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This case report describes a unique C-shaped mandibular second premolar with four
canals and three apical foramina and its endodontic management with the aid of
cone-beam computer tomography (CBCT). C-shaped root canal morphology with four
canals was identified under a dental operating microscope. A CBCT scan was taken to
evaluate the aberrant root canal anatomy and devise a better instrumentation strategy
based on the anatomy. All canals were instrumented to have a 0.05 taper using 1.0
mm step-back filing with appropriate apical sizes determined from the CBCT scan
images and filled using a warm vertical compaction technique. A C-shaped mandibular
second premolar with multiple canals is an anatomically rare case for clinicians, yet
its endodontic treatment may require a careful instrumentation strategy due to the
difficulty in disinfecting the canals in the thin root area without compromising the
root structure. (Restor Dent Endod 2016;41(1):68-73)
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Introduction

Mandibular second premolars have wide variations in root canal anatomy. Although
the incidence of the variations is not as common as that of mandibular first premolars,
the root canal aberrations in mandibular second premolars are as diverse as those in
mandibular first premolars. Their anatomical variations include multiple root canals"®
and C-shaped root canal configurations."""

The C-shaped root canal morphology is rare in mandibular second premolars, although
it is not uncommon in other tooth types.”'" A study by Yu et al. showed that the
prevalence of C-shaped root canals was 0.6% in the investigation of 178 mandibular
second premolars from a Chinese population using CBCT." A study by Rahimi et al.
showed that 2% of 103 extracted mandibular second premolars from an Iranian
population had C-shaped canals."’ Until now, two prevalence studies and two case
reports presenting C-shaped root canals have been published (Table 1). The reported
prevalence of C-shaped canals in all tooth types ranges from 2.7% to 8%, and the
C-shaped configurations are most commonly found in mandibular second molars,
followed by mandibular first premolars, mandibular third molars, mandibular second
premolars, and maxillary first molars.'*"

The etiology of C-shaped root configuration is thought to be a failure of Hertwig's
epithelial root sheath to fuse during the stage of tooth development or coalescence
by the continuous cementum deposition.'*"” Therefore, the development of additional
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Table 1. Previous studies of mandibular second premolars with C-shaped root canals

Reference Type of study No. of teeth Ethnicity Prevalence
Yu et al.’® Radiographic study (CBCT) 178 Chinese 0.6%
Rahimi et al." Clearing 103 Iranian 2%
Chauhan et al.”! Case report (Spiral CT) 2 Indian N/A
Shah* Case report (Clinical RCT) 1 Indian N/A

CBCT, cone-beam computed tomography; CT, computed tomography; RCT, root canal treatment.

roots is considered a prerequisite for C-shaped root
formation in mandibular second premolars. It was reported
that patients with X-linked human inherited diseases
showed increased additional root formation in mandibular
premolars, suggesting that the genetic change on X
chromosome may be a factor contributing to the C-shaped
root formation.”*?

Due to the presence of concavities and small root
thicknesses in C-shaped mandibular premolars, cleaning
and shaping of C-shaped canals pose challenges for
clinicians.'®? Inadvertent mechanical instrumentation may
remove excessive dentin and cause a strip perforation.
Therefore, the evaluation of the root canal morphology
along with the root thickness using cone-beam computed
tomography (CBCT) may be useful for the chemomechanical
root canal preparation in C-shaped mandibular second
premolars.

The aim of this case report is to present an endodontic
therapy of a C-shaped mandibular second premolar with
four canals and three apical foramina. This case report
describes a unique C-shaped mandibular second premolar
with four canals and its endodontic treatment with the aid
of CBCT. We also report a finding of bilateral C-shaped first
and second premolars in the patient.

http://dx.doi.org/10.5395/rde.2016.41.1.68

Case Report

A 14 year old African American female was referred to
the postgraduate endodontic clinic by her general dentist
for the consultation and treatment of the left mandibular
second premolar (tooth #35). The patient’s medical history
was noncontributory. Her chief complaint was pain around
her lower left tooth whenever she drank something cold.
Clinical examination showed occlusal caries on tooth #35
and a tooth colored restoration on tooth #36. Teeth #37,
36, and 34 had normal responses to cold testing using
Endo-Ice (Coltene/Whaledent Inc., Cuyahoga Falls, OH,
USA) and no pain to percussion and palpation. Tooth
#35 had sharp, lingering pain to cold testing with Endo-
Ice, no pain to percussion and palpation. No gingivitis
or periodontitis was observed. Clinical and radiographic
examination revealed occlusal caries approaching the
pulp horn in tooth #35 and no periapical radiolucency
around the root apex of tooth #35 (Figure 1a). Tooth
#35 was diagnosed with symptomatic irreversible pulpitis
and normal apical tissues on the basis of clinical and
radiographic examinations. Non-surgical root canal
treatment was given as a treatment plan for tooth #35.

