
Acta Odontologica Scandinavica. 2014; 72: 701–706

ORIGINAL ARTICLE

A cone-beam computed tomography study of root canal morphology of
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Abstract
Aim. The aim of this study was to evaluate the root canal number and configuration of maxillary and mandibular premolar
teeth by gender, intervals for decades, tooth position and unilateral or bilateral occurrence in a Turkish population using Cone
Beam Computed Tomography(CBCT) scanning.Methodology. CBCT images of 5496 maxillary and mandibular premolars
from 849 patients were evaluated. The following was evaluated in all the images: numbers of roots and root canals, the
morphology of the root canal configuration according to the Vertucci classification, male–female differences in the tooth
position and male–female differences in unilateral or bilateral occurrence. The reliability data were analyzed with a chi-square
test. Results. The most prevalent root canal frequency was the two canals (86.2%) and type IV (76.9%) configuration for
maxillary first premolar, one canal (59.7%) and type I (54.5%) canal configuration for second premolar. The incidence of one
canal was higher in females and the occurrence of two or three canals was more common in males. The incidence of one canal
was higher on the left side of maxillary premolars and the incidence of two canals was higher on the right side. Most mandibular
first (93.5%) and second (98.5%) premolars had one canal. In general, females had one root canal of the mandibular premolar,
whereas males had two or three canals. The type I configuration was most common and the incidence was higher on the right
side. There were some differences found in the frequency distribution of the number of root canals and configuration of
maxillary and mandibular premolar teeth according to intervals for decades. Conclusion. CBCT scanning provides
comprehensive information about the root canal morphology of maxillary and mandibular premolar teeth. These data
may help clinicians in root canal treatment of premolar teeth.

Key Words: cone beam computed tomography, maxillary premolars, mandibular premolars, root canal anatomy,
root canal configuration

Introduction

A thorough knowledge of root canal morphology
and configuration plays an important role in the
success of endodontic treatment [1]. Failure to detect
additional canals and incomplete instrumentation are
the most likely reasons for endodontic flare-ups and
failures [2–4].
Maxillary premolars pose challenges for endodontic

treatment because of the number of roots and canals
and the variations in the configurations of the pulp
cavity [5]. Different studies have reported substantial
variation in the number of roots and canals of
maxillary premolars [5–9]. The type of roots and

the morphology of the canals of maxillary and
mandibular premolar teeth can also be extremely
complex and highly variable [3,7,9,10]. Therefore,
they are probably the most difficult teeth for end-
odontic treatment [2]. Factors that can contribute to
differences in the internal complexities of the root
canal anatomy include ethnic differences and origin
[10,11], age [9], gender [12] and study design.
Studies of the root canal anatomy of premolar teeth

have used the canal staining and clearing technique
[1], the cross-sectioning technique [13] and
radiographic examination [9]. However, these studies
have been based on extracted teeth. In addition, the
canal staining and clearing technique [1] and the

Correspondence: Evren Ok, PhD, DDS, Assistant Professor and Chair, Department of Endodontics, Faculty of Dentistry, Şifa University, Izmir, Turkey.
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cross-sectioning technique [13] are invasive and
result in irreversible damage to samples. Radiographic
examinations also provide only two-dimensional
images, and anatomic structures can be superimposed
in these images. Therefore, they do not reflect the
complete morphology of root canals.
Recently, cone-beam computed tomography

(CBCT) has been used to evaluate endodontic appli-
cations [14]. CBCT facilitates diagnosis and provides
clinicians with three-dimensional information about
the morphology of the roots and their divergence [15].
The images obtained by CBCT display axial, sagittal
and coronal sections and reduce the superimposition
of anatomic structures [14]. These advantages facil-
itate the clinician’s understanding of the thorough
morphology of root canals.
Many studies have evaluated the root canal

morphology of maxillary and mandibular premolar
teeth [3,5–7,11,12,16,17]. However, to the best of
our knowledge, there have been no CBCT studies of
the root canal configuration of maxillary and man-
dibular premolar teeth by gender or by tooth position
in a Turkish population. The aim of this study was to
evaluate the root canal anatomy, number and config-
uration of maxillary and mandibular premolar teeth
by gender, intervals for decades, tooth position and
unilateral or bilateral occurrence in a Turkish
population using CBCT scanning.

