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Introduction

Thorough chemo-mechanical cleaning and
three-dimensional (3D) obturation of the root
canal system are required for a favorable root

Abstract

Background and Aim: A thorough understanding of tooth and root
canal morphology is required for successful root canal treatment.
The current study aimed to assess the canal and root morphology of
maxillary first molars (MFMs) and maxillary second molars (MSMs)
using cone-beam computed tomography (CBCT).

Materials and Methods: In this cross-sectional study, CBCT scans
of 400 patients were used. The number of roots and canals, as well
as the morphology of the root canal system of MFMs and MSMs were
assessed according to the Vertucci’s classification, separately sorted
by gender and by using OnDemand3D dental software. To compare
the variables, the Chi-square test was used with a significance level
of 0.05.

Results: All the MFMs and MSMs had three roots. The most common
morphologies according to the Vertucci’s classification in mesiobuccal
(MB) roots of MFMs were type II (43.1%), followed by types I
(28.7%), and IV (19.8%); while, types I (63.5%) and II (18.7%)
were more commonly found in the MB roots of MSMs. All distobuccal
(DB) and palatal roots were type I. The frequency of the second
mesiobuccal (MB2) canal in MFMs and MSMs was 71.3% and 36.6%,
respectively. Gender had no significant correlation with presence of
MB2 canal (P>0.05).

Conclusion: Three roots with four canals were the most common in
MFMs while three roots with three canals were the most frequent in
MSMs. Variations in MB roots were greater than in other roots. The
frequency of MB2 in MFMs was greater than that in MSMs.

Key Words: Cone-Beam Computed Tomography; Dental Pulp
Cavity; Maxilla; Molar; Tooth Root
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canal procedure. Inability to locate, prepare, or
obturate one or more root canals is a common
cause of endodontic treatment failure (1).
Previous studies have reported diversities in
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the number and morphology of roots and
canals in different ethnicities (2). As a result,
the clinicians should be well aware of the
typical configurations as well as potential
anatomical variations of the root canal system
to minimize the risk of treatment failure due to
missing a canal (3). Maxillary permanent
molars are often affected by caries at a young
age and may require root canal therapy (4).

Studies shown that the
mesiobuccal canals (MB2) of maxillary molars
are generally present in 59.3% of the teeth.
Due to the high prevalence of MB2 canals and
the challenge of finding calcified and narrow
canals, MB2 canals may be missed during
treatment, and cause treatment failure (5, 6).
Sadeghi and Sadr Lahijani (7) evaluated the
prevalence of different root canal types of max-
illary molars in an Iranian population and
found variations in the number and configura-
tion of root canals, particularly in mesiobuccal
(MB)roots. Therefore, adequate knowledge
about the root canal anatomy before root canal
therapy is a critical factor for a favorable
outcome and long-term prognosis (8).

A variety of methods such as sectioning (7),
canal staining and tooth clearing technique (9),
radiography (10), enhanced-medium contrast
radiography (11), cone-beam computed-
tomography (CBCT) (12), and micro computed-
tomography (13) have been used to investigate
the root and canal morphologies. The canal
staining and clearing techniques and their
modifications are believed to be the gold
standard for assessment of the anatomy of the
root canal system. However, these procedures
are performed on extracted teeth (14). Since
periapical radiographs are two-dimensional,
and there is a possibility of superimposition of
structures and root canals in the buccolingual
plane, some root canals may not be detected on
periapical radiographs (15, 16).

CBCT has been used in endodontics since

have second

1990. It is non-invasive and enables more
precise examination of the canals (17).

Moreover, it provides useful anatomical
information about the teeth in the coronal,
axial, and sagittal sections (18).

There is a gap of information about the
morphology of the roots and canals using CBCT
in the Iranian population. Considering the
complexity of the morphology of maxillary first
molars (MFMs) and maxillary second molars
(MSMs), the current study aimed to evaluate
the morphology of the roots and canals of
MFMs and MSMs

population.

in a northern Iranian

Materials and Methods

The ethics committee of Mazandaran
University of Medical Sciences in Sari, Iran,
approved the research protocol of this study
(IR.MAZUMS.REC.1396.88).

The current cross-sectional study collected
400 archived CBCT scans (173 females and 227
males) of MFMs and MSMs of patients referred
to private oral and maxillofacial radiology
centers in Sari. with
immature roots, apical periodontitis, root canal
filling, posts, and crowns were excluded from
the study. Finally, CBCT scans of 348 MFMs and
402 MSMs were analyzed.

