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Worldwide Assessment of the
Mandibular First Molar Second
Distal Root and Root Canal: A
Cross-sectional Study with
Meta-analysis

ABSTRACT

Introduction: This study assessed the prevalence of radix entomolaris and 2 canals at the
distal aspect of mandibular first molars among different geographic regions bymeans of cone-
beam computed tomographic imaging. Methods: Precalibrated observers from 23
worldwide geographic locations followed a standardized screening protocol to assess 5750
cone-beam computed tomographic images of mandibular first molars (250 per region),
gathering demographic data and recording the presence of radix entomolaris and a second
canal at the distal aspect of teeth. Intra- and interrater reliability tests were conducted and
comparisons among groups were performed using proportions and odds ratio forest plots.
The significance level was set at 5%. Results: The results of intra- and interrater tests were
above 0.79. The prevalence of radix entomolaris varied from 0.9% in Venezuela (95%
confidence interval [CI], 0%–1.9%) to 22.4% in China (95%CI, 17.2%–27.6%). Regarding the
proportion of a second distal canal, it ranged from 16.4% in Venezuela (95% CI, 11.8%–

21.0%) to 60.0% in Egypt (95% CI, 53.9%–66.1%). The East Asia subgroup was associated
with a significantly higher prevalence of an extra distolingual root, whereas the American
subgroup, the American native ethnic group, and elderly patients were linked to significantly
lower percentages of a second canal at the distal aspect of teeth. No significant differences
were noted between male or female patients. Conclusions: The overall worldwide
prevalence rates of radix entomolaris and a second canal at the distal aspect of themandibular
first molar were 5.6% and 36.9%, respectively. The East Asia geographic region and Asian
ethnic group had a higher prevalence of a second distal root. (J Endod 2022;48:223–233.)
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The clinical relevance of knowing the root canal system morphology and being able to identify the most
common configurations and variations has been recognized for years, being 1 of the most important
research topics in endodontics. With the widespread implementation of cone-beam computed
tomographic (CBCT) imaging as an adjunctive diagnostic aid in clinical practice, the evaluation of root
canal configurations has become more precise. This imaging technology has been used in cross-
sectional in vivo studies to evaluate the prevalence of missed canals in endodontically treated teeth1–3.
After screening thousands of CBCT scans, authors identified a high prevalence of missed canals in
molars, most of them associated with apical periodontitis. For example, Karabucak et al3 and Costa et al2

noted missed canals in 19.7% and 18.5% of mandibular first molars, respectively, whereas Baruwa et al1

not only observed missed canals in 11.1% of these teeth (95% of them with periapical lesion) but also
assessed each root and reported a higher frequency of missed canals in the distal root compared with the
mesial ones.

The root canal system of the mandibular first molar is 1 of the most challenging to properly clean
and shape because of its morphologic unpredictability4–6. Notwithstanding, a variety of canal
configurations have been described in this group of teeth6–8; the mesial root has been capturing more
interest over the years because of its more complex and unpredictable anatomy, which includes the
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presence of a danger zone9, isthmuses10,
extra canals, or complex apical
morphologies10,11, whereas the distal root has
been relegated to a secondary level of interest
despite the available specific literature12.
Another important variation that can be found
in this group of teeth is the presence of an extra
root at its distolingual aspect, the so-called
radix entomolaris4,13,14. Although this extra
root has been correlated to a significant ethnic
trait in Asian countries such as China and
Korea4,13,15,16, uncertainty still exists regarding
its prevalence in other regions of the globe.
Moreover, it is currently unknown if the
prevalence of a second root canal at the distal
aspect of mandibular first molars is also more

common in regions with higher proportions of
radix entomolaris, corroborating this ethnic
trait. Therefore, the objectives of this
cross-sectional in vivo study were the
assessment of the worldwide prevalence of a
second distal root and a second distal canal in
mandibular first molars using CBCT images
and the evaluation of the impact of some
demographic data on the outcomes. The null
hypotheses to be tested were that there were
no differences regarding the proportions of an
(1) extra distal root and (2) two distal root
canals among different geographic regions
around the globe.

