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STRAINS IN COMPOSITE HIP JOINT RECONSTRUCTIONS OBTAINED THROUGH FEA AND EXPERIMENTS
CORRESPOND CLOSELY
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Introduction: Mechanical failure of cement causes long-term loosening of
cemented THA. An international research program was set up to develop
experimental and computer models for standardized testing of prosthetic
designs relative to this failure scenario. The current project was a part of that
program and was dedicated to the experimental validation of the computer
models developed. Its purpose was to compare experimental bone and cement
strains determined in femoral reconstructions with a composite bone model, to
those predicted with a 3-D finite element (FEA) simulation. The question was
whether strain values at corresponding sites in both models would agree
within 10 percent.

Methods: Static load-transfer experiments were performed on hip joint
reconstructions with cemented Lubinus SPII and Mueller Curved stems in
standard composite femurs (Pacific Research Labs, Vashon Island, WA,
USA). For both stem types 6 reconstructions were tested. They were subjected
to a bending load, consisting of a hip joint contact force and an abductor force.
In addition, the Mueller Curved reconstructions were subjected to a torque
around the femoral long axis applied to the prosthetic head. Using strain
gauge rosettes, strains were measured at ten locations on the medial and
lateral bone surface and at three locations within the cement mantle, 1 mm
from the medial stem surface (Fig. 1). The measured cement strains were
corrected for pressure acting normal to the gauge grid.

For both stems an FEA model was created, based on 3-D CAD models of
the composite femur, the stem and the cement mantle (Fig. 2). The stem was
positioned in the femur according to x-rays from a selected experimental
reconstruction with the average stem position. Cement and stem were
modeled as homogeneous and isotropic, the cortex was modeled as
transversely isotropic. The Young’s modulus of the cement was determined
experimentally (2.28 MPa). All other material properties were taken from
material handbooks and manufacturers data. The stems were assumed to be
bonded to the cement. The experimental loads were applied to the FEA
models and principal strains were calculated at locations corresponding to the
experimental gauge locations

         
Figure 1: Positions of the bone Figure 2: FEA models of a Lubinus
surface gauges (left) and SPII (left) and a Mueller Curved 
embedded cement gauges (right). (right) reconstruction. 

Results: Most numerical bone surface strains corresponded within 1 or 2
standard deviations from the average experimental strains, whereas virtually
all numerical cement strains corresponded within 1 standard deviation (Fig.
3). Some numerical strains were not within 10% difference from the average
experimental strains, notably where strain values were relatively minute.

Regression analysis showed that correspondence between numerical and
average experimental strains was better for strains around the Lubinus SPII
stem than for those around the Mueller Curved stem (Table 1). Most slopes of
the regression lines were within the range of 0.9 to 1.1, indicating that the
overall differences between numerical and average experimental strains were
within the range of –10% and +10%. Only in the case of a Mueller Curved
stem subjected to bending the slope of 0.82 for the cement strains was outside
this range. However, regression analysis of numerical strains vs. the
experimental strains from the specimen selected to build the FEA model
resulted in a considerably higher correlation with a slope of 0.92.

 
Figure 3: One-on-one comparison of numerical vs. average experimental strains for the
Lubinus SPII reconstruction subjected to bending. Numbers below the dots indicate the
standard deviations of the measured strains.

Lubinus SPII
bending

Mueller Curved
bending

Mueller Curved
torsion

bone strains Y = 1.04 X - 13
R2 = 0.99

Y = 0.92 X - 61
R2 = 0.98

Y = 1.05 X - 20
R2 = 0.99

cement strains Y = 0.98 X - 25
R2 = 0.99

Y = 0.82 X - 28
R2 = 0.98

Y = 0.90 X + 18
R2 = 0.97

Table 1: Results of the regression analyses of numerical strains (Y) vs. average
experimental strains (X). Intercepts in µstrains.

Discussion: The assumption of a bonded stem in the FEA models was
justified by the fact that debonding the stem changed the cement strain
patterns considerably, resulting in numerical strains that were far off the
average experimental strains. In addition, the experimental reconstructions
showed no signs of stem loosening in short term fatigue tests.

This study showed good agreement between numerical and experimental
strains modeling the cortex as transversely isotropic. In the bending
simulations, this good agreement was maintained when simplifying the
cortical mechanical properties to isotropic. However, under torsion we
observed only good agreement using transverse isotropy.

The experimental Mueller Curved reconstructions showed much more
variation in stem position than the Lubinus SPII reconstructions. Hence, it was
difficult to select a specific Mueller Curved reconstruction with an average
stem position to build the FEA model. FEA strains around the Mueller Curved
corresponded better to the experimental strains from the selected
reconstruction than to the average experimental strains. This might indicate
that the FEA models have the ability to show the effect of small changes in
stem position on the cement loading and subsequent failure.

Despite some local deviations, we have succeeded in validating the FEA
models relative to the experimental ones, within a 10% overall
correspondence. This means that the experimental and FEA models may be
interchangeable as means for pre-clinical testing of this nature.

Acknowledgements: 1) EU project ”Pre-clinical testing of cemented total hip
replacement implants: pre-normative research for a European standard”, SMT4-CT96-
2076; 2) Lab. di Tecnologia Medica, Rizzoli Orthopaedic Institutes, Bologna, Italy for
making available the ‘standard femur’.

**Lab. di Tecnologia Medica, Rizzoli Orthopaedic Institutes, Bologna, Italy.


	ORS Transactions 25
	BROWSE
	SEARCH
	Print