All CBCT scans had been obtained by
Cranex™ 3D scanner (Soredex, Helsinki,
Finland) with a 6x8 cm field of view, 75 um
and 90kV. Two
endodontists observed the using
OnDemand 3D Dental Viewer software
(Cybermed Inc, Irvine, CA). They evaluated all
teeth in axial, sagittal, and coronal planes and
assessed the frequency of roots and canals,
their morphology, and configuration according
to the Vertucci's classification, along with the
fused and C-shaped canals (19, 20).

The collected data were analyzed by SPSS

Maxillary molars

resolution voxel size,
scans

version 23. Descriptive statistics were reported
for the prevalence and demographic features of
the samples, and the Chi-square test was run to
find differences between the variables at a
significance level of 0.05.
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Results
Canal configuration:

According to the Vertucci's classification,
type Il was the most common in the MB roots
of MFMs, followed by type I and type IV in both
males and females. On the other hand, the most
prevalent types in the MB root of MSMs were
types |, 11, and IV, respectively in both sexes. All
palatal and distobuccal (DB) roots of MFMs
and MSMs demonstrated Vertucci's type I

Number of root canals:

Table 2 illustrates the frequency of canals in
maxillary molars. Accordingly, 28.7% of MFMs
had three, and 71.3% had four root canals.
MSMs with three root canals had the highest
prevalence in both males and females. Of 375
MSMs, 2 (0.5%), 11 (2.9%), 223 (59.5%), and
139 (37.1%) had one, two, three, and four
canals, respectively. The difference was not
significant between males and females(P>0.05).

configuration (Table 1, Figures 14, 1B, and 2). Number of roots:
The frequency of MB2 canal of MFMs was Each MFM had three distinct roots;
67.4% and 76.1% in females and males, whereas, most MSMs (95.7%) had three

respectively; while these values were 31.3%
and 43.7%, respectively in MSMs. Although
the frequency of MB2 canals in MFMs and
MSMs was greater in males than females,
the difference was not statistically significant

roots (only 2.7% had two roots). Table 3 shows
MSMs with one (0.8%) and four (0.8%) roots.
Since teeth with fused roots and C-shaped
canals cannot be classified according to the
Vertucci's classification, they were reported

(P>0.05). Altogether, MB2 canals were separately. C-shaped canals were observed
discovered in 71.3% of MFMs and 37.1% in 5 MSMs (1.2%), and 5.4% had fused root
of MSMs. (14 females and 8 males) (Figure 3).

Table 1: Configuration of the root canal system in the mesiobuccal root of maxillary first and second molars by gender

% (CI)
Type of molar  Gender P-value
I II 11 I\ \% VI VIl total
32.6 37.3 3.6 20.2 2.6 31 .5 (100)
Female
(25.9-39.2) (30.4-44.1) (97-6.2) (14.5-25.8) (.35-4.8) (.65-5.5)  (4-1.4) 193
First molar 239 50.3 3.2 19.4 2.6 155
Male .6(.4-1.6) (0)0 0.202
(n=348) (17.8-29.9)  (43.2-57.3) (.71-5.6)  (13.8-24.9) (.35-4.8) (100)
Total 28.7 43.1 3.4 19.8 1.7 2.9 3 (100)
ota
(22.3-35.1)  (36.1-50.1)  (.84-5.9)  (14.1-25.4) (.12-3.5) (.53-5.2)  (0-1.1) 348
69.2 12.4 2 13.4 2 5 5 (100)
Female
(62.8-75.5)  (7.8-16.9)  (.06-3.9)  (8.6-18.1)  (.06-3.9) (.04-1.4) (.04-1.4) 201
Second molar 56.9 259 3.2 13.2 1.1 .6 (100)
Male (0)0 0.051
(n=375) (49.5-64.2) (19.3-32.4)  (.5-5.8)  (8.1-18.2)  (.04-2.6) (.05-1.7) 174
63.5 18.7 2.1 13.3 1.6 (100)
Total 5(2-1.2)  .3(.2-8)
(58.6-68.3)  (14.7-22.6)  (.6-3.5)  (9.8-16.7)  (.3-2.8) 375
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Figure 1A, 1B: Axial view of CBCT scans showing different root canal configurations in the mesiobuccal root of

maxillary molars

Coronal Middle Apical

C Shape

Fusion

Figure 2: Cross-sectional view of CBCT scans showing different root canal configurations in the mesiobuccal root

of maxillary molars

Table 2: Distribution of the number of canals in maxillary first and second molars by gender

