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Objectives: To analyze the diagnostic accuracy of conventional and digital radiographic
images and the impact of digital filters in evaluating the bone–implant interface.
Methods: Titanium implants were inserted into 74 fresh bovine ribs blocks, 37 fitting tight to
the bone walls (simulating the existence of osseointegration) and 37 with a gap of 0.125 mm
(simulating a failure in the osseointegration process). Periapical radiographs were taken with
conventional film and two phosphor plate systems [VistaScan® (Dürr Dental, Bietigheim-
Bissingen, Germany) and Express® (Instrumentarium, Tuusula, Finland)]. Digital radio-
graphs were investigated with and without enhancement filters. Three blinded examiners
assessed the images for the presence of juxtaposition in the bone–implant interface using
a five-point Likert scale. Sensitivity, specificity and the area under the receiver-operating
characteristic curve (AUC) and its 95% confidence interval (CI) were calculated for each
variable. Intraexaminer and interexaminer agreements were analyzed using Kendall’s
concordance test.
Results: Intraexaminer and interexaminer agreements were .0.80 for both digital and
conventional images. Conventional radiographs (AUC5 0.963/CI5 0.891 to 0.993) and
digital images with high enhancement filters such as Caries2 (AUC5 0.964/CI5 0.892 to
0.993), Endo (AUC5 0.952/CI5 0.875 to 0.988) and Sharpen3 (AUC5 0.894/CI5 0.801 to
0.954) showed the greatest accuracy for evaluating the bone–implant interface. Original
images from both digital systems and the further enhancement filters tested showed low
sensitivity for the diagnosis task tested.
Conclusions: Conventional radiographs or digital radiographs with high-pass filters could
help enhance diagnosis on implant–bone interface.
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Introduction

Periapical radiographs are recommended for post-
operative evaluation of dental implants in the absence
of clinical signs or symptoms, contributing to the early
diagnosis of associated pathologies, such as the pres-
ence of peri-implant radiolucency, and a quantitative

analysis of bone loss adjacent to the implant.1,2 The
introduction of digital radiology brought some advan-
tages to the dentist and patients, such as a decrease in
the time of the examination and the elimination of the
dark room and chemical use. The possibility of image
processing is an important advantage, taking into con-
sideration that the use of specific filters contributes to
the examination accuracy.3,4 However, studies have also
shown that digital imaging processing used to enhance
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the visualization of some structures may generate arte-
facts which have a harmful impact and could jeopardize
the evaluation.5–8

Digital radiographic images are based on a numerical
matrix, where each element of this matrix is composed
of one fundamental element: the pixel (picture element).
When processing techniques are employed, the matrix is
modified through a wide range of algorithms that exe-
cute mathematical transformations, changing the pixel
values. Therefore, it is possible to, for example, enhance
a particular structure, reduce noise or extract relevant
attributes or information. The Fourier transform pro-
vides a mean of decomposing an image in the multiple
frequencies composing it. The difference of the Fourier
transform among pre- and post-filtered images can be
used to analyze which frequencies are enhanced or di-
minished in the image when passed through a filter.9,10

The choice of the digital image processing used
depends on the structure being evaluated. Thus, the
knowledge of how the processing filters modify the
digital matrix and its impact on the examiner diagnosis
become important in diverse clinical situations. Re-
garding dental implants, there are no studies either
comparing conventional and digital radiographs or
evaluating the effect of processing filters in the bone–
implant interface diagnosis. Therefore, the objective of
this in vitro study was to analyze the diagnostic accuracy
of conventional and digital radiographic images and the
impact of processing filters used in digital radiographs,
for the evaluation of bone–implant interface, to suggest
an adequate protocol for radiographic evaluation in
clinical situations.

