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Abstract: (1) Background: Fractal analysis has been used as a mathematical method for studying
the complexity of fractal structures such as trabecular bone that look similar at different scales.
Bruxism is a disorder involving nonfunctional grinding and clenching of the teeth that leads to
bone resorption and fractal dimension reduction. This study aimed to evaluate the trabecular
pattern of the mandibular condyle, angle, and dental region in panoramic radiographs of individuals
with and without bruxism using fractal analysis and a larger sample size. (2) Methods: A total
of 365 panoramic radiographs belonging to two groups consisting of bruxism and non-bruxism
individuals were assessed using fractal analysis. Fractal dimension (FD) values were calculated
on each side for the three regions of interest (ROIs): the mandibular condylar head, mandibular
angle, and interdental region between the second premolar and first molar. Statistical analysis was
performed using binominal and chi-square tests, the Shapiro–Wilk test, and the Mann–Whitney test
(α = 0.05). (3) Results: No significant differences were observed between the FD values of the ROIs
in the two groups (p > 0.05). (4) Conclusions: No significant differences existed in the FD values of
the ROIs in patients with and without bruxism. This result shows that fractal analysis of panoramic
radiographs cannot be useful in detecting patients with bruxism.

Keywords: fractal analysis; mandible; bruxism

1. Introduction

Fractals are patterns that look similar at different scales in which each small part resem-
bles the whole. Fractal patterns are seen in many natural structures, including biological
structures. In fact, many human organs display fractal properties. For instance, trabecular
bone structures have fractal or fractal-like properties [1]. Fractal analysis is a mathematical
method that is increasingly used to study the complexity of fractal structures due it to not
being affected by imaging conditions, such as projection angle; its easy accessibility; and
the fact that it provides a quantitative outcome, the fractal dimension (FD), for structural
complexity [2,3]. A higher FD is associated with a more complex fractal structure; therefore,
a higher FD demonstrates a more complex trabecular bone pattern [4]. In dentistry, fractal
analysis is most frequently applied to panoramic and preapical radiographs to detect local
or systemic disorders that can potentially change the fractal pattern [3]. Fractal analysis
has been used to study various areas, such as in evaluating the relation between jaw bone
structure and lactation [4], evaluating trabecular changes in periodontitis [5,6], detecting
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osteoporosis [7], implant osseointegration prediction [8], evaluating the effect of histogram
algorithms on periapical radiographs [9], and investigating mandibular trabecular bone in
bruxism [2], as it has the potential to determine the jaw bone internal trabecular pattern [3].

Bruxism is a disorder and an oral habit characterized by nonfunctional grinding and
clenching of the teeth that occurs in 12.8% of adult individuals [10–12]. Bruxism can
happen during sleep (nocturnal bruxism) or while awake (diurnal bruxism). Self-reports,
clinical examination, and polysomnographic or electromyographic records of patients are
used for diagnosis of bruxism [2,13]. Bruxism and other parafunctional habits result in
condylar resorption as a consequence of mechanical stress [14], and it can cause TMD, disc
displacement, and masticatory muscle pain [15].

Studies show that trabecular bone structure is affected in patients with bruxism in
the mandibular condyle, gonial angle, and the region between the second premolar and
first molar [2,13]. However, these studies have conflicting results. In one study, FD value
measurements were only statistically different between bruxism and control groups in the
condylar regions; FD values were lower in the right condyle in individuals with bruxism
than in non-bruxer individuals [2]. Another study reported that, in individuals with
bruxism, the gonial bone region FDs on both sides were significantly lower compared with
control patients, while no significant difference was observed between the FD values of
the condylar region between the groups [13]. This study aimed to evaluate the trabecular
pattern of the mandibular condyle, angle, and dental region in panoramic radiographs of
individuals with and without bruxism using fractal analysis and a larger sample size.

