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Abstract

Introduction: The pulp cavity is the most complex structure in nature. Mandibular molar demonstrates considerable variations
with respect to additional canals or roots.

Aim: The main aim of this radiographic study is to detect the presence of Middle Mesial [MM] canal in mandibular first and
second molars. In this study the primary outcome was to check the prevalence in mandibular first and second molars and the
secondary outcome is to analyse the configuration/types of middle mesial canal.

Materials and Methods: A 50 CBCT were collected, 100 mandibular first molar and 100 mandibular second molats were ana-
lysed in all the three spatial planes. The inclusion criteria as follows: presence of bilateral mandibular molars with no resorption
or any cracks or lesion.

Results: 89 teeth had MM canal out of 200 teeth observed. In mandibular first molar 59 teeth were present, in mandibular molar
30 teeth present with MM canal. Bilateral predilections were found to be 66 teeth. The Significance difference was observed stating
the first molar had more occurrence than the second molar.

Conclusion: The clinician should have adequate knowledge to identify the presence of additional orifice present between Mesio-
Bucaal [MB] and Mesio-lingual [ML] canal orifices.

Clinical Significance: The understanding of the complex anatomy of the tooth is the key to the success of endodontic treat-
ment. The careful interpretation of the radiograph, use of magnification, latest instruments, proper irrigation protocol and sealing
of all portals of exit leads to the successful treatment.
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canals. However, several variations such as an additional distolin-
gual or mesiobuccal [MB] root, C-shaped root canal system, and
isthmuses connecting the canals may also be present [3]. Moreo-

Introduction

The main objective of root canal treatment is the thorough shap-

ing and cleaning of the entire pulp space followed by complete ver, sometimes a third canal may also be present in the isthmus

obturation with inert filling material. It is a well-known fact that
all the pulp space should be cleaned and obturated with inert ma-
terial for outcome of the root canal treatment to be successful [1].
Complexity of the root canal morphology is one of the greatest
challenges that the clinicians face and a thorough knowledge of
the pulp space anatomy is thus necessary [2]. The identification of
aberrant anatomy determines the success of root canal treatment.

Mandibular molars usually have two roots and three or four root
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between the MB and mesiolingual [ML] canal known as the mid-
dle mesial [MM] canal [4].

Although the internal anatomy of mandibular molars has been
studied extensively, there is limited information about MM canals.
Its prevalence in different studies is shown in the range of 10-
37.5% in the first molars and 18-60% in the second molars. MM
canal is a small orifice deep in the isthmus/developmental groove
joining the MB and ML canal and this is difficult to see and more
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likely to be missed [5].

Pomeranz et al. have classified the MM canal into three types: Fin,
confluent, and independent. Fin type does not have a separate
orifice and it is usually a small linear extension of MB or ML canal
of very small length allowing free movement of the file between
the main canal and fin [6]. The confluent type has separate orifice
but it merges either with the MB or the ML canal. Independent
type has a separate orifice and separate exit at the foramen [7].

The primary aim of this study was to locate MM canals by vari-
ous aids like cone beam computed tomography [CBCT| images
analysis.

Materials and Methods
Image selection

CBCT images of 50 patients within the age group of 18-45 years
were selected irrespective of gender. All the images were taken
as part of the dental examination for diagnosis and treatment
planning purposes. Inclusion criteria for CBCT images were fully
erupted bilateral presence of first and second mandibular perma-
nent molars with mature apex and high-resolution images. Ex-
clusion criteria were open apices, root resorption, calcifications,
root canal treatments, posts, crowns, developmental disorders,
pathologies, and history of orthodontic treatment.

Imaging method

The CBCT unit used in this study was GALILEOS Comfort
[Dentsply-Sirona Dental Systems, Galileos, Bensheim, Germany].
It had a tube voltage of 85 kVp; tube current of 5-7 mA; field
of view 15X15%15 c¢m 3; isotropic voxel size 0.3-0.15 mm and
exposure time of 14 s to 2-6 s. The level of the images was ad-
justed using the image processing tool in the software to ensure
optimal visualization.

