Shape and anatomical relationship of the mental foramen to the mandibular premolars in an Indian sub-population: a retrospective CBCT analysis
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Abstract
Objectives
This study assessed the shape and anatomical relationship of the mental foramen (MF) to mandibular posterior teeth in an Indian sub-population.

Materials and Methods
In total, 475 existing cone-beam computed tomography records exhibiting 950 MFs and including the bilateral presence of mandibular premolars and first molars were assessed. Images were evaluated 3-dimensionally to ascertain the position, shape, and anatomical proximity of MFs to mandibular teeth. The position and shape of MFs were measured and calculated. The Pythagorean theorem was used to calculate the distance between the root apex of the mandibular teeth and the MF.

Results
MFs exhibited a predominantly round shape (left: 67% and right: 65%) followed by oval (left: 30% and right: 31%) in both males and females and in different age groups. The root apices of mandibular second premolars (left: 71% and right: 62%) were closest to the MF, followed by distal to the first premolars and mesial to the second premolars. The mean vertical distance between the MF and the nearest tooth apex calculated on sagittal sections was 2.20 mm on the right side and 2.32 mm on the left side; no significant difference was found according to sex or age. The distance between the apices of the teeth and the MF was ≥ 4 mm (left; 4.09 ± 1.27 mm and right; 4.01 ± 1.15 mm).

Conclusions
These findings highlight the need for clinicians to be aware of the location of the MF in treatment planning and while performing non-surgical and surgical endodontic procedures.
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INTRODUCTION
The mandibular branch of the trigeminal nerve has many divisions, one of which is the inferior alveolar nerve (IAN). The mental nerve (MN) is a branch of the IAN that exits the mandible through the mental foramen (MF). It supplies sensation to the anterior aspects of the chin and the lower lip, along with the buccal gingivae of the mandibular anterior and premolar teeth [1]. The location of the MF ranges from the distal end of the mandibular canine in the anterior part to the posteriorly positioned first molars [2].
Because of the position of the MF and MN relative to the root apices of mandibular posterior teeth, damage to this nerve may occur during both non-surgical and surgical endodontic procedures, presenting as paresthesia [3]. In dentistry, paresthesia can be caused by factors such as local anesthetic injections, third molar surgery, orthognathic surgery, ablative surgery, implants, and a wide range of endodontic procedures [45].
The risk of injury to the MN increases if the MF is not properly identified and protected from insult [6]. The likelihood of an injury further increases due to the variability in the anatomy of the mandible, the course of neurovascular bundles passing through the mandibular canal, and the type of emergence through the MF [7]. Variations in the location of the MF, along with its accessory foramen, sometimes lead to the misdiagnosis of some pathoses. The structures that pass through the MF include the MN and accompanying vasculature [89].
The anatomic complexity of the MF region is not limited to variations in its location and dimension. The presence of 3 other elements—the anterior loop of the inferior alveolar canal, accessory mental foramina (AMFs), and the lateral lingual foramen and its associated canal—can further complicate the MF region [10]. A comprehensive understanding of this region is important for both surgical and non-surgical endodontic treatment. AMFs contain accessory mental arteries and/or accessory MNs. The existence of an AMF affects the dimensions of the MF. The prevalence of AMFs varies across populations, with a range between 2% and 14.3% [11121314151617181920].
Locating the MF may be difficult at times, as there are no absolute anatomical landmarks for reference. Furthermore, in most patients, the foramen cannot be clinically visualized or palpated. Moreover, the reported anatomical position of the MF is highly variable [21], and its location has been classified as being at the apex of the first premolar, between the apices of the first and second premolars, at the apex of the second premolar, between the apices of the second premolar and first molar, and on the mesial aspect of the first molar [22].
Unfortunately, the non-dental causes of MN paresthesia are not in the clinicians' domain of control, whereas dental causes can be prevented through appropriate investigations and cautious work [6]. In accordance with the principle that “prevention is better than cure,” cone-beam computed tomography (CBCT) facilitates the assessment and management of MN injuries [2324].
Numerous techniques are used to identify the location of the MF, including dissection of human mandibles or the use of radiographs [25]. However, there is a high likelihood of misidentification given the radiographic appearance of radiolucent MFs. Hence, it is necessary to obtain a 3-dimensional (3D) visualization of the adjacent teeth and the MF, which cannot be accurately assessed on standard radiographs [26]. CBCT imaging overcomes the limitations of radiographs by improving accuracy, reducing distortion, and providing a 3D image of teeth and surrounding structures. CBCT scans were found to have an error of less than 0.6% while measuring mandibular anatomy [27] and have been used to evaluate the anatomical relationship between the roots of the mandibular second molars and the IAN, which is related to the risk of nerve injury during endodontic treatment [28].
It is important to consider the position of the MF for clinical and diagnostic purposes. A plethora of literature, often with inconsistent results, is available with data on the position and anatomical relationship of MF with the mandibular posterior teeth in various populations [1242627]. Previous studies [2122] suggested that the MF is frequently found below the apex of the second premolar. However, the sample size was insufficient to generalize the findings; to date, although some studies have been conducted to assess the MF location in the Indian population, none have had a large enough sample size to provide definitive data [21222930].
Although practicing dentists are well aware of the anatomical landmarks, it is necessary for dentists to be able to correlate the anatomical landmarks with the specific steps taken during treatment and be aware of the several complications that may arise due to even the slightest variations in the landmarks. Furthermore, the reference texts/articles to which general practitioners might refer cannot exactly predict the differences that are relevant in the Indian sub-population.
Therefore, the current study was designed to evaluate the shape and anatomical relationship between the MF and mandibular posterior teeth in a sample of the Indian population using CBCT imaging. The null hypothesis tested was that the position of the MF would be similar in both sexes and different age groups in the same population.

