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Abstract:

A case report is presented here of mandibular second molar requiring root canal treatment that has 

C-shaped canal configuration. This case demonstrates an uncommon anatomical condition and 

supplements previous reports of such cases affecting mandibular second molars. The case report 

underlines the importance of complete knowledge about root canal morphology and possible 

variations, coupled with full clinical and radiographic examination, in order to increase the ability of 

clinicians to treat difficult cases.

Introduction

A thorough knowledge of the root canal morphology 

is required for successful endodontic therapy. It is 

important to be familiar with variations in tooth 

anatomy and internal root morphology because 

such knowledge can aid location and negotiation of 

canals as well as their subsequent management.

One of the most important and confusing anatomic 

variations is the “C” configuration of the canal 

system. The “C” shaped canal was first documented 
1

in endodontic literature by Cooke and Cox in 1979 . 

It is so named for the cross sectional morphology of 

the root and root canal. Instead of having several 

discrete orifices, the pulp chamber of the C-shaped 

canal is a single ribbon-shaped orifice with 180 

degree arc or more, which in mandibular molars, 

starts at the mesiolingual line angle and sweeps 

around the buccal to the end at the distal aspect of 

the pulp chamber. Below the orifice level, the root 

structure can harbor a wide range of anatomic 

variation. Once encountered, C-shaped canals 

present major challenges with respect to their 

diagnosis, debridement and obturation. This is 

especially true when it is uncertain that whether a C-

shaped orifice found on the floor of the pulp 

chamber may continue to the apical third of the root. 

Irregular areas in a C-shaped canal that may house 

soft tissue remnants or infected debris may escape 

thorough cleaning or filling and may be a source of 

bleeding and severe pain.

The C-shaped canal system presents a significant 

challenge to the clinician and this anatomic variant 

is seen mostly in mandibular second molars, 

although it can also appear in other maxillary and 
2,3,4  

mandibular molars and premolars. The main 

anatomic feature of C-shaped canals is the presence 

of fins or webs connecting individual mesial and 

distal canals. Roots containing C-shaped canal often 

have a conical or square configuration.

This paper presents a case report on endodontic 

management of a mandibular second molar with C- 

shaped root canal system. Some of the guidelines on 

diagnosis, radiographic interpretation and method 

of pulp space preparation and obturation are also 

discussed.
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Case Report

A 27 year old male patient was referred for 

endodontic treatment. Patient complained of pain 

in relation to left lower posterior region. Medical 

h i s t o r y  wa s  n o n c o n t r i b u t o r y.  I n t ra o ra l  

examination revealed deep distoocclusal lesion in 

relation to tooth no. 37. Intraoral periapical 

radiograph of the tooth revealed deep caries 

approximating the pulp without any associated 

periapical changes. (Figure-1) 

The tooth was also tender on vertical percussion. 

Based on these findings the condition was 

diagnosed as acute apical periodontitis. The tooth 

was anesthetized and access to the pulp chamber 

was achieved using round diamond bur (Mani, BR 

36) and pulp tissue was extirpated. Examination of 

the pulpal floor revealed a C-shaped orifice with a 

continuous C- shape running from the mesiolingual 

canal to the lingual end of the distal canal.(figure-2)

Working length was determined and cleaning and 

shaping was completed by rotary ProTaper(Tulsa, 

Dentsply) instruments along with copious use of 3% 

NaOCL ( Vishal dentocare, Ahmedabad).A master 

cone corresponding to the master apical file used 

was selected and obturation of the pulp space was 

done using lateral condensation method of 

obturation.(Figure-3)

Discussion

The theory behind development of C-shaped canal 

remains largely unknown. It has been suggested 

that it might be formed by coalescence of cementum 

or because of failure of Hertwig's epithelial root 
5  sheath to develop in furcal area. On the other hand, 

incomplete divisions of root canal or the confluence 

of root canal spaces may lead to the formation of 

horseshoe or C-configuration of the root canal 
6system.  A classification consisted of three 

categories and which was based on the cross-

sectional shape of the canal space at the orifice level 
7

was first developed by Melton in 1991. (Figure-4)

Category I: continuous C-shaped canal running from 

the pulp chamber to the apex defines a C-shaped 

outline without any separation (i.e., C1 in Fig. 4).

Category II: the semicolon-shaped (;) orifice in 

which dentin separates a main C-shaped canal from 

one mesial distinct canal (i.e., C2 in Fig. 4).

Category III: refers to those with two or more 

discrete and separate canals: 

Subdivision I, C-shaped orifice in the coronal third 

that divides into two or more discrete and separate 

canals that join apically 

Subdivision II, C-shaped orifice in the coronal third 
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that divides into two or more discrete and separate 

canals in the midroot to the apex

 Subdivision III, C-shaped orifice that divides into 

two or more discrete and separate canals in the 

coronal third to the apex (i.e. C3 in Fig. 4).

In this classification, there was no clear description 

of how to differentiate between category-II and 
8

category-III. Fan et al.  analyzed the morphology of 

C-shaped canals in mandibular second molars using 

micro computed tomography (micro-CT) and 

modified Melton's method into the following 

categories:

Fan's Classification (Anatomic Classification)

1. Category I (C1): the shape was an interrupted 

“C” with no separation or division (Fig. 4a).

2. Category II (C2): the canal shape resembled a 

semicolon resulting from a discontinuation of 

the “C” outline (Fig. 4 b), but either angle α or β 

(Fig. 5) should be no less than 60°.

