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ABSTRACT Objective: The aim of this study was to evaluate the
prevalence, symmetry, configuration, and radicular groove type of C-
shaped canals in mandibular first and second molars in a group of Turk-
ish populations using cone-beam computed tomography (CBCT)
images. Material and Methods: CBCT images of 442 (202 males and
240 females) patients, mandibular first and second molars were exam-
ined. The roots of the teeth were analyzed using axial sections in three
different regions as coronal, middle and apical. The presence and clas-
sification of C-shaped canal configuration was evaluated in four cate-
gories according to the criteria of Fan et al. Also, the presence and
classification of the radicular groove was assessed in three categories:
buccal, lingual and buccal-lingual. Data analyzed by chi-square test.
Results: While C-shaped canal configuration wasn’t observed in first
molars in the Turkish subpopulation, the frequency of “C” shape in
lower second molars was determined as 6.94%. The presence of C-
shaped canals was found to be higher in women than in men (p<0.05).
In mandibular second molars, C-shaped canals were seen more fre-
quently on the left side (65.96%). The prevalence of C1 canal config-
uration in the coronal (44.68%) and C4 configuration in the apical third
(51.06%) was found to be significantly higher (p<0.05). The most com-
mon radicular groove type was determined to be the lingual groove with
a prevalence of 74.47%. Conclusion: Gender and side factors seem to
be effective in the variation of the C-shaped canal. Therefore, 3-di-
mensional evaluation of tooth morphology with CBCT is very impor-
tant in terms of treatment planning and prognosis prediction.
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OZET Amac: Bu ¢alismanimn amaci, bir grup Tiirk popiilasyonunda
mandibular birinci ve ikinci molar dislerdeki “C” seklindeki kanallarin
prevalansini, simetrisini, konfiglirasyonunu ve radikiiler oluk tipini
konik 1l bilgisayarli tomografi (KIBT) goriintiileri kullanarak de-
gerlendirmektir. Gere¢ ve Yontemler: Calismada 442 (202 erkek ve
240 kadin) hastada, mandibular birinci ve ikinci molar diglerin KIBT
goriintiileri incelendi. Dislerin kokleri koronal, orta ve apikal olmak
iizere ui¢ farkl bolgede aksiyal kesitler kullanilarak analiz edildi. “C”
seklindeki kanal konfigiirasyonunun varligi ve simiflandirilmasi, Fan
ve ark.nin kriterlerine gére dort kategoride degerlendirildi. Ayrica ra-
dikiiler olugun varligi ve siiflandirilmasi bukkal, lingual ve bukkal-
lingual olmak tizere li¢ kategoride degerlendirildi. Veriler ki-kare testi
ile analiz edildi. Bulgular: Tiirk subpopiilasyonunda birinci molar dis-
lerde “C” seklinde kanal konfiglirasyonu bulunmazken mandibular
ikinci molar dislerde “C “seklinin goériilme siklig1 %6,94 olarak belir-
lendi. “C “sekilli kanal varlig1 kadinlarda erkeklerden daha yiiksek bu-
lundu (p<0,05). Mandibular ikinci molar dislerde “C” sekilli kanal sol
tarafta daha sik goriildii (%65,96). Koronalde C1 kanal konfigiirasyo-
nunun (%44,68) ve apikal {i¢liide C4 konfigiirasyonunun (%51,06) pre-
valanst anlamli olarak yiiksek bulundu (p<0,05). En sik goriilen
radikiiler oluk tipi %74,47 prevalans ile lingual oluk olarak tespit edildi.
Sonug: C seklindeki kanalin varyasyonunda cinsiyet ve simetri faktor-
lerin etkili oldugu goriilmektedir. Bu nedenle KIBT ile dis morfoloji-
sinin 3 boyutlu degerlendirilmesi, tedavi planlamasi ve prognoz tahmini
acisindan ¢ok 6nemlidir.

