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ABSTRACT 
Successful endodontic treatment relies on complete 

debridement and obturation of the entire root canal 

system. Anatomical variations such as the middle 

mesial canal (MMC) in mandibular first molars may 

remain undetected and compromise treatment 

outcomes. This case series describes the nonsurgical 

endodontic management of four mandibular first 

molars presenting with middle mesial canals. All 

patients were diagnosed with symptomatic 

irreversible pulpitis associated with symptomatic 

apical periodontitis. Following access cavity 

preparation, the MMC was identified through 

careful exploration of the developmental groove 

between the mesiobuccal and mesiolingual canals 

using magnification, ultrasonic troughing, and a 

dental operating microscope when required. 

Cleaning and shaping were performed using rotary 

nickel–titanium instruments with copious irrigation, 

followed by obturation using gutta-percha and 

bioceramic sealer. In all cases, the MMC exhibited a 

confluent configuration, joining either the 

mesiobuccal or mesiolingual canal in the apical 

third. The successful detection and management of 

these canals highlight the importance of a thorough 

understanding of root canal anatomy and the use of 

enhanced visualization techniques. Clinicians should 

always consider the possibility of a middle mesial 

canal during endodontic treatment of mandibular 

first molars to improve treatment predictability and 

long-term prognosis. 

 

KEYWORDS: Middle mesial canal, mandibular 
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I. INTRODUCTION 
The fundamental goal of root canal therapy 

is to achieve a three-dimensional hermetic seal of 

the root canal system. Any untreated or missed 

canals can harbor a substantial microbial load and 

their associated by-products, which may 

compromise treatment success. Numerous studies 

have demonstrated a significant correlation between 

untreated canal spaces and the development of 

persistent apical periodontitis (1). 

The mandibular first molar is considered 

the most frequently treated tooth in endodontic 

practice (2). Typically, this tooth presents with two 

roots, mesial and distal. The mesial root most often 

contains two separate canals,mesiobuccal (MB) 

andmesiolingual(ML), which exit through 

independent foramina in approximately 90% of 

cases. In the remaining 10%, these canals tend to 

merge before reaching the apex. The distal root 

usually contains a single large canal (65%) with an 

oval or kidney-shaped cross section, whereas two 

distinct distal canals are found in about 35% of 

cases (3,4) 

The occurrence of an additional canal in 

the mesial root of mandibular first molars has been 

reported to range between 1% and 15% (5). The 

middle mesial canal (MMC) is usually recognized as 

a fine bleeding point located within the 

developmental groove between the mesiobuccal 

(MB) and mesiolingual (ML) canals, with a 

comparatively smaller orifice. The middle mesial 

canal (MMC) was first documented by Vertucci and 

Williams in 1974 (6). Subsequently, Pomeranz et al. 

(1981), in a clinical investigation of 100 mandibular 

molars, identified MMCs in 12 cases and proposed a 

classification system dividing them into three 

distinct types (7). (i) Fin: If an instrument could pass 

freely between mesiobuccal or mesiolingual and 
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middle mesial canal. (ii) Confluent: When separate 

orifice is present but the canal joins either MB or 

ML canal apically. (iii) Independent: The canal has 

separate orifice and terminate to separate foramen. 

Among the reported variations of middle mesial 

canals, the confluent type is the most frequently 

observed, followed by the fin type and the 

independent type (8,9). 

The detection of a middle mesial canal 

(MMC) requires the use of multiple diagnostic tools, 

including angled radiographs, cone-beam computed 

tomography (CBCT), and magnification aids such as 

dental loupes or an operating microscope. These 

approaches enhance visualization and reduce the 

risk of procedural errors during canal exploration 

(10). Witherspoon et al. (2013) reported that, in 

molar retreatment cases, missed canals were most 

frequently located in the mandibular first molars, 

with 86% occurring in the distal root and 14% in the 

mesial root(11).  

This case series highlights the nonsurgical 

endodontic management of mandibular first molars 

presenting with a middle mesial canal. 

 

CASE 1 

A 29- year- old female patient reported to 

the Department of Conservative Dentistry and 

Endodontics, Government Dental College, 

Thiruvananthapuram with a chief complaint of pain 

in relation to right lower back tooth for past 1 week. 

