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ABSTRACT: Toinvestigate the root canal anatomy of permanent maxillary and mandibular
canines in a Turkish subpopulation using cone beam computed tomography (CBCT).
Retrospective CBCT data of 300 patients admitted to our clinic between 2016 and
2018 were screened and evaluated. A total of 235 patients, 100 males and 135
females, aged 14-76 years (mean age 37.27+13.40) were included in this study. A
total of 191 (44,8%) maxillary canine teeth and 235 (55,2%) mandibular canine teeth
were examined. The number of roots and root canal morphology according to Vertucci’s
classification, the presence of accessory canals, and the position of the apical foramen
of the root were analyzed. The effect of gender and age on the incidence of root
canal morphology was also investigated. The majority of the teeth had a Type | canal
configuration in both maxillary canines (100%) and mandibular canines (92,8%). In
the mandibular canines the other canal patterns found were Type Ill (6,8%), and Type
Il (0,4%). Apical foramen was centrally positioned in the majority of the teeth, 70,2%
and 66,8% in maxillary and mandibular canines, respectively. The occurrence of two
roots in mandibular canines was 3,8% and the root canal separation was found 53,8%
and 46,2% in the middle and cervical third of the root, respectively. No significant
statistical difference was observed effect of gender and age on the incidence of the
root canal morphology and the position of the apical foramen. Due to the diverse
morphology and the potential presence of a second canal for canine teeth among the
Turkish subpopulation, dentists should perform endodontic treatments with greater
care. CBCT is an accurate tool for the morphological assessment of the root canals.
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RESUMEN: Investigar la anatomia del conducto radicular de los caninos maxilares
y mandibulares permanentes en una subpoblacion turca utilizando la tomografia
computarizada de haz conico (CBCT). Se examinaron y evaluaron los datos CBCT
retrospectivos de 300 pacientes ingresados en nuestra clinica entre 2016 y 2018. Un
total de 235 pacientes, 100 hombres y 135 mujeres, de entre 14 y 76 afos (edad
media de 37,27+13,40) fueron incluidos en este estudio. Se examinaron un total de
191 (44,8%) dientes caninos maxilares y 235 (55,2%) dientes caninos mandibulares.
Se analizd el numero de raices y la morfologia del conducto radicular segun la
clasificacion de Vertucci, la presencia de conductos accesorios y la posicion del
foramen apical de la raiz. También se investigo el efecto del sexo y la edad en la
incidencia de la morfologia del conducto radicular. La mayoria de los dientes tenian
una configuracion de conductos de tipo | tanto en los caninos maxilares (100%) como
en los caninos mandibulares (92,8%). En los caninos mandibulares los otros patrones
de conductos encontrados fueron el Tipo Il (6,8%) y el Tipo Il (0,4%). El foramen apical
estaba situado en posicion central en la mayoria de los dientes, 70,2% y 66,8% en los
caninos maxilares y mandibulares, respectivamente. La ocurrencia de dos raices en 10s
caninos mandibulares es del 3,8% y la separacion del conducto radicular se encontro
en el tercio medio y cervical de la raiz en el 53,8% y el 46,2%, respectivamente. No
se observo ninguna diferencia estadistica significativa en el efecto del sexo y la edad
sobre la incidencia de la morfologia del conducto radicular y la posicion del foramen
apical. Debido a la diversa morfologia y a la posible presencia de un segundo conducto
en los dientes caninos entre la subpoblacion turca, los odontologos deberian realizar
los tratamientos endoddnticos con mayor cuidado. La CBCT es una herramienta precisa
para la evaluacion morfoldgica de los conductos radiculares.

PALABRAS CLAVE: Canales accesorios; Tomografia computarizada de haz conico;
Dientes caninos mandibulares; Dientes caninos maxilares; Morfologia del canal
radicular; Clasificacion de Vertucci.

INTRODUCTION

Root canal morphology and morphologi-
cal anatomical variations significantly affect the
success of endodontic treatment (1). Aware-
ness of the variations in the root canal can avoid
endodontic treatment failure and determine the
best treatment plan (2,3). Canine teeth are strate-
gically important in the dental arch. It has long and
stable roots and is the longest remaining teeth in
the mouth. They guide occlusion during eccen-