Materials and methods

CBCT images of maxillary and mandibular premolars
were obtained from patients who visited the Faculty
of Dentistry, Dicle University, Diyarbakir, Turkey,
for various purposes between 2009 and 2011. We
evaluated a database of 5496 (2,680 maxillary pre-
molars, 2816 mandibular premolars) CBCT scans
obtained from 849 patients according to (a) gender
(females, n = 421; males, n = 428 males); (b) age
(between 14–84 years); (c) presence of maxillary and
mandibular permanent premolar teeth on scans; and
(d) fully erupted teeth, fully formed apexes and no
root canal fillings, posts and crown restorations.
The CBCT images were obtained using a CBCT

scanner (I-CAT vision TM Imaging Science Interna-
tional, Hatfield, USA, 2008) at 120 kVp, 18.54 mA,
with an exposure time of 8–9 s. The voxel size of the
images was 0.3 mm. The acquisition process was
performed by an experienced radiologist according
to the manufacturer’s recommendation protocol, with

the minimum exposure necessary for adequate image
quality. Intra-examiner calibration of the CBCT
images was first performed to evaluate the reliability
of the assessment. All the images were assessed
separately twice by two examiners (one endodontist
and one maxilla facial radiologist) with a 2-week
interval between the assessments. In the event of
disagreements between the pair, these were discussed
with another radiologist until a consensus was reached
(especially for type VII and VIII configurations). The
following was evaluated in all the images: the numbers
of roots and canals, the morphology of the root canal
configuration according to the Vertucci classification
(Figure 1), differences in the tooth position of males
and females, intervals for decades, and unilateral or
bilateral occurrence. The reliability of the data was
analyzed with a chi-square test.

Results

Number of the root canals and canal
configuration of maxillary premolars

Table I shows the frequency distribution of the root
canals of maxillary premolar teeth. Most maxillary
first premolars (86.2%) had two root canals, whereas
most second premolars (59.7%) had one canal. The
numbers of root canals and the tooth position were
different in males and females (Table II). When the
maxillary first and second premolars were evaluated
unilaterally, the incidence of canals varied between
the males and females, with the incidence of one-
canalled maxillary first and second premolars higher
in females and the incidence of two and three-canalled
maxillary first and second premolars higher in males.
The frequency distribution of the different canal

configurations of the maxillary premolars is shown
in Table I. Overall, the type IV canal configuration
was most prevalent in first premolars (76.9%) and the
type I canal configuration was most prevalent in
second premolars (54.5%), regardless of gender.
The type VII canal configuration was not found in
all teeth. Three-canalled teeth were observed in less
than 1% of cases and were classified as type VIII.
There were variations in the root canal configurations
of the maxillary first premolars between the left and
right side of both males and females (Table II). When
the teeth were evaluated unilaterally, the numbers of
canals and the configuration of the canals were
different between males and females.

1 2 3 4 5 6 7 8

Figure 1. Vertucci classification of root canal configuration.
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Number of the root canals and canal
configuration of mandibular premolars

Table I shows the frequencydistributionof thenumber
of root canals of mandibular premolar teeth. Most
mandibularfirst premolars (93.5%) had one root canal
and most second premolars (98.5%) had one canal.
The overall occurrence of canals on the left side and on
the right sidewas different, regardless of gender (Table
III). The incidence of two canals of themandibular left
first premolar was higher on the left side (9.5%) than
on the right side (5.9%) in males. The incidence of
one-canalled mandibular premolars was higher in

females and the frequency of two and three-canalled
mandibular premolars were higher in males.
Table I shows the frequency distribution of the

different canal configurations of the mandibular
premolar teeth. The type I canal configuration was
most prevalent in mandibular first (92.8%) and
second (98.5%) premolar teeth. The type VIII
canal configuration was least prevalent and the type
VI and VII canal configurations were not found in all
teeth. The incidences of varying root canal configura-
tions did not differ between the left and the right side
of both males and females (Table III). However, when
the teeth were evaluated unilaterally, the number of

Table I. The frequency distribution and percentage of the number of root canals and the configuration of maxillary and mandibular premolar
teeth.

