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Abstract 

Objec�ves: The anatomy of root canals is so complex that in many cases it is not sufficient to take an 
intraoral radiograph to diagnose the number and shape of root canals. Therefore, Cone Beam Computed 
Tomography (CBCT) facilita�ng diagnosis and treatment planning in endodon�cs is gaining more and 
more importance. Radix entomolaris is an extra root which is found in mandibular molars and located 
distolingually. C-shaped canal is most commonly found in mandibular second molars and can differ 
significantly in shape from the typical anatomy of lower molars. The aim of the study was to evaluate the 
correla�on between presence of radix entomolaris in mandibular first molars and presence of C-shaped 
mandibular second molars in Taiwanese students based on CBCT scans. 

Methods: The material consisted of 19 CBCT examina�ons taken in the Department of Dental and 
Maxillofacial Radiodiagnos�cs of the Medical University of Lublin. 
Results: Among 19 CBCT examina�ons 5 cases of coexistence of addi�onal root and C- shaped canals 
were found. Up to 80.0% of cases were bilateral. In the studied sample there was high coincidence of 
radix entomolaris in mandibular first molars and C-shaped mandibular second molars.  

Conclusion: Knowledge of this correla�on will prevent diagnos�c errors during endodon�c and surgical 
treatment planning. 
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Introduction 

Dental practitioners are aware of 
anatomical variations of dental 
roots and root canals. The 
anatomy of root canals is so 
complex that in many cases it is 
not sufficient to take an intraoral 
radiograph before planning 
endodontic treatment [1]. The 
number of Cone Beam Computed 
Tomography (CBCT) scans is 
increasing year by year. This novel 
diagnostic method is effective to 
reveal anatomical variation of 
teeth and coexistence of different 
variants [2]. CBCT examination 
allows to analyze a case in three 
dimensions: axial, coronal and 
sagittal. Being highly exposed to 
caries, the molars in particular 
have a higher demand for root 
canal treatment [3]. Lack of 
knowledge of its diversity may 
lead to endodontic failures such as 
broken endodontic instruments, 
perforations, instrument 
separation and apical 
displacement, injuries of periapical 
tissues, underfilling and overfilling 
of root canals and serious oral 
health problems, for example: 
internal resorption, abscesses, 
cysts, chronic periapical 
inflammation, pathological 
fractures and tooth loss [3-5]. 

For deeper understanding of the 
root anatomy Vertucci suggested 
root canal morphology 

classification, in which the 
following eight types can be 
distinguished [6]: 

Type I- a single canal extends from 
pulp chamber to the apex 

Type II- two separate canals leave 
the chamber of the pulp and join 
short of the apex to form single 
canal 

Type III- one canal leaves the pulp 
chamber, divides into two within 
the root, and then joins to exit as 
one canal 

Type IV- two separate and distinct 
canals extend from the pulp 
chamber to the apex 

Type V- single canal leaves the 
pulp chamber and divides short of 
the apex into two separate and 
distinct canals with separate apical 
foramina 

Type VI- two separate canals leave 
the pulp chamber, merge in the 
body of the root, and redivide 
short of the apex to exit as two 
distinct canals 

Type VII- one canal leaves the pulp 
chamber, divides and then rejoins 
within the body of the root, and 
finally redivides into two distinct 
canals short of the apex  

Type VIII- three separate and 
distinct canals extend from the 
pulp chamber to the apex 

The first mandibular molars 
commonly have 2 roots and 3 to 4 
canals [1] but in 1844 Carabelli 
noticed a common occurrence of a 
third root in these teeth [7, 8]. 

In most cases the extra root is 
located distolingually, and is called 
radix entomolaris (EM) [1, 9]. If the 
root is located mesiobuccally, it is 
called radix paramolaris [8]. 
Previous studies showed that 
Chinese, Japanese, Korean and 
Taiwanese populations are more 
predisposed occurence of the first 
mandibular molars with the extra 
root in comparison to Europeans 
(frequency of an additional root in 
Taiwanese is around 24%, while in 
German is less than 4%) [10, 11]. 
Presence of an accessory root in 
mandibular first molars requires 
careful examination of CBCT scans 
[7]. 