3. Category III (C3): 2 or 3 separate canals (Fig. 4 

c and d) and both angles, α and β were less 

than 60° (Fig. 6).

4. Category IV (C4): only one round or oval canal 

in that cross section (Fig. 4e).

5. Category V (C5): no canal lumen could be 

observed (which is usually seen near the apex 

only) (Fig. 4 f). 

Diagnosis

The pre-operative radiograph of the tooth with C-

shaped root canal system shows a conical or square 

root outline and a blurred line between a mesial and 

distal canal. In a study carried out on 52 extracted 

mandibular second molars Fan et al suggested that 

the existence of C-shaped canal system could be 

predicted according to the radiographic image of 
9

mandibular second molar . Moreover, the 

radiographic appearance of two roots does not 

eliminate the possibility of the presence of C-shaped 

canal system; in such cases the dentin isthmus that 

joins the roots may be so fine that it does not appear 
10 radiographically. If a person has a known C-shaped 

canal in one mandibular second molar, the clinician 

should be aware of the likelihood that a C-shape may 
11,12be present in the contra lateral tooth.  The use of 

intraradicular contrast medium can increase the 

accuracy of canal recognition of a C-shaped canal 

system in mandibular second molars despite the 

bone image superimposition, especially in the 

detection of continuous C-shaped canals and the 
13

canals in the apical area.   

Radiographs taken while negotiating the canals may 

show instruments tending to converge at the apex 

and/or may exit at the furcation and may resemble 

perforation at the furcation. The presence of 

instruments or filling material in the furcation area 

in combination with poorly distinguished floor of 

the pulp chamber can lead to radiographic 
10,14 

recognition of “C” configuration. The pulp 

chamber in teeth with C-shaped canals may be large 
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in the occlusoapical dimension with a low 

bifurcation. In a true C-shaped canal, one can easily 

pass an instrument from mesial to distal canal 
7without any obstruction.

 The internal morphology of pulp space can vary in 

number and shape along the entire length of the 
7, 8  root. Zheng et al. analyzed the cross sectional 

canal shape at four root levels including canal 

orifice, coronal, middle and apical third of the root 

using cone beam computed tomography (CBCT) and 

concluded that only 5.5% of the teeth did not change 

canal type from orifice to the apical region. The rest 

of the samples had two or more classifications in the 
12four levels . Effectiveness of canal preparation in C-

shaped root canal by using traditional hand 

instrumentation technique has been reported by 

Melton et al.  in which debris and uninstrumented 
7canal spaces were frequently found . The wide fins 

and small surface areas of these canals precluded 

complete cleaning using traditional hand 

instrumentation. The authors then suggested using 

an increased amount of irrigant and deeper 

penetration with small instruments using sonic or 

ultrasonic device that might be helpful in cleaning 

the broad or narrow fan-shaped areas of the C-

shaped canal. Seo and Park, who analyzed 96 

mandibular second molars from Korean patients, 

concluded that C1 and C2 canal types were much 

more difficult to clean and shape than C3 and C4 
15

type canals.  Another challenge in preparing C-

shaped root canal system is related to the danger 
 

zones of these canals. Chai and Thong located and 

measured the minimum widths of buccal and 

lingual canal wall of C-shaped mandibular second 

molars. They found that the mean dimensions of 

minimal width of buccal canal walls were 

significantly higher than that of lingual canal walls, 

which are the walls facing the furcation. Besides, 

both the buccal and lingual walls were at their 

thinnest at the apical and mesial regions. The 

authors stated an increased risk of root perforation 

was present at the thinner lingual walls of C-shaped 

root canal system during shaping and post canal 
16preparation procedures.  

 Obturation of C-shaped canal may require 

modification of a standard lateral condensation 
method. Obturation of a root canal system by the 
lateral condensation of gutta-percha using an 
electrically heated spreader results in a more 
homogeneous mass of gutta-percha than standard 
lateral condensation. This improved variation 
prevents inadvertent dislodgement of the mass of 
gutta-percha during the obturation. This technique 
was referred to as “zap and tap” to obturate a C-
shaped canal system of a mandibular second 

17
molar.  Walid described the use of two pluggers 
simultaneously to down pack the main canals in a C-
shaped canal. After placing two master cones in 
main canals, a large plugger is placed at orifice of 
distal canal, blocking the canal entrance, while 
down packing the mesiobuccal canal with smaller 
plugger. Then smaller plugger is held in place while 
down packing the distal canal. Blocking canal 
entrance with a plugger increases the resistance 
toward the passage of obturating material from one 

18canal to another.

Conclusion

Successful endodontic management of C-shaped 
canal requires modification of the routine 
procedures at all stages of the treatment and may be 
augmented by new resources of diagnosis and 

19imaging. Micro computed tomography (µCT) , Cone 
12Beam Computed Tomography (CBCT) , use of an 

intraradicular contrast medium and Digital 
20

Subtraction Radiography (DSR)  are recent 
additional resources in the laboratory study of the 
anatomy and three dimensional reconstruction of 
the C- shaped canals. The magnification provided by 
the Dental Operating Microscope is a valuable aid in 
the interpretation of the anatomy of the pulp 
chamber floor. Ultrasonic instrumentation, copious 
use of irrigants and devices using thermoplastic 
gutta-percha help greatly aid in debridement and 
obturation respectively.
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