MATERIALS AND METHODS

Study Outcomes, Sample Size
Calculation, and Research Protocol
The prevalence of the radix entomolaris
(primary outcome) and the proportion of a
second canal at the distal aspect of the tooth
(secondary outcome) in permanent mandibular
first molars were determined by 23 specialists
in endodontics from 23 geographic regions of
5 continents. Data were acquired by assessing
preexisting CBCT volumes in accordance with
the position statement of the American
Association of Endodontists17. All observers
were calibrated simultaneously with written
instructions regarding the CBCT screening
methodology, anatomic landmark definitions,
exemplification through CBCT images,
research deadlines, bibliographic references,
and a tutorial video showing the step-by-step
protocol to be followed. Sample size was
calculated taking into consideration a previous
cross-sectional in vivo CBCT study in which 2
geographic regions (included in the current
research) were compared regarding the
prevalence of a distolingual root in mandibular
first molars15. A total of 32 patients were
determined considering a confidence level of
95%, a power of 80%, and an effect size of
23.3. To counterbalance that a calculation was
not performed for all regions, the sample size
was increased to 250 patients per region. This
study protocol followed the guidelines
recommended for epidemiologic cross-
sectional studies on root and root canal
anatomy using CBCT technology18 and was
previously reviewed and approved by the local
ethics committee (Comiss~ao de �Etica para a
Sa�ude, Faculdade de Medicina Dent�aria,
Universidade de Lisboa).

Sample Selection, Data Acquisition,
and Screening Method
A convenience sample made up of patients
attending health centers from the assessed
regions was included in the present study.
Each observer was instructed to review

preexisting CBCT data sets on a consecutive
manner following the chart order (alphabetic or
numeric) until the determined sample size
(N 5 250) was achieved while also collecting
demographic data such as age and sex.
Although only 1 observer was allowed per
region, more than 1 CBCT scanner was
accepted as long as the voxel size was equal
to or under 200 mm. The exclusion criteria
included teeth with previous root canal
treatment, uncertainty regarding the tooth
numbering, incomplete root formation or root
resorption, unsalvageable roots, lack of
demographic information, and compromised
visualization due to imaging artifacts. A total of
253 patients were excluded, representing
6.1% of the assessed population (Table 1).

The CBCT imaging screening method
consisted of the assessment of the mandibular
first molar distal root(s) in 3 planes (coronal,
sagittal, and axial) after the 3-dimensional
alignment of the long axis of the root(s) with the
reference lines of the visualization software. All
observers were allowed to manipulate the
visualization settings and tools (such as noise
reduction or specific filters) in order to improve the
output image quality. The following information
was recorded for each mandibular molar:

1. Primary outcome: the presence of the radix
entomolaris (yes/no) identified according to
the description reported by Calberson
et al13. An apical split of the distal root was
considered an anatomic feature and not a
multirooted configuration (Fig. 1A–F).

2. Secondary outcome: the presence of 2
canals at the distal aspect of the tooth (yes/
no). In case multiple distal roots were
present (traditional distal root 1 radix), the
sum of all root canals from all roots were
taken into consideration and classified into
single canal, 2 independent canals, 2
confluent canals (2 separate canals leaving
the pulp chamber but merging into a single
one at the apex), or more than 2 root canals
(Fig. 1).

If doubts existed regarding the canal
configuration, the observers were instructed to
consult the research coordinator (J.M.) so a
consensus could be reached. All observers
were blinded regarding the results from other
regions to avoid influence bias on their
interpretations. All received information was
included into a single sheet in order to allow a
nonconformities check (conducted by the
study coordinator) and further export to a
statistical software program.

