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Abstract
Purpose  To explore the incidence and analyze the morphology of three-rooted maxillary first premolars (MFPs) incidentally 
detected on cone beam computed tomography (CBCT) scans.
Methods  Of 1328 patients who underwent CBCT scans of the maxilla, only patients with three-rooted MFPs were selected. 
Morphological features, including the lengths and diameters of palatal, mesiobuccal (MB) and distobuccal (DB) roots, the 
positions of bucco-palatal (B-P) bifurcations, the distances between root canal bifurcations and cementoenamel junctions 
(CEJs) and the distances between the apical thirds of the roots, were measured. The canal configuration and the visibility 
of root canals were also evaluated.
Results  A total of 16/1328 (1.2%) patients had one or two three-rooted MFPs, and a total of 22/2656 (0.8%) three-rooted 
MFPs were enrolled. The lengths and diameters of palatal roots were significantly greater than those of other roots. The 
positions of B-P bifurcations were located mainly at the middle third of the root. The median distances between root canal 
bifurcations and CEJs were 3 mm for B-P bifurcations and 5.2 mm for MB–DB bifurcations. The distance between MB and 
DB roots was significantly shorter than the distances between other root pairs. All teeth had a type VIII canal configura-
tion. Palatal roots exhibited the best visibility of root canals, whereas the worst visibility was observed within DB roots. A 
gender-related relationship was observed only for the lengths of the roots.
Conclusions  The occurrence of three-rooted MFPs is not unusual; therefore, preoperative CBCT evaluation could be sug-
gested whenever endodontic procedures are planned on an MFP.
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Introduction

The maxillary first premolar (MFP) is one of the most dif-
ficult teeth to treat endodontically because of anatomic 
variability in its root morphology. Therefore, an adequate 
knowledge of the complexity of root morphology is critical 
to ensure proper treatment and avoid complications.

Most MFPs have two separate roots with two root canals 
[2]; however, in some cases, their root anatomy is complex 

due to variation in canal configuration and the number of 
roots. The occurrence of MFPs with three roots is the most 
common anatomic variation, with a reported incidence rang-
ing from 0.4 to 9.2% [2, 6, 11].

In clinical practice, periapical radiography is commonly 
used to assess radicular anatomy in the diagnosis and treat-
ment of endodontic disease. However, this radiographic 
technique provides a two-dimensional view of a three-
dimensional structure with magnification, geometric distor-
tion, and overlapping with adjacent anatomic structures. In 
fact, in a previous ex vivo study, Matherne et al. [13] found 
that radiography failed to identify at least one root canal 
in 40% of teeth. Thus, to overcome the limitations of radi-
ography, a three-dimensional imaging modality is required 
to provide a more detailed assessment of root morphology.

Two main CT techniques are used in the literature to eval-
uate the morphology of three-rooted MFPs: high-resolution 
computed tomography (µCT) and cone beam computed 

 *	 Andrea Borghesi 
	 andrea.borghesi@unibs.it

1	 Department of Radiology, Medical School, University 
of Brescia, Piazzale Spedali Civili, 1, 25123 Brescia, Italy

2	 Department of Radiology, Fondazione Poliambulanza Istituto 
Ospedaliero, Brescia, Italy

3	 Dental School, Dental Clinic, University of Brescia, Brescia, 
Italy

http://orcid.org/0000-0002-4761-2923
http://crossmark.crossref.org/dialog/?doi=10.1007/s00276-019-02198-8&domain=pdf


462	 Surgical and Radiologic Anatomy (2019) 41:461–468

1 3

tomography (CBCT) [4, 7, 12, 19]. Both of these CT modali-
ties provide a non-invasive three-dimensional view of the 
tooth and are considered adequate for anatomical analysis 
of root morphology.

