
Introduction

An understanding of normal anatomical structures on
the radiographic image is fundamental for using the images
as a diagnostic aid or in designing research. Therefore, an
effort has been made to identify and understand most struc-
tures that appear on intra- and extra-oral radiographs. It
may be somewhat surprising that a structure as ordinary
as the alveolar bone has attracted researchers’ attention,

resulting in a variety of interpretations. Especially the in-
terdental bony structure often described as an outline of
compact bone (lamina dura) enclosing a trapezoidal wedge
of trabecular bone between the roots. The internal aspect
of alveolar bone has been given multiple names such as
cancellous, medulary, spongy, and trabecular bone. These
terms are freely interchangeable in the literature. Dental
researchers and clinicians have historically assumed the
lattice-like pattern observed on intra-oral radiographs as
an accurate image of the internal bony medullary cavity.
The radiographic appearance of normal (healthy) trabecu-
lar bone was described almost 80 years ago and that tradi-
tional description has not been changed since then.1

Because of its high surface area-to-volume ratio, the tra-
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ABSTRACT

Purpose : This study was performed to evaluate possible variations in maxillary and mandibular bone texture of
normal population using the fractal analysis, particles count, and area fraction in intraoral radiographs.
Materials and Methods : Periapical radiographs of patients who had full mouth intraoral radiographs were collected.
Regions of interest (100×100 pixels) were located between the teeth of the maxillary anterior, premolar, and molar
area, as well as the mandibular anterior, premolar, and molar areas. The fractal dimension (FD) was calculated by
using the box counting method. The particle count (PC) and area fraction (AF) analyses were also performed.
Results : There was no significant difference in the FD values among the different groups of age, gender, upper, and
lower jaws. The mean FD value was 1.49±0.01. The mean PC ranged from 44 to 54, and the mean AF ranged from
10.92 to 11.85. The values of FD, PC, and AF were significantly correlated with each other except for the upper
molar area.
Conclusion : According to the results, patients with normal trabecular pattern showed a FD of approximately 1.5.
Based on these results, further investigation would be recommended if the FD value of patient significantly differ-
enct from this number, since the alteration of this value indicates microstructural modification of trabecular pattern
of the jaws. Additionally, with periapical radiographs, simple and cost-effective, PC and AF could be used to assess
the deviation from the normal. (Imaging Sci Dent 2012; 42 : 5-12)
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becular bone is believed to have an 8-fold higher turnover
rate than cortical bone and to be highly responsive to meta-
bolic stimuli.2 This is an important phenomenon since the
maxilla and mandible are rich in trabecular bone, par-
ticularly in the anterior regions. It must be recognized,
however, that it is unclear which structures give rise to the
trabecular pattern seen on dental radiographs. Bender and
Seltzer3 stated that removal of cancellous bone from the
posterior region of cadaver mandibles showed no alteration
of the radiographic appearance of the trabeculae. Bone tra-
becular pattern can be characterized by a number of mea-
sures including area of the bony plates, circumference of
the trabeculae, number of bony and marrow regions, thick-
ness of the trabeculae, trabecular spacing, and osseous
fractal dimension.4

Bone mineral density (BMD) and trabecular bone micro-
structure are very important since they are defining osteo-
porosis proposed by the World Health Organization.5 One
way of estimating the microstructure of the jaw bone tissue
is to assess the trabecular pattern on intraoral radiographs.

To date, many methods have been established in order to
investigate the quality of alveolar bone. Among these, frac-
tal analysis of the bone tissue has been introduced as an
accurate, economical and easily available method.6-9 In this
method, morphometric analysis of bone texture and fractal
analysis are mathematical processing methods using a
radiographic image.10 Since the internal aspect of alveolar
bone includes spicules, trabeculae, and lamellae, which
form a spongy structure, it has been assumed that the lattice-
like pattern is an accurate expression for the internal bony
medullary cavity as observed on intraoral radiographs.1,11

In fractal analysis, a box-counting algorithm is mainly
used to quantify the trabecular pattern by counting the tra-
becular bone and bone marrow interface. The method also
assesses the boundary of trabecular bone and marrow; a
higher box counting value indicates a more complex struc-
ture.7,10,12,13

The aim of this study was to investigate the normal para-
meters and the result of alveolar bone fractal analysis, par-
ticles count and area fraction. Another purpose was to
characterize how the morphological features of the can-
cellous bone of the maxilla and mandible differed in vari-
ous areas and to show possible normal variations. Thus, it
would help to detect the patients with bone diseases, osteo-
porosis, hyperparathyroidism, hemolytic anemia and so
on. In addition, this study especially focused on examining
the intrinsic morphologic features of the trabecular bone
that were essentially independent of exposure and process-
ing variables rather than direct optical density of bone on

radiographs. Intrinsic morphological features assay would
be more appropriate for use in general dental offices.

