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Evaluation of the Root and Canal Morphology of Maxillary Permanent
Molars and the Incidence of the Second Mesiobuccal Root Canal in Greek
Population Using Cone-beam Computed Tomography
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Abstract: Objectives: Cone-Beam Computed Tomography is an alternative imaging technique which has been recently
introduced in the field of Oral & Maxillofacial Radiology. It has rapidly gained great popularity among clinicians due to
its ability to detect lesions and defects of the orofacial region and provide three-dimensional information about them. In
the field of Endodontics, CBCT can be a useful tool to reveal tooth morphology irregularities, additional root canals and
vertical root fractures. The objective of this study is to evaluate the root and root canal morphology of the maxillary per-
manent molars in Greek population using Cone-Beam Computed Tomography. Materials and Methods: 273 cone-beam
computed tomography (CBCT) images were examined. The number of roots and root canals of the first and second maxil-
lary molars were evaluated. Root canal configuration was classified according to Weine’s classification by two independ-
ent examiners and statistical analysis was performed. Results: A total of 812 molars (410 first and 402 second ones) were
evaluated. The vast majority of both first and second molars had three roots (89.26% and 85.07%, respectively). Most first
molars had four canals, while most second molars had three. In the mesiobuccal roots, one foramen was recorded in
80.91% of all teeth. Other rare morphologic variations were also found, such as fusion of a maxillary second molar with a
supernumerary tooth. Conclusion: Within the limitations of this study, it can be concluded that more attention should be
given to the detection of additional canals during root canal treatment in maxillary permanent molars. Towards this effort,
CBCT can provide the clinician with supplemental information about the different root canal configurations for successful
Root Canal Treatment.

Keywords: Cone-beam computed tomography, Greek population, maxillary permanent molars, mesiobuccal root, root and ca-
nal morphology.

INTRODUCTION the mesial root is higher than 50%. Other variations that
have been reported in this type of tooth group include the
presence of a third canal in the mesial root [8], a second ca-
nal in the palatal root [9], and two individual palatal roots
(mesiopalatal and distopalatal) with their own separate canals
[10]. Moreover, C-shaped configuration [11] has also been

reported, as well as root fusion of two or more roots [5].

Complete and thorough chemomechanical debridement
of the root canal system is pivotal for the optimal outcome of
the root canal treatment. The clinician should be aware of the
possible root canal configurations and the presence of addi-
tional canals, which are of vital importance to the complete
instrumentation and disinfection of the root canal system [1,

2], thus minimizing the risk of treatment failure [3, 4].

Numerous studies have been conducted about the mor-
phological variations of maxillary permanent molars, em-
phasizing the presence of a second mesiobuccal canal in the
mesial root. The majority of maxillary first molars (95.9%)
present 3 roots [5]. The incidence of a second mesiobuccal
root canal in the mesial root varies between 26% [6] and
93.5% [7]. This variation can be attributed to the different
methods that were used by the researchers. Other factors
may contribute as well: For example the incidence of two
canals in laboratory studies is higher (60.5%) to that reported
in clinical studies (54.7%) [5]. Taken together, it can be con-
cluded that the incidence of the second canal (MB2) in
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Many methods have been used to evaluate the inner mor-
phology of a root over the years. Some commonly used in
vitro methodologies include various sectioning techniques
(sectioning of the root perpendicular or vertically to the long
axis of the tooth), root canal impression using low viscosity
resin [12] along with root canal staining and tooth clearing
[1, 13]. A main drawback of these techniques is that the
samples are irreversibly destructed, thus the results cannot be
reproduced and further evaluated. Furthermore, conventional
radiographic images both in vivo [14, 15] and ex vivo [16,
17] can provide valuable information about tooth anatomic
variations. More recently, clinical studies evaluate the inci-
dence of additional canals under magnification using loupes
or dental operating microscope and by analyzing clinical
patients’ records or previously treated teeth [18].

