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Objectives: This study performed a systematic review of anatomy prevalence studies using 

cone-beam computed tomography to comprehend the root and root canal configuration 

types in Brazilian sub-populations.

Methods: This systematic review followed PRISMA’s statements. Four electronic databases 

(PubMed, ScienceDirect, Lilacs, and Cochrane Collaboration) were accessed using MeSH ter-

ms and free-text keywords. The studies were selected according to predefined criteria. Re-

ferences of the collected studies, three peer-reviewed endodontic journals, and two peer-re-

viewed evidence-based dentistry journals were hand searched. The authors were contacted 

for additional information, if necessary. Eligible studies were submitted to a scientific merit 

assessment by two evaluators independently, who reached a final consensus for each study 

score using the Joanna Briggs Institute Critical Appraisal tool for prevalence studies.

Results: A total of 2266 studies were identified. After analysis, 20 full-text articles were ac-

cessed for eligibility and 17 were included for qualitative synthesis. A high prevalence of 

mandibular incisors presenting two root canals was noted (~35.0% – 40.0). Moreover, a high 

proportion of two-rooted (17.0% – 28.4%) and two root canals (50.1% – 75.0%) morphologies 

were identified in maxillary second premolars. A wide range and a high percentage of a 

second mesiobuccal canal were detected for both maxillary first (37.1% – 88.5%) and second 

molars (21.8% – 83.4%). A second root canal prevalence ranging from 12.4% to 23.4% was 

observed in the distal root of mandibular first molars.
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r e s u m o

Prevalência da configuração do sistema de canais radiculares  
na população brasileira analisada por tomografia computorizada  
de feixe cónico – revisão sistemática

Palavras-chave:

Brasil

Tomografia computadorizada  

de feixe cônico

Prevalência

Tratamento dos canais radiculares

Revisão sistemática

Objetivos: Este estudo realizou uma revisão sistemática de estudos de prevalência da ana-

tomia analisados por tomografia computadorizada de feixe cônico no intuito de compreen-

der os tipos de configuração da raiz e do canal radicular em subpopulações brasileiras.

Métodos: Esta revisão sistemática seguiu os princípios da PRISMA. Quatro bases de dados 

eletrônicas (PubMed, ScienceDirect, Lilacs e Cochrane Collaboration) foram acessadas utilizan-

do-se termos MeSH e palavras-chave de termos livre. Os estudos foram selecionados de 

acordo com critérios pré-definidos. Referências dos estudos coletados, 3 jornais endodôn-

ticos com revisão em pares e 2 jornais odontológicos com revisão em pares baseados em 

evidência científica foram manualmente pesquisados. Os autores foram contatados para 

informações adicionais, se necessário. Os estudos elegíveis foram submetidos a uma ava-

liação de mérito científico independentemente por 2 avaliadores, os quais também alcan-

çaram um consenso para o escore de cada estudo utilizando-se a ferramenta Joanna Briggs 

Institute Critical Appraisal para estudos de prevalência.

Resultados: Um total de 2.266 estudos foram identificados. Após análise, 20 artigos de 

periódicos em textos completos foram avaliados para elegibilidade e 17 foram incluídos 

para síntese quantitativa. Uma alta prevalência de incisivos inferiores apresentando dois 

canais radiculares foi observada (~35.0% – 40.0%). Além disso, uma alta proporção de 

segundos pré-molares superiores apresentando morfologia bi-radicular (17.0% – 28.4%) 

e dois canais radiculares (50.1% – 75.0%) foi identificada. Uma elevada variação e alta 

prevalência de segundo canal mésio-vestibular foram detectadas para ambos primeiros 

(37.1% – 88.5%) e segundos (21.8% – 83.4%) molares. Uma prevalência de segundo canal 

radicular variando entre 12.4% a 23.4% foi observada na raiz distal de primeiros molares 

inferiores.

Conclusões: Em conclusão, diferentes subpopulações brasileiras podem apresentar diferen-

tes características em relação a configuração da raiz e do canal radicular. Os clínicos devem 

estar cientes destas variações para adequado planejamento do tratamento endodôntico.  

(Rev Port Estomatol Med Dent Cir Maxilofac. 2021;62(2):69-80)

© 2021 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Published by SPEMD. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Knowledge of the most common root canal system configura-
tion and its possible variations is fundamental for a proper clin-
ical evaluation and good treatment planning. The root canal 
system morphology may be complex, and being able to correct-
ly identify the tooth anatomy increases the success rate for per-
forming an adequate root canal disinfection and filling, which 
may ultimately improve the root canal treatment outcomes.1,2

Cone-beam computed tomography (CBCT) imaging rep-
resents a valuable method for the clinical assessment of the 
root canal configuration. It allows for an analysis of the ana-
tomical details with reliable image resolution and, due to its 
three-dimensional nature, offers the possibility to evaluate an 
individual tooth in multiple views.3,4 Currently, many CBCT 
prevalence studies analyzing the root canal anatomy in differ-
ent countries are available in the literature due to the world-
wide spread of this technology.5,6