The main advantage that makes µCT a particularly attrac-
tive technique for evaluating root morphology is that its spa-
tial resolution is higher than that achieved by CBCT (voxel 
sizes of approximately 30–40 µm for µCT vs. 150–200 µm 
for CBCT) [14, 19]. Conversely, the main disadvantage of 
µCT compared with CBCT scans is its high radiation dose, 
which makes it less suitable for clinical use [12]. Therefore, 
we consider CBCT to be the best non-invasive technique 
for assessing root morphology during routine clinical prac-
tice due to its high spatial resolution and low radiation dose 
delivered to patients.

Few anatomical studies have explored three-rooted MFPs, 
and the available literature is limited to the presentation of 
analyses of extracted teeth performed using µCT or CBCT 
[4, 7, 12, 19]. Thus, to the best of our knowledge, no pub-
lished studies have evaluated the anatomy of MFPs with 
three distinct roots using CBCT in living subjects.

Therefore, in this study, we aimed to investigate the inci-
dence and analyze the morphology of three-rooted MFPs 
incidentally detected on routine CBCT scans in a sample of 
European (Italian) patients.

Materials and methods

Patient selection

From January 2012 to July 2018, 1387 patients were referred 
to our radiology department to undergo a CBCT scan of the 
maxilla as part of a routine dental examination. A total of 
59/1387 patients, in whom one or both MFPs were missing, 
were excluded because only patients with both MFPs were 
considered in the study. In the final group of 1328 patients, 
a retrospective search was performed in the department RIS/
PACS to retrieve all CBCT reports containing findings indic-
ative of three-rooted MFP. The images contained in these 
CBCT reports were reviewed by an experienced radiologist 
(A.B., who has more than 10 years of experience in dental 
imaging and 6 years of experience in using CBCT), and only 
those patients with one or two MFPs with three distinct roots 
were enrolled in the study.

Image acquisition

All examinations were performed with a CBCT scanner 
(NewTom 5G®, QR, Verona, Italy) at a tube voltage of 
110 kVp; exposure time and mA were variable and based 
on the selected FOV (12 × 8 or 15 × 12 cm). The acquisition 
volume was reconstructed as axial sections with an isotropic 

voxel size of 200 µm. In addition, the high-resolution dataset 
produced by CBCT was further processed in multiplanar 
(MPR) images that were either parallel (panoramic) or per-
pendicular (cross-sectional) to the curvature of the superior 
dental arch.

Image analysis

Image analysis was performed using advanced and interac-
tive MPR software (CT Viewer application; Philips Intel-
liSpace Portal) by the same experienced radiologist (A.B.).

The following parameters were measured on CBCT 
images:

•	 The length of the palatal root from the bucco-palatal 
(B-P) bifurcation.

•	 The length of the mesiobuccal (MB) and distobuccal 
(DB) roots from their bifurcation.

•	 The maximum diameter of the palatal, MB and DB roots 
at their cervical thirds.

•	 The position of the B-P bifurcation.
•	 The distances between the bifurcation of the B-P and 

MB–DB root canals and the cementoenamel junction 
(CEJ).

•	 The distances between palatal, MB and DB roots at their 
apical thirds.

The internal root canal configuration (defined using Ver-
tucci’s criteria) [18] and the visibility of palatal, MB and DB 
root canals at their cervical, middle and apical thirds were 
also evaluated (Fig. 1).

This was a retrospective analysis, and it did not alter the 
management of the patients; thus, no specific consent was 
required. However, informed consent for the use of personal 
data was obtained from all patients.

Statistical analysis

The data are presented as the number (%) or the 
mean ± standard deviation for normally distributed data or 
as the median and the interquartile range (IQR) for non-
normally distributed data. One-way ANOVA was used to 
compare the lengths and maximum diameters of palatal, MB 
and DB roots. One-way ANOVA was also used to compare 
the distances between palatal, MB and DB roots at their 
apical thirds. To analyze gender differences in root measure-
ments, Student’s t test for independent groups (for normally 
distributed data) and the Mann–Whitney U test (for non-
normally distributed data) were applied.

