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C-Shaped Canals: A Review
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C-shaped canal configuration is a variation that has a racial predilection and is commonly seen in mandibular second
molars. The intricacies present in this variation of canal morphology can pose a challenge to the clinician during negotiation,
debridement and obturation knowledge of the C-shaped canal configuration is essential to achieve success in endodontic
therapy. Radiographic and clinical diagnosis can aid in identification and negotiation of the fan-shaped areas and intricacies
of the C-shaped anatomy. Effective management of this anomalous canal configuration can be achieved with rotary and hand
instrumentation assisted with sonics and ultrasonics. Modifications in the obturation techniques will ensure a 3-dimensional
fill of the canal system and chamber retained restorations like amalgam or composites, serve as satisfactory post endodontic
restorations.
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Introduction

main anatomic feature of C-shaped canals is the presence of a
fin or web connecting the individual root canals [4]. Roots
containing a C-shaped canal often have a conical or square
configuration. Most C-shaped canals occur in the mandibular
second molars, but have also been reported in the mandibular
first molars, maxillary molars, mandibular premolars and
maxillary lateral incisors [5]. The incidence of C-shaped molars in the Asian ethnic population is 31% while in the general
population it is approximately 8% [6].
Recognition of a C-shaped canal configuration early can
help the clinician in proper negotiation, preparation which
will thus prevent irreparable damage that may put the tooth in
severe jeopardy [3].
This review article is to review and discuss the etiology, incidence, classification, diagnosis and management of the
C-shaped canal configuration.

Knowledge of pulpal anatomy, both the usual and unusual
configurations and possible variations is critical for success in
endodontics and lack of such knowledge may lead to treatment failure [1]. One of the most important anatomic variations in root canal morphology is ‘C’ shaped configuration of
the canal system [2]. The C-shaped canal configuration was
first reported by Cooke and Cox in 1979. It is termed so because of the C-shaped cross-sectional anatomical configuration of the root and root canal [3]. Instead of having several
discrete orifices, the pulp chamber of the C-shaped canal is a
single ribbon shaped orifice with 180° arc (or more) [2]. The
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C-shaped root canal. They noted that ‘on the labial aspect, the
root shows no trace of division, but on the lingual side root begins to separate 7 mm below the crown into mesial and distal
fangs’ [7].
The C-shaped root was first analysed in detail by Nakayama, who gave it the name ‘gutter-shaped root’. Nakayama and
Toda reported on the ‘gutter-shaped root canal’, focusing on
its morphology and aspects of treatment. Japanese researchers
have used the term ‘gutter-shaped’ primarily to describe the
shape of the root, whilst the term ‘C-shaped’ has been used to
describe the shape of the root canal [7].
Tratman stated that the C-shaped root morphology can frequently be observed in mandibular second molars from Asian
individuals. He termed this morphology the ‘horse-shoe reduction form’ [7]. According to Weine [8], the C-shaped configuration refers to a continuous slit between all the canals so
that a horizontal section through the root yields a space in the
shape of a letter ‘C’. According to Kato et al. [7], tooth is usually defined as having a C-shaped root canal system when any
arbitrary cross section presents a C-shaped root canal configuration (Figure 1).

Etiology
Ever since the identification of the C-shaped canal anatomy, various causes have been postulated for its formation.
These are as follows.

1. Failure of fusion of Hertwig’s epithelial sheath
The failure of the Hertwig’s epithelial root sheath to fuse on
the lingual or buccal root surface is the main cause of the

C-shaped roots, which always contain a C-shaped canal. This
fusion failure results in a groove on the opposite side of the
root that is present coronoapically [9].
Earlier, the irregular fusion of the Hertwig’s epithelial
sheath was attributed to trauma, such as radiation or chemical
interference, but following the documentation of racial predilection, it is more likely to be of genetic origin [9].

2. Fusion of roots due to deposition of
cementum
The C-shaped roots may also be formed by coalescence of
roots because of deposition of the cementum with time.
C-shaped canals appear when fusion of either the buccal or
lingual aspect of the mesial and distal root occurs. This fusion
remains irregular and the roots stay connected by an interradicular ribbon. The floor of the pulp chamber is deep and has
an unusual anatomic appearance. Two or three canals may be
found in the C-shaped groove or the C-shape may be continuous throughout the root length [9].

3. Reduced dentin formation on one side
The dentin on the lingual side of C-shaped roots is thinner
than the dentin on the buccal side. They hypothesized that this
anatomy is due to a reduced dentin formation speed on the lingual side [7].