MATERIALS AND METHODS
The study design was approved by the Institutional Ethics Committee (EC-98/CONS12ND/2018). The study used pre-existing CBCT scans to assess the MF in the mandibular arch and adjacent teeth from previous databases that were obtained from Nair Hospital Dental College, Mumbai, India. A sample size of 950 was used based on calculations made using OpenEpi software (v.3.04). The records of patients that represented the Indian sub-population were obtained from the radiology department. The CBCT examinations were originally done for various reasons, such as assessment of bone volume for dental implant planning, diagnosis of dentoalveolar trauma, management of impacted teeth before orthodontic treatment, treatment planning before non-surgical and surgical endodontic treatment, and preoperative assessments for orthognathic surgery. Convenience sampling was used to screen the scans for eligibility. The following inclusion criteria were considered; a) patients 16–60 years of age, b) scans showing a complete mandibular arch, c) the presence of mandibular premolars and first molars on both right and left sides, and d) completely erupted mandibular premolars.
The exclusion criteria were as follows: a) presence of lesions involving the mandibular posterior teeth, b) a fracture line involving the mandibular premolar region, and c) previous surgery involving the mandibular premolar region.
A CBCT scanner (Carestream 9000 3D Unit) operating at 80 kV and 5 mA with an exposure time of 10.8 seconds was used. The voxel size of the images was 0.2 mm, and the slice thickness was 0.1 mm. A radiologist experienced in operating and acquiring CBCT scans performed the acquisition process according to the manufacturer’s recommended protocol with the minimum exposure necessary for adequate image quality. The software (CSI Imaging Software) was calibrated, and CBCT scans were interpreted in a reproducible manner. Inter-examiner (2 endodontists and 1 maxillofacial radiologist) reliability was calculated using the Cohen kappa coefficient under the supervision of experts in dental maxillofacial radiology. A kappa value of 0.91 was derived, showing almost perfect agreement.
A pilot study was carried out with 50 scans after conducting calibration to check the feasibility and validity of the methodology. Additionally, 425 CBCT scans were selected after a stringent assessment via the inclusion and exclusion criteria.
The method of evaluating the relationship between the MF and the roots of mandibular posterior teeth was based on the method proposed by Chong et al. [1]. Measurements in millimeters (mm) were obtained. The location of the MF corresponding to the long axis of mandibular teeth was as follows: 1) mesial to the long axis of the first premolar (mFP); 2) along the long axis of the first premolar (FP); 3) between the long axis of the first and second premolars (FPd-mSP); 4) along the long axis of the second premolar (SP); or 5) distal to the long axis of the second premolar (SPd) (Figure 1A). The shapes of the MF were defined as follows: round (both diameters being the same, i.e., vertical and horizontal), oval vertical/horizontal (one of the diameters being ≥ 2 times the other), and irregular (Figure 1B) [3132]. The MFs with any one diameter which was greater (>) than the other or < 2 times was classified as irregular.
[image: Figure 1]
Figure 1 Location and shapes of the mental foramen (MF). (A) Different locations of the MF found in the current study. 1) mFP: mesial to the first premolar, 2) FP: apex of the first premolar, 3) FPd-mSP: distal to the first premolar and mesial to the second premolar, 4) SP: apex of the second premolar, and 5) SPd-mFM: distal to the second premolar and mesial to the first molar. (B) Different shapes of the MF: round - both the diameters are the same; oval - long:short diameter ≥ 2; and irregular.

