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ABSTRACT

Having a thorough knowledge of root canal configuration is essential for a successful
endodontic treatment. Clinicians should always pay attention to the unusual canal
configuration so as to avoid missing extra canals. This paper describes a nonsurgical retreatment of a maxillary second molar with two missing root canals;
diagnosed by cone-beam computed tomographic (CBCT) imaging. The tooth had
three roots and five canals: a C-shaped buccal root fused by mesiobuccal (MB) and
distobuccal (DB) roots with three canals (CBCT scanning showed that the second
MB canal was closer to the palatal than the buccal side), a mesiopalatal root with
one canal, and a distopalatal root with one canal. The purpose of this case report is
to remind clinicians of the importance of anatomical variations, and thus, detection
of extra canals.
Keywords: Maxillary Second Molar; C-shaped Canal; Cone-Beam Computed
Tomography

Introduction

A

successful root canal treatment depends on a clear
understanding of the root canal system with its frequent
variations [1]. Conversely, insufficient understanding of the root
canal configuration and undetected extra root canals are the
major cause of treatment failure [2]. So, clinicians should always
consider possible unusual canal configuration in order to avoid
missing extra canals.
Maxillary second molars have a complex root canal anatomy.
They generally have three separate roots [mesiobuccal (MB),
distobuccal (DB) and palatal (P)], each with a single canal [3].
Zeng et al. [4] have reported a C-shaped MB root with two canals
(MB1 and MB2) in a maxillary second molar. Singla and
Aggarwal [5] reported a C-shaped palatal root with two canals
(P1 and P2) in a maxillary second molar. However, a maxillary
second molar with a fused C-shaped buccal root with three
canals (MB1, MB2 and DB) and two separate palatal roots is a

rare dental anatomy which has never been reported in literature.
Variations in the root canal configuration of maxillary second
molars reported by various authors have been represented in
Table 1 [4-42].
Arora et al. [19] , Zhao et al. [28] and Ozcan et al. [33]
reported five canals; showing three canals in the MB root.
Several authors have reported the existence of a second palatal
root. Chawla et al. [12] observed three palatal roots
[mesiopalatal (MP), palatal (P), and distopalatal (DP)] in a
maxillary second molar. Case reports with a single root/canal
have also been reported [13, 24, 27, 42].
This study reports an unusual root canal configuration of a
maxillary second molar with three roots and five canals; a Cshaped buccal root fused by MB and DB root with three canals,
and two separate palatal roots with one canal in each root.
With the assist of cone-beam computed tomography (CBCT)
and an operating microscope, two extra canals, which were
previously untreated, were identified.
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Table 1. Variations reported in root canal configuration in maxillary second molars
Year

Authors

Root configuration

No. of canals

# MB

#DB

#P

2017

Jain et al. [6]

4 roots

4

1

1

2

2017

Subbiya et al. [7]

4 roots

4

1

1

2

2017

Suresh et al. [8]

Single root or fused roots

6

3

2

1

2017

Jeevanandan [9]

2 roots

2

1

0

1

2016

Zeng et al. [4]

4 roots

5

2 (C-shaped)

2

1

2015

Nabavizadeh et al. [10]

3 roots

4

1

1

2

2015

Beshkenadze and Chipashvili (2 cases) [11]

2 roots

2

1

2015

Chawla et al. [12]

3 roots

6

2

2015

Jaikrishan et al. [13]

1 root

1

Single canal

2014

Ashraf et al. [14]

2 roots

4

2M 2D

2014

Pawar and Kokate[15]

4 roots

4

2013

Fakhari and Shokraneh[16]

4 roots

2013

Paul et al. [17]

2013

1
1

3

1

1

2

4

1

1

2

4 roots

4

1

1

2

Simsek et al. [18]

2 roots

4

2M 2D

2013

Arora et al. [19]

3 roots

5

3

1

1

2013

Shojaeian et al. [20]

4 roots

4

1

1

2

2012

Eskandarinekhad and Ghasemi[21]

4 roots

4

1

1

2

2012

Badole et al. [22]

4 roots

4

1

1

2

2012

Patel and Patel[23]

4 roots

4

1

1

2

2011

Ioannidis et al. [24]