The second mandibular molars 
usually have 2 roots and 3 canals 
[12]. It is possible to find the ‘C’ 
shaped canal configuration in 
these teeth [13]. This is an 
anatomical variation of root canal 
system and shape and its diagnosis 
is challenging based on 
conventional radiographs only. 
Depending on the population, C-
shaped mandibular second molar 
canals may occur with various 
percentages (from 2.7 to 44.5%) 
[14-16]. It is widely known that 
most cases with this configuration 
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are found in the population of Asia 
[14, 17-21]. 

According to studies, C-shaped 
root canals were located most 
frequently in the second 
mandibular molars [21, 22]. 

In 1991 Melton et al. [23] 

proposed the classification of C-
canals based on their cross-
sectional shape. It distinguished 
three types of appearance of C-
shaped canals:  

Category 1- the continuous C-
shaped canal 

Category 2- “semicolon” shaped 
canal (dentin separated one 
distinct canal from a buccal or 
lingual C-shaped canal) 

Category 3- two or more discrete 
and separate canals  

In 2004 Fan et al. [20] using micro-
computed tomography 

demonstrated modified Melton’s 
classification and divided C-canals 
into five following categories:  

Category I (C1) - the uninterrupted 
“C” shape of the canal with no 
division or separation (Fig. 1a) 

Category II (C2)- the canal shape 
similar to “semicolon” resulting 
from a discontinuation of the “C” 
outline, but either angle ⲁ or ꞵ 
(Fig. 2) should be no less than 60° 
(Fig. 1b) 

Category III (C3)- two or three 
separate canals and both angles, ⲁ 
and ꞵ (Fig. 3), were less than 60° 
(Fig. 1c, 1d) 

Category IV (C4)- only one round 
or oval canal in that cross-section 
(Fig. 1e) 

Category V (C5)- no canal lumen 
could be observed (which was 

usually seen near the apex only) 
(Fig. 1f) 

CBCT is one of the best diagnostic 
modality which can be used to 
evaluate complexity of the root 
canal system [4, 21]. Without a 
doubt it is easier to visualize root 
canal anatomy due to using 3-
dimensional (3D) images [24]. 
CBCT helps to identify canal 
morphology, numbers of canals 
and their relative positions [9, 24-
30]. It is especially helpful in 
evaluating canals in teeth with 
radix ento- or paramolaris [24]. 

The aim of the study was to 
estimate the correlation between 
presence of radix entomolaris in 
mandibular first molars and 
presence of C-shaped root canals 
in mandibular second molars in a 
sample of CBCT scans of 
Taiwanese individuals. 
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Fig. 1 - Classifica�on of C-shaped canal configura�on by Fan et al. [35]. 
Diagrams drawn according to the paper by Fan et al. [35]. 

 

 
 

Fig. 2 - Measurement of angles for the type C2. Angle ꞵ is more than 
60°. (A and B) - ends of one canal cross-sec�on; (C and D) - ends of the 
other canal cross-sec�on; M - middle point of line AD; α - angle 
between line AM and line BM; ꞵ - angle between line CM and line DM 
[35].  Diagrams drawn according to the paper by Fan et al. [35]. 

 

 

Fig. 3 - Measurement of angles for the C3 canal. Both angle α and angle ꞵ are less than 60°. (A and B) - ends of one canal cross-sec�on; (C and D) 
- ends of another canal cross-sec�on; M - middle point of line AD; α - angle between line AM and line BM; ꞵ - angle between line CM and line 
DM [35].  Diagrams drawn according to the paper by Fan et al. [35]. 
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Methods 

Nineteen consecutive CBCT 
examinations retrieved from the 
database of the Department of 
Dental and Maxillofacial 
Radiodiagnostics, Medical 
University of …. were analyzed in 
order to assess the anatomy of the 
mandibular first and second 
molars. In the study group only 
teeth that meet the following 
criteria were included: 

• mature (those at the stage 
H according to Demirijan's 
tooth formation stages) 

• without any features of 
inflammation 

• with no capping and 
motion artifacts (well 
taken CBCT scans) 

• with any pathologies in the 
interested region  

• without root canal 
treatment. 