Materials and Methods

This was a retrospective study of intraoral radiographs
collected from patients’ files that were part of the database
of the School of Dentistry at the University of Michigan.
The research protocol was approved by the research ethic
committee of the University of Michigan. The cases were
selected to be free from medical diseases which could
affect the bone structures. The periapical radiographs of
six hundred patients (complete mouth surveys) were col-
lected and the radiographs of diagnostic quality were digi-
tized by scanning them at 600 dpi after coding process.

Using Adobe Photoshop (Adobe Systems Inc., San Jose,
CA, USA) software, the digitized radiographs were opened
and the regions of interest (ROIs) of 100×100 pixels were
selected, from trabecular bone free from teeth or any super
imposition. Then the image was cropped and saved in
BMP format. The ROI was selected from each case includ-
ing six regions (anterior, premolar, and molar areas in the
upper and lower jaws) using ImageJ (ver. 1.38x, National
Institute of Health, Bethesda, MD, USA). The selected
area was processed using the method designed by White
and Rudolph.14 In brief, the transferred cropped ROI was
filtered using Gaussian blur, sigma==3 to remove the fine
and medium scale variations in image brightness, and then
saved again. Using Scion image, the original ROI and the
blurred one were subtracted from each other and multiplied
by one and added 128. Then the resultant image was con-
verted to binary with threshold at grey level of 128. The
binary image was eroded three times and dilated three
times to reduce the noise. Finally, the image was outlined
and used for fractal analysis and particles. On the outline
binary image, the skeletal structure indicated the bone pat-
ter, whereas the bone outline represented the bone marrow
(Fig. 1).

All digital manipulations and measurements were made
within ROIs. Using ImageJ, the fractal dimensions (FDs)
of the outlined image were calculated by the Box Counting
function. Initially, the image was converted by square grid
of equally sized tiles; the widths of the square boxes were
2, 3, 4, 6, 8, 12, 16, 32, and 64 pixels. Subsequently, the
number of the counted tiles was plotted against the total
number of tiles in a double logarithmic scale. Finally, FD
was calculated from the slope of the line fitted on data
points.

Using ImageJ, the particles counts (PCs) and the area
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fraction (AF) of the region were measured. The PC com-
mand counted and measured the objects in binary or thresh-
old images. It worked by scanning the image or selection
until it found the edge of an object. It then outlined the
object using the wand tool, measured it using the Measure
command, and filled to make it invisible. Then, the scan-
ning was resumed until it reached the end of the image or
selection. Here, AF means the percentage of pixels in the
image.

Results

The cases in this study included 93.7% males, and 6.3%
females. The results of this study showed no significant
correlation between the different age groups, or gender.
The mean age was 41.6 year. The mean FD was 1.49±
0.01 in all ROIs in the different areas of the mouth, and
the mean PC in each ROI ranged from 44 to 54. Moreover,
the mean AF of the particles in each ROI ranged from 10.9
to 11.9 (Table 1).

─ 7 ─

Maha Eshak Amer et al

Table 1. Fractal dimension (FD), particles count (PC), area fraction
(AF) according to the ROIs (mean±SD)

FD PC AF

Upper anterior 1.51±0.051 47±18 11.8±1.8
Upper premolar 1.51±0.056 46±18 11.9±1.9
Upper molar 1.49±0.066 53±19 11.2±2.2
Lower anterior 1.49±0.052 57±19 11.2±1.8
Lower premolar 1.49±0.059 55±19 11.1±2.0
Lower molar 1.50±0.066 53±21 11.4±2.3

Table 2. Correlation between the fractal dimension (FD), particles
count (PC), and area fraction (AF) at the upper anterior area

FD PC AF

FD 1 -.613* .962*
.000 .000

PC -.613* 1 -.661*
.000 .000

AF .962* -.661* 1
.000 .000

*Correlation is significant at level 0.01

Table 3. Correlation of the fractal dimension (FD), particles count
(PC), and area fraction (AF) to each other at the upper premolar area

