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ABSTRACT

Introduction: One of the key factors of a successful endodontic 
treatment depends on the detection of all root canals. To accomplish 
this, a thorough knowledge of root canals configuration is crucial. 
And invaluable information regarding the root canal systems is 
provided by Cone-beam computed tomography (CBCT). This 
research was aimed to analyse the number of roots and root 
canal variations in maxillary second molars in Western Indian 
population using CBCT.
Material and methods: We screened through 133 CBCT images 
of patients, who had previously got their CBCT done at the SLR 
Diagnostic imaging center, Ahmedabad, Gujarat. 217 CBCT 
image samples of maxillary second molars were observed. The 
number roots and root canals, with their canal configuration 
according to Vertucci’s classification were determined.
Result: 93.7% of maxillary second molars had three completely 
separate roots, rest 6.3% had two roots and 0.9% had one root 
with Vertucci’s type I. In case of the mesiobuccal root had one 
canal in 43.7% samples with Vertucci’s type I and two canals 
in 56.2 % samples with Vertucci’s type II (72.5%) and type IV 
(27.5%) whereas in case of palatal root and distobuccal root, they 
contained one root canal in all the samples with Vertucci’s type I 
configuration.
Conclusions: Maximum amount of variation is observed in 
mesiobuccal roots compared to that of the distobuccal and 
palatal roots of maxillary second molar teeth. CBCT is a highly 
potent and valuable tool in the detection of variations in root 
canal morphology for radiographic evaluation during root canal 
treatment.
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INTRODUCTION
The goal of an endodontic treatment is to achieve complete 
debridement, disinfection, and obturation of the root canal 
system1, in order to achieve these goals, an understanding of 
fundamental root canal anatomy is imperative for dentists 
to perform endodontic therapy. Clinicians should be aware 
of common root canal configurations and possible anatomic 
variations.2

Conventional intraoral periapical radiographs have been 
used to examine root canal morphology in vivo.3 However, 
these radiographs produce only 2-dimensional (2D) images 
of 3-dimensional (3D) objects, resulting in the distortion and 
superposition of structures.
Recently, cone-beam computed tomographic (CBCT) images 
have been found to be useful in providing accurate anatomic 
details in 3D for diagnosis and treatment planning before 
endodontic therapy.4-6 CBCT uses a cone-shaped X-ray beam 
that has been designed specifically for use in dentistry, instead 
of the fan shaped beam. The key advantages of using CBCT 

are that it is non-invasive and permits 3D reconstruction of 
the root.3 In addition, CBCT scans have lower radiation doses, 
short exposure time (10–15 seconds),is less expensive than 
conventional CT, and has higher accuracy and higher resolution 
than conventional spiral computed tomography scans, which 
give them an edge for clinical application.7 CT has been 
suggested as the preferential imaging modality in difficult 
situations demanding localization and description of root canal 
systems because of its ability to render 3D information.8-10

Maxillary molars have been investigated frequently because of 
their complex root anatomy and canal morphology.2,11–15 Based 
on the published results, it is generally accepted that most 
maxillary molars have 3 roots and 4 canals.2,11–15 Most studies 
reported incidences of a second canal (MB2) in the mesiobuccal 
(MB) root in over 50% of the cases.13-17

Root canal morphologies are different in various racial 
populations.18 A literature search reveals that very few studies 
have been done for mandibular molars in Indian population and 
no studies have been done for maxillary second molars using 
CBCT
The aim of the current research was to analyse prevalence of 
number of roots and root canal variations in maxillary second 
molars in Western Indian population using CBCT scanning.

MATERIAL AND METHODS
A Thorough screening of 133 CBCT image samples of maxillary 
second molars was conducted at the SRL Diagnostics imaging 
center, X-ray House, Ellis Bridge, Ahmedabad, Gujarat, in a 
span of four months. The images were of those patients, who 
had undergone their CBCT scanning for different diagnostic 
purposes, prior to our research, at the SRL Diagnostics imaging 
center. CBCT images of 217 maxillary second were identified 
in the database
CBCT scanning had being conducted with Kodak 9000 3-D 
CBCT machine, Kodak, United States. The image scanning was 
performed under the following parameters; with an exposure 
time of 15 seconds at 2-15 mA current 60 to 90 kV. A voxel size 
was 90-500 μm and a slice thickness was 300 μm. 
The analysis of the CBCT data was done using CS 3D software 
(Care stream Health, Inc.) on a 32 inch screen Dell LCD screen 
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of maxillary second molar are listed in Table-3.

DISCUSSION 
Having a thorough knowledge of the anatomical morphology 
and variations of the maxillary molars is of great significance 
for the success of their endodontic treatment. The pulp canal is 
complex system having canals which may many ramifications 
where the canal divides, branches off and rejoins back. Weine 
et al.2 categorized the root canal system into four basic types. 
Others found a much more complex canal system; Vertucci 
identified eight canal space configurations.1

Different methodologies have being used to examine the root 
and root canal morphology using various methods such as canal 

having a resolution of 1280x1080.
None of the patients were exposed solely for the purpose of 
the study. All the records were collected from pre-existing 
database of SRL Diagnostics imaging center, X-ray House, Ellis 
Bridge, Ahmedabad and Gujarat. Our study got its approval by 
the Ethics Committee of the Ahmedabad Dental College and 
Hospital.
Examination was done in axial, sagittal and coronal sections. 
The contrast, brightness and magnifying functions of the 
software were used and adjusted whenever they were required. 
In case where confirmation was not reached, a second opinion 
of an oral radiologist was taken to come to a conclusion.
The analysis of all the maxillary molar images for their number 
of root, canals and apical foramina per root was carefully 
performed. To classify the root canal configuration, the reference 
of Vertucci’s1 classification was taken. 

