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ORIGINAL ARTICLE
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Dentistry, King Abdulaziz University, Jeddah, Saudi Arabia; dDepartment of Periodontics, Faculty of Dentistry, King Abdulaziz University, 
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ABSTRACT
In-depth knowledge of the anatomical structure of the root canal system is fundamental 
for successful endodontic treatment. This research aimed to evaluate the root canal 
structures of lower premolars in the Saudi western demographic via Cone Beam 
Computed Tomography (CBCT) scans. 760 CBCT scans were reviewed, which incorporated 
2747 mandibular premolar teeth. SPSS was employed for descriptive statistics and Pearson 
chi-square tests. The Kappa tests were executed for intra- and inter-observer consistency. 
The number of roots, canals, and canal configurations based on Vertucci’s classification 
were assessed. The study further explored the prevalence, patterns, and variations of the 
root canal systems, considering gender-based variations and bilateral resemblance. 
Predominantly, mandibular premolars possessed a single root, though a minority dis
played two or three roots. The occurrence of multiple canals was also on the lower 
side, with the type I canal pattern emerging predominantly. Gender-based distinctions 
were evident, as males exhibited a higher frequency of two-rooted premolars and multi
ple canals than females. It was noted that the anatomical differences were more in the 
mandibular first premolars than in the second premolars. A significant bilateral consis
tency was observed, with most teeth showcasing consistent root and canal numbers. This 
research offers essential perspectives on the diverse nature and variability of root canal 
anatomy within the Saudi Western cohort, facilitating better understanding and treatment 
planning in endodontics.
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1. Introduction

The success of endodontic treatment heavily relies on 
a thorough understanding of root canal anatomy, as any 
missed or untreated canal can lead to persistent infection 
and compromised treatment outcomes [1,2]. The com
plex structure of the root canal system poses a direct 
clinical challenge, influencing the results of treatments. 
Anatomic variations, including the number of roots, are 
influenced by multiple factors such as ethnicity, which 
can predispose individuals to unique root canal config
urations [3]. Such complexities, including the number of 
canals in each root, distances between orifices, and canal 
types, are more difficult to detect [4].

Saudi Arabia represents a unique population with dis
tinctive ethnic characteristics. It is crucial to investigate 
the root canal anatomy specific to each population for 
accurate diagnosis and treatment planning. While pre
vious studies have explored root canal anatomy in various 

populations, limited research has focused on the Saudi 
population, particularly in the western region [5,6]. 
Considering the significant anatomical variations 
reported in different ethnic groups, a comprehensive ana
lysis of the root canal morphology in Saudi individuals is 
necessary to understand the anatomical variations, thus, 
optimizing endodontic procedures and enhancing treat
ment outcomes.

Weine et al. (1969), Vertucci (1984), and Gulabivala 
et al. (2001) classified and described the root canal 
system of human permanent teeth [7–9]. Vertucci’s clas
sification is the most commonly used, as he classified 
the root canal configuration into eight categories: Type 
I, Type II (2–1), Type III (1-2-1), Type IV, Type V (1–2), Type 
VI (2-1-2), Type VII (1-2-1- 2) and Type VIII (3) [10].

Several studies investigated the number of roots 
and number of canals of the mandibular first premo
lars. A study by Alfawaz et al, 2019 shows that 97.5%
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of mandibular first premolars had one root, 1.5% had 
two roots, and only 1% had three roots [11]. 
Regarding the number of canals, it was found in 
a study by Algarni et al, 2021 that 68% of mandibular 
first premolars had one canal, 23.1% had two canals, 
and 8.33% had three canals [12]. Other studies that 
investigated the root canal morphology of mandibu
lar first premolars found Vertucci types I in 79.3% of 
teeth, type II in 5.4%, type III in 4.7%, type IV (2.1%), 
type V in 6.8%, and type VI in 0.4%). However, no 
study reported Vertucci type VII, one study reported 
Vertucci type VIII (0.8%), and one study reported other 
canal configurations (0.6%) [12–14].