The above mentioned techniques are unable to reveal in
detail the irregularities of the root canal system owing to
their inherent limitations. Although periapical radiographic
images provide an adequate amount of information in the
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everyday clinical practice, their interpretation can be per-
plexed by several factors such as the regional anatomic
landmarks or superimposition of adjacent teeth and hard tis-
sues of the orofacial region. Due to the two-dimensional de-
picting potential and the possible geometric distortion of the
image, many three-dimensional anatomic irregularities may
be concealed [19, 20]. Recently, cone beam-computed tomo-
graphy (CBCT) imaging techniques offer an effective way to
overcome these limitations. This is feasible by constructing
detailed three-dimensional images of the teeth and the sur-
rounding dentoalveolar structures, thus providing useful in-
formation for diagnosis and treatment planning before or dur-
ing root canal treatment and surgical endodontic procedures.

Many studies have been conducted in order to analyze
the inner anatomic variations of maxillary molars using
CBCT technology. However, there are no reports on the root
and canal configurations of maxillary permanent molars in
Greek population. The aim of this study is to evaluate the
root canal morphology of the first and second maxillary mo-
lars in the Greek population using CBCT imaging.

MATERIALS AND METHODS

A total number of 273 CBCT images were obtained from
patients who visited a private radiologic clinic in Athens,
Greece, requiring tomographic examination as part of their
dental examination, diagnosis or treatment planning. The
study was approved and Ethical Clearance was obtained.
Patients’ gender and age were recorded in a database along
with their signed informed consent form.

Teeth were selected in order to fulfill the following inclu-
sion criteria:

1. First and second maxillary permanent molars

2. With no previous root canal treatment

3. With fully developed roots and mature apices
Exclusion criteria included teeth with:

1. Open apices

2. Root resorption

3. Calcification or extensive coronal restorations.

Moreover, tomographic images of poor quality or arti-
facts were also excluded.

Finally, 812 teeth met the above criteria, 410 maxillary
first and 402 maxillary second molars.

The CBCT images were taken by using the NEWTOM
VGI (QR, Verona, Italy) operated at 110 kV with a scanning
time of 17 seconds (X-ray emission time 5,4 seconds) with
field of view 12 x 8 in high resolution mode and a voxel size
of 0,125mm. The reconstruction of the images was made
from the axial raw data images and with a slice thickness of
0,5mm.The CBCT images were analyzed with the NNT
software (version 2.21, QR 2001-2009, QR srl, Verona, It-
aly), while the contrast and brightness of the images were
adjusted in order to ensure optimal visualization by using the
image-processing tool in the software.

All teeth were analyzed by using 3 planes (sagittal, axial,
and coronal), and the following anatomic features were
evaluated and recorded:
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1. Number of roots and their morphology
2. Number of canals per root

3. Presence of two separate apical foramina (Weine Type
IIT) or two canals that joined to exit at a single foramen
(Weine Type II) [21]

All images and features were independently assessed by
an endodontist and a radiologist and any disagreement be-
tween them was discussed until a consensus was reached.

Statistical Analysis

Differences between the respective features of first and
second maxillary molars were analyzed with Yate’s chi
square test (significance level p < 0.05), using SPSS Statis-
tics 18.0 software (SPSS, Inc., Chicago, IL, USA).

RESULTS

The distribution of patients according to their age was as
follows: 8 patients (2.93%) were between 18 and 20 years
old; 46 (16.85%) were between 21 and 35 years old; 107
(39.2%) were between 36 and 50 years old; 87 (31.87%)
were between 51 and 65 years old and finally, 25 (9.15%)
were between 66 and 80 years old. 121 patients (44.32%)
were males and 152 (55.68%) were females. No difference
was recorded between the two genders as regards either the
number of roots or the root canals (p=0.783).

The distribution of the number of roots of the first and
second molars is depicted in Table 1. The vast majority of
both first and second molars had three roots (89.26% &
85.07% respectively); there was no statistically significant
difference between the two teeth as regards the number of
roots (p=0.42).

The distribution of the number of root canals of the first
and second molars is displayed in Table 2. 53.41% of the
first molars had four canals with the fourth one being a sec-
ond mesiobuccal canal in all cases. The respective frequency
among second molars was 40.29%. However, second molars
presented more frequently three root canals (49.5%). A sta-
tistically significant difference between the number of root
canals of the first and second molar was found (p<0.001);
thus, a maxillary first molar is more likely to present four
canals than a second one.

Interestingly, some rare morphologic variations were also
disclosed in the present study. Two (2) first (0.49%) and
three (3) second (0.74%) molars presented one root and one
root canal. Seventeen (17) teeth (2.09%) presented fusions of
some or all of their roots; most fusions concerned second
molars (81.33%). There was also one case of a second molar
whose distal root was fused with a supernumerary tooth
(0.12%). Some variations that were recorded are shown in
Figs. (1-3).

