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Abstract
Background
The anterior loop (AL) of the mental nerve is an important anatomical variation in the inter-foraminal region of the mandible.
Accurate assessment of its presence, morphology and extent is essential during implant placement and other surgical procedures
to minimize the risk of neurosensory complications. Cone-beam computed tomography (CBCT) provides three-dimensional
visualization of mandibular neurovascular structures, enabling precise preoperative assessment.
Materials and methods
A retrospective cross-sectional radiographic study was conducted using 200 CBCT scans to evaluate the presence of the anterior
loop of the mental nerve. The presence of the anterior loop was assessed in all scans. Statistical comparisons of anterior loop
length were carried out in 71 males and 77 females. Statistical analysis was performed using SPSS version 24. Non-parametric
tests were used for comparison of anterior loop length measurements between sides and genders, while the association between
gender and anterior loop presence was assessed. Statistical significance was set at p<0.05.
Results
Among the 200 CBCT scans evaluated, the anterior loop was identified in 153 subjects, resulting in an overall prevalence of 76.5%.
The prevalence was 78.8% in males and 75.8% in females, with no significant association between gender and anterior loop
presence (p>0.05). Among subjects with an identifiable anterior loop, the median loop length ranged from 3.4 to 3.7 mm. No
statistically significant differences in anterior loop length were observed between the right and left sides or between males and
females (p>0.05).
Conclusion
The anterior loop of the mental nerve was present in more than three-fourths of the study population. Although its prevalence
was high, anterior loop length did not differ significantly according to gender or side. These findings reinforce the importance of
routine CBCT evaluation before implant placement and surgical procedures in the inter-foraminal region.
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Introduction

The mental foramen is an important landmark of the mandible through which the inferior alveolar nerve (IAN) exits
as the mental nerve. It is reported to play a crucial role in implant placement, oral surgical procedures, and
prosthodontic rehabilitation. IAN may extend anteriorly beyond the mental foramen before looping back to exit,
forming the anterior loop (AL) of the mental nerve. This is an important anatomical variation relevant to surgical
safety in the inter-foraminal region?. Hu et al® have emphasized the anatomical variability and clinical significance
during surgical interventions by describing the branching pattern and intraosseous course of the mental nerve. Cone-
beam computed tomography (CBCT) provides superior three-dimensional visualization of mandibular neurovascular
structures, including the IAN, making it the preferred imaging technique compared to conventional imaging
modalities for identifying such variations®.

Sahman and Sisman have reported that the prevalence of this AL varies widely among populations, reflecting
anatomical diversity and methodological differences in detection®. Kheir and Sheikhi reported that CBCT evaluation
demonstrates significant variation in both prevalence and length of the AL across populations, indicating its ethnic
and anatomical variability®. Siddiqui et al. reported that CBCT studies in Indian population have demonstrated intra-
population differences in the prevalence and morphometric characteristics of the AL’. A systematic review and CBCT
analysis by Apostolakis and Brown have reported a pooled prevalence of approximately fifty percent, highlighting the
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clinical importance of AL in safe implant placement in the inter-foraminal region®. Furthermore, CBCT demonstrates

significantly higher detection rates of AL compared to panoramic radiography, conﬁrmmg its diagnostic superiority
in anatomical assessment®. <

Despite the availability of multiple CBCT-based studies across different populations, sngnlflcant variability persists in

the detection and measurement of the AL, indicating the need for population-specific and region-specific

evaluation®°, Furthermore, data from specific regional populations remain limited, which may affect accurate pre-

operative assessment during implant placement and surgical procedures in the inter-foraminal region. Therefore,

the present study aims to assess the prevalence and length of the anterior loop of the mental nerve using CBCT and

to evaluate gender-based variations, thereby providing anatomical data to support safer clinical decision-making.”/°.

Materials and methods

A retrospective cross-sectional radiographic study was conducted to assess the prevalence and length of the AL of
the mental nerve using cone-beam computed tomography (CBCT). The study was reported according to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional
studies®™.

