
he fractal analysis describes very complex images such as the trabec-
ular bone microarchitecture using statistical texture analysis. It ex-
press a numerical value named as the fractal dimension (FD).1 It is
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Evaluation of the Effect of Fixed Prosthesis on
Trabecular Structure of Condyle:
Radiographic Texture Analysis

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: The point of this research was to assess impact of the fixed prosthesis on the
trabecular structure of condyle using fractal analysis (FA). MMaatteerriiaall  aanndd  MMeetthhooddss:: In this retro-
spective research, 100 dental panoramic radiographs of males and females taken for routine dental
examination of patients between 30-44 years who are utilizing unilateral fixed prosthesis were cho-
sen. Regions of interest (50×50 pixels) were selected within the cortical boundary of the mandibu-
lar condyle, and the fractal dimension (FD) was calculated using the box-counting method with
ImageJ version 1.48. RReessuullttss::  The mean age was 37.78±0.44 years. The mean FD was 1.26±0.12.
There was no statistically significant difference between the right and left condyles on both gen-
ders for FD values (p>0.05). It was found that a significant difference in FD values between males
and females (p<0.01). Males had greater FD values than females. Whereas the mean FD value was
1.21±0.19 in females, the mean FD value of males was 1.32±0.08. A positive significant correlation
was found between age and FD values for both condyles (p<0.05). CCoonncclluussiioonn:: The findings of this
study showed that the use of fixed prosthesis had no effect on the trabecular structure of the
condyle. The FD value decreased with age, especially in females. Radiographic findings should be
supported electromyographic results to clarify the relationship between masticatory activity and
mandibular remodeling in this region.

KKeeyywwoorrddss::  Fractal; fixed prosthesis; condyle; mandible

ÖÖZZEETT  AAmmaaçç:: Bu araştırmanın amacı sabit protezin kondilin trabeküler yapısına olan etkisini frak-
tal analiz (FA) kullanarak değerlendirmektir. GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu retrospektif araştırmada,
rutin diş muayenesi için alınmış dental panoramik radyografisi olan hastalar arasından 30-44 yaş
arasında olan ve tek taraflı sabit protez kullanan 50 kadın ve 50 erkek birey, toplam 100 kişi seçildi.
İlgilenilen bölgeler (50 x 50 piksel), mandibular kondilin kortikal sınırları içinde seçilmiştir ve frak-
tal boyut (FB), ImageJ versiyon 1.48 olan kutu sayma yöntemi kullanılarak hesaplanmıştır. BBuullgguu--
llaarr:: Yaş ortalaması 37,78±0,44 yıl idi. Ortalama FB değeri 1,26±0,12 idi. FB değerleri için her iki
cinsiyette sağ ve sol kondiller arasında istatistiksel olarak anlamlı bir farklılık yoktu (p>0,05). Er-
kekler ve kadınların FB değerleri arasında anlamlı bir farklılık olduğu tespit edildi (p<0,01). Er-
keklerin FB değerleri kadınlara göre daha fazlaydı. Kadınlarda ortalama FB değeri 1,21±0,19 iken
erkeklerin ortalama FB değeri 1,32±0,08 idi. Her iki kondil için de yaş ve FD değerleri arasında pozi-
tif yönde anlamlı bir ilişki bulundu (p<0.05). SSoonnuuçç:: Bu çalışmanın bulguları sabit protez kullanımının
kondilin trabeküler yapısına bir etkisi olmadığını göstermiştir. Özellikle kadınlarda FD değeri yaşla
birlikte azalmaktadır. Bu bölgedeki çiğneme aktivitesi ile mandibular remodeling arasındaki ilişkiyi
netleştirmek için radyografik bulgular, elektromiyografik sonuçlarla desteklenmelidir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Fraktal; sabit protez; kondil, mandibula
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noninvasive technique and measures changes in
alveolar bone.1 Moreover, this strategy is likewise
answered to stay unaffected by varieties in expo-
sure, arrangement, and decision of region of inter-
est (ROI).2

In medical radiology, the FD count is utilized
to improve the finding of osteoporosis or breast
cancer.3,4 In dental area, FD is usually utilized as a
part of non-standardized radiographs, to assess and
evaluate a cancellous bone structure for the deter-
mination of bone changes, apical healing, periapi-
cal bone, and systemic situations such as osteo-
porosis.5-9

