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Purpose: This study aimed to determine the prevalence of the second mesiobuccal canal in 
maxillary first molar teeth in a sample of population from Basrah city in the south of Iraq.
Patients and Methods: Cone-beam computed tomography (CBCT) images of 353 Iraqi 
patients from Basrah city were included in the study. These images revealed 691 maxillary 
first molars, but only 655 of them were included. The images were obtained using a Gendex 
(GXDP-7000) CBCT machine (Hatfield, PA, USA) and studied for the prevalence of second 
mesiobuccal canal in the mesiobuccal root canal configuration, according to Vertucci’s 
classification, by scrolling through the images. Pearson’s chi-square tests were used to 
correlate canal type distribution to gender and age. The distributions of canal type on the 
right and left sides were assessed using the Kendal tau correlation coefficient. A P-value 
<0.001 was considered highly significant. For intra-examiner reliability analysis, Cohen’s 
kappa test was used.
Results: The second mesiobuccal canal was identified in 81.68% of the Iraqi population 
sample. The most common type was type II (44.58%), followed by type IV (31.30%). Type 
I occurred in 18.32% of cases. Other types were less frequent.
Conclusion: The second mesiobuccal canal occurred in most of the examined samples of the 
Iraqi population (81.68%), with the most common type being type II, followed by type IV.
Keywords: maxillary molars, root canal anatomy, Vertucci’s classification, mesiobuccal root

Introduction
The maxillary first molar (MFM) boasts the largest tooth volume and a very 
complex root canal anatomy and is considered to be the most treated yet least 
understood posterior tooth.1

Technological advances have enabled the application of various techniques to 
investigate the dental anatomy. Many clinical studies have provided evidence that 
cone-beam computed tomography (CBCT) is a crucial tool when assessing the root 
canal anatomy, such as for the identification of the second mesiobuccal (MB2) canal in 
maxillary molars.2 CBCT produces undistorted three-dimensional images of the 
maxillofacial skeleton, including the teeth and the surrounding tissues, with 
a relatively lower effective radiation dose than that of computed tomography.3 

CBCT is therefore considered a valuable tool for detecting MB2 canals and could 
be used in the endodontic treatment of MFMs.4,5
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In recent years, many studies have assessed the pre-
valence of the MB2 canal, most of which used CBCT, as 
shown in Table 1.

Some of these studies have investigated canal configura-
tion in the mesiobuccal root specifically according to 
Vertucci’s classification. For example, the most common 
canal morphology in the mesiobuccal roots of MFMs in 
a Thai population was reported as type I (36.4%), followed 
by type II (28.8%) and type IV (25.3%).14 Meanwhile, 
Rouhani et al assessed the canal configuration in an Iranian 
population according to Vertucci’s classification and reported 
that the most common configuration was type I (46.4%), 
followed by types VI and II (17.6% and 14.4%, 
respectively).16 Alrahabi and Zafar, when assessing extracted 
teeth from a Saudi population, found that the most common 
canal configuration per Vertucci’s classification in mesiobuc-
cal roots was type II, followed by type I.6 Finally, Khademi 
et al also investigated the morphology of MFMs in Iranian 
patients and reported that the most common type in their 
study was Vertucci type II (53.1%), followed by type I.10

Untreated root canals, because of failure to identify the 
canals, would become a reservoir for pathogenic bacteria, 
leading to the inhibition of healing or initiation of new 
inflammatory lesions in the periapical tissues.18

Most of the population in southern Iraq descends from 
an Arabic origin, while the population of northern Iraq has 
a Kurdish origin, which necessitates highlighting these 
racial variations when studying dental anatomy among 
Iraqi patients. On searching previous literature, no studies 
were found to investigate the anatomy of maxillary molars 
in the population of southern Iraq. Therefore, in the 

present study, we aimed to analyze CBCT images in 
a sample of southern Iraqi population from Basrah city 
for the prevalence of the MB2 canal in MFMs.

