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 Introduction: Adequate knowledge about the anatomy of the roots and canals of 

mandibular third molars is imperative for a successful treatment. This study aimed to use 

cone-beam computed tomography (CBCT) to evaluate the morphology of the roots and 

canals of mandibular third molars and their symmetry. Methods and Materials: Totally, 

110 CBCT images of bilateral mandibular third molars were evaluated in terms of the 

number of roots and canals, canal type, isthmus location, location of accessory canals, 

degree of root curvature and its direction, age and sex of patients and the symmetry of 

variables in the right and left sides of the mandible. The descriptive statistics, t-test and 

chi-square test were applied to analyze data. Results: Of all, 71.36% of mandibular third 

molars had two roots, 20.9% had one single root and 7.72% had three roots. The distal 

root had one single canal in 89.08%. The mesial root had one single canal in 44.25% and 

two canals in 49.42%. The Vertucci’s types I (45.40%) and IV (34.48%) had the highest 

frequency in the mesial root while type I (91.95%) had the highest frequency in the distal 

root. The deviation of mesial root was towards the distal while distal roots were mainly 

straight. Conclusion: The symmetry between the right and left mandibular third molars 

was significantly high. In case of encountering anatomical complexities in dental 

treatment of a mandibular third molar, dental clinicians should consider the high 

possibility of presence of the same condition in the contralateral mandibular third molar. 
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Introduction 

ariations in third molar roots and canals are among the 

problems encountered by dental clinicians [1]. Cone-beam 

computed tomography (CBCT) can be efficiently used to 

determine the number of third molar roots and canals and assess 

their anatomy [2]. Considering the increasing popularity of 

restorative and endodontic dental procedures on third molars, 

knowledge about their anatomy is imperative for a successful 

endodontic treatment [3]. In case of loss of the first and second 

molars, the third molar can be preserved to serve as an abutment 

for fixed or removable prostheses. It can also be used to preserve 

alveolar bone and enhance bone regeneration treatments [4]. 

Adequate knowledge about the anatomy of third molars is also 

imperative for their extraction [5]. Moreover, auto-

transplantation of third molars can be performed to replace the 

lost teeth [6, 7]. Weine [8] was the first to introduce a classification 

for the root canal system. Next, Vertucci et al. [9] used the clearing 

and dye penetration technique to offer a more complete 

classification. Previous studies have shown variability in the 

number and shape of third molar roots and canals in different 

ethnic groups [10], males and females [11], and different races 

[12-14]. Lack of knowledge about this topic significantly increases 

the risk of failure of such treatments. 

Several methods can be used to evaluate third molar 

morphology. Recently, CBCT was used to precisely assess the  
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Figure 1.Vertucci's classification 

 

details of tooth anatomy and the jaws [15, 16]. It is easy to use, has 

adequate diagnostic efficacy and can provide beneficial three-

dimensional (3D) data [17].  

Considering the gap of information regarding the anatomy 

of the roots and canals of third molars and their symmetry 

using CBCT, this study aimed to use CBCT to evaluate a higher 

number of variables such as symmetry, direction and degree of 

curvature of the roots , location of isthmus (a thin narrow 

ribbon-shaped communication between two root canals that 

contains pulpal tissue) [18, 19] and location of accessory canals 

(a branch of the main pulp canal or chamber that 

communicates with the external root surface) [20] which have 

not been comprehensively studied before. This study aimed to 

assess the morphology of the roots and canals of mandibular 

third molars, their symmetry and related factors in a selected 

Iranian population using CBCT. 

Materials and Methods 

Over 1000 CBCT scans were evaluated to find 110 CBCT images 

of bilateral erupted, semi erupted or impacted mandibular third 

molars without caries, internal/external root resorption, open 

apices, previous endodontic treatment or root fracture. Based on 

a pilot study on 10 patients, sample size was calculated to be 110 

CBCT scans. In this cross-sectional study, CBCT images of 

patients between 22 to 50 years that had been obtained for 

purposes other than this study (such as extraction or implant 

placement) were retrieved from the archives of the Oral and 

Maxillofacial Radiology Department of Islamic Azad University, 

Tehran. Of 110 patients, 55% were females and 45% were males. 