1 root

1

Single canal

2011

Scarparo et al. [25]

3 roots or 4 roots

4

1

1

2

2011

Zhu and Zhao[26]

4 roots

5

2

1

2

2011

Wang et al. [27]

1 root

1

Single canal

2011

Zhao et al. [28]

4 roots

5

3

1

1

2010

Zhang et al. [29]

4 roots

4

1

1

2

2010

Prashanth et al. [30]

4 roots

4

1

1

2

2010

Singla et al. [5]

3 roots

3

1

1

1(C-shaped)

2010

Kottoor et al. [31]

5 roots

5

2

1

2

2009

Qun et al. [32]

4 roots

4

1

1

2

2009

Ozcan et al[33]

3 roots

5

3

1

1

2008

Ghoddusi et al. [34]

4 roots

4

1

1

2

2008

Kim et al. [35]

4 roots

6

2

2

2

2007

Ulusoy and Görgül[36]

4 roots

4

1

1

2

2007

Prakash et al. [37]

3 roots

4

2

1

1

2007

Pasternak Junior et al. [38]

3 roots

5

1

1

3

2007

Shin et al. (2 cases)[39]

4 roots

4

1

1

2

2006

Jafarzadeh et al. [40]

4 roots

4

2

1

1

2003

Alani [41]

4 roots

4

1

1

2

2000

Fava et al. [42]

1 root

1

Single canal
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Figure 1. A) A pre-operative periapical radiograph of tooth #17; B and C) The working length and master apical cone periapical radiographs;
D) The obturation periapical radiograph; E) One-month follow-up

Case Report
A 58-year-old female patient was referred to the Department of
Endodontics, School of Stomatology, China Medical
University, Shenyang, China; with a chief complaint of pain in
the right maxillary second molar. The patient stated that she
had undergone a root canal treatment two years ago. Since
then, she had experienced persistent pain in the tooth,
exaggerated by cold and hot stimuli. The patient’s medical
history was noncontributory.
Clinical examination showed the presence of a composite
resin restoration and severe sensitivity to percussion.
Sensibility testing of the right second molar with the cold (ethyl
chloride) and heat (heated gutta-percha) tests caused a severe
lingering pain, whereas electric pulp stimulation (Kerr,
Analytic Technology Corp, Redmond, WA, USA) resulted in a
premature response. Periodontal pockets and tooth mobility
were within normal limits. Radiographic examination showed
incomplete root canal fillings in the three obturated canals of
the second molar. Moreover, the MB canal was not in the
center of the corresponding root and therefore extra canals
were suspected (Figure 1A). To confirm the unusual root canal
configuration and locate additional canals, a CBCT scan was
recommended. Informed consent was obtained from the
patient, and a CBCT scan (NewTom 3G, QR Srl, Verona, Italy)
of the maxilla was performed with a tube voltage of 110 kVp
and a tube current of 7.18 mAs. CBCT scanning images (Figure
2A to C) and 3D reconstruction images (Figure 2D to H) were
taken. They showed the presence of three roots and five canals;
a fused C-shaped buccal root with 3 canals and two separate
palatal roots with a single canal in each root, which meant that
there were two more non-treated root canals. The CBCT
images revealed that there were inappropriate root canal
fillings in MB1, DB and DP canals in previous treatment,
whereas MB2 and DP canals had been left untreated. Analysis
of the clinical and radiographic findings, a diagnosis of
symptomatic apical periodontitis with residual pulpitis was
made for tooth #17. A non-surgical endodontic retreatment
was planned, and the patient consented.