Materials and Methods
The present study was approved by the Ethical Review 
Committee at the College of Dentistry, University of 
Basrah (Protocol no. PRN/120/12/OD), and written 
informed consent was obtained from all participants to 
use their data. The present study complied with the prin-
ciples of the Declaration of Helsinki. In this study, CBCT 
images of 353 patients (92 men and 212 women), with an 
average age of 30 years and an age range of 18 to 56 years, 
were evaluated. The included sample was classified into 
four age groups (18–26, 27–36, 37–46, and 47–56 years) 
to evaluate the relationship between age and distribution of 
canal types. These images were requested for multiple 
clinical purposes, including orthodontics, oral surgery, 
endodontics, and implants in the time period from 
November 15, 2018, to September 30, 2019.

From a total of 353 individuals, 691 MFMs were 
assessed; among them, 655 canal concerns were identified 
and distributed as 339 right and 316 left ones, respectively 
(36 MFMs were excluded). The study exclusion criteria 
were as follows: (1) a history of trauma to the maxillary 
arch, (2) presence of an MFM restoration and/or root canal 
filling, (3) an MFM with an open apex in one or more of its 
roots, (4) a history of surgery in the posterior maxilla, (5) the 
presence of any periapical pathology and/or resorption that 
could complicate image interpretation, (6) the presence of 
a calcified canal and/or pulp stones, (7) an MFM with 

Table 1 Previous Studies on Evaluation of the Prevalence of MB2 Canals in Different Populations

Authors Year Sample Size Population Study Type Mb2 Frequency

Alrahabi and Zafar6 2015 100 Saudi ex vivo 70.65%
Aktan et al7 2016 468 Turkish in vivo 63.25%

Yu-hua Lin et al8 2017 196 Taiwanese in vivo 56%

Ghobashi et al9 2017 675 Egyptian in vivo 74.5%
Khademi et al10 2017 389 Iranian in vivo 70.2%

Hiebert et al11 2017 100 American ex vivo 78%
Shetty et al2 2017 66 Indian in vivo 86.3%

Zhang et al12 2017 1008 Chinese in vivo 85.4%

Martins et al13 2018 567 Europeans 
239 Asians

Europeans 
Chinese

in vivo 73.1%Europeans 
58.4% Asians

Ratanajirasut et al14 2018 476 Thai in vivo 63.6%

Fernandes et al15 2019 200 South African in vivo 89.5%
Rouhani et al16 2019 125 Iranian ex vivo 53.6%

Tzeng et al17 2020 846 Taiwanese in vivo 79.2%
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developmental anomalies that could interfere with the inter-
pretation of CBCT images, and (8) collection of images with 
artifacts or technique errors affecting interpretation.

The examiners looked for the presence or absence of 
an MB2 canal by scrolling along the axial and coronal 
sections. If an MB2 canal was present, it was classified 
according to Vertucci’s classification (Figure 1).19

Radiographic Technique
CBCT images were obtained using a Gendex (GXDP-7000) 
CBCT machine (Hatfield, PA, USA) operating at 90 kV and 
10 mA with an exposure time of 13 s. The image dimensions 
used were 400 × 400 × 300 pixels IJK and the image 
resolution was 200 × 200 × 200 µm, while the image size 
(field of view) was 80.0 × 80.0 × 60.0 mm. The minimum 
slice thickness was 0.25 mm, with a slice interval of 0.5 mm. 
The detector resolution was 200 µm. Scanning procedures 
were performed according to the manufacturer’s protocol. 
All CBCT examinations were carried out by an oral radiol-
ogist with more than 10 years of experience using the mini-
mum exposure parameters necessary for acceptable image 

quality according to the “as low as reasonably achievable” 
radiation protocol.