% (CI
Type of molar Gender %(CD) P-value
One Two Three Four Total
32.6 67.4
F 1 1 1
emate 0 0 (259-39.2)  (60.7-74.1) (100193
239 76.1
First molar Male 0 0 (17.1306)  (693-82.8) 0053 o072
28.7 71.3
Total 0 0 100)348
ota (239-334)  (665-761) (100
64.2 31.3
Female .5(.4-1.4) 4(1.2-6.7) (57.5-70.8) (24.8-37.7) (100)201
Second molar Male 6(.5-1.7) 1.7(.2-3.6) 45 43.7 (100)174 0.07
R e (37.6-52.3) (36.3-51.1) ’
Total 5(2-1.2)  2.9(1.2-4.5) 595 371 (100)375

(54.5-64.4) (32.2-41.9)
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Table 3: Number of roots in maxillary second molars by gender

%(CI) P-value
Gender
One Two Three Four Total
Female 1(.3-2.3) 3.5(.9-6.4) 95(91.9-98.1) 0.5(.4-1.4) (100)201
Male 0.6(.5-1.7) 1.7(.2-3.6) 96.6(93.9-99.2) 1.1(.4-2.6) (100)174 0.614
Total 0.8(.1-1.7) 2.7(1.5-4.3) 95(92.7-97.2) 0.8(.1-1.7) (100)375

A B

C D

Figure 3: C-shaped and fused root canal configurations in maxillary second molars (A: Type V, B: Type II, C:

Type 111, D: Type VII)

Discussion

This study assessed the morphology,
number, and configuration of maxillary
molar roots and canals according to the
Vertucci’s classification using CBCT. The
findings of the current study demonstrated
that type II and type I were the most
frequent in MB roots of MFMs and MSMs,
respectively. Type 1 configuration was
discovered in all palatal roots of the
samples. Four root canals were found in
71.3% of MFMs. All MFMs had three roots,
as did 95.7% of MSMs.

Permanent MFMs and MSMs have the
highest complexities and variations in the
root canal system; therefore, they have the
highest failure rate in endodontic treatment
and are a challenge for dental clinicians
(21). In the present study, the morphology
and anatomy of MFMs and MSMs were
evaluated using CBCT.

The current investigation found that type
IT (43.1%), followed by type I (28.7%) and

type IV (19.8%), were the most frequent
canal types. Similarly, Al Mheiri et al. (5)
evaluated an Emirati population and
Alrahabi et al. studied a Saudi population
and claimed that most of the MB roots were
type 1], type I, and type 1V, respectively(22).
Contrastingly, a previous study on an
Iranian population discovered that the
commonest types were type II (53.1%) and
type I (29.8%) in the MB root of MFMs (6).
In contrast to the present study, Kim et al.
(23) evaluated a Korean population and
Ratanajirasut et al. (24) assessed a Thai
population using CBCT, and demonstrated
type I to be the most frequent. One reason
for such variations in the results can be the
racial differences.

In the MB root of MSMs in the current
study, the commonest types were type I
(63.5%) and type 11 (18.7%).

Correspondingly, Kim et al. (23) revealed
that out of 644 MSMs, 63.48% were type |
and 16.6% were type II. According to
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Ratanajirasut et al. (24), the most frequent
canal morphology in the MB roots of MSMs
was type I (70.6%) followed by type II
(14.6%). On the other hand, Xia et al. (25) in
their study on a Chinese population used
CBCT and demonstrated that the MB root of
74.25% of MSMs was type I, followed by
type IV (16.25%.). In contrast to the present
results, Naseri et al. (26) found that in MB
roots of MFMs of an Iranian population, type
IV had the highest and type III had the
lowest frequency.

This study revealed that in all palatal
and DB roots of MFMs and MSMs, one single
canal (type I) was observed. In a study by Al
Mheiri et al.(5), only 1.2% and 2% of the
examined teeth showed type Il in the palatal
and DB roots, respectively. Single canal
configuration (type I) was more prevalent in
these roots. Moreover, Alrahabi et al. (22)
revealed that all DB and palatal roots of the
examined teeth in their study were type L
Likewise, Ratanajirasut et al. (24) reported
type I canal configuration as the most
frequent in MFMs and MSM DB and palatal
roots. In the study by Naseri et al. (26), type
[ and V palatal root canals had the highest
and lowest frequency, respectively, in
MFMs. In the DB roots, type I with the
highest prevalence and type V with the
lowest prevalence were the only observed
canal types. Consistent with the present
study, type I root canals were the most
frequent in palatal and DB roots.

Ghoncheh et al. (27) used CBCT and
suggested that in MFMs, type | had the
highest and type V had the lowest frequency
in MB and DB roots. All palatal roots were
type 1. In MSMs, type I and type Il had the
highest and lowest prevalence in MB roots,
respectively. Additionally, all DB and palatal
roots were type I. However, in the current
study, the most frequent root canal type
morphology in the MB root of MFMs was
type II. The prevalence of type I root canal
in the MB root of MSMs and the frequency of

type I root canal in palatal and distal canals
were consistent with the results of the
present study.