CBCT records of individuals belonging to the study population were retrospectively evaluated. A total of 200 CBCT
scans were evaluated for the assessment of anterior loop prevalence. Among these, 153 scans demonstrated an
identifiable anterior loop. Of these, 148 subjects (71 males and 77 females) with complete bilateral measurements
were included for anterior loop length analysis. Sample size was estimated based on previous CBCT-based studies
evaluating anterior loop measurements. Based on the findings of a study by Mathew and Mohan (2023)°, an expected
proportion of 75% was considered for sample size estimation. With a 95% confidence level and 10% allowable error,
the minimum required sample size was estimated to be 73 subjects. CBCT images with adequate visualization of the
mandibular arch, mental foramen, and mandibular canal were included. Images with inadequate "quality, artefacts,
incomplete mandibular coverage, pathological lesions, fractures, or previous surgical alterations affecting the region
of interest were excluded.

All CBCT datasets were analysed using Real Guide implant planning software. The inferior alveolar nerve canal and
mental foramen were identified in axial, tangential, and cross-sectional views. The anterior loop was identified based
on the anterior extension of the inferior alveolar nerve beyond the mental foramen, and its length was measured as
the distance between the anterior border of the mental foramen and the most anterior point of nerve extension.
Measurements were recorded on the available right and/or left sides in millimeters. CBCT acquisition parameters,
including the imaging unit and voxel size, were recorded.

The primary outcome assessed was the prevalence and length of the anterior loop of the mental nerve in millimeters.
Secondary analysis included comparison of anterior loop length according to gender and right-left side variation.
The data obtained was entered into a Microsoft Excel Spreadsheet and was subjected to statistical analysis. All
analyses were conducted using the Statistical Package for the Social Sciences (version 24, IBM, Chicago, USA). The
Shapiro-Wilk test was used to assess the normality of quantitative variables. Since the data were not normally
distributed, non-parametric tests of significance were used. Mann—Whitney U test was used to compare the anterior
loop length of the mental nerve between two independent groups. The level of significance was set at 5%.
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Results

The anterior loop was identified in 153 of 200 CBCT scans, giving an overall prevalence of 76.5%. The prevalence was
78.8% among males and 75.8% among females, with no statistically significant association between gender and
anterior loop presence (p>0.05). Age was classified into three categories with a reasonably even proportion of males
and females. About 36% of men were between 31 and 35 years, 38.7% between 36 and 40 years and 25.3% between
41 and 45 years. Likewise, in women, 42.7% were in the 31-35 years, 36% between 36-40 years, and 21.3% in the 41-
45 years category. The results indicate a good representation of the diverse age ranges for both genders.

The Mann—Whitney U test was used to compare the anterior loop length of the mental nerve between the right and
left sides in males. Results showed no statistically significant difference, U = 2369, Z = -0.620, p = .53. Median values
were 3.70 mm on the right side and 3.60 mm on the left side, and mean ranks were comparable (73.63 vs. 69.37)
[Table 1]. For females, the comparison likewise revealed no statistically significant difference, U = 2927, Z = -0.136,
p = .89. Median values were almost similar (3.40 mm vs. 3.60 mm), and mean ranks were nearly identical (77.01 vs.
77.99), supporting symmetry in anterior loop length across sides in male and female participants [Table 2].
Comparing genders, the median anterior loop length was 3.70 mm in males and 3.40 mm in females, with mean
ranks of 76.95 and 72.24, respectively. The statistical comparison yielded U = 2559.5, Z = —0.552, p = .50, indicating
no significant difference between males and females on the right side [Table 3]. Similarly, the median anterior loop
length was 3.70 mm in males and 3.60 mm in females on the left side, with mean ranks of 74.21 and 74.77,
respectively. The statistical comparison yielded U = 2713.0, Z = —-0.079, p = .93, again indicating no significant
difference between genders [Table 4].
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Table 1
Groups Median (IQR) Mean Rank U Z \p-value
Right side 3.70 73.63 2369 -0.620 .53
Left side 3.60 69.37
Table 2
Groups Median (IQR) Mean Rank U z p-value
Right side 3.40 77.01 2927 -0.136 .89
Left side 3.60 77.99
Table 3
Groups Median (IQR) Mean Rank U Z p-value
Male 3.70 76.95 2559.5 -0.669 .50
Female 3.40 72.24
Table 4
Groups Median (IQR) Mean Rank U z p-value
Male 3.70 74.21 2713 -0.079 .93
Female 3.60 74.77
Graph 1

Adolescencia e Saude, vol. 21, No.10s, p. 701-711




60

50

40

Anterior loop length (in mm)

30

=

Graph 2

Anterior loop length (in mm)

60

50

40

30

Nfale nght Female nght
Groups
Ifale left Female left
Groups

These results confirm that the anterior loop length of the mental nerve on the right and left sides is also comparable
across male and female participants, reinforcing the overall pattern of anatomical symmetry.

