
Cronicon
O P E N  A C C E S S EC PAEDIATRICSEC PAEDIATRICS

Research Article

Comparison of Two Different Root Canal Classification Systems in 
Primary Molars - A Micro-Computed Tomography Study

Emine Kaya*, Ülkü Şermet Elbay, Mesut Elbay, Cansu Büyük and Belde Arsan 

Department of Pediatric Dentistry, Sağlık Bilimleri University, Turkey

Citation: Emine Kaya., et al. “Comparison of Two Different Root Canal Classification Systems in Primary Molars - A Micro-Computed 
Tomography Study”. EC Paediatrics 13.3 (2024): 01-10.

*Corresponding Author: Emine Kaya, Department of Pediatric Dentistry, Sağlık Bilimleri University, Turkey.

Received: February 12, 2024; Published: March 01, 2024

Abstract
Purpose: For successful root canal treatments in pediatric dentistry, it is critical increasing knowledge of the root canal morphology 
of primary teeth using an accurate and simple classification technique. The present study aimed to: (i) Characterize the root canal 
anatomy in primary molars in the Turkish population (ii) Compare the accuracy of two classification systems to describe the 
complexity of the canal system. 

Methods: A total of 59 human primary mandibular second molar (PMSM) teeth were included in this study. Root canal systems were 
analyzed using 3D reconstructed images obtained from Micro-CT. Two classification systems were used (Vertucci and Ahmed., et al.). 
The analyzes results of root morphology with axial slices at the different root levels in addition to 3D images, were used as the gold 
standard for both systems and the differences were calculated with Spearman’s Rho. 

Results: The root canal morphology in primary molars is highly complex. The Vertucci classification was not able to characterize 
37 (62.7%) and 19 (32.2%) of the mesial and distal roots, respectively; however, all canal types were classified using the Ahmed 
classification. According to the gold standard, only 10 (16.94%) of the mesial roots had two canals starting at the orifice and ending 
at the apex. For the distal root, 15 (25%) of the teeth had one canal starting at the orifice and ending with one canal at the apex. The 
most common types were Type IV and Type I for mesial and distal roots, respectively, according to Vertucci. Micro-CT results allowed 
detailed and accurate characterization of the root canal morphology in the primary molar teeth and revealed that the primary teeth 
had a more complicated canal morphology compared to previous reports. 

Conclusion: Although reports were classified using the Vertucci classification, it was found to be deficient in classifying many of 
the canal types in primary molars. The use of the new system developed by Ahmed was more accurate and provide more detailed 
information compared to Vertucci.
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Introduction

Avoiding the premature loss of primary teeth is a crucial concept in pediatric dentistry to lead the sequence and chronology of the 
proper eruption of permanent teeth [1]. To accomplish this goal, root canal treatment is often performed to maintain the function of the 
teeth and dental arch development [2]. Successful endodontic procedures lie in the comprehensive understanding of the morphology and 
anatomy of root canal systems [3].
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A variety of studies have assessed anatomical and morphological characteristics of permanent teeth in order to contribute to treatment 
strategies [4-6]. On the other hand, a literature review has revealed only a few studies on primary root canal morphology including 
radiography, dye perfusion, scanning electron microscopy, cross-sectioning, and clearing techniques [7-10]. These traditional procedures 
are invasive and provide two-dimensional (2D) information [11]. With advanced imaging techniques such as cone beam computed 
tomography (CBCT) and micro-computed tomography (Micro-CT), achieving three-dimensional (3D) images that exhibit more accurate 
morphology of root canals is possible [12]. However, a study by Acar., et al. [13] showed that although CBCT is useful in clinical settings, it 
cannot effectively analyze the internal morphology of primary teeth. They reported that Micro-CT provides a more detailed and accurate 
visualization of the morphology and anatomy of teeth and root canal systems. 

Primary second molar teeth are one of the last exfoliated primary teeth. Therefore, root canal treatment requirements due to deep 
caries may be higher for these teeth. Having a detailed knowledge of the root canal system increases the chance of success in this treatment. 
The literature review has revealed only three studies with Micro-CT on the root canal morphology of primary second molars. In a study by 
Fumes., et al. [8] a limited number of primary second molar teeth (10 teeth) were evaluated for diameters, roundness and length of canals 
as well as thickness of dentin but not detailed canal configuration knowledge was reported. Similarly, in other studies by El Hachem., et 
al. [14] and by Wang., et al. [15], very few teeth (10 and 9 teeth, respectively) were evaluated. 

