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 Background: The goal of conventional endodontic therapy is to clean the root canal system thoroughly, restore tooth func-
tion, and prevent re-infection. Success depends on understanding root canal morphology, resolving apical peri-
odontitis, and using proper techniques. Studies highlight variations in root canal anatomy, with cone-beam 
computed tomography (CBCT) being crucial for accurate diagnosis despite its high cost and limited availability.

 Material/Methods: This retrospective study reviewed CBCT images of 1820 (907 male, 913 female) patients aged 18 to 78 years. 
Analysis included 2081 mandibular first molars for variations in root and canal morphology and right- and left-
side symmetry. Inter-orifice distance was measured, along with distance from the cementoenamel junction 
(CEJ) to the level of canal bifurcation.

 Results: In this study, 96.01% of teeth had 2 roots and 3.89% had 3 roots. The percentages of canal configuration were 
77.70% for 3 canals, 21.58% for 4 canals, 0.67% for 2 canals, and 0.05% for 1 canal. The inter-orifice distance 
was 2.07 mm for 2 canals in 1 root and 2.86 mm for 2 canals in separate distal roots. Distance from the CEJ to 
canal bifurcation varied significantly between 2 canals within 1 distal root (3.35 mm), 2 canals in separate dis-
tal roots (1.60 mm), as well as between distal (3.35 mm) and mesial roots (1.10 mm).

 Conclusions: In mandibular first molars, only 3.89% have additional distolingual roots. Sex and ethnicity showed no influ-
ence on number of roots and canals. Distal canals showed a deeper bifurcation and greater inter-orifice dis-
tance than did mesial canals.

 Keywords: Anatomy • Dental Pulp Cavity • Root Canal Therapy

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/945364

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Endodontics, Faculty of Dentistry, King Abdulaziz University, 
Jeddah, Saudi Arabia

2 Department of Endodontics, University Dental Hospital, Jeddah, Saudi Arabia

e-ISSN 1643-3750
© Med Sci Monit, 2024; 30: e945364

DOI: 10.12659/MSM.945364

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the publisher

e945364-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

https://orcid.org/0000-0002-4273-2504
https://orcid.org/0000-0002-0430-0268


Introduction

The objective of conventional endodontic therapy is to achieve 
thorough debridement of the root canal system, restore the 
tooth’s function, and prevent re-infection [1]. Accurate knowl-
edge of the intricate root canal morphology, which can vary 
considerably across different demographic groups, is essen-
tial for endodontic success [2-4].

Endodontic treatment outcome is influenced by multiple fac-
tors, particularly those related to the resolution and preven-
tion of the recurrence of apical periodontitis [5]. These fac-
tors include the initial microbial load, peri-radicular damage, 
state of the pulp prior to treatment, presence of a preopera-
tive periapical radiolucency, technique and quality of the root 
canal filling, presence of missed canals [6], and quality of the 
coronal restoration placed following root canal treatment [7].

Missed canals in teeth that have undergone root canal treat-
ment can result from inadequate access cavity preparation or 
insufficient understanding of dental morphology and canal 
architecture. These unaddressed canals can harbor microbial 
colonies, leading to the persistence of apical periodontitis [8]. 
To avoid such outcomes, thorough and formative knowledge 
of dental anatomy and the intricacies of the root canal sys-
tem is imperative. Furthermore, meticulous analysis and in-
terpretation of radiographic images, taking into account var-
ious horizontal angles, are critical throughout the stages of 
root canal therapy [9].

The first molar in the mandibular arch, which often requires 
root canal treatment, typically has 2 roots, mesial and distal, 
along with 3 root canals: 2 mesial and 1 distal [10]. Notably, 
dental anatomy variations have been observed, including the 
occurrence of an additional third root in the mandibular first 
molar, identified as the radix entomolaris [11]. This extra root 
is predominantly positioned distolingually and exhibits a glob-
al prevalence ranging from 1.35% to 33.33%, with significant 
variations across different ethnic groups [12-14]. Conversely, 
when an extra root is located mesiobuccally, it is classified as 
radix paramolaris [11].

The mesial root of mandibular first molars typically contains 
2 canals, which can terminate in 1 or 2 apical foramina [15]. 
The distal root usually has 1 large canal; however, in approx-
imately 30% of cases, 2 canals are present [16]. Studies have 
reported varying prevalence of 4 canals in mandibular first mo-
lars, as follows: 19.5% in Malaysia [17], 21% in Italy [18], 24% 
in Brazil [19], 31.57% in Iran [20], 45% in China [21], 50% in 
Korea [22], and 59% in Sudan [23].