The vertical distance was measured in millimeters from the superior border of the MF to the apex of the closest root (Figure 2A). The horizontal distance was measured from the opening of the MF in the coronal plane to the long axis of the closest tooth (Figure 2B) [33]. The shape of the MF in 3D was confirmed by measuring any 2 diameters, and the shape was classified as circular, oval, or irregular. The actual 3D distance of the proximate tooth and MF was measured using the Pythagorean theorem in millimeters (mm) [1] (Figure 2C), where a = vertical distance, b = horizontal distance, and c = the actual distance of the MF from the apex of the premolar tooth. The formula used was a2 + b2 = c2. The effects of age and sex on the location of the MF were also evaluated.
[image: Figure 2]
Figure 2 Measuring the distance of the mental foramen. (A) Vertical distance in a sagittal section; (B) horizontal distance in a coronal section; and (C) application of the Pythagorean theorem.

The obtained data were statistically analyzed using SPSS version 21 (IBM Corp., Armonk, NY, USA). Frequency statistics were applied to evaluate the prevalence of different positions and shapes of the MF on the left and right sides of the mandible. The normality of the data distribution was checked using the Shapiro-Wilk test. The mean distances from the root apex of the mandibular teeth to the MF on both sides of the mandibular arch were assessed, and the unpaired t-test was used to evaluate the significance of differences. All statistical analyses were done at a 95% confidence level.

RESULTS
According to the inclusion and exclusion criteria, 475 scans were evaluated from 231 male and 244 female patients. The distribution according to age and sex is presented in Table 1. The positions of the MF on the left and right sides related to the mandibular teeth are presented in Table 2. Out of the evaluated 475 scans with 950 MFs, the MFs were most often located at the apex of the mandibular second premolar (632/950). On the left side, 71% (337/475) of cases had the root apex of the second premolar closest to the MF, whereas on the right side, 62% (295/475) of cases had the root apex of the second premolar closest to the MF, which is similar to the pattern found on the contralateral side. The next most frequent location of the MF was the FPd - mSP position, which was found in 14% (67/475) of cases on the left side and in 26% (124/475) of cases on the right side. All of the above findings were statistically significant. In our study, the association between the location of the MF on both sides and sex was evaluated. On both the left and right sides, both males and females predominantly showed the MF in the second premolar region, followed by distal to the first premolar and medial to the second premolar. This difference was not statistically significant. (p = 0.112 and p = 0.224) (Table 3). The association between the location of the MF on both sides and age was also investigated. On both sides, the 16–30, 31–45, and 46–60 age groups predominantly showed the MF in the second premolar region, followed by distal to the first premolar and medial to the second premolar. This difference was statistically significant for the age group of 16–30 years as compared to other age groups on both sides (p = 0.012 for the left side and p = 0.021 for the right side) (Table 4). The most common shape of the MF was round on both sides (Table 5). The shape of the MF was oval (horizontal or vertical) in 30% of scans (143/475) and round in 67% (318/475) of scans on the left side, while 65% (308/475) were round and 31% (147/475) were oval on the right side. The association between the shape of the MF on the left and right sides and sex was determined. A round shape was most common, followed by an oval horizontal shape, in both sexes and on both sides, without a statistically significant difference (p = 0.112 and p = 0.224) (Table 6).
Table 1 Age and sex distributions of the sample in this study

