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ABSTRACT

Introduction: The anatomical variability in root canal systems of permanent molars presents
significant challenges for endodontic treatment, which still need to be explored. Objective:
To synthesize scientific evidence on geographical variations in the number of root canals in
permanent molars.

Material and Methods: A systematic review was conducted at the University of Medical
Sciences of Havana, analyzing the number of root canals in permanent molars. Primary studies
in English, Spanish, and Portuguese were included, focusing on the anatomical details of root
canals. Clinical case studies, editorials, and studies without specific root canal information
were excluded. We searched PubMed, Scopus, and Web of Science for relevant studies
published from 1971to0 2023. Sensitivity analysis assessed the impact of methodological quality
on the results. Findings were synthesized by geographical region, describing the prevalence of
different root canal configurations.

Results: Data from 93 studies encompassing 60,402 molars were analyzed. Significant
geographical variations in root canal anatomy were observed. In Africa, first and second upper
molars typically had three root canals (45.62% and 41.31%), as did first and second lower
molars (59.79% and 67.55%). In America, upper first molars predominantly had four root canals
(56.66%). In Asia, most molars had three root canals, except for lower third molars which
commonly had two or three canals (42.88% and 57.12%). In Europe, molars generally had three
root canals, except for lower third molars which lacked specific data. In Oceania, upper first
molars frequently had six root canals (65%).

Conclusions: Significant geographical variations in root canal anatomy of permanent molars
were observed, with distinct patterns among different continents. These findings call for
standardized, comprehensive research, particularly in underrepresented areas and on third
molars, to better inform clinical practice and add to global understanding of molar anatomy.
Clinical significance: Understanding regional root canal variations improves endodontic
treatment planning and accuracy. Thus, this knowledge is fundamental for adapting techniques
and should inform dental education.
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RESUMEN

Introduccion: La variabilidad anatémica de los sistemas de conductos radiculares de los molares
permanentes presenta importantes desafios para el tratamiento endodontico, que aln requieren
mayor investigacion. Objetivo: Sintetizar la evidencia cientifica sobre las variaciones geograficas en
el nimero de conductos radiculares en los molares permanentes.

Material v métodos: Se realizd una revision sistematica en la Universidad de Ciencias Médicas de
La Habana, analizando el nimero de conductos radiculares en molares permanentes. Se incluyeron
estudios primarios en inglés, espanol y portugués, centrados en los detalles anatomicos de los
conductos radiculares. Se excluyeron estudios de casos clinicos, editoriales y estudios sin informacion
especifica sobre conductos radiculares. Se realizaron busquedas en PubMed, Scopus y Web of Science
para encontrar estudios relevantes publicados entre 1971 y 2023. El analisis de sensibilidad evalud
el impacto de la calidad metodologica en los resultados. Los hallazgos se sintetizaron por region
geografica, describiendo la prevalencia de las diferentes configuraciones de conductos radiculares.
Resultados: Se analizaron datos de 93 estudios que abarcaban 60.402 molares. Se observaron
variaciones geograficas significativas en la anatomia del conducto radicular. En Africa, los primeros
y segundos molares superiores tipicamente tenian tres conductos radiculares (45,62% y 41,31%), al
igual que los primeros y segundos molares inferiores (59,79% vy 67,55%). En América, los primeros
molares superiores predominantemente tenian cuatro conductos radiculares (56,66%). En Asia, la
mayoria de los molares tenian tres conductos radiculares, excepto los terceros molares inferiores que
cominmente tenian dos o tres conductos (42,88% y 57,12%). En Europa, los molares generalmente tenian
tres conductos radiculares, excepto los terceros molares inferiores que carecian de datos especificos.
En Oceania, los primeros molares superiores frecuentemente tenian seis conductos radiculares (65%).
Conclusiones: Se observaron variaciones geograficas significativas en la anatomia de los conductos
radiculares de los molares permanentes, con patrones distintivos entre los distintos continentes.
Estos hallazgos exigen una investigacion estandarizada y exhaustiva, especialmente en zonas con
baja representaciony en los terceros molares, para fundamentar mejor la practica clinicay contribuir
a la comprension global de la anatomia molar. Importancia clinica: Comprender las variaciones
regionales de los conductos radiculares mejora la planificacion y la precision del tratamiento
endodontico. Por lo tanto, este conocimiento es fundamental para adaptar las técnicas y debe
fundamentar la formacion odontologica.

Palabras clave: Morfologia dental; Endodoncia; Variacion geografica; Molar; Anatomia del conducto
radicular; Revision sistematica

INTRODUCTION

The morphology of tooth roots and root canals
presents a significant challenge in endodontic
practice, demanding a thorough understan-
ding for successful treatment outcomes. Various
classification systems have been developed to
accurately characterize root and canal confi-
gurations;™ however, these systems often
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fall short in capturing the full complexity of
dental anatomy. Advanced imaging techniques,
such as micro-computed tomography (micro-
CT) and cone beam computed tomography
(CBCT), have revealed complex details of root
canal anatomy, highlighting the limitations
of existing classification systems.*5 Research
into the root and canal morphology of third
molars has uncovered new canal configurations
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previously undocumented, further underlining
the unpredictable nature of tooth anatomy and
emphasizing the need for continued research in
this field.+®

The number of root canals in permanent molars
varies depending on the type of tooth and the
individual anatomy. Research indicates that
maxillary and mandibular molar primaries can
have a wide range of root and channel confi-
gurations, with the most common being three
canals and three roots in maxillary first molars.”
and two separate roots with two distinct mesial
canals and a distal canal for the first mandi-
bular® Other studies conclude that a significant
proportion of the first permanent maxillary
molars have three roots and four canals, with a
high prevalence of a second mesio-buccal canal
(MB2)2MAs such understanding these variations
is vitally important to achieving successful
endodontic treatments.

Many universities advocate that their curri-
cula have an internationalization that provides
knowledge about their graduates' ways of acting
in order to be able to perform in any context
in their professional lives™® This research
pays homage to the globalization of dental
knowledge, recognizing that a dental clinician
trained in North America may need to practice
in the Middle East. Understanding the frequency
of different root canal configurations in various
geographic regions is essential for performing
endodontic procedures effectively across the
globe.

