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Abstract

Background /Objectives: Damage to the contents of the mandibular canal is of great concern
during endodontological procedures, particularly in the region of the mandibular molar
teeth due to their proximity to the mandibular canal. The objectives of this study were
to assess variations in the morphology and dimensions of the mandibular canal between
the sexes in a Black South African population. Materials and Methods: CBCT scans of
30 mandibles were analysed bilaterally to determine the presence of an anterior loop
and/or bifid canals in the sagittal view. The distance between the root apices of the first
and second mandibular molars and the mandibular canal were determined using the
coronal CBCT view. The distance between the mandibular canal and the buccal and lingual
cortical plates were also measured. Results: Anterior loops were identified in 11.67% of
cases, while bifid mandibular canals were present in 5% of cases. The mean distance
between the mandibular canal ranged between 5.45 and 6.71 mm for the first molar mesial
and distal roots and between 2.37 and 3.62 mm for the second molar roots. The mean
distance between the mandibular canal and the lingual cortical plate ranged between 1.75
and 2.84 mm for first molars and 1.40-1.91 mm for second molars. The buccal cortical
plate distances ranged from 3.14 to 4.97 mm and 5.21-5.75 mm for the first and second
molars, respectively. No statistically significant sex differences were demonstrated for the
morphometric measurements. Conclusions: The observed mandibular canal variations
between populations and sexes highlight the need for patient-specific planning prior
to oral dental procedures. Imaging modalities, such as CBCT scans, are essential for
accurate measurements between landmarks and the identification of anatomical variations.
These findings provide preliminary insights into mandibular canal anatomy in a Black
South African sample that should be considered in dental procedures. No significant sex
differences were observed; however, these findings should be interpreted with caution
given the study’s limited statistical power. These findings cannot yet be generalised or
extrapolated to the Black South African population.

Keywords: cone-beam computed tomography; inferior alveolar nerve; mandibular canal

1. Introduction

The mandibular canal (MC), or inferior alveolar canal, is a bilateral structure that runs
obliquely through the ramus of the mandible from the mandibular foramen through the
mandibular body and terminates as the mental foramen (MF) anteriorly. Posteriorly, the
MC runs closer to the lingual cortical plate and progressively moves closer to the buccal
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cortical plate anteriorly [1]. The MC contains the inferior alveolar nerve (IAN), artery, vein,
and lymphatic vessels that provide essential supply and drainage for the mandibular teeth
and gingiva. The IAN gives sensory innervation to the mandibular molar and premolar
teeth before giving off the incisive and mental nerves [2].

Damage to the IAN is of concern during dental procedures in the region of the
mandibular molar teeth due to their proximity to the MC. The root apices of the second
mandibular molar teeth are in direct contact with the MC, thus increasing the risk of
iatrogenic IAN damage [3]. Root canal treatment has been reported to cause injury to
the IAN, leading to complications such as paresthesia, pain and loss of sensation to the
ipsilateral mandibular teeth, gingivae, lower lip and chin region. The filling of a root
canal may result in perforation of the MC due to its close proximity to the root apices
and overfilling of endodontic sealer into the canal [4,5]. Penetration of the MC may cause
damage to the inferior alveolar artery and vein, resulting in severe haemorrhaging which
may be difficult to control due to the location [6].

Anatomical variations in the MC such as the presence of bifid canals and the formation
of an anterior loop may increase the risk of iatrogenic complications. The presence of an
anterior loop may result in an inaccurate identification of the MF, which could lead to injury
to the mental nerve [7,8]. Failure of mental nerve blocks during anaesthesia administration
may occur, resulting in the experience of pain. Identification of bifid canals are imperative
in third molar extractions to avoid damage to the inferior alveolar neurovascular structures.
The prevalence of these variations differs among different population groups, highlighting
the importance of doing extensive research on the anatomy of the MC within specific
population groups [9].

A careful evaluation of the morphology and morphometry of the MC relative to
surrounding structures is imperative to avoid damage to the neurovascular bundle. Cone
beam computed tomography (CBCT) scanning makes it possible to create three-dimensional
images of the mandible, thus evaluating the course of the MC [10]. Accurate visualisation
of the MC and related structures is important to ensure appropriate dental procedures.
Identification of morphological variations is required in the administration of anaesthesia,
ensuring that no pain is experienced during dental procedures [11]. It is important to
identify population-specific variations as well as differences in the anatomy of the MC
between males and females to ensure successful dental procedures. Limited CBCT studies
describing the anatomical relationships of the mandibular canal in Black South Africans are
available. Despite evidence that craniofacial anatomy varies between population groups,
clinicians rely on data generated from other populations that may not be directly applicable
to the South African population. Additionally, the size and position of the mandibular canal
in the sexes may differ. Sexual dimorphism in the mandible of South Africans has been
found [12], and the course and relationships of the mandibular canal may differ between
the sexes.

This highlights a need to assess variations in the morphology and dimensions of the
MC between the sexes in a Black South African population. Therefore, the aim of this study
is to evaluate the morphology and morphometry of the mandibular canal in a Black South
African population.

