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Abstract

Purpose: The aim of this study was to investigate the
effects of orthodontic treatment on the mandibular
condyle head bone formation according to different
orthodontic malocclusion groups.

Materials and Methods: In the study, forty-cight patients
were examined. Individuals included in the study were
grouped according to malocclusion groups. Our study was
carried out retrospectively. The quality of mandibular
condyle bone in panoramic images of patients before and
after  orthodontic ~ treatment  were  compared
retrospectively. This examination was carried out by a
fractal analysis method.

Results: According to the findings we obtained from our
study; the change in mandibular condyle bone quality
before and after orthodontic treatment by age and gender
was not found to be statistically different. After
orthodontic treatment in individuals with Class 1 and 111
malocclusions, the trabecular density structure of the
mandibular condyle bone increased and decreased in
individuals with Class II malocclusion. The change in
mandibular condyle bone quality before and after
orthodontic treatment by malocclusion groups was found
to be statistically different.

Conclusion: The fractal analysis method is a technique
that facilitates the diagnosis of minimal changes occurring
on the radiographs of orthodontic treatment patients and
to evaluate the prognosis of the disease. A relationship was
found between orthodontic treatment applied to different
malocclusion groups and mandibular condyle head bone
formation. When evaluating orthodontic treatments,
mandibular condyle head bone formation should be taken
into consideration.

Keywords:. Fractal analysis, orthodontic treatment,
orthodontic malocclusion

Oz

Amag: Bu calismada, ortodontik tedavinin mandibular
kondil bagt kemik olusumu tzerine etkilerinin farklt
ortodontik maloklizyon gruplarina gére aragtirilmast
amagclanmistir.

Gereg ve Yontem: Calismada kirk sekiz hasta incelendi.
Calismaya dahil edilen kisiler malokliizyon gruplarina gére
gruplandirildi. Calismamiz geriye doniik olarak yapildi.
Hastalarin ortodontik tedavi éncesi ve sonrast panoramik
gorintilerinde ¢ene kondil kemiginin kalitesi retrospektif
olarak karsilastirldi. Bu inceleme fraktal analiz yéntemi ile
yaptlmustir.

Bulgular: Calismamizdan elde ettigimiz bulgulara gére;
yasa ve cinsiyete gbre ortodontik tedavi Oncesi ve
sonrasinda mandibular kondil kemik kalitesindeki degisim
istatistiksel olarak farkli bulunmadi. Smuf I ve III
malokliizyonlu  bireylerde ortodontik tedavi sonrast
mandibular kondil kemiginin trabekiiler yapisinda densite
azalmast olmustur. Siuf II maloklizyonlu bireylerde
mandibular kondil kemiginin trabekiler yapisi densite
artmast olmugtur. Malokliizyon gruplarina gére ortodontik
tedavi Oncesi ve sonrast mandibular kondil kemik
kalitesindeki degisim istatistiksel olarak farkli bulundu.
Sonug: Fraktal analiz yontemi, ortodontik tedavi gbren
hastalarin radyografilerinde olugan minimal degisikliklerin
teshisini kolaylagtiran ve hastaligin seyrini degerlendiren bir
tekniktir. Farklt malokliizyon gruplarina uygulanan
ortodontik tedavi ile mandibular kondil bast kemik
olusumu arasinda iliski bulunabilecegi belirlenmistir.
Ortodontik tedavileri degerlendirirken mandibular kondil
bagt kemik olusumu géz éniinde bulundurulmalidir.

Anahtar kelimeler: Fraktal analiz, ortodontik tedavi,
ortodontik malokliizyon.
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INTRODUCTION

The temporomandibular joint is a complex structure
that includes teeth, bones, nerves, masticatory
muscles or a combination of these structures'?. The
temporomandibular joint disorders can affect
individuals of all ages. Severe temporomandibular
disorders associated with headache and facial pain are
seen in 1-2% of children, 5% of adolescents and 5-
12% of adults’. It was shown that headache in
children is generally associated with
temporomandibular disorder symptoms*,
Temporomandibular joint disorder is found to be
associated with many factors such as tooth loss,
improper orthodontic treatment, occlusal disorders,
trauma, psychological stress, masticatory muscle
fatigue, malfunction or parafunctional habits.
Temporomandibular joint disorders cause some
changes in the bone structures adjacent to the joint2.

