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Abstract

Background: The first commercial system for digital radiography was introduced in 1987, and it has evolved a great deal since then.
Currently, it is possible to enhance images in digital radiography.
Objectives: The aim of this study is to evaluate the diagnostic accuracy of image enhancement in direct digital radiography as it
relates to interproximal carries assessment.
Materials and Methods: Following extraction, 50 human teeth were kept in acidic gel (methyl cellulose + acetate buffer PH = 4.8)
for 42 days at 37°C to cause caries before mounting. Direct digital radiography was then taken. Two filters were used: sharpen and
emboss. Three radiologists evaluated the images with two weeks interval. The histologic assessments were gold standard. Addition-
ally, SPSS 20 was used to draw an ROC curve and calculate AUC. Cohen’s kappa and interclass correlation coefficient (ICC) were used
to measure intra- and inter-observer reliability.
Results: For the emboss filter, sensitivity was 95%, specificity was 100%, and accuracy was 96%. For the sharpen filter, sensitivity was
88%, specificity was 100%, and accuracy was 90%. Also, the AUC for the emboss filter was 0.97, and it was 0.94 for the sharpen filter.
Cohen’s simple kappa was in the range of excellent.
Conclusions: Using these filters in intra-oral direct digital radiography (especially the emboss filter) can help some clinicians to
increase diagnostic accuracy in the assessment of inter proximal caries of posterior teeth.
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1. Background

The first commercial system for digital radiography
was introduced in 1987, and it has evolved a great deal since
then. Film-based radiography is slowly being replaced
by digital radiography, and many causes have led to the
switch in systems. One of them is that, it is possible to
enhance images in digital radiography (1). Several stud-
ies have demonstrated the benefits of this enhancement,
although others have produced contradictory results or a
non-effect (2-5).

Although the diagnosis of minimal mineral material
loss in initial defects is often difficult in radiography be-
cause proximal areas of posterior teeth are frequently ex-
tended, this ability to augment images may represent an
opportunity for improvement (6).

2. Objectives

The aim of this study is the evaluation of diagnostic ac-
curacy of image enhancement in direct digital radiogra-
phy as it relates to interproximal carries assessment.

3. Materials and Methods

In this in vitro study, a sample size of 50 teeth was con-
sidered. Selection criteria for teeth included:

1. Human posterior permanent
2. Intact interproximal surfaces
The teeth were kept in 5% hypochlorite for 24 hours af-

ter cleansing of their residual soft and hard tissues. The
teeth were then covered with wax to prevent any damage
to their surfaces, other than proximal. They were kept in
acidic gel (methyl cellulose+acetate buffer PH = 4.8) for
42 days at 37°C to cause caries (7). Afterward, each three
teeth were mounted together in acrylic. Our goal was to
mount teeth together according their natural positions in
the mouth.

Following this, direct digital radiography was taken.
We considered a 0.5 cm distance between object and film
when reconstructing intra-oral conditions. Intra-oral sys-
tem was exposed with 60 kvp and 8 mA to exposer; 1cm
plastic of Plexiglas was used as soft tissue. Digital images
were exposed by 0.08 seconds. The images were taken by
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a Kodak 5100 (France, Rochester). The images were saved
and underwent filtering by Kodak dental imaging software
6.12.15.0, then were saved to JPG format for data export.

Next, these images were shown by specific program on
a 15 inch monitor. The light and contrast levels of the mon-
itor were standardized before evaluation of the images. In
this single-blind trial, three oral and maxillofacial radiolo-
gists evaluated images with two weeks interval. We did not
let them make any changes in contrast, magnification, or
other factors. The distance between radiologist and moni-
tor was set at 60 cm during the evaluation. All images were
shown randomly to radiologists.

Two filters were used to enhance images in this study:
sharpen and emboss. Figure 1 shows the right mandibular
region of mounted teeth without any filters. Figures 2 and
3 depict images enhanced by emboss and sharpen filters,
respectively.

Figure 1. Basic Image from Mounted Teeth

The histologic assessments performed in this study
were gold standard. Teeth were sectioned by Sakura Accu-
cut SRM 200-Japan and then evaluated under a light micro-
scope (Olympus BX41, Japan), and vertical (mesio-distal)
sectioning on proximal surfaces was considered.

Following observation, the presence or absence of den-
tal caries in proximal surfaces was recorded on a scale as
follows:

0 = Absence of caries
1 = Half of external enamel
2 = Half of internal enamel
3 = DEJ
4 = Half of external dentin
5 = Half of internal dentin
A receiver operating characteristic (ROC) curve was

Figure 2. Image Enhanced by Emboss Filter

Figure 3. Image Enhanced by Sharpen Filter

used to compare the diagnostic accuracy of these two fil-
ters. The areas under the ROC curves and 95% confidence
intervals were calculated by ROC curve analysis. Further-
more, we measured the area under curve (AUC) to compare
ROC curves, and Cohen’s kappa was used to evaluate the
level of agreement between radiologists. Finally, the inter-
class correlation coefficient (ICC) allowed us to assess inter-
observer reliability with two weeks interval. We used SPSS
20 for Windows (SPSS Inc., Chicago, IL, USA) for all analyses.

