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Cone beam computed tomography evaluation of c-shaped 
canal morphology in mandibular premolar teeth* 

Purpose
The aim of this study was to evaluate the prevalence and the morphology of 
c-shaped root canal(s) in mandibular premolars using cone beam computed 
tomography (CBCT) images.

Materials and Methods
CBCT images of 1095 mandibular premolars were examined at coronal, middle, 
and apical levels of the root canals. The type, the level, and the position (buccal or 
lingual) of the c-shaped anatomy were recorded. Absolute counts and percentages 
of different groups and subgroups of C-shape morphologies were calculated. The 
Chi-square test was used to compare the prevalence of C-shaped morphology 
between mandibular first and second premolars. The Z-test for proportions in 
independent groups was used to analyze the differences in mandibular C-shaped 
premolar proportions between location (left and right side) and tooth (first or 
second premolars) (p=0.05).

Results
C-shaped root canal morphology was present in 44 teeth. The percentage of 
c-shaped morphologies was 6.9% and 1.6% in mandibular first and second 
premolars, respectively. Comparison of the first and the second premolars showed 
that C1 type (p=0.008) and C4b type (p=0.013) configurations are more common in 
the first premolars at the coronal level. In contrast, the C2 type configuration showed 
significantly higher prevalence in the second premolars (p=0.009). Additionally, the 
C4c type configuration was significantly frequent on the right premolars at the 
coronal level (p=0.038). 

Conclusion
C-shape canal morphology is a rare but complex anatomic feature in mandibular 
premolars. Therefore, clinicians should be aware of this complex root canal anatomy 
for the success of endodontic treatment in mandibular premolar teeth. 
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Introduction

Definitive knowledge of root and canal morphology, including ana-
tomic variations, is the primary step of endodontic treatment (1). Due to 
their complex morphology, C-shaped canals may create great challenges 
during endodontic treatment with respect to shaping, debridement, and 
obturation (2). C-shaped canal morphology is described as the presence 
of fins and isthmuses connecting individual canals or merged root canals 
resulting in a ‘C’ shaped appearance at cross-sectional views (3). Howev-
er, this morphology may not be continuous throughout the root length 
(4). As reported previously, a root canal with C-shaped morphology at the 
coronal third of the root may not continue as a single C-shaped canal at 
the middle and apical thirds (5). On the other hand, separated canals de-
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tected at the floor of the pulp chamber may merge and con-
tinue as a single C-shaped canal (6). It has been stated that 
C-shaped molars usually contain a fused root and a longitu-
dinal radicular groove, which is also identified in C-shaped 
mandibular premolars (1). The radicular groove is defined 
as a developmental invagination and frequently exhibits on 
the proximal lingual area of the middle root of the C-shaped 
mandibular premolars (7). It is important that isthmuses 
within the root canal system may exist close to this groove, 
which creates a danger zone concerning a possible compli-
cation during endodontic treatment (1, 7). Therefore, the de-
tection of canal morphology and necessary modifications in 
the shaping and filling of C-shaped canals are essential for 
successful endodontic treatment of C-shaped canals (2).

C-shaped canal morphology is a well-known anatomic 
variation in mandibular molar teeth and is mostly found in 
mandibular second molars (3, 8, 9). However, its presence 
has been recently reported in mandibular premolars, max-
illary molars, and even in maxillary lateral incisors (2). Many 
studies have investigated the prevalence of C-shaped root 
canal morphology in mandibular molars; however, there 
are few studies evaluating C-shaped canal prevalence in 
maxillary molar and mandibular premolar teeth (3). There-
fore, the aim of this study was to evaluate the prevalence 
and the morphology of the C-shaped root canal(s) in man-
dibular premolars using cone beam computed tomog-
raphy (CBCT) images. The null hypothesis was that there 
would be no C-shaped canal morphology in mandibular 
premolar teeth.

Material and Methods

Ethical statement

The present study design was approved by the Ethical 
Committee of Ege University (2021/22-2.1T/33) and fol-
lowed the principles of the Declaration of Helsinki. 

Sample selection

A total of 2024 CBCT images taken for various reasons 
between the years of January 2019 and March 2020 at the 
department of Oral and Maxillofacial Radiology were exam-
ined retrospectively, and images of patients with at least one 
mandibular premolar were included in the study. Teeth with 
previous endodontic treatment, internal and/or external 
root resorptions, immature apices, periapical lesions, full-
crown restorations, and CBCT images with severe artifacts 
due to other restorations were excluded. Consequently, 
1095 mandibular premolar images (489 first and 606 sec-
ond premolars) of 586 patients (229 male and 357 female) 
were evaluated. The mean age of the patients was 31.8±14.6 
years.

