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ABSTRACT
Objective: The aim of this retrospective study was to evaluate the prevalence of C-shaped canal configuration in maxillary first and second 
molars according to age and gender by using cone beam computed tomography (CBCT) in a Turkish population.

Methods: In this retrospective study, 709 first and 739 second maxillary molars were examined. CBCT images of teeth were examined in 
different axial sections to determine the presence of C-shaped canal configuration. C-shaped canal configuration was classified into five groups 
according to the fusion of root canals. Prevalence of C-shaped canal configuration between first and second molars, age groups and genders 
were compared. The chi-square test was used to compare the categorical variables. The differences were considered significant if the p value 
was less than 0.05.

Results: A total of 1448 teeth were evaluated and 3% (n=43) of them had C-shaped canal configuration. The presence of C-shaped canal 
configuration was significantly more common in the second molars than the first molars (p = 0.000) No significant difference in the prevalence 
of C-shaped configuration was observed comparing genders and age groups (p>0.05). Type A and E canal configuration were not detected in 
first molars.

Conclusion: C-shaped canal configuration is a rare anatomical variation of maxillary molars. This variation includes fins or isthmuses connecting 
root canals which create challenges during endodontic treatment. Perceiving the variations with CBCT imaging helps clinicians to understand 
and treat complex cases without complication. Clinicians should be knowledgeable about the rare variations for better outcomes.
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Evaluation of C-shaped Canal Configuration in Maxillary Molars: 
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1. INTRODUCTION

Successful root canal treatment depends on detailed 
knowledge about canal configuration, the cleaning of all 
pulp tissues, shaping walls, and the complete obturation of 
all root canal spaces (1, 2). The presence of untreated canals 
and microorganisms due to inadequate cleaning, shaping, 
and obturation is the main reason for endodontic treatment 
failure (2, 3). Knowledge of the root and canal variations is 
one of the most important factors in endodontic procedures 
in preventing possible complications and in achieving better 
outcomes (4, 5).

Maxillary molars generally have two buccal canals and one 
palatal canal (6). Maxillary first molars usually show anatomic 
variation in mesiobuccal root with more than two canals (7). 
Although the maxillary second molar has a similar morphology 
to the maxillary first molar, anatomic variations are more 
common in second molars, such as root fusions, root canal 
isthmuses, and accessory canals (6). C-shaped canal is another 
important variation for some teeth, especially for mandibular 

second molars (3, 5). It was first described by Cooke and 
Cox (1979) as a “ribbon-shaped orifice” (8). Despite a lot 
of the studies about mandibular molars, there are limited 
numbers of studies reporting C-shaped canal configurations 
in maxillary molars. The C-shaped canal configuration can 
occur in permanent maxillary molars with fused roots and 
can also continue from the floor of the coronal pulp to the 
apical region of the root (3, 9). This configuration includes 
grooves, isthmuses, and irregular formations that lead to 
ineffective cleaning, shaping, and obturation (2).

Periapical radiographs are usually effective for preoperative 
evaluation of root canal morphology and periapical 
pathologies (3). These radiographs give 2-dimensional 
information for 3-dimensional structures. Assessment of root 
canal in several sections and serial slices is the optimal method 
for understanding root and canal configurations (3, 10). Plain 
radiographs are insufficient to visualize C-shaped canals 
because of the canals’ complex nature and superimpositions 
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(2). Cone beam computed tomography (CBCT) is a tool that 
gives precise information about root canal complexities. 
CBCT allows high resolution images in different sections with 
a small field of view and small voxel size (4, 11).

Although the prevalence and types of C-shaped canal 
configuration in mandibular molars were investigated, 
there is currently no study on maxillary molars in a Turkish 
population. The aim of this study is to evaluate the prevalence 
and types of C-shaped canal configuration in maxillary first 
and second molars in a Turkish population by using CBCT.

2. METHODS

The study protocol was approved by Aydın Adnan 
Menderes University Faculty of Dentistry Clinical Research 
Ethics Committee (protocol number: ADUDHF2021/25, 
date:01.09.2021). For the evaluation of C-shaped canal 
configuration in maxillary first and second molars, CBCT 
images taken at our department of oral and maxillofacial 
radiology for patients’ previous dental problems between 
2016 and 2019 were examined. Fully erupted and completely 
root formed maxillary first and second molars without 
root canal treatment, fracture and crown restoration 
were included. Third molars and low-quality images were 
excluded. Finally, 1448 maxillary molars (709 first molars and 
739 second molars) in 517 Turkish patients were examined 
retrospectively.