Several studies investigated mandibular second pre
molars for the number of roots and the number of 
canals of mandibular second premolars. In general, 
mandibular second premolars with one root were the 
most prevalent (84.4%), followed by mandibular second 
premolars with two roots (4.0%). Only one study 
reported mandibular second premolars with three 
roots (0.1%). Teeth with one canal were the most pre
valent (91.5%), followed by teeth with two canals (8.3%). 
Only one study reported teeth with three canals (0.2%), 
and no study reported teeth with four canals [11]. Two 
studies investigated the root canal morphology of 
mandibular second premolars. These studies reported 
Vertucci types I (96.9%), type II (1.6%), type III (0.1%), 
type IV (0.8%), and type V (0.3%). However, only one 
study reported Vertucci type VI (0.1%) and another 
study reported Vertucci type VIII (0.2%) [12,15].

All these studies were done in the northern and 
central regions of Saudi Arabia except one study was 
done in the western region, but it only 
included second mandibular premolars. Regarding 
the method of investigation, all studies used cone 
beam computed tomography (CBCT) except one 
study used the drying method and dye (India ink) 
in vitro on the extracted teeth.

CBCT emerged as a revolutionary imaging techni
que in the latter part of the 1990s. This technology 
provided three-dimensional visualizations of the max
illofacial structure, representing a notable advantage 
in terms of reduced radiation exposure when com
pared to conventional CT scans [16,17]. In the field of 
endodontics, CBCT has emerged as a valuable tool 
that can address the limitations of conventional 
X-ray examinations and facilitate improved endodon
tic treatment outcomes [18]. The lack of precision of 
conventional radiographs regarding the root canal 
system can have a detrimental impact on the success 
of endodontic procedures as they only provide two- 
dimensional images. Therefore, three-dimensional 
visualization has become increasingly significant in 
endodontics. CBCT scans allow for a more compre
hensive understanding of the complex root canal sys
tem, facilitating precise diagnosis and effective 
treatment planning. When compared to conventional 

periapical radiographs, CBCT imaging provides dis
tinct advantages by eliminating overlapping struc
tures on the images, thereby offering clinically 
relevant information [18]. Numerous studies in the 
literature have highlighted the enhanced diagnostic 
accuracy of CBCT in detecting periapical radiolucency 
when compared to periapical radiographs [19–22].

The objective of this study was to utilize CBCT 
imaging to evaluate the root canal anatomy in lower 
premolars of Saudi western individuals, elucidating 
the prevalence, configuration, and variations of root 
canal systems. This will provide essential insights into 
the complexity and diversity of root canal morphol
ogy in this specific population and allow for better 
comprehension of root canal system anatomy and 
guiding endodontic treatment. There is only one 
study done targeting the western region of Saudi 
Arabia and it only evaluated 2nd mandibular premolar 
without addressing the first mandibular premolars.

2. Materials and methods

This observational research took place at the Faculty 
of Dentistry, King Abdulaziz University, adhering to 
the ethical guidelines set by the Research Ethical 
Committee (No. 02-02-20). CBCT scans of patients, 
ranging in age from 17 to 81 years, referred to the 
radiology department between 2016 and 2021, were 
gathered. To guarantee confidentiality, all identifiable 
patient information was anonymized.

The CBCT images were originally acquired for var
ious diagnostic reasons such as planning for implants, 
surgical extraction of impacted teeth, and endodontic 
assessments. Parameters assessed and documented 
included the number of roots, the number of canals 
within each root, and the canal patterns delineated by 
Vertucci’s classification. Data about gender, age, and 
bilateral symmetry were also recorded.