Evaluation of the Images
All CBCT images were analyzed with a software program 
(GxPicture; Kavo Dental, Biberach an der Riss, Germany) 
built into the Invivo 5 dental viewer (Anatomage, San 
Jose, CA, USA) and run on a 64-bit Windows 7 system 
(Microsoft Corporation, Redmond, WA, USA). All images 
were analyzed using a 19-inch LCD screen (Dell, Round 
Rock, TX, USA) with a resolution of 1366 × 768 pixels in 
a dark room. The contrast and brightness of the images 
were adjusted during analysis using the software’s image 
processing tools to obtain the optimal visualization condi-
tions. The examiners scrolled through the axial, coronal, 
and sagittal views. A professional oral radiologist, endo-
dontist, and maxillofacial surgeon evaluated all CBCT 
images separately. The obtained data were compared, and 
any inconsistent data were rechecked and evaluated by the 
examiners at the same time so as to achieve consensus 
between their radiographic findings. One month after the 

Figure 1 Diagrammatic representations of Vertucci’s classification for root canal morphology. 
Notes: Reproduced with permission of Guillermo Concha from Torres et al Characterization of mandibular molar root and canal morphology using cone-beam computed 
tomography and its variability in Belgian and Chilean population samples. Imaging science in dentistry. 2015;45(2):95–101.20 Under Copyright © 2015 by Korean Academy of 
Oral and Maxillofacial Radiology; Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/).
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first round of assessments, a second group of readings was 
performed, including approximately 20% of the images 
selected randomly to assess intra-examiner reliability 
using Cohen’s kappa test.

Statistical Analysis
Statistics were recorded for the type of root canal config-
uration observed and patients’ sex and age. The relation-
ships between canal type, sex, and age were assessed using 
Pearson’s chi-square tests. P-values <0.05 were considered 
statistically significant, while P-values <0.001 were con-
sidered to be highly significant. The distributions of canal 
type on both sides (right and left) were assessed using the 
Kendal tau correlation coefficient. Intra-examiner reliabil-
ity was analyzed using Cohen’s kappa test. The Statistical 
Package for the Social Sciences version 22.0 for Windows 
software program (IBM Corporation, Armonk, NY, USA) 
was used to conduct the statistical analyses.

Results
The intra-examiner reliability was found to be perfect (kappa 
test value = 0.9). This study involved a total of 353 indivi-
duals, including 212 (60.1%) women and 141 (39.9%) men, 
with an age range of 18 to 56 years and an average age of 30 
years. As seen in Table 2, female study participants were 
typically younger than the male participants; however, this 
difference was not statistically significant (p > 0.05).

While 691 MFMs were studied, only 655 canal issues 
were identified (ie, 36 MFMs were excluded according to 
the exclusion criteria), divided as 339 right and 316 left 
teeth, respectively. Generally, type II was the most com-
mon canal type on both sides (44.58%), followed by type 
IV (31.30%). Type I seemed to occur to a similar degree 
on both the right and left sides (around 18%). Meanwhile, 
other types were less frequent (Figure 2). There was a fair 
correlation between the type of the canal on both right and 
left sides (Kendal tau correlation coefficient = 0.409), 
indicating that approximately 40% of the variability on 
one side can be explained by the variability on the other 

side (Table 3). Radiographic representation of different 
canal types is shown in Figure 3.

Types I, V, VI, and VII were found to appear more 
commonly in females, while type II was most prevalent in 
males. Type III and Type IV appeared more commonly on 
the right side in females, but they were seen in more ratios 
on the left side in males. As such, the distribution of right 
and left canals was significantly different between male 
and female patients (p < 0.05) (Table 4).

The included sample was classified into four age 
groups (18–26, 27–36, 37–46, and 47–56 years) to evalu-
ate the relationship between age and distribution of canal 
types. There was no statistically significant difference in 
the distribution of canal type according to age (p > 0.05) 
(Tables 5 and 6).

Discussion
To achieve successful root canal therapy outcomes, den-
tists should have adequate knowledge of general dental 
anatomy and morphology of the root canal. Wide range of 
variations have been reported in both the shape and num-
ber of root canals in permanent teeth.

Because the root canal anatomy is related to genetics, 
similarities and variations in the root canal anatomy 
among populations could always be found. Variations in 
root canal configuration related to ethnicity have been 
reported in many studies. Therefore, evaluating the root 
canal anatomy of a certain population and comparing the 
results with those of other populations will help clinicians 
understand the population’s propensity in terms of root 
canal anatomy.8

Advancements in technology have made it possible to 
use techniques, such as CBCT, to investigate dental 

Table 2 Age and Sex Distribution of the Sample

Female (N= 
212)

Male 
(N=92)

P value*

Age in years (mean ± 

SD)

29.3 ± 8.9 31.9 ± 8.5 0.07

Age (median) 26 31

Note: *Mann–Whitney’s test.