The CBCT scans were obtained using standard exposure 
parameters and patient positioning protocols (resolution: 
voxel size 0.2mm, 80–84kvp, 10–12mA) with a CBCT unit 
(Planmeca Promax 3D Max; Helsinki, Finland). Romexis 
version 4.6.2. software (Planmeca; Helsinki, Finland) was 
used for evaluation of axial, sagittal, and coronal CBCT planes 
with optimal contrast and brightness adjustment. Images 
were examined in a 22-inch LCD monitor (Samsung Business 
Monitor S22D300HY; UK) with a resolution of 1,920 × 1,080 
pixels in a dark room. For the proper assessment, axial 
sections that were vertical to the long axis of each tooth were 
examined by rolling the tool bar from the floor of coronal pulp 
to the apex. All images were evaluated retrospectively by two 
oral and maxillofacial radiologists with at least two years’ 
experience in performing CBCT. The observers evaluated the 
images twice in one-month intervals to assess intra – and 
interexaminer agreement.

Five groups (10-22, 23-36, 37-50, 51-64, 65-77) were 
created according to age range. Because no well-defined 
classification could be determined in the case of C-shaped 
canals in maxillary molars, modified classification of a lower 
molar C-shaped canal was used according to Martins et al. 
(5) as below:

The canal system was evaluated at 5 axial levels:

1. 2 mm below the canal beginning

2. Middle interval between coronal and middle

3. Middle interval from the canal beginning and anatomic 
apex

4. Middle interval between the middle and apical

5. 2 mm above the anatomic apex

Canal systems continuous at 3 axial levels and large C-shaped 
canal systems with 2 main canal lumens connected by a 
large isthmus were accepted as a C-shaped canal. C-shaped 
maxillary molars according to the configuration of the fused 
root canals were classified (Figure 1, 2).

Figure 1. Schematic drawings of C-shaped canal configurations 
according to root canal fusion

Figure 2. Axial views of each types of C-shaped canal configurations

2.1. Statistical Analysis

All the data were analyzed with the SPSS software (IBM 
SPSS Statistics Version 22; IBM, Armonk, New York). The chi-
square test was used to compare the prevalence of C-shaped 
canals in first and second molars across genders, age groups, 
and sides. When the p value was < 0.05, the differences were 
considered significant. Inter – and intraobserver reliability 
was calculated using the Cohen kappa test.

3. RESULTS

A total of 517 patients (231 men and 286 women) CBCT images 
including 709 maxillary first molars and 739 maxillary second 
molars were examined in this study. Mean age of the patients was 
34.2 years, ranging from 10 to 77 years. Three percent (43) of all 
teeth had C-shaped root canals, and 2.9% (24) of women and 3% 
(19) of men had C-shaped canal in their maxillary molars. There 
was no significant difference between the genders (p=0.876).
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Sides and numbers of maxillary molars with the C-shaped 
canal configuration were presented in Table 1. Nineteen 
(2.6%) right maxillary molars and 24 (3.3%) left maxillary 
molars had a C-shaped canal. There was no significant 
difference between sides (p=0.423). The C-shape root canal 
system was more common in maxillary second molars than 
maxillary first molars with ratios 4.9% and 1%, respectively. 
The difference between the first and second maxillary molars 
was considered significant (p=0.000).

Table 1. C-shaped canal configuration in maxillary first and second 
molars

Right Maxillary Molars
Left Maxillary Molars
First Second First Second

Present 3 16 4 20
Absent 355 353 347 350

Total
358 369 351 370
727 721

Types of C-shaped canal configuration according to first and 
second molars were presented in Table 2. Type A and E were 
not found in first molars. The most common type was type B, 
with a prevalence of 2.3% in maxillary second molars. There 
was no significant difference between types of C-shaped 
canals (p=0.563). Prevalence of C-shaped canal configuration 
according to age groups was presented in Table 3. There was 
no significant relationship between the presence of C-shaped 
canal configuration and age groups.

Table 2. Types of C shaped canals in maxillary first and second 
molars

Maxillary First Molars Maxillary Second Molars
Right Left Total Per cent Right Left Total Per cent

Ty
pe

s o
f C

 sh
ap

ed
 

Ca
na

ls

A 0 0 0 0% 3 1 4 0.5%
B 1 1 2 0.3% 8 9 17 2.3%
C 1 1 2 0.3% 1 4 5 0.7%
D 1 2 3 0.4% 1 1 2 0.2%
E 0 0 0 0% 3 5 8 1.1%

Total 3 4 7 1% 16 20 36 4.8%

Table 3. Prevelance of C-shaped canal configuration in age groups
C-shaped canal 
configuration

Age Groups Maxillary molars Present Absent TOTAL

10-22
First molar 2 297

591
Second molar 7 285

23-36
First molar 2 169

338
Second molar 10 157

37-50
First molar 5 157

329
Second molar 11 156

51-64
First molar 1 86

172
Second molar 4 81

65-77
First molar 0 8

18
Second molar 1 9

TOTAL 43 1405 1448

The relative technical error of measurements for intra – and 
interobserver errors ranged from 1.02 to 1.62% and from 1.1 
to 1.94%, respectively. The coefficient of reliability values 
ranged from 0.94 to 0.98.