2. Materials and Methods
2.1. Patient Selection and Image Acquisition

In this study, panoramic radiographs from patients who attended to the Department
of Oral Medicine and Radiology, King George’s Medical University, Lucknow, India, from
November 2017 to September 2018 with no systemic condition affecting the bone, such as
hyperparathyroidism, hypoparathyroidism, or Paget’s disease, were included. All proce-
dures followed were in accordance with the ethical standards of the responsible committee
on human experimentation (institutional and national) and with the Helsinki Declaration of
1975, as revised in 2008. This study was approved by the King George’s Medical University
U.P. Institutional Ethical Committee (code: 104th ECM IIA/PI9). Patients included in the
study were informed before the examination, and an informed consent form was signed by
all participants. In accordance with the exclusion criteria, radiographs from patients not
willing to participate or with inadequate exposure parameters, patient movement, surgical
fixation plates, or any pathological lesions in the mandible, as well as those lacking the
second premolar and first molar teeth, were eliminated. All radiographs were taken with a
Planmeca PM 2002 CC Proline Panoramic X-ray device (Helsinki, Finland) with 60 kVp,
10 mA, and 18 s exposure parameters.

The required sample size was calculated to be a minimum of 311 using the below equation:

n =

(
Z1− α

2
+ Z1−β

)2(
σ2

1 + σ2
2
)

d2 α = 0.05 → Z1− α
2
= 1.96, 1− β = 0.80 → Z1−β = 0.84, σ = 0.67, d = 0.15

Bruxism in the patients was determined based on the polysomnography test, which
was performed by one investigator on masseter muscles; observation of clinically flattened
teeth upon examination; and a history of conscious or subconscious teeth clenching and
grinding. Polysomnographic analysis was performed based on the procedure described in
the study by Kapagiannidou et al. [16].

2.2. Image Preparation

All radiographs were obtained in DICOM format and imported to the ImageJ 1.8
software (NIH, USA) for fractal analysis. The program is available at https://imagej.nih.
gov/ij/download.html, accessed on 13 December 2021.

https://imagej.nih.gov/ij/download.html
https://imagej.nih.gov/ij/download.html
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Six regions of interest (ROIs) were specified for computing fractal dimensions (FDs) by
two trained dentists (KTT and KB): two 50 × 50 pixel ROIs in each superior section of the
condyle that were not in contact with cortical bone, two 100 × 100 pixel ROIs in each gonial
area on the angle bisector of two lines crossing the inferior border of the mandible and the
posterior border of the mandibular ramus without contact with the cortical bone, and two
50 × 50-pixel ROIs in the region between the second premolars’ apex and the mesial apex
of the first molars without contact with the dental structure or lamina dura (Figure 1). The
observers repeated the analysis with 20% of the images 1 month after the initial assessment.
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The FD is called a dimension due to its measurement of how completely an object
fills space. For the FD value as an integer, an ideal point has zero dimensions, an ideal
line has one dimension, an ideal plane has two dimensions, and an ideal volume has three
dimensions. As the trabecular bone structures in two dimensions are not perfectly straight
lines and do not fill the two-dimensional space entirely, their FD values range from 1 to
2 [17]. For example, compared to the trabecular bone structures with higher FD values,
such as 1.45, those with low FD values, such as 1.2, would have fewer trabecular structures
and would not entirely fill the two-dimensional space. While it is theoretically impossible
to determine the FD value for a fractal point set created from digital radiographs from
natural objects, such as bone structures, a good approximation can be achieved for the
evaluation of FD values by using various fractal analysis techniques. All techniques rely on
the association between a measuring tool and the geographical distribution of the object.
There are various techniques for calculating FD values, such as the Hausdorff dimension,
the Minkowski–Bouligand dimension, the mass–radius method, and the box-counting
method [17]. In the box-counting method, the image’s Euclidean space is divided into a
grid of boxes with the size of r, with the initial box size being equal to the original image’s
size, in order to estimate the FDs. Then, as r gets smaller, the number of nonempty boxes
(N(r)) is counted [17]. The gradient of a line in a diagram of the logarithm of N(r) versus
the logarithm of r equates to the FD value (Figure 2). Grid box sizes typically decrease by a
factor of 0.5 sequentially.