Figure 2 Graphical representation of canal types on the right and left sides.
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anatomy with greater precision and accuracy. Besides 
radiographic techniques, other methods have emerged for 
studying the root canal system, such as root canal section-
ing, staining, and tooth-clearing techniques. Tooth-clearing 
techniques could be considered the gold standard for ana-
lyzing root canal morphology but can only be applied to 
extracted teeth (in vitro). The clinical methods used for 
analyzing the internal anatomy of teeth are radiographs, 
including conventional X-rays and tomograms. Research 
suggests that CBCT is superior to conventional 
radiographs.18 Meanwhile, Mirmohammadi et al con-
cluded that CBCT sensitivity in detecting MB2 canal was 
96%.21 Other research has reported findings of 89% sensi-
tivity for CBCT versus 55% for periapical radiographs.22

In the present study, MB2 canals occurred in 81.68% 
of the population sample studied, showing a variety of 
types other than just type I (which constituted only 
18.32% of cases). This finding supports the results of 
other researchers concerning the prevalence of MB2 
canals. Coelho et al reported an overall prevalence rate 
of 75.91%,23 while Hiebert et al11 observed MB2 in 92% 
of their sample. Fernandes et al found MB2 prevalence 
rates of 92% and 87% on right and left sides, respectively, 
among a South African population,15 and Estrela et al 
reported the prevalence of MB2 in 76% of the evaluated 
Brazilian population.24 Meanwhile, in a worldwide study 
using CBCT to assess the MB2 canal prevalence, the ratio 
ranged from 48.0% in Venezuela to 97.6% in Belgium, 
with an average rate of 73.8%.25 Zhang et al found MB2 
canals in 85.4% of their study sample.12 Finally, in 
a sample of 149 MFMs studied by Naseri et al using 
CBCT, 86.6% showed the presence of MB2 canal,26 

while a similar prevalence rate was observed in the study 
by Shetty et al (86.36%) in an Indian population.2

However, some studies have reported lower prevalence 
rates for MB2 canal, such as the study by Su et al 
(45.9%).27 Furthermore, a study conducted by Tanvi et al 
in an Indian population reported a prevalence rate of 
55.7%,28 while Zand et al reported a prevalence rate of 
55.1% in Iranian study subjects.29 Finally, 64.9% preva-
lence rate of MB2 canal was revealed in 330 MFMs of 
Saudi patients in a report by Al-Shehri et al.30 These 
differences in the MB2 canal prevalence rate could be 
related to variations in sample size, racial variations, and/ 
or the methodology used.

The most common canal type in our study was type II 
(44.58%), with no significant difference between its fre-
quency on the right and left sides, followed by type IV 
(31.3%) and type I (18.32%). Other types also occurred 
but in small percentages: types III and V occurred in 
2.29% and type VI and VII occurred in 0.61% of the 
study population. Meanwhile, type VIII was not observed 
in any of the examined teeth. These findings are in agree-
ment with those of a previous study conducted in Saudi 
patients, which reported that Vertucci’s type II was the 
most frequent type (47%), followed by type I (29.4%) 
and types III and IV (11.8% each); no other types were 
observed in this study.6 Additionally, according to a study 
by Ghobashi et al conducted in an Egyptian population, it 
was found that the most common canal type per Vertucci’s 
classification was type II (45.6%), followed by type IV 
(27.27%) and type I (25.45%).9 Among 389 MFMs eval-
uated by Khademi et al, in a sample of Iranian population, 
where MB2 appeared in 70.2% of the sample, the most 
common canal type was type II (53.1%), followed by type 
I (29.8%).10 Naseri et al also evaluated an Iranian popula-
tion and reported that type VI was the most common canal 
type in their study population (35.6%), followed by type II 