In the stomatognathic system, the mandible
hosts the teeth and supports attachment of the mas-
ticatory muscles. Mechanical stimulation is imper-
ative for bone improvement, maintaining, mo-
deling, and remodeling.10-12 Likewise, mandibular
morphology and structure are affected by the
proper bite and muscle force. A lessening in phys-
ical movement may prompt to an increase in loss
of bone and in the prevalence of osteoporotic frac-
ture.13-15 In this way, occlusal hypofunction may in-
fluence jawbone structures. As the jaws get
physical incitement from mastication and biting, it
is essential to research the relations amongst func-
tion and jawbone structure.16,17 On the other hand,
little information has been obtained about the bone
mineral density (BMD) of the jawbone after heal-
ing of functional occlusion.

In any case, most researches have focused on
the impact of occlusal stimulus on alveolar bone in
the molar region.18,19 The mandible comprises of
the mandibular body and mandibular ramus phys-
iologically. The changes in the alveolar bone do not
reflect the reaction of the whole mandible to oc-
clusal hypofunction. Besides, it is unknown
whether the recurrence of occlusal stimuli posi-
tively affects mandibular remodeling. These sub-
jects should be pointed out in detail.20

The utilization of FD of condyle on panoramic
radiographs has not been investigated. Accord-
ingly, the point of this research was to assess the
impact of fixed prosthesis on the trabecular struc-
ture of condyle using FD.

MATERIAL AND METHODS

In this retrospective research, 100 dental
panoramic radiographs taken for routine dental ex-
amination of subjects (50 males and 50 females) be-
yond 18 years old years between 30-44 years who
are utilizing unilateral fixed prosthesis in the pos-
terior region were chosen. The patients had fixed
prosthesis (at least three and at most five crowns)
on maxilla or mandibula at the least one year. The
fixed prosthesis had implant-supported. None of
the subjects had systemic disease or conditions af-
fecting bone metabolism, and none were using
medications that would interfere with bone
turnover. The patients with error and elevations in
fixed prosthesis and bruxism findings, inadequate
radiographic materials, presence of condensing os-
teitis, osteosclerosis, images with local destructive
lesions of the jaws, and radiographs with undesir-
able anatomical structures or superimpositions of
ghost images of anatomical structures were also ex-
cluded. The research was affirmed by action of our
Local Research Ethics Committee (decision no:
2016.005), and conformed to the guidelines laid out
in the Declaration of Helsinki.

The chosen dental panoramic radiographs
were obtained with the same panoramic machine
(Eastman Kodak® 8000; Rochester, NY) by the
same person. Patients were situated in the machine
in a manner that the vertical line delivered by the
machine was adjusted to the patient’s sagittal plane
and the horizontal line parallel to the floor.

The methods for FD calculation were per-
formed utilizing Image J 1.49s programme (United
States National Institutes of Health, http://
rsb.info.nih.gov/nih-image). The measurements
were made by one observer (G.M.) for two times.
The observer had professional experience of 7 years
in the oral radiology department and repeated the
measurements at an interval of 1 month. The FD
values were measured for both condyles of each in-
dividual. Condyle on the side without prosthesis
was evaluated as control group.

ROIs were chosen inside every image by uti-
lizing Photoshop CS4 program (Adobe Inc. San
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Jose, CA). ROIs were chosen as 50×50 pixel-sized
squares that located condyle and were delineated
physically in every radiograph (Figure 1). The ROIs
were chosen as centeredly as possible in order to
keep the superimposition of other structure (e.g ar-
ticular eminence) inside the condyle bone on the
FD measurements. The ROIs saved as TIFF. file and
were submitted to Image J 1.49s software. The
cropped ROI was duplicated and a Gaussian filter
(sigma=3) was used to remove brightness variations
The resulting image was then subtracted from the
first image and then the resultant image was con-
verted to binary by treshold at the gray value of
128. Through this procedure, the regions that rep-
resent trabecular bone were set to black and mar-
row spaces were set to white. The erosion and the
outlines of the structures were emphasized using
dilation. Finally, the image was skeletonized and
was used for fractal analysis (Figure 2).21

The FD of the skeletonized image was deter-
mined with Image J 1.49s utilizing the box-count-
ing function from ‘analyze’ menu. The widths of
the square boxes were stated as 2-64 pixels. The
subsequent number of the computed tiles was plot-
ted as a detriment to the total number of the tiles in
twofold logarithmic scale and FD was computed
from the slope of the line fitted on the data points. 