As a result of the box-counting approach being used in previous studies for calculating
FD values [2,6,9], in this study, the fractal analysis was performed as explained below.

First, after ROI selection, they were cropped and isolated with the “clear outside” tool
and then duplicated (Figure 3a). Afterwards, the “Gaussian Blur” function with 10 pixel
sigma was applied to the second image for noise reduction (Figure 3b). Thereafter, the
blurred images were subtracted from the raw images (Figure 3c) and converted to black
and white by employing the “Make Binary” function to differentiate bone marrow and
trabecular structures (Figure 3d). Finally, with the aim of computing FD values, fractal
analysis was performed by using the “fractal box-counting” approach (mean intensity: 128).
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Image analysis was performed by two trained senior dental students who were blind to the
existence of bruxism in the patients.
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2.3. Statistical Analysis

Interobserver and intraobserver agreements were determined using the intraclass
correlation coefficient (ICC). Binominal and chi-square tests were utilized to compute
descriptive statistics for gender and the existence of bruxism in the participants. The
Shapiro–Wilk test analyzed variables’ conformity to the normal distribution. As a result, it
was found that variables did not conform to a normal distribution. Thus, non-parametric
tests were applied. The Mann–Whitney U test was employed to compare the FD values
within the two groups (patients with bruxism and those without bruxism). The level of
significance was set to 0.05. Data were analyzed using Statistical Package for the Social
Sciences (SPSS, v.26, IBM Statistics, Armonk, NY, USA).

3. Results

A total of 488 images were initially included in this study. After excluding 123 radio-
graphs, 365 images were analyzed in this study. There was adequate inter- and intraob-
server concurrence in image fractal dimension assessment due to the high two-way random
consistency ICC (>0.75, p value < 0.001). A total of 54.8% of the individuals (200) were male,
and 45.2% (165) were female. The sex and age ranges of all participants divided according
to the existence of bruxism are demonstrated in Table 1.
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Table 1. Demographic information for study participants.

Age Range
Male Female

Total
B 1 NB 2 B NB

50–59 26 44 25 39 134
60–69 39 38 25 21 123
70–79 12 17 22 13 64
>80 13 11 11 9 44

Total 90 110 83 82 365
1 Bruxer. 2 Non-bruxer.

A total of 45% of men and 50.3% of women had bruxism. The chi-square test did not show
any significant difference between the sexes in the prevalence of bruxism (p value = 0.313).

Using the Mann–Whitney U test, there were no significant differences in FD values in
the six ROIs between the two groups (bruxer individuals and non-bruxers) (p value > 0.05)
(Table 2).

Table 2. FD values of different ROIs in the study groups.

ROI Group Number Mean SD 1 p Value

Right condyle B 2 173 1.41 0.12
0.760NB 3 192 1.41 0.11

Left condyle B 173 1.42 0.12
0.948NB 192 1.42 0.12

Right gonial region B 173 1.40 0.14
0.795NB 192 1.39 0.13

Left gonial region B 173 1.40 0.14
0.190NB 192 1.41 0.13

Right alveolar region B 173 1.38 0.14
0.806NB 192 1.38 0.16

Left alveolar region B 173 1.36 0.15
0.541NB 192 1.37 0.14

1 Standard deviation, 2 bruxer, 3 non-bruxer.

Furthermore, the Mann–Whitney U test showed that the FD values were not signif-
icantly different between the two sexes for the bruxer (Table 3) and non-bruxer groups
(Table 4) (p value > 0.05). Comparing the mean FD values in different ROIs with the Mann–
Whitney U test demonstrated that the alveolar regions in both sides had significantly lower
FD values compared to other ROIs (p values < 0.001), except for the right gonial region
(p value = 0.137).

Table 3. FD values of different ROIs for the two sexes in the bruxer group.

