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Abstract— This study aimed to estimate the prevalence of external and internal numerical root variations of 

mandibular canines and premolars in southern Bahia. 384 Panoramic Radiography (PAN) and 384 Cone Beam 

Computed Tomography (CBCT) of patients over 14 years old who had all mandibular canines and premolars 

were evaluated for internal and external numerical variation. Gender predilection of morphological 

configurations was assessed using the x2 test (p <0.05). For the PAN, 0.5% of the patients had a canine with two 

roots, while 2.1% and 3% had first premolar and second premolar with two roots, respectively. Regarding 

internal variation, 2.9% had a canine with two canals, while 15.9% and 6.5% had a first premolar and second 

premolar with two canals, respectively. For the CBCT, 2.7% of the patients had a canine with two roots, while 

16.4% and 2.1% had first premolar and second premolar with two roots, respectively. Three rooted first and 

second premolar accounted for 0.3%. Regarding the internal variation, 3.4% had a canine with two canals, 

while 24% and 6.5% had a first premolar and second premolar with two canals, respectively. Three or four 

canals accounted for 0,7% for first premolars and 0.3% for second premolars. Despite many variants, the most 

prevalent root configuration for these groups in Bahia´s southern region is one root with one canal. This finding 

may serve as a guide in clinical endodontic therapy.  

Keywords— Cone-Beam Computed Tomography, Dental Pulp Cavity, Mandibular Teeth, Panoramic 

Radiography 

 

I. INTRODUCTION 

The roots of human teeth vary in number, size and 

morphology, which are anatomical changes resulting from 

the genetic variability of populations, as well as sexual 

dimorphism and different environmental factors. Among 

these, the variation in the number of roots and root canals 

represents great interest in the dental clinic, especially for 

endodontic treatment [1]. 

Of all groups of teeth, mandibular premolars comprise 

the group with most significant root numerical variability. 

There are records of the first premolar with one root and 

two or three canals, two roots and two or three canals, 

three roots and three canals and four roots and four canals 

[2]. Likewise, there are records of the second premolar 

with one root and three, four or five canals, two roots and 

two, three or four canals and four roots and four canals [2]. 

Conversely, the anterior teeth have little to none 

numerical variability of the roots, in most cases single-

rooted teeth. However, the mandibular canine is the major 

exception to the rule, as shown by reports of bifurcation 

from the middle or apical third, as well as only bifurcation 

of the root canal also from the middle or apical third [3]. 

The bifurcation of the mandibular canines generally forms 

a vestibular root and a lingual root/canal. Very rarely, 

bifurcation is observed from the cervical third of the root 

[4, 5]. 
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The characterization of external variations as the 

number of roots can be done by Panoramic Radiography 

(PAN). This technique allows visualization of the 

viscerocranium, with details centred on the maxillofacial 

complex, making it possible to clearly visualize the 

number of roots [6]. Although internal structures such as 

root canals are not always clearly distinguishable on a 

PAN, it is possible to visualize the root canal system [7]. 

A more accurate imaging option is Cone Beam 

Computed Tomography (CBCT), which consists on the 

emission of a beam-shaped ionizing radiation through the 

entire cranial region. This technique allow us to evaluate 

the skull´s anatomical structures in three dimensions (3D) 

and provide two dimensional takes with high quality of 

any part of the irradiated structure. This is of particular 

importance for the evaluation of internal structures such as 

root canals [8-10]. In fact, CBCT can be useful to a variety 

of analysis that demand accuracy for the visualization of 

facial structures [11, 12]. 

Therefore, these two techniques are useful to assess 

external and internal root anatomical variations. This 

information is of great clinical importance, for endodontic 

treatment in particular but not only, for it allows to 

estimate the prevalence of such variations for a given 

population. Thus, this study aimed to estimate the 

prevalence of numerical root variations in mandibular 

canines and premolars in southern Bahia, based on PAN 

and CBCT images. 