The  temporomandibular  joint  mandibular
component consists of an ovoid condyle process with
a diameter of 15-20 mm in the medio-lateral direction
and 8-10 mm in an anterior-posterior direction,
located on the mandibular neck. The joint surface
extends in the anterosuperior direction of the
component’. The appearance of the mandibular
condyle differs greatly between different age groups
and individuals. Morphological changes can also
occur as a result of reshaping of condyle to
accommodate developmental variations,
malocclusion, trauma and other developmental
abnormalities as well as simple developmental
variability®. Mandibular condyle bone quality depends
on many factors such as trabecular continuity, bone
geometry, micro-damages in bone, architecture of
bone tissue, mineralization amount and defects.

Bone mineral density measurement has been used
frequently in the past years in the analysis of bone
structure’. Fractal geometric applications and fractal
size measurements can be used to define the complex
structute  of  trabecular bone®1°.  Since the
temporomandibular joint and the bone tissues
forming the joint are located in the craniofacial
complex, orthodontists also examine the bone
formations that form the joint for diagnosis and
planning, and orthodontic treatment can be modified
before deformities that have occurred or may occur.
This makes orthodontists important in order to
intervene  when deformity occurs in  the
temporomandibular joint or when changes occur in
the bone formations forming the joint.
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Within this information, the hypothesis of the study
is that mandibular condyle bone density decreases in
individuals with Class I and Class IIT malocclusion
after orthodontic treatment and increases in
individuals with Class II malocclusion.

With this study, it will be possible to contribute to the
detailed examination of the changes in the
mandibular condyle structure, which is not paid
attention during orthodontic treatment. In our study,
answers to the following questions were sought:
Does orthodontic treatment affect anatomical
structures  in  individuals  with  different
molocclusions? Does orthodontic treatment have an
effect on the mandibular condyle?

In this study, it was aimed to examine and compare
the changes in mandibular condyle bone density after
orthodontic treatment in individuals with Class I,
Class II and Class I1I malocclusion.

MATERIALS AND METHODS

This study is a study which was conducted by
examining pre and post-treatment radiological films
of patients who applied to Van Yizinci Yil
University, Faculty of Dentistry, Department of
Orthodontics for treatment, who wetre found suitable
for orthodontic treatment and received for
orthodontic treatment. Our study was carried out
retrospectively. Patients screened from the archive
were included in the study according to certain
inclusion critetia.

Sample

In the study, 48 patients who received fixed
orthodontic treatment were examined. The study
started with 89 patient data. 41 patients who did not
comply with the study inclusion guidelines were
excluded. The study continued with 48 patient data.
Individuals included in the study were grouped
according to malocclusion groups. Inclusion criteria
for individuals to be included in our study were
determined as the presence of a panoramic film at the
beginning of the treatment, the absence of any
pathology in the mandibular condyle area, the
absence of any congenital and/ ot acquired anomalies
(cleft lip, cleft palate, trauma, etc.) and having not
received any orthodontic treatment before. In
classification according to malocclusions groups,
mandibular condyle bone quality was compared by
dividing into three groups as individuals with skeletal
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Class I malocclusion (16 patient), individuals with
skeletal Class II malocclusion (16 patients) and
individuals with skeletal Class III malocclusion (16
patient). In all groups, the quality of mandibular
condyle bone in panoramic images of patients before
orthodontic treatment and the quality of mandibular
condyle bone in the panoramic images taken after the
end of orthodontic treatment were compared.
Consent for treatment was obtained from all
participants. This study was conducted by getting
permission from Izmir Katip Celebi Universty
Human Ethics Research Committee
(19.11.2020.1084).

Procedure

This study was conducted on the groups who show
normodivergent growth patterns. Individuals with
skeletal Class I malocclusion had ANB values in the
range of 0° < ANB < 4°. In the Class II malocclusion
group, individuals were characterized by Class II
molar-canine relationship and convex profile, by the
ANB angle being greater than 4, and by the presence
of a normodivergent growth model. In the creation
of the Class III malocclusion group, attention was
paid to the fact that the individuals were
characterized by Class III molar-canine relationship,
concave or flat profile, and that the ANB angle was
less than 0 and had a normodivergent growth model.

