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Abstract The aim of this study was to investigate changes
in the trabecular architecture of the alveolar bone beneath
overhanging restorations with bitewing radiographs in
patients having no radiographically visible vertical bone
loss. Twenty-eight digital bitewing radiographs with over-
hanging restorations and 28 digital bitewing radiographs
without any restorations belonging to the contralateral side
of the same patient were included in the study. Regions of
interests (ROI) were created in the alveolar bone along the
interproximal regions. These ROIs were segmented to
binary images with ImageJ, and, within these binary
images, the number of radiographically visible trabecular
bone islands per unit area was counted; in addition, the
Feret diameter and fractal dimension (FD) were measured.
It was found that the mean number of objects per unit area
was statistically different in alveolar bone with overhanging
restorations from control sites (p<0.0001). However, the
FeD (p=0.179) and FD (p=0.963) did not show statistically
significant differences between alveolar bone with and
without overhanging restorations.
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Introduction

Faulty dental restorations and prostheses are common causes
of gingival inflammation and periodontal destruction. Over-

hanging margins provide ideal locations for the accumulation
of plaque and result in a change in the ecologic balance of the
gingival sulcus region, thereby causing an increase in the
amount of disease-associated organisms. However, when
these overhangs are removed, the control of plaque can be
performed more effectively; gingival inflammation disap-
pears, and alveolar bone support increases [1]. Notably, the
prevalence of amalgam overhangs has been well documented
in previous studies [2–4].

Despite recent technological advances in restorative den-
tistry and dental materials, it appears that overhanging
margins from restoration procedures still occur. This condition
is often neither detected nor eliminated and may be a
significant factor in the etiology of periodontal disease [5].
Importantly, a dynamic relationship exists between the
periodontium and the tooth [1, 6]. The presence of
overhanging amalgam margins in interproximal locations is
thought to disturb this relationship and results in a loss of
alveolar bone height [4]. It is generally difficult, or
sometimes impossible, to examine the contact points and
areas on the posterior teeth for the detection of carious
lesions or overhanging restorations with conventional clini-
cal examination methods [7]. Hence, the most reliable way
of diagnosing overhanging margins is by using a combina-
tion of both clinical and radiographic assessments [4, 8].

Overhanging restorations are primarily found in class II
restorations [9]. It has been shown that there is a greater
loss of periodontal attachment in teeth with overhangs than
in those without [4, 10–12]. Bitewing radiographs have
been reported to detect more approximal lesions and
inadequate restorative treatments of filled surfaces com-
pared to clinical examinations alone [13].

In previous studies, alveolar bone loss associated with
overhanging restorations evaluated mean height from the
radiographs or measured pocket depth [4, 10–12]. However,
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radiographic trabecular bone changes that may accompany
overhanging restorations were not studied. In this study, the
aim was to evaluate radiographically visible alveolar bone
changes in binary images beneath the overhanging restora-
tions in patients without apparent vertical bone loss in the
overhanging restoration region.

Materials and methods

Subjects

Twenty-eight digital bitewing radiographs with overhang-
ing restorations and 28 digital bitewing radiographs without
any restoration belonging to the contralateral side of the
same patient were included in the study. All of the patients
had two premolars and two molars on both sides of the jaws
and none of the patients had radiographically evident
vertical bone loss, especially in the overhanging restoration
region. The teeth having overhanging restorations and the
control teeth included in the study were among the first and
second premolar teeth, as well as the first and second molar
teeth of the maxilla and mandible. The radiographs
included in the study were chosen from the archives of
Oral Diagnosis and Radiology Department and belonged to
the patients who came for their routine plaque control.
Notably, none of the patients had any systemic disease that
would affect bone metabolism. Because this study was
performed retrospectively on radiographs from the archives,
the definite exposure time of the overhanging restorations
was not known. All of the patients were male and were
referred to the periodontology department for plaque
control. The results of the clinical examinations were not
known, but, with respect to the information that was
obtained from the treatment plans of the patients, all of
them exhibited good oral hygiene, and they were referred to
the periodontology department only for plaque control. The
radiographs of the patients were evaluated by two observers
with a common consensus that the patients did not have
vertical bone loss, yet there was an overhanging restoration,
and the contralateral tooth was sound and did not have any
restoration. When evaluating bone loss, it was accepted that
the angulation of the crest for the interdental septum was
parallel to a line between the cementoenamel junctions
(CEJ) of the approximating teeth, as suggested in the
textbook of Carranza’s Clinical Periodontology [14].