 

II. METHOD 

1. Sample selection and analysis 

This present work was a retrospective cross-

sectional observational study using 384 PAN and 384 

CBCT from patients over 14 years old who had all canines 

and lower premolars (6 teeth in total). Images of patients 

whose evaluated teeth had endodontic treatment or were 

associated with injuries were excluded from the analysis. 

The analyzed image exams were all done during 2019 and 

2020 at the Dental Radiology Clinic Interface, located in 

Itabuna, Bahia. The sampling was a stratified random type 

and consisted of 163 men and 221 women for PAN and 

153 men and 231 women for CBCT. Four researchers 

independently assessed the external and internal variations 

observed on the radiographs and tomographies. The dental 

units were classified into three groups, lower canine, first 

lower premolar and second lower premolar, which were 

subdivided according to the number of roots and canals. 

These groups were used to calculate the frequency of these 

variations, as well as whether these variations had a gender 

predilection. 

2. PAN and CBCT capture and treatment  

PAN images were acquired using the Orthopos 

XG 5 (Sirona Dental System, Germany) at 70kvp voltage 

and 10mA current for 13 seconds of exposure time. CBCT 

images were acquired from two devices with different 

settings. The Orthopos – XG5 (Sirona Dental System, 

Germany) was used to acquire CBCT images with an HD 

resolution at 8x8 Field of Vision (FOV), 0.20mm of voxel 

for 14.3 seconds. The i-CAT (Kavo, USA) was used to 

acquire CBCT images with HiRes resolution at 8x16 FOV, 

0.25mm of voxel for 40 seconds.  

3. Statistical Analysis 

The sample size was established to represent the 

estimated population of the southern Bahia region, 

approximately 661,396 people (2018 estimative), as 384 

people is the required size to satisfy a sampling error of 

5% (p<0.05). The mandibular canine, mandibular first 

premolar and mandibular second premolar were divided in 

groups according to the number of roots and canals. The 

frequency of each group was calculated, as well as whether 

these variations had a gender predilection. The predilection 

of gender variations was estimated by the non-parametric 

test of x2 with yates correction.  

 

III. RESULTS 

1. Panoramic Radiography 

The PAN analysis revealed a low external root 

variation, with a higher prevalence of monoradicular teeth 

for all groups analyzed. The mandibular canines had the 

highest prevalence of teeth with one root, with a single 

occurrence with two roots (Fig.1), representing only 0.5% 

of the patients. This low occurrence of two roots was also 

observed for mandibular first and second premolars, 

representing only 2.1% and 3% of the patients. No teeth 

with more than two roots were observed (Table 1). 

The internal root variation was more abundant for 

all groups of teeth analyzed, especially the mandibular first 

premolar. Around 15.9% of patients had at least one 

mandibular first premolar with two canals. Only 6.5% of 

patients had at least one mandibular second premolar two 

canals (Table 1). 

Table.1: Root and canal number variation in 384 patients 

assessed by PAN 

Groups    nº 

Teeth 

% Teeth nº Patients % Patients 

Canine 1 

root 

766 99.7% 382 99.5% 

Canine 2 2 0.3% 2 0.5% 
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roots 

Canine 1 

canal 

756 98.4% 373 97.1% 

Canine 2 

canals 

12 1.6% 11 2.9% 

First 

Premolar 1 

root 

758 98.7% 376 97.9% 

First 

Premolar 2 

roots 

10 1.3% 8 2.1% 

First 

Premolar 1 

canal 

683 89% 323 84.1% 

First 

Premolar 2 

canals 

85 11% 61 15.9% 

Second 

Premolar 1 

root 

752 97.9% 373 97% 

Second 

Premolar 2 

roots 

16 2.1% 11 3% 

Second 

Premolar 1 

canal 

721 94% 359 93.5% 

Second 

Premolar 2 

canals 

47 6% 25 6.5% 

  

 

Fig. 1: Canine (33) with two roots on a panoramic 

radiography 

 

For the mandibular canines, the presence of two 

canals was also more common than the presence of two 

roots, though with a much lower prevalence of 2.9% of 

patients. No teeth with more than two canals were 

observed (Table 1). Finally, there was no gender 

predilection detected for both external and internal 

variation.  

