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Chapter

Morphology of Root Canal System
of Maxillary and Mandibular
Molars

Svetlana Razumova, Anzhela Brago, Haydar Bavakat
and Ammar Howijieh

Abstract

The root canal system is complicated and has many anatomical variations
among different populations. It is so important to understand the morphology of
root canal system before any endodontic procedure, since the lack of knowledge
of root canal system could lead to missing the additional root canals which causes
failure of endodontic treatment. The study of root canal anatomy was carried out
by many researchers and among different populations using various techniques.
The presence of additional root canals was most commonly observed in molars.
The aim of this chapter is to provide an overview of the morphology of root canal
system of maxillary and mandibular molars and its variation among populations.

Keywords: root canal, configuration, number of root canals, number of roots

1. Introduction

The success of endodontic treatment depends on the precise knowledge of root
and root canal anatomy and morphology, which is an important challenge due to
the complexity of the root canal system and the anatomical variations [1, 2]. This
knowledge helps the clinicians in endodontic treatment planning and decreases
the percent of endodontic failure. The root canal contains the dental pulp, which
occupies the internal cavity of the tooth [3].

Root canal system varies among the teeth, especially in molar teeth. Recent
studies have demonstrated that root canal system is very complex due to splitting
and union of canals during their way to the apex [4, 5]. The root canal starts from
the orifice in the pulp chamber and ends apically with an open orifice into the
periodontium. The root canals present different configurations between the teeth
and among different populations [6]. Many techniques have been used to study the
root canal system from clearing and radiographs to microcomputed tomography
and cone-beam computed tomography scanning, which has the advantage of the
high-quality three-dimensional slices [2, 5, 7].

2. The classification of root canal system

The root canal system has been classified by different authors to set terms for
communication, diagnosis, and treatment planning. The ideal classification of root
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canal system is to define a number of roots, number of canals in each root, and the
canal configurations [8]. Different configurations of root canals have been identi-
fied in numerous studies. Weine et al. [9] in 1969 were the first who studied the root
canal configuration of maxillary second molars and defined four types as follows
(Figure1):

* Typel (1-1): single canal runs from the orifice to the apex.

* Type Il (2-1): two canals start from the pulp chamber and join in one closer to
the apex.

* TypeIII (2-2): two canals run separately from the orifice to the apex.

* Type IV (1-2): one canal starts from the pulp chamber floor and divides into two
canals when coming closer to the apex.

In 1984, Vertucci [10] presented another classification for root canal configura-
tions in maxillary first molars, and it has been commonly used in different studies.
The classification was as follows (Figure 2):

* Type 1 (1-1): single canal runs from the orifice to the apex.

e TypeII (2-1): two canals begin from the pulp chamber and join in one at the
apex.

 TypeIlI (1-2-1): one canal runs from the pulp chamber, splits into two canals dur-
ing its way, and then unites into one canal at the apex.

* TypeIV (2-2): two canals run separately from the orifice to the apex.

* TypeV (1-2): one canal runs from the pulp chamber and splits into two canals
when coming closer to the apex.

* Type VI (2-1-2): two canals run from the pulp chamber; during its way they
unite into one canal and then again split into two canals at the apex.

* Type VII (1-2-1-2): one canal starts from the pulp chamber, then divides into two
canals, again unites into one canal, and finally at the apex divides into two canals.

* Type VIII (3-3): three canals run from the orifice to the apex.

In the last decade, some authors studied the root canal configurations all over
the world and added new types to Vertucci’s classification, which demonstrates the
complexity of root canal system. Kartal and Yanikoglu [12] identified two root canal
configurations in mandibular anterior teeth: type (1-2-1-3) and type (2-3-1). In
2001 Gulabivala et al. [13] added seven new configurations to Vertucci’s classifica-
tion: type (3-1), type (3-2), type (2-3), type (2-1-2-1), type (4-2), type (4-4), and
type (5-4) (Figure 3).

Also, in 2004, Sert and Bayirli [14] added 15 configurations (Figure 4), which
have been observed in maxillary and mandibular teeth in Turkey. They were classi-
fied in the following order: type IX (1-3), type X (1-2-3-2), type XI (1-2-3-4), type
XII (2-3-1), type XIII (1-2-1-3), type XIV (4-2), type XV (3-2), type XVI (2-3),
type XVII (1-3-1), type XVIII (3-1), type XIX (2-1-2-1), type XX (4), type XXI
(4-1), type XXII (5-4), and type XXIII (3-4).
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Figure 1.
Weine’s classification of voot canal configuration.
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Figure 2.
Vertuceis classification of voot canal configuration [11].
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Figure 3.
Gulabivalass classification of voot canal configurations.
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Peiris et al. in 2008 observed two additional root canal configurations (1-2-3)
and (3-1-2) in their study (Figure 5A) on mandibular first molar of a Sri Lankan
population [15]. In 2008, Al-Qudah added four new types for root canal configura-
tions of mandibular molars in Jordan population [16]: type XX (2-3-1), type XXI
(2-3-2), type XXII (3-2-1), and type XXIII (3-2-3) (Figure 5B).

In addition to describing root canal system, many authors studied the root
canal shape and the presence of isthmus (which is a narrow ribbon-shaped
communication between two root canals that contain pulp tissue). The isthmus
was found in 15% in maxillary anterior teeth, for maxillary premolars—it was
identified in 16% at a 1-mm level of the apex and in 52% at a 6-mm level of the
apex. The prevalence of the isthmus was high in mesiobuccal root of maxillary
first molars (about 30-50%) in the apical third of the root. For mandibular first
molars, 80% of mesial roots have connection in the middle and apical third of the
root. Root canal shape varies between round, oval, and C-shaped. Kim et al. [17]
classified root canal shape and the presence of connections between canals into
five types (Figure 6):

* Type I: incomplete isthmus between two canals

Type II: two canals with a definite connection between them

Type III: very short complete isthmus between two canals

Type IV: a complete or incomplete isthmus between three or more canals

Type V: two or three canals without visible connection between them.

Type IX (1-3)  Type X (1-23-2) Type XI (1-2-3-4) Type XVII (1-3-1) Type XVIII (3-1) Type XIX (2-1-21)  Type XX (4)

Type XIIl (1-2-1-3) Type XIV (42) Type XV (32)  Type XVI (2-3) Type %Xl (4-1)  Type XX/l (54) Type XXl (3-4)

Figure 4.
Sert and Bayirli classification of root canal configurations [11].
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Figure 5.
Root canal configurations according to (A) Beiris and (B) Al-Qudah [8].
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Figure 6.
Kim’ classification of root canal shape [17].

In 2018, a review was conducted to study classification of root canal configura-
tion to find a simple, reliable, accurate, and easy nomenclature system to identify
the root canal depending on the tooth type, the number of roots, the course of the
canal in each root, and the number of foramens [8].