With the development of new imaging techniques, there is a need for new classification systems to describe the root canal system in 
detail due to the increasing amount of information about root canal morphology. Wein and Vertucci classifications have been the most 
commonly used methods and have proven to be useful [16]. Although these systems were not intended for the primary dentition, most 
of the micro- CT studies on deciduous teeth mentioned above have used those classifications [14,15,17]. However, different research 
reported that all the specimens did not fit into the classification of these traditional systems [7,18,19]. Recently, a new classification 
technique for root canal morphology of permanent and primary teeth was introduced for the research and clinical purposes by Ahmed., 
et al. [19]. They claimed that their system allowed root canal configurations to be defined in a simple, accurate and reliable manner. 
However, there is no study using and evaluating this system in defining primary root canal configuration and comparing it with the 
Vertucci system. Even though each procedure for classifying root canal morphology has its own unique benefits, each system also has 
a number of drawbacks [20]. Many previously unreported anatomical complexities are being identified with the increasing range of 
imaging methods which also demonstrates that any classification system realistically may not be able to classify the complex root canal 
morphology in great detail [21]. Although these complex classification systems are relevant only for scientific investigation rather than 
clinically, dental practitioners must be aware that each tooth may display several types of root canal configuration [22]. 

In view of the above, the present study aimed to: (i) Characterize the root canal anatomy in primary second mandibular molars (PSMM) 
in the Turkish population, and (ii) Compare the accuracy of two classification systems to describe the complexity of the canal system.

Materials and Methods

Collection of the study sample 

Approval for this study was obtained from the institutional ethical committee 151/9.3.22. 59 primary mandibular second molars were 
chosen randomly from the teeth extracted due to various orthodontic reasons, pulpal abscesses, and chronic infections and these molars 
were kept in distilled water at 4°C. The selection criteria were to ensure that the teeth removed were intact, with fully developed root 
apices and no macroscopic root resorption.

Micro-CT scanning

Prior to scanning, for exact repositioning in the Micro-CT scanning system (SkyScan 1172 Micro-CT, Bruker, Belgium), each tooth was 
mounted in an acrylic block. The scanning was conducted using the parameters: aluminum and copper filter, 95 kW X-ray voltage, 104 mA 
X-ray current, 3600 rotation, 170 ms duration, 19.7 μm image pixel size, 0.700 rotation step deg, frame Averaging = on, random Movement 
= on.
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A total of 514 raw images were obtained for each root sample and saved in TIF format. Reconstruction was performed by using the 
NRecon software (SkyScan NRecon version1.6.6, Bruker Micro-CT, Kontich, Belgium) and saved as BMP files. On the axial plane, 614 cross-
sections were obtained for each root sample. The images were interpreted using the Image J software (version 1.51n; National Institutes 
of Health, USA). The BMP files were imported to the software as image sequences. The volume was converted to 8-bit and the threshold 
was adjusted using the stack-histogram to segment the root canal. Then the volume was binarized and viewed using the Volume Viewer 
plugin (v.2.01). The Volume Viewer application allowed us to evaluate the 3-D volumetric data. We could view the data as a maximum 
intensity projection or an isosurface to define the root number of teeth. Additionally, by using the rendering editor component we could 
manipulate opacity to see the structures in the volume that we want to observe, while marking the structures that we do not want to see 
as transparent. This has allowed a detailed evaluation of the canal morphology.

Classification systems used

In order to define the root canal morphology precisely and accurately, 3D images were evaluated simultaneously with the evaluation 
of axial slice images by two researchers together, one experienced radiologist, and the other experienced pediatric dentists by consensus. 
The different results were discussed together and the specialists came to an agreement on each inconsistency. The root and canal 
numbers were recorded with two different systems (Vertucci 1974 and new classification system by Ahmed 2013) [23] to create the 
master list as the gold standard. Then, only 3D images were evaluated twice with a two-week interval without using axial sections by a 
single observer who was a pediatric dentist with 17-years of experience, who also did not participate in the creation of the master list, 
twice with a two-week interval. In the “first” and “second observation”, the root and canal morphology was recorded with two different 
systems as in the master list. While defining the root canal morphology according to the Vertucci classification, which consists of a set of 
eight variants of root configurations varying from type I to type VIII, each root was evaluated and variant type was recorded separately 
for each other (Figure 1). The specimens that did not fit into the classification of this system were called and recorded as ‘undefined’. 
Since the Vertucci system does not allow defining the root number, it was recorded separately in a different list. On the other hand, the 
new classification system by Ahmed includes codes for three separate components: the tooth number, the number of the roots and the 
root canal configuration (Figure 2). As the system allows that the tooth number to be written using any numbering system and since only 
mandibular second molar teeth were used in our study, for left and right teeth ‘75 and 85’ were used, respectively. The number of roots is 
added as a superscript before the tooth number. Any root division, whether in the coronal, middle, or apical third, was classified as having 
two or more roots. A superscript number was used to identify the type of root canal configuration in each root. The continuous path of the 
root canal system was identified, beginning at the orifice and continuing via the canal and foremen. The data are presented as descriptive 
statistics (Table 1).