2. Materials and Methods

All data for this quantitative cross-sectional study were collected at the Department
of Anatomy, School of Medicine, Faculty of Health Sciences, University of Pretoria. Ret-
rospectively collected CBCT scans from Black male and female South Africans taken for
clinical purposes were evaluated. Scans of 30 dentate mandibles consisting of 15 male
and 15 female mandibles were assessed bilaterally, resulting in a sample size of 60 hemi-
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mandibles. Ethical approval was granted by the Faculty of Health Sciences Research Ethics
Committee, University of Pretoria (protocol number: 200/2025).

2.1. Inclusion Criteria

CBCT scans of patients over the age of 18 years were included. The left and right first
and second mandibular molar teeth had to be present. Only individuals self-classified as
Black South Africans in the existing hospital records were included.

2.2. Exclusion Criteria

Mandibles with evidence of prior dental surgeries, trauma, fractures, pathologies
and congenital anomalies were excluded. CBCT scans of mandibles with artefacts, such
as movement and those of poor resolution, and mandibles with absent first and second
mandibular molar teeth were excluded.

2.3. Methods

Retrospective CBCT scans were acquired using a CBCT machine (Planmeca, Helsinki,
Finland) with an isotropic voxel size ranging from 0.20 to 0.40 mm, a field of view (FOV) of
20 x 15 c¢m, and operating parameters of 90-110 kV, 8.0-9.0 mA, and a 12-14 s acquisition
time. Image reconstruction was performed using the standard algorithm provided by the
manufacturer. The mandibular canal (MC), as well as the first and second mandibular
molars, were evaluated in the axial, sagittal, and coronal views using Romexis imaging
software (version 6.4.5; Planmeca OY, Helsinki, Finland). The sagittal view was analysed
to determine the prevalence of bifid canals and/or anterior loops. Measurements were
taken in the coronal view after aligning the sagittal and coronal planes with the long axis
of each molar root. To ensure measurement standardisation and to eliminate visual bias,
the software’s standardised brightness and sharpening enhancement tools were applied
uniformly to all scans prior to taking measurements.

Measurements for each molar tooth (1st and 2nd) on the left and right sides of the
mandible are presented in Figure 1 and were recorded in millimetres as follows:

(A) Minimum distance between both root apices (mesial and distal) and the superior
margin of the MC;

(B) Minimum distance between the outer margin of the lingual cortical plate and the
lingual margin of the MC;

(C) Minimum distance between the outer margin of the buccal cortical plate and the
buccal margin of the MC.

Sup
Ling

Buc

Inf

Figure 1. Coronal section of distal root of left second molar illustrating measurements taken: A—
distance between root apex and superior margin of MC; B—distance between outer margin of the
lingual cortical plate and the lingual margin of the MC; C—distance between the outer margin of the
buccal cortical plate and the buccal margin of the MC.
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2.4. Statistical Analyses

IBM SPSS Statistics version 30.0.0.0(172) was used to analyse the data. The dataset
comprised 30 mandibles which were assessed bilaterally, resulting in 60 hemimandibles;
therefore, most individuals contributed paired right/left data. The prevalence of anterior
loops and bifid canals was summarised using a frequency table. Descriptive statistics were
used to evaluate the morphometric data. The confidence level was set at 95%. Normality
was evaluated using the Shapiro-Wilk test, and differences between males and females were
analysed using the Mann—-Whitney U test. A p-value < 0.05 was considered statistically
significant. Interobserver error determination was done by an external examiner for 10% of
the sample, and the intraclass correlation coefficient was used to analyse consistency of
the results obtained by two observers. Additionally, a post hoc statistical sensitivity power
analysis was conducted using G*Power software (version 3.1.9.7 for Windows, Germany)
to determine the minimum effect size detectable given our fixed sample size (n = 15 per
sex; total N = 30 mandibles) for the non-parametric independent group comparisons.

To account for non-independence and potential pseudo-replication resulting from
bilateral measurements (left and right hemimandibles from the same individual), sex com-
parisons across continuous distance measurements were additionally evaluated using
Linear Mixed-Effects Models (LMMs). Models included sex as a fixed factor and subject ID
as a random intercept. To assess the sensitivity of our findings to non-normality, a comple-
mentary sensitivity analysis was performed by averaging left and right hemimandibles for
each participant (N = 30 individuals; 15 males, 15 females) and applying Mann-Whitney U
tests on per-individual mean values. Statistical significance was set at o« = 0.05.

3. Results
3.1. Morphological Data

The incidence of the bifid canals (Figure 2) and anterior loop is shown in Table 1.

Figure 2. Sagittal section of a female mandible with a bifid mandibular canal indicated by the

white arrow.

Table 1. Frequency of morphological variations between males and females.

Bifid Canals (n) Anterior Loop (n)
Left (60) Right (60) Left (60) Right (60)
Male 1 (1.67%) 0 1 (1.67%) 2 (3.33%)
Female 1(1.67%) 1(1.67%) 2 (3.33%) 2 (3.33%)
Total 2(3.33%) 1 (1.67%) 3 (5.00%) 4 (6.67%)

The frequencies for the bifid canals and anterior loops were calculated using the entire sample size (60).
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3.2. Morphometrics

Morphometric data are presented in Tables 2-8 and Figures 3-8. The data are presented
for each hemimandible and for each of the sexes.

Table 2. Distance between mandibular first molar root apices and the superior margin of the
mandibular canal.

Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 6.58 6.71 6.11 5.45 6.32 6.30 6.00 5.70
CD (mm) (541,775 (5.29,813) (4.95727) (419,671) (5.17,747) (5.00,7.60) (4.84,7.16)  (4.10,7.30)
SD (mm) +2.11 +2.56 +2.29 +2.32 +2.64 +2.43 +2.68 +3.06
Minimum 1.60 3.60 291 2.88 2.00 2.80 2.40 253
(mm)
Maximum 9.51 11.61 10.41 10.47 10.63 10.41 10.01 11.60
(mm)
p-value 0.806 0.367 0.967 0.775
mm: millimetres; F: female; M: male; SD: standard deviation.
Table 3. Distance between mandibular second molar root apices and the superior margin of the
mandibular canal.
Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 3.19 3.10 2.37 2.42 3.62 3.07 291 2.37
CD (mm)  (1.73,4.65) (1.64,456) (0.96,3.78)  (1.29,3.55) (2.15,5.09) (1.29,4.85)  (1.51,4.31) (0.91,3.83)
SD (mm) +2.62 +2.56 +2.49 +2.12 +2.58 +3.21 +2.47 +2.63
Minimum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(mm)
Maximum 8.01 7.60 7.65 6.40 8.81 9.60 7.61 8.01
(mm)
p-value 0.935 0.935 0.461 0.389
mm: millimetres; F: female; M: male; SD: standard deviation.
Table 4. Mean distance between the lingual margin of the mandibular canal and lingual cortical plate
in relation to first molar roots.
Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 2.60 2.64 2.04 1.93 2.48 2.84 1.75 2.13
CD(mm)  (2.00,320) (2.00,328) (1.72,2.36) (1.29,2.57) (1.84,3.12) (2.19,3.49) (1.41,2.09) (1.49,2.77)
SD (mm) +1.07 +1.24 +0.57 +1.14 +1.16 +1.28 +0.61 +1.17
Minimum 0.80 1.20 0.80 0.80 1.40 1.20 0.80 0.80
(mm)
Maximum 4.40 5.20 2.80 5.20 5.59 4.80 2.80 4.40
(mm)
p-value 0.838 0.267 0.567 0.595

mm: millimetres; F: female; M: male; SD: standard deviation.
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Table 5. Mean distance between the lingual margin of the mandibular canal and lingual cortical plate

in relation to second molar roots.

Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 1.48 1.85 1.59 1.76 1.40 1.85 1.53 191
CI) (mm) (1.27,1.69) (1.26,2.44) (1.27,191) (1.26,2.26) (1.19,1.61) (1.26,2.44) (1.32,1.74) (1.37,2.45)
SD (mm) +0.38 +1.06 +0.58 +0.91 +0.36 +1.06 +0.38 +1.01
Minimum 0.80 0.80 0.80 0.40 0.80 0.80 0.80 0.80
(mm)
Maximum 2.00 440 3.20 3.60 2.00 440 2.00 4.40
(mm)
p-value 0.624 0.902 0.345 0.412
mm: millimetres; F: female; M: male; SD: standard deviation.
Table 6. Mean distance between the buccal margin of the mandibular canal and buccal cortical plate
in relation to first molar roots.
Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 3.32 3.75 4.36 497 3.64 3.14 4.83 4.83
CI) (mm) (2.52,4.12) (2.99,4.51) (3.56,5.16) (4.18,5.76) (2.87,4.41) (2.27,4.01) (4.09,5.57) (4.05,5.61)
SD (mm) +1.44 +1.36 +1.43 +1.49 +1.38 +1.58 +1.34 +1.52
Minimum 1.20 1.60 2.40 2.00 1.20 0.00 2.40 2.40
(mm)
Maximum 6.00 7.60 8.40 8.40 6.40 5.60 8.00 7.20
(mm)
p-value 0.595 0.126 0.713 0.935
mm: millimetres; F: female; M: male; SD: standard deviation.
Table 7. Mean distance between the buccal margin of the mandibular canal and buccal cortical plate
in relation to second molar roots.
Left Right
Root Type Mesial Distal Mesial Distal
Sex F M F M F M F M
Mean (95% 5.35 523 5.21 5.49 5.55 5.48 5.40 5.75
CI) (mm) (4.56,6.14) (4.43,6.03) (4.41,6.01) (4.70,6.28) (4.79,6.31) (4.72,6.24) (4.62,6.18) (5.00, 6.50)
SD (mm) +1.59 +1.81 +1.81 +1.65 +1.38 +1.51 +1.55 +1.48
Minimum 2.40 2.00 2.00 2.40 2.80 2.80 2.00 2.80
(mm)
Maximum 9.20 8.80 9.20 9.20 8.40 8.00 8.80 8.40
(mm)
p-value 0.806 0.806 0.838 0.539

mm: millimetres; F: female; M: male; SD: standard deviation.

https:/ /doi.org/10.3390 /anatomia5030022


https://doi.org/10.3390/anatomia5030022

Anatomia 2026, 5, 22 7 of 14

0.12
0.10
E 008
\C3
] . Female
£ 0.06
@
a B Male
0.04
0.02 Py
0.00
1'st molar MR 1'st molar DR 2'nd molar MR 2'nd molar DR

Figure 3. Average distance between the MC and the first and second molar root apices on the left
side. MR—imesial root; DR—distal root.
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Figure 4. Average distance between the MC and the first and second molar root apices on the right
side. MR—mesial root; DR—distal root.
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Figure 5. Average distance between the lingual margin of the MC and lingual cortical plate in relation
to first and second molar roots on the left side. MR—mesial root; DR—distal root.
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Figure 6. Average distance between the lingual margin of the MC and lingual cortical plate in relation

to first and second molar roots on the right side. MR—mesial root; DR—distal root.
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Figure 7. Average distance between the buccal margin of the MC and buccal cortical plate in relation

to first and second molar roots on the left side. MR—mesial root; DR—distal root.

