


Case report 

ENDODONTIC MANAGEMENT OF MAXILLARY MOLARS WITH UNCOMMON INTRARADICULAR ANATOMY 


ABSTRACT
Endodontic treatment is aimed at preventing apical periodontitis and facilitating bone healing. A comprehensive understanding of root canal morphology and its variations is crucial for achieving a successful treatment outcome. Accurate diagnosis and effective management of cases exhibiting atypical root canal morphology can be enhanced through the assessment of periapical radiographs from various angles, the application of advanced magnification techniques, and the utilization of Cone Beam Computed Tomography (CBCT) scanning. The occurrence of two palatal canals in the maxillary first and second molars constitutes a rare finding. This case report documents two instances of maxillary molars exhibiting two palatal canals.
KEYWORDS: Anatomic Variation, Maxillary First Molar, Palatal Root, Root Canal Anatomy, Root canal treatment, Palatal canal, instrument retrieval

INTRODUCTION
Intricate and complex variations in root canal anatomy renders endodontic treatment challenging and unpredictable. The presence of deviations from normal anatomy further adds to this challenge. Reasons for the failure of root canal treatment and a retreatment rate as high as 19% are attributed to the inability to identify the presence of additional canals. Therefore, detection of root canal variations prior to treatment, and refinement of related skills need to be addressed appropriately (Lin et al., 2025).
Generally,a majority of maxillary first molars are characterized by the presence of three distinct roots (mesiobuccal, distobuccal, and palatal roots). Among which the mesiobuccal root has two or more canals in 56.8% of cases. In contrast, the palatal root has the lowest variability, with a single canal in 99% and a single apical foramen in 98.8% of cases (Sung et al., 2021).
Variations in the palatal root of maxillary molars was first proposed by Stone and Stroner. As per the findings of Qun et al., the occurrence of variations in the palatal root of maxillary molars is merely 1.4% (Chen et al., 2022; Qun et al., 2009). Additionally, the prevalence of a maxillary first molar featuring two distinct canals within the palatal root is under 1% (Cleghorn et al., 2006).
In 1991, Christie et al proposed a classification for canal variations in the palatal root.
1. Type I: Maxillary molars possessing two distinct palatal roots. The periapical radiograph reveals four root apices.
2. Type II- Maxillary molars with four separate roots but shorter and blunted root apices. Radiograph may look like it has only a mesial and distal root.
3. Type III - Maxillary molar has a narrow root structure, with the mesiobuccal, mesio-palatal, and distopalatal canals surrounded by a network of root dentin (Christie et al,1991). 
Studies conducted by Baruwa et al. and Mashyakhy et al. indicate that approximately 82.6% to 90% of cases involving missed canals result in periapical pathology (Baruwa et al., 2020; Mashyakhy et al., 2021). These unaddressed canals often serve as reservoirs for bacteria within the root canal system, which can subsequently invade the periradicular tissues, potentially leading to persistent apical periodontitis. While anatomical anomalies in radicular structure are infrequently encountered, dental practitioners must maintain a high level of awareness for the existence of additional root canals or roots within a tooth (Kumar et al., 2012).