Canal configuration of the mesiobuccal roots of all teeth
was classified according to Weine. The vast majority of me-
siobuccal roots (80.91%) had either one or two canals that
resulted in a single apical foramen. No statistically signifi-
cant difference was found between first and second molars
(p=0.848).
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Table 1.  Distribution of first and second molars according to the number of their roots.
1 root 2 roots 3 roots 4 roots Total
1st molar 16 23 366 5 410
2nd molar 22 33 342 5 402
Total 38 56 708 10 812
Table 2. Distribution of first and second molars according to the number of their root canals.
1 canal 2 canals 3 canals 4 canals 5 canals Total
1st molar 16 11 153 219 11 410
2nd molar 19 11 199 162 11 402
Total 35 22 352 381 22 812

Fig. (1). A case of unilateral permanent maxillary second molar
fused with a supernumerary tooth in the distal root, as view in sagit-
tal and axial direction using NNT Viewer Software.

Fig. (2). Case of maxillary first molar with two canals in the distal

root as detected in axial section.

Central Sagittal

Section of #27

Fig. (3). Cases of maxillary permanent molars with root and root
canal variations in sagittal and axial section; (A) a second molar
with one root and one root canal, (B) 4-rooted first molar, present-
ing 3 buccal roots, (C) a second molar with fusion between mesial
and palatal root to full lenth.
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DISCUSSION

CBCT is an essential tool which supplies the clinician
with detailed information that conventional intraoral radio-
graphs or panoramic images are not able to, due to its ability
to demonstrate anatomic features in three dimensions. It has
gained great popularity in the field of Endodontics regarding
the identification and the management of perplexing condi-
tions. These include the determination of tooth morphologi-
cal abnormalities or extra canals in a root as well as the abil-
ity to assess intra-operative endodontic treatment mishaps,
such as obturating material overextension, instrument sepa-
ration, identification of root perforations and calcified ca-
nals. As far as periapical radiolucencies are concerned,
CBCT reveals bone defects of the cancellous bone and corti-
cal bone separately and there is evidence that the prevalence
of apical periodontitis is significantly higher when using
CBCT, in comparison with conventional periapical radio-
graphs [22, 23]. CBCT technology has been also proven ad-
vantageous in the differential diagnosis of periapical pathosis
of non-endodontic origin where the extension of the lesion
and its connection to the surrounding anatomical features
cannot be determined by the conventional radiographic im-
ages. Furthermore, it can be helpful in dentoalveolar trauma
cases [24] especially in root fractures [25] luxation dis-
placement and alveolar fractures and in the differential diag-
nosis of resorption (external, internal and cervical invasive
resorption) [26]. Finally, three-dimensional imaging of anat-
omic features, such as mental foramen, sinus and mandibular
canal, is applied in pre-operative case planning in surgical
endodontics in order to identify the exact location of root
apex/apices and to determine their proximity to adjacent ana-
tomical structures.

In the present study, CBCT was used in order to provide
information about the presence or the absence of the MB2
canal in the mesial roots of maxillary permanent molars in
Greek population. Recent information from the research field
[27, 28] provides evidence that CBCT can be considered as
an equally reliable method in detecting the MB2 canal with
the gold standard of clinical sectioning the specimens and
the state-of-the-art technique of pCT.

In our study, it was shown that the majority of upper
permanent molars present 3 roots, which is in accordance
with previously reported results [5]. The incidence of the
MB2 canal in our study was 53% for the upper first molars
and 40.29% for the second molars, which was within the
range of previously reported results [29, 30]. However, it
appears to be higher than reported in previous study in
Greece. Sykaras et al. [31] in their in vitro study combined
macroscopic observation and evaluation of radiographic im-
ages and reported that the incidence of the MB2 canal was
32%. This finding is regarded to be a great indication that the
CBCT imaging technique can be a useful tool towards iden-
tifying or confirming the presence of additional canals in
roots. During the last decade, a vast amount of information
regarding the presence of MB2 canal in maxillary molars in
a variety of geographical populations has been released [29,
32-37]. The difference in the incidence of the MB2 has been
attributed to the impact of the ethnic background on maxil-
lary molar root morphology [37]. Additionally, regarding the
configuration of the canal’s system in the mesiobuccal root,
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we found that the majority of MB2 canals merge in a single
apical foramen (80.91%) with no correlation to the position
of the tooth.

