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Introduction

The maxillary first molar is the earliest permanent tooth that ap-
pear in the oral cavity and that makes it vulnerable to caries and 
endodontic treatment. It has three roots and four canals in the 
most common form. Maxillary molar hasthe most complex root 
and root canal anatomy, and is possibly the most treated posterior 
tooth. The mesiobuccal root of  maxillary molars has generated 
more research and clinical investigation than any other root [1].

The success of  endodontic treatment is based on cleaning and 
shaping of  the root canals. The root canals have complex mor-
phology and wide individual variations. The objective of  this 
study was to analyze root canals morphology and existence of  ex-
tra canals in maxillary molars.Any existing root canals that remain 
undetected by the operator during the entire course of  endodon-
tic treatment are a major threat to the success of  treatment. The 

first molar is the earliest permanent tooth to appear in the oral 
cavity exposing it for decay and in need of  endodontic treatment 
[2]. A number of  studies have been publishedregarding maxillary 
first molar root canals morphology using various ethnic groups, 
methods, and approaches.

There are several methods to identify root canal morphology such 
as canal staining and tooth clearing, conventional radiograph, 
digital radiographic techniques,radiographic assessment enhanced 
with contrast media, cone beam computed tomography (CBCT) 
techniques and modified canal staining and clearing. The CBCT is 
verified as a reliable tool for studying internal anatomy of  tooth 
[3].

CBCT is a technique that uses a specific beam to produce three 
dimensional images to reveal anatomic details precisely. The key 
advantages of  using CBCT are that it is non-invasive and per-
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Abstract

Objective: Understanding tooth anatomy is crucial for effective endodontic treatment. This study investigated the roots and 
root canal morphologyof  the mesiobuccal root of  the maxillary first molars using cone-beam computed tomographic (CBCT) 
imaging.
Methods: A total of  18 teeth with intact roots were collected.Mesiobuccal [MB] root was sectioned completely with diamond 
discsandMB2canals was located using size 10file and the orifice was enlarged using slow speed hand piece and bur.
Results: Overall 44% of  tooth had type 2vertucci classification, 33.3% of  tooth had type 4 Vertucci classification and 11.1% 
of  tooth had type 1 and 6 vertucci classification.
Conclusion: Incidence of  MB2 canals was 88.9%.Outof  18 teeth with intact roots,16 teeth had MB2 canals.Type IIVertucci 
classification was seen in most of  the teeth, where MB2 canals were present.
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mits 3-D reconstruction of  the root canals. CBCT has the abil-
ity to identify the root canal system precisely,which is considered 
as better than other techniques to understand the root and canal 
systems.Regular computed tomography uses fan shaped beams, 
whereas CBCT uses cone shaped beams [4, 5]. The aim of  this 
study was to analyse the number of  root canals in the mesiobuc-
cal root of  the maxillary first molars using Vertucci classification.

Material and Methods

A total of  18teeth with intact roots were collected in this study 
and it was arranged in a proper manner(Figure A). First, the 
crown part of  the maxillary first molars was sectioned (Figure B) 
and then the Mesio buccal root was sectioned completely with di-
amond discs(Figure C). MB2 canals was located using size 10file; 
orifice was enlarged using the slow speed handpiece and bur,as it 
allows improved access for the flow of  irrigant solution within 
the canal. It is important because the majority of  bacteria in an 
infected root canal are located in coronal region. All maxillary 
molar images were analyzed carefully for roots (number), con-
figuration and number of  canals. In order to classify the root ca-
nal morphology, Vertucci’s classification was used as a reference.
Cone beam computed tomography images were obtained from 
the department of  Oral medicine and diagnosis,Saveetha Dental 
college and hospitals.

Result

Figure 1 shows Cone beam tomography images of  mesiobuccal 
root of  maxillary molar with Type 2 (2-1) Vertucci classification; 
Two canals joined into one canal. Figure 2 demonstrates Cone 
beam tomography images of  mesiobuccal root of  maxillary molar 
showing Type 6 (2-1-2) Vertucci classification; two Canals joined 
into one canal and redivided into two canals.

Figure3 shows Cone beam tomography images of  mesiobuccal 
root of  maxillary molars depicting type 2 (2-1)Vertucci classifica-
tion. Figure 4 demonstrates Cone beam tomography images of  
mesiobuccal root of  maxillary molars showing type1 (1-1) Ver-
tucci classification.

Figure 5 presentsCone beam tomography images of  mesiobuccal 
root of  maxillary molars showing type 4 (2-2) Vertucci classifica-
tion; two separate canals. Figure 6 depicts Cone beam tomog-
raphy images of  mesiobuccal root of  maxillary molars showing 
type 2 (2-1) Vertucci classification; Two canals joined into one 
canal.

Figure7 showsCone beam tomography images of  mesiobuccal 
root of  maxillary molars with type 4 (2-2) Vertucci classification; 
two separate canals. Figure 8 represents Cone beam tomography 
images of  mesiobuccal root of  maxillary molars showing type 6 
(2-1-2) Vertucci classification; two Canals joined into one canal 
and redivided into two canals. Figure 9 depicts Cone beam to-
mography images of  mesiobuccal root of  maxillary molars show-
ing type 4 (2-2) Vertucci classification; two separate canals. Figure 
10 demonstratesCone beam tomography images of  mesiobuccal 
root of  maxillary molars showing type1(1-1) Vertucci classifica-
tion; single canal. Figure 11 presents Cone beam tomography im-
ages of  mesiobuccal root of  maxillary molars showing type 6 (2-
1-2) Vertucci classification; two Canals joined into one canal and 
redivided into two canals. Figure 12 shows Cone beam tomogra-
phy images of  mesiobuccal root of  maxillary molars with type 2 
(2-1)Vertucci classification; Two canals joined into one canal.