[image: ]	Age of the patients	Sex	Total
	Male	Female
	16–30	101 (44)	126 (52)	227 (47)
	31–45	74 (32)	57 (23)	131 (28)
	46–60	56 (24)	61 (25)	117 (25)
	Total	231 (100)	244 (100)	475 (100)

Values are presented as number (%).


Table 2 Prevalence of the location of the mental foramen (MF) on the left and right sides

[image: ]	Location of MF	No. of scans and percentage
	Left	Right
	FP	47 (10)	28 (6)
	FPd-mSP	67 (14)	124 (26)
	SP	337 (71)	295 (62)
	SPd	24 (5)	28 (6)
	Total	475 (100)	475 (100)

Values are presented as number (%).
FP, first premolar; SP, second premolar; FPd-mSP, between the distal FP and medial SP; SPd, distal to the SP.


Table 3 Association between the location of the mental foramen on the left and right sides and sex

[image: ]	Sex\Location	Left	Right
	FP	FPd-mSP	SP	SPd	FP	FPd-mSP	SP	SPd
	Male	10	61	150	10	15	41	170	5
	Female	15	69	145	15	32	26	167	19
	p value	0.224	0.112

FP, first premolar; SP, second premolar; FPd-mSP, between the distal FP and medial SP; SPd, distal to the SP.


Table 4 Association between the location of the mental foramen on the left and right sides and age

[image: ]	Age\Location	Left	Right
	FP	FPd-mSP	SP	SPd	FP	FPd-mSP	SP	SPd
	16–30	15	40	167	5	12	80	120	15
	31–45	11	20	90	10	0	10	120	1
	46–60	21	7	80	9	16	34	55	12
	p value	0.012*	0.021*

FP, first premolar; SP, second premolar; FPd-mSP, between the distal FP and medial SP; SPd, distal to the SP.
*p value < 0.05 denotes statistical significance.


Table 5 Prevalence of shapes of the mental foramen (MF) on the left and right sides

[image: ]	Shape of MF	No. of scans and percentage
	Left	Right
	Round	318 (67)	308 (65)
	Oval horizontal	81 (17)	76 (16)
	Oval vertical	62 (13)	71 (15)
	Irregular	14 (3)	20 (4)
	Total	475 (100)	475 (100)

Values are presented as number (%).


Table 6 Association between the shape of the mental foramen on the left and right sides and sex

[image: ]	Sex\Shape	Left	Right
	Round	Oval horizontal	Oval vertical	Irregular	Round	Oval horizontal	Oval vertical	Irregular
	Male	150	50	20	11	160	41	20	10
	Female	168	31	42	3	148	35	51	0
	p value	0.324	0.185


The association between the shape of the MF on both sides and age was investigated. On both sides, the round shape predominated in all 3 age groups (16–30, 31–45, and 46–60 years), followed by the oral horizontal shape, with the exception of the 31–45 age group, wherein the oval vertical shape was the second most common. The differences were not statistically significant (p = 0.201 and p = 0.732) (Table 7).
Table 7 Association between the shape of the mental foramen on the left and right sides and age

[image: ]	Age\Shape	Left	Right
	Round	Oval horizontal	Oval vertical	Irregular	Round	Oval horizontal	Oval vertical	Irregular
	16–30	120	57	46	4	115	50	50	12
	31–45	101	10	10	10	99	9	15	8
	46–60	97	14	6	0	94	17	6	0
	p value	0.201	0.732


The mean distance calculated using the Pythagorean theorem between the MF and root apex of mandibular teeth on the right and the left side was 4.01 ± 1.15 mm and 4.09 ± 1.27 mm, respectively (Table 8). The positions of the MFs relative to the mandibular teeth ranged from the first premolar to the distal position in the second premolars (Figure 3). The MFs also exhibited different shapes (Figure 4).
Table 8 Distance in millimeters (mm) from mental foramen to the root

[image: ]	Distance*	Minimum	Maximum	Mean	Standard deviation
	Right	2.33	8.92	4.01	1.15
	Left	1.60	9.20	4.09	1.27

*Distance derived using the Pythagorean theorem.