Table 3 Types of Canals on Right and Left Sides

Canal Type Right Left Total Kendal Tau R P value

Frequency Percent Frequency Percent Frequency Percent

Type I (1) 63 18.58 57 18.04 120 18.32 0.409 0.001

Type II (2–1) 145 42.77 147 46.52 292 44.58
Type III (1-2-1) 12 3.54 3 0.95 15 2.29

Type IV (2) 106 31.27 99 31.33 205 31.30

Type V (1–2) 5 1.47 10 3.16 15 2.29
Type VI (2-1-2) 4 1.18 0 0.00 4 0.61

Type VII (1-2-1-2) 4 1.18 0 0.00 4 0.61

Total 339 100.00 316 100.00 655 100.00
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(32.9%).26 These ratios are close to, although not coincid-
ing with, the results of the present study; the differences 
could be related to racial differences between the evalu-
ated samples. In addition, using different types of CBCT 
machines and/or different fields of view could be a cause 
for variation in visibility and interpretation of MB2.5

We found no significant difference in the distribution 
of canal types according to age. This concurs with the 

findings of several other studies; for example, Fernandes 
et al reported no significant relationship between sex and 
age and the prevalence of MB2 canal.15 Additionally, 
Mordanov et al conducted a study in Russian patients 
and stated that no significant correlation could be found 
between sex, age, and race and the prevalence of MB2 
canal.31 Using an operating microscope, Das et al dis-
cerned no significant difference in the prevalence rate of 

Figure 3 Radiographic representation of canal types I, II, IV, and V in axial and coronal sections on CBCT images (arrows representing position of mesiobuccal canals in 
MFMs) (Axial 1: Coronal part of the mesiobuccal root in axial section. Axial 2: Middle part of the mesiobuccal root in axial section. Axial 3: Apical part of the mesiobuccal 
root in axial section). Coronal: coronal section. (A) Type I in axial and coronal sections. (B) Type II in axial and coronal sections. (C) Type IV in axial and coronal sections. 
(D) Type V in axial and coronal sections.
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Table 4 Distribution of Canal Type According to Gender

Right P value* Left P value*

Male Female Total Male Female Total

Type I Frequency 19 44 63 0.002 significant 13 44 57 <0.001 Highly significant

Percent 14.5% 21.2% 18.6% 9.8% 23.9% 18.0%

Type II Frequency 77 68 145 71 76 147

Percent 58.8% 32.7% 42.8% 53.8% 41.3% 46.5%

Type III Frequency 0 12 12 3 0 3

Percent 0.0% 5.8% 3.5% 2.3% 0.0% 0.9%

Type IV Frequency 34 72 106 43 56 99

Percent 26.0% 34.6% 31.3% 32.6% 30.4% 31.3%

Type V Frequency 1 4 5 2 8 10

Percent 0.8% 1.9% 1.5% 1.5% 4.3% 3.2%

Type VI Frequency 0 4 4 0 0 0

Percent 0.0% 1.9% 1.2% 0.0% 0.0% 0.0%

Type VII Frequency 0 4 4 0 0 0
Percent 0.0% 1.9% 1.2% 0.0% 0.0% 0.0%

Total Frequency 131 208 339 132 184 316
Percent 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Note: *Chi-squared test.

Table 5 Distribution of Types of Canal on the RIGHT Side According to the Age Groups

Type Age Total P-value*

18–26 Years 27–36 Years 37–46 Years 47–56 Years

Type I Frequency 29 25 6 3 63 0.76 

Non-significantPercent 17.9% 22.3% 12.0% 20.0% 18.6%

Type II Frequency 64 47 24 10 145

Percent 39.5% 42.0% 48.0% 66.7% 42.8%

Type III Frequency 5 5 2 0 12
Percent 3.1% 4.5% 4.0% 0.0% 3.5%

Type IV Frequency 55 33 16 2 106
Percent 34.0% 29.5% 32.0% 13.3% 31.3%

Type V Frequency 3 1 1 0 5
Percent 1.9% 0.9% 2.0% 0.0% 1.5%

Type VI Frequency 4 0 0 0 4
Percent 2.5% 0.0% 0.0% 0.0% 1.2%

Type VII Frequency 2 1 1 0 4
Percent 1.2% 0.9% 2.0% 0.0% 1.2%

Total Frequency 162 112 50 15 339
Percent 100.0% 100.0% 100.0% 100.0% 100.0%

Note: *Chi-squared test.
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MB2 canal according to age, sex, or side.32 Falcão et al 
also reported no significant differences in the existence of 
MB2 canal according to age and sex.33