4. DISCUSSION

Several imaging techniques and demineralization/staining 
methods have been used to visualize detailed root canal 
morphology in the literature (12-16). Periapical radiographs, 
examination of root canals during endodontic treatment, 
patients’ previous records, and CBCT are frequently used in 
clinical studies of root canal configuration (1, 17-19). Most 
of these studies have used Vertucci’s classification system 
for root canal identification (13). Unlike previous studies, 
we classified root canals according to their axial views. Also, 
this study used CBCT images to investigate the presence of 
C-shaped canals according to gender, age, and location.

In clinical practice, C-shaped canal configuration can be 
assessed with periapical radiographs, CBCT and CT (20-
23). CBCT has many advantages, such as lower radiation 
doses, lower exposure time, higher resolution, lower voxel 
sizes, and more precise measurements. CBCT also allows 
cross-sectional images without superimposition, which is 
not possible with intraoral radiographs (24, 25). Because 
of the radiation dose, CBCT should be used in line with the 
SEDENTEXCT guidelines (26). In our study, CBCT images that 
were taken of the patient’s previous dental problems, such as 
intrabony cysts, implant planning, and orthodontic problems, 
were evaluated retrospectively.

There were a limited numbers of studies that evaluated 
C-shaped canals in maxillary molars (1, 5, 17). Most studies 
on C-shaped canals were focused on mandibular molars due 
to their predisposition to this variation (8, 15, 16). We could 
not find any reported study in the literature about C-shaped 
canal configuration in maxillary molars in the Turkish 
population and highlighted the importance of this variation 
for clinical practice. In our study, the prevalence of C-shaped 
canals in maxillary first molars and second molars was 1% 
and 4.9%, respectively. Similarly, Yang et al. reported a 4.9% 
prevalence for maxillary second molars by using a clearing 
method in a Chinese population study (27). In a Korean 
population study using CBCT, the prevalence of C-shaped 
root canals in maxillary first molars and second molars was 
0.8% and 2.7%, respectively (1). Compared with the present 
study, our result was lower in the first molars and higher in 
the second molars. In our study, maxillary second molars 
were more prone to have C-shaped canals than first molars. 
In the study of De Moor et al. (17), which was performed 
on radiographs, reported a lower prevalence (0.091%) than 
our result in maxillary first molars. The difference may be 
due to the method of study and ethnic background. Other 
differences from the previous studies may be due to subject 
age, study size, imaging types, and racial features.

With the exception of type D, all other types of C-shaped canals 
were more common in second molars. In contradistinction 
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to our results, in the Martin et al. study only type C was 
more common in first molars. The second most common 
type was type E in second molars with 1.1% prevalence and 
a deep isthmus and groove. These areas can go undetected 
clinically, allowing pathogen microorganisms to colonize 
easily, resulting in failed endodontic treatment. Because of a 
complex internal configuration, the Type E canal poses more 
difficulties in root canal treatment compared with Type C. 
Our results were similar to those of Martin et al., who did 
not find Types D and E, and we did not find types A and E in 
first molars. Martin et al. found Type C with a prevalence of 
0.2% in second molars and 0.9% in first molars. In our study, 
Type C had a prevalence of 0.7% in second molars and 0.3% 
in first molars.

From the previous studies, only Martin et al. (5) investigated 
C-shaped canal configuration according to sex and side. In 
their study, a C-shaped canal was more common in females 
and not related to the right or left side (5). Similarly, there was 
no significant difference between the right and left side in our 
study. Most clinical cases of C-shaped canal configuration in 
maxillary molars were presented in males (2, 7, 28). A previous 
case report on C-shaped canal configuration in maxillary 
second molars was presented in a woman with spiral CT(3). 
In our study, C-shaped canals were more common in females 
without significant differences (29). The C-shaped canal 
configuration can gradually disappear due to secondary and 
tertiary dentine formation during aging. In the literature there 
is no explicit relationship between age and prevalence of 
C-shaped canal configuration in maxillary molars. Despite the 
low prevalence ratio of this variation in our study, we divided 
patients into age groups to compare possible changes. But 
we did not find any relationship between age and presence 
of the C-shaped canal configuration in maxillary molars.

In the literature, the C-shaped canal configuration of 
maxillary molars was described according to fused roots and 
only serial sections of axial view (1, 5). There has not been 
any well-documented or accepted classification for maxillary 
molars yet. Evaluation of root canal morphology has been 
done with various methods both in vivo and in vitro (1, 4, 
30, 31). There were some limitations in this study. First of all, 
only an Aegean region population was included in our study. 
In future studies, patients from all over the country should 
be included in the study. In future studies, patients from 
other regions of the world with larger populations should 
be included. Secondly, root forms and root dentin thickness 
were not examined in the present study. It would be helpful 
for instrumentation and obturation of root canals.

5. CONCLUSION

This retrospective CBCT study of a Turkish population 
showed a low prevalence of C-shaped canal configuration 
in maxillary molars. Results of future studies including 
different populations, large samples, and different high-
resolution imaging methods may help to elucidate this 
variation. If the clinician suspects the presence of C-shaped 
canal configuration in maxillary molar with root fusion, 

a high-resolution CBCT scan should be performed and 
examined carefully to prevent endodontic failures.
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