The criteria for inclusion were the presence of 
a mandibular first or second premolar with fully 
matured roots, free of periapical lesions, no root 
canal filling material, no root canals with immature 
apex, resorption, or calcification, and CBCT images of 
good quality. Conversely, the exclusion criteria 
included CBCT images that were blurred or distorted, 
teeth with immature apex, any previous root canal 
treatment, initiated endodontic treatment, cemented 
posts or crowns, extensive coronal restorations, and 
the occurrence of physiological or pathological pro
cesses like root resorption. The required sample size 
was calculated using OpenEpi Version 3.0, a statistical 
software for epidemiological calculations. The formula 
used was n = Z^2 * p * (1 - p)/E^2, where Z represents 
the Z-score for a 95% confidence level (1.96), p is the 
expected proportion (0.68 for one canal), and E is the 
margin of error (0.05 for ± 5%). Inputting these values 
into OpenEpi, the software determined the sample
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size to be approximately 335 participants, which 
ensures sufficient precision to estimate the proportion 
with a 95% confidence level and a 5% margin of error.

The number of CBCT scans analyzed in this study 
was 760 which included 2747 mandibular premolar 
teeth. The sample size was in the higher range com
pared to previous reports with similar methodology, 
in which the number of analyzed CBCT scans ranged 
between 166 to 707 and the number of examined 
teeth ranged between 332 and 2828 teeth [23–27].

All patients were imaged using an iCAT scanner 
(Imaging Sciences International, Hatfield, PA, USA) 
with 8 × 8 cm images scanned at 120 KVp and 5–7  
mA, using a voxel size of 0.2 mm. The CBCT images 
were reviewed by three observers, including two 
endodontists and one certified oral and maxillofacial 
radiologist, using Vision software (Imaging Science 
International, Hatfield, PA, USA). The images were 
reviewed in a dimly lit room without windows. After 
adjusting the image contrast and using the magnifi
cation tool for optimal visualization, the observers 
evaluated the root and canal numbers, canal config
urations, and the location of canal separations (coro
nal, middle, or apical) using the coronal view.

In this study, intraexaminer and interexaminer 
reliability were thoroughly evaluated to ensure 
the consistency and accuracy of observations 
related to mandibular premolars. Intraexaminer 
reliability was assessed by repeating measurements 
on 10% of the sample after a one-week interval. 
This analysis resulted in a 92% agreement and an 
intra-class correlation coefficient (ICC) of 0.85, indi
cating good reliability. The primary source of 
intraexaminer discrepancies involved identifying 
bifurcated root canals, likely due to the inherent 
complexity of their anatomy. To address these 
inconsistencies, the examiner underwent additional 
self-calibration using standardized CBCT reference 
images, performed detailed protocol reviews, and 
repeated evaluations, ultimately improving 
consistency.

Interexaminer reliability, evaluated using Cohen’s 
kappa (κ = 0.65), reflected a moderate level of agree
ment. Discrepancies were most commonly observed 
in the classification of Type II root canals, which posed 
challenges due to their ambiguous configuration. To 
resolve these disagreements, examiners collabora
tively reviewed CBCT images in a controlled setting, 
revisited and refined the study protocol to eliminate 
ambiguity, and participated in additional calibration 
sessions. These steps facilitated a clearer interpreta
tion of challenging cases and ensured a standardized 
approach to classification.

Statistical analysis was conducted using the SPSS 
for Windows software (version 26.0; SPSS Inc., 
Chicago, IL, USA), employing the Pearson chi-square 
test and descriptive analysis. The data on intra- and 

inter-examiner reliability were analyzed using Kappa 
tests. A p-value of less than 0.05 was considered 
statistically significant.

3. Results

In this study, 2747 mandibular premolar teeth were 
assessed, out of which 1465 were first premolars and 
1282 were second premolars. The reliability between 
examiners was determined to be 0.86 for the number 
of roots and 0.65 for canal configuration. The first 
examiner demonstrated excellent consistency with 
a reliability range of 0.94 to 1.00 for both root number 
and canal configuration, while the second examiner 
achieved a range of 0.87 to 1.00.