Statistical analyses were performed using dedicated soft-
ware (MedCalc Software Version 18.2.1). p values of < 0.05 
were considered statistically significant.
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Results

The search identified a total of 16/1328 (1.2%) patients 
(nine males and seven females) with one or two MFPs with 
three distinct roots (Table 1). The 16 patients were aged 
11–75-year-old (mean 30.8 ± 18.6-year-old) and were of 
European (Italian) origin.

Of the included patients, ten (five males and five 
females) had a unilateral three-rooted MFP (Fig.  2), 
while six (four males and two females) had a bilateral 

Fig. 1   Panoramic CBCT images 
(on the left side) and corre-
sponding axial CBCT images 
(on the right side) showing 
external and internal root 
morphologies in the cervical 
third, at the B-P bifurcation, at 
the MB–DB bifurcation and in 
the apical third, respectively 
(see the white reference lines 
on panoramic images). 14 right 
MFP; black arrowhead MB 
root; white arrowhead DB root; 
white arrow P root

Table 1   Incidence of three-
rooted MFPs in the study 
sample (1328 patients)

Data are presented as numbers 
(%)
MFP maxillary first premolar

No. of patients (%)

Presence 16 (1.2)
Unilateral 10 (0.8)
Bilateral 6 (0.5)
Right 13 (1.0)
Left 9 (0.7)
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three-rooted MFP (Fig. 3; Table 1). Therefore, we found 
a total of 22/2656 (0.8%) MFPs with three distinct roots.

Three-rooted MFPs were found on the right side in 13 
patients and on the left side in nine (Table 1). Two female 
patients had a unilateral three-rooted MFP (one on the right 
side and one on the left side) that was endodontically treated. 
Two male patients with bilateral three-rooted MFPs had one 
MFP that was endodontically treated (one patient on the 
right and the other on the left) (Fig. 3). These endodonti-
cally treated teeth were excluded from the anatomical study.

Therefore, a total of 18 three-rooted MFPs (11 on the 
right side and seven on the left side) were enrolled in the 
anatomical study.

The lengths of palatal roots ranged from 5.4 to 10.5 mm 
(mean 8.4 ± 1.6 mm). The lengths of MB roots ranged from 
4.4 to 9.2 mm (mean 6.5 ± 1.5 mm), whereas the lengths 
of DB roots ranged from 4 to 8.8 mm (mean 5.7 ± 1.3 mm) 
(Table 2). The palatal roots were significantly longer than 
the MB and DB roots (p < 0.05). No significant difference 
was observed between the lengths of MB roots and DB roots.

The maximum diameters of palatal roots in the cervical 
third ranged from 2.8 to 4.3 mm (mean 3.6 ± 0.4 mm). The 
maximum diameters of MB roots in the cervical third ranged 
from 1.8 to 3.5 mm (mean 2.7 ± 0.4 mm). The maximum 
diameters of DB roots in the cervical third ranged from 2 
to 3.3 mm (mean 2.6 ± 0.4 mm) (Table 2). The maximum 
diameters of palatal roots in the cervical third were signifi-
cantly higher than those of MB and DB roots (p < 0.05). No 
significant difference was observed in the maximum diam-
eters of MB roots and DB roots.

Fourteen of the three-rooted MFPs included in the ana-
tomical study (77.8%) had a B-P bifurcation in the middle 
third of the root (Fig. 4b). In the remaining 4/18 (22.2%) 
teeth, the B-P bifurcation occurred in the cervical third 
of the root (Fig. 4a). This latter type of bifurcation was 
observed in three male patients (two with unilateral and one 
with bilateral three-rooted MFPs). The distance between 
the bifurcation of the B-P root canals and the CEJ ranged 
from 2.4 to 4.9 mm (median 3 mm, IOR 2.9–3.5 mm). The 
distance between the bifurcation of the MB–DB root canals 
and the CEJ ranged from 4.5 to 7.5 mm (median 5.2 mm; 
IOR 4.7–6.2 mm).

