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Background: Permanent maxillary molar teeth have the most complex root and canal
systems. This study aimed to determine the frequency and the localisation of secondary
mesiobuccal canal (MB2) in the mesiobuccal roots of permanent maxillary molars in
a Turkish subpopulation using cone-beam computed tomography (CBCT) and compare
them by different age groups and gender.
Materials and methods: In this retrospective study, a total of 800 maxillary molar teeth
in 200 subjects were investigated. The distances between canals were calculated from
the centre point of the MB2 canal (PMB2) to the centre point of the mesiobuccal canal
(PMB1) and the centre point of the palatal canal (PP).
Results: The incidence of MB2 canals was found to be 33.5% (23.2% in females, 43.6%
in males) in 200 subjects. A significant difference was found between age groups and
genders in terms of the frequency of MB2 (p < 0.05). The distances between PMB1-PMB2 were 2.95 ± 0.58 mm, 3.08 ± 0.67 mm for 1MM and 2MM, respectively.
For 1MM and 2MM, the averages of PMB2-PP distances were 5.81 ± 1.09 mm and
5.55 ± 1.09 mm, respectively. The contralateral formation of the MB2 canals was 90.5%
(16, 26) in the first molars and 93.9% in the second molars (17, 27). The contingency
rate in the first quadrant was 86.0% (16, 17) and 83.5% (26, 27) in the second quadrant.
Conclusions: It is important for the clinician to know the high probability of
finding the MB2 canal in the maxillary first and second molars. CBCT imaging can
facilitate the clinician to detect complex and variable root canal anatomy. (Folia
Morphol 2019; 78, 2: 351–358)
Key words: maxillary molars, secondary mesiobuccal canal, cone-beam
computed tomography

INTRODUCTION

broad individual, genetic and ethnic diversity, clinicians should seek extra canals [29, 47].
Permanent maxillary molar teeth have the most
complex root and canal systems [3, 52]. Their canal
system is very diverse [7]. The high failure rate stems
from the impossibility of locating the presence and
location of the secondary mesiobuccal canal (MB2)
in the mesiobuccal roots of the permanent maxillary

The success of endodontic treatment relies on the
complete cleaning, shaping, and filling of the entire
root canal system to prevent recontamination. One
of the endodontic treatment failures is the presence
of an additional canal in the teeth [1, 13]. For this
reason, detailed information of the morphology of
the root canals is of great importance. Given the
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Necmettin Erbakan University, Konya, Turkey (decision
no: 2018.01). In this retrospective study, CBCT images
from 200 subjects were acquired from the archive of
Oral and Maxillofacial Radiology Department, Faculty
of Dentistry, Necmettin Erbakan University, Konya,
Turkey. The CBCT images were obtained from January 2014 to December 2017 for diagnosis and dental
treatment. For this study, we investigated CBCT images of 625 subjects. However, only 200 CBCT images
were evaluated because of our inclusion criteria. The
CBCT images of 101 men and 99 women between
13 and 67 years old were enrolled according to following criteria; (i) maxillary permanent molars with fully
erupted and matured apices; and (ii) no root canal
fillings, caries, posts, crown restorations, apical periodontitis, resorption, calcification or any pathology.
The 3D Accuitomo CBCT machine (J Morita Manufacturing Corp, Kyoto, Japan) was operated at 90 kVp
and 5 mA with a 17.5-second exposure time with
a 100 × 100 mm field of view, and with a 0.25 ×
× 0.25 mm voxel size. All images were taken by
oral and maxillofacial radiologists with 5+ years of
experience according to the manufacturer recommendations. A total of 400 maxillary permanent first
molars and 400 maxillary permanent second molars
were analysed using the CBCT machine software programme (i-Dixel, J Morita Manufacturing Corp, Kyoto,
Japan) on the axial plane at 0.5 mm intervals and
a 1 mm thickness. The examination was made from
the coronal to apical. To standardise the observation
and measurements, the MB2 was searched in a 1 mm
apical of the pulp chamber floor (Fig. 1).
The distances between canals were calculated in
millimetres from the centre point of the MB2 canal
(PMB2) to the centre point of the mesiobuccal canal
(PMB1) and the centre point of the palatal canal
(PP) (Fig. 2) according to the protocol described by
Betancourt et al. [7, 8].
The images were analysed by licensed oral and
maxillofacial radiologist (S.H.) with 4 years’ experience and previous training, and using consensus. The
same investigator examined the radiographs twice in
a period of 1 month and the intra-observer variability
was calculated. The data collected in terms of gender,
age, side, and distances between the different points
were recorded.