After the administration of local anaesthesia, using 4%
articaine containing 1:100000 epinephrine (Primacaine;
Acteon Group, Merignac Cedex, France), a rubber dam was
placed on the tooth. Access opening was performed and three
obturated root canals (MB1, DB and DP) were revealed.
During examination with a dental operating microscope
(Leica AG, Heerbrugg, Switzerland), a MP orifice was
observed. With the help of CBCT images and P5 ultrasonic
unit (Satelec, Merignac, France), a fifth root canal orifice
(MB2) was located which was closer to MP.
Removal of gutta-percha was achieved by retreatment files
(VDW, Munich, Germany) and Hedstrom files (Dentsply,
Maillefer, Ballaigues, Switzerland). Working length was
determined with the use of an apex locator (Raypex 2; VDW,
Munich, Germany) and confirmed radiographically.
Radiographic examination revealed the presence of five
canals in tooth #17 (Figure 1B). Then, the root canals were
cleaned and shaped with ProTaper Next nickel-titanium
rotary instruments (Dentsply, Maillefer, Ballaigues,
Switzerland) using a crown-down technique. The MB2 canal
was instrumented up to X2 with ProTaper Next file, whereas
the other four canals were instrumented up to ProTaper Next
X3 to the working length (Figure 3A).
Irrigation was performed with 2.5% sodium hypochlorite
and 17% Ethylene-di-amine-tetra-acetic acid (EDTA).
Afterwards, ultrasonic irrigation was performed and 2%
chlorhexidine gluconate was used as the final irrigant. After
drying the canals with paper points, all canals were medicated
with calcium hydroxide and sealed with Cavit (ESPE, Seefeld,
Germany). After one week, the patient was not painful to
percussion. Under rubber dam, and after rinsing and drying,
the canals were obturated with warm gutta-percha vertical
condensation technique using the EndoPilot motor
(Schlumbohm, Brokstedt, Germany). AH-Plus (Dentsply
DeTrey GmbH, Konstanz, Germany) was used as the sealer
(Figure 1C, 1D and 3B). The tooth was then restored with
composite resin (P60; 3M Dental Products, St Paul, MN,
USA). The patient was asymptomatic at one-month followup (Figure 1E).
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Figure 2. CBCT scanning images and 3D reconstruction of tooth #17. A and B) The different CBCT scanning levels of tooth #17; C) An enlarged
picture of tooth #17 showing five canals: MB1, MB2, DB, MP and DP; D-H) The 3D reconstruction of tooth #17 showing three roots: one Cshaped buccal root, one MP root and one DP root

Discussion
Based on the current report and corresponding literature, it is
evident that adequate knowledge of morphological variations is
critically important in the success of an endodontic treatment.
Abnormalities in root canal anatomy commonly occur in
maxillary molars, especially in maxillary second molars, where
it can be diagnostically and technically challenging [43, 44]. In
the presented case, CBCT images helped clinicians better
evaluate the complex root canal morphology and facilitate the
location of extra canals. Although conventional intraoral
radiographs are commonly employed in endodontic treatments,
the main disadvantage of such radiographs is that it only
provides 2-dimensional (2D) images of a 3-dimensional (3D)
object, an image which can not reveal the actual number of roots
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and canals [45]. In this study, CBCT cross-sectional images clearly
showed the presence of five canals in tooth #17 with two missing
canals (MB2 and MP). However, 3D reconstructions
demonstrated a C-shaped buccal root fused by MB and DB roots
and two separate palatal roots (Figure 2).
Rodríguez et al. [46] suggested that more diagnostic
information could be gained from pre-operative CBCT scans, and
the obtained information could directly influence a clinician’s
judgment. They reported that the examiners modified their
clinical treatment plan after viewing CBCT images in 27.3% of the
cases. The application of CBCT could be considered as an option
for complex endodontic cases. According to the ‘American
Association of Endodontists’ (AAE) and ‘American Academy of
Oral and Maxillofacial Radiology’ (AAOME) Joint Position
Statement published in 2015 [47], application areas for the use of

A maxillary molar with a rare root canal configuration

Figure 3. Microscopic images of the five root canals: MB1, MB2, DB,
MP and DP. A) After preparation; B) After root canal filling