Figure 1: Examples of 3D reconstructions of root canal configurations: 

1. According to Vertucci’s classification; a. Type I, b. Type II, c. Type III, d. Type IV, e.Type V, f. Type VI, g. Type VII, h. Type 8. 

2. According to Ahmed’s classification; a.75M*D1 b.75M2-1-2D* c.85M*D1-2-1 d.75M2D* e.85M*D1-2 f.85M2-1-2D* g.75M1-2-1-2D* 

h.75M3D*.
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Figure 2: Illustrations of different root canal configurations in mandibular primary molars according to Ahmed., et al.

Figure 3A and 3B shows the reconstructed 3D images and axial slice images of the root canal system of primary second mandibular 
molars. Additionally, figure 4 shows the classification of Vertucci and Ahmed on 3D images.

Figure 3: 3D reconstructed images and axial slices of primary mandibular molars using the new classification system. 

Figure 4: Examples of 3D reconstructions of root canal systems of primary mandibular molars. 
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Statistical analysis

Statistical analysis was performed using commercially available software program (SPSS 20.00; SPSS, Chicago, IL, USA). The weighted 
kappa coefficients for the data for each classification were calculated to assess intra-observer reliability based on the following criteria: 
< 0.10, no agreement; 0.10 - 0.40, poor agreement; 0.41 - 0.60, significant agreement; 0.61 - 0.80, strong agreement; 0.81 - 1.00, excellent 
agreement. The differences between the gold standard and observations as well as the differences between the two classification systems 
were evaluated using Spearman’s Rho correlation coefficient test and Chi-Square test, respectively. P values < 0.05 were considered to 
indicate significance.

Results

Table 1 shows Spearman’s correlation coefficient values that reflects the levels of agreement between the gold standard (3D + axial 
slices) and observations obtained from 3D images. A statistically significant correlation was found between the observations with a 
correlation coefficient ranging from 0.664 to 0.998. Additionally, the level of intra-observer agreement calculated for each root according 
to the classification type was shown in table 1. The Kappa values were 0.938 and 0.957 for the Ahmed’s system and they were 0.836 and 
0.935 for the Vertucci System.

Table 1

Table 2 shows the distribution of the root canal morphology in the gold standard list according to the classification of Vertucci and 
Ahmed. For the mesial roots, most of the teeth had 2 orifices at the coronal level of the canal (37 roots). In addition, the maximum number 
of root canals for the mesial root was 4 at the coronal level and it was seen in only 1 tooth. The root canal numbers at the apical level were 
varied between 1-4 and half of them had 2 canals. For distal roots, most of the teeth had 1 orifice at the coronal level of the canal. The 
maximum number of root canal at the coronal level for the distal root was 3. At the apical level, the maximum number of root canals for 
the distal root was 5 and it was seen in only 1 tooth. In addition, most of the distal roots had 1 or 2 canals at the apical level.
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Table 2

37 (62.7%) of 59 mesial roots and 19 (32.2%) of 59 distal roots were not defined according to the Vertucci system and thus were 
marked as ‘undefined’ (Table 2). No unidentified canal type was found for either the mesial or distal root according to the Ahmed’s system. 
A significant difference was observed between the two classification systems for defining the primary molar canals. Also, there was a 
significant difference between the mesial and distal root results for classification with Vertucci (p < 0.05).

For the mesial roots, the most common canal types were 285M2D* (16.9%), 85M1-2D* (10.2%) and 285M2-1-2D* (8.5%), respectively 
according to Ahmed (Table 1). Of the 22 mesial roots that could be classified according to Vertucci, the most common type was Type IV 
(10), followed by Type V (6) and Type VI (5), respectively (Table 2).