The examinations were taken with 
the use of VistaVoxS CBCT X-ray 
machine (Dürr Dental, Germany) 
with FOV size 130x85mm. The 
study group included eleven 
women and eight men, aged 21-53 
years (mean 27.6). Only 
examinations of Taiwanese 
patients were evaluated. CBCT 
scans were analyzed in 
multiplanar reconstructions 
(MPR): coronal, axial and sagittal, 

by means of VistaSoft software on 
diagnostic radiological medical 
monitor Barco Coronis Fusion 4 
MP (MDCC-4430, Belgium). The 
axial scans were used to evaluate 
root canals and configuration of 
roots in first and second 
mandibular molars. Presence of 
radix entomolaris in first 
mandibular molars and C-shaped 
root canal configuration in second 
mandibular molars was noted. The 
next step was to assess correlation 
between presence of radix 
entomolaris in mandibular first 
molars and presence of C-shaped 
root canals configurations in 
mandibular second molars. 
 
Results 
 
Among 38 first mandibular molars 
13 teeth with radix entomolaris 
were found (34.2%)  
(Tab. 1). Six cases were observed 
on the right side (46.2%) and 
seven on the left (53.8%). In five 
patients the occurrence was 
bilateral (Tab. 2). The gender 
predominance in occurrence of 
radix entomolaris was not noticed; 
six cases were found in women 
and seven in men (46.2%/53.8%). 
In all cases only a single root canal 

was found in the supernumerary 
root.Among 37 (one tooth was 
missing - no data in history of the 
patient) second mandibular 
molars, 21 teeth with C-shaped 
configuration of root canals were 
found (56.8%) (Tab. 1). Almost all 
finds were bilateral (10 people) 
(Tab. 2). Twelve cases were found 
in women (57.1%) and nine cases 
in men (42.9%). Table 3 presents 
the frequency of particular types 
of C-shaped canals in mandibular 
second molars. 
Eventually, among all cases with 
radix entomolaris (36, 46) and C-
shaped root canals (37, 47) we 
found 5 cases with both unusual 
anatomy (Tab. 4). Four cases 
presented bilateral occurrences of 
radix entomolaris and C-shaped 
root canals (80.0%). One case was 
partially bilateral (36 with radix, 46 
without radix but 37 and 47 with 
C-shaped) (Tab. 5). Three cases 
were found in women and two in 
men. In men all cases were 
bilateral. Figures 4-6 present axial 
views of patients with radix 
entomolaris and C-canals. 
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Table 1 
Prevalence of radix entomolaris in mandibular first molars (n=38) and C-shaped canals in mandibular second molars (n=37) examined in terms of 
presence. 

 

Radix entomolaris n % 

Present 13 34.2 

Absent 25 65.8 

 

C- shaped canals n % 

Present 21 56.8 

Absent 16 43.2 
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Table 2 
Prevalence of radix entomolaris in mandibular first molars (n=13) and C-shaped canals in mandibular second molars (n=21) examined in terms of 
lateralisa�on. 

 

Radix entomolaris n % 

Unilateral 3 23.1 

Bilateral 10 76.9 

 

C-shaped canals n % 

Unilateral 1 4.8 

Bilateral 20 95.2 

 

Table 3  
Prevalence of par�cular types of C-shaped canals in mandibular second molars (n=21). 

 

Type of C-

shaped 

canal 

C1 C2 C3 C4 C5 

n 4 6 11 0 0 
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Table 4 
Prevalence of coexistence of radix entomolaris in mandibular first molars and C-shaped canals in mandibular second molars in pa�ents in terms 
of presence (n=19). 

 

Radix entomolaris and C-

shaped canals 

n % 

Present 5 26.3 

Absent 14 73.7 

 

Table 5 
Prevalence of coexistence of radix entomolaris in mandibular first molars and C-shaped canals in mandibular second molars in pa�ents in terms 
of lateralisa�on (n=5). 