Observers’ Intra- and Interreliability
Intra- and interobserver reliability tests were
conducted before data acquisition. The former

Endodontics, Lebanese University, Beirut,
Lebanon; kDepartment of Endodontics and
Restorative Dentistry, Siena University, Siena,
Italy; ¶Melbourne Dental School, University of
Melbourne, Melbourne, Australia; #Private
Practice, Rome, Italy; **Private Practice,
Hafnarfj€ordur, Iceland; ††Department of
Endodontics, Escuela Nacional de Estudios
Superiores Universidad Nacional Aut�onoma de
M�exico (UNAM), Le�on, M�exico; ‡‡Private
Practice, Paris, France; §§Private Practice,
Durban, South Africa; kkInstituto de Estudios
Avanzados en Odontología Dr. Yury Kuttler,
Mexico City, Mexico; ¶¶Private Practice,
Brussels, Belgium; ##Department of Conservative
Dentistry and Endodontics, School of
Stomatology, Nanjing Medical University,
Nanjing, China; ***King Saud University, College
of Dentistry, Riyadh, Saudi Arabia;
†††Department of Endodontics, Al-Azhar
University Faculty of Dental Medicine, Cairo,
Egypt; ‡‡‡Department of Endodontics,
Damascus University, Damascus, Syria;
§§§Department of Radiology, Faculdade de
Odontologia S~ao Leopoldo Mandic, Campinas,
Brazil; kkkDepartment of Endodontics, Faculty of
Dentistry, Universidad Central de Venezuela,
Caracas, Venezuela; ¶¶¶Private Practice,
Tauranga, New Zealand; ###Private Practice,
Athens, Greece; ****Private Practice, London,
England; ††††Departamento de Endodoncia y
Conservadora, Facultad de Odontología,
Universitat Internacional de Catalunya,
Barcelona, Spain; ‡‡‡‡Department of
Conservative Dentistry and Endodontics, Royal
Dental College, Kerala, India; §§§§Private Practice,
San Diego, CA; kkkkDepartment of Endodontics,
School of Dentistry, Grande Rio University, Rio de
Janeiro, Rio de Janeiro, Brazil; ¶¶¶¶Department of
Endodontics, Fluminense Federal University,
Niteroi, Rio de Janeiro, Brazil; and ####Dental
Specialty Center, Brazilian Military Police, Minas
Gerais, Brazil

Address requests for reprints to Dr Jorge N.R.
Martins, Faculdade de Medicina Dent�aria da
Universidade de Lisboa, Cidade Universit�aria,
1649-003 Lisboa, Portugal.
E-mail address: jnr_martins@yahoo.com.br
0099-2399/$ - see front matter

Copyright © 2021 American Association of
Endodontists.
https://doi.org/10.1016/j.joen.2021.11.009

224 Martins et al. JOE � Volume 48, Number 2, February 2022

mailto:jnr_martins@yahoo.com.br
https://doi.org/10.1016/j.joen.2021.11.009


was performed by comparing the scores of 2
evaluations conducted on the same data set
within a 1-month interval. In each region, a total
of 30 mandibular first molars (12% of all
sample) were screened twice regarding the
primary outcome. The Cohen kappa value was
used to measure each rater reliability. For
interobserver reliability, 18 molars from 10
CBCT data sets (not included in any regional
data set) were evaluated regarding the primary
outcome. The intraclass correlation coefficient
(ICC) and percentage of agreement were used
to measure the group reliability. Additionally,
each individual result was compared with a
consensus classification obtained by 2
experienced external evaluators using the
Cohen kappa test. A result of 0.60 for both ICC
and the Cohen kappa value was defined as the
lower limit. The raters were asked to review the
study protocol and to repeat the evaluations in
case this limit was not reached. Both intra- and
interobserver analyses followed the
preestablished CBCT screening protocol and
were conducted during the same time interval
by all raters.

