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Root and Canal Morphology of Mandibular Premolar Teeth in a
Kuwaiti Subpopulation: A CBCT Clinical Study

Deena Jassem ALENEZI, ©® Saad A AL NAZHAN, © Nassr AL MAFLEHI, @ Cristalle SOMAN

ABSTRACT

Objective: To study the root and root canal morphology of mandibular premolars in a Kuwaiti subpopulation
using cone-beam computed tomography (CBCT).

Methods: 152 CBCT images were obtained from the radiology department archives of four dental centers in
Kuwait. A total of 476 mandibular premolar teeth were analyzed by two observers. The number of roots, root
canal configuration types and canal curvature measurements were examined. The relationship between sex,
tooth position, and incidence of an additional canal were compared using the chi-square test, and the level
of significance was set at 0.05 (P=0.05).

Results: The number of roots in mandibular first premolars was one in 73.9%, two in 24.9%, three and four
in 1.2%. On the other hand, the number of roots in mandibular second premolars was one in 79.2% and
two in 20.8%. Based on Vertucci’s classification system, 18.7% of the teeth were type Il followed by type VI
(14.3%). The majority of the examined teeth were straight (74.8%) and the incidence of distal root angulation
was about 21%. Canal configurations not included in the Vertucci classification were reported in 102 teeth
(21.4%). Variability was significantly higher in the second premolars compared to first premolar (P<0.05).

Conclusion: The Kuwaiti population has complex root canal morphology in mandibular premolar teeth.

Keywords: Cone-beam computed tomography, mandibular premolar, root canal configuration, root canal
morphology, root shape

HIGHLIGHTS

+ The root canal morphology of mandibular premo-
lar teeth of Kuwaiti population is complex.

INTRODUCTION

Adequate removal of infected pulp
tissues is the main objective of
root canal treatment procedures
(1-3). Therefore, clinicians need to
have sound knowledge and clear
visualization of the internal and
external tooth morphology and its
common variations to improve the
prognosis of root canal treatment.

« The most common root canal configuration of
mandibular premolars was type Il (18.7%).

«  The majority of roots in mandibular premolars were
straight (74.8%).

« Males had greater variation in canal morphology

compared to females.
The root canal anatomy of each

tooth has certain commonly oc-
curring characteristics, as well as a typical variations that require special attention during root
canal treatment (4). The relative simplicity and uniformity of the external surfaces of the roots usu-
ally mask a complex internal morphology (5). Therefore, the exact details of the root canal system
and its anatomical variations must be considered to achieve a successful outcome. Mandibular
first premolars are amongst the most Challenging teeth to treat because of the high incidence
of multiple roots or canals (4). In addition, these teeth have a high rate of failure after root canal
treatment (6).

On average, 91.0% of mandibular second premolars have a single canal and 9.0% have two or more
canals (7). In rare cases, two or three roots with four canals have been reported (8, 9). In addition, a
high incidence rate (up to 24%) of C-shaped canals has been reported in Chinese populations (10).
Most C-shaped premolars have a groove or concavity on the external root surface, which frequently
presents on the proximal lingual area of the middle root (11). Numerous factors contribute to varia-
tion in the human root and canal morphology, including ethnicity, age, and sex (2, 12-16).
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Few studies investigated the root and canal morphology in
Kuwaiti population (17-19), which are mainly undertaken in
first molars and mandibular premolars using conventional ra-
diographic imaging (17). Previous studies on mandibular pre-
molars have used methods such as hard tissue section, root
canal staining and clearing, and micro-CT scanning to visual-
ize (12, 16-17, 20, 21). More recently, Cone beam computed
tomography (CBCT) has been used as reliable diagnostic tool
(22). It provides high quality images and reduced exposure
compared to conventional CT (23). This study aimed to inves-
tigate the root and canal morphology in mandibular first and
second premolars in Kuwaiti population using CBCT.

MATERIALS AND METHODS

Sample collection

A total of 197 CBCT images were collected from the radiology
department archives of four dental centers in Kuwait (Adan,
Farwania, Jaber, and Alamirri) between October 2015 and Fe-
bruary 2017. The images were collected from patients who
had undergone CBCT scanning for various diagnostic pur-
poses. Images were taken using a 3D X CBCT Creanex machine
(SOREDEX Manufacturing Corp., Helsinki, Finland) with image
capture parameters set at 90 kV and 5-10 mA, with an expo-
sure time of 6.5 s, voxel size of 0.1mm, and slice thickness of 1.0
mm. The identities of the patients were not revealed and only
information regarding sex and age was acquired. The study
was approved by the Ethics Committee of Riyadh EIm Univer-
sity (registration number is FPGRP/43733003/220).