 

Radix entomolaris and C-

shaped canals 

n % 

Unilateral 1 20.0 

Bilateral 4 80.0 
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Fig. 4a - CBCT axial view- bilateral occurrence of  C-shaped canals in teeth no. 37 (C2), 47 (C1), unilateral presence of radix entomolaris in tooth 
no. 36. 

 

Fig. 4b - Panoramic radiograph - no radiological signs of radix entomolaris and C-shaped configura�on of root canals in the mandibular molars. 
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Fig. 5a - CBCT axial view- bilateral occurrence of C-shaped canals in teeth no. 37 (C3), 47 (C2) and bilateral occurrence of radices entomolaris in 
teeth no. 36, 46.  

 

Fig. 5b - Panoramic radiograph - no radiological signs of radix entomolaris and C-shaped configura�on of root canals in the mandibular molars. 
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Fig. 6a - CBCT axial view- bilateral occurrence of C-shaped canals in teeth no 37 (C2), 47 (C2) and bilateral occurrence of radices entomolaris in 
teeth no. 36, 46.  

 

 
Fig. 6b - Panoramic radiograph - no radiological signs of radix entomolaris and C-shaped configura�on of root canals in the mandibular molars. 
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Discussion 
 
The statement that the most 
common or typical morphology of 
the first mandibular molar is the 
two-rooted configuration is often 
challenged. There are many 
factors that affect the results of 
research studies. First and the 
most important is the population 
group, second is the type of 
examination that we rely on. 
 
Our study revealed that among 38 
first mandibular molars 34.2% had 
an accessory distolingual root, 
which is similar to prevalence 
reported with the use of CBCT by 
Zhang et al. (29.0%) in Taiwanese 
population [31]. On the contrary, 
the occurrence of the radices 
entomolares reported by Ming-
Gene et al. [32] was lower in 
Taiwanese population (21.09%) 
compared to the results of this 
study. The obtained results might 
have been biased by using only 2D 
examinations (periapical 
radiographs) which are not as 
precise as CBCT in demonstrating 
three-dimensional anatomy of 
teeth. Prevalence of an accessory 
distolingual root was 22.8% in the 
Korean population based on CBCT 
scans, which is close to our 
findings [33]. 
 

On the other hand, a study by 
Rahimi et al. [22] on Iranian 
population using CBCT showed a 
prevalence of 3.10% with an extra 
distolingual root, which is 
significantly less than our results. 
The prevalence of radix 
entomolaris in the first mandibular 
molars among Saudi 
subpopulation was low (4.2%) [1]. 
The present study detected more 
radices entomolares among men 
(53.8%) but in Saudi 
subpopulation more three-rooted 
mandibular first molars were 
found in women (61.9%) than in 
men (38.1%) [1]. These results are 
in agreement with the study 
conducted on Taiwanese 
population by Ming-Gene et al. 
(57.14% for women) [32]. 
However, there were no 
significant differences in the 
prevalence of radix entomolaris in 
mandibular first molars between 
men and women [1, 22, 34]. 
The numbers of bilateral cases 
were lower in Saudi (32.3%) [1], 
Iranian (33.3%) [22] and Korean 
(17.64%) [33] subpopulations in 
comparison to our study in a 
sample of Taiwanese individuals 
(76.0%). Present findings are 
consistent with results by Ming-
Gene et al. [32], who also 
examined Taiwanese population 
(68.57% bilateral cases).  

