 mandibular
second molars were finally included in the
study.

All CBCT scans were acquired utilizing the
Kodak Carestream CS 9300 3D system,
characterized by a voxel size of 90
micrometers, with exposure settings configured
at 120 kilovolts peak (kVp) and 15 milliampere
(mA). Subsequent visualization and analysis of
axial, coronal, and sagittal sections were
performed using Carestream Dental Imaging
3D software, with images rendered on a liquid
crystal display (LCD) monitor boasting a
resolution of 1920x1080 pixels (Dell, USA).
Two endodontists were tasked with CBCT
interpretation, ensuring reliability through the
presentation of duplicate images to assess intra-
observer agreement. The Cohen's Kappa
coefficient, calculated at 0.83, denoted a
substantial level of concordance between the
observers, validating the consistency of their
assessments.

Data compilation and analysis were conducted
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using Microsoft Excel 2013 and IBM SPSS
Statistics 23, respectively. Fisher’s exact test
was employed for statistical analysis, with
significance set at P-values less than 0.05,
indicative of noteworthy disparities within the
dataset.

Results

Table 1 delineates the sample distribution
based on the number of canals in mandibular
first and second molars. Notably, while the
majority of both molars exhibit three canals,
there are notable differences between them.
Mandibular first molars showcase a higher
prevalence of four canals, particularly evident
in the distal roots, whereas mandibular second
molars predominantly feature three canals, with
a significant portion exhibiting two canals in
the distal roots. Table 2 provides insights into
the percentage of canals in mesial and distal
roots of mandibular molars. The mesial roots of
both molars predominantly exhibit two canals,
with a minority displaying single canals.

Conversely, the distal roots primarily house



single canals, particularly in mandibular first
molars, with a notable percentage of two canals
in the distal roots of mandibular second molars.
Further categorization based on Vertucci's
classification, as showcased in Table 3,
elucidates the specific canal configurations
within each root. In mandibular first molars,
the mesial roots predominantly manifest Type
IV configuration, characterized by two separate
canals joining at the apex. The distal roots of
both molars predominantly exhibit Type |
configuration, characterized by a single,

straight canal.

Discussion

CBCT can provide accurate information
regarding the root canal morphology of the
tooth."*? One of the possible limitation of
CBCT includes an increased radiation exposure
to the patient. CBCT should only be used when
the need for imaging cannot be satisfactorily
[14]

fulfilled by two-dimensional radiography.

Anatomical variations in number of root and
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root canals have been reported in literature for
mandibular first molar. Fabra & Campos
reported the presence of three mesial canals.[*®
Several studies have reported the presence of
additional lingual root.***" The high frequency
of 2 roots (92%) in mandibular first molar goes
in synchrony with the other studies of the Asian
population.*?) Higher variation was found in
number of roots for mandibular second molar
with single root in 20% population and two
roots in remaining 80% of the population.
Incidence of three rooted mandibular molar
was found to be 4.2% in Caucasians, 5% in
Eurasians 3% in Africans, and more than 5%
(up to 40%) in Mongolian population by De
Moor.™® We found 8% of mandibular first
molars to show the presence of radix
entomolaris. However, we could not see the
presence of radix paramolaris in our study. SS
Chandra et al found an incidence of 18.6% of
additional roots in mandibular first molars of
south Indian population.!**!

The incidence of middle mesial canals in our
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study was 12%. Tahmasbi et al reported an found that the incidence of negotiable middle
incidence of 16.4% middle mesial canals in mesials canals is higher in younger

their CBCT study on 122 teeth.”” A study

Table 1 showing the distribution of samples according to the number of canals

Tooth Number Mandibular 1% molar Mandibular 2" molar
Sample size 200 200

No. of tooth with 1|0 28 (14%)
canal

No. of tooth with 2|0 12 (6%)
canals

No. of tooth with 3 | 60 (30%) 124 (62%)
canals

No. of tooth with 4 | 112 (56%) 36 (18%)
canals

No. of tooth with 5|28 (14%) 0

canals

Middle Mesials 24 (12%) 0
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Radix 16 (8%)