Panoramic films of the patients included in our study
obtained with the same x-ray device at the beginning
of orthodontic treatment and after orthodontic
treatment were used. In the examined panoramic
images, those that did not have problems affecting
the mandibular condyle bone quality, the image
quality (such as magnification, low contrast and
blutriness) and those that were taken close to the
natural head position and/or the natural head
position were selected. Panoramic images included in
the study were calibrated and determined in their real
dimensions at 1:1 scale. While analyzing mandibular
condyle bone data, it was conducted after digital
calibration was performed using theImage ] (Wayne
Rasband, National Institutes of Health, Bethesda,
MD) program.

Fractal analysis

When examining the mandibular condyle bofe
quality, trabecular bone changes were compared
using fractal analysis method. As a result of the fractal
analysis process, a value called fractal dimension
expressing the complexity of repeating geomettic
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patterns. Panoramic radiographs of the patients
included in the study were converted to "Tiff" format
and fractal analysis processes were performed on the
images. The necessary processes for fractal analysis
were carried out on the same personal computer by
the same person using the Image ] Software program,
by using the box counting method used by White and
Rudolph!! in their studies in 1999. It was considered
that there is no pathology, lamina dura, periodontal
ligament space and anatomical formation in the areas
selected to carry out fractal analysis in the images.
The processes required for fractal analysis in a certain
order on 134 ROIs selected from 50 patients were
performed. Selected ROI is duplicated. Duplicated
image is blurred by using 35 pixel Gaussian filter.
Thus, small and medium scale differences in image
brightness were eliminated and only large density
differences were allowed to remain in the image. The
image which was blurred by using the Gaussian filter
is extracted from the original image. 128 shades of
gray are added for each pixel. This process helps to
distinguish areas with different brightness, such as
bone marrow and trabecular structure. Then, with
the "Binary" option, the image is converted to a two-
color image, black and white. Thus, the trabecular
structure represented by the black areas on the image
and the bone marrow can be distinguished from each
other. In order to reduce the noise occurring in the
image, it is eroded with the "Erode" option and the
main line of the structure is obtained with the
"Dilate" option. With the “invert” option, white
areas were converted into black and black areas were
converted into white. Finally, with the "Skeletonize"
option, the image is made ready for fractal analysis.
The fractal dimension is calculated by using the
"Fractal Box Count" option in the "Analyze" tab on
the obtained image. The image is divided into 2-64
pixel squares by using the algorithm of the program.
The total number of squares in the image is calculated
for each box series of different pixel sizes. The values
calculated on a logarithmic scale are plotted. The
most appropriate line to the points in the graph is
drawn. As a result, the slope of the drawn line gives
the fractal dimension value of the trabecular
structure.

Statistical analysis

SPSS 20.0 statistical package program was used in the
analysis of the data set (Statistical Package for the
Social Sciences, version 20.0, SSPS Inc, Chicago IL,
USA). The results were considered statistically
significant at a significance level of p <0.05. The
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sample size required for the study was calculated by
G*Power analysis (G*Power Ver.3.0.10, Kiel,
Germany) at the significance level of 0.05 and at a
power of 90% and it was determined that a minimum
of 16 individuals were required for each group.
Whether the data had a normal distribution or not
was determined by the Kolmogorov-Smirnov test.
Descriptive statistics are shown as X (Mean) £ SS
(Standard Deviation). ANOVA was used in the
interactions of the patients’ mandibular condyle bone
quality groups who were separated according to the
malocclusion groups.

RESULTS

When the age data mean of the patient was 187,25 &
38 month. There are a total of 16 males and 32
females in the malocclusion groups. There were 6
males and 10 females in the class I malocclusion
group. There were 4 males and 12 females in the class
IT malocclusion group. There were 6 males and 10
females in the class III malocclusion group.
According to the findings we obtained from our
study; the change in mandibular condyle bone quality
before and after orthodontic treatment by age and
gender was not found to be statistically different.

Figure-1. Mandibular condyle head bone formation
by fractal analysis method of Class I malocclusion

group.