Maxillary Mandibular

No of canals (%) 1. Premolar 2. Premolar 1. Premolar 2. Premolar

1 canal 173 (12.5) 776 (59.7) 1375 (93,5) 1325 (98.5)

2 canal 1189 (86.2) 521 (40) 95 (6,5) 17 (1.3)

3 canal 17 (1.2) 4 (0.30) 1 (0,06) 3 (0.2)

No of canal Config (%)

Type 1 132 (9.57) 709 (54.50) 1366 (92.8) 1325 (98.5)

Type 2 89 (6.46) 115 (8.84) 4 (0.3) 1 (0.07)

Type 3 19 (1.38) 47 (3.61) 14 (1) 1 (0.07)

Type 4 1061 (76.94) 285 (21.91) 21 (1.4) 8 (0.6)

Type 5 63 (4.57) 141 (10.84) 65 (4.4) 7 (0.5)

Type 6 1 (0.07) 0 0 0

Type 7 0 0 0 0

Type 8 14 (1.01) 4 (0.30) 1 (0.06) 3 (0.2)

Table II. The frequency distribution of the number of root canals and the configuration of maxillary premolar teeth according to tooth position
and gender.

Maxillary 1. Premolar Maxillary 2. Premolar

Right Left Right Left

No of canal, % Male Female Male Female Male Female Male Female

1 canal 8.1 15.2 9.7 17.3 50.9 68 51.9 68.1

2 canal 89.1 84.5 88.8 82.5 48.8 32 47.2 31.9

3 canal 2.8 0.3 1.5 0.3 0.3 0 0.9 0

No of canal Config, %

Type 1 5.3 11.5 7.7 14 44.9 63.4 46.3 63.7

Type 2 6.2 7.5 5.6 6.5 9.3 8.5 9.3 8.2

Type 3 0.8 1.7 1.2 1.8 3.3 4 3.1 4.1

Type 4 80.4 75 78.7 73.5 29.3 16.2 25.2 16.7

Type 5 4.5 4.3 5.3 4.2 12.9 7.9 15.2 7.3

Type 6 0.3 0 0 0 0 0 0 0

Type 7 0 0 0 0 0 0 0 0

Type 8 2.5 0 1.5 0 0.3 0 0.9 0
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canals and the configuration of the canals were
different between males and females.

Number of the root canals and canal
configuration of premolar intervals for decades

Table IV shows the frequency distribution of the
number of root canals and configuration of maxillary
and mandibular premolar teeth according to intervals
for decades. There were some differences found,
especially in the first, fourth and fifth decade
(Figure 2).

Discussion

This study provides a comprehensive account of the
root canal number and the configuration of

mandibular and maxillary premolars in a Turkish
population. Studies have reported that variations in
root canal anatomy are very common [18]. Vertucci
[1] classified the anatomy of root canals into eight
types. We used this classification in the present study.
Past studies of the numbers of root canals of

maxillary first premolars reported the percentage of
one-canalled as 3.92–26.2%, two-canalled as 73.3–
97% and three-canalled as 0–5% [9,17,19,20]. In the
present study, the percentage of one-canalled max-
illary first premolars was 12.5%. This is higher than
that reported in earlier studies of a Turkish popula-
tion [17,19]. An interesting observation is that the
percentage of two-canalled maxillary first premolars
in this study was 86.2%, which is slightly lower than
the percentage reported in these previous studies
[17,19]. The percentage of three-canalled (1.2%)
maxillary first premolars was higher than that
observed by Çalişkan et al. [17] (0) and lower than
that found by Kartal et al. [19] (1.6%). In other
studies of the root canal morphology of maxillary
second premolars, the percentage of one-canalled
maxillary second premolars was 44–55%, two-
canalled was 45–56% and three-canalled was 0–1%
[9,17,19,21]. In the present study, the percentage of
one-canalled (59.7%) maxillary second premolars
was higher and the percentage of two- (40%) and
three-canalled (0.3%) maxillary second premolars
was lower than that found in several earlier studies
of a Turkish population [17,19].
In the present study, the number of canals was

associated with the tooth position, regardless of the
gender. The incidence of one canal was higher on the
left side and the incidence of two canals was higher
on the right side. When the teeth were evaluated