2. Cone-Beam Computed Tomography 

Similar results were obtained with CBCT scans, but 

with a substantial increase in teeth with two roots and two 

canals and teeth with one root and two canals. Also, the 

CBCT was able to detect variants not observed in PAN 

images. Here, the mandibular canines also had the highest 

prevalence of teeth with one root, with only 2.7% of 

patients having two roots (Fig.2a). For first premolars, 

16.7% of the patients had two roots (Fig.2b), while for 

second premolars only 2.1% of patients had two roots 

(Fig.2c). There was only one first and second premolar 

with three roots (Table 2), both present in the same patient. 

The internal root variation observed on CBCT scans was 

greater than the external variation. The mandibular canines 

with two canals (Fig.2d) were present in 3.4% of patients. 

Again, premolars showed a more significant variability. 

For the mandibular first premolar, the two canals variant 

was present in 24% of the patients (Fig.2e). The 

mandibular second premolar was less variable with 6.5% 

of the patients presenting two canals (Fig.2f). CBCT was 

also able to detect mandibular first premolars with three 

canals (Fig.3), which accounted 0.7% of the patients. For 

the mandibular second premolar the variability of this 

variant was lower, with 6.5% of the patients with two 

canals and 0,3% with three or four canals (Fig.3). Again, 

there was no gender predilection for any numerical 

variations. 

Table. 2: Root and canal number variation in 384 patients 

assessed by CBCT 

Group    nº 

Teeth 

% Teeth nº Patients % Patients 

Canine 1 root 757 98.5% 374 97.3% 

Canine 2 

roots 

11 1.5% 9 2.7% 

Canine 1 

canal 

748 97.3% 371 96.6% 

Canine 2 

canals 

20 2.7% 13 3.4% 

First 

Premolar 1 

root 

674 87.7% 320 83.3% 

First 

Premolar 2 

roots 

93 12.2% 63 

 

16.4% 

 

First 

Premolar 3 

roots 

1 0.1% 1 0.3% 

First 

Premolar 1 

canal 

628 81.7% 289 75.3% 
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First 

Premolar 2 

canals 

85 18% 92 24% 

First 

Premolar 3 

canals 

3 0.3% 3 0.7% 

Second 

Premolar 1 

root 

757 98.5% 375 97.6% 

Second 

Premolar 2 

roots 

10 

 

 

1.4% 

 

 

8 

 

 

2.1% 

 

 

Second 

Premolar 3 

roots 

1 0.1% 1 0.3% 

Second 

Premolar 1 

canal 

734 95.5% 358 93.2% 

Second 

Premolar 2 

canals 

32 

 

 

4.2% 

 

 

25 

 

 

6.5% 

 

 

Second 

Premolar 3 

and 4 canals 

2 0.3% 1 0.3% 

 

Fig. 2: Transversal sections of Cone Beam CTs: (A) 

Canine with two roots; (B) First premolar with two roots; 

(C) Second premolar with two roots; (D) Canine with two 

canals; (E) First premolar with two canals; (F) Second 

premolar with two canals. Arrows indicate Bifurcation of 

Canal and Root (BCR) and Mental Foramen (FM) 

 

Fig. 3: Cone Beam CT axial section of patient with a first 

premolar with three roots and three canals (44), a second 

premolar with one root and three canals (35) and a second 

premolar with three roots and four (45). Arrows indicate 

canals. 

 

IV. DISCUSSION 

In general, the data obtained with CBCT had a higher 

proportion of variants than to those obtained with PAN. 

This observation was already expected due to inherent 

characteristics of each technique. CBCT provides 3D 

reconstructions of every section form the skull allows a 

better visualization of external and internal structures, 

some of which are not always distinguishable in PAN due 

to overlaps and flattening to form a single take [8]. This 

makes CBCT an ideal choice for the sort of analysis here 

proposed, though it does not exclude the possibility of 

using PAN. A study that compared the CBCT and PAN 

techniques for visualizing the root anatomy, concluded that 

in twelve patients with two canals viewed by CBCT, in 

only two it was possible to suggest the existence of two 

canals with the PAN [13]. 