Statistical evaluation of the data was generated
utilizing the product bundles SPSS® 21.0 (IBM
Corp., Armonk, NY; earlier SPSS Inc., Chicago, IL).

The intraclass correlation coefficient was calculated
for measurements. Descriptive statistics for every
variable were calculated. The Kolmogorov–Smir-
nov test was utilized to detect the distribution ho-
mogeneity. In this way, the correlations between
the study groups were evaluated with non-para-
metric tests. The Wilcoxon test was utilized to de-
cide the distinctions of the mean values between
the right and left FD. The Mann-Whitney U test
was utilized in order to test the differences be-
tween the genders in terms of measurements. Sig-
nificance level was determined as 5%.

RESULTS

Intra-class correlation coefficient values were 0.887
and 0.854 (almost excellent) for right and left FD
measurements, respectively. Table 1 demonstrates
the descriptive statistics of the measurements.
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FIGURE 1: ROIs were selected within each image to provide the maximum
available area for measurement. Lamina  dura, periodontal ligament and re-
lated regions, and root apices were not included within the ROI.

FIGURE 2: a) The cropped region of interest (ROIs), b) The duplicated ROI c) Gaussian filtered image, d) Subtracted from the original image, e) Added 128 image,
f) Binary image, g) Eroded image, h) Dilated image, i) The skeletonized image.



While the mean age of females was 36.78±0.65
years, it was 38.78±0.55 in males. There was no sig-
nificant difference between female and males in
terms of age (p>0.05). The mean FD was 1.26±0.12
for both condyles. The data of FD was demonstrat-
ing no uniform distribution (p<0.05); and it was
non-homogeneous (p<0.05). There were no sig-
nificant differences between the condyles on
both gender for FD values (p>0.05). As stated by
Mann-Whitney U test, it was found that a signif-
icant difference in FD values amongst males and
females (p<0.01). Males had greater FD values
than females. In females, the mean FD value was
1.21±0.19. In males, the mean FD value was
1.32±0.08 (Figures 3 and 4). The Spearman’s cor-
relation test revealed that there was a positive
correlation between age and FD values for both
condyles (p<0.01).

DISCUSSION

All of the measurements were evaluated on
panoramic radiographs taken for routine dental ex-
amination of patients. To ensure reliability and con-
sistency, one dentomaxillofacial radiologist assessed
every image to choose just those radiographs of the
most elevated quality. The intraclass correlation co-
efficient was great. This shows the strategy for in-
dice for appraisal is extremely dependable.
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N Minimum Maximum Total

Mean SE

Female 50

Age (year) 30 43 36.78 0.65

FD with fixed prosthesis .96 1.50 1.21 0.02

FD with non-fixed prosthesis .80 1.45 1.19 0.02

Male 50

Age (year) 30 44 38.78 0.55

FD with fixed prosthesis 1.19 1.44 1.33 0.01

FD with non-fixed prosthesis 1.14 1.45 1.33 0.01

Total 100

Age (year) 30 44 37.78 0.44

FD with fixed prosthesis 0.96 1.50 1.27 0.01

FD with non-fixed prosthesis 0.80 1.45 1.26 0.01

TABLE 1: Descriptive statistics of variables.

N: Total number of individuals; SE: Standard error of means; FD: Fractal dimension.

FIGURE 3: The mean FD values of the condyle on the side with the unilate-
ral fixed prosthesis. FD: Fractal dimension.

GENDERFEMALE

M
ea

n 
FD

 V
al

ue

1.50

1.00

0.50

0
MALE

FIGURE 4: The mean FD values of the condyle on the contralateral side wit-
hout the unilateral fixed prosthesis. FD: Fractal dimension.
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Evaluation of the pattern of trabecular bone is
a fundamental factor for analyzing quality of
mandibular bone during surgical arrangement,
placement of the implant, orthodontic movements,
and prosthetic support. The mandible is a single
bone, and it has a place in the axial skeleton. The
impact of masticatory forces on mandibular tra-
beculae is still conflicting.8 Panoramic radiography
has been generally utilized as a part of screening
and epidemiological reviews because of the con-
venience of their utilization. Also, this technique
can offer a dosage advantage over substantial quan-
tities of intraoral radiographs.22