In line with the present findings, Naseri
et al. (26) did not discover any significant
correlation
configuration and age or gender. Similar to
Pawar et al. (28) and Al Mheiri et al. (5), this
study demonstrated that
significant effect on canal configuration in
maxillary molars' MB root.

Regarding the number of roots, all
(100%) MFMs in the current study had
three separate roots. The findings of the
current study were consistent with those of
Goncheh et al. (27) who reported 3 separate
root morphology as the most prevalent
morphology in MFMs and MSMs; however,
the frequency of 3 separate roots in MFMs
and MSMs in the current study was higher.
Correspondingly, Zhang et al. (29) and
Ghobashy et al. (20) discovered that all
MFMs examined by CBCT had three roots.
Moreover, after examining 974 MFMs,
Pawar et al. (28) found that 99.1% had
three and 0.8% had two roots. Another
study by Kalender et al. (30) showed that
97.8% of the teeth had three, only 0.5% had
two, and 1.6% had four roots. Finally,
Ratanajirasut et al. (24) showed that out of
476 MFMs, 99.8% had three, and only one
case (0.2%) had four roots.

In the present study, MSMs showed
more variations in the morphology and
number of roots compared to MFMs. Most
MSMs had three (95.7%), while only 2.7%
had two roots. However, MSMs with one
(0.8%) and four (0.8%) roots were also
found.

Zhang et al. (29) showed that out of 210
MSMs, 10% had one root, 9% had two, and
82% had three separate roots. However, the
present study revealed no MSM with four
roots. In a study by Kalender et al. (30),
3.1% of the teeth had one, 5.9% had two,
89.4% had three, and 1.3% had four roots.

between root canal

sex had no
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Ratanajirasut et al. (24) demonstrated that
among 457 MSMs, the percentage of one,
two, three, and four rooted teeth was 3.5%,
9.2%, 87.1%, and 0.2%, respectively.

The present study showed that 71.3% of
MFMs and 36.6% of MSMs exhibited the
MB2 canal. In other studies conducted on
the Iranian population, including the study
by Khosravifard et al. (31), the authors
discovered MB2 canals in 44.8% of MFMs
and 18.5% of MSMs. Naseri et al. (26)
claimed the presence of MB2 canals in
86.6% of the studied MB roots. Variations in
methodologies, study protocols (in vivo or
in vitro), sample size, techniques used to
identify canal configurations, and study
population's age, gender, and ethnicity all
contribute to the difference in the incidence
of MB2 canals (32). Martins et al. (33)
calibrated observers from 21 regions to
obtain a similar CBCT evaluation methodol-
ogy. The results showed that the frequency
of MB2 canal varied from 48.0% to 97.6%
across regions, with a global
frequency of 73.8%. Moreover, Singh and
Pawar (34) used the dye penetration and
clearing technique and found that 18% of
MSMs and 28% of MFMs had MB2 canals.
The
prevalence of MB2 canals reported in their
study was lower than that in the present
study. Khademi et al. (6) examined 389
MFMs and 460 MSMs in an Iranian
population using CBCT. The frequency of
MB2 canal in MFMs and MSMs was reported
to be 70.2% and 43.4%, respectively.

There is controversy regarding the
effect of gender on the prevalence of MB2
canal. Mohara et al. (35) in their study on a
Brazilian population observed that the
frequency of MB2 canal in MSMs was
significantly higher in females than males.
In contrast, Kim et al. (23), in their study on
a Korean population reported that males
predominated females in the frequency of
MB2 canal in MFMs, while no gender
difference was observed in MB2 canals of

MSMs. In line with the current study,
Ghobashy et al. (20) showed that the MB2
canal was not affected by gender. In the
present investigation, the frequency of MB2
in both MFMs and MSMs was slightly higher
in males than females; nevertheless, the
difference was not statistically significant.

Endodontic treatment of MFMs is
considered difficult owing to the complex
anatomy and high frequency of MB2 canal
(5). CBCT offers a non-invasive approach for
identifying anatomical variations of root
canals. Nevertheless, CBCT imaging should
be used only when complex morphology or
anatomy is suspected. Intraoperative CBCT
imaging is always an excellent choice when
unexpected complex anatomy is observed
after access cavity preparation or when
canals are not discovered (28).

Conclusion

All MFMs and most MSMs had three roots in
the present study. A higher prevalence of type
Il and type I canal configurations was observed
In the MB root of MFMs and MSMs,
respectively.

All DB and palatal roots presented type I
configuration. The incidence of MB2 canal was
higher in MFMs than in MSMs. There was no
significant relationship between gender and
presence of MB2.
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