
Introduction 

Dental implants have become a widely acceptable treatment 

modality as it restores esthetics and function equivalent to 

natural teeth. Despite its high success rate many complications 

have been encountered with its use.[1] Iatrogenic injuries to 

inferior alveolar nerve (IAN) are a well-documented 

complication of implant placement, osteotomies and other 

surgical procedures.[2] The incidence, varies from 0 to 40%, 

of implant related inferior alveolar nerve (IAN) injuries. The 

damage can result from the traumatic local anesthetic 

injections or during the dental implant site osteotomy or 

placement. This damage is one of the most unpleasant 

experiences, from mild paresthesia to complete anesthesia 

and/or pain, for both the patient and the dentist.[3] Implant 
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placement in mandibular premolar region is one of the most 

complicated surgical procedures due to potential inadvertent 

complications of neuro-sensory alterations in the chin and 
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lower lip that are likely to occur if mental foramen (MF) is not 

properly identified and protected. Compression-related 

injuries (neuropraxia) can occur by encroaching on the 

inferior alveolar nerve (IAN) without actual contact or 

invasion of the mandibular canal. Bleeding and resultant 

hematomas have been shown to cause nerve damage because 

of finalized implant positioning too close to the neurovascular 

canal. Additionally, the IAN superior cortical bone can be 

compressed, thus causing pressure necrosis, with resultant 

nerve impairment.[3,4] That is why the better understanding 

of the intra-bony anatomy of the IAN and its relationship to 

mandibular molar (MM) anatomical landmarks, particularly 

with emphasis on the tooth may aid to decrease the risk of 

inadvertent IAN injury. This will also decrease the risk of 

unwanted and often avoidable iatrogenic trauma of IAN 

during various surgical procedures.[2] Localization of critical 

anatomic structures at the surgical site including an 

estimation of the location, size and configuration of the 

inferior alveolar nerve during mandibular surgery is usually 

difficult using conventional images. Superimposition of 

overlying anatomy, distortion and magnification, presence of 

acquisition and processing artifacts and lack of information in 

the third dimension are some of the known drawbacks of this 

type of imaging.[5,6,7] Cone Beam Computed Tomography 

(CBCT) is a relatively new technology to dentistry, used for 

the three-dimensional imaging of the teeth and jaws. 

Therefore, it is usually suggested that the clinicians should 

carefully identify these anatomical landmarks, by analyzing 

all influencing factors, as well as study the shape and 

dimension of bone, prior to any surgical intervention.8,9,10 

For the reason the CBCT showed the great potential for proper 

pre-implant planning. Thus, in view of this, the present study 

was conducted among the North Indian sample population, to 

determine the most common position of the mental foramen 

and to estimate difference in position of mental foramen, 

occurrence of anterior loop and to evaluate the variation in the 

location of mandibular canal in a selected North Indian 

sample population using cone-beam computed tomography 

(CBCT) radiographs.

The study was planned, outlined and conducted in the 

Department of Prosthodontics and Crown & Bridge, Shree 

Bankey Bihari Dental College & Research Centre, 

Ghaziabad, Uttar Pradesh. The study was presented and 

cleared from institutional ethical committee. For execution, a 

total of 205 north Indian subjects were selected during a 

period of two years. Sampling method used was non-

Materials and Methods:

probabilistic sampling wherein all the patients meeting the 
inclusion and exclusion criteria were recruited for the study. 
Previously exposed CBCT images of the selected subjects 
were obtained from Raydent i-CAT Dental & Maxillofacial 
Imaging Centre®, Lucknow, Uttar Pradesh. The images were 
acquired from iCAT (Imaging Sciences International, 
Hatfield, PA, USA, CB 500 Machine), 110KV, 15 mA. iCAT 
Vision™ and Anatomage™ Software were used for the study. 
Section slicing used were 1 mm and 2 mm. The images were 
reviewed by two independent subject experts including a 
board certified Oral and Maxillofacial Radiologist. To mark 
the exact location of the inferior alveolar canal, all the 
measurements were done from the line passing through the 
centre of the mandibular canal. Measurements from the 
mandibular canal to the root apices of the first premolar, 
second premolar, first molar (mesial and distal root) and 
second molar (mesial and distal root) were obtained from 
cross sectional reformatted images. Other measurements 
included the distance from the inferior alveolar canal to the 
buccal cortical plate (BCP) and lingual cortical plates (LCP), 
as well as distance of the IAC to the inferior borders of the 
mandible (IBM) as shown in Figure 1. Figure 2 depicts the 
location of Mental Foramen below 1st Molar. Figure 3 shows 
straight (right) emergence of mental foramen. The assessment 
of the horizontal and vertical positioning of mental foramen 
on the CBCT images was done on both sides. The distances 
from the upper and lower cortical areas of the mental foramen 
to the alveolar crest/cemento enamel junction of tooth in line 
with mental foramen and the mandibular basal bone 
respectively were analyzed, in coronal section. The distances 
from the upper edge of the mental foramen to the superior 
border of mandible and the distances from the lower edge of 
the mental foramen to the base of the mandible were also 
studied. Figure 4 shows the vertical position of mental 
foramen; Mental Foramen-Superior Border of Mandible 
(green), Mental Foramen–Inferior Border of Mandible 
(orange). The prevalence of Anterior Loop (AL) was assessed 
and comparisons were done among both sides of the jaw and 
gender (Figure 5). All images were reconstructed using 
'Anatomage Software'. The Pearson chi-square tests were 
used to assess the relation between patients' demographic 
variables with mental foramen, emergence type. Data were 
analyzed with SPSS software version[ 21]. 

