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SUMMARY: The mandibular incisors (M) are especially complex to treat endodontically due to their limited dimensions. In
addition, the lack of knowledge about the wide morphological variation in this tooth group may contribute to endodontit treatme
failure. One of the most recent classifications for the morphological study of the root canal system (RCS) was proposedghpAhme
(2017). This classification addresses and overcomes the limitations encountered in the widely used Vertucci (1984)ocla$sicati
article analyzed the scientific literature to ascertain the most common morphology in mandibular central incisors (MCHiaaman
lateral incisors (MLI). The included studies utilized cone-beam computed tomography (CBCT) and applied the classification syste
develgped by Ahmed et al. (2017). A literature review was conducted using the PUBMED, LILACS, SciELO, SCOPUS, and EMBASE
databases, considering articles with no restriction on years of publication, performed on human subjects, and publist#dadn Engl
Spanish. Five articles relevant to the study objective were included Mhé&! configuration is the most predominant in mandibular
incisors, although a considerable presence of complex morphologies has been observed, with the frequent occurrencenafsetbed ca
Ahmed et al. (2017) classification system provides a practical, accurate and easy-to-use method for categorizing roabahstmoctires.

KEY WORDS: Mandibular incisors; Root canal system; Ahmed classification; Cone beam computed tomography;
Endodontics.

INTRODUCTION

Endodontic treatment consists of thorough cleaningpne beam computed tomography (CBCT) is the tool for
disinfection, and obturation of the root canal system (RCSjtudying root canal morphology in vivo. CBCT is a conical
Therefore, a detailed understanding of the internal amddiation beam that delivers data in a single 360-degree
external morphology of the teeth is important for successfrdtation. It is a non-invasive tool that produces three-
treatment (Buchanaat al, 2020). Due to their limited dimensional (3D) extraoral images, reducing image overlap
dimensions, mandibular incisors (MI) are especiallgand generating greater geometric accuracy at a low radiation
complex to treat endodontically. In addition, a lack oflose (Kim, 2012). These parameters make it useful for
knowledge about the wide morphological variation presediagnosing dental morphology (Abe#aal., 2015).
in this tooth group may contribute to endodontic treatment
failure (Igbalet al, 2022). Several classification systems have been reported in

the literature for the study of RCS morphology. The

Several techniques have been described to analydassification systems introduced by Wegteal (1969),
root and RCS morphology, such as decalcificationjeine (1982) and Vertucet al (1984) have been the most
diaphanization, histological sections, microscopiavidely used and have been effective in categorizing
observation, canal staining, conventional radiographs, andmerous, though not all, canal configurations. Recent
three-dimensional imaging (Estredbal, 2015; Da Silva&t  studies utilizing advanced 3D imaging techniques to explore
al., 2016; Karobaret al, 2020). Among the clinical options, both external and internal canal variations have demonstrated
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that the root canal system's morphology is extremebs two or more roots. Therefore, a bifurcation is denoted as

intricate, with numerous canal configurations being termédN, and a trifurcation ad' N, and so forth (Fig. 2).

as "nonclassifiable" (Verma & Love, 2011; Kehal, 2013;

Leeet al, 2014; Leonet al, 2014). The root canal configuration in each root is indicated

by a superscript number(s) following the tooth number,

One of the most recent classifications was proposeepresenting the pathway from the orifice(s) (O), through the

by Ahmedet al. (2017), who described a coding system thatanal (C), to the foramen (foramina) (F) (Fig. 1 and Fig. 2).

provides accurate information about the RCS and root

morphology, describing an extensive number of configurations that can be

presented (Karobaet al, 2020). This classification addresses and overcomeg

it to accommodate even the most intricate root canal configurations. Furthermor
each record or code provides details about both the number and path of t
canals, as well as the number and structure of the roots. The Ahmed system hRs
been described as accurately classifying root and canal anatomy in both laborato
and clinical studies, as well as in routine clinical settings (Ahmed & Dummer
2018; Sabeet al, 2019; Buchanaet al, 2020; Ahmeckt al, 2021a,b).

