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ABSTRACT
Aim: The aim of this study was to evaluate the accuracy of the 
results of cone beam computed tomography (CBCT) examina
tions, confirm the presence or absence of the second mesio
buccal (MB2) root canal in maxillary first and second molars, 
estimate the distance between the root canal orifices, observe 
the root types based on Vertucci classification system, and 
make comparisons between CBCT and periapical techniques 
in relation to the identification of the root canal form and the 
second root canal of the MB root.

Materials and methods: The CBCT and periapical radiographic 
data from the Department of Maxillofacial Radiology were used 
to select 156 individuals (78 females and 78 males) for the 
evaluation of the anatomy of maxillary first and second molars.

Results: The prevalence rate of the second root canal in the 
MB root in the maxillary first molars was 55.1%, with 44.1 and 
63.3% in females and males respectively. The prevalence rate 
in maxillary second molars was 23.7%, with 15.7 and 30.2% 
in females and males respectively. In addition, the longest and 
shortest distances between the root canal orifices were 2.4 and 
0.3 mm respectively, with a mean of 1.3 mm.

Conclusion: There was a significant difference between the 
results of periapical and CBCT radiographic techniques in rela
tion to the presence or absence of the second root canal in the 
MB roots of maxillary first and second molars (p < 0.01), with 
better results being provided by the CBCT technique.

Clinical significance: The results of CBCT images about the 
existence of the second root canal in the MB roots of maxillary 
first and second molars are more reliable, and we can use this 
technique in the finding of additional canals in the clinic.
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INTRODUCTION

Proper root canal treatment involves cleaning, shaping, 
and obturation of the root canal with a suitable material. 
Proper and sufficient knowledge about the morphology 
of the root canal system has a great role in the success 
of the treatment. Of all the reasons for the failure of root 
canal treatment, a lack of proper knowledge about the 
anatomy of the pulp can be mentioned, and mistakes in 
the diagnosis and treatment planning are less important.1

Since accessory and extra root canals are common 
phenomena, and their incomplete treatment is one of the 
reasons for the failure of root canal treatment, acquiring 
proper knowledge about the morphology and anatomy 
of the root canal system and its variations is of utmost 
importance.2

Morphological variations have been reported in rela-
tion to the anatomy of the root canal system in different 
ethnic populations;3-6 therefore, it is necessary to gain 
knowledge about the anatomy of this system in different 
ethnic groups for successful endodontic treatment.

Different techniques have been used for the investiga-
tion of the anatomy of the root canal system, including 
conventional and digital radiographic systems,7 stain-
ing and cleaning,8-10 and computed tomography (CT) 
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techniques.11 The introduction of the CBCT system led to 
a revolution in the craniofacial imaging. The advantages 
of this imaging system include its nondestructive nature, 
three-dimensional (3D) reconstruction of the root canal 
system, the ability to restrict the imaging area, which, 
in turn, decreases patient radiation dose, an increase in 
the accuracy and resolution of images, and a decrease in 
image artifacts.12-16

The main characteristic of CBCT is that several views 
in multiple planes are provided by one rotational scan-
ning to present volumetric data and images that are 
related to each other. Therefore, this technique has the 
capacity to yield a 3D reconstruction of the anatomic 
structures of the root and root canal system, and it is 
possible to analyze the images with a software program 
without interference with the principal format of digital 
imaging and communications in medicine.17

The capacity of CBCT to eliminate superimposition 
of the surrounding structures and yield a 3D image of 
the root has made it the best-imaging technique for the 
evaluation of the morphology of the root canal system. 
In addition, compared with the staining and clearing 
techniques, it does not damage the tooth structure and 
yields the results of evaluations in a shorter time.

Based on a literature review, no study is available on 
the comparison of CBCT and periapical radiographic tech-
niques in relation to the anatomy of the mesiobuccal (MB) 
roots of maxillary first and second molars in Iranian popu-
lations, especially in Tabriz. Therefore, the present study 
was undertaken to evaluate the accuracy of the CBCT 
imaging technique in relation to the presence or absence 
of a second root canal in the mesial roots of maxillary first 
and second molars, measure the distance between the 
root canal orifices, identify the root canal types based on 
the Vertucci classification,11 and compare the results with 
those of the periapical radiographic technique.

MATERIALS AND METHODS

A total of 156 patients (78 males and 78 females) were 
selected for the evaluation of the anatomy of maxillary 
first and second molars based on the CBCT and periapi-
cal radiographic data available in the Department of 
Maxillofacial Radiology, Tabriz Faculty of Dentistry.

The images were provided using the NewTom GI 
CBCT (Verona/Italy) unit in the Department of Oral and 
Maxillofacial Department, Tabriz Faculty of Dentistry. 
The unit delivers a cone-shaped X-ray beam and has 
a flat-panel detector with a resolution of 1,536 × 1,920 
pixels, a pixel of 127 × 127 (µm2), a pixel depth of 14 bits, 
a rotation of 360°, a scan time of 18 seconds, and a kVp 
of 110. The initial and final reconstructions were carried 
out with NNT viewer (version 2:17) software program. 
The exposure conditions were selected automatically.

