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Abstract

Martins JNR, Marques D, Mata A, Carames J. Root
and root canal morphology of the permanent dentition in a
Caucasian population: a cone-beam computed tomography

study. International Endodontic Journal.

Aim To investigate in vivo the number of roots, the
configuration of the root canal system and the root
canal splitting and merging levels in the permanent
dentition of a Caucasian population.

Methodology A total of 11 892
inspected in cone-beam computed tomography exami-
nations that were collected from a pre-existing data-
base. The number of roots was identified, and canal

teeth were

configurations were classified according to Vertucci's
classification and its supplemental configurations. In
addition, the merging and separation positions along
the length of the root canal were identified. The Z-test
was used to analyse the differences between indepen-
dent groups. A value of P < 0.05 was considered
significant.

Results The majority of tooth types had consider-
able variation in the number of roots and root canal

configuration types. Radix entomolaris and paramo-
laris were rare occurrences. The mesiobuccal root of
the maxillary first and second molars had two root
canals in 71% and 44% of cases, respectively. Nearly
30% of the mandibular incisors had two root canals.
Root canal merging and splitting appeared more often
in mandibular teeth. Merging was more common in
the middle third of the root canal in the maxillary
teeth and in the middle and apical thirds in mandibu-
lar teeth. Root canal splitting did not exhibit a ten-
dency, and their position along the length of the root
canal varied from tooth to tooth.

Conclusion Clinicians must be aware that each
tooth may display several types of root canal configu-
ration. However, a greater variability in root canal
configuration was found in maxillary second premo-
lars and in the mesiobuccal roots of maxillary molars.
Main root canal merging and splitting may also be
expected to occur at any level of the root canal.

Keywords: anatomy, cone-beam computed tomo-
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Introduction

Knowledge about the average number of root canals
in a specific root is as important as an understanding
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of the relationships between them. Clinically, it is
important to know that a root has a single root canal
at the pulp chamber floor that splits into multiple
canals at a certain point of the root canal length; it is
also important to determine the level of the root canal
where the separation occurs. Root canal splitting in
the middle and apical root canal sections may go
unnoticed, is more difficult to manage and may stress
endodontic instruments. Information on the position
of merging and splitting of the main root canal is not
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fully available. Studies have reported the presence of
transverse anastomosis/intercanal communications
(Vertucci 1984, Caliskan et al. 1995, Alavi et al
2002, Gulabivala et al. 2002, Sert & Bayirli 2004)
and have analysed their prevalence according to
root canal level. The awareness of these anasto-
moses and isthmi is important (Estrela et al. 2015b)
but may be limited if a clinician initiates root canal
treatment and needs to know the most common
point in the root canal system at which a root
canal is likely to split into multiple canals. Two
studies that clearly describe the position of root
canal merging and the distribution of their position
are those from Zhang et al. (2014) (using micro-
computed tomography [micro-CT]) and Martins et al.
(2016) (using cone-beam computed tomography
[CBCT]); however, these studies only presented infor-
mation for teeth with fused roots. No information is
available for nonfused roots or for the main position
where root canals split.

The objective of this investigation was to analyse
in vivo, using cone-beam computed tomography the
number of roots, the canal system configuration and
the root canal fusion levels (splitting and merging) in
the permanent human dentition.

Materials and methods

A total of 11 892 teeth were included (Table 1).
The sample was obtained from 646 patients (228
males and 418 females) with a mean age of
51 years. All teeth were included. Teeth with
endodontic treatments, immature apices, root resorp-
tions or teeth that could not be correctly evaluated
due to image artefacts or incorrect techniques were
excluded, as were third molars. The CBCT examina-
tions were performed between May 2011 and Jan-
uary 2016 and were collected from the database in
the Radiology Department of a health centre in Lis-
bon, Portugal. The data were analysed retrospec-
tively by a single observer from January 2015 to
January 2016 after approval of the study by the
ethics commission of the Instituto de Implantologia.
All of the examinations were performed for diagnos-
tic purposes prior to complex oral surgery procedures
and were obtained using a large field of view (FOV)
at a 0.20 mm voxel size, 80 kV and 15 mA, within
an exposure time of 12 seconds using a Planmeca
scanner (Planmeca Promax, Planmeca, Finland),
according to the manufacturer’s instructions. The
images were analysed using computer visualization
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software (Planmeca Romexis, Planmeca). Cross-sec-
tional images were reconstructed as 0.6-mm-thick
slices, and a noise filter and artefact reduction were
applied. All of the teeth under evaluation were anal-
ysed in three planes (coronal, sagittal and axial).
The evaluation was performed scrolling through the
CBCT volume until an understanding of the anatomy
was achieved.

