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Introduction: A thorough knowledge of the anatomy of the root canals is one of the important 
factor for a successful root canal treatment.  The same can be known easily through 3D imaging. A 
CBCT of the concerned tooth will give the dentist exact knowledge of the root canal anatomy and 
may subsequently reduce the number of root canal failures. 
Aims: The aim of the study was to determine the prevalence of more than one canal in mandibular 
anterior teeth with the help of CBCT scans. 
Materials and Method: 616 permanent mandibular anterior teeth, were evaluated on CBCT scans 
for the varied morphology of the root canals. 
Result: 25.48% of mandibular anteriors had more than 1 canal.  Higher prevalence of two canals 
was found in males as compared to females. Most of the teeth had Type I configuration followed by 
Type II and Type IV. 
Conclusion: Mandibular anterior teeth show a large amount of variation in root canal anatomy. The 
CBCT’s help us understand the morphology better by giving us insight into a third dimension. Our 
study stresses on the importance of taking a CBCT in cases of root canal treatment to reduce the 
number of root canal failures. 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 
 
 
  
 
 

 

INTRODUCTION 
 

For a Dental practitioner, knowledge of the root canal 
morphology, and any variations it might have, is essential to 
predict the prognosis of root canal treatment. Endodontic 
treatment not only prevents but may also cure endodontic 
disease and apical periodontitis. 
 

Ingle lists the most frequent cause of endodontic failure as 
apical percolation and subsequent diffusion stasis into the 
canal.1 Complete debridement and obturation of the root canal 
system is a key factor for successful endodontic treatment. 2 

 

Inadequate knowledge about the root canal anatomy may lead 
to improper or incomplete cleaning, shaping an obturation thus 
leading to failure of root canal treatment.  Accessory canals, 
bifurcation or additional canals are often difficult to identify 
using imaging modalities like IOPA or an OPG 
(Orthopantamogram), thus creating difficulty in carrying out a 
successful endodontic treatment. 
 

Although some of the morphological variations may depend on 
different ethnic backgrounds, two canals should be expected in 

about one-quarter for mandibular incisors. This proportion is 
not found clinically by practitioners during root canal treatment 
due to the failure of the dentist to recognize the presence of the 
second canal.3,4 

 

Therefore, in these situations, taking a CBCT of the concerned 
tooth will not just give the dentist exact knowledge of the root 
canal anatomy but may subsequently reduce the number of root 
canal failures.  
 

With this understanding we carried out a study with the aim to 
determine the prevalence of two canals in mandibular anterior 
teeth with the help of Cone beam computed tomography 
(CBCT) scans. The objectives were 
 

 To accurately identify the number of canals in the 
mandibular anterior teeth and establish the prevalence of 
more than one canal to improve the success rate of root 
canal treatments. 

 Comparative study of the prevalence amongst males and 
females 
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 Comparative study of the prevalence of 2 canals 
between mandibular central incisors, lateral incisors and 
canines. 

 Comparative study of the prevalence of 2 canals based 
on Vertucci’s classification. 

 

Vertucci in 1984 classified the canal configuration of 
mandibular incisors into 8 types: 5 

 

 Type I: a single canal from pulp chamber to the canal 
terminus (1-1 configuration) 

 Type II: two separate canals leaving the chamber, but 
merging short of the canal terminus to form a single 
canal (2-1 configuration) 

 Type III: a single canal that divides into two and 
subsequently merges to exit as one (1-

 Type IV: two distinct canals from pulp chamber to the 
canal terminus (2-2 configuration) 

 Type V: a single canal leaving the chamber and dividing 
into two separate canals at the canal terminus (1
configuration) 

 Type VI: two separate canals leaving the pulp chamber, 
merging in the body of the root, and dividing again into 
two distinct canals short of the canal terminus (2
configuration) 

 Type VII: a single canal that divides, merges and exits 
into two distinct canals short of the canal terminus (1
1-2 configuration) 

 Type VIII: three distinct canals from pulp chamber to 
the canal terminus (3-3 configuration).