Discussion
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The present study evaluated the prevalence and length of the anterior loop (AL) of the mental.nerve using CBCT in
the study population.The AL was identified in 76.5% of the study population, indicatingthat this anatomical variation
is common in the mandibular inter-foraminal region. Although the prevalence was slightly higher among males than
females, no statistically significant association with gender was observed. Similarly, AL length showed no significant
variation between genders or between the right and left sides. These findings suggest that while the anterior loop is
frequently encountered, its dimensions remain relatively consistent across demographic groups within this
population.

The mental nerve anterior loop is of particular importance in implant dentistry because the mandibular inter-
foraminal region is frequently selected for implant placement. Accidental involvement of an unrecognized anterior
extension of the inferior alveolar nerve may result in altered sensation, pain, paraesthesia, or persistent
neurosensory disturbances. Therefore, understanding the three-dimensional course of the nerve before implant
osteotomy is essential for determining implant position, angulation, and surgical safety®®.

The prevalence of 76.5% observed in the present study is comparable with several CBCT-based investigations that
have reported high detection rates of the anterior loop. Sahman and Sisman® reported a prevalence approaching
70% using CBCT, while Mathew and Mohan also demonstrated a similarly high prevalence among a South Indian
population®. Conversely, systematic reviews have reported substantial heterogeneity in prevalence estimates,
ranging from less than 30% to over 80%, reflecting differences in ethnicity, imaging protocols, observer criteria, and
definitions used to identify the anterior loop*2.

Hui et al.*2 (2022), in their systematic review and meta-analysis, demonstrated heterogeneity in reported prevalence
and anterior loop measurements, suggesting that ethnic variation, CBCT acquisition parameters, and differing
diagnostic criteria influence reported values. Similarly, Suneetha et al.'® (2022) reported variations in anterior loop
dimensions using CBCT evaluation, reinforcing the importance of three-dimensional imaging for accurate
visualization of mandibular neurovascular structures.

The prevalence and AL length observed in the present study showed similarity with findings reported in several Indian
CBCT-based investigations. Siddiqui et al.” (2018) reported measurable anterior loop extension in a North Indian
population, supporting the need for radiographic evaluation before implant placement. Recent studies have further
highlighted the importance of regional assessment, with Srivastava et al.}* (2024) demonstrating the usefulness of
CBCT in evaluating anterior loop dimensions and surrounding anatomical structures. Suresh Kumar et al.'> (2025)
also reported variations in mental nerve loop characteristics among the Indian population, indicating that population-
specific anatomical data may provide better clinical guidance than generalized assumptions.

In the present study, gender did not significantly influence anterior loop length. This finding suggests that sex-based
assumptions cannot be used to predict the location or extent of the anterior loop during implant planning. Although
comparable measurements were observed at the population level, individual anatomical variations may still occur
and cannot be predicted solely based on side or gender. Individual CBCT evaluation therefore remains essential,
particularly when implant placement is planned close to the mental foramen.

Because the anterior loop was identified in more than three-fourths of the study population, clinicians should
anticipate its presence during treatment planning rather than assuming its absence. From a prosthodontic
perspective, accurate identification of the anterior loop has direct clinical implications in implant planning, especially
for determining the available safety zone, implant dimensions, and surgical approach. Recent CBCT-based evaluations
have emphasized that three-dimensional imaging improves visualization of the mandibular canal and mental nerve
pathway, thereby reducing uncertainty during implant placement procedures®’. The measured anterior loop length
may assist clinicians in determining an appropriate safety zone during implant placement; however, additional
clearance should be considered due to possible imaging and anatomical variability. Clinically, the findings suggest
that despite the observed population-level similarity, individual CBCT evaluation remains essential to determine an
adequate safety margin around the mental foramen.