The distances between the apical thirds of palatal and 
MB roots ranged from 2 to 4 mm (mean 3.3 ± 0.5 mm). The 
distance between the apical thirds of palatal and DB roots 
ranged from 1.9 to 4.4 mm (mean 3.3 ± 0.8 mm). The dis-
tance between the apical thirds of MB and DB roots ranged 
from 0.6 to 2.8 mm (mean 1.4 ± 0.6 mm) (Table 3). The 
distance between the apical thirds of MB and DB roots was 
significantly shorter than that between palatal and MB or DB 
roots (p < 0.05). No significant difference was observed in 
the distances between the apical thirds of palatal and other 
roots.

All three-rooted MFPs included in the anatomical study 
had a type VIII canal configuration (Fig.  1) [18]. The 

Fig. 2   Axial CBCT image showing a unilateral three-rooted MFP on 
the left side (curved arrow) in an 18-year-old male patient

Fig. 3   Axial CBCT image showing bilateral three-rooted MFPs 
(curved arrows) in a 32-year-old male patient. An incomplete endo-
dontic treatment is visible in the DB canal of the right three-rooted 
MFP (arrowhead)

Table 2   Lengths and diameters of the palatal, mesiobuccal and disto-
buccal roots

Data are presented as mean ± standard deviation
P palatal, MB mesiobuccal, DB distobuccal
a Maximum diameter of the roots at their cervical thirds

Parameter Root

P MB DB

Length (mm)
 Male 9.5 ± 1.0 7.4 ± 1.2 6.3 ± 1.3
 Female 6.9 ± 1.0 5.3 ± 0.6 4.8 ± 0.6
 Total 8.4 ± 1.6 6.5 ± 1.5 5.7 ± 1.3

Diametera (mm)
 Male 3.7 ± 0.5 2.9 ± 0.5 2.6 ± 0.5
 Female 3.5 ± 0.4 2.6 ± 0.3 2.5 ± 0.3
 Total 3.6 ± 0.4 2.7 ± 0.4 2.6 ± 0.4
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visibility of root canals within palatal roots was 100% in the 
cervical third, 100% in the middle third and 38.9% in the 
apical third. The visibility of root canals within MB roots 
was 100% in the cervical third, 77.8% in the middle third and 
5.6% in the apical third. The visibility of root canals within 
DB roots was 94.4% in the cervical third, 33.3% in the mid-
dle third and 5.6% in the apical third (Fig. 5; Table 4).

The lengths of palatal, MB and DB roots were signifi-
cantly greater in males than in females (p < 0.02) (Table 2). 
There were no significant differences between the genders 
in root bifurcation–CEJ distances (p > 0.63) or the maxi-
mum diameters of roots in their cervical thirds (p > 0.18) 
(Table 2). There were also no significant differences between 
the genders in the distances between roots at their apical 
thirds (p > 0.07) (Table 3).

The four three-rooted MFPs that were excluded from the 
anatomical study had undergone incomplete endodontic 

treatment, with untreated root canals located within MB 
roots in two cases and within DB roots in the remaining two 
cases (Fig. 3).

Discussion

Most MFPs show one (41.7%) or two (56.6%) roots [2]. The 
most frequent type of anatomical variation observed in these 
teeth is the presence of three roots, which has a reported 
incidence ranging from 0.4 to 9.2% [2, 6, 11]. The frequency 
of three-rooted MFPs varies among ethnic groups and has 
a low incidence in Asian populations [5, 6, 9, 17]. Three-
rooted MFPs typically have two buccal roots and one palatal 
root. The presence of a three-rooted MFP can be evaluated 
using various radiological methods, such as periapical radi-
ography, CBCT and µCT.

Periapical radiograph is commonly used to assess radicu-
lar anatomy in the diagnosis and treatment of endodontic 
disease. However, its two-dimensional nature limits the use-
fulness of this examination for obtaining a detailed assess-
ment of root morphology.