The study by Martins et al,™ revealed that the
prevalence of a second configuration of root
canal number varies widely, from 0.7% in Nigeria
to 17.7% in Uruguay. This same research found
global variations in the configuration of the
number of root canals of 7.5% with significant
variations according to ethnicity, sex and age.™

The variability in the distribution and number of
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root canals in human permanent molars complicates
endodontic therapy, particularly if the prevalence of
these anatomical patterns is not well understood.
Providing the dental community with an overview
of how these patterns vary by geographic region
could significantly contribute to the advancement
of dental science. Given the preceding discussion,
the overarching research question of this study is:
Are there significant differences in the morpho-
logy and configuration of root canals in permanent
molars across different geographic populations? To
address this question, the objective of this research
Is to synthesize available scientific evidence on geo-
graphical variations in the internal anatomy of root
canals in permanent molars, identifying significant
patterns and differences across various populations.

MATERIALS AND METHODS

A systematic review was conducted from April
to July 2024 at the University of Medical Sciences
of Havana, following approval by the Scientific
Committee. The research adhered to the PRISMA
guidelines and utilized PubMed, Scopus, and
Web of Science (WOS) databases for retrieving
relevant reports.

Inclusion criteria

Primary research studies, including original in-
vestigations, research papers, and clinical trials
that reported anatomical aspects related to the
number of root canals in permanent molars,
were included. Articles were considered if they
were written in English, Spanish, or Portuguese.
Additionally, articles that did not explicitly report
the number of canals per permanent molar but
allowed for this information to be inferred were
also included.

Exclusion criteria
Exclusion criteria included clinical case reports,
opinion pieces, editorials, and review articles, as
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well as any studies not aligned with the in-
clusion criteria. Studies focusing on primary
or deciduous teeth, those lacking anatomical
information on the number of root canals,
and articles in languages other than English,
Spanish, or Portuguese were excluded. Furt-
hermore, articles not available in full text or
those that did not present relevant results in
their abstracts for necessary data extraction
were omitted.

Search strategy

The search strategy for PubMed included the
following formulation: ((Pulp Canal*[Title]) OR
(Root Canal*[Title]) OR (dental canal*[Title])
OR (canal*(Title])) AND ((anatomy [Title]) OR
(morphology [Title])). Similar keywords were
adapted for searches in other databases.
Additionally, the Research Rabbit platform
(https://researchrabbitapp.com/home) was
utilized to retrieve relevant articles not iden-
tified in the initial searches. The phrase used
was ‘root canal morphology of human molars.
Study evaluation and selection process

Calibration among authors was performed to
ensure consistency in evaluating the selected
articles. The agreement among reviewers was
assessed using Orwin's method (1994), and
a kappa statistic was calculated to measure
consensus on inclusion or exclusion decisions.
Kappa values between 0.40 and 0.59 indicated
acceptable agreement, 0.60 to 0.74 indicated
adequate agreement, and 0.75 or higher
indicated excellent agreement.

The records retrieved from the databases we-
re managed using the EndNote bibliographic
software, which facilitated the export of files
for the screening process on the Rayyan®
platform (https://rayyan.ai/). This tool enabled
the removal of duplicates and non-relevant
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records, with researchers making blinded
decisions on article suitability. In cases of
discrepancy or uncertainty, a third author
adjudicated the inclusion outcomes.

Data extraction

Data extracted from the included reports
encompassed the author and year of publi-
cation, study design, age of the study po-
pulation, geographic location, number of
molars analyzed, dental groups (1, 2"¢, and 3
upper and/or lower permanent molars), and
the number of molars with one to six or more
root canals.

Data analysis

Sensitivity analysis was conducted to evalu-
ate the impact of methodological quality on
the results. Studies were categorized into two
groups:

1) high-quality studies, which employed high-
resolution imaging techniques (CT or CBCT) to
assess root anatomy, and

2) low-quality studies, which used conventional
radiography or less accurate assessment
methods.

The systematic review focused on quantita-
tively synthesizing the results of primary
studies to provide a global overview of the
number of root canals in permanent molars.
The primary goal was to summarize the
findings without estimating a specific effect,
hence a detailed risk of bias (ROB) analysis
for each study was deemed unnecessary.
However, to ensure the quality of included
evidence, rigorous study selection, critical
evaluation, analysis of heterogeneity, and
sensitivity analysis were performed.

A narrative synthesis of the findings was

conducted, grouping studies by geographic
regions, and detailing the prevalence of
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various root canal configurations (number of
canals) in maxillary and mandibular molars
for each population. Global and regional heat
maps, plots, and tables were generated to
visualize the geographic distribution of root
canal configuration prevalence in maxillary
and mandibular molars.

For the sensitivity analysis, descriptive sta-
tistics were performed for each group and
the results compared to assess the impact of

methodological quality. Data processing was
performed using RStudio® 2024.04.1 Build 748.
The data frames and RStudio codes used are
available at the following link in accordance
with open science principles: https://data.
mendeley.com/datasets/xvgf59n75k/2.

All results were compiled into tables, maps,
and graphs showing relative and absolute
frequencies to facilitate the understanding
of root canal patterns for each molar group
across different geographic regions.

Figure 1. PRISMA flow diagram illustrating the study selection process for the systematic review,
detailing the stages of identification, screening, eligibility, and inclusion of reports.
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Figure 2.
Annual distribution of the number of articles published in the study

Number of articles

1971 1988 1999 2000 2002 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year of publication

Figure 3.
Distribution of the number of molars assessed in studies across different countries.
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Figure 4.
Country-specific distribution of different molar groups studied.
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A. Upper first molars. B. Upper second molars. C. Upper third molars. D. Lower first molars. E. Lower second molars. F. Lower
third molars.
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Table 1.

Distribution of the articles included in the study according to key relevant data, such as publication year,
geographical location, and root canal configurations.

1t Author

Rosaline™

Aydin™®

Kim®

Rahman?

Algarni®'

Mantovani®

Tian®

Stropko?

Donyavi?®

Wang?

Mirza?