According to our findings, the 
prevalence of the accessory 
distolingual radix in the first 
mandibular molars is comparable 
on both the right (46.2%) and left 
(53.8%) side. 
More radices entomolares were 
found on the right side in 
Malaysian (54.4%) [34] and Turkish 
(60.0%) subpopulations [35]. In 
agreement with these studies, Sin-
Young Kim et al. [33] and Ming-
Gene et al. [32] reported more 
radices entomolares detected on 
the right side. 
One of the unusual forms of root 
canal configuration are the C-
shaped canals, which are mostly 
found in mandibular second 
molars because these teeth are 
prone to root fusion [34]. 
In our study based on Taiwanese 
patients more than a half had C-
shaped canals (56.8%) that is 
comparable to Malaysian 
subpopulation (48.7%) [34]. 
Findings reported by Zhang et al. 
[31] indicate that the Chinese 
population also has a high 
prevalence of C-shaped second 
mandibular molars (29% C-canals 
in 157 examined teeth). C-canals 
are not often found in Caucasian 
populations [31]. Studies in Iranian 
population indicated a relatively 
low appearance of C-shaped root 
canals in second mandibular 
molars (17.6% by Madani et al.[4] 
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and 9.2% by Donyavi et al. [3] 
Shemesh et al. [2] reported even 
lower prevalence of C-canals in 
Israeli population (4.6%). Similarly, 
the prevalence of C-shaped root 
canals in mandibular second 
molars in Turkish subpopulation 
was low (10.7% in study by Kaplan 
et al. [36], 10.6% by Helvacioǧlu-
Yiǧit et al. [37] and 8.0% by Cimilli 
et al. [38]. 
According to previous studies, 
there is no significant difference 
between genders and prevalence 
of C-shaped canals [2, 12], 
whereas the present study 
reported that more C-canals were 
found in women (57.1%). Our 
results are similar to studies in 
Malaysian and Iranian population 
[4, 34] and consistent with the 
results in Turkish subpopulation 
reported by Kaplan et al. [36]. 
Bilateral occurrence of C-shaped 
canals was present almost in all 
cases (95.2%) in contrast to Israeli 
population that has prevalence of 
asymmetry (55.0% unilateral 
cases) [2]. Kaplan et al. [36] also 
reported a lower percentage of 
bilateral C-shaped root canals in 
the second mandibular molars in 
Turkish subpopulation, which was 
50%. On the other hand, findings 
by Tassoker et al. [14] showed a 
comparable percentage of 
symmetrical presence of C-canals 
in the second mandibular molars 
(88%) as in our study. 

The present study reported that 
the coexistence of C-canals in 
mandibular second molars and 
radix entomolaris in first 
mandibular molars is more 
frequent in Taiwanese population 
(26.3%). In the majority of our 
cases there was bilateral 
occurrence of both C-shaped root 
canals and radices entomolares 
(80.0%) and there is no significant 
correlation between them and 
gender of the patients.  
The main limitation of our study 
was a small examined sample but 
more advanced research is 
planned with more CBCT 
examinations included. 
 
Conclusions 
 
The results of this study revealed a 
high percentage of coexistence 
between presence of radix 
entomolaris in mandibular first 
molars and C-shaped mandibular 
second molars in a sample of CBCT 
scans in Taiwanese individuals. 
 
 
List of abbreviations: 
CBCT - Cone Beam Computed 
Tomography 
 
Conflicts of interest:  
There is no conflicts of interest 
 
References 
 

1. Al-Alawi H, Al-Nazhan S, Al-
Maflehi N. The prevalence of radix 
molaris in the mandibular first 
molars of a Saudi subpopulation 
based on cone-beam computed 
tomography. Restor Dent Endod. 
2020;45(1):e1, doi: 
10.5395/rde.2020.45.e1. 
 
2. Shemesh A, Levin A, 
Katzenell V. C-shaped canals - 
prevalence and root canal 
configuration by cone beam 
computed tomography evaluation 
in first and second mandibular 
molars - a cross-sectional study. 
Clin Oral Invest. 2017;21(6):2039-
2044, doi: 10.1007/s00784-016-
1993-y.  
 
3. Donyavi Z, Shokri A, 
Khoshbin E. Assessment of root 
canal morphology of maxillary and 
mandibular second molars in the 
Iranian population using CBCT. 
Dent Med Probl. 2019;56(1):45–
51, doi: 10.17219/dmp/101783. 
 
4. Madani Z, Mehraban N, 
Moudi E. Root and Canal 
Morphology of Mandibular Molars 
in a Selected Iranian Population 
Using Cone-Beam Computed 
Tomography. Iran Endod J. 
2017;12(2):143-8, doi: 
10.22037/iej.2017.29. 
 