The patients had a mean age of 25.02±2.21 years. Since presence 

of both mandibular third molars was imperative for this study, 

the majority of patients who met our inclusion criteria were  

Figure 2. CBCT axial view showing the orifice of canals 

 

younger than 30 years of age. The CBCT scans were evaluated to 

determine the morphology of mandibular third molars in terms 
of number and anatomy of the roots and canals and their 

symmetry. All CBCT scans had been taken by Villa CBCT 

system (Italy) with the exposure settings of 80 kVp, 85×85 mm 

field of view, 8-12 mA and 14 sec time. The CBCT scans were 

evaluated using On Demand 3D software (Cybermed Inc, Irvine, 

CA, USA). Mandibular third molars were evaluated in terms of 

the number of roots, number of canals, canal type, isthmus 

location (presence/absence of isthmus in the roots was first 

evaluated in all roots and if it was present, its position in the 

apical, middle or cervical third was reported), location of 

accessory canal (first, presence/absence of accessory canals was 

evaluated in all roots and if present, their position in the apical, 

middle or cervical third was reported) and degree and direction 

of root curvature (using the Schneider’s method) [21, 22] 

towards the buccal, lingual, mesial or distal. To assess the 

variables, all CBCT scans were evaluated in the axial, coronal 

and sagittal planes. Data were recorded in datasheets. The canal 

type was determined according to the Vertucci’s classification 

[9] (Figure 1). Descriptive statistics (mean, standard deviation, 

frequency and percentage) and the t-test were used to analyze 

the quantitative data while the chi-square test was used to 

analyze the qualitative data.  

Results 

In terms of the number of roots in the mandibular right third 

molars, 70.9% had double roots, 21.81% had one single root and 

7.21% had three roots. In the left side, 71.81% had two roots, 20% 

had one single root and 8.18% had three roots. In general, 

71.36% of mandibular third molars had two roots, 20.9% had 

one single root and 7.72% had three roots.  
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Figure 3. Symmetry of the right and left mandibular third molars in different aspects 

 
Table 1 shows the frequency distribution of the number 

of roots and canals. As shown, the distal root mainly had one 

single canal and the mesial root had one single canal in 

44.25% and two canals in 49.42% (Figure 2). In cases with a 
third root, it had onesingle canal in 100% of the cases and it 

was mostly located in the distolingual region. Table 2 shows 

the frequency distribution of the roots according to the canal 

type. As shown, the Vertucci’s types I (45.40%) and IV 

(34.48%) had the highest frequency in the mesial root while 

type I (91.95%) had the highest frequency in the distal root.  

Table 3 presents the frequency of third molar roots 

according to the degree of curvature (using the Schneider’s 

method) [21, 22] and its direction. As shown, the curvature of 

mesial roots was mainly towards the distal while distal roots 

were mainly straight. The minimum degree of curvature of the 

mesial and distal roots was 0° while the maximum degree of 

curvature was 70.4° for the mesial root and 74.1° for the distal 

root. In single-rooted teeth, the root was mainly straight. Distal 

deviation ranked second in terms of frequency with a mean 

degree of curvature of 34.52±8.17°. The minimum and 

maximum degrees of curvature were 0° and 45.4°, respectively. 

The difference in the degree of root curvature in the right 

and left third molars was averagely 6.78°±9.18° in the mesial 

root and 5.95°±12.13° in the distal root.  

Regarding the presence of accessory canals, accessory 

canals were noted in the mesial root of 7.71% of third molars. 

Accessory canals were located in the coronal third in 11.76%, 

middle third in 29.41% and apical third of the root in 58.82%. 

Accessory canals were found in the distal root of third 

molars in 3.16%; in which, the accessory canals were in the 

coronal third in 14.28%, middle third in 28.57% and apical 

third in 57.14%. 

Accessory canals were found in 4.07% of single-canal 

third molars. Accessory canals were noted in the coronal 

third in 22.22%, middle third in 33.33% and apical third in 

66.66%. 

