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ABSTRACT ·············································································································································································
The aim of this study is to describe the endodontic treatment of a radix entomolaris (RE) with the C-shaped canal in mandibular first
molar and a fused maxillary premolar with two supernumerary teeth with the separated root canal using cone-beam computed
tomography imaging (CBCT). In our cases, non-surgical endodontic treatment based on the results of CBCT diagnosis, ProTaper rotary
system, hand instrumentation, and passive ultrasonic irrigation along with periodontal treatment resulted in long-term and successful
prognosis. Therefore, CBCT analysis an effective diagnostic tool for the treatment of teeth containing complex root canals.
KEY WORDS: Cone-beam computed tomography (CBCT), C-shaped canal, Fusion, Radix entomolaris, Supernumerary tooth

ranging from 5% to more than 30% in Mongoloid population
[6-8]. The prevalence of C-shaped canals in Koreans has
been reported to be as high as 32.7% and this variation is
most frequently found in the mandibular second molar [9].
Although studies have reported RE or C-shaped root canals
in mandibular molars, few studies have investigated the Cshaped root canal in mandibular first molar with RE [3-10].
Gemination and fusion are similar developmental anomalies of hard tissues with a different etiology [9]. Fusion is
the union of hard tissue between two developing teeth.
Fused teeth may share a common pulp chamber or have
separate root canals and chambers. Gemination occurs due
to an unsuccessful division of tooth germ, which usually
leads to a single root, root canal, and a large bifid crown
with a common pulp chamber [11]. It is more common in
the anterior region, with approximately 0.1% occurring in
permanent and 0.5% in primary dentition, with equal distribution among Caucasian males and females [12]. Most
reported cases of fusion involve incisors and only rarely
relate to posterior dentition [13-17].
Although conventional radiographic examination provides
essential information for the successful management of endodontic problems, the technique has limited value due to the

Introduction
Successful root canal treatment (RCT) depends on negotiation, irrigation, shaping and three-dimensional filling of
canals. Traditionally, endodontic failures are associated with
extra roots or missed canals [1]. Endodontic failure is linked
to the presence of untreated canals [2]. Therefore, variations
in root canal system play a key role in successful RCT. The
most common variation in the mandibular molar is the presence of a distolingual supernumerary root called radix entomolaris (RE) in the mandibular first molar [3], or C-shaped
canals in the mandibular second molar. Separate RE in the
mandibular first molar has been detected in certain ethnic
groups. A maximum frequency of 3% is found in African
populations, while the frequency is less than 5% in Eurasian
and Indian populations [4,5]. RE occurs with a frequency
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superimposition of anatomical structures [17]. Cone-beam
computed tomography (CBCT) offers three-dimensional
images of tooth at a relatively higher resolution and a lower
dose. CBCT is therefore, the imaging modality of choice in
challenging situations demanding localization and characterization of root canals [18]. Therefore, CBCT is an important
tool for the evaluation of the root canal systems for successful
endodontic treatment, especially in the case of teeth with
complex root canal morphology [19-21].
Our case reports illustrate endodontic treatment of RE
with a C-shaped canal in the mandibular first molar and a
fused maxillary premolar with two supernumerary teeth
containing separated root canal following CBCT imaging.

dental clinic to the Department of Conservative Dentistry
at Chonnam National University Dental Hospital for evaluation and treatment of the right mandibular first molar
(tooth #46). The patient’s chief complaint involved pain
associated with the right mandibular first molar. The
patient had a history of mental retardation. Clinical examination showed swelling of #46 buccal gingival area and
immobility of #46. Cold test and electric pulp test elicited
negative reaction. The tooth #46 was sensitive to percussion. The mesiobuccal probing depth on #46 was 10 mm.
Pus discharge via gingival sulcus of the #46 mesiobuccal
root was observed. Periapical radiograph suggested periapical radiolucency and endodontic file separation in the
distolingual canal (Fig. 1A). To identify the root canal system thoroughly for prompt intervention, we performed a
CBCT imaging of the tooth #46 after obtaining informed
consent from the patient and his parents (Alphard VEGA,
Asahi Roentgen Ind. Co., Kyoto, Japan). A tube voltage
80 kV and a tube current of 8 mA were used for CBCT.