4. Role of subpulpal lobe and intermediate
furcation ridge
Tanaka et al. doubted that a C-shaped root would develop
through formation of a subpulpal lobe [7]. They reported that
they were unable to identify the intermediate furcation ridge,
which normally should be present between each root in
C-shaped roots.

5. Genetic
The gene(s) causing C-shaped roots in mice are present on
either chromosome 5 or 17. One of the candidate genes causing C-shaped roots is most likely being located on chromosome 5 in mice [7].

Classification

Figure 1. Clinical appearance of a C-shaped canal configuration in
mandibular second molar.
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The C-shaped canal system can assume many variations in
its configuration so a comprehensive classification can help in
true diagnosis and management.
Melton et al. [10] examined the root canals of 15 extracted
mandibular second molars and proposed a simplified classification of C-shaped root canals using three categories based
on their cross-sectional shape.
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1. Category I
Continuous C-shaped canal running from the pulp chamber
to the apex defines a C-shaped outline without any separation
(i.e., Figure 2A).

2. Category II
The semicolon-shaped (;) orifice in which dentine separates
a main C-shaped canal from one mesial distinct canal (i.e.,
Figure 2B).

3. Category III
Refers to those with two or more discrete and separate canals (i.e., Figure 2C).
1) Subdivision I: C-shaped orifice in the coronal third that
divides into two or more discrete and separate canals that join
apically;
2) Subdivision II: C-shaped orifice in the coronal third that
divides into two or more discrete and separate canals in the
midroot to the apex;
3) Subdivision III: C-shaped orifice that divides into two or
more discrete and separate canals in the coronal third to the
apex.

5. Fan’s classification (radiographic classification)
(Figure 6) [12]
Fan et al. [12] classified C-shaped roots according to their
radiographic appearance into three types:
1) Type I: Conical or square root with a vague, radiolucent
longitudinal line separating the root into distal and mesial
parts. There was a mesial and a distal canal that merged into
one before exiting at the apical foramen (foramina).
2) Type II: Conical or square root with a vague, radiolucent
longitudinal line separating the root into distal and mesial
parts. There was a mesial and a distal canal, and the two canals
appeared to continue on their own pathway to the apex.
3) Type III: Conical or square root with a vague, radiolucent
longitudinal line separating the root into distal and mesial
parts. There was a mesial and a distal canal, one canal curved
to and superimposed on this radiolucent line when running toward the apex, and the other canal appeared to continue on its
own pathway to the apex.

4. Fan’s classification (anatomic classification)
[11]
Fan et al. [11] modified Melton’s method into the following
categories:
1) Category I (C1): the shape was an uninterrupted “C” with
no separation or division (Figure 2A).
2) Category II (C2): the canal shape resembled a semicolon
resulting from a discontinuation of the “C” outline, but either
angle  or  should be no less than 60° (Figure 3).
3) Category III (C3): 2 or 3 separate canals and both angles
 and  were less than 60° (Figure 4).
4) Category IV (C4): only one round or oval canal in that
cross section (Figure 5A).
5) Category V (C5): no canal lumen could be observed
(which is usually seen near the apex only) (Figure 5A).

Figure 3. Measurement of angles for the C2 canal. Angle  is more
than 60°. A and B: ends of one canal cross-section, C and D: ends
of the other canal cross-section, M: middle point of line AD, :
angle between line AM and line BM, : angle between line CM and
line DM.

Figure 2. Classification of C-shaped
canal configuration. (A) C1, (B) C2,
(C) C3.

www.ijcpd.org

3

International Journal of Clinical Preventive Dentistry

Figure 5. Classification of C-shaped canal configuration. (A) C4,
(B) C5.
Figure 4. Measurement of angles for the C3 canal. Both angle 
and angle  are less than 60°. A and B: ends of one canal
cross-section, C and D: ends of another canal cross-section, M:
middle point of line AD, : angle between line AM and line BM, :
angle between line CM and line DM.

Incidence and Prevalence (Table 1)
The C-shaped canal configuration is known to be more
common in Asians but is relatively rare amongst Europeans
and Americans [7]. The prevalence of C-shaped canals reported in a Caucasian population is between 2.7% to 7.6%
[13]. Bilateral occurrence of C-shaped canals has been reported in a percentage of 70% [14]. Helvacioglu-Yigit and
Sinanoglu [15] reported that there were no significant differences in the distribution of C-shaped root canals between
males and females. C-shaped root canals have also been reported to occur in maxillary second deciduous molars [16].

Diagnosis
The C-shaped canal variation of morphology is unusual and
can lead to difficulties during treatment so the proper diagnosis of this situation is mandatory before treatment.
Wang et al. [4] reported a higher incidence in the recognition of C-shaped canals using a combination of radiography
and clinical examination under the microscope (41.27%) than
using the radiography (34.64%) or clinical examination
(39.18%) alone.
Accurate diagnosis can also be made by cone beam computed tomography (CBCT), microCT, spiral CT to avoid difficulties during treatment [5].

