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Abstract

Thorough knowledge of root canal system along with its variations is of paramount importance for successful endodontic man-

agement of tooth. Mandibular second molars are known for their unusual anatomy in the form of extra root or root canal, single canal

or C-shaped root canal configuration. Cleaning, shaping and obturation of such C-shaped root canal system are critical and challeng-

ing tasks especially in patients presented with restricted access to the root canals. This article aims to provide an insight of diagnosis

and management of C-shaped canal configuration in two patients with oral sub mucous fibrosis.
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MB: Mesiobuccal; ML: Mesiolingual; D-Distal; IOPA: Intra oral
periapical; OSMF: Oral submucous fibrosis; CBCT: Cone beam com-
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Introduction

Endodontic treatment is a triad of access cavity preparation,
cleaning- shaping and three dimensional obturation of root canal
system. For successful endodontic treatment knowledge of internal
and external anatomy of tooth and their variations is required. Con-
sidering the human dentition, amongst all teeth third molars are
known for their aberrant tooth anatomy whereas, mandibular first
premolars have earned the reputation as Enigma to the endodon-
tist. Mandibular second molars also exhibit numerous variations in
the anatomy such as single root, single canal, two roots with two or
three canals, three roots and canals, taurodontism and C- shaped

root canal configuration.

C- shaped root canal system could be described as, cross sec-
tional morphology of root canal in the form of a C, where canals
may or may not be separate [1]. Literature showed that C- shaped
root canals usually discovered in mandibular second molars, but
it also has been reported in maxillary first molars, mandibular
first and third molars and mandibular premolars [2-4]. Different
theories have been proposed to explain etiology of C- shaped ca-

nals such as, failure of fusion of of Hertwig’s epithelial root sheath

either on buccal or lingual side [5-7] or the irregular fusion of the
of Hertwig’s epithelial root sheath either due to trauma, radiation,
chemical interference or genetics [4,8] or age changes owing to de-

position of dentin on the walls of root canal [9].

C- shaped root canal configuration is found to be commonly pre-
dilected in Asian population. Prevalence of C- shaped canal system
is higher in Korean population ranges from 31.3% - 45.5% whereas
itis 0.6%-41.27% in Chinese population [10-15]. C- shaped Canal
configuration has high prevalence in mandibular second molars
with a percentage ranging between 2.7% - 45.5% [11,16-18]. In
Chinese population, mandibular premolars have shown C- shaped
canals in 29.7% cases [19-21]. The C- shaped variation in canal
anatomy has also been reported in maxillary third molars (4.7%)
[22], mandibular third molars (3.5% - 4%) [22,23] mandibular
second premolars (1%) [24] and maxillary first molars (0.12%)
[25].Zheng Q et al. through his study observed that, C- shaped ca-
nal configuration occurred irrespective of gender, age and tooth
position. Sabala CL et al. reported that, occurrence of C-shaped ca-
nals bilaterally in 70% - 81% identified cases [14,26].

In a C- shaped canal configuration, the anatomy of root canal
is varied and usually atypical. Clinically, orifice of the canal is pre-
sented as a C- shape in the form of a band or an arc associated with
a deep semilunar groove connecting the distal, mesiobuccal and

mesiolingual canals [1,27,28]. The C- shaped canal opening could
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exhibit in different forms as incomplete C or semicolon by union
of two canals. It is presented as a union of MB and D canals with
the presence of separate ML canal [1,28] or could be as a C-shaped
canal with union of ML and D canals and with separate MB canal.
Additionally, C- shaped anatomy may be present either half way or

the entire course of the root canal.

Different classification systems have been proposed in the lit-

erature by Melton et al,, Fan et al.,, to elaborate unusual variation
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in C- shaped canal configuration. Melton et al. proposed the clas-

sification based on the orifice configurations in C- shaped canals.

¢ C(lassI: A continuous C-shaped canal, with no separation

of the canals.

e ClassII: A semicolon orifices (;), where a C-shaped canal
is present buccally or lingually, separated from another

distinct canal by a dentine wall.

¢  ClassIII: Two or more separate canals are present, asin a

typical lower molar, with three canal orifices [1,29].

Nomenclature Description Clinical appearance
C1 Continuous C-shaped canal
C2 MB-D canal and an ML canal
C3a Two separate canals
C3b Three separate canals
C4 Single round or oval canal
C5 No canal lumen could be observed (which was usually seen near the

apex only)

Table 1: Fan et al. (2004) classification of C-shaped root canal system [27].