Currently, µCT is considered the best imaging modality 
for analyzing anatomical variation in MFPs [12, 19]. Marca 
et al. [12] found that µCT provided images with a spatial 
resolution higher than that obtained in CBCT. In their series 
of 16 three-rooted MFPs, µCT imaging was more accurate 
for demonstrating root canals, especially those of small size.

However, the high radiation dose required to perform 
µCT is not suitable for clinical use. Therefore, CBCT is 

Fig. 4   Cross-sectional CBCT 
images showing the different 
positions of B-P bifurcations 
in two patients: in the cervical 
third in a male patient (a) and 
in the middle third in a female 
patient (b)

Table 3   Distances between palatal, MB and DB roots at their apical 
thirds

Data are presented as mean ± standard deviation
P palatal, MB mesiobuccal, DB distobuccal

Parameter Root

P–MB P–DB MB–DB

Distance between roots (mm)
 Male 3.5 ± 0.5 3.5 ± 0.9 1.6 ± 0.6
 Female 3.1 ± 0.5 3.1 ± 0.6 1.1 ± 0.4
 Total 3.3 ± 0.5 3.3 ± 0.8 1.4 ± 0.6
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currently regarded as the best non-invasive imaging modal-
ity for preoperative assessment of the external and internal 
morphology of teeth in clinical practice [10, 16].

In the present study, we report the incidence and analyze 
the morphology of three-rooted MFPs incidentally detected 
on routine CBCT scans. To the best of our knowledge, this 
CBCT study is the first in vivo analysis to report on inci-
dence, morphology and gender-related relationships in a 
group of three-rooted MFPs.

In the present study, we found that the incidences of 
three-rooted MFPs per patient and per tooth were 1.2% and 
0.8%, respectively. In a previous European (Spanish) in vivo 
CBCT study, Abella et al. [1] found that the incidence per 
tooth of three-rooted MFPs on routine CBCT scans was 
2.6%. The lower incidence observed in our study could be 
related to the fact that we only considered teeth with three 
distinct roots. A comparison of the incidence of the three-
rooted MFPs between the present and previous in vivo 
CBCT studies is shown in Table 5.

In our study, we found that three-rooted MFPs were more 
frequent on the right side than on the left side and that bilat-
eral three-rooted MFPs had a male predominance (Fig. 3). 
Conversely, no gender or side predilection was observed by 
Abella et al. and Tian et al. [1, 17]. However, in a recent 
study, Alqedairi et al. identified three-rooted MFPs only in 
male patients [3].

In the present study, we found that all three-rooted MFPs 
exhibited one palatal root and two buccal roots (MB and 
DB), consistent with previous CBCT studies [4, 9].

With regard for the lengths of the roots of three-rooted 
MFPs, we observed that the palatal roots were significantly 
longer than the MB and DB roots. We also found that the 
maximum diameters of the cervical third of palatal roots 
were significantly greater than those of other roots. There 
were no significant differences in the lengths and diameters 
between MB and DB roots. Conversely, Marca et al. reported 
that MB roots had larger size than was found in DB roots.

In the present study, we found that the B-P bifurcations 
of three-rooted MFPs occurred mainly in the middle third 
of the root (77.8%) (Fig. 4b). Moreover, we also found that 

Fig. 5   Axial CBCT images showing the visibility of root canals in 
two different patients. a All root canals are detectable in the apical 
third. b The DB canal is not detectable in the cervical third (arrows)

Table 4   Visibility of the palatal, mesiobuccal and distobuccal root 
canals at their cervical, middle and apical thirds

Data are presented as numbers (%)
P palatal, MB mesiobuccal, DB distobuccal

Parameter Root canal

P MB DB

Visibility
 Cervical 18 (100) 18 (100) 17 (94.4)
 Middle 18 (100) 14 (77.8) 6 (33.3)
 Apical 7 (38.9) 1 (5.6) 1 (5.6)

Table 5   Number and incidence of three-rooted MFPs in the present 
study and previous in vivo CBCT studies

Data are presented as numbers (%)
MFP maxillary first premolar

Study Country No. of MFPs No. of three-
rooted MFPs 
(%)

Tian et al. [17] China 300 2 (0.7)
Abella et al. [1] Spain 430 11 (2.6)
Li et al. [9] China 1387 7 (0.5)
Alqedairi et al. [3] Saudi Arabia 334 4 (1.2)
Saber et al. [15] Egypt 358 4 (1.1)
Present study Italy 2656 22 (0.8)
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B-P bifurcations occurring in the cervical third of the root 
were observed only in men (Fig. 4a).