Recent studies utilizing cone-beam computed tomogra-
phy (CBCT) have provided insights into the root and canal 

morphology of permanent mandibular first molars in various 
regions of Saudi Arabia. Mashyakhy et al conducted a study in 
southern region of Saudi Arabia, evaluating 174 CBCT images. 
The findings revealed that 97.1% of mandibular first molars 
were 2-rooted, and 2.9% were 3-rooted. The most prevalent 
canal configuration was 3 canals (73%), followed by 4 canals 
(25.3%) and 2 canals (1.7%). No significant associations were 
found between the number of roots, canals, and patient sex. 
Symmetry between the right and left sides was observed in 
the number of roots of all teeth and in 56.4% of teeth in the 
number of canals [24]. Another study investigated the prev-
alence of radix entomolaris in the middle region of Saudi us-
ing a sample of 400 CBCT images. The prevalence of mandib-
ular molars with 3 roots was 12.5%, and with 4 roots, it was 
0.5%. Men exhibited a higher prevalence of 3 roots (60%) than 
women (40%) [14]. In a recent systematic review of root ca-
nal morphology of permanent mandibular teeth in different 
regions of Saudi Arabia, most teeth had 2 roots (98.9%), while 
only 0.2% had 3 roots. Three canals were prevalent in 58.7% 
of cases, while 4 canals were present in 40.6% of cases, and 
only 0.7% of the teeth had 2 canals [25].

In recent decades, various methods have been used to inves-
tigate the complex anatomy of root and canal system. These 
methods include the replication of pulpal space anatomy us-
ing vulcanite casts, as performed in Hess’s early studies [26], 
transverse tooth sectioning [27], canal staining and clear-
ing techniques [10], modified canal staining [3], convention-
al radiographic imaging [28], and computed tomography (CT) 
scans [29-31].

While conventional radiography is routinely used to assess 
complex root canal anatomy, its main limitation is the bidimen-
sional representation of images, which can lead to the over-
sight of additional root canals or anatomical variations [32]. 
Modified canal staining provides a 3-dimensional view of the 
pulp chamber without compromising the tooth’s structural in-
tegrity, yet it cannot be applied in vivo [3]. Sectioning, particu-
larly with abrasive sandpaper discs, risks altering the internal 
canal configuration and compromising the structural integri-
ty of the tooth [27].

The introduction of CBCT in the 1990s has led to significant 
advancements in endodontic diagnostics [30]. Nevertheless, 
the high cost of CBCT has limited its widespread use in rou-
tine endodontic diagnostics and treatment. CBCT is acknowl-
edged as the most accurate imaging modality for identifying 
root canal anatomy. In an in vitro study by Tira et al, CBCT 
was compared with 2 digital radiographic technologies, the 
charged coupled device and photostimulable phosphor plate, 
and showed that conventional digital radiography missed at 
least 1 root canal in 40% of cases, which could compromise 
the success of endodontic procedures [33]. Similar findings 
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were reported by Subbarao et al, who demonstrated the su-
periority of CBCT, alongside modified canal staining and clear-
ing techniques, over digital radiography in accurately identify-
ing root canal structures [34].

To the best of our knowledge, no morphological study has 
looked into the prevalence of third root and fourth root ca-
nals in the permanent mandibular first molars in the sub-pop-
ulation of Jeddah, Saudi Arabia. Furthermore, certain aspects 
of the root and canal morphology of permanent mandibular 
first molars in Saudi Arabia revealed by CBCT have not been 
previously reported in the literature. These include measure-
ments of the inter-orifice distance and the distance from the 
cementoenamel junction (CEJ) to the level of canal bifurca-
tion. Therefore, in this study, we aimed to evaluate variations 
in root and canal morphology of 2081 left and right mandibu-
lar first molars in 1820 Saudi patients, using CBCT.

