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For the assessment of bone
stage (eg. regarding different
osteoporotic stages), usually
the bone mineral density
(BMD) is measured. How-
ever, this measurement does
not contain any information
about the structures inside
the bone. Recent work
emphasized the importance
of analyzing the structural
changes of trabecular bone.
Different approaches for the
study of trabecular bone

were sucessfully introduced

for 2D image analysis, as
measures of complexity
based on symbolic dynamics.

The new available 3D
(UCT-data)

challenge the development

bone images
of new 3D measures of com-
plexity, which are able to
assess structural changes in
trabecular bone. We con-
sider here new develop-
ments of 3D measures that
are based on lacunarity,
Moran’s index and geometri-

cal properties.
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Trabecular bone obtained from the human proximal tibia at different osteoporotic stages

(stereoscopic images - red-cyan anaglyph glasses needed)

Trabecular bone with high bone volume (BV/TV=20

Lacunarity
Dougherty & Henebry (2001) suggested the lacu-
narity measure for the structural assesment of 2D
bone images. This measure can be simply applied
to 3D images and is defined as
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are the first and second moments of the mass dis-
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Shape Index
Here we introduce a new index, which measures
the surface of the trabecular bone within small
cubic boxes and normalizes this value by the mini-
mal surface possible for this bone volume

S
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where S is bone surface and V is bone volume.

The mean value and the entropy of this measure
represent the shape of the bone structures - val-
ues of X smaller than one reveal

(the smaller the value the higher the
amount of concave structures).

Preliminary Results

The lacunarity shows only a small dependence on

different osteoporotic stages (corresponds with a

decrease of BV/TV), revealing small changes in the
during bone loss. How-

ever, this measure plotted as a function of the

length scale provides some interesting features,

which will be further investigated.

The Moran’s index reveals an increase of autocor-

relation for decreasing bone. This is a hint for a
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tributions 7(s,7) determined in equally spaced
boxes of size 1 over the 3D image.

Using the lacunarity and the complementary
lacunarity (ie. the lacunarity computed from the
complementary objects, in our case marrow), we
define the by

ensuring measures between zero and one (from
less lacunarity to high lacunarity, or from high
to less translational invari-

ance).
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loss of in the trabecular bone.

The shape index is the most promi

ing candidate
for a future diagnostic measure. Its mean as well
as its entropy reveal a significant dependence on
different osteoporotic stages. Its increase during
bone loss points to the decrease of

. However, this measure is
not yet finalized and needs further refinement.
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Osteoporotic trabecular bone with low bone volume
(BV/TV=14%) and structural changes.

Moran’s Index

The Moran’s index [ was introduced for measuring
the two-dimensional of a
population in an eco-system, but was successfully
applied to 2D image analysis (Chen et al., 2003).

We extend this common measure to 3D as
dyxdyxdy cdyxdyxds ¢ (.. = i =
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where d; is the geometric size of the analyzed
object, N is the total number of voxels and S is
the number of contiguous pairs. This measure
ranges between —1 and +1 (from high autocorrela-

tion to high anti-autocorrelation).

0.88

Moran’s Index

0.8 .

0.79
0.1 0.15 0.2 0.25

3.35 T T T

33

3.25

w
N}

w
i
a

3.05

Shape Index (entropy)
w
i

w

N
©
a

2.9

2.85
0.1 0.15 0.2 0.25

BVITV

References

CHEN, T.-J., Chuang, K.-S., Wu, J., Chen, S. C.
Hwang, 1.-M,, Jan, M.- L., A novel image quality
index using Moran | statistics. Journal of Digital
Imaging 16 (2), 2003b, 210 215.

DOUGHERTY, G., Henebry, G. M., Fractal si
nature and lacunarity in the measurement of
the texture of trabecular bone in clinical CT

ages. Medical Engineering & Physics 23 (6),
2001, 369 380.

European Space Agency
Agence spatiale européenne


http://www.agnld.uni-potsdam.de/~marwan

