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ABSTRACT 
Statement of the Problem: Having information about the location and anatomical structures of mandibular canal 
can result in less damage to this important section of the lower jaw, also neurovascular tissues would be protected. 
Purpose: The aim of this study was to evaluate the observers’ agreement on the visibility of mandibular canal in 
panoramic radiography, before and after, digital processing. 
Materials and Method: In this cross-sectional analytic study, digital panoramic radiography of patients who 
referred to the radiology department of Guilan University of Medical Sciences, from November 2015 to April 
2016, were studied and finally 207 panoramic radiography (187 cases in dentulous and 20 in edentulous groups) 
were analyzed by four observers (two oral-maxillofacial radiologists and 2 periodontists). Visibility of the 
mandibular canal in the anterior, middle, and posterior portions were investigated. The obtained images were 
analyzed in three stages (original, sharpen1 + noise reduction, and inversion). Data were evaluated using SPSS 
software version 21 and the application of Intraclass Correlation Coefficient (ICC), Friedman test and kruskal-
wallis test were evaluated. (P˂ 0.05) 
Results: Observers agreed on the high visibility of mandibular canal both in anterior and middle portions in all 3 
groups of original, sharpen1 + noise reduction, and inversion. However, they concluded that posterior visibility 
was average to poor (P˂ 0.05).Observers unanimously concluded that the highest visibility of canal belonged to 
the one-third of posterior and the lowest to one-third of the anterior (p<0.05). 
Conclusion: Since the impact of applying inversion and sharpen1 + noise reduction filters in visibility of the 
mandibular canal - except for the inversion filter in one third of the posterior – was similar to Original images, 
they seem to be unnecessary to apply for improving canal visibility. Indeed, digital manipulations of radiographic 
images showed similar results with unprocessed ones and using these filters does not interfere with diagnostic 
performance of digital panoramic radiographs.  It should be mentioned that this study is the only one of its kind, 
so the data should be used with caution. 
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INTRODUCTION 
A radiographic diagnosis of a disease requires a 
precise knowledge of anatomic landmarks and 
natural structures, thus the mentioned diagnosis 
cannot be achieved without a consideration of 
diversities and changes of natural anatomic 
structures [1]. Panoramic radiography is a 
special tomographic technique which shows a 
two-dimension representation of the three 
dimension structures of both jaws [2]. 
Nowadays, panoramic radiography is used for 
basic evaluation in dental check-ups for teeth, 
mandible and maxilla bones, sinuses, temporal-
mandibular joints, and other hard tissues of head 
and neck [3]. Mandibular canal is an important 
anatomical landmark in mandible which 
encompasses inferior alveolar nerves, 
sympathetic nerve tissues, inferior mandibular 
veins and arteries and lymphatic vessels. In 
mandible surgeries, any damage to inferior 
alveolar nerve can cause complications and 
damages to blood veins in this area (including 
inferior alveolar artery) can result in a broad 
bleeding [4]. A clear visibility of mandibular 
canal, even in one single person, can be varied. 
This canal is visible in radiography as a lucent 
area with clear outlines which is surrounded by 
linear borders of inferior and superior 
radiopaque. Visibility of mandibular canal can 
be in three forms: clearly visible (bone structure 
area is totally observable), probably visible 
(bone is partially observable), and invisible 
(canal is not observable). Detection of 
mandibular canal is easier in posterior areas, but 
visibility of canal gradually decreases toward 
foramen mental [5]. The emergence of digital 
radiography has made a revolution in imaging. 
In digital systems different parameters of 
sharpness, noise reduction, contrast, density and 
other variables can be manipulated. Scanora® 
software possesses high capabilities for 
changing the processing digital images; the key 
question is that how useful these manipulations 
can be for visibility of mandibular canal and 
how they can help the observers to identify the 
borders of mandibular canal more accurately [6].  
Finding the correct position and anatomic 
diversities of mandibular canal is important in 

