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Background: The knowledge of the exact location of the mental foramen (MF) 
in dentate and edentulous mandibles is clinically important when constructing 
complete dentures, performing anaesthetic block of the lower-anterior teeth 
area and intervening in the MF nearby area. In edentulous mandibles, the bone 
resorption after teeth loss makes the mental nerve (MN) prone to damage due 
to the extreme location of the MF very close to the alveolar crest (AC). Chronic 
compression on the MN may result in pain in the area of MN distribution (ipsi-
lateral face and cheek area) and numbness at the lower lip. The purpose of the 
current study is to evaluate the exact position of the MF, calculating the distances 
MF-superior border of the AC and MF-inferior border of the mandible (IBM) in 
dentate and edentulous mandibles.
Materials and methods: One hundred and two (36 edentulous and 66 dentate) 
adult dry Greek mandibles were studied. 
Results: In 9 out of 36 edentulous mandibles (25%), the MF was found ne-
arby the AC, while in 27 edentulous mandibles (75%), the MF was located 
at an average distance 6.4 mm from the AC and 12.6 mm from the IBM. In 
38 out of 66 dentate mandibles (57.6%), the MF was located at an average 
distance 13.6 mm from the AC and 15.2 mm from the IBM. The dental status 
significantly affected (p = 0.001) the distances MF-AC and MF-IBM. Side 
symmetry was observed for both dentate and edentulous mandibles (p = 0.39  
and p = 0.45).
Conclusions: The MF is an important landmark and its location needs to be 
considered prior to dental implants placement in order to avoid the MN injury 
and related complications. The position of MF is altered in edentulous mandibles 
compared with the dentate ones. The MF is a symmetric structure in Greeks. (Folia 
Morphol 2017; 76, 4: 709–714)

Key words: mental foramen, dentate, edentulous, mandible, bone 
resorption 

Address for correspondence: T.G. Troupis, MD, PhD, Department of Anatomy, School of Medicine, Faculty of Health Sciences, National and  
Kapodistrian University of Athens, 75 Mikras Asias str., 11527 Athens, Greece, tel: +30-210-7462388, fax: +30-210-7462398,  
e-mail: ttroupis@gmail.com; ttroupis@med.uoa.gr

mailto:ttroupis@gmail.com
mailto:ttroupis@med.uoa.gr


710

Folia Morphol., 2017, Vol. 76, No. 4

INTRODUCTION
The mental foramen (MF) is located in the body of 

mandible midway between the inferior border of the 
mandible (IBM) and the alveolar crest (AC). The MF 
morphology, morphometry and location extensively 
studying in dry mandibles or by using radiographies 
[1, 3] were affected by the gender, the age and the 
race [40]. The MF also presents variability, as regards 
its form (single, double or triple) and shape (round, 
oblong, slit-like and irregular shape) [22], its bilateral 
location among the same and different populations 
and its unilateral location among different popula-
tions [11]. The MF location is an important factor 
when considering the mental and incisive anaesthetic 
block and surgeries in the outer premolar mandibu-
lar region [2]. Loss of teeth and their periodontal 
membranes result in alveolar bone resorption, and 
variable alterations in the mandible. The alveolar ridge 
resorption affects the height of the mandible and 
the foramina location. Initially, the resorption takes 
place on the AC, while the IBM remains unchanged 
[16]. The main reason for this phenomenon may be 
the function of the muscles of mastication [11]. The 
resorption process increases during the first year after 
teeth loss. Van Waas et al. [37] described an average 
bone loss ranging from 0.9 mm to 1.8 mm in man-
dibular canines’ area and from 0.7 mm to 1.9 mm 
in the distal parts of the mandible. Bone resorption 
takes place within the first 2 years after teeth loss, 
and later bone loss gradually stabilised. The resorp-
tion process is faster in the labial and buccal parts of 
the AC and is particularly increased in mandible than 
in maxilla [34]. The knowledge of the exact position 
of the MF is of paramount importance particularly in 
edentulous mandibles, due to the extreme location of 
the foramen nearby the AC and the high risk of mental 
nerve (MN) injury, intraoperatively. This injury may 
cause transitory or permanent sensitive, thermal and 
tactile changes [23, 39]. The MF location is directly 
affected by dental status. The morphology of eden-
tulous mandibles increases the risk of intraoperative 
complications at the anterior mandible [19]. 

Taking into consideration the differentiation in fora-
men position in cases of edentulism, we designed to 
investigate in dry mandibles, the correlation between 
the dental status of the mandibles and the MF posi-
tion, calculating the distance from the upper border 
of the MF, midline to the AC and the distance from the 
lower border of the MF, midline to the IBM in dentate 
and edentulous dry mandibles in a Greek population. 