Radiographs

The digital bitewing radiographs were all exposed using the
same intraoral X-ray unit (Trophy CCX Digital Periapical
X-ray machine, France) with 65 kV, 10 mA, and 2.5 mm
equivalent total filtration, and they were acquired with size

number 2 Digora phosphor plates. The resolution of the
images was set to 8-bit gray levels.

Image analysis

The entire image processing and analyzing were done with
ImageJ software (www.rsb.info.nih.gov/ij/). These radio-
graphs were specifically rotated with the arbitrarily rotate
command of the program in order to maximize the size of
the regions of interest (ROI; Fig. 1). An ROI was chosen in
the alveolar bone beneath the overhanging restoration while
another ROI was chosen in the contralateral interdental area
in the corresponding tooth that had no restoration. These
ROIs were segmented to binary images with ImageJ (www.
rsb.info.nih.gov/ij/) in a similar way, which has been
previously described in a report that evaluated the alter-
ations of the trabecular pattern in patients with osteoporosis
[15], as well as in other studies [16, 17]. The ROI was first
duplicated and blurred with a Gaussian filter with a
diameter of 20, and this blurred version of the image was
subtracted from the original image and 128 were added.
Later, it was made binary with a threshold level of 128
(Fig. 2). From these binary images, the number of objects
(NO) was counted with the analyze particle command of
the program. Feret diameters (FeD) for these objects were
measured, and the fractal dimension (FD) in the box-
counting method was calculated. As the sizes of the ROIs
are different from each other because of the differences of
the available interdental spaces, the NO was divided by the
area of the ROI to generate the mean NO per unit area
(MNO/A). Because the mean FeD was used for the
calculations, no standardization was applied to it. The
angle of the overhanging part of the restoration was also
measured and the correlation of this angle with the alveolar
bone measurements was evaluated. When measuring the

Fig. 1 The placement of ROI in the rotated bitewing radiograph. 45×
34 mm (350×350 DPI)
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angle of the overhanging part of the restoration to the root
surface of the tooth, first, a line from the outer part of the
restoration to the root surface was drawn. Second, a
continuous line on the surface of the root to the root
surface restoration union was drawn, and the angle between
these two lines was measured (Fig. 3). The distribution of
the angles for the overhanging part of the dental restora-
tions is given in Fig. 4. All of the measurements were
repeated at least 6 months later in order to evaluate the
reproducibility of the measurements. The mean from the
repeated measurements was used in the statistical analysis.

Statistical analysis

SPSS 10.0 was used for the statistical analysis. The
normality of the data was checked with a Kolmogorov–
Smirnov test. The differences between the alveolar bone

with overhanging restorations and control sites were
evaluated with a paired-sample t test for FD, and the
nonparametric Wilcoxon signed ranks test was used to
check for the differences between the groups for the MNO/
A and mean FeD. In this study, the alpha level (p) was used
as 0.05 for the paired-sample t test and 0.025 for the
Wilcoxon signed rank test. The Bonferroni-corrected p
value (p=0.025) was used in Wilcoxon signed rank test
because two variables were evaluated together.

Results

Table 1 demonstrates the means, standard deviations, and
the standard errors of the variables. The data for the MNO
per unit area (MNO/A-1) in areas without restoration (p=
0.004) and mean FeD (MFeD-1) in areas without restora-
tion (p=0.040) did not have a normal distribution. It was
found that the MNO/A was lower in the alveolar bone
under overhanging restorations (0.025) than in control sites
(0.054), and there was a statistically significant difference
between the MNO/A in the alveolar bone with overhanging
restorations and control sites (p<0.0001; Table 1). The
MFeD was higher in alveolar bone with overhanging
restorations (MFeD for alveolar bone in control sites was
8.749, while the MFeD for alveolar bone with overhanging
restoration was 9.369); however, this difference did not
reach a statistically significant level (p=0.179; Table 1).
There was no statistically significant difference for FD (p=
0.963) between sites with and without overhanging restora-
tions (Table 1). Correlations between the angle of the
overhanging restoration and MNO/A, MFD, and MFeD
were calculated with a Pearson correlation test, and no
correlation was found among the variables (Table 2).