Case Reports
Case 1
A 46-year-old male patient was referred from a local

Fig. 1. (A) Preoperative periapical radiograph of the mandibular right first molar (#46); (B) working length determination of #46. (C) Postoperative periapical radiograph; (D) 9-month follow-up radiograph; (E) 18-month follow-up radiograph.
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Fig. 2. CBCT images of #46 confirming the presence of a separated RE and C-shaped canal. (A-C) 3-dimensional reconstruction images. (D)
Axial image of the apical third presenting a C-shaped canal configuration.

irrigation tip (Irrisafe, Acteon Satelec, GmbH, Germany)
according to the manufacturer’s instructions. The canals
were dried with paper points and the access cavity was
temporarily sealed with Caviton (GC Corporation, Tokyo,
Japan). Periodontal root planing was performed on #46.
After 1 week, the pain disappeared and gingival swelling subsided. We performed copious irrigation using
5.25% NaOCl solution and sterile saline using an ultrasonic irrigation tip (Irrisafe, Acteon Satelec). The canals
were dried with paper points and filled with gutta-percha
and AH26 plus (Dentsply, DeTrey, Konstanz, Germany)
using a continuous wave technique (Fig. 1C).
At the next appointment, the patient showed no significant symptoms, and therefore, porcelain fused to metal
crown restoration was performed.
Eighteen months of postoperative clinical and radiographic examinations revealed no clinical signs or symptoms and no periapical pathology (Fig. 1E).

The CBCT scan slices confirmed the presence of RE, the
C-shaped buccal canal and two apical foramina at the apical third (Fig. 2D). Based on these findings, the #46 was
diagnosed with periapical abscess with sinus to oral cavity.
We decided to perform conventional root canal treatment
with periodontal root planing.
The endodontic access was prepared under rubber dam
isolation. The conventional triangular outline of the access
cavity was modified into a trapezoidal form to position the
distolingually located RE. The working length was estimated using electronic apex locator (Denta Port Root ZX,
J Morita USA, Irvine, CA, USA) and confirmed using a
periapical radiograph. We estimated the working length in
the distolingual canal after bypassing the separated endodontic file in distolingual canal (Fig. 1B). All the canals
were cleaned and shaped using ProTaper NiTi rotary
instruments (Protaper universal, dentsply Dentsply-Maillefer,
Ballaigues, Switzerland) with a crown-down technique and
endodontic K-files (M access, Dentsply-Maillefer). Copious irrigation was performed using a 5.25% sodium hypochlorite (NaOCl) solution and sterile saline using ultrasonic

Case 2
A 30-year-old male patient was referred to the Depart- 55 -
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Fig. 3. (A) Preoperative clinical photograph (palatal sinus tract). (B) Preoperative clinical photograph (buccal sinus tract). (C) Preoperative
periapical radiograph of the maxillary left premolar (#25) and supernumerary teeth. (D) Gutta-percha tracing toward #25 periapical lesion.

with dentoalveolar abscess and conventional root canal
treatment with periodontal curettage was performed after
surgical flap elevation under general anesthesia.
First, informed consent for general anesthesia was obtained
from the patient and his parents. Under general anesthesia,
after palatal surgical flap elevation to expose distopalatal
cusp, we performed access opening on #25 and two supernumerary teeth, respectively. The working length was estimated using electronic apex locator (Denta Port RootZX)
and was confirmed using a periapical radiograph (Fig. 5A). All
the canals were cleaned and shaped using ProTaper NiTi
rotary instruments (Protaper Universal, Dentsply) with a
crown-down technique. Copious irrigation was performed
using 5.25% NaOCl solution and sterile saline. After canal
shaping and cleaning of the fused teeth, the canals were
dried and calcium hydroxide was applied as a medicament. The access cavity was temporarily sealed with Caviton (GC). We opened the access and estimated the
working length followed by canal shaping and cleaning of
#26 as mentioned above (Fig. 5B). After temporary sealing of #26 access cavity, 4-0 Mersilk suture (Ethicon, New
Jersy, USA) was used for suturing the palatal flap.
At the second appointment, under general anesthesia,
sinus tracts disappeared, and the canals in #26 were filled
with gutta-percha and AH26 plus (Dentsply) using a con-