Material and Methods

Sample Selection

The protocol of this retrospective cohort study was approved by 
the Institutional Ethics Committee at King Abdulaziz University, 
Jeddah, Saudi Arabia (approval number: 104-10-20). A total of 
6203 CBCT scans were obtained between January 2014 and 
April 2021, as part of the patient diagnosis, treatment plan-
ning, and implant placement decision making. They were fil-
tered according to the region to be scanned. A total of 3256 
CBCT scans were acquired targeting the mandibular jaw. In 
which, 2040 were female patients’ scans and 1210 were male 
patients’ scans. Sample size was calculated using the follow-
ing parameters: alpha=0.0500, power=0.8000, delta=-0.0270 
(difference), p1=0.0570, and p2=0.0300. The estimated sam-
ple size was N=1790. The exclusion criteria were set as the 
following: images showing artifacts that interfered with the 
observation of the tooth of concern, making the evaluation of 
those teeth challenging. The following artifacts were identified 
during interpretation of the images: motion artifact, teeth re-
stored with metal crowns, dental implants in adjacent teeth, 
and if the entire tooth was not showing. Any teeth with root 
resorption, canal calcification, or incomplete apex formation 
were excluded from the study. Inclusion criteria were as fol-
lows: patients 18 years and older, with fully matured apices.

CBCT Scanning and Analysis

Images of 1820 randomly selected CBCTs were captured using 
the i-CAT Classic CBCT device (Imaging International Sciences, 
Hatfield, PA, USA). In total, there were 907 scans from male 
patients and 913 scans from female patients. All CBCT expo-
sures were performed with the minimum exposure necessary 

for adequate image quality by experienced licensed techni-
cians. CBCT images were evaluated by 1 observer on a 24-inch 
HP monitor (EliteDisplay E243, CA, USA) with a resolution of 
1920×1080 pixels, in a reporting room without windows. The 
scans were checked and analyzed using OnDemand3D software 
(Cybermed Inc, Daejeon, South Korea). Reevaluation was done 
for 30 images with an interval period of 2 months to measure 
the intra-rater agreement.

The number of roots and number of canals were analyzed us-
ing the axial view. The examiner placed the origin of the hor-
izontal and the vertical axis on the center of the crown from 
the axial view, then the examiner scrolled downward until the 
root apex. The axial view was also used to measure the inter-
orifice distance (length of a line between center points of 2 
orifices) between the 2 mesial canals and between the 2 dis-
tal canals, if present (Figure 1A). The examiner placed the or-
igin of the horizontal and the vertical axis on the center of the 
crown of the tooth to adjust the views. The selected section 
for the evaluation was the cross-sectional view for this pos-
terior tooth. The evaluation was done by adjusting the ver-
tical (bucco-lingual) reference line in the axial plane through 
the center of the root, then aligning the vertical reference 
line in mesio-distal and bucco-lingual through the center of 
the root along its longitudinal axis. After that, the examiner 
scrolled downward through the axial view until the beginning 
of the separation. At that level, a line was drawn using a ruler 
to measure the distance between the orifices of the 2 distal 
canals. From there on, the examiner moved to corrected-sag-
ittal and cross-sectional views to measure the distance from 
the CEJ until the level where the canal divided into 2 separate 
canals. A ruler was used to measure the distance from the 
CEJ to the bisecting level (Figure 1B, 1C). The examiner could 
magnify images and change viewing settings, such as densi-
ty, contrast, and sharpness, to enhance visibility and identifi-
cation of the examined structures. This procedure was done 
for mesial and distal roots.

Personal information, such as sex and ethnic background, were 
documented. The prevalence of 3-rooted permanent mandibu-
lar first molars and the prevalence of missed or extracted, root 
canal-filled, and the presence of missed root canal in root ca-
nal-filled mandibular first molars were also recorded and an-
alyzed. Sex ratio, ethnicity, and symmetrical analysis between 
right and left side on the same individual were also collected.

Statistical Analysis

All data were analyzed with the Stata software, version 16 
(StataCorp, College Station, TX, USA) and the IBM Statistical 
Package for Social Sciences Statistics version 28 (IBM Corp, 
Armonk, NY, USA). Descriptive statistics were used to describe 
the categorical and quantitative variables. For categorical 
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variables, frequencies and column percentages were calcu-
lated. Frequencies and column percentages of the permanent 
mandibular first molars’ characteristics (number of roots and 
number of canals) by sex and by nationality (ethnicity) were 
compared using the Pearson chi-square test. However, when 
the Pearson chi-square test was not applicable, the Fisher ex-
act test was used, and its P value was reported. The same test 
was used to compare missed/unfilled canals in root canal-filled 
permanent mandibular first molars between the 2 canals in 1 
root and the 2 canals in 2 distal roots.