Krishnamurthy?®

Moazzy®

Title

Analysis of root and canal morphologies of
maxillary second molars in a South Indian
population using cone-beam computed
tomography: A retrospective study

Analysis of root and canal morphology of
fused and separate rooted maxillary molar
teeth in Turkish population

Morphology of maxillary first and second
molars analyzed by cone-beam computed
tomography in a Korean population: var-
iations in the number of roots and canals
and the incidence of fusion

Analysis of root and canal morphology
of maxillary first and second molars among
malay ethnic in the Malaysian population
with the aid of cone-beam computed
tomography: A retrospective study
Analysis of root canal anatomy and variation
in morphology of maxillary first molar using
various methods: An in vitro study

Analysis of the mandibular molars root canals
morphology. Study by computed tomography
Analysis of the Root and Canal Morphologies
in Maxillary First and Second Molars in a
Chinese Population Using Conebeam Compu-
ted Tomography

Canal morphology of maxillary molars: clini-
cal observations of canal configurations
Assessment of root canal morphology of
maxillary and mandibular second molars in
the Iranian population using CBCT
Assessment of the coronal root canal mor-
phology of permanent maxillary first molars
using digital 3D-reconstruction technology
based on micro-computed tomography data
CBCT based study to analyze and classify
root canal morphology of maxillary molars
- Aretrospective study

A CBCT Study to Evaluate the Root and Canal
Morphology of Permanent Maxillary First
Molars in Children

Comprehensive evaluation of root and root
canal morphology of mandibular second
molars in a Saudi subpopulation evaluated
by conebeam computed tomography

ISSN Print 0719-2460 - ISSN en linea 0719-2479

Year

2021

2021

2012

2020

2019

2022

2016

1999

2019

2023

2022

2022

2022

Journal

Endodontology

Niger ) Clin
Pract

J Endod

Eur) Gen
Dent

World |
Dentistry

Braz Dent )

J Endod

) Endod

Dent Med
Probl

J Dent Sci

Eur Rev Med
Pharmacol
Sci

Int) Clin
Pediatr
Dent

BMC Oral
Health

URL

https://doi.org/10.4103/endo.endo_93_21

https://doi.org/10.4103/njcp.njcp_316_20

https://doi.org/10.1016/j.joen.2012.04.025

https://www.thieme-connect.com/products/
ejournals/pdf/10.4103/ejgd.ejgd_167_19.pdf

https://doi.org/10.5005/jp-journals-10015-1644

https://doi.org/10.1590/0103-6440202205105

https://doi.org/10.1016/j.joen.2016.01.017

https://doi.org/10.1016/50099-2399(99)80276-3

https://doi.org/10.17219/dmp/101783

https://doi.org/10.1016/].jds.2022.08.011

https://doi.org/10.26355/eurrev_202209_29753

https://doi.org/10.5005/jp-journals-10005-2441

https://doi.org/10.1186/512903-022-02305-2
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1%t Author

Al Shehadat*®

Madfa®'

Kalender®

Celikten

Pérez-Heredia®*

Al-Sheeb

Deng?®®

Zheng®

Popovic®®

Fu®

Rios*

Martins®™

Razumova*'
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Title

Cone Beam Computed Tomography Ana-
lysis of Root and Canal Morphology of
First Permanent Lower Molars in a Middle
East Subpopulation

Cone beam computed tomography analysis
of the root and canal morphology of the
maxillary second molars in a Hail province
of the Saudi population

Cone beam computed tomography evalua-
tion of maxillary molar root canal morpho-
logy in a Turkish Cypriot population

Cone beam CT evaluation of mandibular
molar root canal morphology in a Turkish
Cypriot population

Cone-beam Computed Tomographic Study
of Root Anatomy of Root Anatomy and
Canal Configuration of Molars in a Spanish
population

Cone-beam computed tomographic study
of root morphology, canal configuration,
and bilateral symmetry of mandibular first
and second molars in a Qatari population
Cone-beam computed tomography analysis
on root and canal morphology ofmandibular
first permanent molar among multiracial po-
pulation in East Coast Malaysian population
A Cone-Beam Computed Tomography stu-
dy of Maxillary First Permanent Molar Root
and Canal Morphology in a Chinese Popu-
lation

Cone-beam computed tomography study
of tooth root and canal morphology of
permanent molars in a Serbian population
Coronal root canal morphology of perma-
nent two-rootedmandibular first molars
with novel 3D measurements

Description of the Morphology of the Root
Canal System of the Maxillary First Molar
Using Cone-Beam Computed Tomography in
a Chilean Population

Differences on the Root and Root Canal-
Morphologies bet ween Asian and White
EthnicGroups Analyzed by Cone-beam Com-
puted Tomography

Evaluation of Anatomy and Root Canal Mor-
phology of the Maxillary First Molar Using
the Cone-Beam Computed Tomography
among Residents of the Moscow Region

Year

2019

2023

2016

2016

2017

2022

2018

2010

2020

2020

2023

2018

2018

JLUTTE
J Int Soc Prev
Community

Dent

Heliyon

Biotechnol
Biotechnol

Equip
Clin Oral
Investig

J Endod

Saudi
Endodontic
Journal

Eur) Dent

J Endod

Vojnosanit
pregl

Int Endod |

Int ) Morphol

J Endod

Contemp
Clin Dent

URL

https://doi.org/10.4103/jispcd.JISPCD_41_19

https://doi.org/10.1016/j.heliyon.2023.e19477

https://doi.org/10.1080/13102818.2015.1092885

https://doi.org/10.1007/s00784-016-1742-2

https://doi.org/10.1016/j.joen.2017.03.026

https://doi.org/10.4103/sej.sej_176_21

https://doi.org/10.4103/ejd.ejd_82_18

https://doi.org/10.1016/j.joen.2010.06.018

https://doi.org/10.2298/vsp180322100p

https://doi.org/10.1111/iej.13220

https://doi.org/10.4067/5S0717-9502202300
0200477

https://doi.org/10.1016/j.joen.2018.04.001

https://doi.org/10.4103/ccd.ccd_127_18
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1t Author

Namdar®

Wang*

Guo*

Al Mheiri*

Ahmed*s

Alrahabi®

Reuben*®

Dibaji*

Wang®

Nikoloudaki!

