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ABSTRACT

ARTICLE HISTORY

The aim of this retrospective study was to review, analyse and characterize the root canal
morphology of maxillary molars, using cone beam computed tomography (CBCT), in a group of the
Turkish Cypriot population. The sample for this cross-sectional study consisted of retrospective
evaluation of CBCT scans of 290 adult patients (age range 16 80). The number of roots and their
morphology, the number of canals per tooth and the root canal conﬁgurations were also classiﬁed
according to the method of Vertucci. Pearson’s chi-square test was performed for canal
conﬁgurations, sides and gender (p < 0.05). Among the 373 ﬁrst molars, there was no single-rooted
specimen, 2 (0.53%) teeth had 2 roots, 365 (97.8%) teeth had 3 roots and 6 ones (1.6%) had 4 roots.
Among the 438 second molars, 14 (3.1%) were single-rooted, 26 (5.9%) teeth had 2 roots, 392
(89.4%) teeth had 3 roots and 6 teeth (1.3%) had 4 roots. No sex difference was found in the
frequency of additional canals both in the maxillary ﬁrst and second molars. Occurrence of
additional canals did not differ with age. These results provide detailed knowledge of the root
canal anatomy of the maxillary molar teeth in this particular population, which is of clinical
importance for dental professionals when performing endodontic treatment.
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Introduction
The most important stages of the root canal therapy are
thorough shaping and cleaning of all pulp spaces and its
complete obturation with an inert ﬁlling material. Therefore, clinicians should be aware of common root canal
conﬁgurations and possible anatomic variation.[1] A
thorough understanding of the complexity of the root
canal system is essential for understanding the principles
and problems of shaping and cleaning, for determining
the apical limits and dimensions of canal preparations.
[2] The inability to detect debris and obturate all extant
canals is a major cause of endodontic failure.[3]
A number of techniques, such as sectioning, radiography, dye penetration and clearing, post-treatment clinical examination, to cone beam computed tomography
(CBCT), have been applied in studies on the root and
canal morphologies of different populations.[2]
Although tooth clearing methods and modiﬁcation of
these techniques have been generally considered the
gold standard for analysing root canal anatomy, many
potential endodontic applications, including analysis of
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the canal morphology have been reviewed with the
introduction of CBCT in the ﬁeld of endodontics in 1990.
[1,4]
Baratto Filho et al. [5] used three methods (ex vivo,
clinical and CBCT) to assess the internal morphology of
maxillary ﬁrst molars and concluded that CBCT was
effective for initial identiﬁcation of such morphology.
CBCT can also provide personal data, such as sex, age
and tooth position, which may have important implications in the preoperative evaluation of canal morphology
for non-surgical root canal therapy.[3,6,7]
Many attempts have been made to assess the anatomic characteristics of maxillary molars because of their
complex root anatomy and canal morphology.[3,8]
Although based on the published results, it is generally
accepted that most maxillary molars have three roots,
these teeth also exhibit some anatomic variation.
[3,8 12] Kottoor et al. [13] reported a case in which the
maxillary ﬁrst molar exhibited three roots and seven
canals: three in the mesiobuccal root (MBR), two in the
distobuccal root (DBR) and two in the palatal root (PR).
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To the best of our knowledge, there are no reports on
the root canal morphology of maxillary molars in the
Turkish Cypriot population. Thus, the aim of this retrospective study was to analyse and characterize the root
canal morphology of the maxillary molars in this population together with the prevalence of additional canals,
using CBCT.
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Subjects and methods
The cohort for this cross-sectional study consisted of 290
adult patients (age range 16 88) seeking routine dental
care at the Near East University Dental Hospital. All subjects agreed to participate in this study and gave their
written informed consent. The study was approved by
the ethics committee of the School of Medicine at Near
East University. Digitized CBCT images of maxillary
molars were collected from patients who had undergone
CBCT scanning for diagnostic purposes in the period January 2012 January 2015. Maxillary molars with immature apices, apical periodontitis, root canal ﬁllings, post
and crown restorations were excluded. Cases where the
anatomy was compromised by physiological or pathological processes and unclear root canal morphology
were also excluded from the study.
CBCT scans (Newton 3G: Quantitative Radiology s.r.l.,
Verona, Italy) used a 9-inch ﬁeld of view to include maxillary anatomy. All CBCT exposures were performed by an
experienced licensed radiologist by applying the minimum exposure necessary for adequate image quality.
The as low as reasonably achievable protocol was strictly
followed. Axial, coronal and cross section images were
used for evaluation of root canal anatomy. All constructions and measurements were performed on a 21.3-inch
ﬂat-panel colour-active matrix thin-ﬁlm-transistor medical display (NEC MultiSync MD215MG, Munich, Germany)
with a resolution of 2048 £ 2560 pxat 75 Hz and 0.17mm dot pitch operated at 11.9 bits.
All CBCT images were evaluated retrospectively by
two endodontists and an oral and maxillofacial radiologist with at least 10 years’ experience using the CBCT
device and software (NNT 4.6, QR Verona, Italy). An interexaminer calibration based on the anatomic diagnosis of
CBCT images had been previously performed to assess
data reliability.
CBCT images were evaluated and the following were
observed: (1) the number of roots and canals; (2) the
canal conﬁguration in each root using Vertucci’s classiﬁcation [2]; (3) the frequency of additional roots and the
frequency of C-shaped canals in the maxillary ﬁrst and
second molars (Figure 1).
The observers evaluated the images twice with a oneweek interval between the assessments. The intra- and