Table 8. Effect sizes for sex differences (Cohen’s d).

Left Right
Measurement Variable Tooth : : : 5
Mesial Distal Mesial Distal
First molar 0.06 —0.29 —0.01 —0.10
Root apex — MC distance
Second molar  —0.03 0.02 —-0.19 —0.21
First molar 0.03 —0.12 0.29 0.41
MC — Lingual cortical plate
Second molar 0.48 0.22 0.59 0.52
First molar 0.31 0.42 —-0.34 0
MC — Buccal cortical plate
Second molar  —0.07 0.16 —0.05 0.23
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Figure 8. Average distance between the buccal margin of the MC and buccal cortical plate in relation
to first and second molar roots on the right side. MR—mesial root; DR—distal root.

To confirm the absence of nonsignificant sex differences, a Mixed-Effects Model was
used as given in Table 9.

Table 9. The computed statistical values comparing the Linear Mixed-Effects Model (N = 60 hemi-
mandibles clustered within N = 30 individuals) and the sensitivity analysis (N = 30 per-individual
averaged values).

Anatomical Male Female Linear Mixed Averaged Original Uncorrected
Measurement Mean + SD (mm) Mean + SD (mm) Model (p-Value) Sensitivity (p-Value) (p-Value)
Ist Molar Mesial ¢ 55 4 549 645 + 2.17 0951 0.803 0.806
Root—Apex
1st Molar Mesial 274 +1.17 254 +0.88 0.602 0.708 0.838
Root—Lingual
Ist Molar Mesial = 5, , 133 348 +1.26 0.939 0.950 0.595
Root—Buccal
1st Molar Distal 557 + 2.55 6.06 = 2.30 0.584 0.481 0367
Root—Apex
1st Molar Distal = o5 | 1 pp 1.89 4 0.52 0.637 0901 0.267
Root—Lingual
Ist Molar Distal 4.90 + 1.40 459 + 131 0535 0.454 0.838
Root—Buccal
2nd Molar
Mesial 3.09 £2.81 3.40 £2.28 0.737 0.618 0.513
Root—Apex
2nd Molar
Mesial 1.85 £+ 0.96 144 +0.33 0.115 0.546 0.245
Root—Lingual
2nd Molar
Mesial 5.35 £ 1.56 5.45 £+ 1.36 0.856 1.000 0.967

Root—Buccal
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Table 9. Cont.
Anatomical Male Female Linear Mixed Averaged Original Uncorrected
Measurement Mean £+ SD (mm) Mean + SD (mm) Model (p-Value)  Sensitivity (p-Value) (p-Value)
2nd Molar Distal 240 + 2.15 2.64 %+ 2.00 0.749 0.740 0.838
Root—Apex
2nd Molar Distal 1.83 +0.85 1.56 + 0.41 0.261 0.833 0.567
Root—Lingual
2nd Molar Distal =5 0 4 39 5.31 + 1.54 0.557 0.395 0481

Root—Buccal

No statistically significant sex differences were observed across any of the 12 distance variables in either the Linear
Mixed-Effects Models (all p > 0.115) or the per-individual sensitivity analysis (all p > 0.395). This confirms that
the absence of significant sex differences was not an artefact of pseudo-replication (Table 9).

Interobserver reliability was assessed on 10% of the sample. An ICC value of 0.994
(95% CI: 0.987-0.998) was obtained for the intraobserver error, while a value of 0.990 (95%
CI: 0.976-0.996) was obtained for the interobserver error.

4. Discussion

This study assessed the prevalence of key morphological and morphometric varia-
tions in the MC to the mandibular cortical plates and the molar teeth in a Black South
African population.

The results for this study showed an overall prevalence of 11.67% for anterior loops,
with a prevalence of 6.67% in females and 5.00% in males. A CBCT study conducted by
Rahim et al. [13] similarly reported a higher prevalence in females (15.07%) compared to
males (3.96%). This apparent sex-related difference may be attributed to the disproportion-
ate representation of females in their sample, comprising 58.7% of the study population.
In a study by Nascimento et al. [9] in a Brazilian population using CBCT scans, a higher
prevalence of 41.6% was observed. The sample was mainly composed of females (62.4%),
but the anterior loop was more prevalent in males. The researchers hypothesised, but did
not investigate, that hormonal influences may contribute to greater cortical bone density
in males, leading to increased MC cortication and, consequently, enhanced visibility of
the anterior loop compared to females [14]. A study by Sinha et al. [15] on an Eastern
Indian population identified anterior loops in of 9.7% (97 out of 1000) of the CBCT scans.
An anterior loop was found in 39 females and 58 males. The aforementioned studies
demonstrate varying prevalences of anterior loops between males and females across dif-
ferent populations. This may suggest that anterior loops may not be a sex-specific trait but
rather an individual anatomical variation. Identification of the anterior loop is important in
dental procedures to ensure accurate localisation of the MF to avoid injury to the mental
neurovascular structures.