molars [9]. Due to excessive dentin accumulation in
opening the canal and difficulty of visualisation of
molar teeth, its location in clinical practice is quite
complicated [7]. Throughout the literature, the presence of the MB2 canal ranges from 18.6% to 96.1%
[20, 22, 31]. When the MB2 canal cannot be located
or properly treated, it may contribute to continued
patient pain or root canal failure [52].
The MB2 canals are visualised by histological sections [44], diaphanisation [17], magnifying loupes
[41], endodontic surgical microscope [26], scanning
electron microscope [44], periapical radiography [40],
micro-computed tomographic analysis [27, 51], and
cone-beam computed tomography (CBCT) [7–9, 57,
58]. However, some of these techniques are invasive,
disadvantageous and can only be used to investigate
extracted teeth [50]. Nowadays, CBCT has become
more widely used because it can provide more reliable diagnostics in the field of endodontics [11, 23,
34] and can perform morphological analysis of the
root canal system [9, 30, 32, 37, 58]. The American
Association of Endodontists (AAE) and the European
Society of Endodontology (ESE) have released position statements stating that limited field of view
CBCT should be considered the imaging modality of
choice for initial endodontic treatment of teeth with
the potential for extra canals and suspected complex
morphology (AAE and AAOMR Joint Position Statement 2015, ESE 2014). The studies confirm that the
CBCT images are as accurate as the modified staining
technique to describe the root canal system and far
more accurate than periapical radiographs [37].
In the literature, there were several studies using
the CBCT to investigate the prevalence and morphology of the MB2 canal of permanent maxillary molars
in various ethnicities [16, 19, 25, 45, 49, 58]. However,
there were not sufficient studies that evaluated the
MB2 canal and its geometric localisation in Turkish
population using CBCT. In addition, there are no reports about the symmetry in the MB2 canal between
contralateral and adjacent molars in a Turkish population. In this regards, this study aimed to determine
(i) the frequency and (ii) the geometric localisation
of MB2 canal (distances between the canals) in the
mesiobuccal roots of permanent maxillary molars
from a Turkish subpopulation using CBCT and (iii)
compare them by different age groups and gender.

Statistical analysis

MATERIALS AND METHODS

The software SPSS/PC + v. 21.0 (SPSS, Chicago,
IL) was used for statistical analysis. The descriptive
statistics (mean ± standard deviation), the c2 test

The present study was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
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and the Spearman correlation tests were used. The
reliability of data was analysed using the kappa test.
A value of p < 0.05 was considered significant.

Results
In this retrospective CBCT-based study, 400 maxillary first molar and 400 maxillary second molar teeth
were examined in 200 subjects (400 men and 99
women). The age range of the individuals was 13–67
years and the mean age was 29.45 ± 11.73 years.
The kappa values for intra-observer reliability were
ranged from 0.90 to 0.96. The incidence of MB2
canals was found to be 33.5% (23.2% in females,
43.6% in males) in 200 subjects. The prevalence of
the MB2 canal was 19.65% (n = 79) and 17.70%
(n = 71) in the first maxillary molars (1MM) and the
second maxillary molars (2MM), respectively. MB2
canals had a homogeneous distribution of 49.5%
on the right and 50.5% on the left. The total MB2
prevalence was 18.7% if we assessed on tooth basis.
These MB2 canals were in 44 males and 23 females. There was a statistically significant difference
according to the gender (p = 0.002; Fig. 3). Males
had more prevalence of MB2 than females (Table 1).
The average age of the individuals with MB2 canal
was 25.38 ± 10.16 years. MB2 canal prevalence of
permanent maxillary molars according to age groups
was shown in Table 2. Pearson c2 test revealed that
as the age progressed, the prevalence of MB2 was
decreased (p = 0.001).
The average distances between PMB1-PMB2 were
2.95 ± 0.58 mm, 3.08 ± 0.67 mm for 1MM and
2MM, respectively. For 1MM and 2MM, the averages
of PMB2-PP distances were 5.81 ± 1.09 mm and
5.55 ± 1.09 mm, respectively.
The contralateral and adjacent occurrence probability for each tooth position was calculated between
patients with MB2 canals. The contralateral formation of the MB2 canals was 90.5% (16, 26) in the
first permanent maxillary molars and 93.9% in the
second permanent maxillary molars (17, 27). The
contingency rate in the first quadrant was 86.0%
(16, 17) and 83.5% (26, 27) in the second quadrant.
Table 3 shows the validity rates of an existing MB2
canal to estimate the MB2 canal on the contralateral
side. The possibility of contralateral occurrence of
MB2 canals in permanent first maxillary molar teeth
(16, 26) was considerably better than for other tooth
positions. Their sensitivity was 93.9% and positive