Conclusions: In conclusion, different Brazilian sub-populations may present divergent cha-

racteristics regarding the root and root canal configurations. Clinicians should be aware of 

these variations for proper planning of endodontic treatment. (Rev Port Estomatol Med Dent 

Cir Maxilofac. 2021;62(2):69-80﻿)

© 2021 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Publicado por SPEMD. Este é um artigo Open Access sob uma licença CC BY-NC-ND 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

70 rev port estomatol med dent cir maxilofac. 2021;62(2) :69-80

http://creativecommons.org/licenses/by-nc-nd/4.0/


The root canal system anatomy may vary according to 
the patient’s ethnicity and geographic origin.5,7-9 For in-
stance, compared to other populations, the Asians present 
a substantially lower prevalence of the second mesiobuccal 
canal (MB2) in maxillary molars and higher proportions of 
three-rooted morphologies and single-rooted configurations 
in mandibular first molars and second molars, respectively.5 
In European populations, higher percentages of maxillary 
first premolars presenting two roots were noted.5 Moreover, 
mandibular second molar’s C-shaped morphologies have 
been reported in higher proportions in East Asian countries 
(39.6%), while lower percentage were noted in Europe (8.9%), 
Africa (9.2%), Latin America (9.7%), West Asia (9.9%), and 
North America (11.3%).9

Most of the available literature regarding the prevalence of 
different root canal system configurations is based on studies 
addressing one single sub-population from a specific country 
or geographic region, not allowing for an ethnicity association 
analysis. This lack of information for possible ethnic group’s 
anatomy variations is a matter of concern since it could be 
useful in endodontic therapy to help the clinician anticipate 
possible ethnic morphologic variations, thus avoiding poten-
tial complications.

Brazil is considered a country with strong ethnic diver-
sity. It has one of the most heterogeneous populations in 
the world due to the coexistence of multiple ethnicities with 
a genetic inheritance deriving from the four main continen-
tal groups (Europeans, Africans, Asians, and Native Ameri-
cans).10 The root and root canal anatomy among the differ-
ent Brazilian sub-population groups has never been fully 
assessed, and related literature is lacking compared to oth-
er populations such as Asians and Caucasoids.7,11-13 Conse-
quently, as no attempt to gather previous results has been 
performed, the current knowledge about dental morphology 
in the Brazilian population is based on those individual 
studies with disperse data from the several sub-population 
groups. Within this background, this systematic review 
aimed to evaluate CBCT prevalence studies in order to com-
prehend the root and root canal configuration types in the 
Brazilian population.

Material and Methods

The present systematic review’s methodology has been regis-
tered in the International Prospective Register of Ongoing 
Systematic Reviews (PROSPERO) (CRD42019141229) and fol-
lowed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines.14 The review question consid-
ered the Condition, Context, and Population format (CoCo-
Pop) for prevalence studies’ reviews,15 and stated: “What are 
the prevalence of Vertucci’s canal configuration types and the 
number of roots in each tooth groups in Brazilian human pa-
tients submitted to CBCT examinations?”

A systematic literature search was conducted in PubMed, 
ScienceDirect, Lilacs, and Cochrane Collaboration to identify 
all relevant cross-sectional studies (prevalence studies) on root 
and root canal anatomy using CBCT assessment. The terms 
used in each electronic database are summarized in Table 1. 
The full reference list of all relevant studies identified in the 
four electronic databases was hand searched. Moreover, three 
peer-reviewed endodontic journals (Journal of Endodontics, 
International Endodontic Journal, and Australian Endodontic 
Journal) and two peer-reviewed evidence-based dentistry jour-
nals (Evidence-Based Dentistry and Journal of Evidence-Based 
Dental Practice) were also investigated. Attempts were made 
to contact the authors of previous studies via email to gather 
additional information on scientific articles, gray literature, or 
any ongoing project that could be promptly accessed.

The final study selection followed a two-stage assessment. 
In the first stage, study titles and abstracts were assessed and, 
considering pre-established inclusion/exclusion criteria (Table 
2), labeled as ‘relevant’ or ‘irrelevant.’ In the second stage, the 
relevant studies’ full text was analyzed, and they were re-la-
beled according to the same criteria. The final pool of selected 
studies included the ones that overcame these two assess-
ment stages after being identified in the electronic databases 
or by the manual search or being supplied by the authors.