surgical processes (including Sagittal Split 
Osteotomy), extracting the impacted third 
molars, and placement of implant [7]. Due to 
increasing implant surgeries and other dental 
treatments and resulting complications such as 
loss of sense, as a result of damaging 
mandibular canal due to lack of clarity in its 
location and borders [8].Moreover, because 
there has not been a study on effects of digital 
processing variations on visibility of mandibular 
canal, it was decided that observers’ agreement 
on the visibility of mandibular canal in 
panoramic digital radiography would be 
compared before and after digital processing. 
Improving digital processing conditions seems 
to be effective in improving visibility of canal, 
but since this has not been studied yet, thus, this 
research intends to evaluate observers’ 
agreement on the effects of digital processing on 
visibility of mandibular canal. 
 

MATERIALS AND METHOD 
In this descriptive-analytic retrospective study, 
207 panoramic radiography (187 dentulous and 
20 edentulous) were analyzed. These images 
were prepared in the oral-maxillofacial 
department of Guilan University of Medical 
Sciences (GUMS) based on other colleagues’ 
demands and with various treatment purposes. 
Prior to performing this research, and in order to 
have the compliance with Declarations of 
Helsinki and Tokyo, ethics committee of the 
GUMS research center approved the study 
(#IR.GUMS.REC.1394.388). All images were 
made using a digital panoramic machine 
(SOREDEX® CRANEX DTM; Finland) and 
were observed on a 13.6” HD LED (1366×768) 
monitor using Scanora® software version 4.3.1.  
Inclusion criteria were patients above 20 years 
of age, either dentulous or edentulous, who had 
high quality radiography. In edentulous group, 
foramen mental had to be clearly visible and in 
dentulous group, teeth 4 to 7 had to be existent. 
Exclusion criteria were: low quality radiography 
or technical errors, a lucent or opaque lesion 
near mandibular canal, fracture near the canal, 
systemic lesion in both jaws, and existing of 
supernumerary or impacted teeth in posterior of 
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mandibular canal resulting in fading of the 
canal.  
Radiographic images were first analyzed using 
no digital processing (original image), and 
afterwards, Scanora® software was used to 
digitally process the images by using sharpen1 + 
one-time application of noise reduction, and 
inversion filters. Borders of anterior, middle, 
and posterior sections were scored 0 to 2 based 
on the followings: 0 for no visibility of the 
inferior and superior borders; 1 for partial 
visibility of inferior and superior parts of the 
border, and 2 for when both the inferior and 
superior borders were completely visible. 
Observation of mandibular canal in all 
radiographic images was performed by 4 
researchers (2 radiologists and 2 periodontists) 
in dependently in 3 sessions with one week 
intervals. These observers were calibrated prior 
to the study and they were blind to the images. 
Indeed, observers’ agreement on the visibility of 
mandibular canal in panoramic radiography, 
before and after digital processing, was 
evaluated.  In order to assess the visibility of the 
inferior and superior borders of mandibular 
canal, two vertical lines were drawn on one side 
of the panoramic radiography, and mandibular 
canal was split into 3 divisions of anterior, 
middle, and posterior. In order to do so, in 
dentulous group, two vertical lines were drawn: 
one along the anterior border of ramus and the 
other in distal of the first molar (Figure 1-A). In 
edentulous group, a vertical line was drawn 
along the anterior border of ramus – the second 
one was depicted 2 cm posterior to the scope of 
foramen mental. (Figure 1-B) 
After data collection, statistical analysis was 
performed using software SPSS V. 21. Also, 
Intraclass Correlation Coefficient (ICC), 
Friedman test, and kruskal-wallis test were 
done. Levels of p<0.05 were considered 
statistically significant. 
 
