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ABSTRACT

Understanding the configuration of the root canal systems in detail improves the success rates of root canal treatment and
long-term prognosis. A cross-sectional was conducted to evaluate the root canal variations in the mandibular premolar
teeth. 151 mandibular premolar teeth were analyzed using cone-beam computed tomographic scans. The pulp canal
configuration of first mandibular premolar and second mandibular premolar were analyzed using axial, coronal, and
sagittal sections. The results revealed that 89.4 % of the examined teeth were found to have more than one canal at the
apical one-third and 10.6% had one root canal. Vertucci’s type V root canal morphology was the most frequent
morphological type in both the first and second premolars (50.3%). The next prevalent types were type I (10.6%) and type
111 (9.3%). The prevalence of other types that were not defined in Vertucci’s classification was 11.3%. It was concluded
that the most common root canal configurations in the present study were Type V followed by Type I. The study highlights
the importance of variations in root canal morphology of mandibular premolars. There is a need for the reclassification of
root canal systems using advanced three-dimensional cone beam computed tomographic imaging.
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Introduction

What does it take to perform a successful endodontic
treatment? Certainly, complete eradication of infection
source followed by adequate root/pulp canal sealing. Root
canal morphology plays a key role in successful root canal
therapy [1]. Failure to identify the variations in the root canal
can result in post-endodontic treatment complications or
failure.

Endodontic treatment failure is mostly attributed to a
microbial etiology or the inability to locate or access root
canals. Incomplete biomechanical preparations or root canal
filling can also contribute to the failure. However, persistent
infection or secondary infection of the root canal contributes
to be predominant factor in endodontic treatment failures
[2]. Posterior teeth have the highest endodontic failures in
comparison to the anterior teeth owing to differences in the
pulp canal configuration and the failure of the dental
practitioner to detect and access accessory or lateral canals
or due to procedural errors [3]. The classification of root
canal morphology by Vertucci was primarily based on two-
dimensional (2D) data [4, 5]. As technology advanced, the
incorporation of cone-beam computed tomography (CBCT)
in endodontics changed the way advanced endodontics had
been practiced. CBCT in endodontics helps in 3D
visualization of the root canal morphology, providing fine

details comparable to MDCT, but with reduced radiation
dose and cost [6].

Analysis of morphological variations in canal configurations
using 3D CBCT becomes inevitable to perform a detailed
evaluation of the root canal morphology, especially in cases
of post-endodontic treatment complications or failures. It is
important to validate whether any variation exists in root
canal morphology classification detailed in the scientific
literature based on Vertucci’s classification using 2D
imaging in comparison to the data retrieved from 3D CBCT
of the root canal morphology for mandibular premolars.
There are multiple studies in different geographical niches
evaluating the root canal morphology using CBCT, mainly
of posterior teeth [6-8]. Since ethnicity can influence the
variation in root canal morphology and there is a scarcity of
studies in Saudi Arabia that focus on both first and second
mandibular premolar root canal morphological variations
using CBCT, there is a need to analyze and comprehend this
data. The outcomes of this study will aid dental practitioners
in successfully performing endodontic treatment, especially
in assessed cases where endodontic therapy failures are
encountered resulting in post-endodontic complications.

Hence, our study aimed to investigate the root canal
configurations of mandibular premolars by means of cone
beam computed tomography imaging.
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Materials and Methods

The manuscript was prepared in adherence to Preferred
Reporting of Observational Studies in Endodontics
(PROBE) guidelines.

A retrospective cross-sectional observational study was
performed using CBCT scans of 151 cases retrieved from
scans captured using Sirona Galileos (Germany) at 85 kV, 5
-7 mA, and 14s, from the Radiology Section of Private
Dental University (affiliated to the University of the
investigators). Analysis was done using Galileos viewer
(version 1.9, Germany). Data collection and processing were
done in adherence to the declaration of Helsinki (2013) after
Ethical committee approval (RC/IRB/2019/308). Data
screening was done from 2018 to 2023 and the
inclusion/exclusion criteria were applied to collect the data
to be included in the study.