Caputo®

Pawar®

Monsarrat>*

Title

Evaluation of Root and Canal Morphology of
Maxillary First and Second Molars by Cone
Beam Computed Tomography in a Northern
Iranian Population

Evaluation of root and canal morphology of
maxillary molars in a southern chinese sub-
population: A cone-beam computed tomo-
graphic study

Evaluation of root and canal morphology of
maxillary permanent first molars in a North
American population by cone-beam compu-
ted tomography

Evaluation of root and canal morphology of
maxillary permanent first molars in an Emirati
population; a cone-beam computed tomo-
graphy study

Evaluation of Root and Canal Morphology of
Maxillary Permanent Molars in an Egyptian
Population by Cone-beam Computed Tomo-
graphy

Evaluation of root canal morphology of maxi-
llary molars using cone beam computed to-
mography

The evaluation of root canal morphology
of the mandibular first molar in an Indian po-
pulation using spiral computed tomography
scan: an in vitro study

Evaluation of the relationship between bucco-
lingual width of mesiobuccal root and root
canal morphology of maxillary first molars by
cone-beam computed tomography
Evaluation of the root and canal morphology
of mandibular first permanent molars in a
western Chinese population by cone-beam
computed tomography

Evaluation of the Root and Canal Morphology
of Maxillary Permanent Molars and the Inci-
dence of the Second Mesiobuccal Root Canal
in Greek Population Using Cone-beam Com-
puted Tomography

Evaluation of the Root Canal Morphology of
Molars by Using Cone-beam Computed Tomo-
graphy in a Brazilian Population: Part |

An In-Vivo cone-beam computed tomography
analysis of root and canal morphology of ma-
xillary first permanent molars in an Indian po-
pulation

Interrelationships in the Variability of Root
Canal Anatomy among the Permanent Teeth:
A Full-Mouth Approach by Cone-Beam CT
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Year

2023

2017

2014

2020

2017

2015

2008

2022

2010

2015

2016

2021

2016

Journal

JRDMS

Intl) Clin
Exp Med

J Endod

URL

https://doi.org/10.52547/jrdms.8.4.265

https://e-century.us/files/ijcem/10/4/ijcem0
045172.pdf

https://doi.org/10.1016/j.joen.2014.02.002

BMC Oral Health https://doi.org/10.1186/s12903-020-01269-2

J Endod

Pak ) Med Sci

) Endod

Dent Res J

J Endod

Open Dent )

J Endod

https://doi.org/10.1016/].joen.2017.02.014

https://doi.org/10.12669/pjms.312.6753

https://doi.org/10.1016/j.joen.2007.11.018

https://doi.org/10.4103/1735-3327.336690

https://doi.org/10.1016/j.joen.2010.08.016

https://doi.org/10.2174/1874210601509010267

https://doi.org/10.1016/j.joen.2016.07.026

Indian ) Dent Reshttps://doi.org/10.4103/ijdr.l)DR_782_19

PLoS One

https://doi.org/10.1371/journal.pone.0165329
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1t Author

McGuigan®

Matsunaga®®

Ren%

Zhang®®

Lee®

Verma®®

Tomaszewska®

Filpo-Perez®

AsijaviCiene®

Kim®s

Lyra®

Shetty™

Kenawi%®

Mohara®

Xia®
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Title

An investigation into dose optimisation for
imaging root canal anatomy using cone beam
CT

Japanese Maxillary First Molar Root Canal
Morphology: An Ultrastructural Study Using
Micro-Computed Tomography

Maxillary molar root and canal morphology of
Neolithic and modern Chinese

Maxillary Molar Root Canal Morphology Using
Cone-Beam Computed Tomography: An Epide-
miological Study from Shandong Province,
China

Mesiobuccal root canal anatomy of Korean
maxillary first and second molars by cone-
beam computed tomography

A Micro CT study of the mesiobuccal root
canal morphology of the maxillary first molar
tooth

A micro-computed tomographic (micro-CT)
analysis of the root canal morphology of maxi-
llary third molar teeth

Micro-computed tomographic analysis of the
root canal morphology of the distal root of
mandibular first molar

Microcomputed tomography evaluation of the
root canals morphology of the mandibular
first molars

Morphology of mandibular first molars analy-
zed by cone-beam computed tomography in a
Korean population: variations in the number
of roots and canals

Morphology ofmesiobuccal root canals of
maxillary first molars: A comparison of CBCT
scanning and cross-sectioning

Occurrence and Morphology of MB2 Canals
in Maxillary First Molars in an Indian Subpopu-
lation: A Cone Beam Computed Tomography
Study

Radiographic Investigation of Root Canal Mor-
phology of Permanent Mandibular Molars in
Makkah Population (Saudi Arabia) Using Cone
Beam Computed Tomography

Root Anatomy and Canal Configuration of Ma-
xillary Molars in a Brazilian Subpopulation: A
125-pum Cone-Beam Computed Tomographic
Study.

Root Anatomy and Root Canal Morphology
of Maxillary Second Permanent Molars in a
Chongging Population: A Cone-Beam Compu-
ted Tomography Study

Year

2020

2022

2021

2023

20M

2011

2018

2015

2020

2013

2015

2022

2022

2019

2020

Journal

URL

Dentomaxillofac Radiol https://doi.org/10.1259/dmfr.20200072

J Hard Tissue Biol https://doi.org/10.2485/jhtb.31.109

Arch Oral Biol https://doi.org/10.1016/j.archoralbio.
2021105272

Int ) Morphol https://doi.org/10.4067/S0717-9502
2023000300775

Oral Surg Oral https://doi.org/10.1016/j.triple.2010.

Med Oral Pathol 11.026

Oral Radiol Endod

Int Endod ) https://doi.org/10.1111/j.1365-2591.2010.01800.x

Ann Anat https://doi.org/10.1016/j.aanat.2017.09.003

J Endod https://doi.org/10.1016/j.joen.2014.09.024

Stomatologija  Not Available

J Endod https://doi.org/10.1016/j.joen.2013.08.015

Braz Dent https://doi.org/10.1590/0103-644020130096

JHASNU https://doi.org/10.1055/s-0041-1736268

Int J Dent https://doi.org/10.1155/2022/1535752

Eur ) Dent https://doi.org/10.1055/s-0039-1688736

Med Sci Monit  https://doi.org/10.12659/msm.922794
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Ceperuelo®

Shahi®

Sidow??
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Title

Root and canal anatomy of mandibular first
molar teeth of an Indian population

Root and canal morphology of human per-
manent teeth in a Sri Lankan and Japanese
population

Root and canal morphology of mandibular
first and second permanent molar teeth in a
Ugandan population

Root and Canal Morphology of Mandibular
Second Molars in a Yemeni Population: A Co-
ne-beam Computed Tomography

Root and canal morphology of mandibular
second molars in an Egyptian subpopulation:
a cone-beam computed tomography study
Root and canal morphology of mandibular
second molars in an Indian population

Root and canal morphology of permanent
mandibular molars in a Sudanese population
Root and canal morphology of Thai mandi-
bular molars

Root and canal morphology of third molar
teeth

Root and Root Canal Morphology Differences
Between Genders: A Comprehensive in-vivo
CBCT Study in a Saudi Population

Root and root canal morphology of mandi-
bular second permanent molars in the Gansu
province population: A CBCT study