Image acquisition

CBCT scans had been previously obtained using Kodak 
9000 3D (Kodak Carestream Health, Trophy, France) device 
at 70kV, 10mA, and 10.8s exposure time, using a 50 x 37 mm 
field of view (FOV) and a 76 µm isotropic voxel size.

Image assessment 

All premolars were analyzed at three axial levels from the 
cemento-enamel junction to the anatomic apex. Two milli-
meters below the cemento-enamel junction was accepted 
as the coronal level; likewise, 2 mm above the anatomic apex 
as the apical level; and the halfway between the coronal and 
apical levels was considered as the middle level. C-canal 
configurations were classified according to the modified 
classification system described by Fan et al. (1). According to 
this classification, C1 was identified as a continuous ‘C’ with 
no separation or division; C2 as a discontinuation in the ‘C’ 
outline resembling a semicolon; C3 as two separate round, 
oval, or flat canals; C4 as one round, oval, or flat canal; C5 
as three or more separate canals and C6 as no canal lumen 
or no intact canal. In addition, C4 configuration was divid-
ed into 3 subgroups (C4a, C4b, C4c) as reported by Wu et 
al. (10): C4a (round canal): The long canal diameter is almost 
equal to the short diameter. C4b (oval canal): The long canal 
diameter is at least 2 times shorter than the short diameter. 
C4c (flat canal): the long canal diameter is at least two times 
longer than the short diameter (Figure 1). As reported pre-
viously, mandibular molars and premolars containing the 
C-shaped canal morphology are often observed with fused 
roots and a longitudinal radicular groove (1, 5). Therefore, in 
the current study, teeth with an external radicular groove 
and with C1 or C2 canal configuration at any axial level were 
considered as having C-shaped canal morphology (Figure 2). 
Two oral radiologists and one endodontist made the radio-
graphic evaluations. The type of the C-shaped canal config-
uration was recorded at each axial level for each mandibular 
premolar independently along with the number of the roots 
containing C-shaped anatomy (C1 or C2). In addition, buccal 
or lingual orientation of the C-shaped canal was recorded for 
each axial level.

Statistical analysis

Data analysis was performed using the IBM SPSS Statistics 
20.0 (SPSS Inc., Armonk, NY, USA). Absolute counts and per-
centages of different groups and subgroups of C-shape mor-
phologies were calculated for all mandibular premolar teeth. 
The proportion of each group was determined, as was the 
range for the true population proportion, to a confidence lev-
el of 95%. The chi-square test was used to compare the prev-
alence of C-shaped morphology between mandibular first 
and second premolars. The Z-test for proportions in indepen-

Figure 1. Classification of the C-shaped canal configuration in 
mandibular premolars.
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dent groups was used to analyze the differences in mandib-
ular C-shaped premolar proportions between location (left 
and right side) and tooth (first or second premolars). For all 
groups, a p value <0.05 was considered significant.

Results

The null hypothesis was rejected. C-shaped canal mor-
phology was found in 32 (24 male and 8 female) of 586 
patients (5.4%). The C-shaped canal percentages for male 
and female patients were 10.4% and 2.2%, respectively. The 
mean age of the patients with C-shaped morphology was 
22.75±10.56 years. Among 1095 mandibular premolars, 44 
teeth were identified as having C-shaped canal morphology 
with a prevalence of approximately 4%. All premolar teeth 
with C-shaped canal morphology had an external longitudi-
nal groove, which was located in the mesio-lingual surface 
of the root. Thirty-four of 489 mandibular 1st premolars and 
10 of 606 mandibular 2nd premolars showed C-shaped ca-
nal morphology. The prevalences for mandibular first and 
second premolars were 6.9% and 1.6%, respectively. The 
C-shaped canal configuration was observed frequently in 
the right first premolars and least in the left second premo-
lars. The counts and percentages of C-shaped canal config-
uration for each mandibular premolar tooth were presented 
in Table 1.

Comparison of different axial levels for C-shaped canal 
configurations

The most frequent configurations at the coronal level were 
C4b and C4c. On the other hand, C1 and C2 configurations, 

which were considered as defining criteria for a C-shaped ca-
nal, were more common at the middle level. As for the apical 
level, the C3 configuration was more prevalent. C5 and C6 
configurations were not present at the coronal level, where-
as C4a, C5, C6 configurations at the middle level and C4b, 
C4c, C5 configurations at the apical level were not observed. 
Cshaped canal configuration prevalence for each axial level 
was presented in Table 2.