In order to assess the studies’ scientific merit, two evalua-
tors (JM and DM) critically appraised the final pool of studies’ 
full texts independently, using the Joanna Briggs Institute (JBI) 
Critical Appraisal tool for systematic reviews of prevalence 

Table 1. Terms used in each electronic database

Database Terms used Filters

Pubmed

(“cbct”[all fields] OR “cone-beam computed tomography”[all fields] OR “cone beam 
computed tomography”[all fields] OR “cone beam computed tomography”[MeSH 
Terms]) AND (“tooth”[all fields] OR “tooth”[MeSH Terms] OR “root canal”[all fields] OR 
“root canal”[MeSH Terms] OR “anterior”[all fields] OR “premolar”[all fields] OR 
“premolar”[MeSH Terms] OR “molar”[all fields] OR “molar”[MeSH Terms]) AND 
(“anatomy”[all fields] OR “anatomy”[MeSH Terms] OR “morphology”[all fields] OR 
“morphology”[MeSH Terms] OR “configuration”[all fields])

N/F

ScienceDirect “CBCT” AND “tooth” AND “morphology”
Article type: “Research 

Articles” and “Short 
Communications”

Lilacs
((Cone Beam Computed Tomography) OR (CBCT)) AND ((tooth) OR (anterior) OR 
(premolar) OR (molar)) AND ((anatomy) OR (morphology))

N/F

Cochrane Collaboration “Endodontics” N/F

N/F: No filter
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studies. The assessment discrepancies between evaluators were 
debated until mutual accordance was reached. Cohen’s kappa 
value was calculated to determine the inter-rater reliability be-
tween both evaluators (Table 3). A value above 0.61 was consid-
ered a good agreement. Each study’s risk of bias (RoB) was cat-
egorized according to the final JBI scores, as follows: ‘high’ RoB 
for scores equal or lower than 49%, ‘moderate’ for scores be-
tween 50% and 69%, and ‘low’ for scores higher than 70%.16,17

No language restrictions were applied. The literature 
search was conducted between May and August 2018, updated 
on October 2019, and considered all available studies between 
January 1990 and September 2019.

Results

Twenty relevant studies were identified following the search 
strategy: nineteen provided by the electronic databases, and 
one identified manually. Ten authors were contacted by email 
with four replies (40.0% return rate), but no more studies were 
added. Of the twenty studies submitted to full-text assess-
ment, three were excluded18-20 (Table 4), and seventeen, with 
a global average JBI score of 51.3%, were pooled in the present 
review.7,10-13,21-33 Eight studies were classified with a high RoB, 
four with a moderate RoB, and the remaining five with a low 
RoB. According to the JBI levels of evidence, the present sys-
tematic review could be categorized as Level 4a (systematic 
review of descriptive studies). The PRISMA flowchart can be 
assessed in Figure 1.

The final group of studies reported data from at least 4086 
patients (one study did not state the number of patients).25 At 
least 1518 females and 1860 males were screened (seven stud-
ies did not report gender),7,13,21,22,25,27,29 and the average age 
was 43.3 years (ranging from 31.4 to 49.4 years), based on the 
seven studies that reported it.7,23,24,26,27,30,33 The final data re-
garded 9745 teeth: 1800 anterior, 1780 premolars, and 6165 
molars. The seventeen studies selected in the present review 
included information from eight Brazillian states (Ceará, Goiás, 
Paraná, Piauí, Rio de Janeiro, Rio Grande do Sul, Santa Catarina, 
São Paulo) (Figure 2) and were published in two different lan-
guages (English [n=15] and Portuguese [n=2]).

The CBCT settings, patient demographics, and results re-
garding the prevalence of root and root canal system configu-
rations for all groups of teeth are summarized in Tables 5, 6, 
and 7. Anterior teeth were almost entirely single-rooted, ex-
cept for mandibular canines, whose percentage of two roots 
was as high as 3.0%. Maxillary anterior teeth generally present-

Table 2. Inclusion and exclusion criteria

Code Inclusion

IA Evaluation under CBCT

IB In-vivo study

IC Human study

ID Studies from January 1990a to August 2018

IE Sample size (teeth) is given

IF1*
IF2*
IF3*

Reports the root canal classification (Vertucci or Weine)
Reports the number of root canals
Reports the number of roots

IG Includes an analysis by tooth groups

IH Brazil as country of origin 

Code Exclusion

EA Review studies

EB Case report

EC Sample has been partially analyzed in other included 
study

ED Endodontic-treated teeth

EE Third molar

EF Deciduous dentition

* Present, at least, one of the inclusion codes
a Decade of CBCT introduction

Table 3. Questions of the Joanna Briggs Institute (JBI) Critical Appraisal tool for systematic reviews of prevalence studies

