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Introduction

The successful outcome of nonsurgical root canal therapy is
dependent upon location, thorough debridement, irriga-
tion, and obturation of all canals and final restoration.1 It
is widely agreed that a significant cause of root canal

therapy failure is an inability to locate and manage all the
canals of the root canal system. In canal anatomy, the extent
and risk of missing aberrations are strictly related to
the complexity of the root canal system. This is especially
true when working on the complex anatomy of teeth like
molars.2

Keywords

► CBCT
► MB2 canals
► root canal

morphology
► 3D imaging
► maxillary molars

Abstract Introduction Molars have been known to display varied morphologies. Maxillary first
molar is the tooth with the largest volume and most complex root and root canal
anatomy; also, possibly the most treated and least understood posterior tooth. The
present study aimed to investigate the occurrence and morphology of MB2 canals in
maxillary first molars in an Indian subpopulation (Dakshina kannada) using cone beam
CT (CBCT) imaging.
Materials and Methods A total of 330 maxillary molars were placed on “U-” shaped
modelling wax template, mimicking the natural arch and digitally scanned, of which
196 scans met the inclusion criteria and were analyzed for unusual root canal anatomy
by CBCT. To analyze the occurrence and morphology of the canals, the acquired data
was examined by two endodontists and discussed till an agreement was reached.
Results The results were subjected to descriptive analysis. The majority of patients
103 (52.6%) teeth showed the presence of MB2 canals. As much as 83.5% of teeth
depicted Vertucci’s type II morphology, and 16.5% teeth presentedwith Vertucci’s type
IV morphology.
Conclusion CBCT overcomes the limitations of conventional radiography. However,
the decision to use CBCT in the management of endodontic problems must be based
on a case-by-case basis and only when sufficient diagnostic information is not obtained
from diagnostic tests.
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The maxillary molar is the tooth with the largest volume
and most complex root and root canal anatomy; also, possi-
bly the most treated and least understood posterior tooth.
The poorer prognosis was seen with the root canal treated
maxillary first molars, inwhich theMB2 canals weremissed.
The MB2 canal orifice in maxillary molars is usually located
either mesial to or in the pulpal groove connecting the main
mesiobuccal canal and palatal canals, within 3.5mmpalatal-
ly and 2mm mesially from the main mesiobuccal canal.3

Maxillarymolars are teethwithmultiple roots, alongwith
different shapes and formations, which is why their internal
canals are so complicated. One of the most commonly over-
looked canals of maxillary molar teeth is the MB2 canal. This
is because the first molars leave the chamber at a sharp
mesial inclination in the MB2 channel in maxillary molars
and then bent distally again, making it impossible for a
clinician to detect and navigate the canal.4 It can be difficult
to instrument the second mesiobuccal canal in the mesio-
buccal root of the maxillary molars. Failure to treat the MB2
canals can lead to failure of root canal treatment in the
future.5

Cone beam CT (CBCT) is a modality of diagnostic imaging
that offers high-quality, detailed three-dimensional (3D)
representations of the maxillofacial skeleton’s mineralized
components. CBCT systems are available that provide low-
dose, small field of view images with sufficient spatial
resolution for endodontic diagnosis, therapeutic guidance,
and posttreatment evaluation applications.6 Compared with
conventional X-rays, CBCTshows a 3D viewof the anatomical
structures in different planes and produces in-depth descrip-
tion of the pulp space systemwithout any superimposition of
anatomical structures.6

According to a study done by Betancourt et al, the number
of MB2 canals found in the maxillary first molars varies. The
prevalence varies from 19.7% and 51.1% of in vivo studies,
whereas it varies between 29% and 100% in vitro studies.6 An
increased incidence of MB2 canals (90%) in maxillary first
molars were found by Verma and Love in the New Zealand
population.7 In the American population, Degerness and
Bowles recorded an incidence of 79.8% of MB2 canals in
themaxillary first molar.8 Somma et al found an incidence of
80% of MB2 canals in the Italian population, and Zheng et al
found an incidence of 52.2% in the Chinese population.9,10

Studies on different ethnic populations have shown that
there is a difference in the incidence of MB2 canals in
maxillaryfirstmolars. In some populations, it shows a higher
prevalence of 80 to 90%, whereas in places, it shows a lesser
prevalence of 40 to 50%. This shows that the root canal
anatomy varies in different populations.11

The present study aims at analyzing the occurrence and
morphology of MB2 canal in maxillary first molars in an
Indian subpopulation using CBCT imaging.

Materials and Methods

Based on previous studies, in south Indian population, an
expected frequency of 15% (P), an acceptable margin of error
3% with 95% confidence interval, and a sample size of 330

was estimated for the present study using Epi Info StatCalc
statistical software (7.2.0.1). Maxillary first molars were
collected and disinfected following Occupational Safety
and Health Administration (OSHA) regulations. Only maxil-
lary first molars with three roots were included in the study.
The teeth with resorbed, incomplete, and fractured roots
were excluded from the study.