We tested the hypothesis using a 2-sample Wilcoxon rank-sum 
test (Mann-Whitney). The test was used to assess the statistical 

difference between inter-orifice distance measured in 1 root 
with 2 canals and in 2 separate roots with 2 canals. Also, the 
test was used to assess the statistical difference between in-
ter-orifice distance measured in 1 root with 2 canals in the 
distal and mesial roots. Moreover, the same test was used to 
assess the statistical difference between distance from CEJ to 
canal separation in 1 root with 2 canals and in 2 separate roots 
with 2 canals measured from the sagittal and coronal views. 
The level of agreement between the right and left sides (sym-
metry) was assessed using kappa statistics (value). The kappa 
value represents the proportion of agreement between the 2 
sides beyond the agreement occurring due to chance. The P 
value of P<0.001 suggests that the kappa value is statistically 

A B C

Figure 1.  CBCT images of permanent mandibular first molar. This figure shows different views of the CBCT image of lower permanent 
mandibular first molar. (A) Shows an axial cross section of CBCT image of the tooth. This view is used to measure inter-
orifice distance (IOD) between the 2 mesial canals and between the 2 distal canals if present; (B, C) show coronal and 
sagittal cross sections (respectively) of CBCT images of the tooth. These images are used to measure the distance from the 
cementoenamel junction (CEJ) to canal division in the corrected-sagittal view.

A B C D

Figure 2.  Anatomical variations found in permanent mandibular first molars. This figure shows coronal cross-sectional views 
illustrating different anatomical variants found in permanent mandibular first molars. (A) Shows 3 roots with 4 canals; 
(B) shows 2 roots with 4 canals; (C) shows 2 roots with 3 canals; and (D) shows 1 root with 2 canals.
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significant from zero. A kappa value between 0.61 and 0.80 
means good, and between 0.81 and 1.00 means very good.

Results

The weighted kappa for the intra-rater agreement revealed 
an almost perfect agreement between the 2 measurements 
(first and second) for the distance from CEJ to canal division 
and for sagittal view (Cohen kappa=0.840) and coronal view 
(Cohen kappa=0.870), and substantial agreement for inter-or-
ifice distance (Cohen kappa=0.642).

In this study, we assessed 1820 participants, evaluating a total 
of 3640 mandibular first molars. The patient age range was 18 
to 78 years, with a mean age of 30.1 years. The condition of 
these molars was classified as sound, missing, or root-filled, 
comprising 41.51%, 42.69%, and 15.66% of the sample, respec-
tively, with a cumulative count of 2081 mandibular first molars.

Number of Roots and Canals

Regarding the number of roots, 1998 (96.01%) had 2 roots, 
81 (3.89%) had 3 roots, and only 2 (0.10%) exhibited a sin-
gle root. Concerning canal number, most molars had 3 canals, 
totaling 1617 (77.70%), followed by 449 (21.58%) with 4 ca-
nals, 14 (0.67%) with 2 canals, and only 1 (0.05%) with 1 ca-
nal. Among the teeth with 4 canals, 368 of 449 (81.96%) fea-
tured the additional canal within the same distal root, while 
81 cases (18.04%) presented an extra canal located in an ad-
ditional distolingual root, known as the radix entomolaris, as 
shown in Figure 2.

Comparison by Sex

The analysis indicated that 53.05% (n=1104) of patients were 
men and 43.87% (n=977) were women. There was no statisti-
cally significant difference between sex in the number of roots 
and number of canals (Table 1).

Comparison by Ethnic Group

Of the total patients (n=3640) evaluated, most patients were 
Saudi, accounting for 2694 (74.01%) of the sample, followed 
by 682 (18.74%) individuals from the Middle East and North 
Africa region, 114 (3.13%) African, 106 (2.91%) Asian, 14 (0.38%) 
European, and, finally, 2 (0.05%) North American. There was no 
statistically significant difference in the number of roots and num-
ber of canals between Saudi and non-Saudi patients (Table 2).

Inter-Orifice Distance

The distolingual canal was separated from the distobuccal ca-
nal by 2.07 mm when both canals were located in the same 
distal root or 2.86 mm when canals occurred in 2 separate 
distal roots.

However, the mesio-lingual canal and the mesio-buccal canal 
were separated by 1.85 mm, and both canals were located in 
the same mesial root.