In the present study, the prevalence of bifid canals was five percent. The bifid canal
was more commonly observed on the left side than the right (3.33% vs. 1.67%). A bilateral
bifid canal was present in one female, while one male presented with a bifid canal on the
left side only. A study in a Turkish population reported a prevalence of bifid canals in
66.5% of patients, with more being observed in females (54.7%) than males (45.3%) [16].
A possible reason for the difference in the prevalence between the present study and the
study by Orhan et al. [16] may be due to their large sample size of 242 scans. Another
reason may be due to the criteria used to identify the bifid canals. Orhan et al. [16] used the
Naitoh et al. [17] classification system, while the present study only regarded distinct and
complete separations as bifid. A study by Fu et al. [18] observed bifid canals in 30.64% of
subjects from a total sample of 173 patient computed tomography (CT) scans in a Taiwanese
population. Contrary to the study by Orhan et al. [16], bifid canals were observed more
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frequently in males than females (38.2% vs 24.7%). The higher frequency observed in the
study by Orhan et al. [16] compared to Fu et al. [18] may be attributed to the different
imaging modalities used in the studies. CBCT scans have proven to be valuable in detecting
bifid mandibular canals and have been reported to present with more accurate and higher
quality images than CT scans, resulting in more accurate and reliable observations of bifid
canals [10,19]. Safi et al. [14] evaluated bifid canals in CBCT scans of 384 fully edentulous
hemimandibles in an Iranian subpopulation. A bifid canal was observed in 9.9% of the
sample. The lower prevalence may hypothetically be due to the occurrence of bone atrophy
and resorption attributed to the absence of the mandibular teeth. This indicates a need
to compare morphological variations between edentulous and dentate individuals [14].
Identification of bifid canals is important as they may contain accessory branches of the
inferior alveolar neurovascular bundle, which may be at risk of damage in procedures such
as third molar extractions.

The present study analysed the proximity of the MC to the root apices of the first and
second molar teeth. The distance between the MC and root apices increased from posterior
to anterior, with the distal roots of the second molar having the shortest average distance
and the mesial roots of the first molar having the longest average distance. The mesial
roots had larger average distances compared to the distal roots for both males and females
(Tables 2 and 3). Hiremath et al. [20] used CBCT scans of Central Indian individuals and
found shorter average distances for females. The average distance between the MC and the
mesial root apex of the first molar was 0.93-8.03 mm for females and 1.46-13.23 mm for
males. The mean distance between the MC and mesial root apex for the second molar was
0.00-6.91 mm and 1.31-14.71 mm for females and males, respectively [20].

Oluwafemi et al. [21] investigated the proximity of the molar roots to the MC in
Black South African individuals. Using only the left side mesial roots of the molars, the
investigators compared differences between females and males. The first molar region
had statistically significant mean distances of 4.57 mm and 5.61 mm in males and females,
respectively. These values are lower than those found in the present study. The mean dis-
tances for the second molar mesial roots were smaller when compared to the present study
(2.23 mm vs. 3.19 mm for females; and 2.88 mm vs 3.10 mm for males). A possible reason
for these differences may be the use of different imaging modalities. Oluwafemi [21] used
digital panoramic radiographs, and while this modality is popular in treatment planning
for dental procedures, studies have reported inaccuracies in measurements taken using
these radiographs. A key disadvantage of using panoramic radiographs for measurements
is their inherent distortion and magnification errors, which can vary across different regions
of the image. Bertram et al. [22] found that panoramic radiographs underestimate vertical
bone dimensions when selecting implant sites in the region of the second molars. A study
by Beshtawi et al. [23] investigated the accuracy of measurements from CBCT scans and
panoramic radiographs compared to physical human skulls. The researchers found that
CBCT measurements have the most accurate overall mean dimensions and further recom-
mended CBCT imaging to be used for implant planning after verifying its dimensional
accuracy and superiority over panoramic radiographs [23].

The mean distances showed that the second molar root apices were closer to the
superior margin of the MC than the first molar root apices, regardless of sex or side. The
first molar root apices were consistently farther from the MC. The root apices of the second
molar, however, were substantially closer to the MC. This is similar to the results obtained
by Aljarbou et al. [3], who found that the second molar roots lie closer to the MC compared
to the first molar within a Saudi population. Razumova et al. [24] investigated root apex
proximity to the MC in patients from Moscow and reported lower mean distances for
the first molars when compared to the present study. The distances to the first molar
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ranged from 4.46 mm to 4.92 mm, while the mean distances for the second molars ranged
from 2.64 mm to 2.85 mm. In the present study, at least one minimum distance of 0.00
mm was recorded for all eight measured categories in the second molars (female/male,
left/right, mesial/distal). The results demonstrate direct contact between the root apices
and the superior margin of the MC, with 16.67% of mesial roots and 21.67% of distal roots
exhibiting such contact. A higher number of males showed direct contact compared to
females (14 cases versus 9 cases). Aljarbou et al. [3] found that the mesial root of the second
molar was in contact with the MC in 25% of cases and in 38.3% of cases for the distal root.
The researchers found that the second molar lies significantly closer to the MC than the
first molar and premolars in their sample. These findings may suggest that there may be
an elevated risk of injury to the neurovascular bundle in the region of the second molar,
indicating that clinicians may need to exercise heightened caution when performing root
canal treatment on this tooth. If precautions are not considered during procedures such as
endodontic length determination, complications such as perforation and overfilling of the
canal during root canal treatment may occur [5]. Underfilling of root canals may also occur
due to the use of an incorrect file size, leading to possible treatment failure. Clinicians may
need to exercise caution when selecting instrumentation, such as the length and size of the
file [25].