Methods and materials

Sample preparation
The present study was approved by the Research and
Ethics Committees of the Federal University of Rio
Grande do Sul (no 26,464). Sample calculation was
performed using Winpepi [Abramson JH (PEPI-for-
Windows): computer programs for epidemiologists
(Epidemiologic Perspectives & Innovations 2004)],
considering the capability of radiography in detecting
bone–implant interface juxtaposition. Assuming equal
chances for both situations (with and without juxtaposi-
tion of the implant to the bone tissue), significance level of
5%, and power of the test of 80%, a total of 74 radio-
graphic images for each analyzed group were needed.
74 bovine fresh rib blocks were sectioned and used

to individually allocate the implants. 37 titanium
implants [Titamax TI Cortical®; Neodent, Curitiba,
Brazil (4.1 mm3 3.75 mm3 9.0 mm)], used twice, were
inserted in the middle region of the rib blocks. The
sample was divided into test group (TG) (n5 37) and
control group (CG) (n5 37), depending on the implant–
bone wall interface.
On CG, the perforations were performed according

to the recommended sequence of drills specified by the

manufacturer, in which the 3.0-mm diameter drill is the
last one used before the insertion of a 3.75-mm diameter
implant. The implant was inserted constricted to the
bone walls, until a primary stability at 45 N cm was
achieved, resulting in a perfect juxtaposition of bone–
implant interface. To obtain an adequate setting of the
implant platform to the bone, a counter sink drill
was used.

On TG, the perforations were made using the same
sequence used for the CG, adding the 4.0-mm diameter
drill. Thus, a 3.75-mm diameter implant was installed in
perforations of 4.0-mm diameter, creating a gap of
0.125 mm around the implant body. A counter sink drill
was used and guaranteed that the implant platform was
positioned stable at the bone level, avoiding any
movement of the implant body inside the perforation.

Radiographic image acquisition
Each rib block with the inserted implant was positioned
and stabilized on a flat surface for radiographic acquisi-
tion. A positioning device was used to ensure parallelism
between the implant and the receptor. A perpendicular
focus-receptor incidence was used, with a 30-cm focus-
receptor distance. Each implant was imaged with three
radiographic systems: the conventional radiographic
film Kodak Insight no 2 (Eastman Kodak, Roches-
ter, NY), storage phosphor plate systems VistaScan®

(Dürr Dental, Bietigheim-Bissingen, Germany) and
Express®(Instrumentarium, Tuusula, Finland) (Table 1).
The same intraoral machine [Spectre 70X; (Dabi Atlante,
Ribeir~ao Preto/S~ao Paulo, Brazil) (127 V, 8 A, 50/60Hz)]
with exposure time of 0.4 s was used. The soft tissues
were maintained on the ribs to attenuate the X-rays.

Conventional radiographs were developed in
an automatic processor (Model 9000; DENT-X,
Elmsford, NY) and stored on cards coded for the
evaluated outcome. The processing of phosphor plates
took place in the manufacturer system scanner. Digital
radiographs were enhanced with the high-pass filters
available in the software DBSWin (Durr Dental AG,
Bietigheim-Bissingen, Germany) and CLINIVIEW�
(Instrumentarium, Tuusula, Finland), exported and
saved in tagged image file format, as shown in Table 1
and illustrated in Figure 1.

Imaging evaluation
Three oral and maxillofacial radiologists assessed
the images to evaluate the bone–implant interface.
A five-point Likert scale was used, with the following
formation: (1) definitely there is a juxtaposition of
bone–implant interface; (2) probably there is juxtapo-
sition; (3) uncertain; (4) probably there is no juxtapo-
sition; and (5) definitely there is no juxtaposition of
bone–implant. Before the study, the examiners received
a presentation lecture to become familiar with the out-
come evaluated, the filters and the scoring scale.

Conventional radiographs were evaluated on a light
box with black masking, and with the use of a magnifying
glass, in a room with reduced lighting. Digital radiographs
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were visualized on a flat-screen monitor [(LG Flatron—
E2250; Lg electronics, Manaus/Amazonas, Brazil), using
the Image Viewer fromWindows (Microsoft®, Redmond,
WA)], in a room with controlled lighting; the zoom tool
was available. Digital images were presented individually
and coded, in a blinded and random sequence, without
any information about the filters. After a 4-week period,
the interpretation of 20% of the sample was repeated to
evaluate intraexaminer and interexaminer agreement.