5. Yousuf W, Khan M, Mehdi 
H. Endodontic Procedural Errors: 

http://dentistry3000.pitt.edu/
https://doi.org/10.5395/rde.2020.45.e1


Correla�on between presence of re and c-shaped canals  
   
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.361 

 htp://den�stry3000.pit.edu 

Frequency, Type of Error, and the 
Most Frequently Treated Tooth. 
Int J Dent. 2015;2015:673914, doi: 
10.1155/2015/673914. 
 
6. Versiani MA, Basrani B, 
Sousa-Neto MD. The Root Canal 
Anatomy in Permanent Dentition. 
1st Edition, Springer, Cham 2019: 
47-48, doi:10.1007/978-3-319-
73444-6. 
 
7. Sarangi P, Uppin VM. 
Mandibular first molar with a radix 
entomolaris: an endodontic 
dilemma. J Dent. 2014,11(1):118-
122. 
 
8. Vasudeva A, Sinha DJ, Tyagi 
N. The Concurrence of Radix 
Paramolaris and C Shaped Root 
Canal Anatomy in Adjacent Teeth: 
A Rare Finding. J Dent App. 
2015;2(7):261-263. 
 
9. Strmšek L, Štamfelj I. 
Morphometric analysis of three-
rooted mandibular first molars in a 
Slovene population: a macroscopic 
and cone-beam computed 
tomography analysis. Folia 
Morphol. 2022;81(1):203-211, doi: 
10.5603/FM.a2021.0005. 
 
10. Wu YC, Cheng WC, Chung 
MP. Complicated Root Canal 
Morphology of Mandibular Lateral 
Incisors Is Associated with the 
Presence of Distolingual Root in 

Mandibular First Molars: A Cone-
beam Computed Tomographic 
Study in a Taiwanese Population. J 
Endod. 2018;44(1):73-79, doi: 
10.1016/j.joen.2017.08.027. 
 
11. Schäfer E, Breuer D, Janzen 
S. The Prevalence of Three-rooted 
Mandibular Permanent First 
Molars in a German Population. J 
Endod. 2009;35(2):202-205, doi: 
10.1016/j.joen.2008.11.010. 
 
12. Pawar AM, Pawar M, Kfir 
A. Root canal morphology and 
variations in mandibular second 
molar teeth of an Indian 
population: an in vivo cone-beam 
computed tomography analysis. 
Clin Oral Investig. 
2017;21(9):2801-2809. doi: 
10.1007/s00784-017-2082-6. 
 
13. Jafarzadeh H, Wu YN. The 
C-shaped root canal configuration: 
a review. J Endod. 2007;33(5):517-
523, doi: 
10.1016/j.joen.2007.01.005.  
 
14. Tassoker M, Sener S. 
Analysis of the root canal 
configuration and C-shaped canal 
frequency of mandibular second 
molars: a cone beam computed 
tomography study. Folia Morphol. 
2018;77(4):752-757, doi: 
10.5603/FM.a2018.0040. 
 

15. Wein FS, Pasiewicz RA, Rice 
RT. Canal configuration of the 
mandibular second molar using a 
clinically oriented in vitro method. 
J Endod. 1988;14(5):207-213, doi: 
10.1016/S0099-2399(88)80171-7. 
 
16. Jin GC, Lee SJ, Roh BD. 
Anatomical study of C-shaped 
canals in mandibular second 
molars by analysis of computed 
tomography. J Endod. 
2006;32(1):10-13, doi: 
10.1016/j.joen.2005.10.007. 
 
17. Kim SY, Kim BS, Kim Y. 
Mandibular second molar root 
canal morphology and variants in 
a Korean subpopulation. Int Endod 
J. 2016;49(2):136-144, doi: 
10.1111/iej.12437. 
 
18. Martins JNR, Mata A, 
Marques D. Prevalence of C-
shaped mandibular molars in the 
Portuguese population evaluated 
by cone-beam computed 
tomography. Eur J Dent. 
2016;10(4):529-535, doi: 
10.4103/1305-7456.195175. 
 
19. Wu YC, Cathy Tsai YW, 
Cheng WC. Relationship of the 
Incidence of C-shaped Root Canal 
Configurations of Mandibular First 
Premolars with Distolingual Roots 
in Mandibular First Molars in a 
Taiwanese Population: A Cone-
beam Computed Tomographic 

http://dentistry3000.pitt.edu/


Correla�on between presence of re and c-shaped canals  
   
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.361 

 htp://den�stry3000.pit.edu 

Study. J Endod. 2018;44(10):1492-
1499, doi: 
10.1016/j.joen.2018.05.016. 
 
