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Root and canal symmetry in the
mandibular anterior teeth of patients
attending a dental clinic: CBCT study

Abstract: The aims of this study were to evaluate the number of
roots/root canals in the mandibular anterior teeth of a Turkish
population, to assess the relationship between gender or age and the
frequency of two canals in a single root, and to determine the symmetry
in root/root canal numbers between contralateral sides among patients.
Cone-beam computed tomography images (n = 1128; 6253 teeth) taken
at the Department of Dentomaxillofacial Radiology of the Faculty of
Dentistry of Gazi University were examined by three observers and a
supervisor, all of whom were blinded to patient gender and age. Axial,
sagittal, and cross-sectional slices with a thickness of 1 mm were used.
Numbers of roots and canals for each type of tooth were recorded. Most
teeth had a single root and single root canal. Roots with two canals
were more frequent in the incisors (14.9%, 17.2%, and 6.1% of the central
incisors, lateral incisors, and canines, respectively). Teeth with two roots
were more frequent in the canines (3.1% vs. 0% or 0.1%). Females more
often had canines with double root canals (p < 0.001). When at least one
tooth had two root canals, bilateral symmetry between contralateral
teeth was found in 45.0%, 29.0%, and 28.0% of cases for central incisors,
lateral incisors, and canines, respectively. Patients older than 56 years
had fewer teeth with double root canals (p < 0.001). A small proportion
of the mandibular anterior teeth had two roots or root canals. Double
root canals were mostly unilateral. Age and gender were associated
with the number of root canals.
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Introduction

Thorough knowledge of tooth anatomy, root canal morphology, and
morphological variations is necessary for successful endodontic treatment
and may be critical for other dental procedures, such as periodontal
treatment, periapical surgery, tooth extraction, etc. In addition to their
medical relevance, anatomical variations are important for anthropological
science and forensic issues. Normally, the root canal systems of mandibular
central and lateral incisors are similar, with a coronally oval shape (wider
bucco-lingually than mesio-distally) that gradually becomes narrower
bucco-lingually at mid-root.! Mandibular incisors most often have a single
root; however, a dentinal bridge may sometimes divide the root into
two canals, and further variations may be seen."? Mandibular canines,
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similar to mandibular incisors, have a root wider
bucco-lingually than mesio-distally and contain a
root canal consistent with this shape. These teeth
seldom have two or more roots or canals."?

Although root and canal morphologies of
mandibular incisors have been investigated in diverse
populations,® the relationship between demographic
factors and morphological variations has been less
extensively studied. Because dentin deposition by
odontoblasts is a continuous process after eruption
(secondary dentin formation), age-related calcification
differences may be seen in the root canals of teeth
from patients of different ages, with total obliteration
of the canal space in older patients. Gender was not
significantly related to variations in tooth or root canal
morphology in the mandibular anterior teeth.* Root
canal morphology has generally been investigated in
extracted teeth by cross-sectioning, clearing, operating
or scanning electron microscopy, or radiographic
examination, >%”%° such as periapical radiography,
cone-beam computed tomography (CBCT), and
micro-computed tomography.*#*!! Radiographic
techniques allow for screening a large number of
teeth for morphological evaluation.

The anatomic symmetry of roots between the
right and left sides in the same patient has been little
studied but is highly clinically relevant when treating
two opposite teeth in the same patient.”> Although
symmetry of the root and root canal morphologies of
premolar and molar teeth have been investigated by
CBCT,** symmetry of the mandibular incisors and
canines has only been investigated recently and in a
limited number of studies.’'®® Therefore, the aims of
this study were to investigate the relationship between
demographic variables (age and gender) and the number
of roots and root canals in the mandibular anterior
teeth of a Turkish population, and to determine the
symmetry in the numbers of roots and root canals
between contralateral sides in the same patient.