Statistical Analysis
Considering the multicenter nature of this
research, a meta-analysis based on a random
effects model was performed19 using the
OpenMeta[Analyst] v.10.10 software (http://
www.cebm.brown.edu/openmeta/). The
results of both primary (the prevalence of a
second distal root) and secondary (the
proportion of a second distal canal) outcomes
were expressed as odds ratios and
untransformed proportions with 95%
confidence interval (CI) forest plots. Possible
sources of heterogeneity were analyzed
through meta-regression. The statistical
significance level was set at P , .05.

RESULTS

The kappa values of intra- and interobserver
agreement tests regarding the primary
outcome were above 0.79 for all observers
(Supplemental Table S1 is available online at
www.jendodon.com), whereas the ICC and
overall agreement scores were 0.999 and
99.8%, respectively.

The final sample included 5750
permanent molars from 3897 patients (1723
males and 2174 females) with a mean age of
43 years (Table 2). The overall worldwide
prevalence of radix entomolaris was 5.6%
(95% CI, 4.3%–6.9%), ranging from 0.9% in
Venezuela (95% CI, 0%–1.9%) to 22.4% in
China (95% CI, 17.2%–27.6%), whereas the
prevalence of 2 canals at the distal aspect of
the tooth was 36.9% (95% CI, 32.1%–

41.6%), varying from 16.4% in Venezuela

(95% CI, 11.8%–21.0%) to 60.0% in Egypt
(95% CI, 53.9%–66.1%) (Fig. 2). When a
multiple canal system was observed in the
tooth distal aspect, the most common
configuration was 2 confluent canals (21.3%)
(Table 2).

Considering the results obtained from
different voxel sizes (from 75–200 mm), an
almost constant prevalence of both second
distal roots and canals were observed in the
CBCT imaging voxel meta-regression
(Supplemental Fig. S1 is available online at
www.jendodon.com), and the heterogeneity of
the results could not be explained by the voxel
size (omnibus P values 5 .070 [second root]
and .060 [second canal]).

A significantly higher prevalence of
radix entomolaris was observed in the East
Asian region (22.4% [95% CI, 17.2%–27.6%])
compared with other regions (P , .05) that
showed no difference among them (P . .05)
and whose percentages ranged from 3.6% in
Africa (0.9%-6.3%, CI 95%) to 5.7% in West
Asia (95% CI, 2.9%–8.4%). The prevalence of
a second canal at the distal aspect of the
teeth ranged from 25.3% in America (95%
CI, 20.6%–30.0%) to 50.0% in Africa (95%
CI, 30.4%–69.6%), a difference considered
statistically significant (P , .05). Other
significant differences were also noted among
regions and are depicted in Figure 3.

The analysis of ethnic groups
confirmed that Asians had a significantly
higher proportion of radix entomolaris than
other regions (P , .05), whereas a mixed
pattern for the proportions of a second
distal canal was noted, with the lowest and
highest values observed in native Americans
(21.6% [95% CI, 16.5%–26.7%]) and
Africans (60.0% [95% CI, 53.9%–66.1%]),
respectively (P , .05) (Supplemental Fig. S2
is available online at www.jendodon.com).
The results according to sex were balanced
without any statistical difference regarding
the proportions (Supplemental Fig. S3 is
available online at www.jendodon.com) or
odds ratio (Supplemental Fig. S4 is available
online at www.jendodon.com) (P . .05). The
analysis of groups according to age revealed
that the prevalence of 2 canals at the distal
aspect of the tooth in elderly patients
(.61 years: 31.0% [95% CI, 27.9%–34.1%])
was significantly lower (P , .05)
(Supplemental Fig. S5 is available online at
www.jendodon.com).

