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ABSTRACT

Managing curved root canals in endodontics poses considerable challenges due to their complex anatomy and
increased risk of complications during treatment. Successful outcomes depend on accurate diagnosis, detailed
planning, and the use of advanced instruments and techniques. Pre-operative imaging, including periapical
radiographs and cone-beam computed tomography, plays a vital role in identifying the degree and direction of
canal curvature, allowing for appropriate treatment planning. The introduction of heat-treated nickel-titanium
instruments with enhanced flexibility and shape memory has greatly improved the ability to shape curved canals
while minimizing procedural errors. Effective irrigation using advanced techniques such as ultrasonic or sonic
agitation ensures better cleaning of areas that instruments cannot reach. Obturation in curved canals is often
difficult, but the use of flowable and biocompatible sealers, such as resin-based or bioceramic types, enhances
sealing ability and long-term success. A thorough understanding of root canal morphology, along with the use
of modern tools and techniques, is key to achieving predictable and successful outcomes in curved canal cases.

Keywords: Canal shaping, Cone-beam computed tomography, Curved canals, Nickel-titanium instruments,
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INTRODUCTION

Endodontic therapy is a critical procedure aimed at preserving teeth that have been compromised
by pulpal disease, trauma, or deep dental caries. This procedure involves cleaning and shaping
the root canal system to eliminate infection, followed by obturation to preserve the form and
function of natural teeth.”! One of the most challenging aspects of root canal therapy is managing
curved canals. The presence of curved canals is more common in third molars, with reported
prevalence ranging from 3.3% to 30.92% in mandibular molars and 1.33% to 8.46% in maxillary
molars.™

Adequate understanding of root canal morphology is vital for effective treatment. A thorough
pre-operative evaluation, including radiographic imaging techniques such as radiovisiography
(RVG) and cone-beam computed tomography (CBCT), can provide a three-dimensional
understanding of the root canal system, which is particularly valuable in complex cases.?
Complex root canal anatomy increases the risk of complications such as ledge formation, canal
transportation, instrument separation, perforation, and internal distortion, and also presents
challenges in maintaining working length and achieving apical patency. Moreover, effective
irrigation in such canals is often limited unless enhanced by techniques such as passive ultrasonic
activation or apical negative pressure systems.!!
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The selection and use of appropriate instruments for chemo-
mechanical preparation of curved root canals is critically
important as it helps to navigate through the curvature while
maintaining the original path of the canal and ensuring
thorough debridement.”! The introduction of flexible
nickel-titanium (NiTi) rotary and reciprocating systems,
which exhibit properties such as shape memory, enhanced
flexibility, and resistance to cyclic fatigue, has significantly
enhanced clinicians’ ability to manage complex anatomies
with improved safety and efficiency.®

Therefore, the curvature of root canals presents a significant
anatomical challenge that profoundly influences both the
quality and outcome of endodontic treatment. Sharp or
complex curvatures increase the risk of procedural errors,
all of which can compromise the integrity of the root canal
system and reduce the likelihood of long-term success.
Hence, identification of canal curvature through careful
radiographic assessment or advanced imaging modalities
during diagnosis is critical for an appropriate and effective
treatment plan.

The following case report of two clinical cases adheres to
CARE guidelines and showcases successful endodontic
management of teeth with pronounced root canal curvatures.
It highlights the importance of accurate diagnosis, detailed
radiographic evaluation, and the skilled use of advanced
instruments supported by thorough knowledge, to effectively
manage complex canal anatomy and achieve predictable
treatment outcomes.

CASE REPORT 1

A 20-year-old male patient reported to the department
of conservative dentistry and endodontics with the chief
complaint of pain and food lodgement in the upper right back
teeth region. There was no relevant medical history. Clinical
examination and testing revealed extensive occlusal caries
involving the pulp of tooth #28 [Figure 1]. On the electric pulp
test, the tooth showed an exaggerated response to the stimulus
and a normal response to percussion. No abnormal findings
were seen during extraoral examination. Pre-operative
intraoral periapical radiograph showed coronal radiolucency
involving pulp of tooth #28 with severe apical curvature
in mesial root (Schneider angle of 27°) [Figure 2]. Hence,
after clinical and radiographic examination, a diagnosis of
symptomatic irreversible pulpitis was made, and the patient
was advised to undergo root canal treatment of tooth #28.
Informed consent, as per Form No. 574346/24, was obtained
from the patient before the commencement of treatment.