Table 1 shows Descriptive statistics of examined 
mandibular first and second premolars (n = 2747); pre
sented as number of teeth (percentage). Canal con
figuration based on Vertucci’s classification.

Regarding the number of roots, a significant major
ity of the mandibular premolars were found to have 
one root. Specifically, about 95% of the first mandib
ular premolars and 98% of the second mandibular 
premolars were single-rooted. When comparing the 
first and second mandibular premolars, the occur
rence of two roots was more frequent in the former, 
with percentages of 4.9% and 1.6%, respectively 
(Figure 1 a). This figure shows a coronal section of 
CBCT image displaying the anatomy of tooth #34, 
showing a two-rooted configuration, which represents 
only 3.4% of all premolars examined in this study.

Regarding the bilateral symmetry, 91.6% of first pre
molars and 95.1% of second premolars showed bilateral 
symmetrical number of roots and root canals (Figure 1b). 
This figure Demonstrates bilateral symmetry of the same 
case, where a high percentage of premolars exhibited 
bilateral symmetry in root and canal number: 91.6% for 
first premolars and 95.1% for second premolars.

Remarkably, among the 2747 premolars evaluated, 
only seven exhibited three roots, accounting for a mere 
0.3%, as detailed in Table 1. Regarding the number of 
canals, the prevalence of two canals in mandibular first 
and second premolars was 18.4% and 6.4%, respectively, 
with an overall prevalence of 12.8% (Table 1).

Table 2 shows Descriptive statistics and results of 
Chi-square test for comparison between the number 
of roots, number of canals, and canal configurations in 
females and males’ mandibular premolar teeth (n =  
27487). The prevalence of two-rooted mandibular pre
molars in males was 5.2%, and in females was 2.1%, as 
shown in Table 2. A statistically significant higher 
prevalence of two-rooted mandibular premolars was 
observed in males compared to females (p < 0.001).

Similar to the number of roots, males showed 
a statistically significant higher prevalence of two 
root canals than females, with percentages of 16.9% 
and 10.1%, respectively (Table 2).
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When assessing canal configurations, Type 
I emerged as the predominant configuration in both 
the first and second mandibular premolars, with 
occurrences of 81.4% and 93.4% respectively. The 
next most frequent was Type III, appearing in 12.7% 
of first premolars and 4.1% of second premolars 
(Figure 2). This figure shows the Coronal section of 
CBCT Image of tooth #44 from a male patient, illus
trating a canal configuration consistent with Vertucci’s 
Class III classification.

Types VII and V were also noted, albeit less com
monly. The rarest canal configuration was Type IV, 
which was identified in just two instances, translating 
to a prevalence of merely 0.1%, as illustrated in 
Table 1. A gender-based comparison revealed that 
females predominantly exhibited Type I (89.8%), 
then type III (7.3%), while males were more commonly 
associated mainly with type I (82.6%), then with type 
III (11%) and type V (5.7%), as detailed in Table 2.

Table 1. Descriptive statistics of examined mandibular first and second premolars (n = 2747); presented as number of teeth 
(percentage). Canal configuration based on Vertucci’s classification.