Teeth were classified according to the following
parameters:

ot

Number of roots
2. Root canal system configuration (Vertucci's classi-
fication and supplemental configurations). In the
maxillary and mandibular molars, the usual three
and two roots, respectively, were classified sepa-
rately due to the impracticability of classifying
them together. However, if there was any type of
root fusion, these teeth were classified as ‘fused
roots’, and no further analysis was performed.
For all of the other groups of teeth, classification
was performed for the tooth as a whole, indepen-
dent of the number of roots, following the
methodology of Vertucci (1984).
3. Merging and separation level of the root canals if a
root canal fusion was present. Using the software
ruler, each root was divided into three-thirds: a
coronal section (from the cementoenamel junction
to 1/3 of the root length), a middle section (from
1/3 to 2/3 of the root length) and an apical section
(from 2/3 of the root length to the radiographic
apex).

Statistical analysis

All of the teeth were classified according to their
anatomy, and the data were analysed using SPSS
software (IBM SPSS Statistics, Version 22, Chicago,
IL, USA) from which absolute counts and proportions
for the analysed groups were extracted. The primary
outcomes were the root canal configuration and the
number of roots. The percentage of each group was
calculated, as was the range for the true population
proportion, to a confidence level of 95%. The Z-test
for proportions was used to analyse the differences in
independent subgroups. For all of the compared
groups, a P value of <0.05 was considered significant.

The Cohen’s kappa test was used to determine the
intrarater reliability, a single observer performed the
evaluation of 527 teeth twice (which represents
4.34% of the total sample), with 1 month between

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd
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observations. The kappa coefficient of agreement
between both evaluations was 89.2% with an asymp-
totic standard error of +£1.9%.

Results

Number of roots

Tables 1 and 2 summarize the number of roots in
each group of teeth. The maxillary first and second
molars had three roots in 91.1% [88.7-93.5% CI
95%] and 72.9% [69.78-76.02% CI 95%)] of cases,
respectively. The difference in the number of roots
between the maxillary molars was significant
(P < 0.05). The mandibular first and second molars
had two roots in 97.1% [95.55-98.65% CI 95%] and
83.1% [80.26-85.94% CI 95%)] of cases, respectively.
The difference in the number of roots between the
mandibular (P <0.05;
Table 1).

In the mandibular first and second molars, the
prevalence of a third root was 2.2% [0.84-3.56% CI
95%] and 2.7% [1.47-3.93% CI 95%], respectively.
The difference in the number of third roots between
mandibular molars was nonsignificant (P > 0.05). A

molars was significant

radix entomolaris was present in 10 cases in the first
mandibular molars (2.2% [0.84-3.56% CI 95%]) and
in four cases in the mandibular second molar (0.6%
[0.01-1.19% CI 95%]; Fig. 1). The difference in the
presence of radix entomolaris between the mandibular
molars was significant (P < 0.05; Table 2).

Root canal system classification

Table 3 summarizes the root canal system configura-
tion for maxillary teeth. The tooth with the most
unpredictable anatomy was the maxillary second pre-
molar. The most common root canal system configu-
ration was Type I (1-1), but it was only present in
39.4% [35.46-43.34% CI 95%] of cases. The most
common configuration for the maxillary first premolar
was Type IV (2-2), with a prevalence of 68.0%
[64.52-71.48% CI 95%]|, but eleven other types of
configurations were found for this tooth (Fig. 2). The
prevalence of two root canal configurations (all of the
types combined) in the mesiobuccal root of the maxil-
lary first and second molars with three independent
roots was 71.05% [67.05-75.05% CI 95%] and
43.56% [39.48-47.64% CI 95%)], respectively. The
occurrence of two root canals systems in the
mesiobuccal root of the maxillary first molar was sig-
nificantly higher when compared to the second molar
(P < 0.05).