She had intermittent throbbing pain which disturbed 

her sleep. The patient’s medical and allergic history 

was non-contributory. Clinical examination revealed 

that the right mandibular molar had deep caries on 

distal aspect which was tender on percussion. The 

periodontal status was within normal limits. The 

tooth gave positive response to cold test and electric 

pulp test and the pain persisted after removing the 

stimulus. Radiographic examination revealed 

radiolucency involving dentin extending to pulp 

with periodontal ligament widening. A diagnosis of 

symptomatic irreversible pulpitis with symptomatic 

apical periodontitis was made and root canal 

treatment was advised. 

Local anesthesia (2% lidocaine 

hydrochloride with 1:80,000 epinephrine) 

(Lignospan Special, Septodont, Raigad, India) was 

administered, and rubber dam was placed. All 

procedures wereperformed under ×3 magnification 

loupe (Zumax Medical Co., Ltd.). Access opening 

was done using endo access bur #1 and endo- z 

tapered safe end bur. Two distal and two mesial 

canal orifices were located using an endodontic 

explorer (DG-16 Endodontic Explorer, Ash 

Instruments, Dentsply, Gloucester, United 

Kingdom). The root canals were explored with a K-

file ISO  10 followed by 15.A bleeding spot was 

identified between the MB and ML orifices. In order 

to enhance the magnification, Labomed magna 

dental operating microscope was used.Ultrasonic 

tips (Start-X, Dentsply-Sirona) were used to explore 

the MMC orifice and the canal was negotiated using 

a size 10 K file. 15 size K-files (Mani, Tochigi, 

Japan) were used to determine working length using 

electronic apex locator (Root ZX Mini, J Morita, 

Kyoto, Japan) which was then confirmed using 

radiographs. 

Biomechanical preparation was completed 

using rotary nickel-titanium files (Neoendo and 

Orikam Healthcare India Private Limited) under 

abundant irrigation with 5.25% sodium hypochlorite 

and normal saline. The mesial canals were confluent 

(Fin type ii); mesiolingual canal was first prepared 

followed by mesiobuccal canal and middle mesial 

canal. Final irrigation was done with twin kleen 

(MAARC Dental). Irrigant activation was done 

using Endoactivator (Dentsply). Master cone 

radiograph was taken, and obturation was done 

using gutta-percha cones and Bioceramicsealer 

(Bioactive RCS, SafeEndo Dental India Private 

Limited) using the lateral cold compaction 

technique. Post endodontic restoration was done 

using composite resin (Tetric N Ceram, Ivoclar). 

 

  
a) Preoperative IOPAR             b) Working length IOPAR 
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c) Master cone IOPAR     d) Postoperative IOPAR 

 

 
e) Clinical image 

 

CASE 2 

A 21- year- old male patient reported to the 

Department of Conservative Dentistry and 

Endodontics, Government Dental College, 

Thiruvananthapuram with a chief complaint of pain 

in relation to right lower back tooth. He presented 

with a history of intermittent pain for past 3 months 

which increased in intensity in the past 2 days. The 

medical and allergy history of the patient was non-

contributory. Clinical examination revealed that the 

right mandibular molar had deep caries on the 

distobuccal aspect with tenderness on percussion. 

The periodontal status was within normal limits. The 

tooth gave positive response to cold test and electric 

pulp test which was lingering. Radiographic 

examination revealed radiolucency involving dentin 

extending to pulp with periodontal ligament 

widening. A diagnosis of symptomatic irreversible 

pulpitis with symptomatic apical periodontitis was 

made and root canal treatment was advised. 

Local anesthesia (2% lidocaine 

hydrochloride with 1:80,000 epinephrine) 

(Lignospan Special, Septodont, Raigad, India) was 

administered, and rubber dam was placed.  All 

procedures were performed under ×3 magnification 

loupe (Zumax Medical Co., Ltd.). Access opening 

was done using endo access bur #1 and endo- z 

tapered safe end bur. One distal and three mesial 

canal orifices were located using an endodontic 

explorer (DG-16 Endodontic Explorer, Ash 

Instruments, Dentsply, Gloucester, United 

Kingdom). The root canals were explored with a K-

file ISO 10 and 15. #15 size K-files (Mani, Tochigi, 

Japan) were used to determine working length using 

electronic apex locator (Root ZX Mini, J Morita, 

Kyoto, Japan) which was then confirmed using 

radiographs. The middle mesial canal originated as a 

separate orifice and merged with the mesiolingual 

(ML) and mesiobuccal(MB) canal approximately 2–

3 mm short of the apex, representing a confluent 

configuration(Fin type ii). 