For the distal roots, the most common types were 285M*D1 (25.4%), 285M*D1-2(%18.6) and 285M*D1-2-1 (11.86%), according to Ahmed 
(Table 1). Of the 40 distal roots that could be classified according to Vertucci, the most common types were Type I (15), Type V (11) and 
Type III (7), respectively. Additionally, while 5 teeth were classified as Type VII, 1 tooth was classified as Type VI and one was classified 
as Type VIII.
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Discussion

Micro-CT has been considered as the latest non-invasive technique for the investigation of root canal anatomy to overcome the 
shortcomings of earlier morphologic methods [24]. Although Micro-CT reveals more detailed information about root canal morphology, 
one of the major drawbacks is that it is not suitable for clinical practice [25]. Acar., et al. [13] compared Micro-CT and CBCT in the evaluation 
of primary molars and reported that Micro-CT enabled more comprehensive information about minor anatomic structures than CBCT. In 
order to avoid the limitations of these traditional procedures and evaluate the root canal systems of primary second mandibular molars 
quantitatively, Micro-CT was used in the present study.

Several studies found only one or two canals in the mesial and distal roots of primary mandibular molars [7,25,26]. The most common 
root canal configuration of primary mandibular molars has been stated as two canals in the mesial root and one canal in the distal root 
[24,25,27]. Three canals in the mesial root [28] and three canals in the distal root [26] have also been reported in the literature. Wang., et 
al. [2013] used Micro-CT to evaluate the morphology of primary molars and reported that all primary mandibular molars had two canals 
in the mesial roots while distal roots had either one or two canals. In the study of Fumes., et al. [8], two canals in the mesial root and one 
canal in the distal root configuration were observed in 40% of the primary mandibular second molars by using Micro-CT. In the present 
study, most of the mesial roots had 2 canals at the coronal level (37 roots) and the number of root canals varied from 1 to 4. The mesial 
root canal numbers at the apical level varied 1-4 and half of them had 2 canals. For distal roots, most of the teeth had 1 canal at the coronal 
level of the root and the maximum number of root canals was 3. At the apical level, the maximum number of root canals for the distal 
root was 5 and it was seen in only 1 tooth. Also, most of the distal roots had 1 or 2 canals at the apical level. The present Micro-CT study 
revealed that primary molar root canal configurations were more complicated than previously reported studies [14,15,24,25]. These 
results will contribute to the general concept of primary molar teeth morphology.

Since the tooth anatomy is really complex, several classification systems are available for classifying the variations. Each of the 
classification methods noted so far has its own benefits and drawbacks [2-4,15]. Different configuration-type classifications have been 
suggested in the literature [18,29]. The classification system proposed by Vertucci., et al. [23] together with additional configuration types 
(V-VIII) has been the most often utilized. Although primary teeth have different and complex canal morphology compared to permanent 
teeth, there is no special classification system for them. The Vertucci system was used in several studies; however, it was not intended for 
the primary dentition. Moreover, the recent imaging devices providing more detailed information, Vertucci has become a system that has 
deficiencies not only in the classification of primary teeth, but also in the classification of permanent teeth. According to the recent reports 
utilizing superior 3D imaging technology, several canal configurations have been classified as “non-classifiable” using the Vertucci method 
[26-28,30]. One study reported that as many as 13% of specimens did not fit into the classification of Vertucci, while up to 37 root canal 
configuration types were identified [31].

A recent classification system, which was introduced for the research and clinic practice in both dentition (primary/permanent) by 
Ahmed., et al. [18] promises to define the root canal configurations in a simple, precise and efficient manner. In the present study, the 
morphology of the PSMM was classified by both the traditional (Vertucci) and the recent system by Ahmed., et al. The results showed 
that 62.7% of mesial roots and 32.2% of distal roots were not defined according to the Vertucci system and were termed as ‘undefined’. 
The Vertucci classification system cannot fully meet the root canal configurations of PSMMs. On the other hand, no unidentified canal 
type was found for both mesial and distal roots according to the Ahmed’s system. The new system by Ahmed., et al. [18] allows a simple 
and detailed description of the root canal configuration of PSMMs. To the best of our knowledge, no clinical investigation has made this 
comparison in primary molars; hence, assessing the current study’s findings by considering previous studies is challenging.