The major strength of this study lies in the evaluation of anterior loop morphology using CBCT, an area in which
radiographic data remain limited. By assessing both prevalence and anterior loop length, the study provides
anatomical information that may assist clinicians in implant planning and preoperative assessment. The findings
contribute to a better understanding of anterior loop variations and may support safer clinical decision-making
during implant placement and other surgical procedures in the interforaminal region. As a retrospective analysis,
the evaluation was restricted to available CBCT records, and clinical outcomes such as implant placement accuracy
and postoperative neurosensory changes were not assessed. Additionally, radiographic assessment was performed
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by a single observer, and anatomical measurements may vary depending on observer expérience and image quality.
Future multicentric studies involving larger sample sizes, multiple observers, and automated nerve-tracing
techniques may provide a more comprehensive understanding of anterior loop variations:- .

Overall, the present study demonstrated a high prevalence (76.5%) of the anterior loop in the study population, while
anterior loop length remained comparable across genders and between sides. These findings emphasize that the
anterior loop is a common anatomical structure that should be routinely identified using CBCT before implant
placement rather than relying on generalized anatomical assumptions, thereby improving safety and predictability
in implant and surgical procedures involving the mandibular inter-foraminal region. Future studies should aim to
overcome these limitations by adopting prospective multicenter designs with larger and more ethnically diverse
populations. Standardized CBCT acquisition protocols and the inclusion of multiple calibrated observers would
improve measurement reliability and external validity. Further investigations should evaluate the influence of age,
bone density, dentition status, and alveolar ridge resorption on anterior loop morphology.

Conclusion

The anterior loop of the mental nerve (ALMN) is an important anatomical variation of the inferior alveolar nerve
(IAN) with significant clinical implications in implant dentistry, oral and maxillofacial surgery, endodontics, and
prosthodontics. It represents the anterior extension of the inferior alveolar nerve beyond the mental foramen before
curving posteriorly to exit through the mental foramen as the mental nerve. In the present study, the anterior loop
was identified in 76.5% of the study population. Although anterior loop length showed no statistically significant
differences between genders or sides, its high prevalence emphasizes the importance of routine three-dimensional
assessment before implant placement and other surgical procedures involving the mandibular interforaminal region.
The findings provide useful anatomical information that may support clinical assessment and treatment planning
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Tables

Table 1: Comparison of Anterior loop length of the mental nerve between right and left sides in Males

Note. Each group comprised 71 male participants. The Mann—Whitney U test was conducted to compare the anterior
loop length of the mental nerve between the right and left sides in male participants.

Table 2: Comparison of Anterior loop length of the mental nerve between right and left sides in Females

Note. Each group comprised 77 female participants. The Mann-Whitney U test was conducted to compare the
anterior loop length of the mental nerve between the right and left sides in female participants.

Table 3: Comparison of Anterior loop length of the mental nerve on the right side between Male and Female
participants

Note. Each group comprised 71 male and 77 female participants. The Mann—Whitney U test was conducted to
compare the anterior loop length of the mental nerve on the right side between male and female participants.
Table 4: Comparison of Anterior loop length of the mental nerve on the left side between Male and Female
participants

Note. Each group comprised 71 male and 77 female participants. The Mann—-Whitney U test was conducted to
compare the anterior loop length of the mental nerve on the left side between male and female participants.
Graphs

Graph 1: Anterior loop length of the mental nerve on the right side between Male and Female participants

Graph 2 : Anterior loop length of the mental nerve on the left side between Male and Female participants

Figures

Figure 1. Representative CBCT evaluation using RealGuide software for assessment of the anterior loop of the mental
nerve.

Figure 2. Cone-beam computed tomography panoramic reconstruction using the curved planar reformation (CPR)
technique.

Figure 3. Three-dimensional mandibular reconstruction, bilateral inferior alveolar nerve tracing, and corresponding
multiplanar CBCT views.

Figure 4. Measurement of the anterior loop of the mental nerve using three-dimensional CBCT reconstruction in
RealGuide software
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