DISCUSSION

Although several approaches have been used
to study the morphology of teeth, in the last
decade nondestructive methods such as
micro–computed tomographic and CBCT

imaging have been the most used. Although
studies using micro–computed tomographic
imaging take advantage of its superior
resolution to focus on pure anatomic
descriptions and morphometric
measurements, CBCT studies explore the
possibility of assessing in vivo characteristics
of large populations in order to evaluate the
influence of some demographic factors in the
prevalence of a particular morphologic feature.
Both imaging modalities are essential to
understand the anatomy of teeth because
each has specificities that allow answering
specific questions depending on the study’s
proposal. The present research intended to
determine the worldwide prevalence of radix
entomolaris and a second canal in the distal
aspect of mandibular first molars by screening
5750 CBCT images through a dichotomous
response (presence/absence) and to evaluate
the influence of some demographic factors on
these outcomes. Overall, the analysis of the
results showed significant differences among
different geographic regions, and the null
hypotheses were rejected.

In the literature, the reported prevalence
of radix entomolaris was higher in some Asian
subpopulations, including Taiwanese
(25.3%)20, Koreans (25.8%)5, and Chinese
(29.3%)21. These percentages are much
higher than the ones reported in Europe (2.6%
in Portugal15, 2.8% in Belgium22, and 4.1% in
Spain14), South America (1.5% in Brazil23 and
6.2% in Chile22), and the Middle East (0.5% in
Turkey24 and 3.1% in Iran25). The present
study assessed several regions that had never
been studied before and, in agreement with
previous publications6,7, found a significantly
higher prevalence of radix entomolaris only in
China (22.4%), whereas the combined
proportion of the other 22 regions was only
4.9% (Fig. 3). However, this higher risk factor of
radix entomolaris in China was not followed by
a higher prevalence of an extra distal canal
(42.8%) (Figs. 2 and 3). Actually, the present
findings show that the highest prevalence of a
second distal canal was not in Asian
populations (42.8%) but rather in African
populations (40.0%–60.0%). Interestingly, this
outcome corroborates with the high
prevalence of extra canals reported in other
groups of teeth in Africans such as the
second mesiobuccal canal in maxillary first
molars26 and the lingual canal in mandibular
first premolars27. Additionally, the global
proportion of a second distal canal in
mandibular first molars in America was 25.3%
(lowest) (Fig. 3); the present results confirmed
previous lower frequencies reported in some
American subpopulations as in Brazil
(23.4%)23, whereas other regions present
higher proportions, such as Europe (27.7%14
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TABLE 1 - Each Region Geographic Location and Cone-Beam Computed Tomographic (CBCT) Characteristics

Region City Continent
CBCT

database Observer
CBCT model (CBCT

brand)
CBCT

voxel size CBCT FOV
Visualization
software

Date of CBCT
examination
acquisition

Patients
excluded
(reasons)

Australia Melbourne Oceania Private clinic P.P. Accuitomo 80 (Morita,
Kyoto, Japan)

160 mm Small Morita 3D (Morita) June 2015–April 2018 No exclusions

Belgium Brussels Europe Private clinic M.Z. Newtom Giano (Newtom,
Verona, Italy)

150 mm Small/large NNT (Newtom) September 2016–
August 2019

6 (artifacts)

Brazil Campinas America University clinic L.S. i-CAT (i-CAT, Hatfield,
England)

200 mm Large iCATvision (iCat) January 2017–March
2019

5 (artifacts)

China Suzhou Asia University clinic Y.Z. Newtom VGI (Newtom,
Verona, Italy)

150 mm Large eXame vision (Kavo) August 2018–August
2019

9 (incomplete root
formation)

Costa Rica San Jose America Private clinic W.V. X Mind Trium (Acteon,
Merignac, France)

75 mm Large X Mind Trium (Acteon) August 2017–
September 2019

15 (artifacts)

Egypt Cairo Africa Private clinic M.A. Promax 3D (Planmeca,
Helsinki, Finland)

75 mm/
150 mm

Small/large Romexis (Planmeca) January 2014–August
2019

17 (artifacts)

England London Europe Imaging center D.F. Accuitomo 170 (Morita,
Kyoto, Japan)

80 mm Small One Volume Viewer
(Morita)

January 2016–
September 2019

No exclusions

France Paris Europe Private clinic F.S. CS9000 (Carestream,
Atlanta, USA)