Regarding the location of isthmus, isthmus was found in 

the mesial root of double-rooted third molars in 16.36%; it 

was located in the coronal third in 25% of the cases, middle 

third in 41.66% and apical third in 33.33%. 

Isthmus was found in the distal root of double-rooted 

third molars in 4.09%; it was in the coronal third in 11.11%, 

in the middle third in 33.33% and in the apical third in 55%.  

Isthmus was noted in 1.36% of single-rooted third molars; 

it was located in the middle third in 33.33% and in the apical 

third in 66.66%. 

Figure 3 shows the symmetry between the right and left third 

molars from different aspects. As shown, a high percentage of 

symmetry was noted in all parameters. 

No significant difference was noted between males and 

females in terms of the number of roots (P=0.9), number of 

canals (P=0.9), canal type (P=0.8), direction of root deviation 

(P=0.8), isthmus location (P=0.9), location of accessory canals 

(P=0.7) and symmetry (P=0.9). 
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Discussion 

This study found no significant correlation between the number 

of roots and canals of mandibular third molars and age or sex of 

patients. Mandibular right third molars had two roots in most 

cases. Symmetry was noted between the right and left sides in 

94.5% of the cases.  

Similar to our study, Faramarzi et al. [2] reported that third 

molars mostly had two roots. Third molars with one single root 

had lower frequency and third molars with three roots had the 

lowest frequency. However, the percentages reported in their 

study were different from ours, which may be due to different 

methodologies of the two studies. We used CBCT while they used 

preapical radiographs taken from extracted molars. Kuzekanani et 

al. [23] injected dyes into the canals after preparing an access 

cavity in mandibular third molars. The frequency percentages 

reported in their study were close to ours; this similarity is 

probably due to the fact that highly reliable techniques were used 

in both studies since they used a microscope and we used CBCT. 

Jun Beam Park [24] in Korea used CBCT and reported 

frequency values close to ours. Third molars with two roots had 

the highest frequency in their study. Single-rooted third molars 

ranked second and three-rooted teeth had the lowest frequency. 

Difference in percentage values can be due to racial differences. 

Similar to our study, they reported around 93% symmetry 

between the right and left teeth. However, they only evaluated 

symmetry in terms of the number of roots. They found no 

significant difference between males and females, which was in 

accord with our study. 

In Jordan, Ahmad et al. [25] used the dye injection technique 

to assess the mandibular third molar canals. The majority of 

third molars had two roots. In terms of the number and type of 

single-rooted mandibular third molars, the majority of them had 

two canals. In terms of canal type, type IV had the highest 

frequency followed by type I. In mandibular third molars with 

two roots, the mesial root mostly had one or two canals. In terms 

of canal type, type I and then type IV had the highest frequency. 

Distal root had one single canal in the majority of cases and was 

type I. The third root (additional root) had one single canal in 

all cases and it was mainly located in the distolingual region. The 

rate of symmetry was high in their study. Their results were 

mainly similar to ours due to their reliable technique of 

evaluation; however, small differences existed in the reported 

percentage values due to racial differences. 

 

Table 1. Frequency distribution of roots in terms of number of canals in mandibular third molars 

 Single canal Two canals Three canals Four canals Five canals Total 

Single root 8 (17.39%) 34 (73.91%) 4 (8.69%) 0 0 46 (100%) 

Mesial root 77 (44.25%) 86 (49.42%) 11 (6.32%) 0 0 174 (100%) 

Distal root 155 (89.08%) 18(10.34%) 1 (0.57%) 0 0 174 (100%) 

Additional root 17 (100%) 0 0 0 0 17 (100%) 

Total  8 (3.63%) 99 (45%) 103 (46.81%) 9 (4.09%) 1 (0.45%) 220 (100%) 

 

Table 2. Frequency distribution of roots according to the canal type in mandibular third molars 

 I II III IV V VI 

Mesial root 79 (45.40%) 27 (15.51%) 1(0.57%) 60 (34.48%) 6 (3.44%) 1 (0.57%) 

