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Endodontic treatment of the mandibular first molar with
six root canals: A case report and literature review
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Abstract. The mandibular first molars normally have three or
four root canals and rarely have five or more root canals. The
present study reported a rare anatomical configuration with
six root canals in the mandibular right first molar diagnosed
during endodontic treatment using a dental operating micro‑
scope and confirmed with the help of cone‑beam computed
tomography (CBCT) images. The present case report revealed
that there is an increasing possibility of detecting additional
canals through the magnification of the microscope and
the improvement of CBCT diagnostic technology. As more
abnormal morphologies in root canals are reported, dentists
need to understand this diversity in anatomical structure and
improve treatment techniques.
Introduction
The aim of root canal treatment is to clean and shape the root
canal system and to fill it with an inert filling material. The
inability to appropriately understand the anatomical configu‑
ration of teeth and identify all the root canals for subsequent
disinfection and obturation may lead to endodontic treatment
failure (1). It is essential to adequately know about the root
canal system for successful endodontic treatment; however,
there are frequent variations in the root canal system (2).
The mesial and distal roots of the mandibular first molars
typically include two mesial canals and one or two distal
canals, respectively. Rarely, the mesiolingual and mesio‑
buccal canals are separated by a third canal called the middle
mesial canal, which is situated in the developing groove. The
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incidence of a middle mesial (MM) canal is reported to range
from 1 to 15% (3). The middle distal (MD) canal, which is
situated in between the distolingual and distobuccal canals, is
another uncommon occurrence. Three canals in the distal root
are uncommon, with a prevalence of 0.2‑3% (4,5).
The present study reported on the successful endodontic
treatment of a Chinese female patient with a mandibular first
molar with six root canals (three in the mesial root and three
in the distal root).
Case report
A 28‑year‑old Chinese female patient presented at the
Department of Endodontics, the Affiliated Hospital of
Qingdao University (Qingdao, China) in September 2017 with
the chief complaint of swelling and discomfort in the gum
of a lower right tooth for one month. Clinical examination
revealed that the gingiva of the mandibular right first molar
(tooth #46) was swollen and there was a previous filling on
the mesio‑occlusal surface of the tooth (Fig. 1A). The gingiva
bled excessively on probing and a 13.5‑mm deep periodontal
pocket was found in the buccal center of the tooth (Fig. 1B).
The probing depth of the periodontal pocket at the remaining
points was 1‑3 mm. Horizontal percussion of the tooth caused
moderate pain, whereas the pain was more intense during
vertical percussion of the tooth. Thermal testing (heated
gutta‑percha and popsicles) caused no reaction and electric
pulp testing indicated complete necrosis of the pulp. Neither
distinct mobility nor clinical fractures were discovered. All
adjacent teeth were normal.
The preoperative periapical radiograph of tooth #46
revealed a low‑density area surrounding the filling on the
mesio‑occlusal area of the crown, approaching the pulp
(Fig. 2A). The radiographic images of the root canals were
inconspicuous and they overlapped with each other. The radio‑
graph also indicated that the periapical periodontal ligament
space with regard to the mesial root apex and root bifurcation
had widened. To further clarify the morphology of the root
canals and the scope of lesions, cone‑beam computed tomog‑
raphy (CBCT; i‑CAT CBCT; KaVo Dental) was proposed, and
the patient agreed to undergo the same. CBCT images (Fig. 2B)
confirmed the six canals and the scope of periapical inflamma‑
tion; while the distal apical inflammation was limited to the
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apical third, the proximal apical inflammation expanded to the
apical half.
Based on the clinical and radiographic examination find‑
ings, a diagnosis of necrotic pulp with symptomatic apical
periodontitis (chronic apical periodontitis) in tooth #46 was
made. After explaining the clinical condition, the dentist
recommended nonsurgical endodontic treatment and informed
the patient that periodontal surgery may be required. The risks
and benefits of the treatment were explained to the patient
and written informed consent was obtained prior to starting
the treatment. Tooth #46 was first isolated with a rubber
dam; subsequently, the previous filling and dental caries
were removed and a conventional endodontic access was
established. The pulp chamber was examined with a DG‑16
endodontic explorer and four canal orifices were observed:
Two in the mesial root mesiobuccal (MB) and mesiolingual
(ML) and two in the distal root distolingual (DL) and disto‑
buccal (DB). Using an operating microscope (Zumax Medical
Co., Ltd), a third orifice, MM, was located between MB and
ML and an additional orifice, MD, was located between DB
and DL. The canals were explored with a size 10 ISO K‑file
(Dentsply Sirona); it was observed that each of the six separate
root canals had an independent apical foramen. The working
length of each root canal was measured with an electronic
apex locator (Root ZX; J. Morita Corp.) and confirmed by a
radiograph with size 10 K‑files (Fig. 2C). The root canals were
then cleaned and shaped with ProTaper nickel‑titanium rotary
instruments (Dentsply Sirona) till F2 (tip diameter, 25 mm;
taper, 8) using the crown‑down technique (Fig. 3). During the
procedure, 17% EDTA gel was used as a lubricant and 5.25%
sodium hypochlorite solution was used as an irrigant. For the
final irrigation, ultrasonic irrigation with normal saline was
used. Calcium hydroxide was used as intracanal medication
and zinc oxide eugenol was used as a sealer.
At the next appointment after 2 weeks, the patient had
improved. There was no pain when the tooth was percussed
and the gingival swelling was significantly reduced. After
placing a rubber dam, the canals were finally rinsed by ultra‑
sonic irrigation with normal saline and the canals were dried
with absorbent paper points and obturated using the warm
gutta‑percha condensation technique with AH Plus (Dentsply
Sirona) as the sealer (Fig. 4A). After completion of root canal
treatment, the tooth was restored with a composite resin (Z350
3M; Filtek) (Fig. 4B). A final radiograph was taken to assess
the quality of the obturation. The filling in the root canal was
uniform and the gutta‑percha points did not extend beyond the
apical hole; however, overfilling was observed in certain root
canals, because excessive paste was utilized during root filling
to maximise root canal sealing (Fig. 5).
After one year, the patient experienced no post‑treatment
discomfort. The color and texture of the gums returned to
normal (Fig. 6A). The tooth was not tender on palpation or
percussion. The periodontal probing depths around the tooth
were within the physiological limits (Fig. 6B). The CBCT
images (Fig. 7) indicated that the sealer was still present in
certain root tips, the range of radiolucency near the mesial root
and the root bifurcation had narrowed and the bone mineral
density had increased. It takes ~4 years for the AH plus to
completely absorb (6) and in follow‑up visits, the patient's
subjective symptoms and apical shadow healing will be