Bagherian., et al. [24] evaluated PSMM teeth with clearing technique using the Vertucci system and reported that all the mesial root 
canals were type IV and that all the distal root canals imitated the external root morphology (%63 type IV and %37 as type I). In contrast, 
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fourth of the number of teeth. In this study, evaluation of the root canals was conducted from coronal to apical and the differences between 
the regions were observed. The differences between our results and the findings of previous studies [8,15] may be due to a number of 
reasons. First, using Micro-CT allowed us to obtain detailed data. Second, the classification system by Ahmed., et al. provided a simpler 
and more detailed presentation of the obtained data. Finally, the size of the evaluated sample, which had only one group of primary molars 
with a vast number of samples allowed us to obtain more comprehensive information about the root canal morphology. These findings 
concerning the root canal morphology may lead to pediatric dentists becoming more careful at the apical and coronal levels of root during 
root canal treatment in primary molars.

Although having a higher number of samples (59) compared to the other 3 PSMM studies [8,14,15], one of the limitations of this 
research was including only one ethnic group. In addition, using large sample of every single type of primary molars may contribute to 
obtain more detailed knowledge for the root canal morphology. Although we obtained high resolution images of PSMMs with Micro-CT, 
clinical studies are more useful when investigating the real prevalence of the anatomy.

Conclusion

•	 Using Micro-CT to investigate the root canal morphology of primary teeth provides more accurate information. 

•	 Although it is obvious that both the complex structure of primary molars and the cooperation problems of pediatric patients directly 
affect the success rate of clinical endodontic treatment, detailed knowledge of root canal morphology may be helpful for pediatric 
dentists in this issue. 

•	 Each of the classification system noted so far has its own benefits and drawbacks. Finding a sound root canal classification system 
may be essential to facilitate communication among dental practitioners.

1. Kishen A., et al. “An investigation on the antibacterial and antibiofilm efficacy of cationic nanoparticulates for root canal disinfection”. 
Journal of Endodontics 34.12 (2008): 1515-1520. 

2. Fuks AB. “Pulp therapy for the primary and young permanent dentitions”. Dental Clinics of North America 44.3 (2000): 571-596.

3. Cleghorn B., et al. “Primary human teeth and their root canal systems”. Endodontic Topics 23.1 (2012): 6-33. 

4. Rouhani A., et al. “Cone-beam computed tomography evaluation of maxillary first and second molars in Iranian population: a mor-
phological study”. Iranian Endodontic Journal 9.3 (2014): 190-194. 

5. Silva EJ., et al. “Evaluation of root canal configuration of maxillary molars in a Brazilian population using cone-beam computed tomo-
graphic imaging: an in vivo study”. Journal of Endodontics 40.2 (2014): 173-176.

6. Zheng QH., et al. “A cone-beam computed tomography study of maxillary first permanent molar root and canal morphology in a Chi-
nese population”. Journal of Endodontics 36.9 (2010): 1480-1484.

7. Ahmed HM. “Anatomical challenges, electronic working length determination and current developments in root canal preparation of 
primary molar teeth”. International Endodontic Journal 46.11 (2013): 1011-1022.

8. Fumes AC., et al. “Root canal morphology of primary molars: a micro-computed tomography study”. European Archives of Paediatric 
Dentistry: Official Journal of the European Academy of Paediatric Dentistry 15.5 (2014): 317-326. 

https://pubmed.ncbi.nlm.nih.gov/19026885/
https://pubmed.ncbi.nlm.nih.gov/19026885/
https://pubmed.ncbi.nlm.nih.gov/10925773/
https://www.researchgate.net/publication/263572601_Primary_human_teeth_and_their_root_canal_systems
https://pubmed.ncbi.nlm.nih.gov/25031592/
https://pubmed.ncbi.nlm.nih.gov/25031592/
https://pubmed.ncbi.nlm.nih.gov/24461399/
https://pubmed.ncbi.nlm.nih.gov/24461399/
https://pubmed.ncbi.nlm.nih.gov/20728713/
https://pubmed.ncbi.nlm.nih.gov/20728713/
https://pubmed.ncbi.nlm.nih.gov/23711096/
https://pubmed.ncbi.nlm.nih.gov/23711096/
https://pubmed.ncbi.nlm.nih.gov/24563173/
https://pubmed.ncbi.nlm.nih.gov/24563173/


Comparison of Two Different Root Canal Classification Systems in Primary Molars - A Micro-Computed Tomography Study

09

Citation: Emine Kaya., et al. “Comparison of Two Different Root Canal Classification Systems in Primary Molars - A Micro-Computed 
Tomography Study”. EC Paediatrics 13.3 (2024): 01-10.