Data analysis
Statistical analysis was performed with the software SPSS®

(IBMCorp., New York, NY; formerly SPSS Inc., Chicago,
IL) and Microsoft® Office Excel® 2010 (Microsoft,
Redmond, WA). Significance was set at 0.05 or less.

Kendall’s coefficient of concordance (W) was used to
evaluate intraexaminer and interexaminer agreement,
considering all five scores on Likert scale. The mode
used for subsequent evaluations among the examiner
scores was [(score Ex1)2 (score Ex2)2 (score Ex3)].

The diagnostic tests (sensitivity and specificity) and
the area under the receiver-operating characteristic
curve (AUC) with its respective 95% confidence interval
were calculated for each studied variable: image acqui-
sition system (Conventional, VistaScan and Express) and
filter. The DeLong method was used to compare the
AUCs, evaluating the impact of image acquisition system
and filter. Each of the digital systems were assessed in-
dependently for the comparison among the processing
filters and with the conventional radiography.

The impact of each processing filter on the digital
images was evaluated using a three-dimensional (3D)
graph of the magnitude spectrum of the Fourier trans-
form [Python (www.python.org) programming language
in conjunction with OpenCv library (opencv.org)]. The
Fourier transform changes the image from the spatial to
the frequency domain, allowing an objective evaluation of
the filter action in relation to the bone–implant interface.
Mathematically, the image is a function, z5 f(x, y), in
which x and y define the frequency. In the frequency
spectrum, which can be shown as a 3D graph, each fre-
quency participation percentage is represented by z. The
comparison among the 3D graphs allows a better com-
prehension of which frequencies are overlapped in the
original signal and how much of this frequency is present
in the image.9,11 Conventional radiographs were scanned
into tagged image file format digital format using an
Astra 2400S scanner (UMAX, Dallas, TX) and resolution
of 1200 dpi, so that the images could also be evaluated by
this methodology. Digital images and digitized conven-
tional radiographs were sectioned; so, only the body of
the implants was used, and the graphs were influenced by
neither the cortical bone nor the air space.

Results

Each examiner evaluated 74 conventional and 814
digital radiographs. Table 2 shows the distribution of

the examiner answers among the five available scores in
the Likert scale.

Intraexaminer and interexaminer concordances are
shown in Table 3. Intraexaminer agreement was always
.0.90 for both digital and conventional images. Inter-
examiner agreements were 0.826 and 0.904 for digital
and conventional images, respectively.

Table 4 shows the values of sensitivity, specificity and
AUC with its respective 95% confidence interval for
each variable. The greatest sensitivity and specificity
values were associated with conventional radiographs
and digital images from VistaScan system with high-
pass filters using strong matrix penetrance. Original
digital images, those processed with high-pass filters
with low matrix penetrance from the VistaScan system,
and all evaluated filters from the Express system showed
low sensitivity for the diagnosis of failure in bone–
implant interface (that is, they were related with a high
number of false-negative diagnoses).

The DeLong method showed equivalence between
conventional radiographs and digital images processed
with high-pass filters (Caries2, Endo and Sharpen3).
The remaining studied filters showed statistically sig-
nificant differences when compared with conventional
radiography (p, 0.05). In relation to VistaScan system,
the filters Perio and Fine did not present a statistically
significant difference when compared with the filter
Endo (p, 0.05). The original digital images from Vis-
taScan were statistically significantly different from all
the others, except Caries1. In relation to Express sys-
tem, the original images and Sharpen4 showed a statis-
tically significant difference when compared with
Sharpen3 filter.

Table 5 depicts the changes in low- and high-
frequency components seen in an image after it was
post-processed by each selected filter. It is possible to
see that each filter behaved differently. Some high-pass
filters led to the increase of only high frequencies,
without diminishing the participation of low frequencies
in the image, when compared with the original image
(i.e. Sharpen 2, Sharpen 3 and Sharpen 4). For some
other high-pass filters, both the decrease in the partici-
pation of low frequencies and, at the same time, the
increase in the participation of high frequencies, was
observed in comparison with the original image. Those
latter filters originated images that presented better
performance in the diagnostic tests.