The median distance of distolingual-distobuccal was much great-
er than that of mesio-lingual–mesio-buccal (P<0.05). There was 
a significant difference in the inter-orifice distance of 2 canals 
in 1 root between the distal and mesial roots (Table 3). Also, 
there was a significant difference in the inter-orifice distance of 
2 canals in 1 distal root (2.07 mm) and in 2 canals in 2 separate 

Characteristic 
n (%)

Male
(n=1104)

Female
(n=977)

c2 value P value*

Number of roots

 1  1 (0.09)  1 (0.10)

1.37 0.886 2  1060 (96.01)  938 (96.01)

 3  43 (3.89)  38 (3.89)

Number of canals

 1  1 (0.09)  0 (0.00)

5.38 0.110
 2  4 (0.36)  10 (1.02)

 3  870 (78.80)  747 (76.46)

 4  229 (20.74)  220 (22.52)

Table 1. Comparisons of permanent mandibular first molars characteristics by sex.

c2 – Chi-square test. * Fisher exact test and its P value are used because Pearson chi-square is not applicable.
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distal roots (2.86 mm). Results for statistical comparisons for in-
ter-orifice distance measured in 1 distal root with 2 canals and 
in 2 separate distal roots with 2 canals are presented in Table 4.

Distance from CEJ to Canal Separation

Regarding the distance measured from CEJ to the level of canal 
separation, a statistically significant difference was found in the 
distal root between 2 canals in 1 distal root and 2 canals in 2 
separate distal roots from the sagittal and coronal views. Also, 
when comparing mesial and distal roots, our results showed that 
there was a significant difference in the distance from CEJ to ca-
nal separation in 1 root with 2 canals between the distal and me-
sial root measured from the sagittal and coronal views. Results 
for statistical comparisons are presented in Tables 5 and 6.

Correlation Between Right and Left Sides

Root Symmetry

Of the 1820 patients examined, only 832 had both right and 
left permanent mandibular first molars present. The results 
showed a 64% symmetry in the number of roots between the 
right and left sides (P<0.001), with the most common sym-
metrical presentation being 2 roots, observed in 785 patients.

Canal Symmetry

Additionally, there was 80% symmetry in the number of ca-
nals between the right and left sides (P<0.001), with the 

Characteristic 
n (%)

Saudi 
(n=1554)

Non-Saudi 
(n=527)

c2 value P value*

Number of roots

 1  2 (0.13)  0 (0.00)

0.84 0.886 2  1490 (95.88)  508 (96.39)

 3  62 (3.99)  19 (3.61)

Number of canals

 1  1 (0.06)  0 (0.00)

3.798 0.247
 2  8 (0.51)  6 (1.14)

 3  1218 (78.38)  399 (75.71)

 4  327 (21.04)  122 (23.15)

Table 2. Comparisons of permanent mandibular first molars characteristics by ethnic group.

c2 – Chi-square test. * Fisher exact test and its P value are used because Pearson chi-square is not applicable.

Group n
Median [IQR]

(mm)
Z value* P value

Distal root 244  2.07 [0.65]
7.60 <0.001#

Mesial root 810  1.8 [0.57]

Table 3. Statistical comparisons for inter-orifice distance measured in 1 root with 2 canals between the distal and mesial roots.

* Two-sample Wilcoxon rank-sum (Mann-Whitney) test; # Statistical significance (P<0.05).

Root Subgroup n
Median [IQR]

(mm)
Z value* P value

Distal
Two canals in 1 root 244 2.07 [0.65]

-7.38 <0.001#

Two canals in 2 roots 59 2.86 [0.97]

Table 4.  Statistical comparisons for inter-orifice distance measured in 1 distal root with 2 canals and in 2 separate distal roots with 2 
canals.

* Two-sample Wilcoxon rank-sum (Mann-Whitney) test; # Statistical significance (P<0.05).
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predominant symmetrical arrangement being 3 canals in 623 
patients, followed by 4 canals in 148 patients.

Missed/Unfilled Canal in Root Canal-Filled Permanent 
Mandibular First Molars

Within the cohort examined in this study, of the 570 root-
filled permanent mandibular first molars, 97 (17%) exhibited 
a missed canal. The incidence of missed canals occurred in the 
following order: distolingual in 34 cases (35.05%), mesiolin-
gual in 21 cases (21.65%), distobuccal in 20 cases (20.62%), 
mesiobuccal in 17 cases (17.53%), and, lastly, the distal canal 
in 5 cases (5.15%). These findings are presented in Table 7.

Furthermore, a statistically significant difference was observed 
in the frequency of missed distolingual canals when they shared 
the same root with the distobuccal canal, as opposed to when 
they were in a separate distolingual root (P<0.05).