Biomechanical preparation was completed 

using rotary nickel-titanium files (Neoendo and 

Orikam Healthcare India Private Limited) under 

abundant irrigation with 5.25% sodium hypochlorite 

and normal saline. Final irrigation was done with 

saline. Irrigant activation was done using 

Endoactivator (Dentsply). Master cone radiograph 

was taken and obturation was done using gutta-

percha cones and bioceramic sealer (Bioactive RCS, 

SafeEndo Dental India Private Limited), using 

thelateral cold compaction technique. Post 

endodontic restoration was done using composite 

resin (Tetric N Ceram, Ivoclar). 
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a) Preoperative IOPAR     b) working length IOPAR 

 

 
c) Master cone IOPAR     d) Postoperative IOPAR 

 

 
e) Clinical image                                                                            

 

CASE 3 

A 37- year- old female patient reported to 

the Department of Conservative Dentistry and 

Endodontics, Government Dental College, 

Thiruvananthapuram with a chief complaint of pain 

in relation to right lower back tooth. She 

experienced intermittent pain for the past 1 month 

with a history of night pain for past 1 week. The 

patient had no relevant medical or allergy history. 

Clinical examination revealed deep caries on the 

distal aspect of mandibular right first molar which 

was tender to percussion. The periodontal status was 

within normal limits. The tooth gave positive 

response to cold test and electric pulp test which 

was lingering. Radiographic examination revealed 

deep seated restoration with periodontal ligament 

widening. A diagnosis of symptomatic irreversible 

pulpitis with symptomatic apical periodontitis was 

made and root canal treatment was advised. 

Local anaesthesia (2% lidocaine 

hydrochloride with 1:80,000 epinephrine) 

(Lignospan Special, Septodont, Raigad, India) was 

administered, and a dental dam was placed.  All 

procedures were performed under ×3 magnification 

loupe (Zumax Medical Co., Ltd). Access opening 

was done using endo access bur #1 and endo- z 

a b 

d c 
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tapered safe end bur. One distal and two mesial 

canal orifices were located using an endodontic 

explorer (DG-16 Endodontic Explorer, Ash 

Instruments, Dentsply, Gloucester, United 

Kingdom). A bleeding spot was identified between 

the MB and ML orifices. In order to enhance the 

magnification, Labomed magna dental operating 

microscope was used. Troughing was performed 

along the groove on the pulpal floor between the 

mesiobuccal and mesiolingual canals, extending 

approximately 1 mm apically away from the 

furcation, which enabled identification of the middle 

mesial canal orifice. The presence of the MMC was 

verified using a DG-16 endodontic explorer. Three 

distinct mesial orifices—MB, MM, and ML—were 

subsequently located. The root canals were explored 

with a K-file ISO 10 and 15. #15 size K-files (Mani, 

Tochigi, Japan) were used to determine working 

length using electronic apex locator (Root ZX Mini, 

J Morita, Kyoto, Japan) which was then confirmed 

using radiographs. The MMC demonstrated a 

confluent configuration (Fin type ii), originating as 

an independent orifice and merging with the ML 

canal approximately 2–3 mm short of the apex. 

Biomechanical preparation was completed 

using rotary nickel-titanium files (Neoendo and 

Orikam Healthcare India Private Limited) under 

abundant irrigation with 5.25% sodium hypochlorite 

and normal saline. Irrigant activation was done 

usingEndoactivator (Dentsply). Master cone 

radiograph was taken, and obturation was done 

using gutta-percha cones and bioceramic sealer 

(Bioactive RCS, SafeEndo Dental India Private 

Limited), using the lateral cold compaction 

technique. Post endodontic restoration was done 

using composite resin (Tetric N Ceram, Ivoclar). 

 

 

 
 a) Preoperative IOPAR    b) working length IOPAR 
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e) Clinical image 

 

CASE 4 

A 41- year-old male patient reported to the 

Department of Conservative Dentistry and 

Endodontics, Government Dental College, 

Thiruvananthapuram with a chief complaint of pain 

in relation to right lower back tooth for the past 3 

days. He had a history of intermittent throbbing pain 

and night pain. The patient had non-contributory 

medical and allergy history. Clinical examination 

revealed deep caries on the occlusal aspect of 

mandibularright first molar which was tender to 

percussion. The periodontal status was within 

normal limits. The tooth gave positive response to 

cold test and electric pulp test which was lingering. 

Radiographic examination revealed radiolucency 

involving dentin extending to pulp. Periodontal 

ligament space was within normal limits. A 

diagnosis of symptomatic irreversible pulpitis with 

symptomatic apical periodontitis was made and root 

canal treatment was advised. 

