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ABSTRACT

Objectives: The purpose of this study was to determine the incidence of radix molaris (RM) 
(entomolaris and paramolaris) in the mandibular first permanent molars of a sample Saudi 
Arabian subpopulation using cone-beam computed tomography (CBCT).
Materials and Methods: A total of 884 CBCT images of 427 male and 457 female Saudi 
citizens (age 16 to 70 years) were collected from the radiology department archives of 4 dental 
centers. A total of 450 CBCT images of 741 mature mandibular first molars that met the 
inclusion criteria were reviewed. The images were viewed at high resolution by 3 examiners 
and were analyzed with Planmeca Romexis software (version 5.2).
Results: Thirty-three (4.5%) mandibular first permanent molars had RM, mostly on 
the distal side. The incidence of radix entomolaris (EM) was 4.3%, while that of radix 
paramolaris was 0.3%. The RM roots had one canal and occurred more unilaterally. No 
significant difference in root configuration was found between males and females (p > 0.05). 
Types I and III EM root canal configurations were most common, while type B was the only 
RP configuration observed.
Conclusions: The incidence of RM in the mandibular first molars of this Saudi subpopulation 
was 4.5%. Identification of the supernumerary root can avoid missing the canal associated 
with the root during root canal treatment.

Keywords: Cone-beam CT; Mandibular first molar; Radix entomolaris; Radix molaris;  
Root canal morphology

Restor Dent Endod. 2020 Feb;45(1):e1
https://doi.org/10.5395/rde.2020.45.e1
pISSN 2234-7658·eISSN 2234-7666

Research Article

Received: Jul 17, 2019
Revised: Sep 25, 2019
Accepted: Oct 1, 2019
 
AL-Alawi H, Al-Nazhan S, Al-Maflehi N, 
Aldosimani MA, Zahid MN, Shihabi GN

*Correspondence to
Saad Al-Nazhan, BDS, MSD
Professor, Department of Restorative 
Dentistry-Endodontics, College of Dentistry, 
Riyadh Elm University, Riyadh 11681, Saudi 
Arabia.
E-mail: saad.alnazhan@riyadh.edu.sa

Copyright © 2020. The Korean Academy of 
Conservative Dentistry
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

Conflict of Interest
No potential conflict of interest relevant to this 
article was reported.

Author Contributions
Conceptualization: AL-Alawi H, Aldosimani 
MA, Zahid MN; Data curation: AL-Alawi H, 
Shihabi GN; Formal analysis: Al-Nazhan S, 
AL-Alawi H; Investigation: AL-Alawi H, Al-
Nazhan S, Al-Maflehi N, Aldosimani MA, Zahid 
MN, Shihabi GN; Methodology: Al-Nazhan S; 
Project administration: AL-Alawi H; Resources: 
AL-Alawi H, Aldosimani MA, Zahid MN; 
Software: Al-Maflehi N; Supervision: Al-Nazhan 
S, AL-Alawi H; Validation: Al-Nazhan S, AL-
Alawi H, Al-Maflehi N; Visualization: Al-Nazhan 

Hassan AL-Alawi ,1 Saad Al-Nazhan ,2* Nassr Al-Maflehi ,3  
Mazen A. Aldosimani ,4 Mohammed Nabil Zahid ,5 Ghadeer N. Shihabi  6

1Dental Department, Ministry of Health Endodontist, Huraymala General Hospital, Riyadh, Saudi Arabia
2 Department of Restorative Dentistry-Endodontics, College of Dentistry, Riyadh Elm University, Riyadh, 
Saudi Arabia

3 Department of Preventive Dental Sciences-Biostatistics, College of Dentistry, King Saud University, Riyadh, 
Saudi Arabia

4 Department of Oral Medicine and Diagnostic Sciences, College of Dentistry, King Saud University, Riyadh, 
Saudi Arabia

5 Department of Preventive Dental Sciences, College of Dentistry, Prince Sattam Bin AbdulAziz University, Al 
Kharj, Saudi Arabia

6General Practitioner, Riyadh, Saudi Arabia

The prevalence of radix molaris in the 
mandibular first molars of a Saudi 
subpopulation based on cone-beam 
computed tomography

https://rde.ac
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8245-9795
https://orcid.org/0000-0002-5997-0330
https://orcid.org/0000-0002-1705-5417
https://orcid.org/0000-0002-4105-2283
https://orcid.org/0000-0001-5125-4762
https://orcid.org/0000-0001-6653-138X
http://crossmark.crossref.org/dialog/?doi=10.5395/rde.2020.45.e1&domain=pdf&date_stamp=2019-11-14


S, AL-Alawi H, Aldosimani MA, Zahid MN, 
Shihabi GN; Writing - original draft: Al-Nazhan 
S; Writing - review & editing: Al-Nazhan S.