Figure 1. Axial view of cone-beam computed tomography (CBCT)
images of maxillary first molars with secondary mesiobuccal
canals (MB2) (arrows).

Figure 2. Axial view of left maxillary first molar. The distance in
the lines drawn between the points was measured in millimetres;
PMB1 — centre of mesiobuccal canal; PMB2 — centre of secondary mesiobuccal canal; PP — centre palatal canal.

Figure 3. The frequency of secondary mesiobuccal canals according to gender.
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Table 1. Prevalence of secondary mesiobuccal canals in the first and second permanent maxillary molars according to gender
Gender

Tooth 16

Tooth 26

Tooth 17

Tooth 27

Female (n = 100)

9.1%

12.1%

13.1%

14.1%

Male (n = 100)

28.7%

28.7%

21.8%

21.8%

Table 2. Prevalence of secondary mesiobuccal canals in the first and second permanent maxillary molars according to age
Age [years]

Tooth 16

Tooth 26

Tooth 17

Tooth 27

13–25 (n = 88)

27.3%

30.7%

22.7%

25.0%

26–40 (n = 62)

14.5%

16.1%

17.7%

16.1%

> 40 (n = 50)

10.0%

8.05

8.0%

8.0%

Table 3. Probability accuracy assessment of secondary mesiobuccal canals (MB2) in different tooth positions
Probability of an MB2 canal in the contralateral tooth

Probability of an MB2 canal in the adjacent tooth

Test values

16/26

17/27

16/17

26/27

Sensitivity

90.5%

93.9%

86.0%

83.5%

Specificity

56.0%

69.4%

42.8%

38.9%

Positive predictive value

88.8%

93.3%

87.6%

86.2%

Negative predictive value

60.5%

71.4%

39.5%

34.1%

False-positive result

11.2%

6.7%

12.4%

13.8%

False-negative result

9.5%

6.1%

14.0%

16.5%

predictive value was 93.3%. Their false-positive and
false-negative results were lowest.
The intraclass correlation coefficient scores of the
intra-observer agreement were found to be 0.862,
0.879, 0902, 0.880, 0.895 and 0.901 for distances
and absent-present of MB2.

but the detection can be difficult in many patients
[21, 46].
The permanent molars may have more than one
or two canals of the first and second molar mesiobuccal root; can also be separated from various
sides and may have lateral openings [14]. Vertucci
[52] proposed a classification involving eight different types, while Weine et al. [53] studied root canal
anatomy by separating one or two channels into four
groupings. However, we have not classified the teeth
according to any of these classification systems. Only,
this retrospective study provides MB2 prevalence of
maxillary molar teeth using CBCT images based on
age and gender.
There are too many techniques in literature to visualise the accessory canals [17, 26, 41, 44]. Although
the enlargement systems are useful for finding the
MB2 canal, they show only the average orifice of the
MB2 canal, not the entire root canal system. However, if the pulp cavity is not opened sufficiently, the
MB2 channel cannot be detected by magnification.
For inclined or rotated molar teeth, the magnification is less effective because of a sharp and moder-