CS8100 (Carestream,
Atlanta, USA)

76 mm/50 mm Small/large CS 3D imaging
(Carestream)

Sidexis (Sirona)

January 2017–August
2019

5 (artifacts)

Greece Athens Europe Imaging center A.C. Newtom VGI (Newtom,
Verona, Italy)

150 mm Large NNT (Newtom) January 2015–August
2019

2 (artifacts)

Iceland Hafnarfj€ordur Europe Private clinic M.R. Promax 3D (Planmeca,
Helsinki, Finland) i-CAT
(i-CAT, Hatfield,
England)

200 mm/
200 mm

Small/large Romexis (Planmeca)
iCATvision (iCat)

March 2014–August
2019

7 (artifacts)

India Kochi Asia Private clinic J.K. Newtom VGI (Newtom,
Verona, Italy)

75 mm/
150 mm

Small/large NNT (Newtom) August 2017–February
2019

15 (artifacts,
incomplete root
formation)

Italy Rome Europe Private clinic G.P. Toshiba Asteion (LBN
Medical, Aalborg,
Denmark)

200 mm Large NNT (Newtom) May 2016–August
2019

15 (artifacts)

Kuwait Salmiya Asia Private clinic H.O. Promax 3D (Planmeca,
Helsinki, Finland)

160 mm Large Romexis (Planmeca) January 2011–August
2019

15 (artifacts)

Mexico L�eon America Private clinic R.R.A. OP 300 Maxio (Kavo,
Charlotte, NC)

85 mm Small OnDemand(Cybermed)
Romexis (Planmeca

May 2015–August
2019

3 (artifacts and cut
images)

New Zealand Tauranga Oceania Private clinic I.C. Hyperion X9 (MyRay,
Imola, Italy)

Orthophos XG3D (Sirona,
Charlotte, USA)

80 mm/
160 mm

Small/large Sidexis (Sirona) May 2018–September
2019

No exclusions

Peru Lima America Imaging center C.N. Point 3D Combi 500S
(Pointnix, Seoul, Korea)

200 mm Large Realscan (Pointnix) January 2019–August
2019

13 (artifacts)

(continued on next page )
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and 29.2%15) and China (20.5%15, 22.7%21,
and 37.1%28).

Regarding the influence of demographic
factors on the outcomes, it was possible to
observe that the analysis of ethnic groups
somehow paired the results of geographic
regions because of the strong presence of
certain ethnic groups in specific regions, such
as the case of Asian patients represented only
by the East Asia subgroup (Fig. 3,
Supplemental Fig. S2 is available online at
www.jendodon.com). On the other hand, sex
had no influence on the outcomes when
assessed through proportions or odds ratio
forest plots (Supplemental Figs. S3 and S4 are
available online at www.jendodon.com). The
analysis of age groups was conducted only for
the second distal canal because roots are not
expected to change over time. Younger
groups were associated with higher
proportions of 2 distal root canals compared
with the elderly ones (Supplemental Fig. S5 is
available online at www.jendodon.com), a
finding that may be partially explained by the
dentin deposition over the years due to
physiological and pathologic stimuli29.
Notwithstanding that the analysis of the age
factor contradicts previous findings on this
root30, it corroborates with the data observed
in other groups of teeth27.

From an anthropological point of
view, radix entomolaris in mandibular first
molars is considered an ethnic trait13.
Previous anthropological studies have
investigated several crown traits related to
this particular tooth, such as the pit-
tubercle31 or additional cusps32. The limited
information related to root traits suggests
that potential differences among
Neanderthals and anatomically modern
humans might be related to distinct
occlusal function regimens33. However, a
hypothesis that may help to partly explain
this anatomic variation mostly in Asian
populations was provided by investigations
conducted on lower jaws from Denisovan
hominins found in a cave in Xiahe County,
Tibet, in 198034. This study associated the
3-rooted configuration of mandibular molars
to extinct subspecies of archaic humans
who have lived mostly in Siberia34 while
spreading for other East Asia regions and
shared the geographic area (where they
lived) during the Paleolithic period with 2
other hominids: the Homo sapiens and
Neanderthals. Genome comparison also
suggests an interbreeding of D. hominins
with early modern humans and
Neanderthals35. This heritage, passed via
gene flow from the Denisovans to their
East Asian hybrid descendants, might
explain why the second root trait remainedTA
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more restricted to regions such as China
and Korea and did not spread all around
the world during human world colonization,
including the passage of early humans from
Asia to North America or Oceania.