[image: Figure 3]
Figure 3 Position of the mental foramen. (A) FP; (B) FPd-mSP; (C) SP; and (D) SPd-mFM. FP: first premolar, SP: second premolar, FPd-mSP: between the distal FP and medial SP, SPd: distal to the SP.

[image: Figure 4]
Figure 4 Different shapes of the mental foramen. (A) Round; (B) oval (horizontal); (C) oval (vertical); and (D) irregular.

The mean vertical distance between the MF and the nearest tooth apex calculated on sagittal sections was 2.20 mm on the right side and 2.32 mm on the left side, and no significant difference was found according to sex or age (p = 0.253).

DISCUSSION
In this study, the shape and position of MFs were evaluated in different age groups and both sexes in an Indian sub-population using CBCT. Based on the results, the null hypothesis was rejected.
Endodontic-related paresthesia requires a thorough assessment to determine the causative factors. To prevent paresthesia or to minimize its occurrence, the endodontist must be aware of the proximity of the apices of the teeth to the nerve structures prior to any non-surgical or surgical procedures [34]. The inconsistent position of the MF should always be considered while investigating radiographic periapical areas and while performing periodontal or endodontic surgery in the area between the canine and the mesial root of the first molar. The MF is a significant anatomical landmark in the orofacial region. Furthermore, the position of the MF varies across ethnic groups [21], which should alert the clinician to consider variability in their patient populations.
Based on the findings presented by Santini and Alayan [22], in Indian and Chinese populations, the MF was in a similar position, although the mandible was smaller in Indians. The MF showed a consistent size in the mandibles of European and Chinese populations. However, the MF was further forward relative to the mandible in the European cohort [35].
When paresthesia occurs in the mandibular area, it is usually assumed that the nerve tissue is directly damaged. This could be due to the operative procedure itself (for example, over-extension of endodontic files), chemical damage from the materials used (by their neurotoxicity), or compression as a causative factor of nerve degeneration (for example, over-extended material being in contact with the nerve with resultant pressure) [363738]. The risk of nerve injury during endodontic procedures is always of concern, and to overcome this issue, diagnostic and treatment approaches are suggested. To diagnose a nerve injury, it is important to consider a combination of a thorough anamnesis, a proper clinical evaluation, and an adjunct radiographic evaluation whenever indicated [25]. Precise and accurate determination of the working length is of the utmost importance when performing non-surgical root canal procedures. If an intimate relationship between the MF and the root apex is detected, then the working length should be cautiously verified at every stage of canal preparation.
CBCT images were used due to their advantages over 2-dimensional intraoral periapical radiography. These scans encompass a greater 3D area of hard and soft tissues in a continuous view, while allowing more accurate localization of the MF in both horizontal and vertical dimensions [3940]. CBCT scans were found to have an error of less than 0.6% while measuring mandibular anatomy [27] and have been used to evaluate the anatomical relationship between the roots of the mandibular second molars and the IAN, which is related to the risk of nerve injury during endodontic treatment [28].
Al-Mahalawy et al. [15] reported that the mean distance from the nearest tooth apex to the MF was 3.1 mm. In contrast, Kalender et al. [16] examined 386 sites in 193 Turkish patients and found that the mean distance from the nearest root apex to the MF was 4.2 mm. This disparity could possibly be attributed to racial/ethnic differences.
This retrospective study assessed the anatomical relationship and proximity of the MF with mandibular premolars using CBCT and estimated the risk of MN paresthesia while performing endodontic procedures. The root apex of the second premolar on both sides of the mandibular arch was closest to the MF in the sagittal plane, which is in agreement with previous studies [14142]. MN paresthesia arising after the start of endodontic procedures has been documented in previous studies [33839].