Figure 1: Cross section showing linear measurement from 
Inferior Alveolar Canal to Buccal Cortical Plate (blue), 
Lingual Cortical Plate (yellow), Inferior Border of Mandible 
(orange),  and tooth apex (green) respectively. 
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Figure 2: Location of Mental Foramen below 1st Molar

Figure 3: Straight (Right) Emergence of Mental Foramen

Figure 4: Vertical position of mental foramen; Mental 

Foramen-Superior Border of Mandible (green), Mental 

Foramen –Inferior Border of Mandible (orange)

Figure 5: Anterior Loop pattern of Inferior Alveolar Canal

A total of 205 subjects comprising of 108 (52.7%) males and 

97 (47.3%) female participated in the study (Graph 1). The 

configuration of 1st premolar, 2nd premolar, 1st molar mesial 

(MM) root, 1stmolar distal (MD) root, 2nd molar mesial 

(MM) root and 2ndmolar Distal (MD) root in relation to 

inferior alveolar canal was measured and compared among 

gender and sides. The Unpaired t-test showed a statistically 

significant difference among males and females in the 

Statistical Analysis And Results:
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measurements. (p<0.5, Graph 2). Comparison of Position of 

IAC – Right & Left Side has been shown in table 1. The 

Unpaired t-test showed a statistically significant difference 

among sides in the measurements (p<0.5). The pattern of 

inferior alveolar canal was seen on panoramic view and 

compared among gender and side (Table 2). Among males 

Linear, Perpendicular and Anterior loop pattern was seen in 

64 (59.3%), 34 (31.4%) and 10 (9.3%) subjects respectively. 

Among females Linear, Perpendicular and Anterior loop 

pattern was seen in 58 (59.8%), 32 (32.9%) and 7 (7.3%) 

subjects respectively. The Pearson's Chi-square test showed a 

statistically non-significant difference among the genders on 

the right side (p=0.723). Among males Linear, Perpendicular 

and Anterior loop pattern was seen in 63 (58.3%), 35 (32.4%) 

and 10 (9.3%) subjects respectively. Among females Linear, 

Perpendicular and Anterior loop pattern was seen in 58 

(59.7%), 33 (34.1%) and6 (6.2%) subjects respectively. The 

Pearson's Chi-square test showed a statistically non-

significant difference among the genders on the left side. 

(p=0.843) (Table 3) Among right side Linear, Perpendicular 

and Anterior loop pattern was seen in 122 (59.5%), 66 

(32.2%) and 17 (8.3%) subjects respectively. Among left side 

Linear, Perpendicular and Anterior loop pattern was seen in 

121 (59.1%), 68 (33.1%) and 16 (7.8%) subjects respectively. 

The Pearson's Chi-square test showed a statistically non-

significant difference among the sides. (p=0.631 & Table 4).  

Comparison of Location of Mental Foramens of Right & Left 

side has been illustrated in table 5. Among males prevalence 

of right sided anterior loop was 10 (30.3%), left sided anterior 

loop was 10 (30.3%). Among females prevalence of right 

sided anterior loop was 7 (21.2%), left sided anterior loop was 

6 (18.2%). The Unpaired t-test showed a statistically non-

significant difference among males and females. (p>0.5) 

Comparison of Emergence of Mental Foramen of both sides 

has been shown in table 6. Anterior loop was seen on 17 

(51.5%) occasions on the right side and 16 (48.5%) occasions 

on the left side. The Pearson's Chi-square test showed a 

statistically non-significant difference among the genders on 

the right side (p=0.215, Table 7).