The objective of this article was to analyze the scientific literature to
determine the most common morphology in mandibular central incisors (MCI)

and mandibular lateral incisors (MLI) reported using Ahmed's classification.
Fig. 1. The Ahmecet al classification

MATERIAL AND METHOD provides codes for number of teeth (TN),
number of roots (R), and root canal

A literature review was conducted using the PUBMED, LILACS, SCiELOconﬂguranon. R is added as a superscript
before the TN. The root canal configuration

SCOPUS, and EMBASE databases. The search strategy included the t§tM$yeq as a superscript after the TN, starting

LIS " ow "

“incisor”, “tooth”, “mandible”, “anterior teeth”, “dental pulp cavity”, “root canal’, from the orifice (O), through the canal (C),
“root canal classification”, “Ahmed”, “root canal morphology”, “cone-beamand ending at the foramen (F). This provides
computed tomography”, “CBCT”. The terms were combined using Booleaime following coding® TN ©-¢+,

operators “AND” and “OR”, accompanied by MeSH terms. The search was

conducted between December 2023 and February 2024.

This review considered articles with no restriction on years o
publication, performed on human subjects, and published in English or Spani
Systematic reviews, case reports, and theses were excluded. The review incl

and root canal configurations. It consists of codes that represent three disting
elements: the tooth number, the number and arrangement of roots, and t
configuration of the root canals. The tooth number (TN) can be recorded using
any standard numbering system, such as the Universal Numbering System
Palmer Notation, or the FDI World Dental Federation system. In cases where
the tooth cannot be identified with one of these systems, such as with extracted
teeth, an appropriate abbreviation can be used, for example, maxillary (upper)

central incisor (UC) (Fig. 1). Fig. 2. Representation of single-root left

o . mandibular central incisor. It initially
The number of rost (R) is indicated as a superscript before the t0otfresents a canal that bifurcates into two

number ¢ TN). For example!TN indicates that the tooth ‘TN’ has a single root.canals and ends in one canal, providing the
Any split in the root, whether in the coronal, middle, or apical thirdaissified *3.1*21Ahmedet al configuration.
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RESULTS

The electronic search yielded a total
of 635 results. The filters (year of
publication, language, and human subjects)
were applied, reducing to 596 articles. Then,
a title and abstract reading was performed,
excluding 573 articles that did not use the
Ahmedet al (2017) classification and
CBCT for analysis. Subsequently, a full-text
reading of 23 articles was performed,
excluding 18 considered irrelevant to our
study objective. Finally, the analysis was
performed on 5 articles (Fig. 3).

The 5 articles analyzed corresponded
to cross-sectional cohort studies conducted
between 2020 and 2024. These studies are
from Jordan, Saudi Arabia, South Africa,
and Malaysia. Four articles analyzed both
MCI and MLI, while one focused only on
MCI (Table ).

|dentification ]

[

]

Eligibility

=)

Included

Total articles identified

(n=635)

Selection according to title

Application of filters (n=39)

and abstract (n=596)

Articles for full reading

Excluded (n=573)

(n=23)

Total studies included in the
analysis (n=5)

Table I. Studies using the classification by Ahreedl.using CBCT.

Excluded (n=18)

Fig. 3. Flow chart of the

selection process of eligible

studies for inclusion.

Author Popuation Study model Sample size Ahmedt al. classification for Ahmedet al. clasification

central incisors for lateral incisors
Tahaet al. Jordanian Cross-sectional 1114 MCI 1 MCI . 787 (70.6 %) I MLI 779 (69.9 %)
(2024) Cohort 1114 MLI 1MCI *2 3 (0.3 %) L MLI 2 3 (0.3 %)

1 MCI %21 300 (26.9 %) 1 MLI 21311 (27.9 %)

1 MCI ?1:8 (0.7 %) T MLI 27 (0.6 %)

1 MCI 2122 16 (1.4 %) 1ML 2122 11 (1 %)

2 MLI B L: 3 (0.3%)

Alobaidetal. SaudiArabian  Cross-sectional 1260 MCI 1 MCI 1. 1034 (82 %) -
(2022) cohort IMCI 12 9 (0.7 %)