Anahtar Kelimeler: Konik 1sinli bilgisayarli tomografi;
dis kokii; mandibular molar disler;
C sekilli kanal konfigilirasyonu
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Root canal structures may have various varia-
tions that affect the prognosis of endodontic treat-
ments.! Knowing the variations in dental anatomy
and the characteristic features of the root canal struc-
tures in various racial groups may be useful for lo-
cating the canals and management of treatments. One
of the most significant variation seen in root canals is
C-shaped root canal structures.”? The main cause of
C-shaped roots is the failure of Hertwig’s epithelial
root sheath to fuse at the lingual or buccal root sur-
face.’ In addition, the fusion formed by the accumu-
lation of cementum with time can also lead to this
formation.* In the literature, it is reported that C-
shaped canal systems are mostly seen in the mandibu-
lar second molars (MSM), but may also occur in the
other tooth groups.’ It has been reported that races are
effective in the incidence of C-shaped configurations.
Therefore, variations in the root canal systems are
thought to be related to ethnic origin and genetic
structure.® It is reported that the prevalence of the C
shape canal, which is more common in Asian com-
munities compared to other regions, varies between
2.7% and 52.0% according to the population evalu-
ated.'’

The description of C-shaped root canal structure
in the endodontic literature was made for the first
time by Cooke and Cox in 1979.7% The existence of
fin- or web-shaped apertures that connect distinct root
canals is its primary anatomical feature. Moreover,
there may be variability in configuration along the
root length.*’ The pulp chambers in these teeth often
have a greater apico-occlusal width and the bifurca-
tion area is at a lower level. There may be fusion for-
mation in the mesial and distal roots of molar teeth
that have this canal shape, both on the buccal and lin-
gual surfaces. Due to this, occluso-apical groove rep-
resenting this fusion line can be seen on the buccal
or lingual surface of the root surface.® Melton et al.
recommended a classification of C-shaped root canal
systems based on cross-section views to describe
these variations.'” In Fan et al.’s classification, the
root canal systems were re-evaluated in different
axial sections along the canal and different configu-
rations were distinguished.*

These morphological complexities create diffi-
culties in terms of disinfection, debridement, canal
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filling procedures in the root canal structure. The
success and appropriate of endodontic therapy may
ultimately be impacted by these anatomical charac-
teristics.’ In periapical and panoramic radiographs,
which are frequently used for diagnosis in clinics,
anatomical clues of the C shape canal such as a large
pulp chamber, roots with fusion or very close to each
other can be seen.® However, conventional methods
with limited aspects such as evaluation in two di-
mensions, superimposition and geometric distortion
are insufficient in defining the characteristics of
anatomical variations.''"'* The most important ad-
vantage of the cone beam computed tomography
(CBCT) as compared to conventional radiographs is
its three-dimensional geometric accuracy.'® Three-di-
mensional imaging provides higher sensitivity in the
evaluation of real structures and helps to detect extra
canals and anatomical variations in endodontics.'

The aim of this research was to evaluate the
prevalence, symmetry and configuration of C-shaped
canals in mandibular first molars (MFM) and MSMs
in a group of Turkish population using CBCT images.
In addition, it is aimed to investigate the presence of
grooves in teeth with C-shaped root canal configura-
tion and to reveal the root canal structure features of
these teeth.

I MATERIAL AND METHODS

The present study was conducted in accordance with
the relevant guidelines of the principles of the Dec-
laration of Helsinki and with the approval of protocol
number 2022/27 (date: May 30, 2022) from the
Ethics Committee of the Faculty of Dentistry of
Selguk University. In this retrospective study, the
CBCT archive of Selguk University Faculty of Den-
tistry was analyzed and images of 442 patients were
included in the study. No additional CBCT images
were taken for the study; instead, images from pa-
tients with indications for CBCT for reasons such as
implant planning, impacted tooth evaluation, and
pathological lesions were included. All CBCT images
were selected from Central Anatolia region of Turk-
ish population. Images of at least one MFM or MSM
on both sides of which had completely formed roots
were included for the study. However, images of
teeth with root canal treatment, post-crown restora-
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tion, periapical lesions and root resorption, as well as
images with dental anomalies and low quality were
not included in the investigation.

CBCT images are selected from images taken
using the Instrumentarium Dental device (Palo DEx
Group Oy, Nahkelantie, Tuusula, Finland). Slice
thickness was used at 0.5 mm, and the acquisition
parameters were 89 kVp and 4-12 mA. The soft-
ware’s image processing tool was used to optimize
visualization by adjusting the images’ contrast and
brightness in accordance with the manufacturer’s
recommendations. The observers then performed
analyses in sagittal, axial, and coronal planes using
the same criteria and variants.