Local anaesthesia (2% lidocaine 

hydrochloride with 1:80,000 epinephrine) 

(Lignospan Special, Septodont, Raigad, India) was 

administered, and a dental dam was placed.  All 

procedures were performed under ×3 magnification 

loupe (Zumax Medical Co., Ltd). Access opening 

was done using endo access bur #1 and endo- z 

tapered safe end bur. One distal and three mesial 

canal orifices were located using an endodontic 

explorer (DG-16 Endodontic Explorer, Ash 

Instruments, Dentsply, Gloucester, United 

Kingdom). Troughing of the isthmus between the 

mesiobuccal (MB) and mesiolingual (ML) orifices 

facilitated the identification of the middle mesial 

canal (MMC). The root canals were explored with a 

K-file ISO 10 and 15. #15 size K-files (Mani, 

Tochigi, Japan) were used to determine working 

length using electronic apex locator (Root ZX Mini, 

J Morita, Kyoto, Japan) which was then reconfirmed 

using radiographs. 

Biomechanical preparation was completed 

using rotary nickel-titanium files (Neoendo and 

Orikam Healthcare India Private Limited) under 

abundant irrigation with 5.25% sodium hypochlorite 

and normal saline. Final irrigation was done with 

twin kleen (MAARC Dental). Irrigant activation 

was done using Endoactivator (Dentsply). Master 

cone radiograph was taken, and obturation was done 

using gutta-percha cones and bioceramic sealer 

(Bioactive RCS, SafeEndo Dental India Private 

Limited), using the lateral cold compaction 

technique. Post endodontic restoration was done 

using composite resin (Tetric N Ceram, Ivoclar). 
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 a) Preoperative IOPAR     b) working length IOPAR 

 
c) Master cone IOPAR   d) postoperative IOPAR 

 

 
e) Clinical image    

 

II. DISCUSSION 
Many dental clinicians assume that each 

tooth follows a predetermined pattern of roots and 

canals; however, literature has consistently 

demonstrated that anatomical variations are not 

uncommon. The presence of a middle mesial canal 

(MMC) carries significant clinical relevance, as 

failure to identify and treat such canals may 

compromise debridement and sealing, thereby 

increasing the risk of persistent apical periodontitis. 

Chavda et al. reported that the use of magnification, 

in conjunction with ultrasonics, greatly enhanced the 

detection of narrow MMCs (12). These canals are 

often extremely fine and may lie deep within the 

isthmus; nevertheless, the use of a dental operating 

microscope under high magnification substantially 

improves their visualization (13). Ultrasonic tips are 

particularly valuable for troughing the area between 

the mesiobuccal (MB) and mesiolingual (ML) 

orifices, after which careful negotiation with small-

sized files is recommended. 

The confluent configuration is the most 

frequently observed type of middle mesial canal 

(MMC), in which the canal merges with either of the 

a b 

c d 
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main mesial canals (mesiobuccal [MB] or 

mesiolingual [ML]). Karapinar-Kazandağ et al. 

(2010) reported that 42% of MMCs merged with the 

MB canal, while 29% joined the ML canal (14). 

Earlier, Fabra-Campos (1989) noted that 1.7% of 

MMCs converged with the MB canal, 

predominantly in the apical third, whereas 1.6% 

joined the ML canal (15). More recently, Versiani et 

al. (2016) demonstrated that 20.8% of MMCs 

merged with the MB canal and 16.7% with the ML 

canal (16). 

In the present case series, the confluent 

configuration was the most frequently observed 

morphology. Most middle mesial canals (MMCs) 

are narrow, tortuous, curved, or connect with one of 

the main mesial canals, necessitating meticulous 

cleaning and shaping to prevent procedural errors 

(17). Key steps include establishing a dependable 

glide path, selecting suitable NiTi rotary systems, 

and applying careful shaping techniques to ensure 

safe and effective canal preparation (18, 19, 20). 

 

III. CONCLUSION 
A thorough understanding of root canal 

anatomy is fundamental to achieving successful 

endodontic outcomes. The presence of middle 

mesial canals (MMCs) in mandibular first molars 

introduce additional complexity, particularly during 

canal preparation and obturation. Advances in 

diagnostic and clinical tools, including CBCT, 

dental operating microscopes, and enhanced 

magnification, have significantly improved the 

detection of these canals. Careful interpretation of 

radiographs, use of modern instrumentation, 

effective irrigation protocols, and meticulous sealing 

of all canals are essential for long-term success. 

Ultimately, early recognition and proper 

management of MMCs contribute to higher 

treatment predictability and improved prognosis in 

endodontic therapy. 
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