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Abstract 

Background:  A thorough understanding of the original root and canal anatomy is a critical technical prerequisite for 
performing cleaning and shaping treatments. Therefore, this research aimed to characterize maxillary first premolar 
teeth’ root morphology and canal architecture.

Methods:  One hundred forty-two extracted human adult maxillary first premolar teeth have been retrieved. The 
extracted teeth were thoroughly cleaned and irrigated to eliminate any remaining debris or blood. They were then 
preserved in formalin solution until they were eligible for screening. To begin, a visual examination was employed to 
ascertain the number of roots and their geometry in each sample. Then, utilizing digital radiography in two plains, 
mesiodistal and distomesial, to further determine those parameters. Finally, a sectioning technique had been used to 
have the samples cut mesiodistally into slices to validate the internal root canal architecture and identify the number 
of root canals and their varieties in accordance with Vertucci’s categorization system. The canal layout, the pulp cham-
ber, and the root canals were all highlighted (marked) using a fine tip marker in a permanent orange hue to make the 
canal features more accessible and accurate to visualize. All of the processes were conducted by two highly qualified 
dentists. The sample size was estimated statistically using the Sealed Envelope program, and the percentage of each 
configuration was derived in proportion to the overall sample size in order to establish the percentage of each type in 
each configuration.

Results:  From the 142 teeth examined, 42 (29.57%) had one root, 97 (68.31%) had two roots, and only three premo-
lars (2.12%) had three roots. Concerning canal configurations, 100 teeth (70.43%) had type (IV) canal configuration, 
followed by 37 teeth (26.05%) had types (V), three teeth (2.12%) had type (VIII), and one tooth (0.70%) for each of type 
(I) and type (II).

Conclusions:  The anatomical pattern of inspected maxillary first premolars are mainly two rooted and predomi-
nantly have a type (IV) canal morphology.
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Background
The precise orientation about the anatomy of root canals 
may be a leading cause of treatment failure in endodon-
tics [1]. Hence, a profound and correct experience about 
the regular and variable root canal system anatomy is 
crucial for successful endodontic therapy [2]. Several 
studies were performed to explore maxillary first pre-
molar teeth’ root and canal morphology; those studies 
showed significant alterations according to ancestry and 
geographic origins [3–6]. Unfortunately, root canals are 
left untreated when the dentist fails to locate them, par-
ticularly in teeth with additional root canals [7].

When one reviews the literature, it becomes apparent 
that there is a divergence of opinion concerning the root 
and canal morphology of the first maxillary premolar [8]. 
Accurate knowledge of the root canal morphology and 
its anatomical variations is mandatory for successful root 
canal therapy [9]. Sufficient sample size is essential in 
studies evaluating root-canal anatomy so that the results 
are descriptive of the general population [10]. Research-
ers have documented studies on the number of canals, 
incidence of multiple roots, complex canal morphology 
by using different study types like root canal clearing 
technique, radiographs of root canal treated teeth, in-
vitro radiography, sectioning, and analysis of extracted 
teeth [11]. Several factors that contribute to the dis-
similarities observed in anatomic studies in previously 
documented literature are perhaps due to differences in 
ethnicity, gender, age, unintentional bias in case of selec-
tion, as well as due to in vitro or in vivo study designs [12, 
13].

Clinically, before endodontic therapy is performed, it 
is crucial to identify the root-canal anatomy, the number 
of roots and canals of the tooth prevalent in a population 
to reduce errors, to achieve complete debridement and 
obturation of the canal space during endodontic treat-
ment [14]. However, a deficiency exists in baseline data 
about the anatomy of maxillary first premolars specific to 
the Iraqi population. Therefore, we decided to evaluate 
root and canal morphology in maxillary first premolars 
from the subpopulation of the Iraqi Kurdistan Region.

