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Background: The aim of the study was to assess the number and anatomical
classification of roots and root canals of first and second mandibular molars using
cone-beam computed tomography (CBCT) in a Chilean population.

Materials and methods: This study evaluated the CBCT scans of 289 patients
aged between 14 and 86 years, obtaining a sample of 1022 mandibular first and
second molars. The number of roots and root canals was evaluated according to
the anatomical classification proposed by Ahmed in 2016. Data were analysed
using Pearson’s chi-squared test and ANOVA.

Results: Nine hundred fifty-one (93.05%) molars had two roots, while the re-
maining 71 (6.95%) molars had one root. The most frequent root and root canal
morphologies found were: ?MM M? D' (29.65%), “MM M?>! D' (22.3%) and
MM M D (13.4%) (M — mesial, D — distal), with a total of 32 different ana-
tomical distributions. C-shaped canals were present in 56 molars and were more
frequently found in women than in men (7.1% vs. 3.88%, p = 0.024).
Conclusions: The analysis of internal anatomy using CBCT revealed a highly
variable distribution of root canals. The most frequent morphology found in
mandibular molars in a Chilean population was two roots and three canals. (Folia
Morphol 2020; 79, 2: 327-332)

Key words: root canal configuration, mandibular molar, C-shaped canal,
cone-beam computed tomography, root anatomy

INTRODUCTION

The full understanding of the external and inter-
nal dental anatomy is indispensable to successfully
removing organic residue and microorganisms from
root canals [7, 10]. The correct cleaning and shap-
ing of the main root canals could be decisive in the
prognosis of the treated tooth. A study conducted by
Karabucak et al. [11] shows that apical radiolucency
in endodontically treated teeth appears 4 times more

frequently in those with untreated root canals. Of the
teeth that were observed, almost 20% of mandibular
molars had untreated canals.

Mandibular molars are among the teeth that most
frequently require endodontic treatment, and there
are several studies that describe and analyse their
complex internal anatomy. However, most of these
studies have been conducted on Asian and European
populations [7], there being scarce literature that
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addresses the Latin American population [14, 19].
The influence of ethnicity on anatomical variability is
known, which makes it relevant to obtain more data
on the dental anatomy of Latin American and of its
individual countries in particular [14]; this is because
the ethnic characterisation of Latin-American coun-
tries can be quite different. For example, Brazilian
population has a strong contribution of European,
African, Asian and Native-American ethnic groups [5],
while Chile has mainly Native-American and European
genetics [15].

Internal dental anatomy studies have used dif-
ferent methods, which include diaphaneisation with
or without staining, impressions with plastic resins,
X-rays with or without files inside the canals, retro-
spective evaluation of periapical X-rays, cone-beam
computed tomography (CBCT), spiral computed
tomography and computed microtomography (mi-
cro-CT) [6, 7]. The use of CBCT in anatomical studies
began several years ago because it has advantages,
such as the non-invasive three-dimensional (3D) anal-
ysis of structures, good resolution, adjustable field of
view and low radiation dose using state-of-the-art
equipment [6].

The emergence of new ways to evaluate the in-
ternal anatomy has made it difficult to use the tradi-
tional classifications of anatomy like Vertucci’s [22].
The new anatomical classification proposed by
Ahmed et al. [3] for dental anatomy and anomalies [1]
recommends going beyond the rigidity of former
classification systems and adapting to the conditions
of each tooth, as well as recommending it for the 3D
analysis of the dental structure.

The aim of this study was to determine the num-
ber and anatomical classification of roots and root
canals of mandibular first and second molars in
a Chilean population using CBCT.

MATERIALS AND METHODS

A descriptive study was carried out, prior approval
of the Ethics Committee of the University San Sebas-
tian (resolution 2019-51), where 1580 CBCT images
were examined, taken as part of the diagnosis or plan-
ning of dental treatments between January 2011 and
March 2015 in the Begmax Centre in Santiago, Chile.
CBCT exams were included that showed mandibular
first or second molars with complete root formation
and root integrity of patients aged between 14 and
86 years. Teeth with endodontic treatment, open apex,
signs of apical resorption or apical surgery and extensive
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metallic restorations that impeded the correct obser-
vation of the internal anatomy were excluded.

The CBCT images were obtained by qualified per-
sonnel using a Gendex® GXCB-500, powered by |-CAT
(Gendex/Kavo Dental, GmbH, Biberach, Germany), that
operates with 120 KVp and 5 mA, with pulsed expo-
sure and an effective dose of 36 to 74 uSv. The voxel
size was 0.2 mm and the slice-thickness was 0.2 mm.