RESULTS 
Initially, the agreement rate of canal visibility in 
three zones of anterior, middle, and posterior 
was achieved in three sessions using Intraclass 
Correlation Coefficient (ICC). In the first 

session, Original images (Figure 2-A), in the 
second session Sharpen1+ one-time Noise 
reduction, and in the third session, application of 
Inversion (Figure 2-B) were examined. The 
results showed a high canal visibility in all three 
groups in anterior and middle zones. In the 
posterior division of the canal, original and 
sharpen1 + one-time noise reduction, resulted in 
moderate agreement in terms of visibility; and 
finally, images of inversion in the posterior zone 
caused a weak agreement in canal visibility 
among observers. (Table 1) 
Later on, Friedman test was used to determine 
canal visibility for each individual observer in 
three zones of posterior, middle and anterior. 
The zone with highest visibility was determined 
with p<0.05 significance. As a result, all 
observers (2 radiologists and 2 periodontists) 
and in all three groups, considered the highest 
and lowest visibility of mandibular canal to be 
in one-third of posterior and lowest in one-third 
of the anterior respectively. And a significant 
difference in visibility was observed in the three 
areas (Table 2). 
Finally, the canal visibility rate, according to 
each observer and in each area, was compared in 
three sessions and the highest rating of each 
observer was determined through Kruskal-wallis 
test. Their ideas differed regarding canal 
visibility in all the three zones of the anterior, 
middle and posterior. For example, based on the 
obtained data by first observer, the highest 
visibility was in the anterior and middle of 
mandibular canal was in sharpen1 + one-time 
noise reduction images while inversion images 
showed the maximum visibility in the posterior 
zone:Significant difference in canal visibility 
was reported in all three zones between the three 
groups of images (table 3).On the other hand, 
the second observer noticed the most visibility 
of canal in anterior to be in Sharpen1 + Noise 
reduction,but without a significant difference; 
regarding the middle and posterior zones, the 
highest visibility of the images belonged to the 
Original images and it was significantly 
different (table 4). The third and fourth 
observers had the same difference in opinion, as 
they are presented in Tables 5 and 6. 
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DISCUSSION 
In order to have a better pathologic diagnosis of 
lesions and also for a better treatment plan, 
various studies have been conducted on natural 
landmarks and their structure variety. In this 
regard, mandibular canal as the neurovascular 
bundle is one of the important landmarks and 
they have drawn attention [8,9].Panoramic view 
is one of the most common forms of 
radiography used in the field of dentistry and 
many dentists use it as the initial screening 
method for dental-mandible problems [10]. 
In this study, the highest visibility of the 
mandibular canal approved by all four observers 
(2 radiologist and 2 periodontists) in all three 
groups of images was in one-third of the 
posterior, and the lowest visibility was in one-
third of the anterior. These results could be 
because of changes in the mandibular canal path 
to the buccal before the opening to the foramen 
mental which results in the anterior part of the 
canal to be less clear [11]. These results are 
consistent with the results achieved by the study 
of Yun-Hoa Jung and colleagues [5] and Study 
Nemati et al [1]. 
In the study performed by Yun-Hoa Jung and 
colleagues to assess the direction and visibility 
of mandibular canal in panoramic radiography, 
the highestand lowest canal visibility belonged 
to the third and first molar, respectively. 
Additionally, the percentage of completely 
visible canals in spoon-shaped ones was the 
highest and in linear type was the lowest [5]. 
Their study, however, was based solely on molar 
teeth: mandibular canal was analyzed in three 
zones of first, second, and third molars, while in 
the present study enjoyed a different 
categorization of canal. Moreover, observers’ 
agreement was not studied in the previously-
mentioned research. 
Similarly, in a recent study on positions and 
anatomic diversities of mandibular canal by 
Nemati et al., highest visibility was reported in 
one-third of posterior and lowest in one-third of 
anterior in both of dentulous and edentulous 
groups [1].  
Efficiency of digital filters in radiography has 
been evaluated ever since the introduction of 