The main limitations of the present study
include potential bias related to the observer,
the local CBCT scanner, and the visualization
software. Regarding the observer, several

efforts were conducted to provide them with
relevant information through the same
pathway and timetable while setting the
outcomes at a dichotomous level (presence/
absence). This approach ultimately led to
highly favorable results in 3 different rater
reliability tests. Regarding the CBCT scanner,
a maximum voxel size limit was set at 200 mm.
This size has been shown to be a limit that

does not influence the results compared with
lower sizes26, and a meta-regression analysis
was unable to identify any source of bias
related to this factor (Supplemental Fig. S1 is
available online at www.jendodon.com). The
multiple visualization software used in different
regions not only had similar features but also
allowed similar outcomes, mostly because this
study focused in evaluating only major

FIGURE 1 – Representative CBCT images of the screened molars. (A and B ) A distal configuration with both a single root and canal (negative primary and secondary outcomes). C and
D represent cases with a radix entomolaris (positive primary outcome), whereas from C to F show configurations with a second root canal at the distal aspect of the tooth (positive
secondary outcome).
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TABLE 2 - Patient Demographics and Root Canal System Configuration of Mandibular First Molar Distal Root(s)

Region

Demographics
Root canal system configuration of the mandibular first molar distal

root(s)

Sample
size

(patients) Ethnic groups

Average
age (y)
(range)

Proportion
of males,
n (%)

Proportion
of females,

n (%)

Sample
size

(teeth)

Single
canal,
n (%)

2 independent
canals

(multiple exits),
n (%)

2 confluent
canals

(single exit),
n (%)

More
than 2
canals,
n (%)

Australia 214 Mostly white 53 (14–81) 76 (35.5) 138 (64.5) 250 169 (67.6) 55 (22.0) 24 (9.6) 2 (0.8)
Belgium 184 Mostly white 49 (17–86) 79 (42.9) 105 (57.1) 250 178 (71.2) 18 (7.2) 50 (20.0) 4 (1.6)
Brazil 144 Mixed (mainly white [non-

Hispanic] with minorities from
Africans, Native Americans,
and Asians)

44 (16–89) 57 (39.6) 87 (60.4) 250 171 (68.4) 75 (30.0) 4 (1.6) —

China 138 Asians 34 (13–71) 48 (34.8) 90 (65.2) 250 143 (57.2) 79 (31.6) 28 (11.2) —

Costa Rica 147 Mostly white (Hispanic origin) 42 (18–79) 72 (49.0) 75 (51.0) 250 179 (71.6) 15 (6.0) 56 (22.4) —

Egypt 237 Africans (Egyptians) 30 (13–70) 92 (38.8) 145 (61.2) 250 100 (40.0) 14 (5.6) 136 (54.4) —

England 126 Mostly whites 57 (15–93) 53 (42.1) 73 (57.9) 250 153 (61.2) 37 (14.8) 60 (24.0) —

France 159 Mostly whites 42 (16–80) 75 (47.2) 84 (52.8) 250 149 (59.6) 35 (14.0) 66 (26.4) —