Table 4 summarizes the root canal morphology
for mandibular teeth. Two root canals in both the
mandibular central and lateral incisors were present
in approximately 30% of cases (Fig. 3). The mesial
roots of double-rooted mandibular first molars had
two root canals in 93.4% [91.07-95.73% CI 95%]
of cases, and three root canals were present in 5.5%
of cases [3.36-7.64% CI 95%] (Fig. 4). The
mandibular second molar had a Type II (2-1) config-
uration in the mesial root in 63.9% [59.9-67.9% CI

Table 1 Number of teeth in each group and the respective distribution of the number of roots

Number of roots

Total

Sample (n) 2 3 4
Maxillary central incisor 872 (100%) 872 (100%) - - -
Maxillary lateral incisor 902 (100%) 902 (100%) - - -
Maxillary canine 962 (100%) 962 (100%) - - -
Maxillary 1st premolar 690 (100%) 336 (48.7%) 339 (49.1%) 15 (2.2%) -
Maxillary 2nd premolar 591 (100%) 558 (94.4%) 33 (5.6%) - -
Maxillary 1st molar 542 (100%) 3 (0.6%) 45 (8.3%) 494 (91.1%) -
Maxillary 2nd molar 778 (100%) 104 (13.4%) 103 (13.2%) 567 (72.9%) 4 (0.5%)
Mandibular central incisor 1160 (100%) 1160 (100%) - - -
Mandibular lateral incisor 1191 (100%) 1191 (100%) - - -
Mandibular canine 1200 (100%) 1166 (97.2%) 34 (2.8%) - -
Mandibular 1st premolar 1054 (100%) 1052 (99.8%) 2 (0.2%) - -
Mandibular 2nd premolar 833 (100%) 832 (99.9%) 1(0.1%) - -
Mandibular 1st molar 450 (100%) 3 (0.7%) 437 (97.1%) 10 (2.2%) -
Mandibular 2nd molar 667 (100%) 95 (14.2%) 554 (83.1%) 18 (2.7%) -

Total 11 892 (100%)

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Table 2 Characteristics of the maxillary and mandibular molars with extra roots

Teeth (n = 32) Gender Number of roots Configuration of the extra root
Maxillary 2nd Male (4), Female (-) 4 2 x One MB root splitting in two at the middle portion
molar (n = 4) of the root (Type 1-2)
2 x Two palatal roots (radix mesiolingualis)
Mandibular 1st Male (5), Female (5) 3 10 x Extra distolingual root (radix entomolaris)
molar (n = 10)
Mandibular 2nd Male (7), Female (11) 3 7 x Mesial root is divided into two similar mesial roots,

molar (n = 18)

both with Type 1-1

4 x Normal distal root with an extra distolingual root
(radix entomolaris)

4 x Normal mesial root with an extra mesiolingual root

3 x Normal mesial root with an extra mesiobuccal root
(radix paramolaris)

Figure 1 Examples of extra root morphologies. (a—c) Radix entomolaris configuration in the mandibular molars, (d) radix mesi-
olingualis in a maxillary second molar, (e) mesial root divided into two similar mesial roots in a mandibular second molar, (f)

radix paramolaris in a mandibular second molar.

95%] of the samples. The distal root of the mandibu-
lar first and second molars had a single root canal
in 70.9% [66.64-75.16% CI 95%] and 93.5%
[91.45-95.55% CI 95%] of cases, respectively. This
difference in the distal root was significant
(P <0.05).