3. Root canal morphology of maxillary molars
3.1 Maxillary first molar

The maxillary first molar is the earliest permanent tooth that appears in the oral
cavity and that makes it vulnerable to caries and furthers to the need of endodontic
treatment. It has three roots [mesiobuccal (MB), distobuccal (DB), and palatal (P)]
with four canals. Despite this, in some populations these variations were observed:
one, two, or four roots in the maxillary first molar [18-20]. Root fusion of this tooth
was observed in about 0.9-3% [20-23]. The root canal system of the maxillary first
molar is complex and has many variations among races; due to that it has the highest
rate of endodontic failure. The palatal root is the longest and has the largest diameter;
in most cases, it contains one round canal from the orifice of the pulp chamber to
the apex. The presence of two or three canals in this root has been reported; in some
population as in India, two canals were found in 5% [24]. The distobuccal root is
conical and has one canal in most cases. The presence of the second distobuccal canal
(DB2) has been documented in some studies, and its prevalence ranged from 0.5 to
9.5% (Figure7) [25, 26]. The most common root canal morphology of the palatal and
distobuccal roots is type I (1-1) (Table 1). The mesiobuccal root contains two canals
(MB1, MB2) with a ribbon form type I by Kim et al. in most cases (Figure 8). The MB2
is one of the mysteries in endodontics; its orifice is located mesially or in the pulpal
groove between the main mesiobuccal canal and palatal canal, 3.5 mm palatally and
2 mm mesially from the main mesiobuccal canal [27]. The prevalence of MB2 ranged
from 48 to 88%, for example, in Russia MB2 was found in 59.8% [25], in Poland 59.5%
[28], in Japan 88.2% [29], and in Portugal 71% [30]. The root canal system of the
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mesiobuccal root has significant variations among populations. The most common
canal configuration is type I (1-1) followed by type II (2-1) and then type IV (2-2) by
Vertucci [20, 24, 25, 30-37]. Many recent studies have been conducted to analyze the
morphology of root canal configuration of three rooted maxillary first molars among
different populations as shown in Table 1. The most common root canal configuration
of one and four rooted maxillary first molars is type 1 (one canal) [31].

3.2 Maxillary second molar

The maxillary second molar is smaller and shorter than the first molar. It has
three separated roots in the most common form (MB, DP, and P). Available studies
show this tooth can have from one to five roots [37, 38]. Moreover, fusion of roots of
maxillary second molars is observed from 5.90 to 42.25% [39]. The fusion of palatal
root with mesiobuccal root is the most prevalent form followed by fusion of buccal
roots, and the least spread form is the fusion of the three roots (Figure 9) (Video 1)

Figure7.
A case of five canals in maxillary first molar. (A and B) Coronal and middle thivd: MB1, MB2, DB1, DB2, P
(C) Apical third: MB1 + MB2 + DP + P
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Author(s) Country Root Type Type Type Type Type Type Type Type Type type Type Type Type
(year) 1-1) (2-1) (1-2-1) (2-2) (1-2) (2-1-2) 1-2- (3-3) (3-1-2) (1-3) (3-2) (2-3) (2-1-
1-2) 2-1)
Neelakantan India MB 51.8 55 - 38.6 - - - - - - - 1 -
etal. [31] DB 90.4 27 18 18 - - - - - - - - -
p 88.1 1.8 - 4 14 - - - - - - - -
Singh and South MB 69 24 - 4 2 - - 1 - - - - -
Pawar [24] (Izrgi‘;‘) DB 100 - - - - - - - - L - - -
P 100 - - - - - - - - - - - -
Alrahabi and Saudi MB 294 47 11.8 11.8 - - - - - - - - -
?109}3311 Zafar érgf;‘ DB 100 . - - - - - - - £ - - -
P 100 R - - - - - - - - - - -
Martins et al. Portugal MB 29 441 1 16.4 2 57 0.2 - 0.4 - - - 12
[30] (2017) DB 98 14 0.2 - 0.2 0.2 - - - - 04 - -
P 98.2 0.4 14 - - - - - - - - - -
Tianetal. China MB 42.2 15.2 21 36.2 2 0.6 0.07 0.13 14
[20] (2016) DB 98.2 03 0.6 03 0.5 - - - - - - - -
p 99.3 03 03 - 01 - - - - - - - -
Ghobashy Egypt MB 254 456 0.99 27.2 0.5 - - - - - - - -
etal. [32] (2017) DB 100 / B B B B ~ B ~ ~ _ ~ B
P 100 - - - - - - - - - - - -
Pérez- Spain MB 13.8 56.5 - 23.2 - 4.3 - - - - 0.7 - 14
I[-;e?)r]edia etal. (2017) DB 071 14 _ B 14 B B B B - B B ~

p 100 - - - - - - - _ - - - -




Author(s) Country Root Type Type Type Type Type Type Type Type Type type Type Type
(year) (1-1) (2-1) (1-21) (2-2) 1-2) (2-1-2) 1-2- (3-3) (3-1-2) (1-3) (3-2) (2-3)
1-2)
Ratanajirasut Thailand MB 364 28.8 2.7 25.3 53 11 - - - - - -
etal. [34] (2018) DB 99 B B 02 0.8 _ _ _ _ — _ _
p 99.8 0.2 - - - - - - - - - -
Rezaeian Iran MB 387 16.2 13.7 8.7 75 12 - - 5 37 2.5
etal. [35] (2018) DB 987 i B 3 12 _ _ _ _ L _ _
p 100 - - - - - - - - - - -
Razumova Russia MB 40.2 224 373 - - - - - - - -
etal. [25] (2018) DB 995 05 B _ B a _ B _ [s _ _
p 100 - - - - - - - - - - -
Table 1.

Root canal configurations of maxillary first molar in different populations.
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Figure 8.
A case of four canals in maxillary fivst molar. (A—C) Coronal, middle and apical third: MB1, MB2, DB, P

Figure 9.

A case of root fusion (MB + P) of maxillary second molar (A) covonal third of voot canals, (B) middle third
of root canal, (C) apical thivd of root canals.

--

Figure 10.
A case of four canals in the coronal, middle and apical third of the maxillary second molar (A) coronal third
of root canals, (B) middle third of root canal, (C) apical thivd of root canals.

[39]. Root canal morphology of this tooth varies among population and races. The
most common root canal morphology of three-rooted second molar is four canals
(MB1, MB2, DB, and P) (Figure 10). The incidence of MB2 ranged from 11.53 to
93.7% [40], in Russia—51.5%(41], and in Portugal—44% [30]. MB2 is located
mostly 1 mm from the orifice of the mesiobuccal canal [39]. Root canal configura-
tion of MB is so complex; type I (1-1) is common in MB root, followed by type II
(2-1). Other types of root canal configurations were observed in some population
like India, Portugal, and China [20, 30, 31]. Clinicians should pay attention to the
presence of MB2 during endodontic treatment to avoid failure. The shape of the
root canal in MB root could be ribbon-shaped when two canals exist or oval when
just one canal (Figure11).