In CBCT images of 442 patients, MFMs and
MSMs were examined separately and independently
by two oral and maxillofacial radiologists (at least 4
years of experience). The roots of the teeth were eval-
uated using axial sections in three different regions,
namely the coronal (below the pulpal floor by 2 mm),
middle (full length of the root between the coronal
and the apical region), apical (2 mm coronal of the
radiographic apex) of the root. The presence of a C-
shaped root canal system was determined according
to three factors determined by Fan et al: having fused
roots; the presence of a longitudinal groove on the
lingual or buccal face of the root; showing a C1, C2

or C3 configuration in at least one of the axial sec-
tions. Configuration evaluation was made according
to criteria modified by Fan et al.:*

Category 1 (C1): No division or separation of
the continuous C-shaped canal,

Category 2 (C2): A semicolon-like image caused
by the discontinuation of the C line, but the angle be-
tween alpha and beta should not be less than 60 degrees,

Category 3 (C3): Two or three separate canals
with angles that were both under 60 degrees,

Category 4 (C4): Only one canal (circular or
oval),

Category 5 (C5): No canal lumen (usually only
seen near the apex). (C5 is not included because the
apical 2 mm of the root cannot be clearly evaluated
with CBCT) (Figure 1).4

At the same time, the presence and location of a
radicular groove in the C-shaped roots was evaluated.
In this evaluation, the location of the longitudinal
groove was classified as buccal, lingual, or buccal
and lingual.

Firstly, the existence and configuration of the C
shape; the longitudinal groove was evaluated, then
the results were analyzed. In addition, the presence
of unilateral/bilateral C-shaped anatomy was also de-
tected. Inter-observer agreement was evaluated in

FIGURE 1: C-shaped canal configuration classifications in axial slices of cone beam computed tomography images; a) Type of C1 b) Type of C2 ¢) Type of C3 d) Type of C4.
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20% of the sample size using Cohen’s kappa coeffi-
cient. Consensus was made in different results and
then data analysis using statistics was performed. The
detected C-shaped canals were analyzed using the one
sample chi-square test according to their configuration.
At the same time, the association between C-shaped
canal systems and gender, and whether the C-shaped
canal was on one side or on both sides were evaluated
with using chi-square test. SPSS version 22 (IBM
Corp., New York, NY; formerly SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. The level of
p<0.05 was accepted as statistically significant.

I RESULTS

Interobserver reliability was high in the evaluation of
C-shaped canals (kappa value: 0.950).

In this study, CBCT images of 442 patients (202
males and 240 females) were analyzed. A total of
1,261 teeth, including 584 MFMs and 677 MSMs
were evaluated.

C shape variation was detected in 35 patients.
(7.92%) No C-shaped canal configuration was de-
tected in the MFMs. The presence of C shape was de-
termined in 47 MSM teeth. (6.94%) Among 35
patients, C-shape presence was detected bilaterally

(both right and left) in 12 patients. (34.29%) In 23 pa-
tients, unilateral C shape was determined. (65.71%)

Table 1 shows the distribution of C shape canal
configuration by gender and side. The prevalence of
C shape was determined as 3.22% (10 individuals)
among men and 10.11% (37 individuals) among
women. It was found that female individuals showed
a significantly higher c shape incidence than male in-
dividuals (p<0.05). Of the C-shaped canal morphol-
ogy in MSMs, 65.96% were on the left side and
34.04% were on the right side. The prevalence of
MSM tooth with C-shaped canal configuration was
statistically significantly higher in the left mandible
(p<0.05) (Table 1).

In 47 MSMs, the prevalence of C1 canal config-
uration (44.68%) in the coronal and C4 configuration
(51.06%) in the apical third was determined to be sta-
tistically significantly higher (p<0.05). Although the
prevalence of C2 (31.91%) in the middle third was
higher than in other configurations, there was no sta-
tistically significant difference (p>0.05) (Table 2).

The most common lingual groove was seen in
C-shaped MSMs with a prevalence of 74.47%. Buc-
cal groove was detected in only one tooth (2.13%)
(p<0.05) (Table 3).

TABLE 1: Prevalence of C-shaped morphology in second molar according to gender and side.
Present n (%) Absent n (%) Total n (%) p values

Gender

Female 37 (10.11) 329 (89.89) 366 (100) 0.000*

Male 10 (3.22) 301 (96.78) 311 (100)

Total 47 (6.94) 630 (93.06) 677 (100)
Side

Right 16 (4.91) 310 (95.09) 326 (100) 0.045*

Left 31(8.83) 320 (91.17) 351 (100)

Total 47 (6.94) 630 (93.06) 677 (100)

Chi-square test, *p<0.05.
TABLE 2: Distribution of C-shaped canal configurations in different axial sections.