International Endodontic Journal

Splitting and merging levels

Table 5 summarizes the main root canal splitting and
merging levels of maxillary teeth. The maxillary tooth
with the highest prevalence of root canal splitting
was the second premolar (14.2% [11.39-17.01% CI
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Figure 2 Examples of several root canal system configurations on maxillary teeth. (a) Central incisors, (b) lateral incisors, (c)
canine, (d) first premolar, (e) second premolar.

n International Endodontic Journal © 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Figure 3 Examples of several root canal system configurations on mandibular teeth. (a) Central incisors, (b) lateral incisors, (c)
canine, (d) first premolar, (e) second premolar.
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Figure 4 Root canal system morphologies on maxillary (a,b,c) and mandibular (d,e,f) molars. Due to the multiplanar angula-
tions of some roots, the anatomy analysis had to be performed by portions using the three planes. The sagittal views corre-

spond to the green line.

95%]). Separation in the apical third was the most
common feature in this tooth (Table 5).

Root canal systems with merging root canals were
common in the maxillary second premolar (38.7%
[34.77-42.63% CI 95%]) and in the mesiobuccal
roots of the maxillary first and second molars (52.6%
[48.2-57.0% CI 95%] and 32.8% [28.94-36.66% CI
95%], respectively). The middle level was the most
common position of merging in maxillary teeth
(Table 5).

An analysis of all maxillary teeth combined
(n = 5078) revealed that 5.5% [4.87-6.13% CI 95%]|
of maxillary teeth had root canals that split at some
point, whereas 17.4% [16.36-18.44% CI 95%] had
some type of merging. This difference was significant
(P < 0.05).

Table 6 summarizes the main root canal splitting
and merging levels of mandibular teeth. Almost 20%
of mandibular incisors and mandibular first premolars
had split root canals (Table 6). Split root canals were
uncommon in all of the other roots. The root canal

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd

level varied and did not exhibit a global trend in
mandibular teeth.

Root canal configurations with merging root canals
were common in the mesial roots of both the
mandibular first and second molars (60.0% [55.41—
64.59% CI 95%] and 73.3% [69.62-76.98% CI
95%], respectively). It was also common to find this
type of anatomic feature in both the mandibular inci-
sor and the distal roots of mandibular first molars;
the prevalence was above 23% (Table 6).

For all of the mandibular teeth
(n = 6.429), the proportion of teeth with root canal
splitting was 15.7% [14.81-16.59% CI 95%],
whereas the proportion of mandibular teeth with
merging root canals was 25.5% [24.43-26.57% CI
95%]. This significant
(P < 0.05). Moreover, the proportion of root canal

combined

difference was considered
configurations with splitting was significantly higher
(P < 0.05) in the mandibular molars compared to the
maxillary molars. Similar conditions were observed
with root canal merging.

International Endodontic Journal



Root canal system configuration Martins et al.