The treatment was performed under magnification of
x2.5 loupes (Orikam, Eighteeth Brilliance Dental Loupes,
China). Following the administration of local anesthesia 2%
lidocaine with 1:80,000 epinephrine (Indoco Remedies Ltd,
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Figure 1: Pre-operative radiograph # 28.

India), a rubber dam (Hygienic Dental Dam, Coltene, USA)
isolation was performed in #28 to ensure an aseptic working
environment. An access cavity was prepared under sufficient
water cooling using a high-speed air-rotor handpiece with
an Endo-access and an Endo-Z bur (Dentsply Maillefer,
Switzerland) to achieve a straight-line access. Four canals
were located, namely, Mesiobuccal 1 (MB1), Mesiobuccal 2
(MB2), Distobuccal (DB), and Palatal canal using a DG-16
endodontic explorer (Dentsply, Switzerland).

Canal patency was obtained after working length estimation
using an electronic apex locator (Orikam, Eighteenth E-Pex
Pro Apex Locator, China) with pre-curved #10 K-files in all
the canals, including the mesiobuccal canal, where a sharp
apical curvature was seen, which was later verified by RVG
[Figure 3]. A glide path was established using Hyflex EDM
(Coltene Whaledent, USA) ISO size 15, 3% taper.

Root canal cleaning and shaping was performed using rotary
NiTi Hyflex® CM file system (Coltene Whaledent, USA) with
final preparation size 0.04/30 for MB1, MB2, and DB canals
and upto size 0.06/40 for Palatal canal along with 5% sodium
hypochlorite (Parcan, Septodont Healthcare India Pvt Ltd)
and 17% ethylenediaminetetraacetic acid (EDTA) (Coltene
Whaledent, USA) irrigation throughout instrumentation
with activation using passive ultrasonic irrigation for
enhanced smear layer removal and improved disinfection.
Final irrigation was done with normal saline.
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Figure 2: Schematic diagram representing Schneider angle
Point “a:” The canal orifice. Point “b:” The point where the
canal begins to curve. Point “c:” The apical foramen. Line I:
From point a to b, following the initial straight portion of the
canal. Line 2: From point b to ¢, following the curved portion
to the apex, and the angle between these two lines is the

Schneider angle that reflects the degree of canal curvature.

Figure 3: Working length determination radiograph #28.

The canals were dried using sterile paper points and
obturated using warm vertical compaction of gutta-percha
points corresponding to the final canal preparation size, in
conjunction with AH Plus resin sealer (Dentsply, Germany)
[Figures 4 and 5]. Post-endodontic restoration was done
using composite resin Z 350 (3MESPE AG, Germany).
A follow-up check-up was done after 3 months, and no fresh
complaint was noted [Figure 6].

CASE REPORT 2

A 35-year-old female patient reported to the Department
of Conservative Dentistry and Endodontics with the chief
complaint of pain in the upper right posterior region. Clinical
examination revealed deep caries in the right maxillary
second premolar #25, with tenderness on percussion. Pre-
operative intraoral periapical radiograph showed coronal
radiolucency involving pulp of tooth #25 [Figure 7] and
an S-shaped root canal morphology (Schneider angle of
30°). Based on clinical and radiographic findings, tooth
#25 was diagnosed with symptomatic irreversible pulpitis,
and root canal therapy was recommended. A diagnosis of
symptomatic irreversible pulpitis was made, and the patient
was advised to undergo root canal treatment of tooth #25.
Informed consent, as per Form No. 536481/24, was obtained
from the patient before the commencement of treatment.

The treatment was performed under magnification of x2.5
loupes. After administration of local anesthesia, rubber dam
isolation for the tooth was done, and an access cavity was
prepared, and buccal and palatal canal orifices were located
using DG 16 endodontic explorer. Working length was
estimated using #10 K flex files, which were later confirmed
with an apex locator and RVG [Figure 8]. A glide path was
established using Hyflex EDM ISO size 0.03/15. The canals
were then shaped using HyFlex CM rotary files up to a final
preparation size of 0.04/30 for buccal and palatal canals
[Figure 9].

Copious irrigation with 5% sodium hypochlorite, followed
by 17% EDTA, was used throughout the instrumentation
process, with ultrasonic agitation to enhance debris removal.
After thorough drying, the canal was obturated using a
warm vertical compaction technique with AH plus sealer.
The access cavity was later sealed with composite resin
7350 [Figure 10]. A follow-up evaluation was conducted
three months later, and no new complaints were reported
[Figure 11].