ment of Conservative Dentistry at Chonnam National University Dental Hospital for treatment of the left maxillary
premolar (Tooth #25) and first molar (Tooth #26). The
patient’s chief complaint was gingival swelling and foul
odor in the #25 and #26 area. The patient has a history of
mental retardation and epilepsy. Clinical examination
revealed a fusion associated with #25 and two supernumerary teeth (Fig. 3A). We observed sinus tracts and gingival swelling of #25 buccal vestibule and palatal gingival
area (Fig. 3A and 3B). Periapical radiographic examination showed Gutta-percha tracing toward #25 periapical
lesion and periapical radiolucency on #26 mesial root apex
(Fig. 3D). The probing depth was over 7 mm on #25 distopalatal and #26 mesiobuccal without any mobility of
#25 and #26.
CBCT imaging of the tooth was performed to identify
the root canal system thoroughly and determine the indication for extraction or conservative treatment. Informed
consent of the patient and his parents was obtained, and a
CBCT of the #25 and #26 area was performed (Alphard
VEGA, Asahi Roentgen Ind. Co.) using a tube voltage 80
kV and tube current of 8 mA. The CBCT images showed
separated canals in the fused tooth associated with #25
and two supernumerary teeth, respectively (Fig. 4D).
Based on these findings, the #25 and #26 were diagnosed
- 56 -
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Fig. 4. CBCT images of #25 confirming the fused tooth with two supernumerary teeth. (A-C) 3-dimensional reconstruction images. (D) Sagittal image reveals separated canal of #25 and supernumerary teeth. (E) Axial image of the coronal third. (F) Axial image of the middle third.

tooth and #26 was performed. Palatal flap was sutured apically and repositioned using 4-0 Mersilk (Ethicon).
Clinical and radiographic examinations at 44 months
postoperatively revealed no significant clinical or dental
signs and symptoms or periapical pathology (Fig. 5D).
However, food deposits were found on #25 due to the
morphology of crown. Therefore, we emphasized the
importance of oral hygiene using appropriate tooth brushing and flossing practices.

tinuous wave technique. Subsequently, we prepared for
crown restoration of #26. We performed canal irrigation of
fused tooth #25 using 5.25% NaOCl, and sterile saline using
an ultrasonic irrigation tip (Irrisafe, Acteon Satelec). The
access cavity was sealed temporarily with caviton (GC).
At the third appointment, under general anesthesia, we
found no significant clinical signs or symptoms in the
patient. Therefore, we performed canal filling of the tooth
as mentioned above. The access cavity of the fused tooth
(#25) was restored with LuxaCore Z (shade A3) (DMG,
Hamburg, Germany). Porcelain fused to metal crown was
cemented on #26 using resin-modified glass ionomer
(RelyX™ Luting Plus cement, 3M, St. Paul, MN, USA).
After palatal flap elevation, root planing of the #25 fused

Discussion
Usually, most mandibular first molars contain 1 mesial
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Fig. 5. (A) Periapical radiograph showing working length determination of #25 and two supernumerary teeth. (B) Periapical radiograph
illustrating the working length determination of #26. (C) Postoperative periapical radiograph. (D) 44-month follow-up periapical radiograph.
(E) Clinical image illustrating working length determination of #25 and two supernumerary teeth with open flap. (F) Postoperative clinical
photograph.

Cooke and Cox [25] described the C-shaped configuration in mandibular molars for the first time, which is most
frequently encountered in the mandibular second molars.
Few studies have evaluated the C-shaped canal of mandibular first molar with RE using CBCT.
Melton et al. [26] in 1991 divided the C-shaped canal
into three types. However, there was no clear distinction
between the categories in Melton’s classification. In addition, Melton’s and Manning’s classifications describe only
the morphology of the canal orifices, but fail to describe
the variation of the C-shaped configuration along the root
length. Therefore, other classification was proposed by
Fan et al. [27,28]. In our Case 1, #46 has 3 roots with
small distolingual root, and a C-shaped configuration of
the mesiobuccal root canal. This case is classified as C2
(semicolon) according to Melton’s classification, and Type