Root and root canal morphology of third
molars in a Jordanian subpopulation

Root canal anatomy of maxillary first molars
in a Turkish population using cone-beam
computed tomography

Root canal morphology and variations in man-
dibular second molar teeth of an Indian
population: an in vivo cone-beam compu-
ted tomography analysis

Root canal morphology and variations in man-
dibular second molars: an in vivo cone-beam
computed tomography analysis

Root canal morphology of Chalcolithic and
early bronze age human populations of El
Mirador Cave (Sierra de Atapuerca, Spain)
Root canal morphology of human mandibular
permanent molars in an Iranian population

Root canal morphology of human maxillary
and mandibular third molars

Root canal morphology of mandibular first
permanent molars in an Indian population
Root Canal Morphology of Mandibular First
Permanent Molars in Pakistani Sub-popula-
tion- An in vitro study

ISSN Print 0719-2460 - ISSN en linea 0719-2479

Year

2020

2008

2009

2021

2023

2010

2007

2002

2023

2019

2022

2016

2023

2017

2021

2014

2008

2000

2012

Journal URL

Endodontology https://doi.org/10.4103/endo.endo_71_19

Anthropol Sci https://doi.org/10.1537/ase.070723
Odontology  https://doi.org/10.1007/510266-009-0100-0
Eur Endod J https://doi.org/10.14744/eej.2020.94695

BMC Oral https://doi.org/10.1186/s12903-023-02939-7
Health

J Endod https://doi.org/10.1016/j.joen.2010.04.001

Int Endod J https://doi.org/10.1111/j.1365-2591.2007.1283.x
Int Endod J https://doi.org/10.1046/j.1365-2591.2002.00452.x
Sci Rep https://doi.org/10.1038/s41598-023-34134-7
Acta Stomatol https://doi.org/10.15644/asc53/3/5

Croat

AustEndod)  https://doi.org/10.1111/ae}.12692

Saudi Endod )  https://doi.org/10.4103/1658-5984.189350

) Dent https://doi.org/10.22038/)DMT.2023.70840.1557

Mater Techniq

Clin Oral Investig https://doi.org/10.1007/s00784-017-2082-6

BMC Oral Health  https://doi.org/10.1186/512903-021-01787-7

Anat Rec https://doi.org/10.1002/ar.22958

(Hoboken)

J Dent Res https://doi.org/10.5681/joddd.2008.004  first

Dent Clin Dent

Prospects

J Endod https://doi.org/10.1097/00004770-200011000-00011

Int ) Dent https://doi.org/10.1155/2012/745152

2021 Pak)Med  https://doi.org/10.53350/pjmhs211561314
Health Sci
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Root Canal Morphology of Maxillary Second Molars
according to Age and Gender in a Selected Iranian
Population: A Cone-Beam Computed Tomography
Evaluation

Root canal morphology of maxillary second molars
in a Saudi sub-population: A cone beam computed
tomography study

Root canal morphology of native Tanzanian per-
manent mandibular molar teeth

Root canal morphology of permanent maxillary teeth
in the Han nationality in Chinese Guanzhong area: a
new modified root canal staining technique

Root canal morphology of permanent teeth in a
Malaysian subpopulation using cone-beam computed
tomography

Root canal morphology of South Asian Indian maxi-
llary molar teeth

Root canal morphology of the human mandibular
first molar

Root form and canal anatomy of mandibular first
molars in a southern Chinese population

Root form and canal anatomy of mandibular second

molars in a southern Chinese population

Root morphology of mandibular molars: a cone-beam
computed tomography study

Study of Root Canal Anatomy in Human Permanent
Teeth in A Subpopulation of Brazil's Center Region

Using Cone-Beam Computed Tomography - Part 1

Study of the morphology of MB2 canals in maxillary
first molars using CBCT

Survey of Anatomy and Root Canal Morphology of
Maxillary First Molars Regarding Age and Gender in
an Iranian Population Using Cone-Beam Computed
Tomography

Symmetry of root and root canal morphology of
maxillary and mandibular molars in a white popu-
lation: a cone-beam computed tomography study
in vivo

Three-dimensional analysis of coronal root canal
morphology of 136 permanent mandibular first mo-
lars by micro-computed tomography

Use of cone-beam computed tomography to evaluate
root and canal morphology of mandibular first and
second molars in Turkish individuals

Use of cone-heam computed tomography to evaluate
root and canal morphology of mandibular molars in
Chinese individuals

Use Of Tooth Clearing Technique To Determine Root
And Canal Morphology Of Permanent Mandibular
Third Molars In Population Of Peshawar: An In
vitro Cross-Sectional Study

Variations of root and canal morphology of man-
dibular second molars in Chinese individuals: a cone-
beam computed tomography study
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Table 2.
Distribution of molars by dental arch and the countries involved in the studies.

Total of Molars Tt Upper 2" Upper 3t Upper Tt Lower 2" Lower 3% Lower
Countries (1502) Molar Molar Molar Molar Molar Molar Molar
% # # # % # % #