The repeatability of the variables was controlled for by
calculating Cronbach’s alpha, and it was found that the
Cronbach’s alpha value was 0.15 for the MNO/A-1 (in

Fig. 4 The distribution of the angles for the overhanging part of the
dental restorations. 26×22 mm (350×350 DPI)

Fig. 3 Measuring the angle of the overhanging part of the restoration to
the root surface of the tooth. 56×39 mm (350×350 DPI)

Fig. 2 a The original ROI. b Blurred version of the ROI with
Gaussian filter. c Binary form of the image where black regions
represent trabecular bone. d The outlines of trabecular bone. 20×
21 mm (350×350 DPI)
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control sites), 0.88 for the MNO/A-2 (in areas with
overhanging restorations), 0.47 for FeD-1 (in control sites),
0.71 for FeD-2 (in areas with overhanging restorations),
0.68 for FD-1 (in control sites), 0.94 for FD-2 (in areas with
overhanging restorations), and 0.93 for the angle of the
overhanging restoration.

Discussion

Overhanging dental restoration is defined as an extension of
restorative material beyond the confines of the cavity
preparation. These overhangs have been implicated as an
etiologic factor in the progression of periodontal disease.
They promote plaque accumulation and change nondestruc-
tive subgingival flora to destructive strains [18]. However,
clinically sound restorations may also be important etio-
logical factors in the initiation of periodontal disease if they
are positioned subgingivally [19]. The main objective of
this study was to evaluate the changes in the trabecular
architecture of the alveolar bone beneath overhanging
restorations with bitewing radiographs in patients who
presented with no evidence of radiographically visible
vertical bone loss. According to Carranza’s suggestion, if
the distance from the CEJ to the alveolar crest is 2 mm and
there are no clinical signs of attachment loss in adolescents,
then this is considered to be within the normal limits, and
there is typically no associated periodontitis [14]. However,
this distance may be greater in older patients [14]. While
the normal limit of this distance has been reported to be
2 mm in some textbooks [14, 20], others have reported it to
be from 1 to 1.5 mm [21]. Although the bitewing

radiographs included in this study were nonstandardized
radiographs, all of them were clinically acceptable. In a
previous study, it was found that alveolar bone loss in
periodontitis or the prevalence of the disease can be
accurately and reliably evaluated from nonstandardized
bitewing radiographs [22].

Segmented images are formed by gathering their
elements into sets likely to be associated with meaningful
objects. The goal of segmentation is to simplify the image
and reduce it to its basic components [23]. A quantitative,
accurate, and reliable method for measuring trabecular bone
structure has been the focus of a large body of research, and
the validation of some of these methods could prove to
have substantial clinical utility [24].

Although there was no radiographically detectable
vertical alveolar bone loss, the number of radiographically
visible trabecular bone islands was decreased in the alveolar
bone beneath the overhangs (p<0.0001). The NO here
represents the number of radiographically visible trabecular
bone islands. The NO was counted with the ImageJ
program’s analyze particle command. This command
counts and measures objects in binary or thresholded
images. It works by scanning the image or selection until
it finds the edge of an object. It then outlines the object

Table 1 Mean, standard deviation, and standard error of all recorded parameters (NO/A-1, NO/A-2, FeD-1, FeD-2, FD-1, FD-2, mean angle of
the region of overhanging restorations to the alveolar bone, age of the patients)

Variables Mean SD Paired-sample t test Wilcoxon signed ranks test

Statistic Std. error (P=0.05) (P=0.025)

MNO/A -1 0.054 0.01 0.05 p<0.0001
MNO/A -2 0.025 0.001 0.005

MFeD-1 8.749 0.225 1.191 p=0.179
MFeD-2 9.369 0.305 1.614

MFD-1 1.519 0.013 0.071 p=0.963

MFD-2 1.520 0.019 0.102

MAngle 23.316 1.723 9.117

Age 25.428 0.540 2.860

Comparison of the mean number of trabecular bone islands per unit area (MNO/A-1), the mean FeD (MFeD-1), and mean FD (MFD-1); in sites
without restorations and sites with overhanging restorations (MNO/A-2; MFeD-2; MFD-2)