Figure 1. (a) Axial CBCT image showing one root, (b) three canals
of the ﬁrst molar, (c) four canals (arrows) and (d) C-shaped canal
of the second molar (arrows).

inter-examiner reliability was assessed. Wilcoxon
matched-pairs signed rank test was used for intraobserver assessment, while the inter-observer reliability
was made by the intra-class correlation coefﬁcient (ICC)
and the coefﬁcient of variation (CV). Values for the ICC
range were 0 1. ICC values higher than 0.75 were considered to show good reliability and low CV demonstrates the precision error as an indicator for
reproducibility.[14] The relationship between the
patients’ sex or the sides and the incidence of additional
canals was determined using the chi-square test. Differences were considered signiﬁcant when p < 0.05.

Results and discussion
The aim of this retrospective study was to analyse and
characterize the root canal morphology together with
the prevalence of additional canals in the Turkish Cypriot
population, using CBCT. Even though various techniques
have been used in root morphology studies, it has been
mentioned that the most detailed information can be
obtained by demineralization and staining techniques.
[2,6,15,16] In recent years, CBCT is widely used in implantology, maxillofacial reconstruction and in endodontic
diagnosis before surgical endodontics as well as for
assessment of canal preparation, obturation and removal
of root ﬁllings. It has been reported that CBCT is as accurate in identifying root canal morphology as the modiﬁed canal staining and clearing technique.[11,17]

CBCT ﬁndings
In this study, of the 373 ﬁrst molars, none was single
rooted. Two (0.53%) teeth had 2 roots, 365 (97.8%) teeth
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Table 1. Classiﬁcation of ﬁrst and second molars according to the number of roots and the number of canals per tooth.
First molar, n (%)
F (n D 199)

Number of roots and canals per tooth
One root
Two roots
Three roots
Four roots
One canal
Two canals
Three canals
Four canals
Five canals
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Note: F

M (n D 174)

Total (n D 373)

169 (97.1)
5 (2.8)

2 (0.5)
365 (97.8)
6 (1.6)

77 (44.2)
95 (54.5)
2 (1.1)

2 (0.5)
180 (48.2)
189 (50.6)
2 (0.5)

2 (1)
196 (98.4))
1 (0.5)
2 (1)
103 (51.7)
94 (47.2)

female patients; M

Second molar, n (%)
F (n D 249)

M (n D 189)

Total (n D 438)

12 (4.8)
17 (6.8)
216 (86.7)
4 (1.6)
6 (2.4)
23 (9.2)
170 (68.2)
50 (20)

2 (1)
9 (4.7)
176 (93.1)
2 (1)

14 (3.1)
26 (5.9)
392 (89.4)
6 (1.3)
6 (1.3)
34 (7.7)
297 (67.8)
100 (22.8)
1 (0.2)

11 (5.8)
127 (67.1)
50 (26.4)
1 (0.5)

male patients.

the number of root canals did not appear to differ signiﬁcantly between females and males (p > 0.05) (Table 1).
Among the ﬁrst molars, in the examined female
patients, there were 104 (52.7%) MBRs with a Vertucci
Type I root canal anatomy that had 3 and 4 separate
roots, whereas there were 81 ones (46.5%) in males
(Table 2). For both male and female participants, 78
MBRs of teeth had a Type II canal anatomy. Fourteen
(7.1%) had a Type IV canal anatomy in females while 12
(6.8%) in males. Only one (0.5%) of the distobuccal roots
had Type II canal anatomy in the group of male patients.