The inclusion criteria were as follows: Age range from 16
to 60 years, full view of one or more mandibular premolars,
complete root formation, no sign of root resorption, no
periapical lesion, and no endodontic treatment, posts or
coronal restorations, images with errors. Exclusion criteria
were CBCT images with artifacts or errors, white streaking,
and beam hardening in CBCT images which compromises
the accuracy of the data, pathologies, or fracture/
endodontically treated tooth. Personal data will not be
included in this study.

Methodology

CBCT scans were scrutinized for the root canal
configuration using Galileo’s CBCT viewer (version 1.9)
with a resolution of 286um. 3D digital imaging system by an
Oral and Maxillofacial Radiologist using Vertucci 1994
classification. Hence no interobserver bias was recorded.
Each reading was taken thrice and the average was taken as
the final value of the observation to avoid intracbserver bias.

The evaluation was done in axial and coronal cross-section
views using multi-planar reformatted images. The root canal
was evaluated from the CEJ along the long axis of the tooth
and viewed in axial sections from its start along its path to
the apical foramen. All scans were analyzed by an Oral and
Maxillofacial Radiologist with more than 9 years of
experience in reading CBCT images. The co-investigator
contributed to analyzing the data for statistical inference.

Inclusion criteria for the study were CBCT images of
mandibular first and second premolars, Saudi population,
CBCT images of diagnostic quality, and SAe 16 to 60 years.
Exclusion criteria applied were data from the non-Saudi
population, errors or artifacts in the region of interest in the
CBCT images, implants in the area of interest, periapical
pathology, and endodontically treated teeth.

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 26.0 (SPSS Inc.,
Chicago, IL, USA). Frequencies and percentages were used
for data description. A chi-square test for independence and
Fisher's exact test was used to assess the differences between
groups in terms of the distribution of Vertucci’s
morphological types. A p-value of < 0.05 was considered
statistically significant.

Results and Discussion

In the present study, mandibular premolars were examined
for root canal morphology according to Vertucci’s
classification using cone beam computed tomography
(CBCT). 270 CBCT scans were screened from the period of
2018 to 2023. Data of the patients was filtered by applying
the inclusion and exclusion criteria. 45 premolars were
excluded due to Root canal treatment (RCT), 37 premolars
were absent; 4 were Implants; 2 teeth with periapical
pathologies 8 CBCT images had artifacts/errors in the region
of interest and 7 were completely edentulous. 16 patients
were excluded due to being Non- Saudis and 22 patients
were under 16 years or over 60 years (to ensure complete
root formation and on the other hand to exclude the age-
related changes in the pulp canal which can affect the results
of the study). Thus, a total of 151 teeth were included in the
analysis.

Males represented more than half of the study sample
(56.0%), and the most predominant age group was 31 to 45
years of age (46.0%) (Table 1). The mandibular first
premolars represented 55.0% of the study sample. It was
noted that 89.4 % of the examined teeth had more than one
canal and 10.6% had one root canal. Vertucci’s type V
configuration of root canal morphology was the most
frequently revealed morphological type among all canal
types in both the premolars (50.3%), followed by type |
(10.6%) and type 111 (9.3%) (Figure 1). The prevalence of
other types that were not defined in Vertucci’s classification
was 11.3% (Figure 2).

Table 1. Demographic characteristics of patients (n=50) and the distribution of Vertucci classification in premolar teeth

(n=151)
Parameter Category Frequency Percentage
Male 28 56.0
Gender
Female 22 44.0
Age group 16t0 30y 16 32.0
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31to45y 23 46.0
46t0 60y 11 22.0
First premolar 83 55.0
Premolars*
Second premolar 68 45.0
Type | (1-1) 16 10.6
Type Il (2-1) 7 4.6
Type I11 (1-2-1) 14 9.3
Type IV (2-2) 10 6.6
Vertucci Classification*™ Type V (1-2) 76 50.3
Type VI (2-1-2) 6 4.0
type VII (1-2-1-2) 5 33
Type VIII (3-3) 0 0.0
Other types 17 11.3
W Type 1 (1-1)
Type Il (2-1)
50 M Type Il (1-2-1)
W Type IV (2-2)
88 Type V (1-2)
W Type VI (2-1-2)
Rtype VIl (1-2-1-2)
40 Type VIII (3-3)
=Otner
§ 30
g