Figure 1 shows the 3D graphs illustrating the Fourier
transform for each image evaluated. The graph should
be interpreted in such a way that its centre represents
higher frequencies, decreasing to low frequencies on
the outlines. The colours represent the participation
(intensity) of a determined frequency in the image
composition (dark blue represents the lowest value; light
blue, medium–low value; green, medium–high value;
and yellow and red, the highest frequency values).
Image loses sharpness if high values (red or yellow) are
close to the outlines or if there is no significant contri-
bution from high-frequency components. Analyzing the
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graphs, it is possible to observe that in conventional
radiographs, there is a proportional distribution of high
and low frequencies. Regarding the digital images that
showed the best performance (Caries2, Endo and
Sharpen3), the filters privileged the participation of high
frequencies, observed in the central area of the graph,
which is seen to be higher and broader. It is important
to point out that the graphs can be compared only in-
side each system owing to their differences in image
receptors.

Discussion

Specific filters for digital radiograph processing can
contribute to image evaluation and diagnosis when

correctly indicated.8,12–14 The present research in-
vestigated the impact of filter for bone–implant in-
terface evaluation, as radiographs are indicated for
post-operative evaluation of dental implants.1 En-
hanced images are preferred among dentists who eval-
uate digital radiographs.3,4,15 The selected filters may
produce only slight differences among the images, so
a binary (yes/no) answer might not have been enough to
reveal small differences among them. Therefore, a five-
point Likert scale was adopted, allowing a better un-
derstanding of the behaviour of each digital filter,
according to the confidence level of the answer given by
the examiners.16 Besides, the Likert scale adopted
allowed the observer to express doubtful estimations.

Original digital radiographs and those processed with
a high-pass filter with low matrix penetrance were more
related to a diagnosis of bone–implant juxtaposition
(Score “1”), suggesting that such images could con-
found the examiner and increase false-negative di-
agnosis. In contrast, increasing the penetrance of the
high-pass filter increased the diagnosis of failure in
bone–implant interface (Score “5”) and, especially, that
of examiner doubt (Score “3”). The concern regarding
the use of high-pass filters and misinterpretation of
digital images had been reported in the literature.5,8 For
bone–implant interface, Express digital system, espe-
cially Sharpen4 filter, was more related to increased
examiner doubt (Score “3”, n5 32), while conventional

Table 1 Radiographic systems and filters

System Kodak VistaScan® Express®

Type of receptor Insight film no 2 Phosphor plate Phosphor plate
Commercial brand Eastman Kodak (Rochester, NY) Dürr Dental (Bietigheim-Bissingen,

Germany)
Instrumentarium (Tuusula, Finland)

Evaluated Images – Original Original
Fine Sharpen 1
Caries 1 Sharpen 2
Caries 2 Sharpen 3
Endo Sharpen 4
Perio

Figure 1 A representative close-up of radiographs from each
acquisition system and filter and the relative three-dimensional (3D)
Fourier transform graphs in the control and test groups. The squares
represent the selection used for the 3D graph analysis.

Table 2 Frequency (mode) of score answers among the three
examiners for each acquisition system and filter (n5 74)

System Filter

Likert scale

1 2 3 4 5
Conv – 35 9 3 2 25
VistaScan® Org 51 3 7 3 10

Fin 39 1 11 6 17
Ca1 10 13 8 13 30
Ca2 10 18 12 12 22
Endo 25 13 5 9 22
Perio 7 17 10 13 27

Express® Org 57 3 6 1 7
Sh1 48 7 5 2 12
Sh2 29 20 8 8 9
Sh3 18 18 26 7 5
Sh4 6 15 32 12 9

Ca1, Caries1; Ca2, Caries2; Conv, Conventional; Fin, Fine; Org,
Original; Sh1, Sharpen1; Sh2, Sharpen2; Sh3, Sharpen3; Sh4,
Sharpen4.
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radiographs generated more confidence during evalua-
tions (Score “3”, n5 3).