The risk of MN injury during a surgical endodontic procedure is higher if the MF is situated closer to the distal side of the mandibular premolars [4344]. Based upon the CBCT scans evaluated in the sagittal plane, the mean distance from the distal side of the root apex of the mandibular first premolars to the MF on both sides of the arch was ≥ 4 mm. By marking the distance of 4 mm from the MF, the risk of a potential injury can be avoided. Therefore, preoperative radiographs can provide information on the appropriate distance and relevant anatomical structures in the vicinity of the MN during endodontic procedures.
Significant variations are found in the literature regarding the normal location of the MF in different ethnic groups over the globe. In the Malay population, Brazilian population, and Malawian population, the MF was most often located in line with the second premolar, which is in agreement with our findings [424546]. Kqiku et al.'s study [47] conducted in the Kosovarian population found that the MF was precisely located between the first and second mandibular premolars. The results of the present study corroborated the data from Indian populations reported by Bhagat et al. [22], Alok et al. [21], Swamy et al. [30], and Srivastava et al. [29], which conclusively stated that the most common position of MF in the Indian population was below the mandibular second premolar, followed by the position between the 2 premolars.
The incidence of altered sensation after periapical surgery appears to be relatively high (14%), with a higher incidence found in premolars than in molars. Therefore, thorough knowledge of the anatomical structures in the MF region is crucial, and CBCT imaging enables a clear identification of the anatomical relationship of the root apices to important neighboring anatomical structures in any plane the clinician wishes to view.
Usually, when the MN is damaged, the patient might experience anesthesia or paresthesia of the lower lip. The affected tissues may regain normal sensation over varying periods, depending on the type and extent of damage to the nerve bundle. Some patients report a return to the normal sensation after several days, while others may take several weeks or even months to recover [48]. Meticulous preoperative planning of endodontic treatment through CBCT scans will minimize the risk of injury to the MN [49]. Furthermore, CBCT is currently the best available imaging technique to determine the location of the MF accurately. However, CBCT is not considered as a standard assessment method, and its indication should be justified on an individual basis; in particular, it is necessary to consider whether the potential benefits outweigh the potential risks to a patient. A recently updated joint position statement on the use of CBCT in endodontics by the American Association of Endodontists and the American Academy of Oral and Maxillofacial Radiology states that, in general, CBCT should be cautiously used to assess and treat complex endodontic conditions, which involve pre-surgical case planning to determine the exact location of the root apex/apices and the proximity of adjacent anatomical structures [49].
Historically, researchers have shown keen interest and efforts in identifying anatomical variation in the position and shape of the MF, while presently, greater significance is placed on this structure and its characteristics due to the advanced dental rehabilitation procedures that benefit from more accurate 3D diagnostic images. Moreover, this study assessed, to some extent, various anatomical variations that could be associated with ethnic origins. A few limitations of the present study include the analysis of a smaller sub-population, the limited number of examiners who assessed the anatomical landmarks, and the limitation of the study to individuals of a specific ethnic origin.
Future research should expand upon this study by evaluating and comparing differences among anatomical landmarks of the mandible in populations of different ethnic and racial origins. Furthermore, clinical parameters can be correlated with this anatomical landmark to achieve successful clinical outcomes of treatment by considering the crestal bone/MF distance or other relevant factors. Moreover, the microsurgical aspects of these findings should also be taken into consideration in future studies.

CONCLUSIONS
The results obtained through this study provide insights into the type and position of MF in an Indian sub-population. The MF in the studied population exhibited proximity to the mandibular second premolar in both males and females and in different age groups. The most common shape of the MF was found to be round, followed by oval horizontal, in the studied population. The findings of this study may be used as a guideline for dental professionals in locating the MF while performing the dental procedures in that region.
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