ROI Sex Number Mean SD 1 p Value

Right condyle
Male 90 1.42 0.12

0.322Female 83 1.40 0.13

Total 173 1.41 0.12

Left condyle
Male 90 1.40 0.12

0.258Female 83 1.43 0.11

Total 173 1.42 0.12
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Table 3. Cont.

ROI Sex Number Mean SD 1 p Value

Right gonial region
Male 90 1.39 0.15

0.425Female 83 1.40 0.12

Total 173 1.40 0.14

Left gonial region
Male 90 1.40 0.15

0.802Female 83 1.40 0.12

Total 173 1.40 0.14

Right alveolar region
Male 90 1.38 0.14

0.814Female 83 1.38 0.13

Total 173 1.38 0.14

Left alveolar region
Male 90 1.37 0.15

0.553Female 83 1.35 0.15

Total 173 1.36 0.15
1 Standard deviation.

Table 4. FD values of different ROIs for the two sexes in the non-bruxer group.

ROI Sex Number Mean SD 1 p Value

Right condyle
Male 110 1.41 0.12

0.379Female 82 1.41 0.11

Total 192 1.41 0.12

Left condyle
Male 110 1.41 0.14

0.474Female 82 1.42 0.10

Total 192 1.42 0.12

Right gonial region
Male 110 1.39 0.14

0.596Female 82 1.38 0.11

Total 192 1.39 0.13

Left gonial region
Male 110 1.42 0.13

0.104Female 82 1.40 0.13

Total 192 1.41 0.13

Right alveolar region
Male 110 1.37 0.19

0.823Female 82 1.38 0.11

Total 192 1.38 0.16

Left alveolar region
Male 110 1.37 0.15

0.993Female 82 1.37 0.13

Total 192 1.37 0.14s
1 Standard deviation.

Moreover, the Kruskal–Wallis test showed a significant difference between ROIs,
and the Mann–Whitney test, as a post hoc test, demonstrated that the FD values were
significantly different between age ranges for the right condyle (p value = 0.03), right
gonial region (p value = 0.001), left gonial region (p value = 0.002), and left alveolar region
(p value < 0.001). Further information about the FD values in different age ranges after
performing the Kruskal–Wallis test is mentioned in Table 5.
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Table 5. Mean FDs ± standard deviation for different ROIs in different age ranges.

ROI 50–59 60–69 70–79 80–89 p Value

Right condyle 1.42 ± 0.14 1.43 ± 0.13 1.38 ± 0.08 1.40 ± 0.08 0.030

Left condyle 1.42 ± 0.12 1.42 ± 0.14 1.41 ± 0.08 1.38 ± 0.11 0.200

Right gonial region 1.40 ± 0.13 1.42 ± 0.15 1.34 ± 0.09 1.47 ± 0.11 0.001

Left gonial region 1.42 ± 0.15 1.42 ± 0.15 1.35 ± 0.08 1.39 ± 0.09 0.002

Right alveolar region 1.38 ± 0.17 1.41 ± 0.13 1.32 ± 0.12 1.36 ± 0.14 <0.001

Left alveolar region 1.37 ± 0.16 1.38 ± 0.15 1.35 ± 0.09 1.33 ± 0.15 0.542

Additionally, the Mann–Whitney post hoc test showed that FD values were significantly
higher in the 60–69 age range compared to 70–79 in the right condyle (p value = 0.034), right
gonial region (p value = 0.001), left gonial region (p value = 0.001), and left alveolar region
(p value < 0.001).

4. Discussion

Based on our findings, no significant differences existed in the FD values for the ROIs
in patients with and without bruxism of different sexes. This result showed that fractal
analysis of panoramic radiographs cannot be useful in detecting patients with bruxism.
Moreover, the findings of this study showed that, in different age ranges, there were
significant differences in the right condyle and gonial region and left gonial and alveolar
region, and the FD values were significantly higher in 60–69 year old individuals compared
to 70–79 year old individuals in these ROIs. Moreover, the results of this study showed that
the maximum and minimum mean FD values in both sides were obtained for the condylar
and alveolar regions, respectively.

