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Abstract: The cancellous structure in the
distal third of the radius is assessed and described
using frequency domain techniques to analyse the
spatial characteristics of the two dimensional
projection of cancellous bone in single AP x-rays.
These techniques are particularly useful to quantify
changes in orientation and amount of trabeculae.
Corrections for the wide variations in x-ray contrast
can be easily carried out, by normalizing the
summation of the magnitudes from the relevant
frequencies. Images from a group of 10 patients and
l0 cadaveric bones were examined and compared to l6
images from a homogeneous phantom. This
procedure permitted the differentiation

and

determination of the characteristics of the image that
are truly related to the cancellous structure from those
due to noise as found in the image of the phantom.
INTRODUCTION
Changes in the patterns of cancellous bone have been
shown to occur in the neck of the femur and vertebrae,

associated

with aging and

Equivalent changes

in

osteoporosis 11,2,31.
the wrist have been harder to

identiff, because the patterns in the wrist are not so clear.

.

practice with those

of the bare bones and those of

the

phantom.

The images were digitised with a resolution of 160
microns per pixel and 256 grey levels, using a high
resolution flat-bed transparency scanner, interfaced to a
personal computer. The longitudinal axis of the radius
was kept parallel to the axis of the images, both from bone
and phantom. Areas of interest of l0 xlO mm were
selected in all cases resulting in digitised images with 64 x
64 pixels.
The grey level range was analysed for the three groups
of images, to search for noticeable features. The
differences among the three groups were tested using
unpaired two tailed t-tests, assuming unequal variances for
the groups.

Fast Fourier transforms were then performed for all
images. After subtracting the zero frequency component,
the magnitudes of the spectral components with values
between two and twelve times the average magnitude
were added and expressed as a fraction of the total
magnitude of the transforms, this value was called the
Spectral Trabecular Index (STI). The transforms were

of 2, 6 and 12 times the
average magnitude, to observe the direction and position
of the magnitude peaks.
plotted with contour levels

Frequency domain techniques can be used in this situation

to provide

on

trabecular spacing and
orientation in selected areas of interest from wrist x-ray

information

images [4,5]. Specific features in the image give rise to
corresponding frequencies in the spectrum that are easier
to measure then the features in the original image. The
magnitudes of these frequencies, when normalized to
correct for variations in the contrast of the original
images, permit the comparison of different specimens [6].

MATERIALS AND METHODS
frequencies related to the
trabeculae that form cancellous bone, 16 x-ray images
were obtained from a radiological phantom composed of
homogeneous sections of plastic resin of known

In

order

to identiff the

radiological density and known concentrations of
hydroxyapatite, simulating the radiological densities found

in

mg/cm'). In
from cadaveric

the distal forearm (50, 100 and 200

addition,

l0

images were obtained

embalmed bones and l0 images were obtained from the
normal wrist of volunteer female patients. The inclusion
of a volunteer subjects' group permits the evaluation and
comparison of the images obtained during normal clinical

RESULTS
The average range of grey levels for the images of the
phantom was 30. The range for images from patients' xrays was 52.4, while that for the images from embalmed
bones was 60.4 (p.0.01 for the three comparisons). The
columns and rows of the images were then averaged, to
reduce the noise. The range of the averaged columns fell,
in the case of the phantoms to 3.99, in the patients to
14.77 and in the embalmed bones to 20.39, again with
p<0.01 for the three tests. The range of grey levels in the
averaged rows was 2.92 in the phantom's images, 12.80 in
the patients'and 11.58 in the bones, in this case p<0.01
for the comparisons between the phantom and the two
other groups, but for the comparison between the bones
and patients groups p>0.05.
The average STI was, I

23.27

+

l.l I + 1.39 in the phantoms,
in the patients and 29.41 + 5.62 in the
bones. The peaks in the phantoms were

1.77

embalmed

mainly located in the very low frequency region as seen in
However, those in the bone images were
Figure l.
located at frequencies compatible with the spacing
estimated for the trabeculae in the original image (around
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I to2 mm).The peaks in the transforms from bone images
were clearly aligned in a cross shape, particularly along
the horizontal axis

of

the transform (Figure 2).

60

does not have the directional restrains imposed

by the
averaging method.
The observed cross shape alignment of the magnitude
peaks in the transforms from bone images clearly agrees
with the direct observation that they were preferentially
arranged in the original image in an orthogonal grid-like
manner. The longitudinal trabeculae are always more

50

prominent in the images.
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CONCLUSION
This work demonstrates that cancellous elements at the

0

distal radius have

-9"
0
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a

preferential alignment

in

the

longitudinal and transverse directions of the bone, which
can be measured and used to compare the periodicity of
different specimens. Frequency domain measurements
are particularly suitable in this case because the images
from the trabeculae do not have a clearly defined cut-off
point, making it extremely difficult to decide where to
threshold the image for spatial domain procedures [7].

Figure

This method may be useful to detect structural alterations
that occur in conditions known to deplete the bone stock,

frequency region.

such as rheumatoid arthritis and osteoporosis. The
assessment of cancellous bone is particularly interesting
because these conditions tend to alter cancellous bone

I - The typical contour of a homogeneous phantom
image, with the magnitude peaks in the very low

much before and faster than the cortical phase of bone.

60

The method has its attractiveness enhanced by the fact that
the needed material is relatively inexpensive and widely

50

available.
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Figure 2 - The typical contour of the transform from an xray image, with the magnitude peaks spread over a much
wider area of the transform, with frequencies compatible

with the periodicity of cancellous bone.
DISCUSSION

The averaging of the rows and columns demonstrates
that presence of structures in the horizontal and vertical
directions of the images. The Fourier transforms of these
averaged lines and from the image as a whole, further
emphasizes the presence of these structures and
characterizes its direction. The Fourier analyses not only
permits quantitative measurements of the trabeculae, it
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