Table I. Case reports on mandibular first molar.

Author, year
Ramachandran, 2019
Jabali, 2018
Vineet, 2018
Kamble , 2017
Banode, 2016
Acharya, 2015
Martins, 2015 (A)
Martins, 2015 (B)
Maniglia‑Ferreira, 2015
Baziar, 2014
Sinha, 2014
Hasan, 2014
Martins, 2014
Alves, 2012
Gupta, 2012
Ryan, 2011
Mohsen, 2010

Number of root canals
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Mesial Distal		
root
root
Total
3
3
4
3
3
3
3
4
3
2
4
3
4
3
3
3
4

3
3
2
3
4
3
3
2
3
4
2
3
3
3
3
3
2

6
6
6
6
7
6
6
2
6
6
6
6
7
6
6
6
6

(Refs.)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

continuously observed. If periapical inflammation does not
heal well, apical surgery may be performed when necessary.
Discussion
Root canal treatment is currently recognized as an effective
therapy for pulpitis and periapical periodontitis. Mandibular
first molars are the first permanent posterior teeth to erupt
and most frequently have carious lesions that may necessitate
endodontic treatment. Recently, there has been an ongoing
trend of case reports that highlight the presence of more than
four root canals in mandibular first molars. However, there
are a limited number of case reports on the rare anatomical
configuration with six root canals in the mandibular right
first molar. A detailed review of case reports of mandibular
first molars with six or more root canals in the last 12 years
is summarized in Table Ⅰ (7-22). These studies were retrieved
from a database (https://www.x‑mol.com/) using the following
search terms: Mandibular first molar, middle distal canal,
middle mesial canal, six canals, tooth anatomy, extra root.
There have been certain reports of mandibular first
molars with extra roots and canals from different authors.
Maniglia‑Ferreira et al (14) reported a case with six canals
in a mandibular first molar; during the 18‑month follow‑up,
healing of a periapical lesion was achieved. Ryan et al (21)
published a case report that discussed the endodontic manage‑
ment of a rare anatomical variation in the root canal system of
a mandibular first molar with six canals (3 mesial and 3 distal);
the patient was asymptomatic during a follow‑up period
of 3 years and recall radiographs after treatment indicated
resolution of the previous apical periodontitis. Regarding the
ideal apical preparation size and taper, the literature is divided.
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Figure 1. (A) Occlusal surface of tooth #46. (B) Buccal surface of tooth #46; the periodontal probing depth was 13.0 mm.

Figure 2. (A) Preoperative radiograph of tooth #46. (B) Periapical radiograph for determination of the working length displaying two roots and six canals.
(C) Preoperative cross‑section image of cone‑beam computed tomography, with arrow indicating the scope of periapical inflammation.

Figure 3. (A) Access opening revealing the three mesial canal orifices by the magnification of the DOM. (B) Access opening displaying the three distal canal
orifices by the magnification of the DOM (magnification, x15). DOM, dental operating microscope; MM, middle mesial; MD, middle distal; MB, mesiobuccal;
ML, mesiolingual; DL, distolingual.

