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ABSTRACT

Objectives: To study the radiographic location of the mental
foramen and appearance of the inferior alveolar canal and the
relationship between image gray values and the clarity of inferior
alveolar canal on the digital panoramic images and to evaluate
if the histogram equalization of the digital image would improve
the visualization of the inferior alveolar canal outline on the digital
panoramic images in the mandible.

Methods: Five hundred digital panoramic images were
evaluated by two examiners using a specific inclusion criteria.
Only the right side of the mandible was studied. Chi-square
analyses were used for comparisons of distributions. Mean and
median pixel values were analyzed separately with a one-way
analysis of variance. Also, percentages were calculated to report
the usefulness of the histogram equalization for visualization of
canal.

Results: Results show variation in location of mental foramen.
Most frequent location of the mental foramen was reported as
first and second premolar region. Chi-square analysis showed
that the frequency of occurrence of the mental foramen was
equally probable for any of the three locations. The study did
not find significant usefulness of the gray values obtained from
the histogram equalization in predicting the clarity of inferior
alveolar canal outlines.

Clinical significance: Knowing the normal relationship and the
anatomical variation of the maxillofacial structures for each
patient is important for surgical implant treatment planning to
avoid future complications. It is also important to be familiar
with the advantages and limitations of diagnostic aids available
before making treatment planning decisions based on such
findings.
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INTRODUCTION

The inferior alveolar canal (IAC) or the mandibular canal
is an important osseous structure located in the mandible
that permits the passage of the neurovascular bundle
including the inferior alveolar nerve (IAN) and the
mandibular division of the trigeminal nerve (V3). The IAN
is vital for normal function of the sensory system in the
lower third of the face. The IAC begins at the mandibular
foramen, in the middle third of the ascending ramus and
ends in the mental foramen usually below the apex of the
second premolar or between the first and second premolars.1

As the IAN proceeds anteriorly in the mandibular canal, it
traverses the mandible from the lingual to the buccal side.
The path of the IAC is divided into four sectors: Ramus,
angle, body and the mental sector.2

The terminal branches of the IAN exit the mandible
through the mental foramen. Most often, the mental foramen
is found at a more coronal position on the body of the
mandible than the IAC.3 It opens onto the mandibular
surface in an oblique direction and may have an anterior
loop or may form a curve medially.4 Normally, three nerve
branches emerging from the mental foramen innervate the
skin of the mental area, the skin of the lower lip, mucous
membranes and the gingiva as far posteriorly as the second
premolar.5

Radiographic images are considered a vital diagnostic
aid during evaluation and treatment planning. Radio-
graphically, the mental foramen is presented as an oval
radiolucency in the premolar region; however, accurate
localization of the mental foramen and the IAC on the
radiographic images is not always possible.7,12

The location of the mental foramen has been studied
clinically and radiographically and anatomical variations
have been reported. In the horizontal plane, it is usually
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located by the apex of the second mandibular premolar or
between the apices of the premolars.6,14,15 Atypically, the
mental foramen can be found anteriorly close to the apex of
the canine or posteriorly near the first molar7 or along the
long axis of the second premolar.12,13 In the vertical plane,
the foramen can be 14 to 15 mm from the inferior border of
the mandible.8 Another study reported the foramen was
12 mm from the most apical portion of the lower cortex of
the mandible.9 Therefore, it can be concluded that the
location of the mental foramen is not constant in the
horizontal or vertical planes and its anatomy may vary.

The mental foramen can be detected on the panoramic
images, but clear visibility was reported only 49% of the
time.10,11 Also, on panoramic images the IAC may or may
not be observed clearly.19,20 It has been reported that
panoramic images do not provide reliable information about
the location of the IAC.19

With the increased use of dental radiographic images15,16

and dental implants in the last 20 years,28 accurate diagnosis
and treatment planning for the surgical placement of dental
implants has become essential in order to avoid
postoperative complications as well as paresthesia or even
implant failure.

The position and appearance of anatomical structures
such as the IAC and mental foramen are important
considerations during the surgical treatment of the
mandible.17 With implant surgery, preoperative radiographic
examination is considered essential in order to avoid injury
to the IAN and to obtain important data regarding quantity
and quality of bone at the surgical site.18 Previous research
supports the premise that bone density can be linked to the
pixel value of images.19,20 A literature search revealed
multiple studies indicating morphology and location of the
inferior alveolar canal but very limited information was
found to our knowledge on usefulness of gray values and
histogram equalization, for improving the detection of this
canal in the mandible. Hence, the objectives of the present
study were:
1. To investigate the radiographic location of the mental

foramen on digital panoramic images.
2. To study the radiographic appearance of the inferior

alveolar canal on digital panoramic images.
3. To study the relationship between image gray values

and the clarity of the IAC on digital panoramic images
in the posterior mandible.