In all, 152 CBCT images (60 from Adan, 36 from Farwania, 29
from Jaber, and 27 from Amirri dental centers) were acquired
from 80 male and 72 female patients. A total of 476 mandib-
ular premolars (253 male and 223 female) were analyzed ac-
cording to the following inclusion criteria: age 16-65 years;
Kuwaiti citizenship; no periapical lesions, resorption, or canal
calcification; no history of root canals; fully mature (closed)
root apices; and good-quality CBCT images. The patient’s and
sex as well as tooth position in the arch were recorded.

Radiographic evaluation

The CBCT images were analyzed using OnDemand 3D soft-
ware (Cybermed, Seoul, Korea) and were evaluated retro-
spectively by two experienced examiners (one endodontist
and one oral and maxillofacial radiologist). The CBCT images
were numbered and evaluated separately to avoid any po-
tential sources of bias. Axial, coronal, and sagittal sections
of the CBCT images were displayed on a 32-inch LCD screen
(HP Inc, USA) with a resolution of 1.280x1.024 pixels. The
images were interpreted in a dark room. Adjustment of the
magnification and contrast was done to ensure optimal visu-
alization and examination. The data reliability was previously
assessed through an inter-examiner calibration based on the
anatomic diagnosis of the CBCT images. The CBCT images
were evaluated according to the following criteria: root ca-
nal configuration in each root according to the Vertucci clas-
sification system (1) and the supplemental configurations
reported by Sert and Bayirli (14).; the number of roots per
tooth; root morphology categorized as fused (two or more
roots that joined together) or separated (clearly divided-api-

cal root bifurcations are considered as separate); angulation
of the root (none, mesial, distal, lingual or buccal); curvature
of the root canal based on the Schneider method (24) (mod-
erate or severely curved); and the location of the radicular
groove (none, mesial, distal, lingual or buccal). C-shaped root
canal was also evaluated using Fan et al. (10) classification
that include: category-I: a continuous “C” with no separation
or division; category Il (C2): a discontinuation in the “C" out-
line (semicolon-like); category Il (C3): two separate round,
oval, or flat canals; category IV (C4): only one round, oval, or
flat canal in that cross-section; category V (C5): three or more
separated canals in the cross-section; category; and category
VI (C6): no canal lumen could be observed.

Pilot study

A pilot exercise was done with three samples presented by the
oral and maxillofacial radiologist to familiarize the examiners
with the CBCT images and tools and to reach an agreement
on what should be recorded. Examiners read three CBCT im-
ages twice with a 1-week interval between the assessments.
After the initial reading, the radiologist selected 10 additional
CBCT images for evaluation with a 1-week interval between
readings. After the exercise, intra- and inter-examiner reliabil-
ity was determined.

Statistical analysis

All statistical analyses were performed using SPSS ver. 22 (IBM,
Armonk, NY, USA). The relationship between sex, tooth po-
sition, and incidence of an additional canal were compared
using the chi-square test. Inter- and intra-examiner reliability
were measured using the Cohen'’s kappa coefficient (k) and in-
traclass correlation coefficient (ICC).

RESULTS

A total of 245 first and 231 second mandibular premolars
(n=476) were evaluated. The number of roots in mandibular
first premolars was one in 73.9%, two in 24.9%, three and four
in 1.2%. On the other hand, the number of roots in mandib-
ular second premolars was one in 79.2% and two in 20.8%.
The Vertucci classifications of the canal configurations are list-
ed in Table 1. The highest percentage of the teeth was type Il
(18.7%) (Fig. 1). The least common root canal configurations
were type VIl (1.9%) in the mandibular first (1.1%) and second
(0.5%) premolars. Canal configurations not included in Vertuc-
ci's classification were found in 102 teeth (Fig. 1). No significant
difference between the first and second premolars (P<0.05).
C-shaped canals were only detected in the second premolars
(1.3%) (Fig. 2).

The majority of teeth had a single root (76.5%) in both the first
(38.0%) and second (38.5%) premolars. Three and four roots
were occasionally seen in the first premolars only.