Mandibular 1st premolar Mandibular 2nd premolar All premolars

Number of roots
One root 1390 (94.9%) 1257 (98%) 2647 (96.4%)
Two roots 72 (4.9%) 21 (1.6%) 93 (3.4%)
Three roots 3 (0.2%) 4 (0.3%) 7 (0.3%)
Number of canals
One canal 1187 (81.4%) 1193 (93.2%) 2380 (86.9%)
Two canals 269 (18.4%) 82 (6.4%) 351 (12.8%)
Three canals 3 (0.2%) 5 (0.4%) 8 (0.3%)
Canal configuration
Type I 1187 (81.4%) 1193 (93.4%) 2353 (86.9%)
Type II 2 (0.1%) 0 (0%) 2 (0.1%)
Type III 186 (12.7%) 52 (4.1%) 238 (8.8%)
Type IV 2 (0.1%) 0 (0%) 2 (0.1%)
Type V 76 (5.2%) 29 (2.3%) 104 (3.8%)
Type VII 6 (0.4%) 3 (0.2%) 9 (0.3%)
Level of separation (teeth with more than one canal, n = 359)
Apical 5 (1.8%) 5 (5.7%) 10 (2.8%)
Middle 265 (97.4%) 81 (93%) 346 (96%)
Coronal 2 (0.7) 1 (1.1%) 3 (0.8%)
Total 1465 (53.3%) 1282 (46.7%) 2747

Figure 1. (a) coronal section of CBCT image displaying the anatomy of tooth #34, showing a two-rooted configuration, which 
represents only 3.4% of all premolars examined in this study. This two-root morphology was more frequently observed in first 
premolars compared to second premolars. (b) Demonstrates bilateral symmetry of the same case, where a high percentage of 
premolars exhibited bilateral symmetry in root and canal number: 91.6% for first premolars and 95.1% for second premolars.

Table 2. Descriptive statistics and results of Chi-square test 
for comparison between the number of roots, number of 
canals, and canal configurations in females and males’ man
dibular premolar teeth (n = 27487).

Females Males p-value

Number of roots
One root 1604 (97.7%) 1043 (94.3%)
Two roots 35 (2.1%) 58 (5.2%) <0.001*
Three roots 2 (0.1%) 5 (0.5%)
Number of canals
One canal 1474 (89.8%) 906 (82.5%)
Two canals 165 (10.1%) 186 (16.9%) <0.001*
Three canals 2 (0.1%) 6 (0.5%)
Canal configuration
Type I 1447 (89.8%) 906 (82.6%)
Type II 2 (0.1%) 0 (0%)
Type III 117 (7.3%) 121 (11%)
Type IV 0 (0%) 2 (0.2%) <0.001*
Type V 41 (2.5%) 63 (5.7%)
Type VII 4 (0.2%) 5 (0.5%)
Level of separation (teeth with more than one canal (n = 359)
Apical 5 (3%) 5 (2.6%)
Middle 160 (95.8%) 186 (96.88%) 0.464
Coronal 2 (1.2%) 1 (0.52%)
Total 1641 (59.7%) 1106 (40.3%)

*Statistical significance was set at p < 0.05. 
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With regards to separation level, the middle third 
(95.8% in females and 96.88% in males) was the pre
dominant level of separation followed by the apical 
third (3% in females and 2.6% in males), then the 
coronal third (1.2% in females and 0.52% in males) 
(Table 2).

4. Discussion

Optimal root canal therapy is attained when all root 
canals are accurately identified, thoroughly cleaned, 
properly shaped, adequately disinfected, and filled 
with obturation material [28,29]. Factors contributing 
to the failure of root canal therapy include the pre
sence of untreated canals, inadequate disinfection, 
and incomplete filling of the root canals. 
Consequently, thorough clinical and radiographic eva
luations are essential for the success of root canal 
treatment [29,30]. Various methods have been 
employed to evaluate and assess root canal morphol
ogy, including radiographic examination [31–35], 
canal staining and clearing techniques [36–41], tooth 
cross-sectioning [35,42], micro-computed tomography 
(micro-CT) [43], and more recently, cone beam com
puted tomography (CBCT) [44,45]. Canal staining and 

clearing techniques are considered the gold standard 
for studying root canal systems, although CBCT offers 
a valuable alternative. CBCT, a non-invasive imaging 
method, offers three-dimensional visualization of 
tooth anatomy [46–48] and is applicable in both 
in vivo and in vitro settings [4,43]. It is highly regarded 
for its reliability and reproducibility, unaffected by 
tooth position changes [49,50]. In this study, CBCT 
was utilized to analyze the morphology of the root 
canal system and to identify the locations of root 
canal orifices and apical foramina in mandibular first 
premolars from a Saudi population.

