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ASSOCIATION BETWEEN MANDIBULAR CANAL COURSE AND 

INTERFORAMINAL AREA IN PANORAMIC RADIOGRAPHS FOR IMPLANT 

PLACEMENT 
 

ABSTRACT 

Objective: The aim of this study was to evaluate the relationship of 

mandibular canal course with mental foramen localization in panoramic 

radiographs on edentulous patients’ for implant placement evaluation. 

Material and Methods: This retrospective study was carried out on the 

panoramic radiographs of 788 edentulous patients. Horizontal 

measurements L (left mental foramen to the left mandibular ramus), R 

(right mental foramens to the right mandibular ramus), M (between the 

mental foramens) and vertical measurements D1 (mental foramen’s 

inferior border to the mandibular basis), D2 (mental foramen’s superior 

border to the alveolar crest) were digitally evaluated. Mandibular canals 

were classified into two types as linear and elliptic. Analysis of 

demographic data and correlations between canal course and linear 

measurements were carried out. Kolmogorov-Smirnov and Shapiro 

Wilks tests, Kruskal Wallis test, and Chi-squared test were used to 

compare the qualitative data (p <0.05). 

Results: There was a statistically significant difference between the 

D1/D2 mean values and the canal course according to the age groups. 

The rate of the elliptic canal course in the men (41.6%) was 

significantly higher than that in the women (26.6%). There was no 

statistically significant difference between the mean D1/D2, (R + L)/M 

and L/M values according to the canal course. 

Conclusions: Both elliptical and linear canal courses do not affect the 

interforaminal distances, resulting ineffective in the anteroposterior 

spread of implants in cases of interforaminal implant placement.  

Key Words: Mandibular canal, canal course, interforaminal area, canal 

anatomy, implant.  
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INTRODUCTION 

Edentulous mandibulas with advanced alveolar 

bone atrophy present cases of complex 

augmentation procedures especially in the 

posterior regions for implant-supported prosthetic 

rehabilitation such as grafting or nerve 

lateralization/transposition.1 A solution for these 

cases is to have implant support between the mental 

foramens.1,2 For the compromised biomechanical 

position, the anteroposterior spread of implants 

becomes a clinical success parameter.2 

 The mental foramen and mandibular canal are 

strategically important landmarks during implant 

surgery procedures. Therefore, prior to the any 

surgical procedures in the vicinity of the 

mandibular canal, it is important to conduct a 

thorough evaluation, involving a meticulous 

radiographic examination.3 Although panoramic 

radiography is not completely adequate to identify 

the mental foramen compared to computerized 

tomography, it is the most frequently used 

diagnostic imaging in routine clinical practice.4 

 There has been no study evaluating the 

emergence location of the mental foramen in 

comparison to the mandibular canal course in the 

literature. The aim of this study was to evaluate the 

relationship of mandibular canal course with 

mental foramen localization in vertical and 

horizontal planes on edentulous patients’ 

panoramic radiographs for implant placement. 

MATERIALS AND METHODS 

This study was approved by Yeditepe University 

Ethical Committee, Istanbul, Turkey in accordance 

with the principles of the Declaration of Helsinki 

(Research no. 1752-1110). The study was carried 

out on the panoramic radiographs of 788 

edentulous patients who attended Yeditepe 

University Faculty of Dentistry in Istanbul, 

Turkey. The inclusion criteria were: patients above 

30 years old of both sexes, presence of edentulous 

mandibula, high quality imaged radiographs in 

which reference points are clearly visible for 

measurement of distances. The exclusion criteria 

were: trauma, pathology, surgery or congenital 

deformity history which might affect radiograph 

interpretation, anterior loop detected mental 

foramens and indistinct mandibular canal borders. 

 Panoramic radiographs taken with an 

Orthopantomograph model X-550 (J. MoritaMfg 

Coro., Kyoto, Japan) were included. Horizontal 

and vertical measurements were made in each 

patient’s digital panoramic radiograph with the 

Sectra PACS IDS7 (Sectra AB, Sweden) software. 

Linear measurements 

The following measurements were recorded in 

millimeters (mm) using specific reference points 

on the mandibula by the same operatorRe (Figure 

1). 

