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ABSTRACT 

 

Introduction: Knowing internal shape/anatomy of the root canal is also one of the prerequisites to ensure successful 

endodontic treatment. This study was designed with an objective to assess the root canal shape of apical third of 

permanent first mandibular molar employing Planmeca CBCT and Romexis 3.0.1.R software.  

 

Material and Methods: Total of 90 teeth were scanned using CBCT and were categorized at based on the shape: 1. 

round; 2. oval; 3. long oval; 4. flat/ribbon-like. Root canal shapes were assessed within the apical third at 1 mm, 2 

mm,and 3 mm. Categorical data were analyzed as frequencies using SPSS software. 

 

Results: The most frequent shape was round at 50-53% in apical third. However, non-round canals existed with similar 

proportion. 

 

Conclusions: The root canal cross-sectional shapes in human permanent first mandibular teeth are 

variable concurring to root apical thirds. The existence of non-round canal shape is not uncommon at apical third of the 

root. The reported data may help clinician understand the anatomy at apical third of the lower first molar and treat 

appropriately to ensure success. 
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INTRODUCTION 

 

The success of root canal treatment is straightforwardly related with knowledge of root canal anatomy, microbial 

control, specialized and scientific mastery of restorative protocols and a positive immune response.[1] Complex 

arrangements of the root canal framework may complicate the proper access of endodontic instruments to all root canal 

areas during instrumentation, which may influence the quality of bacterial cleaning and root canal sealing.[2, 3] Several 

techniques have been utilized to study the root canal framework configuration. They incorporate plastic resin 

infusion,[4] endodontic access and radiographs with files into root canals,[5] review assessment of radiographs,[6] 

clearing of samples with and without ink infusion,[7,8] sectioning and macroscopic or checking electron microscopy 

(SEM) assessment,[9,10] computed tomography (CT),[9] spiral computed tomography (SCT),[11] micro–computed 
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tomography (µCT) ,[12] and cone-beam computed tomography (CBCT).[13]  The root canal comprises of tissues with 

different density contrasts comprising outer hard tissue shell and inner soft tissue. The drive to use non-destructive 

strategy to study root canal anatomy proposed utilizing tomography to study the root canal system but with limited 

success as a result of the poor resolution of conventional medical computed tomography scans .
[14]

 In recent years, 

micro-computed tomography (MCT) that provides three-dimensional (3D) visualizations of has advanced as one of the 

non-destructive strategies to study root canal morphology.
[12]

 However, at the moment, this imaging method is time-

consuming and thus not reasonable for the dental office. Nowadays, cone beam computed tomography (CBCT) 

has become available for dental workplaces because of its diminished costs and size.
[15]

CBCT have a reduced 

acquisition time and use lower irradiation doses. Also, their field of view is limited, but the spatial resolution is very 

good in all planes.
[15]

 

 

Considering these features of CBCT, this study was designed to study root canal shape at apical third of the root canal. 

 

MATERIALS AND METHODS 

 

Study Design and Participants 

This study was a descriptive cross sectional study carried out from March 2016 to August 2016. It was assessed and 

approved by the institutional ethics committee of the B. P. Koirala Institute of Health Sciences (IRC/677/015). 

The patients enrolled were from University Dental College after an informed consent was signed. 

 

Inclusion and Exclusion Criteria 

The inclusion criteria were extracted mandibular 1
st
 molar ofNepalese patients between 16 years and above with well-

defined crown and root morphology.  

 

The exclusion criteria were teeth with calcification that poses difficulty in canal identification and grossly carious tooth 

destroying root structure. 

 

Determination of the Sample Size 

The sample size was calculated based on statistical analysis. Out of 120 teeth, 90 were selected for the study.  

 

Clinical Procedure 

The acquired teeth meeting the inclusion criteria was washed under tap water and stored in distilled water with thymol 

iodide crystals until the collection was complete. Later, the samples was properly washed under tap water, followed by 

immersion in 4% sodium hypochlorite solution for 20 minutes to remove adherent soft tissue. Thereafter, if calculus 

and stain were present, it wasremoved with ultrasonic scaler and stored as mentioned till further use. 