When the patients were examined according to the
malocclusion groups, the mean chronological age of
16 patients with Class I malocclusion was found to
be 187,50 = 42,09 month. In individuals who
received Class 1 orthodontic treatment, the
mandibular right condyle bone trabecular structure
was determined to be 1,331 £ 0,086 before treatment
and 1,372 = 0,077 after treatment. The mandibular
left condyle bone trabecular structure was
determined to be 1,333 £ 0,074 before treatment and
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+

1,389 0,059 after treatment. The change in
mandibular (average of right and left) condyle bone
trabecular structure between before and after
treatment was found statistically different in patients
with class I malocclusion (p<0.05) (Table-1) (Figure-

1).

When the patients were examined according to the
malocclusion groups, the mean chronological age of
16 patients with Class II malocclusion was found to
be 177,85 £ 44,09 month. In individuals who
received Class II orthodontic treatment, the
mandibular right condyle bone trabecular structure
was determined to be 1,336 £ 0,074 before treatment
and 1,316 * 0,128 after treatment. The mandibular
left condyle bone trabecular structure was
determined to be 1,361 + 0,030 before treatment and
1,345 + 0,084 after treatment. The change in
mandibular (average of right and left) condyle bone
trabecular structure between before and after
treatment was found non-statistically different in
patients with class II malocclusion (p>0.05) (Table-
1) (Figure-2).

Figure 2. Mandibular condyle head bone formation
by fractal analysis method of Class II malocclusion

group.

When the patients wetre examined according to the
malocclusion groups, the mean chronological age of
16 patients with Class III malocclusion was found to
be 197,66 = 19,36 month. In individuals who
received Class III orthodontic treatment, the
mandibular right condyle bone trabecular structure
was determined to be 1,309 £ 0,044 before treatment
and 1,347 *+ 0,084 after treatment. The mandibular
left condyle bone trabecular structure was
determined to be 1,319 * 0,079 before treatment and
1,338 + 0,060 after treatment. The change in
mandibular (average of right and left) condyle bone
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trabecular structure between before and after
treatment was found non-statistically different in
patients with class I1I malocclusion (p>0.05) (Table-

1) (Figure-3).

In our study, after orthodontic treatment in
individuals with Class I and III malocclusions, the
trabecular structure of the mandibular condyle bone
decreased while the trabecular structure of the
mandibular condyle bone increased in Class II
malocclusion. The results of the study supported our
hypothesis. The change in mandibular condyle
(average of right and left) bone quality before and
after orthodontic treatment by malocclusion groups
was found to be statistically different (p<<0.05)
(Table-1).

Cukurova Medical Journal

Figure-3. Mandibular condyle head bone formation
by fractal analysis method of Class III malocclusion

group.

Table-1. Mandibular condyle head bone formation changes according to malocclusion groups.

Rigth mandibular Left mandibular Average mandibular P

condyle head bone condyle head bone condyle head bone

formation before formation before formation before

orthodontic treatment orthodontic treatment orthodontic treatment

Class 1 1.331 + 0.086 1.333 + 0.078 1.332 + 0.082 0.012
malocclusion
Class 11 1.336 £ 0.074 1.361 £ 0.030 1.348 £ 0.052 0.118
malocclusion
Class 111 1.309 = 0.000 1.319 + 0.079 1.314 + 0.039 0.094
malocclusion

Rigth mandibular Left mandibular Average mandibular

condyle head bone condyle head bone condyle head bone

formation after formation after formation after
orthodontic treatment orthodontic treatment orthodontic treatment
Class 1 1.333 £ 0.092 1.389 £ 0.059 1.361 £ 0.076 0.023
malocclusion
Class 11 1.361 £ 0.030 1.345 £ 0.084 1.358 £ 0.057 0.105
malocclusion
Class 111 1.319 £ 0.079 1.338 + 0.068 1.329 + 0.074 0.092
malocclusion
DISCUSSION temporomandibular disorders and orthodontic

It is known that occlusion, the positions of the teeth
and the relationship between the teeth play a role in
the etiology of temporomandibular disorders. The
relationship between the signs or symptoms of
temporomandibular disorders and orthodontic
treatments is still not clearly defined>!2. While in
some previous studies, the relationship between
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treatment were observed, some studies have not been
able to determine a relationship. In addition, it is
known that the symptoms of patients with
temporomandibular disease decrease in some cases
after orthodontic treatment while it increases in some
cases!316, In some individuals who have received
orthodontic treatment, in addition to
temporomandibular disorders, changes in bone
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quality in the mandibular condyle area can be
observed. Based on this information, in this study,
the change in bone quality in the mandibular condyle
area after orthodontic treatment in different patient
groups was investigated. In our study, after
orthodontic treatment in individuals with Class I and
III malocclusions, the trabecular structure of the
mandibular condyle bone increased while the
trabecular structure of the mandibular condyle bone
increased in Class IT malocclusion.