The number of examined teeth was slightly higher in males
(n=253) than females (n=223) (Table 2). No significant dif-
ference was detected in the number of roots in the first and
second premolar between males and females (P>0.05). A few
teeth (23.5%) had either separated (n=94, 19.6%) or fused roots
(n=18, 3.8%) (Table 3) (Fig. 3). No significant difference was de-
tected in root types between males and females (P>0.05).
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roots at coronal third (b) then separated at the apical third (c and d)
(yellow arrow). Canal configuration is 2-3-2 (a, b, c and d). The roots of

Figure 2. CBCT image of second mandibular premolar with C-shaped

Figure 1. CBCT image of second mandibular premolar with joined

the first premolar are fused with type Il canal configuration
root canal configuration at different levels (a, b, c and d)
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TABLE 2. Distribution of the number of roots in mandibular premolars according to gender

Number of roots

Second premolar

First premolar

Three Four Chi-square P value One Two Three Four  Chi-square P value

Two

One

Gender and

(df)

(df)

number of teeth

0.599

0.276 (1)

0 (0%)
0 (0%)
0 (0%)

0 (0%)
0 (0%)
0 (0%)

28 (11.1%)

99 (39.1%)
84 (37.7%)
183 (39.2%)

2 (0.8%) 0 (0%) 0.0058 (1) 0.939

31(12.3%)

30 (13.5%)
61 (12.8%)

93 (36.8%)
88 (39.5%)
181 (38.0%)

Male (253)

(9.0%)
48 (10.3%)

20

1(0.5%)
1(0.2%)

0 (0%)
2 (0.4%)

Female (223)
Total (476)

The majority (74.8%) of the examined teeth were straight
(n=356) and the incidence of distal root angulation was 21.01%
(n=100) (Table 4). No significant differences in angulation were
detected between the first and second premolars (P>0.05).
Moderate (11.1%) to severe (14.1%) root angulations were seen
in 53 and 67 teeth respectively (Table 5). A radicular groove was
uncommon (8%), but when present, it was most commonly lo-
cated in the mesial aspect of the first premolar root (4.8%) com-
pared to other surfaces (Fig. 4). C-shaped canal configurations
were only detected in the second mandibular premolars (1.3%)
and they exhibit category Ill (C3) of Fan et al classification (10).

The kappa test showed inter-rater reliability to be in average
93.6%. The intra-examiner reliability was 94% (ICC=0.8).

DISCUSSION

The success of nonsurgical endodontic therapy is closely asso-
ciated with properly locating, cleaning, and shaping the root
canal and placing appropriate filling materials (25). Therefore,
it is essential for clinicians to have knowledge about root canal
configurations, particularly because their morphology varies
between races and even between individuals with the same
racial background (26).

A pilot exercise was carried out starting with 3 CBCT images to
reach an agreement between the examiners on what should
be recorded. After that, an additional 10 CBCT images were
evaluated independently. The number of evaluated samples
was sufficient (27). Samples of 10-30 of were reported by Isaac
and Michael (28) is simple and easy to calculate.

Several methodologies have been proposed for the evalua-
tion of root canal anatomy. The clearing technique is frequent-
ly used (20) but can only be applied after extraction and has
limitations in diagnosing C-shaped canals (10). The use of con-
ventional radiographs at different angles is another often-used
technique (17, 29) but it does not provide detailed information
(11, 30). More recently, techniques such as micro-CT and CBCT
have been used. Neelakantan et al. (31) investigated the accu-
racy of different radiographic techniques for studying root ca-
nal morphology. They found a significant difference between
all methods except CBCT and the modified canal staining and
clearing technique. They concluded that micro-CT and CBCT
are as reliable as the clearing technique for identifying root
canal systems.

The current study used CBCT imaging methods similar to pre-
viously reported studies (22, 32-35). CBCT is a reliable imaging
technique because it is nondestructive and provides accurate
3D representations of the external and internal anatomy of the
teeth. In addition, the degree of accuracy of CBCT for identi-
fying the complexity of root canal configuration is high (36).
CBCT is usually requested when radiographic images yield
limited information (37). In the present study, CBCT was able
to clearly visualize the roots and root canals.

The prevalence of single-rooted configuration has been re-
ported to reach up to 100% in mandibular first and second
premolars (33). In the current study, one root was mostly
found in first [181 (73%) out of 245 teeth] and second [183
(79.2%) out of 231 teeth]. This is considered low compared to
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Figure 3. Mesiodistal CBCT images of mandibular right first premolar. The image of the canal disappeared in the middle-third (a). Cross-section

CBCT image showing two separated roots at the middle-third (b-f). Axial CBCT image at the cervical third showing 2 canals (g), more towered
the middle showing 2 canals (h), close to the apical third showing 3 canals with fused roots (i) and 3 canals at the apex (j). Notice the lingual root

fused to the distobuccal root. (Arrows points to the canals). Canal configuration is 2-3

TABLE 3. Type of roots (fused/separated) in mandibular premolars according to gender