# JBI Question
Cohen’s kappa inter-rater 

reliability between evaluators

1 Was the sample frame appropriate to address the target population? 0.746

2 Were study participants recruited in an appropriate way? 0.738

3 Was the sample size adequate? 0.818

4 Were the study subjects and setting described in detail? 0.714

5 Was data analysis conducted with sufficient coverage of the identified sample? Not applicable

6 Were valid methods used for the identification of the condition? *

7 Was the condition measured in a standard, reliable way for all participants? 0.818

8 Was there appropriate statistical analysis? 1.000

9 Was the response rate adequate, and if not, was the low response rate managed appropriately? Not applicable

* No statistics were calculated because Observer B’s values were constant
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ed one single main canal, while mandibular incisors were as-
sociated with a high prevalence of a second root canal, repre-
senting a proportion of around 35.0% and 40.0% for the central 
and lateral incisors, respectively. The Vertucci’s Type III (1-2-1) 
was the most common two-canal variation for mandibular 
incisors. A high inconsistent (within sub-region) prevalence of 
the two-rooted configuration (between 17.0% in the Midwest 
region and 28.4% in the Southeast region) and two root canals 
(from 50.1% in the Southeast region to 75.0% in the Midwest 
region) was noted in maxillary second premolars. The man-
dibular premolars’ most common anatomy was one root with 
a single root canal, even though the first mandibular premolar 
presented 30.0% of cases with at least two root canals.

Maxillary molars showed mostly a three-rooted configura-
tion (between 96.2% and 100% of cases) with a high proportion 

of MB2 ranging from 37.1% to 88.5% and 21.8% to 83.4% for the 
first and second maxillary molars, respectively, depending on 
the sub-population. The most common Vertucci’s classifica-
tions in the maxillary first molars’ mesiobuccal root were Type 
I and II, followed by Type IV. Distobuccal and palatal roots gen-
erally presented a single root canal. Maxillary second molars 
also showed a considerable number of single (between 1.9% 
and 7.9%) and two-rooted (between 6.8% in the Southeast re-
gion and 29.0% in the Midwest region) configurations. Regard-
ing the mandibular teeth, the two-root configuration was the 
most common for both first (between 95.0% and 98.5%) and 
second (between 86.7% and 91.0%) molars. However, the man-
dibular second molar also showed a high percentage of sin-
gle-rooted teeth (between 7.0% and 9.7%). The mandibular 
molars’ mesial root presented mostly two root canals, mainly 

Table 4. List of the studies excluded from the review

Study Inclusion factor absent (code) Excluded data Reason

Ladeira et al. 201418 IF All The studied morphology is not addressed

Caputo et al. 201619 EC All Sample analyzed in another larger sample study (Caputo, 2014)24

Azevedo et al. 201920 IF All The studied morphology is not addressed

Figure 1. Flowchart of the literature search and the selection process of studies 
according to PRISMA statements for qualitative synthesis.
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as Vertucci’s Types II and IV. Mandibular first molars presented 
a high prevalence of a second canal in the distal root (between 
12.4% and 23.4%), mainly as Vertucci’s classification Type III, 
followed by Type II.

Discussion

Populations with different demographic origins may express 
variations in their dental morphology.7,33 The present study 
performed a systematic review aimed to analyze the root and 
root canal configuration of the heterogeneous Brazilian popu-
lation, based on the available anatomy prevalence studies us-
ing CBCT performed on different Brazilian sub-populations. 
The results identified similarities as well as differences be-
tween the analyzed sub-populations.

The CBCT was chosen as the assessment tool for the pres-
ent study because it provides an accurate three-dimensional 
imaging analysis of each tooth’s external and internal dental 
anatomy. Moreover, it estimates the collected data with the 
clinical setting findings since it is used for both endodontic 
diagnosis and treatment.6 CBCT has demonstrated to be a re-
liable resource for the analysis of root canal configuration 
prevalence and is currently considered the most reliable clin-
ical approach to estimate the proportion of individuals pre-
senting with a specific dental morphology.5,34 Furthermore, 
regarding epidemiological studies’ methodologies, CBCT can 
perform non-destructive analysis of the patients’ full denti-

tion, consecutively collected in a specific sub-population,5,6 
allowing the collection on large sample sizes with a reduced 
sampling bias. However, the risks and benefits of using CBCT 
should always be considered. The focus of interest – the root 
canal anatomy of teeth – must include a smaller field of view 
(FOV) to ensure increased resolution for anatomical details 
and reduced radiation exposure.4 Also, the ALARA principles 
(As Low As Reasonably Achievable) must always be considered 
before image diagnosing exams.4

After the qualitative synthesis of the included studies, a 
tendency for single root and single root canal configurations 
was observed for maxillary anterior teeth. This finding agrees 
with previous clinical CBCT studies assessing different 
sub-populations from diverse origins or different ethnic back-
grounds.5,8,27,32,35,36 Moreover, it is in agreement with ex-vivo 
studies within the Brazilian population.37,38

Regarding the mandibular anterior teeth, a high prevalence 
of a second root canal was noted, which corroborates previous 
literature assessing non-Asian countries,5,8,39,40 while Chinese 
tend to present lower percentages.8,41-43 However, it should be 
noted that two Brazilian sub-populations (from Goiás and São 
Paulo) in the present study showed percentages higher than 
those reported by previous studies in sub-populations from oth-
er regions.5 The present study reported a second root canal pro-
portion of around 35.0% and 40.0% for the central and lateral 
incisors, respectively, while in the mandibular canines it ranged 
between 9.5%32 and 22.0%.27 Considering that most of these 
mandibular anterior teeth’ root canal systems were classified 

