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ABSTRACT

In most cases, the C-shaped pattern is found in mandibular second molars. Additionally, C-shaped
canals can also occur in mandibular premolars, maxillary molars, and mandibular third molars. It
poses challenges like debridement, obturation, and possibly the outcome of root canal treatment.
The purpose of this study is to make a systematic review of studies related to the prevalence and
morphology of C shaped canals in premolar teeth. Using pre-designed forms, data were extracted
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from online databases such as Medline and PubMed Central.
characteristics of studies, such as names of authors, date of publication, country, title, definition of
C shaped canal configuration, and classification of C shaped canal configuration in upper and lower
first premolars. Even though they are rare, mandibular premolars are also known to have C-shaped
canal systems. Approximately 10-18% of mandibular first premolars have C-shaped canals,
according to studies. Treatment is more challenging for patients with C-shaped canals. The
frequency of C-shaped configurations in premolar teeth is likely to be affected by regional
characteristics and gender of the population. Having these factors in mind before surgery allows
dentists to better plan, coordinate, and perform complex morphologies.

We extracted citations and

Keywords: Cone Beam Computed Topography (CBCT); C shaped canal; first pre molars; mandibular

first premolar; maxillary first pre molar.

1. INTRODUCTION

An infected tooth can be saved or repaired using
root canal therapy. It is an alternative to
extraction of the damaged tooth. A thorough
understanding of the tooth and its morphology is
essential to a successful root canal treatment. A
tooth with a C-shaped canal morphology has
been observed. "Gutter shaped root canal" was
named by Nakayama in 1941 when he
discovered the first C-shaped canal. C-shaped
root canals were first identified by Cooke and
Cox in 1979.

The endodontist must be knowledgeable of the
root canal morphology and its variations to treat
patients consistently. A patient's root canal
anatomy varies greatly from one person to
another. Many factors can contribute to these
variations, including gender and race. The
mandibular/maxillary first premolar canals exhibit
complex configurations. Earlier studies have
documented a high incidence of Type | canal
patterns. It is possible that the various root canal
morphologies of these teeth contribute to their
high failure rate with regard to endodontic
treatment.

Studies have been conducted on the root canal
morphology  of  mandibular/maxillary  first
premolars in diverse populations, such as
Chinese, Asian, European, Mexican, American
and African American. During a review of the
literature, we found that there has been little
research on root canal morphology among Saudi
populations. The two most common ways to
study root canal anatomy are radiography and
clearing technique, followed by observations
under a microscope, 3D reconstructions, and
macroscopic sectioning.

Radiography, which utilizes a two-dimensional
image of a three-dimensional object, has the

problem of superimposition. After removing the
extracted teeth from the mouth, the root canals
are stained with ink to clear the teeth. By
demineralizing and soaking in methyl salicylate,
the teeth become clear. Following the removal of
the teeth, the root and root canal systems are
examined and recorded. Preparing teeth for
study can affect the pulp space and surrounding
structures, while other methods cause problems.

The roots and canals of the first premolar in the
mandibular/maxillary region can sometimes
degenerate. Upon inspection, it was discovered
that the canals of this tooth are shaped like a C.
In contrast to its maxillary counterpart, the
mandibular first premolar usually has a more oval
external outline than its maxillary counterpart.
When a straight line is followed to access the
tooth, the lingual inclination of the crown allows
buccal extension to approach the tip of the
buccal cusp. Despite an extended lingual cusp,
the cusp inclination is poorly developed. There is
a complex anatomy of the root canal typically
found near the apical half of the tooth root and it
may need to be modified to reach it. It is usually
centered mesiodistally, between the cusp tips.

Root canal clearance can be done with
stereomicroscopes.There are cases of
asymmetrical teeth as well as those with bilateral
symmetry. Recently, the cone beam computed
tomography (CBCT) along with spiral computed
tomography (SCT) has been used to identify the
C-shaped canal in dentistry. Using the ultrasonic
equipment, the canals are cleaned and irrigated
effectively. After the cleaning and irrigation of the
root canals, the filling of canal is done to avoid
the infection with bacteria. A high degree of
micro-leakage can be noticed if sealing agents
are not used.

When the canal morphology resembles the
shape of a C, the cross section of the root and
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canal is shaped in this way. In the anatomical
sense, it consists of fins or isthmuses that
connect the root canals, and the orifice may have
an arc of 180° or more, resulting in variations in
cross-sectional shape and three-dimensionality.
It can be challenging for a dentist to effectively

debride, disinfect, and fill canals due to this
morphological complexity [1].