 

The teeth was scanned by a CBCT scanner (Pro Max 3D,PlanmecaOy, Asentajankatu 6,  

Helsinki, Finland), in small batches of teeth at a time with identification number on each tooth mounted on a wax 

blockat constant thicknesses of 150 um/slice. The teeth was viewed both in cross and longitudinal section. Volume 

rendering and multiplanar volume reconstruction was performed by using the PlanmecaRomexis Viewer 3.0.1.R 

(PlanmecaOy,release date:  10/19/12) 

 

Analysis of sample:  

The following features were analyzed by 2 examiners as per the set guideline (one endodontist and one maxillofacial 

radiologist; Table 1). They evaluated 10% of the sample for calibration and after that inspected all CBCT scans. 

When results differed, an agreement was made after the scan was discussed with a third observer. The kappa coefficient 

was used to assess interobserver agreement in 10% of the test. 

 

Table 1: Shape of the apical anatomy in the root canal. 

 

                Group                                 Description 

1. Round: if the MD and BL diameter are equal 

2. Oval: if one of the measurement is more than other 

3. Long oval: if one of the measurement is at least two times the other 

4. Flat or ribbon shaped: if one of the measurement is at least 4 times the other  
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Statistical analysis 

Categorical variables, described as frequencies and percentages, wereanalyzed using Statistical Package forSocial 

Sciences 11.0 (IBM 21; IBM Co, New York, NY) 

 

RESULTS 

 

The distribution and frequency are shown in table 2 and 3.In apical sections at 3, 2 and 1mm, different canal 

morphology was equally appreciated. The agreement between endodontist was found at 86.3%. In-case of differences, 

third experienced radiologist was invited to sort the disagreement. 

 

At 3mm, mesial axial section (3MAS) had two canals with 3MAS C1 and 3MAS C2 having almost equal incidences of 

round shaped canal at 52.2% and 53.3% respectively. In distal axial section (3DAS), round and oval shape occurred in 

equal proportions for canal 1, 27.8% and 33.3% respectively at 3mm. There was also a good deal of ribbon shaped 

morphology and long oval canal in distal canal 1, 22.2% and 15.6% respectively at 3mm. At 3 mm, almost 86.7% of the 

distal canal had single canal with canal 2 having predominantly round shape (12.2%). (Table 2) 

 

Table 2 Axial Section Morphology at 3mm, 2mm and 1 mm of Mesial Canal. 

 

Axial Section 

Morphology 

(AS) 

3mm MAS C1 

(Mesial Canal 

1 axial section 

at 3mm) 

3mm MAS 

C2 (Mesial 

Canal 2 axial 

section at 

3mm) 

2mm MAS 

C1 (Mesial 

Canal 1 axial 

section at 

2mm) 

2mm MAS 

C2 (Mesial 

Canal 2 axial 

section at 

2mm) 

1mm MAS 

C1 (Mesial 

Canal 1 axial 

section at 

1mm) 

1mm MAS 

C2 (Mesial 

Canal 2 axial 

section at 

1mm) 

Round:1 47/52.2% 48/53.3% 52/57.7% 51/56.6% 50/55.5% 45/50% 

Oval:2 15/16.7% 14/15.5% 10/11.1% 10/11.1% 17/18.8% 12/13.3% 

Long Oval: 3 8/8.9% 0 9/10% 1/1.1% 7/7.7% 1/1.1% 

Flat/Ribbon: 4 19/21.1% 0 18/20% 0 15/16.7% 0 

Extra Root 1/1.1% 1/1.1% 1/1.1% 0 1/1.1% 0 

Single Canal 0 27/30% 0 28/31.1% 0 32/35.5% 

Total 90/100% 90/100% 90/100% 90/100% 90/100% 90/100% 

 

In 2 mm mesial axial section (2MAS), both canals showed more of round configuration, 57.7% and 56.6% (Table 2). 

However, distal axial section at 2mm (2DAS C1) had more of oval shaped canal, 40% of the time and round being at 

26.7%. Long oval and ribbon shaped canal shape were also observed almost at equal proportion, 16.6% and 15.6% 

respectively Most of the second canal in distal axial section at 2mm were not present (86.7%). (Table 3). 

 

Table 3: Axial Section Morphology at 3mm, 2mm and 1 mm of Distal Canal. 