Root level c1 c2 C3 C4 p values
Coronal 21 (44.68%) 8 (17.02%) 14 (29.79%) 4 (8.51%) 0.003*
Middle 13 (27.66%) 15 (31.91%) 11 (23.40%) 8 (17.02%) 0517
Apical 10 (21.28%) 6 (12.77%) 7 (14.90%) 24.(51.06%) 0.000*

One sample chi-square test, *p<0.05.
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TABLE 3: Prevalence of Groove type in C-shaped second molar.

Buccal
1(2.13)

Groove location
Mandibular second molar n (%)

Lingual
35 (74.47)

Total
48

Buccal and lingual
11 (23.40)

p values
0.000*

One sample chi-square test, *p<0.05.

I DISCUSSION

Irregular and retaining areas affect the root canal
treatment success in teeth with C-shaped root-canal
morphology.'s It is very crucial to detect these mor-
phologies radiologically in order to increase the
chance of success of treatment using advanced tech-
nological methods.'® C-shaped canal morphology
may not be determined by two-dimensional imaging.
CBCT is a non-invasive imaging method that enables
the examination of tooth anatomy in three axes: axial,
coronal and sagittal. Variations are detected by three-
dimensional evaluation.®!” In this study, the fre-
quency and configuration of C-shaped canal variation
in MFMs and MSMs in a group of Turkish Popula-
tions were examined with CBCT images.

The ethnic factor is effective in the C-shaped
canal configuration. It is known that the incidence is
high in East Asians and less common in Europeans
and Americans.®'® In the literature, studies with the
highest incidence of C-shaped morphology in MSMs
were conducted in Korean (36.8%, 39.8%) and Chi-
nese populations (34.6%, 38.6%).!2* The prevalence
of C-shaped canal variation varies between 4.6% and
14.32% in different populations such as Brazil, Por-
tugal and Nepal except East Asian countries,!-6:2324
In the Turkish subpopulation, the prevalence of MSM
teeth with C-shaped canal variation was reported as
10.7% by Sonmez Kaplan et al., 7.7% by Kaya
Biiytlikbayram et al., 8.9% by Helvacioglu-Yigit and
Sinanoglu and 4.1% by Duman et al.!>!%?32¢ In our
study, the prevalence of C-shaped canal configura-
tion in MSMs was determined as 6.94%. This result
is similar to the average of the prevalence values
found in previous studies in Turkish society.

Although C-shaped canal variation is most com-
mon in MSMs, it can also be observed in MFMs,
mandibular first premolars, maxillary molars and
maxillary lateral incisors.>® It has been reported that
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C-shaped variation is rare in MFMs.? In studies con-
ducted in different populations, the incidence of C-
shaped canal variation in MFMs was found to be
between 0.16% and 2.39%.">%11:17 In the Turkish pop-
ulation, Kaya Biiyiikbayram et al. and Duman et al.
reported similar results with a prevalence of 0.41%
and 0.15%, respectively.'3? In this study, 584 MFM
teeth were evaluated and no C-shaped canal variation
was found. This result is compatible with the low
prevalence values in the Turkish population and other
populations.

Zheng et al., Helvacioglu-Yigit and Sinanoglu,
Shemesh et al. stated that there was no relationship
between gender and the prevalence of C-shaped canal
variation in MSMs.”?!*¢ However, in many studies
conducted in different ethnic communities, the preva-
lence of MSMs with C-shaped canal variation was
found to be higher in women.!>!1151619 Tn current
study, women had a higher prevalence (10.11%) than
men (3.21%), which is consistent with the results of
most studies in the literature. In the light of these re-
sults, it is thought that ethnic factor is not effective
in the correlation of possible C-shaped canal anatomy
and gender, but sample size and the difference in the
evaluated subpopulations may be effective.