No consensus exists regarding the diagnosis of bruxism due to its subjective and
unspecific nature [18]. Several methods have been suggested for diagnosing bruxism,
including polysomnography, questionnaires, clinical examination, and electromyogra-
phy [12,19]. However, based on existing literature, a combination of polysomnography,
clinical evidence of flat facets in the teeth, and a history of clenching and grinding was
used in this study to confirm bruxism [20].

While the application of image enhancement techniques to medical images is a crucial
stage in many diagnostic processes and leads to better diagnosis in oral radiographs, such as
in evaluating the periapical region [9], for visual recognition of changes in bone structures
in radiographs, a minimum change of 30% is needed [21]. One technique that has the
potential to improve the diagnostic accuracy of radiographs, even when the changes are
below 30%, is fractal analysis, which employs mathematical morphology for evaluation of
bone trabecular structures [22]. Various studies have been carried out using fractal analysis
as a tool for evaluating bone structure. According to a study by Soltani et al. from 2021, FD
levels decrease in moderate and severe periodontitis [6].

In Shrout et al.’s study, 45 digital bitewing radiographs were taken obtained individu-
als. Afterward, the FD values of four different ROIs (maxillary and mandibular premolar
and molar regions) were determined. This study found that FD values were affected by
the dimensions of ROIs more than their gray level values [23]. Thus, in the current study,
for ROI selection in the condyle and alveolar area, 50 × 50 pixel regions of trabecular bone
without teeth, periodontia, or cortical bone were selected for fractal analysis. Moreover, for
applying fractal analysis in the gonial regions, 100 × 100 pixel ROIs were selected from
the trabecular bone of the mandible, excluding the cortical bone because of its effect on
FD values.

In a study performed by Gulec et al. in 2021 with 212 individuals, three bilateral
regions of interest (ROIs) were selected: the mandibular condyle, the mandibular angle,
and the area between the apical regions of the mandibular second premolar and the
first molar teeth. It was determined that FD values were lower in the right condyle in
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patients with bruxism compared to those without bruxism [2]. However, another study by
Eninanç et al. from 2021 with 252 individuals evaluated eight paired mandibular regions of
interest (the bilateral condylar and gonial regions and the bilateral dentate regions between
the apical areas of the first molar and second premolar and between the first premolar and
canine). Fractal dimensions (FDs) were calculated at each site. This study showed that FD
values in the gonial region on both sides in patients with bruxism were significantly lower
compared to control individuals [13]. The inconsistency observed between the findings of
these studies may indicate that panoramic radiographs are not a suitable screening tool for
diagnosis of bruxism. Additionally, performing fractal analysis on panoramic radiographs
does not always yield accurate FD values, as panoramic radiographs are prone to technical
errors, superimpositions, and low quality. A study performed by Bollen et al. showed that
FD values in panoramic radiographs were lower than those in periapical radiographs for
the same ROIs [24]. However, since, in this study, ROIs located in the condylar and gonial
region were investigated, panoramic radiographs were selected as the screening tool.

Another study was performed by Kolcakoglu et al. in 2022 to evaluate bone density in
sleep bruxers among pediatric patients using panoramic radiographs, and three regions
(the geometric center of the condyle, the angle region under the mandibular canal, and
the distal region of the mental foramen) were evaluated. It was determined that there
were no differences in FD values in the right and left in all regions in either sex. Moreover,
for the angle and condyle regions, the sleep bruxism group had significantly higher FD
values than the control group and a moderate negative correlation existed between age and
condyle FD values among controls. Therefore, the FD values used to evaluate trabecula-
tion of the mandibular bone are affected by sleep bruxism in the mandibular angle and
condyle regions [25].