Case Report 1

A 28 years old male patient was referred from a private dental
practitioner of remote area to the Department of Conservative Den-
tistry and Endodontics, complaining of severe pain in mandibular
right posterior tooth since 1 week with burning sensation in the oral

cavity. His medical history was uncontributory and presented with

limited mouth opening. He visited to a private dentist, seeking the
treatment for decayed tooth # 47. Root canal treatment was initi-
ated in tooth # 47 and analgesics and antibiotics were prescribed
to the patient. The patient was then referred to our department
for further treatment due to limited access exhibited in restricted
mouth opening. On clinical examination, patient presented with

pain in tooth # 47 with mouth opening up to 2 fingers. Patient
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had history of betal nut chewing for past 9 years and complaining
of burning sensation in oral cavity since a year. Clinical examina-
tion exhibited palpable fibrous bands over both buccal and lower
lip mucosa causing restricted mouth opening. Cheek flexibility of
patient measured from the maxillary incisal midline to the cheek
retractor during retraction exhibit reduced flexibility to 25 mm.
Patient was thus diagnosed with oral submucous fibrosis (OSMF)

of lower lip and both buccal mucosa.

Intraoral examination also revealed poor oral hygiene with mul-
tiple carious teeth including tooth #47 and root pieces of tooth #46.
Previous dentist could not take preoperative IOPA and done the ac-
cess cavity preparation with great efforts and severe difficulty in
tooth #47 for temporary pain relief. Patient was informed about the
present condition and the consent was obtained for completion of

treatment.

After securing anaesthesia access cavity was modified. Due to
difficulty in visibility pulpal floor was examined using magnifica-
tion under dental operating microscope. The pulpal floor surpris-
ingly showed unusual single canal anatomy extending buccolin-
gually without isthmus suspecting C-shaped canal configuration
(Figure 1). Under possible isolation, working length intra oral
periapical (IOPA) radiograph was taken (Figure 2). IOPA showed
two roots with mesial, distal canals suspecting perforation in the
furcation area. Patient was then advised for computed cone beam
tomography (CBCT) but he refused to give consent for the same.
Thus, the two canals were prepared using flexible NiTi hand files
and Protaper universal rotary files. Coronal flaring was done with
orifice opener file, Protaper Sx and canal preparation was com-
pleted sequentially upto 6% no.20, F1 Protaper file. A confirmatory
radiograph was taken with gutta percha cones placed in prepared
canals and a No. 20 K-file placed in suspected C- shaped configura-
tion opening (Figure 3). IOPA radiograph confirmed the C-shaped
canal configuration and ruled out the suspicion of perforation in
furcation area. During entire cleaning and shaping procedure root
canals were irrigated using 5% sodium hypochlorite followed by
final rinsing with saline. This unprepared part of canal was then
prepared with 6% no.20, F1 Protaper file. After NiTi rotary instru-
mentation, No. 15 K-file was passively inserted and instrumented
into the canal to obtain better cleansing. Once cleaning and shaping
was accomplished canal was flooded with 5% sodium hypochlorite
and agitated with ultrasonic. Obturation was completed with 6%
protaper standardized gutta percha as master cones with AH plus
sealer. Warm vertical condensation by Walid’s technique was done
to seal the C-shaped configuration optimally and post-operative
radiograph was taken (Figure 4). Patient was scheduled for thor-
ough scaling, restoration of other carious teeth, extraction of tooth
#46 and permanent restoration of tooth #46 after a week. Thor-
ough counselling regarding stoppage of betal nut chewing habit
and present condition of OSMF with its treatment was done. After

extraction, fixed prosthesis was advised to the patient.

Figure 1: Intra Operative Clinical Photograph of Pulp Chamber
of Tooth #47 Exhibiting C-Shaped Canal Orifice.
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Figure 2: Working Length IOPA Radiograph of Tooth #47.

Figure 3: Master Cone IOPA Radiograph of Tooth #47.

Figure 4: Post Obturation IOPA Radiograph of Tooth #47.

Case Report 2

A 35-year-old, short stature female patient reported to the De-
partment of Conservative Dentistry and Endodontics with com-
plaint of severe pain in mandibular left posterior region since 5
days with restricted mouth opening and burning sensation of oral
cavity. Patient has habit of tobacco and betel nut chewing since
past 15 years. Intraoral examination revealed carious tooth # 37
and grossly destructed tooth# 36.