Tooth #34 Tooth #35 Tooth #44 Tooth #45

Figure 1. The distribution of different Vertucci’s morphological types in mandibular premolars.
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Figure 2. The frequencies of ‘other’ types of root canal morphologies in mandibular premolar
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The root canal configuration exhibited gender difference,
where males had significantly higher proportions of type Il
configuration (6.9% vs 1.6%) and other types of vertucci’s
canal configuration compared to females (14.9% vs 6.3%, p
= 0.016) as depicted in Table 2. Furthermore, there were
significant differences between first and second premolars in
terms of their root canal configuration. Type I and 1l canals
were significantly lower in the mandibular first premolars in

comparison to the mandibular second premolar (7.2% vs
14.7% and 1.2% vs 8.8%, respectively), whereas other types
of vertucci’s canal configuration were more prevalent in first
premolar teeth (15.7% vs 5.9%, p = 0.030). Among the
‘other types,” canal configuration was 1-3-1, and 1-3-2 had
equal preponderance. However, root canal configuration did
not differ according to the age of the study population (Table
2).

Table 2. Distribution of Vertucci classification in premolar teeth according to gender, age, and tooth location

Vertucci’s classification n (%)

Parameter Category
Typel Typell Typelll TypelV TypeV TypeVI TypeVIl Other
Male 10 (11.5) 6(6.9) 8(9.2) 10(11.5) 35(40.2) 3(3.4) 2(2.3) 13(149
Gender 0.016
Female 6 (9.4) 1(1.6) 6 (9.4) 0(0.0) 41(64.1) 3(4.7) 3(4.7) 4(6.3)
16t0 30y 3(6.1) 3(6.1) 3(6.1) 3(6.1) 31(63.3) 1(20) 1(2.0) 4(8.2)
Age group 31to45y 8(11.4) 1(1.4) 8(11.4) 5(7.1) 28(400) 4(5.7) 3(43) 13(18.6) 0.207
46060y 5(15.6) 3(9.4) 3(9.4) 2(6.3) 17(53.1) 1(3.1) 1(3.1) 0(0.0)
First Premolar 6(7.2) 1(1.2) 7(8.4) 7(84) 40(48.2) 4(4.8) 5(6.0) 13(15.7)
Premolars 0.030
Second Premolar 10 (14.7) 6(8.8) 7(10.3) 3(44) 36(529) 2(2.9) 0(0.0) 4 (5.9)

The level of division of the root canal in single bifurcated
root canal morphological types (which divided only one time
from the starting of the root canal at the region of CEJ along
its path to apical foramen) such as in Type Il (1-2-1), Type
1V(2-2), Type V (1-2), Type VI (2-1-2) were scrutinized and
detected in 87 teeth among the 151 teeth evaluated. Type V
was the most predominant teeth (80.5%) with single root
canal bifurcation, followed by Type 11(9.2%), type 1V (8%),
Type 1V(1.15%), and another type (1.15%). The level of
division in these single bifurcated root canal morphological
types was more common at the middle 1/3™ root region
(64.4%), followed by apical 1/3" root region (23%) and
cervical 1/3" root region (12.6%). Type V single root canal
bifurcation (70 teeth out of 87 teeth) occurred mostly at the
middle 1/3 of the root in 41 teeth(58.6%), followed by
apical 1/3 in 18 teeth (25.7%), and the root canal
bifurcation at the cervical 1/3" of the tooth was the least seen
as in 11 teeth (15.7%). There is an increased prevalence of
multiple canals in the mandibular premolars.

The present study evaluated the root canal morphological
variations in mandibular premolars in the subpopulation of
Saudi Arabia. This observational study re-iterates the
advantages of 3D imaging in obtaining minute anatomical or
morphological details that often remain obscured in 2D
radiographic imaging.