N number of radiographs, MNO/A-1 the mean NO (trabecular bone islands) per unit area in alveolar bone without restoration (control sites), MNO/
A-2 the mean NO (trabecular bone islands) per unit area in alveolar bone with overhanging restorations, MFeD-1 mean FeD (the longest diameter)
of trabecular bone islands in alveolar bone without restoration (control sites), MFeD-2 mean FeD (the longest diameter) of trabecular bone islands
in alveolar bone with overhanging restorations, MFD-1 mean FD of alveolar bone without restoration (control sites), MFD-2 mean FD of alveolar
bone with overhanging restorations, MAngle mean angle of the overhanging restoration to the alveolar bone

Table 2 Correlations between the angle of the overhanging restoration
and MNO/A-2, MFD-2, and MFeD-2

MNO/A-2 MFD-2 MFeD-2

ANGLE Pearson correlation −0.211 0.037 0.143

Sig. (2-tailed) 0.282 0.854 0.468
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using the wand tool, measures it using the measure
command, fills it to make it invisible, then resumes
scanning until it reaches the end of the image or selection
[16]. Bland and Altman reported that Cronbach’s alpha
values of 0.7 to 0.8 are regarded as satisfactory in
comparing groups [25]. However, the repeatability of this
measurement in control sites was unacceptable (Cronbach’s
alpha value of 0.15). Counting the objects (bone islands in
this study) in digital images within ROIs is a simple
measurement. When a new ROI is generated in another
place within the same interdental alveolar bone, some
particles might be crossed by the edge of the ROI. As a
consequence of this, depending on their shape and size,
some of the bone islands might be counted twice or more.
Hence, this should account for why the NO in the control
sites could not be reproduced 6 months later.

An X-ray radiograph is a two-dimensional (2D) projec-
tion of a three-dimensional (3D) structure. Various studies
have evaluated how this 3D information is reflected in 2D
projection radiographs. It was shown that a simple
projection provides 3D information about the bone struc-
ture [26–28]. In addition, X-ray radiographs were also
found to be correlated with bone histomorphometry [29].
FeD is the greatest distance possible between any two
points along the boundary of an ROI. In this study, the FeD
was the diameter of a radiographically visible trabecular
bone island and the maximal FeD was measured [30]. This
is a measure of feature size and sometimes called the
feature length because it corresponds closely to the longest
distance between any two points on the periphery and
defines the dimensionality of the figure [30–32] (Fig. 5).
Although this measurement has been shown to be useful in
histological evaluations [33, 34], there was no statistically

significant difference (p=0.179) between the mean FeD of
the alveolar bone beneath overhanging restorations and
control sites in this study. Another caveat is that the FeD
might be sensitive to alterations in an object’s real size and
shape. The sizes and shapes of the individual objects that
are contained in the binary radiographs are not in their
original form because of the information that was lost
during binarization and superimposition of individual
trabeculae upon each other. This may limit FeD’s applica-
bility in X-ray images. The repeatability of FeD for control
and overhanging restoration sites was 0.47 and 0.71,
respectively.

FD is a mathematical technique that can aid in the
quantification of complex structures. In general, more
complex shapes have a higher FD. This technique has been
reported to be used with varying degrees of success in
different imaging modalities such as plain film radiography,
mammography, CT, and MRI [35]. Various investigators
have evaluated the structure of the trabecular bone on
dental radiographs by using different FD methods with the
aim of discriminating individuals with osteoporosis from
those without [36, 37]. FD measurements have also been
used in discriminating periodontitis [38] and sickle cell
anemia patients from healthy ones [39, 40]. In this study,
FD could not differentiate alveolar bone changes beneath
overhanging restorations versus control sites (p=0.963).
The repeatability of FD was 0.68 for control sites and 0.94
for areas with overhanging restorations.

The reliability or amount of noise, among the quantita-
tive trabecular parameters that are typically measured in
panoramic and intraoral dental radiographs, was evaluated
in a previous study. In those radiographs, some analyses
classified as simple geometric, topological, and directional
measurement were performed. It was found that 83% of
Cronbach’s alpha values were at least 0.9, and 99% were at
least 0.8. It was also shown that that the proposed
trabecular parameters could be measured with a high
degree of reproducibility [41]. In this study, it was found
that Cronbach’s alpha was 0.15 for the MNO/A-1 (in
control sites), 0.47 for FeD-1 (in control sites), and 0.68 for
FD-1 (in control sites). These values are lower than
required to be regarded as satisfactory [25], and this might
cause their usage to be questionable. Geraets et al. reported
higher Cronbach’s alpha values than this study, and the
reason for this difference might be due to the variability in
the researchers’ experience and proficiency in creating
ROIs.