Distances between the MC and the buccal and lingual cortical plates were measured
to determine the thickness of the mandible in relation to the MC, as seen in Tables 4-7.
The distances from the MC to the lingual cortical plate were smaller compared to the
buccal cortical plate distances in the region of the first and second molar roots. The lingual
distances in relation to the second molar roots were smaller, although not statistically
significantly different when compared to the first molar, while the buccal distances for the
second molar were larger but not statistically significantly different from the distance for
the first molar. The minimal thickness of the lingual cortical plate in relation to the MC,
emphasised by the smallest minimum distance of 0.40 mm in the second molar region,
may indicate a higher risk of IAN damage during procedures performed on the lingual
side of the mandible. These results are supported by a CBCT study that found the MC
running closest to or in contact with the lingual cortical plate in the molar region [26]. In
this study, the mean distance from the MC to the lingual cortical plate ranged from 2.24
mm to 3.67 mm for the first molar region. The buccal distances, on the other hand, were
significantly greater than the lingual distances, with the mean distance ranging from 4.09
mm to 5.34 mm. The lingual distances in relation to the second molar roots were smaller
when compared to the first molar. The buccal distances, however, were significantly larger.

Regarding sex differences in the present study, males showed numerically higher
mean cortical bone thickness values in most, but not all, measurements. However, these
were not statistically significant. In two males, the buccal cortical plate distance in the
mesial root region of the second molar was 0.00 mm, indicating termination of the MC and
the opening of the MF. This may indicate a posterior location of the MF [1]. An atypical
positioning of the foramen may place the mental nerve at risk of iatrogenic damage. The
position of the MF may need to be considered during procedures that require mental nerve
blocks to ensure successful anaesthesia [8].

It is important to note that no statistically significant differences in the morphology
and morphometry of the MC were found, and a clinically meaningful sexual dimorphism
could not be demonstrated. Although differences between the sexes were found in this
study, there is not sufficient evidence to support sex-specific differences in the mandibular
canal of Black South Africans.

A limitation of this study is the relatively small sample size (n = 30 individuals, 60
hemimandibles) and the absence of an a priori sample size calculation. Because the study
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sample was constrained by the retrospective nature of the archive and strict inclusion
criteria within a specific population subset, a post hoc power analysis revealed that our
design was inherently underpowered to detect minor or moderate sexual dimorphism.
Specifically, for independent non-parametric comparisons (n = 15 per group, « = 0.05),
our sample possessed approximately 26% power to detect a medium effect size (d =
0.50) and 57% power to detect a large effect size (d = 0.80), only achieving the standard
80% power threshold for very large anatomical variations (d > 1.15). Therefore, the
consistently non-significant p-values reported throughout our morphometric results should
be interpreted with caution, as they may reflect a lack of statistical power to capture subtle
metric variations rather than definitive anatomical similarity between sexes. Future multi-
centre prospective studies with expanded cohorts are required to definitively map these
metrics. Although our study possessed limited power for detecting small effect sizes
(d = 0.50), analytical modelling using Linear Mixed-Effects Models and per-individual
sensitivity analyses confirmed that within-subject clustering of bilateral hemimandibles
did not confound our results.

5. Conclusions

The differences reported in the frequencies of the presented anatomical variations
between different population groups as well as between males and females emphasise the
importance of patient-specific planning prior to dental procedures. It is imperative that the
correct imaging modality is utilised to accurately identify any variations in the MC. The
differences in the morphometric data amongst the different populations indicate a need to
establish population-specific dimensions. In conclusion, no significant sex differences were
observed; however, these findings should be viewed as preliminary and interpreted with
care given the study’s limited statistical power.

Author Contributions: Conceptualisation, A.U. and R.H.-B.; methodology, O.B.L.; software, A.U.;
validation, A.U. and R.H.-B.; formal analysis, O.B.L.; investigation, O.B.L.; resources, A.U. and R.H.-
B.; data curation, O.B.L.; writing—original draft preparation, A.U., R H.-B., O.B.L.; writing—review
and editing, A.U. and R.H.-B.; visualisation, O.B.L.; supervision, A.U., R.H.-B.; project administration,
R.H.-B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki (9 April 2025) and approved by the Faculty of Health Sciences Research Ethics Committee
(protocol 200/2025).

Informed Consent Statement: Informed consent was obtained for all human cadaveric material used
in this study through the body donation/bequest programme of the University of Pretoria. The use
of human tissues falls under the auspices of the National Health Act 61 of 2003.

Data Availability Statement: The original data presented in the study are openly available in
10.25403 / UPresearchdata.30578375.

