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Introduction: The application of morsellized bone grafts has become a
popular method to restore bone deficiencies in primary and revision joint
arthroplasty [1]. It is generally accepted that a certain degree of prosthetic
stability is required to promote graft incorporation and long-term sucess. With
freshly frozen morsellized allografts this can be achieved, as proven by
excellent long-term success rates with this technique [1]. However, due to
problems in availability and the potential danger of transmission of infection
with allograft material, alternative biomaterials are developed. These
biomaterials differ in both biological and mechanical properties from the
allograft material. On the other hand, biomaterial particles can be made in all
kinds of varieties during the manufacturing process. The question then
becomes what the properties of biomaterial particles should be to optimize
their biological and mechanical behavior. To answer this question extensive
testing is required. The purpose of this study was to characterize the
mechanical response of particles, with varying compositions, to dynamic
loading in comparison to the behavior of morsellized allograft bone chips. For
this purpose the time-dependent mechanical properties were assessed with
confined compression tests [2].

Methods: Various compositions of particles were tested in four groups
(Groups 1 to 4) varying in Hydroxy-Apatite/Tri-Calcium-Phosphate ratios,
particle sizes and porosities (Table I). The mechanical response of these
particles was compared to that of human morsellized allograft bone chips
prepared with a bone mill (Group 5). In addition, two testing groups (Groups
6 and 7) were made by a 50%/50% weight mixture of particles and
morsellized bone chips (Table I).
Each testing group consisted of eight specimens of four gram material each. The
particles were soaked in saline solution for one hour before testing. The
materials were manually impacted in a chamber with a diameter of 2 cm (Fig. 1).
A rigid filter was placed on top of the impacted material, allowing fluid-flow
exudation upon loading. During the tests the exudated fluid remained on top
of the filter, allowing it to be sucked back into the material during the
unloading period. Using a servo-hydraulic MTS testing machine, a dynamic
force, ranging from zero to 2.68 MPa, was applied with a frequency of 1 Hz
for a period of 900 seconds. After this loading period (the ‘loading phase’) the
specimens remained unloaded for another 900 seconds (the ‘unloading
phase’). The deformation of the impacted material was measured by an
extensometer with a resolution of about 2 microns (Fig. 1).
The time dependent mechanical behavior of the various groups was
statistically analyzed (Students T-test; p<0.05) with respect to the total
deformation at the end of the loading phase, the recovery strain, the apparent
elastic modulus, and the energy density dissipated per loading cycle at the end
of the loading phase.

Group Composition Porosity Size (mm)

1 TCP:HA=80:20 0% 3-5

2 TCP:HA=20:80 0% 3-5

3 TCP:HA=80:20 50% 3-5

4 TCP:HA=80:20 0% 6-8

5 Human NA 2.1 ± 1.3

6 Mix group 1 and 5

7 Mix group 3 and 5

Dynamic Load

Filter
Specimen

Table 1: The compositions of the testing groups. Fig. 1.

Results: The grafts showed a high deformation rate at the beginning of the
loading phase, which gradually reduced with the number of loading cycles
(Fig. 2). In the unloading phase some recovery occured, particularly for the
groups containing human morsellized bone chips (Groups 5 to 7). The total

strain at the end of the loading phase was significantly higher for the human
bone chips as compared to all other groups (Table 2). The biomaterial
particles (Groups 1 to 4) produced the smallest deformations. Larger particles
and higher particle porosity significantly increased the total deformation.
Macroscopically, the particles did not fail during the tests. As expected, the
mixtures (Groups 6 and 7) produced intermediate deformation patterns with
the porous particles producing higher deformation values (Group 7).
In general, the same patterns were found for the recovery strain, the elastic
moduli and the energy dissipated per loading cycle (Table 2; Fig. 3).
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Fig. 2: Averaged deformation curves
during the loading and unloading
phases.

Fig. 3: Typical hysteresis curves
during a loading cycle at the end of
the loading phase.

Group
total

strain
recovery

strain
E-modulus

(N/mm2)
Energy density

(GPa)

1
0.0858

[3,4,5,6,7]
0.00406

[all]
530.2

[4,5,6,7]
0.429

[2,5,6,7]

2
0.102

[3,5,6,7]
0.00256
[1,5,6,7]

529.7
[4,5,6,7]

0.094
[all]

3
0.196
[all]

0.00243
[1,5,6,7]

524.0
[4,5,6,7]

0.462
[2,5,6,7]

4
0.126

[1,3,5,6,7]
0.00253
[1,5,6,7]

452.3
[all]

0.339
[2,5,6,7]

5
0.455
[all]

0.125
[all]

135.6
[all]

13.5
[all]

6
0.288
[all]

0.0592
[all]

229.5
[1,2,3,4,5]

4.24
[1,2,3,4,5]

7
0.330
[all]

0.0795
[all]

223.7
[1,2,3,4,5]

4.34
[1,2,3,4,5]

Table 2: Averaged parameters for the seven testing groups. Statistical
significant difference with other groups is indicated within the brackets

Discussion: Biomaterials will be used in the near future as substitutes for
morsellized allografts, particularly in areas where these allografts are scarce.
This study shows that, although biomaterial particles can be manufactured in
all kinds of varieties, it may be very difficult to mimic the mechanical
properties of allograft morsellized bone chips. The results of this study
suggest that it may be worthwhile to consider mixtures of biomaterial particles
and human bone chips as a compromise, to optimize the biological and
mechanical properties and to minimize the amount of human material
required.
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