had 3 roots and 6 teeth (1.6%) had 4 roots. In total (i.e. as
a sum in female and male patients), the number of
canals per tooth in the maxillary ﬁrst molars was 2 in
0.5% of the studied teeth, 3in 48.2%, 4 in 50.6% and 5 in
0.5%. Of the 438 second molars, there were 14 (3.1%)
single-rooted ones. Twenty-six (5.9%) teeth had 2 roots,
392 (89.4%) teeth had 3 roots and 6 teeth (1.3%) had 4
roots. The number of canals per tooth in the maxillary
second molars in total (i.e. as a sum in female and male
patients) was 1 in 1.3% of the studied teeth, 2 in 7.7%, 3
in 67.8% and 4 in 22.8%. The frequency distribution of

Table 2. Vertucci classiﬁcation of ﬁrst and second molars that had three and four separate roots, depending on their root canal
anatomy.
First molar, n (%)
Mesiobuccal root
Types
Type I
Type II
Type III
Type IV
Type V
Type VI
Type VIII
Additional
Total

Distobuccal root

Palatinal root

Extra root

F

M

F

M

F

M

F

M

104 (52.7)
78 (39.5)

81 (46.5)
78 (44.8)
2 (1.1)
12 (6.8)

197 (100)

173 (99.5)
1 (0.5)

197 (100)

174 (100)

1 (100)

4 (80)
1 (20)

197

174

197

174

1

5

14 (7.1)
1 (0.5)
197

1 (0.5)
174

Second molar, n (%)
Mesiobuccal root
Types
Type I
Type II
Type III
Type IV
Type V
Type VI
Type VIII
Additional
Total
Note: F

Distobuccal root

Palatinal root

Extra root

F

M

F

M

F

M

F

M

174 (79)
42 (19)

129 (72.4)
41 (23)

220 (100)

178 (100)

220 (100)

178 (100)

4 (100)

2 (100)

4 (1.8)

7 (3.9)

220

178

220

178

4

2

1 (0.5)
220

female patients; M

178
male patients.
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All the palatal roots (371; 100%) and extra roots (6; 100%)
had Type I root canal anatomy. In the group with 2 roots,
100% had a Vertucci Type I anatomy for the buccal and
palatal roots. In the group with four roots, all roots had
Type I canal anatomy except for one second MBR, which
had Type II canal anatomy. Out of 373 ﬁrst molars in
total, 186 ones (49.8%) had an additional mesiobuccal
canal.
In the second molar group (Table 2), 174 (79%) of the
MBRs in females and 129 (72.4%) in males were
observed to have a Vertucci Type I root canal anatomy.
Among the female patients, 42 teeth (19%) had type II
canal anatomy, and among the males, this number was
41 (23%). Type IV canal anatomy was found in 4 teeth
(1.8%) in the female patients and in 7 ones (3.9%) in the
male patients. Only one case of a MBR (0.5%) was found
with Type VIII canal anatomy. Of all the second molars,
95 ones (21.6%) had an additional mesiobuccal canal
(Table 2). Only a single canal (0.22%) was found to be Cshaped in all maxillary second molars. No difference
between the two sexes was found in the frequency of
additional canals both in the maxillary ﬁrst and second
molars (p > 0.05).

Comparative analysis
Most CBCT studies use the classiﬁcation system proposed by Vertucci,[2] although additional classiﬁcation
systems have been used as well (Table 3).[6,8,18,19] The
result obtained in this study that 2.2% of the maxillary
ﬁrst molars do not have three separate roots is consistent with previous ﬁndings in Indian, Chinese, Brazilian
and Irish populations.[3,8,9,11,20] However, in earlier
studies in Thai, Kuwaiti and Burmese populations, there
were found three separate roots in all maxillary ﬁrst

molars.[12,18,21] These differences in root canal anatomy highlight the inﬂuence of ethnic background on
maxillary molar root morphology.[3]
Our results were similar to those in several other previous investigations [3,9,11,22] in that maxillary ﬁrst
molars had three roots and four canals. Moreover, similar
results were found for the frequencies of additional
canals.[3,6,12,23] The high frequency (49.8%) of additional MBR canals in this study is largely consistent with
ﬁndings from 2 CBCT studies of Chinese populations
(52.24% and 52%),[3,9] from India (48.2%) [11] and from
Iran (53.6%).[24] However, higher frequencies than those
in our study have been observed in the Turkish population (93.5%),[6] Irish population (80.4%),[20] Italian (80%)
[25] and Korean population (71.7%).[26] This variation
may be caused by differences in the sample sizes, the
methods, and/or the regional population diversity. The
higher percentages reported by other studies when
compared with our ﬁndings might be explained by the
difference in the CBCT resolution, the radiographic interpretation and the sample size. Ex vivo studies on the incidence of extra canals reveal higher detection than in vivo
studies.[8,18,20] Moreover, studies using an operating
microscope, clearing technique or sectioning methodology show higher detection rates than radiographic or
CBCT examinations.[5,18,20,27,28]
Variations in additional canals in the DBR and PR of
the ﬁrst maxillary molar have been less frequently
observed. Our observation of additional canals in only
0.5% (1 tooth) of DBR are in good agreement with previous reports [3,8,12,20,29] that showed little variations in
these roots.
Similar to the ﬁndings in previous studies in the Brazilian, Indian and Irish population,[8,11,20], the results from
our study revealed that the percentage of maxillary