An informed consent was obtained from the patient

Figure 1. Root canal treatment of the C-shaped

left mandibular second premolar with four canals
and three apical foramina. (a) A preoperative
periapical radiograph; (b) Master cone fit; (c, d)
Postoperative periapical radiographs showing mesial
and mesiobuccal canals joining in the coronal third
of the root.
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and patient’s mother, and endodontic treatment on tooth
#35 was initiated. At the first visit, local anesthesia
was obtained using 3.4 mL of 2% lidocaine (1:100,000
epinephrine) for inferior alveolar nerve block and 1.7
mL of 4% articaine (1:100,000 epinephrine) for buccal
infiltration. After rubber dam isolation, caries were
removed, and an access cavity was made. A long pulp
chamber with a C-shaped canal configuration was identified
under a dental operating microscope (Carl Zeiss Meditec
Inc., Dublin, CA, USA, Figure 2b). A pulpotomy was
performed with a sterile #4 carbide round bur followed by
copious irrigation using 5.25% NaOCL. Four canals (mesial,
M; mesiobuccal, MB; distobuccal, DB; distal, D canals) were
identified within the C-shaped root canal configuration. The
tooth was medicated with Ca(OH), (Dental Therapeutics
AB, Nacka, Sweden). A cotton pellet was placed in the

Restorative Dentistry & Endodontics RD E

pulp chamber, and the tooth was temporized with Cavit (3M
ESPE, St. Paul, MN, USA). In order to evaluate the aberrant
anatomy and perform careful mechanical instrumentation
based on the anatomy, a CBCT scan was suggested. Upon
the patient’s agreement, a referral was made to the
maxillofacial oral radiology department for a CBCT scan.

A CBCT scan (i-CAT, Imaging Sciences International,
Hatfield, PA, USA) was taken and analyzed with i-CAT Vision
3D imaging software (Imaging Sciences International).
The scan confirmed a C-shaped canal morphology with four
canals (Figure 2a) and a fused root configuration (Figure
2d). The axial views of the CBCT scan showed that the
mesial and mesiobuccal canals joined into one canal in the
coronal third of the root. The root thicknesses around all
canals were measured at all levels, from the apical foramina
to the canal orifices, in 0.3 mm interval from the outer
surface of the root (Figure 2e). The axial views of the scan

Figure 2. A CBCT scan and access cavity of the C-shaped left mandibular second premolar. (a) Axial view showing four
canals in the C-shaped left mandibular second premolar; (b) Occlusal view of access cavity showing a C-shaped root canal
configuration; (c) Axial view showing bilateral C-shaped mandibular first and second premolars; (d) Axial, panoramic,

and sagittal views showing a fused root configuration of the left mandibular second premolar; (e) Axial view showing a
measurement of root thicknesses around canals. The root thicknesses were measured individually at all levels with 0.3
mm interval from each canal to the outer surface of the root, and from the apical foramina to the canal orifices.
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also revealed that the root thicknesses gradually increased
in the coronal direction in all four root canals. The root
thickness around the M canal ranged from 1.08 mm (apical
foramen) to 2.34 mm (canal orifice). The root thickness
around the MB canal ranged from 1.08 mm (apical foramen)
to 2.32 mm (canal orifice). The root thickness around the
DB canal ranged from 0.86 mm (apical foramen) to 2.16
mm (canal orifice). The root thickness around the D canal
ranged from 1.32 mm (apical foramen) to 3.30 mm (canal
orifice). Considering that the residual dentin thickness
around the root canals should exceed the one third of the
root thickness, the apical instrumentation sizes in M, MB,
DB, and D canals were determined not to be greater than
sizes 30, 30, 25, and 40, respectively, and the instrument
tapers of the root canals were determined not to be greater
than 0.06.”7° The presence of C-shaped canal morphology
in teeth #34, 44, and 45 was incidentally identified in the
scan images (Figure 2c).

At the second visit, the patient was asymptomatic. 3.2 mL
of 2% lidocaine (1:100,000 epinephrine) was administered
as a buccal infiltration followed by rubber dam isolation.
Cavit and a cotton pellet were removed. The working
length of all four canals were determined by an electronic
apex locator (Root ZX II mini, J Morita USA, Irvine, CA,
USA). Instrumentation was performed with K-Flexo hand
files (Dentsply Maillefer, Tulsa, OK, USA) with a step-
back technique after orifices were carefully enlarged with
Protaper S1 and SX (Dentsply Tulsa Dental, Tulsa, OK, USA),
and isthmus areas were cleaned and shaped using excessive
irrigation with 5.25% NaOCl and hand files (size 6K, 8K,
and 10K files). All canals were instrumented to have a
0.05 taper using 1.0 mm step-back filing. M, MB, and D
canals were instrumented to the working length with a size
30K-Flexo hand file, and DB canals with a size 25 K-Flexo
hand file. 5.25% NaOCl was used as an irrigant throughout
the procedure, and final irrigation was performed for 1
minute with 17% ethylenediaminetetraacetic acid (EDTA)
to remove the smear layer. Canals were dried using paper
points, filled with gutta percha and AH26 sealer (Dentsply
Maillefer) using a warm vertical compaction technique
(Figures 1b and 1c). A cotton pellet was placed in the
pulp chamber, and the tooth was temporized with TERM
(Dentsply Maillefer) (Figure 1d). Postoperative instructions
were provided, and the patient was referred to her general
dentist for a permanent restoration.