digital systems. These filters have been 
developed with the aim of increasing the quality 
of digital images and the accuracy of the 
diagnostic process [12]. Inversion and Sharpen 
filters are available in various digital 
applications. A number of studies have shown 
the popularity of enhancement filters among 
observes [13]. Although this matter is a 
subjective analysis and diagnosis is not always 
associated with higher accuracy of diagnosis 
[14]. 
Inversion filters are a very common tool in 
digital systems and their efficiency have been 
assessed in different diagnostic purposes, but 
regarding the mandibular canal, the present 
study is the only one of its kind to examine the 
impact of digital processing in panoramic 
radiography. Recently, Abesi et al., assessed the 
Inversion filter for visibility of mandibular 
incisive canal in panoramic radiography. 
According to their conclusion, although 
Inversion filter caused improvement of visibility 
of mandibular incisive canal, but the difference 
with original images was not statistically 
significant. The results of their study are in 
agreement with the present study, although the 
study design of both researches are not the same 
[15]. In that study, only the visibility of incisive 
canal was assessed, but in the present study, 
visibility of mandibular canal (from mandibular 
foramen toward mental foramen) was evaluated. 
Also, contrary to the present study, observers’ 
agreement was not assessed and two radiologists 
simultaneously evaluated all images.  In a 
research by Scaf et al., the effects of inversion 
filters in digitized radiographic images on 
periodontal bone loss were studied. The results 
of their study showed that in spite of 
overestimation in Inverted images, there was not 
a significant difference between the original 
images (no filtering) with Inverted images [16]. 
Their result is different with current study: It 
showed observers’ agreement on visibility of 
canal in the posterior zone to be lower in 
Inverted images than others. However, de 
Molon et al. have shown that periodontal bone 
loss measurements, in gray-scale inverted digital 
images obtained from CMOS (complementary 
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metal oxide semiconductors) sensors, were less 
than analog films (17). Although it should be 
mentioned that the procedure was not performed 
on the patients in that study. 
Also, Oliveira et al. applied perio and Inversion 
filters using PSP sensors in measurements of 
alveolar bone loss and they compared the results 
from radiography with the non-filtered actual 
measurements (on dry mandible). They 
concluded that all radiographic images 
overestimated the measurements in comparison 
with actual ones, but it was not statistically 
significant. Moreover, perio filters cause 
underestimation and inversion filters cause 
overestimation and simultaneous application 
resulted in underestimation compared with 
original images, but none of these differences 
were not significant (18). 
Generally, studies have shown that anatomical 
and pathological diversities that can alter the 
usual pattern of canals and also the number and 
size of trabeculae could impact the visibility of 
mandibular canal [19]. It is also believed that the 
radiographic density of internal structure of 
mandibular canal can vary; the presence of a 
zone of radiopacity depends on the cortication of 
canal as well. As a result, the visibility of 
mandibular canal can sometimes become 
compromised. Furthermore, visibility of 
mandibular canal may differ among different 
patients and different zones of mandible [5]. 
The design of the present study was in a way 
that superior and inferior borders were not 
considered separately. Moreover, the left and 
right sides of the mandible were chosen 
randomly and with attention to sample choosing 
criteria. In a research by Pria C M and 
colleagues on inferior alveolar canal, 500 
panoramic radiographs were evaluated, but 
samples were chosen only from the right side of 
the mandible. And canal visibility was 
categorized based on the visibility of superior 
and inferior borders. Their guideline was as 
follows: if both the upper and lower borders 
were visible, canalvisibility was type 1; if only 
the superior border was visible, it would be 
type2; if the visibility was only in inferior 
border, it was type 3; and if neither were visible, 

it would be type 4. The results obtained in their 
study showed the highest number of images to 
be type 1 and lowest number to be type 2 were 
[20]. 
On the other hand, scoring was different in the 
present study: observers’ agreement regarding 
highest canal visibility varied in the three zones 
of the anterior, middle and posterior and in three 
groups of images. The mentioned differences 
could be due to differences in cognitive and 
visual abilities of observers which result in 
different interpretations of images. In addition, 
differences in years of job experience, study 
design, image scoring, the limitation of sample 
size, and the number of observers are some of 
the factors that could affect the result of the 
study. Thus far, no similar study has been done 
for assessing the observers’ agreement on 
visibility of the mandibular canal in panoramic 
radiography. As a result, further studies with a 
higher sample size, a bigger number of 
observers, and other enhancement filters are 
suggested for a more precise evaluation. 
 