4. To evaluate if the histogram equalization of the digital
image would improve the visualization of the IAC outline
on the digital panoramic images in the posterior mandible.

METHODS

A total of 500 panoramic digital images, previously made
over past 3-year period (2007-2009), were included for

evaluation. The study was approved by the Institutional
Review Board. The images were selected from the patient
pool of the Department of Oral Diagnosis and Radiology,
College of Dentistry. These images were acquired earlier
on patients who presented to the College of Dentistry for
various treatment needs such as initial screening or oral
surgery. The images were made according to the
manufacturer’s operating instructions using a
PlanmecaProline XC digital panoramic machine
(PlanmecaOy, Helsinski, Finland) at the university by
trained radiology technicians or a dental student at the
College of Dentistry under the supervision of a trained
radiology technician. The exposure parameters varied
depending on the patient’s anatomical structures (tube
potential: 60-76 kV, tube current: 4-12 mA).

Since the mental foramina usually have symmetrical
configuration, even among different ethnicities,12,14,15,22-24,28

only the right side of the mandible was studied.
The following inclusion criteria were used:

• Adult dentate patients who were 18 years or older with
permanent dentition

• Diagnostic quality images with acceptable density and
contrast

• Presence of the canine, first premolar, second premolar
and first molar in the images

• Images with minimal positioning errors and none or
minimal superimposition of structures.

Exclusion criteria were:
• Patients younger than 18 years of age
• Mixed dentition and or incomplete eruption of teeth

because of the possibility of obscuring the ROI such as
the region of mental foramen

• Presence of radiolucent or radiopaque lesions in the body
of the mandible, anywhere in the area extending from
the right third molar region to the left third molar region.
During the initial evaluation, approximately 34 images

were excluded for the following reasons: Periapical
pathology obscuring regions of interest, missing canines,
premolars and molars and poor image quality.

Prior to data collection sessions, the two examiners
underwent two training sessions a week apart. For the
training sessions, the examiners randomly selected 50
panoramic images that were not part of the study sample
and learned the use of the imaging software. The appearance
of the IAC and mental foramen was also studied. Any
disagreements were discussed and the examiners were
calibrated.

The images were evaluated in standard viewing
conditions under dimmed lighting on a 20.1-inch Dell
Model: 2007 wfp LCD monitor with a contrast ratio: 800:1
and optimal preset resolution: 1680 × 1050 at 60 Hz (Dell
Inc, Round Rock, TX).
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The examiners identified the location of the mental
foramen on the panoramic images according to tooth
location as follows:
• Canine
• Canine—First premolar (Can-1preM)
• First premolar—Second premolar (1preM-2preM)
• Second premolar—First molar (2preM-1M).

Next, the examiners identified the appearance and
visibility of the IAC on all images according to the following
criteria:

Type I: Visible superior and inferior borders (well-
defined Fig. 1).

Type II: Visible superior and invisible inferior borders
(partially defined Fig. 2).

Type III: Visible inferior and invisible superior borders
(partially defined Fig. 3).

Type IV: Invisible superior and inferior borders (not
defined Fig. 4).

Then, the examiners determined the gray values of the
bone in the apical region of the following locations
(according to tooth) using the software provided with the
panoramic machine:

• Canine
• Canine—First premolar
• First premolar—Second premolar.

To record the gray values, ROI was drawn in the apical
region. The size of the ROI did not exceed 5 × 5 mm for
each location. A minimum distance of 2 mm was kept
between the teeth and the ROI. Teeth were not included in
the ROI. Also, any suspected periapical pathology,
large bone marrow spaces or anatomical features, such as

Fig. 1: Visible superior and inferior borders of IAC (well-defined)

Fig. 2: Visible superior and invisible inferior borders of IAC
(partially defined)

Fig. 3: Visible inferior and invisible superior borders of IAC
(partially defined)

Fig. 4: Invisible superior and inferior borders of IAC (not defined)
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the mental foramen or the IAC, were not included in
the ROI.

At last, one of the examiners performed the histogram
equalization of right body of the mandible as ROI using the
software provided with the panoramic machine.

The ROI was drawn on the digital image to include the
body of the mandible from the mesial of canine to the distal
of the first molar region and histogram equalization was
performed. The examiner recorded whether the use of this
enhancement improved the visualization and detection of
the cortical outline of the IAC or not on the following scale:
(1) Improved appearance of IAC, (2) not sure and (3) did
not improve the appearance of IAC.

