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ABSTRACT: 
Objetive: The aim of this study was to determine the prevalence, 

demographics, and root configuration of C-shaped canals of mandibular 

molars by means of cone beam computed tomography in the population of 

the Metropolitan Region, Chile. 

Material and Methods: 912 molars (456 first and 456 second molars) 

resulting from the analysis of 228 mandibular CT scans were evaluated. The 

root configuration was established by means of a panoramic reconstruction 

and axial tomographic sections, classifying the presence and type of canals 

through the analysis of five sections along the root. Data were statistically 

analyzed using a 5% confidence interval. 

Results: Of the 912 molars analyzed, 70 were classified as C-shaped canals 

(7.68%), corresponding to 58.33% of those molars that presented fused roots. 

95.7% of this root canal configuration was observed in lower second molars, 

occurring more frequently in females (n=45, 64.29%). 45.65% of the cases that 

presented C-shaped canals were bilateral and the most frequent configuration 

was C3 (n=401, 66.63%) according to the Melton classification.

Conclusion: The C-shaped canals of the mandibular molars in the 

studied population were observed mainly in second molars, showing a 

clear predilection among females and a high percentage of bilaterality. The 

presence of fused roots significantly increases the possibility of finding this 

type of root configuration.
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raíces fusionadas. El 95.7% de esta configuración de 

conductos fue observada en segundos molares inferiores, 

presentándose con mayor frecuencia en mujeres (n=45, 

64.29%). El 45.65% de los casos que presentaron conductos 

en C se manifestaron bilateralmente y la configuración más 

frecuente observada fue la C3 (n=401, 66.63%) según la 

clasificación de Melton

Conclusión: Los conductos en forma de C de los molares 

mandibulares en la población estudiada fueron observados 

principalmente en segundos molares, marcando una clara 

predilección por el sexo femenino y un alto porcentaje de 

bilateralidad. La presencia de raíces fusionadas aumenta 

significativamente la posibilidad de encontrar este tipo de 

configuración radicular.

PALABRAS CLAVE: 

Conductos en C; tomografía computarizada de haz cónico; 

molares; endodoncia; anatomía; prevalencia

RESUMEN:  

Objetivo: El objetivo del presente estudio fue determinar, 

por medio de tomografía computarizada de haz cónico, 

la prevalencia, demografía y configuración radicular de 

los conductos en forma de C de molares inferiores en la 

población de la Región Metropolitana, Chile. 

Material y Métodos: 912 molares (456 primeros y 

456 segundos molares) resultantes del análisis de 228 

tomografías mandibulares fueron evaluados. Mediante 

una reconstrucción panorámica y cortes tomográficos 

axiales se estableció la configuración radicular, clasificando 

la presencia y tipo de conducto por medio del análisis de 

5 cortes a lo largo de la raíz. Los datos fueron analizados 

estadísticamente con un intervalo de confianza del 5%. 

Resultados: De los 912 molares analizados, 70 fueron 

clasificados como conductos en forma de C (7.68%), corres-

pondiendo al 58.33% de aquellos molares que presentaron 

INTRODUCTION.
Knowing the internal anatomy of teeth plays a key 

role in endodontic therapy. The great variability of 
the root canal system (RCS) means that treatment 
planning, based on the knowledge of tooth anatomy, 
increases the possibilities of encompassing and 
treating these variations and thus performing 
endodontic treatments with a high success rate.1

C-shaped canals correspond to an anatomical 
variation that occurs mainly in lower molars and 
premolars.2 Their name derives from the shape that 
the root canals present when they join partially or 
totally and are observed in a cross section. This 
anomaly originates during odontogenesis and is 
caused by a failure of Hertwig's epithelial sheath, 
on its buccal and/or lingual surface, causing a cleft 
that leaves a small thickness of dental tissue in its 
internal portion.3 

This area of smaller thickness and the charac-
teristic shape of these canals pose a challenge 
for the clinician since, in addition to having to 
maximize efforts to achieve complete cleaning 
and/or desinfection of the RCS, they must consider 
these thin walls during the canal shaping to avoid 
accidental comunication with the periodontium.3,4,5

C-shaped canals were initially classified by 
Melton et al.,6 who established three categories: 
continuous, semicolon, and discrete separation of 
the canals. Over the years, Fan et al.,7 redefined 
this classification, taking into consideration that 
C-shaped canals may vary along their length. With 
this, two categories are added to those already 
described initially: single canal (round or oval) and 
non-observable canal (generally in areas close to 
the apex).