Acknowledgments: The authors have reviewed and edited the output and take full responsibility
for the content of this publication. We thank the individuals who donated their bodies to science
and their families. Their generosity advances anatomical knowledge and may ultimately improve
patient care.

Conflicts of Interest: The authors declare no conflicts of interest.

1. De Oliveira Jtunior, M.R.; Saud, A.L.S.; Fonseca, D.R.; De-Ary-Pires, B.; Pires-Neto, M.A.; de Ary-Pires, R. Morphometrical analysis
of the human mandibular canal: A CT investigation. Surg. Radiol. Anat. 2010, 33, 345-352. [CrossRef] [PubMed]

https:/ /doi.org/10.3390 /anatomia5030022


https://doi.org/10.1007/s00276-010-0708-3
https://www.ncbi.nlm.nih.gov/pubmed/20677005
https://doi.org/10.3390/anatomia5030022

Anatomia 2026, 5, 22 14 of 14

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rodella, L.F,; Buffoli, B.; Labanca, M.; Rezzani, R. A review of the mandibular and maxillary nerve supplies and their clinical
relevance. Arch. Oral Biol. 2012, 57, 323-334. [CrossRef] [PubMed]

Aljarbou, F.A.; Aldosimani, M.A.; Althumairy, R.I.; Alhezam, A.A.; Aldawsari, A.I. Analysis of mandibular molar roots proximity
to the inferior alveolar canal using CBCT among the Saudi population. Saudi Med. ]. 2019, 40, 189-194. [CrossRef] [PubMed]
Koseoglu, B.G.; Tanrikulu, $.; Stibay, R.K.; Sencer, S. Anesthesia following overfilling of a root canal sealer into the mandibular
canal: A case report. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2006, 101, 803-806. [CrossRef] [PubMed]
Gonzélez-Martin, M.; Torres-Lagares, D.; Gutiérrez-Pérez, ] L.; Segura-Egea, ].]. Inferior alveolar nerve paresthesia after overfilling
of endodontic sealer. . Endod. 2010, 36, 1419-1421. [CrossRef] [PubMed]

Bertl, K.; Hirtler, L.; Dobsak, T.; Heimel, P.; Gahleitner, A.; Ulm, C.; Plenk, H. Radiological assessment of the inferior alveolar
artery course. Eur. Radiol. 2014, 25, 1148-1153. [CrossRef] [PubMed]

Kheir, M.; Sheikhi, M. Assessment of the anterior loop of mental nerve using CBCT. Dent. Res. J. 2017, 14, 418. [CrossRef]
[PubMed]

Verma, N.; Kaushik, M.; Elkanti, S.; Mehra, N.; George, A. Analysis of the mental foramen and inferior alveolar canal pattern
based on CBCT data. S. Afr. Dent. |. 2023, 78, 11-18. [CrossRef]

Nascimento, E.H.L.D.; Pontual, M.L.d.A.; Pontual, A.d.A ; Perez, D.E.d.C.; Figueiroa, ].N.; Frazao, M.A.G.; Ramos-Perez, EM.d.M.
Assessment of the anterior loop of the mandibular canal using CBCT. Imaging Sci. Dent. 2016, 46, 69. [CrossRef] [PubMed]
Machado, G.L. CBCT imaging—A boon to orthodontics. Saudi Dent. J. 2015, 27, 12-21. [CrossRef] [PubMed]

Wadhwani, P.; Mathur, R.M.; Kohli, M.; Sahu, R. Mandibular canal variant: A case report. . Oral Pathol. Med. 2007, 37, 122-124.
[CrossRef] [PubMed]

Franklin, D.; O'Higgins, P.; Oxnard, C. E Sexual dimorphism in the mandible of indigenous South Africans. S. Afr. ]. Sci. 2008,
104, 101-106.

Rahim, S.; Khan, N.H.; Bilal, S.; Hanif, N.; Habib, U.; Haroon, F. Prevalence and extent of anterior loop using Cone Beam
Computerized Tomography. JIIMC 2021, 16, 243-247.

Safi, Y.; Amid, R.; Kadkhodazadeh, M.; Rezaei, S.; Kazeminia, M. Anatomical variations of the mandibular canal in edentulous
Iranian population. Shiraz E-Med. ]. 2022, 23, e121613. [CrossRef]

Sinha, S.; Kandula, S.; Sangamesh, N.C.; Rout, P.; Mishra, S.; Bajoria, A.A. Assessment of anterior loop using CBCT in Eastern
India. J. Int. Soc. Prev. Community Dent. 2019, 9, 290. [CrossRef] [PubMed]

Orhan, K.; Aksoy, S.; Bilecenoglu, B.; Sakul, B.U.; Paksoy, C.S. Evaluation of bifid mandibular canals with CBCT. Surg. Radiol.
Anat. 2010, 33, 501-507. [CrossRef] [PubMed]

Naitoh, M.; Hiraiwa, Y.; Aimiya, H.; Ariji, E. Observation of bifid mandibular canal using cone-beam computerized tomography.
Int. ]. Oral Maxillofac. Implant. 2009, 24, 155-159. [PubMed]