Comparison of first and second  premolars

When the first and the second premolars were compared 
in regard to C-shaped configurations at various axial levels, 
it was observed that C1 (p=0.008) and C4b (p=0.013) config-
urations were significantly common in the 1st premolars at 
the coronal level, whereas C2 (p=0.009) configuration was 
frequent in the 2nd premolars. No significant differences 
were observed between the first and the second premolars 
in terms of C-shaped canal morphology at the middle and 
the apical levels. 

Comparison of the left and right premolars

Comparison of the left and right sides revealed that 14 
C-shaped premolars were identified on the left side while 
it was 30 on the right. C4c canal configuration was signifi-
cantly more prevalent in the right premolars at the coronal 
level (p=0.038). No significant differences were observed be-

Figure 2. CBCT image representing the diagnosis of C-shaped 
configuration. (a) Frontal CBCT image showing a C-shaped 
mandibular first premolar. (b) Axial CBCT image showing the 
C4c type configuration at the coronal level. (c) Axial CBCT 
image showing the C2 type configuration at the middle level. 
(d) Axial CBCT image showing the C3 type configuration at the 
apical level.

Table 1: The counts, percentages, and location of mandibular 
premolars with C-shaped canals

No & type of teeth
No. of 

C-shaped 
canals

%
Location of 

premolar tooth
(right/left)

1095 premolars 44 4 30/14

489 1st premolars 34 6.9 24/10

606 2nd premolars 10 1.6 6/4

Table 2: Distribution of C-shaped canal configurations* at different 
levels of root canal (coronal-middle-apical) of mandibular premolar 
teeth. *According to Fan et al. (1)

C-shape 
configuration

1st premolar
Axial cross-sections 

(n)

2nd premolar
Axial cross-sections 

(n)

Co
ro

na
l

M
id

dl
e

A
pi

ca
l

Co
ro

na
l

M
id

dl
e

A
pi

ca
l

C1 5 10 9 - 3 3

C2 1 21 5 4 6 2

C3 1 1 14 - - 3

C4a - - 5 2 - 2

C4b 13 1 - 1 1 -

C4c 14 1 - 3 - -

C5 - - - - - -

C6 - - 1 - - -
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tween the right and left premolars as regards to C-shape ca-
nal morphology at the middle and the apical levels (p>0.05). 

Number of roots and position of the C-shaped canals

Among 44 C-shaped premolars, 28 first premolars and 5 
second premolars were single-rooted, while 6 first premo-
lars and 5 second premolars were bi-rooted. Except for a 
single 2nd premolar, the C-shaped morphology was always 
found in the buccal root of the bi-rooted teeth (Table 3).

Discussion

Successful endodontic treatment requires knowledge of 
anatomic variations and morphologies of the root canal sys-
tem (2). Canal systems with different morphologies, such as 
C-shaped canal morphology, may create considerable risk 
for treatment failures because infected debris and remnants 
may remain on root canal walls due to inadequate cleaning 
and filling (5). It has been stated that the actual number and 
correct configuration of root canals can be determined more 
accurately with 3D imaging (11). According to the joint posi-
tion statement of the American Association of Endodontists 
(AEE) and the American Academy of Oral and Maxillofacial 
Radiology (AAOMR), a limited field-of-view (FOV) CBCT can 
be considered the imaging modality of choice for teeth with 
complex root canal morphology (12).

Many studies have been published evaluating the prev-
alence of the C-shaped canal morphology in mandibular 
first and second molars using 3D CBCT images (4, 13-19). 
However, the prevalence of C-shaped canal morphology in 
mandibular 1st and 2nd premolars using CBCT images had not 
been frequently investigated (3, 20-23). 

The prevalence of C-shaped canal morphology for 1st 
(6.9%) and 2nd (1.6%) premolars in the present study was 
consistent with the previous CBCT reports showing a low 
prevalence of C-shaped morphology in mandibular pre-
molars. Kaya Buyukbayram et al. (24) and Pedemonte et al. 

(25)  reported 4.58% and 1.13% prevalence ratios ranging 
between 4.58-10.9% for 1st and 1-1.13% for 2nd mandibular 
premolars, respectively.

