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Abstract

Objective: The aim of this study was to evaluate the fractal dimension (FD) analysis
in the temporomandibular joint for changes in trabecular bone structure on cone
beam computed tomography (CBCT) images of patients with rheumatoid arthritis
(RA).

Materials and Methods: In this study 17 female RA patients and 16 healthy female
individuals who were underwent CBCT imaging with for diagnostic purposes such
as pathologic lesion and implant treatment planning, were evaluated and fractal
analysis was performed using Image J (National Institutes of Health, Bethesda,
MD) program with box-counting method. The results were analysed using Student
t-test with SPSS 20.0 (SPSS, Chicago; IL, USA) software program.

Results: According to the results, FD values of RA patients have wide range (for
right side minimum: 0.919, maximum: 1.169 and for left side minimum: 0.958,
maximum: 1.155). Statistical analysis of FD values showed significance between RA
patients and the healthy individuals for both right/left sides (for the right side, the
RA patients had a mean FD of 1.055, and the control group had a mean FD of 1.113;
for the left side, the RA patients had a mean FD of 1.060, and the control group had
a mean FD of 1.111) (p<0.05). There was no significant different between FD values
of right and left side of mandibular condyle.

Conclusion: RA patients have lower FD values than healthy individuals for each
side which means bone complexity of RA patients are less. The results recommend
that FD is a promising tool for detection of bone-related bone changes.

0z

Amac: Bu calismanin amaci, romatoid artritli (RA) hastalarin konik isinli bilgisayarli
tomografi (KIBT) goriintiileri Gzerinde temporomandibular eklemin trabekiler
kemik yapisindaki degisiklikleri fraktal boyut (FB) analizi ile degerlendirmektir.
Gerec ve Yontemler: Bu calismada, patolojik lezyon veya implant tedavi planlamasi
gibi tani amaciyla KIBT goriintlilemesi yapilan 17 kadin RA hastasi ve 16 saglikli
kadin birey degerlendirildi ve Image J (National Institutes of Health, Bethesda, MD)
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programi kullanilarak kutu sayma yéntemi ile fraktal analiz yapildi. Sonuclar SPSS 20.0 (SPSS, Chicago, IL, ABD) programi ile Student

t-testi kullanilarak degerlendirildi.

Bulgular: RA hastalarinin FB degerleri sagda minimum: 0,919, maksimum: 1,169 ve solda minimum: 0,958, maksimum: 1,155 olarak
oOlculdi. FB degerlerinin istatistiksel analizi, sag ve sol taraflar icin RA hastalari ile saglikli bireyler arasinda istatistiksel olarak anlamli
farklilik gosterdi (sag taraf icin RA hastalarinin FB ortalamasi 1,055, kontrol grubunun FB ortalamasi 1,113, sol taraf icin ise RA
hastalarinin FB ortalamasi 1,060, kontrol grubunun FB ortalamasi 1,111'dir) (p<0,05). Mandibuler kondilin sag ve sol tarafi arasinda

ise FB degerleri istatistiksel olarak anlamh fark gostermemektedir.

Sonug: RA hastalarinin her bir taraf icin saglikli kisilere gore FB degerleri daha dusliktir, bu da RA hastalarinin kemik yogunlugunun
daha az oldugu anlamina gelir. Sonuclar FB'nin RA ile iliskili kemik degisikliklerinin saptanmasinda umut verici bir arac¢ oldugunu

dustindiirmektedir.

Introduction

Rheumatoid arthritis (RA) is a systemic,
chronic, autoimmune, inflammatory and erosive
joint disease (1). Although RA usually affects the
metacarpophalangeal, proximal interphalangeal and
metatarsophalangeal joints, it can also affect other
joints. Temporomandibular joint (TMJ) involvement is
usually seen in advanced cases (2).

Fundamental changes in the process of bone
remodeling potentially lead to changes in the
structural and mechanical properties of bones (1).
Rheumatic inflammation reduces the bone strength
and toughness of the periarticular bone by disrupting
bone quality and bone mass. In RA, periarticular
osteoporosis is the first morphological sign associated
with the disease and is seen before erosion and
narrowing of the joint space (3).

Patients with RA are at risk for secondary
osteoporosis. A change in bone architecture provides
information for the diagnosis of osteoporosis and a
possible fracture risk (4-6).

