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Abstract: 
The morphological variations of the mental foramen, its position, shape and the frequency of anterior loop of the inferior alveolar 
nerve represents a critical anatomic landmark in the mandible and serves as a passage for mental neurovascular bundle. Therefore, it 
is of interest to identify the morphometric variations of mental foramen and the anterior loop using CBCT. A retrospective analysis of 
73 CBCT scans was performed with established classifications used for assessing MF characteristics and close loop prevalence. The 
MF was most often located between the first and second premolars or in line with the second premolar and was often apically 
positioned to the root apex with a slightly higher prevalence of an oval shape. No statistically significant association was observed 
between MF characteristics and gender or mandibular quadrant. Thus, data shows the CBCT remains an effective imaging modality 
for accurate pre-operative assessment and reducing the risk of neurovascular complications. 
 
Keywords: Cone-beam computed tomography (CBCT), mental foramen (MF), retrospective studies 

 
Background: 
The mental foramen (MF) is a channel-like opening typically 
situated near the apex of the mandibular second premolar, 
serving as a gateway for the mental nerve and vessels supplying 
the lower lip, chin and surrounding soft tissues [1]. Its accurate 
identification is critical across multiple dental disciplines, 
including implant surgery, periodontal surgery, endodontics 
and mandibular fracture management [2]. Iatrogenic injury to 
the neurovascular bundle exiting the MF can result in 
paraesthesia, dysesthesia, or anaesthesia, significantly reducing 
patient quality of life [3]. The anterior loop of the mental nerve-
where the inferior alveolar neurovascular bundle curves 
anteriorly before ascending through the MF is a critical 
anatomical variation in implant dentistry [1]. Reported 
prevalence rates range from 28% to 71% across populations, with 
mean loop lengths of 1.5–5.3 mm [2]. Failure to identify this 
structure risks neurovascular injury during implant placement 
in the premolar region [3]. Continued research into MF 
morphology enables improved pre-operative planning and 
better patient outcomes, particularly as population-specific 
anatomical data is essential for safe clinical practice [4, 5]. Cone-
beam computed tomography (CBCT) has transformed the 
capacity to accurately characterize the MF in three dimensions, 
overcoming the limitations of panoramic radiography including 
magnification errors and two-dimensional representation [6]. 

Therefore, it is of interest to describe the morphometric 
evaluation of mental foramen and prevalence of anterior looping 
of inferior alveolar canal using CBCT.  
 
Materials and Methods: 
This retrospective study was conducted at the Department of 
Oral Medicine and Radiology, NIMS Dental College and 
Hospital, Jaipur, following institutional ethical clearance. 
Seventy-three CBCT scans acquired between 2024 and 2025 were 
analysed by two examiners using EzDent and Ez3D imaging 
software on a Dell LED computer (Vostro 3520). 
 
Equipment: 

Images were acquired using the Vatech Green X 12 X-ray system 
(Model PHT-75CHS): 94 kVp; 11.2–11.5 mA; voxel size 0.049–
0.30 mm; minimum FOV 8×5 cm. sagittal section thickness 5–10 
mm; interval 0.2–2.00 mm. 
 
Assessment criteria: 
Horizontal MF position was classified into six positions per 
Yosue and Brooks (1989) [13]. Vertical position was categorized 
as coronal to apex, at apex, or apical to apex per Fishel et al. 
(1976) [14] and Green (1987) [15]. Shape was recorded as round 
or oval from coronal projections. The anterior loop was classified 
as Type A (linear), Type B (perpendicular), or Type C (anterior 
looping) per Iyengar et al. (2013) [16]. Inclusion required all teeth 
present from canine to first molar on both sides; scans with 
artifacts, mixed dentition, or obstructing lesions were excluded. 
 
Statistical analysis: 
Data were entered in Microsoft Excel and analysed using the 
Pearson Chi-square test, Fisher–Freeman–Halton exact test (for 
low expected frequencies) and independent t-test for continuous 
variables. Statistical significance was set at p < 0.05. 
 
Ethical considerations: 

The study was conducted in accordance with the Declaration of 
Helsinki (2013 revision). Approval was obtained from the 
Institutional Ethics Committee of NIMS University Rajasthan, 
Jaipur (IEC/P-556/2024).  
 
Results: 
A total of 73 samples were collected, with 36 males (49.3%) and 
37 females (50.7%), with a mean age of 32.71 ± 12.91 years and no 
significant age difference between genders (p = 0.194), 
confirming demographic comparability (Table 1). No 
statistically significant association was found between gender 
and any anatomical characteristic of the MF. Horizontal position 
(χ² = 1.732, p = 0.421), vertical position (FFH = 2.681, p = 0.244), 
shape (χ² = 3.177, p = 0.074) and anterior loop presence (χ² = 
0.011, p = 0.918) all showed comparable distributions in males 
and females (Table 2) (Figure 4, 5). No significant differences 
were observed between the 3rd and 4th mandibular quadrants 
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in vertical position (FFH = 0.905, p = 0.636), shape (χ² = 2.143, p = 
0.143), or anterior loop presence (χ² = 0.269, p = 0.604), indicating 
bilateral symmetry of MF anatomy (Table 3), (Figure 1, 2 and 3). 
 