FD PC AF

FD 1 -.483* .935*
.000 .000

PC -.483* 1 -.630*
.000 .000

AF .935* -.630* 1
.000 .000

*Correlation is significant at level 0.01

Table 4. Correlation of the fractal dimension (FD), particles count
(PC), and area fraction (AF) to each other of at the upper molar area

FD PC AF

FD 1 -.414* .946*
.000 .241

PC -.414* 1 -.542*
.000 .000

AF .946* -.542* 1
.241 .000

*Correlation is significant at level 0.01

Original (1)

Outline After erode (×3) Binary imageAfter dilate (×3)

ImageJ Scion image

Gaussian
blurred (2)

Result from
subtraction 1-2

Fig. 1. Image processing procedure to make the outline image from a periapical radiograph. The resultant image is used for the analyses of
fractal dimension, particles count, and area fraction.



Tables 2-7 show the correlation of the FD, with the PC,
and AF of the six areas of the mouth. The FD of the areas
(upper anterior, premolars, molars, and lower anterior, pre-
molars, and molar) showed a high significant correlation
with the PC and AF of the same area. In addition, the PC
revealed a significant correlation with AF (Tables 2-7).

Tables 8-10 show the correlation of the areas of the
mouth in FD, PC, and AF, respectively. The correlation
between the FDs in the different areas of the jaws (Table 8)
revealed a significant correlation between the upper ante-
rior area, upper molar area, and lower molar area, while the
upper premolar area significantly correlated with the three
lower sites. The FD of the upper molar area showed a sig-

nificant correlation with those of the lower anterior and
premolar areas. The lower anterior area showed a signifi-
cant correlation with the upper premolar, molar, lower pre-
molars, and molars areas. The lower premolar area showed
a significant correlation with the upper premolar, upper
molar, and lower anterior area.

Table 9 shows that the PC of the upper anterior area
showed a significant correlation with those of all the sites
(upper and lower). The PC of the upper premolar area
showed a significant correlation with those of all the six
sites. The PC of the upper molar revealed a significant
correlation with those of all the six sites of the jaws. The
PC of the lower anterior area revealed a significant cor-
relation with those of all the six sites of the jaws. The PC
of the lower premolar showed a significant correlation
with those of all the sites of the jaws. The PC of the lower
molar area revealed a significant correlation with those of
all the sites of the jaws.

Table 10 shows that the AF of the upper anterior area
revealed a significant correlation with those of the upper
molar and lower molar area. The AF of the upper premolar
area showed a significant correlation with those of the
lower premolar and molar areas. The AF of the upper
molar area showed a significant correlation with those of
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Table 5. Correlation of the fractal dimension (FD), particles count
(PC), and area fraction (AF) to each other of the lower anterior area

FD PC AF

FD 1 -.558* .951*
.000 .000

PC -.558* 1 -.670*
.000 .000

AF .951* -.670* 1
.000 .000

*Correlation is significant at level 0.01

Table 6. Correlation of the fractal dimension (FD), particles count
(PC), and area fraction (AF) to each other at the lower premolar area

FD PC AF

FD 1 -.476* .960*
.000 .000

PC -.535* 1 -.565*
.000 .000

AF .960* -.565* 1
.000 .000

*Correlation is significant at level 0.01

Table 7. Correlation of the fractal dimension (FD), particles count
(PC), and area fraction (AF) to each other at the lower molar area

FD PC AF

FD 1 -.535* -.950*
.000 .000

PC -.535* 1 -.635*
.000 .000

AF -.950* -.635* 1
.000 .000

*Correlation is significant at level 0.01

Table 8. Correlation of the fractal dimension at the various sites

Upper anterior Upper premolar Upper molar Lower anterior Lower premolar Lower molar

Upper anterior 1 -.084 .177* .102 .030 .155*
sig. .247 .012 .134 .640 .010

Upper premolar -.084 1 0.033 .191* .375* .246*
sig .247 .671 .012 .000 .000

Upper molar .177* .033 1 .169* .225* .055
sig. .012 .671 .022 .001 .001

Lower anterior .102 .191* .169* 1 .345* .046
sig .134 .012 .022 .000 .479

Lower premolar .030 .375* .225* .345* 1 .041
sig .640 .000 .001 .045 .492

Lower molar .155* .246* .055 .046 .041 1
sig .010 .000 .413 .479 .492

*significant at 0.01



the lower anterior and premolar areas. The AF of the upper
molar area revealed a significant correlation with those of
the upper anterior, lower anterior, and lower premolar
areas. The AF of the lower anterior area revealed a signi-
ficant correlation with those of the upper molar and lower
molar areas. The AF of the lower premolar area showed a
significant correlation with those of the upper premolar
molar and lower anterior areas. The AF of the lower molar
area revealed a significant correlation with those of the
upper anterior and premolar areas.