Overall 44% of  tooth had type 2 vertucci classification, 33.3% of  
tooth had type 4 Vertucci classification and 11.1% of  tooth had 
type 1 and 6 vertucci classification (Table1).

Figure A. Orderly arrangement of  teeth samples used in the study.

Figure B. Sectioned crowns of  the maxillary first molars.

Figure C. Sectioned mesiobuccal root of  the maxillary first molars.
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Discussion

Successful endodontic therapy requires a significant knowledge 
of  the anatomic features of  root and root canal system. The lack 
of  knowledge and missing a root canal are the most common 
reasons for failure in endodontic treatment. The significance 
of  knowledge about the anatomic morphology of  the maxillary 
molars and possible variations is vital for successful endodontic 
therapy and cannot be denied. The current study provides a de-
tailed report on the morphology of  root canals of  maxillary 1st 
molars using CBCT. It is largely recognized that the most frequent 
pattern of  the permanent maxillary 1st molar is comprised of  
three separated roots. The mesiobuccal root is the main focus of  
morphological studies as the incidence of  more than one canal 
is significantly high and a wide range of  variations has been re-
ported in the literature [6].

In 1969,Weine et al. provided the first clinical classification of  
more than one canal system in a single root and used the me-
siobuccal root of  the maxillary first molar as the type specimen 
[7]. Vertucci et al further developed a system for canal anatomy 
classification for any tooth that has a broad buccolingual diameter 
that may be more applicable for use in laboratory studies [8].

Walker reported on the root anatomy of  maxillary first premolars, 
mandibular first premolars and the high incidence of  three- root-
ed mandibular first molars in Asian patients. He did not however, 
report on the incidence of  a second mesiobuccal canal (MB2) in 
the maxillary first molar [9]. Ratanajirasut et al. reported three 
separated roots of  maxillary first molar in 99.8% of  cases in Thai 

population, and explained that MB2 canals in the MB roots were 
present in 80.93% and 82.59% of  the first and second molars, 
respectively [10].

Zheng et al conducted a study regarding the correlation between 
the prevalence of  MB2 in different age groups.It was observed 
that the presence of  MB2 was higher in young age group with 
48.8% than in middle age group with 33.2% and elderly group 
with 18%. Many studies concluded that the prevalence of  MB2 
decreases by aging due to dentine apposition which results in 
narrowing the MB2 canals [11]. Alrahabi et al conducted a study 
of  root canal morphology of  maxillary molars using cone beam 
computed tomography. They reported that majority of  maxillary 
first molars (94%) had three distinctly separated roots and 6% had 
four roots. Palatal and distobuccal roots were observed to contain 
one root canal (100%) and Vertucci's type I configuration. The 
mesiobuccal root had one (29.4%; type I) or two canals (70.6%; 
type II, III or IV) [12].

Walker conducted a study on Root form and canal anatomy of  
mandibular first molars in a southern Chinese population. Here-
ported 15% of  the mandibular first molars examined were found 
to be 3 rooted, 45% of  the sample displayed two distal canals and 
28% of  the teeth had 2 separate distal apical foramina [13]. Weine 
et al conducted a study on Canal configuration of  the mesiobuc-
cal root of  the maxillary first molar of  a Japanese subpopulation. 
They reported that out of  293 teeth, 123 (42.0%) were Type II, 
89 (30.4%) showed Type III systems and 10 (3.4%) were Type 
IV. Suggestions for identification and treatment of  the second 
canal in the MB root were presented in their study [14]. With a 
rich case bank, we have published extensive studies on the root 
canal morphology of  maxillary first molars in the past decade [15, 

Figures 1-12. Represents the cone beam computed tomography images of  mesiobuccal root of  maxillary first molars.

Fig 1. Fig 2. Fig 3. Fig 4. Fig 5. Fig 6.

Fig 7. Fig 8. Fig 9. Fig 10. Fig 11. Fig 12.
Table 1.Vertucci classification of  MB2 Canals.

Vertucci Classification Percentage 
1-1 Type I 11.10%
2-1 Type II 44.40%
2-2 Type IV 33.30%

2-1-2 Type VI 11.10%
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22]. However further studies using larger samples of  subjects in 
different ethnic groups may reveal variations and precise details 
of  the root canal morphology, which will be very useful to the 
clinicians.

Conclusion

According to our study, incidence of  MB2 canals was 88.9%. Out 
of  18 teeth with intact roots, 16 teeth had MB2 canals. Type II 
Vertucci classification was seen in most of  the teeth, where MB2 
canals were present. Clinicians should always presume the pres-
ence of  MB2 canals during the endodontic procedures to ensure 
that the most effective treatment results.Conventional radio-
graphs usually do not produce the fact of  existing MB2 canals. 
Thus, CBCT is the gold standard diagnostic tool in complex and 
in retreatment of  missed root canals. 
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