With regard for the distances between the bifurcation of 
the B-P and MB–DB root canals and the CEJ, our measure-
ments showed that they were greater than those reported by 
Beltes et al. [4] in their ex vivo CBCT study. These differ-
ences may be related to the different type of study (in vivo 
vs. ex vivo) and the different methods used to acquire meas-
urements (interactive MPR views vs. axial views).

In our study, we also found that the distance between MB 
and DB roots was significantly shorter than those between 
palatal and MB or DB roots.

With regard for the internal root canal configuration, all 
teeth in the current study presented three separate root canals 
(type VIII canal configuration) (Fig. 1). This finding is simi-
lar to what was observed in the CBCT studies reported by 
Abella et al. and Tian et al. [1, 17]. In their study popu-
lations, the authors also found that only three-rooted teeth 
exhibited a type VIII canal configuration [1, 17]. In contrast 
with this latter observation, Li et al. and Alqedairi et al. [3, 
9] found that even MFPs with two roots can possess a type 
VIII canal configuration.

In the present study, we also assessed the visibility of root 
canals. In all cases, the visibility of root canals decreased 
from the cervical to the apical third of the root. Palatal 
root canals had the best visibility, with a percentage detec-
tion ranging from 100% in the cervical and middle thirds 
to 38.9% in the apical third. Visibility was better in MB 
root canals than in DB root canals in the cervical and mid-
dle thirds of the root. The worst root canal visibility was 
observed in the apical thirds of MB and DB roots, in which 
visibility was 5.6% (Fig. 5). This latter observation is prob-
ably related to the small size of the root canal in the apical 
third of the root. A similar finding was reported in a study 
by Marca et al. [12].

With regard for the relationships between gender and 
root measurements, we found that only the lengths of roots 
were significantly greater in males than in females. No other 
gender-related relationship was observed.

Three-rooted MFPs are not an unusual anatomical vari-
ant, especially in European populations [8, 11]. Hence, cer-
tain authors believe that this anatomical variant is a Cauca-
sian trait [1, 11].

From a clinical point of view, the literature indicates that 
patients with three-rooted MFPs have an increased risk of 
incomplete root canal treatment. Similar to these studies, 
we found that all four three-rooted MFPs that underwent 
endodontic procedure had an incomplete treatment (Fig. 3). 
Therefore, to avoid incomplete treatment or complications, 
such as periapical lesions of inflammatory origin and radicu-
lar fractures, in the maxillary premolar region, an accurate 
morphological analysis of the anatomical variations of MFPs 
is essential for preoperative endodontic planning. Moreover, 

to avoid future problems, the occurrence of three-rooted 
MFPs should be reported even when a CBCT scan is per-
formed for a dental procedure involving a region outside the 
premolar area, especially in younger patients.

This study has some limitations. First, only a small num-
ber of three-rooted MFPs were included; however, to our 
knowledge, the present sample is the largest among the 
available CBCT in vivo studies [1, 3, 9, 15, 17]. Second, we 
included only three-rooted MFPs with three distinct roots, 
but the literature does indicate that this is the most frequent 
subtype. Third, while the image analysis was performed by 
one observer, his lengthy experience may have improved the 
accuracy of morphological analysis.