Figure 1. Vertical and horizontal distances measured on panoramic 

radiographs. 

D1 – Vertical distance from the mental foramen’s 

inferior border to the mandibular basis. 

D2 – Vertical distance from the mental foramen’s 

superior border to the alveolar crest. 

L – Horizontal distance from the left mental 

foramen’s posterior border to the vertical line that 

passes through the anterior border of the 

mandibular ramus in the left mandibula. 

R – Horizontal distance from the right mental 

foramen’s posterior border to the vertical line that 

passes through the anterior border of the 

mandibular ramus in right mandibula. 

M – Horizontal distance between the anterior 

borders of the mental foramens. 

Mandibular canal course 

The mandibular canals seen on the panoramic 

radiographs were classified into two types: linear 

and elliptic.5 Visual evaluation of the canal anterior 

to the vertical line that passes through the anterior 

border of the mandibular ramus was made by 2 

clinicians (Fig. 2).  
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Figure 2. Linear (a) and elliptic (b) mandibular canals anterior to the 

vertical line that passes through the anterior border of the mandibular 
ramus. 

Analysis of the demographic data and correlations 

between canal course, linear measurements, 

D1/D2, L/M, (R+L)/M were carried out. 

Statistical analysis 

The data were analyzed by descriptive statistical 

methods (mean  standard deviation). Statistical 

analysis was carried out using IBM SPSS Statistics 

22 (SPSS IBM, Turkey). The suitability of the 

parameters to normal distribution was evaluated by 

Kolmogorov-Smirnov and Shapiro Wilks tests, and 

it was determined that the parameters did not show 

a normal distribution. Kruskal Wallis test was used 

for comparison of the quantitative data, and Mann 

Whitney U test was used for determination of the 

group causing the difference. Mann Whitney U test 

was used to compare the parameters between two 

groups. Chi-squared test was used to compare the 

qualitative data. The significance threshold was set 

at P<0.05. 

RESULTS 

The study was conducted on a total of 788 patients, 

of which 399 (50.6%) were female, and 389 

(49.4%) were male. The mean age of the patients 

was 61.82 ± 11.40 years (Table 1).  

Table 1. Demographic data of the participants 

  n % 

Age 30-40 18 2.3 

 41-50 111 14.1 

 51-60 247 31.3 

 61-70 224 28.4 

 71-80 141 17.9 

 81  47 6 

Sex Female 399 50.6 

 Male 389 49.4 

Canal Course Elliptic 268 34 

 Linear 520 66 
n: number 

 

The distribution of the descriptive data for the 

measurements is shown in Table 2. 

Table 2. Evaluation of the measurements 

 Minimum Maximum Mean ± SD Median 

D1 (mm) 4.1 30.3 11.9±2.2 11.7 

D2 (mm) 0.4 37 10.8±4.4 10.8 

R (mm) 20.3 70.2 33.8±5.7 33.3 

L (mm) 20.1 64.3 34.6±5.6 34.1 

M (mm) 35.4 125.8 58.3±9.5 57.6 

D1/D2 0.4 18.75 1.4±1.2 1.1 

(R+L)/M 0.65 2.69 1.2±0.3 1.2 

L/M 0.31 1.73 0.6±0.1 0.6 
SD: standart deviation. 
Distances in mm; L: left mental foramen to the left mandibular ramus, R: right mental foramen to the right mandibular ramus, M: between the mental 

foramens, D1: mental foramen’s inferior border to the mandibular basis, D2: mental foramen’s superior border to the alveolar crest. 
 

There was a statistically significant difference in 

the canal course according to the age groups (P: 

0.003; P<0.05) (Table 3). In the 71-80 years 

(22.7%) and 81 and older (%19.1) age groups, the 
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rate of elliptic course was significantly lower than 

those in the 30-40 years (50%), 41-50 years 

(39.6%), 51-60 years (37.2%) and 61-70 years 

(36.6%) groups (P1: 0.02; P2: 0.004; P3: 0.003; 

P4: 0.005; P<0.05), (P1: 0.027; P2: 0.013; P3: 

0.017; P4: 0.026; P<0.05). There was no 

statistically significant difference between other 

age groups in terms of canal course (P>0.05). In 

addition, the rate of elliptic canal course in the men 

(41.6%) was significantly higher than that in the 

women (26.6%) (P<0.001) (Table 3).