It was found that small overhangs, unlike medium and
large overhangs, did not result in increased alveolar bone
loss around the affected tooth [3]. In another study,
overhang width and patient age did not show any statistical
correlation with alveolar bone loss [4]. Small overhangs,
along with the medium and large overhangs, were also

Fig. 5 An example of measuring FeD of the trabecular bone island in
the middle of the ROI. The central part of the ROI is magnified, and
the line shows the FeD of the individual trabecular bone island. 24×
23 mm (350×350 DPI)
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included in this study, and it was found that the angle of the
overhanging restoration relative to the root surface of the
tooth did not have any correlation with the other parameters
(NO/A, FeD, FD) evaluated. The repeatability for the angle
of the overhanging restorations was found to be sufficient
(Cronbach’s alpha value of 0.93).

Previous studies have examined the effects of overhang
removal in terms of Gingival and Plaque Index scores over
a period of 3 months, and a reversal of the early
radiographic signs of alveolar bone destruction was
observed [42]. In addition, the effects of the placement of
subgingival restorations with overhanging margins on the
subgingival microflora were evaluated in a previous study
[43]. The patients included in the study were instructed to
continue their normal oral hygiene procedures except that
the proximal surfaces of the onlays were to be left
uncleaned. Following the placement of the restorations,
the percentage of surfaces which bled upon probing
gradually increased along with the clinical probing depths
starting from the 7th to the 11th week. That study also
demonstrated that the placement of restorations with
overhanging subgingival margins resulted in a change in
the composition of the subgingival microflora at that site,
whereby the postprocedural microflora were associated
with subsequent periodontitis rather than the presence of
increased plaque masses [43]. It was concluded that the
overhanging margins of restorations not only facilitated
plaque accumulation but also caused an increase in the
proportion of anaerobic species of microorganisms [43].
Due to the retrospective design and results of the current
study, plaque accumulation was not recorded for test or
control sites. Thus, it cannot be concluded that overhanging
margins are the solitary cause for the decrease in the
number of trabecular bone islands. However, the composi-
tion of bacteria is thought to be more important than the
total mass, and overhanging restorations are reported to
cause an increase in the anaerobic species [43]. Then, in
order to conclude that overhanging restorations cause a
decrease in the number of trabecular bone islands, not only
the amount of plaque but also the composition of it should
be known.

Trabecular bone, marrow spaces, and cortical bone
constitute the dense portion of alveolar bone in radiographs.
It has been reported that the buccal and lingual cortical
plates of the mandible and maxilla do not cast a discernible
image in periapical radiographs [44]. This means that the
trabecular bone mostly contributes to the density of the
radiograph, and each structural feature should show a
correlation with density [45]. It has been suggested that
crestal bone density loss occurs before crestal bone height
loss; therefore, radiographic analysis procedures that mea-
sure changes in bone density serve as sensitive methods for
predicting future loss of crestal bone height [46]. The

findings of this study support this suggestion, which
indicated that there was a decrease in the number of
trabecular bone islands beneath overhanging restorations.
MNO/A-1 (the NO in the control sites) did not have a
normal distribution, while the mean and standard deviation
of this measurement were nearly the same. This cannot be
attributed to the negative effect of other factors such as the
amount of plaque present or individual inflammatory
responses, yet it does show that the data were spread out
over a large range of values [47]. The reason for this might
be because the number of radiographically visible trabec-
ulae exhibit differences from one patient to another, as well
as from one region to another even within the same patient
[48]. Other reasons for this might be due to the superim-
position of the individual trabeculae in the 2D radiographic
images and the information that was lost during binariza-
tion. The repeatability of the MNO/A was found to be low
in control sites (Cronbach’s alpha value was 0.15), and this
might be a limitation in its utility. However, overhanging
margins of dental restorations seem to cause a decrease in
the number of trabecular bone islands, and this might lead
to decreases in alveolar bone height over the forthcoming
years if the overhangs are not removed.
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