The present study observed a higher prevalence of Type V
root canal morphological type in mandibular premolars.
Also, another remarkable finding was the prevalence of
more than one canal in mandibular premolars (89.4%). The

finding of this study correlates with the observations of a
Micro CT study conducted in Brazil which noted that
58.57% of mandibular first premolars had a type V root canal
configuration [7, 9, 10]. The 3D models of the mandibular
premolars in this study give us a visual glimpse of the minute
findings that can be recorded with 3D imaging. Our results
were similar to a recent systematic review and meta-analysis
performed for mandibular premolar root canal configuration
using CBCT. In this systematic review and metal analysis,
type V was the most common root canal configuration
reported followed by type IV, type IlI, and type IV
respectively [11]. It has to be noted that there is a higher
prevalence of Type V canals detected using CBCT than
observed from previous studies [7, 12-15].

The results of the present study are comparable to the study
in Caucasians among 400 dark-skinned and 400 white-
skinned mandibular premolars, in which more than one root
canal in the mandibular first premolars was more common
in dark-skinned people than the whites and also more than
one canal was significantly found in at least one premolar in
dark-skinned people than the whites (39% vs 13.7%) [16,
17]. In another study, more than two or three root canals
were observed in 23.1% of first mandibular premolars and
12.1% in second mandibular premolars out of 2331
premolars by radiographic and mechanical probing [18, 19].
Though these studies analyzed 2D radiographic images, the
canal ramifications or divisions were also evident and
recorded.
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The single root canal divisions or ramifications in our study
were noted most commonly in the middle and apical 1/3"
levels of the teeth and most commonly found in Type V.
These results were comparable and in agreement with
studies in mandibular premolars from the western Chinese
population and Shanghai (87% and 75% in first and second
premolars) [20-22]; India [23]; Venezuela [24]; Spain [25]
and Iran [26]. There is a higher prevalence of multiple root
canals with complex morphologies which can be best
visualized with 3D imaging [20, 21, 23-29]. The two most
prevalent canal types of root canals reported in the literature
are Type | and Type V [12, 13, 20, 21, 23, 28, 29].

The present study results were in contradiction to another
similar study conducted on mandibular first premolars in
Saudi Arabia on 216 teeth. Type | was the most prevalent
root canal morphological type, especially in single-rooted
teeth (74%), and Type V was the most common type in two-
rooted mandibular first premolar (55.5%) [30]. In this study,
the male gender had more occurrence of two canals, which
is in alignment with the observation in our present study.
Another study in different geographical locations in the same
country revealed 99.1% of canals as Type | [30, 31]. The
results of the study highlight the possibility of variations in
root canal morphology other than Vertucci’s classification
which is coherent as in multiple studies using micro-
computed tomography for root canal morphology [32-35].

There exist no clear criteria to differentiate the ramifications
of the root canal from lateral or secondary canals [36]. With
an increase in research with various imaging methods, many
of the formerly unreported anatomical complexities are
brought to attention [32, 37-39]. The new root canal
classification system is an eye opener to the changes in root
canal classification in which every possible detail in
classifying root canals and canal morphology was done [36].

The fact that despite the advent of three-dimensional
imaging, the majority of the research published using CBCT
follows the conventional root canal classification by
Vertucci many decades ago which gives a two-dimensional
classification approach. The researchers of the majority of
these publications do not have an oral radiologist involved
in the research and are not experts or students who were not
calibrated with no interexaminer reliability agreement
carried out before the investigations [29, 40-45]. This
explains the reason why the current research is still held with
Vertucci's classification of type | as the most common root
configuration type. This aspect has to be further explored.

Also, several micro-CT studies have shown variations in
root canal morphologies apart from the conventional
classification of type | canal as well as found that the
majority of teeth examined have more than 1 canal [7, 46,
47].

The current study was conducted with adequate samples to
be considered generalizable. Future multicenter studies

should be conducted in the same population with a different
3d imaging source of cone beam computed tomography with
experienced and calibrated investigators, in a large sample
size from the same ethnic sample. The researchers should
explore the possibilities of 3d imaging to find a difference
from the conventional methods of classification.

Conclusion

The most common root canal configurations found in the
study were Type V and Type |. Mandibular premolars
depicted complex root canal morphologies and can be
associated with the presence of radicular grooves. The study
also highlights the need to revisit the classification of root
canals based on advanced cone beam computed tomography
that gives more details than the conventional 2 D radiograph-
based classifications.