United Arab Emirates 1329 220 522 2.60 0 = 0 = 807 764 0 = 0 -
Brazil 4053 6.71 143 570 1038  6.01 0 = 157  10.95 715 698 0 =
Chile 221 2.02 199  0.99 0 = 0 = 510 483 512 5.00 0 =
China 14423 23.88 6054 30.21 5180 30.01 43 4.02 1203 11.39 1943  18.96 0 3
Cyprus 1616 2.68 373 1.86 438  2.54 0 = 384 3.64 421 4Mm 0 =
Egypt 1565 2.59 605 3.02 610  3.53 0 = 0 = 350 342 0 =
Spain 580 0.96 155 077 150  0.87 0 = 138 131 137 134 0 =
France 589 0.98 149 074 167 097 0 = 130 123 143 140 0 =
Greece 812 1.34 410 2.05 402 233 0 = 0 = 0 = 0 =
Hong Kong 200 0.33 100 0.50 100  0.58 0 = 0 = 0 = 0 =
Ireland 3 0.00 3 0.01 0 = 0 = S 0 = 0 S
India 4352 1.21 1692  8.44 600 348 100 9.35 761 1.21 199 11.70 0 =
Iran 4246 7.03 836 4.7 2339  13.55 0 = 209 198 862  8.41 0 3
Italy 596 0.99 161 0.80 157 0.91 0 = 17 m 161 157 0 =
Jordan 1390 2.30 0 = 0 = 681 63.64 0 = 0 = 709  58.16
Japan 153 0.25 100 0.50 53 0.31 0 = 0 = 0 = 0 =
South Korea 4452 137 1271 6.34 1242 719 0 = 1939 18.36 0 = 0 =
Sri Lanka 213 0.35 0 = 213 1.23 0 = 0 = 0 = 0 =
Lithuania 62 0.10 0 = 0 = 0 = 62 0.59 0 = 0 3
Malaysia 2015 3.34 824  4M 890 516 0 = 301 285 0 = 0 =
New Zealand 20 0.03 20 010 0 = 0 = 0 = 0 = 0 =
Pakistan 393 0.65 0 = 0 = 0 = 200 189 0 = 193 15.83
Poland 78 0.3 0 = = 78 729 0 = 0 = 0 =
Portugal 2242 3.1 74 3.56 589 341 0 = 463  4.38 476 4.65 0 =
Qatar 450 0.75 0 = 0 = 0 = 195 185 255  2.49 0 3
Serbia 138 0.23 138  0.69 0 = 0 = 0 = 0 = 0 S
Russia 410 0.68 410  2.05 0 = 0 = 0 = 0 = 0 =
Saudi Arabia 4793 794 1447 722 1781 10.32 0 = 575 544 990 9.66 0 3
Sudan 200 0.33 0 = 0 = 0 = 100  0.95 100 098 0 =
Thailand 351 0.58 0 = 0 = 0 = 118 112 60 0.59 173 1419
Turkey 3391 5.61 940  4.69 703 4.07 0 = 823 779 925 9.03 0 3
Tanzania 231 0.38 0 = 0 = 0 = 146 1.38 85 0.83 0 =
Uganda 447 0.74 0 = 0 = 0 = 224 212 223 218 0 =
United States of America 2698  4.47 1775 8.86 611 354 168 15.70 0 - 0 = 144 11.81
Venezuela 190 0.31 0 = 0 = 0 = 0 = 190 1.85 0 =
Yemen 500 0.83 0 = 0 = 0 = 0 = 500 4.88 0 =
Total 60402 100,00 20041 33.18 17263 28.58 1070 1.77 10562 1749 10247 16.96 1219 2.02
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Table 3.
Distribution of the number of root canals for each molar group in relation to the continents.

1=t Upper Molar Total of Molars 1Canal 2 Canals 3 Canals 4 Canals 5 Canals 6 Canal

# % # % # # # %
Africa 605 3.02 0 = 0 = 276 45.62 175  28.93 154 25.45 0 =
Americas 3117 15.55 0 = 21 0.67 1314 4276 1766  56.66 16 0.51 0 =
Asia 14159 70.65 3 0.02 124 0.88 7743 54.69 6182 43.66 97 0.69 10 0.07
Europe 2140  10.68 16 0.75 4 1.92 1323 61.82 732 3421 28 1.31 0 =
Oceania 20 0.10 0 = 0 = 3 15.00 4 20.00 0 = 13 65.00
Sub- To-tal 20041 33.18* 19  0.09 186  0.93 10659 5319 8859 44.20 295 147 23 0m
2" Upper Molar  Total of Molars 2 Canals 3 Canals 4 Canals 5 Canals

# % # % # % # % # % #
Africa 610 3.53 0 = 0 = 252 4131 133 21.80 225 36,89 0 =
Americas 1649  9.55 8 0.49 60 3.64 876 5312 703 42.63 2 0.12 0 =
Asia 13539 78.43 148  1.09 2694 18.42 7885 58.24 2970 2194 42 0.31 0 =
Europe 1465  8.49 21 143 355 24.23 809 5522 268 18.29 12 0.8 0 -
Oceania 0 - 0 - 0 - 0 - 0 = 0 = 0 =
Sub- To-tal 17263 28.58* 177 1.03 2909 16.85 9822 56.90 4074 23.60 281  1.63 0 =

Total of Molars 2 Canals 4 Canals 5 Canals

# # % # #
Africa 0 = 0 = 0 = 0 = 0 = 0 = 0 =
Americas 168  15.70 4 2.38 10 5.95 101 6012 46 2738 6 3.57 1 0.60
Asia 824 77.01 T4 8.98 112 13.59 421 51.09 203  24.64 14 1.70 0 =
Europe 78 729 18 23.08 12 15.38 42 53.85 6 7.69 0 = 0 =
Oceania 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Sub- To-tal 1070 1.77* 96 8.97 134 12.52 564  52.71 255 23.83 20 1.87 1 0.09
1t Lower Molar Total of Molars 1Canal 2 Canals 4 Canals

# % # # % % # % #
Africa 470 4.45 0 = 94 20.00 281  59.79 92 19.57 3 0.64 0 =
Americas 1667  15.78 0 = 118 7.08 1002  60.11 526 31.55 18 1.08 3 018
Asia 7515 7115 6 0.08 518 6.89 4693  62.45 2223 29.58 72 0.96 3 004
Europe 910 8.62 0 = 68 147 739 8121 103 11.32 0 = 0 =
Oceania 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Sub- To-tal 10562  17.49* 6 0.06 798 756 6715 63.58 2944 27.87 93  0.88 6 0.06

Total of Molars 1Canal 2 Canals 4 Canals 5 Canals

# % # % # % % # % # % #
Africa 758 740 " 1.45 147 19.39 512 67.55 78  10.29 10 132 0 =
Americas 1417 13.83 10 0.71 301 21.24 1049  74.03 57 4.02 0 = 0 =
Asia 7155 69.83 309 432 1833  25.62 4692  65.58 316 4.42 5 0.07 0 =
Europe 917 895 9 0.98 366 39.91 517 56.38 2 2.62 1 0.11 0 -
Oceania 0 - 0 - 0 - 0 - 0 = 0 = 0 =
Sub- To-tal 10247  16.96* 339 331 2647  25.83 6770  66.07 475 464 16 0.6 0 =

Total of Molars 2 Canals 4 Canals 5 Canals

# % # % # # % #
Africa 0 = 0 = 0 = 0 = 0 = 0 = 0 =
Americas 144 11.81 5 3.47 25 17.36 83 57.64 25 17.36 5 3.47 1 0.69
Asia 1075  88.19 36 3.35 461  42.88 474 4409 103  9.58 1 0.09 0 =
Europe 0 = 0 = 0 = 0 = 0 = 0 = 0 =
Oceania 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Sub- To-tal 1219 2.02* i 3.36 486  39.87 557  45.69 128 10.50 6 0,49 1 0.08

Total 60402 100 678 112 7160 11.85 35087 58.09 16735 27.1 m 118 31 0.05
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RESULTS

Calibration among the authors who reviewed
the articles included in the study was
excellent in all cases. The search yielded 2,917
articles distributed across PubMed (1,086),
Scopus (1,240), and WOS (559). An additional
32 articles were retrieved from Research
Rabbit (Figure 1).