The initial planning of root canal treatment is a 
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key process, especially in complex cases.8 Although 
conventional retro-alveolar radiography provides 
important data and is routinely used in endodontic 
treatment, in complex configurations, such as 
C-shaped canals, it is not capable of providing 
detailed data to perform an effective treatment.9 
The use of cone beam computed tomography 
(CBCT) is an essential tool for the treatment of 
this type of canals, as it allows the clinician to do 
a complete and three-dimensional study of the 
anatomical complexities of the RCS.10

The widespread use of CBCT has made it possible 
to analyze C-shaped canals on a larger scale and with 
a greater degree of precision, obtaining relevant 
data on the prevalence and configuration of this 
type of canal in various parts of the world. Global 
studies report important differences in relation to 
the prevalence of this anatomical variation, with 
values ranging from 6.8% in the Brazilian population 
to 44% in the Chinese population, with an average 
world prevalence of 13.9%.11 On the other hand, 
Martins et al.,2 report a global prevalence of 12%, 
with values ranging between 8.9% in the European 
population and 43.1% in the Asian population.

Although there is a significant number of studies 
on the prevalence of C-shaped canals around the 
world, literature on this type of canals in the South 
American population is scarce, mostly limited to the 
Brazilian population. Taking this into consideration, 
the aim of the present study is to analyze the 
prevalence and configuration of C-shaped canals,  
by means of cone beam computed tomography, in 
the population of the Metropolitan Region, Chile.

 
MATERIALS AND METHODS.
This descriptive cross-sectional and obser-

vational study was approved by the Scientific 
Ethics Committee of the School of Dentistry of 
Universidad Andrés Bello, Viña del Mar, Chile, 
under resolution 80-21.

The sample size was determined using the known 
population formula, obtained from the national 
statistics registry12 using 95% confidence and 5% 
significance. The expected prevalence of C-shaped 

canals was 10.6%, obtained from the study by 
Tassoker et al.,13 determining a sample size of 228 
patients.

Imaging Analysis
The sample used in this study was obtained 

from the Imaging Center at Universidad Andrés 
Bello, Santiago. All CBCT with bilateral presence 
of lower first and second molars and complete root 
formation taken between 2014 and 2019 were 
considered in the study. All CBCT that showed 
endodontically treated lower molars, signs of root 
resorption, intracanal calcification or artifacts that 
prevented correct visualization were excluded. For 
the final selection of the sample, a simple random 
sampling was used until obtaining the 228 CBCT 
needed for the study.

Image management was performed with iCAT 
Vision software (Imaging Sciences International, 
Hatfield, United States), in a darkened room with 
regulated brightness and contrast. The imaging 
analysis was performed by a previously calibrated 
operator using Cohen's Kappa test. For calibration, 
10 CBCT were selected, which were analyzed 
and classified by a radiologist and then analyzed 
by the operator in two stages. Subsequently, the 
results were compared between the radiologist 
and the operator to determine the intra-operator 
agreement.

The methodology proposed by Nejaim et al.,14 

was used for the analysis of root configuration, 
presence and type of C-shaped canal. By means 
of a 20.4 mm thick panoramic reconstruction, 
obtained from the CBCT of each patient, the root 
configuration was analyzed, classifying the molars 
according to their morphology (Figure 1).

The presence of C-shaped canals was evaluated 
at five points at root level. These levels were pre-
established by means of standardized sections 
from a multiplanar reconstruction in an axial view 
(Figure 2A), classifying each section according 
to the classification proposed by Melton et al.,6 

(Figure 2B). 
The configuration of the canals was considered 

as C-shaped when simultaneously presenting root 
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fusion, a longitudinal groove on the lingual or 
buccal surface, and at least one of the 5 axial cuts 
classified as C1 or C2.

Data analysis plan
The descriptive statistics of the variables was 

carried out through an exploratory analysis of 
the data. The proportions test was used for the 
comparison of prevalence. The data obtained 
were analyzed using Stata 11.2 statistical software 
(StataCorp LLC, Texas, United States) with a 
significance level of 5%.