's1004 Juapuadapul 8aiyl Yyum siejow Alejjixew AjuQ,

(%L°1) 9

(%6°86) L

(%¥°0) ¢
(%¥°0) C
(%€°66) €

99 (%00L) £99

99 (%00L) L9S

(%0°9) ¥€
(%cC'Ce) 9zl
(%9'v) 92
(%C°19) L8E

(%2°0) L

(%C0) L
(%82) 9L
(%C°Y) vT
(%¥°L) 8
(%C°L6) LLG

(%0°L) §
(%80) ¥

(%80) ¥
(%0°L) §

(%C'86) 987  (%C'86) G8Y

(%9°0) €
(%80) ¥

(%9°0) €

(%9°86) L8Y  (%V'66) L6Y

(%2°L) 9

(%0°9L) 64
(%0°0€) 8¥L
(%9G°9) L2
(%€°LY) vET

(%cC°0) L

(%8°€) 6L

(%L'S) 8¢

(%8°0) ¥
(%G°68) ¢vy

(%G°0) €

(%C0) L
(%0°6) €9
(%L'92) 85l
(%¥°2C) 7L
(%C°L9) 29€

(%9°9) 6€

(%C'9) LE

(%¥°2C) 7L
(%8°98) L0S

‘1dy pue
- - - - ‘PN pue "0
|eordy
(%9°0) ¥ - - - pue a|ppIA
|eordy
- - - - 1@ |[BU0I0)
SIPPIN
- - - - 1@ |[BU0I0)
(%9°0L) €L (%L°0) L - - Ajuo |eoidy
(%0°€L) 06 (%6°0) 6 - Ajuo s|ppIy
(%L°0) § (%€°0) € - - Ajuo |euoio)
(%1°GL) 8LS  (%L'86) 676 (%00L) 206 (%00L) 218 BuiBisw oN
1aAa] Buibiaw |eued jooy
|eaidy pue
- - - - 3IPPIN
|eoidy pue
- - - - |euoio)
SIPPIN
- - - - pue |euoio)
(%L°¥) 8¢ - - - Ajuo |eoidy
(%L°9) 5€ (%L°0) L - - Ajuo a|ppIA
(%L°L) 2L (%L°0) L - - Ajuo |euoio)
(%L°68) GL9  (%8°66) 096 (%00L) 206 (%00L) 2L8 Bumids oN
|oAa| Bumids |eued 100y

|elejed

|esong-oisiq

|e29Ng-0ISaIA|

lelejed

|e2ong-oisiq

|e90NQ-0ISaIN

(£9G = ) LIBjoW puodag

(v6y = U) cJdejow isi4

(L6G =U)
Jejowaud
puoodeg

(069 = U) (296 = U) (206 =) (¢L8 =u) S|9A3|
Jejowaud aulue) J0s1oul |eJdlET 10s10Ul abuawyids
1sd14 |esyua) Awojeuy

Yreal Asejjixe|n

309} ATe[[IXeW JO S[oAd] Suldtow pue Suinids [euerd jool UL G 3d|qe)

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd

International Endodontic Journal

10



Root canal system configuration

Martins et al.

'$]004 Juspuadapul 0OM] YIM siejow Jejngipuew AjuQ,

- (%20 L - - - - - - - ‘1dy pue “pijy pue “10)
- (%9°L) 6 (%5°0) (%€2T) 0L - (%L°0) L (%L°0) L (%2°0) T (%L°0) L |eordy pue a|ppIA
- (%2°0) L - (%5°0) ¢ - - - - - |edidy pue [euolo)
- (%20 L (%20) L - - - - - - 3|PPIN pue [euoio)
(%¥°L) 8 (%E8€) TLT (%0°9) 92 (%0°0€) LEL (%E°L) LL (%L°G) ¥S (%0°L) Tl (%6°€L) 991 (%eZL) EVL Ajuo |eaidy
(%L€) LL (%TLE) ELL  (%L9L) EL (%8°€2) v0L (%L'L) 6 (%2€) v (%) 0G (%8'GL) 88L (%67L) TLL Ajuo ajppIA
(%2°0) L (%9°L) 6 (%S°0) ¢ (%5°0) ¢ - (%2°0) T (%8°0) 0L - - Ajuo jeuoso)
(%E'G6) 826 (%L'9Z) 8¥L  (%C'9L) E€€  (%0°EY) 88L (%9°L6) €18 (%¥°L6) €96 (%6°€6) LZLL (%L°0L) G€8 (%L°2TL) 78 Buibiaw oN
|an9| Buibiaw |eued jo0y
- - - - - (%L°0) L - - (%¥°0) G |eoidy pue s|ppIAl
- - (%2°0) L (%2°0) L - - - (%2°0) T - |edidy pue [euoto)
- - (%20) L - - (%L°0) L - - (%L°0) L 3|PpPIN pue [euoio)
(%¥°0) ¢ (%9°L) 6 (%8°L) 8 (%T€) 7L (%0°1) 8 (%2L) €L (%€°0) ¥ - - Ajuo [eaidy
(%0°2) LL (%9°L) 6 (%0°9) 2T (%9°L) L (%2'L) 0L (%8°LL) vzl (%LT) € (%¥°0L) ¥zl (%2LL) 66L Ajuo a|ppiA
(%C°€) 8L (%L°G) 8 (%eL) T€ (%2°0) L (%8°0) L (%2°G) 55 (%1°2) ST (%E°€EL) 8SL (%¥°L) 98 Ajuo |euoio)
(%V'76) €25 (%L'L6) 80S  (%¥'G8) ELE  (%L'¥6) ¥L¥ (%0°L6) 808 (%9°18) 098 (%6°76) 6ELL (%L°9L) LO6 (%6'7L) 698 Bumyds oN
|aA9| Bunids |eued ooy
leisig |e1sa|n |esig |e1sa|n (ee8 = u) (vsoL = u) (oozL = u) (LeLL = u) (09LL = u) s|ans| abiawy/i|ds Awoleuy
\_m_OrC@‘_Q puodsg \_m_oﬁ\_m\_a 1sdi4 aulue) JOSIoUl |eJdajen JOsIoul |jenjua)
(¥SG = U) (Jejow puodag (LEY = U) (Jejow 1su14