Methods
The Dentistry Ethics Committee approved the present 
study at the University of Sulaimani (NO.: 2020/433). 
The applied experimental methods have followed the 
CRIS guidelines described in the 2014 concept note 

[15]. The sample size calculation was done using the 
equation below,

The sample size is calculated using the aforemen-
tioned sample size and taking into account that z = 1.96 
and the proportion of single root canals = 10% (ref ), 
with a difference of 0.05 and a power of 80%.;

Then each specimen was examined radiographically 
by a periapical radiographs. (mesiodistal and distome-
sial plains) which has been deployed to inspect the 
extracted teeth to make sure they had the following 
inclusion criteria; fully formed roots with mature api-
ces, and there was no sign of resorption or abnormal 
defect (fractured or cracked root). At the same time, 
the exclusion criteria include the presence of any calci-
fied root canals, previous root canal treatment, internal 
and external resorption, and not fully formed root apex 
[16]. The investigators collected the extracted maxillary 
first premolar teeth from the Oral Surgery Department, 
and several private dental clinics.

One hundred forty-two left and right first maxil-
lary premolars, which had been previously extracted 
because of caries, trauma, periodontal disease, or 
orthodontic reasons, were selected. The participants’ 
age ranged from 20 to 45 years old, while the gender of 
the individuals was not included in the records. How-
ever, all teeth were identified as maxillary first premo-
lars at the extraction time by the operator.

They were washed after extraction and stored in a 
10% formalin solution until the collection was complete 
[17]. Each tooth was cleaned of adherent soft tissues, 
bone fragments, and calculus by scaling and polishing. 
Tap water was used to irrigate and wash the teeth, then 
dried using a 95% ethanol solution.

Inclusion criteria include fully formed roots with 
mature apices, and there is no sign of resorption or 
abnormal defect (fractured or cracked root). At the 
same time, the exclusion criteria include the presence 
of any calcified root canals, previous root canal treat-
ment, internal and external resorption, and not fully 
formed root apex.

Two experienced investigators visually inspected the 
root morphology and recorded the findings. The teeth 

n = Zα2 ∗ P (1− P)/d 2

n = (1.96)2 ∗ 0.10 (1−0.10)/(0.05)2

n = 136

Keywords:  Endodontics, Ethnic groups, Geographic locations, Diagnostic imaging conditions, Anatomical 
pathological
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were classified according to the forms and number of 
roots a follows [18]:

Class a	� Single root, single tipped.
Class b	� Single root, the small double apex can be 

seen or felt.
Class c	� Single root, bifid apex (bifurcation less than 

one-fourth to one-third of the buccal root 
length).

Class d	� Two roots (bifurcation exceeds one-fourth 
to one-third of the buccal root length).

Class e	� Three roots (two buccal and one palatal).

After visual inspection, the teeth were radiographed in 
mesiodistal and distomesial plains, and the direction of 
the beam was set at 40 degrees horizontal angulation to 
evaluate the root canal morphology using digital radiog-
raphy (TOSHIBA D-0712, Japan) [19]. Exposure param-
eters of the x-ray were set at 65 kVp, 7.5  mA, and an 
exposure time of 0.20 s. The distance between the buccal 
surface and the focal spot was 20 inches. Digital images 
were taken by a direct system using a CCD receptor of 
23 × 14 × 4  mm size and displayed in an LG 14-inch 
monitor with 1600 × 1200 resolution. The images were 
prepared with Kodak software and saved in RVG format 
[20].

The long axis of the root is placed parallel and near the 
surface of the X-ray sensor (EzSensor Classic, Vatech, 
Korea), type HD, size 1.5. a standardized parallel tech-
nique Periapical radiographs were obtained for all the 
teeth using a film holder (XCP; Rinn, Elgin, IL). A high-
frequency oral X-ray machine was used with an exposure 
time of 0.367 s (60 kV, 4 mA). Two endodontists evalu-
ated all the teeth and their corresponding radiographs 
utilizing digital radiography, and they were equipped to 
expand the computerized photo on the computer and 
extract precise and accurate details. They examined 
each specimen several times until reaching a consensus 
concurrently.

Examination of the root canal system of the teeth was 
based on Vertucci’s classification of root canal morphol-
ogy [21]:

	Type I    A single main canal is present from the pulp 
chamber to the root apex.