Figure 2. Representative image of the included studies according to tooth group and Brazilian sub-populations analyzed.
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as Vertucci’s Type III or V, the complexity of detecting an addi-
tional canal in a narrow root and a single canal entrance should 
be highlighted. In this sense, the use of a dental operative mi-
croscope to identify extra root canals should be considered, 
although this equipment might present limitations when as-
sessing the internal morphology of mandibular incisors with 
two canals.44 In these cases, imaging evaluation could be more 
useful, especially when performing an adequate double-angu-
lation periapical radiography technique or a tomography exam-
ination.45 Therefore, knowledge of anatomy, adequate equip-
ment use, and clinical awareness is critical for the proper 
endodontic treatment of mandibular anterior teeth, especially 

in population groups with higher chances of presenting a sec-
ond root canal, such as the Brazilian or the Israeli populations.46

Regarding the premolars’ anatomy in the Brazilian popula-
tion, the mandibular premolars presented a less complex mor-
phology with fewer roots and root canals than the maxillary 
premolars. Moreover, except for the maxillary first premolar, 
all other premolars groups were mostly single-rooted teeth. 
The high percentages of the two-rooted configuration in max-
illary first premolars observed in the present study for Brazilian 
sub-populations, ranging between 53.8%24 and 80.2%29, agree 
with results from European populations (ranging from 49.2%8 
to 62.4%47), being higher when compared to Asian countries 

Table 5. Root and root canal system configuration of anterior teeth and premolars

Author State
CBCT 
device

Voxel 
size

Number 
of 

Subjects

Males/
Females

Average 
age 

(years)

Number 
of Teeth

Number of roots (%) Vertucci’s Classification (%)
Number of 

Root Canals 
(%) (rc)*

RoB

MAXILLARY ANTERIOR TEETH

Maxillary central incisor 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 100 – – – – – – – – – High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 98.0 1.0 – – 1.0 – – – – – Moderate

Maxillary lateral incisor 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 100 – – – – – – – – – High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 96.0 3.5 0.5 – – – – – – – Moderate

Maxillary canine 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 97.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 3.0 High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 100 – – – – – – – – – Moderate

MANDIBULAR ANTERIOR TEETH

Mandibular central incisor 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 65.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 35.0 High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 64.5 – 18.0 – 14.5 0.5 2.5 – – – Moderate

Mandibular lateral incisor 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 58.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 42.0 High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 60.5 0.5 25.5 – 12.0 – 1.5 – – – Moderate

Mandibular canine 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 97.0 3.0 – – 78.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 22.0 High

Da Silva et al., 201632 São Paulo i-Cat 200µ 432 211 / 221 n/a 200 n/a n/a n/a n/a 90.5 1.0 4.0 2.5 2.0 – – – – – Moderate

MAXILLARY PREMOLARS

Maxillary first premolar 1 2 3 4 I II III IV V VI VII VIII Other

Caputo, 201424 São Paulo Gendex 200µ 264 120 / 144 48.9 381 45.9 53.8 0.3 – 54.9 11.6 17.8 4.2 11.3 0.2 – – – – Low

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 32.0 66.0 2.0 – 6.0 n/a n/a n/a n/a n/a n/a n/a n/a 2: 88.0; 3: 6.0 High

Lima et al., 201929 Rio de Janeiro i-Cat n/a 268 n/a n/a 496 18.2 80.2 1.6 – 6.5 7.7 0.6 82.2 0.8 0.6 – 1.6 – – High

Maxillary second premolar 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 83.0 17.0 – – 25.0 n/a n/a n/a n/a n/a n/a n/a n/a 2:73.0; 3:2.0 High

Lima et al., 201929 Rio de Janeiro i-Cat n/a 268 n/a n/a 503 71.2 28.4 0.4 – 49.9 9.3 2.2 32.6 20.0 0.8 0.8 0.4 – – High

MANDIBULAR PREMOLARS

Mandibular first premolar 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 99.0 1.0 – – 70.0 n/a n/a n/a n/a n/a n/a n/a n/a 2: 29.0; 3: 1.0 High

Mandibular second premolar 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 201527 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 100 – – – 97.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 3.0 High

n/a, not available; RoB, Risk of Bias; CBCT, Cone Beam computed tomography; * If no Vertucci’s classification was provided
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(from 16.8%8 to 30.1%48). It was also observed that maxillary 
first premolars presented a two-rooted configuration in 80.2% 
of the Southeast region of Brazil’s sample (Rio de Janeiro)29 
compared to 66.0% in the Midwest of Brazil’s sample (Goiás).27 

This may demonstrate a regional anatomic behavior within 
Brazil regions. Nevertheless, further studies are necessary to 
confirm this tendency. It would be interesting to assess the 
Northwestern states of the country, such as Acre, Amazonas, 