9. Katge F and Wakpanjar MM. “Root canal morphology of primary molars by clearing technique: An in vitro study”. Journal of the Indian 
Society of Pedodontics and Preventive Dentistry 36.2 (2018): 151-157. 

10. Poornima P and Subba Reddy VV. “Comparison of digital radiography, decalcification, and histologic sectioning in the detection of 
accessory canals in furcation areas of human primary molars”. Journal of the Indian Society of Pedodontics and Preventive Dentistry 
26.2 (2008): 49-52. 

11. Krishnamurthy NH., et al. “Evaluation of anatomical variations in root and canal morphology of primary maxillary second molars: a 
cone-beam computed tomography study”. International Journal of Clinical Pediatric Dentistry 14.5 (2021): 628-632. 

12. Mohd Ariffin S., et al. “Root canal morphology of primary maxillary second molars: a micro-computed tomography analysis”. Euro-
pean Archives of Paediatric Dentistry 21.4 (2020): 519-525.

13. Acar B., et al. “Comparison of micro-computerized tomography and cone-beam computerized tomography in the detection of acces-
sory canals in primary molars”. Imaging Science in Dentistry 45.4 (2015): 205-211. 

14. El Hachem C., et al. “Three-dimensional modeling and measurements of root canal anatomy in second primary mandibular molars: a 
case series micro CT study”. European Archives of Paediatric Dentistry: Official Journal of the European Academy of Paediatric Dentistry 
20.5 (2019): 457-465. 

15. Wang Y., et al. “A study on the root canal morphology of primary molars by high-resolution computed tomography”. Journal of Dental 
Sciences 8.3 (2013): 321-327. 

16. Waterhouse P., et al. “Pediatric endodontics: endodontic treatment for the primary and young permanent dentition”. In: Hargreaves 
KM CS, ed. Pathways of the Pulp. 10th edition. Mosby Elsevier (2011): 808-857.

17. Verma P and Love RM. “A Micro CT study of the mesiobuccal root canal morphology of the maxillary first molar tooth”. International 
Endodontic Journal 44.3 (2011): 210-217.

18. Ahmed HMA., et al. “Application of a new system for classifying tooth, root and canal morphology in the primary dentition”. Interna-
tional Endodontic Journal 53.1 (2020): 27-35. 

19. Ahmed HMA IN., et al. “Application of a new system for classifying root and canal anatomy in studies involving micro-computed 
tomography and cone beam computed tomography: Explanation and elaboration”. International Endodontic Journal 54.7 (2021): 
1056-1082. 

20. Karobari MI., et al. “Root and root canal morphology classification systems”. International Journal of Dentistry (2021): 6682189. 

21. Saber SEDM., et al. “Root and canal morphology of maxillary premolar teeth in an Egyptian subpopulation using two classification 
systems: a cone beam computed tomography study”. International Endodontic Journal 52.3 (2019): 267-278. 

22. Martins JNR., et al. “Root and root canal morphology of the permanent dentition in a Caucasian population: a cone-beam computed 
tomography study”. International Endodontic Journal 50.11 (2017): 1013-1026. 

23. Vertucci F., et al. “Root canal morphology of the human maxillary second premolar”. Oral Surgery, Oral Medicine, and Oral Pathology 
38.3 (1974): 456-464.

24. Bagherian A., et al. “An in vitro study of root and canal morphology of human deciduous molars in an Iranian population”. Journal of 
Oral Science 52.3 (2010): 397-403. 

25. Aminabadi NA., et al. “Study of root canal accessibility in human primary molars”. Journal of Oral Science 50.1 (2008): 69-74.