According to Melton, the C shaped canals can be
classified into 5 groups, described below:

Fig. 1. Classification of C shaped canal by Melton

Chart 1: Categories of canal configuration

a) Category | (C1): The shape was an interrupted ‘C’ with no separation or division.

b) Category Il (C2): The canal shape resembled a semicolon resulting from a discontinuation of the
‘C’ outline, but either angle or should be no less than 60°.

c) Category lll (C3): Two or three separate canals and both angles, and were less than 60°.

d) Category IV (C4): Only one round or oval canal in that cross-section.

e) Category V (C5): No canal lumen could be observed (which is usually seen near the apex only).

Studies assessing mandibular premolars have not always reported root and root canal configuration.

2. AIM AND OBJECTIVES

The main aim of this study is to systematically review the studies that are related to the prevalence of

C shaped first premolars.

Specific objectives:

1.Reviewing about the history of C shaped first premolars.

2.Understanding the morphology of C shaped canals occurring in the first premolars.

3.ldentifying the advantages and disadvantages of occurrence of the C shaped canal configuration.
4.Carrying the online literature review using the different databases to determine the prevalence of

morphology of C shaped first premolars.
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3. METHODOLOGY

Our search process incorporated specific terms
and filters according to PubMed Central and
Medline databases in order to find prevalence
studies on radiographs of root/canal anatomy.

3.1 Search Terms Used

The Boolean operators were used to determine
and evaluate the prevalence and Morphology of
the C shaped canal -configuration in first
premolars like: (C-shaped root canal OR C-
shaped pulp canal) AND (First Premolars)/ (C-
shaped root canal OR C-shaped pulp canal)
AND (Bicuspid)/ (C-shaped root canal OR C-
shaped pulp canal) AND (First Posterior tooth).

Following the application of the additional filters
"last 25 years" [PDat] AND Humans [Mesh] AND
English [Lang], the number of 93 articles was
reduced to 12. We independently screened titles
and abstracts of the articles in this section, and
any disagreements were resolved by discussion.
Inclusion/exclusion criteria included:

3.2 Inclusion and Exclusion Criteria of
Study

The study aims to review and evaluate the
previous research on the C shaped canal
configuration using this method. Article
submissions need to be screened after they have
been submitted for study eligibility.

Inclusion Criteria:

v' all case studies or articles that were
published in the English language

v' studies related to C-shaped canals in the
first premolars

v/ articles or cases with C-shaped canal
configurations

v' Studies that treated both genders (males
and females)

v/ Studies that considered
therapies of ¢ shaped canal.

endodontic

Exclusion Criteria:

v/ Studies that treated non-human subjects

v' Studies with the same ethical approval
number or duplicates

v' Studies with different
endodontic treatments

v studies without C-shaped canals

conventional

3.3 Data Extraction and Management

The data must be extracted from Medline and
PubMed Central via an electronic form designed
by the principal investigator. According to the
inclusion and exclusion criteria of this study, the
systematic was carried out. An extensive
literature search was performed on citations,
references of the included studies and related
systematic reviews, as well as an extensive
manual search of major journals in endodontics
and dentistry. Search terms and controlled
vocabulary were developed by two independent
reviewers using PubMed as a starting point and
adapted to other electronic databases using free-
text terms.

4. RESULTS

e Formulation of Research Question:
Carrying the online systematic review
using the different databases to determine
the prevalence of morphology of C shaped
first premolars.

o Identification of Key Concepts: Studying
and understanding the concept of C
shaped canals found in the first premolars.

e Development of Search Terms: The
search terms were developed using the
free-text terms by adding variations.

e Development of Search Terms: Using
controlled vocabulary terms by
identification in thesaurus.

e Use of Boolean Operators: (C-shaped
root canal OR C-shaped pulp canal) AND
(First Premolars)/ (C-shaped root canal OR
C-shaped pulp canal) AND (Bicuspid)/ (C-
shaped root canal OR C-shaped pulp
canal) AND (First Posterior tooth).

e Search Filters: Use of various filters like
only Human studies, only studies in
English language were applied.

e Optimization of the systematic review

e Evaluation of the results after
screening.

e |dentification of Errors.
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SNO  Author’s Name Year of Study Country of  Title of Study Study Publisher  Number of Radiographic Prevalence of C  Investigations
Research Investigations don techniques used shaped root reported
canals reported

1 Saeed Rahimi [2] 2007 Iran Root Canal Journal of Dental 163 extracted Radiography and ' The prevalence of The incidence of
Configuration of Research mandibular first clearing C-shaped canals  three canals in the
Mandibular First techniques was 2.4% in mandibular first
and Second mandibular first premolars was
Premolars in an molars 1.2%
Iranian Population

2 N. Velmurugan 2008 India Root canal International 100 extracted adult Decalcification The mandibular Type | canal

[3] morphology of Endodontic mandibular first and clearing first patterns were the
mandibular first Journal premolar teeth techniques most frequently
premolars in an occurring in
Indian population: a mandibular first
laboratory study premolars
amongst the Indian
population.