Meanwhile, Martins et al found no significant differ-
ence in the prevalence rate of MB2 canal between the 
two sexes but reported that younger patients more fre-
quently presented with MB2 canal.25 On the contrary, 
Zhang et al reported no statistically significant difference 
in the incidence of MB2 canal between the left and right 
sides, but they noted a significant association between 
both sex and age and the presence of MB2 canal.12 In 
addition, Lin et al conducted a study in a Taiwanese 
population and observed a decrease in MB2 canal detec-
tion with increasing age.8 Although the findings of the 
studies that suggest a decreased prevalence of MB2 
canal with increasing age seem to be rational, using 
different CBCT machines, voxel sizes, fields of views, 
and software programs could justify the variation in 
findings, which could be the cause of decreased ratios 
reported alongside differences in the race of the studied 
samples.8

The variation reported between the results of different 
studies can also be attributed to ethnicity, study type 
(in vivo or in vitro), size of the sample, and the techniques 
used to identify canal morphology.16

In their study in Saudi patients, Alrahabi et al attributed 
the high frequency of occurrence of two or more canals in 
the mesiobuccal root to factors such as racial ethnicity, 
population, and configuration.6

Although root canal treatment remains the treatment of 
choice for most teeth, with a predictable success rate, the 
failure of treatment in maxillary molar teeth may be 
related to a lack of knowledge regarding the true existence 
of MB2 canals and difficulty in locating them. Unlocated 
and consequently untreated MB2 canals are a source of 
persistent microbial infection and contamination, leading 
to endodontic treatment failure and later appearance of 
apical periodontitis.15

In the present study, only medium field of view (80.0 × 
60.0 mm) CBCT images were studied to ensure imaging of 
bilateral MFMs. Visualization of the MB2 canal could be 
enhanced using a smaller field of view. Comparison of the 
results of in vivo and ex vivo studies using different 
methods to identify the root canal anatomy can provide 
more accurate findings for the prevalence of MB2 in 
different populations, including Iraqi patients descending 
from different ethnicities. This can enhance the knowledge 
regarding the effect of racial differences on root canal 
configuration.

The findings of the present study might be of clinical 
value for Iraqi endodontists in their routine practice, 
especially when treating MFMs, by making them 
aware of the high probability of occurrence of MB2 
among Iraqi patients, thus minimizing the occurrence 
of posttreatment failure related to untreated canals. 
This study can also be a starting point for establishing 
a research base for root canal configurations among 
southern Iraqi patients.

Table 6 Distribution of Types of Canal on the LEFT Side According to the Age Groups

18–26 Years 27–36 Years 37–46 47–56 Total P-value*

Type I Frequency 27 19 7 4 57 0.521 Non-significant

Percent 18.60% 18.10% 14.00% 25.00% 18.00%

Type II Frequency 58 56 25 8 147

Percent 40.00% 53.30% 50.00% 50.00% 46.50%

Type III Frequency 2 0 1 0 3

Percent 1.40% 0.00% 2.00% 0.00% 0.90%

Type IV Frequency 52 29 14 4 99

Percent 35.90% 27.60% 28.00% 25.00% 31.30%

Type V Frequency 6 1 3 0 10

Percent 4.10% 1.00% 6.00% 0.00% 3.20%

Total Frequency 145 105 50 16 316

Percent 100.00% 100.00% 100.00% 100.00% 100.00%

Note: *Chi-squared test.
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Conclusion
MB2 canal was present in a majority of the examined 
southern Iraqi population samples (81.68%), with the 
most commonly appearing types being, in the given 
order, type II, type IV, and type I; other types occurred 
more rarely.
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