Discussion

Endodontic treatment of mandibular premolars may require
a high level of clinical skills due to their wide anatomical
variations.”*** The most common root canal morphology in
mandibular second premolars is one canal whose prevalence
is reported to be as high as 98.8%.' This tooth type also
often has two canals, of which the occurrence ranges from

http://dx.doi.org/10.5395/rde.2016.41.1.68

C-shaped mandibular second premolar

1.2% to 29%."* The prevalence of three canals varies from
0.4% to 0.5%, and the presence of four and five canals
has been reported only in case reports.”® The endodontic
treatment of C-shaped mandibular second premolars with
multiple canals is a challenge to clinicians although they
are rarely encountered. There was only one case report
describing the C-shaped canal morphology with two root
canals in a mandibular second premolar and its endodontic
management.” We described the endodontic treatment of a
C-shaped mandibular second premolar with four canals with
the aid of CBCT in this case report.

The endodontic treatment of the C-shaped mandibular
second premolar required a careful instrumentation
strategy due to the difficulty in disinfecting the canals
in the thin root area around a concavity, without
compromising the root structure. Therefore, we used three-
dimensional imaging to analyze the aberrant anatomy prior
to chemomechanical preparations. In the analysis, the root
thicknesses around all four canals were measured at all
levels of the root using the axial and sagittal views of the
CBCT scan. Based on the root widths, the instrumentation
size and taper for each canal was determined in order to
provide sufficient mechanical instrumentation and prevent
excessive dentin removal.

The residual radicular dentin thickness after mechanical
preparation is critical for fracture resistance. The guideline
with respect to the minimum residual dentin thickness has
been initially proposed for post space preparation, and is
also being used for root canal preparation.” It is suggested
that the residual dentin thickness should be at least
one third of the root or 0.3 mm because the mechanical
instrumentation beyond this threshold may increase
the risk of vertical root fracture or strip perforation.”*?
It is reasonable to assume that a tooth with multiple
canals around a concavity (danger zone) such as a
C-shaped premolar has a greater chance of having these
complications during and after mechanical instrumentation.
Jafarzadeh and Wu recommended that the isthmuses
should not be instrumented with files larger than size 25
in order to prevent strip perforations.’” Jerome suggested
that anticurvature filing in the coronal third to avoid strip
perforations.28 In our case, all canals were instrumented
using the anticurvature filing technique away from the
concavity. Copious irrigation with 5.25% NaOCl and hand
files (size 6K, 8K, and 10K files) were used to clean and
shape the isthmus in the C-shaped canal as suggested by
Jafarzadeh and Wu." The use of ultrasonics or sonics could
be efficacious in cleaning the isthmus area, although it
was not used in our case. Extreme care should be taken to
avoid perforation in the C-shaped roots with the narrow
isthmus when ultrasonics is used.”

In the present report, a dental operating microscope and
CBCT were used to verify the presence of a C-shaped canal
in the mandibular second premolar. It is considered difficult
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or impossible to diagnose C-shaped canals with periapical
radiographs alone, although the presence of conical shaped
or fused roots may be an indicator of the presence of a
C-shaped canal.”*° In our case, the C-shaped canals were
diagnosed through visual inspection under the microscope.
Due to the wide variations in anatomy below the C-shaped
canal orifices in mandibular second premolars, a CBCT scan
was also taken and analyzed.10 However, CBCT scans should
not be prescribed for the routine endodontic treatment
of mandibular premolars and should be suggested only
when aberrant anatomy is suspected based on clinical
examination and two-dimensional radiographic imaging of
the teeth requiring endodontic treatment.

An incidental finding on the CBCT scan was C-shaped
root canal morphology in all mandibular premolars in the
present case. Until now, there has been one case report
describing bilateral C-shaped mandibular first and second
premolars in a patient.” The prevalence of C-shaped root
canal morphology in mandibular first premolars is reported
to range from 1.1% to 18%.>'®" C-shaped root canal
morphology in mandibular second premolars is reported to
be rare (Table 1). The prevalence of C-shaped root canal
anatomy in mandibular first premolars varies greatly among
ethnic groups, while the prevalence of C-shaped mandibular
second premolars seem to have a smaller variations among
the different populations, perhaps due to the very low
prevalence.*'*"

Conclusions

A C-shaped mandibular second premolar with multiple
canals poses significant clinical difficulty in nonsurgical
root canal treatment, although it is rarely reported. The
endodontic treatment of this C-shaped premolar may
require a careful instrumentation strategy due to the
difficulty in disinfecting the canals in the thin root area
without compromising the root structure. Use of CBCT
might be beneficial in the assessment of root canal shape
and endodontic treatment of the mandibular second
premolar with this aberrant root canal morphology.

Conflict of Interest: No potential conflict of interest
relevant to this article was reported.
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