	Type II      Two separate canals leave the pulp chamber and 
merge to one canal to the apex.

	Type III  One canal leaves the pulp chamber and divides 
into two smaller canals that later merge to exit 
one canal.

	Type IV  Two separate and completely distinct canals run 
from the pulp chamber to the root apex.

	Type V      A single canal exiting the pulp chamber, which 
divides into two canals with separate apical 
foramina.

	Type VI        Two separate canals join at the middle of the 
root to form one canal, which extends till the 
apex, just short of the apex, and again divides 
into two.

	Type VII     The canal starts as a single until the middle 
third of the root, then divides into two sepa-
rate canals that rejoin after some distance and 
then, near the apex, divides into two again.

	Type VIII  The pulp chamber near the coronal portion 
divides into three separate canals extending till 
the apex.

According to Vertucci’s classification, all teeth were 
examined using digital radiography. Then, the teeth spec-
imens were sliced mesiodistally into slices to verify the 
internal root canal anatomy, using a low-speed diamond 
saw (200  rpm) with a loading of 50  g (Isomet, Buehler 
Ltd., USA). Finally, for more accessible and more accu-
rate visualization of the canal details, the canal configura-
tion, the pulp chamber, and roots canals were highlighted 
(marked) with a fine tip marker permanent orange color 
(Staedtler, Lumocolor, Germany).

Statistical analysis
The actual data is being rearranged and transported to 
SPSS Statistics for Windows, version 24.0 (Armonk, NY: 
IBM) software. The sample size was calculated with the 
Sealed Envelope software.

Results
Morphology and number of roots
From the 142 maxillary first premolars studied, 42 teeth 
(29.58%) had one root, while two teeth (1.41%) were sin-
gle-tipped root apex and the rest; 40 teeth (28.17%) had 
double-tipped root apex (Table 1). Thus, out of 97 teeth 
(68.31%) double-rooted premolars, 34 teeth (23.94%) had 
two fused roots (they exhibited bifurcation in the apical 
third) and 63 teeth (44.37%) had two separated roots (the 
furcation of the roots was clearly defined and consist-
ently started at a level about half of the lengths of the two 
roots). Three premolars (2.11%) of the tested samples had 
three separated roots (Table 1, Fig. 1).

Number and configuration of root canals
Single-rooted premolars demonstrated a wide varia-
tion of root canal configurations; in single-tipped apex, 
only one tooth (0.70%) had type I configuration, and 
one tooth (0.70%) had type II configuration. Whereas in 
double-tipped root apex, 13 teeth (9.16%) had type IV 
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configuration, and 27 teeth (19.01%) had type V configu-
ration, as shown in (Table 2 and Figs. 2A, 3A).

On the other hand, of the specimens that had double 
roots with fused two roots patterns, 24 teeth (16.90%) 

had type IV configuration, and only ten teeth (7.04%) had 
type V root canal configuration. While in double roots 
with separated two roots, all the 63 teeth (44.37%) had 
type IV root canal configuration as shown in (Table  2 

Table 1  The frequency distribution and percentage of the root numbers of maxillary permanent first premolars in a sample of the 
Sulaimani population

No. of root No. of tooth Types of the root morphology No. of tooth (n) %

Single-rooted 42 Single-tipped root apex (a) 2 1.40 29.57

Double-tipped root apex (b) 40 28.17

Double-rooted 97 Fused two roots (c) 34 23.94 68.31

Separate two roots (d) 63 44.37

Three-rooted 3 Three roots (e) 3 2.12

Total 142 100%

Fig. 1  Diagrammatic representation of the morphology, number, and different classes of maxillary premolar root

Table 2  The frequency and percentage of canal system type according to Vertucci’s classification in maxillary first permanent 
premolars in a sample of Sulaimani population

Canal 
configurations

Single-rooted (%) Double-rooted (%) Three-rooted (e) Total (%)

Single-tipped root 
apex (a)