Statistical Analysis

Data was subsequently put on Excel spreadsheets. Analyses
of the data were performed using SAS version 9.1.
Frequency data were summarized and Chi-square analyses
were used for comparisons of distributions. The mean and
median pixel values were analyzed separately with a one-
way analysis of variance. Also, percentages were calculated
to report the usefulness of the histogram equalization for
visualization of canal.

RESULTS

Location of Canal

To examine the most common location of the mental
foramen, the frequencies and percentages of each identified
location were calculated.

The mental foramen was most frequently located in the
‘1preM-2preM’ location (59% ). The second most frequent
location of the mental foramen was the ‘2preM-1M’ area
(36%). The foramen was present in the ‘Can-1preM’
location only 5% of the time. None was identified in the
canine location. The mental foramen could not be identified
in 36 digital images (7%), as the outlines were not corticated
and nonidentifiable on these images.

Next, a Chi-square analysis was used to determine if
there was an equal chance for the mental foramen to be
identified in any of the three identified locations: Can-
1preM, 1preM-2preM and 2preM-1M. The Chi-square
analysis showed that the frequency of occurrence of the
mental foramen was equally probable for any of the three
locations. To summarize, the results of Chi-square showed
that the mental foramen was located in the ‘1preM-2preM’
location significantly more often [χ2(2) = 206.5, p<0.0001]
than the ‘Can-1preM’ location or the ‘2preM-1M’ location.
The frequency of location of the mental foramen is shown
in Table 1.

Table 1: Frequency of the location of the mental foramen

Location Frequency Percent

Not identified 36 7.20
Canine 0 0.00
Can-1preM 23 4.60
1-2preM 275 55.00
2preM-M 166 33.20

Note: Can-1preM: Canine and 1st premolar; 1-2preM: 1st and
2nd premolar; 2preM-M: 2nd premolar and 1st molar

Table 2: Frequency of the appearance of the IAC

Type Frequency Percent

Type I canal defined 183 36.75
Type II canal partially defined (superior) 1 0.20
Type III canal partially defined (inferior) 170 34.14
Type IV not defined 144 28.92

Type of Canal

In 36.75% of cases, the inferior alveolar canal was classified
as type I (well-defined superior and inferior cortical outline).
The second most common appearance of the IAC was type III
(partially defined, visible inferior and invisible superior
borders) in 34.14% of the images. The IAC was not defined
(type IV, invisible superior and inferior borders) in 28.92%
of the images and only one was identified as a type II
(partially defined, visible superior and invisible inferior
borders). The frequency of the appearance of the IAC is
shown in Table 2.

Gray Values and Appearance of the IAC

ANOVA was used to analyze the differences in mean and
median gray values at the three different levels of
identification. Separate analyses were performed for the
mean and median gray value at each of the three locations.
There was no significant relationship in the mean gray values
at the three sites and the appearance of the IAC (Table 3).
There was no significant relationship in the median gray
values at the three sites and the appearance of IAC (Table 4).

Histogram Equalization Usefulness

The findings were found as follows: Out of 500 images, the
canal visualization improved on 227 cases (45%), 189
images (37%) did not show any improvement and on 84
(16.4%) images the examiner was not sure.

DISCUSSION

Since, the location of the mental foramen can change during
the development of the jaws,28 this study utilized panoramic
images taken on patients whose growth and development
was completed. Additionally, the evaluation was done only
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on panoramic images with canines, premolars and molars
present. The mental foramen is frequently described in
the literature as situated in the region of the second
premolar7,12,21,24,26 or between the first and second
premolar14,15,23,25 in the fully developed mandible.

The first objective to be addressed was to identify the
location of the mental foramen. In our investigation, in a
sample size of 500 panoramic images, we found the mental
foramen was positioned between the long axis of the first
and second premolar (59% of the time). The results of our
study were similar to the result of many other
studies.3,14,15,23,24 In 33% of the cases, the mental foramen
was found as far posteriorly as the apices of the first molars.

The possibility of location of the mental foramen as far
posterior as the apices of the first molar (33%) is of clinical
significance as this may be interpreted incorrectly as
periapical pathology on radiographic images.

The next objective addressed the identification of the
IAC. Our study demonstrated that in many panoramic
images, we were able to identify the outline and the location
of the IAC: Type I defined 36.75%, followed closely by a
partially defined canal (type III, partially defined inferior
border 34.14%). The finding that over 60% of the inferior
alveolar canals could not be identified in digital panoramic
images, may suggest the use of more advanced diagnostic
modalities for accurate identification of the mental foramen
and the IAC (i.e. cone-beam computer tomography) before
invasive surgical procedures.