Prior to the evaluation of the images, 2 observers
were calibrated, first theoretically and then practically.
In the practical part, each evaluator analysed ten CBCT
images independently under the same conditions of
time, light and screen resolution. Two weeks later the
procedure was repeated under the same conditions.
With the results obtained, the interobserver agree-
ment was calculated using Cohen’s Kappa coefficient,
obtaining good agreement (Kappa = 0.75).

The images obtained were analysed using the
iCAT Vision software (Kavo Dental GmbH, Biberach,
Germany) in a dark room on 19.5” LCD monitors
with a resolution of 1920 x 1080 pixels (LG®). The
samples were analysed using the three spatial axes
of the programme and classifying the frequency, type
of roots and root canals according to Ahmed’s clas-
sification (Fig. 1) [3]. The results were collected in an
Excel® spreadsheet (Microsoft Office, USA) designed
specifically for this study. A descriptive analysis was
performed to establish the frequency and distribution
of the variables. Pearson’s chi-squared test for quali-
tative variables and ANOVA for quantitative variables
were applied for comparison between groups. For all
cases a level of significance of 0.05 was considered.
The results were presented through frequency dis-
tribution tables. The data were processed with the
STATA 15 software (Stata Corp. LP, USA).

RESULTS

Two hundred and eighty-nine CBCT images ful-
filled the inclusion criteria, with a total of 1022 molars
observed. 49.61% of the CBCT images were from
female patients with an average age of 30 years
(range 14-86).

In terms of the frequency of roots, 951 (93.05%)
molars had two roots, whereas the remaining
71 (6.95%) had one root, of which 70 were mandib-
ular second molars (Table 1).

In terms of the distribution of roots and root ca-
nals, the most frequent was: 2MM M? D' (29.65%),
MM M?%' D' (22.3%) and MM M' D' (13.4%) (M —
mesial, D — distal). A third mesial canal (middle mesial
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Figure 1. Cone-beam computed tomography slices (GXCB-500, powered by |-CAT, Gendex/Kavo Dental, GmbH, Biberach, Germany) used to
analyse the root and root canal dental anatomy of a 46 tooth; A. Axial view, note the presence of two canals in mesial root and one canal in
distal root; B. Coronal view; C. Sagittal view, where the two mesial canals are visible in their length.

Table 1. Number of roots in mandibular first and second molars

Molars Number of roots

1 2 Total
First molars 1 509 510
Second molars 70 442 512
Total A 951 1022

Table 2. Frequency of roots and root canals by root third in
mandibular molars

Number of First molar Second molar

g:"waifail“mir ,  Mesial  Distal  Mesial Dista
root root root root

0 0 0 0 59

1 9% 438 220 432

2 416 12 292 21

Total 510 510 512 512

canal) was present in 0.3% of the molars (Table 2).
Thirty two different anatomical configurations were
found for the roots and root canals of mandibular
molars.

When referring specifically to the cervical third, it
was observed that the mesial roots of the first and
second molars had two canals, 416 (81.56%) and 292
(57.03%), respectively, unlike the distal root of the first
and second molar, where only one canal was found,
438 (85.88%) and 432 (84.37%), respectively (Table 3).
The presence of 56 molars with C-shaped canals was
confirmed (Fig. 2), all in second molars, which cor-
responds to 11.02% of the right second molars and
12.16% of the left second molars (10.93% on average).
This anatomical variation was found more in women
than in men (7.1% vs. 3.88%), a difference that was
statistically significant (p = 0.024). No dependency
ratio was found in relation to age (p = 0.156).

Table 3. Number of root canals in cervical third in mandibular first and second molars

Frequency of canals M Root D Root

by root Cervical third Middle third Apical third Cervical third Middle third Apical third
0 0% 0% 0% 5.77% (59) 5.77% (59) 5.58% (57)

1 30.72% (314) 20.55% (210) 49.51% (506) 85.13% (870) 86.20% (881) 86.59% (885)
2 69.18% (707) 79.26% (810) 50.49% (516) 9.10% (93) 8.02% (82) 7.43% (80)
3 0.1% (1) 0.20% (2) 0% 0% 0% 0%
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Figure 2. Cone-beam computed tomography slices (GXCB-500,
powered by I-CAT, Gendex/Kavo Dental, GmbH, Biberach, Germany)
used to analyse a C-shaped mandibular second molar (arrow).
Coronal view of the cervical root third (A), middle root third (B)
and apical root third (C).

DISCUSSION

The different anatomical variations represent
a technical challenge to achieve success in endodontic
treatment [5]. Images obtained by CBCT are a reliable
tool for the detection and later instrumentation of
complex canal configurations [18] and one of the
reasons for which their application in endodontics
has increased in recent years [17].

