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ABSTRACT
One of the applications of CBCT images is in the diagnosis of root
resorption of the lateral maxillary teeth, which is often associated with canine impaction.
Ten healthy single root teeth extracted due to periodontal or orthodontic
problems were collected. To simulate external resorption lesions, the lateral surface of the
middle third of the tooth root was incised using a carbide bur, and the teeth were mounted. Both
before and after tooth preparations, CBCT was prepared from the area with a thickness of 0.125
mm and a distance of 0.125 mm. Then the samples were processed with and without reverse
contrast image processing filter and examined by two observers.
Specificity and sensitivity were either complete or very high for both with or without
reverse contrast filter modes. The overall accuracy in both cases was high, and no significant
difference was observed between the two overall accuracies. Also, in both with or without
reverse contrast filter modes, the sensitivity and overall accuracy in the medium and high
resorption groups was much higher than those in the low resorption group. However, the
specificity in all groups was equal to 100%.
The images with reverse contrast filter do not increase the detection power
compared to unfiltered images, but since no loss of accuracy was observed with this filter, it can
be regarded as an acceptable processing filter.
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Extended Abstract

Introduction

wide range of computer programs have
A been developed to improve the quality of

images obtained from digital radiography.

Each of these has different features and
processing algorithms. The inverse contrast filter is
one of these tools. This algorithm inverts the contrast
of the image and turns the positive image of the
radiograph into a negative image. This change may
affect the subjective inference of the observer. One of
the applications of CBCT images is the diagnosis of
lateral maxillary tooth root resorption, which is mostly
related to canine impaction. This study aims to
investigate the effect of a reverse contrast image
processing filter in the diagnosis of external resorption
of the mid-root area caused by the proximity of the
impacted tooth in cone beam computed tomography.
This study is worthwhile given the importance of
correct and timely diagnosis of root canal resorption in
determining the treatment strategy, and the use of
different digital image processing algorithms in
helping to diagnose radiographic findings.

Methods

This study is an in-vitro experimental study conducted at
Jundishapur Dental School in Ahvaz. To conduct this study,
10 single-root healthy teeth extracted due to periodontal or
orthodontic problems were collected. The inclusion criteria
of these teeth were the absence of obvious caries, non-repair,
or fracture. These teeth underwent step-by-step changes in
terms of the reconstruction of resorption depth with burs to
be placed in four groups of 10 including the healthy group
(control), the group with low resorption, the group with
moderate resorption, and the group with high resorption.
First, all the 10 teeth were numbered, mounted before
creating the cuttings, and exposed by CBCT NEWTOM 3G
ITALY device, and samples of the control group were
prepared before image processing. To simulate the lesions of
external resorption, using carbide burs, different depths were
created on the lateral surface of the apical third of the roots
of the teeth, and the teeth were mounted. CBCT was
prepared from the area with a thickness of 0.125 mm and a
distance of 0.125 mm both before and after creating the
cuttings. Then, the samples were processed and examined by
two observers with and without a reverse contrast filter. The
CBCT image was obtained from all the mounted samples by
the Newtom GiANO device made in Italy. Also, the receiver
was a CMOS type with dimensions of 11 x 13 cm. The
images were prepared as a DICOM file in the axial plane and
multiple cross-sectional sections for the teeth. Ten CBCT
image files were obtained from each of the four tooth groups
(a total of 40 CBCT image files), and each of these files was
processed after preparing multiple cross-sectional sections
in two states with and without sharpening filters. In total, 80
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coded samples were prepared from the cross-sectional
sections obtained from the teeth, and these samples were
evaluated in two sessions separately, on a 14-inch MSI
monitor with a resolution of 768 x 1366 and an LED screen
by two radiologists as single-blinded. After collecting the
data and entering them into the SPSS software, the research
hypotheses were tested using the Kappa and MacNemar
Tests in the Crosstabs in the mentioned software. Also,
reliability estimation indices including sensitivity and
specificity were calculated and the overall accuracy was
calculated using rock curve analysis. The significance limit
for all statistical tests was considered at P<0.05.

Results

Statistical analysis of the observation of images without
inverse contrast filter by the first observer showed that the
sensitivity, specificity, and overall accuracy were 70%,
100%, and 85%, respectively. For the second observer, the
values obtained were 66.67%, 100%, and 83%, respectively.
The agreement between the first and second observers in the
unfiltered mode was 0.963. The statistical analysis of the
images with reverse contrast filter by the first observer
showed that the sensitivity, specificity, and overall accuracy
were 70%, 100%, and 85%, respectively. For the second
observer, the values obtained were 73.33%, 100%, and 87%,
respectively. The agreement between the first and the second
observer in the mode with the Sharpen filter was 0.964. For
the first observer, the overall accuracy of images with and
without inverse contrast filter was equal, and for the second
observer, the highest overall accuracy was related to images
with inverse contrast filter.

The area under the rock curve (AUC) of the first
observer was 85% in no image filter mode and 85% in the
inverse contrast filter mode, and there was no statistically
significant difference between these AUCs (p>0.05). The
area under the rock curve (AUC) of the second observer was
83% in the no image filter mode and 87% in the inverse
contrast filter mode, and there was no statistically significant
difference between these AUCs (p>0.05). The statistical
analysis of unfiltered images in the low resorption group
showed that the sensitivity, specificity, and overall accuracy
for the first observer were 10%, 100%, and 55%,
respectively, and for the second observer, these values were
10%, 100%, and 55%, respectively. Also, the agreement
between the first and second observers in the low resorption
group was one. The statistical analysis of the observation of
images with inverse contrast filter in the low resorption
group showed that the sensitivity, specificity, and overall
accuracy were 10%, 100%, and 55%, respectively, for the
first observer and 20%, 100%, and 60% for the second
observer. Also, the agreement between the first and second
observers in the inverse contrast filter mode in the low
resorption group was 0.643. The statistical analysis of
unfiltered images in the group with moderate resorption
showed that the sensitivity, specificity, and overall accuracy
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were 100%, 100%, and 100%, respectively, for the first
observer, and 90%, 100%, and 95%, respectively, for the
second observer. The statistical analysis of the observation
of images with and without reverse filter in the group with
high resorption by the first and second observers showed that
the sensitivity, specificity, and overall accuracy were 100%,
100%, and 100%, respectively. Also, the agreement between
the first and second observers in the group with moderate
resorption and the group with high resorption was one.

Conclusion

The specificity and sensitivity were very high for both
with and without inverse contrast filter modes. The overall
accuracy was high in both modes, and no significant
difference was observed between the two overall accuracies.
Also, in both with and without inverse contrast filter modes,
the overall sensitivity and accuracy in the moderate and high
resorption groups were much higher than those in the low
resorption group, but the specificity was equal to 100% in all
groups. Based on the obtained results, for the first observer,
in all modes, all true negative diagnoses were consistent with
reality. The highest true positive level was related to the
images in the group with moderate and high resorption in
both with and without filter modes. Also, for the second
observer, in all modes, all true negative diagnoses were
consistent with reality. The highest true positive level was
related to the images in the group with high resorption in
both with and without filter modes. The images with inverse
contrast filter did not increase the diagnosis power compared
to the images without a filter. However, since no loss of
accuracy was observed with this filter, it can be accepted as
a processing filter.
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