For DB and P roots, they have one canal in most cases. Two canals in DB root
were observed in some studies, and the prevalence of DB2 ranges from 0.6 to 4%
[40]. Its orifice is located near the DB1. The most common root canal configura-
tion in these roots is type 1 (1-1) (Table 2). The root canal shape of these roots is
mostly round.

For one-, two-, and four-rooted maxillary second molars, type 1 (1-1) is mostly
common [31]. Table 2 presents the root canal configurations of three-rooted maxil-
lary second molars in recent studies in different countries [20, 30-35, 42-44].
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(©)

Figure 11.
Three canals of maxillary second molar. The shape of MB canal is oval while the shape of DB is round
(A) coronal third of voot canals, (B) middle third of root canal, (C) apical third of root canals.

3.3 Maxillary third molar

It is also known as wisdom tooth and generally erupts between the ages of 17 and
25 years old. The anatomy of the maxillary third molar is unpredictable and varies
among populations, even in individuals in same populations [45-47]. A few studies
were conducted to analyze the anatomy and root canal morphology of this tooth. It
may have from one to five roots. Root fusion is common in this tooth, whereas Alavi
et al. reported root fusion from 2 to 26.5% in Thai population [45]. Ahmad et al.
found root fusion in 70% in Jordan population [46]. The fusion of three roots was
the most common form. Regarding the number of root canals, it varies per root and
generally ranges from one to six canals (Figure 12) [47]. Table 3 shows the number
of roots and root canals of maxillary third molar among different populations
[41, 42, 45-51]. The most common root canal configuration for maxillary third molar
is type I (1-1) followed by type II (2-1) (Table 4) [42, 47, 50, 51]. The incidence of
C-shaped canals in this tooth was reported in two studies: in the USA (2.2%) [45]
and in China (8.5%) [51]. The shape of the root canal in the coronal, middle, and

10



11

Author(s) Country Root Type Type Type Type Type Type Type Type Type type Type Type
(year) (1-1) (2-1) (1-2-1) (2-2) 1-2) (2-1-2) (1-2-1-2) (3-3) (2-1-3) (3-1) (3-2-1) (2-1-2-1)
Weng et al. China MB 82 8 - 6 4 - - - - - - -
[41] (2009) DB 90 ) _ _ 6 B B B B B B B
P 94 - 6 - - - - - - - - -
Neelakantan India MB 62 6.3 244 - - - - - - - 0.5
etal. [31] DB 84.9 15 24 44 - - - - - - - -
p 878 - - 34 0.9 - - 0.5 - 0.5 - -
Martins et al. Portugal MB 56.2 271 0.7 76 34 4.2 0.2 - - - 0.2 0.4
[30] (2017) DB 100 _ B _ _ _ B B B B B B
p 98.8 04 0.7 - - - - - - - — -
Tian et al. [20] China MB 703 12.9 53 6.8 3 04 03 0.1 09
(2016) DB 99.5 0.2 - 0.1 0.2 - - - - - - -
p 99.7 0.2 0.1 - - - - - - - — -
Kalender et al. Turkey MB 761 20.8 - 2.8 - - - 03 - - - -
[42] (2016) DB 100 y B _ B B B B B ] _ B
p 100 - - - - - - - = - - -
Ghobashy Egypt MB 42.06 471 - 8.03 1.87 093 - - - - - -
etal. [32] (2017) DB 100 B B B _ _ _ _ _ _ B _
p 100 - - - - - - - = - - -
Pérez-Heredia Spain MB 52.7 33 - 9.8 - 2.7 - 0.9 0.9 - - -
etal. [33] (2017) DB 100 ~ B B ~ B B ~ N ~ B B
p 100 - - - - - - - - - - -

ISTg uadoyragur /LS 0r/340 10p°xp/ /:d31Y (O
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[4"

Author(s) Country Root Type Type Type Type Type Type Type Type Type type Type Type
(year) (1-1) (2-1) (1-2-1) (2-2) 1-2) (2-1-2) (1-2-1-2) (3-3) (2-1-3) (3-1) (3-2-1) (2-1-2-1)

Ratanajirasut Thailand MB 70.6 14.6 2.3 75 3.5 1.5 - - - - — -
etal. [34] (2018) DB 100 B ~ - - - - - B - B B

I3 99.7 0.3 - - - - - - - - - -
Naseri et al. Iran MB 235 18.5 32 11.5 76 26.8 - - - - - -
[43] (2018) DB 94.3 - 0.6 - 3.8 13 - - - - - -

p 93.6 - 0.6 - 4.5 13 - - - - - -

Table 2.

Root canal configurations of maxillary second molars in different populations.
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(A) (B) )

Figure 12.
Maxillary thivd molar with three roots and four canals (A) coronal thivd of root canals, (B) middle third of
root canal, (C) apical thivd of root canals.

apical thirds varies per root such as, when the third molar has one root with one
canal from the orifice to the apex, the shape of the canal may be oval or long oval in
all parts (Figure 13). If the one-rooted tooth has two canals, the shape of the canal
could be like a ribbon, type I, II, IV, or V by Kim et al. (Figure 14). A clinician should
pay attention to the root canal shape when preparing and filling the root canal.

4. Root canal morphology of mandibular molars
4.1 Mandibular first molar

This tooth is the most common tooth exposed to caries and frequently requires
root canal treatment. It has two roots in the most common form (mesial and
distal); occasionally, it has three roots. The mesial root is characterized by a flat-
tened mesiodistal surface and widened buccolingual surface. The distal root is
mostly straight. The morphology of mandibular first molar has been investigated in
different studies among different populations. The incidence of three-rooted teeth
has been reported in some populations: Korea (25.8%) [51], Spain (4.1%) [33], and
Turkey (3.6%) [52]; this third root is mostly located distolingually, and it is smaller
than the distobuccal root. Root canal system varies from two canals to four canals.
The incidence of four canals was reported in some races: in Russia (20.9%) [40],
Turkey (15.3%) [52], Spain (52.9%) [33], and Korea (24.3%) (Figure 15) [51]. The
fourth canal is usually located in the distal root. The mesial root has two separated
canals in about 90% of cases (type IV), and in 10 % the two canals are joined into
one canal at the apex (type II), while the distal root usually contains one straight
oval canal (typeI) (Figure 16). The incidence of C-shaped root canal is low in this
tooth and about 2% [60] (Table 5 shows the root canal configurations for mandibu-
lar first molar in recent studies [30, 33, 51-59]).