ORCID iDs
Hassan AL-Alawi 
https://orcid.org/0000-0001-8245-9795
Saad Al-Nazhan 
https://orcid.org/0000-0002-5997-0330
Nassr Al-Maflehi 
https://orcid.org/0000-0002-1705-5417
Mazen A. Aldosimani 
https://orcid.org/0000-0002-4105-2283
Mohammed Nabil Zahid 
https://orcid.org/0000-0001-5125-4762
Ghadeer N. Shihabi 
https://orcid.org/0000-0001-6653-138X

INTRODUCTION

In-depth knowledge of the internal anatomy of the root canal system and its variations 
is important for successful root canal treatment [1]. Preoperative radiographic imaging 
provides much-needed information about root canal morphology, including the No. of roots 
and canals. This allows the clinician to assess the correct course of endodontic treatment and 
increase the chance of a successful outcome [2,3]. The mandibular first molars usually have 
3 or 4 canals and 2 roots; however, the No. of root canals and roots may vary. The presence 
of a supernumerary root in the mandibular first molar is called radix molaris (RM). The 
supernumerary root is usually located distolingually (radix entomolaris [EM]) with a global 
prevalence of 0.7%–33.1% [4-20] (Table 1). When the extra root is located on the mesiobuccal 
side, it is called radix paramolaris (PM). Several studies have demonstrated differences in 
root canal configurations such as shape and the No. of roots and canals among different 
populations [21-23]. The reported prevalence of 3-rooted mandibular first molars in Saudi 
Arabia ranges from 2.3%–6% based on visual examinations of extracted teeth [7,24] and 
conventional radiographs in clinical cases of endodontically-treated teeth [10].

Conventional radiographs are the most common diagnostic tool used to evaluate the 
morphology of mandibular roots [25]. Although radiographs can demonstrate the 
main morphological features of the tooth, the complexities and details of the root canal 
anatomy can be harder to visualize due to the use of 2-dimensional (2D) images to view a 
3-dimensional (3D) object [26]. Cone-beam computed tomography (CBCT) has excellent 
resolution and can provide better visualization of the external and internal morphologies 
of the tooth and its root canal system compared to conventional and digital radiographs 
[27,28]. Therefore, CBCT can be especially helpful in clinical cases regarding root canal 
morphology. The purpose of this study was to determine the incidence of RM using CBCT of 
the mandibular first permanent molars in a sample Saudi Arabian subpopulation.
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Table 1. Prevalence of supernumerary root in mandibular first molar
Author/reference Origin Incidence (%) Evaluation method
Curzon and Curzon [4] Mongoloid Keewatin Eskimo (Canada) 27 In vitro (extracted teeth)
Reichart and Metah [5] Thai (Thailand) 19.2 In vitro (extracted teeth)
Walker [6] Chinese (Hong Kong) 15 In vitro (extracted teeth)
Younes et al. [7] African (Egypt) 0.7 In vitro (extracted teeth)

Asian (Saudi Arabia) 2.3
Zaatar et al. [8] Kuwait 2.7 In vivo (periapical radiographs)
Sperber and Moreau [9] Senegal 3.1 In vitro (extracted teeth)
Al-Nazhan [10] Saudi Arabia 5.97 In vivo (periapical radiographs)
Ahmed et al. [11] Sudan 3 In vitro (extracted teeth)
Schäfer et al. [12] Germany 0.7 In vivo (periapical radiographs)
Al-Qudah and Awawdeh [13] Jordan 3.9 In vitro (extracted teeth)
Song et al. [14] Korea (Mongoloid origin) 33.1 In vivo (periapical radiographs)
Zhang et al. [15] China 29 In vivo (CBCT)
Demirbuga et al. [16] Turkey 2.06 In vivo (CBCT)
Mukhaimer and Azizi [17] Palestine 3.73 In vivo (periapical radiographs)
Rodrigues et al. [18] Brazil 2.58 In vivo (CBCT)
Rahimi et al. [19] Iran 3.00 In vivo (CBCT)
Gupta et al. [20] Haryana (North India) 13.00 In vivo (periapical radiographs and CBCT)
CBCT, cone-beam computed tomography.
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MATERIALS AND METHODS

This descriptive-analytic study was approved by the Ethical Committee of the Research Center 
of Riyadh Elm University College of Dentistry (RC/IRB/2018/1086). The study was conducted 
in compliance with the Helsinki Declaration and Guidelines for Good Clinical Practice.