 

MATERIALS AND METHOD 
 

This was a retrospective study done on archives of CBCT scans 
of mandibular anterior region of 150 patients, taken for routine 
dental treatment. The study was carried out at the department 
of oral medicine and radiology at D Y Patil School of 
Dentistry, Navi Mumbai. A total of 616 permanent man
anterior teeth were evaluated to determine the morphology of 
the root canal. Teeth with pathologies like 
external root resorption, fractured roots, and incompletely 
formed roots were excluded from the study. 
the mandibular anteriors were observed on saggital and para
axial section by single observer and the morphological 
variations were noted as per the vertucci’s classification. 
 

RESULTS 
 

A total of 150 scans were evaluated for morphological 
variations in root canals of mandibular anteriors. Of the 150 
scans 83 were male patients and 64 were female patients. A 
total of 616 teeth were observed. In the total 616 teeth 
considered, 25.48% had more than 1 canal. That is, 1 in every 4 
teeth we evaluated had a second canal. 
 

A total of 263 canines were evaluated in the study, of which 
14.1% had more than 1 canal. 
 

213 lateral incisiors were considered of which 34.7% showed 
more than 1 canal and 140 central incisors were studied of 
which 32.9% had more than 1 canal. That is, the 
showed twice the likelihood of having 2 canals
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archives of CBCT scans 
of mandibular anterior region of 150 patients, taken for routine 
dental treatment. The study was carried out at the department 
of oral medicine and radiology at D Y Patil School of 
Dentistry, Navi Mumbai. A total of 616 permanent mandibular 
anterior teeth were evaluated to determine the morphology of 
the root canal. Teeth with pathologies like internal and/or 
external root resorption, fractured roots, and incompletely 
formed roots were excluded from the study. The root canals of 

andibular anteriors were observed on saggital and para-
axial section by single observer and the morphological 
variations were noted as per the vertucci’s classification.  

A total of 150 scans were evaluated for morphological 
variations in root canals of mandibular anteriors. Of the 150 
scans 83 were male patients and 64 were female patients. A 

In the total 616 teeth 
ore than 1 canal. That is, 1 in every 4 

A total of 263 canines were evaluated in the study, of which 

213 lateral incisiors were considered of which 34.7% showed 
central incisors were studied of 

which 32.9% had more than 1 canal. That is, the incisors 
showed twice the likelihood of having 2 canals ( Table 1). 

Graph 1 Pie diagram showing the distribution of single and more than one 
canal in the samples.

 

Table 1 Frequency of two canal in the incisors and canine
 

Tooth 

Canines 
Total -263 

More than 

Lateral incisors 
Total - 213 

More than 

Central incisors 
Total - 140 

More than 

 

Table 2 Distribution of more than one canal in the different 
tooth under observation

 

Tooth no. No. of canals
43 Right Canine 

Total  - 135 
One

More than one
33 Left Canine 

Total - 128 
One

More than one

42 Right Lateral 
Total  - 109 

One
More than one

32 Left Lateral 
Total - 104 

One
More than one

41 Right Central 
Total - 71 

One
More than one

31 Left Central 
Total - 69 

One
More than 

 

 

Graph 2 Distribution of canal as per Vertucci’s classification.
 

We found that as per Vertucci’s classification, the frequency of 
Type 1 canal was highest at 74.51% followed by type III which 
was 24.83% and type IV was the least at 0.64%. 
configuration of canals was observed in our sample.   
 

Among the males and females we found 16.20% of males with 
2 canals and in females it was recorded at 11.30%.  Thus a 
higher frequency of two canals was observed among male 
patients. 
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Pie diagram showing the distribution of single and more than one 

canal in the samples. 

Frequency of two canal in the incisors and canine 

No. of 
canals 

n % 

One 226 85.9 
More than 

one 
37 14.1 

One 139 65.3 
More than 

one 
74 34.7 

One 94 67.1 
More than 

one 
46 32.9 

Distribution of more than one canal in the different 
tooth under observation 

No. of canals n % 
One 122 90.4 

More than one 13 9.6 
One 104 81.3 

More than one 24 18.8 
One 72 66.1 

More than one 37 33.9 
One 67 64.4 

More than one 37 35.6 
One 49 69.0 

More than one 22 31.0 
One 45 65.2 

More than one 24 34.8 

 

Distribution of canal as per Vertucci’s classification. 

