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The effects of voltage of x-ray tube on fractal dimension and anisotropy of diagnostic image
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ABSTRACT

Purpose : The purpose of this study was to evaluate the effect of the kV on fractal dimension of trabecular bone in
digital radiographs.

Materials and Methods : 16 bone cores were obtained from patients who had taken partial resection of tibia due to
accidents. Each bone core along with an aluminum step wedge was radiographed with an occlusal film at 0.08 sec
and with the constant film-focus distance (32 cm). All radiographs were acquired at 60, 75, and 90kV. A rectangu-
lar ROI was drawn at medial part, distal part, and the bone defect area of each bone core image according to each
kV. The directional fractal dimension was measured using Fourier Transform spectrum, and the anisotropy was
obtained using directional fractal dimension. The values were compared by the repeated measures ANOVA.
Results : The fractal dimensions increased along with KV increase (p< 0.05). The anisotropy measurements did not
show statistically significant difference according to kV change. The fractal dimensions of the bone defect areas of
the bone cores have low values contrast to the non-defect areas of the bone cores. The anisotropy measurements of
the bone defect areas were lower than those of the non-defect areas of the bone cores, but not statistically signifi-
cant.

Conclusion : Fractal analysis can notice a difference of a change of voltage of x-ray tube and bone defect or not.
And anisotropy of a trabecular bone is coherent even with change of the voltage of x-ray tube or defecting off a part
of bone. (Korean J Oral Maxillofac Radiol 2007; 37 : 211-5)

KEY WORDS : KV; Anisotropy; Fractal Dimension

Introduction

Bone quality is important for diagnosis and treatment in
dentistry. But, quality is ambiguous term in practice and it is
difficult to evaluate the bone quality of jaw. Bone intrinsic
strength is conditioned by several factors, including material
properties such as bone mineral density (BMD), matrix quality
and additional factors such as bone macro-architecture and
trabecular micro-architecture.' Precise in vivo measurement of
the trabecular bone’s mechanical properties, such as strength,
is very important in clinical practice. Incorporating both den-
sity and architecture improved the predictability of bone streng-
th in an in vitro study.” A bone radiograph is a 2D projection
of the 3D trabecular network, and several groups have consi-
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dered that texture analysis of such images can provide valu-
able analysis of the trabecular architecture. Anisotropy and
fractal dimension are interest in mechanics-architecture rela-
tions.” Anisotropy characterizes the degree of directional
organization of a material. Mandelbrot’s fractal dimension is
used for an objective measures to quantify the complexity of
bone structure.*”

Dental researchers have suggested that fractal analysis may
be a sensitive descriptor of bone structure and provide a diag-
nostic tool to objectively characterize trabecular bone struc-
ture. [t was used to discriminate between normal and periodon-
tally compromised subjects.’ Fractal dimension has been used
to evaluate complex interconnections or alveolar cancellous
bone on dental images, distinguishing between patients with
and without osteoporosis.“’5

Several investigations show that in vivo structural anisotro-
py measure can be useful for the diagnosis of bone quality and
fracture risk in bone disease. Sugita et al. reported that aniso-
tropy of the cancellous bone should be considered to predict
the fracture risk.® Wigderowitz et al. considered the properties
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of Fast Fourier Transform to evaluate trabecular bone struc-
ture. He concluded that this quantification detects structural
changes occurring with age and may be useful in osteoporosis
studies.” The fracture risk evaluation could be improved by
adding information related to the directional organization of
trabecular bone.'! Specimens from the proximal femurs of
women with hip fractures had a significantly more anisotropic
structure than the controls.®

Fractal dimension and anisotropy are used to predict bone
quality in diagnostic imaging because changes in fractal dimen-
sion and anisotropy due to variations in image density caused
by exposing, processing, and digitizing dental radiographs are
negliable.>®'? It can be an advantage that they aren’t affected
by changes of exposing condition. But, the study about the
effect of kV changes on fractal dimension and anisotropy was
rare. This study examined the affects of the fractal dimensions

and anisotropy measurements depending on kV changes.