RESULT
Out of the total 217 maxillary second molar images examined, 
three completely separate roots were observed in 201 (93.7%) 
samples (Figure 1). Whereas maxillary second molars having 
one root and one canal was found in 2 (0.9%) samples (Figure 
2), and having two roots with two canals was found in 14(6.4%) 
samples (Figure 3). The percentage wise distribution of roots of 
maxillary second molar is listed in Table-1.
In cases where three completely separate roots were present, the 
mesiobuccal roots of 43.7% (88) molars had one canal and the 
rest of them had a mesiobuccal second canal (MB2) (Figure 4) 
all of the distal and palatal roots had a single canal. Number of 
canals in maxillary second molar having three roots are listed in 
Table-2. The canal configurations in mesiobuccal second canals 

Figure-1: Single root in maxillary second 

Figure-2: Two roots in maxillary second molar

Figure-3: MB2 canal in mesial root of maxillary second molar Figure-4: Three roots in maxillary second molar

Number of roots
One Two Three
0.9% 6.4% 93.7%
Table-1: Percentage of the number of roots of maxillary 2nd molar

Type Frequency
Type 2 72.5% (82)
Type 4 27.5% (31)
Total 100% (113)
Table-3: The Canal Configuration in Mesiobuccal Second Canals 

of Maxillary Second Molar

Root Canals Number of canals
One Two

Palatal root 100% (201) 0%
Distobuccal root 100% (201) 0%
Mesiobuccal root 43.7% (88) 56.2%(113)
Table-2: Number of canals in maxillary second molar having three 

roots
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staining and clearing technique11,19,20 cross-sectioning technique, 
contrast medium-enhanced radiography23, radiographic 
examination21,22 and computed tomography scanning. 
However, canal staining and clearing technique and cross-
sectioning technique are invasive and result in irreversible 
damage. Even with the intraoral periapical radiographs, the 
drawback is that they are able to produce only two-dimensional 
images. Therefore, all these are not beneficial in the evaluation 
of complex root canal anatomies due to their natural limitations.
Compared to the cross-sectional and clearing methods CBCT 
is a non-invasive technique which can help in the evaluation of 
the patients directly. CBCT has been widely used for endodontic 
application in the past few years, as it imparts the operator with 
vital information in three dimensions, about the external and 
internal morphology of the root and root canal systems.
The slice thickness in CBCT ranges from 90–300 µm. The slice 
thickness used in our study was 300 µm. Furthermore, CBCT 
measurements are geometrically accurate, owing to the fact that 
the CBCT voxels (3D pixels containing data) are isotropic.24-26

In recent years, CBCT scans have become available for the 
private dental offices as a diagnostic and treatment planning 
technique. It is mainly used for the evaluation of intraoral 
pathoses, assessment of root canal morphology, root canal 
shape, assessing the dimensions of root resorptions, assessing 
the obturation quality and helping in the removal of root canal 
fillings, preoperative planning and analysis of internal and 
external root resorption. It was recently concluded in studies, 
that scanning through CBCT was an impeccable method for the 
detection of the second mesiobuccal canal in human maxillary 
molars27,28

In our study, we found that 56.2% of samples had four canals 
including MB2 and 43.7% of teeth had three canals. Which is in 
similar to E Silva et al’s study where the presence of 3 separate 
roots, namely mesiobuccal, palatal and distobuccal, all having1 
canal in each root was recorded in 45.09% of cases. But their 
incidence of MB2 is comparatively lesser, i.e. in 34.32% of the 
samples.
Zhang12 and Zheng13 obtained different results of MB2 in 
Chinese population using CBCT. Different results could be 
due to different CBCT systems used to evaluate the samples or 
different races and populations. They reported 52% and 50%, 
respectively, which were lower than the result of our study. 
Neelakantan et al3 reported the most common canal morphology 
in the mesiobuccal roots of three-rooted second molars was type 
I 62% and MB2 canal configuration in 44.1%; which had type 
II canal configuration 13% and type IV 50%. The palatal roots 
of three-rooted maxillary second molars showed type I canal 
87.8% which is lower than our results which showed 100% type 
I canal configuration in three rooted palatal canals. However the 
findings our study are in agreement with Kim et al18, Farhad et 
al27, E Silva et al.29

In cases in which an unexpected complex anatomy is visualized 
after access or when canals are not found, intraoperative CBCT 
imaging is always an excellent choice (Ball et al. 2013) One 
of the prime questions for an endodontists, that how many 
canals are present in each root, can be answered with the help 
of CBCT. The present results provides useful information for 
the endodontic treatment because prior knowledge of anatomic 
variations can help dentists locate the root canals and thus 

prepare and obturate them with greater efficiency.

CONCLUSION 
Within the limitations of our research, we can come to a 
conclusion that the Western Indian population exhibits high 
variability in root canal morphology for the maxillary second 
molar.
Mesiobuccal roots and root canal system of maxillary second 
molar teeth had a greater amount of variations than the palatal 
or distobuccal roots. Vertucci’s Type II canal configuration was 
commonly detected in the mesiobuccal canal and Type I canal 
configuration in palatal roots and distobuccal and. CBCT is a 
highly potent and valuable tool in the detection of variations in 
root canal morphology for radiographic evaluation during root 
canal treatment.
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