DISCUSSION

Managing a curved canal in a posterior tooth presents
unique challenges in endodontic treatment due to the
tooth’s complex anatomy, limited access, and potential for
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Figure 4: Master apical cone radiograph #28.

Figure 5: Post-obturation radiograph #28.
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Figure 6: Follow-up radiograph #28.

Figure 7: Pre-operative radiograph #25.

procedural errors.*”) A systematic approach encompassing
thorough diagnosis, meticulous instrumentation, and
effective obturation is essential for successful treatment.

Accurate diagnosis plays a pivotal role in the effective
management of curved root canals. Obtaining a periapical
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Figure 8: Working length determination radiograph #25.

Figure 10: Post-obturation radiograph #25.

yi

Figure 9: Master apical cone radiograph #25.

and, if necessary, CBCT images helps to assess the degree
and direction of canal curvature, as well as the number and
configuration of canals. Canal curvature is primarily caused Figure 11: Follow-up radiograph #25.

by developmental irregularities during root formation, such as

uneven dentin deposition and asymmetric growth of Hertwig’s severity, and direction of canal curvature at the diagnostic
epithelial root sheath. Genetic predisposition, functional  stage allows the clinician to anticipate these challenges
forces, secondary dentin deposition with age, and pathological ~ and adapt their approach accordingly. This pre-operative
conditions, such as trauma or infections, can further alter the ~ assessment is crucial for planning the treatment approach in
canal path, leading to curvatures.®! Recognizing the presence,  a complex root canal system."!
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Further, in cases of curved canals, a precise access cavity
design is critical to prevent instrument deflection, canal
transportation, and ledge formation. Inadequate or overly
conservative access may result in missed canals, difficulty
in negotiation, or excessive force during instrumentation.!”!
The design of the access cavity should be such as to achieve
a straight-line path to the apical third of the root canal
while conserving tooth structure and minimizing the risk
of instrument separation, ledge formation, and procedural
errors.!"

Along with a straight-line access, the establishment of a glide
path is essential in curved canals. A well-established glide
path guides shaping files smoothly, reduces instrument stress,
and preserves canal anatomy. Using small hand files (#8, #10,
#15 K-files), often pre-curved, helps negotiate curvatures and
enhances tactile control during instrumentation.!”

Employing the use of flexible NiTi rotary files with controlled
memory (CM), designed for curved canals, offers enhanced
flexibility and resistance to cyclic fatigue, reducing the risk
of instrument separation.'”) Unlike traditional NiTi files,
they can be pre-bent and retain their shape, allowing them
to follow the natural canal curvature.'" Their enhanced
resistance to cyclic fatigue, especially in curved canals where
repeated flexing occurs at the point of curvature, reduces
the risk of separation and improves procedural safety and
reduces the likelihood of complications in endodontic
management of complex root canal anatomy.!""!

Furthermore, root canal irrigation is crucial in curved canals,
as mechanical instrumentation often fails to reach all canal
surfaces due to complex anatomy. Irrigants such as sodium
hypochlorite and EDTA dissolve tissue and remove the
smear layer, flush out debris, and biofilm.!'®! Techniques such
as sonic/ultrasonic agitation and apical negative pressure
enhance effectiveness. Side-vented needles aid in safe,
controlled delivery. Effective irrigation ensures microbial
control and treatment success."”

Obturation in curved canals is challenging due to the
difficulty in adapting gutta-percha to canal walls. Hence,
flowable, biocompatible sealers, such as resin-based or
bioceramic types, are especially effective to fill voids, lateral
canals, and irregularities, adapting well to complex anatomy,
enhancing the seal and preventing microleakage, and
improving long-term outcomes.!'*!

CONCLUSION

The endodontic management of curved canals presents
unique clinical challenges that require a comprehensive and
skilled approach. Understanding root canal morphology,
accurate diagnosis, and appropriate case selection form the
foundation of successful treatment. Advances in imaging,
flexible NiTi instruments, CM file systems, effective irrigation
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protocols, and high-performance sealers have significantly
improved the clinician’s ability to manage curved canals with
greater precision and safety. By combining these innovations
with sound clinical judgment and technique, it is possible to
preserve the natural anatomy, minimize procedural errors,
and enhance long-term treatment outcomes.
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