 

Table 3. Canal course evaluation in relation to age and sex 

  Canal Course  

  Elliptic Linear P 

  n (%) n (%)  

Age 30-40 9 (50%) 9 (50%) 0.003* 

 41-50 44 (39.6%) 67 (60.4%)  

 51-60 92 (37.2%) 155 (62.8%)  

 61-70 82 (36.6%) 142 (63.4%)  

 71-80 32 (22.7%) 109 (77.3%)  

 81 9 (19.1%) 38 (80.9%)  

Sex Female 106 (26.6%) 293 (73.4%) 0,000* 

 Male 162 (41.6%) 227 (58.4%)  

Chi-squared test  * P<0.05 

n: number. 

Statistically significant difference was found in the 

D1/D2 mean values according to the age groups 

(P<0.001) (Table 4). The D1 / D2 mean value of 

the 71-80 age group was significantly higher than 

the 30-40 years, 41-50 years and 51-60 years 

groups (P1: 0.025; P2<0.001; P3: 0.001; P<0.05). 

The D1/D2 mean value of the 61-70 age group was 

significantly higher than the 30-40 years, 41-50 

years and 51-60 years groups (P1: 0.044; P2: 

0.001; P3: 0.043; P<0.05). The mean D1/D2 value 

of the 81 and older age group was significantly 

higher than the 30-40 years, 41-50 years and 51-60 

years groups (P1: 0.034; P2: 0.001; P3: 0.048; 

P<0.05). There was no statistically significant 

difference between the other age groups in terms of 

D1/D2 (P>0.05). Furthermore, no statistically 

significant difference was found in the mean 

(R+L)/M and L/M values according to the age 

groups (P: 0.551; P>0.05), (P: 0.381; P >0.05) 

(Table 4). 

 

Table 4. D1/D2, (R+L)/M and L/M evaluation in relation to age groups 

Age 

D1/D2 (R+L)/M L/M 

Mean ± SD (median) Mean ± SD (median) Mean ± SD (median) 

30-40 1.11±0.49 (0.96) 1.17±0.23 (1.12) 0.59±0.11 (0.56) 

41-50 1.28±1.77 (0.97) 1.18±0.23 (1.17) 0.59±0.11 (0.58) 

51-60 1.30±0.83 (1.03) 1.21±0.26 (1.18) 0.61±0.13 (0.59) 

61-70 1.52±1.28 (1.09) 1.2±0.26 (1.16) 0.61±0.14 (0.59) 

71-80 1.65±1.26 (1.28) 1.19±0.24 (1.16) 0.60±0.13 (0.58) 

81 1.35±0.59 (1.15) 1.25±0.23 (1.22) 0.63±0.12 (0.61) 

p 0.000* 0.551 0.381 
Kruskal Wallis Test  *P<0.05 

SD: standart deviation 

Distances in mm; L: left mental foramen to the left mandibular ramus, R: right mental foramen to the right mandibular ramus, M: between the mental 
foramens, D1: mental foramen’s inferior border to the mandibular basis, D2: mental foramen’s superior border to the alveolar crest. 
 

The mean D1/D2 value of the women was 

significantly higher than that of the men (P: 0.022; 

P<0.05) (Table 5). There was no statistically 

significant difference in the mean (R+L)/M and 

L/M values according to sex (P>0.05). There was 

no statistically significant difference in the mean 

D1/D2, (R + L)/M and L/M values according to the 

canal course (P> 0.05) (Table 5).
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Table 5. D1/D2, (R+L)/M and L/M evaluation in relation to sex and canal course 

 

D1/D2 (R+L)/M L/M 

Mean ± SD (median) Mean ± SD (median) Mean ± SD (median) 

Sex 

Female 1.54±1.47 (1.11) 1.21±0.24 (1.18) 0.61±0.12 (0.6) 

Male 1.29±0.84 (1.04) 1.19±0.26 (1.17) 0.60±0.14 (0.58) 

P 0.022* 0.349 0.295 

Canal Course 

Elliptic 1.25±0.69 (1.04) 1.21±0.26 (1.19) 0.61±0.14 (0.60) 

Linear 1.51±1.39 (1.08) 1.20±0.24 (1.17) 0.60±0.12 (0.59) 

P 
 

0.103 
 

0.482 .337 

Mann Whitney U Test   *P<0.05   
SD: standart deviation 

Distances in mm; L: left mental foramen to the left mandibular ramus, R: right mental foramen to the right mandibular ramus, M: between the mental 

foramens, D1: mental foramen’s inferior border to the mandibular basis, D2: mental foramen’s superior border to the alveolar crest. 

