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ABSTRACT

Aim. The aim of this study was to assess the endodontic morphology of mandibular bicuspids in a Romanian
population, by means of cone-beam computed tomography (CBCT). Material and method. 507 mandibular
premolars were analysed on CBCT scans. We observed: number of roots and prevalence of C-shaped
configurations, number and configuration of root canals, position of the bifurcation. Results. For first premolars,
Vertucci I (1-1) was the most frequent configuration 66%; 32.8% had 2 canals and 1.2% presented 3 canals; C-
shaped first premolars was found in 12.8% of the cases. For second premolars, Vertucci I was prevalent, in
94.55%, two canals were in 5.06% and 3 canals in 0.39% of the cases; C-shaped in 3.11%. The average bifurcation
depth was 12.88 mm. Conclusions. Our study found that mandibular premolars are mainly single-rooted and most
of the cases present Vertucci type I canal morphology. The finding of variations in this study was not low,
compared with other studies. Knowledge and understanding of root canal morphology is paramount for a
successful endodontic treatment.
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Introduction canals, either in a single root, or in two roots
The success of endodontic treatment or even three canals [5]. The endodontic
depends on its ability to address the entire anatomy of these teeth varies with gender
endodontic  system [1]. Endodontic and ethnicity [6]. To locate all the canals of
anatomy is extremely complex, in addition a tooth, knowledge of the usual anatomy is
to the wusual configurations, there are essential, as well as any anatomical
multiple variants, but also anatomical variations, no matter how rare they may be
structures secondary to the pulp chamber [7].

and root canals, of small dimensions, such Unfortunately, common imaging methods,
as lateral canals or isthmuses [2]. Failure to such as preoperative periapical
identify and treat a main canal during radiography, do not always reveal complex
endodontic treatment is one of the causes of endodontic anatomy, as they are 2D [8]. Of
endodontic treatment failure and post- course, there are also situations when the
treatment apical pathology such as apical radiograph indirectly shows that there are
periodontitis [3]. multiple canals in a lower premolar.Thus,
Mandibular premolars usually have a single the sudden disappearance of the
root and a single canal, wider, oval in two- radiolucency specific to the root canal
thirds or in the coronal half; towards the somewhere in the middle third of the root
apical third this canal becomes round in could be a sign of a bifurcation or even
horizontal section and of a suddenly smaller trifurcation of the root or root canal [9,10].

diameter [4]. These teeth can also have two
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CBCT is the imaging tool of choice to
understand and  visualize = complex
endodontic anatomy, being a 3D rendering
[11]. Thus, in addition to the number of
canals, we also have information regarding
the level where the root canal bifurcates,
but also the angle of emergence of the
lingual canal. Depending on these aspects,
we will decide on the treatment plan and
how much it is necessary to remove the root
dentin and at which level, to remain
minimally invasive. This aspect is vital for
the subsequent resistance of the tooth to
mechanical forces. Another essential aspect
that CBCT highlights is the C-shaped
aspect of the root; this feature is completely
omitted on a periapical radiograph, as it is
only highlighted on the axial, horizontal
section of the CBCT [12]. Why is this
anatomical detail important after all?
Because, in this case, the 2 or 3 canals are
no longer symmetrically located, but
slightly off centric and, as a result, their
identification is much more difficult,
especially if their bifurcation occurs deep
apically. Equally important, this C-shaped
anatomical feature presents thin walls
towards the concave part of the root and any
invasive search for the canals can lead to
either dangerous thinning of the root walls
or even perforations. There is a reduced
root thickness in relation to the mesial
invagination, 0.8-0.3 mm, as opposed to
root thickness of teeth without mesial
invagination, 1.09-1.85 mm [13,14]. This
C-shape is in the middle third of the root,
rather than the cervical or apical [15].
Although this type of configuration is more
commonly found in mandibular molars, it
has also been observed in maxillary molars,
but especially in mandibular premolars
[16,17].

The aim of this study was to establish the
endodontic anatomy of the lower premolars
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using CBCT scans from patients who
visited two dental offices in Romania.
Material and method

CBCT scans of 253 patients (93 male and
160 female patients, mean age 44, age range
18-88) were retrieved from two dental
private offices in Romania databases over a
period of 3 years (2020-2023). The scans
were recommended for diagnosis purposes
and treatment planning. The CBCT images
were acquired with Veraviewepocs 3D P
(R100) equipment (J. Morita MFG Corp.,
Kyoto, Japan). The scan parameters were
90 kV, 5 mA, 9.4 s exposure time, 125 um
spatial resolution and 4040 mm field of
view (FoV). All CBCT exposures were
performed with the minimum exposure
necessary for adequate image quality.