Sensitivity, specificity and accuracy tests should be
considered when deciding for a diagnostic test.16 Higher
values for sensitivity, specificity and AUC were
obtained with conventional radiographs, and digital
images from VistaScan system were processed with
a strong penetrance high-pass filter. On the contrary,
original digital images, those with low-penetrance high-
pass filter from VistaScan system and all images from
Express system presented lower sensitivity for the di-
agnosis of failure in bone–implant interface. Clinically,
this result represents a risk of non-detecting failures in
the osseointegration process. Such differences among
the evaluated images could be related to the imaging
method, since intraexaminer and interexaminer agree-
ments were high.

The act of selecting one or another filter is often
subjective to and dependent on the digital system used.
Therefore, the user might use one filter to create a suc-
cessful or unsuccessful image, in spite of assessing the
real condition. Enhancement filters, or high-pass filters,
are the preferred ones among dentists who evaluate
digital radiographs,3,4,15 and, for this reason, those fil-
ters were the target in this investigation. In general,
high-pass filters emphasize image borders, sharpening
high-contrast differences in the image, and attenuating
low frequencies (that is, the blur is removed). The
available high-pass filters are named according to the

anatomic region the filter is supposed to enhance (Vis-
taScan system, e.g. “Caries”, for the enamel and
dental–enamel junction; “Endo”, for the root canal
system; and “Perio”, for the bone crest and periodontal
gap) and by the degree of filter strength (Express sys-
tem, e.g. Sharpen1, Sharpen2; VistaScan system, e.g.
“Caries1”, “Caries2”). However, for trade purposes, the
algorithms used to mathematically modify a digital
image vary depending on the software and are rarely
provided by the manufacturers, making a direct com-
parison among the filters difficult. Therefore, the images
were also evaluated based on the Fourier transform
difference. The frequency spectre does not have in-
formation regarding the filter itself, but the comparison
among the spectres provides qualitative and quantita-
tive information that can be used to analyze the math-
ematical operation achieved with the filters. The graphs
regarding conventional radiographs show symmetry
between blurriness and sharpness, representing the
equilibrium in high- and low-frequency participations.
Meanwhile, the graphs of digital images that had better
diagnostic performances show a greater participation of
high frequencies, perceived through the high and broad
centre, seen as the increasing of image sharpness due to
the use of high-pass filters. To eliminate noise, high-
frequency components can be removed or the intensity
of the low-frequency components can be increased by
using low-pass filters, generating more homogeneous
and softer images.13 The enhancement of structure
boundaries can be achieved by decreasing the intensity
of the low-frequency components or by increasing the
high-frequency components (high-pass filters), generat-
ing images with more accentuated characteristics.10,13,15

However, depending on the structure being evalu-
ated, and the filter being used, noise may be over-
introduced in the image, impairing the diagnosis,
especially when metal components are present.5,8,17

Some studies have also evaluated the impact of digital
image processing on the diagnosis adjacent to metallic
materials. The detection of a misfit in metal-restored
teeth showed higher accuracy for conventional radio-
graphs or original digital images; specifically, high en-
hancement filter should be avoided.8 For measuring
peri-implant bone level, original digital images, fine and

Table 3 Intraexaminer and interexaminer agreement for each image
acquisition system

System

Intraexaminer

InterexaminerExaminer 1 Examiner 2 Examiner 3
Conventional 0.928 0.904 0.966 0.904
Digital 0.954 0.943 0.942 0.826

Table 4 Mean sensitivity, specificity and area under receiver-
operating characteristic curve (AUC) [and confidence interval (CI) of
95%] among the three examiners for conventional and digital
radiographs and filters

System Filter Sensibility Specificity AUC (95% CI)
Conv – 0.730 1.000 0.963 (0.891 a 0.993)A

VistaScan Org 0.351 1.000 0.771 (0,659 a 0.861)D

Fin 0.568 0.946 0.872 (0.774 a 0.938)BCD

Ca1 0.838 0.676 0.782 (0.671 a 0.870)CD

Ca2 0.838 0.919 0.964 (0.892 a 0.993)A

Endo 0.784 0.946 0.952 (0.875 a 0.988)AB

Perio 0.892 0.811 0.858 (0.757 a 0.928)BCD

Express Org 0.216 1.000 0.708 (0.591 a 0.808)CD

Sh1 0.378 1.000 0.851 (0.750 a 0.923)BD

Sh2 0.405 0.946 0.849 (0.747 a 0.921)BD

Sh3 0.297 0.973 0.894 (0.801 a 0.954)AB

Sh4 0.405 0.838 0.737 (0.622 a 0.833)D

Ca1, Caries1; Ca2, Caries2; Conv, Conventional; Fin, Fine; Org,
Original; Sh1, Sharpen1; Sh2, Sharpen2; Sh3, Sharpen3; Sh4,
Sharpen4.
AUC followed by different letters indicate statistical difference at
p, 0.05.