The third objective of our study was to examine the
differences in gray value at the previously described types/
appearances of IAC (type I, type II, type III and type IV) in
three different locations. There was no significant
relationship between the mean gray values at the three sites
(Can, Can-1PM, 1PM-2PM) and the appearance of the IAC.
The higher gray values did not indicate a more defined and
detectable outline of IAC. This last finding differs with the
study by Naitoh (2009), which found a relationship between

the pixel value at three different locations and the depiction
of the mandibular canal. However, in the Naitoh (2009)
study, the pixel value was measured in cone-beam computer
tomography as compared to our study in which the values
were measured on the digital panoramic images. We were
not able to confirm a relationship between gray values and
the depiction of the IAC outline in the mandible on the 500
digital panoramic images evaluated in this study.

Our last objective was to assess the usefulness of
histogram equalization. Histogram equalization maximizes
the image contrast by applying a gray level transformation,
which flattens the resulting histogram. The global image
contrast is improved. This allows for areas of lower local
contrast to gain a higher contrast. Histogram equalization
accomplishes this by effectively spreading out the most
frequent intensity values.29 This study found that, in some
cases, the histogram equalization tool provided by the
manufacturer improved the visualization of the cortical outline
of the IAC but not found very relevant for everyday clinical
practice. Therefore, more research is needed to evaluate the
effectiveness of histogram tools for clinical applications.

Possibilities for Future Studies

Future studies may be done to include variables such as
age, gender and medical history and study the relationship
of these factors to the radiographic definition of the IAC.
Both sides of the mandible may be studied for evaluation
of the mental foramen location. Additionally, it may be
helpful to include multiple examiners with different levels
of expertise. Interexaminer and intraexaminer reliability may
be evaluated.

CONCLUSION

We found that in majority of the cases, mental foramen was
positioned between the long axis of the first and second
premolar. In limited cases, this foramen may be located as

Table 3: Relationship between mean gray values and appearance of the IAC

Site F DF p-value Type I* Type II* Type IV*

Canine 2.57 2.494 0.078 130.30 (29.28) 123.93 (28.24) 124.73 (28.26)
Can-1PreM 1.09 2.494 0.338 126.59 (27.80) 122.79 (28.84) 126.79 (26.97)
1-2PreM 1.25 2.494 0.287 105.43 (31.19) 102.48 (30.17) 107.87 (29.10)

*Means and standard deviations

Table 4: Relationship between median gray values and appearance of the IAC

Site F DF p-value Type I* Type II* Type IV*

Canine 2.49 2.494 0.084 130.23 (29.38) 123.95 (28.39) 124.72 (28.36)
Can-1PreM 1.12 2.494 0.327 126.52 (27.97) 122.64 (28.98) 126.71 (27.09)
1-2PreM 1.05 2.493 0.351 105.41 (31.22) 102.90 (29.46) 107.83 (29.19)

Note: Can-1preM = Canine and 1st premolar; 1-2preM: 1st and 2nd premolar; 2preM-M: 2nd premolar and 1st molar, * Means and
standard deviations
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far back as 1st molar region. So, the clinicians have to
perform a thorough radiographic interpretation. Knowing
the location of IAC is of utmost importance when dental
implants are treatment of choice. At last, when utilizing
digital image enhancement tools for diagnostic purposes,
one must be trained and know the limitations of such
applications. Often these tools may provide very limited
additional information for clinical use.

CLINICAL SIGNIFICANCE

It is essential to acquire accurate anatomical information
about the location of the associated structures prior to
implant surgery. It is also important to have a good
understanding of the anatomical variations in location and
shape of maxillofacial structures to aid in better treatment
planning and hence help improve the predictability and
outcome of surgical procedures. The outline of IAC is not
always corticated and thus not easily detected. Various
digital image enhancement tools are available to aid in such
cases. We think that the practicing dentist must have a clear
understanding of such tools provided with the imaging
software before utilization as improper use may lead to
treatment impediments and failure. This study emphasizes
the importance of recognizing and understanding the
limitations of these tools. Although description of the course
and location of IAC and mental foramen on panoramic
images is very useful in everyday dental practice but one
has to recognize the limitations of this modality. Depending
on the complexity of the case and professional judgment of
the dentist, use of advance imaging such as cone-beam
computed tomography may be considered, if conventional
techniques provide none or limited vital information. The
authors think that the findings of this study will further aid
clinicians in better understanding of the mandibular
anatomical variations, and use of digital enhancement tools
during treatment planning of the surgical procedures.
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