4.2 Mandibular second molar

This tooth is similar to the mandibular first molar. Usually, it has two roots
(mesial and distal), although it may have one or three roots. The extra root is usu-
ally located lingually. The incidence of three-rooted teeth was found in some popu-
lations: in Chinese (1.27%) [59], Indian (7.5%) [61], Turkish (0.4%) [52], Spain
(6.25%) [33], and Korean (1.1%) [62]. The prevalence of one-rooted mandibular
second molar was observed in Russia (0.5%) [40], Spain (16.5%) [33], and Turkey
(1.6%) [52]. The most frequent root canal system is three canals (two mesial and
one distal) (Figure 17). The prevalence of three canals in various populations
was in Russia (82.2%) [40], Turkey (86.4%) [52], India (53.5%) [61], and Spain
(81.25%) [33]. The mesial root usually has two canals that tend to lie much closer
together. The most common root canal configurations in the mesial root are type II

13
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Author(s) Country (year) Type of Number of Number of roots Number of canals
study teeth

1 2 3 4 1 2 3 4 5 6
Sidow et al. [44] USA (2000) Clearing 150 15 32 45 7 74 33 57.3 273 27 0.7
Ng et al. [48] Burmese (2001) Clearing 72 194 194 55.6 5.6 5.6 25 47.2 222 - -
Alavi et al. [45] Thai (2002) Clearing 151 13 6.6 88.1 4 9.9 11.3 483 291 13 -
Weng et al. [41] China (2009) Clearing 43 - - - - 279 116 442 16.3 - -
Sert et al. [49] Turkey (2011) Clearing 290 35.5 28.6 341 17 124 29.7 469 11 - -
Cosié et al. [47] Croatia (2013) Sectioning 56 8.9 54 839 1.8 71 71 75 10.8 - -
Ahmad et al. [46] Jordan (2016) Clearing 89 13.5 5.6 74.2 6.7 9 6.7 55.1 27 2.2 -
Zhang et al. [50] China (2018) Micro KT 130 51.5 19.2 25.4 3.8 - - - - - -
Razumova et al. [40] Russia (2018) CBCT 238 479 - 521 - 13.8 11.8 723 21 - -

Table 3.
Number of roots and root canals of maxillary thivd molars in different populations.



ST

Author(s) Country Root Type Type Type Type Type Type Type Type Type Type Type Type Type
(year) (1-1) (2-1) (1-21) (2-2) 1-2) (2-1-2) (3-3) (1-2-3) (1-3) (3-21) (1-3-2) (3-2) (3-1)
Weng et al. China Single 63.2 21 - - - 53 10.5 - - - _ _ _
41l ((12{(2)13)) MB 62.5 20.8 4.2 8.3 4.2 - - - - - - - -
DB 875 - 4.2 - 83 - - - - - - - -
P 91.6 - 4.2 - 4.2 - - - - - - - -
Sertetal. Turkey Single 63.1 12.3 7 12.2 3.5 - - - - - - - 175
4] (2011) MB 778 131 - 51 4 - - - - - - - -
DB 100 - - - - - - - - - - - —
P 100 - - - - - - - - - - - -
Ahmad Jordan Single 66.8 - 83 - 83 83 - - 83 - - - -
etal. [46] (2016) MB 55 5 - 0 " B B s B B - - B
DB 100 - - - - - - - - - - - _
p 100 - - - - - - - - - — _ _
Zhang et al. China Single 514 12.8 5.7 14 12.8 - - - 14 57 14 14 14
[30] (2018) MB 727 - - 12.1 12.1 - 3 - - - - - -
DB 100 - - - - - - - - - - - _
P 93.9 - - 6.1 - - - - - - - - -
Table 4.

Root canal configuration of maxillary thivd molar in different populations.
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Figure 13.
Maxillary thivd molar with one root and one long oval canal (A) coronal third of voot canals, (B) middle
thivd of root canal, (C) apical third of root canals.

@ (B) ©

Figure 14.
Maxillary thivd molar with one root and two canals (A) coronal thivd of root canals, (B) middle third of root
canal, (C) apical third of root canals.

(2-1) and type IV (2-2) (Table 6). The distal root has one straight canal with type

I (1-1), and the incidence of two canals is less and ranged from 3.5 to 20% [61].
The incidence of C-shaped root canals is higher in this tooth than the other teeth

16



Morphology of Root Canal System of Maxillary and Mandibular Molars
DOI: http://dx.doi.org/10.5772/intechopen.84151

Figure 15.
Mandibulay first molar with four canals (two mesial and two distal) (A) coronal third of root canals, (B)
middle thivd of voot canal, (C) apical third of root canals.

(Figure 18). Several studies have reported the C-shaped canals among various
populations: India (13.12%) [61], Korea (40%) [62], Brazil (3.5-15.3%) [63, 64],
China (29-39%) [59, 65, 66], Russia (8.5%) [67], Saudi Arabia (9.1%) [60], and
Jordan (21.6%) [16]. This variation could be related to ethnic groups. Regarding
the root canal shape, mesial roots tend to have ribbon-shape type I or V by Kim
et al., and the distal root canal in most cases has an oval shape and round in some
cases (Figure 19). Table 6 represents the root canal configurations of two-rooted
mandibular second molars.

4.3 Mandibular third molar

This tooth erupts between the ages of 17 and 25 years old. It has morphologi-
cal radicular variations. Many dental treatment plans work on maintaining
this tooth to use it as a strategic abutment when the first and second molars are
missed, especially when there is sufficient room in the dental arch. Frequently, it
has two roots (mesial and distal). A few studies in various populations found that
mandibular third molar could have from one to four roots (Figures 20 and 21),
which could be related to genetics and race differences; as in Croatia and China,
one-rooted third molar was reported in 56% [47] and 48% [50] of cases, respec-
tively (Figure 22) (Table 7). The root canal system of this tooth is unpredictable;
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Figure 16.

Mandibulay first molar with three canals (two mesial and one distal) the mesial canals shape have the vibbon
type I by Kim, while the distal canal shape is long oval (A) coronal thivd of root canals, (B) middle third of
root canal, (C) apical third of root canals.