However, our study detected a significant correlation re-
garding the presence of the MB2 canal either at the first or
the second molars, with the former being more likely to pre-
sent four canals than a second one. Moreover, a correlation
between gender and the presence of MB2 canal was not
found in our study, which is in agreement with previous
studies [33].

Additional variations in inner tooth morphology include
an extra canal in the distobuccal and palatal root of the first
maxillary molar, but they are rarely observed. In our study
we found an additional canal in the distal root of only one
upper first molar (Fig. 2), conforming to previously reported
results which propose the low incidence of these variations
[5, 33,35, 36].

Moreover, we found that maxillary molars in Greek
population present fused root in only 2.09%, which is most
prevalent in the maxillary second molars (81.33%) (Fig. 3).
Studies in Ugandan [38], Irish [39] and Brazlilian [37] popu-
lation found that the prevalence of root fusion in this tooth
group may vary from 7.94% to 43%. On the other hand, a
study in Korean population revealed that the incidence of
root fusion is 0.73% in first molars and 10.71% in the second
maxillary molars, while studies conducted in Burmese [30]
and Thai [29] populations found three separate roots in all
maxillary first molars. These differences provide an addi-
tional indication that the ethnic origin may have a strong
impact on the morphology of the maxillary molars.

Single roots and single canals, which are rare abnormali-
ties for the first molars [5], were found in 0.49% of the upper
first molars and in 0.74% of the second molars. Their pres-
ence appears to be relatively uncommon, which is corre-
sponding to observations revealed in previous studies [5, 36].

During the CBCT images evaluation, a second molar
fused with a supernumerary tooth was detected (Fig. 1). Fu-
sion arises when two or more separate tooth buds merge at
some stage of their development. Depending on the forma-
tion stage and the amount of available dentin, fusion can be
partial or complete, resulting in a dysmorphic tooth with a
fused crown and either joined or separate pulp chambers and
canals [40]. Fusion is more prevalent in deciduous teeth,
even if it may occur both in the deciduous and permanent
dentition [40, 41]. With incidence less than 1% in Caucasian
population [42], fusion is predominantly found in incisors
and canines but scarcely in molars [42, 43-45] Its bilateral
occurrence is about ten times less common than unilateral
one [43]. The frequency of fusion between permanent and
supernumerary teeth is 0.1%, and this type of fusion usually
involves maxillary anterior teeth [45]. Clinically, this mal-
formation leads to a dysmorphic shape with excessive me-
siodistal tooth width. Especially in case of fusion between a
regular tooth and a supernumerary tooth, more arch length is
required causing spacing and alignment problems [46]. To
our knowledge, little is known about the prevalence of max-
illary second molars fusion with supernumerary teeth [47],
except some case reports published over the past years,
which are mainly focused on mandibular molars [45, 48, 49].
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As mentioned before, even though CBCT imaging tech-
nology plays a significant role in the field of Endodontics, it
cannot be routinely used in everyday clinical practice. The
clinician should keep in mind that the patient is still exposed
to ionizing radiation and ought to assess the relative risk. It is
of vital importance for the patient the radiation exposure to
be kept as low as judiciously feasible [50].

CONCLUSION

The present study showed that the Greek population has a
higher prevalence of type III canal configurations according
to Weine’s classification in the mesio-buccal roots of maxil-
lary molars. In addition, the incidence of the MB2 canal was
significantly higher in first molars than in second molars.

To our knowledge, for the first time, we demonstrate the
occurrence rate of rare morphologic variations such as max-
illary first molars with a single root and a single canal and
the fusion of a maxillary second molar with a supernumerary
tooth in Greek population.

These morphological differences found in mesio-buccal
roots may occur in ethnically divergent populations and
should be taken into account by the clinician during surgical
or nonsurgical endodontic procedures of the permanent max-
illary molars.

It can be concluded that in vivo CBCT image’s evalua-
tion appears to be a noninvasive and clinically efficient tool
in understanding the root morphology and root canal anat-
omy. The present findings could allocate the clinician pivotal
information, on the grounds that meticulous knowledge of
anatomic variations could result in the improvement of the
outcomes of root canal treatment.
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