Type of roots
First premolar Second premolar
Number Fused Separated Fused Separated Chi-square (df) P value Total
of type with fused/
teeth separated roots
Gender
Male 253 4 (6.6%) 29 (47.5%) 7 (11.5%) 21 (34.4%) 0.6867 (3) 0.867 61 (54.5%)
Female 223 5(9.8%) 26 (51%) 2 (3.9%) 18 (35.3%) 51 (45.6%)
Total 476 9 (8.0%) 55 (49.1%) 9 (8%) 39 (34.8%) 112

TABLE 4. Root angulation presence and its orientation in first and second mandibular premolars

Root angulation

Tooth Number None Mesial Distal Lingual Buccal Chi-square P value
of teeth (Straight) (df)

First premolar 255 183 (71.8%) 11 (4.3%) 61 (23.9%) 0 (0%) 0(0%) 1.03(2) 0.579

Second premolar 221 173 (78.3%) 8 (3.6%) 39 (17.6%) 1(0.5%) 0(0%)

Total 476 356 (74.8%) 19 (4%) 100 (21.0%) 1(0.2%) 0(0%)
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TABLE 5. Number and distribution of teeth according to the degree root angulations

Degree of root angulation

Tooth Number of teeth None Moderate (10-20) Sever >20 Chi-square (df) P value
First premolar 255 183 (71.7%) 34 (13.3%) 3.057(2) 0.267
Second premolar 221 173 (78.3%) 19 (8.6%) 29 (13.1%)

Total 476 356 (74.8%) 53(11.1%) 67 (14.1%)

Figure 4. CBCT image of radicular groove located in the mesial aspect

of the first mandibular premolar root surfaces at different levels (a, b,

candd)

Llena et al (33) and Alfawaz et al (35) findings. The percentages
of two-rooted configuration in the present study was high [61
(24.9%) out of 245 tooth in first] and [48 (20.8%) out of 231
tooth in second] compared to previously reported CBCT stud-
ies (33, 34-35, 38). Incidence of three-rooted configuration or
more in mandibular premolar teeth is a rare occurrence (33,
35, 39). Few teeth with three roots (0.4%) and four roots (0.2%)
were found in the first premolar and none in the second pre-
molar in the present study.

The configuration of root canal systems was categorized ac-
cording to the Vertucci classification system, which is the most
commonly used system in endodontics. All types of Vertucci
classifications were seen except Type VIII. Type Il was the most
common configuration in both the first (17.56%) and second
(19.92%) premolars. This was following by type | (14.1%) and
type lll (14.1%). These findings differ from previous studies
where type | was the most prevalent canal configuration in
both sets of premolars (20, 22, 32-35, 40). Although CBCT was
also used in these studies, the variation in the findings could
be attributed to ethnic and racial differences.

Figure 5. Cross-section CBCT images of mandibular left first premo-

lar showing one root with two canals (a, b). Axial CBCT image at the
cervical third showing 2 canals (c), the middle third shows 3 canals (d),
close to the apical third showing 4 canals (e) and 2 canals at the apex
(P). (Arrows points to the canals). Canal configuration is 2-3-4-2

Zaatar et al. (17) reported one canal in the mandibular first
(85.0%) and second (95.3%) premolars in a Kuwaiti popula-
tion using conventional radiographs. Furthermore, 15% of the
first premolars had a trunk with two separate roots (bifurcated
root canals) while only 4.7% of the second premolar had bifur-
cated roots. Similarly, this study identified one and two roots
in both the first and second premolars, while three and four
roots were occasionally seen in mandibular first premolars.
Similar findings were reported by Cleghorn et al. (7), Celikten
et al. (38) and Burklein et al. (39). Other studies that have used
a methodology other than CBCT have reported the presence
of two or more root canals in the first and second mandibular
premolars as high as 65% and 43%, respectively (12, 14, 20,
41). The differences in our results may be related to the use of
CBCT compared conventional radiographs.

A number of root canal configuration types not listed in Ver-
tucci classification was identified in this study. Previous studies
have also reported complex canal configurations (13, 42-44).
Examples of complex canal configurations identified in this
study include 2-3-4-2 and 2-5-4-2-1 (Fig. 5, 6). Some of the sam-
ples resemble the supplementary configuration types to Ver-
tucci classification that was reported by Sert and Bayirli (14).
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Radicular groove

Virtual reconstiuctionimage

Figure 6. Cross-section and axial CBCT images of mandibular right first premolar showing one root with two separated canals at the mid-
dle-third (a-d). Axial CBCT image at the middle third level (d) showing 5 canals (e) that was traced with black dots (f) and shown with virtual

reconstruction image (g) More towered the apica| third 4 canals can be seen (h) and 2 canals at the apex (l) See the radicular groove located at

the mesio-lingual area (F). (Arrows points to the canals). Canal configuration is 2-5-4-2

Ahmed et al. (45) introduced a new system for classifying root
and root canal morphology. This new coding system can ac-
curately classify the root and canal morphology using any
diagnostic tool. Such morphological complex configurations
identitied in this study can be classified using Ahmed's system.