1 MCI 121 171 (13,6 %)

1 MCI 122 39 (3.1%)

1MCI 211 1 (0.1 %)

1 MCI 221 6 (0. 5%)
Buchanaret  South African  Cross-sectional 387 MCI 1 MCI 1 245 (63.3%) 1 MLI *: 256 (66.1 %)
al. (2022) cohort 387 MLI IMCI *2: 2 (0.5 %) 1 MLI 25 (1.3 %)

L MCI 121: 129 (33.3 %) L MLI 21 115 (29.7 %)

1MCI 2% 9 (2.4 %) L MLI 21 8 (2.1 %)

1 MCI 212 1 (0.25 %) 1 MLI 2212 3 (0.8 %)

1 MCI 1212 1 (0.25 %)
Igbal et al. SaudiArabian  Cross-sectional 570 MCI 1 MCI **: 489 (85.8 %) 1 MLI *: 391 (68.6 %)
(2022) cohort 570 MLI 1MCI 2 7 (1.2 %) 1 MLI 2 35 (6.1 %)

L MCI 121 74 (13 %) 1 MLI 21 144 (25.3 %)
Karobariet Malaysian Cross-sectional 1692 MCI 1 MCI *: 1104 (65.2 %) I MLI *: 763 (44.9 %)
al. (2020) cohort 1701 MLI 1MCI 2 20 (1.2 %) IMLI 230 (1.8 %)

1 MCI 24 521 (30.8 %)
L MCI 2% 20 (1.2 %)
1MCI 2 2 (0.1 %)

L MCI 212 2 (0.1 %)

L MCI 1212 6 (0.4 %)

1 MCI 212L 17(1%)

L MLI 2% 870 (51.1 %)
L MLI 2% 18 (1.1 %)

L MLI 4 (0.2 %)

L MLI 1242 3 (0.2 %)

L MLI 212% 13 (0.8 %)

MCI: Mandibular Central Incisor, MLI: Mandibular Lateral Incisor, B: Buccal Root, L: Lingual Root.
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Several configurations were reported across thmnfirmed the wide variety of root morphologies, many of
studies analyzed, but only three configurations appearedhich were previously unclassifiable using existing
consistently in all five studiesMCI 1,1 MCI 21, and systems, such as those proposed by Weired (1969),
1MCI 2, Thet MCI ¥ configuration was the most prevalentWeine (1982), and Vertucci (Ahmetlal, 2017; Karobari
reaching up to 82 % for MCl and up to 69.9 % for MLI. Thest al., 2020). This is because, in previous decades, the
second most common configuration WwadCl 2%, with a  visualization techniques employed were not as precise as
prevalence of up to 33.3 % for MCI and 51.1 % for MLIthe current tomographic technologies. Moreover, one study
Although the! MCI *2 configuration was present in all reported that 13 % of the observed configurations could
studies, it had relatively low percentages, with a maximumot be categorized according to Vertucci (Filpo-Perez
of 1.2 % for MCIl and 6.1 % for MLI. Other configurationsal., 2015). Therefore, Ahmeat al (2017) proposed a new
were identified but occurred at much lower frequenciemorphological classification with a coding system. Unlike
Additionally, more complex configurations, only classifiableorevious classifications, this system incorporates the
using the Ahmeet al (2017) methodology, were identified, number of roots and describes various root canal

such ag MCI z+24 2 MLI B! L1, and! MCI 1212, morphologies not contained in the other classifications
(Alobaidet al, 2022). On the other hand, Tattal (2024)
DISCUSSION reported that sixteen MCI (1.4 %) and eleven MLI (1 %)