From a clinician’s perspective, such anatomical variations of
the mandibular premolar require the endodontists to be alert
to prevent root canal failures. The knowledge and
understanding of such complex morphological root canal
variations can contribute to the achievement of more success
in endodontic therapy.

Acknowledgments: None
Conflict of interest: None
Financial support: None

Ethics statement: The study was approved by the
institutional review board (RC/IRB/2019/308).

References

1. Zhang D, ChenJ, Lan G, Li M, AnJ, Wen X, etal. The
root canal morphology in mandibular first premolars:
A comparative evaluation of cone-beam computed
tomography and micro-computed tomography. Clin
Oral Invest. 2017;21(4):1007-12.

2. Siqueira JF. Etiology of root canal treatment failure:
Why well-treated teeth can fail. Int Endod J.
2001;34(1):1-10.

3. Akbar I. Radiographic study of the problems and
failures of endodontic treatment. Int J Health Sci.
2015;9(2):111-8.

4. Vertucci FJ. Root canal anatomy of the human
permanent teeth. Oral Surg Oral Med Oral Pathol.
1984;58(5):589-99.

5. Graefen B, Hasanli S, Fazal N. Behind the white coat:
The prevalence of burnout among obstetrics and
gynecology residents in Azerbaijan. Bull Pioneer Res
Med Clin Sci. 2023;2(2):1-7.
d0i:10.51847/vIIhM1UG2I

6. Algedairi A, Alfawaz H, Al-Dahman Y, Alnassar F,
Al-Jebaly A, Alsubait S. Cone-beam computed
tomographic evaluation of root canal morphology of

Annals of Dental Specialty Vol. 12; Issue 3. Jul — Sep 2024 | BGE]



Soman and Aldahash

10.

11.

12.

13.

14.

15.

16.

17.

18.

maxillary premolars in a saudi population. Biomed Res
Int. 2018;2018:8170620. doi:10.1155/2018/8170620
Boschetti E, Silva-Sousa YTC, Mazzi-Chaves JF,
Leoni GB, Versiani MA, Pécora JD, et al. Micro-CT
evaluation of root and canal morphology of
mandibular first premolars with radicular grooves.
Braz Dent J. 2017;28(5):597-602.

Ansari SH, Qamar Z, Alshammari M, Bazoun R,
Alenazi R, Alattar R. Clinical efficacy and longevity
of monolithic VS layered zirconia crowns; A
systematic review. Bull Pioneer Res Med Clin Sci.
2024;3(1):7-18.

Branddo T, Tavares R, Schulz MS, Matos PM.
Studying the effect of awareness and emotional
expression interventions on the intensity of pain and
anger in women with breast cancer. J Integr Nurs
Palliat Care. 2024,5:83-90.
d0i:10.51847/DckSJudCOp

Alreemi RM, Radhi KS, Bushnag T, Saleh O, Alazragi
RS. Glucomannan ameliorates hepatic lipid
metabolism and glucose homeostasis in rat models fed
a high-fat diet. Arch Pharm Pract. 2024;15(1):121-6.
d0i:10.51847/IUaZmNEXxfl

Liu N, Li X, LiuN, Ye L, AnJ, Nie X, et al. A micro-
computed tomography study of the root canal
morphology of the mandibular first premolar in a
population from southwestern China. Clin Oral
Investig. 2013;17(3):999-1007.

Gu Y, Zhang Y, Liao Z. Root and canal morphology
of mandibular first premolars with radicular grooves.
Arch Oral Biol. 2013;58(11):1609-17.

Fan B, Ye B, Xie E, Wu H, Gutmann J. Three-
dimensional morphological analysis of C-shaped
canals in mandibular first premolars in a Chinese
population. Int Endod J. 2012;45(11):1035-41.
Shotaev VV, Doshkhokloeva KR, Vakhidova PH,
Dudkin RA, Kostiukova DY, lonova SM, et al. Effect
of stress on hormone levels in the blood serum of rats
with alimentary obesity. Pharmacophore.
2024;15(3):47-52. doi:10.51847/kgAKevHg3e
Landry M, Spinella M, Kumaran K, Levesque V,
Tyebkhan JM. Studying the effectiveness of
mindfulness intervention on the stress of mothers with
premature infants. J Integr Nurs Palliat Care.
2024;5:48-54. doi:10.51847/YRsdPImIDO

Zillich R, Dowson J. Root canal morphology of
mandibular first and second premolars. Oral Surg Oral
Med Oral Pathol. 1973;36(5):738-44.