The prevalence of bilateral C-shaped canal vari-
ation was determined to be 81.3% by Zheng et al. in
the Chinese population and 75.3% by Yang et al. in
the Korean population. Contrary to these results, Son-
mez Kaplan et al. and Ulfat et al. stated that the
prevalence of unilateral and bilateral C-shaped canal
variation was equal (50%).%'%2*?! The findings of this
study revealed that the C-shaped canal configuration
was more frequently seen unilaterally (65.71%), con-
sistent with Alfawaz et al. (53.8%) and Ladeira et al.
(68.3%).""17 Although studies have found different
results for the bilateral incidence of C-shaped canal
morphology, it is encountered at a substantial rate in
every population evaluated. Therefore, dentists
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should take into account that similar anatomical
variation can be observed contralaterally when the
C-shaped canal morphology of the MSM teeth is
encountered on one side. Besides, our findings
show that this variation is more common on the left
side unlike some researchers who reported that
there was no significant relationship between the
anatomy of the C-shaped canal and the sides of the
mandible. !3:19:26-28

Different classifications have been made for C-
shaped canals according to their anatomical and ra-
diological features.”!** Fan et al. made the current
classification of C-shaped canal configurations with
micro CT and defined five groups.? In this study, C-
shaped canal morphology was evaluated on CBCT
images in three cross sections (coronal, middle, api-
cal third) based on the classification technique de-
veloped by Fan et al.”’ Since the apical 2 mm of the
root could not be evaluated clearly with CBCT, C5
was not included and four groups were used for clas-
sification.

In this study, C1 was the most common config-
uration in the coronal third of the root, consistent with
the findings of previous researchers.’!%>3272 Besides,
Amoroso-Silva et al. evaluated MSMs with a C-
shaped canal using micro-CT and found that the most
common configurations in the cervical third of the
root were C1 and C2.%

In the middle third of the root, Shemesh et al. C2
and C3 configuration, Joshi et al. and Nejaim et al.
C1 configuration, Sonmez Kaplan et al. reported that
the C2 configuration was the most prevalent.!*16-23
We observed the most common configuration as C2
in the same region, but there was no statistically sig-
nificant difference.

Shemesh et al. reported that the C1 configura-
tion is common in the apical third of the root, while
Joshi et al. and Sonmez Kaplan et al. stated that C2
and C4, C4 configurations are observed frequently,
respectively.”!®? In addition, in the Micro-ct study it
was determined that the C4 configuration was most
frequently encountered in the apical third.** Consis-
tent with these findings, the prevalence of C4 con-
figuration (51.06%) was found to be high in the
apical third region in the present study.
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In our study in a group of Turkish population,
the most common configurations in the coronal, mid-
dle, and apical sections, respectively, were C1, C2,
and C4. These findings were similar to the results of
a study conducted in another subpopulation in the
same society.'® This suggests that the ethnic factor
may have an effect not only on the prevalence of the
C-shaped variation, but also on the configuration
types. In order to support this hypothesis, different
studies need to be done in the same populations using
the same methodologies and large sample size.

Knowing the longitudinal groove’s location and
its relationship to the root canals prevents possible
strip perforation when inserting the instrument during
endodontic treatment.'"'> Consistent with most stud-
ies in different populations in the literature, the preva-
lence of lingual grooves (74.47%) in C-shaped canals
was also found to be high in this study.®*!"!> Con-
trary to these results, where the buccal groove is
rarely seen, Ladeira et al. reported that the prevalence
of the buccal groove in C-shaped canals was 69.4%."
In the same study, it was stated that it is associated
with more buccal grooves in C-shaped teeth with
more than one canal. Therefore, detailed studies are
needed to evaluate the relationship between groove
localization and canal number.

A limitation of this study is that the relationship
between the age factor and the C-shaped canal was
not evaluated. Another restriction is that only
mandibular molars were included in the study.

I CONCLUSION
In this study;

m No C-shaped canal variation was detected in
MFMs in the Turkish subpopulation.

m The prevalence of C-shaped canals in MSMs
was 6.94%; C-shaped canal was observed more fre-
quently in women.

m The C-shaped canal anatomy was mostly seen
unilaterally and on the mandible’s left side. The most
common configurations in the coronal, middle, and
apical sections, respectively, were C1, C2, and C4.
This population’s most prevalent groove type was lin-
gual.
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m It is seen that gender and symmetry factors are
effective in C-shaped canal variation. Although its
prevalence is not high in our society, it is important
to evaluate the morphology of these teeth in 3D with
CBCT in terms of treatment planning and prognosis
prediction.
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