Double-tipped 
root apex (b)

Fused two roots (c) Separate two 
roots (d)

Type I 1 (0.70) 0 0 0 0 1 (0.70)

Type II 1 (0.70) 0 0 0 0 1 (0.70)

Type III 0 0 0 0 0 0

Type IV 0 13 (9.16%) 24 (16.90) 63 (44.37) 0 100 (70.43)

Type V 0 27 (19.01%) 10 (7.04) 0 0 37 (26.05)

Type VI 0 0 0 0 0 0

Type VII 0 0 0 0 0 0

Type VIII 0 0 0 0 3 (2.12) 3 (2.12)

Total (%) 2 (1.40) 40 (28.17) 34 (23.94) 63 (44.37) 3 (2.12) 142 (100)
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and Figs. 2B, 3B). Finally, all the three teeth (2.12%) that 
had three roots had type VIII root canal configuration 
(Table 2 and Figs. 2C, 3C). The frequency of root canals 
found in maxillary first premolar teeth observed in sev-
eral studies, alongside this study’s results, is summarized 
in Table 3.

Discussion
Accurate knowledge of the root canal morphology and 
its anatomical variations is mandatory for successful root 
canal treatment [22]. The maxillary first premolars can 
be considered one of the most challenging teeth to treat 
endodontically due to their variation in the roots, canal 
configuration, direction and longitudinal depressions, 
and various pulp cavity configurations [23]. Therefore, 
maxillary first premolars from a sample of the Iraqi sub-
population were chosen for this study.

Different root canal morphology varies significantly 
among various populations, and hence there is a differ-
ence in the study results across the globe [24]. Multiple 

methods have been used in literature to investigate 
root canal anatomy [25–28], including radiographic 
examination [19, 29–31]. A variable number of roots 
were identified as single root, two roots, and three were 
found in maxillary first premolars; on the other hand, 
there may be one to three canals per root [32, 33]. In 
addition, several studies evaluated the morphology of 
maxillary first premolar teeth, leading to the discovery 
that significant variations related to ancestry or geo-
graphic origins have been noted [27, 34–36].

The present ex-vivo study evaluated 142 extracted 
first maxillary premolars using digital radiography and 
sectioning methods. A high percentage of root mor-
phology was two roots, followed by one root and three 
roots. Similar results were found in previous studies 
conducted in Saudi Arabian subpopulations, Jorda-
nian population, and Turkish populations, which also 
observed a higher prevalence of two roots followed by 
one root than three roots [19, 28, 37–40].

Fig. 2  Representative radiographic images show the canal configuration patterns of maxillary first premolar; a single-rooted specimens showing 
different root canal configurations, b double-rooted specimens showing different canal configurations, c three-rooted specimen with type VIII canal 
configuration
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Some studies showed results that were near to our 
findings regarding the prevalence of the number of 
roots with a slight variation in the percentage of the 
number of roots, like the studies that have been con-
ducted in Saudi, North America, Andalusia, Singapore, 
Turkey, Poland, Ugandan, San Sebastian, southern 
India, and Australia population [5, 17, 21, 41–48]..On 
the contrary, studies in the Shandong Chinese popu-
lation showed a higher prevalence of one-rooted than 
two-rooted maxillary first premolar [6, 49]. Other stud-
ies also contradict our study, which has been done in 
north India, Yemen, Seri Lankan, Japan, China, Brazil, 
and the Iranian population [27, 35, 36].

Regarding the description of one root, whether they 
were single-tipped root apex (class a) or double-tipped 
root apex (class b). The double-tipped root apex was 
more prevalent than the single-tipped root apex in the 
present study. On the contrary, a survey by Senan et al. 
[35] and Peirisa [50] showed a higher incidence of sin-
gle-tipped root apex than a double-tipped root apex.