Table III. The frequency distribution of the number of root canals and the configuration of mandibular premolar teeth according to tooth
position and gender.

Mandibular 1. Premolar Mandibular 2. Premolar

Right Left Right Left

No of canal, % Male Female Male Female Male Female Male Female

1 canal 93.8 95.6 90.5 94.1 97.3 99.7 97.4 99.7

2 canal 5.9 4.4 9.5 5.9 2.7 0.3 1.7 0.3

3 canal 0.3 0 0 0 0 0 0.9 0

No of canal Config, %

Type 1 93.2 95.6 89.2 93.5 97.3 99.7 97.4 99.7

Type 2 0.2 0 0.5 0.3 0.3 0 0 0

Type 3 0.5 0.6 1.9 0.8 0.3 0 0 0

Type 4 1.4 1.1 1.6 1.6 0.9 0.3 0.9 0.3

Type 5 4.3 2.8 6.8 3.8 1.2 0 0.9 0

Type 6 0 0 0 0 0 0 0 0

Type 7 0 0 0 0 0 0 0 0

Type 8 0.3 0 0 0 0 0 0.9 0

Table IV. The frequency distribution of the number of root canals
and configuration of maxillary and mandibular premolar teeth
according to decades for intervals.

10–20 20–30 30–40 40–50 50–60 60 and
upper

10–20 b a,b

20–30 c b a,b

30–40 b c a,b

40–50 b

50–60 a,b a,b a,b

60 and
upper

ap < 0.05 mandibular first premolar; bp < 0.05 mandibular second
premolar; cp < 0.05 maxillary first premolar; dp < 0.05 maxillary
second premolar.
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unilaterally, differences were found, with the inci-
dence of one canal of the maxillary first and second
premolars higher in females and the incidence of two
and three canals higher in males. Awareness of the
clinician of this difference before the preoperative
evaluation might increase the success of root canal
treatment. In addition, the clinician should take care
when opening the access cavity of the premolar teeth
not to miss out the additional canal.
In the present study, the type IV canal configuration

was most prevalent (76.9%) in the maxillary first pre-
molar teeth, followedby type I, type II and typeV.Other
studies of a Turkish population reported that the
percentage of the type IV canal configuration was 60–
78% [12,17,19]. Our findings were similar with
Çalışkan et al. [17] and higher than those of Sert et al.
[16]. and Kartal et al. [19]. The percentages of type I,
typeIIandtypeIIIcanalconfigurationswerehigherthan
those reported by Çalişkan et al. [17] and Kartal et al.
[19] and lower than those reported by Sert et al. [12].
The present study observed differences in the types

of canal configurations between the right and the left
sides of maxillary first premolar teeth. The type I and
type III canal configurations were higher on the left
side and the type II and type IVwere higher on the right
side, regardless of gender. Differences were also found
when the teeth were evaluated unilaterally. Compared
to findings presented by Sert et al. [12], the type II and
type III canal configurations in the present study were
higher in females in the maxillary first premolar teeth
and the type IV was higher in males.
In the maxillary second premolar teeth, the type I

canal configuration was most prevalent (54.50%),
followed by type IV, type V and type II. In the present
study, the percentage of the type I canal configuration
was higher than that reported in earlier stud-
ies (32–48%) for a Turkish population [12,17,19].
There were no differences between the right and left
sides of maxillary second premolar teeth, regardless of
gender. However, when the teeth were evaluated uni-
laterally, the type I and type III were higher in males
and the type IV and type V were higher in females on
both the left and right sides of the second premolars
compared to findings reported by Sert et al. [12].
The root canal number and the canal configuration