Sample collection
Data were collected from archived CBCT images taken from 2014–2018 at the radiology 
departments of 4 dental centers: the College of Dentistry of Riyadh Elm University, King Saud 
University, Prince Sattam Bin Abdulaziz University, and Uranus Dental Center. A total of 884 
CBCT images of 427 male and 457 female Saudi citizens were reviewed (Table 2). The CBCT 
images were captured using 3 different CBCT machines: the Promax 3D Max (Planmeca, 
Helsinki, Finland) (90 kVp, 10 mA, 10–15 seconds) and the Galileos Comfort (Sirona Dental 
Systems GmbH, Bensheim, Germany) (85 kVp, 7 mA, 14 seconds) using an isotropic voxel size 
of 0.2–0.4 mm, and the CS9300 (Carestream Dental LLC, Atlanta, GA, USA) (90 kVp, 10–15 
mA, 15 seconds) using an isotropic voxel size of 0.9 mm. Images of mandibular first molars 
that met the following inclusion criteria were chosen for evaluation: 1) fully erupted first 
mandibular permanent molar; 2) no periapical lesions, resorption, or canal calcification; 3) no 
root canal fillings, cemented posts, or coronal restoration; 4) bilateral or unilateral location; 
and 5) mature (closed) root apices. A total of 450 CBCT images met the inclusion criteria.

Evaluation of CBCT images
Three examiners evaluated the CBCT images, 1 postgraduate (PG) endodontic resident in the 
last year (referred to as ‘examiner’) and 2 certified oral radiologists (referred to as ‘radiologist’). 
Prior to the evaluation of the CBCT images, the PG resident was trained in the manipulation 
of CBCT images, locating the supernumerary root, and assessing the root canal configuration. 
The CBCT images were analyzed with Planmeca Romexis software (version 5.2; Planmeca). 
Images were viewed on a 32 in the LCD monitor (Hewlett-Packard, Palo Alto, CA, USA) at a 
resolution of 1,280 × 1,024 pixels. The classification systems of Carlsen and Alexandersen 
[29] and Song et al. [30] were used for the categorization of the root configurations. The 
image evaluations were done under sufficient magnification and contrast to ensure optimal 
visualization. Extra roots, when present, were classified as either entomolaris or paramolaris.

Statistical analysis
All statistical analyses were performed using SPSS software (version 20; IBM Corp., Armonk, 
NY, USA). To establish inter- and intra-examiner reliability, ten cases were selected to be read 
by the examiner and radiologists and were measured using Cohen's kappa coefficient. The 
Kappa agreement test of the reading between the examiners was 97%, which considered the 
solid agreement and statistically significant (p ≤ 0.05). Continuous data were evaluated using 
descriptive statistics. The χ2 test was used to assess the differences in root configuration 
classification between males and females.
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Table 2. Total number of evaluated cone-beam computed tomography images
Dental center Grand total Total fit criteria

Male Female Total
Riyadh Elm University 105 160 265 82
King Saud University 134 135 269 193
Prince Sattam Bin Abdulaziz University 144 81 225 116
Uranus Dental Center 44 81 125 59
Total 427 457 884 450
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RESULTS

Root morphology
Thirty-three (4.5%) mandibular first permanent molars had supernumerary roots, mostly on 
the distal side (Figure 1, Table 3). The incidence of EM was 4.2%, while that of PM was 0.3% 
(Table 4). The RM roots predominantly had one canal and most often occurred unilaterally. 
The bilateral occurrence was 1.3% (Figure 2). There was no significant difference in root 
configuration between males and females (p > 0.05).

Root configuration
Types I (1.5%) and III (1.3%) of Song et al. [30] classification were the most common root 
configurations for EM (Table 5), while only 2 unilateral teeth of type (B) PM of Carlsen and 
Alexandersen [29] classification were observed.
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A CB

Figure 1. (A) Cone-beam computed tomography (CBCT) images of mandibular first molar showing 4 canals 
(arrow). (B) CBCT showing disto-buccal root with one canal (arrow). (C) Separated distal roots with one canal 
each (arrow).

Table 3. Number of roots of mandibular first molar in relation to sex and jaw side
Sex Jaw side Total No. of patients Total No. of teeth No. of roots

1 2 3
Male Bilateral 165 330 0 326 (44.0%) 4 (0.5%)

Unilateral 87 87 0 77 (10.4%) 10 (1.4%)
Female Bilateral 126 252 1 (0.1%) 245 (33.1%) 6 (0.8%)

Unilateral 72 72 0 59 (8.0%) 13 (1.8%)
Total 450 741 1 (0.1%) 707 (95.4%) 33 (4.5%)

Table 4. Number and percentages of patients with entomolaris (distolingual root) and paramolaris (mesiobuccal root) in mandibular first molars according to 
sex and jaw side (n = 741)
Sex Jaw side Total No. of patients Total No. of teeth Radix molaris

Entomolaris Paramolaris
Male Bilateral 2 4 4 (0.5%) 0

Unilateral 10 10 8 (1.1%) 2 (0.3%)
Total 12 14 12 (1.6%) 2 (0.3%)