Distal root 160 (91.95%) 3 (1.72%) 0 5(2.87%) 6(3.44%) 0 

Additional root 17(100%) 0 0 0 0 0 

Single root 12 (26.08%) 2 (4.34%) 0 31 (67.39%) 1(2.17%) 0 

Total 268 (65.2%) 32 (7.78) 1 (0.24) 96 (23.35) 13(3.16) 1 (0.24) 

 

Table 3. Frequency distribution of mandibular third molar roots according to the degree and direction of root curvature 
 Towards distal Towards mesial Straight 

Right mesial root Percentage  61.53 7.69 30.76 

Degree of curvature 41.41±11.92º 32.23±13.32º 0 

Left mesial root Percentage  82.65 32.6 27.84 

Degree of curvature 40.49±12.23º 41.72±5.65º 0 

Right distal root Percentage  23.07 11.53 65.38 

Degree of curvature 30.13±12.02º 36.44±15.16º 0 

Left distal root Percentage 18.98 16.47 64.55 

Degree of curvature 31.62±19.17 34.52±12.52 0 
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Faramarzi et al. [2] reported that the majority of third molars in 

their study had two canals followed by three canals, which was 

in agreement with our results. The mesial root was mainly type 

IV or II and the distal root had one single canal. Ahmad et al. 

[25] reported that most third molars in their study had two 

canals followed by three canals. Small differences in the 

percentage values between the two studies can be due to racial 

differences. None of the aforementioned two studies evaluated 

the symmetry of teeth. Ahmed et al. [26] reported that in double-

rooted third molars, the mesial root was mainly types I and II; 

types V and IV had a lower frequency. The distal root was type I 

in 90% but types V, IV and II were also seen. Their results were 

in agreement with ours with the difference that type IV had 

slightly higher frequency than type II. 

In our study, accessory canals had a prevalence of 4.07% 

in single-rooted third molars; this rate was 7.71% in the 

mesial root of double-rooted mandibular third molars and 

3.16% in the distal root of double-rooted mandibular third 

molars; accessory canals were mostly seen in the apical third. 

The rate of symmetry in terms of presence of accessory canals 

was 97.5% in the mesial root and 98.7% in the distal root. 

Ahmed et al. [26] reported the highest frequency of accessory 

canals in the apical third and then in the middle third and 

coronal third, which was in line with our results. However, 

they did not assess the symmetry of the right and left teeth in 

terms of accessory canals.  

In single-rooted mandibular third molars, isthmus was 

seen in 1.35% of the cases, and was mainly located in the apical 

third. The prevalence of isthmus in double-rooted third molars 

was 16.36% in the mesial root (mainly in the middle third) and 

4.09% in the distal root (mainly in the apical third). The rate of 

symmetry in terms of presence of isthmus was 87.6% in the 

mesial root and 98.7% in the distal root. According to our 

observations, accessory canals and isthmus are not commonly 

seen in mandibular third molars. However, if observed at one 

side, it is highly probable that they are present in the other side 

as well. Not many studies have evaluated the location and 

symmetry of isthmuses in mandibular third molars. 

Regarding the frequency distribution of roots in terms of 

the degree and direction of curvature in the mesial root of 

double-rooted third molars, the curvature was mainly towards 

the distal in the right and left mandibular third molars in our 

study. The distal root of double-rooted third molars in both the 

right and left sides was straight; the root of single-rooted teeth 

was mainly straight as well. The direction of curvature of 

mesial root in the right and left sides was the same in 90.1%; 

the rate of similarity was 93.8% for the distal root. It should be 

noted that no comprehensive previous study is available on the 

degree and direction of root curvature and the symmetry 

between the right and left teeth in this respect. 

Conclusion 

Mandibular third molars have high anatomical variations. 

However, symmetry between the right and left third molars is 

significantly high. If dental clinicians encounter anatomical 

complexities in dental treatment of a mandibular third molar, 

they should consider the high possibility of presence of the 

same condition in the mandibular third molar of the other side. 
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