1. Radiographic diagnosis
1) Intraoral periapical radiographs: preoperative intraoral periapical radiographs
Preoperative and working length periapical radiographs are
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Figure 6. Radiographic types; (A) Type I. (B) Type II. (C) Type III.

of little value in identifying C-shaped root canals [17]. A preoperative radiograph and an additional radiograph from 20°
mesial or distal projection usually provide various clues in the
identification of any variation in root canal morphology [18].
C-shaped canals are difficult to interpret on radiographs because of thickness of bony trabeculae [19]. Most intraoral radiographs demonstrated 1) radicular fusion or close proximity, 2) a large distal canal, 3) a narrow mesial canal, and 4)
a blurred image of a third canal in between [20]. Radiographic
techniques have certain disadvantage in which it presented in
only two-dimensional image with possibility of missing some
of the roots and root canals [21].
Preoperative radiographs show close fused roots or images
of two distinct roots (Figure 7). When the communication or
fin connecting the two roots is very thin, it is not visible on the
radiograph and may thus give the appearance of two distinct
roots [12]. This makes clinical recognition of the C-shaped canal unlikely until access to the pulp chamber has been achieved [10].
For mandibular second molar to qualify as having a C-shaped canal system, it has to have fused roots [11].
Panoramic radiography has been shown to possess good sensitivity and specificity for the diagnosis of mandibular molars with
C-shaped root canals especially bilateral occurrence [22].
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Table 1. Incidence and prevalence
Tooth type
Mandibular first premolars

Mandibular second premolars

Mandibular first molars
Mandibular second molar

Mandibular third molars
Maxillary first molar

Investigators

Race

Total %

Lu et al. (2006)
Velmurugan and sandhya (2009)
Khedmat et al. (2010)
Yu et al. (2012)

Chinese
Indian
Iranian
Western
Chinese
Asian
Not stated
Not stated
Mixed
Sri Lankan
Sinhalese and tamils
Iranian
Not stated
Chinese
Chinese
Chinese
Iranian
Mixed

18
1
1.38
0.6

Shah dipaliy (2014)
Bolger and schindler (1988)
Weine et al. (1988)
Weine (1998)
Peiris et al. (2008)
Rahimi et al. (2008)
Jung et al. (2010)
Zhang et al. (2011)
Zheng et al. (2011)
Wang et al. (2012)
Kuzekanani et al. (2012)
Cleghorn et al. (2006)

Not stated
Not stated
2.7
7.6
3
7.2
29
29
39
39.18
3.5
0.12

Figure 7. Series of radiographic images and schematic drawings that
illustrate root canal classification according to Fan et al. [12] type I (left),
type II (centre), and type III (right).

2) CT
The tuned-aperture CT imaging enabled a statistically significant increase in canal detection as compared with conventional radiography [23].

3) MicroCT
The presence of instruments or filling materials in the furcation area in combination with the poorly distinguished floor
of the pulp chamber can lead to radiographic recognition of
“C” configuration [17]. MicroCT permits the examination of
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specimens of limited size, which restrict some analysis.
Instead, CBCT could be used in patients despite its lower resolution [24].
4) Spiral CT
Spiral CT was used in a study to evaluate C-shaped canals
of single rooted mandibular second molars. By this technique,
contiguous 1 mm thick transaxial images of the dental material can be obtained and there is no possibility for missing dental
structure [25].
5) CBCT
CBCT has been used more routinely than spiral CT due to
its higher resolution and the accompanying reduced radiation
dose [7]. CBCT enables a three-dimensional evaluation of
teeth with complex or abnormal root canal anatomy [26].

2. Pulp chamber examination
Diagnosis of C-shaped canals can be established by following access to the pulp chamber [10].
Clinical recognition of C-shaped canals is based on definite
observable criteria (i.e., the anatomy of the floor of the pulp
chamber and the persistence of haemorrhage or pain when
separate canal orifices were found) [17].
The pulpal floor in C-shaped teeth can vary from peninsula
like with a continuous C-shaped orifice to non C-shaped floors
as per the classification given by Min et al. [27].
However, when a C-shaped canal orifice is observed, say,
under the operating microscope, one cannot assume that such
a shape continues throughout its length [11].
The pulp chamber in teeth with C-shaped canals may be
large in the occlusoapical dimension with a low bifurcation.
At the outset, several orifices may be probed that link up on
further instrumentation [9]. When negotiating the C-shaped
canal, instruments may be clinically centered [3]. In a true
C-shaped canal, it is possible to pass an instrument from mesial to distal aspect without obstruction [28]. If a file could not
be passed through the isthmus of the pulpal floor during clinical inspection, the practitioner might consider the root canal
as being separated [29].

tive treatment during access cavity preparation [30].