It was also emphasized that prevalence ratios of anatom-
ical variations of C-shaped canal configuration for mandib-
ular premolars might differ depending on ethnicity and ge-
ography (2, 23). Different studies based on South American 
and Saudi Arabian populations reported higher prevalence 
ratios than the present study (21, 23). On the other hand, 
one Iranian study failed to identify any C-shaped premolars 

in their study group (26). Some South Korean, Asian, and 
Saudi Arabian studies stated similar yet lower prevalence 
ratios, and, unlike the present study, a significant difference 
between the first and second premolars were reported (20, 
22, 27). Side with the ethnic diversity, variabilities with re-
gard to root canal morphology may also depend on the se-
lected study groups, study design, and classification of the 
C-shaped morphology. Although the difference between 
the first and second premolars in the present study was in-
significant, the higher prevalence observed in 1st premolars 
agreed with many previous reports suggesting that first pre-
molars tended to demonstrate C-shaped morphology more 
than 2nd premolars (22, 25, 27, 28).

In the present study, males showed a significantly high-
er rate of C-shaped mandibular premolars than females. A 
previous study conducted on the Turkish population simi-
larly found a higher prevalence in males and determined a 
significant relationship between gender and C-shaped canal 
morphology (29). However, another study conducted on the 
Turkish population could not find any difference between 
genders (24). Overall review of the literature demonstrated 
some studies reporting higher prevalence for males in terms 
of C-shaped morphology in mandibular premolars (20, 22, 
28), while others showed higher prevalence for females (30). 
Moreover, there were many studies that could not state a sig-
nificant distinction between genders in regard to C-shaped 
canal morphology in mandibular premolars (23, 24, 27). It is 
clear that there is no definite association between gender 
and C-shaped canal configuration in mandibular premolars. 
This lack of information may be related to the small sample 
sizes resulting from the lower prevalence of C-shaped canal 
configuration in mandibular premolars, as well as the use of 
low-resolution images with high voxel sizes for the detec-
tion of this anatomical variation. Further controlled studies 
are required to determine the proper relationship between 
gender and C-shaped canal prevalence in mandibular pre-
molars with high sample sizes from different populations 
and high-quality radiographic images.

It has been reported that there is no accepted classifica-
tion system for C-shaped canals for mandibular premolars. 
Nevertheless, it is interesting that some studies did not de-
scribe the classification system used to rank the C-shaped 
canal configuration (25, 31). The modified classification of 
Fan et al. (1) was preferred in the present study for mandib-
ular premolar C-shaped canal evaluations since it was a de-
tailed classification and predominantly preferred in recent 
studies that enabled objective comparisons.

It was demonstrated previously that similar to the preva-
lence of C-shaped morphology, the type of canal configura-
tion might also vary depending on nationality (20). Yet, find-
ings of the present study showing higher rates of C4b and C4c 
configurations at the coronal level and C1 & C2 configurations 
at the middle level are consistent with the result of many pre-
vious studies (21-24, 29, 30). In the mandibular molar teeth 
with C-shaped canal morphology, the orifice usually appears 
as a continuous C shape (C1) or a semicolon-like form (C2) (5). 
However, in mandibular premolars, C-shaped configuration 
appears as an oval, round or flat-shaped canals in the coronal 
third of the root and reveals its C-shaped canal form in the 
middle third (21, 23, 28). Mandibular premolars with C-shaped 
canals have also been distinguished by the presence of an ex-

Table 3: Distribution of the number of roots and position of the 
C-shaped canal in mandibular premolar teeth

Number of roots and position 
of the C-shaped canals

1st 
premolar

2nd 
premolar

Total

Single root-single canal 17 1 18

Single root- Buccal 11 4 15

Single root-Lingual - - -

Two roots-Buccal 6 4 10

Two roots-Lingual - 1 1
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ternal radicular groove frequently developing on the proxi-
mal lingual area of the middle root7 and mesio-lingual surface 
placement has been reported as the most common position 
of the radicular groove (5, 22, 23, 27, 28). In the present study, 
all premolar teeth with C-shaped canal morphology demon-
strated a mesio-lingual radicular groove. 

Studies evaluating C-shaped canals in mandibular molars 
proved that C-shaped canal configuration tends to be locat-
ed at the root fusion, where the radicular groove develops 
(5). Similarly, C1 and C2 configurations have been observed 
to be associated with the external radicular groove in man-
dibular premolars (21); which creates a danger zone during 
endodontic treatment (1). Owing to the close proximity of 
the radicular groove to the isthmuses and C-shaped canals, 
the dentin wall facing the groove may become relatively thin, 
particularly in the middle third of the root (1, 5). Gu et al. (32) 
confirmed that the dentin thickness between the root surface 
and the canal was the thinnest at the location of the radicular 
groove. Therefore, clinicians should be aware of this morpho-
logical discrepancy and should be careful to avoid stripping 
perforation during the instrumentation of C-shaped canals. 
The distinction of this morphological variation is also crucial 
for the planning of endodontic post placement.