For analysis of unusual root canal anatomy by CBCT, “U-”
shaped templates mimicking the natural arch were made
usingmodeling wax. CBCT imageswere analyzed using PLAN-
MECA Promax 3DMID system. The PLANMECA Romexis 4.3.0
R was used, according to the manufacturer’s instructions. The
image capturing parameters were set at 90kV, with exposure
time of 12 seconds at 8.0mA current. The CBCT imaging was
performed by a dental radiologist following the as low as
reasonably practicable (ALARP) protocol. The data collected
from CBCT was assessed with imaging software (►Figs. 1

and 2). The contrast and magnification of the device were
regulatedwhen required. All the imageswere analyzed by two
operators, and the results were tabulated after a general
agreement was agreed upon.

Results

The images obtained were analyzed for the occurrence and
morphology of MB2 canals. In the presence of MB2 canals,
Vertucci’s classification was employed to classify the root
canal configuration. Data interpretation was performed
using imaging software and subjected to descriptive

Fig. 1 Cross-sectional image (middle third).

Fig. 2 Percentage of MB2 canals in maxillary first molars under cone
beam CT (CBCT).
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statistical analysis using McNamara analysis. A total of 196
maxillary first molars were evaluated using CBCT in this
study, of which 103 teeth showed the presence ofMB2 canals
(52.6%) (►Fig. 2). Out of 103 teeth, 83.5% teeth showed type II
morphology, and 16.4% (17 teeth) showed type IV morphol-
ogy (►Fig. 3).

Discussion

The consistency and quantity of the information collected
from radiographic examinations are very significant in root
canal therapy, since it influences the diagnosis, preparation
of treatment, and prognostic ability. There are several instan-
ces of clinical practice where traditional intraoral radiogra-
phy alone does not provide adequate information on
pathological conditions, structural shapes and configura-
tions, and relationships with positions. Effective root canal
procedure requires proper root canal system cleaning, shap-
ing, and filling. Clinicians must have a detailed understand-
ing of the anatomy of the root canal for this reason. In teeth
subjected to root canal treatment, anatomical differences can
be present. The occurrence of the MB2 canal in the mesio-
buccal root of the maxillary first molar is still a matter of
concern in endodontics, in keeping with this viewpoint. The
lack of identification and treatment of the MB2 canal would
lead to a decrease in prognosis.12

In previous studies, it has been shown that there is a
variation in the prevalence of root canals in different teeth in
different ethnic populations. A higher prevalence of MB2
canals (90%) in maxillary first molars were found by Verma
and Love in the New Zealand population.7 They reported a
single canal in 15%, two canals in 20%, and three or more
canals in 65% of the teeth observed. In the American popula-
tion, Degerness and Bowles observed an incidence of 79.8% of
MB2 canals in maxillary first molars.8 A higher prevalence
(80%) of MB2 canals were found in maxillary first molars in
an Italian population by Somma et al.9 Zheng et al found an
incidence of 52.2% additional canals in the mesiobuccal root
of maxillary first molar in a Chinese population.10Moreover,
they showed a higher occurrence of extramesiobuccal canals
in the age group 20 to 30 years. In the Japanese and Korean
populations, they showed a prevalence of 55.6% and 71.8%,
respectively. On the contrary, low prevalence of MB2 canal
(22%) was found in a Nigerian population by Abiodun-
Solanke et al.13

Most Indian groups are derived froma combination of two
genetically divergent populations: Central Asian-related an-
cestral northern Indians, Middle Easterners, Caucasians, and
Europeans; and nonsubcontinent-related ancestral south
Indians.14 The present study shows a report on the occur-
rence of the second mesiobuccal canal in maxillary first
molars in an Indian subpopulation using CBCT.

The morphology of the mesiobuccal root of maxillary
molars has been documented as a complex root canal system
with fins, isthmuses, transverse anastomoses, and even the
presence of a third canal. A second canal in the mesiobuccal
root in permanent maxillary molars is one of the common
variations.3 In the present study, out of 196 teeth, 103 teeth
showed the presence of MB2 canal with CBCT imaging. It has
almost always been agreed that the maxillary first molar has
three canals, with an MB2 canal seen by Cleghorn et al and
Imura et al in 56.8 to 80.9% of the cases.15,16 A similar finding
has been recorded in the present study. In vitro studies have
shown more incidences of MB2 canals in the mesiobuccal
root of the maxillary first molars when compared with in
vivo clinical studies. A study done by Pomeranz and Fish-
elberg on 100 maxillary molars found 69% of MB2 canals in
vitro but only 31% could be found in vivo. The incidence of
two canals in the mesiobuccal root was higher in laboratory
studies (60.5%), compared with clinical studies (54.7%).17

CBCT imaging has shown to have better identification of
the MB2 canal in a study done by Matherne et al.18 In the
present in vitro study, CBCT positively identified the MB2
canal, demonstrating their superiority and reliability com-
pared with other diagnostic methods for detecting the
presence or absence of the MB2 canal.