On the other hand, the root patterns were also ana-
lyzed in this study. The result showed a higher inci-
dence of separated two-roots than fused two-roots. 
Unfortunately, many studies did not mention the details 
of the two roots, whether they were fused or separate 
[5, 27, 36, 38, 47, 48], but a survey by Rwenyonyi et al. 
[46] showed a close result with our study. Meanwhile, 
a study by Loh et al. [43], Gupta et al. [27], and Senan 
et al. [35] showed that the fused two-roots had a higher 
incidence than the separated two-roots in Singapore, 
north India, and Yemen population, respectively.

In the present study, the lowest incidence of three-
rooted maxillary first premolar was observed compared 
to single-rooted and two-rooted. This result agrees 
with Rwenyonyi et al. [46], Tian et al. [51], and Pecora 
et al. [52]. In contrast. Loh et al. [43] and Walker [53] 
reported no three roots in their study samples. The 
differences among the results of these studies could 
be attributed to variations in examination methods, 

Fig. 3  Sliced teeth specimens with pulp chamber and root canals highlighted with a fine tip marker showing the types of canal configuration of 
the maxillary first premolar; a single-rooted specimens showing different root canal configurations, b double-rooted specimens showing different 
canal configurations, c three-rooted specimen with type VIII canal configuration
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classification systems, sample sizes, and ethnic back-
grounds of the population [27].

In the present study, the Vertucci classification was 
selected as a base for the exploration of root canal con-
figurations since it is the most commonly used clas-
sification, and the maxillary first premolar is the tooth 
that was showing all the eight types of canal configura-
tions, in addition, it was utilized in the current study 
for easy comparison with the results of other investiga-
tions. The type IV root-canal morphology was the most 
common type seen in the present study and the similar 
studies reviewed in the literature but with variations in 
the percentage and frequency-specific for different kinds 
of canal configurations [36–40], except in the teeth with 
the three roots which showed only type VIII. This result 
agrees with Wu et al. [49], Liu et al. [6], Senan et al. [35], 
and Asheghi et al. [36], who found type VIII in all three 
rooted maxillary first premolar.

Due to the number of tested teeth leading to the rela-
tively small size included in the present study, the root 
and canal morphology patterns should be considered 
since they could not represent the larger population 
of Iraq. However, further studies are recommended to 
explore the tooth morphology in the Iraqi population 
using a more significant number of samples and more 
advanced techniques, such as dissecting light micro-
scope, CBCT, and computed tomography, to study the 
root canal morphology. The sample size and conven-
tional approach used to determine the precise root canal 
morphology are prevalent limitations of this research. 
Clinically, it is crucial to identify the root-canal anatomy 
prevalent in a population to reduce errors during endo-
dontic treatment.

Conclusions
The present study showed a high incidence of two-rooted 
with separate roots and predominantly have Type IV 
Vertucci’s configuration. Nevertheless, the present study 
results further confirm the importance of a thorough 
knowledge of root canal morphology for each population 
and the need for a careful exploration and radiographic 
examination of these teeth before endodontic therapy.

Acknowledgements
We have not received substantial contributions.

Author contributions
Conceptualization: B.M.; Methodology: B.M.; Formal analysis: M.S.; Inves-
tigation: T.M.; Resources: T.M.; Data Curation: T.M.; Writing—original draft 
preparation:B.M.; Writing—review and editing: B.M.; Visualization: M.S.; Supervi-
sion: B.M. All authors reviewed the manuscript. All authors read and approved 
the final manuscript.

Funding
This research was supported by the University of Sulaimani (Kurdistan Region, 
Iraq). The funder had a role in the decision to publish of the manuscript.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due to privacy and ethical concerns but are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This research has been performed following the Declaration of Helsinki 
and approved by the institutional ethics committee at Sulaimani University 
(approval no. 433/2020). The applied experimental methods have followed 
the CRIS guidelines described in the 2014 concept note. After maintaining 
an authorization agreement, the extracted teeth used for this study were 
obtained from different public hospitals and private clinics. Informed consent 
was acquired from all research participants to use their teeth in our research.

Consent to publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest regarding the publica-
tion of this article.