We found that as per Vertucci’s classification, the frequency of 
Type 1 canal was highest at 74.51% followed by type III which 
was 24.83% and type IV was the least at 0.64%. No other 
configuration of canals was observed in our sample.    

Among the males and females we found 16.20% of males with 
2 canals and in females it was recorded at 11.30%.  Thus a 
higher frequency of two canals was observed among male 

75%

25%

More than one

Type IV

24.83%

0.64%

Type of canals



Mandavi Waghmare et al., Evaluation of Variation In Root Canal Morphology of Mandibular Anteriors Using Cone Beam Computed Tomography 
 

33574 | P a g e  

DISCUSSION 
 

A thorough knowledge of the root canal system makes it easy 
to proceed with the root canal treatment. Problems encountered 
during and after the treatment are due to in adequate knowledge 
of the root canal morphology. In the past various methods such 
as tooth sectioning, filling up the canals with radio-opaque 
materials and taking cross-sectional radiographs were used to 
understand the morphological variations in the root canals of 
teeth. With the advent of 3D imaging it is easier to analyze the 
tooth morphology in three dimensions and study the variations.  
CBCT provides a better resolution, and gives precise 
qualitative and quantitative measurements of anatomical 
details.  
 

Vertucci in 1974 studied 300 mandibular incisors and found 
30% mandibular incisors with two canals.6 This study was 
carried out by sectioning the tooth. A literature review by 
Kartal et.al 1992 reveals the prevalence of second canal in 
permanent mandibular incisors between 11.5-45%.7  In our 
study we found the prevalence of second canal at 25.48%.   
 

A study by Gaurav RV et.al. (2017) in Indian population 
showed the prevalence of second canals as follows: right 
central incisor- 33.5%, left central incisor- 30%, right lateral 
incisors- 33.5% and left lateral incisor-36.5% 8. Our results are 
in approximation of the study conducted by Gaurav RV et.al 
(Table 2). In the same study they found frequency of two root 
canals in 15.2% of men and 20.4% of women, where as in the 
present study we found the frequency at 16.20% and 11.30% 
respectively, thus both the studies have recorded higher 
prevalence among males. In a review by Hugo P. et.al in 2017 
on 25 other reports, published between the years 2000 and 
2017, found that the variation has a strong preference for the 
female sex 9. Contrary to this, we found a higher prevalence in 
males as compared to females.  
 

In a study by Boruah LC and Bhuyan AC on north east Indian 
population  they found the Vertucci type frequency of canal as 
follows Type I 63.75%, Type III 22.9%, Type II 7.08% and 
Type V 6.25% 10. In the Iranian study by Sina Haganifar et al. 
the frequency of the various types were Type I, type III, type II, 
type V, and type VI, respectively. In terms of the 
characteristics investigated, bilateral symmetry was observed.  
In a study by Brizuela C (2018), type I canal configuration in 
chilean population was 77.78% and in Belgian population it 
was 61.49%. while Zhengyar et al found 96.25% of type I 
configuration in Chinese population. Our study too recorded 
Type I variety at 74.51% which is in accordance to the Chilean 
and Belgian population. Type III (24.83%) and Type IV 
(0.64%) configuration were the next common configuration of 
root canal system. No other canal configurations were observed 
in our study. 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

Root canal failures create not only a lot of unnecessary stress 
for the patients but also for the dentist concerned. Increased 
awareness about the presence of 2 canals among clinicians for 
mandibular anterior teeth will help reduce the number of Root 
Canal failures. 
 

As we can clearly see from the results, mandibular anterior 
teeth show a large amount of variation in root canal anatomy. 
With the advent of CBCT, it has helped us understand the 
morphology better by giving us insight into a third dimension 
which was not available earlier.  
 

Our study thus stresses on the importance of taking a CBCT in 
cases of root canal treatment to know the anatomy of the tooth 
better and reduce the number of root canal failures and predict 
the prognosis of the endodontic treatment. 
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