After removing duplicates and excluding ar-
ticles that did not meet the inclusion criteria,
272 reports were evaluated for eligibility. Out
of these, 149 articles were excluded because
they did not define the number of root canals
per tooth, 8 were not available in full text, 18
were not relevant to the research topic, and
4 were excluded due to being other types of
articles as per the exclusion criteria (Figure 1).
After screening, 93 reports were included in
this study and are listed in Table 1.

These articles provided information on 95
sample records of molars from various coun-
tries, where the number of canals per tooth
could be determined. This was because
the studies by Martins et al.,” and Peiris et
al.,’® examined populations from different
countries.

Only one study was written in Spanish,
while the remaining studies were published
in English. The Journal of Endodontics was
the most frequently represented journal,
accounting for 19.35% of the reports. There
were no significant trends in terms of author
frequency (Table 1). Sensitivity analysis of the
studies was deemed unnecessary, as only
10.75% of the studies were classified as ha-
ving low measurement quality. Articles from
1971 to 2023 were included in the review.
The year 2022 had the highest number of

ISSN Print 0719-2460 - ISSN en linea 0719-2479

publications, with 12 articles, followed by
2020 with 9 articles. Both 2021 and 2023
had 8 articles each (Table 1 and Figure 2).

Data were extracted from 60,402 molars
across all dental groups (Figure 3). China
had the highest representation, contribu-
ting 23.88% of the total molars. This was fo-
llowed by Saudi Arabia, South Korea, India,
and lIran, contributing 7.94%, 7.37%, 7.21%,
and 7.03%, respectively. On the other end of
the spectrum, Ireland had the lowest contri-
bution with only three molars. Poland, Li-
thuania, and New Zealand followed, with
contributions of 0.13%, 0.10%, and 0.03%,
respectively (Table 2).

Upper first molars were the most repre-
sented dental group, comprising 33.18%
of the total data. Upper and lower third
molars had the lowest representation,
at 1.77% and 2.02%, respectively (Table 2
and Figure 4). Among upper first molars,
China contributed the most (30.21%), whi-
le Ireland contributed the least (0.01%)
(Table 2 and Figure 4). Upper second mo-
lars accounted for 28.58% of the total,
with China contributing 30.01% and Japan
the least at 0.31% (Table 2 and Figure 4).
For upper third molars, data came from Jor-
dan (63.64%), the U.S. (15.70%), India (9.35%),
Poland (7.29%), and China (4.02%) (Table 2
and Figure 4).

Lower first molars represented 17.49% of the
data, with South Korea contributing the most
(18.36%) and Lithuania the least (0.59%) (Table
2 and Figure 4). Lower second molars made up
16.96% of the sample, with China having the
highest contribution (18.96%) and Thailand
the lowest (0.59%) (Table 2 and Figure 4). For
lower third molars, data were from Jordan
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(58.16%), Pakistan (15.83%), Thailand (14.19%),
and the U.S. (11.81%) (Table 2 and Figure 4).

Data from the studies indicate that on the
African continent, the first and second upper
molars typically have three root canals
(45.62% and 41.31%, respectively), as do the
first and second lower molars (59.79% and
67.55%). No data were reported for upper
and lower third molars (Table 3). In America,
56.66% of upper first molars have four root
canals. Other molars mainly have three root
canals: 53.12% in the second upper molar,
60.12% in the third upper molar, 60.11% in the
first lower molar, 67.55% in the second lower
molar, and 57.64% in the third lower molar
(Table 3). In Asia, most molars have three
root canals: 54.69% in the first upper molar,
58.24% in the second upper molar, 51.09% in
the upper third molar, 62.45% in the lower
first molar, and 65.58% in the lower second
molar. Lower third molars predominantly
have three root canals, though 42.88% have
two (Table 3). In Europe, all molars typically
have three root canals, except for lower third
molars, which lack data. Prevalence rates are
61.82% for the first upper molar, 55.22% for
the second upper molar, 53.85% for the upper
third molar, 81.21% for the lower first molar,
and 56.38% for the lower second molar (Table
3). In Oceania, 65% of upper first molars have
six root canals, based on the study data
(Table 3).

DISCUSSION

These findings hold profound implications for
both the educational landscape of dentistry
and the global practice of clinical endo-
dontics. In dental education, the variability
in root canal morphology highlighted by this
research underscores the need to em-phasize
adaptability and critical thinking in curriculum

140

design. Dental students must be trained not
only in standard anatomical norms but also in
recognizing and managing deviations that may
arise due to genetic, ethnic, or geographical
factors. Furthermore, this variability calls
for the incorporation of advanced imaging
techniques, such as cone-beam computed
tomography (CBCT), into routine diagnostics
as a core component of training programs.

Clinically, the diversity in root canal configu-
rations stresses the importance of tailored
treatment strategies that account for patient-
specific anatomical nuances. On a global
scale, this variability suggests the need for
regio-nally adapted clinical guidelines and a
more inclusive database of anatomical studies
that reflects the diversity of patient popula-
tions worldwide. Bridging the gap between
research findings and practical applications,
the field can achieve improved treatment
outcomes and a deeper understanding of the
evolutionary and cultural influences shaping
dental anatomy.

Study sensitivity analysis is a procedure that
helps researchers gauge the effectiveness of
theresultsand guidereadersontheaccuracy of
the information collected. In a study by Franka
Marusic et al.'® they report that only 52% of
the articles reported on quality thresholds
for sensitivity analysis. In contrast, Ho et
al.'% reported that only 0.9% of the articles
evaluated had high methodological quality.
These findings emphasize the importance of
conducting rigorous evaluations of the quality
of systematic review reports to ensure the
reliability of the extracted data. In our study,
a small group of included articles received
a low sensitivity and accuracy evaluation,
corresponding to articles published at a time
when high-fidelity imaging equipment such
as tomographs did not yet exist. The present
research, within its limitations, provides
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evidence to support the reliability of the
findings from the included studies. Ethnicity
reveals significant anatomical variations in
the teeth, as evidenced by the findings of
several investigations. There is relevant vari-
ability in the number of root and root canal
configurations dating from different historical
periods, suggesting that genetics influences
morphological diversity?'°6

In addition, odontometric analyses have
shown that East and Southeast Asians share
dental similarities with sub-Saharan Africans,
which places them at the center of a wide
range of dental characteristics® On the
other hand, research on African-American
populations has shown the impact of mixing,
derivation, and localized gene flow on dental
morphology, which demonstrates the com-
plex relationship of sociohistorical factors
when studying anatomical characteristics.108
All these studies highlight the intricate cor-
respondence between ethnic origins and
dental anatomical variations and shed light
on the diverse patterns observed in diffe-
rent population groups around the world.”®
This background derives the complexity of
establishing anatomical patterns by consi-
dering populations of different continents,
although a general view is helpful in visuali-
zing an overview of these times.

