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INTRODUCTION

Osteoporosis is a disease involving
trabecular bone that affects many elderly
people and is a growing health problem.
Many patients are confined to a nursing
home for six months or more after treatment
of an osteoporotic fracture. Most fractures
occur during falls and at anatomic sites
where trabecular bone is the major load-
bearing element. Therefore, trabecular bone
strength during off-axis loading is important
for understanding the mechanisms of
clinical hip fractures. This information will
help identify patients at risk of fracture and
develop treatments.

Microdamage is present in vivo in trabecular
bone in humans, but its role in bone failure
is not clear. Recent studies in cortical bone
found that higher levels of microdamage
were consistent with increased fatigue life.
Microdamage has been shown to decrease
the modulus of trabecular bone samples
loaded along the principal elastic direction.
However, the damage behavior for loading
along other mechanical axes has not been
characterized.

Trabecular bone could be damaged during
falls or other off-axis loads, leading to
diminished mechanical properties and
increased fracture risk. The goal of this
research was to determine how
microdamage affects the failure behavior of
trabecular bone under off-axis compressive
loading. Specifically, 1) microdamage was

induced to two different levels and 2)
changes in the modulus failure properties
were quantified.

Ten bovine tibial trabecular bone samples
were prepared from eight tibiae. Five
samples were randomly assigned to either
the low or high damage group. Cylindrical
samples, approximately 8 mm in diameter
and 30 mm long were prepared with the
stiffest principal elastic direction
perpendicular to the cylindrical axis. The
samples were embedded in brass endcaps for
testing.

The initial elastic modulus of the samples
was measured by loading to 0.5%
compressive strain. The modulus was taken
as the slope of a quadratic curve fit at 0
stress, and was averaged from three load
cycles. Samples were then damaged by
loading to either 1.5% (low) or 2.5% strain
(high). Following the damaging load, the
modulus was measured a second time. All
specimens were then loaded to 10% strain
and the ultimate stress and strain were
measured (Fig. 1). To compare between
samples, the ultimate stress was divided by
the initial modulus.

RESULTS

On average, the orientation of the principal
elastic direction was 84 + 06° from the
cylinder axis.



The elastic modulus decreased following the
damaging loads. The initial elastic modulus
for the samples was 411 = 234 MPa. The
damaged modulus for the low damage group
decreased by 21 £+ 9.7% in comparison to
the high damage group which decreased by
43 £29% (p > 0.17, Student’s t-test, Fig. 1).

Neither the ultimate stress nor strain (Fig.
2) was significantly different between the
two damage groups, after compensating for
dependence on modulus.
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Figure 1: The elastic modulus decreased by
similar percentages for samples strained to
1.5% strain and 2.5 % strain (p > 0.17).
Error bars are one standard deviation (N=5).
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Figure 2: The ultimate strain on the final
loading did not differ between the two
groups (p > 0.12). Error bars are one
standard deviation (N=5).

DISCUSSION

The transverse damage behavior of
trabecular bone was studied for ten samples
loaded to two different damaging strains.
Damage to the samples occurred in both
cases, with significant modulus reductions
for both groups. However, the sample sizes
were too small to identify differences in the
damage levels between groups. The ultimate
properties were also similar between the two
groups. As such, this data would suggest
that increased levels of damage are not
detrimental to the overall failure properties
of trabecular bone. However, the number of
specimens tested was small, resulting in
weak statistical comparisons.
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