could not be classified by Vertucci, resulting in tha 21
MI are the smallest permanent teeth, with small rodt' configuration by Ahmedt al. (2017). Similarly, research
canal lumina and a complex RCS configuration (Tetray, conducted by Buchanaat al. (2022) and Karobaset al
2023). This complicates the cleaning, disinfection, an@®020) yielded morphologies not described under the
obturation of the RCS. Hence, itis crucial to have a profoundrtucci classification and were coded according to the
understanding of the morphological variances in these teé&thmedet al (2017) classification.
(Alobaid et al,, 2022).
Historically, it has been accepted and taught that
The European Society of Endodontics recommendasandibular anterior teeth have a single root. This assertion
using CBCT to evaluate the RCS morphology (Pettel,  aligns with the findings reported in several studies conducted
2019a). This tool is notable for being noninvasive anith Malaysian, South African, and Saudi Arabian populations,
achieving greater accuracy than conventional radiograpivhere the presence of one root was mostly observed in the
(Patelet al, 2019b). Alobaidcet al (2022) found that the MI (Karobariet al, 2020; Buchanagt al, 2022; Igbalet
diagnostic accuracy of CBCT was 89 %, whereas periapial, 2022; Alobaickt al, 2022). However, a Jordanian study
radiographs yielded a diagnostic accuracy of 55 %. identified three MLI with two roots (Taket al, 2024). Also,
Almohaimedeet al (2022) and Mashyakhy & Gambarini
As for the staining and cleaning techniques fo€2019) reported the presence of MLI with two roots in a
extracted teeth, these exhibit a high similarity in accuragercentage not exceeding 0.1 %. It should be noted that these
with CBCT for assessing the number of root canalstudies used the Vertucci classification system.
(Neelakantaret al, 2010; Almohaimedet al., 2022).
However, these techniques require longer working time According to the Ahmedt al. (2017) classification,
(Neelakantaet al, 2010) Therefore, CBCT is considered ahe canal configurationMCI * was identified as the most
tool of choice in studies with a large sample size, such peevalent among the MCI group, appearing in 70.6 % of
cross-sectional cohort studies (Altunsbwl, 2014; Da Silva the Jordanian population, 63.3 % of the South African
et al, 2015; Karobarét al., 2020). population, 65.2 % in Malaysia, and 82 % to 85.8 % in the
Saudi population. These morphologies align with the
CBCT provides highly accurate images because ifercentages observed for a single canal in populations from
voxels are isotropic (Kayat al, 2011). Yet unlike micro Portugal, Israel, Brazil, Iran, Turkey, and China. It should
computed tomography (micro-CT), which can visualize thiee noted, however, that these studies were conducted using
smaller branches in the root canal, CBCT cannot detect tthee Vertucci classification. The second most common
more subtle variations in the RCS. However, micro-CT isonfiguration wad MCI 2, with reported frequencies of
used on extracted teeth. Therefore, CBCT is considere@®.9 % in the Jordanian population, 30.8 % in Malaysia,
tool of choice for in vivo studies (Abeld al, 2015; Martins and 33.3 % in South Africa. Studies by Alobeidl (2022)
et al, 2017; Ahmed & Rossi-Fedele, 2020). and Igbalet al. (2022) which focused on the Saudi
population, also identified tHeMCI 2 configuration as
The emergence of radiographic equipment that ustige second most prevalent, though with a lower prevalence
three-dimensional images, such as micro-CT or CBCT, ha§13 %.
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Karobariet al (2020) reported the highest prevalencg supera las limitaciones encontradas en la ampliamente
of configuration® MLI 1, accounting for 51.1 % of the utilizada clasificacién de Vertucci (1984). El objetivo de
Malaysian population, followed by configuratioMLI **at este articulo fue determinar a través de un analisis de la
44.9 %. However, in other populations studied,‘tML| '  literatura cientifica cual es la morfologia mas prevalente
configuration was the most common, exceeding 66.1 %n incisivos centrales mandibulares (ICM) e incisivos
These results align with studies using the Vertucdaterales mandibulares (ILM) mediante el uso de tomografia
classification, which reported similar findings in a Braziliarcomputarizada de haz cénico (CBCT) y empleando la
populaion (58 %) and a French population (86.4 %). Irlasificacién de Ahmeet al. (2017). Se realiz6 una revision
Latin America, research by Villat al (2022) examined de la literatura utilizando distintas bases de datos PUBMED,
the morphology of MI root canals in a Brazilian regiorLILACS, SciELO, SCOPUS y EMBASE, considerando
under the Ahmeet al (2017) classificationThey found articulos sin restriccion de afios de publicacién, realizados
that the! MI 1 configurdion was the most prevalent at 52.1en seres humanos y publicados en idioma Inglés y
%, followed by thé Ml 2! configuration at 20 %. However, Castellano. Se incluyeron 5 articulos atingentes al objetivo
this study utilized Micro-CT. To date, no studies in Latirdel estudio. La configuracién 1 IM 1-1 es la mas
America has examined the canal morphology of Mls usiqgredominantemente en los incisivos mandibulares, aunque
CBCT according to the Ahmest al (2017) classification. se ha observado una considerable presencia de morfologias