Materials and Methods
1. Image acquisition

We get the bone core images from University of Connecti-
cut Health Center research center. Each bone core along with
an aluminum step wedge was radiographed with No. 4 occlu-
sal film at 0.08 sec and with the constant film-focus distance
(32 cm). Bone cores (0.7 cm X 4 cm) are tibia bone particles
from patients who had operated reconstruction of tibia in
UCHC due to accidents. 16 bone cores were selected and its
shape was made to cylinder form. Bone specimens that have
any superficial damage, pore, and calcification or change of
bone density were excluded.

All radiographs were acquired at 60, 75, and 90 kV (Fig. 1).
All radiographs for each sample were identically illuminated
and digitized with scanner with a pixel spatial resolution of 8-
bit scale depth. A rectangular ROI was drawn at medial, distal
part and the bone defect area of each bone core image accord-
ing to each kV.

2. Determination of directional fractal dimensions and
intercept length

The fast Fourier transform based technique was used for cal-
culating the fractal dimensions (FD) of the 2D radiographs.'*'?
The power spectrum of a local region was converted into the
polar coordinate system. Generally, averaged spectrum for all
angular distributions was calculated as a function of spatial

frequency. The FD was calculated from a curve determined by

Fig. 1. Radiographs which were obtained at different kV: (A) 60
kV;(B) 75kV;(C) 90 kV.

taking the logarithm of the spectrum versus the logarithm of
frequency. The slope of the linear portion of the curve was
related to FD by equation (Eq. 1).

FD=(7—slope)/2 (D

According to the Fourier slice theorem (or central slice
theorem), the values of the one-dimensional Fourier transform
of a parallel projection of an image along a line with the direc-
tion O are identical to the data along the same line in the 2D
Fourier transform of the image. This means that the line throu-
gh the 2D spectrum gives the spectral information obtained
from a projection with the same orientation in the spatial do-
main. Particularly, the directional FDs were calculated as a
function of orientation based on this theorem. First, the power
spectrum was partitioned into sectors with the same central
angle. The directional spectrum (PO(f)) of each sector was ob-
tained by interpolating the spectrum values in all frequencies.
Then, the directional FD for each sector was determined by
taking the logarithm of PO(f) versus the logarithm of f. The
slope of the linear portion of the curve was related to the direc-
tional FD by the equation mentioned above. This FD gave the
fractal information reflecting the spatial characteristics of the

trabecular bone in each direction.

3. Anisotropy measurement by principle axes of inertia

We applied principal axes of inertia to quantifying the struc-
tural anisotropy of trabecular bone. A polar plot of directional
FDs was defined as an ellipse of inertia. The directional FDs
were calculated only in directions of 0 to 180 degrees. The
FDs in the other directions were determined by symmetry with
respect to the origin. The polar plot of FDs was constructed by
360 FDs, one per degree. It described the moment of inertia of
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an object as a function of the orientation. Two principal axis
directions of inertia were determined by geometrical moments
calculated from the polar plot of FDs (Eq. 2).' They differed
by 1t/2. One value defined the axis of the maximum moment
of inertia, and the other defined the axis of the minimum
moment of inertia. The anisotropy (A) was directly calculated
as the ratio of the two principal moments of inertia (Eq. 3).
The ratio of the principal axes of inertia was used in measuy-
ing the eccentricity which was one of the statistical region
descriptor for an arbitrary set of points.'” The anisotropy was
also determined by fitting an ellipse to the polar plot of FDs
for comparison.'® The anisotropy was quantified as the ratio
of the major and minor axes of the best-fitting ellipse.
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4. Statistical analysis

All the statistical analyses were performed using the repeat-
ed measures ANOVA (SPSS Version 12.0; SPSS Inc., Chica-
go, IL). For each specimen analysis of variance was performed
to determine if a difference in fractal dimension and anisotro-
py value existed according to kV change.