The selection of CBCT scan followed as
inclusion criteria the good quality of
radiographic  images of mandibular
premolars, with fully developed roots and
closed apices. There were excluded the
cases with insufficient field of view, bone
abnormalities, root resected teeth. After
applying these criteria, there were a total of
507 CBCT analysed teeth.

CBCT scans were viewed with the software
provided with the CBCT unit. The images
were analysed on a 27 inches Dell LCD
screen with a resolution of 2560 x 1440
pixels in a darkroom. We adjusted the
brightness and contrast of the images using
the image processing device in the software
to ensure optimal image. The CBCT
imaging assessment methodology involved
orienting the long axis of the tooth under
examination with the reference lines within
the visualization software, followed by an
anatomical interpretation performed across
the coronal, sagittal and axial planes. The
CBCT scans were analysed twice by an
experienced with a 1-month interval in-
between.

We collected the following information:
number of roots, number of root canals, C-
shaped configuration (in the presence of a
radicular groove along the root) (Figure 1),
root canal bifurcation level, level and
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location of the radicular groove, Vertucci
type [18].

For data analysis we used Microsoft Excel
and MedCalc Software Ltd. 23.0.2.
Results

There were 507 scanned mandibular
premolars, 250 first premolars (FP) and 257
second premolars (SP).

For FP, Vertucci I was the most frequent
configuration 66%, followed by V, 26%. C-
shaped FP was found in 12.8% of the cases.
For SP, Vertucci I was prevalent, in
94.55%, followed by V, 4.67%; C-shaped
in 3.11%.

Males were significantly associated with C-
shaped condition and non-single root canal
configuration in FP (p<0.05).

12.88 mm (8-18 mm) was the mean
bifurcation depth for mandibular premolars.
No significant differences were found
regarding the presence of radicular grooves;
they were observed in the middle third
(53.12% for FP and 50% for SP) and apical
third of the root (46.87% in FP and 50% in
SP). Most of these grooves were located on
the mesiolingual surface of the root (87.5%
for FP and 50% for SP), and on the lingual
surface (12.5% for FP and 50% for SP).
The detailed results are displayed in tables
1-5.

n %
Gender female | 159 63.60
male 91 36.40
Roots 1 216 86.40
2 2 0.80
C 32 12.80
Canals 1 165 66.00
2 82 32.80
3 3 1.20
Vertucci I 165 66.0
1I 2.80
I 1.20
v 2.00
A% 65 26.0
VII 1 0.40
Non Vertucci 4 1.60

Table 1. Sample characteristics first mandibular premolar

C non-C p
Gender Female 15 144 0.0356
Male 17 74
Category | Reference | OR CI p
C Male Female 2.2054 | 1.0430-4.6632 | 0.0384
Canals >1 | Male Female 2.4955 | 1.4515-4.2906 | 0.0009

Table 2. Statistical associations First mandibular premolar

E

%
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Gender female | 160 62.26
male 97 37.74
Roots 1 249 96.89
2 0 0.00
C 8 3.11
Canals 1 243 94.55
2 13 5.06
3 1 0.39
Vertucci I 243 94.55
11 1 0.39
A% 12 4.67
Non Vertucci 1 0.39

Table 3. Sample characteristics second mandibular premolar

C non-C p
Gender Female |3 157 0.143
Male 5 92
Category | Reference | OR CI p
C Male Female 2.8442 | 0.6643-12.1778 | 0.1589
Canals >1 | Male Female 1.70 | 0.5776-5.0036 0.3353
Table 4. Statistical associations second mandibular premolar
Category | Reference | OR CI P
FP Sp
C 32 8 4.5688 | 2.0615- 0.0002
10.1255
non-C 218 249
>1 85 14 8.9416 | 4.9126- <0.0001
canal 16.2747
1 canal | 165 243

Table 5. Comparative results FP versus SP

Figure 1. Axial view of different C-shaped mandibular premolars
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Figure 3. Bifurcation level

Figure 4. 3D Standard Tessellation Language (STL) segmentation generated by the
Diagnocat software (LLC Diagnocat, USA), showing angle of bifurcation of lingual canal
and the radicular groove of mandibular premolars included in our study

Discussion

Our study was based on the examination of
CBCT. This is clinically used in
preoperative anatomical evaluation and
faithfully reproduces endodontic anatomy
[19]. In vivo CBCT studies enable higher
sample sizes and have the major advantage
of accurately identifying the tooth type,
compared to studies performed on extracted
teeth. In addition, it allows the inclusion of
important variables for morphological
studies, such as age, gender and ethnicity,
all of which are parameters that can be
associated with endodontic anatomical
variability. In studies on extracted teeth,
there is uncertainty in identifying the type
of premolar [20,21]. Micro CT, although it
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reproduces very fine details, is not
clinically available, and on the other hand it
is also expensive for studies on large groups
of teeth [22].