Methodology

This retrospective study was approved by the
Ethical Review Board of the Faculty of Dentistry
of Ankara University (No. 36290600/33). Informed
consent was routinely obtained from all patients
before clinical and radiographic examinations. Initial
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material consisted of demographic data (gender and
age) and CBCT images from 2828 patients who visited
the Department of Dentomaxillofacial Radiology of
the Faculty of Dentistry of Gazi University between
January 2012 and January 2014. Main reasons for
CBCT requests were implant planning, jaw lesions,
the relationship of the mandibular canal to the roots
of third molars, and localization of impacted teeth.
CBCT images were included if they met the following
criteria: presence of at least one mandibular anterior
tooth, which had no periapical lesions, root canal
fillings, post restorations, coronal restorations, or
fixed crown restorations, and the CBCT image was
of good quality and free of artifacts. After excluding
images that did not meet the inclusion criteria, 1128
CBCT images were included in the study.

CBCT images were obtained by using a Promax 3D
unit (Planmeca, Helsinki, Finland) operated at 84 kVp
and 9-14 mA with a voxel size of 0.16 mm, exposure
time of 6 seconds, and field of view of 8 centimeters.
Images were examined by three oral radiology residents
with at least 2 years of CBCT experience (MG, AK,
and CS; n = 376 images each) and were analyzed
with a built-in software package (Planmeca, Romexis
viewer 2.7.0) on a 24-inch Nvidia Quadro FX 380
screen with 1280 x 1024 resolution in a quiet room
with subdued ambient lighting. An experienced oral
radiologist (IP) reviewed the examination records.
Observers were allowed to manipulate the contrast
and brightness features and to use the zoom tool of
the software for optimal visualization. Axial, sagittal,
and cross-sectional slices (thickness: 1 mm) of CBCT
images were used. All observers were blinded to the
gender and age of the patients.

Mandibular anterior teeth were evaluated for
the number and symmetry of roots and root canals.
All root canal configurations, except type I (single
canal) and type VIII (three canals), were registered
as two root canals.'® Teeth with two roots were
further examined for the length of the roots and
location of the interradicular bifurcation. The root
length was considered as the distance between the
cemento-enamel junction and the root apex; the
coronal, middle and apical third distinction of the
bifurcation point was performed according to the
determined length.'



Patient age was stratified into three categories:
10-35 years, 36-55 years, and 56+ years. Data were
statistically analyzed by using crosstabs, descriptive
statistics, and the chi-square, Fisher’s exact, t-, and
z-tests. A p-value of 0.05 was considered as the level
of statistical significance.

Results

In total, 6253 mandibular anterior teeth (1983 central
incisors, 2077 lateral incisors, and 2193 canines) from
1128 individuals (628 females, 55.7% and 500 males,
44.3%) aged between 10 and 85 years (mean + standard
deviation: 41.8 + 15.5 years) were examined. All
central incisors were single-rooted (n = 1983, 100%).
Most lateral incisors were single-rooted (n = 2075,
99.9%); only 0.1% (n = 2, Figure 1) had two roots. The
frequency of mandibular canines with one root
was 96.9% (n = 2124) and with two roots was 3.1%
(n = 69). A statistically significant difference was
found between the number of roots (1 vs. 2 roots) for
each tooth type (p < 0.001 by chi-square and Fisher’s
exact tests, Table 1).

Most mandibular anterior teeth had one canal.
Double root canals in single roots were observed
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mostly in the lateral incisors (n = 357, 17.2%; Figure 2),
followed by the central incisors (n = 296, 14.9%) and
canines (n =134, 6.1%). Three or more canals were not
observed. A statistically significant difference was
found between the number of root canals (1 vs. 2 root
canals) for each tooth type (p < 0.001 by chi-square
and Fisher’s exact tests, Table 1).

No significant difference was found for the
percentages of two roots or two root canals between
males and females (p > 0.05 by z-test, Table 2). The
only significant difference was for the percentage of
canines with two root canals (p < 0.001), for which
females had a higher percentage than males.