https://pubmed.ncbi.nlm.nih.gov/29970632/
https://pubmed.ncbi.nlm.nih.gov/29970632/
https://pubmed.ncbi.nlm.nih.gov/18603727/
https://pubmed.ncbi.nlm.nih.gov/18603727/
https://pubmed.ncbi.nlm.nih.gov/18603727/
https://pubmed.ncbi.nlm.nih.gov/34934273/
https://pubmed.ncbi.nlm.nih.gov/34934273/
https://pubmed.ncbi.nlm.nih.gov/32100200/
https://pubmed.ncbi.nlm.nih.gov/32100200/
https://pubmed.ncbi.nlm.nih.gov/26730367/
https://pubmed.ncbi.nlm.nih.gov/26730367/
https://pubmed.ncbi.nlm.nih.gov/30830644/
https://pubmed.ncbi.nlm.nih.gov/30830644/
https://pubmed.ncbi.nlm.nih.gov/30830644/
https://www.sciencedirect.com/science/article/pii/S1991790213000822
https://www.sciencedirect.com/science/article/pii/S1991790213000822
https://pubmed.ncbi.nlm.nih.gov/20880136/
https://pubmed.ncbi.nlm.nih.gov/20880136/
https://pubmed.ncbi.nlm.nih.gov/31390075/
https://pubmed.ncbi.nlm.nih.gov/31390075/
https://pubmed.ncbi.nlm.nih.gov/33527452/
https://pubmed.ncbi.nlm.nih.gov/33527452/
https://pubmed.ncbi.nlm.nih.gov/33527452/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7910041/
https://pubmed.ncbi.nlm.nih.gov/30225932/
https://pubmed.ncbi.nlm.nih.gov/30225932/
https://pubmed.ncbi.nlm.nih.gov/27883205/
https://pubmed.ncbi.nlm.nih.gov/27883205/
https://pubmed.ncbi.nlm.nih.gov/4528716/
https://pubmed.ncbi.nlm.nih.gov/4528716/
https://pubmed.ncbi.nlm.nih.gov/20881332/
https://pubmed.ncbi.nlm.nih.gov/20881332/
https://pubmed.ncbi.nlm.nih.gov/18403887/


Comparison of Two Different Root Canal Classification Systems in Primary Molars - A Micro-Computed Tomography Study

10

Citation: Emine Kaya., et al. “Comparison of Two Different Root Canal Classification Systems in Primary Molars - A Micro-Computed 
Tomography Study”. EC Paediatrics 13.3 (2024): 01-10.

Volume 13 Issue 3 March 2024
©All rights reserved by Emine Kaya., et al.

26. Demiriz L., et al. “Evaluation of root canal morphology of human primary mandibular second molars by using cone beam computed 
tomography”. Nigerian Journal of Clinical Practice 21.4 (2018): 462-467. 

27. Gaurav V., et al. “A study of root canal morphology of human primary incisors and molars using cone beam computerized tomography: 
an in vitro study”. Journal of the Indian Society of Pedodontics and Preventive Dentistry 31.4 (2013): 254-259. 

28. Sarkar S and Rao AP. “Number of root canals, their shape, configuration, accessory root canals in radicular pulp morphology. A pre-
liminary study”. Journal of the Indian Society of Pedodontics and Preventive Dentistry 20.3 (2002): 93-97. 

29. Weine FS., et al. “Canal configuration of the mandibular second molar using a clinically oriented in vitro method”. Journal of Endodon-
tics 14.5 (1988): 207-213. 

30. Gulabivala K., et al. “Root and canal morphology of Burmese mandibular molars”. International Endodontic Journal 34.5 (2001): 359-
370. 

31. Silva EJ., et al. “Evaluation of root canal configuration of mandibular molars in a Brazilian population by using cone-beam computed 
tomography: an in vivo study”. Journal of Endodontics 39.7 (2013): 849-852.

https://pubmed.ncbi.nlm.nih.gov/29607858/
https://pubmed.ncbi.nlm.nih.gov/29607858/
https://pubmed.ncbi.nlm.nih.gov/24262400/
https://pubmed.ncbi.nlm.nih.gov/24262400/
https://pubmed.ncbi.nlm.nih.gov/12435005/
https://pubmed.ncbi.nlm.nih.gov/12435005/
https://pubmed.ncbi.nlm.nih.gov/3251974/
https://pubmed.ncbi.nlm.nih.gov/3251974/
https://pubmed.ncbi.nlm.nih.gov/11482719/
https://pubmed.ncbi.nlm.nih.gov/11482719/
https://pubmed.ncbi.nlm.nih.gov/23791250/
https://pubmed.ncbi.nlm.nih.gov/23791250/

	_Hlk81946441
	_Hlk82033771
	_Hlk68600273
	_Hlk69824033
	_Hlk81766544
	_Hlk81948856
	_Hlk82034475
	_Hlk82034707
	_Hlk82173508
	_Hlk74743606
	_Hlk82084494
	_Hlk82173773
	_Hlk82085217
	_Hlk82100543
	_Hlk82085254

