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 HYDROXYLAPATITE-FILLED ACRYLIC COMPOSITES REQUIRE HIGHER FATIGUE STRENGTHS THAN
CONVENTIONAL CEMENTS WHEN USED TO FIXATE THA STEMS
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Introduction
Hydroxylapatite(HA)-filled acrylic cements are currently developed in order
to improve biological bonding with bone. The fatigue strength of cement is an
important parameter for long-term failure of a cemented total hip
reconstruction (THR) [1]. New cements are usually tested to see if their
fatigue strength at least equals that of conventional ones. However, it has
been shown that HA-filled cements may be considerably stiffer than
conventional ones [2]. As the stiffness of cement influences the stress patterns
in the whole reconstruction [3,4,5], particularly in the cement itself, the
notion that the strength of conventional cements would also be adequate for
new brands is not obvious.

The aim of this study was to determine how a 50% stiffer cement affects
the cement stresses and the functional strength of the cement, as compared to
currently used cements. In addition it was determined whether a THR is more
likely to fail at its interfaces when a stiffer cement is used.

Methods
A 3-D, CT-based finite element (FE) model was used, representing the
proximal part of a right femur with a cemented Exeter hip prosthesis (Fig.1).
The cement stiffness was varied, using Young’s moduli of 2.2 GPa and 3.3
GPa for the currently used and 50% stiffer cement, respectively. All other
material properties were chosen according to literature [6]. The stem-cement
interface was modeled as either completely bonded or unbonded, with a
friction coefficient of 0.25 in the latter case. Variation of the cement stiffness
and the stem-cement interface conditions resulted in four different model
configurations (Table 1). In all configurations the loading represented the mid
stance phase of gait and included the hip joint contact force and three
abductor muscle forces [6] (Fig.1). Cement stresses and stem-cement
interface stresses were calculated.

 

Fig. 1: FE model representing a hip joint
reconstruction with a cemented Exeter
stem; the loading configuration is also
shown and contains the hip joint contact
force and three abductor forces. Each
force consisted of three components
(med-lat, prox-dist and ant-post).

Results
Volume distributions of tensile cement stresses (Fig. 2) show that these
stresses increased considerably with increasing Young’s modulus for both
stem-cement interface conditions. The volume average of tensile cement
stress increased with 23% and 36% in the bonded and unbonded case,
respectively. The increase of peak tensile stresses is shown in table 1.

In the bonded case the stem-cement interface stresses increased also,
when stiffenening the cement. Average interface tensile, compressive and
shear stresses increased with 7%, 8% and 5%, respectively. For unbonded
interface conditions the average interface stresses remained virtually constant.
Peak interface stresses are given in table 1.
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Fig. 2: Volume distributions of tensile cement stress (left: bonded prosthesis;
right: unbonded prosthesis). The tensile stress level is plotted on the x-axis
and the percentage of cement volume stressed above that level is plotted on
the y-axis.

CASE: RESULTS:
stem-cement

interface
E

(GPa)
cement tensile
stress

interface
shear

interface
tension

interface
compr.

bonded 2.2 2.36 4.81 1.46 6.30
3.3 2.72 (+15%)  5.57 (+16%) 1.57 (+8%) 7.16 (+13%)

unbonded 2.2 9.17 6.17 0 11.30
3.3 11.36 (+24%) 5.70 (-8%) 0 12.47 (+10%)

Table 1: Values of peak stresses (MPa). The percentage increase in stress
with a 50% increase in cement Young’s modulus is put between brackets.

Discussion:
Cement and interface stresses in a THR are shown to increase considerably
when stiffening the cement mantle. Two causes for this effect can be
identified. First of all, even after a 50% increase the cement stiffness remains
low compared to that of bone and stem. Hence, the bone and stem stiffness
are the main factors determining deflection of the reconstruction. In that case,
the cement stress is poportional to the cement stiffness [7]. Secondly,
stiffening the cement leads to a localization of cement stress around the neck
and the tip of the stem [5]. This increases the cement and interface stresses
near these regions.

New HA-cements can be up to 50% stiffer than currently used cements.
This increases the cement stresses in a THR by 20 to 36%. Hence, the fatigue
strength of these new HA-cements should be considerably higher to obtain an
equal functional strength as currently used cements. A 50% stiffer cement
also increases the stem-cement interface stresses, while strengthening the
cement will probably not affect the strength of the stem-cement interface. So
a stiffer cement mantle will promote interface debonding, which reduces the
lifetime of a THR.

We conclude that only testing the cement strength of newly developed
cements is not sufficient to determine their effect on mechanical failure of a
cemented THR. Pre-clinical tests of the whole reconstruction should be
performed to asses their functional strength.
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