Imaging analysis

All 200 mandibular first and second molars were examined in the
three i.e planes axial, sagittal, and cross-sectional at 1.0 mm in-
tervals by continuously moving the toolbar from the floor of the
pulp chamber to the apex. In the axial view when a narrow rib-
bon-shaped communication was visualized between the MB and
ML canals an isthmus was recorded. The MM canal was recorded
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when there is a radiolucency with a distinct round cross section
seen between the MB and ML canals regardless of the presence
or absence of an isthmus. The findings were divided into two
categories as follows: relation to Mesio-Buccal, relation to Mesio-
Lingual for mandibular first and second molars.

Data analysis was performed with the help of the Statistical Pack-
age for Social Sciences Version 22 [SPSS Inc., Chicago, IL, USA].
Differences in the prevalence of the MM canal and isthmus based
on sex and age were compared using the Chi-square test with a
level of significance as P < 0.05.

Results and Discussion

50 CBCT were collected with a mean age of 27.9 years. A total
of 100 of mandibular first molar and 100 of mandibular second
molar images were analysed.

Out of the 200 mandibular molars, 44.5% [89 teeth] had MM
canals. The prevalence of the MM canal of mandibular first mo-
lar was 59% and mandibular second molar was 30%. Among the
89 MM canals identified, 58 had a separate orifice from the MB
and ML canals and 31 had merged with either MB or ML canals
[Table 1]. The 51 MM canals with separate orifice were found to
be located closer to the ML canal than as compared to MB canal

[Table 2].

Most of the time, the number of canals present in any patient var-
ies based on ethnicity, gender and the race. In this study, advanced
techniques like CBCT were used for the detection of MM canal
in the mandibular molars. MM canals have very small orifices and
may lay deeper into the isthmus [8]; hence, troughing to widen
and deepen the isthmus and then exploring the developmental
groove improves the chances of canal detection. The advantage
of using long shank bur rather than the ultrasonic tip is that it al-
lows the formation of large debris, which can be easily removed
by irrigation. Magnification with loupes or microscope improves
the visibility and thus helps in the detection of small hidden ca-
nals [9].

In this study the prevalence of MM canal of mandibular first mo-
lar was 59% and mandibular second molar was 30%. The first
study that reported the presence of a middle mesial [MM] was
Vertucci and Williams, in a mandibular molar [10]. Since then,
there had been multiple case reports of aberrant canal morphol-
ogy in the mesial root [11]. Pomeranz et al found that 12 molars

Table 1. Prevalence of MM canal in Mandibular First and Second Molars, based on the distribution mandibular first molar had more occurrence of mid-
dle mesial canal than madnibular second molar.

Teeth

Mandibular first Molar

Mandibular Second Molar

Bilateral Existence in Mandibular
first molar

Bilateral Existence in Mandibular
second molar

Prevalence Percentage
59[100] 59%
30 [100] 39%
48 teeth [100] 48%
24 patients [50]
18 teeth [100] 18%
9 Patients [50]

Table 2. Type Middle Mesial canal in all teeth.

Separate MM canal | MM — MB canal joining | MM- ML canal Joining
23[25.8%] 15[16.8%] 51[57.3%)
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had MM canals in their mesial roots out of 100 mandibular mo-
lars [12]. Goel et al reported mandibular first molars had 15.0%
of MM canals [13]. Among the MM canals, only 6.7% of MM
canals was of independent type [14]. The presence of two MM
canals has been reported in two in-vitro studies and four case
reports [15].

The presence of a third canal namely the middle mesial canal in
the mesial root of the mandibular molars has been reported to
have an incidence of about 0.95-15% [16]. Although it is agreed
and accepted by many researchers about the presence of three
orifice in the mesial root, only a few cases has reported the pres-
ence of three independent canals, which presents as a rare ana-
tomic variant [17]. This additional canal may occur independently
with a separate foramen or the additional canal may present with
a separate foramen or join apically with either the mesiobuccal
or the mesiolingual canal [18]. The clinician should accurately as-
sess the pulp chamber floor to locate possible canal orifices. Pulp
chamber floor and wall anatomy provide an indispensable guide
to determine the root canal morphology [19].

The observations done by Krasner and Rankow, which are pre-
sented in the form of laws are yet another valuable aid to the
clinician searching for elusive canals [20]. Failure to identify extra
canals and to recognize any unusual canal configuration is one of
the most common reasons for the failure of endodontic therapy.
An ultrasonic tip or round bur can be used for removal of any
protuberance from the mesio-axial wall in-order to see the devel-
opmental groove. This developmental groove should be carefully
assessed with the sharp tip of an endodontic explorer [Vertucci,
2005] [21].

