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ABSTRACT
ARTICLE INFO
/éi iifi’:alTygfﬁcle Background and Aim: Considering the significance of the detection of proximal car-
Amile Hisiory ies and the limited information available on the diagnostic value of digital radiog-
Received: May 2016 raphy after the use of enhancement filters, this in-vitro study sought to compare the
Accepted: Dec 2016 diagnostic value of digital radiography with and without the use of the edge enhance-
ePublished: Jan 2017 ment (EE) filter in the detection of proximal enamel caries in premolars.

Materials and Methods: This in-vitro study was conducted on 80 extracted intact

Keywords: . . . .

Dental Digital Radiography, human premolars. Every two teeth were mounted in a single block using putty im-
Dental Caries, pression material and every two blocks were placed in articulation. Digital bitewing
Image Enhancement, radiographs were taken and saved twice, once in their original form and once after
Software Tools the application of the EE filter. Afterwards, a cavity was prepared on the proximal

surface of one of the teeth (chosen randomly) in each block using a bur and then, the
tooth was put back in the block. Digital bitewing radiographs were taken again with
the same exposure settings. The 80 final images were printed on radiographic films
and were evaluated by three oral and maxillofacial radiologists. The results were com-
pared with the gold standard (the cavities formed by a bur). The data were statistically
analyzed by Chi-square test.

Results: The sensitivity, specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and accuracy were 75%, 87.5%, 85.7%, 77.7% and 81.2%, respec-
tively in the original digital radiographs and 80%, 95%, 94.1%, 82.6% and 87.5%,
respectively in the enhanced images. The difference between the two groups was not
statistically significant (P=0.7, P=0.3, P=0.3, P=0.7, P=0.3).

Conclusion: Application of the EE filter does not improve the diagnostic accuracy of
radiographs in the detection of proximal enamel caries.
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Introduction:

Proximal carious lesions are highly prevalent,
and early and accurate detection of these lesions
is of utmost importance among clinicians.”

Radiography is the most efficient adjunct mo-
dality in the detection of proximal dental caries,
and it has been shown that 25 to 42% of cari-
ous lesions remain undetected without the use of
radiographs.® Currently, conventional intraoral
radiography has been largely replaced by digital
radiography, since in digital radiography chemi-
cal processing is omitted and this accelerates im-
age acquisition.®

Lower patient radiation dose, easy image stor-
age and transfer and possibility of computerized
processing and enhancement are among the other
advantages of digital radiography.®’ Since the in-
troduction of digital radiography, several digital
enhancement filters have been introduced aiming
to increase the diagnostic accuracy by improving
the image quality. However, the efficacy of these
filters has always been a matter of debate.®

The edge enhancement (EE) filter is one of
the filters used in computerized processing of
images. Some researchers believe that enhance-
ment filters can increase the accuracy of digital
images in the detection of proximal caries.®”
While some other authors found no significant
difference in the diagnostic accuracy of original
and enhanced images.®? Considering the contro-
versy and the gap of information on this topic,
this in-vitro study aimed to compare the diag-
nostic accuracy of digital radiographs with and
without the application of the EE filter in the de-
tection of proximal enamel caries in premolars.

Materials and methods:

This in-vitro diagnostic study was conducted
on 80 premolars extracted within the past six
months for orthodontic reasons. The teeth were
visually inspected to ensure absence of caries,
fractures or cracks. The teeth were stored in 10%
formalin and were coded. Every two teeth were
mounted in a single block, using putty silicone
impression material (Vertex TM Putty 1:1, Ver-
tex-Dental, Netherlands). Every two blocks were
placed in articulation (simulating the occlusion

between the maxilla and mandible). Initial digital
bitewing radiographs were obtained using size
2 photostimulable phosphor (PSP) plate digital
sensor (DIGORA® Optime; Soredex, Tuusula,
Finland) with 30 um pixel size and the resolu-
tion of 17 Ip/mm. The sensor was placed at 30cm
distance from the focal point using a film holder
(XCP®; Dentsply Rinn, Elgin, IL, USA). Radio-
graphs were taken (MINRAY®; Soredex, Tuusu-
la, Finland) with the exposure settings of 10 mA,
65 kVp and 0.2 s. Radiographs were scanned
(DIGORA® Optime image reader, Soredex, Tuu-
sula, Finland) and stored in JPG format. The pri-
mary adjustments included linear graph, bright-
ness: auto, contrast: 1 and Gama: 100. Next, one
tooth was randomly taken out of each block and
a cavity was prepared with 1 mm depth in the
enamel below the proximal contact area using
a #2 round bur (D&Z, Switzerland). The tooth
was then placed back in the block. Digital bite-
wing radiographs were obtained again form the
blocks (now containing both intact and carious
teeth) with the same exposure settings mentioned
earlier and were saved. At this time, we had 20
bitewing images of the blocks containing intact
teeth and 20 bitewing images of the blocks that
contained both intact and carious teeth. The im-
ages in both groups were then subjected to the
EE filter in Scanora software (Scanora 4.3.1.1,
Soredex, Tuusula, Finland). Therefore, we pre-
pared 40 original images and 40 images en-
hanced with the EE filter. All the images were
coded and saved. (Figure 1)