20. Fan B, Cheung GS, Fan M. 
C-shaped canal system in 
mandibular second molars: Part I--
Anatomical features. J Endod. 
2004;30(12):899-903, doi: 
10.1097/01.don.0000136207.1220
4.e4.  
 
21. Shrestha S, Agrawal N, 
Vikram M. C shaped canal: 
Variation and Recommendations. 
JCMS Nepal. 2018;14(1):62-64, 
doi: 10.3126/jcmsn.v14i1.19125. 
 
22. Rahimi S, Mokhtari H, 
Ranjkesh B. Prevalence of Extra 
Roots in Permanent Mandibular 
First Molars in Iranian Population: 
A CBCT Analysis. Iran Endod J. 
2017;12(1):70-73, doi: 
10.22037/iej.2017.14. 
 
23. Melton DC, Krell KV, Fuller 
MW. Anatomical and Histological 
Features of C-Shaped Canals in 
Mandibular Second Molars. J 
Endod. 1991;17(8):384-388, doi: 
10.1016/S0099-2399(06)81990-4.  
 
24. Kamble AP, Pawar RR, 
Mattigatti S. Cone-beam 
computed tomography as 
advanced diagnostic aid in 
endodontic treatment of molars 
with multiple canals: Two case 

reports. J Conserv Dent. 
2017;20(4):273–277, doi: 
10.4103/0972-0707.219194. 
 
25. van der Vyver PJ, Vorster 
M. Radix Entomolaris: Literature 
review and case report. SADJ 
2017;72(3):113-117. 
 
26. Gu Y, Lu Q, Wang P. Root 
Canal Morphology of Permanent 
Three-rooted Mandibular First 
Molars: Part II—Measurement of 
Root Canal Curvatures. J Endod. 
2010;36(8):1341-1346, doi: 
10.1016/j.joen.2010.04.025. 
 
27. Gu Y, Zhou P, DIng Y. Root 
Canal Morphology of Permanent 
Three-rooted Mandibular First 
Molars: Part III—An Odontometric 
Analysis. J Endod. 2011;37(4):485-
490, doi: 
10.1016/j.joen.2011.01.013. 
 
28. Martins JNR, Marques D, 
Mata A. Root and root canal 
morphology of the permanent 
dentition in a Caucasian 
population: A CBCT study. Int 
Endod J. 2017;50(11):1013-1026, 
doi: 10.1111/iej.12724. 
 
29. Rodrigues CT, de Oliveira-
Santos C, Bernardineli N. 
Prevalence and morphometric 
analysis of three-rooted 
mandibular first molars in Brazilian 
subpopulation. J Appl Oral Sci. 

2016;24(5):535-542, doi: 
10.1590/1678-775720150511. 
 
30. Souza-Flamini LE, Leoni GB, 
Chaves JFM. The Radix 
Entomolaris and Paramolaris: A 
Micro–Computed Tomographic 
Study of 3-rooted Mandibular First 
Molars. J Endod. 
2014;40(10):1616-1621, doi: 
10.1016/j.joen.2014.03.012. 
 
31. Zhang R, Wang H, Tian YY. 
Use of cone-beam computed 
tomography to evaluate root and 
canal morphology of mandibular 
molars in Chinese individuals. Int 
Endod J. 2011;44(11):990-999, doi: 
10.1111/j.1365-
2591.2011.01904.x. 
 
32. Tu MG, Tsai CC, Jou MJ. 
Prevalence of Three-rooted 
Mandibular First Molars among 
Taiwanese Individuals. J Endod. 
2007;33(10):1163-1166, doi: 
10.1016/j.joen.2007.07.020.  
 