In teeth with two roots, the roots were always located
in a bucco-lingual direction, with the buccal root being
slightly longer than the lingual root. In canines from
males and females, mean lengths of the buccal root
were 13.58 + 1.55 mm and 12.29 + 1.91 mm, and mean
lengths of the lingual roots were 12.21 £ 1.77 mm and
11.88 £1.13 mm, respectively (p > 0.05 by t-test between
genders). A significant difference in the lengths of the
buccal and lingual roots was found in males (p = 0.008
by t-test), but not in females (p = 0.280). The bifurcation
point in two-rooted canines was mostly located at the
middle third of the root (81.2%, n = 56), followed by the
apical third (10.1%, n =7) and the coronal third (8.7%,
n = 6). In two-rooted lateral incisors, the bifurcation

was located in the middle or apical third of the root
(50%, n =1 each).

Figure 1. Sagittal (A; 1 mm sequential sections) and axial
sections (B) showing a lateral incisor with two roofs (arrow).

Figure 2. Sagittal (A) and axial sections (B) showing central
and lateral incisors with two canals in single root (arrows).
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Table 1. Distribution of the numbers of roots and root canals in the mandibular anterior teeth, and statistical results.

Teeth No. of roots or root canals
Central incisors No. roots One
Two

No. root canals One

Two

Lateral incisors No. roots One
Two

No. root canals One

Two

Canines No. roots One
Two

No. root canals One

Two

Df: Degree of freedom.
tStatistical analysis not performed.
*Difference is statistically significant (p < 0.001).

N (%) Pearson Chi-square Df P-value
1983 (100%) n " "
0
1687 (85.1%) 1486.648 4 0.000*
296 (14.9%)
2075 (99.9%) 484.212 2 0.000*
2 (0.1%)
1720 (82.8%) 929.568 4 0.000*
357 (17.2%)
2124 (96.9%) 73.035 4 0.000*
69 (3.1%)
2059 (93.9%) 171.226 4 0.000*
134 (6.1%)

Table 2. Distribution of the mandibular anterior teeth with two roots or two root canals by gender, and statistical results. Values in
parentheses signify the percentage within all teeth for the specified tooth type and gender.

Teeth Variable
Central incisors Two roots Male
Female
Two root canals Male
Female
Lateral incisors Two roots Male
Female
Two root canals Male
Female
Canines Two roots Male
Female
Two root canals Male
Female

tStatistical analysis not performed.
*Difference is statistically significant (p < 0.001).

In cases where each type of tooth was
contralaterally present in the mouth, the overall
bilateral symmetry for the number of roots or root
canals ranged 96-100% or 90-95%, respectively (Table
3). When the contralateral tooth was present and
at least one of the teeth had two roots or two root
canals, bilateral symmetry was present in 0% or
45.0% of cases for the central incisors, 0% or 29.0%
for the lateral incisors, and 17.6% or 28.0% for the
canines (Figure 3).

The effect of age was examined for the number of
canals only. Statistically significant differences were
found between patients over 56 years and patients
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N (%) Z-value P-value
0 t t
0
138 (16.2%) 0.7 0.497
158 (13.4%)
0 t T
2 (0.2%)
170 (18.8%) 0.7 0.485
187 (16%)
20 (2%) 1.6 0.112
49 (4%)
32 (3.3%) 5.3 0.000*
102 (8.4%)

in the other age groups, with a lower frequency of
two root canals being detected among patients over
56 years (p < 0.001 by z-test, Table 4).

Discussion

Among the tooth types, two roots or two root canals
were most frequently seen in the mandibular canines
or the mandibular incisors, respectively. When two
roots and/or root canals were observed in a patient, the
location was mostly unilateral. Presence of a second
root canal was inversely related to age. Canine teeth
with two root canals were more frequently found in
females compared to males.
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Table 3. Cases in which the number of roots or root canals is bilaterally symmetric. Total number represents the number of cases

in which the tooth is contralaterally present in the mouth.
Teeth Bilaterally symmetric cases for root number

973 (100%)

1008 (99.8%)

Canine 1019 (95.5%)

Central incisor

Lateral incisor

Morphologies and root canal configurations of
mandibular incisors and canines have been extensively
studied by various techniques. ¢10111517181920212223 The
presence of two roots in a mandibular incisor is a
rare finding.* In this study, two roots were observed
in the lateral incisors of two female patients. The
presence of two-rooted mandibular canines in the
current study (3.1%) is in agreement with previous
findings (prevalence range of 0.3-6.2%).>°

Compared to the prevalence of two roots, previous
studies have found greater variations in the prevalence
rates of two root canals in incisors (11-68%)*1018-2325.26
and canines (6-38%).>>1%?1% These variations may

Figure 3. Axial section showing bilateral two-rooted
canines (arrows).