-
Figure 1- Original (right) and enhanced (left) digi-
tal radiographs
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Table 1- Frequency distribution of the samples based on the detection of proximal enamel caries on original digital

radiographs

Actual status of
caries

Caries on Present Absent Total
original (number/percentage)  (number/percentage)  (number/percentage)
radiographs
Present 30(37.5) 5(6.25) 35(43.75)
Absent 10(12.5) 35(43.75) 45(56.25)
Total 40(50) 40(50) 80(100)

Of the 80 images, 20 images were randomly se- Result:

lected on each turn, and were printed on blue-
based radiographic films (DI-HL Dry imag-
ing film, Fujifilm Medical Co, Tokyo, Japan)
measuring 25x20 inches using a laser printer
(DRYPIX PRIMA FM-DL 100, Fujifilm Medi-
cal Co, Tokyo, Japan) and were thoroughly eval-
uated on a negatoscope by three oral and max-
illofacial radiologists (with more than 10 years
of experience) in terms of presence/absence of
caries. Their expert opinions were recorded in
a checklist. Their opinions were then compared
with the gold standard (enamel caries created by
bur), and sensitivity, specificity, accuracy, posi-
tive predictive value (PPV) and negative predic-
tive value (NPV) were calculated. The data were
analyzed using Chi-square test. All the images
were reevaluated by the observers two weeks
later and kappa reliability coefficient was calcu-
lated to determine the reliability of the observ
ers. The level of significance was set at P<0.05.
All the statistical analyses were carried out using
SPSS software version 19 (SPSS Inc., Chicago,
IL, USA).

Table 2- Frequency distribution of the samples based on the detection of proximal enamel caries on enhanced digi-

tal radiographs

This study was conducted on 80 bitewing ra-
diographs (40 original images and 40 images
enhanced with the EE filter). The inter-observer
reliability was found to be substantial (Kappa =
0.94 for original images and Kappa = 0.88 for en-
hanced images). The intra- observer reliability of
the three observers was found to be excellent for
both groups (Kappa =1). There was no significant
difference between the original and enhanced im-
ages in terms of inter- and intra-observer reliabil-
ity (P=0.08, P=1).

Tables 1 and 2 show the frequency distribu-
tion of the teeth based on the detection of proxi-
mal enamel caries on the original and enhanced
images. Table 3 presents the sensitivity, specific-
ity, PPV, NPV and accuracy of the diagnoses. As
shown in Table 3, all five diagnostic parameters
were higher in the digital radiographs enhanced
with the EE filter compared to the original radio-
graphs; however, according to Chi-square test,
these differences were not statistically significant
(P=0.05). The statistical power of the test was
0.06 —0.16.

Present Absent Total
Caries on (number/percentage)  (number/percentage)  (number/percentage)
enhanced radiographs
Present 32(40) 2(2.5) 34(42.5)
Absent 8(10) 38(47.5) 46(57.5)
Total 40(50) 40(50) 80(100)
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Table 3- Diagnostic sensitivity, specificity, PPV, NPV and accuracy of original and enhanced digital radio-

graphs in the detection of proximal enamel caries

Diagnostic
rameters  Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Accuracy (%)

Radiographs

Original 75 87.5 85.7 77.7 81.2
Enhanced with the

EE filter 80 95 94.1 82.6 87.5

P value P=0.7 P=0.3 P=0.3 P=0.7 P=0.3

Discussion:

Bitewing radiography is a standard modality used
as an adjunct method in the detection of proximal car-
ies, as these carious lesions may remain undetected
during clinical examination. Digital radiography is a
relatively new modality, which has widely replaced
analog radiography due to advantages such as omis-
sion of processing, faster image acquisition and lower
patient radiation dose. However, some studies on the
diagnostic value of digital and analog radiography
in the detection of proximal caries have found no
significant difference between the two
modalities."1?

The manufacturers of digital systems claim that
different software programs available for these sys-
tems can enhance the detection of lesions. However,
adequate clinical evidence does not exist to support
the diagnostic efficacy of enhancement filters. There-
fore, further evaluation of this topic may yield a novel
and reliable method for easier detection of dental car-
ies. This study was conducted to better elucidate this
topic. Our results showed that the application of the
EE filter in intraoral digital radiographs had no signifi-
cant effect on the accuracy of detection of proximal
enamel caries in premolars.