FD is a kind of mathematical method which
can help for the measures of complex structures.
Generally, the shapes with more complexity have
FD with higher degree. This system has been ac-
counted for to be utilized with varying degrees of
accomplishment in several imaging modalities, for
example, plain film radiography, mammography,
computed tomography (CT), and magnetic reso-
nance imaging (MRI).9 Different researchers as-
sessed the structure of the trabecular bone on
dental radiographs by utilizing different FD meth-
ods with the purpose of separating person with os-
teoporosis from the ones who do not have.23 FD
measurements have additionally been utilized as a
part of separating periodontitis  and sickle cell ane-
mia patients from healthy individuals.24-26 In this
research, FD analysis was implemented to
panoramic radiographs of patients with unilateral
fixed prosthesis so as set up a noninvasive assess-
ment of their bone structures to compare differ-
ences FD values between the left and right sides.

In fractal investigation, a box-counting algo-
rithm is for the most part utilized to evaluate the tra-
becular structure by numbering the trabecular bone
and bone marrow interface, and it measures the
boundary of trabecular bone and marrow.27 In this
technique, a grid of squares is placed over the object,
and the quantity of squares which any part of the
object goes through is measured. This technique is
rehashed with different grids with various sizes. A
chart on log-log scale is plotted with the amount of
squares put over the object and side length of the
square. A regression line is obtained from the plots,

and incline of this line gives the measurement. This
procedure can give the evaluation of the level of un-
even intricacy of a point of confinement or a coast.28

In this research, we utilized a basic approach to de-
cide the FD called box counting, as well.

A few researchers have revealed that struc-
tures with high FD have more structural complex-
ity. Lower FD qualities are demonstrative of more
straightforward structures.29 It is known that the
mechanical properties and architecture of the tra-
becular bone, depending on the physiological func-
tion and the mechanical loading on the skeleton,
show the directional anisotropy of the architec-
ture.30 FD measurements belonging to healthy bone
vary from 1.20 to 2.68.2,31-33 These varieties were
principally brought about by the issues of the frac-
tal examination itself as opposed to by various ma-
terials utilized as a part of every study. In the
present research, the mean FD value was 1.21±0.19
for female and the mean FD value was 1.32±0.08
for male, separately. These results were consistent
with the study conducted by Sindaux et al.34 Kavitha
et al.35stated that FD values of males was higher than
females at every age and FD decreased with age in
both genders. Watanabe et al.36 reported that the FD
of male group showed a higher degree of trabecular
bone architecture and indicated that the structure of
their bone is less prone to osteoporotic fractures. In
the literature, there was only one study37 evaluated
of FD values of the condyle. They found that the FDs
of the condylar heads in TMJs with disc displace-
ment without reduction were higher than the FDs
of those with disc displacement and reduction. It
should be noted that the methodology of their study
is different, while the mean FD values obtained are
compatible with their FD values.

The reliability of FD calculations from radi-
ographs has been evaluated in a few studies, which
revealed that they have not sensitivity for little
alignment variations, over- or sub-exposure.21,31

Moreover, ROI position was resolved to be more
basic contrasted with ROI estimate.7 Standardized
panoramic radiographs were used in our study and
ROIs were heedfully placed in order to reduce po-
tential unknown impacts of these components to
minimum.
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In our study, the ROIs of the trabecular bone
were 2.11 mm (50×50 pixels). We have selected this
ROI size based on a study that stated that the lower
and upper limits within which trabecular bone is
effectively fractal are 0.025 mm and 4.25 mm re-
spectively.38 Our study had also used digitized
panoramic images similarly to Yasar et al. and box
counting method for FD calculation.39 This method
of FD calculation was the most used in the previous
clinical studies, probably due to its simplicity and
availability.8,9,39

Extraction of permanent first molars could ad-
versely influence the adjust of all occlusion.40 The
asymmetrical function and imbalanced occlusion
may change trabecular bone structure of the right
and left sides of the mandible, which may bring
about remodeling of the condyle.41 In our research,
the patients were utilizing settled prosthesis no less
than one year. Therefore, we did not observe any
differences between the left and right FD values.

CONCLUSION

According to the results, there was no effect of
fixed prosthesis on the trabecular structure of
condyle. Future studies which were evaluated dif-
ferent clinical parameters such as the duration of
use and type of prosthesis, occlusion type, and habit
of chewing, bruxism may give obvious information

about the changes of condyle FD values. Radi-
ographic findings should be supported electromyo-
graphic results by future studies to clarify the
relationship between masticatory activity and
mandi= bular remodeling in this region.
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