Table 6. Root and root canal system configuration on maxillary molars

Author State
CBCT 
device

Voxel 
size

Number of 
Subjects

Males/
Females

Average 
age 

(years)

Number 
of Teeth

Number of roots (%) Vertucci’s Classification (%)a
Number of 

Root Canals 
(%) (rc)*a

RoB

MAXILLARY FIRST MOLAR

Mesiobuccal root 1 2 3 4 I II III IV V VI VII VIII Other

Abuabara et al., 2008b 21 Santa Catarina i-Cat 200µ 37 n/a n/a 50 – – 98.0 2.0 n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Abuabara et al., 2013b 22 Paraná i-Cat 120µ 50 n/a n/a 50 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 54.0 High

Gomes Alves et al., 2018b 23 São Paulo PreXion3D 150µ 287 101 / 186 49.4 362 n/a n/a n/a n/a 31.5 38.1 8.0 11.9 0.8 5.5 4.2 – – – Moderate

Baratto Filho et al., 2009b 25 Santa Catarina i-Cat 200µ n/a n/a n/a 54 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 37.1 High

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 700 – 0.6 99.1 0.3 51.1 26.4 4.2 14.7 2.7 0.9 – – – – Low

Caputo, 201424 São Paulo Gendex 200µ 264 120 / 144 48.9 370 n/a n/a n/a n/a 53.5 17.6 7.0 19.2 2.2 – – – 0.5 – Low

Estrela et al., 2015b 27 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 1.0 6.0 93.0 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Falcão et al., 2016b 28 Piauí n/a n/a 80 40 / 40 n/a 80 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 56.3 High

Martins et al., 2018b 33 São Paulo i-Cat 200µ 127 53 / 74 43.3 250 – – 100 – n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 82.4 Low

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 328 – 0.6 99.4 – 35.8 29.1 1.2 29.1 2.5 1.2 1.2 – – – High

Reis et al., 2013b 31 Rio Grande do Sul i-Cat 200µ 100 50 / 50 n/a 158 n/a n/a 99.4 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc:88.5 Low

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 314 – 3.8 96.2 – 55.6 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 44.4 Moderate

Distobuccal root 1 2 3 4 I II III IV V VI VII VIII Other

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 700 – 0.6 99.1 0.3 100 – – – – – – – – – Low

Caputo, 201424 São Paulo Gendex 200µ 264 120 / 144 48.9 366 n/a n/a n/a n/a 92.6 1.4 3.8 1.1 1.1 – – – – – Low

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 328 – 0.6 99.4 – 99.4 0.3 – 0.3 – – – – – – High

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 314 – 3.8 96.2 – 100 – – – – – – – – – Moderate

Palatal root 1 2 3 4 I II III IV V VI VII VIII Other

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 700 – 0.6 99.1 0.3 100 – – – – – – – – – Low

Caputo, 201424 São Paulo Gendex 200µ 264 120 / 144 48.9 366 n/a n/a n/a n/a 100 – – – – – – – – – Low

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 328 – 0.6 99.4 – 99.7 0.3 – – – – – – – – High

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 314 – 3.8 96.2 – 99.3 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 0.7 Moderate

MAXILLARY SECOND MOLAR

Mesiobuccal root 1 2 3 4 I II III IV V VI VII VIII Other

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 801 1.9 9.7 87.3 1.1 78.2 11.9 2.3 6.0 1.4 0.1 – 0.1 – – Low

Estrela et al., 2015b 27 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 2.0 29.0 69.0 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 323 3.1 6.8 90.1 – 66.4 15.4 2.5 13.0 1.0 1.7 – – – – High

Reis et al., 2013b 31 Rio Grande do Sul i-Cat 200µ 100 50 / 50 n/a 185 n/a n/a 94.6 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 83.4 Low

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 306 7.9 12.7 79.4 – 56.8 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 43.2 Moderate

Distobuccal root 1 2 3 4 I II III IV V VI VII VIII Other

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 801 1.9 9.7 87.3 1.1 100 – – – – – – – – – Low

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 323 3.1 6.8 90.1 – 99.7 0.3 – – – – – – – – High

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 306 7.9 12.7 79.4 – 100 – – – – – – – – – Moderate

Palatal root 1 2 3 4 I II III IV V VI VII VIII Other

De Miranda Candeiro et al., 201926 Ceará PreXion3D 125µ 512 184 / 328 44.5 801 1.9 9.7 87.3 1.1 100 – – – – – – – – – Low

Mohara et al., 201930 São Paulo Accuitomo 125µ 510 297 / 213 31.4 323 3.1 6.8 90.1 – 99.7 – – 0.3 – – – – – – High

Silva et al., 201411 São Paulo i-Cat 200µ 294 108 / 186 n/a 306 7.9 12.7 79.4 – 100 – – – – – – – – – Moderate

n/a, not available; RoB, Risk of Bias; CBCT, Cone Beam computed tomography; * If no Vertucci’s classification was provided; a Data regarding maxillary molars with independent roots; b The studies 
presenting data regarding the number of roots and/or mesiobuccal root canal configuration are displayed only in the mesiobuccal root section
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or Rondônia, whose population’s ethnicity is more influenced 
by the original Brazilian natives compared to the Eastern states 
due to not being so exposed to the immigration of the past four 
centuries that brought foreign ethnic groups to Brazil.