complejas, existiendo la aparicion frecuente de segundos
CONCLUSION canales. El sistema de clasificacién de Ahetead (2017)
plantea un método préactico, preciso y facil de usar para

The! MI ¥t configuration is the most predominantcategorizar las estructuras de las raices y los conductos
in MI; despite the existence of complex morphologies, theradiculares.
is a high frequency of second canals. The proposed
classification system aims to offer an easy-to-use, precise,  PALABRAS CLAVE: Incisivos mandibulares,
and practical method for categorizing root and root can8istema de canales radiculares, clasificacién de Ahmed,
structures. It delivers comprehensive details on the tootii@mografia computarizada de haz cénico, Endodoncia.
identification, root count, and types of root canal
configurations, while deliberately excluding developmentd® EFERENCES
anomalies and minor canal anatomy. This approach
enhances simplicity and encourages widespread adopthiella, F.; Teixido, L. M.; Patel, S.; Sosa, F.; Duran-Sindreu, F. & Roig,
among students, dental professionals, and researchersM- Cone-beam computed tomography analysis of the root canal

. . . . morphology of maxillary first and second premolars in a Spanish
However, more studies are needed in different populations ;. ,iation J. Endod., 41(8)241-7, 2015.
using the Ahmedt al (2017) classification in Ml to record Anmed, H. M. A; Hashem, A. A. R. & Dummer, P. M. H. Application of a

and understand the morpho|ogica| diversity of these teeth new syst_em for classifying root and canal anatomy in clinical practice—
in other populations. explanation and elaboratioBur. Endod. J., 6(2)132-42, 2021b.

pop Ahmed, H. M. A. & Dummer, P. M. H. Advantages and applications of a
. ) new system for classifying roots and canal systems in research and
ACKNOWLEDGMENTS. This study was partially funded  clinical practiceEur. Endod. J., 3(19-17, 2018.
by the Research Directorate of Universidad de La Fronte¥smed, H. M. A. & Rossi-Fedele, G. Preferred Reporting Items for Root

The authors are grateful for DIUFRO project DI23-0085. ~ and Canal Anatomy in the Human Dentition (PROUD 2020) - A
systematic review and a proposal for a standardized protéuaol.

— Endod. J., 5(3159-76, 2020.
SAA, C.; MATUS, D. & BETANCOURT, P. AndlisiS Ahmed, H. M.A; Ibrahim, N.; Mohamad, N. S.; Nambiar, P.; Muhammad,
morfolégico de los incisivos mandibulares mediante el R.F;Yusoff, M. & Dummer, P. M. H. Application of a new system for

sistema de clasificacion de Ahmed. Revision bibliogréfica classifying root and canal anatomy in studies involving micro-computed
: " tomography and cone beam computed tomography: Explanation and

Int. J. Morphol., 43(1p69-274, 2025. elaborationint. Endod. J., 54(7)056-82, 2021a.
Ahmed, H. M. A.; Versiani, M. A.; De-Deus, G. & Dummer, P. M. H. A
RESUMEN: Los dientes incisivos mandibulares new system for classifying root and root canal morphologyEndod.
(IM) son especialmente complejos de trataf J., 50(8)761-70, 2017.

dod . debid limitad di . mohaimede, A.; Algahtani, A.; Alhatlani, N.; Alsaloom, N. & Algahtani,
endodonticamente debido a sus limitadas ImenS'OneS'S.AnaIysis of root canal anatomy of mandibular permanent incisors in