Female Bilateral 3 6 6 (0.8%) 0
Unilateral 13 13 13 (1.8%) 0
Total 16 19 19 (2.6%) 0

Grand total 28 33 (4.5%) 31 (4.2%) 2 (0.3%)
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DISCUSSION

The prevalence of RM in the current study was 4.5%, which is close to those values reported 
by Rodrigues et al. [18] and Rahimi et al. [19] and far less than those reported by Zhang et al. 
[15], Gupta et al. [20], and Wang et al. [31]. The occurrence of RM in both males and females 
in the current study was predominantly unilateral (n = 23, 3.1%). This value is far lower 
than in a previous study by Quackenbush [32], which reported RM occurring unilaterally in 
approximately 40% of all cases.

Previous studies have used extracted teeth to determine the frequency of RM. This technique 
might underestimate the true frequency because small supernumerary roots might easily 
fracture during extraction [5,6,21,33,34]. Periapical radiographs from different angles can 
also be done to identify supernumerary roots. An angulated main beam is usually used 
to avoid superimposition of the larger distobuccal root [33]. Although this technique may 
accurately capture the tooth's main morphological features, the complexities and details of 
the root canal's anatomy cannot be shown due to the nature of using 2D images to visualize 
a 3D object [26]. The identification of additional supernumerary roots in the distal and/
or mesial aspect of the mandibular first molar is considered important for the long-term 
outcome of the endodontically-treated tooth.

The present study used CBCT to determine the occurrence of RM in the permanent 
mandibular molars among a Saudi subpopulation. Patel et al. [35] reported that the root 
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A B

Figure 2. (A) Cone-beam computed tomography (CBCT) images of mandibular first molar showing disto-lingual 
root bilateral entomolaris (arrow). (B) Bilateral separated roots with one canal (arrow).

Table 5. Morphology of the distolingual root (entomolaris) based on Song et al. [30] classification. (n = 741)
Sex Jaw side Total No. of patients Total No. of teeth Song et al. [30] classification

Type I Type II Type III Small type Conical type
Male Bilateral 2 4 0 2 2 0 0

Unilateral 8 8* 2 2 3 1 0
Total 10 12 2 4 5 1 0

Female Bilateral 3 6 2 2 2 0 0
Unilateral 13 13 7 2 3 1 0
Total 16 19 9 4 5 1 0

Grand total 26* 31 (4.2%) 11 (1.5%) 8 (1.1%) 10 (1.3%) 2 (0.3%) 0
*The other 2 teeth of 2 patients were type B of Carlsen and Alexandersen [29] classification.
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morphology and the No. of root canals and their convergence or divergence from each other 
are better visualized using 3D imaging techniques. The use of CBCT provides the clinician 
with the ability to observe an area in 3 different planes (sagittal, coronal, and axial), which 
has been reported to eliminate the superimposition of anatomic structures [36,37]. In 
addition, Neelakantan et al. [37] reported that CBCT and peripheral quantitative computed 
tomography were as accurate as the modified canal staining and tooth clearing technique 
for the study of canal morphology. Furthermore, Matherne et al. [27] stated that CBCT 
could identify a greater No. of root canal systems than digital radiographs. Compared to 
conventional medical computed tomography, CBCT allows less scan time, a lower radiation 
dose, and higher resolution imaging [37].

The incidence of RM in mandibular first permanent molars has been reported as being 
associated with certain ethnic groups. RM has been found more frequently in Asian 
populations than in other racial groups, especially in China and Korea (27%–33%) 
[4,14,15,38]. In the Asian race, it is considered to be a normal morphological variant. 
In contrast, the incidence of RM has not been reported in Turkish [23], Spanish [39], 
Pakistani [40], or Ugandan populations [41]. Other studies using extracted teeth or 
periapical radiographs reported similar findings, including those of Zaatar et al. [8] in a 
Kuwaiti population, Sperber and Moreau [9] in a Senegalese population, Ahmed et al. [11] 
in a Sudanese population, Al-Qudah and Awawdeh [13] in a Jordanian population, and 
Mukhaimer and Azizi [17] in a Palestinian population.

In comparison to previous studies evaluating RM in a Saudi population, the findings of the 
current study are higher than those of Younes et al. [7] using extracted teeth (2.3%), and 
lower than the clinical and radiographic evaluation by Al-Nazhan [10] (5.97%) and extraction 
evaluation by Bahammam and Bahammam [24] (6.0%). Teeth that were clinically and 
radiographically evaluated by Al-Nazhan [10] were difficult cases referred to the endodontic 
clinic. Similar findings were reported by Song et al. [30], who reported a frequency of 24.5% 
when using computed tomography compared to 33.1% when using periapical radiographs 
[14]. They concluded that the relationship of the distolingual roots between the first and 
second molars could be explained by the developmental theory [42]. They further added that 
the occurrence of distolingual roots might be regarded as a characteristic feature of the field 
in which the first permanent molar is the key tooth.