of the mandibular premolar teeth were evaluated in

this study. In the literature, the incidence of one canal
in the mandibular first premolar was reported to be
60.5–70% and 71–98.8% for the second premolar
[9,12,16,17,22]. In the present study, the percentage
of mandibular first (93.5%) and second premolars
(98.5%) with one canal was higher than that found in
several earlier studies of a Turkish population
[12,16,17]. The incidence of mandibular first and
second premolars with two and more canals was
30–39.5% and 1.2–29%, respectively, in the literature
[9,12,16,17,22]. The number of canals of the first and
second premolar in the present study was lower than
that found in previous studies of a Turkish population
[12,16,17].
In the present study, the number of canals of

mandibular premolars was associated with tooth
position and gender. The incidence of one-canalled
mandibular premolars was higher in females, whereas
the incidence of two and three canals was higher in
males. The incidence of two canals was higher on
the left side for first premolars in males. Clinicians
should be aware of these differences in preoperative
evaluations of mandibular premolar teeth.
The type I configuration was most prevalent in

mandibular first (92.8%) and second premolar
(98.5%) teeth. In the literature, the incidence of
one canal in the apex of mandibular first and second
premolars were reported to be 74–89.5% and 81.5–
98.8%, respectively [9,12,16,17,22]. The incidences
of mandibular first (94.1%) and second (98.64%)
premolars with one canal in the apex were higher
than those found in previous studies of a Turkish
population [12,16,17]. The type I canal configuration
in both the first and second premolars was higher in
females. The type I configuration was higher at the
right side, regardless of gender. Sert et al. [12] found
that the type I canal configuration of mandibular first
premolar teeth was higher in males, whereas it was
higher in the second premolar teeth in females. Our
results were different in the first premolar from
Sert et al. [12].
In the present study, the frequency distribution of

the number of root canals and configuration of max-
illary and mandibular premolar teeth according to
intervals for decades were evaluated. Although there
were some differences found, especially in the first,

A B C D E F

Figure 2. Root canal configuration of maxillary premolars (A) Type I; (B) type IV; (C) Type VIII, Root canal configuration of mandibular
premolars (D) Type I; (E) Type IV; (F) Type VIII.
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fourth and fifth decade, it indicates the root canal
configuration did not effect from decades for intervals.
The differences in the maxillary and mandibular

premolars in the current study compared to those
of previous studies of a Turkish population
[12,16,17,19] may be related to various factors, with
ethnic differences [10] and ethnic origins [11] the
prime reasons for the variations in the canal
configurations. The previous studies of a Turkish
population were carried out in the north-west and
western regions of Turkey. In contrast, the data in
the current studywere obtained from patients living in
the south-west of the country.Wemight say that ethnic
differences between populations may influence the
configuration of the root canals. In addition, the
previous studies did not compare the right and left
side unilaterally and bilaterally by gender. The studies
of the root canal configurations of the Turkish
population [12,16,17,19] were also based on a small
number of subjects. The present study was compre-
hensive and included a large number of teeth
(2680 maxillary premolar teeth and 2816 mandibular
premolar teeth). These differences may explain the
variations between the present study and the previous
ones.We alsousedCBCT image analysis in this study.
CBCT is more accurate, more reliable and leads to
clearer determinations than canal staining and the
clearing technique [14]. Therefore, the present study
may represent the true variation in the Turkish
population.

Conclusions

Within the limitations of this study, it can be
concluded that there was a higher prevalence of
two-canalled maxillary first premolars with a type IV
canal configuration and that this configuration was
higher on the right side inmales. Themaxillary second
premolars were mostly one canalled. They showed a
type I configuration, which was higher on the left side
of males and females. Themandibular premolars were
mostly one canalled, with a type I canal configuration,
which was higher on the right side of females. This
study provides comprehensive information for den-
tists on the root canal morphology of maxillary and
mandibular premolar teeth in a Turkish population.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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