33. Kim SY, Yang SE. Cone-
Beam Computed Tomography 
Study of Incidence of Distolingual 
Root and Distance from 
Distolingual Canal to Buccal 
Cortical Bone of Mandibular First 
Molars in a Korean Population. J 
Endod. 2012;38(3):301-304, doi: 
10.1016/j.joen.2011.10.023. 
 

http://dentistry3000.pitt.edu/


Correla�on between presence of re and c-shaped canals  
   
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.361 

 htp://den�stry3000.pit.edu 

34. Pan JYY, Parolia A, Chuah 
SR. Root canal morphology of 
permanent teeth in a Malaysian 
subpopulation using cone-beam 
computed tomography. BMC Oral 
Health 2019;19(1):14, doi: 
10.1186/s12903-019-0710-z. 
 
35. Duman SB, Duman S, 
Bayrakdar IS. Evaluation of radix 
entomolaris in mandibular first 
and second molars using 
cone-beam computed tomography 
and review of the literature. Oral 
Radiol. 2020;36:320–326, doi: 
10.1007/s11282-019-00406-0. 
 
36. Kaplan SS, Kaplan T, Sezgin 
GP. Evaluation of C-shaped canals 
in mandibular second molars of a 
selected patient group using cone 
beam computed tomography: 
prevalence, configuration and 
radicular groove types. 
Odontology 2021;109:949-955, 
doi: 10.1007/s10266-021-00616-1. 
 
37. Helvacioglu-Yigit D, 
Sinagoglu A. Use of cone-beam 
computed tomography to evaluate 
C-shaped root canal systems in 
mandibular second molars in a 
Turkish subpopulation: a 
retrospective study. Int Endod J. 
2013;46(11):1032-1038, doi: 
10.1111//iej.12094. 
 
38. Cimilli H, Cimilli T, Mumcu 
G. Spiral computed tomographic 

demonstration of C-shaped canals 
in mandibular second molars. 
Dentomaxillofac Radiol. 
2005;34:164-167, doi: 
10.1259/dmfr/64778606. 
 
 

http://dentistry3000.pitt.edu/

	Results
	Among 38 first mandibular molars 13 teeth with radix entomolaris were found (34.2%)  (Tab. 1). Six cases were observed on the right side (46.2%) and seven on the left (53.8%). In five patients the occurrence was bilateral (Tab. 2). The gender predomin...
	Eventually, among all cases with radix entomolaris (36, 46) and C-shaped root canals (37, 47) we found 5 cases with both unusual anatomy (Tab. 4). Four cases presented bilateral occurrences of radix entomolaris and C-shaped root canals (80.0%). One ca...
	Discussion
	The statement that the most common or typical morphology of the first mandibular molar is the two-rooted configuration is often challenged. There are many factors that affect the results of research studies. First and the most important is the populat...
	Our study revealed that among 38 first mandibular molars 34.2% had an accessory distolingual root, which is similar to prevalence reported with the use of CBCT by Zhang et al. (29.0%) in Taiwanese population [31]. On the contrary, the occurrence of th...
	On the other hand, a study by Rahimi et al. [22] on Iranian population using CBCT showed a prevalence of 3.10% with an extra distolingual root, which is significantly less than our results. The prevalence of radix entomolaris in the first mandibular m...
	The present study detected more radices entomolares among men (53.8%) but in Saudi subpopulation more three-rooted mandibular first molars were found in women (61.9%) than in men (38.1%) [1]. These results are in agreement with the study conducted on ...
	The numbers of bilateral cases were lower in Saudi (32.3%) [1], Iranian (33.3%) [22] and Korean (17.64%) [33] subpopulations in comparison to our study in a sample of Taiwanese individuals (76.0%). Present findings are consistent with results by Ming-...
	According to our findings, the prevalence of the accessory distolingual radix in the first mandibular molars is comparable on both the right (46.2%) and left (53.8%) side.
	More radices entomolares were found on the right side in Malaysian (54.4%) [34] and Turkish (60.0%) subpopulations [35]. In agreement with these studies, Sin-Young Kim et al. [33] and Ming-Gene et al. [32] reported more radices entomolares detected on...
	One of the unusual forms of root canal configuration are the C-shaped canals, which are mostly found in mandibular second molars because these teeth are prone to root fusion [34].
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	Conclusions
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