A Brazilian study carried out with 830 canines 

extracted in São Paulo reported that the prevalence of 

mandibular canines with two canals was 6.1%, while the 

presence of two roots was more rarely observed, with a 

prevalence of 1.7% [14]. Compared to our data, this 

prevalence of mandibular canines with two canals (6.1%) 

is higher than that found in both PAN (1.6%) and CBCT 

(2.7%). The prevalence of mandibular canines with two 

roots (1.7%) is also higher than that we found in PAN 

(0.3%), but similar to that we found in CBCT (1.5%). City 

of Sao Paulo, which makes it mislead to compare.  
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 Studies carried out in other populations report a 

highly variable prevalence of mandibular canines with two 

canals or two roots. An Iranian study with 149 canines 

extracted reported that 20.48% of canines had two canals 

and 4.7% had two roots, values well above those observed 

in Brazil [15]. Another Iranian study, now using CBCT of 

400 patients, also reported a proportion of variants much 

higher than that of Brazil, with 28.2% of the canines 

having two canals and 12.08% with two roots [16]. In 

contrast, a Malaysian study with CBCT scans of 208 

patients found no canine with two roots or two canals [17]. 

Thus, the prevalence of root configurations of 

lower canines in the southern Bahia region observed here 

by PAN and CBCT was similar to that observed in São 

Paulo, another Brazilian subpopulation. However, this 

study´s sample number was not representative for the City 

of Sao Paulo, which makes it misleading to establish a 

trustful comparison with our data [14]. In fact, the same 

can be stated for much of the studies regarding teeth 

anatomical variations. Nonetheless, much of the 

discrepancy in data is believed to be caused by natural 

genetic variation, whose pool frequency varies 

considerably across different geographic regions [18]. 

For the mandibular premolars, PAN images could 

not detect teeth with more than two roots and two canals, 

though these are rarely reported and were here detected by 

CBCT. There are reports of first premolars from two to 

four roots, and up to four canals [19-21]. The same 

happens for the second premolar, for which there are 

reports from two to four roots, and up to five canals [22-

24]. However, much of these reports were in vitro studies 

with extracted teeth, allowing better visualization of root 

morphology through clearing, sectioning, radiography and 

Micro-CT scanning. 

Regardless of such rich variability, the majority 

accounts for teeth with one root and one canal. A 

compilation of 8 studies, with 4462 extracted teeth, found 

that 97.9% of the first lower premolars had a single root, 

1.8% had two roots, 0.2% had three roots and 0.1 % had 

four roots. Concerning the number of canals, a compilation 

of 16 studies with 4733 extracted teeth showed that 75.8% 

of the teeth had one canal, while 24.2% had two or more 

canals [25]. These data are similar to the data we obtained 

with PAN images, in which 98.7% of the evaluated first 

premolar had a single root and only 1.3% had two roots, 

but inferior to those observed with CBCT, in which we 

had 87.7% with one root and 12.3% with two roots. As for 

the internal variation, a more conservative trend was 

observed with PAN images, as 89% of the first premolars 

had only one canal, and 11% had two canals, while with 

CBCT the percentage of teeth with two or more canals was 

closer to that observed in this compilation, with 18.3%. In 

all cases, the configuration of one root and two canals was 

more frequent than the configuration of two roots and two 

canals, in agreement with the same study. 