RESULTS. 
The results of the intra-operator calibration 

were optimal, with a value of 0.85 and 0.95 for 
the parameters analyzed. Of a total of 912 molars 
analyzed, 70 presented a C-shaped configuration, 
which corresponds to 7.68% of the analyzed 
sample. When analyzing all the C-shaped canals 
found, it was observed that 95.7% (n=67) occurred 
in second molars. Regarding the distribution by 
gender, a significant prevalence was observed in 
females (Table 1).

In relation to the distribution by age groups, the 
highest proportion of C-shaped canals were found 
in the range of 15-24 years old (8.33% CI95% 
[6.96-11.06]) followed by those in the range of 25-
34 years old (7.42% CI95% [4.53-11.35]) (Figure 3). 

A lower proportion of C-shaped canals was 
observed in the 35-44 and 45-80 age ranges; 
however, despite the differences, age did not show 
statistically significant values for any of the groups 
(p>0.05). 

Of the total number of patients who presented 
C-shaped canals, it was observed that 21 of them 
did so bilaterally (45.65% CI95% [30.90-60.99]). 
Among these, eight were male and 13 were female, 
a proportion without significant statistical value 
(p=0.1230).

When analyzing the root configuration of molars 
that presented C-shaped canals, it was observed 
that 100% of the cases presented some degree of 
root fusion (Table 2), showing a marked prevalence 
of the C3 type configuration according to the 
Melton classification. (Table 3).

Figure 1. Classification of root configuration in panoramic reconstruction. 

NFR I: Parallel or divergent unfused roots; NFR II: convergent non-fused roots; FRI: conical roots fused with mesial and distal 
canals converging apically; FR II: conical roots fused with both mesial and distal independent canals up to the foramen; FR III: 
fused conical roots with distal canal curved towards a radiolucent line on its way to the apex and the longest mesial canal towards 
the apex independently; and SS: a conical root fused with a single root canal. (Image obtained from Nejaim et al., 2020)

NFR I NFR II FR I FR II FR III SS
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Figure 2. A Cut-off points established to classify C-shaped canals 
and Melton's classification for C-shaped canals.

a: 2 mm below the entrance of the canals (considered from 
the pulp chamber floor observed in the middle part of the 
tooth in the bucco-lingual direction). 
b: mean distance between a and c. 
c:2 mm above the anatomical apex; 
d: average distance between a and b; and 
e: average distance between b and c. 
(Image obtained from Nejaim et al., 2020)

A: C1, "C" continuous; B:  C2, Semicolon; C and D:  C3, single canal or 2 semicircular canals independent of each other. 
(Image obtained from Peña-Bengoa et al., 2021)

A CB D

a

b
d

e

c

Figure 3. Distribution of lower molars classified as C-shaped according to age range.
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Table 2. Distribution of molars with C-shaped canals according to root configuration.

Gender	 Total	 Percentage (%)	 CI95%Male	

25	 35.71	 24.61 – 48.07

Female	 45	 64.29	 51.93 – 75.39

Total	 70	 100.00	

Table 1. Distribution by gender of lower molars classified as C-shaped.

CI: Confidence interval

NFR I: Parallel or divergent unfused roots; NFR II: convergent non-fused roots; FR I: conical roots fused with mesial and distal canals converging 
apically; FR II: conical roots fused with both mesial and distal independent canals up to the foramen; FR III: fused conical roots with distal canal 
curved towards a radiolucent line on its way to the apex and the longest mesial canal towards the apex independently; SS: a conical root fused 
with a single root canal. CI: Confidence interval.

Root	 Analyzed 	 C-shaped	 Percentage with respect 
Configuration	 Samples	 canals	 to the number of analyzed 

			   samples [%] (CI95%)

NFRI	 527	 0	 0

NFRII	 265	 0	 0

FRI, FRII, FRIII, and SS	 120	 70	 58.33 (48.98 – 67.26)

Total	 912	 70	 7.68 (6.06 – 9.60)

Type		  a	 b	 c	 d	 e	 Total

C1	 Number	 48	 28	 4	 43	 8	 131

	 Percentage (%)	 40.00	 23.33	 3.33	 35.83	 6.67	 21.83

C2	 Number	 17	 19	 3	 20	 9	 68

	 Percentage (%)	 14.17	 15.83	 2.50	 16.67	 7.50	 11.33

C3	 Number	 55	 73	 3	 57	 103	 401

	 Percentage (%)	 45.83	 60.83	 94.17	 47.50	 85.83	 66.63

Total	 Number	 120	 120	 120	 120	 120	 600

	 Percentage (%)	 100.0	 100.0	 100.0	 100.0	 100.0	 100.0

Table 3. Configuration of C-shaped canals at the different levels observed in the axial cuts.

