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Abstract- Introduction: To evaluate cone-beam computed tomography (CBCT) images in order to
determine the presence of mandibular second molars with C-shaped canal system and classify them.

Methods: 3035 CBCT images fulfilling the selection criteria were observed. Once established the
presence of C-shaped canal system, they were classified according to the anatomic and radiographic
classification of Fan et al. Data description was made by frequencies and percentages rates, with a 95%
confidence interval (IC95) according to score method. Comparisons were assessed by means of the Chi-
square test with a significance level equal to 5%.

Results: Of the 225 selected patients, 44 exhibited C-shaped canals (20%; 1C95: 15% to 25%). 70% (IC95:
56% to 82%) of patients showed a bilateral C-shaped canal system pattern. Regarding to the axial plane -
anatomic classification-, there was a significant association between the root third and the configuration
(Chi-square=76.89; p<0.05): at the coronal third prevailed the C1 configuration (47%; 1C95: 36% to 58%);
at the middle third prevailed the C3d configuration (39%,; 1C95: 28% to 50%) and at the apical third, the C4
configuration (35%; 1C95: 25% to 46%).
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C-Shaped Canal System in Mandibular Second
Molars Evaluated by Cone-Beam Computed
Tomography in an Argentine Subpopulation
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Abstract-  Infroduction: To evaluate cone-beam computed
tomography (CBCT) images in order to determine the
presence of mandibular second molars with C-shaped canal
system and classify them.

Methods: 3035 CBCT images fulfilling the selection criteria
were observed. Once established the presence of C-shaped
canal system, they were classified according to the anatomic
and radiographic classification of Fan et al. Data description
was made by frequencies and percentages rates, with a 95%
confidence interval (IC95) according to score method.
Comparisons were assessed by means of the Chi-square test
with a significance level equal to 5%.

Results: Of the 225 selected patients, 44 exhibited C-shaped
canals (20%; 1C95: 15% to 25%). 70% (IC95: 56% to 82%) of
patients showed a bilateral C-shaped canal system pattern.
Regarding to the axial plane -anatomic classification-, there
was a significant association between the root third and the
configuration (Chi-square=76.89; p<0.05): at the coronal third
prevailed the C1 configuration (47%; 1C95: 36% to 58%); at the
middle third prevailed the C3d configuration (39%; IC95: 28%
to 50%) and at the apical third, the C4 configuration (35%;
IC95: 25% to 46%). In 72% (IC95: 61% to 81%) of the cases
configuration changes were observed at different levels, while
in 28% (IC95: 19% to 39%) the same configuration was
observed in the three thirds. This difference was significant
(Chi-square=14.52; p<0.05).

Conclusions: The present study contributes to the
epidemiological information about an anatomical variable of
the inner dental configuration and its extrapolation to clinical
practice.

Keywords: C-shaped canal, dental anatomy, mandibular
second molar, cone-beam computed tormography.

[ INTRODUCTION
ne of the purposes of the endodontic treatment
is the cleaning and shaping of the root canal
system. Thus, it is imperative the understanding

of the inner dental anatomy to ensure a successful
treatment.
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Numerous studies on the C-shaped root canals
and their anatomical variations have been published.
Historically, Keith & Knowles (1) were the first authors to
depict the C-shaped root canals. This specific
morphology was observed in cross-sections of
mandibular second molars in a Neanderthal man.
However, these authors have not assigned a specific
terminology to the assessed anomalies.

The C-shaped root was first analyzed in detail
by Nakayama (2), who gave it the name “gutter-shaped
root”. Tratman (3) stated that the C-shaped root
morphology can be frequently observed in mandibular
second molars of Asian individuals, and he defined this
shape as “horse-shoe reduction form”. Thirty years later,
Cooke & Cox (4) reported a number of cases observed
in clinical practice. Since then, the term “C-shaped
canal” and “C-shaped root” have been widely employed
by researchers and clinicians around the globe (5).

The main anatomical feature of the C-shaped
roots is the presence of a fin or web connecting the
individual canals. In this type of molars, the canal orifice
is ribbon shaped describing an arc of 180° or larger,
instead of the typical pulp chamber form with three root
canals (6, 7).

It is postulated by Manning (8) that the failure of
the Hertwig's epithelial root sheath to fuse on the lingual
or buccal root surface causes this C-shaped root form,
which always presents a C-shaped canal configuration.

The prevalence of C-shaped root systems in
mandibular second molars is 2.7- 7.6% in the Caucasian
population (4, 9), 10.6% in Saudi Arabians (10), 19.14%
in Lebanese (11), being higher in Northeast Asia, 31.5%
in Chinese (12) and 32.7% in Korean populations (13).

