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Key Clinical Message

Formulating an effective root canal treatment plan necessitates clinician aware-
ness of the complexities of the root canal system and possible anatomic challenges.
The C-shaped canal variation accompanying the radicular lingual groove makes
the lingual dentinal wall so thin that cleaning and shaping of canals require ac-
curate management. This report presents endodontic treatment of a C-shaped
mandibular second molar diagnosed with pulpal necrosis and asymptomatic api-
cal periodontitis, that initial radiographic assessment revealed extremely thin
(0.3mm) width of the lingual wall of the canals prone to perforation. Mechanical
preparation was performed through the anti-curvature technique and basically by
chemical irrigation rather than mechanical instrumentation. The C-shaped isth-
mus was prepared up to 25/02 rotary system without dentinal defect while main-
taining adequate dentin thickness so as to not significantly reduce the strength of
the root. Follow-up radiographs showed normal periodontal ligament and lamina
dura indicating significant healing of the periapical lesion.

KEYWORDS

1 | INTRODUCTION

The variations in root canal system morphology in molars
involve clinicians facing ceaseless challenges in endodon-
tic treatments. For instance the C-shaped root canal con-
figuration, an anatomical canal variation usually found in
root-fused teeth, characterized by the existence of isthmus
or webs connecting the canals, seen at the three dimen-
sional transverse cross-sections.'

The C-shaped configuration can either continue
through the root length being present at any arbitrary cross-
section or divide within two/three separate canals along
the way to the apex in the C-shaped groove. These teeth

anatomic variation, C-shaped canal, dentin thickness, endodontic treatment

may have conical or square form roots due to fusing at the
buccal or lingual side.™* Root fusion is highly frequent in
the mandibular second molars, therefore C-shaped canals
are mostly seen in these teeth’; however, it has also been
reported in other teeth like premolars, mandibular first
molars, and maxillary molars.®®

The diagnosis of C-shaped root canals based on two
dimensional radiographs is challenging. However, ob-
serving the following in periapical radiographs may raise
a suspicion of the presence of an unusual canal anatomy:
fused root, poorly distinguished floor of the pulp cham-
ber, working length radiograph with inserted instru-
ments that gives the impression of a perforation in the
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furcation area, or instruments that tend to converge at
the root apex.

CBCT can clearly display C-shaped root canal mor-
phology through 3D reconstruction technology, providing
accurate image data for diagnosis and treatment without
overlap, amplification, or deformation. It is currently an
ideal examination technology.

The definitive diagnosis is determined after accessing
to the pulp chamber and detecting the ribbon shape of the
orifice under magnification.

Cleaning, shaping, and obturation of C-shaped canals
seem to be challenging, requiring modified endodontic
treatment regimens compared with normal anatomy,’*°
that is due to their complex root canal system and several
inaccessible fins between canals. As described, like the
letter C, the orifice of this ribbon-shaped canal imitates
an arc of 180° that initiates at the mesiolingual aspect of
the pulp chamber, curves in the buccal aspect and ends
toward the distal of the tooth." This creates unreachable
regions difficult to disinfect.'’

Thin dentinal walls or in other words, the narrow
distance between the canal and the exterior root surface
which is due to the deep groove of the root, can increase
the risk of a strip perforation. This is a great concern in
the concept of root canal preparation in teeth with such
anatomy.''™* Other causes of failures with a high rate of
probability include a leaky canal, missing canal, overfill-
ing, isthmus, and iatrogenic accidents.™

No consensus on the matter of critical dentinal wall

thickness has been reached that can guide the clinicians
when the canal wall may break down at this level. Lim
and Stock'* found that 0.2-0.3mm thickness is required
for the dentinal wall to prevent fracture while placing and
compacting root canal filling. Moreover, it is found that
the thinner lingual walls of the C-shaped canal are more
prone to root perforation during post preparation.*

This case report aims to address endodontic treatment
of a C-shaped mandibular second molar with a narrow
lingual danger zone prone to perforation.