In conclusion, in the present in vivo CBCT study, we 
report the incidence, morphology and gender-related rela-
tionship of three-rooted MFPs in a European (Italian) pop-
ulation. Improving our knowledge about the presence and 
characteristics of this anatomical variant can help to increase 
the success rates of root canal treatments. Therefore, given 
that three-rooted MFPs are not unusual in Europeans, a pre-
operative CBCT evaluation could be suggested whenever 
a dental endodontic procedure is planned on an MFP. In 
addition, to avoid future misdiagnosis and complications, 
we recommend reporting the number of roots and the canal 
configuration of any MFP detected on CBCT images.

Author contributions  AB: Project development, Data collection and 
data analysis, Manuscript writing and editing; SM: Data analysis, Lit-
erature research, Manuscript editing; AZ: Data collection, Manuscript 
editing; IT: Literature research, Manuscript editing; RM: Manuscript 
editing.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical standards  All procedures performed in this study were in 
accordance with the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards.

Informed consent  This study was retrospective, and it did not alter the 
management of the patients; thus, no specific consent was required.

References

	 1.	 Abella F, Teixidó LM, Patel S, Sosa F, Duran-Sindreu F, Roig 
M (2015) Cone-beam computed tomography analysis of the 
root canal morphology of maxillary first and second premolars 
in a Spanish population. J Endod 41:1241–1247. https​://doi.
org/10.1016/j.joen.2015.03.026

	 2.	 Ahmad IA, Alenezi MA (2016) Root and root canal morphol-
ogy of maxillary first premolars: a literature review and clinical 

https://doi.org/10.1016/j.joen.2015.03.026
https://doi.org/10.1016/j.joen.2015.03.026


468	 Surgical and Radiologic Anatomy (2019) 41:461–468

1 3

considerations. J Endod 42:861–872. https​://doi.org/10.1016/j.
joen.2016.02.017

	 3.	 Alqedairi A, Alfawaz H, Al-Dahman Y, Alnassar F, Al-Jebaly 
A, Alsubait S (2018) Cone-beam computed tomographic evalua-
tion of root canal morphology of maxillary premolars in a Saudi 
population. Biomed Res Int. https​://doi.org/10.1155/2018/81706​
20

	 4.	 Beltes P, Kalaitzoglou ME, Kantilieraki E, Beltes C, Angelopou-
los C (2017) 3-Rooted maxillary first premolars: an ex vivo study 
of external and internal morphologies. J Endod 43:1267–1272. 
https​://doi.org/10.1016/j.joen.2017.03.045

	 5.	 Dashrath K, Nisha A, Subodh S (2015) Root morphology and 
tooth length of maxillary first premolar in Nepalese population. 
Dentistry 5:324

	 6.	 Gupta S, Sinha DJ, Gowhar O, Tyagi SP, Singh NN, Gupta S 
(2015) Root and canal morphology of maxillary first premo-
lar teeth in north Indian population using clearing technique: 
an in  vitro study. J Conserv Dent 18:232–236. https​://doi.
org/10.4103/0972-0707.15726​0

	 7.	 Hartmann RC, Baldasso FE, Stürmer CP, Acauan MD, Scarp-
aro RK, Morgental RD, Bryant S, Dummer PM, de Figueiredo 
JA, Vier-Pelisser FV (2013) Clinically relevant dimensions 
of 3-rooted maxillary premolars obtained via high-resolution 
computed tomography. J Endod 39:1639–1645. https​://doi.
org/10.1016/j.joen.2013.07.029

	 8.	 Kocani F, Kamberi B, Dragusha E, Kelmendi T, Sejfija Z (2014) 
Correlation between anatomy and root canal topography of first 
maxillary premolar on Kosovar population. Open J Stomatol 
4:332–339

	 9.	 Li YH, Bao SJ, Yang XW, Tian XM, Wei B, Zheng YL (2018) 
Symmetry of root anatomy and root canal morphology in maxil-
lary premolars analyzed using cone-beam computed tomography. 
Arch Oral Biol 94:84–92. https​://doi.org/10.1016/j.archo​ralbi​
o.2018.06.020