DISCUSSION 

In this study, the mandibular canal course and the 

vertical-horizontal localization of the mental 

foramens were analyzed in edentulous patients for 

evaluation of interforaminal implant placement. 

The mandibular canal contains the inferior alveolar 

neurovascular bundle, and therefore, it is a crucial 

anatomical landmark in lower jaw surgery.6,7 Its 

morphology and position are important for 

preservation of the neurovascular structures within 

it.8,9 Aging and loss of teeth in combination 

results in alveolar bone atrophy which usually 

limits the amount of bone required for implant 

placement in the posterior regions of edentulous 

mandibulas.5 In such cases, implant-supported 

prosthetic rehabilitation without bone 

augmentation is obtained from the interforaminal 

area.2 Therefore, increased horizontal distance 

between the mental foramens provide the 

anteroposterior spread of implants which becomes 

a clinical success parameter.2 

 Wical et al. mentioned in their study that 

alveolar bone atrophy observed superior to the 

mental foramen does not change the distance from 

the foramen to the mandibular basis, and 

throughout life, it remains relatively constant.10 

Lindh et al. also stated that the stability of the 

inferior region of the mental foramen does not 

depend on the superior region in which alveolar 

bone atrophy is observed.11 Therefore, due to the 

stable positions of the mandibular basis and the 

mental foramen, the mental foramen was used as a 

reference point for the linear measurements in the 

panoramic radiographs in this study. 

 Craniofacial dimensions differ between 

individuals, especially in men being 5% to 9% 

larger in comparison to women.12 On this basis, 

rather than evaluating D1, D2, L, R, M 

measurements alone, their ratios were evaluated. In 

all age groups, D1/D2 was higher than 1, meaning 

the height of the residual alveolar bone superior to 

the mental foramen was lower in comparison to the 

inferior region. This corroborated earlier studies 

that evaluated edentulous patients, whereas it was 

in contrast to dentulous patients in which the 

mental foramen is located closer to the mandibular 

basis rather than the alveolar ridge.12,15 There was a 

statistically significant difference in the D1/D2 

value according to the age groups. The mean 

D1/D2 value in the 61-70 and 71-80 age groups 

was significantly higher than the 30-40, 41-50 and 

51-60 age groups. Differences in these findings 

were mainly attributed to the increased alveolar 

bone resorption with age and period of edentulism. 

 The mean D1/D2 was significantly higher in 

the women than in the men. Sex hormones were 

thought to be the reason. Following menopause, 

reduction in estrogen levels results in increased rate 

of bone resorption, which cannot be compensated 

with bone deposition.15 As a result, alveolar 

process atrophy is observed more in women, 

making the mental foramen closer to the alveolar 

crest. There was no statistically significant 

difference in the L/M and (R+L)/M ratios between 

the age groups and sexes, confirming the stability 
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of this relationship throughout adult life regardless 

of sex. 

 There are several studies that have classified 

the mandibular course as straight, symmetrical 

elliptic, asymmetrical elliptic, catenary and spoon 

shaped.5,16-20 In this study, it was reduced to linear 

and elliptic to evaluate the relationship between the 

canal course and the vertical location of mental 

foramen emergence. Difference was not 

statistically significant in the mean D1/D2, (R + 

L)/M and L/M values according to the canal 

course. This study’s results showed that canal 

course does not cause any significant difference in 

the emergence of the mental foramen either 

vertically or horizontally. Vertical location is 

clinically important in dental implant surgery for 

the presence of enough alveolar process height 

above the mental foramen, whereas the horizontal 

position is important for the interforaminal 

distance, which may be used for implant placement 

in the presence of posterior alveolar atrophy for an 

implant-supported prosthetic rehabilitation without 

additional bone augmentation surgeries. Although 

there was no difference in the mental foramens’ 

vertical position, an elliptical course provides more 

space for implant placement in the posterior 

regions than linear ones. 