In this study, 2,747 mandibular premolar teeth 
were evaluated, including 1,465 first premolars and 
1,282 second premolars. The results indicated that 
most mandibular premolars had single roots, with 
approximately 95% of first premolars and 98% 
of second premolars being single-rooted. Among the 
examined teeth, the occurrence of two roots was 
more prevalent in the first mandibular premolars 
(4.9%) compared to the second mandibular premolars 
(1.6%). Among the 2,747 premolars assessed, only 
seven (0.3%) were found to have three roots. 
A statistically significant higher prevalence of two- 
and three-rooted premolars was observed in males 
compared to females. Specifically, the prevalence of 
two-rooted mandibular premolars was 5.2% in males, 
compared to 2.1% in females.

A recent systematic review of 15 studies on the 
Saudi population reported that 91.4% of mandibular 
first premolars and 96.7% of second premolars were 
single-rooted, slightly lower than the results of our 
current study [6]. Nonetheless, our findings are con
sistent with this trend, showing a higher prevalence of 
single-rooted first premolars compared to second pre
molars, both in the Saudi population [6] and globally 
[51–53]. A recent study in Western Saudi Arabia, ana
lyzing CBCT images of 2,400 mandibular second pre
molars, found that 98.33% were single-rooted and 
1.67% were double-rooted, aligning with our results 
[15]. The occurrence of three-rooted mandibular pre
molars is very rare, with a prevalence of 0.1–0.2% 
[51,52]; our study found a similar prevalence of 0.3%, 
consistent with other Saudi studies [6,11,54]. 
Anatomical studies using canal staining and clearing 
techniques have reported a higher prevalence of two- 
rooted mandibular first premolars. Specifically, a study 
in the southern region of Saudi Arabia found that 80% 
of mandibular first premolars had a single root, 18% 
had two roots, and 2% had three roots [14]. This 
prevalence of two-rooted mandibular first premolars 
is higher compared to studies using the clearing 
method of extracted teeth in Turkey (0%) [36] and 
Iran (2%) [38], but lower than that reported in 
Jordan (3%) [39].

In examining the internal canal morphology of 
mandibular premolars, our study found that 81.4%

Figure 2. Coronal section of CBCT image of tooth #44 from 
a male patient, illustrating a canal configuration consistent 
with Vertucci’s class III classification. This canal configuration 
was more prevalent in males, with a frequency of 7.3%, 
compared to females at 11%. Notably, this class III canal 
configuration constituted 12.7% of canal configurations 
observed in the first mandibular premolars in this study.
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of mandibular first premolars and 93.2% of 
mandibular second premolars had a single canal. 
The prevalence of two canals was 18.4% for first pre
molars and 6.4% for second premolars, with an overall 
prevalence of 12.8%. Previous research has reported 
that 76% to 78.5% of mandibular first premolars glob
ally and in Saudi Arabia have a single canal, suggest
ing that our findings indicate a higher prevalence of 
single canals in first premolars compared to earlier 
reports [6,51,52].

Mandibular second premolars generally have a less 
complex canal system than first premolars, as sup
ported by multiple studies [51,52,54]. 
A comprehensive multi-center cross-sectional study 
of 13,800 premolar teeth found a notable difference 
in the global occurrence of lingual canals between 
first and second mandibular premolars, with 23.6% 
for first premolars and 5.3% for second premolars 
[3]. In our study, which included 2,747 premolar 
teeth, we identified multiple root canals in 18.5% of 
first premolars and 6.7% of second premolars. While 
these figures are slightly lower than those reported in 
the multi-center study, they are consistent with global 
averages and other studies focusing on the Saudi 
population [6,51,52,54].