As for the maxillary second premolar, higher proportions of 
two-rooted configurations were noted in the Brazilian popula-
tion, ranging from 17.0%27 to 28.4%29, compared to Asian studies, 
which present percentages ranging between 0.8%8 and 13.5%.49 
Moreover, these results in the Brazilian sub-populations are also 
higher than those of European countries such as Portugal (5.3%),8 
Spain (15.5%),50 or Germany (17.0%),47 although not presenting 
such expressive differences as with the Asian populations.

Regarding the maxillary molars, the MB2 canal’s identifi-
cation and clinical management are a great challenge for prac-
titioners, and missing it may lead to unsuccessful endodontic 
treatments.2,51 The present study identified a wide range of 
MB2 canal prevalence for both maxillary first (between 37.1%25 
and 88.5%31) and second molars (between 21.8%26 and 83.4%31). 
Generally, there is a tendency for lower percentages of MB2 
canals in maxillary second molars than in first molars,5,8,52,53 
but that condition was not markedly evident in the present 
review. The proportion of MB2 canals in maxillary molars var-
ies considerably in the worldwide populations,33,52 maybe not 
only due to the method of assessment or the evaluator’s ex-
perience, but also the assessed population’s intrinsic charac-
teristics, which could be influenced by factors such as anthro-
pological origins or demographics. Higher percentages of MB2 
root canals have also been noted in maxillary molars from 
males and younger patients,8 which corroborates a recent 
CBCT study from a Brazilian Northeast sub-population.26

Additionally, the three-rooted configuration of maxillary 
molars has been associated with higher percentages of MB2 

root canals.33 In the present review, the three-rooted morphol-
ogies in the Brazilian sub-populations ranged between 93.0% 
and 100% in first molars and between 69.0% and 94.6% in sec-
ond molars, which is in agreement with studies from other 
geographic regions.5 Thus, this external characteristic might 
not interfere with the Brazilian intrinsic MB2 prevalence. The 
most prevalent Vertucci’s classifications observed in the max-
illary first molars’s mesiobuccal root were Types I and II, fol-
lowed by Type IV. The use of a dental operating microscope and 
ultrasonic tips are highly recommended to effectively address 
this high prevalent MB2 root canal, mainly in cases where its 
orifice opening in the pulp chamber floor is not evident.51,54

As for the mandibular molars in the Brazilian population, 
the two-rooted configuration with two root canals in the mesi-
al root and a single canal in the distal root was the most com-
mon morphology in the present review. The most common root 
canal classifications in the mandibular first molar’s mesial roots 
were Vertucci’s Types II and IV, with the root canal orifice open-
ings generally perceptible in the pulp chamber floor. Caputo,24 
who analyzed a Brazilian sub-population from São Paulo, re-
ported a proportion of mesial canals ending in one single apical 
foramen as high as 54.0%. Not enough data is available regard-
ing the root canal classification for the second molar’s mesial 
root to allow proper analysis. Compared to the mandibular first 
molars, the second molars showed a higher prevalence of sin-
gle-rooted configurations, ranging between 7.0%27 and 9.7%,10 
and three-rooted configurations, ranging from 0.8% 7 to 3.6%.10 
Not much difference was noted between Brazilian sub-regions. 
The low proportion of mandibular molars presenting three 
roots contrasts with the Asian population results, with an extra 
distal root in 32.0% of the cases.48 It should be pointed that, 
although no third root canal in mandibular molars’ mesial roots 

Table 7. Root and root canal system configuration on mandibular molars

Author State
CBCT 
device

Voxel 
size

Number of 
Subjects

Males/
Females

Average 
age 

(years)

Number 
of Teeth

Number of roots (%) Vertucci’s Classification (%)a
Number of 

Root Canals 
(%) (rc)*a

RoB

MANDIBULAR FIRST MOLAR

Mesial root 1 2 3 4 I II III IV V VI VII VIII Other

Caputo, 201424 São Paulo Gendex 200µ 264 120 / 144 48.9 342 – 98.5 1.5 – 0.6 38.5 14.9 40.4 4.1 0.6 – – 0.9 – Low

Estrela et al., 2015b 27 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 2.0 95.0 3.0 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Rodrigues et al., 2016b 13 São Paulo i–Cat 250µ 116 n/a n/a 232 – 98.3 1.7 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Silva et al., 201310 São Paulo i–Cat 200µ 154 70 / 84 n/a 234 3.4 96.6 – – 11.5 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 88.5 Moderate