Ademas, la falta de conocimiento sobre la amplia variacion saudi subpopulation: a cone-beam computed tomography (CBCT)

morfologica presente en este grupo dentario puede study.Scientifica (Cairo), 2023278943, 2022.

contribuir en el fracaso del tratamiento endoddntico. Ur#Pbaid. M. A.; Alshahrani, E. M.; Alshehri, E. M.; Shaiban, A. S.; Haralur,
i . . . . S. B.; Chaturvedi, S. & Khaled Addas, M. Radiographic assessment of

de las clasificaciones mas recientes para el eStUd'Oroot canal morphology of mandibular central incisors using new

morfologico del sistema de canales radiculares (RCS) fue classification system: A cross-sectional studyledicine

propuesta por Ahmeat al (2017). Esta clasificacion aborda  (Baltimore),101(3780751, 2022.

273



SAA, C.; MATUS, D. & BETANCOURT, P. Morphological analysis of mandibular incisors using the Ahmed classification system. Literaturelrgviwdorphol., 43(1p69-274, 2025.

Altunsoy, M.; Ok, E.; Nur, B. G.; Aglarci, O. S.; Gungor, E. & Colak, M. APatel, S.; Brown, J.; Pimentel, T.; Kelly, R. D.; Abella, F. & Durack, C.
cone-beam computed tomography study of the root canal morphology Cone beam computed tomography in Endodontics - a review of the
of anterior teeth in a Turkish populati@ur. J. Dent., 8(3B02-6, 2014. literature.Int. Endod. J., 52(81138-52, 2019a.

Buchanan, G. D.; Gamieldien, M. Y.; Fabris-Rotelli, I.; van Schoor, A. &atel, S.; Patel, R.; Foschi, F. & Mannocci, F. The impact of different
Uys, A. Root and canal morphology of the permanent anterior dentition diagnostic imaging modalities on the evaluation of root canal anatomy
in a Black South African population using cone-beam computed and endodontic residents' stress levels: a clinical studgndod.,
tomography and two classification systemsOral. Sci., 64(3218- 45(4).406-13, 2019b.

23, 2022. Saber, S. E. D. M; Ahmed, M. H. M, Obeid, M. & Ahmed, H. M. A. Root

Buchanan, G. D.; Gamieldien, M. Y.; Tredoux, S. & Vally, Z. |. Root and and canal morphology of maxillary premolar teeth in an Egyptian
canal configurations of maxillary premolars in a South African  subpopulation using two classification systems: a cone beam computed
subpopulation using cone beam computed tomography and two tomography studynt. Endod. J., 52(3267-78, 2019.
classification systemd. Oral. Sci., 62(193-7, 2020. Taha, N. A.; Makahleh, N. & Hatipoglu, F. P. Root canal morphology of

Da Silva, E. J.; de Castro, R. W.; Nejaim, Y.; Silva, A. |.; Haiter-Neto, F.; anterior permanent teeth in Jordanian population using two classification
Silberman, A. & Cohenca, N. Evaluation of root canal configuration of systems: a cone-beam computed tomography $BMdig. Oral Health,
maxillary and mandibular anterior teeth using cone beam computed 24(1)170, 2024.
tomography: Arin-vivo study.Quintessence. Int., 47(1p-24, 2016. Tang, Y.; Wu, Y.; Pei, F.; Liu, C.; Qiu, Y.; Yang, T. & Gu, Y. A micro-

Estrela, C.; Bueno, M. R.; Couto, G. S.; Rabelo, L. E.; Alencar, A. H.; computed tomographic analysis of the root canal systems in the
Silva, R. G.; Pécora, J. D. & Sousa-Neto, M. D. Study of root canal permanent mandibular incisors in a Chinese populaB&C Oral
anatomy in human permanent teeth in a subpopulation of Brazil's center Health, 23(1)129, 2023.
region using cone-beam computed tomography - PBraz. Dent. J., Verma, P. & Love, R. M. A micro CT study of the mesiobuccal root canal
26(5)530-6, 2015. morphology of the maxillary first molar tootimt. Endod. J.,44(3210-

Filpo-Perez, C; Bramante, C. M; Villas-Boas, M. H; Hungaro Duarte, M. A; 7, 2011.