2 | CASE PRESENTATION

A 42-year-old female in normal general health condi-
tion was referred to the Department of Endodontics of
Mashhad Faculty of Dentistry, Mashhad, Iran. Her chief
complaint was a history of severe pain in the mandibu-
lar right quadrant. The primary intra-oral examination
revealed a mandibular second molar with recurrent car-
ies and a sinus tract exiting through the lingual surface of
the gingiva (Figure 1A). Furcal lesions were demonstrated
in periapical radiograph (Figure 1B). Moreover, the tooth
was not responsive to pulpal sensitivity tests including
cold spray (Pishrosabzfidar, Tehran, Iran) or electric pulp
test (Perkell, New York, USA). Therefore, the initial diag-
nosis of the pulpal and periapical status was set to pulpal
necrosis and asymptomatic apical periodontitis respec-
tively, and root canal therapy was arranged as the treat-
ment plan with good prognosis and an informed consent
form was signed by the patient.

As the first measure of treatment, anesthesia was
achieved by inferior alveolar nerve block technique
using 1.8 mL of 2% lidocaine with 1:80,000 epinephrine
(Darupakhsh, Tehran, Iran). After rubber dam isolation,
the restoration, as well as caries, were removed and the ac-
cess cavity was prepared to the extent where the C-shaped
orifices were apparent (Figure 2A). The configuration of
the orifices exhibited a separate mesiolingual canal adja-
cent to a main C-shaped canal at distal which was catego-
rized as C2 type according the Fan et al. (2) classification.

Root canal preparation was initiated through the negoti-
ation of canals with #10K-file (MANTI, Utsunomiya, Japan).

FIGURE 1
in primary intra-oral examination, (B)

(A) Sinus tract observed

Initial periapical radiography shows the
periradicular lesion, (C) CBCT evaluation
illustarting extremely thin width of
0.3mm at danger zone, ML: Mesiolingal
canal.
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FIGURE 2 (A)Mesiolingual and C-
shaped orifice after completion of access
cavity preparation, ML: Mesiolingual.

(B) Working length confirmation with
periapical radiography in which potential
perforation is suspected. (C) Master apical
cone radiograph. (D) Final radiograph.

The working length was determined using an electronic
apex locator (Minipex, Woodpecker, Guilin, China) and
then confirmed by a periapical radiograph (Figure 2B).

In the initial radiographic assessment, the danger zone
of the distal root was suspected with potential perforation
(Figure 2B), however; no sign of perforation including
intracanal bleeding or apex locator alarm was observed.
Furthermore, cone-beam computed tomography (CBCT)
contradicted the primary findings of conventional peri-
apical radiographs. CBCT revealed the width of the lin-
gual wall of the canals was extremely thin as 0.3mm
(Figure 1C). Thus, in this case, the approach to root canal
preparation was focused on chemical irrigation rather
than mechanical preparation to avoid any perforation of
the lingual wall and optimal cleaning of the fins between
the canals.

Mechanical preparation was performed through the
anti-curvature technique. After establishing the glide path
with 10/02 path files, the mesiolingual canal and the C-
shaped isthmus were prepared up to 25/04 and 25/02,
respectively. The root canal was irrigated after each file
with 5.25% NaOCl (2mL) using a 30G double-side vented
syringes (United Dental, Shanghai, China) and acti-
vated by ultrasonic irrigation (Eighteeth, Sifary Medical
Technology, Changzhou, China) for 30seconds. Then, the
canals were rinsed with a final rinse of 17% EDTA (5mL)
activated for 1 min to remove the smear layer, and finally
the canals were dried with sterile paper points (AriaDent,
Tehran, Iran).

At this point, the dried canals were checked with paper
points for potential bleeding to ensure no perforation had

occurred, as the cone being soaked with blood may indi-
cate a strip perforation.

Obturation was done with thermoplasticized gutta-
percha (Eighteeth, Sifary Medical Technology, Changzhou,
China) in the mesiolingual canal, nevertheless, the C-
shaped canal was filled with mineral trioxide aggregate
(MTA) (Angelus, Londrina, Brasil) in full length to prevent
condensation pressure on the thin dentinal wall in this canal
as well as sealing potential strip perforation (Figure 2C,D).
All procedures were performed under an endodontic micro-
scope (OMS2350; ZUMAX, Jiangsu, China).