4. Results

For the emboss filter, sensitivity was 95% (CI = 0.85 -
0.98), specificity was 100% (CI = 0.43 - 1), and accuracy was
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96%. For the sharpen filter, sensitivity was 88% (CI = 0.76 -
0.95), specificity was 100% (CI = 0.56-1), and accuracy was
90%. Specificity was the same at 100% in both enhanced
image groups because none of these filters showed any
false positive results. However, the fact that sensitivity was
higher in the emboss filter group means that the emboss
filter causes fewer false negative results.

Based on the ROC curve (Figure 4) the mean AUC was
0.97 for emboss filter (CI = 0.94-1), and 0.94 (CI = 0.88 - 1) for
the sharpen filter.

We can say, therefore, that accuracy is higher with the
emboss filter than with the sharpen filter, but the differ-
ence is not statistically significant. The overall conclusion
is that these filters increase diagnostic accuracy, but not to
the extent we expected.

Table 1. Results of the Study Analysis

Diagnostic methods Sharpen filter Emboss filter

Sensitivity 88% 95%

Specificity 100% 100%

Accuracy 90% 96%

PPVa 1 1

NPVb 0.5 0.6

aPPV (positive predictive value).
bNPV (negative predictive value).
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Figure 4. ROC Curves of Emboss and Sharpen Filters

Cohen’s kappa is related to the number of agreements
among different diagnoses. It can range from 0 (weak) to
1 (excellent). Intra- and inter- observer agreement coeffi-
cients were assessed in this study. According to recommen-

dations by Fleiss, kappa coefficients (8) over 0.75 were re-
garded as excellent, 0.40 to 0.75 as fair to good, and below
0.40 as poor.

In our study, intra- and inter- observer agreement co-
efficients were in the range of significant increase. Addi-
tionally, ICC was used for inter-observer reliability, which
showed appropriate agreement between two weeks inter-
val for both of the reviewers.

5. Discussion

Dental radiography is an important diagnostic tool in
the standard evaluation of pathologies. Today, dental ra-
diography is a standard part of many dentists’ practices
because it provides diagnostic data that is not available by
clinical examination. It has been said that digital radiog-
raphy systems in particular have considerable diagnostic
value, and increase patient comfort while decreasing pa-
tient x-ray dose, cost, and time. Based on evidence, we can
say that the main advantage of digital radiography is for
the patient, because it decreases the required x-ray dose
without decreasing from an image’s diagnostic value (9).

While decreased exposure is generally seen as a benefit
of digital radiography, under some conditions the number
of films taken by digital radiography results in exposure
equal to that of film-based radiography. In a study, 28% of
CCD films and 6% of conventional films were unacceptable
and required repetition. Sommers found more technical
errors in CCD. In fact, the average number of repeated im-
ages required was 10 for CCD and 3 for conventional film.
Common faults in pre-apical CCD included inappropriate
vertical angle and cone cut, and inappropriate horizontal
angle and film positioning in conventional films. No differ-
ences were reported in type and fault numbers of these two
groups, or in bite wing. It was suggested that the frequent
need for repetition may cause an increase in the number
of exposures, and our experience in this study affirms Som-
mers’ conclusions (10).

Although other studies did not result in any differ-
ences between conventional film and digital radiography
in caries diagnoses, our study’s outcomes do not affirm
these findings (2-5). These studies generally compared im-
ages without using any image enhancement filters. How-
ever, some studies were interested in the application of en-
hancements, such as the one performed by Moystad and
Gotfredsen, who enhanced images by contrast and bright-
ness filters, and achieved more diagnostic accuracy (11, 12).
On the contrary, Tyndall and Ohki stated that contrast and
brightness filters may decrease diagnostic accuracy of dig-
ital images (13).

Similarly, Wicht and Haak used the grayscale reversal
filter. However, it was not helpful in increasing diagnos-
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tic accuracy of inter proximal caries, despite improvement
in the placement of fine endodontic files and bone healing
(14).

With these findings in mind, we selected the emboss
and sharpen filters, as there were so few studies focused on
them.

In an in vitro study by Wenzel and Gotfredsen, false pos-
itive reports were fewer by men, and persons unfamiliar
with digital radiography reported six times more false pos-
itives. The important takeaway from this study was that
digitally enhanced images have no effect on false positive
reports (15).

Abesi et al. reported in 2012 that the diagnostic accu-
racy of digital images is similar to that of conventional
film radiography in the detection of non-cavitated proxi-
mal caries (16). Therefore, any digital enhancement filter
that improves proximal caries detection can be beneficial
for increasing diagnostic accuracy.

Similarly, in an in vitro study by Furtado Belem et al., fil-
ters were used to enhance images of proximal caries. Neg-
ative, sharpen and both were applied to enhance images.
The authors reported that the sharpen filter demonstrated
the highest performance indices, and so it may be consid-
ered a useful adjunct for detecting subtle proximal caries
lesions (17). Given this, we used the sharpen filter to com-
pare with emboss; the other studies are about other filter
enhancements.

In another study, Takeshita et al. used filtered images
(Perio, Negative, Colors 1, and Colors 2) to evaluate diag-
nostic accuracy. The negative filter showed weak outcomes
(18). We concluded from this that using many filters that
enhance digital images may be confusing. It should also
be noted that using improper filters can cause diagnostic
problems. We used two modalities of the filters included
in our study. Digital radiographic enhancement is a new
field and requires more studies in order to evaluate the use-
fulness of different filters as they relate to various disease
conditions.

In conclusion, using these filters in intra-oral direct
digital radiography (especially the emboss filter) can help
some clinicians to increase diagnostic accuracy in the as-
sessment of inter proximal caries of posterior teeth.
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