tric movements and chewing so it is very impor-
tant for prosthetic support (4). The most common
root canal pattern in the canine teeth is a single
root and a single canal but some may have two
roots and two canals (5,6). The inability to find
this additional canal leads to failure of endodontic
treatment. Race and genetic factors are thought to
affect root canal morphology. Therefore, the root
canal morphologies of different ethnic populations
should also be considered in order to increase the
success rate in endodontic treatments (7,8).
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In recent years, cone beam computed
tomography (CBCT) has gained increasing impor-
tance in endodontics in vivo for the three-dimen-
sional evaluation of the root canal system. It has
been stated to be as reliable as the modified canal
dyeing and transparency technique (9,10). The
data acquired by CBCT presents coronal, sagittal,
and axial sections, decreasing the superposition
of anatomical structures. Additionally, CBCT is
preferred due to its low cost, high resolution, a
lower dose of radiation, and better image quality
(11,12). Conventional radiography, root canal
staining methods, clearing methods, tooth sectio-
ning, microscopic observation, and CBCT have
been used in previous investigations (10,13-15).
There are limited studies of different populations
in the literature evaluating root and canal morpho-
logy of canine teeth using CBCT (2,3,5,6,16-18).
In addition, there is no study examining the apical
foramen localization and bifurcation point in root
canal morphology of canine teeth using CBCT in the
Turkish population. Therefore, the aim of this study
was to investigate the number of roots and root
canals in the canine teeth in the Turkish population
and the bifurcation point with two canals, and the
position of apical foramen using CBCT images.

MATERIAL AND METHODS

In this retrospective study, CBCT data of 300
patients between 2016 and 2018 were screened
and evaluated. A total of 235 patients, 100 males,
and 135 females were included in this study. A total
of 426 maxillary and mandibular canine teeth were
analyzed. The ethical approval was obtained from
the Clinical Research Ethics Committee of Altinbas
University (approval number: 2020/26). The CBCT
was performed to evaluate patients requiring diffe-
rent indications such as dental implant planning,
impacted third molar localization, jaw lesions,
trauma, or the maxillary sinus pathologies. Before
radiographic examinations, informed consent was
received from all patients. Inclusion criteria were
patients with the presence of at least one mandi-

bular anterior tooth, absence of root canal fillings,
coronal and post restorations, periapical lesions,
fixed crown restorations, orthodontic braces, and
high quality CBCT images. After excluding images
that did not meet the inclusion criteria, 235 CBCT
images were included in the study.

CBCT images of all patients were obtained
with NewTom VGi evo (CeflaGroup, Verona, Italy)
device. After setting the device to 1-32mA and
110 KV, images with a voxel size of 0.3mm were
created with a single 360-degree rotation. Radio-
logical images were evaluated on a 22" high image
quality and 1920x1080 display resolution Barco
medical monitor to provide an effective evalua-
tion by an oral radiologist (00) and an endodon-
tist (ANK). NNT Viewer (CeflaGroup, Verona, Italy)
was used for the reconstruction and evaluation of
all projections. The brightness and contrast of the
images were adjusted to ensure optimal visuali-
zation. The maxillary and mandibular canines of
the 20% of the images were assessed separa-
tely by two observers to evaluate inter-observer
compliance. When disagreements occurred, it was
discussed and reached a final consensus.

Maxillary and mandibular canine teeth were
evaluated for the number of roots, root canals,
and canal morphology based on the Vertucci’s
method (18). All root canal configurations were
recorded as two root canals, except type | (single
canal). Also, the beginning and end points of the
separation in cases with more than one single
canal were analyzed.

The canal configuration was classified based
on the following criteria of Vertucci’s method (18);

1. Type I: Only one canal extending from the
pulp chamber to the apex.

2. Type II: Two canals, which leave the pulp

chamber separately, are joined in the apical region
and terminate as a single canal.
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3. Type Ill: The single canal that leaves the
pulp chamber is divided into two, and then ends up
as a single canal in the apical region.

4, Type IV: Two separate canals that leave
the pulp chamber terminate in two separate canals
in the apical region.

5. Type V: The canal that leaves the pulp
chamber as a single canal terminates by dividing
into two canals.

6. Type VI: Two distinct canals that leave the
pulp chamber first merge into a single canal and
separate again in the apical region and end in two
separate canals.

7. Type VII: A single canal leaving the pulp
chamber is divided into two, then rejoined to form
a single canal, and then re-divided at the apical
region and terminates with two separate foramens.

8. Type VIII: Three distinct canals leave the
pulp chamber and terminate separately.

The root canal separation was grouped as
the cervical, middle and apical third of the root in
cases of type Il-type VII.

For the statistical analyses, the IBM SPSS
Statistics 22 (IBM SPSS, Turkey) program was
used while assessing the findings of the study.
Chi-square test, Fisher Freeman Halton test and
Yates's continuity correction were used to compare
qualitative data as well as descriptive statistical
methods (mean, standard deviation [SD], and

frequency). Values of <0.05 were considered as
significant statistically (P<0.05).