Different classification systems have been used to describe the morphological features of 
supernumerary roots in mandibular molars [14,29,43]. The morphology of RM in the present 
study was classified according to Carlsen and Alexandersen [29] and Song et al. [30]. In the 
case of a mesiobuccal root (PM), Carlsen and Alexandersen [29] examined 203 permanent 
molars and found 5 cases of type A and none of type B. In the current study, we found only 2 
cases of type B and none of type A. This difference could be related to ethnicity. Regarding 
the distolingual root (EM), Song et al. [30] examined computed tomography images of first 
mandibular molars and divided the morphologic features of the supernumerary root into 5 
types according to the pattern of their morphology. In the current study, we predominantly 
saw Types I and III. This is different from the findings of Song et al. [30] who reported type II 
as the most predominant, and this could be related to ethnicity.

The etiology behind the formation of supernumerary roots in mandibular molars is unclear. 
Their formation could be related to external factors during odontogenesis or to an atavistic 
or polygenetic gene [44]. Kim et al. [45] reported that the crowns of first permanent molars 
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with distolingual extra-roots had significantly larger intercuspal distances between the 
distobuccal and distolingual cusp tips and a larger distal buccolingual width than those 
without. Furthermore, the distance from the EM (distolingual root) apex to the outer surface 
of the buccal cortical bone was calculated by Kim et al. [46] and found it to be within 12.09 
mm. They concluded that the knowledge of the anatomic and morphologic of the mandibular 
first molar could be useful in endodontic treatment planning. In addition, the outline of the 
pulp chamber in molars with 3 root canals is triangular, while molars with 4 canals where the 
extra root (RM) might be present have a rectangular or rhomboidal chamber [9]. This should 
be considered during root canal treatment to avoid missing the canal of the extra root.

The presence of EM or PM has important clinical implications in endodontic therapy. 
Identification of these supernumerary roots can avoid missing the canal associated with the 
root during root canal treatment. EM root is often located in the same plane of the PM root, 
and superimposition of both roots can appear on conventional radiographs, leading in an 
inaccurate diagnosis. To reveal the EM, a second radiograph from a more mesial or distal 
angle or using CBCT should be taken. A CBCT image will show the exact position of the 
supernumerary root and helps in tracking its curvature in order to avoid procedural errors 
during root canal treatment.

CONCLUSIONS

Within the limitations of this study, we found that the incidence of RM in the mandibular first 
molars of a Saudi subpopulation was 4.5%. In addition, we found that CBCT is an accurate, 
reliable, non-invasive, and practical technique for identifying RM in mandibular first molars.

REFERENCES

 1. Segura-Egea JJ, Jiménez-Pinzón A, Ríos-Santos JV. Endodontic therapy in a 3-rooted mandibular first 
molar: importance of a thorough radiographic examination. J Can Dent Assoc 2002;68:541-544.
PUBMED

 2. Slowey RR. Radiographic aids in the detection of extra root canals. Oral Surg Oral Med Oral Pathol 
1974;37:762-772. 
PUBMED | CROSSREF

 3. Vertucci FJ. Root canal anatomy of the human permanent teeth. Oral Surg Oral Med Oral Pathol 
1984;58:589-599. 
PUBMED | CROSSREF

 4. Curzon ME, Curzon JA. Three-rooted mandibular molars in the Keewatin Eskimo. J Can Dent Assoc (Tor) 
1971;37:71-72.
PUBMED

 5. Reichart PA, Metah D. Three-rooted permanent mandibular first molars in the Thai. Community Dent 
Oral Epidemiol 1981;9:191-192. 
PUBMED | CROSSREF

 6. Walker RT. Root form and canal anatomy of mandibular first molars in a southern Chinese population. 
Endod Dent Traumatol 1988;4:19-22. 
PUBMED | CROSSREF

 7. Younes SA, al-Shammery AR, el-Angbawi MF. Three-rooted permanent mandibular first molars of Asian 
and black groups in the Middle East. Oral Surg Oral Med Oral Pathol 1990;69:102-105. 
PUBMED | CROSSREF

 8. Zaatar EI, al-Kandari AM, Alhomaidah S, al-Yasin IM. Frequency of endodontic treatment in Kuwait: 
radiographic evaluation of 846 endodontically treated teeth. J Endod 1997;23:453-456. 
PUBMED | CROSSREF