Furthermore, in 2023, Kurut et al. compared bone structure in bruxer and non-bruxer
individuals with bone apposition. A total of 200 bilateral jaw samples were studied
(80 probable bruxer and 20 non-bruxer G0 individuals). Each mandibular apposition was
classified in the groups G0, G1, G2, or G3 based on severity. FDs were calculated by
selecting seven regions of interest from each sample. When the probable bruxer group
was compared to the non-bruxer G0 group, it was discovered that FDs were statistically
higher in the mandibular angle and cortical bone regions in the probable bruxer group.
Regarding FD averages in cortical bone, there was a statistically significant difference
between probable bruxer G0 and non-bruxer G0 grades. The relationship between FDs
and gender was observed to be significant for the canine apex and canine distal regions.
In comparison to G0 non-bruxer individuals, bruxer individuals were observed to have
higher levels of FDs in the mandibular angle region and cortical bone [26].

The findings of the present study indicated that the condylar regions in both sides
had the highest FD values compared to other examined ROIs and, therefore, the condylar
regions had higher trabecular complexity than other locations. Moreover, this study showed
that the FD values of alveolar regions were lowest. Yasar et al.’s study from 2005 compared
the trabecular structures of dentate and edentulous regions and their FD values. They
showed that the lower FD values in the alveolar regions with dentition were because
these regions had a more organized trabecular structure and were better designed to resist
occlusal forces compared to edentulous regions [27]. In agreement with the findings of this
study, Gulec et al., who used the box-counting method to determine FDs in individuals
with bruxism, showed that the lowest FD values were related to the alveolar regions in
both the bruxer and non-bruxer groups [2]. Furthermore, Sener et al. used fractal analysis
with osteoporotic patients using bisphosphonates to assess the trabecular structure in three
separate ROIs from the mandibular corpus, the gonial, and the interdental areas. Their
findings showed that FD values were lower in the interdental region [28]. In contrast to
previous studies, Wilding et al. demonstrated that the FD values obtained from the alveolar
region with dentition were higher than those from the edentulous region [29]. It is probable
that the employment of different methods for measuring FDs (based on volume calculation)
throughout the fractal analysis procedures led to the discrepancy between the findings of
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Wilding et al. and those of the present study. The authors of the current study utilized the
box-counting method, which has been reported in the literature the most frequently [3].

Unlike the present study, some previous studies showed that individuals’ sex affects
FD values [2,30,31]. In Kayipmaz et al.’s study, the authors calculated the FD values of
70 participants, 35 of whom had TMJ arthritis, in the condylar region by using cone beam
computed tomography images [31]. This study showed that FD values in females were
significantly lower than in males. In addition, Gulec et al.’s study demonstrated that FD val-
ues were lower in females compared to males [2]. On the other hand, some studies showed
that the sex of the participants and FD values had no effects on each another [5,32,33].
Updike et al.’s study from 2008 determined the effect of chronic periodontitis on FD values
using the periapical radiographs of 56 males and 52 females. It was shown that gender
and FD were not correlated [5]. Moreover, Gumussoy et al.’s study utilized fractal analysis
of the panoramic radiographs of 28 females and 23 males to evaluate the effect of chronic
renal failure on the trabecular structure of the mandible. In this study, gender did not lead
to significant differences in FD values [32]. The reason for these discrepancies between the
findings of previous studies and this study could be related to the various modalities of the
radiographs used.

Due to the more dynamic structure of trabecular bone compared to cortical bone,
age-related alterations have a greater impact on trabecular bone structures [34]. The results
of this study showed that there were significant differences between the age ranges of
60–69 and 70–79 in right condyle and gonial region and left gonial and alveolar region
and, therefore, that higher age leads to lower FD values in individuals in these age ranges.
Unlike the present study, Gulec et al.’s study showed a relation between age, osteoporosis,
and FD values. In Gulec et al.’s study, the changes in the trabeculation of the mandibular
bones in individuals who had bruxism were examined and only a slight negative connection
between age and FD measures was found in the right condyle region; no other significant
correlations were found [2]. The difference between the findings of the present study
and those of Gulec et al.’s study may be related to the lower sample size of Gulec et al.’s
study compared to this study. Moreover, in contrast to the findings of the present study,
Ruttimann et al. randomly selected six premenopausal females and six postmenopausal
males and measured their FD values from their periapical radiographs. They observed
that the group with the higher average age had greater FD values [35]. It is reasonable to
conclude that variations in the modalities of the employed radiographs are the cause of the
discrepancy between the findings of the two studies.