Because the trabecular bone has a higher metabolic
activity than the cortex of the alveolar bone, it is more
suitable for use in evaluating changes (7). The fractal
dimension (FD) of the trabecular bone structure has
been proven to have a significant correlation with the
physical properties of the bone (8).

FD analysis is a statistical tissue analysis used to
describe complex shapes and structural patterns based
on fractal mathematics (9). A small FD value indicates
a larger number of gaps in the bone, while a greater
FD value indicates a smaller number of voids in the
bone (4,10). It has been shown that an FD increases
both after the experimental demineralization of
bone and after changes in bone density due to age or
disease (11,12).

Various studies have been conducted to apply
different methods of analyzing bone structure with
panoramic radiography (13-15). Only a limited
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number of studies have assessed bone structure
using cone beam computerized tomography (CBCT)
(16-18). While the detailed trabecular structure can
not be achieved due to low resolution, the texture
pattern in CBCT can still provide discriminative data
to separate different trabecular patterns (16). It
has been shown that fractal analysis can be applied
to CBCT images for evaluation of bone quality (18).
CBCT is used in dentistry in many different diagnoses
such as assessing the bone quality before implant
placement or identifying and following a variety of
bone lesion types. Clinical applications in the field of
dentomaxillofacial radiology have gained importance
and become widespread (19).

In this study, CBCT data and the fractal analysis
method were used to evaluate and compare the
trabecular bone structure changes in condyle heads
of patients in the RA group with those of the control

group.
Materials and Methods

Subjects

In the present study, 17 female RA patients and
16 healthy female individuals who underwent CBCT
imaging for various diagnostic purposes, such as
pathologic lesion and implant treatment planning,
were evaluated retrospectively. None of the study
participants had any congenital TMJ disorder or
surgical treatment for TMJ. The RA patients ranged
in age from 20-63 years (mean of 44.4 years), and
the healthy individuals ranged in age from 26-64
years (mean of 42 years). The control and RA patient
groups were matched according to age and gender
criteria. The CBCT examinations were performed at
Atatlrk University Faculty of Dentistry, Department
of Dentomaxillofacial Radiology. The RA patients did
not have any systemic disease other than RA, and
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the control group did not have any type of systemic
disease.

Cone Beam Computerized Tomography Data

CBCT images were obtained by using the NewTom
3G (Quantitative Radiology, Verona, Italy) which has
a maximum output of 110 kV and 15 mA, a 0.16-mm
voxel size, and an approximate 5.4s exposure time
as scanner parameters. In the first instance, the TMJ
was examined by viewing 0.5 mm axial slices; the
coronal slices were selected from the axial views on
which condylar process is the widest in mediolateral
dimension. The coronal slices were taken in 0.3 mm
thickness and parallel to the long axis of the condylar
process on the selected axial image. All CBCT images
were evaluated by a single observer.

Fractal Dimension Analysis

All the condyle slices were saved as JPEG images
via the NNT Viewer software program. The regions of
interest (ROIs) were selected as 20x20 pixels within
each image with the use of Photoshop CS6 13.0 8.0
(Adobe Inc., San Jose, CA). The ROls, located in the
middle of the coronal TMJ slice (Figure 1), were
cropped by using Adobe Photoshop and saved as
JPEG images. The images were then transferred to the
Image J (1)) version 1.51 program (National Institutes
of Health, Bethesda, MD @; https://imagej.nih.gov/
ij/download.html) (20) in order to calculate the FDs.
In this study, the images were converted to binary
images by using the method created by White and
Rudolph (21). The ROIs were duplicated and blurred
by using a Gaussian filter with a diameter of 35 pixels.
The blurring process aims to eliminate all fine- and
medium-scale variations in image brightness. The
blurred images were extracted from the original
ROIs. To reflect each of the image’s variations, such
as trabecular bone structure and marrow spaces,
128 value was added to the obtained images at all
pixel locations. The results were converted to binary
with thresholding and a brightness value of 128. The
binary images were eroded and dilated on time to
minimize the noise. The final images were obtained
after inverting and skeletonizing the binary images.
On the skeletal binary images, the skeletal structure
represents the bone pattern and the non-skeletal
structure depicts the bone marrow (Figure 2). The FDs
of the skeletonized images were calculated by using
the box counting tool on Image J 1.51 program. The
images were analyzed by covering it with a square

grid of equally sized tiles. The widths of the square
boxes were 2, 3, 4, 6, 8, 12, 16, 32, and 64 pixels. The
number of the counted squares was plotted against
the number of squares in the double logarithmic scale,
and the FDs were calculated from the inclination of
the line fitted on the data points (Figure 3).