Patient has restricted mouth opening up to 2 fingers with
palpable fibrous bands on lip commissures, lower lip and buccal
mucosa. Cheek and lip flexibility of the patient was observed to
be reduced. Electric pulp testing showed delayed response in the
tooth # 37 suggestive of pulp necrosis. Tooth #36 showed severe
tenderness to percussion test. IOPA radiograph showed grossly
decayed #36 and caries involving pulp with 2 roots, mesial and
distal in tooth #37 (Figure 5). Extraction of tooth #36 and end-
odontic treatment in tooth #37 was advised to patient and her in-
formed consent was obtained. Two weeks after extraction of tooth

#36, patient was reported for root canal treatment in tooth #37.

Figure 5: Pre-Operative IOPA Radiograph of Tooth
#36 And 37.
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Restricted mouth opening made the rubber dam application dif-
ficult. Thus, under possible isolation access cavity was prepared
after securing local anaesthesia. Examination of the pulpal floor
showed single C-shaped canal orifice, extending buccolingually
without isthmus (Figure 6). Due to limited mouth opening it was
difficult to take working length radiograph, thus working length was
estimated using electronic apex locator. Root canals were prepared
using flexible NiTi files and Protaper universal rotary files, sequen-
tially up to 6% no 20, F1 Protaper file. A confirmatory radiograph
was taken using gutta percha cones placed in canals with great dif-
ficulty (Figure 7). 5% sodium hypochlorite was used copiously dur-
ing entire cleaning and shaping procedure. After NiTi rotary instru-
mentation, No. 15 K-file was passively introduced and instrumented
into the canal for better cleansing. Once cleaning and shaping was
accomplished, canal was flooded with 5% sodium hypochlorite and
agitated with ultrasonic. Final rinsing was carried out using saline.
Obturation was done using 6% standardised gutta percha cones
and AH plus sealer. Thermo plasticized Walid’s technique was used
to seal the C- shaped configuration and post-operative radiograph
was taken (Figure 8). Patient was motivated to completely stop to-

bacco and betel nut chewing habit.

Figure 6: Clinical Photograph of Pulp Chamber of Tooth
#37 Exhibiting C-Shaped Canal Orifice.

Figure 7: Master Cone IOPA Radiograph of Tooth #37.
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Figure 8: Post Obturation IOPA Radiograph of Tooth #37.

Discussion

C- shaped canal configuration is most common variation re-
ported in mandibular second molars. Anatomical irregularities,
such as accessory or lateral canals or presence of an apical delta
in a C-shaped canal makes it difficult to clean, shape and achieve
3-dimensional seal [5,30]. Internal irregularities like fins, isthmus
prevent through debridement with conventional instrumentation
leading to endodontic failure. Thus, thorough chemico-mechanical

cleansing is vital in successful management of C-shaped canal [12].

The C-shaped canal configuration was observed more com-
monly in Asian population with higher prevalence in Koreans
ranges from 31.3% to 45.5% and 0.6% to 41.27% in Chinese pop-
ulation [10-15].

Mandibular second molars are most commonly associated with
presence of C- shaped Canal configuration in 2.7% - 45.5% popu-
lation [11,16-18]. Majority of studies were carried out in Chinese
population regarding presence of C-shaped canals and mandibu-
lar premolars have shown C-shaped canals in 29.7% cases [19-
21]. The C-shaped variation is also observed in maxillary third
molars [22], mandibular third molars [22,23] mandibular second
premolars (1%) [24] and maxillary first molars (0.12%) [25] and
having no correlation of C-shaped canal with that of gender, age or

tooth position.

In our both cases, IOPA showed false pictures of perforation
leading to diagnostic dilemma, which could be then the diagnosed
as C-shaped canals. General dentist could not able to manage such
anatomical variation without knowledge and magnifying tools.
Thus diagnosis, preparation and obturation are critical steps in
management of such canals. Because of the irregular and wide
area of root canal space, sometimes it is doubtful thatinstruments
could reach and clean the entire portion of this irregularity. Role

of irrigant with agitation using ultrasonics thus becomes vital in
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debridement of such canals [18]. After NiTi rotary instrumentation,
K-file could be passively introduced into the canal and instrument-
ed towards the isthmus areas to facilitate its complete debridement
[31].