Received: 11 January 2022   Accepted: 20 April 2022

References
	1.	 Vertucci FJ. Root canal anatomy of the human permanent teeth. Oral 

Surg Oral Med Oral Pathol. 1984;58:589–99.
	2.	 Migliau G, Pepla E, Besharat LK, Gallottini L. Resolution of endodontic 

issues linked to complex anatomy. Ann Stomatol (Roma). 2014;5(1):34–40.
	3.	 Kim E, Fallahrastegar A, Hur YY, Jung IY, Kim S, Lee SJ. Difference 

in root canal length between Asians and Caucasians. Int Endod J. 
2005;38:149–51.

	4.	 Martinsa JN, Marquesa DC, Nogueira EJ, Caramêsa J, Mataa A, Versianif 
M. Second root and second root canal prevalence in maxillary first and 
second premolars assessed by cone beam computed tomography—a 
systematic review and meta-analysis. Rev Port Estomatol Med Dent Cir 
Maxilofac. 2019;60(2):37–50.

	5.	 De Lima CO, de Souza LC, Devito KL, do Prado M, Campos CN. Evaluation 
of root canal morphology of maxillary premolars: a cone-beam com-
puted tomography study. Aust Endod J. 2019; 45:196–201.

	6.	 Liu X, Gao M, Ruan J, Lu Q. Root canal anatomy of maxillary first premolar 
by microscopic computed tomography in a Chinese adolescent sub-
population. Biomed Res Int. 2019;2019:4327046.

	7.	 Al-Abdulwahhab B, Al-Harthi M, Al-Fayez Sh, Al-Shanti F, Attar R. Maxillary 
first premolar with three canals. Smile Dent J. 2010;5:34–6.

	8.	 Peiris R, Malwatte U, Abayakoon J, Wettasinghe A. Variations in the root 
form and root canal morphology of permanent mandibular first molars in 
a sri lankan population. Anat Res Int. 2015;2015: 803671.

	9.	 Ahmed HMA, Versiani MA, De-Deus G, Dummer PMH. A new sys-
tem for classifying root and root canal morphology. Int Endod J. 
2017;50(8):761–70.

	10.	 Neelakantan P, Subbarao C, Ahuja R, Subbarao CV. Root and canal mor-
phology of Indian maxillary premolars by a modified root canal staining 
technique. Odontology. 2011;99:18–21.

	11.	 Jain A, Bahuguna R. Root canal morphology of mandibular first premolar 
in a gujarati population - an in vitro study. Dent Res J. 2011;8:118–22.

	12.	 Shetty A, Hegde MN, Tahiliani D, Shetty H, Bhat GT, Shetty S. A three-
dimensional study of variations in root canal morphology using cone-
beam computed tomography of mandibular premolars in a South Indian 
population. J Clin Diagn Res. 2014;8(8):ZC22-4.

	13.	 Cleghorn BM, Christie WH, Dong CC. Root and root canal morphology of 
the human permanent maxillary first molar: a literature review. J Endod. 
2006;32:813–21.

	14.	 Tabassum S, Raza KF. Failure of endodontic treatment: the usual suspects. 
Eur J Dent. 2016;10(1):144–7.



Page 9 of 9Faraj et al. BMC Oral Health          (2022) 22:166 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Krithikadatta J, Gopikrishna V, Datta M. CRIS Guidelines: A concept note 
on the need for standardized guidelines for improving quality and 
transparency in reporting in vitro studies in experimental dental research. 
J Conserv Dent. 2014;17:301–4.

	16.	 Gomez F, Brea G, Gomez-Sosa JF. Root canal morphology and variations 
in mandibular second molars: an in vivo cone-beam computed tomogra-
phy analysis. BMC Oral Health. 2021;21:424.

	17.	 Atieh MA. Root and canal morphology of maxillary first premolars in a 
Saudi population. J Contemp Dent Pract. 2008;9:46–53.

	18.	 Turner CG 2nd. Root number determination in maxillary first premolars 
for modern human populations. Am J Phys Anthropol. 1981;54:59–62.