Discussion

In this retrospective study, we aimed to evaluate the preva-
lence of third roots and second distal canals in the permanent 
mandibular first molars among a subpopulation from Jeddah, 
Saudi Arabia, using CBCT. We also aimed to measure the in-
ter-orifice distances between mesiobuccal-mesiolingual and 
distobuccal-distolingual canal orifices at the pulpal floor lev-
el, as well as the distances from the CEJ to the canal bifurca-
tion points in mesial and distal roots, for better design and lo-
cation of the access cavity. Accurate identification of the root 
canal orifices is critical in designing endodontic access and op-
timizing the efficiency and efficacy of endodontic procedures 
while reducing the risk of procedural errors and complications, 
therefore ensuring better treatment outcomes.

In the present study of mandibular first molars, 96.01% of pa-
tients had 2 roots, while 3.89% had 3 roots. The predominant 
canal configuration included 3 canals (77.70%), followed by 
4 (21.58%), 2 (0.67%), and 1 canal (0.05%), with no notable 
discrepancies in root and canal distribution by sex or ethnic 

View Subgroup n
Median [IQR]

(mm)
Z value* P value

Sagittal
Two canals in 1 root 244 3.73 [1.53]

8.89 <0.001#

Two canals in 2 roots 59 2.10 [1.05]

Coronal
Two canals in 1 root 244 3.35 [1.41]

9.47 <0.001#

Two canals in 2 roots 59 1.60 [1.06]

Table 5.  Statistical comparisons for distance from cementoenamel junction to canal separation measured in 1 distal root with 2 canals 
and in 2 separate distal roots with 2 canals.

* Two-sample Wilcoxon rank-sum (Mann-Whitney) test; # Statistical significance (P<0.05).

View Subgroup n
Median [IQR]

(mm)
Z value* P value

Sagittal
Distal root 244 3.73 [1.53]

20.04 <0.001#

Mesial root 810 1.59 [1.09]

Coronal
Distal root 244 3.35 [1.41]

21.00 <0.001#

Mesial root 810 1.10 [1.17]

Table 6.  Statistical comparisons for distance from cementoenamel junction to canal separation measured in 1 root with 2 canals 
between distal and mesial roots with 2 canals.

* Two-sample Wilcoxon rank-sum (Mann-Whitney) test; # Statistical significance (P<0.05).

Missed canals n (%) Total (N=97)

 Distal  5 (5.15)

 Disto-buccal  20 (20.62)

 Disto-lingual  34 (35.05)

 Mesio-lingual  21 (21.65)

 Mesio-buccal  17 (17.53)

Table 7.  Frequencies and percentages for missed/unfilled canal 
in root canal filled mandibular first molars.
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background. The interorifice distance measured 2.07 mm for 
2 canals within a single root and 2.86 mm for 2 canals locat-
ed in separate distal roots. Significant variations in inter-or-
ifice distance were observed between distal (2.07 mm) and 
mesial roots (1.80 mm). The distance from the CEJ to canal 
bifurcation differed notably between 2 canals within 1 dis-
tal root (3.35 mm) and 2 canals in separate distal roots (1.60 
mm), as well as between distal (3.35 mm) and mesial roots 
(1.10 mm). Overall, 17% of root-filled mandibular first molars 
had missed canals, with the distolingual canal being the most 
overlooked (35.05%).

Thorough preoperative assessment, including diagnostic imaging 
techniques such as radiographs or CBCT scans plays a pivotal 
role in precise identification of root canal anatomy. CBCT offers 
superior capabilities over conventional radiographic methods, 
such as charged coupled devices and photostimulable phos-
phor plates, in identifying root canal morphology, as noted by 
Matherne et al [33] and confirmed by Blattner et al and Zheng 
et al for detecting second mesio-buccal canals in maxillary first 
molars [29,35]. It has been reported that examination with dig-
ital radiography resulted in missing 1 root canal space in 40% 
of the cases, when compared with CBCT examinations [33]. In 
a study conducted by Sharifishoshtari et al, the diagnostic pre-
cision of CBCT was evaluated by comparing it with a sectioning 
technique for assessing root canal morphology in mandibular 
first molars. The findings demonstrated that CBCT achieved di-
agnostic accuracies of 80% on the mesial surface, 99% on the 
distal surface, and 96% overall. These results suggest that CBCT 
is a reliable technique for accurately evaluating the intricate 
root canal morphology of mandibular first molars, particularly 
when other modalities are less effective [36]. The resolution of 
CBCT images is as meticulous as that obtained through root ca-
nal staining and clearing techniques in discovering root anato-
my [34]. Patel et al stated that the 3-dimensional CBCT imag-
ing technique allows for superior visualization of the number 
of root canals and their directions [37]. Additionally, CBCT facili-
tates accurate visualization of the root canal system in multiple 
planes, avoiding the superimposition of anatomical structures, 
as reported by Cotton et al and Neelakantan et al [34,38], and 
offers high-resolution images with minimized radiation expo-
sure and brief scanning times [34].