Melton et al. (14) proposed the earliest
classification of the C-shaped root canals and later, Fan
et al. (15, 16), based on the former one, introduced an
anatomic and radiographic classification (7):

a) Anatomic classification

Category | (C1): The shape is an uninterrupted “C”, with
no separation or division.

Category I (C2): The canal shape resembles a
semicolon, resulting from a discontinuation of a “C”
outline.
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Category lll (C3): 2 or 3 separate canals.
Category IV (C4): Only one round or oval canal in the
cross-section.

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

b) Radiographic classification

Conical or square root with a radiolucent
longitudinal line separating it into distal and mesial
parts.

Type I: There is a mesial and a distal root canal merging
into one before reaching the apical foramen.

Type IlI: There is a mesial and a distal root canal
continuing their own pathway to the apex.

Type IlI: There is a mesial and a distal root canal. One
canal curves as overlapping with the radiolucent line
when reaching the apex and the other root canal
appears to run its own pathway to the apex.

The C-shaped canals are not always to be
continued from the entrance orifice of the root canal to
the apical foramen with this “C”. Usually, a tooth is
defined as exhibiting a C-shaped canal system when its
cross-section presents a C-shaped root.

The C-shaped canals have a high possibility of
being divided into two or three canals (13). The root and
the canal shape in the middle and the apical thirds
cannot be predicted on the basis of the canal shape at
the chamber floor level (15, 16). That is why studies are
carried out with the aim of classifying them.

Many of the research works done on the
anatomic features of the C-shaped canals are invasive
studies conducted on extracted teeth. A non-invasive fri
dimensional imaging (3D) technique as the cone-beam
computed tomography (CBCT) has been reported to be
sufficiently accurate for the morphologic analysis (17).

The CBCT images have been more routinely
used than the conventional computed tomography (CT)
due to its higher resolution, along with a reduction of the
radiation dose and a shorter working time (18). The
American Association of Endodontists (AAE) states that
the CBCT imaging should be considered when the
conventional dental radiography does not allow to set
an adequate diagnosis (19).

The aim of this study has been to assess the
CBCT scans taken at the Department of Diagnostic
Imaging, School of Dentistry of the University of Buenos
Aires (FOUBA) in order to determine the presence of
second mandibular molars with C-shaped canals and
classify them. This study has an epidemiological type of
repercussion. There have not been found similar reports
in the Argentine population.

[I. MATERIALS AND METHODS

A retrospective, observational, cross-sectional
and descriptive study. On a database of 5514 PDFs,
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resulting from 3035 CBCT images of patients, taken with
a CBCT unit in the timeframe between September 2016
and April 2018, 225 PDFs were selected fulfilling the
following criteria:

a) Inclusion criteria

e Mandibular tomography, in which both second
molars can be observed.
e Mandibular second molars with developed apices.

b) Exclusion criteria

e Crown-root decay involving pulp chamber floor.
e Previous endodontic treatment.

e Root resorptions.
e Crown post/core and/or crown.
e Images that cannot be correctly visualized.

Ethical considerations have been taken into
account. All the patients participating in this study
signed the informed consent form which stated that the
information and the imaging studies could be used with
academic or scientific purposes, being his/her identity
preserved by FOUBA (Resolution (CD) N° 983).

The assessed images have been acquired with
a Kodak 9000c 3D CBCT system, with 70 Kv and 10 mA,
exposure time from 10.8 to 32.4 seconds depending on
the extension -either the hole dental arch or half of the
dental arch- and at a voxel size of 200 um x 200 um x
200 um. The above studies have been requested by
different clinicians for the diagnosis and resolution of
preexisting pathologies that have not been the motive of
the present research.

CBCT images have been examined by two
endodontists from FOUBA, trained on the observation of
tomography slices and updated by means of the
continuous critical reading of scientific reports related to
the subject matter of this work. To measure the inter-
observer agreement, the Cohen’s kappa unweighted
coefficient was used. The kappa coefficient (k) with a
95% confidence interval (IC95) was obtained. A Z test
was applied to analyze the difference between the
coefficient obtained and the =zero value, with a
significance level of 5%: a p<0.05 value indicates that
the Cohen's kappa coefficient differs significantly from
zero. The Cohen’s kappa coefficient value was
computed according to the criteria proposed by Altman
(20). The assessment was done in software R version
3.5.1 (21): packages “in” (22) and “psych” (23) were
used. When the inter-observer agreement was
estimated between the observers who collected the
data, it was found that both professionals agreed in all
cases. The formal analysis showed a significant and
very good agreement for evaluating the presence of C-
shaped canals (k=1; 1C95. 1 to 1; Z=6.3; p<0.05;
n=40) and C-shaped type of canal according to axial
orientations (k=1; 1C95: 1 to 1; Z=11.4; p<0.05; n=40)
and sagittal (k=1; 1C95: 1 to 1; Z=8.2; p<0.05; n=40).