Hima N, Benarous D, Louail B, Hamadi W. The effect
of social media on purchasing behaviour through e-
marketing: Empirical study for algerian university
students. J Organ Behav Res. 2024;9(2):73-86.
d0i:10.51847/LSsHBTTTHg

Aslan FE, Sanlier NB, Cinar F. Studies conducted in
turkey on the effect of hypothermia on the surgical
process: A meta-analysis study. J Integr Nurs Palliat
Care. 2024;5(1-2024):35-41.
d0i:10.51847/6mGzMdUDph

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Yu X, Guo B, Li KZ, Zhang R, Tian YY, Wang H, et
al. Cone-beam computed tomography study of root
and canal morphology of mandibular premolars in a
western Chinese population. BMC Med Imaging.
2012;12:18. doi:10.1186/1471-2342-12-18

Sun CW, Liu Y, Yang YM, Liao Q. Micro-CT study
of root canal morphology of mandibular first
premolars with multi-canals. Shanghai Kou Qiang Yi
Xue. 2018;27(1):6-10.

Sierra-Cristancho A, Gonzélez-Osuna L, Poblete D,
Cafferata EA, Carvajal P, Lozano CP, et al. Micro-
tomographic characterization of the root and canal
system morphology of mandibular first premolars in a
Chilean population. Sci Rep. 2021;11(1):93.
doi:10.1038/s41598-020-80220-7

Khazri A, Mendili M, Aouadhi C, Khadhri A.
Promising aromatic and therapeutic plants from
tunisia: Phytochemical analysis, antioxidant, and
antibacterial  properties. J Biochem Technol.
2024;15(3):25-31. doi:10.51847/snbB60hupF

Shetty A, Hegde MN, Tahiliani D, Shetty H, Bhat GT,
Shetty SA. 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.
doi:10.7860/JCDR/2014/8426.4701

Brea G, Gomez F, Gomez-Sosa JF. Cone-beam
computed tomography evaluation of C-shaped root
and canal morphology of mandibular premolars. BMC
Oral Health. 2021;21(1):236. doi:10.1186/512903-
021-01327-6

Llena C, Fernandez J, Ortolani PS, Forner L. Cone-
beam computed tomography analysis of root and canal
morphology of mandibular premolars in a Spanish
population. Imaging Sci Dent. 2014;44(3):221-7.
Khademi A, Mehdizadeh M, Sanei M, Sadegnejad H,
Khazaei S. Comparative evaluation of root canal
morphology of mandibular premolars using clearing
and cone beam computed tomography. Dent Res J.
2017;14(5):321-5.

Alkaabi W, AlShwaimi E, Farooq |, Goodis HE,
Chogle SM. A micro-computed tomography study of
the root canal morphology of mandibular first
premolars in an emirati population. Med Princ Pract.
2017;26(2):118-24.

Algarni YA, Almufarrij MJ, Almoshafi IA, Alhayaza
HH, Alghamdi N, Baba SM. Morphological variations
of mandibular first premolar on cone-beam computed
tomography in a Saudi Arabian sub-population. Saudi
Dent J. 2021;33(3):150-5.

Alghamdi FT, Khalil WA. Root canal morphology and
symmetry of mandibular second premolars using cone-
beam computed tomography. Oral Radiol.
2022;38(1):126-38.

Al-Zubaidi SM, Almansour MI, Alshammari AS, Al
Mansour NN, Alshammari AF, Altamimi YS, et al.
Root and canal morphology of mandibular premolars

Annals of Dental Specialty Vol. 12; Issue 3. Jul — Sep 2024 | m



Soman and Aldahash

31.

32.

33.

34.

35.

36.

37.

38.

39.

in a saudi subpopulation; A cone-beam computed
tomography study. Int J Dent. 2021;8:4038909.
Villas-B6as MH, Bernardineli N, Cavenago BC,
Marciano M, Del Carpio-Perochena A, de Moraes IG,
et al. Micro-computed tomography study of the
internal anatomy of mesial root canals of mandibular
molars. J Endod. 2011;37(12):1682-6.