Latin Americans show intermediate frequen-
cies of dental features compared to those of
Native Americans, Europeans and Africans™®
This is due to the mass exodus from the
European and African continents centuries
ago, which evidently had a direct impact on
the anatomical characteristics of today's
inhabitants. In the present study, the American
population had divergent characteristics with
the European and African populations™ in
terms of the maxillary first molar, but homo-
geneous samples were not recovered from
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these last two continents, as in the case of
the Asian continent. The rest of the molar
groups had similar typologies, although the
study by Delgado et al,M shows that dental
characteristics provide a low predictive power
of individual genetic ancestry. These findings
underscore the importance of taking ethni-
city into account when assessing anatomical
variations in the permanent molar canals.

Naseri et al,™ analyzed studies from Iran
and stated that although most maxillary
first molars have three roots, the studies
included in this research demonstrated a
high frequency of two or more ducts in the
mesiobuccal root. In the current study, the
results concurred in a similar manner, and
although the first maxillary molars with
three canals prevailed, the second highest
prevalence found in the studies was that of
molars with four root canals. These results
indicate that the variability between three
and four canals in clinical practice can be
frequently found according to geographical
context or globally. This was demonstrated by
a systematic review by Barbhai et al,™ who
found that 68.2% of the first maxillary molars
had a second mesiobuccal canal.

A systematic review by Valencia de Pablo et
al, ™ attempted to analyze the published
literature related to root anatomy and confi-
guration of the root canal system of the
mandibular permanent first molar. In relation
to the number of canals in this dental group,
they determined that of 18 studies that
included 4745 teeth, 61.3% had three canals,
35.7% 4 canals and about 1% had five canals.
These results are almost identical to those
obtained in the present study, and it is worth
noting that they included reports with the same
geographical diversity as this study. Valencia de
Pablo et al.,"™ suggest that the number of roots
of the mandibular first molar is directly related
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to the ethnicity of the population studied.
The presence of a third root is more common
in the Native American, Eskimos, and Chinese
populations, suggesting a genetic component.
Another systematic review by AL-Rammahi
et al,”™ observed the presence of a medial
mesial canal in some studies, with a variable
prevalence, which implies that the alterations
of the normal anatomy of the mandibular first
molar conform more to an anatomical pattern
of three canals, as classically expressed in the
academic literature. In addition, in distal roots,
the study found a conduit that corresponded to
the most common configuration. These results
coincide with the prevalence of mandibular
first molars in the three canals in the present
study, although it is essential to consider the
anatomical variability of this molar group to
obtain successful endodontic treatment.

Although the research by Mashyakhy et al. "¢
was exclusive to studies that included man-
dibular teeth from Saudi Arabian populations,
it was found that the first mandibular molars
had three and four canals with a higher
prevalence (58.7% and 40.6%, respectively). In
the present study, the results were convergent
with those of Mashyakhy et al.”™® even when
these characteristics were specified in the
continent to which that nation belongs.

In the study by Joshi et al,™ the mandibular
second molars had three roots. In their
systematic review, most mesial roots had two
canals (70.4%) and most distal roots had a
single canal (77%). Mashyakhy et al."® found
similar results in their systematic review
research exclusively for population studies in
Saudi Arabia.

The present research had similar global and
individual results for each continent on the
prevalence of mandibular second molars with
three canals, although in all the studies that
studied this molar group there were cases of
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teeth that had two canals with a not so low
prevalence. This fact warns that the anatomy
of the root canals in the second molars of the
mandible is variable and complex.

Limited research on the root and root canal
morphology of third molars faces important
implications for dental practice and the
understanding of craniofacial morphology.
Studies have shown that third molars have
an unpredictable anatomy, with new canal
configurations that had not been previously
described in the literature, which highlights
the need for further research* In addition,
craniofacial morphology has been related to
the impaction of the third molars™ and their
agenesis™ which exposes the importance of
taking into account other facial parameters in
treatment decisions.

The study by Morita et al,"® encourages under-
standing the metameric variation in human
molars through a detailed morphological analysis
that can provide information on the evolution and
development of teeth. Perhaps applied to this
dental group it can allow a better understanding
of its dental morphology and its evolutionary
implications. The findings of this study suggest
that the internal anatomy of permanent molars,
particularly the number of root canals, presents
significant variations globally. These variations
have important implications in clinical practice,
as they can influence endodontic treatment
planning, the likelihood of treatment success,
and the management of complications. More
research is needed to understand the causes
of these variations and develop more precise
treatment strategies for different populations.

One of the limitations of this study is the
uneven distribution of data across continents,
despite a sufficiently large sample size to
generalize the findings. There was a notable
lack of studies from North America, Africa, and
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Europe, leading to a lack of homogeneity in
the dataset. However, the study successfully
identified patterns in the number of root
canals for each molar group across the
represented geographical regions.

Future research directions in this area should
focus on systematizing the collection of new,
comprehensive studies to further analyze the
total anatomical variations of root canals in
posteriorteeth. There is a need for studies that
map out clinically relevant characteristics of
root canal anatomy, which will be valuable for
clinicians performing endodontic treatments.

CONCLUSION

This study identifies significant geographi-
cal variations in root canal anatomy of
permanent molars, revealing distinct pat-
terns across regions.
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- In Africa, first and second upper and lower
molars predominantly have three root
canals.

- In America, upper first molars frequently
have four canals.

- In Asia, most molars have three canals,
with lower third molars often having two or
three.

- In Europe, upper and lower molars ge-
nerally have three canals, except lower
third molars.

- In Oceania, upper first molars often have
six canals.

Despite some data limitations, these fin-
dings demonstrate the need for more
standardized, comprehensive research
to enhance clinical practices and global
understanding of molar anatomy.
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