Table 5 Components reduced and increased in the image
(considering the participation of low and high frequency in the image)
after the post-processing of selected filters, as revealed by the Fourier
transform

Filter
Component size reduced
(low frequencies)

Component size increased
(high frequencies)

Caries 1 100–66% 1–66%
Caries 2 100–66% 1–66%
Endo 100–80% 1–80%
Fine 100–50% 1–50%
Perio 100–90% 1–90%
Sharpen 1 100–60% 1–60%
Sharpen 2 1–15%
Sharpen 3 1–7%
Sharpen 4 1–7%
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emboss filters are suggested, while high-pass filters
should not be used.13 It is important to mention that the
former study13 has analyzed some of the available filters
in one digital system (DBSWIN software) and that none
of them were specifically developed for implant evalu-
ation. Thus, the lack of specific filters requires that
several post-processed images be tested for the same
diagnostic task. In the present study, conventional
radiographs presented the highest accuracy for the di-
agnosis of bone–implant interface. Furthermore, some
high-pass filters (such as Caries2 and Endo) showed
performance similar to conventional radiographs and
are also indicated. The difference for the behaviour of
such high-pass filters adjacent to metal materials could
be related to the density of nearby structures with which
the X-ray photons interact. When the bone–implant
interface was the target of investigation, the difference
in density between the metal and the bone tissue was not
as significant as that between the metal and the adjacent
air, as the two studies mentioned above.
Dave et al18 also examined the diagnosis of bone

defects in the bone–implant interface using digital ra-
diography and CT, obtaining an AUC of 1 (the highest
possible value) with the digital radiographs. The accu-
racy found in the present study varied from 0.964
(VistaScan system, Caries2 filter) to 0.708 (Express
system, original image). However, some important dif-
ferences should be mentioned. The former study18

assessed gaps of 0.35-mm and 0.675-mm size, sub-
stantially larger than the ones in this investigation
(0.125 mm). Furthermore, the authors did not comment
on the use of processing filters that, as demonstrated,
may interfere in the peri-implant evaluation.
The present study was based on an in vitro model,

since the same implant needed to be imaged by several

acquisition systems using ionizing radiation, making the
participation of patients impossible. Bovine ribs with
muscle tissue were chosen as the site for the implants, as
the density of this region resembles that of the human
mandibular bone tissue; besides, its use has already been
documented.18 One might suggest that the complexity
of the biologic process involved in the osseointegration
process cannot be reproduced in vitro. However, the
present study is focused on the radiographic appearance
of “juxtaposition” or “absence of juxtaposition” of
bone–implant interface. A 3.75-mm-diameter implant
was installed in perforations with 3.0-mm (CG) or 4.0-
mm (TG) diameter. Thus, at the radiographic exami-
nation, there were two possible situations: either the
implant would be in a close contact to the bone walls
(CG), representing the osseointegration process, or
a thin radiolucent line would be seen (TG), resulting in
the absence of juxtaposition of bone–implant interface
in the radiography, similar to the image of a failure of
the osseointegration process. Moreover, the apical third
of the chosen implants and the perforation drills had the
same macroscopic design, allowing better setting and
blinding of the examiners during the evaluations.

Conclusions

The results from this in vitro study showed that radio-
graphic evaluation of bone–implant interface is influ-
enced by the radiographic system and the processing
filter employed. According to the results from the
present study, conventional radiographs or digital
images with application of high-pass filters such as
“Caries2” and “Endo” could help enhance diagnosis on
implant–bone interface on intraoral radiographs.
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