The CBCT data were processed by NNT viewer soft-
ware program to yield images that were displayed on a 
19-inch liquid crystal display monitor (PHILIPs, 190B) 
with a resolution of 1,024 × 1,208 pixels and 32 bits in a 
dimly lit room by one observer. The images were used to 
provide 0.5-mm-thick axial cross sections. A radiologist 
and an endodontist evaluated the root canal morpholo-
gies based on Vertucci classification (Fig. 1) on CBCT and 
periapical radiographs. When no agreement was reached 
on a case, it was excluded from the study.

In this study, patient gender and the side on which 
the maxillary first and second molars were located and 
also the root canal types of these teeth and the distances 
between the orifices of MB1 of MB2 root canals were deter-
mined. The available periapical radiographs were used to 
evaluate whether it was possible to identify the presence 
of a second root canal in the MB roots and the distance 
between its orifice and the orifice of the MB1 root canal.

Statistics Analysis

Data were analyzed with Statistical Package for the 
Social Sciences version 19. Fisher’s exact test was used 
to compare CBCT and periapical radiographs; t-test was 
used to compare qualitative and quantitative variables. 
Chi-squared test was used to compare quantitative and 
qualitative values. Statistical significance was set at p < 0.05.

RESULTS

The prevalence of the second root canal in the MB root 
(MB2) of maxillary first molars was 55.11%. The root 
canal types of the MB roots of maxillary first molars were 
as follows: Type I, 43.6%; type II, 10.3%; type III, 44.2%;  
type IV, 0.6%; and type V, 1.3%. These types in females 

Fig. 1: Vertucci classification
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were as follows: Type I, 55.7%; type II, 8.6%; Type III, 
32.9%; and Type V, 2.9%; the rates in males were as 
follows: Type I, 33.7%; Type II, 11.6%; Type III, 53.5%;  
Type IV, 1.2%. In female individuals, 41.4% of the root 
canals exhibited MB2 root canal and male individuals 
exhibited a rate of 63.3%. In female individuals, 51.4% of 
maxillary first molars on the left side and 48.6% on the 
right side exhibited MB2 root canal; in male individuals, 
48.8% of maxillary first molars on the left side and 51.2% 
of these teeth on the right side exhibited MB2 root canal. 
In relation to the maxillary side, the first molars on the 
left side exhibited the following root canal types: Type I, 
39.7%; type II, 12.8%; type III, 47.4%; the prevalence rates 
were as follows in the right side: Type I, 47.4%; type II, 
7.7%; type III, 41%; type IV, 1.3%; and type V, 2.6%. In 
relation to the relationship between the prevalence of MB2 
root canals in the first molars and the maxillary side, the 
prevalence rates on the left and right sides were 57.7% and 
52.6% respectively. The mean distance between the two 
root canal orifices, with 82 teeth of 156 teeth having sepa-
rate orifices, was 1.3 mm, with a range of 0.3 to 2.4 mm.

In maxillary second molars, the prevalence of MB2 
root canal was 23.7%, with the following prevalence 
rates for root canal types: Type I, 77.6%; type II, 3.2%; 
type III, 17.3%; type IV, 0.6%; and type V, 1.3%. The root 
canal types in female individuals were as follows: Type I,  
87.1% and type III, 12.9%; these rates in males were as 
follows: Type I, 69.8%; type II, 5.8%; type III, 20.9%; type 
IV, 1.2%; and type V, 2.3%. The prevalence rates of MB2 
root canals in female and male individuals were 15.7% 
and 30.2% respectively. The prevalence rates of root canal 
types on the left side were: Type I, 75.6%; type II, 5.1%; 
type III, 17.9%; type V, 1.3%. On the right side, these 
rates were as follows: Type I, 79.5%; type II, 1.3%; type 
III, 16.7%; type IV, 1.3%; and type V, 1.3%. In relation to 
the side, the prevalence rates of MB2 root canals on the 
right and left sides were 21.8% and 25.6% respectively. 
The orifice of the MB2 root canal was present in 36 teeth, 
with a mean distance of 1.3 mm between the two orifices, 
and a range of 0.3 to 2.4 mm (Tables 1 and 2).

DISCUSSION

Since the presence of extra root canals is a common occur-
rence, and their incomplete treatment is one of the reasons 
for treatment failure, it is necessary to acquire proper and 
sufficient knowledge about the number of roots and root 
canals and their anatomic variations. It should be pointed 
out that the root canal morphology might be different 
depending on ethnicity in different countries.