Similarly, a compilation of 8 studies with a total 

of 4019 extracted teeth and another one of 11 studies with 

3063 extracted teeth revealed the prevalence of mandibular 

second premolar variations in the number of roots and 

canals, respectively. This study found that 99.6% of 

second premolars had only one root, while two or three 

roots were rarely observed, with a prevalence of 0.3% and 

0.1%, respectively, while only 9% of the teeth had two or 

more canals [26]. As with the analysis for mandibular first 

premolars, we found similar data with PAN images, in 

which 97.9% of the lower second premolars had a single 

root and 2.1% have two roots. This number is also similar 

to that found with CBCT, in which 98.5% had 1 root and 

1.5% had two roots. As for the number of root canals, our 

data point to a more subtle variation of 6% with PAN and 

5.5% in the CBCT images. In general, there is a 

correlation between the findings, with a general prevalence 

of mandibular premolars for the configuration of one root 

and one canal, but a lower frequency of variations when 

compared to the mandibular first premolar. Interestingly, 

the mandibular second premolar was the only group in 

which our data obtained by CBCT showed less variability 

than that obtained by PAN. 

Much of this root variability in premolars is 

believed to be due to different worldwide genetic 

backgrounds, particularly the genes involved in 

rhizogenesis. There seems to be a correlation between the 

size of posterior teeth and the number of roots and canals. 

It is observed that the larger the premolar crown, the 

greater the number of roots and, as a consequence, of root 

canals. The hypothesis that the number of roots and canals 

is directly related to the crown´s dimensions would not be 

anything unusual, since rhizogenesis is initiated after the 

formation of the bell in morphogenesis [27]. 

 Based on this theory, there are several 

correlations suggested for root variation, among those is 

the involvement of sexual dimorphism in the number of 

roots, since male individuals tend to have larger teeth [27]. 

However, in our study, there was no gender predilection 

observed in any group, agreeing to many studies with 

mandibular premolars, but one exception for mandibular 

first premolars and two exceptions for mandibular second 

premolar [28, 29]. There was also no gender predilection 

for the mandibular canine bifurcation. 
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V. CONCLUSION 

Our data allow us to conclude that mandibular canines 

with more than one canal are rare, and even more rare is 

the presence of two roots for this group of teeth in the 

southern region of Bahia. On the other hand, such 

variations are more common in mandibular premolars, 

although with a general prevalence for the configuration of 

one root and one canal. In general, the most prevalent 

configuration was the same as found in other studies 

around the globe for each group of teeth, though the 

variants’ frequencies differ in variable degrees to other 

populations. Finally, as expected, CBCT images produced 

more reliable data than PAN images. 

 

REFERENCES 

[1] Shrestha, A., Marla, V., Shrestha, S., & Maharjan, I. K. 

(2016). Developmental anomalies affecting the morphology 

of teeth – a review. RSBO, 12(1), 68. 

https://doi.org/10.21726/rsbo.v12i1.175 

[2] Kottoor, J., Albuquerque, D., Velmurugan, N., & 

Kuruvilla, J. (2013). Root Anatomy and Root Canal 

Configuration of Human Permanent Mandibular Premolars: 

A Systematic Review. Anatomy Research International, 

2013, 1–14. https://doi.org/10.1155/2013/254250 

[3] Beltes, P., Kantilieraki, E., Kalaitzoglou, M.. E., Beltes, C., 

& Angelopoulos, C. (2018). Mandibular canines with 

additional roots: An ex vivo study of the external and 

internal morphology. Australian Endodontic Journal, 

45(2), 184–188. https://doi.org/10.1111/aej.12305. 

[4] Shanna, R., Pécora, J. D., Lumley, P. J., & Walmsley, A. 

D. (1998). The external and internal anatomy of human 

mandibular canine teeth with two roots. Dental 

Traumatology, 14(2), 88–92. 

https://doi.org/10.1111/j.1600-9657.1998.tb00817.x 

[5] Victorino, F. R., Bernardes, R. A., Baldi, J. V., Moraes, I. 

G., Bernardinelli, N., Garcia, R. B., & Bramante, C. M. 