Results

The means of the fractal dimensions were 1.63+/~0.19,
1.74+4/~-0.19, 1.874/—0.19 at 60kV, 75kV, 90 kV (Fig. 2),
and increased along with kV (p<0.05). The means of the
anisotropy were (.86-+/—0.08, 0.834+/—0.09, 0.84+/-0.09 at
60 kV, 75kV, 90 kV (Fig. 3), and they were not statistically
different. The means of the fractal dimensions of the bone
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Fig. 2. Fractal dimension according to kV change.
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Fig. 3. Anisotropy according to kV change.

defect areas of the bone cores were 0.92+/~0.13, 1.09+/—
0.14, 1.21+/-0.15 at 60kV, 75kV, 90 kV, and increased
along with kV (p<0.05). There was statistically significant
correlation between mean fractal dimensions of the non-detect
areas and the bone defect areas (Fig. 4). The means of the
anisotropy measurements of the bone defect areas of the bone
cores were 0.78+/—0.1, 0.84+/-0.09, 0.79+/-0.10 at 60
kV, 75kV, 90kV, and they were lower than the means of the
anisotropy measurements of the non-defect areas of the bone
cores. But there was no statistically significant relationship
(Fig. 5).

Discussion

Various methods have been proposed to estimate the fractal
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Fig. 4. Fractal dimension of non-defect area and defect area of the
bone core.
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Fig. 5. Anisotropy of non-defect area and defect area of the bone
core.

dimension, including box-counting and power spectral meth-
ods. In this study, the directional fractal dimension was mea-
sured using the Fast Fourier Transform spectrum, and the
anisotropy was obtained using directional fractal dimension.
Calculating the anisotropy based on the principal axes of iner-
tia determined the parameters directly. The direct method
developed here was computationally less expensive and faster.
This can provide direct quantification of the local anisotropy
of trabecular bone using directional FDs.

X-ray images of bones generally exhibit a variety of tex-
tures.'® Fractal dimension of bone may vary with location,
disease condition or variations in image densities caused by
exposing, processing, digitizing radiographs. Ruttiman et al.
estimated fractal dimension from radiographic images of man-
dibular alveolar bone before and after partial decalcification.
They concluded that fractal dimension increased after acid-
induced demineralization, and the projection angle (-3, 0, +5
degrees) had no significant effect on the final estimate of frac-
tal dimension.” Buckland-Wright et al. stated that fractal analy-
sis appears to be independent of projection geometry.” Shrout
et al. reported that fractal dimensions are insensitive to small

variation in x-ray exposure, beam alignment, and ROI posi-
tion."” Southard et al. found that the fractal dimension was
sensitive to small variations in radiographic geometry, a find-
ing that conflicts with the reports of other investigators.'' There
were no studies about the effect of radiographic condition on
anisotropy. Because the trabecular pattern may vary with ex-
posing, we can predict that the fractal dimension and anisotro-
py to characterize trabecular bone is affected by changes of kV.

In our study, the mean value of fractal dimension increased
according to kV. This result means that kV changes affect the
fractal dimension. However, Shrout et al. reported that fractal
dimensions as determined from ROIs of digital radiographic
images of alveolar bone are insensitive to small variation in x-
ray exposure, beam alignment, and ROI position.'® We can
guess that exposing condition of previous report was under
range of which didn’t represent the different trabecular pattern.

Our results showed that the means of the fractal dimensions
of the bone defects area of the bone cores were lower than in
normal bone core. Southard et al. stated that fractal dimension
decreased with decalcification.'" On the other hand, Ruttimann
et al. concluded that fractal dimension increased after acid-
induced demineralization.’ A difference in the method for
calculating the fractal dimension was offered as a possible
explanation of this difference.’ We think that the use of differ-
ent methods to estimate the fractal dimension can produce dif-
ferent results. In our study, fractal dimension decreased in the
areas of bone defects, similar to the finding by Heo et al® 1t
is meaningful that the values are showing statistical consistent
results. Nevertheless, we can see different statistical results
depending on the investigators. So we can conclude that the
methodological consistency is probably needed.

The means value of anisotropy didn’t show the significant
differences statistically to kV changes. Hara et al. found that
changes in the anisotropy due to variation in threshold are
negligible.'?

If the measurements to detect bone changes are independent
of radiographic variation, which are probably inevitable when
radiographs are produced over times, that technique may re-
present a reliable analysis.

In conclusion, fractal analysis can notice a difference of a
change of voltage of x-ray tube and bone defect or not. And
anisotropy of a trabecular bone is coherent even changing of
the voltage of x-ray tube or defecting off a part of bone.
Fractal value and anisotropy present different features of bone
and they show different response with environmental change,
kV and bone defect.
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