2. Canal system identification
Initial canal system recognition occurs after achievement of
routine endodontic access and removal of tissue from the pulp
chamber [9]. If a C-shaped root is present, two of Melton’s
three categories (category I and II) should be evident [10].
Placing the fiberoptic tip under the rubber dam on the buccal
surface illuminates the pulp chamber. The canal system appears as a dark line in the area of illuminated field [9]. The increased visibility afforded with the use of surgical operating
microscopes has made treatment more successful [30].

3. Location and negotiation of canals
The necessity for deep-orifice penetration and careful probing with small files characterize the C-shaped category more
accurately [9]. For continuous C-shape orifice, 3 initial files
are inserted, one at both end and one in the middle. When the
orifice is oval, two files are inserted; one file at each end of the
orifice and when the orifice is round, one initial file is inserted
[31].

4. Cleaning and shaping
While cleaning a C-shaped root canal, attention should be
paid to ‘isthmus’, ‘trough’, and ‘fin’ [32,33]. Debris and pulp
tissue usually remain inside continuously C-shaped canals.
The orifice of the slit must be widened with Gates Glidden
drills during the early phases of treatment, but not too deep towards the apex to prevent perforations [10].
The isthmus should not be prepared with larger than no. 25
files; otherwise, strip perforation is likely. Chances of strip

Management
C-shaped canal configuration is known to present a complex canal anatomy. This has provoked many modified techniques to manage these cases endodontically.

1. Access cavity preparation (Figure 8)
The use of an operating microscope results in more effec-
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Figure 8. Access cavity of a C-shaped mandibular second molar.
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perforation are high due to small amount of dentin present between external surface of root and internal canal system especially on the lingual side. He also suggested that GatesGlidden burs should not be used for preparation of the mesiobuccal and buccal isthmus areas [34].
It was found that the mean dimensions of minimal width of
buccal canal walls were significantly higher than that of lingual canal walls at the coronal, middle and apical thirds of the
roots. There is high risk of root perforation at the thinner lingual walls of C-shaped root canals in mandibular molars and
the mesial walls of C-shaped root canals in mandibular first
premolars during shaping [35].
The anticurvature filing technique was recommended to
avoid danger zones that are frequently presently at mesiolingual walls (Figure 9) [3].
Ni-Ti rotary instruments seem to be safe, further enlargement to an apical dimension greater than size 30 (0.06 taper) is
not recommended [36].
During the process of root canal enlarging and shaping, radiographs taken with small instruments placed inside the canals for the purpose of confirming the working length are a
more useful approach [17].
It is difficult to ensure complete removal of diseased pulp or
necrotic tissues from structurally more complex parts of the
root canal system (e.g., isthmus, fin) through instruments
alone; therefore, the cleaning and irrigation of root canals using chemical solutions is of particular importance [7].

5. Chemical irrigation
Extravagant use of small files and 5.25% NaOCl is a key to
thorough debridement of narrow canal isthmuses [9].

Figure 9. Anticurvature filing technique.

6. Ultrasonic irrigation
An increased volume of irrigant and deeper penetration
with small instruments using sonics or ultrasonics may allow
for some cleansibility in fan-shaped areas of the C-shaped canal but aggressive use of ultrasound may result in root canal
perforation and fracture of the ultrasonic file [2,10].

7. Light activated disinfection
Diode laser can eliminate microorganisms existing in main
canal, lateral canals and dentinal tubules which can increase
the success rate of endodontic therapy [37].