After completing the root canal treatment, the pa-
tient was referred to the Department of Restorative
Dentistry of Mashhad Faculty of Dentistry, Mashhad,
Iran and the tooth was restored with a full coverage
crown. A six-month follow-up clinical examination
revealed a well-functioning tooth with no mobility or
abnormality and recall radiograph demonstrated heal-
ing of the periapical lesion (Figure 3A). Furthermore,
CBCT taken at twelfth month of follow-up showed nor-
mal periodontal ligament and lamina dura indicating
significant healing of the periapical lesion (Figure 3B).
The patient's treatment plan for the adjacent eden-
tulous space involved an implant, and at the twelfth-
month follow-up, the patient had undergone a CBCT
of the area. Following the ALARA rule, the patient was
not obligated to take additional radiographs. Moreover
CBCTs are considered the most accurate for assessing
the healing of periapical radiolucency.'” Therefore the
authors reported the twelfth month follow-up based on
the preordered CBCT.
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3 | DISCUSSION

The endodontic treatment of a C-shaped mandibular sec-
ond molar with an extremely thin lingual danger zone is
demonstrated in this report. Twelve months of follow-up
presented the periapical lesion healing, therefore, the
treatment procedure was considered to be effective with
the above-mentioned approach.

The C-shaped configuration is a significant ethnic
variation. A relatively high prevalence has been re-
ported in mandibular second molars of Chinese and
Lebanese populations and is more common in Asians
than in whites.”

Researches demonstrated that both cold lateral and
warm vertical compaction techniques can be responsible
for crack propagation in root structure which is not favor-
able.'® In order to seal ribbon-shaped connections in a C-
shaped canal system comprehensively thermoplasticized
gutta-percha technique has been proven to have more fa-
vorable result.)” In this case, the warm vertical compaction
technique was used for the obturation of the mesiolingual
canal which was separated from the main C-shaped con-
figuration. However, the main C-shaped canal was filled
with MTA justified by the excellent reparative property
exhibited by this material and to seal any possible perfo-
rations as well as precluding crack incidence of condensa-
tion pressure in the extremely thin dentinal wall of canal.

Lim and Stock' found that 0.2-0.3mm thickness is
required for the dentinal wall to prevent fracture while
placing and compacting root canal filling. In a study
conducted by Cheung and Cheung,'® the average dentin
thickness in C-shaped molars after instrumentation to
size 30/06 was investigated, authors observed that the me-
siolingual canals have always the shortest mean thickness
at different root levels (0.71-0.96 mm). Not much data is
available regarding this controversial issue and no consen-
sus on the matter of critical dentinal wall thickness has
been reached that can guide the clinicians when the canal
wall may break down at this level. Small perforations may
remain undetected by the clinician even in a clinical situ-
ation as well as periapical radiograph. Several approaches

FIGURE 3 (A) Follow-up radiograph
after 6 months. Healing of periradicular
lesions is observed. (B) CBCT evaluation
after 12 months revealed satisfactory
outcome of the treatment.

have been suggested in literature to assist the operator as
discussed below.

Tactile sense

Persistent bleeding during preparation

Paper point soaked with blood

The apex locator alarm

Radiolucency associated with a communication be-
tween the root canal walls and the periodontal space

EAEE ol

Tactile sense as described by Mamoun et al." is an aid
for clinician to suspect to perforations when accompany-
ing other signs. A file in a perforation may provide a kink
feeling, from the file rubbing against the coronal aspect
of the perforation, and also advanced apically. Despite the
fact that a file in a canal normally provides a consistent,
smoother tactile feeling, a file in a perforation may give a
tactile sense of a “bottomless pit,” as if no boundary exists
when the file is moved laterally."’

During root canal preparation of vital teeth, the radic-
ular pulp may be excised. After removal of pulp tissue,
persistent bleeding during preparation of coronal access
or root canal may be indicative of a perforation.” A file in
a necrotic canal may induce unexpected orifice bleeding
when the file is negotiated past the apex due to severance
of blood vessels located beyond the apex. In this case the
pulpal status was necrosis and no bleeding occurred after
access cavity and root canal preparation. Thus, no perfora-
tion had occurred at this stage."’

An additional approach for detection of perforation
is a paper point soaked with blood could be suggestive
of perforation which in this case was not observed after
cleaning and drying the root canals. However, medica-
tions, systemic conditions, open apex or internal resorbed
teeth as well as symptomatic apical periodontitis may be
associated with excessive bleeding, and be mistaken with
root perforation.*

To eliminate this challenge of detecting root perfo-
ration, the apex locator as a technological resource may
help clinically to conquer this issue; however, it may
show some false results. Although small perforation may
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remain unnoticed until extrusion of sealer illustrated in
final periapical radiograph.**

In periapical radiographs, a pivotal vestige of root
canal perforation are demonstrated as a radiolucency
associated with a communication between the root
canal walls and the periodontal space. Nevertheless in
the periapical radiograph of this case was perforation
suspected.