 

Axial Section 

Morphology 

(AS) 

3mm DAS C1 

(Distal Canal 

1 axial 

section at 

3mm) 

3mm DAS 

C2 (Distal 

Canal 2 axial 

section at 

3mm) 

2mm DAS 

C1 (Distal 

Canal 1 axial 

section at 

2mm) 

2mm DAS 

C2 (Distal 

Canal 2 axial 

section at 

2mm) 

1mm DAS 

C1 (Distal 

Canal 1 

axial section 

at 1mm) 

1mm DAS 

C2 (Distal 

Canal 2 axial 

section at 

1mm) 

Round:1 25/27.8% 11/12.2% 24/26.6% 9/10% 31/34.4% 7/7.7% 

Oval:2 30/33.3% 1/1.1% 36/40% 2/2.2% 30/33.3% 2/2.2% 

Long Oval: 3 14/15.6% 0 15/16.6% 0 18/20% 0 

Flat/Ribbon: 4 20/22.2% 0 14/15.5% 0 10/11.1% 0 

Extra Root 1/1.1% 0 1/1.1% 1/1.1% 1/1.1% 0 

Single Canal 0 78/86.7% 0 78/86.7% 0 81/90% 

Total 90/100% 90/100% 90/100% 90/100% 90/100% 90/100% 
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Shape of the canals as assessed in CBCT images, ribbon, round, and oval canal 

 

Talking about mesial axial section at 1mm (1MAS), round configuration was common for both the canals in mesial side 

1MAS C1 (55.5%) and 1MAS C2 (50%). There was considerable number of ribbon shaped configuration appreciated as 

well (16.7%) in canal 1 (Table 2). However, in axial sections of distal canal at 1 mm (1DAS), round and oval shape 

existed predominantly (34.4% and 33.3%). Considerable numbers of long oval and ribbon shape were also seen (20% 

and 11.1%) [Table 3]. The distal canal at 1 mm had mostly single canal 90% of the time. 

 

DISCUSSION 

 

The varied shapes were observed in the root canal cross-sectionsof human mandibular first molar at apical 3mm 

sections. It is utmost important for a clinician to have prior knowledge of the true root canalshape before preparing, 

which may influence on therapeutic decision-making.The shape of a root canal may be a determinant of successful 

access of endodontic instruments to all dentinal walls.
[1, 16, 17]

  

 

Wu et al.
[18]

 assessed human apical roots and decided the prevalence of long oval canals. In their study, roots were 

horizontally sectioned at 1 mm, 2 mm, 3 mm, 4 mm and 5 mm from the apex. The examination of cross-sections at 5 

mm from the apex revealed that the percentage of long oval canals was 50% to 92%. As reported by Arora &Tewar
[19]

, 
the incidence of oval canals was higher within the Indian populace (81%). Mauger et al 

.
[20]

 assessed the existence of circular, oval, long oval and ribbon canals at 1 mm, 2 mm, and 3 mm from the root apex of 

mandibular incisors. In 75% of the teeth, canal shape was not continuous from one point to the next. More root canals 

were round or oval at points closer to the apex and tended to have a long oval or ribbon shape more coronally. In a 

study by Shrestha et al., they concluded preponderance of non-round canals, oval (53.5%) followed by the long oval 

152 (28.6%).
[21] 

 

In this study, the frequency of non-round canals were detected in practically all apical thirds. At apical 1 mm, 55% and 

50% for canal 1 and 2 in mesial root had round but considerable proportion existed for non-round canals together. 

Similarly, round canals only existed 34.4% in distal canal with huge portion being non-round canals. At 2mm sections, 

though mesial side showed 52-53% round canals, considerate numbers were non-round canals. Distal section at 2mm 

had more of non-round canals with round existing at 40%. At 3mm, mesial section similar proportion alike at 2mm of 

round canals. However, distal section at 3mm had more of non-round canals (62%) [Table 2 and 3].  

 

The challenges postured by inner cross-sectional shapes led to studiesto characterize reference standards for the 

assurance of which file may fit the apical breadth of root canals.
[22-25]

 Discrepancies between apical diameter and file 

size
[22-25]

 are responsible for challenges when treating non-round canals, such as oval/long oval, flat/ribbon-like and 

Cshaped canals, and for poor file efficiency and lack of correlation with the anatomical apical breadth. In accordance 

with previous study,
[25

]  it revealed that the preflaring of the cervical and middle thirds of the root canal improved the 

determination of the anatomical breadth. 

 

This study points out the variation in anatomy that shows equal proportion of non-round canals which is important for 

clinician to know and choose instruments appropriately to ensure successful treatment. Further studies designed to 

correlate the shape of the root canal and the instruments to treat these areas should be carried out with possibility to be 

available in the market in near future. 
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CONCLUSION 

 

The existence of non-round canal shape is not uncommon at apical third of the root. The reported data may help 

clinician understand the anatomy at apical third of the lower first molar and treat appropriately to ensure success. 
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