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e _"ABSTRACT

Trabecular bone strength and zntegrzty are re-
lated to both bone-mass and archztecture Current
methods forvassessmg architecture in vivo are limited,
y investigates the syntheszs of moire patterns as

a potentml means’ for assessing z‘rabecular bone. Plain .

radiographs of -the human - calcaneus are digitized,
thresholded, ‘rotated and nonlinearly superimposed to
derive a moire pattern associated with the original
radiographic i image. The moire patterns may provide an
enhanced means for classifying and analyzing trabecular
bone structures compared to or in conjunction with
individual . (non-superimposed) radiographic images.
 Another feature of this paper is the description of a local
thresholding method for segmenting the radiograph into
a binary (bone/no-bone) image. This is potentially useful
for stereologzcal analyszs of radwgraphs

INTRODUCI‘ION

Trabecular bone strength is a function of both
bone mass and architecture. Mass accounts for about 65
percent of the obsetved variation in bone strength, and
architecture ¢an explain about 20-25 percent more of the
variation, Although clinical bone mass measurements are
routinely made, no simple method currently exists for
deterrmmng trabecular architecture in vivo. Such a method
in conjunction with bone mass measurements could have
wide use for assessing bone fracture risk in osteoporosis.
: Previous studies: have attcmpted to evaluate
architectural changes in trabecular bone using texture and
fractal analyses of plain radiographs [1,2]. ‘Although these
methods do appear to provide some information on the
architectural states of trabecular bone; there is also a large
artifactual component related to the inherent variability of
the overall radiographic process, including for example,

exposure, film development and overlying soft tissue.
This study presents some preliminary results on
synthesizing moire = patterns  associated with plain
radmgraphs of the human heel. The long range objective
is to determine if moire patterns can provide an
enhancement in the ability to assess trabecular
architectural features while maintaining better immunity
to exposure and other artifacts, compared to using the
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ongmal radlographlc 1magc 1tself
METHODS

~ Moire Pattern

The moire effect denotes “a fringe pattern formed
by the superposition of two grid structures of similar
penod” [3]. In the synthesis approach taken here, the
moire pattem is produced by superimposing a rotated copy
with the original (and not rotated) image. The process is -
carried out as follows. The relatlonshlp between the p1xe1
value B, of the digitized i 1mage and bone den51ty pis
assumed to be:

B1 = 255(1 - e ¥*F) A
where a is a constant. At a given location, the original
image is assumed to have pixel value B, and the rotated
image pixel value B,. Using Eq. (1), it can be shown that
superposition of the two images at the given location
results in pixel value B, where B is given by

B =8 fo 255

@

- Thus, for two glven d1g1ta1 images, 1mage 1 and image 2

a m01re patten can be synthes1zed in the fo]lowmg way:

¢)) P1ck apoint in image 2 as the center (xc, VA and select
an angle O to rotate the i image around the center. The
formula for rotation is: :
X, =x, +rX cb,s(ff) :
y, =y, +rxsin®)
© and - '
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where (%, y,) is the coordinate aﬁe.r the rotatlon and x, y)
is the coordinate before the rotation;



(2) Superimpose imagg ¥ and rofated Tmiage 2 by sing B
2 to obtain the pixel value for the superimposed image.
(Note that this algorithm:allo

rotating the original image Wlth respect totself,

Local threshold

A local threshold is used to create a bmary image h

from the gray level digitized radiograph. For a given
digital image, let B(x,y)-be the 8-bitpixel value fot-any
given point (x,y). A threshold image T(x,y) is then created
by using the following formula:. -

_y+Ax+A,

o B(&ﬁ)didn

-y-Ax-‘

T (W)

Whéré | A 1s the dnnensmn ’- df | asmall aréa ‘6v61'* %hich
T(X, ) is defined. After the creation of the threshold
image, the local threshold is defined as: *~

255

v - {7 260> e

', ’fB(xw) < T ) -

Where B(X,y) 8. the new: bmary 1mage after local

thresholding. -

RESULTS .

A digitized radiographic- image -of a human
‘calcaneus is shown in Fig. 1. A moire pattern is shown in
Fig. 2 and was created using the image in Fig. I (as both
image 1 dand image 2) by rotating the image 5% arotmd:its
center. Applying the local threshold fethod with-A= 17
plxcls to the i lmage in F1g 2 results in ’dle (bmary) m01re
1mage of F1g 3 »

DISCUSSION AN]) CON USION

Moire patterns have a long history of apphcauons
in many fields. This study demonstrates that radiographic
images of trabecular bone can be manipulated to produce
moire patterns also. Whether these patterns can provide

useful information with respect to bone architecture and-
strength remains to be Seen. However, the thethods

presented here can serve as a basis for further research. In
addition, the local thresholding technique described here
may: ber.useful~for. carrying out: radlographm based
sterological studies on trabecular bone. .. f R

ach image to be distinct, . -
although in what follows the moire pattern is obtained by )
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