y3e9} Je|ngipueyp

399} Ie[nQIpueRW JO S[PA9] Surdiow pue unjds [eued J001 UIR]N 9 djqeL

International Endodontic Journal

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd



Root canal system configuration Martins et al.

Discussion

The complexity of root canal treatment is directly
associated with the number of root canals and the
position where a possible split or merge may occur.
Knowing that a particular main root canal splits into
two at a certain point is important. A root canal split
in the coronal portion of the root may be easy to
locate and examine, but an abrupt separation in the
middle third of the root canal may be difficult to man-
age, stress endodontic instruments (Pruett et al.
1997, Gilinday et al. 2005) and would be more diffi-
cult to fill (Hermann & Hiilsmann 2009); a split in
the apical third may go unnoticed. Moreover, the suc-
cess of treatment may be dependent on the awareness
of these factors and any additional knowledge gained
on this subject will have clinical importance.

The few studies that approached this subject
(Zhang et al. 2014, Martins et al. 2016) only anal-
ysed molars with fused roots and only root canal
merging. The purpose of those investigations (Zhang
et al. 2014, Martins et al. 2016) was to understand if
there was any relationship between root canals (of
fused roots) that usually are present on separated
roots. Both studies reported a high incidence of root
canal merging in the apical area, but merging did
occur at all levels of the root canal. One of the main
objectives of present research was to understand the
level of the main root canal at which merging and
splitting were the most common in each group of
teeth excluding molar with fused roots.

Another objective of this investigation was to
understand root canal configuration using the Ver-
tucci’s classification system for all groups of teeth
(the sample was collected from a population with a
vast majority of Caucasians individuals). Studies that
have collected data on all groups of teeth are uncom-
mon (Vertucci 1984, Caliskan et al. 1995, Sert &
Bayirli 2004) and have mainly used ex vivo clearing
techniques. Other ex vivo techniques, such as micro-
CT, have been used to study the root canal system
anatomy (Fan et al. 2004, Zhang et al. 2014, Ordi-
nola-Zapata et al. 2015b). The in vivo studies per-
formed using CBCT wusually analyse a particular
group of teeth, but not all of them together (Silva
et al. 2013, Yang et al. 2013). In this study, an
attempt was made to include all groups of teeth (ex-
cluding third molars) to develop a true in vivo large
sample prevalence study whilst excluding the diffi-
culty of comparing studies with different observers or
methodologies.
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Root and root canal anatomy variations may be
related to geographic region and ethnicity. Although
the percentages may vary, the most common root
canal configurations for first and second premolars are
Vertucci Type IV (Abella et al. 2015 [Spain], Fel-
sypremila et al. 2015 [India]) and Type I (Abella et al.
2015 [Spain], Bulut et al. 2015 [Turkey], Felsypremila
et al. 2015 [India]), respectively. The present findings
corroborate with these results. The maxillary second
premolar had a higher ratio of root canal merging and
splitting, and its anatomy should not be seen as less
complex than that of the maxillary first premolar. The
mesiobuccal roots of both maxillary molars had greater
variability in the types of root canal configurations.
The mesiobuccal root of the maxillary first molar with
three independent roots was more prone to exhibit two
root canals (71.05%). These data are in line with the
results obtained in Turkey (Altunsoy et al. 2015), India
(Felsypremila et al. 2015), the United States (Guo et al.
2014) and in Asiatic countries such as Korea (Kim
et al. 2012) and China (Zhang et al. 2011Db, Tian et al.
2016). Other studies from Brazil (Silva et al. 2014),
Italy (Plotino et al. 2013) and India (Neelakantan et al.
2010) reported prevalences of a single root canal (Ver-
tucci Type 1) in 52.87%, 59.7% and 51.8% of cases,
respectively. In the mesiobuccal root of the maxillary
second molar, the single root canal appears to be the
most common configuration (Zhang et al. 2011b
[China], Kim et al. 2012 [Korea], Neelakantan et al.
2010 [India], Plotino et al. 2013 [Italy], Altunsoy et al.
2015 [Turkey], Tian et al. 2016 [China] and the pre-
sent study [Portugal]) although one study report a
higher prevalence of MB2 root canals in India (Fel-
sypremila et al. 2015). In the present study, the
mandibular central and lateral incisors had a preva-
lence of Vertucci Type I configurations of 72.3% and
69.9%, respectively, which represents a higher ratio
when compared with the results from Turkey (Arslan
et al. 2015), with 51.9% and 52.8%, respectively, or
Brazil (Estrela et al. 2015a) with 65% and 58%, respec-
tively. The most common root canal configurations in
the mesial root of mandibular first molars appear to be
Vertucci Types II and IV (Zhang et al. 2011a, Kim
et al. 2013 and the present study) or Type III (Torres
et al. 2015). The mandibular first molar had two roots
in 97.1% of the cases. This result was in line with other
studies from India (Felsypremila et al. 2015), Italy (Plo-
tino et al. 2013), Chile (Torres et al. 2015) and Bel-
gium (Torres et al. 2015). However, this was a higher
prevalence when compared to individuals from Korea
(Kim et al. 2013) and China (Zhang et al. 2011a),