Figure 17.
Mandibular second molar with three canals (two mesial + one distal) (A) coronal third of root canals, (B)
middle third of root canal, (C) apical thivd of root canals.

it could have from one to six canals [44]. The most common form is to have three
canals (two mesial canals and one distal canal). Table 7 presents the root and
canal number in different populations. Regarding root canal configurations,
type (1-1) prevailed mostly in mesial and distal roots of two-rooted teeth and in
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61

Author(s) Country Root Type Type Type Type Type Type Type Type Type Type Type Type Type
(year) a1y @21 a2 (22 12 (12 (1212 (31 (21 (G2 @32 (621 (1-2-1-
2-1) 2-1)

Chourasia India M - 36.6 - 54 0.6 8 0.6 - - - - - -
etal. [32] (201) D 653 206 13 93 33 - - - - - - - -
Muriithi Kenya M 33 79 - 873 - 11 - - - - - - -
etal. [54] (2012) D 503 185 16 22 53 - - - - T - - -
Kim et al. Korea M 18 20.2 03 76.9 0.5 - - - - 01 0.2 - -
[51] (2013) D 66.6 19 03 11.8 21 - - - - - - - B
Zhang China M 0.9 5.6 4.8 877 0.9 - - - - - - - -
etal. [59] (2025) D 69 24 03 92 - - - - - - - - -
Torres Chile M 2.9 19 28.5 219 219 219 36 - - - - - -
et al. [56] 2015 D 788 B 104 N 5.8 B 29 _ _ _ _ _ _
Torres Belgium M 14 5 336 164 429 - 0.7 - - - - - _
etal. [56] (2015) D 729 —~ 171 _ 93 _ 0.7 _ _ - _ _ _
Celikten Turkey M 24 349 - 62.7 - - - - - - - - -
etal. [53] (2016) D 84 118 03 3.4 03 03 - - - - - - -
Madani Iran M 73 31.5 2 57 2 - - - - - - - -
etal. [57] (2017) D 798 10.7 46 33 13 - - - - - - - -
Martins Portugal M 11 46.5 - 419 - 41 - - 0.9 21 0.2 32 -
etal. [30] (2017) D 709 124 96 23 32 0.9 - - 0.5 it - - 0.2
Pérez- Spain M - 513 - 378 0.8 17 - 17 - 59 - - -
Heredia (2017) D 723 185 59 25 - - - - - - 08 - -

etal. [33]

ISTg uadoyragur /LS 0r/340 10p°xp/ /:d31Y (O
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(174

Author(s) Country Root Type Type Type Type Type Type Type Type Type Type Type Type Type
(year) (1-1) (2-1) 1-2-1) (2-2) (1-2) (2-1-2) (1-21-2) (2-31) (2-1- (3-2) (2-3-2) (3-21) (1-2-1-
2-1) 2-1)
Gambarini West M 41 59
etal. [58] Europe
(2018) 100 - - - - - - - - - - - -

Table 5.
Root canal configurations of mandibular fivst molars in different populations.
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Figure 18.
Mandibular second molar with C-shaped canal (A) Sagittal view of mandibular second molay, (B) coronal
third of root canals, (C) middle third of voot canal, (D) apical third of root canals.

()

©)

Figure 19.
Mandibular second molar two canals (one oval mesial + one round distal) (A) coronal thivd of root canals,
(B) middle third of root canal, (C) apical third of root canals.
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[44

Author(s) Country Root Type Type Type Type Type Type Type Type Type Type Type Type Type
(year) @1-1) (2-1) (1-2-1) (2-2) @1-2) (2-1-2) (1-2- (3-1) (2-1- (3-2) (2-3- (3-21) (3-2-3-
1-2) 2-1) 2-1) 2-1)
Al-Qudah Jordan 16.1 326 35 40.3 35 1 0.3 - - 0.3 - 03 -
ZI:/\(rlaw e (2009) D 79 77 26 45 55 - - - - - - - -
(16]
Neelakantan India M 84 2 14 63.1 5.2 - - 2 - 11 - - -
ctal. [68] (2010) D 64.9 46 0.6 11 17 - - - - L - - -
Ceperuelo Spain M 125 56.2 18.7 - 6.2 - - - - - - - -
etal. [69] (2014) D 812 62 ~ 62 ~ ~ ~ ~ - ~ ~ _ _
Torres et al. Chile M 175 7.2 484 41 20.6 - 21 - - - - - -
[56] (2015) D 99 B B B 1 B B B B B B B B
Torres et al. Belgium M 11.7 53 37.2 14.9 28.78 - 213 - - - - - -
(56 (2015) D 98.4 - - - 1.06 - - - - - - - -
Celikten Turkey M 71 323 0.2 60.3 - - - - - - - - -
etal. [52] (2016) D 9.3 25 - 1 - 02 - - - - - - -
Kim et al. Korea M 139 377 1.2 44.5 2.6 - - - - - - - -
[62] (2016) D 96.6 21 - 09 0.4 - - - - - - - -
Pérez- Spain M 3 782 - 14.9 1 - - 1 - 2 - - -
I[-;Zr]edia etal. (2017) D 921 ) 3 3 _ B _ _ _ B B B B
Martins et al. Portugal M 8.1 639 52 18.1 0.5 16 - - 0.4 0.2 04 14 0.2
301 (2017) D 93.5 0.5 4.2 0.4 14 - - - - - - - -
Madani et al. Iran M 181 28 5.7 429 33 0.8 - - - - - - -
[57] (2017) D 91.7 33 0.8 1.6 1.6 - - - - - - - -
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Type
(2-3-

2-1)

Pawar et al.

[61]

Table 6.

Root canal configurations of mandibular second molars in different populations.
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Author(s) Country (year) Type of study Number of teeth Number of roots Number of canals

1 2 3 4 1 2 3 4 5 6
Sidow et al. [44] USA (2000) Clearing 150 17 77 5 1 73 16.7 55.3 16.7 3.3 0.7
Gulabivala et al. [13] Burmese (2001) Clearing 58 - 100 - - 17 51.7 44.8 17 - -
Gulabivala et al. [70] Thai (2002) Clearing 173 116 86.7 21.2 0.6 6.4 64.1 283 5.2 - -
Sert et al. [49] Turkey (2011) Clearing 370 24.9 69.5 54 0.3 10.8 52.7 173 18.6 0.5 -
Kuzekanani et al. [71] Iran (2012) Clearing 150 214 726 5.3 0.7 10 52 32.7 5.3 - -
Cosié et al. [47] Croatia (2013) Sectioning 50 56 44 - - 4 6 90 - - -
Ahmad et al. [46] Jordan (2016) Clearing 70 14.3 74.3 8.6 29 71 38.6 45.7 8.6 - -
Zhang et al. [50] China (2018) Micro KT 130 477 46.1 54 0.8 - - - - - -
Razumova et al. [40] Russia (2018) CBCT 210 20 80 - - 0.5 40.9 58.6 - - -

Table 7.