3 Bing Fan [4] 2008 China Root Canal Journal of 358 mandibular first Microcomputed Of the total 358 The radicular
Systems in Endodontics pre molar Tomography mandibular first grooves may
Mandibular First Mapping pre molar, 86 of present relevant
Premolars with C- the teeth showed  morphologic
shaped Root C shaped canals. variations in the
Configurations. Part root canal system
I: Microcomputed when the C-
Tomography shaped root is
Mapping of the present
Radicular Groove
and Associated
Root Canal Cross-
sections

4 B. Fan [5] 2012 China Three-dimensional International 146 mandibular first Three- Of 146 In teeth from a
morphological Endodontic premolars dimensional mandibular first Chinese
analysis of C- Journal morphological premolars 97 had = population,
shaped canals in analysis C-shaped canals, mandibular first

mandibular first

the predominant

premolars with
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SNO  Author’s Name Year of Study Country of  Title of Study Study Publisher  Number of Radiographic Prevalence of C  Investigations
Research Investigations don techniques used shaped root reported
canals reported
premolars in a anatomical canal  radicular grooves
Chinese population had a high
incidence of C-
shaped canal
systems with
anatomical
variations along
the root.
5 Jojo kottoor [6] 2013 India Root Anatomy and Anatomy 12,752 first premolars  Microcomputed The most A systematic
Root Canal Research tomography common review of
Configuration of International anatomic mandibular
Human variation was C- premolars
Permanent shaped canals in  Based on ethnicity
Mandibular mandibular first and geographic
Premolars: A premolars with clusters offered
Systematic Review highest incidence = enhanced analysis
in Mongoloid of the prevalence
populations (up to  of number of roots
24%) and canals, their
canal
Configuration, and
other related
anatomy.
6 Yong-chun Gu [7] 2013 China A Micro—Computed  Journal of 148 mandibular first Micro—computed The incidence of  The mesial walls of
Tomographic Endodontics molars tomographic ¢ shaped canals C-shaped canals
Analysis of Wall imaging is 67.3% for the in mandibular first
Thickness of C- mesial walls and premolars are the
shaped Canals in 69.2% for the thinnest zones.
Mandibular First distal walls.
Premolars
7 Avi Shemesh [8] 2020 Israel Radicular Grooves Journal of 1835 mandibular first  Cone-beam The overall Complex root
and Complex Root Endodontics premolars computed prevalence of canal morphology
Morphologies of tomography complex root frequently occurs
Mandibular scans morphology in mandibular first

1502



Buraik et al.; JPRI, 33(60B): 1497-1507, 2021; Article no.JPRI.81973

SNO  Author’s Name Year of Study Country of  Title of Study Study Publisher  Number of Radiographic Prevalence of C  Investigations
Research Investigations don techniques used shaped root reported
canals reported
Premolars Among (types 11I-VIII) in premolars in the
Israeli Population mandibular first population of
and second Israel.
premolars was
21% and 2.8%,
respectively.
8 Mashyakhy M H 2020 Saudi C-shaped canal Nigerian Journal 1433 mandibular Cone-beam The prevalence of Although the
[9] Arabia configuration in of Clinical premolars CBCT computed C-shaped canals  prevalence of C-
mandibular Practice scans from the Saudi  tomography in the first shaped canals is

premolars and
molars: Prevalence,
correlation, and
differences: An In
Vivo study using
cone-beam
computed
tomography

population were
evaluated

premolars was
1.5%

significantly higher
in mandibular
second molars,
they are also found
in mandibular
premolars but in
small percentages.
No significant
differences were
found between
both genders and
both sides.
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=
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Fig. 2. Flow chart of screening and identification of the articles related to the C shaped Canal

The total articles screened were about 93. The
filters were added like Human Studies, English
language studies and studies that included
adults. About 34 articles were excluded from the
research after applying the filters. Remaining 59
articles were screened for the reading the title
and abstract. All the incomplete studies that were
around 22 were excluded. Only 37 articles were
left that were complete. Upon further reviewing,
all the studies without the C shaped canal
configuration in the first premolars were
removed. Further assessment and exclusion of
the articles related to the C shaped canal
configuration in the first pre molar was done with
12 articles. The observational studies were
carried out in about 8 articles and the qualitative
synthesis were obtained.

5. DISCUSSION

One of the most common causes of endodontic
therapy failure is failure to identify and obturate

the root canal system appropriately. Hermetic
seals are crucial to the long-term success of root
canal treatment. In a clinical setting, it is not
always possible to locate all canals, and
sometimes they are not adequately sealed. The
success of endodontic treatment depends not
only on the clinician's technical skills, but also on
the body's ability to heal, resistance to infection,
the state of the periapical tissues and the
surrounding periodontium, as well as any
systemic diseases. Additionally, other factors
such as age, sex, race, and tooth distribution
might also contribute to the failure of endodontic
treatment.