MATERIALS AND METHODS
One hundred and two Greek adult dry mandibles 

(204 sides of observations) from the osseous collec-
tion of our Department were investigated for the 
location of the MF and possible presence of accessory 
MF. Mandibles of children, mandibles damaged, and 
bones with pathological conditions were excluded. 
In adults, the morphology of the mandible is mainly 
affected by the teeth presence or absence [19]. Con-
sidering this parameter, all mandibles were subdi-
vided according to the dental status into dentate and 
edentulous mandibles. Sixty-six dentate mandibles 
with intact AC and at least 14 teeth in the anterior 
area according to Amorim et al. [2] methodology 
and 36 edentulous mandibles with a variable degree 
of atrophy of the AC and no teeth in the anterior 
area were observed. The examined mandibles were 
placed on a standard basal plane searching the 
maximum contact surface when a vertical bilateral 
pressure was applied to the second molars’ area. 
One investigator calculated the distance from the 
upper border of the MF midline to the upper border 
of the AC and the distance from the lower border of 
the MF midline to the IBM in dentate (Fig. 1A) and 
edentulous mandibles (Fig. 1B) by using a digital 
sliding calliper (Mitutoyo, with accuracy 0.01 mm). 
All measurements performed by a single investiga-
tor, were taken twice and the average of two values 
was finally recorded.

Statistical analysis

Statistical analysis was performed and variables 
were expressed as mean and standard deviations (SD) 
for both sides. Statistical calculations were performed 
using the Statistical Package for the Social Sciences 
(SPSS) software version 21. The unpaired t-test was 
applied to detect the significant differences. One way 
ANOVA was performed to analyse the influence of 
the dental state on the measurements. Correlations 
between the MF and the side of occurrence were 
analysed using the Fisher’s exact test. P < 0.05 was 
considered as the level of statistical significance. 

RESULTS 
One hundred (98%) mandibles presented at least 

one MF, while two (5.6%) edentulous mandibles had  
a septum at their outer aperture of the MF, at the right 
side (Fig. 2A, B). The mean symphyseal height was 
32.06 mm in dentate and 23.87 mm in edentulous 
mandibles. An extensive statistical analysis was per-
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formed as regards the AC-MF and IBM-MF distances, 
separately for the dentate and edentulous mandibles. 
In edentulous mandibles, the MF was nearby the al-
veolar ridge with an incidence of 75% (27/36 cases)  
at an average distance of 6.4 mm from the superior 
border of the AC and 12.6 mm from the IBM. The 

extreme positions of the MF were at distances 8 mm 
from the superior border of the AC and 15 mm from 
the IBM. The MF was found at the AC in 25% (9/36 
cases), usually bilaterally (Fig. 3). In a unique man- 
dible, the MF was detected on the AC, unilaterally.  
In dentate mandibles, the MF was found nearby the su-
perior border of the AC, at an average distance 13.6 mm,  
in 56.8% of the cases. The average distance of  
the MF from the IBM was 15.2 mm. A decrease of 
7.2 mm and 2.6 mm were observed as regards the 
distances MF-AC and MF-IBM between dentate and 
edentulous mandibles. The t-test was conducted for 
comparisons of the corresponding measurement be-
tween dentate and edentulous groups and distances 
at the edentulous group were statistically significantly 
lower at the 0.01 level. The lower values of distances 
in edentulous mandibles indicate the bone resorp-
tion on AC and IBM. A positive linear correlation 

Figures 2. A, B. The white arrow indicates the septation at the external aperture of the mental foramen at the right side of both mandibles. 

Figure 1. A. Calculation of the distance midline of the upper border 
of the mental foramen (MF) to the alveolar crest (AC) and the dis-
tance midline of the lower border of the MF to the inferior border 
of the mandible (IBM) in a dentate mandible; B. Calculation of the 
distance midline of the upper border of the MF to the AC and the 
distance midline of the lower border of the MF to the IBM in an 
edentulous mandible. 

Figure 3. The white arrows indicate the extreme location of both 
mental foramina at the alveolar crest (AC) due to the high degree  
of bone resorption (foramina transposition).
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between the symphyseal height and the MF-AC dis-
tance was detected in both groups. The correlations 
between the symphyseal height and MF-AC distance 
are stronger compared with MF-IBM, in both groups. 
No difference was observed between left and right 
sides (p = 0.39). 

DISCUSSION 
A wide variability exists concerning the MF loca-

tion and morphology among several studies [28, 
29]. Our study revealed an incidence of 5.6% of  
a double MF, a very near finding to Paraskevas et al. 
[22] results also performed in a Greek population. The 
MF duplication is explained taking into consideration 
the MN separation into several fasciculi earlier than 
MF formation up to the 12th gestational week [22]. 