C shape 0

36 (18%)

Table 2 showing the percentage of canals in each root of mandibular molars

Number of Canals (%)

1 2 3
Mesial root | 0 86 14
Mandibular 1% molar
Distal root Mandibular | 30 70 0
1% molar
Mesial root | 12 88 0
Mandibular 2™ molar
Distal root Mandibular | 64 36 0
2" molar
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Table 3 showing canal distribution in different

classification.

roots
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of mandibular molars as per Vertucci’s

Vertucci Type |l | Type | Type Type Type | Type Type Type
Type I "I v Vv VI VII VI
Mesial root | - 17% - 60% - 11% - 12%
of

Mandibular

First Molar

Distal root | 30% 27% - 43% - - - -
of

mandibular

first molar

Mesial root | 14% 17% - 69% - - - -
of

Mandibular

Second

Molar

Distal root | 64% 15% - 16% - 5% - -
of

mandibular

second

molar

individuals.’] A study conducted among the

north Indian population found that with
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increase in patient age, the chances of locating

the middle mesial canal decreases.?



C-shape canals in mandibular second molars

can be challenging for the clinician and
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Figure 1A showing Fan’s C3 classification, Fig.1B &1C Fan’s C2 classification. Fig.1D showing

Fan’s C4 classification. Fig.1E showing missed mesiolingual canal, Fig.1F showing middle mesial

canal in lower first molar.

requires different protocols for management.
Cooke et al were the first to describe C-shape
canal configuration./”®! Asian populations have

a higher incidence of C-shaped root canals than
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other ethnic group.?” Fan et al performed a

study to correlate the C-shape anatomical
configuration with the radiographic appearance

of the tooth.!”® We found an incidence of 18%



of C-shape root canal anatomy in mandibular
second molars. Zhang-R et al reported an
incidence of 29% C-shape anatomy in Chinese
population using CBCT.[* Zuben et al, in the
worldwide research for C-shape incidence,
reported an incidence of 12.3% C-shaped
canals in Indian population.”® Martins et al
reported 0.6% C-shape mandibular first molars
and 8.5% C-shape mandibular second molars in
Portuguese Caucasians.?”!

The Vertucci classification given in 1974 for
root canal configuration is still widely used
which classifies the canal into 8 different
types.”! In our study,for the mesial root of the
mandibular first molar, the most common
(72%) Vertucci configuration was Type IV.
Only 17% of mesial roots of mandibular first
molar showed Vertucci Type Il configuration
while Vertucci Type VI was seen in only 11%
cases. The findings of mesial root of
mandibular first molar is in accordance with
findings of Chourasia et al who used dye

penetration method.’”? 30% of distal root of
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mandibular first molar showed Type | Vertucci
configuration while 27% showed Type Il
configuration, Type IV configuration was seen
in 43%.

For the mesial root of mandibular second
molar, 69% sample showed Vertucci Type IV
configuration, 12% showed Vertucci Type I,
17% had Vertucci Type Il configuration. High
incidence of Type IV configuration of mesial
root is in accordance with the study on Indian
population by Neelkanthan et al who utilized
clearing technique on 345 extracted mandibular
second molars.! For the distal root, 64% had
Type 1, 15% had Vertucci Type Il, 11% had
Type IV and Type VI was seen in 5% of the
samples (Table 3).

One of the limitations of this study is the cross-
sectional design, which provides a snapshot of
root canal anatomy in the Central Indian
population at a specific point in time. However,
root canal morphology can vary among
individuals and may change over time due to

factors such as age, dental pathology, and



treatment history. A longitudinal study tracking

changes in root canal anatomy over time would

provide a more comprehensive understanding
of the variations in the population.

Conclusion

CBCT is a useful tool in assessment of root
canal morphology. The Indian subpopulation
showed a higher percentage of second distal
canal in the mandibular first molar.
Preoperative information of the root canal
anatomy can help reduce the chances of missed
canals and thus provide a better outcome for

the patient.
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