Greece 150 Whites 43 (13–82) 77 (51.3) 73 (48.7) 250 185 (74.0) 40 (16.0) 23 (9.2) 2 (0.8)
Iceland 250 Mostly whites 33 (15–80) 107 (42.8) 143 (57.2) 250 135 (54.0) 23 (9.2) 90 (36.0) 2 (0.8)
India 141 South Indians (Dravidians) 39 (14–72) 64 (45.4) 77 (54.6) 250 176 (70.4) 58 (23.2) 9 (3.6) 7 (2.8)
Italy 132 Mostly whites 42 (17–74) 63 (47.7) 69 (52.3) 250 136 (54.4) 49 (19.6) 61 (24.4) 4 (1.6)
Kuwait 168 Mixed (whites and Asians) 37 (15–68) 67 (39.9) 101 (60.1) 250 126 (50.4) 44 (17.6) 80 (32.0) —

Mexico 198 Whites (Hispanic origin) 46 (19–78) 60 (30.3) 138 (69.7) 250 179 (71.6) 42 (16.8) 29 (11.6) —

New Zealand 144 Mixed (mainly whites with
minorities of Dravidians
[India], Asians, and Maori)

54 (14–89) 79 (54.9) 65 (45.1) 250 117 (46.8) 28 (11.2) 105 (42.0) —

Peru 151 Mostly Native Americans (South
American Amerindians)

38 (16–88) 67 (44.4) 84 (55.6) 250 196 (78.4) 21 (8.4) 33 (13.2) —

Portugal 170 Mostly whites 49 (19–81) 71 (41.8) 99 (58.2) 250 180 (72.0) 23 (9.2) 47 (18.8) —

Saudi Arabia 146 Mostly Arabs 31 (18–68) 71 (48.6) 75 (51.4) 250 117 (46.8) 49 (19.6) 84 (33.6) —

South Africa 155 Mixed (Asians [Indian origin] and
whites, with a minority of
indigenous Africans)

42 (15–77)] 84 (54.2) 71 (45.8) 250 150 (60.0) 27 (10.8) 72 (28.8) 1 (0.4)

Spain 130 Mostly whites 40 (17–78) 67 (51.5) 63 (48.5) 250 132 (52.8) 34 (13.6) 82 (32.8) 2 (0.8)
Syria 135 Mostly Arabs 30 (16–51) 62 (45.9) 73 (54.1) 250 162 (64.8) 73 (29.2) 15 (6.0) —

USA 246 Mostly whites 58 (20–98) 119 (48.4) 127 (51.6) 250 184 (73.6) 23 (9.2) 43 (17.2) —

Venezuela 232 Mostly whites (Hispanic origin) 47 (13–89) 113 (48.7) 119 (51.3) 250 209 (83.6) 12 (4.8) 29 (11.6) —

Total 3897 43 (13–98) 1723 (44.2) 2174 (55.8) 5750 3626 (63.1) 874 (15.2) 1226 (21.3) 24 (0.4)
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structures and provided only a dichotomous
response. This approach favored the
assessment through any specialized software
in different regions. The main strength of the
present research was its multicentered nature,
including multiple regions around the globe,
and the assessment of a large number of teeth
(N 5 5750). Additionally, the meta-analysis
statistical comparisons were possible in order

to explore differences, confounders, and
heterogeneities, as previously performed19,
because of the methodological standardization
of the screening protocol for all regions. Taken
together, multiple factors such as the in vivo
approach, the large sample size, the
multicentered assessment, and the robust
statistical analysis increase the reliability of the
present results. Further studies should explore

other geographic regions and morphologic
variations of roots and root canals based on
sound and innovative methodologies to provide
new demographic and anthropological data.

CONCLUSIONS

The overall worldwide prevalence rates of radix
entomolaris and a second canal at the distal
aspect of mandibular first molars were 5.6%

FIGURE 2 – Worldwide prevalence of (top ) radix entomolaris and (bottom ) root canal in mandibular first molars. Higher proportions of radix entomolaris and a second distal root canal
were observed in Chinese and Africans, respectively.
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and 36.9%, respectively. Demographic
characteristics such as geographic region,
ethnicity, and age groups influenced the
outcomes, whereas sex had no impact.
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