The number of roots and root canals of mandibular thivd molars in different populations.
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Author(s) Country Root Type  Type Type Type Type Type Type

(Year) (1-1) 21 (@-21) (2-2) (1-2) (21-2) (3-3)
Sertetal. Turkey Single 65.6 14.7 - 9.8 9.8 - -
[49] (2011)
Mesial 59 24.2 2.7 9.8 39 - -

Distal 99.2 0.8 - - - - -

Kuzekanani Iran Single 31.2 219 94 25 31 - 31
etal. [71] (2012)

Mesial 54.1 174 13.8 37 74 - -

Distal 92.7 1.8 27 - - - -
Ahmad Jordan Single 55.6 22 111 - - 111 -
etal. [46] (2016)

Mesial 40.6 18.8 31 281 9.4 - -

Distal 93.8 - - 31 31 - -
Zhang et al. China Single 42.7 3.6 - 24 24 - -
[50] (2018)

Mesial 68.3 5 8.3 33 11.7 - -

Distal 100 - - - - - -

Table 8.

Root canal configuration of maxillary thivd molar in different populations.

Figure 20.
Mandibulayr third molar with two roots and two canals(A) covonal third of root canals, (B) middle thivd of
root canal, (C) apical third of root canals.

Figure 21.
Mandibular thivd molar with three roots and three canals(A) coronal thivd of root canals, (B) middle third of
root canal, (C) apical third of root canals.

Figure 22.

Mandibular third molar with one root and two canals(A) covonal thivd of voot canals, (B) middle thivd of
root canal, (C) apical third of root canals.

single-rooted third molars (Table 8) [46, 49, 50, 71]. The incidence of C-shaped
canals was reported in Thailand (11%) [70], Iran (3.3%) [71], and China (3.3%)
(Figure 23) [50]. Root canal shape of mandibular third molar varies per root.
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Figure 23.
Mandibulayr third molar with C-shaped canal(A) coronal thivd of root canals, (B) middle third of root canal,
(C) apical third of root canals.

5. Conclusion

This chapter summarized the root canal system of the maxillary and mandibular
molars in different populations. Root canal system of the molar teeth is so complex
and unpredictable. It varies among populations and even in individuals in same
population. The maxillary first and second molars have in the most common form
three roots with four canals. The maxillary third molar may have from one to five
roots with different numbers of canals ranging from one to six canals. Mandibular
molars in the most common form have two roots with three canals. C-shaped canals
are mostly common in mandibular second molars. Clinicians should pay attention
to the additional canals and additional configurations when preparing for the root
canal treatment, since knowledge of the basic root and root canal morphology as
well as possible variation in anatomy of the root canal system is an important factor
to achieve successful root canal treatment.

Author details
Svetlana Razumova, Anzhela Brago, Haydar Barakat* and Ammar Howijieh
Department of Propaedeutics of Dental Diseases of Medical Institute,

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

*Address all correspondence to: dr.haydarbarakat@yahoo.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

26



Morphology of Root Canal System of Maxillary and Mandibular Molars

DOI: http://dx.doi.org/10.5772/intechopen.84151

References

[1] Rahimi S, Ghasemi N. Maxillary
first molar with two root canals. Sultan
Qaboos University Medical Journal.
2013;13(2):346-349

[2] Blinov VS, Kartashov MV, Zholudev
SE, Zornikova OS. Estimation of the
cone-beam computed tomography in
diagnostics of the molar root system

anatomy of the mandible and maxilla.
Radiology—Practice. 2016;59(5):6-15

[3] Toure B, Faye B, Kane AW, Lo CM,
Niang B, Boucher Y. Analysis of reasons
for extraction of endodontically treated

teeth: A prospective study. Journal of
Endodontia. 2011;37:1512-1515

[4] GuY, Lu Q, Wang H, Ding Y, Wang
P, Ni L. Root canal morphology of
permanent three rooted mandibular
first molars—Part I: Pulp floor and root

canal system. Journal of Endodontia.
2010;36:1341-1346

[5] Filpo-Perez C, Bramante CM, Villas-
Boas MH, Duarte MAH, Versiani MA,
Ordinola-Zapata R. Micro-computed
tomographic analysis of the root

canal morphology of the distal root

of mandibular first molars. Journal of
Endodontia. 2015;41:231-236

[6] Ballullaya SV, Vemuri S, Kumar
PR. Variable permanent mandibular
first molar: Review of literature.

Journal of Conservative Dentistry.
2013;16:99-110

[7] Dinakar C, Shetty UA, Salian V'V,
Shetty P. Root canal morphology

of maxillary first premolars using

the clearing technique in a south

Indian population: An in vitro study.
International Journal of Applied & Basic
Medical Research. 2018;8(3):143-147

[8] Bansal R, Hegde S, Astekar

MS. Classification of root canal
configurations: A review and a new
proposal of nomenclature system for

27

root canal configuration. Journal of
Clinical and Diagnostic Research.
2018;12(5):ZE01-ZE05

[9] Weine FS, Healey HJ, Gerstein H,
Evanson L. Canal configuration in the
mesiobuccal root of the maxillary first
molar and its endodontic significance.
Oral Surgery, Oral Medicine, and Oral
Pathology. 1969;28:419-425

[10] Vertucci FJ. Root canal anatomy
of the human permanent teeth. Oral
Surgery, Oral Medicine, and Oral
Pathology. 1984;58:589-599

[11] Cleghorn BM, Christie WH, Dong
CC. The root and root canal morphology
of the human mandibular second

premolar: A literature review. Journal of
Endodontia. 2007;33(9):1031-1037

[12] Kartal N, Yanikoglu FC. Root
canal morphology of mandibular

incisors. Journal of Endodontia.
1992;S18:562-564

[13] Gulabivala K, Aung T, Alavi A,
Ng YL. Root and canal morphology
of Burmese mandibular molars.
International Endodontic Journal.

2001;34:359-370

[14] Sert S, Bayirli GS. Evaluation of
the root canal configurations of the
mandibular and maxillary permanent
teeth by gender in the Turkish
population. Journal of Endodontia.
2004;30:391-398

[15] Peiris H, Pitakotuwage T, Takahashi
M, Sasaki K, Kanazawa E. Root canal
morphology of mandibular permanent
molars at different ages. International
Endodontic Journal. 2008;41:828-835

[16] Al-Qudah AA, Awawdeh LA. Root
and canal morphology of mandibular
first and second molar teeth in a

Jordanian population. International
Endodontic Journal. 2009;42:775-784



Human Teeth - Key Skills and Clinical Illustrations

[17] Kim S, Pecora G, Rubinstein R,
Dorscher-Kim J. Color Atlas of
Microsurgery in Endodontics.
Philadelphia: WB Saunders; 2001