DISCUSSION
A comprehensive knowledge of root canal morphology and possible variations is a prerequisite for
successful endodontic treatment. Anatomical variations should be examined both clinically and radiologically. Endodontic therapy should be initiated with
proper preparation to allow access to the cavity; this
can facilitate the investigation and successful detection of all root canal holes [10].
Detection of all channels in the root canal system and adequate clearing of these channels affect
the ultimate success of treatment. For this reason,
each tooth should be considered to have an extra
channel. If possible, all extra canals should be detected [41]. MB2 canal was chosen as a parameter
for this study because it is widely common [31],
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ate angle of the tooth [8]. Stopko [46] stated that
these microsurgical devices alone are inadequate
to find and measure the MB2 canal. Moreover, the
most commonly used method for the detection of
accessory canals in everyday practice was periapical
radiographs. They are important for endodontic preoperative diagnosis. However, they can only provide
two-dimensional information limits the diagnostic
efficiency. In addition, anatomical constructions are
difficult to interpret in terms of factors such as superimposed anatomical structures, increased zygomatic
bone density, or embedded teeth [39]. Barton et al.
[5] and Abuabara et al. [2] reported the frequency
of MB2 canals in molar teeth was 39.2% and 8%,
respectively. They noted that the effectiveness of
conventional periapical X-rays was low. Nattress and
Martin [35] stated that buccolingual radiographs
alone were not reliable for detecting multiple canals.
The use of CBCT imaging is not recommended for all
endodontic treatment situations. At the same time,
recent studies have shown that CBCT imaging shows
excellent accuracy values compared to periapical radiographs [54]. For this reason, it is very important
to know and use additional tools to help diagnose
MB2 canal detection.
The incidence of MB2 canals in 1MMs and 2MMs
varies from 8.0% to 96.1% [4, 35, 47, 55–57]. In this
study, the prevalence of MB2 was 18.75%, which is
lower than some studies [4, 7, 12, 31, 38, 42]. Studebaker et al. [47] found that an additional canal was
11.7% in CBCT images compared to other techniques.
Silva et al. [45] reported that the MB2 canal incidence
was higher than in first molars than in second molars
(42–34%). These differences may result from sample
size, methodology and ethnic differences. Alexander
et al. [4] stated that the reason of differences between
results obtained from CBCT may be CBCT parameter
settings and software differences. In addition, detection of the MB2 canals is probably difficult due to
the dentin cap covering the orifice [15, 24]. Another
difficulty is that some of these canals can be curved.
Their coronal part may contain one or two sudden
folds [22, 31]. This may explain the fact that MB2
canals are detected more often in vitro studies than
in vivo studies [3].
In this study, it was found that males had more
prevalence of MB2 than females. These results are
similar to some studies in the literature [7, 15, 33,
42]. However, there were also studies which found no
differences between genders [19, 43, 58]. The smaller