RESULTS

Among 300 patients, 426 maxillary and
mandibular canine teeth in 235 patients matched
with our inclusion criteria were evaluated, 100
(42,6%) were male, and 135 (57,4%) were female.
The age range was 14-76 years (mean age + SD:
37.27+13.40 years).

A total of 191 (44,8%) maxillary canine
teeth and 235 (55,2%) mandibular canine teeth
were evaluated (Table 1). All the maxillary canines
had a single root and single canal. None of them
have bifurcation points. In the majority of maxillary
canines, the apical foramen is positioned centrally
at 70,2% and laterally at 29,8%. (Table 2).

Table 1. Vertucci classification, number of canals,
number of roots, bifurcation point, and apical
foramen distributions in all canine teeth.

n %
Vertucci classification (n=426)  Type | 409 96,0
Type I 1 0,2
Type Il 16 3,8

Number of canals (n=426) Single canal 409 959
Double canal 17 4.1
Single root 417 97,9

Double root 9 2.1

Number of roots (n=426)

Bifurcation point (n=17) Middle 53,8
Servical 46,2
Apical Foramen (n=426) Central 291 68,3
Lateral 135 317
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Table 2. Vertucci classification, number of canals,
number of roots, bifurcation point, and apical
foramen distributions in the maxillary canines
(Root canal classification of maxillary canines).

n %
Vertucci classification (n=191)  Type | 191 100
Type lI 0 0
Type lll 0 0
Number of canals (n=191) Single canal 191 100
Double canal 0 0

Number of roots (n=191) Single root 191 100

Double root 0 0

Bifurcation point (n=0) Middle 0 0
Servical 0 0

Apical Foramen (n=191) Central 134 70,2
Lateral 57 29,8

The mandibular canine teeth had a single
root of 96,2%, and a single canal of 88,9%. The
majority of the teeth had a Type | canal configu-
ration in mandibular canines (92,8%). The preva-
lence of the second canal in mandibular canine
teeth was 7,2% and the other canal patterns found
were Type lll (6,8%) and Type Il (0,4%). In the
majority of mandibular canines, the apical foramen
is positioned centrally at 66,8% and laterally at
33,2%. The root canal separation in two root
canals of mandibular canine was detected in the
middle third of the root with a 53,8% ratio and

in the cervical third of the root with 46,2% ratio
(Table 3).

Table 3. Vertucci classification, number of canals,
number of roots, bifurcation point, and apical
foramen distributions in the mandibular canines
(Root canal classification of mandibular canines).

n %
Vertucci classification (n=235)  Type | 218 92,8
Type lI 1 0,4

Type lll 16 6,8

Number of canals (n=235) Single canal 218 92,8
Double canal 17 7,2
Single root 226 96,2

Double root 9 3,8

Number of roots (n=235)

Bifurcation point (n=17) Middle 53,8
Servical 46,2
Apical Foramen (n=235) Central 157 66,8
Lateral 78 332

There was no statistically significant diffe-
rence between the Vertucci classifications and root
canal numbers by gender (p>0.05). The incidence
of Type | morphology was found at 96,2% and
95,9% in males and females, respectively. While
93,4% of females had one canal and 6,6% of
them had two canals, 94,5% of males had one
canal and 5,5% of them had two canals. There was
also no statistically significant difference between
genders in root canal separation and the position
of the apical foramen (Table 4).
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DISCUSSION

In endodontic treatment, failure to identify
extra canals, being unaware of the presence an
additional canal and insufficient debridement are
the most common causes of failure. Therefore, in
order to be successful in endodontic treatment,
root canal morphology must be well known (6).
Analysis of root canal morphologies of teeth belon-
ging to different populations and ethnic origins and
preoperative evaluation of root canal systems are
essential in this respect (10). Staining and cleaning
technique on extracted teeth has been used in
previous studies to evaluate root canal anatomy
of canine teeth (16-20). CBCT is a low radiation
dose technique that has been proven to be accurate
in evaluating root canal systems, frequently used
today. In addition, there are few studies examining
root and canal morphology of canine teeth using
CBCT in the Turkish population (21-24).