Graph 1: Gender Distribution



Graph 2: Comparison of Position of Right 1st PM IAC – 

Gender based

Table 1: Comparison of Position of IAC – Right & Left Side

Table 2: Comparison of Pattern of Right IAC – Gender based
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Table 3: Comparison of Pattern of Left IAC – Gender based

Table 4: Comparison of Pattern of IAC – Right & Left side 

Table 5: Comparison of Location of Mental Foramen – Right 

& Left side

Table 6: Comparison of Emergence of Mental Foramen – 

Right & Left side

Table 7: Comparison of prevalence of Anterior Loop

Gender based



Discussion:

Understanding the proximity of the mandibular canal and 

Inferior alveolar nerve to the overlying structures is very 

crucial in Oral Implantology. Accurate knowledge of inferior 

alveolar nerve location is essential for the prevention of 

iatrogenic errors. These observations in our study were 

similar to the study done by Nair UP and co-researchers using 

Cone Beam Computed Tomography.5 Nkenke and associates 

reported that the distance from the upper alveolar crest to the 

inferior alveolar nerve canal in the retromolar area was 11.0 ± 

2.2 mm.11 Levine et al. measured 17.4 mm around the 

mandibular second molar area. In the above mentioned 

studies, the root apex was not considered as in our study.12 In 

our study the lingual cortex was thicker at the first molar level, 

while the buccal cortex is much thicker at the second molar 

level. This probably could be due to consistent remodeling 

owing to the oral musculature attachments in the region. The 

distance of IAC from root apex in our study was similar to the 

results obtained from a recent study by Nair UP et al.5 using 

CBCT scans in 44 patients in the age group of 18-70 years. 

Our study found that the distance between the Inferior 

alveolar canal and the root apices of mandibular first molars is 

significantly shorter in females than in males. This could be 

attributed to the fact that dimension of the jaws is larger in 

males. Similar study was also done by Chong BS et al. in 

which 50% of the mandibular second molar evaluated, there 

was an intimate relationship between the roots and the Inferior 

alveolar nerve. The results suggested that second molar is the 

tooth most prone for nerve injury.[13] Based on the distance 

of inferior alveolar canal from buccal cortical plate, lingual 

cortical plate and inferior border of mandible; the observed 

pattern is the canal running close to lingual cortical plate in the 

region of second molar and first molar and it moves buccally 

just anterior to mesial root of first molars. Similar findings 

were observed by Kim et al.[14] The dimensions of Right 

inferior alveolar canal from buccal cortical plate, lingual 

cortical plate and inferior border of mandible and root apex 

were found to be slightly more than their left counterpart. Our 

results were at par with results obtained from study by Balaji 

SM et al.[2] The inferior alveolar canal pattern in the present 

study was categorized into linear, perpendicular and anterior 

loop patterns. Our results were at par with results obtained 

from study by Al-Mahalawy H et al. whereas; the most 

common pattern detected was linear in nature (46.2%).[15] 

Iyengar AR et al. also suggested that linear/straight pattern 

was most commonly observed (79%).16 In the current study 

emergence of mental foramen on the right side was 62.9% for 
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posterior type, 27.9% for straight or right angled and 9.2% for 

anterior direction. On the left side the posterior emergence of 

mental foramen was 61.9% way ahead of straight emergence 

of 31.9% and anterior emergence of 6.2%. Out results were at 

par with results obtained from studies conducted by 

Srivastava S et al.[17] In the present study, out of 205 CBCT 

scans evaluated, anterior looping of inferior alveolar nerve 

was identified in 17 (8.3%) CBCT scans. Results of our study 

were in accordance to results obtained by Jacobs et al.18 Our 

results were at par with that obtained by Nakib et al.[19] 