Filpo-Perez C, Bramante CM, Villas-Boas MH,
Hingaro Duarte MA, Versiani MA, Ordinola-Zapata
R. Micro-computed tomographic analysis of the root
canal morphology of the distal root of mandibular first
molar. J Endod. 2015;41(2):231-6.

Wolf TG, Paqué F, Zeller M, Willershausen B,
Brisefio-Marroquin B. Root canal morphology and
configuration of 118 mandibular first molars by means
of micro-computed tomography: An ex vivo study. J
Endod. 2016;42(4):610-4.

Altan Salli G, Egil E. Evaluation of mesial root canal
configuration of mandibular first molars using micro-
computed tomography. Imaging Sci  Dent.
2021;51(4):383-8.

Bratt A, Fagerstrom C. Investigating the relationship
between attitude towards aging and self-compassion in
middle-aged people. J Integr Nurs Palliat Care.
2023;4:53-8. doi:10.51847/00ceCpUnwi

Ahmed HMA, Neelakantan P, Dummer PMH. A new
system for classifying accessory canal morphology. Int
Endod J. 2018;51(2):164-76.

Leoni GB, Versiani MA, Pecora JD, de Sousa-Neto
MD. Micro-computed tomographic analysis of the root
canal morphology of mandibular incisors. J Endod.
2014;4(5):710-6.

Zhang Q, Chen H, Fan B, Fan W, Gutmann JL. Root
and root canal morphology in maxillary second molar
with fused root from a native Chinese population. J
Endod. 2014;40(6):871-5.

Xu T, Tay FR, Gutmann JL, Fan B, Fan W, Huang Z,
et al. Micro-computed tomography assessment
of apical accessory canal morphologies. J Endod.
2016;42(5):798-802.

40.

41.

42,

43.

44,

45,

46.

47.

Alfawaz H, Algedairi A, Al-Dahman YH, Al-Jebaly
AS, Alnassar FA, Alsubait S, et al. Evaluation of root
canal morphology of mandibular premolars in a Saudi
population using cone beam computed tomography: A
retrospective study. Saudi Dent J. 2019;31(1):137-42.
Karobari MI, Igbal A, Syed J, Batul R, Adil AH,
Khawaji SA, et al. Evaluation of root and canal
morphology of mandibular premolar amongst Saudi
subpopulation using the new system of classification:
A CBCT study. BMC Oral Health. 2023;23(1):291.
Mirah MA, Bafail A, Baik A, Abu Zaid B, Hakeem M,
Ghabbani H. Root canal morphology of premolars in
saudis. Cureus. 2023;15(9):e45888.

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 (Baltimore). 2020;99(20):e20116.
Alshammari SM, Ganji KK, Albulayhid AA,
Alshammari AM, Alhassan KHR, Alsirhani MAR.
Prevalence of second root and root canal in mandibular
and maxillary premolars based on two classification
systems in sub-population of northern region (Saudi
Arabia) assessed using cone beam computed

tomography (CBCT): A retrospective study.
Diagnostics (Basel). 2023;13(3):498.
Uzun K, Karatas Z. Investigating the role of

metacognitive beliefs, ambiguity tolerance, and
emotion processing in predicting nurses' generalized
anxiety disorder. J Integr Nurs Palliat Care. 2022;3:36-
42. doi:10.51847/mXbCbhDAVpU

Moreno JO, Duarte ML, Marceliano-Alves MF, Alves
FR, Siqueira JF Jr, Provenzano JC. Micro-computed
tomographic evaluation of root canal morphology in
mandibular first premolars from a Colombian
population. Acta Odontol Latinoam. 2021;34(1):50-5.
Zhang Y, Weng X, Fu Y, Qi X, Pan Y, Zhao Y. CBCT
and Micro-CT analysis of the mandibular first
premolars with C-shaped canal system in a Chinese
population author. BMC Oral Health. 2023;23(1):707.

Annals of Dental Specialty Vol. 12; Issue 3. Jul — Sep 2024 | K&