7/9https://rde.ac https://doi.org/10.5395/rde.2020.45.e1

Radix molaris in mandibular first molars

http://www.ncbi.nlm.nih.gov/pubmed/12366884
http://www.ncbi.nlm.nih.gov/pubmed/4524384
https://doi.org/10.1016/0030-4220(74)90142-X
http://www.ncbi.nlm.nih.gov/pubmed/6595621
https://doi.org/10.1016/0030-4220(84)90085-9
http://www.ncbi.nlm.nih.gov/pubmed/5276909
http://www.ncbi.nlm.nih.gov/pubmed/6949672
https://doi.org/10.1111/j.1600-0528.1981.tb01053.x
http://www.ncbi.nlm.nih.gov/pubmed/3268414
https://doi.org/10.1111/j.1600-9657.1988.tb00287.x
http://www.ncbi.nlm.nih.gov/pubmed/2296440
https://doi.org/10.1016/0030-4220(90)90276-X
http://www.ncbi.nlm.nih.gov/pubmed/9587301
https://doi.org/10.1016/S0099-2399(97)80302-0
https://rde.ac


 9. Sperber GH, Moreau JL. Study of the number of roots and canals in Senegalese first permanent 
mandibular molars. Int Endod J 1998;31:117-122. 
PUBMED | CROSSREF

 10. al-Nazhan S. Incidence of four canals in root-canal-treated mandibular first molars in a Saudi Arabian 
sub-population. Int Endod J 1999;32:49-52. 
PUBMED | CROSSREF

 11. Ahmed HA, Abu-bakr NH, Yahia NA, Ibrahim YE. Root and canal morphology of permanent mandibular 
molars in a Sudanese population. Int Endod J 2007;40:766-771. 
PUBMED | CROSSREF

 12. Schäfer E, Breuer D, Janzen S. The prevalence of three-rooted mandibular permanent first molars in a 
German population. J Endod 2009;35:202-205. 
PUBMED | CROSSREF

 13. Al-Qudah AA, Awawdeh LA. Root and canal morphology of mandibular first and second molar teeth in a 
Jordanian population. Int Endod J 2009;42:775-784. 
PUBMED | CROSSREF

 14. Song JS, Kim SO, Choi BJ, Choi HJ, Son HK, Lee JH. Incidence and relationship of an additional root in 
the mandibular first permanent molar and primary molars. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2009;107:e56-e60. 
PUBMED | CROSSREF

 15. Zhang R, Wang H, Tian YY, Yu X, Hu T, Dummer PM. Use of cone-beam computed tomography 
to evaluate root and canal morphology of mandibular molars in Chinese individuals. Int Endod J 
2011;44:990-999. 
PUBMED | CROSSREF

 16. Demirbuga S, Sekerci AE, Dinçer AN, Cayabatmaz M, Zorba YO. Use of cone-beam computed tomography 
to evaluate root and canal morphology of mandibular first and second molars in Turkish individuals. Med 
Oral Patol Oral Cir Bucal 2013;18:e737-e744. 
PUBMED | CROSSREF

 17. Mukhaimer R, Azizi Z. Incidence of radix entomolaris in mandibular first molars in Palestinian 
population: a clinical investigation. Int Sch Res Notices 2014;2014:405601. 
PUBMED | CROSSREF

 18. Rodrigues CT, Oliveira-Santos C, Bernardineli N, Duarte MA, Bramante CM, Minotti-Bonfante PG, 
Ordinola-Zapata R. Prevalence and morphometric analysis of three-rooted mandibular first molars in a 
Brazilian subpopulation. J Appl Oral Sci 2016;24:535-542. 
PUBMED | CROSSREF

 19. Rahimi S, Mokhtari H, Ranjkesh B, Johari M, Frough Reyhani M, Shahi S, Seif Reyhani S. Prevalence of 
extra roots in permanent mandibular first molars in Iranian population: a CBCT analysis. Iran Endod J 
2017;12:70-73.
PUBMED

 20. Gupta A, Duhan J, Wadhwa J. Prevalence of three rooted permanent mandibular first molars in Haryana 
(North Indian) population. Contemp Clin Dent 2017;8:38-41. 
PUBMED | CROSSREF

 21. Walker RT, Quackenbush LE. Three-rooted lower first permanent molars in Hong Kong Chinese. Br Dent J 
1985;159:298-299. 
PUBMED | CROSSREF

 22. Gulabivala K, Opasanon A, Ng YL, Alavi A. Root and canal morphology of Thai mandibular molars. Int 
Endod J 2002;35:56-62. 
PUBMED | CROSSREF

 23. Sert S, Aslanalp V, Tanalp J. Investigation of the root canal configurations of mandibular permanent teeth 
in the Turkish population. Int Endod J 2004;37:494-499. 
PUBMED | CROSSREF

 24. Bahammam LA, Bahammam HA. The incidence of radix entomolaris in mandibular first permanent 
molars in a Saudi Arabian sub-population. JKAU Med Sci 2011;18:83-90. 
CROSSREF