Findings from this study enrich the existing data pool regard-
ing the root anatomy and canal morphology of the perma-
nent mandibular first molar in the Saudi population, boasting 
a larger sample size than previous studies, thereby enhanc-
ing the reliability of morphological information [14,24,39-41]. 
Most of the sample population in the present study exhibit-
ed 2-rooted mandibular first molars, in line with findings in 
Saudi and Brazilian populations, as reported by Mashyakhy et 
al and Silva et al, respectively, and with the systematic review 
done by de Pablo et al [42,43].

The prevalence of mandibular first molars with 3 roots was 3.9%, 
consistent with findings from studies by Mashyakhy et al in the 
Saudi population (2.9%) and Alhadainy et al in the Yemeni pop-
ulation (3.2%) [24,44]. Higher prevalences were reported by 
Alenezi et al in the Saudi population (12.5%) and de Pablo et al in 
the Brazilian population (13%) [14,43]. Studies focusing on East 
Asian populations have consistently reported higher percentag-
es of mandibular first molars with 3 roots. In a study by Kim et 
al on Korean individuals of Mongolian descent, extra distal roots 
were found in 25.82% of examined molars [22]. These findings 
substantiate that East Asian populations exhibit a greater prev-
alence of mandibular first molars with 3 roots than do other eth-
nic groups. Although 4-rooted mandibular first molars were re-
ported by Alenezi et al in the Saudi population at 0.5% [14], it 
was not seen in our present research. C-shaped canal configura-
tions were rare, seen only in 2 of 2081 patients (0.1%). This re-
sult aligns with the findings of Alfawaz et al in the Saudi popula-
tion, who reported a prevalence of 0.2% [45]. However, C-shaped 
canal configurations were not found by Mashyakhy et al [24].

The universal assessment of root canal prevalence indicated 
that 61.3%, 35.7%, and 1% of the evaluated teeth contained 
3 canals, 4 canals, and 5 canals, respectively [43]. In the pres-
ent study, 77.7% of cases showed 3 root canals, while 4 canals 
were identified in 21.6% of cases. These results align with find-
ings reported by Al-Qarni et al and Mashyakhy et al in studies 
involving Saudi populations, but are notably lower than the 
incidence of 4 canals reported in a Korean population, which 
was documented at 50.36% [22,24,46].

In this research, the presence of mandibular first molars with 2 
root canals was documented at 0.67%, confirming the results 
published by Caputo et al in a Brazilian population [19], but 
was lower than those presented in an Italian population (9.4%) 
and Pakistani (7.8%) population, as reported by Plotino et al 
and Marwat et al, respectively [18,47]. In the present study, re-
garding the mandibular first molar with 4 root canals, 81.96% 
had 2 distal canals in the distal root, while 18.04% had 2 distal 
canals in 2 separate roots. Kim et al reported the same find-
ings in a Korean population [48].

We also assessed anatomical symmetry between the right and 
left sides and found a significant degree of symmetry in the 
number of roots and canals. The most common symmetrical 
configuration was 2 roots and 3 canals, which is comparable 
to findings in other populations [14,24,49-54].

In the present study, the inter-orifice distance between the dis-
tolingual and distobuccal canals in separate distal roots was 
measured at 2.86 mm, aligning with the findings of Tu et al 
of 2.7 mm [12] but contrasting with the findings of Duman et 
al, with a reported mean of 1.63 mm and standard deviation 
of 0.66 mm [54]. These discrepancies could be attributed to 
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variations in sample sizes or differences in radiographic inter-
pretation and CBCT imaging parameters. For the mesial root, 
the inter-orifice distance between the mesio-lingual and me-
sio-buccal canals was determined to be 1.8 mm, which dif-
fered from the 2.35 mm reported by Gu et al, using micro-CT 
scans [55]. The disparity in measurements suggests that the 
access cavity design for mandibular first molars should extend 
further distally than mesially, rather than a conventional trap-
ezoidal shape, to account for the asymmetrical distribution of 
canal orifices. This finding challenges the conventional sym-
metry law proposed by Kranser and Rankow [56], indicating 
that canal orifices in mandibular first molars are not equidis-
tant from a mesiodistal line drawn through the pulp chamber 
floor’s center but are biased toward the mesial aspect, poten-
tially complicating access for less experienced clinicians [57].