Talaeipour et al. evaluated the diagnostic value of
digital radiography with and without the use of sharp-
ness enhancement in the detection of proximal enamel
caries in premolars and reported that the sharpness en-
hancement filter had no significant effect on the detec-
tion of proximal enamel caries.!” Their findings were
in agreement with ours. Haiter-Neto et al.found no
significant difference between the original PSP images
and those enhanced with task-specific filters; however,
enhancement filters have been recommended by the
authors for the detection of small carious lesions.®

Similar to our study, Valizadeh et al. stated
that the use of the EE filter did not significantly
improve the detection of proximal enamel car-
ies compared to the original images. However,
in cases of carious lesions extended to the den-
tin, the application of the enhancement filter
increased the diagnostic accuracy. This may be
attributed to the two-dimensional nature of ra-
diographs, as they better visualize the radiolu-
cency caused by the lesions that have extended
to the dentin. In general, they did not recom-
mend the enhancement of digital radiographs
for the detection of small proximal lesions and
stated that by extension of carious lesion to the
dentin, filters may be required and that these
enhanced images may have a higher efficacy
than the original images.'?

Belém et al. compared the diagnostic accu-
racy of PSP digital radiography in the detection
of subsurface enamel caries with and without
the use of enhancement filters and reported
that the diagnostic accuracy was higher after
the application of the sharpen filter; however,
this difference was not statistically significant.
The sharpen filter better visualizes areas with
contrast and thus, subsurface enamel demin-
eralization, which may remain undetected on
original images, may be easily detected after
the application of the sharpen filter. Based on
this justification, although the difference be-
tween the filters was not significant, Belem et
al. recommended the use of the sharpen filter
for the detection of proximal caries.!®

Kositbowornchai et al. compared the diag-
nostic value of original digital radiographs and
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those enhanced with sharpness, pseudocolor and
zoom filters for the detection of occlusal caries
and found no significant difference between the
original and enhanced images."

Their results were in agreement with ours.

In contrast to our study, Meystad et al. showed
that enhanced PSP images had higher accuracy in
the detection of proximal caries.®

This difference between their results and the
results of the present study may be attributed to
the pattern of formation of caries, since they eval-
uated naturally occurring caries while we artifi-
cially created carious lesions using a bur. Natu-
rally occurring caries in the clinical setting have
less distinct borders and therefore, the EE filter
may essentially be able to enhance the detection
of caries in the clinical setting.

Kajan et al. compared the diagnostic accuracy
of PSP images enhanced with six enhancement
filters in the detection of non-cavitated proximal
caries and concluded that the use of the enhance-
ment filter with x3 magnification showed the
lowest accuracy compared to other filters.!?

They compared different types of filters and in
contrast to our study, they did not assess the diag-
nostic accuracy of original (non-enhanced) imag-
es. Moreover, they evaluated enamel and dentin
carious lesions of variable depths; whereas, only
enamel carious lesions were evaluated in our
study. All these factors can affect the diagnostic
accuracy. Abesi et al. showed that the diagnostic
accuracy is higher in the detection of more exten-
sive and deeper carious lesions.!'®

The actual depth of carious lesions is often great-
er than that seen on radiographs, as a minimum
of 40% demineralization is required to change
the radiographic density so that the lesions can
become detectable on radiographs. Thus, radio-
graphs underestimate the depth of carious le-
sions. ("

A previous study showed that in general, ra-
diographic examination has low sensitivity and
high specificity for the detection of small carious
lesions.®

As seen in Table 1, this finding is in line with
our results. The observers’ experience is among
the most important factors affecting the diagnos-
tic accuracy of different modalities.”

Similar to many previous studies :%!213 our
observers were experienced oral and maxillofa-
cial radiologists, well-trained for radiographic
diagnosis; thus, the use of enhancement filters
may have an insignificant effect on the diagnoses
made by them compared to the diagnoses made
by general dentists or less experienced clinicians.

It should be noted that our study had an in-
vitro design and carious lesions were artificially
created using a bur, which is different from what
happens in the oral environment. Moreover, the
precision of correct contacts and articulation of
teeth to obtain high-quality bitewing radiographs
is a matter of question in in-vitro studies includ-
ing ours. On the other hand, one of the strength
points of in-vitro studies is that the factors that
can affect the results can be well-controlled. In
the present study, we used a film holder to fix
the distance between the tube and the film, and
both the initial and secondary radiographs were
taken under the exact same conditions with the
same exposure settings, which further added to
the accuracy of the results. Moreover, digital im-
ages were printed on films in order to prevent the
errors related to image observation on a monitor
and possible manipulations. In general, high-
quality radiographs and adequate experience and
expertise are necessary to reach a correct diagno-
sis. Finally, it should be noted that the application
of enhancement filters causes changes in the orig-
inal radiographs, which may rather confuse an
inexperienced observer without adequate skills
up on making diagnosis based on the enhanced
images and this can increase the risk of misdiag-
noses. Further assessments are required to obtain
more reliable results regarding the efficacy of the
EE filter in the clinical setting.

Conclusion

The results of the present in-vitro study
showed that the digital radiographs enhanced
with the EE filter were not more efficient in the
detection of proximal enamel caries compared to
the original (non-enhanced) radiographs.
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