One of the limitations of this study was that, due to anatomic variations and technical
errors, the ROIs in the panoramic radiographs could not be standardized in all cases.
However, since panoramic radiographs are commonly obtained for dental patients, they
application for different diagnostic purposes must be investigated. Further studies on
existing CBCT images of patients with bruxism can be performed to test the observed
findings. Another limitation of the present study was that bruxism was not subcategorized
based on the etiology. Since the etiological factors contributing to habits such as bruxism
are complex, reaching a conclusion regarding the reason for bruxism was beyond the scope
of the present study. The findings of the present study need to be validated with different
populations, as racial anatomical differences can affect how the stomatognathic complex
responds to excessive stress resulting from bruxism.

5. Conclusions

Based on our findings, no significant differences existed in the FD values of the ROIs
in patients with and without bruxism. This result shows that fractal analysis of panoramic
radiographs cannot be useful in detecting patients with bruxism. Moreover, there were no
significant differences in the FD values between sexes.
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31. Kayipmaz, S.; Sezgin, Ö.S.; Saricaoğlu, S.T.; Çan, G. An in vitro comparison of diagnostic abilities of conventional radiography,
storage phosphor, and cone beam computed tomography to determine occlusal and approximal caries. Eur. J. Radiol. 2011, 80,
478–482. [CrossRef]

32. Gumussoy, I.; Miloglu, O.; Cankaya, E.; Bayrakdar, I.S. Fractal properties of the trabecular pattern of the mandible in chronic
renal failure. Dentomaxillofac. Radiol. 2016, 45, 20150389. [CrossRef] [PubMed]

33. Amer, M.E.; Heo, M.S.; Brooks, S.L.; Benavides, E. Anatomical variations of trabecular bone structure in intraoral radiographs
using fractal and particles count analyses. Imaging Sci. Dent. 2012, 42, 5–12. [CrossRef]

34. Bryant, S.R. The effects of age, jaw site, and bone condition on oral implant outcomes. Int. J. Prosthodont. 1998, 11, 470–490.
[PubMed]

35. Ruttimann, U.E.; Webber, R.L.; Hazelrig, J.B. Fractal dimension from radiographs of peridental alveolar bone. A possible
diagnostic indicator of osteoporosis. Oral Surg. Oral Med. Oral Pathol. 1992, 74, 98–110. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.prosdent.2016.01.035
http://www.ncbi.nlm.nih.gov/pubmed/27460312
http://doi.org/10.1111/j.1834-7819.2009.01141.x
http://www.ncbi.nlm.nih.gov/pubmed/19737266
http://doi.org/10.1902/jop.2015.150004
http://doi.org/10.1016/S1079-2104(99)70098-3
http://doi.org/10.1038/sj.dmfr.4600630
http://doi.org/10.1111/ipd.12956
http://doi.org/10.1111/joor.13435
http://doi.org/10.1259/dmfr/85149245
http://doi.org/10.1016/0003-9969(94)00138-2
http://www.ncbi.nlm.nih.gov/pubmed/7748114
http://doi.org/10.1007/s00198-011-1678-y
http://doi.org/10.1016/j.ejrad.2010.09.011
http://doi.org/10.1259/dmfr.20150389
http://www.ncbi.nlm.nih.gov/pubmed/27091088
http://doi.org/10.5624/isd.2012.42.1.5
http://www.ncbi.nlm.nih.gov/pubmed/9922739
http://doi.org/10.1016/0030-4220(92)90222-C
http://www.ncbi.nlm.nih.gov/pubmed/1508517

	Introduction 
	Materials and Methods 
	Patient Selection and Image Acquisition 
	Image Preparation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