Obturation of C-shaped canals is critical task due to the various
intricacies present within the root canal. Cold lateral condensation
technique does not allow deeper condensation and penetration
of obturating material in the intricacies [18]. Thermo plasticized
gutta-percha technique is proved to be advantageous in obturation
of such aberrant root canal anatomy. In this technique, the gutta-
percha and sealer were placed into the root canal system under a
hydraulic force [32]. In our cases, Walid’s technique of obturation
was used which involves placing the master cones simultaneously
in the C-shaped canal. Searing of master cone is done with a large
plugger and other master cone is down packed with a smaller plug-
ger. Then the smaller plugger is withheld in place while the other
cone is down packed. This creates backpressure on the gutta percha
material and improves the seal. In our and like cases, as the pulp
chamber present is too apically, bonded amalgam or composite

could be a better choice as the final restoration in such teeth [33].

Cases were referred to the Endodontist usually due to canal dif-
ficulty or unusual, aberrant root canal anatomy. Cases have higher
level of difficulties when they are associated with other anatomic
or pathologic factors. OSMF is one of the potentially malignant dis-
eases of oral cavity, characterized by inability to open mouth widely
due to formation of thick fibrous bands in the oral mucosa. Preva-
lence of OSMF in India is documented to be 0.2% to 0.5% [34,35].
OSMF is found in correlation with, betal nut (areca nut) chewing in
73.3% [36] ingestion of chilies or spicy food, autoimmunity, genetic
disorder, nutritional deficiency, collagen disorders and changes in
salivary composition. OSMF patient usually complains of burning
sensation and characterized clinically by blanching and stiffening
of oral mucosa, reduced tongue movement with depapillation and

progressive reduction of mouth opening [37,38].

Endodontic treatment in OSMF patient becomes challenging
task requiring high skills and training. In presented cases, due to
inability to place IOPA film in oral cavity properly or radio-visiog-
raphy sensor and patient’s refusal for CBCT complicated the diag-
nosis and treatment. Using flexible sensors for radiographs and us-
ing electronic methods to measure working length could be helpful
and better alternative to conventional IOPA in OSMF patients. When
conventional radiographs are difficult to take due to limited mouth
opening CBCT usually help reveal internal anatomy. Rubber dam
application with clamps sometimes obstruct the available working
area, thus rubber dam may be stabilized using wedjets or tying floss
to concern and adjacent teeth. Using small head handpiece, small
length burs, bending hand files at a desirable angle or using flexi
files may help in access and canal preparation. For general dentist,
it should be remembered that, sufficient time must be given to the
OSMF patient to relax their masticatory muscles in between the
treatment procedure, which would be more effective in reducing
post endodontic pain due to muscle fatigue. Magnifying tools such
as loupes or dental operating microscope, enlarges the image with-
out much interference in the operating filed and providing addition-
al advantage of co-axial illumination in restricted mouth opening,
thus must be used to manage root canal treatment in OSMF cases.
Conclusively, to manage such difficult cases effectively, general den-

tist may refer the cases to specialist whenever situation demands.

Usually due to restricted mouth opening and presence of burn-

ing sensation of oral mucosa, patient neglect oral hygiene practice
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resulting into poor oral hygiene and multiple carious teeth as ob-
served in our cases. Patients should be instructed to stop betel nut

chewing habit and motivated for proper oral hygiene methods.

Conclusion

Endodontic management of C-shaped root canal system de-
mands some modification at every stage of the preparation. Mag-
nification using loupes or Dental Operating Microscope provides
valuable information in identification of the anatomy or the varia-

tion regarding the floor of pulp chamber and orifice locations [39].

Though treating patients with difficulty in mouth opening
are the challenging tasks for the general dentist an Endodontist
could manage the cases such as OSMF with C- shaped root canal
configuration with ease and practice and thus referral must be
made to specialist whenever it is required. Identification, gain-
ing access, cleaning, shaping of root canal and obturation are the
critical issues in C-shaped canal configuration with OSMF. Use of
ultrasonic instruments to agitate the irrigant, dissolves the pulp
tissue from the isthmus area and ramifications thus eliminate mi-
croorganisms and prevent re-infection. Obturation using thermo
plasticized technique fill the spaces of the lacunae, isthumi and
ramifications and achieve three-dimensional seal in C-shaped

root canals.
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