The information was collected by direct
observation of the complete volumes with the Extraoral
Imaging System software, Carestream Health Inc,
Rochester, NY, USA.

One and a half-hour a day shift was arranged to
avoid visual strain and the misinterpretation of images.
The collected data were entered into specific data
recording sheets for this report.

The definition of the C-shaped root canal
system in the mandibular second molars requires that
all the teeth exhibit the following three features: (I) fused
roots, (Il) a longitudinal groove on the lingual or
the buccal surface of the root and (lll) at least one
cross-section of the canal should belong to the C1, C2,
or C3 configuration. The C3 type can show two or three
separate orifices, but an isthmus connecting them can
be seen. The round or oval type, which can be
encountered near the apex, must be considered as C4
when another part of the canal is C-shaped (15).

The anatomic classification was established
performing three axial slices at different levels in
accordance with the pertinent root third: “Coronal”, 2
mm apical to the canal entrance orifices at the chamber
floor; “Apical”, 2 mm above the apex; “Middle”, average
distance between “coronal” and “apical”. A sagittal slice
was used for the radiographic classification.

Data description was achieved by absolute
frequencies and percentages with 95% confidence
intervals. The 1C95 was obtained by the Wilson score
method (24). A spreadsheet was used to calculate

A Sex (n=44) B

16 (36%)

H Female

B Male 31
(70%)

" 28 (64%)

Position (n=44) C

13 (30%)

them, based on the resource ICPROPORCION.xIs (25).
The Chi-square test was used for the comparison of
frequencies, which was implemented in the Infostat
software, version 2018p (26). The significance level
chosen was set up at 5%.

I11. RESULTS

Out of a total of 5514 PDFs, belonging to 3035
CBCT images of patients, 225 corresponded to patients
meeting the selection criteria requirements. Out of these
225 patients, 44 showed C-shaped canals, that is to
say, a 20% (IC95: 15% 1o 25%).

The female sex prevailed. Out of 44 patients, 28
were women (64%; 1C95: 49% to 76%) and 16 were men
(86%; 1C95: 24% to 51%). this difference was not
significant (Chi-square=3.27; p=0.07) (Fig. 1A).

Out of 44 patients, 31 showed bilateral pattern
of C-shaped canals (70%; IC95: 56% to 82%) while
13 patients presented unilateral C-shaped canals
(80%; 1C95: 18% to 44%) (Fig. 1B, 1D y 1E): This was a
significant difference (Chi-square=7.36; p<0.05).

The prevalent tooth was the 4.7 when the
unilateral pattern was showed. The tooth 4.7 was found
in 9 patients out of 13, presenting unilateral C-shaped
canals (69%; 1C95: 42% to 87%) and the tooth 3.7, was
found in 4 patients (31%; 1C95: 13% to 58%) (Fig. 1C):
the difference was not significant (Chi-square=1.92;
p=0.17).

Unilateral (n=13)

4
(30%)

H Unilateral 4.7

H Bilateral 9 3.7
(70%)

Figure 1: Prevalence of C-shaped canals according to (A) sex, (B) position, uni or bilateral and, (C) tooth 3.7 or 4.7,
when were unilateral. CBCT axial slices in which the presence of unilateral (D) and bilateral (E) C-shaped canals is

shown with yellow arrows.

As far as the anatomical classification -axial
plane-, there was a significant association between the
radicular third and the configuration (Chi-square=7. 89;
p< 0.05): in the coronal third prevailed the C1
configuration (47%; 1C95: 36% to 58%); in the middle

third, C3d (39%; 1C95: 28% to 50%); and in the apical
third, C4 (35%; IC95: 25% to 46%) (Table 1 and Fig. 2).
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Table 1: Frequency C1, C2, C3c, C3d, C4, C5 as per coronal, middle and apical thirds.

C1 Cc2 C3c C3d C4 C5 Total
Coronal 35 9 16 15 0 0 75
Middle 18 9 19 29 0 0 75
Apical 15 5 6 22 26 1 75

Figure 2: CBCT images of axial slices in which the different categories are shown in accordance with Fan et al.

plane-

There was no significant association between
the tooth and the radiographic classification -sagittal

classification.