Table 4. Number of teeth with two root canals and the sample
size (all examined teeth) in different age categories, and
statistical comparisons between categories.

Age category (years) Proportion (%)

10-35 337/2537 (13.3%)
36-55 336/2445 (13.7%)
56+ 123/1271 (9.7%)
Total 796/6253 (12.7%)

Comparisons: 10-35 years vs. 36-55 years, z-value = 0.4, p = 0.68;
36-55 years vs. 56+ years, z-value = 3.5, p < 0.001; 10-35 years vs.
56+ years, z-value = 3.2, p = 0.001.

Bilaterally symmetric cases for root canal number

Total number

923 (94.8%) 973
907 (89.8%) 1010
995 (93.3%) 1067

be due to geographical differences or differences in
detection techniques. The present study found results
similar to previous studies for the incisors (14.9%
and 17.2%), whereas the finding for the canines (6.1%)
corresponded to the lower range of previous findings.
Compared to other studies in Turkish populations,
the findings of the current study for the prevalence
rates of two root canals in incisors and canines are
very similar to those of Karagoz-Kiigtikay® (15% for
incisors), Caliskan et al.* (16% for incisors, 6% for
canines), and Altunsoy et al.? (17% for incisors, 7%
for canines). Prevalence rates reported by Sert and
Bayirli*! (68% incisors, 38% canines) differ from those
of other Turkish population studies.

Anatomical symmetry in tooth properties is
clinically important when treating contralateral teeth
in the same patient.'”> However, the literature contains
little information regarding the symmetry of root
canals in the mandibular anterior teeth. Compared
to the available information, all of which comes from
Chinese studies,'*" the present study examined a
different ethnic population and a greater number of
teeth. In one of these Chinese studies, double root
canal formation was predominantly bilateral in the
mandibular incisors and unilateral in the canines.”
Although the rates of bilateral double root canal were
relatively lower in the present study, the finding that
the bilateral double root canal was seen more in the
incisors is similar. In another study conducted on
mandibular incisors, overall symmetry in the root
canal numbers was found in 94-95% of the cases,™
compared to 90-95% in the current study (Table 3).

Bifurcations in teeth pose difficulties to clinicians
during endodontic treatment. Negotiating and shaping
the root canals may be difficult in two-rooted teeth
when the bifurcation is apically located. The lingual
canal may be particularly difficult to locate, and the
clinician may need to modify the coronal access to
facilitate its localization. In this case, an inability
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to instrument or obturate one of the root canals
may jeopardize treatment success. Previous studies
have found furcation points to be located mostly
at the middle third, to a lesser extent at the apical
third, and, least frequently, at the cervical third in
canines." The results of the current study are in line
with these findings. Previous studies also reported
approximately equal root lengths for two-rooted
canines.*" In the current study, the buccal roots were
slightly longer than the lingual roots. Both roots
were slightly longer in males than in females, albeit
without statistical significance. The latter finding is
consistent with the report of a greater mandibular
symphysis height in males compared to females in
a Turkish anthropometric study of young adults.”

Among the demographic variables, gender and age
were partly associated with the presence of two root
canals. Although the prevalence of two root canals
in incisors was similar in males and females, double
root canals in canines were seen significantly more
often in females. This finding is quite similar to that
of a previous Turkish study,® although other studies
have reported a statistically significant difference
between genders for the incisors.""*

Age displayed an inverse relationship with the
frequency of two root canals, probably due to the
deposition of secondary dentin in the root canal,
which may ultimately result in obliteration of the root
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