Discussion

The current study examined the trabecular architecture
in intraoral radiographs. Intraoral radiographs are poten-
tially suited for osteoporosis screening since they are taken
on a large portion of the population annually.

One of the strengths of our study was the use of periapi-
cal radiographs which could be taken in general dental pra-

ctice daily to diagnose common dental diseases. In addition,
there was no special standardization technique. Therefore,
the assessment of the trabecular pattern on these radiogra-
phs could be a cost-effective tool to identify individuals
who are candidates for BMD testing. Furthermore, in the
dental office, the information derived from the intraoral
radiographs could be combined with a patient’s medical
and pathological history such as history of fracture to
screen patients in need of further investigations.14,15

Of the several methods that have been developed to
estimate the alveolar bone density from dental radiogra-
phs, fractal analysis appears to hold the greatest promise
as an inexpensive and readily available method.6,7,9,16

The trabecular bone has a branching pattern that exhibits
fractal properties such as self-similarity and lack of well-
defined scale. Because of this phenomenon, the application
of fractal geometry and the measurement of fractal dimen-
sions can be used to determine trabecular complexity and
bone structure.17 Fractal analysis is a technique for identi-
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Table 9. Correlation of the particles count at the various sites

Upper anterior Upper premolar Upper molar Lower anterior Lower premolar Lower molar

Upper anterior 1 .169* .472* .308* .357* .328*
sig. .019 .000 .000 .000 .000

Upper premolar .169* 1 0.315* .246* .232* .159*
sig .019 .000 .001 .001 .024

Upper molar .472* .315* 1 .279* .352* .134*
sig. .000 .000 .000 .000 .044

Lower anterior .308* .246* .279* 1 .347* .231*
sig .000 .001 .000 .000 .000

Lower premolar .357* .232* .352* .347* 1 .264*
sig .000 .001 .000 .000 .000

Lower molar .328* .159* .134* .231* .264* 1
sig .000 .024 .044 .000 .000

*significant at 0.01

Table 10. Correlation of the area fraction at the various sites

Upper anterior Upper premolar Upper molar Lower anterior Lower premolar Lower molar

Upper anterior 1 .069 .265* .081 .076 .164*
sig. .344 .000 .236 .229 .006

Upper premolar .069 1 .147 .135 .252 .186*
sig .344 .059 .077 .000 .008

Upper molar .265* .147 1 .276* .271* .101
sig. .000 .059 .000 .000 .131

Lower anterior .081 .135 .276* 1 .335* .047
sig .236 .077 .000 .000 .471

Lower premolar .076 .252* .271* .335* 1 .022
sig .000 .000 .000 .000 .718

Lower molar .164* .186* .101 .047 .022 1
sig .006 .008 .131 .471 .718

*significant at 0.01



fying scale-invariant structure that is not affected by expo-
sure or minor alignment variations of radiographs.18-20

This makes it well suited for the analysis of trabecular
bone patterns in radiographs. Fractal analysis is a nonin-
vasive tool that can describe biological systems in clinical
studies. Researchers have used this technique to analyze
iliac crests,21 axial bones,22 and tumours.23 There are many
approaches for estimating fractal dimension, but the box-
counting method is the most widely used and is suited for
binary image analysis. There is still an opportunity to fur-
ther optimize the image for characterization of the trabecu-
lar and marrow components of the bone. In particular, the
specific sequence of erosion and dilation used to smooth
the image, as well as the brightness threshold value select-
ed to make the image binary, has a substantive influence
on the image appearance.14 In this study, the erosion and
dilation were performed three times in an attempt to reduce
noise and overcome all the variation derived from non
standardization of the radiographs. In addition, instead of
skeletonizing the image, the image was outlined. The mean
FD of all the six different sites of the jaw was 1.49±0.01,
and the mean PC and AF were as shown in Table 1. This
proved that the normal FD of all the jaw sites was relative-
ly similar, thus that any variation from this value indicated
further investigation to rule out changes in BMD. How-
ever, it must be stressed that the clinician or the researcher
would have to follow the same data processing protocol
described in this study because any variation in this pro-
cess might affect the results.