Table 1: Demographic Characteristics of the Study Population 

Variable Male (n=36) Female (n=37) p-value 
Age (years) 30.81 ± 8.57 34.57 ± 15.97 0.194a 
Gender 36 (49.3%) 37 (50.7%) 0.907b 

Independent t-test; Chi-square test 
 

Table 2: Association between gender and anatomical characteristics of the mental foramen 

Variable Category Male n (%) Female n (%) p-value 

Horizontal position Between 1st & 2nd premolar 18 (50%) 13 (35.1%) 0.421ᵃ 
 In line with 2nd premolar 12 (33.3%) 17 (45.9%)  
 Between 2nd premolar & 1st molar 6 (16.7%) 7 (18.9%)  
Vertical position Coronal to apex 4 (11.1%) 1 (2.7%) 0.244ᵇ 
 At apex 15 (41.7%) 13 (35.1%)  
 Apical to apex 17 (47.2%) 23 (62.2%)  
Shape of mental foramen Oval 24 (66.7%) 17 (45.9%) 0.074ᵃ 
 Round 12 (33.3%) 20 (54.1%)  
Anterior loop Present 16 (44.4%) 16 (43.2%) 0.918ᵃ 
 Absent 20 (55.6%) 21 (56.8%)  

Pearson Chi-square test; Fisher–Freeman–Halton exact test 
 
Table 3: Association between Quadrant and Anatomical Characteristics of the Mental Foramen 

Variable Category 3rd Quadrant n (%) 4th Quadrant n (%) p value 

Vertical position Coronal to apex 2 (5.9%) 3 (7.7%)  
 At apex 15 (44.1%) 13 (33.3%) 0.636a 

 Apical to apex 17 (50%) 23 (59%)  
Shape of mental foramen Oval 16 (47.1%) 25 (64.1%) 0.143b 

 Round 18 (52.9%) 14 (35.9%)  
Anterior loop Present 16 (47.1%) 16 (41%) 0.604b 

 Absent 18 (52.9%) 23 (59%)  

Fisher–Freeman–Halton exact test; Pearson Chi-square test 
 

 
Figure 1: Sagittal section 
 

 
Figure 2: Coronal section  
 
 

 

 
Figure 3: 3D section 

 

 
Figure 4: Gender distribution across horizontal position of 
mental foramen 
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Figure 5: Gender distribution across vertical position of mental 
foramen  
 
Discussion: 
The present study evaluated MF position, shape and anterior 
loop prevalence in a North Indian population using CBCT. 
Vertically, apical positioning was most frequent, which is 
clinically significant as the MF's proximity to premolar root 
apices may cause radiographic superimposition mimicking 
periapical pathology [1]. The MF was most commonly located 
between the first and second premolars or in line with the 
second premolar-consistent with findings by Arx et al. (2013) [4], 
Sheikhi et al. (2015) [5] and Chappidi et al. (2019) [8].  
Morphologically, the oval shape was slightly more prevalent 
overall, particularly in males (66.7% vs. 45.9% in females), 
aligning with Sheikhi et al. (2015) [5] and Pele et al. (2021) [9]. The 
anterior loop was present in approximately 43–44% of cases with 
no significant gender difference, prevalence consistent with 
ranges reported in the literature [2, 17]. Rath et al [17] and 
Mathew and Mohan (2023) [11] emphasize the importance of 
pre-operative identification of this structure to prevent 
neurosensory complications. No statistically significant gender-
related differences were found in any MF characteristics, 
consistent with Sheth et al. (2022) [10] and Srivastava et al. (2024) 
[12]. The bilateral symmetry observed between the 3rd and 4th 
quadrants agrees with Yosue and Brooks (1989) [13], attributed 
to balanced mandibular growth during craniofacial 
development. Al-Mahalawy et al. (2017) [7] similarly reported 
symmetrical patterns in a Saudi population. CBCT proved 
superior to panoramic radiography for accurate three-
dimensional MF assessment, corroborating findings from 
Muinelo-Lorenzo et al. (2015) [6]. According to Nisha et al. CBCT 
is an efficient tool for analysing the morphometric location of 
mental foramen and also the position of mental foramen was 
between premolars in both genders [18]. According to Ravindra 
et al., round shape of mental foramen was most common with its 
most frequent position [19]. According to Singh et al., the 
morphology of mental foramen didn’t show any variation 
among the gender and age in the Indian population [20]. 

According to Kim and Hur (2025), accessory mental foramina 
(AMFs) were common anatomical variation with important 

clinical significance and CBCT is an essential for the positioning 
of the same [21]. In a cadaveric sample using dissection and 
CBCT, the findings for the location of mental foramen, its 
dimensions and opening directions provided but were not very 
reliable due to short sample size. Hence, Population-based 
anatomical variability-influenced by ethnicity, mandibular 
dimensions and age-related bone resorption-necessitates 
individualized pre-operative CBCT evaluation rather than 
reliance on generalized anatomical assumptions. 
 
Conclusion: 
We show that the mental foramen was mostly present in the 
second premolar region with a predominantly apical orientation, 
while the oval shape and anterior loop were frequently 
observed. No significant differences were observed between 
genders and mandibular sides, indicating a relatively stable 
anatomical pattern in the population studied. Thus, CBCT 
evaluation before implant placement, endodontic surgery and 
local anaesthetic procedures to minimize the risk of 
neurovascular complications. 
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