C-shaped root canal is one of the most challenging canals to
treat due to its complex system where fin and isthmus are con-
nected. It was classified by Fan et al (10) into five categories.
In the present study, C-shaped canal configurations were only
detected in mandibular second premolars (1.3%). Their pres-
ence was considered minor and they exhibit category Ill (C3)
of Fan et al classification (10). These results are similar to previ-
ous reports (22, 32-34) and were higher than that reported by
Yu et al. (46) and Martins et al (40).

Alfawaz et al. (35) and Hajihassani et al. (47) did not report
C-shaped canals in mandibular premolars in Saudi and Irani-
an populations, respectfully. By contrast, a higher incidence of
C-shaped canals (18%) in the mandibular first premolars has
been reported in a Chinese population (11). The differences
are likely due to racial characteristics and variation in study
design.

The operator should be careful when accessing C-shaped ca-
nal. The cavity should be extended toward the buccolingual
and/or mesiodistal direction as well as the bifurcation at the
middle and apical third in order to find all canals (10, 48).

Mandibular premolar teeth having a high incidence of atypical
anatomy (1, 4). In the current study, separate roots in the first
(49.1%) and second (34.8%) premolars were more common
compared to fused roots. Separated roots can be visualized at
different angles on conventional radiographs or through the
use of CBCT (49). However, CBCT images can more accurately
confirm the exact number of roots and root canals compared
to conventional radiographs. The presence of root fusion may
be associated with a shallow or deep radicular groove either
individually or on both the buccal and lingual aspects of the
root (50). The radicular groove is a developmental malforma-
tion that extends along the root at varying lengths (50, 51). The
ovoid cross-sectional-shaped root normally has grooves or de-
pressions on the mesial and distal surfaces, and the depression
on the distal surface is often the deeper of the two (52). In this
study, radicular grooves in the first premolars were more often
than the second, similar to Arslan et al. (53) and Martins et al
(40). In addition, the radicular groove was located more often
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on the mesial surface of the first premolar (85.2%) and on the
distal surface of the second premolar (71.4%, P<0.05). Previous
studies have found a correlation between the presence of a
C-shaped root canal configuration and the presence of these
grooves (10, 53, Martins et al (40). The presence of radicular
grooves may be a predisposing factor for advanced periodon-
tal pathology with secondary pulpal involvement (54).

Most of the roots of the mandibular first (71.8%) and second
(78.3%) premolars in the current study were straight. However,
some distal angulation was identified as well. Similar findings
were reported by Hajihassani et al (47).

Wasserstein et al. (55) reported that the majority of the roots in
mandibular second premolars are distally curved in panoram-
ic radiographs in the early developmental stage and move to
an upright position spontaneously with progressing develop-
ment. A deviation from an upright tooth germ position may
be of genetic origin because distal angulation of the lower
second premolars is more pronounced in patients with agen-
esis of the corresponding antimere (56). The spontaneous re-
positioning could also be a result of normal changes in tooth
position during eruption (57) or it could simply be due to ra-
diographic distortion following positioning errors (58).

Almost all teeth have roots with an angulation at some point
along the long axis (59). An abnormal angulation or bend in
the root is referred to as dilaceration. The authors observed
that root curvature was more prevalent in the first (81.33%)
than in the second (78.28%) premolars, with distal curvature
being most common in the first premolars, similar to what
was previously described in an Iranian population (60). In our
study, the curvature angle was more than 20° in the first and
the second premolars in 14.90% and 21.26% of the cases, re-
spectively. These results are in accordance with Llena et al. (33)
and Willershausen et al. (61). This configuration is important
because increased curvature close to the tooth apex increases
the difficulty performing the root canal procedure (62).

CONCLUSION

Within the limitations of this study, it can be concluded that
cone beam computed tomography is a useful tool for evaluating
the configuration of the root canal in the mandibular premolars.
The mandibular first and second premolars in Kuwaiti popula-
tion exhibited great variability in root canal morphology, with
Type Il Vertucci classification being most common. In addition,
greater variation in canal morphology in male patients com-
pared to females was found. The second mandibular premolars
showed higher anatomical variability than the first premolars,
and both sets of premolars exhibited a variety of morphological
root configurations not classified by the Vertucci system.
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