CONCLUSION 
The overall results achieved in this study 
showed that since the effects of sharpen1 + one-
time noise reduction, and inversion filters 
application did not change the observers’ 
agreement on visibility of mandibular canal: 
they were similar to the original images (except 
for inversion filter in one-third of the posterior 
canal). So, it is generally unnecessary to apply 
these filters for improving canal visibility. In 
cases the observer, for a better diagnosis, 
decides to subjective employ them, they do not 
interfere with canal diagnosis in panoramic 
images. Although as mentioned before, it should 
be noted that this study was the only one of its 
kind and the data must be used with caution. 
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Table 1: Observers’ agreement on canal visibility in three sessions and in three zones 
 

Posterior Middle Anterior 4 observers’ agreement 

ICC= 0.801 ICC= 0.833 ICC= 0.686 Session 1 (Original  images) 
ICC= 0.857 ICC= 0.901 ICC= 0.681 Session 2 (Sharpen1 + one-time Noise reduction images) 
ICC= 0.84 ICC= 0.887 ICC= 0.589 Session 3  (Inversion images) 

 
 

Table 2: Canal visibility reported by observers individually in three zones of anterior, middle, posterior 
 

4th Observer  3rd Observer  2nd Observer  1st Observer  Images 
  Posterior  Middle  Anterior  Posterior  Middle  Anterior  Posterior  Middle  Anterior  Posterior  Middle  Anterior  

2.01  1.80  1.64  2.30  1.89  1.82  2.58  1.78  1.64  2.62  1.98  1.60  Original  
2.45  1.88  1.64  2.31  1.88  1.81  2.62  1.93  1.45  2.55  1.94  1.51  Sharpen1+ one-time 

Noise reduction  
2.53  1.89  1.58  2.29  1.89  1.82  2.75  1.89  1.36  2.64  1.76  1.65  Inversion  

0.0001  0.0001  0.0001  0.0001  P-Value*  
*Based on Friedman Statistical test 

 
Table 3: First observer’s report on canal visibility in posterior, middle ,and anterior in three sessions 

 
 Original Sharpen1+one-time Noise reduction Inversion P-Value* 

Mean rank in anterior 253.96 346.86 331.96 0.0001 
Mean rank in middle 286.14 353.53 292.45 0.0001 

Mean rank in posterior 258.04 334.64 340.40 0.0001 
*Based on kruskal-wallis test 

 
Table 4: Second observer’s report on canal visibility in posterior, middle ,and anterior in three sessions 

 

 Original Sharpen1+one-time Noise reduction Inversion P-Value* 
Mean rank in anterior 309.42 318.27 305.12 0.720 
Mean rank in middle 347.80 316.58 267.91 0.0001 

Mean rank in posterior 326.74 298.84 307.55 0.030 
*Based on kruskal-wallis test 

 
Table 5: Third observer’s report on canal visibility in posterior, middle ,and anterior in three sessions 

 

 Original Sharpen1+one-time Noise reduction Inversion P-Value* 

Mean rank in anterior 314.74 305.82 311.02 0.820 

Mean rank in middle 314.95 306.41 310.19 0.829 

Mean rank in posterior 314 309.57 307.89 0.149 

*Based on kruskal-wallis test 
 

Table 6: Fourth observer’s report on canal visibility in posterior, middle ,and anterior in three sessions 
 

 Original Sharpen1+one-time Noise reduction Inversion P-Value* 

Mean rank in anterior 317.91 312.18 302.78 0.652 

Mean rank in middle 294.84 319.20 318.96 0.212 

Mean rank in posterior 300 307.86 325.39 0.004 

*Based on kruskal-wallis test 
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Figure 1-A: Dividing mandibular canal into anterior, middle, and posterior in dentulous group 

 

 

 
Figure 1-B: Dividing mandibular canal into anterior, middle, and posterior in edentulous group 

 

 
Figure 2-A: Original panoramic radiography (no digital enhancement), a 32 year-old female 

 

 
Figure 2-B: Above-mentioned patient after applying inversion filter 