The CEJ served as the reference landmark for determining the 
point at which the canal bifurcates into 2 separate pathways. 
According to our study, the mesial root bifurcated at distanc-
es of 1.59 mm and 1.1 mm from the CEJ in sagittal and coro-
nal views, respectively. Conversely, the bifurcation in the distal 
root occurred at 3.73 mm in the sagittal view and 3.35 mm in 
the coronal view, indicating that the division of the mesial ca-
nals occurrs near the pulp floor level [58], whereas the distal 
canals branch deeper within the root structure, making their 
identification and access more challenging.

The prevalence of missed canals in our study was found to be 
17%, which is consistent with the findings of Iqbal et al [59]. 
This contrasts with the higher incidence of 42% reported by 
Hoen and Pink et al in teeth subjected to non-surgical retreat-
ment. Comparatively, Karabucak et al and Mashyakhy et al re-
ported a slightly elevated overall incidence of missed canals, 
documented at 23% and 25%, respectively [60,61]. In our study, 
the distolingual canal was the predominantly missed canal, at 
35.05%, followed by mesio-lingual, at 21.65%. These findings 
are comparable to those reported by Karabucak et al and in 
contrast to those of Mashyakhy et al, in which the mesiobuc-
cal and distobuccal were the most commonly untreated canals.

Our results highlight the frequent occurrence of a fourth canal 
in mandibular first molars, which underscores the necessity 
of anticipating and locating all 4 present canals during molar 
endodontic therapy. Endodontists should expect a second ca-
nal in the distal root of mandibular molars. Additionally, the 
likelihood of extra roots beyond the typical anatomy should 
be anticipated and diligently treated to avoid the unfavorable 
outcome of missed canals when left untreated.

These results emphasize the complexity of this tooth’s anat-
omy. Clinicians should pay special attention to the configura-
tion and root canal system before starting any root canal treat-
ment procedures. The precise location of each canal is critical; 

the mesiobuccal canal orifice is located beneath the mesiobuc-
cal cusp, while the mesiolingual canal orifice is situated lingual 
to the central groove. The orifice of the second distal canal is 
placed distolingually from the major canal or canals of the dis-
tal root. Generally, these orifices are positioned in the mesial 
two-thirds of the crown [9]. Our reported findings and mea-
surements suggest shifting the endodontic molar access in a 
distolingual direction to include the distolingual canal and con-
fine the access to the mesial half of the tooth. Magnification, 
illumination, and appropriate armamentarium, along with 
knowledge of the root and canal anatomy, are essential tools 
for the practitioner to treat the entire root canal system [62].

The primary limitation of this research is its retrospective cohort 
design, which led to the unavailability of certain data due to in-
complete records [63]. The research sample was also restrict-
ed to a single center, potentially affecting the generalizability of 
the results. Furthermore, the medium field of view of the CBCT 
used presents drawbacks, such as a larger irradiated area and 
diminished spatial resolution [64]. The American Association of 
Endodontists and the American Academy of Oral and Maxillofacial 
Radiology have jointly recommended the application of a small 
field of view for the detection of additional canals or in cases of 
complex anatomical structures [65]. Addressing these method-
ological constraints is recommended for future investigations.

Conclusions

Within the limitations of this study, CBCT imaging emerges 
as a reliable tool for accurately identifying root canal anato-
my and configurations, owing to its precise, non-invasive, and 
replicable imaging capability. Among this Saudi populations’ 
mandibular first molars, a minority (3.89%) exhibited an ad-
ditional distolingual root. Sex and ethnic background did not 
correlate with variations in root or canal numbers. Distal ca-
nals presented with a deeper bifurcation (3.73 mm) and a 
larger interorifice distance (2.07 mm) than did mesial canals. 
Most patients displayed bilateral symmetry in root (64%) and 
canal (80%) counts. Notably, the distolingual canal was fre-
quently overlooked, remaining untreated in 35% of root-filled 
mandibular first molars.
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