 25. Wu DM, Wu YN, Guo W, Sameer S. Accuracy of direct digital radiography in the study of the root canal 
type. Dentomaxillofac Radiol 2006;35:263-265. 
PUBMED | CROSSREF

 26. Omer OE, Al Shalabi RM, Jennings M, Glennon J, Claffey NM. A comparison between clearing and 
radiographic techniques in the study of the root-canal anatomy of maxillary first and second molars. Int 
Endod J 2004;37:291-296. 
PUBMED | CROSSREF

8/9https://rde.ac https://doi.org/10.5395/rde.2020.45.e1

Radix molaris in mandibular first molars

http://www.ncbi.nlm.nih.gov/pubmed/9868938
https://doi.org/10.1046/j.1365-2591.1998.00126.x
http://www.ncbi.nlm.nih.gov/pubmed/10356469
https://doi.org/10.1046/j.1365-2591.1999.00188.x
http://www.ncbi.nlm.nih.gov/pubmed/17714468
https://doi.org/10.1111/j.1365-2591.2007.01283.x
http://www.ncbi.nlm.nih.gov/pubmed/19166773
https://doi.org/10.1016/j.joen.2008.11.010
http://www.ncbi.nlm.nih.gov/pubmed/19549153
https://doi.org/10.1111/j.1365-2591.2009.01578.x
http://www.ncbi.nlm.nih.gov/pubmed/19101484
https://doi.org/10.1016/j.tripleo.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/21658074
https://doi.org/10.1111/j.1365-2591.2011.01904.x
http://www.ncbi.nlm.nih.gov/pubmed/23524421
https://doi.org/10.4317/medoral.18473
http://www.ncbi.nlm.nih.gov/pubmed/27355078
https://doi.org/10.1155/2014/405601
http://www.ncbi.nlm.nih.gov/pubmed/27812625
https://doi.org/10.1590/1678-775720150511
http://www.ncbi.nlm.nih.gov/pubmed/28179928
http://www.ncbi.nlm.nih.gov/pubmed/28566849
https://doi.org/10.4103/ccd.ccd_699_16
http://www.ncbi.nlm.nih.gov/pubmed/3864475
https://doi.org/10.1038/sj.bdj.4805710
http://www.ncbi.nlm.nih.gov/pubmed/11853239
https://doi.org/10.1046/j.1365-2591.2002.00452.x
http://www.ncbi.nlm.nih.gov/pubmed/15189440
https://doi.org/10.1111/j.1365-2591.2004.00837.x
https://doi.org/10.4197/Med.18-4.7
http://www.ncbi.nlm.nih.gov/pubmed/16798923
https://doi.org/10.1259/dmfr/31225825
http://www.ncbi.nlm.nih.gov/pubmed/15086749
https://doi.org/10.1111/j.0143-2885.2004.00731.x
https://rde.ac


 27. Matherne RP, Angelopoulos C, Kulild JC, Tira D. Use of cone-beam computed tomography to identify 
root canal systems in vitro. J Endod 2008;34:87-89. 
PUBMED | CROSSREF

 28. Al-Shehri S, Al-Nazhan S, Shoukry S, Al-Shwaimi E, Al-Sadhan R, Al-Shemmery B. Root and canal 
configuration of the maxillary first molar in a Saudi subpopulation: a cone-beam computed tomography 
study. Saudi Endod J 2017;2:69-76.

 29. Carlsen O, Alexandersen V. Radix paramolaris in permanent mandibular molars: identification and 
morphology. Scand J Dent Res 1991;99:189-195.
PUBMED

 30. Song JS, Choi HJ, Jung IY, Jung HS, Kim SO. The prevalence and morphologic classification of 
distolingual roots in the mandibular molars in a Korean population. J Endod 2010;36:653-657. 
PUBMED | CROSSREF

 31. Wang Y, Zheng QH, Zhou XD, Tang L, Wang Q, Zheng GN, Huang DM. Evaluation of the root and canal 
morphology of mandibular first permanent molars in a western Chinese population by cone-beam 
computed tomography. J Endod 2010;36:1786-1789. 
PUBMED | CROSSREF

 32. Quackenbush LE. Mandibular molar with three distal root canals. Endod Dent Traumatol 1986;2:48-49. 
PUBMED | CROSSREF

 33. Loh HS. Incidence and features of three-rooted permanent mandibular molars. Aust Dent J 1990;35:434-437. 
PUBMED | CROSSREF

 34. Salarpour M, Farhad Mollashahi N, Mousavi E, Salarpour E. Evaluation of the effect of tooth type and 
canal configuration on crown size in mandibular premolars by cone-beam computed tomography. Iran 
Endod J 2013;8:153-156.
PUBMED