Figure 1. Coronal image of temporomandibular joint slice
thickness is 0.3 mm. Regions of interest were taken from the
mostly middle of the condyle and suitable place which has no
cortical bone. A) right side, B) left side

Figure 2. Image processing steps. A) Regions of interest 20x20
pixel, B) gaussian blurred image (diameter 35 pixel), C) image B
was substracted from image, A D) 128 added, E) binary image,
F) eroded image, G) dilated image, H) skeletonized
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Figure 3. Fractal dimension calculation of the images with
box counting method
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Statistical Analysis

The FD values for both the RA patients and the
control group are listed in Table 1. Statistical analyses
were carried out using the SPSS 20.0 (SPSS, Chicago,
IL) software program. The independent Samples t-test
was used to determine the difference between FD
values of the healthy individuals and the RA patients.
Significance was defined as p<0.05.

Results

Table 1 presents the FD values of every participant
and Table 2 presents the mean values and standard
deviations. The results indicated that RA patients had
lower FDs than the healthy individuals for both the
right and left sides of the condyle head, which means
that RA patients had a lesser bone complexity. The FD

values of the RA patients showed a wide range (for
the right side, a minimum of 0.919 and a maximum
of 1.169; for the left side, a minimum of 0.958 and
a maximum of 1.155). A statistical analysis of the FD
values showed significance between the RA patients
and the healthy individuals for both right and left
sides (for the right side, the RA patients had a mean
FD of 1.068, and the control group had a mean FD of
1.113; for the left side, the RA patients had a mean
FD of 1.060, and the control group had a mean FD of
1.111) (p<0.05). The FD values of the trabecular bone
structure support the hypothesis of this study which is
there’s a significant difference between the individual
trabecular bone complexity of female RA patients and
females without RA.

Table 1. Presents fractal dimension values of right and left temporomandibular joints regions of interest

TMI right side TMJ left side

RA patients FD Healhty individuals FD RA patients FD Healhty individuals FD
1.063 1.223 1.036 1.112
1.083 1.097 1.084 1.201
1.117 1.140 1.049 1.165
1.041 1.139 1.074 1.028
1.074 1.051 0.958 1.047
1.077 1.142 1.001 1.112
1.073 1.142 1.045 1.162
0.976 1.114 1.155 1.148
1.070 1.173 1.119 1.141
1.169 1.132 1.015 1.074
1.027 1.130 0.967 1.169
1.122 1.019 1.087 1.148
1.143 1.151 1.085 1.186
1.077 1.028 1.033 0.955
1.077 1.031 1.069 1.010
0.919 1.109 1.135 1.128
1.050 - 1.112 =
TMJ: Temporomandibular joints, RA: Rheumatoid arthritis, FD: Fractal dimension

Meandros Med Dent J 2018;19:345-51
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TMJ right side

Table 2. Presents the means and standard deviations of the variables and paired Samples t-test results (p<0.05)
(group 1: Patients with rheumatoid arthritis, group 2: Healthy individuals)

Standard deviation

Standard error of the mean

p (2-tailed)

1 17 1.06812 0.058683 0.014233

2 16 1.11381 0.056434 0.014109 0.030
TMJ left side

1 17 1.06024 0.055481 0.013456

2 16 1.11163 0.069962 0.017490 0.026

TMJ: Temporomandibular joints

Discussion

RA is characterized by synovial membrane,
cartilage and subchondral bone inflammation, and
injury of joints that cause joint space and loss of
function. Although radiographic changes occur in
60% of RA patients, these changes are not observable
in the early stages of the disease (22). Periarticular
osteopenia is an early and diffuse characteristic of RA
and may be the first morphological change associated
with the disease. At the same time, patients with RA
are at risk for secondary osteoporosis (23).