Case Presentation 

CASE  1
A 70-year-old male patient presented to the department of conservative dentistry and endodontics with the chief complaint of intermittent pain and food impaction in his maxillary left second molar region. On clinical evaluation, severe attrition was noted on 27(maxillary left second molar). Thermal and electric pulp tests were non-responsive. A preoperative radiograph was taken, which revealed periodontal ligament widening and coronal radiolucency involving pulp (FIG. 1). The clinical diagnosis was pulp necrosis with symptomatic apical periodontitis. The patient was informed about the questionable prognosis of the post-endodontic restoration.
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FIG 1:Preoperative radiograph of 27
On radiographic examination of 27, atypical anatomy of the roots was observed, and a cone beam computed tomography (CBCT) scan was taken for confirmation (FIG. 2). Local anaesthesia was administered, and the operating field was isolated with a rubber dam (COLTENE). Caries was excavated, followed by pre-endodontic buildup with composite (FIG. 3). Access opening was done. Exploration of pulp chamber revealed one mesiobuccal, one distobuccal and two palatal canals under magnification (Dental loupes 3.5x). The working length radiograph was taken using the bisecting angle technique (FIG. 4).
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FIG 2:CBCT Image shows 2 palatal canals
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Fig 3: Pulp chamber with 4 root canals
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FIG 4: Working length determination
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FIG 5:Mastercone radiograph
Initial instrumentation was performed with size 10 and 15 k files under irrigation with 2.5 % sodium hypochlorite. Root canal was prepared using the crown-down technique with Nickel Titanium (NiTi) rotary files (JIZAI, MANI, Japan). Further irrigation was completed with 2.5 % sodium hypochlorite irrigation, followed by 17% ethylene diamine tetraacetic acid (EDTA), then 5.25% sodium hypochlorite and a final rinse of normal saline. The root canals were dried with sterile paper points. Pre-obturation radiograph was taken with the master cones, and obturation was done with gutta-percha using cold lateral condensation technique (FIG. 5,6). Permanent restoration was complete with composite reinforced with ribbond.
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FIG 6:post obturation radiograph
CASE  2 
A 35-year-old female patient presented to the department with the chief complaint of intermittent pain and sensitivity in her maxillary right first molar. On deeper clinical and radiographic evaluation, a gross proximal carious lesion was noted on 16(maxillary right first molar), and the tooth was tender on percussion (FIG. 7). Cold test demonstrated lingering pain for 50 seconds. The clinical diagnosis was symptomatic irreversible pulpitis with symptomatic apical periodontitis.
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FIG 7: Preoperative Radiograph

Local anaesthesia was administered, and the operating field was isolated with a rubber dam. Caries was excavated, followed by pre-endodontic buildup with composite. Access opening was done. Initial exploration of the pulp chamber revealed two mesiobuccal, one distobuccal and one palatal canal. The pulp chamber was refined with ultrasonic tips, and further exploration of the pulpal floor with dental loupes (3.5x) revealed a second palatal canal. The working length radiograph was taken using the bisecting angle technique..  During preparation, instrument got separated in the coronal third, almost 2 mm from the canal orifice in the MB2 canal (FIG. 8). 
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FIG 8: Working length radiograph with 2 palatal canals and fractured instrument in MB2
Further cleaning and shaping were completed with NiTi rotary files (JIZAI, MANI, Japan) after establishing a glide path with manual files. The canals were prepared using the crown down technique up to size 30/4% (MB1), size 30/6% (Distobuccal and P1) and size 30/4% (P2). Pre-obturation radiograph was taken with the master cones, then irrigation was done with 17% ethylene diamine tetraacetic acid (EDTA), 5.25% sodium hypochlorite and normal saline. The root canals were dried with sterile paper points, and finally, obturation of all canals except MB2 was done with gutta-percha using cold lateral condensation technique (FIG. 9). The Patient was recalled after one week. 
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FIG 9: Post-Obturation radiograph of 4 canals
The broken instrument was first successfully bypassed, and the size of the canal was increased using K files. This created a staging platform for the placement of ultrasonic tips (Woodpecker E4 diamond-coated ultrasonic tips). The broken instrument was retrieved, and the canal was obturated (FIG.10,11). Mesial margin was elevated, and the access cavity was restored with composite, followed by an all-ceramic crown. 
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FIG 10: Radiograph after instrument retrieval from MB2
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FIG 11: Post obturation Radiograph