Thakare and associates evaluated the position of mental 

foramen for clinical and forensic significance in terms of 

gender in dentate subjects by digital panoramic radiographs.8 

They noticed no difference in position of mental foramen in 

horizontal and vertical planes based on gender. Their 

methodologies and results were very much comparable and 

contrasting with that of ours. So, keeping the proposed 

guidelines, this study will be helpful to get rid of iatrogenic 

injuries which tend to occur during the implant surgeries and 

other surgical procedure, therefore careful and detailed 

planning is required to identify mandibular vital structures as 

well as the shape and dimensions of the bone prior to 

commencement of implant surgery. As the presence of 

anatomical variation in the location and course of the 

mandibular canal in relation to other anatomical structures in 

the jaw bone including the apex of the tooth is frequently 

neglected, so proper understanding of the important 

landmarks through CBCT images which is more appropriate 

and accurate, is very useful in preoperative assessment and 

planning prior to implant surgeries.[20,21,22] Recently, 

Cone-Beam computerized tomography technology has 

gained popularity in the dentistry community, particularly in 

the area of implantology, because of the image quality along 

with the possibility of taking precise measurements of 

anatomical and pathological findings.[23,24] This suggests 

the need and importance of studies involving the anatomical 

characteristics of the mental foramen, mandibular canal 

which provides clinicians a tool in proper identifying the 

important mandibular vital structures thus minimizing the 

potential complications during implant surgery, permits 

procedures to be performed more safely on the 

mandible.[25,26,27] Limitation was sample size (number of 

images) taken for this study was small and that too from a 

single private CBCT centre. Also, results were correlated on 

the basis of gender and side but they were not correlated with 

occlusal load and habits of patients, as the patients were not 

contacted primarily. Both these factors could have affected 

the alveolar height and mandibular cortical width by 



activating the periodontal ligament and musculature 

involved. Systemic conditions of any patient also were not 

known. Hence, further studies could be done in this direction 

for more refinements of the results.

Within the limitations of the study, the authors concluded that 

the mean distance from inferior alveolar canal to buccal 

cortical plate and lingual cortical plate were significantly 

larger in males. Moreover, the mean distance from inferior 

alveolar canal to inferior border of mandible and root apex 

were significantly larger in males. Mean distance between 

inferior alveolar canal to inferior border of mandible and root 

apex were significantly larger on right side. It was also 

concluded that the most common location of mental foramen 

was below the second premolar and the most common 

emergence type of the mental foramen was posterior. Anterior 

loop was illustrated as the least common pattern of inferior 

alveolar canal in the studied subjects.

1. Bartling R, Freeman K, Kraut RA. The incidence of 

altered sensation of the mental nerve after mandibular 

implant placement. J Oral Maxillofac Surg 

1999;57:1408–12. 

2. Balaji SM, Krishnaswamy NR, Kumar SM, Rooban T. 

Inferior alveolar nerve canal position among South 

Indians: A cone beam computed tomographic pilot study. 

Ann Maxillofac Surg 2012;2:51-5.

3. Juodzbalys G, Wang H-L, Sabalys G. Injury of the 

Inferior Alveolar Nerve during Implant Placement: a 

Literature Review. J Oral Maxillofac Res 2011;2:1-7. 

4. Komar D, Lathrop S. Frequencies of morphological 

characteristics in two contemporary forensic collections: 

Implications for identification. J Forensic Sci 

2006;51:974-8. 

5. Nair UP, Yazdi MH, Nayar GM, Parry H, Katkar RA, 

Nair MK. Configuration of the inferior alveolar canal as 

detected by cone beam computed tomography. J Conserv 

Dent 2013;16:518-21.

6. Misch CE. Applied anatomy for dental implants. In: 

Misch CE (Ed). Contemporary Implant Dentistry (3rd 

ed). St Louis, Mo: Mosby 2005:495-500.

7. Pria CM, Masood F, Beckerley JM, Carson RE. Study of 

inferior alveolar Canal and Mental Foramen on Digital 

Panoramic Images J Contemp Dent Pract 2011;12:265-71.

Conclusion:

References:

University J Dent Scie 2021; Vol. 7, Issue 1  

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India22

8. Thakare S, Mhapuskar A, Hiremutt D, Giroh VR, 

Kalyanpur K, Alpana KR. Evaluation of the Position of 

Mental Foramen for Clinical and Forensic Significance 

in terms of Gender in Dentate Subjects by Digital 

Panoramic Radiographs. J Contemp Dent Pract 

2016;17:762-68.

9. Yu SK, Kim S, Kang SG, Kim JH, Lim KO, Hwang SI et 

al. Morphological assessment of the anterior loop of the 

mandibular canal in Koreans. Anat Cell Biol 2015;48:75-80.

10. Khojastepour L, Mirbeigi S, Mirhadi S, Safaee A. 

Location of Mental Foramen in a Selected Iranian 

Population: A CBCT Assessment. Iran Endod J 

2015;10:117-121.