In evaluating canal configurations, our study found 
that 93% of first premolars and 97% of second pre
molars exhibited a single foramen, which is higher 
than the frequencies reported in previous systematic 
reviews. These reviews identified single apical fora
mina (Type I, II, or III) in 78.9% of first premolars and 
91.8% of second premolars [51,52]. In contrast, our 
study found Type I to be the most common config
uration for both types of mandibular premolars, with 
occurrences of 81.4% for first premolars and 93.4% 
for second premolars. Type III was the next most 
prevalent, appearing in 12.7% of first premolars and 
4.1% of second premolars. Types VII and V were also 
observed, though less frequently, while Type IV was 
the rarest, present in only 0.1% of cases. These find
ings are somewhat higher than some previous studies 
[41,51,52] but align with results from research centers 
on Saudi samples [6,11,54]

A study using canal staining and clearing techni
ques on a Saudi subpopulation reported that 72% of 
mandibular first premolars had a single canal, 26% 
had two canals, and 2% had three canals. Regarding 
apical foramina, 73% had a single foramen, 19% had 
two, 2% had three, and 6% had multiple foramina 
(apical delta). Canal configurations in this study 
included 69% Type I, 8% Type III, 4% Type IV, 16% 
Type V, 2% Type IX, and 1% with an additional root 
canal configuration. Lateral canals were observed in 
38% of teeth, and inter-canal communications were 
present in 16% [14].

Genetic and racial factors significantly impact var
iations in the number of roots and canals among 

human populations [41,51,53]. Research has indicated 
that ethnic differences influence root canal morphol
ogy, with Asians and individuals over 60 years old 
generally showing lower frequencies of lingual canals 
compared to Africans and younger populations [3]. 
Such variations account for the discrepancies 
observed across different studies, including our own.

Our study found notable gender differences in the 
root morphology of mandibular premolars. Males had 
a higher prevalence of two-rooted premolars (5.2%) 
compared to females (2.1%). Additionally, males 
exhibited a significantly greater occurrence of multi
ple root canals, with 17% of males having more than 
one root canal versus 10% of females. These findings 
are consistent with previous research highlighting 
gender-related differences in root morphology 
[11,15,51,52]. Recognizing these gender-specific varia
tions is crucial for clinicians and endodontists when 
planning and executing root canal treatments [55]. 
Our results contribute to the broader understanding 
of gender-related differences in dental anatomy, 
emphasizing the need to consider such factors in 
clinical practice.

The observed gender-based variations in root canal 
morphology can be attributed to sexual dimorphism, 
with males typically having larger teeth than females 
[56]. This difference may be attributed to the influ
ence of the Y chromosome, which has been asso
ciated with enhanced enamel and dentin 
development [57,58]. Root canal morphology is also 
influenced by a combination of genetic, racial, biolo
gical, and cultural factors [59–64]. Genetic and racial 
factors are particularly important, as studies have 
shown that hereditary traits can affect tooth and 
root development, leading to population-specific var
iations in root canal anatomy [41,51,53,58,60,61,63]. 
Furthermore, age-related changes, have been also 
recognized as significant contributors to alterations 
in root canal morphology over time [60,65].

In terms of bilateral symmetry, previous studies 
have reported near-complete symmetry (98% to 
100%) in the number of roots among Saudi premolars 
[5,11,66]. However, our current study observed 
a slightly lower degree of bilateral symmetry, with 
91% of first premolars and 95% of second premolars 
exhibiting bilateral symmetry.

It is important to note that this study did not 
examine other anatomical variations, such as lingual 
grooves, foramen diameter, or apical foramen size. 
These detailed anatomical features are better investi
gated using ex vivo techniques like micro-computed 
tomography (micro-CT) [67]. Micro-CT offers superior 
spatial resolution compared to cone beam computed 
tomography (CBCT), allowing for more detailed visua
lization of dental structures [68]. This technique cap
tures high-resolution cross-sectional images of tooth 
samples, enabling the analysis of fine anatomical
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details such as accessory canals, isthmuses, and dent
inal tubules, which may not be visible with CBCT. 
However, micro-CT is primarily suitable for ex vivo 
studies.