	19.	 Özcana E, Çolakb H, Hamidib MM. Root and canal morphology of maxil-
lary first premolars in a Turkish population. J Dent Sci. 2012;7:390–4.

	20.	 Moshfeghi M, Sajadi SS, Sajadi S, Shahbazian M. Conventional versus 
digital radiography in detecting root canal type in maxillary premolars: an 
in vitro study. J Dent. 2013;10:74–81.

	21.	 Vertucci FJ, Gegauff A. Root canal morphology of the maxillary first 
premolar. J Am Dent Assoc. 1979;99:194–8.

	22.	 Ahmad IA, Alenezi MA. Root and Root Canal Morphology of Maxillary 
First Premolars: A Literature Review and Clinical Considerations. J Endod. 
2016;42:861–72.

	23.	 Beltes P, Kalaitzoglou ME, Kantilieraki E, Beltes C, Angelopoulos C. 
3-rooted maxillary first premolars: an ex vivo study of external and inter-
nal morphologies. J Endod. 2017;43:1267–72.

	24.	 Dinakar C, Shetty UA, Salian VV, Shetty P. Root canal morphology of 
maxillary first premolars using the clearing technique in a South Indian 
population: an in vitro study. Int J Appl Basic Med Res. 2018;8:143–7.

	25.	 Shivapathasundharam B, Berti AE. Transparent tooth model system. An 
aid in the study of root canal anatomy. Indian J Dent Res. 2000;11:89–94.

	26.	 Reuben J, Velmurugan N, Kandaswamy D. The evaluation of root canal 
morphology of the mandibular first molar in an Indian population 
using spiral computed tomography scan: an in vitro study. J Endod. 
2008;34:212–5.

	27.	 Gupta S, Sinha DJ, Gowhar O, Tyagi SP, Singh NN, Gupta S. Root and 
canal morphology of maxillary first premolar teeth in north Indian 
population using clearing technique: an in vitro study. J Conserv Dent. 
2015;18:232–26.

	28.	 Kfir A, Mostinsky O, Elyzur O, Hertzeanu M, Metzger Z, Pawar AM. Root 
canal configuration and root wall thickness of first maxillary premolars 
in an Israeli population. A Cone-beam computed tomography study. Sci 
Rep. 2020;10:434.

	29.	 Kaffe I, Kaufman A, Littner MM, Lazarson A. Radiographic study of the root 
canal system of mandibular anterior teeth. Int Endod J. 1985;18:253–39.

	30.	 Thompson SA, Al-Omari AO, Dummer PM. Assessing the shape of 
root canals: an in vitro method using microradiography. Int Endod J. 
1995;28:61–7.

	31.	 Omer OE, Al Shalabi RM, Jennings M, Glennon J, Claffey NM. A compari-
son between clearing and radiographic techniques in the study of the 
root-canal anatomy of maxillary first and second molars. Int Endod J. 
2004;37:291–6.

	32.	 K Gulabivala, Y-L Ng. Tooth organogenesis, morphology and physiology; 
Maxillary premolars. In Endodontics (Fourth Edition), Elsevier Ltd. 2014; 
pp. 2–32.

	33.	 Jayesh R, Kmk M, Aswath N, Babu AN. Three rooted maxillary first premo-
lar—an unusual occurrence. Res J Pharm Biol Chem Sci. 2014;5:1276.

	34.	 Kim E, Fallahrastegar A, Hur YY, Jung IY, Kim S, Lee SJ. Difference 
in root canal length between Asians and Caucasians. Int Endod J. 
2005;38:149–51.

	35.	 Senan EM, Alhadainy H, Genaid TM, Madfa AA. Root form and canal mor-
phology of maxillary first premolars of a Yemeni population. BMC Oral 
Health. 2018;18:94.

	36.	 Asheghi B, Momtahan N, Sahebi S, Zangoie Booshehri M. Morphological 
evaluation of maxillary premolar canals in Iranian population: a cone-
beam computed tomography study. J Dent. 2020;21:215–24.