Another endodontic challenge observed with C-shaped 
canal morphology has been stated as the unusual anatomy 
of the pulp chamber (2, 6). Studies evaluating the C-shaped 
canals in mandibular molars proved that the floor of the pulp 
chamber is situated deeply, and the orifice of the C-shaped 
canal begins below the cementoenamel junction (5). Ariciou-
glu et al. (29) reported a significant correlation between tau-
rodontism and C-shaped configuration in mandibular molars. 
To our knowledge, there are no published studies evaluating 
the presence of taurodontism in C-shaped mandibular pre-
molars. However, similar to the results of the present study, 
many studies have reported that, in the mandibular premolar 
teeth, the coronal third of the root of the canal begins as an 
oval, round or flat, and the C-shaped configuration appears 
in the apical half of the root (20). In addition, Vertucci type 
V configuration was highly associated with C-shaped canal 
morphology in mandibular premolars (24, 28), and the bifur-
cation in such teeth was usually detected at the middle third 
of the root (30). Therefore, clinicians should be conscious and 
attentive to variable canal configurations that can be seen 
in the middle and apical thirds of the root in the mandibular 
premolars, as well as possible unusual anatomy of the pulp 
chamber for the success of endodontic treatment. 

Conclusion

According to the results obtained, C1 and C2 configu-
rations, which were suggested as the defining criteria for 
C-shaped canal morphology, tend to be more frequent at 
the middle third of the root canal in mandibular premolar 
teeth. Therefore, if the presence of C-shaped morphology 
in mandibular premolars is suspected clinically, we recom-
mend examining particularly the middle axial level at CBCT 
images. Presence of various forms of C-shaped root canals 
requires extra knowledge and care in terms of shaping, irri-
gation and obturation for successful endodontic treatment. 
Therefore, clinicians should be aware of diagnosing possible 
variations in mandibular premolar teeth. 

Türkçe özet: Mandibular premolar dişlerde c-şekilli kanal morfolojisi-
nin konik ışınlı-bt ile değerlendirmesi. Amaç: Bu çalışmanın amacı, man-
dibular premolar dişlerdeki C-şekilli kök kanal(lar)ının prevalansının ve 
morfolojisinin konik ışınlı bilgisayarlı tomografi (KIBT) görüntüleri kul-
lanılarak değerlendirmesidir. Gereç ve Yöntem: 1095 mandibular pre-
molar dişe ait KIBT görüntüsü koronal, orta ve apikal kök seviyelerinde 
incelenerek C-şekilli anatominin tipi, seviyesi ve pozisyonu (bukkal veya 
lingual) kaydedildi. Farklı gruplara ve altgruplara göre C-şekilli morfo-
lojinin dağılımı ve yüzdesi hesaplandı. Mandibular birinci ve ikinci pre-
molar dişler arasında C-şekilli morfolojinin prevalansının karşılaştırıl-
ması amacıyla Ki-kare testi kullanıldı. Farklı konum (sol ve sağ) ve diş 
grupları (birinci ve ikinci premolar dişler) arasındaki C-şekilli morfoloji 
farklılıklarının analiz edilmesi amacıyla ise Z-testi kullanıldı (p=0,05). 
Bulgular: 44 mandibular premolar dişte C-şekilli kök kanal morfolo-
jisi saptandı. Mandibular birinci ve ikinci premolar dişlerdeki C-şekilli 
morfolojilerin yüzdesi sırasıyla %6,9 ve %1,6 olarak hesaplandı. Birin-
ci ve ikinci premolar dişlerin karşılaştırılması sonucu, birinci premolar 
dişlerin koronal seviyesinde C1 tipi (p=0,008) ve C4b tipi (p=0,013) kon-
figürasyonların daha yaygın olduğunu belirlendi. Buna karşılık, ikinci 
premolar dişlerde ise C2 tipi konfigürasyonun anlamlı olarak yaygın 
olduğu gözlendi (p=0,009). Ek olarak, sağ premolar dişlerin koronal 
seviyesinde C4c tipi konfigürasyonun anlamlı derecede sık görüldüğü 
saptandı (p=0,038). Sonuç: C-şekilli kanal morfolojisi, mandibular pre-
molar dişlerde nadir olarak izlenen karmaşık bir anatomik varyasyon-
dur. Klinisyenlerin mandibular premolar dişlerde görülen bu karmaşık 
kök kanal anatomisi hakkında farkındalık sahibi olması, endodontik 
tedavinin başarısı açısından önem taşımaktadır. Anahtar kelimeler: 
C-şekilli kanal morfolojisi, konik ışınlı bilgisayarlı tomografi, kök kanal 
anatomisi, mandibular premolar, prevalans çalışması
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