NFR I: Parallel or divergent unfused roots; NFR II: convergent non-fused roots; FR I: conical roots fused with mesial and distal canals converging 
apically; FR II: conical roots fused with both mesial and distal independent canals up to the foramen; FR III: fused conical roots with distal canal 
curved towards a radiolucent line on its way to the apex and the longest mesial canal towards the apex independently; SS: a conical root fused 
with a single root canal. CI: Confidence interval.
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DISCUSSION.
Studies in relation to C-shaped canals show the 

importance of knowing this type of configuration 
and the impact that they can have on daily 
practice depending on the geographical location. 
Important differences regarding prevalence and 
configuration can be observed between Western 
and Eastern countries.2,11

The prevalence of C-shaped canals obtained in 
the present study was 7.68%, a percentage lower 
than the world average determined by von Zuben 
et al.,11 who reported a value of 13.9% in 2017. 
However, when comparing the results from this 
study with others carried out in South America, 
it can be observed that they do not differ greatly 
from the average 6.8% reported in Brazil.11 On 
the other hand, when comparing these results 
with other studies carried out in Chile, values 
of 10.93%,15 8.93 %,16 and 7.57%17 have been 
reported depending on the subpopulation studied. 
These differences in the results can be attributed 
to variables in the methodology and to ethnic 
and/or migratory aspects, considering the current 
heterogeneity of the resident population in the 
different regions of the country.

Although the literature shows that this root 
configuration can occur in premolars, it is most 
frequently observed in molars.2,11,18 In this study, 
95.7% of the C-shaped canals were observed in 
lower second molars. This higher prevalence of 
second molars has also been reported in studies 
carried out in Brazil,12 Saudi Arabia,18 Israel,19 and 
Portugal,20 among others. On the other hand, 
when analyzing the results obtained regarding the 
prevalence by gender, a significant predilection 
among females was observed, a trend that has also 
been reported in the global studies conducted by 
von Zuben et al.,11 and Martins et al.2

In relation to age distribution, the group between 
15-24 years old had the highest proportion of 
C-shaped canals, followed by the 25–34-year-
old group. This can be explained by the fact that 
tooth loss and the progressive obliteration of the 
canals are greater as age increases,21,22 reasons 

for which, considering the inclusion criteria of this 
study, would reduce the possibility of being part 
of the sample.

The bilaterality of C-shaped canals found in this 
study was 45.65%, a value similar to other reported 
in Brazil9 and Saudi Arabia.23 However, it presents 
important differences with studies carried out 
in countries such as Mexico24 and China,25 with 
values of 60% and 81%, respectively. This can 
be attributed to the fact that in these countries 
there is a higher prevalence of C-shaped canals, 
which could mean an increase in the expression of 
bilaterality.

In the present study, all C-shaped canals were 
found in molars with some degree of root fusion. 
These results agree with the studies by Sönmez 
Kaplan et al.,26 and Shemesh et al.,19 who, as in the 
present study, observed all the C-shaped canals 
in roots with some degree of fusion. Results such 
as these should alert the clinician to pay special 
attention when observing or suspecting a molar 
with some degree of root fusion since, according to 
the results reported by Nejaim et al.,14 molars with 
fused roots are 17.2 times more likely to present 
C-shaped canals in relation to unfused roots.

When analyzing the configuration of the 
C-shaped canals along the root path, it was 
possible to observe that these present variations. 
However, the type C3 configuration was the most 
frequently observed, followed by C1 and C2. This 
distribution in the configuration of the C-shaped 
canals is consistent with other studies that report 
a higher prevalence of the C3 configuration over 
the other types.26,19,14

 CONCLUSION.
C-shaped canals of lower molars in the studied 

population were observed mainly in second molars, 
showing a clear predilection for females and a high 
percentage of bilaterality. The presence of fused 
roots significantly increases the possibility of finding 
C-shaped canals.
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