Various studies have shown that fractal analysis,
a quantitative tool for examining the morphology
of complex structures. It can show the changes
of trabecular bone structure in some diseases,
such as sickle cell anemia, osteoporosis and
hyperparathyroidism. According to these studies,
the FD values of trabecular bone were related with
differences between patient and healthy groups with
respect to changes in trabecular bone architecture
and bone density (21,24-26).

Alman et al. (27) and Demirbas et al. (25) reported
that FD analysis was performed on spongeous bone of
the second premolar and first molar teeth. Because
trabecular bone has a higher metabolic activity than
cortical bone, it determines bone structure changes
(28). In this study, we also performed fractal analysis
on the trabecular bone at the condyle head in the TMJ.

Alveolar bone shows changes in its internal
structure, with a physiological adaptation capacity to
accommodate the forces to which it is exposed. It is
thought that the anisotropic feature of the trabecular
bone and changes in the trabecular thickness cause
different results in FD studies (5,25,29,30).

Although the literature states that as the FD
increases, the complexity of the structure increases,

there is no consensus on this subject. Differing results
of FD studies are related to anatomical variations,
the use of various techniques in obtaining FDs, and
the examination of different regions in alveolar bone.
It is also important to understand how the disease
affects bone quality and how different sections of the
body are affected by this condition. Additionally, it
is critical to determine the criteria for choosing the
ROl and the course of obtaining two-dimensional
images (11,25,31) In our study, CBCT images were
obtained with fixed exposure parameters by selecting
standardized ROIs within the cortical borders of both
mandibular condyles.

In contrast to the results of our study, some
researchers, such as Ruttimann et al. (32) and Hua et
al. (18) reported that FD is increased in some patients
with diseases that cause osteoporotic effects on bone
structure. However, Demirbas et al. (25), Southard
et al. (10), Updike and Nowzari (31) and Ergun et al.
(5) have reported decreased FD values. In this study,
it was found that the right and left condyle head FD
measurements in RA patients were significantly lower
than those of the control group.

In their study of osteoporosis detection by
fractal analysis of dental radiographs, Doyle et al.
(33) reported that mandibular FD measurements in
postmenopausal women were higher than those of
premenopausal women.

Southard et al. (10) compared their own results
with the results of Ruttimann et al. (32) and argued
that the differences in the results may have been
caused by the different analysis methods used. While
there are many different approaches to the fractal
analysis, the box-count is the most preferred method.
(5,31) Therefore this method was chosen for this
study.

Meandros Med Dent J 2018;19:345-51
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Various studies have been conducted to apply
several methods to analyze bone structure with
panoramic  radiography (9,34). Conventional
radiography has disadvantages, such as limited
sensitivity, in detecting early joint space narrowing
and periarticular osteoporosis (35). Additionally,
some studies have assessed the correlation
between bone parameters obtained by CBCT or
high-resolution micro-CT scans (36-40). CBCT allows
direct visualization of the trabecular structure by
eliminating superpositions, and the condyle head can
be examined in three-dimensions. Given the clinical
practice, previous studies have shown that the use of
FDs in CBCT is giving promising results (17,41).

The preliminary results of Hua et al’s (18) study
showed that measuring bone area and fractal analysis
had some potential for assessing bone quality in CBCT
images. The results of Ling et al’s (16) study support
the use of CBCT for advanced trabecular analysis.

Study Limitations

The present retrospective pilot study has some
limitations. Firstly, although CBCT provides superior
diagnosticimaging for TMJ, it involves higher radiation
exposure compared with conventional radiography
anditis not routinely used in every patientin dentistry.
Nevertheless, with consideration the disadvantage of
CBCT, alternative studies can be carried out using a
large number of patient data. Another limitation is
that this study was carried out by CBCT images of RA
patients that were stored at the Oral and Maxillofacial
Radiology Department at the Ataturk University and
the number of participant was limited.

Conclusion

In our study, structure of the trabecular bone in the
condyle head was evaluated in RA and control group
patients was evaluated by fractal analysis with CBCT
data. The patients with RA included in our study were
not admitted to our clinic with joint complaints. CBCT
was required for various reasons. The results of this
study demonstrate that osteoporosis-related changes
in the condyle heads of RA patients can be identified
by FD analysis on CBCT images.
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