Previous research has indicated that by enlarging the apical
size and taper, it is possible to more easily remove bacteria
and debris from the root canal, increase the effectiveness of
irrigation solutions relative to the working length and improve
the distribution of the lateral and vertical forces produced
during filling (23). When compared to size 20, the apical
size of 25 produced noticeably cleaner canal walls in the

top third (24). According to a study, the fracture strength of
mandibular molar teeth is decreased when the apical diameter
and taper in the MM canal are increased. When instrumenta‑
tion sizes of >25.04 were used, the fracture strength among
the evaluated instrumentation sizes markedly decreased (25).
Since the patient of the present study was a young female with
a wide root canal lumen, the root canal was prepared to F2
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Figure 4. (A) Pulp chamber view after root canal obturation. (B) Final resin filling (magnification, x15).

Figure 5. (A) Radiograph displaying gutta‑percha cones placed in six separated canals of tooth #46. (B) Post obturation radiograph, with arrows indicating
overfilling was present in certain root canals.

Figure 6. (A) Occlusal surface of tooth #46 after one year. (B) Buccal surface of tooth #46 after one year; the periodontal probing depth was 2.0 mm.

(tip diameter, 25 mm; taper, 8) to better clean the root canal
infection.
This tendency warns dentists to be more careful when
dealing with mandibular first molars requiring endodontic

treatment. Certain canals may be left untreated if their
presence is not detected by the dentist. Thus, all possible
methods should be used to locate and detect the entire root
canal system. Traditional periapical radiography is essential
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Figure 7. (A) Mesial vertical plane image of CBCT after one year, displaying three mesial canals, with arrows indicating overfilling was also observed in the
mesiolingual canal, and the scope of periapical inflammation was reduced. (B) Distal vertical plane image of CBCT after one year, displaying three distal root
canals, with arrows indicating overfilling was also observed in distolingual canals, and the scope of periapical inflammation was reduced. (C) Cross‑section
image of CBCT after one year, with arrow indicating that the scope of periapical inflammation was reduced. CBCT, cone‑beam computed tomography.

for preoperative diagnosis; however, it may only provide
two‑dimensional information. When root canals overlap
with each other and complex anatomies are present, such as
multi‑canal systems or dens invaginatus, three‑dimensional
CBCT images may be beneficial to form an accurate diag‑
nosis and morphological evaluation in endodontics (26). In
the present case, the standard periapical radiograph indicated
that the root canal images were overlapped and blurry. To
confirm this, a CBCT was advised for the right mandibular
molar. The CBCT images provided a clearer view of the
anatomical morphology of the root canal and inflammatory
range and indicated that there were 3 apical holes in the
mesial root and distal root, respectively, which was similar to
the present findings. The use of CBCT affected the reviewers'
choices when making pulpal and periapical diagnoses and
more notably when determining etiologic factors and recom‑
mending a treatment. This was confirmed in a study by
Chogle et al (27), in which CBCT imaging had a significant
effect in determining the etiologic factors contributing
to endodontic pathosis (55% change overall) and making
treatment recommendations (49% change overall).
DOM provides dentists with superior lighting and
magnification capacity, and enhanced illumination and
visibility enable endodontists to improve the predictability
of their procedures and may help dentists identify morpho‑
logical deviations and thoroughly understand the anatomy
of the pulp chamber floor and the exact location of canal
orifices (28). These advantages of DOM provide physicians
with the ability to treat cases that previously may have been
deemed untreatable or which may have resulted in a compro‑
mised prognosis, which is evident from numerous studies
and clinical practice in endodontics. The use of magnifica‑
tion is considered helpful for the successful completion of
endodontic treatment. Maniglia‑Ferreira et al (14) reported
on a mandibular first molar with four separate mesial and two
separate distal canals observed under the magnification of
DOM. Wu et al (29) from the Affiliated Stomatology Hospital
of Nanjing Medical University used DOM to treat patients
whose treatment had failed by conventional methods. The
patients previously had unsuccessful treatments due to canal
calcification, separated instruments, missed canals or canal
perforation. Using DOM, 74.4% of canals were successfully
treated and for the affected teeth whose treatment failed due
to missing root canal, the success rate of retreatment through

the microscope was 80%. even more to the point that the
treatment success rate of missing root canal cases was ~80%.
In the present case, with the help of DOM, the six indepen‑
dent root canal openings at the bottom of the pulp chamber
were clearly observed and it was possible to check whether
the pulp cavity and root canal were cleaned and ready for
root canal filling.
The use of DOM and CBCT images in certain challenging
cases may facilitate a better understanding of the complex root
canal anatomy, which ultimately enables dentists to better explore
the root canal system and clean, shape and obturate it more effi‑
ciently. The present case report contributes to our knowledge of
the anatomical variability of the mandibular first molar.
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