(Chi-square=0, 99; p=0, 61); The type |
Table 2: Frequency in the sagittal plane. Type |, Il, and Il.

Type | Type lI Type lll Total
4.7 23 12 5 40
3.7 23 7 5 35

prevailed in both teeth, 4.7 (58%; 1C95: 42% to 71%) and
3.7 (66%; 1C95: 49% to 79%) (Table 2 and Fig. 3).

Figure 3: CBCT images of sagittal slices in which the different categories are shown according to the Fan et al.

levels.

In 72% (IC95. 61% to 81%) of the cases,
configuration changes have been observed at different

In 28%
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Classification.

(IC95: 19% to 39%) the same

configuration was observed in
(Table 3 and Fig. 4): this difference was significant
(Chi- square=14.52; p<0.05).

Table 3: Configuration in the three-thirds of teeth with C-shaped canals.

Configuration in the three thirds (coronal, middle and

Teeth with C-shaped canals

apical thirds) of teeth with C-shaped canals (n=75)
Configuration has no changes 21
Configuration changes 54

the three

thirds



Figure 4: CBCT images showing the C-shaped canal configuration: (A) changes or (B) no changes. (A7 and B7),
coronal third; (A2 and B2), middle third; (A3 and B3), apical third.

[V. DISCUSSION

The C-shaped canal system has been the
subject of many research works performed in vivo and
ex vivo for its study. The literature points out that the
presence of C-shaped canals is higher among the East
Asian  population, exhibiting China the highest
prevalence (44%) (12). In European countries, such as
Spain and England the prevalence rate varied between
7.8% and 11% (12), whereas studies in ltaly reported a
6.2% (27), an 8.5% in Portugal (28), and a 10.7% in
Belgium (29). A study performed in Brazil indicates a
3.6% (30) prevalence, whereas another study reports a
6.8% (12). As regards the American population, von
Zuben et al. (12) were the first to investigate the
C-shaped canals prevalence using CBCT imaging,
obtaining a result of 11.3% that was higher than the
7.6% described in prior studies (9). On the other hand,
von Zuben et al. reported a 9.3% prevalence in South
Africa and a 14.2% prevalence in Mexico (12). Another
study conducted on panoramic radiographs in Mexico
reports a 36.8% prevalence (31). At the time this work
was performed, similar reports were not found regarding
the Argentine population.

Earlier reports show that sex has no significant
influence on the C-shaped canal prevalence (27, 32,
33); in the present study, even though a higher
percentage in women appeared, this difference was not
significant. Martins et al. (28) report that women show a
higher prevalence, as well as Kim et al. (34) and von
Zuben et al. reports do (12).

The presence of the bilateral C-shaped canals
had a higher representation than the unilateral pattern in
previous reports (12, 32, 34), as well as in the present
work.

The tooth position, either right or left, would not
influence the prevalence of the C-shaped canals (12, 28,
32, 33); this study is in line with the reports of these
authors.

The C1 configuration prevailed in the coronal
third, the C3d configuration type was prevalent in the
middle third, and the C4 was prevalent in the apical
third. Zheng et al. (32) reported that the prevailing type
of configuration in the coronal third was C1, in the
middle third was C3d and apical was C3c. Similar
results were reported by Fan et al. (15). Kim et al. (34)
encountered that the C1 configuration predominated at
the canal entrance orifices level, in the coronal third
predominated the C3 configuration as much as in the
middle and apical thirds.

Along the canal, in 72% of the cases,
configuration variations at the three-thirds have been
observed, while 28% kept the same configuration along
the root. Zheng et al. (32) observed that in the highest
percentage of the teeth there was a variation from
coronal to apical. Only in 5.5% there was no variation.

No studies evaluating the radiographic
classification  -sagittal plane- in cone- beam
tomographies were found.

Regardless of the different configurations found
along the root, the incidence of 20% of the C-shaped
canals in the Argentine Republic can be explained from
a genetic and ethnic perspective of the population,
which is diverse and heterogeneous (35).

Argentina is considered to be an “immigration
country” in the sense of the major impact that different
migratory flows have had on the ethnic composition of
its population.

V. CONCLUSION

The classification and the percentages obtained
in the present research work contribute to the theoretical
understanding and its extrapolation to the clinical field
based on an anatomical variable of the inner teeth
configuration. It is of paramount importance that the
endodontist considers the C-shaped canal as a
complex configuration of canals, but not as an unusual
one, so that suitable procedures can be applied, leading
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to a successful

treatment. Unquestionably, CBCT

imaging is a substantial tool for diagnosing and
planning a predictable treatment in vivo.
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