Fu, E.; Peng, M,; Chiang, C.Y,; Tu, H.P; Lin, Y.S,; Shen, E.C. Bifid mandibular canals and the factors associated with their presence: A
medical computed tomography evaluation in a Taiwanese population. Clin. Oral Implants Res. 2012, 25, e64—e67. [CrossRef] [PubMed]
Fukami, K.; Shiozaki, K.; Mishima, A.; Kuribayashi, A.; Hamada, Y.; Kobayashi, K. Bifid mandibular canal confirmation via CBCT.
Dentomaxillofac. Radiol. 2012, 41, 460-465. [CrossRef] [PubMed]

Hiremath, H.; Agarwal, R.; Hiremath, V.; Phulambrikar, T. Proximity of mandibular molars to inferior alveolar canal. Indian J.
Dent. Res. 2016, 27, 312. [CrossRef] [PubMed]

Oluwafemi, I.A.; Jooste, N.; Pillay, P.; Ishwarkumar-Govender, S. Morphological and morphometric analysis of the inferior
alveolar canal and mental foramen in black South Africans: A panoramic radiographic study. Transl. Res. Anat. 2025, 39, 100399.
[CrossRef]

Bertram, F; Bertram, S.; Rudisch, A.; Emshoff, R. Assessment of location of the mandibular canal: Correlation between panoramic
and Cone Beam Computed Tomography measurements. Int. |. Prosthodont. 2018, 31, 129-134. [CrossRef] [PubMed]

Beshtawi, K.R.; Peck, M.T.; Chetty, M. Dental implant imaging: What do South African dentists and dental specialists prefer? S.
Afr. Dent. ]. 2021, 76, 369—403. [CrossRef]

Razumova, S.; Brago, A.; Howijieh, A.; Barakat, H.; Kozlova, Y.; Razumov, N. Evaluation the relationship between mandibular
molar root apices and mandibular canal among residents of the Moscow population using Cone-Beam Computed Tomography
Technique. Contemp. Clin. Dent. 2022, 13, 3-8. [CrossRef] [PubMed]

Lin, L.M.; Rosenberg, P.A.; Lin, J. Do procedural errors cause endodontic treatment failure? J. Am. Dent. Assoc. 2005, 136, 187-193.
[CrossRef] [PubMed]

Moustafa Attia, A.; Edrees, M.A.; Abd Elsattar, M.; Gobran, H.F.; Ahmed, A I. Course and topographic relationships of mandibular
canal. Int. J. Dent. Oral Sci. 2017, 4, 444—449. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390 /anatomia5030022


https://doi.org/10.1016/j.archoralbio.2011.09.007
https://www.ncbi.nlm.nih.gov/pubmed/21996489
https://doi.org/10.15537/smj.2019.2.23602
https://www.ncbi.nlm.nih.gov/pubmed/30723865
https://doi.org/10.1016/j.tripleo.2005.07.015
https://www.ncbi.nlm.nih.gov/pubmed/16731404
https://doi.org/10.1016/j.joen.2010.03.008
https://www.ncbi.nlm.nih.gov/pubmed/20647109
https://doi.org/10.1007/s00330-014-3484-3
https://www.ncbi.nlm.nih.gov/pubmed/25413966
https://doi.org/10.4103/1735-3327.218566
https://www.ncbi.nlm.nih.gov/pubmed/29238381
https://doi.org/10.17159/sadj.v78i01.15747
https://doi.org/10.5624/isd.2016.46.2.69
https://www.ncbi.nlm.nih.gov/pubmed/27358813
https://doi.org/10.1016/j.sdentj.2014.08.004
https://www.ncbi.nlm.nih.gov/pubmed/25544810
https://doi.org/10.1111/j.1600-0714.2007.00573.x
https://www.ncbi.nlm.nih.gov/pubmed/18197857
https://doi.org/10.5812/semj-121613
https://doi.org/10.4103/jispcd.jispcd_83_19
https://www.ncbi.nlm.nih.gov/pubmed/31198703
https://doi.org/10.1007/s00276-010-0761-y
https://www.ncbi.nlm.nih.gov/pubmed/21161224
https://www.ncbi.nlm.nih.gov/pubmed/19344041
https://doi.org/10.1111/clr.12049
https://www.ncbi.nlm.nih.gov/pubmed/23130919
https://doi.org/10.1259/dmfr/60245722
https://www.ncbi.nlm.nih.gov/pubmed/22116121
https://doi.org/10.4103/0970-9290.186240
https://www.ncbi.nlm.nih.gov/pubmed/27411662
https://doi.org/10.1016/j.tria.2025.100399
https://doi.org/10.11607/ijp.5430
https://www.ncbi.nlm.nih.gov/pubmed/29448262
https://doi.org/10.17159/2519-0105/2021/v76no7a1
https://doi.org/10.4103/ccd.ccd_388_19
https://www.ncbi.nlm.nih.gov/pubmed/35466297
https://doi.org/10.14219/jada.archive.2005.0140
https://www.ncbi.nlm.nih.gov/pubmed/15782522
https://doi.org/10.19070/2377-8075-1700088
https://doi.org/10.3390/anatomia5030022

	Introduction 
	Materials and Methods 
	Inclusion Criteria 
	Exclusion Criteria 
	Methods 
	Statistical Analyses 

	Results 
	Morphological Data 
	Morphometrics 

	Discussion 
	Conclusions 
	References