(2009). Bilateral mandibular canines with two roots and 

two separate canals: case report. Brazilian Dental Journal, 

20(1), 84–86. https://doi.org/10.1590/s0103-

64402009000100015 

[6] Bilge, N. H., Yeşiltepe, S., Törenek Ağırman, K., 

Çağlayan, F., & Bilge, O. M. (2018). Investigation of 

prevalence of dental anomalies by using digital panoramic 

radiographs. Folia Morphologica, 77(2), 323–328. 

https://doi.org/10.5603/fm.a2017.0087 

[7] Schmidt, A. P. G., Rossi, A. C., Freire, A. R., Groppo, F. 

C., & Prado, F. B. (2016). Association between Facial Type 

and Mandibular Canal Morphology - Analysis in Digital 

Panoramic Radiographs. Brazilian Dental Journal, 27(5), 

609–612. https://doi.org/10.1590/0103-6440201600973 

[8] Khosravifard, N., Kajan, Z. D., & Hasanpoor, H. (2018). 

Cone beam computed tomographic survey of the 

mesiobuccal root canal anatomy in the maxillary first and 

second molar teeth of an Iranian population. European 

Journal of Dentistry, 12(03), 422–427. 

https://doi.org/10.4103/ejd.ejd_60_18 

[9] Gambarini, G., Piasecki, L., Ropini, P., Miccoli, G., Nardo, 

D. D., & Testarelli, L. (2018). Cone-beam computed 

tomographic analysis on root and canal morphology of 

mandibular first permanent molar among multiracial 

population in Western European population. European 

Journal of Dentistry, 12(03), 434–438. 

https://doi.org/10.4103/ejd.ejd_116_18 

[10] Rawtiya, M., Somasundaram, P., Wadhwani, S., Munuga, 

S., Agarwal, M., & Sethi, P. (2016). Retrospective study of 

root canal configurations of maxillary third molars in 

Central India population using cone beam computed 

tomography Part- I. European Journal of Dentistry, 10(01), 

097–102. https://doi.org/10.4103/1305-7456.175690 

[11] Zaki, I. M., Hamed, W. M., & Ashmawy, M. S. (2020). 

Effect of CBCT dose reduction on the mandibular canal 

visibility: ex vivo comparative study. Oral Radiology, 1–8. 

https://doi.org/10.1007/s11282-020-00448-9 

[12] Özcan, İ., Göksel, S., Çakır-Karabaş, H., & Ünsal, G. 

(2020). CBCT analysis of haller cells: relationship with 

accessory maxillary ostium and maxillary sinus 

pathologies. Oral Radiology, 1–5. 

https://doi.org/10.1007/s11282-020-00487-2 

[13] Robinson, S., Czerny, C., Gahleitner, A., Bernhart, T., & 

Kainberger, F. M. (2002). Dental CT evaluation of 

mandibular first premolar root configurations and canal 

variations. Oral Surgery, Oral Medicine, Oral Pathology, 

Oral Radiology, and Endodontology, 93(3), 328–332. 

https://doi.org/10.1067/moe.2002.120055 

[14] Pecora, J. D., Neto, M. D. S., & Saquy, P. C. (1993). 

Internal anatomy, direction and number of roots and size of 

human mandibular canines. Brazilian Dental Journal, 4(1), 

53–57. 

[15] Milani, A. S., Shahi, S., Sergiz, Y., Nezafati, S., Lotfi, M., 

& Rahimi, S. (2013). Prevalence of two root canals in 

human mandibular anterior teeth in an Iranian population. 

Indian Journal of Dental Research, 24(2), 234. 

https://doi.org/10.4103/0970-9290.116694 

[16] Aminsobhani, M., Sadegh, M., Meraji, N., Razmi, H., & 

Kharazifard, M. J. (2013). Evaluation of the root and canal 

morphology of mandibular permanent anterior teeth in an 

Iranian population by cone-beam computed tomography. 

Journal of Dentistry of Teheran University of Medical 

Sciences, 10(4), 358–366.  