In clinical practice, it is advisable to take at least 
two pre-operative radiographs with different cone 
angles and interpret them carefully when treating 
mandibular premolars due to their complex root 
canal systems. The use of the operating dental micro
scope can enhance the visibility of anatomical land
marks in the pulp chamber floor, aiding in the 
detection of additional root canals or anatomical var
iations [69,70]. When necessary, CBCT can be 
a valuable tool for visualizing complex root canal 
anatomy [55,71].

Several limitations should be acknowledged in 
this study. Although the sample size of 760 CBCT 
scans (representing 2747 mandibular premolars) is 
larger than those of previous Saudi studies, it does 
not fully capture the diversity of the Saudi popula
tion. A more comprehensive representation would 
require an even larger sample size encompassing 
various regions and multiple centres across Saudi 
Arabia. This would help ensure that geographic, 
genetic, and ethnic variations, which may influence 
anatomical differences, are adequately addressed, 
as highlighted in similar studies conducted in 
other populations [5,11,54]. Furthermore, while this 
study provides valuable insights into gender-based 
variations, it does not account for the potential 
influence of age on root canal morphology. Root 
canal morphology undergoes significant changes 
during tooth development. In younger individuals, 
the roots typically exhibit a single, large canal. 
However, as individuals age, the deposition of sec
ondary dentin leads to the formation of partitions 
within the root canal. This process often results in 
substantial differentiation of the canal system, giv
ing rise to separate canals and complex transverse 
connecting systems [72]. Previous research has 
shown that age can significantly impact root canal 
anatomy [65,73]. Future investigations should incor
porate a broader age range and study the age- 
related variations in root canal morphology system
atically. Another limitation can be attributed to the 
imaging modality used. Although CBCT offers sig
nificant advantages [74], including three- 
dimensional visualization and reduced radiation 
compared to conventional CT scans, its spatial reso
lution is relatively lower than that of advanced 
techniques like micro-CT. In recent years, micro-CT 
has emerged as a valuable tool for the detailed 
investigation of anatomical variations within root 
canal systems [75,76], including those of mandibu
lar premolar teeth [35,77]. Micro-CT provides unpar
alleled resolution for studying root canal anatomy 
at a microscopic level and allows further 

measurement of basic geometrical parameters 
such as volume and surface (Peters 2000). 
However, this modality can only be used in vitro 
while in vivo data from patients’ CBCT scans can 
provide a broader view of variations in anatomy. 
Moreover, 4 × 4 CBCT scans can provide higher spa
tial resolution than of 6 × 6 scans used in the cur
rent study, thus might have provided more precise 
data, as demonstrated in prior investigations [78]. 
Finally, the cross-sectional nature of this study pre
sents inherent limitations, such as potential selec
tion bias and the inability to control confounding 
factors. For instance, the included CBCT scans were 
initially taken for diagnostic purposes unrelated to 
the study, potentially introducing variability in the 
selected population.

5. Conclusions

Utilizing CBCT scans provided a more detailed and 
comprehensive visualization of anatomical variations 
in mandibular premolars. The results indicate 
a predominant occurrence of single-rooted mandibu
lar premolars, with a higher prevalence of two-rooted 
premolars observed in males compared to females. 
Furthermore, a notable proportion of the sample 
exhibited multiple canals, with males showing 
a greater incidence of two and three canals. Bilateral 
symmetry analysis demonstrated that most mandibu
lar premolars had symmetrical root and canal num
bers. These insights enhance our understanding of 
mandibular premolar morphology, which is essential 
for effective endodontic treatment planning. The 
study’s findings can assist clinicians in diagnosing 
and managing root canal variations in mandibular 
premolars within the Saudi population, potentially 
leading to improved treatment outcomes.
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