Radiographic examination using conventional intraoral periapical
views is an important tool for the evaluation of the canal con-
figuration. However, it has its limitation in the assessment of the
root canal system completely. Digital radiography at different an-
gles with subsequent image analysis can be used effectively [22].
Digital radiography has many added advantages compared to con-
ventional radiography like less radiation exposure, faster image
acquisition without the requirement of chemicals, and a number
of processing tools such as magnification, colour contrasting.
Computed tomography [CT] is an imaging technique that uses
a fan shaped beam and multiple exposures around an object to
reveal internal structure of an object [23].

CBCT has been invaluable to provide comparable images at re-
duced dose and costs to be considered as an alternative to multi
detector CT imaging in endodontics [24, 25]|. Cotton et al., re-
ported the various useful applications of CBCT imaging in en-
dodontics [26]. La et al. in 2010 suggested clinical judgement and
management of an independent middle mesial canal in the man-
dibular first molar by using 3D imaging [27]. CBCT imaging can
be done to get correct diagnosis and management of the aberrant
canal morphology prior to initiation of therapy.

Other diagnostic aids that are used by the clinicians as an effective
means to locate additional canal orifices include dyes, champagne
bubble test, ultrasonics, micro openers and trans-illumination
aids, irrigators to improve pulp chamber visibility and observing
the chamber for bleeding spots [28]. Recent advancement, in-
cluding the dental operating microscope and dental loupes, offer
maximum magnification and illumination of the operating field
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and significantly improves the visualisation of root canal orifices
by the clinicians [29]. The present study confirms that the third
canal in the mesial root of mandibular second molar does occur
and must be found most commonly along the line between the
two mesial canals. We had done many invitro studies, case reports
and clinical trial. Now we are focussing on prevalence of canal
variations amongst Indian population [30-44].

In our study, 89 MM canals identified, 58 had a separate orifice
from the MB and ML canals and 31 had merged with either MB
or ML canals. The 51 MM canals with separate orifice were found
to be located closer to the ML canal which was joined at middle
third of the ML canal. 23 MM had separate orifice and separate
canal till apex, 15 MM joined with MB canal at middle third region
respectively [Table 2].

The fin types are likely to be cleaned and prepared during the
biomechanical preparation of the main canals, thus not affecting
the outcome of the treatment. The confluent type has separate
orifices and they merge with the main canal. They usually lead
to communication thereby connecting the MB and ML canals,
commonly found at the level of 3-6 mm coronal to the apical
foramina in mesial roots [45]. This was noted by Srivastava et al.
in 17-83% of the first molars facilitating irrigation of otherwise
such inaccessible areas [46]. Age also plays an important role in
detecting the presence of MM canals.In one of the in-vitro study
of isthmus anatomy of mandibular molars higher prevalence
[50%] of isthmuses was found in patients aged 20—39 years as
compared to 24% in patients older than 60 years [47].

The incidence of MM canals was more in the first molats than the
first molars. It is in accordance with findings of de Carvalho and
Zuolo, [38] who found that prevalence is more in the first molars
[17.2%] as compared to the second molars [4.5%].However, a re-
cent study of Azim et al found the incidence to be 60% in second
molars and 37.5% in the first molars [48].

Conclusion

The occurrence of MM canal was found to be more in the man-
dibular first molar than the mandibular second molar. The clini-
cian should have adequate knowledge to identify the presence of
additional orifice present between Mesio-Buccal [MB] and Mesio-
lingual [ML] canal orifices. Nowadays with the help of magnifica-
tion aids, ultrasonic tips, advanced irrigation systems and three di-
mensional obturation led to higher success in endodontic therapy.

Clinical Significance

The understanding of the complex anatomy of the tooth is the
key to the success of endodontic treatment. The varied location
and configuration of middle mesial canal makes the canal prepa-
ration and obturation more challenging. The careful interpreta-
tion of the radiograph, use of magnification, latest instruments,
proper irrigation protocol and sealing of all portals of exit leads
to the successful treatment.
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