Agthong et al. [1] and Neiva et al. [20] found the 
MF at a distance 15 mm and 12 mm from the IBM, 
while the classic anatomical textbooks describe the MF 
position closer to the IBM, concerning the skulls of ju-
veniles [31]. Our study concluded that the MF is located 
at an average distance 15.2 mm and 12.6 mm from the 
IBM in dentate and edentulous mandibles, respectively. 
Considering the mean values for the distance MF-IBM 
in dentate mandibles, the results of the present study 
in Greeks were similar to that observed for Africans, 
Chinese and Thais [3, 33] and higher than that related 
for British, Koreans and Americans [7, 8]. The studies 
of Güler et al. [13], Apinhasmit et al. [3] and Amorim 
et al. [2] reported a gender dimorphism, as the male 
mandibles of their sample presented higher values of 
MF-IBM distances than the female. Our study could not 
examine the gender effect on the MF location due to 
the unknown gender in our sample.

Mraiwa et al. [18] mentioned that the MF was 
usually located at a half distance between the AC and 
the IBM, in dentate mandibles. After teeth loss, the 
alveolar bone resorption transposes the MF closer to 
the AC [36] and in extreme situations, the foramen 
may be found on the crest of the alveolar ridge [5]. 
The current investigation reveals that the MF position 
is affected by the AC height and in mandibles with 
low values of heights the foramina are transposed 
very close to the AC. 

After teeth loss, the alveolar bone is affected by 
a continuous bone resorption. The morphology of 
the mandible and the consequent resorption (bone 
remodelling process) are correlated with the gender 
and the age of the individual, the muscle forces, the 
face biotype, the teeth size, the status of edentulism, 

the oral parafunctions, the occlusion, the denture 
quality, the shape and size of neurocranium, the diet 
habits, the head position, the general health (use of 
medications, systemic diseases and osteoporosis), 
the environmental influences, several socioeconomic 
factors, the ethnic characteristics [40] and the racial 
miscegenation [6, 26]. The degree of resorption is 
significant higher in mandibles of postmenopau-
sal women with osteoporosis compared to these of 
healthy older women [41]. The severity of bone loss 
is highly associated with osteoporosis [38] and the 
ageing [15]. A female predisposition is mentioned 
[27]. The period of edentulism is also related to the 
alveolar ridge resorption and the status of edentulism 
(i.e. the total form) may lead to an early implant fail-
ure. Patients with long periods of edentulism often 
lose more mandibular bone than those with a shorter 
period [11, 12]. 

During several surgical procedures, such as geni-
oplasty, mandibular rehabilitation after trauma, root 
resection of mandibular premolars, dental implants 
placement and orthognathic procedures, oral and 
maxillofacial surgeon should be aware of the pos-
sibility to encounter an atypically placed MF in the 
mental area in order to prevent the MN and adjacent 
blood vessels damage and the resulting postoperative 
paraesthesia, hypoesthesia, hyperaesthesia, dysaes-
thesia, or anaesthesia of the teeth, the lower lip, 
or surrounding skin and mucosa [11, 22, 35]. The 
resulting oedema after such compression [24, 30] or 
the haematoma formation (intraneural blood vessels 
trauma) [32] may also lead to a prolonged and pos-
sibly permanent change in sensation. Haemorrhage 
from the epineurial blood vessels would produce 
constrictive epineuritis, due to the reactive fibrosis 
and scar formation. Depending on the amount of 
pressure exercised on the MN, the neural injury could 
be classified as neurapraxia (1st degree injury) or as 
axonotmesis (2nd degree injury) [32]. The incidence 
of sensory alterations is variable among the clinical 
studies due to the different locations of osteotomy, 
the modus of surgery, the study design and the sen-
sitivity of evaluated techniques, the selection of out-
come variables, and the terminology used to explain 
sensory disturbances. Dahlin et al. [9] also reported 
that compression on the nerves for 2 hours showed 
demyelination and axonal degeneration 3 weeks after 
compression. Concerning the MF location, after the 
radiographic estimation of the close proximity of the 
MF to the AC, some authors propose the MF transpo-
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sition [4, 17] in order to avoid MN injury, when per-
form dental implants placement or osteotomies [25]. 
Other authors contradict, highlighting a high rate 
of sensory dysfunction postoperatively [10, 14, 21]. 

The current study had two limitations: the un-
known gender and the age of dry mandibles.  

CONCLUSIONS
The MF is a symmetric structure in Greeks. It is 

an important landmark and its location needs to be 
considered prior to any intervention at the anterior 
mandibular area in order to avoid the MN injury and 
related complications. The position of the foramen 
is altered in edentulous mandibles compared with 
the dentate ones. Thus, the MF location is directly 
affected by dental status. Evaluation of the status 
of the alveolar ridge in edentulous mandibles is very 
important during the process of construction of re-
movable dentures and dental implants placement. 
The morphology of edentulous mandibles increases 
the risk of intraoperative complications at the anterior 
mandible.
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