The results obtained in this study agree with those
observed in Brazilian, Palestinian, Turkish and Chinese
populations, where it was seen that the most frequent
morphology for mandibular molars is two canals in
the mesial root and one in the distal evaluated by
CBCT [5, 6, 24]. The same results were reported in
Egyptian and Brazilian populations using micro-CT
[9, 23] and in a systematic review that included
64 studies using micro-CT [18]. Evidence shows that
ethnicity is more related to the number of roots than
to the number or distribution of root canals [7], which
would explain the similarity with the results obtained
in this study.
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In relation to the presence of C-shaped canals, our
results are similar to those of the Belgian (8.93%) [19]
and Saudi populations (9.1%) [4]. However, it was
considerably less than what was observed in the Chi-
nese (29%) and Mayan populations (35%) [14, 24].
There is some evidence that there are similarities
between Native American and Northeast Asian
anatomy which could explain the high incidence of
C-shaped canals in Mayan population. Differences
with our results could be because Chile may have
a different genetic background than North American
native populations, because of European genetics
due to immigration to Chile since the 18™.

Dental anatomy studies usually include a charac-
terisation according to gender, and this is because
there is some correlation between root development
and the X chromosome [20]. Studies conducted on
Chinese and Turkish populations reported a greater
prevalence of C-shaped canals in women than in men,
which is similar to what was found in this study [4, 6].
On the other hand, Ladeira et al. [12] found no differ-
ences in the frequency of C-shaped canals according
to gender in the Brazilian population. The incidence of
C-shaped canals is strongly linked to ethnicity, which
would explain the differences observed among the
different populations [4, 7, 8, 12, 14, 24], but it is
unknown as to why some populations present gender
differences and others do not.

The third canal of the mesial root, or middle me-
sial canal, was first described in 1974 [22], but it
has not been widely studied and presents a high-
ly diverse prevalence among different populations,
ranging from 0.1 and 22.1% [7, 18, 21]. In this study,
the presence of this third mesial canal in some of
the root thirds was observed in 0.3% of cases and
all converged into the mesiobuccal or mesiolingual
canal, with a prevalence similar to that noted in
a meta-analysis of micro-CT studies [18], but more
than that observed in Brazilian (22.1%) and Turkish
(14.8%) dental anatomy [21]. There is agreement
among different studies in that the most frequent
anatomical configuration of this canal is confluent [4].

Among the most frequently used methods cur-
rently to analyse internal root anatomy are CBCT and
micro-CT. Both are non-invasive methods that cap-
ture 3D images of the anatomical structures [8]. The
main advantage of micro-CT is the high resolution,
which even allows the detailed and precise analysis
of accessory structures [14]. On the other hand, the
advantage of CBCT is that it can be used in vivo and



J. Abarca et al., Canals anatomy of mandibular molars

larger sample sizes can be obtained [13]. In a study
by Domark et al. [8], the analysis of the two methods
was compared to determine the presence of root
canals in mesiobuccal roots of upper molars with
no statistically significant differences being found
between the two methods. Another study, however,
that evaluated the configuration of mesial roots in
mandibular molars, found that micro-CT showed
greater detail particularly when the anatomy did not
conform to Vertucci’s classification [13].

Vertucci’'s classification [22], which has been
widely used in both clinical settings and research,
includes eight different types of canal configurations.
The results obtained in this study show 32 different
types of root and root canal configurations, which is
consistent with what is proposed by Ahmed et al. [3],
who suggests that the old anatomical classifications
have become insufficient for the correct interpreta-
tion of 3D images like CBCT and micro-CT [9, 23]. An
advantage of this new classification system is that it
considers all possible root canal configurations, which
in a clinical scenario, would favour a proper coronal
and radicular access for the location of these canals
at all levels.

Recently, its use has been proposed for research,
education and clinical practice in order to gain
a systematic and more precise anatomical descrip-
tion that facilitates endodontic treatment [2]. In
our experience, this classification is more intuitive,
logical and accurate in the description of internal
dental anatomy.

To our knowledge, this would be the first study
in molars to use this classification and it shows the
reality of the diversity of root canal configurations.
In a study conducted in premolars that used this
new classification, they found 11 different configu-
rations [16], which is more than what is considered
by Vertucci’s classification, but not as much as what
was observed in this study. This may have happened
because molar anatomy tends to be more complex,
ranging from one to five canals per tooth.

CONCLUSIONS

The most frequent morphology found in mandibu-
lar molars in a Chilean population was two roots and
three canals, two mesial and one distal. 32 different
types of anatomical distribution were observed. The
frequency of C-shaped canals was 10.9% in second
molars.
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