Depending on the methodology employed, the frequency
of MB2 canals detection varies. The techniques usually used
are radiographs, various sectioning methods, different social
groups, with or without magnification, different age groups,
etc. Difficulties during clinical practice like poor visibility
into the pulp chamber would risk perforation and could
show a lower occurrence of a mesiobuccal second canal in
contrast to an in vitro study. The dentin covering the MB2
canal orifice makes it even more difficult. These canals could
have difficult curvature in the coronal portion, which makes
it difficult for the clinician to negotiate the canal. These could
be the reason for in vivo studies to have a predominantly
lower occurrence of second mesiobuccal canals when com-
pared with the in vitro studies.12

In the current report, 103 (52.6 percent) teeth displayed
MB2 canal orifice when they were analyzed under CBCT,
while in all 196 teeth analyzed for this study, palatal root
only had single canal orifices. These findings were almost
identical to those reported by Zheng et al, who reported a
52.2 percent incidence.10 Nevertheless, by comparison, un-
der the CBCT assessment, Bauman et al reported a much
higher MB2 canal incidence of up to 92 percent.19 These
results vary from those of Al Shalabi et al who study showed
an increased occurrence of 78% inmaxillary first molars with
four roots in an Irish population.20 The present study’s
reports were similar to those of Imura et al who showed a
decreased occurrence of 47%.16 All the four canals of the

Fig. 3 Morphology of MB2 canal in maxillary first molars, according to
Vertucci’s classification.
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maxillary first molars were in the mesiobuccal roots, which
is similar to a study done by Sempire and Hartwell.21 The
Irish population (80.4%), Turkish population (93.5%), Korean
population (71.7%), and Italian population (80%) have shown
a higher incidence; this variation could be because of differ-
ences in the techniques used, the sample sizes, and different
geographical populations. Because of the difference in the
CBCT resolution and the representative size of other studies,
they could have shown a higher incidence when compared
with our findings. Ex vivo research has shown an increased
occurrence in the detection of additional root canals when
compared with in vivo studies. Furthermore, studies using
the clearing technique or sectioning using a dental operating
microscope have shown higher detection rates than radio-
graphic and CBCT examinations.22

In the present study, canal configurations were identified
according to Vertucci’s classification system (Graph 2), re-
vealing themost prevalent type as Type II in 83.5%. According
to Rwenyonyi et al, type I was the most frequent, accounting
up to 75.1 to 100%.23 However, Faramarzi et al found type II
canal configuration as the most common in 71.3%.24

Several authors have discussed the factors leading to
missing of second mesiobuccal canals in maxillary molars.
Moreover, little has been discussed regarding the position
of second mesiobuccal canals in the mesial root. The orifices
of MB2 canal were usually seen on a line between the first
mesiobuccal canal and the palatal canal. A study done by
Peters et al showed that the space between the first mesio-
buccal canal and the second mesiobuccal canal differs from
0.3mm to 3.8mm.25 Kulild and Peters and Gilles and Reader
showed that the mean distance from the first mesiobuccal
canal to MB2 canal as 2.31mm and 1.82mm, respective-
ly.26,27 The closer the orifices are to each other, the better the
likelihood of connecting the two canals inside the body of the
root at any time.Most of the located pathways in this analysis
fused into the apical section of the root canal and exited
through one foramen. This is similar to the results of Kulild
and Peters and Neaverth et al.26,28

However, the amount of radiation in CBCT is four times
higher when compared with the conventional X-rays.
According to the ALARP principle, the patient dose should
be reduced as much as possible, and CBCT should be advised,
considering the required diagnostic parameters.29,30

Conclusion

Proper mastery of the anatomy and morphology of the
mesiobuccal root canal system is imperative for the proper
pulp space therapy of the teeth. At first, themesiobuccal pulp
space of the upper first molars resembles the shape of the
kidney. Eventually, because of secondary dentin deposition
at the isthmuses, the poles become closer, leading to the
formation of two canals. Thismakes it more tedious to detect
the canals. This continued deposition of secondary dentin
leads to constriction at the apex which, in turn, leads to
single or multiple foramina. Hence, the age of the tooth could
determine the variation in the anatomy of the mesiobuccal
root morphology.

However, excessive radiation due to CBCT is not advisable
for all the patients. We could use a dental operating micro-
scope as an aid in detecting the presence of MB2 canal in
maxillary first molars. The adjunctive use of the dental
operatingmicroscope could increase the ability of the dental
clinician to locate MB2 canal in maxillary molars.
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