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd



Martins et al. Root canal system configuration

where three roots were present in 25.85% and 29% of
cases, respectively. The mandibular second molar had
a single root in 14.2% of the cases, which is lower ratio
when compared to data from Korea (41%; Kim et al.
2016) or China (22%; Zhang et al. 2011a).

One of the limitations of this research was the use
of a technology (CBCT) that is not able to provide
highly detailed images compared to techniques such
as micro-CT or clearing (Sert & Bayirli 2004, Ordi-
nola-Zapata et al. 2015a,b). These techniques have
been used to study small structures, such as apical
foramina or isthmus (Zhang et al. 2014, Ordinola-
Zapata et al. 2015b). CBCT, which has a lower reso-
lution compared to micro-CT, is unable to capture
these very small anatomic details. However, the goal
of the present research was to study the main root
canal configuration and the merging and splitting
positions in the root canal. In addition, in vivo studies
are more useful when investigating the real preva-
lence of the anatomy, and CBCT is a technology that
could be used in a routine clinic. The data collected
by these imaging devices could have an impact when
treating real patients. Another limitation of this study
was the fact that most of the patients did not have all
of their teeth. This would be interesting data to
obtain, but it is very difficult to obtain information
regarding all teeth unless examinations are performed
for research purposes in patients with full dentition,
which was not the case. Otherwise, patients usually
undergo this examination when problems appear, and
most often they already have missing teeth. However,
a large sample of every single group of teeth was used
to attempt to compensate for this limitation. The
examinations were collected at a 0.20-mm voxel size,
which is a size that has previously been used success-
fully to study internal root canal anatomy (Helva-
cioglu-Yigit & Sinanoglu 2013, Silva et al. 2013). All
of the data were collected from a previously existing
imaging database, which allowed the collection of a
large sample size for all of the teeth without unneces-
sarily exposing the patients to radiation.

Conclusions

Clinicians should be aware of the position where root
canals split and merge. In maxillary teeth, root canal
merging occurred more often in the middle section,
whereas in mandibular teeth, merging occurred more
often in the middle and apical sections. Merging was
more common than splits in both maxillary and
mandibular teeth, and both merges and splits were

© 2017 International Endodontic Journal. Published by John Wiley & Sons Ltd

more common in mandibular teeth. The roots that
had a higher variability of root canal configuration
types were the mesiobuccal roots of both maxillary
molars, the mesial roots of the mandibular first molar
and the maxillary second premolar. Extra roots, such
as radix paramolaris and radix entomolaris, were rare
occurrences in this Caucasian population.
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