The features occurring more frequently in patients
with temporomandibular disease than healthy
individuals can be pronounced overjet, skeletal
anterior open-bite, early contact or lateral deviation
during jaw closure, loss of molar support and
trabecular structure changes in the joint area bones.
Occlusal condition may cause temporomandibular
disorder symptoms by affecting mandibular
functions as a result of mandible instability and acute
changes in occlusal relationships!’. Relationships
between teeth and malocclusions have been found to
be associated with temporomandibular disorders!2.
However, in the studies, it was found that the
prevalence of facial pain and reduction in bone
quality is higher in malocclusion and dentofacial
deformities compared to patients with normal
occlusion’.  There is a relationship between
temporomandibular disorders and malocclusion
types such as unilateral crossbite, anterior open bite,
and excessive overjet!>16, In addition, deep bite and
Angle Class II and III occlusal factors are also
suggested to be risk  factors for the
temporomandibular joint!819,

Bone tissue is an important element of the
musculoskeletal system that performs movement and
support functions in the human body. Bone tissue
consists of two compartments, trabecular and
compact. The ratio of these two structures in the total
bone is approximately 20% to 80%2. Although it
constitutes 20% of the total bone mass, trabecular
bone is more metabolically active than compact bone.
It has been stated in various studies in the literature
that any disease affecting bone tissue in the body will
cause symptoms earlier in the trabecular bone?!. With
the development of technology and the introduction
of computers into our lives, eatlier diagnosis of many
bone tissue diseases?> with trabecular bone
microstructure analysis has become a popular subject
of many scientific studies. For this reason, the fractal
analysis method, which is used to analyze images with
a complex structure by examining its basic
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components, has been used extensively in scientific
researches especially in the last 10 years. A
mathematical image analysis algorithm is used in this
method. Many researchers have conducted studies
demonstrating that this method is a useful method in
analyzing biological images?. In this study, fractal
analysis method was used to examine the trabecular
structure of the mandibular condyle bone.

When studies examining the possible relationship
between orthodontic treatments and
temporomandibular  disorders are  examined,
Sadowsky and BeGol6 have suggested that there is
no difference between the two groups in terms of
temporomandibular joint irregularity by comparing
the records obtained after 10 years from 75 patients
who received orthodontic treatment with individuals
who did not receive orthodontic treatment?. In a
conflict they published, Sadowsky and Polson
reported that fixed orthodontic treatments are not
associated with temporomandibular joint
irregularities?>. Kremenak et al. reported that when
individuals with class I malocclusion were evaluated
in the groups which have different radiographs
before and after treatment, there was no difference
between the groups, but there was a difference
between the groups with and without premolar
imaging?®. Dibbets and Van der Weele examined the
relationship between temporomandibular joint and
orthodontic treatments in the malocclusion groups in
which orthodontic treatment was applied. In their

study, they stated that it did not cause
temporomandibular problems, pain, limitation of
mouth  opening, crepitation and  condylar

deformation after orthodontic treatment?’.

This study has some limitations. In the study, the age
and gender of the patients were tried to be calibrated.
The male ratio of patients in terms of gender
remained low. More sample size could be reached in
the study. The genetic characteristics of the patients
included in the study could also be examined.

Bone quality depends on many factors, such as
trabecular continuity, bone geometry, micro-damages
in the bone, mineralization defects and architecture
of the bone tissue. The fractal analysis method is a
technique that facilitates the diagnosis of minimal
changes occurring on the radiographs of orthodontic
treatment patients and to evaluate the prognosis of
the disease. A relationship was found between
orthodontic  treatment applied to  different
malocclusion groups and mandibular condyle head
bone formation. When evaluating orthodontic
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