Table 3. Review of some reports on the maxillary root canal anatomy in different populations.
Extra mesiobuccal canal
Author

Year

Population

Method

alShalabi et al. [20]
Ng et al. [18]
Alavi et al. [12]
Sert and Bayirli [6]
Rwenyonyi et al. [29]
Pattanshetti et al.[21]
Park et al. [26]
Somma et al. [25]
Neelakantan et al. [11]
Zhang et al. [9]
Zheng et al. [3]
Kim et al. [1]
Silva et al. [8]
This Study

2000
2001
2002
2004
2007
2008
2009
2009
2010
2010
2010
2012
2014
2015

Irish
Burmese
Thai
Turkish
Ugandan
Kuwaitis in Kuwait
Korean
Italian
Indian
Chinese
Chinese
Korean
Brazilian
Turkish Cypriots

Clearing technique
Clearing technique
Clearing technique
Clearing technique
Clearing technique
Clinical C Radiograph
Micro-CT
Micro-CT
CBCT
CBCT
CBCT
CBCT
CBCT
CBCT

Note: Values are percentages (frequency of occurrence).

Extra distobuccal canal

Extra palatinal canal

1. Molar 2. Molar 3. Molar 1. Molar 2. Molar 3. Molar 1. Molar 2. Molar 3. Molar
80.4
70
67.3
93.5
24.9
41.8
71.7
80
48.2
52
52.24
63.59
42.63
49.8

58
50.7
58.5
59
13.1

38
22
34.39
34.32
21.6

38.9
45.5

2.4
5.5
1.9
9.5
2.3

0
2.6
1.6
2
0.5

9.6
0
1.12
1.25
0
0.2

15.1
0
0.3
0
0

0
0

1.2
0
0
5.5
0

0
0
0
0
1

11.9
0
1.76
0
0.65
0

12.2
0
1.82
0
0

0
0

Downloaded by [Near Eastern University] at 00:08 02 December 2015

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT

second molars with three separate roots (89.4%) was
lower than that for maxillary ﬁrst molars (97.8%). Our
results that the most commonly observed root morphology in the maxillary second molars was three separate
roots with a single canal for each root (69.1%) followed
by three separate roots with two canals in the MB root
(21.6%), are in accordance with the studies of other
authors showing high incidence of three separate roots
with one canal in each root.[9,12,18,29]
However, maxillary second molars present a more
complex root canal system when compared to maxillary ﬁrst molars: the incidence of a single root in the
second molars was 3.1%, 26 teeth had 2 roots (5.9%)
and 6 teeth (1.3%) had 4 roots. The results of several
earlier studies indicate that the prevalence of single
root, two roots and four roots for maxillary second
molars shows dissimilarities,[9,12,18,29] while our
results suggested similar incidences to those reported
for Chinese,[9] Ugandan [29] and Thai [12] populations, where all the maxillary second molars had three
separate roots.
Regarding the incidence of C-shaped canals, while our
study revealed none in the maxillary ﬁrst molars, only
one C-shaped canal was found (0.22%) among 438 maxillary second molars. These results are in consistence
with previous studies that showed low incidences for Cshaped canals in maxillary molars.[1,8,30]
Sex did not affect the incidence of additional canals,
which is in agreement with earlier studies.[1,3] However,
there have been conﬂicting results with regard to sex
and the frequency of additional canals.[3,6,7,31,32] While
earlier studies indicated that canal morphology appears
to become simpler because of the calciﬁcation of root
canal ramiﬁcations,[1,3] this issue should be evaluated
with larger population groups.

Limitations
Our study, however, has some limitations. First, a larger
cohort of patients would be needed to obtain more reliable information about the possible ethnic speciﬁcs in
the morphology of maxillary molar root canals in the
Turkish Cypriot population. Second, more reliable/higher
resolution techniques could probably give more detailed
information.

Conclusions
To the best of our knowledge, this is the ﬁrst populationbased Turkish Cypriot study that can serve as a guide to
the morphology of root canals of molar teeth in this ethnic group. Within the limitations of this study, the
obtained data can be compared to those of other

5

populations and could facilitate diagnosis and treatment
planning in Turkish Cypriot adults.
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