Versiani, M. A. & Ordinola-Zapata, R. Micro-computed tomographicVertucci, F. J. Root canal anatomy of the human permanent @eth.
analysis of the root canal morphology of the distal root of mandibular Surg. Oral Med. Oral Pathol., 58(%89-99, 1984.
first molar.J. Endod., 41(2231-6, 2015. Villa, N.; Weissheimer, T.; Vier-Pelisser, F. V.; Alcalde, M. P;; Vivan, R. R;

Igbal, A.; Karobari, M. |.; Alam, M. K.; Khattak, O.; Alshammari, S. M.; Adil, Duarte, M. A. H.; da Rosa, R. A. & S6, M. V. R. Comparative study of
A. H.; Noorani, T. Y.; Algarani, H. A.; Alonazi, M. A.; Sirivastava, K. C. Vertucci and Ahmed classifications to evaluate the main root canal
& Issrani, R. Evaluation of root canal morphology in permanent maxillary  configuration of mandibular incisors in a Brazilian populatidnst.
and mandibular anterior teeth in Saudi subpopulation using two Endod. J., 48(3%09-14, 2022.
classification systems: a CBCT stuByC Oral Health, 22(1171, 2022.

Karobari, M. I.; Noorani, T. Y.; Halim, M. S. & Ahmed, H. M. A. Root and
canal morphology of the anterior permanent dentition in Malaysian
population using two classification systems: A CBCT clinical study.

Aust. Endod. J., 47(202-16, 2020. Corresponding author:

Kaya, S.; Adiguzel, O.; Yavuz, |.; Tumen, E. C. & Akkus, Z. Cone-bearfrof. Dr. Pablo Betancourt
dental computerized tomography for evaluating changes of aging Associate Professor
the dimensions central superior incisor root caéd. Oral. Patol.  Endodontic Laboratory Director

~ Oral. Cir. Bucal, 16(3)p463-6, 2011. Center for Reseach in Dental Sciences (CICO)
Kim, S. Endodontic application of cone-beam computed tomography Bniversidad de La Erontera

South KorealJ. Endod., 38(2153-7, 2012. . .
Kim, Y.; Chang, S. W,; Lee, J. K.; Chen, I. P.; Kaufman, B.; Jiang, J.; Ch'g‘,venlda Francisco Salazar 01145
B. Y.; Zhu, Q.: Safavi, K. E. & Kum, K. Y. A micro-computed 16Muco
tomography study of canal configuration of muItipIe-canaIIecpH|LE
mesiobuccal root of maxillary first mola€lin. Oral. Investig.,
17(6)y1541-6, 2013. E-mail: pablo.betancourt@ufrontera.cl
Lee, K. W.; Kim, Y.; Perinpanayagam, H.; Lee, J. K.; Yoo, Y. J.; Lim, S.
M.; Chang, S. W.; Ha, B. H.; Zhu, Q. 6 Kum, K. Y. Comparison OfORCID: 0000-0002-9903-2920
alternative image reformatting techniques in micro-computed
tomography and tooth clearing for detailed canal morphologndod.,
40(3)417-22. 2014.
Leoni, G. B.; Versiani, M. A.; Pecora, J. D. & de Sousa-Neto, M. D. Micro-
computed tomographic analysis of the root canal morphology of
mandibular incisorsl. Endod., 40(5y10-6, 2014.
Martins, J. N. R.; Marques, D.; Mata, A. & Caramés, J. Root and root canal
morphology of the permanent dentition in a Caucasian population: a
cone-beam computed tomography study. Endod. J., 50(11)013-
26, 2017.
Mashyakhy, M. & Gambarini, G. Root and root canal morphology
differences between genders: a comprehensive in-vivo CBCT study in
a Saudi populatiorActa Stomatol. Croat., 53(213-46, 2019.
Neelakantan, P.; Subbarao, C. & Subbarao, C. V. 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 morpholodyEndod., 36(91547-
51, 2010.

274