	37.	 Awawdeh L, Abdullah H, Al-Qudah A. Root form and canal morphology 
of Jordanian maxillary first premolars. J Endod. 2008;34:956–61.

	38.	 Al-Zubaidi SM, Almansour MI, Al-Mansour NN, Alshammari AS, Alsham-
mari AF, Altamimi YS, Madfa AA. Assessment of root morphology and 
canal configuration of maxillary premolars in a Saudi subpopulation: a 
cone-beam computed tomographic study. BMC Oral Health. 2021;21:397.

	39.	 Maghfuri S, Keylani H, Chohan H, Dakkam S, Atiah A, Mashyakhy M. Evalu-
ation of root canal morphology of maxillary first premolars by cone beam 
computed tomography in Saudi Arabian Southern Region subpopula-
tion: an in vitro study. Int J Dent. 2019;2019(27):2063943.

	40.	 Kartal N, Ozçelik B, Cimilli H. Root canal morphology of maxillary premo-
lars. J Endod. 1998;24:417–9.

	41.	 Alqedairi A, Alfawaz H, Al-Dahman Y, Alnassar F, Al-Jebaly A, Alsubait S. 
Cone-beam computed tomographicevaluation of root canal morphol-
ogy of maxillary premolarsin a Saudi population. BioMed Research 
International. 2018; 2018.

	42.	 Chaparro AJ, Segura JJ, Guerrero E, Jiménez-Rubio A, Murillo C, Feito 
JJ. Number of roots and canals in maxillary first premolars: study of an 
Andalusian population. Endod Dent Traumatol. 1999;15:65–7.

	43.	 Loh HS. Root morphology of the maxillary first premolar in Singaporeans. 
Aust Dent J. 1998;43:399–402.

	44.	 Sert S, Bayirli GS. Evaluation of the root canal configurations of the 
mandibular and maxillary permanent teeth by gender in the Turkish 
population. J Endod. 2004;30:391–8.

	45.	 Lipski K, Wozniak K, Łagocka R, Tomasik M. Root and canal morphology of 
the first human maxillary premolar. Durham Anthropol J. 2005;12:2–3.

	46.	 Rwenyonyi C, Kutesa A, Muwazi L, Buwembo W. Root and Canal morphol-
ogy of maxillary first premolar teeth in a Ugandan population. Open 
Journal of Stomatology. 2011;1:7–11.

	47.	 Monardes H, Herrera K, Vargas J, Steinfort K, Zaror C, Abarca J. Root 
anatomy and canal configuration of maxillary premolars: a cone-beam 
computed tomography study. Int J Morphol. 2021;39:463–8.

	48.	 Karunakaran JV, Kaliyaperumal A, Nagappan R, Swaminathan SK, Art-
hanari KK, Sujith SL. Root form and morphology of human permanent 
maxillary first premolars of an indo-Dravidian population based in South-
ern India: an in vitro study. J Pharm Bioallied Sci. 2020;12(Suppl 1):S601–6.

	49.	 Wu D, Hu DQ, Xin BC, Sun DG, Ge ZP, Su JY. Root canal morphology of 
maxillary and mandibular first premolars analyzed using cone-beam 
computed tomography in a Shandong Chinese population. Medicine. 
2020;99(20): e20116.

	50.	 Peiris R. Root and canal morphology of human permanent teeth in a Sri 
Lankan and Japanese population. Anthropol Sci. 2008;116:123–33.

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

	52.	 Pécora JD, Saquy PC, Sousa Neto MD, Woelfel JB. Root form and canal 
anatomy of maxillary first premolars. Braz Dent J. 1992;2:87–94.

	53.	 Walker RT. Root form and canal anatomy of maxillary first premolars in a 
southern Chinese population. Endod Dent Traumatol. 1987;3:130–4.

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


	Visual inspection of root patterns and radiographic estimation of its canal configurations by confirmation using sectioning method. An ex vivo study on maxillary first premolar teeth
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Morphology and number of roots
	Number and configuration of root canals

	Discussion
	Conclusions
	Acknowledgements
	References