	10.	 Lin Z, Hu Q, Wang T, Ge J, Liu S, Zhu M, Wen S (2014) Use of 
CBCT to investigate the root canal morphology of mandibular 
incisors. Surg Radiol Anat 36:877–882. https​://doi.org/10.1007/
s0027​6-014-1267-9

	11.	 Lipski M, Wozniak K, Lagocka R, Tomasik M (2005) Root and 
canal morphology of the first human maxillary premolar. Durh 
Anthropol J 12:2–3

	12.	 Marca C, Dummer PM, Bryant S, Vier-Pelisser FV, Só MV, 
Fontanella V, Dutra VD, de Figueiredo JA (2013) Three-rooted 
premolar analyzed by high-resolution and cone beam CT. Clin 
Oral Investig 17:1535–1540. https​://doi.org/10.1007/s0078​
4-012-0839-5

	13.	 Matherne RP, Angelopoulos C, Kulild JC, Tira D (2008) Use of 
cone-beam computed tomography to identify root canal systems 
in vitro. J Endod 34:87–89

	14.	 Peters OA, Laib A, Rüegsegger P, Barbakow F (2000) Three-
dimensional analysis of root canal geometry by high-resolution 
computed tomography. J Dent Res 79:1405–1409

	15.	 Saber SEDM, Ahmed MHM, Obeid M, Ahmed HMA (2018) Root 
and canal morphology of maxillary premolar teeth in an Egyp-
tian subpopulation using two classification systems: a cone beam 
computed tomography study. Int Endod J. https​://doi.org/10.1111/
iej.13016​

	16.	 Scarfe WC, Levin MD, Gane D, Farman AG (2009) Use of cone 
beam computed tomography in endodontics. Int J Dent. https​://
doi.org/10.1155/2009/63456​7

	17.	 Tian YY, Guo B, Zhang R, Yu X, Wang H, Hu T, Dummer PM 
(2012) Root and canal morphology of maxillary first premolars 
in a Chinese subpopulation evaluated using cone-beam computed 
tomography. Int Endod J 45:996–1003

	18.	 Vertucci FJ (1984) Root canal anatomy of the human permanent 
teeth. Oral Surg Oral Med Oral Pathol 58:589–599

	19.	 Vier-Pelisser FV, Dummer PM, Bryant S, Marca C, Só MV, 
Figueiredo JA (2010) The anatomy of the root canal system of 
three-rooted maxillary premolars analysed using high-resolution 
computed tomography. Int Endod J 43:1122–1131. https​://doi.org
/10.1111/j.1365-2591.2010.01787​.x

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.joen.2016.02.017
https://doi.org/10.1016/j.joen.2016.02.017
https://doi.org/10.1155/2018/8170620
https://doi.org/10.1155/2018/8170620
https://doi.org/10.1016/j.joen.2017.03.045
https://doi.org/10.4103/0972-0707.157260
https://doi.org/10.4103/0972-0707.157260
https://doi.org/10.1016/j.joen.2013.07.029
https://doi.org/10.1016/j.joen.2013.07.029
https://doi.org/10.1016/j.archoralbio.2018.06.020
https://doi.org/10.1016/j.archoralbio.2018.06.020
https://doi.org/10.1007/s00276-014-1267-9
https://doi.org/10.1007/s00276-014-1267-9
https://doi.org/10.1007/s00784-012-0839-5
https://doi.org/10.1007/s00784-012-0839-5
https://doi.org/10.1111/iej.13016
https://doi.org/10.1111/iej.13016
https://doi.org/10.1155/2009/634567
https://doi.org/10.1155/2009/634567
https://doi.org/10.1111/j.1365-2591.2010.01787.x
https://doi.org/10.1111/j.1365-2591.2010.01787.x

	Three-rooted maxillary first premolars incidentally detected on cone beam CT: an in vivo study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient selection
	Image acquisition
	Image analysis
	Statistical analysis

	Results
	Discussion
	References