 35. Patel S, Dawood A, Ford TP, Whaites E. The potential applications of cone beam computed tomography 
in the management of endodontic problems. Int Endod J 2007;40:818-830. 
PUBMED | CROSSREF

 36. Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG. Endodontic applications of cone-beam 
volumetric tomography. J Endod 2007;33:1121-1132. 
PUBMED | CROSSREF

 37. Neelakantan P, Subbarao C, Subbarao CV. Comparative evaluation of modified canal staining and clearing 
technique, cone-beam computed tomography, peripheral quantitative computed tomography, spiral 
computed tomography, and plain and contrast medium-enhanced digital radiography in studying root 
canal morphology. J Endod 2010;36:1547-1551. 
PUBMED | CROSSREF

 38. Gu Y, Lu Q, Wang H, Ding Y, Wang P, Ni L. Root canal morphology of permanent three-rooted 
mandibular first molars--part I: pulp floor and root canal system. J Endod 2010;36:990-994. 
PUBMED | CROSSREF

 39. Fabra-Campos H. Unusual root anatomy of mandibular first molars. J Endod 1985;11:568-572. 
PUBMED | CROSSREF

 40. Wasti F, Shearer AC, Wilson NH. Root canal systems of the mandibular and maxillary first permanent 
molar teeth of south Asian Pakistanis. Int Endod J 2001;34:263-266. 
PUBMED | CROSSREF

 41. Rwenyonyi CM, Kutesa A, Muwazi LM, Buwembo W. Root and canal morphology of mandibular first and 
second permanent molar teeth in a Ugandan population. Odontology 2009;97:92-96. 
PUBMED | CROSSREF

 42. Scott GR, Turner CG. The anthropology of modern human teeth: dental morphology and its variation in 
recent human populations. Cambridge, NY: Cambridge University Press; 1997. p74–130.

 43. De Moor RJ, Deroose CA, Calberson FL. The radix entomolaris in mandibular first molars: an endodontic 
challenge. Int Endod J 2004;37:789-799. 
PUBMED | CROSSREF

 44. Tinelli ME. Ethnic variations in the topography of the root canals. Electronic J Endod Rosario 2011;2:558-562.

 45. Kim KR, Song JS, Kim SO, Kim SH, Park W, Son HK. Morphological changes in the crown of mandibular 
molars with an additional distolingual root. Arch Oral Biol 2013;58:248-253. 
PUBMED | CROSSREF

 46. Kim HH, Jo HH, Min JB, Hwang HK. CBCT study of mandibular first molars with a distolingual root in 
Koreans. Restor Dent Endod 2018;43:e33. 
PUBMED | CROSSREF

9/9https://rde.ac https://doi.org/10.5395/rde.2020.45.e1

Radix molaris in mandibular first molars

http://www.ncbi.nlm.nih.gov/pubmed/18155501
https://doi.org/10.1016/j.joen.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/1871529
http://www.ncbi.nlm.nih.gov/pubmed/20307739
https://doi.org/10.1016/j.joen.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/20951288
https://doi.org/10.1016/j.joen.2010.08.016
http://www.ncbi.nlm.nih.gov/pubmed/3457702
https://doi.org/10.1111/j.1600-9657.1986.tb00123.x
http://www.ncbi.nlm.nih.gov/pubmed/2073191
https://doi.org/10.1111/j.1834-7819.1990.tb05426.x
http://www.ncbi.nlm.nih.gov/pubmed/24171020
http://www.ncbi.nlm.nih.gov/pubmed/17697108
https://doi.org/10.1111/j.1365-2591.2007.01299.x
http://www.ncbi.nlm.nih.gov/pubmed/17931947
https://doi.org/10.1016/j.joen.2007.06.011
http://www.ncbi.nlm.nih.gov/pubmed/20728725
https://doi.org/10.1016/j.joen.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/20478452
https://doi.org/10.1016/j.joen.2010.02.030
http://www.ncbi.nlm.nih.gov/pubmed/3867722
https://doi.org/10.1016/S0099-2399(85)80204-1
http://www.ncbi.nlm.nih.gov/pubmed/11482136
https://doi.org/10.1046/j.1365-2591.2001.00377.x
http://www.ncbi.nlm.nih.gov/pubmed/19639451
https://doi.org/10.1007/s10266-009-0100-0
http://www.ncbi.nlm.nih.gov/pubmed/15479262
https://doi.org/10.1111/j.1365-2591.2004.00870.x
http://www.ncbi.nlm.nih.gov/pubmed/22981518
https://doi.org/10.1016/j.archoralbio.2012.07.015
http://www.ncbi.nlm.nih.gov/pubmed/30135852
https://doi.org/10.5395/rde.2018.43.e33
https://rde.ac