8. Canal system obturation
It was found that compaction can be improved while obturating a mandibular molar with a C-shaped canal by using
the EndoTec in what they termed a “zap and tap” maneuvr:
preheating the EndoTec plugger for 4 to 5 seconds before insertion and then moving the hot instrument in and out in short
continuous strokes 10 to 15 times. The plugger was removed
while still hot, followed by a “cold spreader with insertion of
additional accessory points.” [38].
The mesiolingual and distal canal spaces can be prepared
and obturated as standard canals. However, sealing the buccal
isthmus is difficult if lateral condensation is the only method
used. If cold condensation technique is adopted for obturation,
deeper penetration of condensation instruments in several
sites will be necessary. The isthmus may not be prepared with
a sufficient flare which does not permit deep placement of the
spreader, therefore obturation is done by vertical condensation technique using thermoplasticized gutta-percha [9].
To ensure proper placement of the master cones in C-shaped canals, a large diameter file should be placed in the most
distal portion of the canal, before seating the master cone in
the mesial canal. The file is then withdrawn and the master
cone of the distal canal is seated, followed by placement of accessory cones in the middle portion of the C-shaped canal
[33].
Walid N described a technique to overcome these problems.
He suggested the use of two pluggers simultaneously to down
pack the main canals in a C-shaped canal [39].
A Touch’N Heat (Sybron Endo/Analytic, Irvine, CA, USA)
was used to sear off gutta-percha at the mesiolingual orifice
level where the largest plugger selected was placed, while
down packing the distal canal with the smallest plugger. Then,
the smallest plugger used in the distal canal was held in place
while packing the mesiolingual canal. Placing two master
points and blocking the canal entrance with a plugger increases the resistance toward the passage of obturating materiwww.ijcpd.org
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al from one canal to another. Single-insertion thermoplasticized gutta-percha condensation devices may not condense
gutta-percha adequately into the long narrow isthmuses [39].

9. Cold lateral condensation
Kim et al. [40] compared warm gutta-percha filling techniques with conventional cold lateral condensation technique
using simulated C-shaped root canals embedded in resin
blocks. They concluded that warm gutta-percha condensation
techniques can be expected to result in favourable canal filling
in C-shaped root canals.
Considering the ease and speed of lateral compaction as
well as the superior elasticity gained by vertical compaction of
warm gutta-percha, Martin developed a device called EndoTec II that appears to achieve the best qualities of both techniques [9].

10. Thermoplasticized gutta-percha injection
technique (Figure 10)
Four gutta-percha filling techniques (cold lateral compaction, ultrasonic compaction, single cone with injectable gutta
TM
R
percha [Obtura II ] and core-carrier [Thermafil ]) in a study
were compared in simulated C-shaped canals based on filling
quality at three cross-sectional levels, filling time and the apical extrusion of gutta-percha. The core-carrier technique was
the most effective technique when assessed by gutta-percha
area in the simulated C-shaped canal [41].

11. Post endodontic restoration
Atleast 1 mm of sound tooth structure should be present
around a post is needed, for resistance to root fracture. If post
placement for a crown core is desired, use of only distal canal
should be considered. Proper post-canal adaptation and stress
distribution is more likely to result in the tubular distal canal.
Placement of posts or antirotational pins in the mesiolingual

and mesiobuccal areas of C-shaped root invites perforation
[9]. Prefabricated or cast posts increase the risk of creating a
strip perforation [3]. Also, post width should be minimized
[9].
The floor of the pulp chamber is deep so it can provide ample retention from the available undercuts. Chamber-retained
bonded amalgam or composite is a better choice as the core or
as the final restoration in these teeth [3].

12. Endodontic surgery
When endodontic surgical intervention becomes necessary
for a mandibular molar with a C-shaped root, extraction, root
end filling and intentional replantation are suggested. Due to
their conical shape, C-shaped roots are easy to extract without
fracture [7].
By understanding the anatomical features of this variation
and following the sound principles of biomechanical preparation, obturation and restoration, the long term prognosis for
C-shaped configuration is appreciable [42].

Conclusion
Proper knowledge of the root canal anatomy and its variations are essential for the correct diagnosis and successful outcome of the endodontic treatment. For a dentist it is important
to anticipate the specific anatomy of root canal morphologies.
C-shaped canal being one of such complexities presents a
great challenge to diagnose and manage. The early recognition of C-shaped configuration facilitates cleaning, shaping
and obturation of the root canal system.
The C-shaped root canal configuration has an ethnic predilection and a high prevalence rate in mandibular second
molars. The C-shaped canal system tends to vary considerably
in their anatomical configuration and thus leading to difficulties in debridement, obturation and restoration. Clinical ex-

Figure 10. Clinical presentation showing C-shape canal orifice (A), obturated C-shaped canal (B), postobturation radiograph (C).
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amination of the floor of the pulp chamber and pre-treatment
radiographs are equally important when attempting to diagnose a C-shaped canal configuration.
Magnification and illumination can help to identify these
C-shaped configurations. Use of CBCT is beneficial in the assessment of root canal shape and endodontic treatment of this
root canal morphology. Careful negotiation of the canals, meticulous disinfection of root canal is important in carrying out
successful endodontic treatment of a C-shaped canal configuration. Ultrasonic instrumentation and devices for injectable
thermoplasticized gutta-percha assist greatly with debridement and obturation.
Thus understanding the anatomical presentations of Cshaped canal will enable the clinician to manage these cases
effectively.
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