In the present study on an Iranian population in 
Tabriz, the prevalence of MB2 root canals in maxillary 
first molars was 55.1% and based on Vertucci classifica-
tion, type I (43.6%) and type II (44.2%) had the highest 
prevalence rates, which is different from those of a study 
in India, in which the prevalence rates of root canal mor-
phologies of MB2 root canals in maxillary first molars was 
as follows: Type I, 39.7%; type II, 12.8%; type III, 47.4%; 
the prevalence rates were as follows on the right side: 
Type I, 69%; type II, 24%; and type IV, 0.4%.18

In a study on first molars in a Korean population, 
34.4% of the root canals were type I, with 40.65% and 
20.45% being type IV and type II respectively, as the 
highest prevalence rates and type II and type V with 0.25 
and 2% as the lowest prevalence rates.19

In a study on maxillary first molars in a Chinese 
population, of 612 molar teeth evaluated, 423 teeth were 
type I, with 45, 22, 61, and 60 teeth being type II, type III, 
type IV, and type V respectively.20

In another study on first molars in an Iranian popula-
tion, 46.1% of the root canals were type I and more than 
50% of the MB roots of maxillary first molars had more 
than one root canal; therefore, based on the ethnicity, the 
root canal morphologies of maxillary first molars are dif-
ferent in different populations.

In the present study, in maxillary second molars, the 
prevalence of MB2 root canal was 23.7%, with 15.7% in 
females and 30.2% in males. The prevalence rates of root 
canal types were as follows: Type I, 39.7%; type II, 12.8%; 
type III, 47.4%; the prevalence rates were as follows on the 
right side: Type I, 77.6%; type II, 3.2%; type III, 17.30%; 
type IV, 0.61%; and type V, 1.3%. Similar to the maxillary 

Table 1: Comparison of the results between CBCT and periapical 
radiographic techniques for maxillary first molars

Total 
number of 
samples

The number 
of MB2 root 
canals in 
maxillary first 
molars Percentages

Periapical 156 5 0.0320
Cone beam computed 
tomography

156 86 0.5512

The results in relation to maxillary second molars were significantly 
different between the CBCT and periapical radiographic techniques 
(p < 0.01)

Table 2: Comparison of the results between CBCT and periapical 
radiographic techniques for maxillary second molars

Total 
number of 
samples

The number 
of MB2 root 
canals in 
maxillary first 
molars Percentages

Periapical 156 2 0.0128
Cone beam computed 
tomography

156 42 0.3521

The results in relation to maxillary second molars were significantly 
different between the CBCT and periapical radiographic 
techniques (p < 0.01)
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first molars, the root canal morphology of second molars 
is different in different ethnicities.

In an Indian population, the prevalence rates of root 
canals in maxillary second molars were as follows: Type I,  
39.7%; type II, 12.8%; type III, 47.4%; the prevalence rates 
were as follows on the right side: Type I, 80.6%; type II, 
15.3%; type IV, 2.7%; and type V, 1.4%.12 In a Korean 
population, the prevalence rates were as follows: Type I, 
57.4%; type II, 2.1%; type III, 2.1% and type IV, 8.5%.13 In 
a Chinese population, of 382 maxillary second molars, 329 
teeth exhibited type I, 16 teeth were type II, 9 teeth were 
type III, 10 teeth exhibited type IV, 16 teeth were type V, 
and 1 tooth was type VIII.20

In the present study, the prevalence of MB2 root canals 
in maxillary second molars was 15.7% in females and 30.2% 
in males; however, in a Chinese population, the prevalence 
of MB2 root canals was 10.64% in females, with 16.15% in 
males. In the Korean population, these rates were 32% and 
36.72% in females and males respectively.19,20

In the present study, the prevalence rates of MB2 root 
canals in maxillary second molars on the left and right sides 
were 15.7 and 30.2% respectively. In the Chinese popula-
tion, these prevalence rates on the left and right sides were 
13.24 and 13.64% respectively. In the Korean population, 
the prevalence rates were 35.84 and 32.93% respectively.19-21

Based on the data presented above, it is not possible 
to reach a conclusion in relation to the prevalence of MB2 
root canals in maxillary second molars because the effect 
of ethnicity is very strong in this respect. In relation to the 
distance between the orifices of MB1 and MB2 root canals 
in both first and second upper molars, the minimum and 
maximum distances were 0.3 and 2.4 mm respectively, 
with a mean distance of 1.3 mm.

Comparison of the results of CBCT and periapical 
radiographic techniques in relation to the presence or 
absence of MB2 root canals in maxillary first and second 
molars showed the superiority of the CBCT technique, 
and since diagnostic periapical radiographs were used in 
the present study, it was very difficult to visualize MB2 
root canals. It is obvious that use of radiographs taken 
with tube angulation can be very effective in the evalua-
tion of the presence or absence of MB2 root canals.

CONCLUSION

Based on the results of the present study, use of CBCT 
technique is more reliable for the evaluation of the mor-
phology of maxillary first and second molars.

CLINICAL SIGNIFICANCE

The results of CBCT images about existence of the second 
root canal in the MB roots of maxillary first and second 
molars are more reliable, and we can use this technique 
in the finding of additional canals in the clinic.
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