11. Nkenke E, Radespiel-Troger M, Wiltfang J, Schultze-

Mosgau S, Winkler G, Neukam FW. Morbidity of 

harvesting of retromolar bone grafts: a prospective study. 

Clin Oral Implants Res 2002;13:514-21.

12. Levine MH, Goddard AL, Dodson TB. Inferior alveolar 

nerve canal position: a clinical and radiographic study. J 

Oral Maxillofac Surg 2007;65:470-4.

13. Chong BS, Quinn A, Pawar RR, Makdissi J, Sidhu SK. 

The anatomical relationship between the roots of 

mandibular second molars and the inferior alveolar 

nerve. Int Endod J 2014;48(6):1-7.

14. Kim ST, Hu KS, Song WC, Kang MK, Park HD, Kim HJ. 

Location of the mandibular canal and the topography of 

its neurovascular structures. J Craniofac Surg 

2009;20:936–9.

15. Al-Mahalawy H, Al-Aithan H, Al-Kari B, Al-Jandan B, 

Shujaat S. Determination of the position of mental 

foramen and frequency of anterior loop in Saudi 

population. A retrospective CBCT study. Saudi Dent J 

2017;29(1):29-35. 

16. Iyengar AR, Patil S, Nagesh KS, Mehkri S, Manchanda 

A. Detection of anterior loop and other patterns of entry 

of mental nerve into the mental foramen: a radiographic 

study in panoramic images. J Dental Implants 2013;3:21-6.

17. Srivastava S, Patil RK, Tripathi A, Khanna V, Sharna P. 

Evaluation of Mental Foramen in U. P. Population- A 

CBCT Study. J Otolaryngol ENT Res 2017;8(4):231-7.

18. Jacobs R, Mraiwa N, Vansteenberghe D, Gijbels F, 

Quirynen M. Appearance, location, course, and 

morphology of the mandibular incisive canal: An 

assessment on spiral CT scan. Dento maxillofac Radiol 

2002;31:322-7.



19. Nakib LHA, Rasul SK. Evaluation of the anterior loop of 

the mental nerve incidence and extension in different age 

groups in Sulaimania city using digital panoramic 

imaging system. J Coll Dent Univ Baghdad 

2013;25:99-104.

20. Mirbeigi S, Kazemipoor M, Khojastepour L. Evaluation 

of the Course of the Inferior Alveolar Canal: The First 

CBCT Study in an Iranian Population Pol J Radiol 

2016;81:338–41.

21. Al-Juboori MJ, Yuen KY, Hua CM, Tawfiq OF, Al-

Wakeel HA. Inferior Alveolar Nerve Location to 

Determine Zone of Safety for Dental Implant Placement 

among Malaysian Population. J Dent Oro Surg 

2016;1(2):108-12.

22. Hiremath H, Agarwal R, Hiremath V, Phulambrikar T. 

Evaluation of proximity of mandibular molars and 

second premolar to inferior alveolar nerve canal among 

central Indians: A cone-beam computed tomographic 

retrospective study. Indian J Dent Res 2016;27:312-6.

Koivisto

23. T, Chiona D, Laura MSL, Scott BMS, Clanahan MC, 

Ahmad MM, Bowles WR. Mandibular Canal Location: 

Cone-beam Computed Tomography Examination. J 

Endod 2016;42(7):1018-21.

24. Miles MS,  Parks ET,  Eckert GJ,  Blanchard SB. 

Comparative evaluation of mandibular canal visibility on 

cross-sectional cone-beam CT images: A retrospective 

study. Dento Maxillofac Radiol 2016;45(2):296-300.

25. Munoz G, Dias FJ, Weber B, Betancourt P, Borie E. 

Anatomic relationships of mandibular canal- A cone 

beam CT study. Int J Morphol 2017;5(4):1243-8.

26. Khorshidi H, Raoofi S, Ghapanchi J, Shahidi S,  

Paknahad M. Cone Beam Computed Tomographic 

Analysis of the Course and Position of Mandibular 

Canal. J Maxillofac Oral Surg 2017;16(3):306–11.

27. Edrees AMF, Attia MA, Elsattar AMF, Gobran FHG, 

Ahmed IA. Course and Topographic Relationships of 

Mandibular Canal: A Cone Beam Computed 

Tomography Study. Int J Dentistry Oral Sci 

2017;4(3):444-9.

University J Dent Scie 2021; Vol. 7, Issue 1  

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India23


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