In the present study, the most common root
canal pattern in the maxillary canine was a Type |
in 100% of the samples (Figure 1). Similar findings
were reported by Pineda and Kuttler (100%) (15),
Vertucci (100%) (18), and Magat (0,1%) (23) but
the prevalence of an additional canal in maxillary
canines, in this study, was lower than Amardeep et
al. (20,4%) (5), Caliskan et al. (6,52%) (19), Sert
and Bayirli (6,5%) (20), Altunsoy (female 1,3%,
male 3,2%) (21), and Blytkbayram et al. (2,44%)
(25), in maxillary canines (Table 5). The difference
in the findings of the other authors may be explai-
ned by study techniques, number of patients, the
number of teeth and different populations.

The most common root canal pattern in the
mandibular canines had the same pattern, with a
single root and a single canal. Type Il was obser-

ved most frequently among teeth with two root
canals, followed by Types II; Types IV, V, VI, VII, and
VIII were not observed (Figure 2). The prevalence
of an additional canal in the mandibular canine
teeth in this study was 7,2%, which was close to
the findings of Han et al. (6,3%) (2), Rahimi et al.
(9,4%) (17), Kayaoglu et al. (6,1%) (22), Altunsoy
(female 6%, male 8,4%) (21), and Magat (9,4%)
(23), but lower than those of Amardeep (20,4%)
(5), Vertucci (22%) (18), Caliskan et al. (19,6%)
(19) and Sert and Bayirli (24%) (20), and Biy(kba-
yram et al. (15,84%) (24) (Table 6).

Most of the additional canals did not course
along the root length; in most cases, the canals
began at one orifice, divided into two, and then
continued as a single canal with one foramen.
However, in some cases, two canals began from two
orifices and fused into one and then continued as
a single canal. Dentists in clinical practice should
therefore take into account the position of all root
canals to debride and remove pulp tissue.

In all other studies, Vertucci Type | has been
observed as the most prevalent, as in our study.
Of the double root canals, Types Il and Il were the
most observed canal types in previous studies.
In studies conducted with CBCT (2,5,18-24) the
most common type of double root canal was Type
I, as in our study.

In the present study, gender was not related
to the presence of double root canals. There was
no statistically significant difference between the
Vertucci classifications and root canal numbers
by gender (p>0.05). In addition, there was also
no statistically significant difference between
genders in root canal separation and the position
of the apical foramen.
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Figure 1. CBCT cross sectional image of maxillary canine teeth
Type I.

Table 5. Prevalence of a additional canal in maxillary canine teeth.

Previous Studies Population Technique Year Number %
of Teeth

Pineda and Kuttler Mexico Radiographs 1972 260 0
Vertucci USA Staining and Clearing 1984 100 0
Caliskan et al. Turkey Staining and Clearing 1995 200 6,52
Sert and Bayirl Turkey Staining and Clearing 2004 200 6,5
Altunsoy et al. (male) Turkey CBCT 2014 773 3,2
Altunsoy et al. (female) Turkey CBCT 2014 750 1,3
Amardeep et al. India CBCT 2014 250 8,4
Bllylkbayram et al. Turkey CBCT 2015 82 2,44
Magat Turkey CBCT 2019 820 0,1
Present Study Turkey CBCT 2020 191 0
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Figure 2. CBCT cross sectional images of mandibular canine teeth (A) Type I, (B) Type I, (C) Type IIl.

Table 6. Prevalence of a additional canal in mandibular canine teeth.

Previous Studies Population Technique Year Number %
of Teeth

Pineda and Kuttler Mexico Radiographs 1972 187 13,5
Vertucci USA Staining and Clearing 1984 100 22
Pecora et al. Brazil Staining and Clearing 1993 149 7,8
Caliskan et al. Turkey Staining and Clearing 1995 100 19,6
Sert and Bayirli Turkey Staining and Clearing 2004 200 24
Rahimi et al. India Staining and Clearing 2013 131 9,4
Han et al. China CBCT 2014 1210 6,3
Amardeep et al. India CBCT 2014 250 20,4
Kayaoglu et al. Turkey CBCT 2015 134 6,1
Biliyikbayram et al. Turkey Staining and Clearing 2015 101 15,84
Magat Turkey CBCT 2019 820 9,4
Present Study Turkey CBCT 2020 235 7,2
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CONCLUSION

The following conclusions may be reached
from this retrospective study:

e |n a Turkish subpopulation, the maxillary canines
showed mostly single root and single canal
morphology, however, the prevalence of two root
canals in mandibular canines was 7,2%.

e Apical foramen was centrally positioned in the
majority of the teeth, 70,2% and 66,8% in
maxillary and mandibular canines, respectively.

¢ |[n the mandibular canine teeth, the root canal
separation was located in the middle third of the
root in almost 53,.8% of cases.
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