[18] Barbizam JVB, Ribeiro RG. Unusual
anatomy of permanent maxillary

molars. Journal of Endodontia.
2004;30(9):668-671

[19] Alrahabi M, Sohail Zafar

M. Evaluation of root canal
morphology of maxillary molars using
cone beam computed tomography.

Pakistan Journal of Medical Sciences.
2015;31(2):426-430

[20] Tian XM, Yang XW, Qian L,

Wei B, Gong Y. Analysis of the root
and canal morphologies in maxillary
first and second molars in a Chinese
population using cone-beam computed
tomography. Journal of Endodontia.
2016;42(5):696-701. DOI: 10.1016/j.
joen.2016.01.017

[21] Naseri M, SafiY, Akbarzadeh
Baghban A, Khayat A, Eftekhar L.
Survey of anatomy and root canal
morphology of maxillary first molars
regarding age and gender in an Iranian
population using cone-beam computed
tomography. Iranian Endodontic
Journal. 2016;11(4):298-303

[22] Zheng QH, Wang Y, Zhou XD,
Wang Q; Zheng GN, Huang DM. A
cone-beam computed tomography study
of maxillary first permanent molar root
and canal morphology in a Chinese

population. Journal of Endodontia.
2010;36(9):1480-1484

[23] Guo ], Vahidnia A, Sedghizadeh P,
Enciso R. Evaluation of root and canal
morphology of maxillary permanent
first molars in a North American
population by cone-beam computed

tomography. Journal of Endodontia.
2014;40(5):635-639

[24] Singh S, Pawar M. Root canal
morphology of South Asian Indian

28

maxillary molar teeth. European Journal
of Dentistry. 2015;9(1):133-144. DOL:
10.4103/1305-7456.149662

[25] Razumova S, Brago A, Khaskhanova
L, Barakat H, Howijieh A. Evaluation

of anatomy and root canal morphology
of the maxillary first molar using the
cone-beam computed tomography
among residents of the Moscow region.
Contemporary Clinical Dentistry.
2018;9(Suppl 1):5133-5136

[26] Patil AC, Ramesh HG, Yelamali

S. Management of a permanent
maxillary first molar with two disto
buccal canals with the aid of spiral
computed tomography: A case report.
Journal of Clinical and Experimental
Dentistry. 2010;2(3):e153-e156

[27] Cantatore G, Berutti E, Castellucci
A. Missed anatomy: Frequency and

clinical impact. Endodontic Topics.
2009;15:3-31

[28] Olczak K, Pawlicka H. The
morphology of maxillary first and
second molars analyzed by cone-beam
computed tomography in a Polish
population. BMC Medical Imaging.
2017;17:68

[29] Imura N, Hata GI, Toda T. Two
canals in mesiobuccal roots of maxillary

molars. International Endodontic
Journal. 1998;3:410-414

[30] Martins JNR, Marques D, Mata

A, Caramés J. Root and root canal
morphology of the permanent dentition
in a Caucasian population: A cone-
beam computed tomography study.

International Endodontic Journal.
2017;50:1013-1026

[31] Neelakantan P, Subbarao C, Ahuja
R, Subbarao CV, Gutmann JL. Cone-
beam computed tomography study of
root and canal morphology of maxillary
first and second molars in an Indian
population. Journal of Endodontia.
2010;36(10):1622-1627



Morphology of Root Canal System of Maxillary and Mandibular Molars

DOI: http://dx.doi.org/10.5772/intechopen.84151

[32] Ghobashy AM, Nagy MM,
Bayoumi AA. Evaluation of root
and canal morphology of maxillary
permanent molars in an Egyptian
population by cone-beam computed
tomography. Journal of Endodontia.
2017;43(7):1089-1092

[33] Pérez-Heredia M, Ferrer-Luque
CM, Bravo M, Castelo-Baz P, Ruiz-
Pifién M, Baca P. Cone-beam computed
tomographic study of root anatomy

and canal configuration of molars

in a Spanish population. Journal of
Endodontia. 2017;43(9):1511-1516. DOI:
10.1016/jjoen.2017.03.026

[34] Ratanajirasut R, Panichuttra A,
Panmekiate S. A cone-beam computed
tomographic study of root and canal
morphology of maxillary first and
second permanent molars in a Thai
population. Journal of Endodontia.
2018;44(1):56-61. DOI: 10.1016/j.
joen.2017.08.020

[35] Rezaeian M, Rouhani Tonekaboni
M, Iranmanesh F. Evaluating the

root canal morphology of permanent
maxillary first molars in Iranian
population. Iranian Endodontic Journal.
2018;13(1):78-82

[36] Zhu Z, Zhao SL. Maxillary second
molar with five root canals: A case
report. Shanghai Kou Qiang Yi Xue.
2011;20:219-221

[37] Kottoor ], Hemamalathi S, Sudha R,
et al. Maxillary second molar with 5
roots and 5 canals evaluated using cone
beam computerized tomography: A case
report. Oral Surgery, Oral Medicine,
Oral Pathology, Oral Radiology, and
Endodontics. 2010;109:e162-e165

[38] Wu D, Zhang G, Liang R, Zhou

G, WuY, Sun C, et al. Root and canal
morphology of maxillary second molars
by cone-beam computed tomography in
a native Chinese population. The Journal

of International Medical Research.
2017;45(2):830-842

29

[39] Ghasemi N, Rahimi S, Shahi S,
Samiei M, Frough Reyhani M, Ranjkesh
B. A review on root anatomy and canal
configuration of the maxillary second

molars. Iranian Endodontic Journal.
2017;12(1):1-9

[40] Razumova S, Brago A, Khaskhanova
L, Howijieh A, Barakat H, Manvelyan

A. A cone-beam computed tomography
scanning of the root canal system of
permanent teeth among the Moscow
population. International Journal of
Dentistry. 2018;2018:2615746

[41] Weng XL, Yu SB, Zhao SL, Wang
HG, Mu T, Tang RY, et al. Root canal
morphology of permanent maxillary
teeth in the Han nationality in Chinese
Guanzhong area: A new modified root

canal staining technique. Journal of
Endodontia. 2009;35(5):651-656

[42] Kalender A, Celikten B, Tufenkci

P, Aksoy U, Basmaci F, Kelahmet U,

et al. Cone beam computed tomography
evaluation of maxillary molar root
canal morphology in a Turkish

Cypriot population. Biotechnology

& Biotechnological Equipment.
2016;30(1):145-150

[43] Naseri M, Ali Mozayeni M,

SafiY, Heidarnia M, Akbarzadeh
Baghban A, Norouzi N. Root canal
morphology of maxillary second
molars according to age and gender

in a selected Iranian population: A
cone-beam computed tomography
evaluation. Iranian Endodontic Journal.
2018;13(3):373-380

[44] Sidow SJ, West LA, Liewehr FR,
Loushine R]J. Root canal morphology
of human maxillary and mandibular

third molars. Journal of Endodontia.
2000;26(11):675-678

[45] Alavi AM, Opasanon A, Ng
YL, Gulabivala K. Root and canal
morphology of Thai maxillary molars.