root with 2 canals and 1 distal root with a single canal. An
additional distolingual root of mandibular first molars has
been reported, which is generally more curved and smaller
than the distobuccal root [22]. The distolingual root is typically described as a conical and small root with the apex
swinging toward the buccal side. Endodontic management
of this root variation may present clinical challenges [23].
Based on the curvature of RE in the bucco-lingual orientation, De Moor et al. [24] classified RE into three types.
Type I refers to a straight root/root canal. Type II is characterized by a root canal with initial curvature that continues as a straight root. Type III RE is defined by a root
canal with a curvature in the coronal third followed by a
second curve from the middle third to the apical third [24].
The RE of our first case represents a Type III curve based
on De Moor’s classification.
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ProTaper group. In the case of the ProTaper group, the
time required for canal shaping was shorter than in hand
instrumentation, however, the number of clinical errors
was small [34]. In other words, the NiTi rotary system
reduced the time required for the formation of the curved
root canals while minimizing the number of random
errors, and the root canal was formed more thoroughly
using a hand instrument. Therefore, it is better to use a
combination of the two systems. It is also important to
note that the continued use of chemical agents is an important
consideration because of the presence of nascent residual
root surfaces. Passive ultrasonic irrigation (PUI) appears
to be an adjunctive treatment for cleaning the root canal
system and that PUI is more effective than syringe irrigation [35]. In our cases, non-surgical endodontic treatment based on CBCT diagnosis, ProTaper rotary system,
hand instrumentation, PUI technique and periodontal
treatment resulted in successful prognosis.
We used D-mode, which has the smallest field of view
(FOV) of the CBCT. However, Patel et al. [36] reported
that the effective dose of a small FOV is 2 ~ 3 times
higher than the FOV of a periapical film. The use of
CBCT as a diagnostic tool facilitates root canal preparation at relatively low radiation dosage. However, the risks
and benefits of radiation should be considered in dental
practice.

3, according to Fan’s classification.
Fusion of permanent and supernumerary teeth usually
occurs in the anterior maxillary region, with a reported
prevalence of 0.1% [29]. Fusion of normal and supernumerary teeth leads to an anomalous broad crown, and the
pulp chambers and root canals might be joined or separated, depending on the stage of development at the time
of union [30]. Endodontic treatment is a challenge, owing
to the complex anatomy, tooth positioning, and difficulty
in rubber dam isolation. In this rare case report, we describe the
treatment of two supernumerary teeth fused with premolar
using CBCT. Three teeth were fused including buccal-distopalatal teeth fused in the coronal 1/3 (Fig. 4E) and mesiopalatal-distopalatal teeth in the middle 1/3 of the root
(Fig. 4F). Mesiopalatal supernumerary tooth was impacted
horizontally (Fig. 4B-D).
Radiographic examination is an essential component of
endodontic management. However, conventional intraoral
periapical views generate only a two-dimensional image
of a three-dismensional object, resulting in the superimposition of structures. Thus, endodontic applications of
computed tomography (CT) were first reported by Tachibana and Matsumoto in 1990 [31]. However, conventional
medical CT uses a fan-shaped beam and produces detailed
images in the axial plane. However, the high dose and
long scanning time of these systems render them impractical for most dental applications. Micro-CT is a highly
accurate and non-destructive method for the evaluation of
root canal fillings and their constituents, although it remains a
research tool and is not applicable to clinical imaging in
vivo [32]. On the other hand, CBCT is an effective tool for
identification of root canal systems and tooth morphology
in a 3D format and a higher resolution [18]. Therefore,
CBCT represents a new diagnostic tool for endodontic
applications. Diagnosis based on accurate analysis of root
canal systems leads to positive prognosis using conventional treatments without excessive invasive approaches.
Since anomalous tooth morphologies interfere with normal tooth and gingival junctions, they increase the risk of
periodontitis and dental caries [33]. Therefore, the combination of root canal and periodontal treatment appears to have
a positive impact on the long-term dental prognosis.
A study comparing the efficacy of the ProTaper Ni-Ti
rotary file and traditional hand instrumentation of K-files
and Gates-Glidden on the C-shaped canals, revealed
greater dentin removal compared with the hand instrumentation group leaving residual untreated root canal in the

Conclusions
Endodontic treatment of morphologically abnormal teeth is
a challenge. However, CBCT can be used to determine the
root shape and the root canal system, which enables a positive prognosis of the anomalous teeth using only non-surgical treatment without additional invasive procedures.
Therefore, CBCT analysis can be considered as an effective diagnostic tool for the treatment of teeth containing
complex root canals.
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