In 2006, Jolley and colleagues24 showed that the periapi-
cal radiographs could provide a reliable method for deter-
mining fractal dimension to analyze the changes in alveo-
lar bone density of various bone diseases. Demirbas et
al25 conducted a study of mandiblular bone changes in
sickle cell anemia (SCA) by fractal analysis. It stated that
the FD of the control group was 1.719, while that of SCA
was 1.6855. The difference of the FD in control group
(healthy) between their study and this study might be ori-
ginated from several factors; first, the ROI size was 65×
65 pixels in their study while 100×100 pixels in this study.
Second, the data processing method was different from the
one used in this study since we used a modification of the
protocol used in the White and Rudolph’s14 study.

Shrout et al26 used a caliper method of fractal analysis to
compare the trabecular pattern differences between healthy
and moderate periodontal patients. In this study, the FD
showed a significant correlation with PC and AF in all of
the six sites of the jaws. Regarding the FD of the different
sites, the result showed that the FD of the upper anterior

area showed a significant correlation with those of the
upper molar area and lower molar areas. In the upper pre-
molar area, it showed a significant correlation with all of
the lower sites, while the upper molar area revealed a sig-
nificant correlation with the upper anterior, lower anterior,
and premolar areas. This suggests that each site has a dif-
ferent anisotropy which characterizes the degree of the
directional organization of a material. The more preferen-
tial direction the structure has, the more important the
degree of anisotropy. Anisotropy is influenced by the main
direction of strengths applied to the bone.27

Trabecular shape and orientation are adaptive to changes
in the mechanical environment, such as those induced by
aging or osteoporosis. In these conditions some trabeculae
disappear; indeed, trabeculae oriented in the direction of
the main forces applied to the bone are not removed, or are
removed last because of the adaptation phenomenon.

This is in agreement with Yasar and Akgunlu8 who inves-
tigated the differences of FDs of radiographical trabecular
bone between dentate and edentulous regions of the mandi-
ble. They observed that the differences in the occlusal
forces generated in the dentate and edentulous region dur-
ing mastication caused some alterations in trabecular bone
structure, which lead to lower FDs in the dentate regions.
Southard et al28 stated that the radiographic FD of the
alveolar process density was significantly related to the
alveolar process density in healthy women, but was not
related to the density of the spine, hip, or radius. Otis et
al6 also used FD values to investigate the effects of the
quality and quantity of the bone surrounding the teeth on
the extent of apical root resorption.

This study showed that the PC of each site revealed a
significant correlation with the other sites of the jaws. The
PC represented the area of the trabeculae in the ROI, there-
fore it might not be related with its perimeter which was
represented by FD. The AF, the ratio of the particles in
ROI, of the anterior premolar area showed a significant
correlation with those of the upper premolar and lower pre-
molar areas, while the AF of premolar area showed a sig-
nificant correlation with those of the upper anterior, lower
premolar, and lower molar areas. The AF of the upper
molar area showed a significant correlation with those of
the upper anterior, the lower anterior, and lower premolar
areas.

There were conflicting reports concerning FDs in the
radiographic images. In contrast to the findings of Rutti-
mann et al,29 that the FD increased with decalcification,
Southard et al30 calculated the decreasing values for the
FD with decalcification. The disagreement of the results
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in their studies could be explained by anatomical variations,
discrepancies in the methods used to obtain 2-dimensional
bone images, in the techniques for measuring fractal di-
mension, and/or the differences in selecting the areas to
be measured.27 The present study provided the differences
between numerous anatomical sites in normal patients. In
addition, it provided other methods such as PC and AF to
support the FD.

In conclusion, our study showed that healthy patients
with normal trabecular pattern have a FD of approximately
1.5 in all regions of the maxilla and mandible. Our results
confirmed the results from previous studies which stated
that FD analysis was a practical method to investigate tra-
becular bone architecture. Moreover, PC and AF can spe-
cify the information about the bone microstructure and
BMD, and support the FD.
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