International Endodontic Journal.
2002;35:478-485



Human Teeth - Key Skills and Clinical Illustrations

[46] Ahmad IA, Azzeh MM, Zwiri
AM, Abu Haija MS, Diab MM. Root
and root canal morphology of third
molars in a Jordanian subpopulation.

Saudi Endodontic Journal.
2016;6:113-121

[47] Cosi¢ ], Gali¢ N, Vodanovi¢ M,
Njemirovskij V, Segovi¢ S, Paveli¢
B, et al. An in vitro morphological
investigation of the endodontic

spaces of third molars. Collegium
Antropologicum. 2013;37(2):437-442

[48] Ng YL, Aung TH, Alavi A,
Gulabivala K. Root and canal
morphology of Burmese maxillary

molars. International Endodontic
Journal. 2001;34:620-630

[49] Sert S, Sahinkesen G, Topcu FT,
Eroglu SE, Oktay EA. Root canal
configurations of third molar teeth.
A comparison with first and second
molars in the Turkish population.
Australian Endodontic Journal.
2011;37:109-117

[50] Zhang W, Tang Y, Liu C, ShenY,
Feng X, GuY. Root and root canal
variations of the human maxillary and
mandibular third molars in a Chinese
population: A micro-computed
tomographic study. Archives of

Oral Biology. 2018;95:134-140. DOI:
10.1016

[51] Kim SY, Kim BS, Woo J, Kim Y.
Morphology of mandibular first molars
analyzed by cone-beam computed
tomography in a Korean population:
Variations in the number of roots

and canal. Journal of Endodontia.
2013;39(12):1516-1521

[52] Celikten B, Tufenkci P, Aksoy

U, Kalender A, Kermeoglu F, Dabaj

P, et al. Cone beam CT evaluation

of mandibular molar root canal
morphology in a Turkish Cypriot
population. Clinical Oral Investigations.
2016;20(8):2221-2226

30

[53] Chourasia HR, Meshram GK,
Warhadpande M, Dakshindas D. Root
canal morphology of mandibular
first permanent molars in an Indian

population. International Journal
of Dentistry. 2012;2012:745152

[54] Muriithi NJ, Maina SW, Okoth J,
Gathece LW. Internal root morphology
in mandibular first permanent molars

in a Kenyan population. East African
Medical Journal. 2012;89(5):166-171

[55] Zhang X, Xiong S, MaY, etal. A
cone-beam computed tomographic
study on mandibular first molars in
a Chinese subpopulation. PLoS One.
2015;10(8):e0134919. DOI: 10.1371/
journal.pone.0134919

[56] Torres A, Jacobs R, Lembrechts

P, Brizuela C, Cabrera C, Concha G,

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;45:95-101

[57] Madani ZS, Mehraban N, Moudi E,
Bijani A. Root and canal morphology of
mandibular molars in a selected Iranian
population using cone-beam computed

tomography. Iranian Endodontic
Journal. 2017;12(2):143-148

[58] Gambarini G, Piasecki L, Ropini P,
Miccoli G, Di Nardo D, Testarelli

L. Cone-beam computed tomographic
analysis on root and canal morphology
of mandibular first permanent

molar among multiracial population
in Western European population.
European Journal of Dentistry.
2018;12(3):434-438

[59] Zhang R, Wang H, Tian YY,

Yu X, Hu T, Dummer PM. Use of
cone-beam computed tomography to
evaluate root and canal morphology
of mandibular molars in Chinese
individuals. International Endodontic



Morphology of Root Canal System of Maxillary and Mandibular Molars

DOI: http://dx.doi.org/10.5772/intechopen.84151

Journal. 2011;44(11):990-999. DOI:
10.1111/j.1365-2591.2011.01904.x

[60] Alfawaz H, Alqedairi A, Alkhayyal
AK, Almobarak AA, Alhusain MF,
Martins JNR. Prevalence of C-shaped
canal system in mandibular first and
second molars in a Saudi population
assessed via cone beam computed
tomography: A retrospective study.
Clinical Oral Investigations. Jan
2019;23(1):107-112

[61] Pawar AM, Pawar M, Kfir A,
Singh S, Salve P, Thakur B, et al. Root
canal morphology and variations

in mandibular second molar teeth

of an Indian population: An in vivo
cone-beam computed tomography

analysis. Clinical Oral Investigations.
2017;21(9):2801-2809

[62] Kim SY, Kim BS, Kim Y. Mandibular
second molar root canal morphology
and variants in a Korean subpopulation.

International Endodontic Journal.
2016;49(2):136-144

[63] Silva EJ, Nejaim Y, Silva AV, Haiter-
Neto F, Cohenca N. Evaluation of root
canal configuration of mandibular
molars in a Brazilian population

by using cone-beam computed
tomography: An in vivo study. Journal
of Endodontia. 2013;39:849-852

[64] Ladeira DB, Cruz AD, Freitas DQ,
Almeida SM. Prevalence of C-shaped
root canal in a Brazilian subpopulation:
A cone-beam computed tomography

analysis. Brazilian Oral Research.
2014;28:39-45

[65] Scarfe WC, Levin MD, Gane
D, Farman AG. Use of cone beam
computed tomography in endodontics.

International Journal of Dentistry.
2010;2009:634567

[66] Kim Y, Perinpanayagam H, Lee JK,

et al. Comparison of mandibular first
molar mesial root canal morphology

31

using microcomputed tomography and
clearing technique. Acta Odontologica
Scandinavica. 2015;73:427-432

[67] Rogazkyn D, Metzger Z, Solomonov
M. The prevalence and asymmetry

of C-shaped root canals in second
mandibular molars in a European-
Russian population: A cone-beam
computed tomography study in vivo.
International Journal of Endodontic
Rehabilitation. 2016;2:12-16

[68] Neelakantan P, Subbarao C,
Subbarao CV, Ravindranath M. Root and
canal morphology of mandibular second
molars in an Indian population. Journal
of Endodontia. 2010;36(8):1319-1322.
DOI: 10.1016/jj0oen.2010.04.001

[69] Ceperuelo D, Lozano M, Duran-
Sindreu F, Mercade M. Root canal
morphology of chalcolithic and early
bronze age human populations of el
mirador cave (sierra de atapuerca,
Spain). The Anatomical Record.
20145297:2342-2348

[70] Gulabivala K, Opasanon A, Ng YL,
Alavi A. Root and canal morphology of
Thai mandibular molars. International
Endodontic Journal. 2002;35:56-62

[71] Kuzekanani M, Haghani ], Nosrati
H. Root and canal morphology of
mandibular third molars in an Iranian
population. Journal of Dental Research,
Dental Clinics, Dental Prospects.
2012;6:85-88