DISCUSSION 
This case report presents the non-surgical endodontic management of maxillary molars with atypical anatomy palatal root. The maxillary first molar is typically characterized by the presence of three roots and three to four root canals. Consequently, the occurrence of an additional palatal canal is considered to be relatively uncommon. The presence of additional canals in the  palatal root of maxillary molars is reported to have a prevalence of approximately 2% to 5.1%(Krish, 2024). Dental practitioners can effectively identify and navigate these atypical configurations with a combination of magnification, illumination, proper access cavity preparation and careful canal exploration. Additional imaging tools, such as preoperative Cone Beam Computed Tomography (CBCT), are valuable and mandatory diagnostic adjuncts (Ali, 2020).
In case 1, two palatal canals have distinct orifices and exits, whereas in case 2, the 2 palatal canals seem to join at the apical third into a single exit. In accordance with Christie et al classification, case 1 may be described as a Type III molar. Palatal root of maxillary first molar shows a Type III , based on Vertucci classification. The access cavity had to be refined to a trapezoidal shape to enhance visibility for identifying additional canals. A thorough evaluation of the preoperative radiograph and careful examination of the pulp chamber floor, aided by effective visualisation and probing, enables the clinician to locate the canal orifices. Endodontic explorer, dental loupes, digital radiograph in various angulations, etc, have been useful in finding the additional canals. Meticulous evaluation of pulp chamber and floor for the potential presence of additional canals cannot be overemphasised preoperatively. It is crucial to identify and clean these extra canals to prevent endodontic mishaps. While the likelihood of encountering variations in radicular anatomy is generally low, practitioners must remain vigilant for the existence of supplementary canals or even additional roots (Ali, 2020; Sung et al., 2021).
Thorough observation of the preoperative radiograph helps reveal indistinct canal anatomy, which thereby cautions the clinician to be on lookout for canal variations. In case 1, the indistinct anatomy of the palatal canal was evident in the pre-operative radiograph (FIG.1), whereas in case 2, the working length radiograph (FIG.8) shows an off-centred appearance in the palatal canal. Dental loupes(3.5x) are utilised for magnification and illumination. 
Instrument separation is a frequent occurrence that can happen even among experienced endodontists, with studies indicating an incidence rate of 94.8% in endodontists compared to 85.1% in general dentists (Madarati et al., 2008). To enhance the longevity of the affected tooth, it is crucial to make every effort to either bypass or retrieve the broken instrument without much structural damage to the tooth (Chauhan, 2024). In case 2, the initial attempts to bypass or retrieve the instrument were unsuccessful, and there was an additional risk of the instrument being lodged in other prepared canals during the retrieval process. Therefore, it was decided to obturate the remaining canals and postpone the instrument retrieval to a later appointment. During the follow-up session, the instrument was successfully bypassed and removed with a combination of copious irrigation using EDTA and ultrasonic activation. Ultrasonic devices have proven effective in loosening and eliminating various obstructions within root canals. The vibrational capabilities of endodontic instruments are useful and particularly recommended in cases where fractured segments are visible, enhancing the precision and effectiveness of the procedure (Glii et al., 2023; Shiyakov & Vasileva, 2014).
Properly designed and executed access cavities can help avoid numerous potential complications during canal preparation and filling. The utilization of magnification instruments, including dental microscopes and loupes, significantly enhances visualisation capabilities, facilitating the identification of anatomical irregularities (Buhrley et al., 2002 ). These tools enable practitioners to achieve a higher level of precision in their assessments and interventions, ultimately contributing to improved patient outcomes in dental practice. A larger and clearer perspective of the treatment area is achieved by increased magnification (Shetty et al., 2012). Such enhanced visualisation enables clinicians to recognise subtle anatomical characteristics and differentiate between canal orifices more efficiently (Manik et al,2024).

CONCLUSION
A comprehensive understanding of tooth anatomy is essential for effective practice. Thorough evaluations should be performed during both clinical and radiographic examinations of patients. Additionally, the utilization of endodontic microscopy and cone-beam computed tomography (CBCT) serves as valuable adjunctive techniques in endodontic treatment and the retrieval of instruments from the root canal. The decision to remove a fractured instrument is influenced by various factors, including the instrument’s position within the canal, the level of cleaning and shaping achieved at the time, and the length of the instrument. The clinician should approach root canal therapy with an open mind, avoiding any preconceived notions about the anatomy involved. It is essential to remain adaptable and ready to encounter variations that may not align with typical expectations. Embracing the unexpected will enhance the clinician's ability to effectively manage diverse clinical scenarios, ultimately improving patient outcomes.
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