Two features, notable in the radiographs of this case,
has been corroborated by literature for c-shaped canal’*
including: (a) instruments may exit at the furcation and
(b) instruments tend to converge at the apex.” The former
may appear as a perforation of the furcation, however,
the mentioned approaches are available to rule out the
possibility.

The incorporation of CBCT in endodontic proce-
dures enables clinicians with new parameters helping
to diagnose the pathologic and iatrogenic conditions.?
Shemesh et al. concluded that CBCT scans possess a
significantly higher sensitivity than periapical radio-
graphs. However no significant difference was observed
between the methods for detection of root perforations
in their study. They argued that the inability of 2 dimen-
sional periapical radiograph and CBCT to detect strip
perforations may be due to the location of the perfora-
tion, which could be camouflaged by the concavity of
the root and absence of filling material penetrating in-
side the perforation, respectively.**

Takahashi et al.” discovered the lingual dentinal width
of the C-shaped anatomy to be narrower than the buccal
side, which is due to the impeded dentin formation in this
region. This phenomenon is explained through the broad-
ening of the odontoblasts on lingual side of the canal.
Hence, there is always a risk of strip perforation at the
lingual wall of the C-shaped canal. Moreover Abou-Rass
et al.”® concluded that the anti-curvature technique for the
preparation of c-shaped anatomy is useful. Although copi-
ous data are missing on this issue, it may be obvious that
perforation or fracture is probable when dentin is thin.
Using large instruments in the process of preparation and
not avoiding the danger zone may lead to strip perfora-
tion.”” Additionally the oversight might even remain un-
detected until after sealer extrusion of the defect, which in
this case was not observed.

On one hand, mechanical root canal preparation gen-
erates high forces leading to dentinal defects® and rotary
nickel-titanium instruments seems to be the major reason
for the higher occurrence of dentinal defects when com-
pared to manual preparation.” On the other hand, a sys-
tematic review investigated remaining dentine thickness
(RDT) after pulpectomy in primary molars and compared
the hand and rotary instrumentation. Authors concluded
that in rotary instrumentation more RDT remains than
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manual root canal preparation systems according to the
majority of studies.*® Moreover, studies have demonstrated
no differences regarding the cleaning efficacy of either sys-
tem.** In this case we managed to remove infected den-
tin and perform cleaning with the rotary system without
dentinal defect while maintaining adequate dentin thick-
ness as to not significantly reduce the strength of the root.

As discussed comprehensively in literature, the ulti-
mate goal of endodontic treatment is the elimination of
microbial communities within the root canal system which
can be achieved through mechanical instrumentation and
chemical irrigation. The former aims to physically disrupt
microbial biofilms as well as provide a shape that allows
irrigants to infiltrate the root canal.* The irrigants during
the endodontic treatment can act as lubricant to the den-
tinal walls and help to wash out loose debris as well as dis-
solve organic material in the canal, and eventually have an
antimicrobial role.* Cleaning and disinfecting procedures
rely on the mechanical and chemical properties of the ir-
rigants. Mechanical effects include the flow and backflow
of irrigant solution which significantly reduce the bacte-
rial population inside the root canal system.*®

However, the anatomical complexities encompass res-
idue of infected pulp tissue leading to persistent intrara-
dicular infection triggered by microorganisms hosted in
these zones.*” The presence of fins in a c-shaped canal
configuration makes it challenging to do the debridement
efficiently.*® Consequently, ultrasonic irrigation plays a
pivotal role in the debridement of inaccessible areas of
the canal system.'®* Likely in the present case, the canal
instrumentation was performed basically by chemical ir-
rigation rather than mechanical instrumentation in order
to prevent mishaps including strip perforation and better
cleaning of the fins and webs. T-pro and Hero rotary sys-
tems with low constant tapering property were used to re-
duce the risk of perforation in the danger zone. Irrigation
comprising NaOCl was activated by the ultrasonic for
more efficient cleaning.

4 | CONCLUSION

The present case report illustrates the canal variations in
the mandibular second molars. When the dentin thick-
ness is minimum, abundant activated irrigation as well as
conservative canal preparation is essential for successful
outcome of the root canal treatment. Additionally, MTA
might be a wise choice for obturating the canal in full
length to prevent crack incidence of condensation pres-
sure resulting from obturation techniques. The clinician
must be aware of the unusual anatomic challenges neces-
sitating adherence to biomechanical principles to achieve
a successful endodontic outcome.
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