Distal root 1 2 3 4 I II III IV V VI VII VIII Other

Caputo, 201424 São Paulo Gendex 200µ 198 120 / 144 48.9 342 – 98.5 1.5 – 76.6 6.4 11.1 2.1 3.8 – – – – – Low

Silva et al., 201310 São Paulo i–Cat 200µ 154 70 / 84 n/a 234 3.4 96.6 – – 87.6 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 12.4 Moderate

MANDIBULAR SECOND MOLAR

Mesial root 1 2 3 4 I II III IV V VI VII VIII Other

Estrela et al., 2015b 27 Goiás PreXion3D 100µ 618 224 / 394 43.4 100 7.0 91.0 2.0 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – High

Silva et al., 201310 São Paulo i–Cat 200µ 154 70 / 84 n/a 226 9.7 86.7 3.6 – 36.7 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 63.3 Moderate

von Zuben et al., 2017b 7 São Paulo i–Cat 200µ 237 n/a 42.0 400 8.3 91.0 0.8 – n/a n/a n/a n/a n/a n/a n/a n/a n/a – Low

Distal root 1 2 3 4 I II III IV V VI VII VIII Other

Silva et al., 201310 São Paulo i–Cat 200µ 154 70 / 84 n/a 226 9.7 86.7 3.6 – 99.0 n/a n/a n/a n/a n/a n/a n/a n/a 2rc: 1.0 Moderate

n/a, not available; RoB, Risk of Bias; CBCT, Cone Beam computed tomography; * If no Vertucci’s classification was provided; a Data regarding mandibular molars with independent roots; b The studies 
presenting data regarding the number of roots and/or mesial root canal configuration are displayed only in the mesial root section
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was documented in the present study, this configuration has 
been documented in ex-vivo studies with a Brazilian sam-
ple.55,56 Furthermore, clinicians should be aware of the high 
prevalence of a second root canal in the distal root of mandib-
ular first molars, which may be as high as 23.4%.24

In the present systematic review, all studies that fulfilled 
the inclusion criteria were submitted to a critical appraisal 
regarding their methodology, using the JBI Critical Appraisal 
tool. Depending on the JBI positive answers, each study score 
could range from 0% to 100%. Although no study was excluded, 
independently of its quality assessment score, to avoid losing 
potentially relevant data, this methodology allowed under-
standing the possible RoB of each study and the global RoB 
panorama regarding the pooled studies’ design, methodology, 
and analysis. Considering that eight studies were classified 
with high RoB, four with moderate RoB, and five with low RoB 
with inconsistent results in some of the analyzed outcomes, 
the level of aggregate RoB of the pooled studies may be scored 
as medium with a varying level of consistency, while the 
strength of the evidence might be classified as moderate with 
satisfactory completeness.

One of the present review’s main strengths is the inclusion 
of only studies that evaluated patients in specific regions, ap-
proaching results to the clinical settings. Moreover, the main 
applicability of the review evidence is related to the awareness 
of the root and root canal morphology of the studied popula-
tion and potential differences in their sub-populations, an 
approach that represents the best available efforts to collect 
epidemiological data regarding the tooth morphology of a mul-
ti-ethnic population on its sub-regional locations.

A limitation of many CBCT prevalence studies is making 
no effort to confirm the anthropological origins of the includ-
ed patients. Thus, ethnical and regional features can be mis-
interpreted, mainly in heterogeneous countries such as Brazil, 
Australia, or the United States. One limitation of the present 
review is the absence of information from most of the country 
states and limited data from the ones that have been ad-
dressed, which consequently requires a careful extrapolation 
of the review results to the global population (external validi-
ty). Another study limitation is the low level of evidence (Lev-
el 4a), which is related to the nature of a review focused on 
observational studies.

As a recommendation for future cross-sectional studies on 
tooth anatomy, study design checklists should be used to pro-
vide more reliable data with a reduced RoB. Additionally, con-
sidering that no information is currently available regarding 
possible morphological variations within regions of large 
countries, more studies are required in large-sized and mul-
ti-ethnic countries in order to understand if differences exist 
within its own sub-regional locations that might justify some 
inconsistency of the data.

Conclusions

In conclusion, the Brazilian sub-populations present consist-
ent and inconsistent results regarding the prevalence of root 
and root canal configurations depending on the outcome be-
ing assessed. A higher prevalence of mandibular anterior 

teeth presenting two root canals was observed in the analyz-
ed Brazilian sub-populations. Moreover, a high proportion of 
the two-rooted configuration and two main canals were re-
ported in maxillary second premolars, while the MB2 canal 
presented similar ranges between maxillary first and second 
molars. Further studies on morphological tendencies on re-
gional anatomic variations within Brazil are recommended. 
Clinicians should be aware that possible morphologic varia-
tions might exist between sub-population of large-sized and 
multi-ethnic countries.
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