 The rate of linear canal course in the women 

was significantly higher than that in the men. This 

result may have been based on the increased 

dimensions of the cranio-facial structures in men. 

On the other hand, in the 71-80 and 81 and older 

age groups, the rate of elliptic course was 

significantly lower than the others. These results 

were in contrast with previous studies that analyzed 

the mandibular canal course in which an elliptic 

course was the most commonly observed.16-20 The 

reason for the difference was thought to be from 

evaluation of the canal course anterior to the 

vertical line that passes through the anterior 

mandibular ramus. The gradual decrease in the 

elliptical course of the canal as the age progresses 

may be analyzed with more detailed reference 

points to conclude on the relationship between age 

and mandibular canal course. 

 One of the limitations of the present study is 

that it was conducted via panoramic radiographs 

that allow only the mesial and distal sides of the 

image to be evaluated. Although panoramic 

radiographs represent two-dimensional view, the 

majority of the clinicians worldwide are still using 

these images for implant placement. Moreover, this 

study was based on the mandibular canal and 

mental foramen, which are the most clearly 

observed mandibular anatomical formations from 

panoramic radiography, not on implant planning. 

Further studies with higher accuracy can be 

designed with computerized tomography images. 

CONCLUSIONS 

In conclusion, the results of this study showed that 

there was no statistically significant relationship 

between mandibular canal course and the vertical-

horizontal localization of the mental foramen. Both 

elliptical and linear canal courses did not affect 

interforaminal distances, resulting ineffective in 

the anteroposterior spread of implants in cases of 

interforaminal implant placement.  
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İmplant Yerleşimi için Mandibular Kanal Seyri ve 

Interforaminal Bölge Arasındaki Ilişkinin Panoramik 

Radyografilerde Incelenmesi 

ÖZ 

Amaç: Bu çalışmanın amacı dişsiz hastalarda implant 

uygulaması için mandibular kanal seyri ve mental 

foramen konumunun ilişkisinin panoramik radyografi 

üzerinden değerlendirilmesidir. Gereç ve Yöntemler: 

Bu retrospektif çalışma 788 dişsiz hastanın panoramik 

radyografileri ile yürütülmüştür. Ölçümler horizontal ve 

vertikal olarak dijital ortamda yapılmıştır. L (sol mental 

foramen ile sol ramus arası mesafe), R (sağ mental 

foramen ile sağ ramus arası mesafe), M (mental 

foramenler arası mesafe) horizontal ölçümler; D1 

(mental foramenin alt sınırı ile basis mandibular arası 

mesafe) ve D2 (mental foramenin üst sınırı ile alveol 

kret tepesi arası mesafe) ise vertikal ölçümlerdir. 

Mandibular kanal seyri doğrusal ve eliptik olarak iki 

sınıfta incelenmiştir. Demografik veriler, kanal seyri ve 

dijital ölçümler arası ilişki değerlendirilmiştir. 

Kolmogorov-Smirnov ve Shapiro Wilks testleri, Kruskal 

Wallis testi, ve Ki-Kare testi niteliksel verilerin 

karşılaştırılmasında kullanılmıştır (p <0,05). Bulgular: 

Yaş grupları arasında D1/D2 oranları ve kanal seyri 

açısından istatistiksel olarak anlamlı farklılık tespit 

edilmiştir. Kanal seyrinin eliptik görülme oranı 

erkeklerde (%41,6) kadınlardan (%26,6) anlamlı 

derecede yüksek bulunmuştur. Kanal seyrine gore 

D1/D2, (R+L)/M ve L/M ortalamaları açısından 

istatistiksel olarak anlamlı farklılık yoktur. Sonuç: 

Eliptik ve doğrusal kanal seyrinin interforaminal 

mesafeye herhangi bir etkisi yoktur, bu durum antero-

posterior yönde interforaminal bölgeye implant 

yerleştirilmesini etkilememektedir. Anahtar Kelimeler: 

Mandibular kanal, kanal seyri, interforaminal bölge, 

kanal anatomisi, implant. 
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