detection rate of MB2 in females can be explained
by demineralisation and loss of bone mass, which
is three times higher in females than in males [6].
This will prevent accurate tracking of the canal by
computed tomography due to lack of contrast [4].
Neaverth et al. [36] stated that the older patients
had fewer MB2 canal than younger ones because of
an increase in the canal calcification, tertiary dentin
formation and porosity of the cortical bone. Zhang et
al. [57] said that secondary dentin deposition separated a flattened canal into two canals or even create
a calcified imperforate canal. In the present study, it
was found that as the age progressed, the prevalence
of MB2 decreased (p < 0.01), which is consistent with
the results of Neaverth et al. [36], Thomas et al. [48],
Betancourt et al. [7] and Zhang et al. [57]. For this reason, we recommend that the maxillary molar teeth be
directed more attention to seeking and finding MB2
canals in the MB roots, especially in young patients.
It would be very difficult to identify additional canal
in the CBCT image because older people had more
calcified canals and the diameter of the additional
canals was smaller than the MB1 canal.
The MB2 canal is commonly located mesiopalatally to the MB1 canal [44]. The location of the MB2
canal is often indicated by in vitro studies [17, 18].
There were only two studies that demonstrated the
MB2 canal location using in vivo CBCT [7, 8]. These
studies were conducted by the same authors. They
found that the MB2 canal was located in the 1MM
2.68 ± 0.49 mm palatally and 1.25 ± 0.34 mesially
to the MB1 canal. In the 2MM it was located 2.41 ±
± 0.64 mm palatally and 0.98 ± 0.33 mm mesially.
In this study, the average distance of MB2 to the
MB1 canal of the 1MM was 2.95 ± 0.58 mm and its
distance to the PP1 canal was 5.81 ± 1.09 mm. In the
2MM, while the average distance to the MB1 canal
was 3.08 ± 0.67 mm, the distance to the PP1 was
5.55 ± 1.09 mm. These distances were greater than
reported by Betancourt et al. [8], and Gorduysus et
al. [18]. Our results were similar to study conducted
by Gilles et al. [17]. They found that the MB2 canal
was located mesially to the MB1 canal at a distance
of 2.31 mm in the 1MM and 2.06 mm in the 2MM
by scanning electronic microscopy. The differences
between the results may be due to differences in the
techniques used, measurement techniques, or sample
sizes. We believe that the inter-orifice distances can
differ at different measurement levels. We measured
at 1 mm below the pulpal floor level. Zhang et al.
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[57] reported that a larger distance ratio of MB1-PP
to distobuccal (DB)-PP (> 1.26) indicated a highly
probable existence of an MB2 canal. They stated that
CBCT imaging with a small voxel size is particularly
important in determining the presence of an MB2
canal if clinicians fail to locate it. Since CBCT imaging
is not used routinely in the diagnosis of endodontic
patients, it is expected that our results will be useful
for clinicians to treat teeth with MB2 canal or complex
morphology potential during initial therapy.
In the literature, only two studies have reported
the adjacent or contralateral formation of MB2 canals
[4, 28]. In this study, bilateral symmetry formation for
the maxillary first and second molar teeth was 88%
and 93%, respectively. These results were similar to
that reported by Alexander et al. [4]. However, these
results were higher than the study of Kim et al. [28].
We found that the adjacent concurrence was 87% and
82% for the maxillary first and second molar teeth on
the same side, respectively, which is approximately
consistent with the results of a previous study [4].
However, the results of the present study were higher
than that of Kim et al. [28] where the finding was
64%. While our sample size (n = 200) was equal to
that in the study by Alexander et al. [4]; it was lower
than that in the study by Kim et al. [28] (n = 351).
Their study was carried out about 6 years before ours.
These differences may be due to improvements in
CBCT software. These improvements can increase image resolution and improve diagnostic accuracy and
sensitivity. To our knowledge, this is the first study
to report the symmetry of the MB2 canal between
contralateral and adjacent molars in a Turkish population. If an MB2 canal is found on a molar, clinicians
should consider the possibility of additional canals
in adjacent molars and more in contralateral molars.
However, this study had some limitations. First,
our sample consisted of subjects who referred to
our faculty for a dental examination. This implies
that our sample was not representative of Turkish
adults in general. Therefore, there is a need for studies conducted throughout our country. Second, the
study had a retrospective design. Hence, it was not
possible to obtain the patient’s entire history. Some
cultural and individual characteristics may affect the
prevalence of the MB2 canal. Third, only one radiologist has evaluated the measurements. However, the
intra-observer agreement values were perfect.
All procedures performed were in accordance
with the ethical standards of the responsible com-

mittee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975,
as revised in 2008.

CONCLUSIONS
In conclusion, the results of the present study indicate that the MB2 canal is found in 19.75% of the
1MM and 17.75% of the 2MM. the average distance
of MB2 to the MB1 canal of the 1MM was 2.95 ±
± 0.58 mm and its distance to the PP1 canal was
5.81 ± 1.09 mm. In the 2MM, while the average distance to the MB1 canal was 3.08 ± 0.67 mm, the distance to the PP1 was 5.55 ± 1.09 mm. It is important for
clinicians to know the localisation and the probability of
finding the MB2 canal in the first and second permanent
maxilla. The occurrence possibility of these canals was
also found high in the contralateral and adjacent molar
teeth. CBCT imaging can facilitate the clinician to detect
complex and variable root canal anatomy.
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