Dental procedures require a thorough
understanding of the external and internal
anatomy of human teeth. Because of the
variations in their root canal morphology, human
mandibular first premolars are notoriously difficult
to endodontize. Tooth variants of this type have a
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wide range of variations, coupled with a relatively
high incidence of abnormalities [7]. Furthermore,
differences in root canal shape have been linked
to nonsurgical root canal treatment failures and
high incidence of endodontic flare-ups.A radial
groove on the external root surface is often
associated with an ovoid-shaped cross section or
other complex shape. In mandibular first
premolars, Tome's root is an external anatomy
variation characterized by the development of
radicular grooves at different levels associated
with the transformation from one root to multiple
roots.

Anatomically, a C-shaped canal system is most
commonly found in mandibular second molars.
Even though they are rare, C-shaped canal
systems are also found in mandibular premolars.
According to studies, C-shaped canals are found
in mandibular first premolars at a range of 10-
18%. Treatment is more difficult for patients with
C-shaped canals.

Several root canals are connected by a web or
fin in a C-shaped canal [9]. It is impossible to
instrument C-shaped canals with almost any type
of NiTi rotary file due to their irregular
configuration. In order to ensure sterility prior to
obturation, a combination of NiTi instruments,
ultrasonic irrigations, and intracanal medication
are necessary.

Multiple studies have shown that the prevalence
of C-shaped root canal systems in mandibular
second molars ranges from 2.7 to 44.5%,
depending on ethnicity and study design. In
Korea and China, C-shaped canals are most
prevalent in East Asian regions. The Burmese
population accounted for the highest prevalence
(22.4%), followed by Indians (12.3%) and Thais
(10%). The prevalence rates for Russian and
Portuguese populations have been reported as
being respectively 14 and 8.5%. Radiographic
interpretation in Europe, however, showed a
lower prevalence (5%), possibly due to
limitations associated with the technique studied
[10].

Because of the existence of apical deltas, inter-
canal communications, and lateral canals,
treating mandibular first premolars might be
difficult. These must all be thoroughly diagnosed
before treatment can begin. Biomechanical
preparation as well as a sealer with perfect
flowability must be applied during treatment.
Nearly half of the teeth were found to have apical
foramen laterally. The working length may seem

short on radiographs in circumstances where the
foramen opens laterally [11].

An electronic apex locator is used in this case to
measure the working length repeatedly, which is
determined by the radiograph. In vitro, micro-CT
is an effective non-destructive tool to evaluate
root canal morphology. It is simple to view cross
sections of sample teeth with 3D analysis
software and correlate external anatomy with
internal canal morphology. There is obvious
diversity in root architecture and root canal shape
for the treatment of mandibular first premolar root
canals, which necessitates thorough
assessment.

Post-endodontic restoration of teeth with C-
shaped canal configurations may also be
compromised due to the relatively small amount
of dentin between the root surface and the
internal canal system. The tooth structure around
a post should be at least 1 mm strong to prevent
root fracture. There is an increased risk of strip
perforation with prefabricated or cast posts [12].
In addition, a prefabricated post would not fit a C-
shaped canal (circular or conical in cross
section). A deep pulp chamber floor can provide
ample retention for the undercuts.

In such cases, a chamber-retained, bonded
amalgam or composite restoration is the right
option. The use of cone-beam CT and operating
microscopes can help doctors better understand
anatomical variations. The continuous
anticurvature filing around the circumference of
the C-shaped root canal enhances ultrasonic
activation of sodium hypochlorite tissue removal.
Using lateral and cold vertical condensation as
obturation techniques improves the density of
filling as well as the adaptation to the changes in
temperature [13-30].

A C shaped canal can be found in a tooth on one
side over 70% of the time. Mandibular premolars
were historically considered the most difficult
teeth to endodontically treat. When endodontic
surgery is indicated, the extraction, retrofilling,
and intentional re-implantation of a molar with a
C-shaped root canal anatomy are strong
considerations. First premolar canals can be
shaped in many ways. As soon as these
structures are discovered, they can be cleaned,
shaped, and obturated. If C-shaped canals are
suspected in a patient's clinical and radiographic
records, this must be considered.
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6. CONCLUSION

We found that regional characteristics and
gender of the population affected the prevalence
of C-shaped premolar configurations, whereas
age was not a factor. Prior to surgery, if dentists
were familiar with these factors, they could plan,
coordinate, and perform complex morphologies
more accurately. A cross-sectional study of root
canal anatomy using CBCT is an important future
research topic. By using study checklists,
researchers can provide readers with a more
reliable and reproducible method of studies,
reducing the chances of bias. A detailed
description of the patients' demographics should
be provided.
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