limited field of view (FOV) CBCT in endodontics include extra
canals, calcified canals, immediate postoperative imaging,
vertical root fractures, alveolar or tooth traumas and root
resorptions. However, CBCT should not be considered as a
replacement
for
conventional
intraoral/panoramic
radiographs except for certain patients [48].
Root canal variations in maxillary second molars could be
divided into a) number variations of canals and b) anatomical
variations of roots. To date, the number of canals in maxillary
second molars has been reported to range from one to six. Tian
et al. [49] evaluated the CBCT images of 1539 maxillary second
molars from Chinese patients. They concluded that 3.2% had
one canal, 6.1% had two canals, 66.4% had three canals, 22.9%
had four canals and 1.4% had five canals. The incidence of 6
canals is a rare variation and there was no occurrence in the
above report.
The most common variation in maxillary second molars
is the MB2 root canal. The incidence of MB2 is 42.2% [50]
and 58.7% [51] in a Korean population, 58% in an Irish
population [3] and 79.3% (left) and 87.5% (right) in a
Brazilian population [52].
The incidence of more than one palatal canal varied from
0.45% [53] to 14% [54] in maxillary second molars in different
studies. Kim et al. [51] reported that extra canals were found
in 34.39% of the MB roots, 0.30% of the midbuccal roots, 0.30%
of the DB roots, and 1.82% of the P roots in 3- or 4-rooted
maxillary second molars. Studies have revealed that Chinese
population possesses a high prevalence of root fusion
compared with other ethnic groups. The incidence of fused
roots in maxillary second molars from a native Chinese
population has been reported to be as high as 23.9% and
42.25% in two articles [49, 55]. The C-shaped root is one type
of root fusion which has to exhibit the following three features:
(i) fused roots; (ii) a longitudinal groove on the lingual or
buccal surface of the root; (iii) at least one cross-section of the
canal belonging to C1, C2 or C3 configuration [56]. The Cshaped root of tooth #17 in the present report was a fusion of
MB and DB roots. The C-shaped buccal root has a longitudinal

groove on the lingual side of the root surface and its crosssections assume a C3 configuration.
Failure to identify and treat extra canals is a major cause
of unsuccessful treatments [57]. Aside from the anatomic
complexity of maxillary second molars, the posterior location
of the teeth and their superimposition over another canal or
bony structures -such as maxillary tuberosity on radiographsmake it difficult to detect extra canals [58]. To detect
morphological variations of maxillary second molars, a
careful evaluation of x-rays is essential. X-rays with an
appearance of an eccentric root canal always indicate
additional canals [59]. In our study, the MB canal was not in
the center of MB root on the radiograph, which suggested
more than one canal in this root. Moreover, an abnormal
coronal morphology usually suggests a complex internal
anatomy [21]. Furthermore, it is widely reported that the
introduction of CBCT has greatly decreased the rate of
missing canals [60-62].
Once extra canals are suspected, an enlarged access cavity
is suggested. With the increase in use of dental operating
microscope, locating extra orifices has become easier.
Exploring along the developmental groove on the pulp
chamber floor with ultrasonic tips and DG 16 endodontic
probe is also required to find canal orifices [63]. In this case,
the detection of the fourth and fifth canals in tooth #17
depended on careful pre-operative analysis with CBCT and
proficiency in ultrasonic equipment and dental microscope.
In addition, the clinicians’ patience and carefulness played a
major role in the detection of extra canals.
In our case, the right maxillary second molar presented a
C-shaped buccal root with three canals and two separate
palatal roots with a single canal in each root. Similar case
reports of maxillary second molars with five canals (2 MB, 1
DB and 2P canals) have only been reported by Zhu et al. [26]
and Kottoor et al. [31]. In literature, and to the best of our
knowledge, we never came across a case report that
documented the presence of a C-shaped buccal root with
three canals in a maxillary second molar. According to
Betancourt et al. [64], the average distance between the center
of MB1 and MB2 canals was 2.2±0.54 mm (range 2.1-2.3 mm)
in maxillary second molars. Nevertheless, in this case, CBCT
imaging revealed that the MB2 canal was closer to the palatal
side rather than the buccal side (MB1-MB2: 3.25 mm). The
findings of this study represented the diagnosis and
retreatment of a rare case with undetected extra canals and
therefore could remind dental practitioners of the
significance of grasping the anatomic variations and minding
extra canals during their treatments.
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Conclusion
The possibility of a C-shaped buccal root -with three canals- and
two separate palatal roots -with two separate canals- should be
considered in the second maxillary molars. Though anatomic
variations are complex in the second maxillary molars, dentists
should have thorough knowledge of root canal configuration
and develop awareness of avoiding missing canals.
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