Our research had balanced sample size for
each premolar studied group.
Morphological diversity is a common
feature of these teeth, but the frequency
with which these anatomical variations
occur is considerably different. Most of FP
had 1 root canal, 66%, but the prevalence of
32.8% for the 2-canal variant is not small at
all and is necessary to keep this aspect in
mind when such a tooth needs to be treated
endodontically. The prevalence of C-
shaped (Figure 1) was 12.8%, a higher

DOI : 10.62610/RJOR.2025.2.17.9



Romanian Journal of Oral Rehabilitation

Vol. 17, No.2 April-June 2025

value compared to other similar studies, as
we will show later. Special attention should
also be paid to Vertucci type V (Figure 2),
which represents a bifurcation of the canal
and the most difficult class to manage
endodontically. The second premolar more
frequently presents only 1 canal, 94.55%,
the other variations being less common,
including C-shaped, 3.11%. 3-root canal
configuration was a rare occurrence for
both premolars, 1.2% and 0.39%
respectively, similar with other studies
[23,24,25].

The depth of bifurcation (Figures 3) in teeth
with 2 canals, shows the difficulty of these
cases, 12.88 mm being below the cemento-
enamel junction, towards the apical. These
cases can only be treated endodontically
with magnification means, such as the
dental operating microscope. The radicular
groove (Figure 4) was found in the middle
and apical third of the root and
predominantly located on the mesiolingual
surface of the root, similar with other study.
[26].

Our study obtained a statistically significant
association  between the type of
configuration with more than 1 canal, as
well as C-shaped in FP, and male gender.
Thus, there is an OR of 2.4 and 2.2
respectively for male patients to present
these variations (p<0.05). FP presents OR
of 8.9 and 4.5 for non-single root canal
endodontic and C-shaped configurations
compared with SP (p<0.05).

A worldwide study of endodontic anatomy
of mandibular premolars showed that the
proportion of a lingual root canal was
23.6% and 5.3% for the first and second
premolars, respectively. Africans, younger
groups and males were associated with
higher odds of presenting a lingual root
canal [27].

A study on a German population found that
one root was predominantly in the first and

121

second mandibular premolars, (90.76% and
98.16%, respectively) and one canal
(77.9% and 96.0%), whereas two canals
were less common (21.9% and 3.6%) [28].
A micro-CT study of mandibular second
premolar showed that most of these teeth
had one physiological foramen in 57.8% of
the samples, while they reported two
physiological foramina in 32.4%, three in
7.8%, and even four or five each in 1% [29].
A large study on a Portuguese population
(2012 mandibular premolars) found a
prevalence of 2.3% and 0.6% in mandibular
first and second premolars of C-shaped
morphologies respectively; this
configuration was observed mostly
unilateral. Its prevalence was higher in first
mandibular premolars and males [30].

A CBCT study in a Chinese population
established a prevalence of 10.25% for C-
shaped configuration in mandibular first
premolars, and 0.25% for second
mandibular premolars. They found a higher
prevalence of this type in first mandibular
premolars of males than in females [31].

A CBCT study on an Argentine population
showed C-shaped canal system in first
premolars 10%, and 2% in second
premolars [32], while a micro-Ct study on a
Brazilian subpopulation found C-shaped
canal configuration in 67% of extracted
first mandibular premolars with radicular
grooves [33].

As can be seen, these teeth show not only
large anatomical variations within the type
but also depending on ethnicity and gender.
Our research therefore shows the
endodontic anatomical complexity of these
teeth, but also the frequency with which
they can be encountered in current practice,
with a particular focus on the mandibular
first premolar, often underestimated from
this point of view.

Conclusions
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Our study found that mandibular premolars
are mainly single-rooted and most of the
cases present Vertucci type I, followed by
type V canal morphology. C-shaped
configuration was found in 12.8% and
3.11% for FP and SP respectively. The
variations in this study were not low,
compared with other studies. Knowledge

and understanding of root canal
morphology is paramount for a successful
endodontic treatment.

CBCT 1is a reliable imagistic tool in
assessing the endodontic anatomy of root
canal both in clinical trials and
preoperatively.
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