[17] Pan, J. Y. Y., Parolia, A., Chuah, S. R., Bhatia, S., Mutalik, 

S., & Pau, A. (2019). Root canal morphology of permanent 

teeth in a Malaysian subpopulation using cone-beam 

computed tomography. BMC Oral Health, 19(1), 1–12. 

https://doi.org/10.1186/s12903-019-0710-z 

[18] Plascencia, H., Cruz, Á., Gascón, G., Ramírez, B., & Díaz, 

M. (2017). Mandibular Canines with Two Roots and Two 

Root Canals: Case Report and Literature Review. Case 

Reports in Dentistry, 2017, 1–9. 

https://doi.org/10.1155/2017/8459840 

[19] Poorni, S., Karumaran, C. S., & Indira, R. (2010). 

Mandibular first premolar with two roots and three 

https://dx.doi.org/10.22161/ijaers.712.32
http://www.ijaers.com/


International Journal of Advanced Engineering Research and Science (IJAERS)                               [Vol-7, Issue-12, Dec- 2020] 

https://dx.doi.org/10.22161/ijaers.712.32                                                                                ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 216  

canals. Australian Endodontic Journal, 36(1), 32–34. 

https://doi.org/10.1111/j.1747-4477.2009.00170.x 

[20] Vaghela, D. J., & Sinha, A. A. (2013). Endodontic 

management of four rooted mandibular first 

premolar. Journal of Conservative Dentistry, 16(1), 87. 

https://doi.org/10.4103/0972-0707.105307 

[21] Geider, P., Perrin, C., & Fontaine, M. (1989). Recherche 

sur l'anatomie endodontique des prémolaires inférieures--à 

propos de 669 cas [Endodontic anatomy of lower 

premolars--apropos of 669 cases]. Journal d'odontologie 

conservatrice, (10), 11–15. 

[22] Prakash, R., Nandini, S., Ballal, S., Kumar, S. N., & 

Kandaswamy, D. (2008). Two-rooted mandibular second 

premolars: case report and survey. Indian journal of dental 

research: official publication of Indian Society for Dental 

Research, 19(1), 70–73. https://doi.org/10.4103/0970-

9290.38936 

[23] Farmakis, E. T. (2008). Four-rooted mandibular second 

premolar. Australian Endodontic Journal, 34(3), 126–128. 

https://doi.org/10.1111/j.1747-4477.2007.00092.x 

[24] Macri, E., & Zmener, O. (2000). Five Canals in a 

Mandibular Second Premolar. Journal of 

Endodontics, 26(5), 304–305. 

https://doi.org/10.1097/00004770-200005000-00016 

[25] Cleghorn, B. M., Christie, W. H., & Dong, C. C. S. (2007). 

The Root and Root Canal Morphology of the Human 

Mandibular First Premolar: A Literature Review. Journal 

of Endodontics, 33(5), 509–516. 

https://doi.org/10.1016/j.joen.2006.12.004 

[26] Cleghorn, B., Christie, W., & Dong, C. (2007). The Root 

and Root Canal Morphology of the Human Mandibular 

Second Premolar: A Literature Review. Journal of 

Endodontics, 33(9), 1031–1037. 

https://doi.org/10.1016/j.joen.2007.03.020 

[27] Shields, E. D. (2005). Mandibular premolar and second 

molar root morphological variation in modern humans: 

What root number can tell us about tooth 

morphogenesis. American Journal of Physical 

Anthropology, 128(2), 299–311. 

https://doi.org/10.1002/ajpa.20110 

[28] Sert, S., & Bayirli, G. (2004). Evaluation of the Root Canal 

Configurations of the Mandibular and Maxillary Permanent 

Teeth by Gender in the Turkish Population. Journal of 

Endodontics, 30(6), 391–398. 

https://doi.org/10.1097/00004770-200406000-00004 

[29] Serman, N. J., & Hasselgren, G. (1992). The radiographic 

incidence of multiple roots and canals in human mandibular 

premolars. International Endodontic Journal, 25(5), 234–

237. https://doi.org/10.1111/j.1365-2591.1992.tb01155.x 

 

https://dx.doi.org/10.22161/ijaers.712.32
http://www.ijaers.com/
https://doi.org/10.1016/j.joen.2006.12.004

