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Parametric Analysis of Orthopedic Screws in Relation to Bone Density
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Abstract: A global study of geometry and material properties of orthopedic screws was performed, considering not only
the effect of each single factor (screw pitch, number of threads, fillet angle, etc.) but also their interactions with respect to
bone density.

The stress patterns resulting from different screw geometries and bone densities were analyzed using finite element
techniques, taking into account different levels of osseointegration between the screw and the bone. These numerical
models where validated through experimental pull-out tests, where a pull out force of 120 N produced localized failure of
the last thread (stresses above 0.42 MPa). The results of the numerical simulations were then summarised using a
multi-factorial parametric analysis. This demonstrated the great relevance of the interaction between bone density and
screw pitch, showing that the optimal screw pitch can vary by more than 25% for different densities (0.35 g/cm® and 0.47
g/em’, respectively).

The parameters calculated by means of the multi-factorial analysis allow the pull out force to be estimated for different
osseointegration levels, different screw geometries and material properties, and for different bone densities. The final

objective is to determine the best choice of implant for each individual patient.

1. INTRODUCTION

The pattern of stresses transferred to the bone have great
influence on the success or failure of an orthopedic implant.
The evaluation of bone stresses is so complex that it cannot
be accomplished analytically, necessitating the application of
FEA (Finite Element Analysis) techniques; three types of FE
model, axisymmetric, bi-dimensional and three-dimensional,
are considered in the literature [1-5]. Two-dimensional mod-
els are flawed in that stresses outside the plane of analysis
are disregarded, while 3D models require a large number of
elements and, consequently, long calculation times. The axi-
symmetric model, where the only simplification is that the
screw thread is modeled as a disk, can be considered a good
compromise between 2D and 3D models.

With regard to the constraints, the condition of osseoin-
tegration is usually simulated, and the post-operative condi-
tion it is rarely considered in the literature [3, 4, 6]. How-
ever, these two conditions produce significantly different re-
sults and can be considered the limit conditions under which
orthopedic screws operate, so that the analysis of both cases
can provide useful information.

Two boundary conditions (pull out test; alternative condi-
tion) are simulated in the literature [4, 7], but the relation be-
tween their respective results has not been analyzed. This
relation is relevant because the pull out test is the standard
test for orthopedic screws, while the screws, once implanted,
are subjected to different loading conditions.
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Regarding bone material, most models in the literature
consider bone an isotropic, elastic and homogenous material
[1-4, 7-9], while in reality bone is anisotropic because of its
trabecular structure. In this study, bone isotropy was as-
sumed in order to obtain more general results, while bone
structure was defined by a single parameter, its volumetric
density.

In the literature, the geometric and mechanical parame-
ters of the screw generally considered are: pitch [10, 11],
length, flank angle, and material [2-5]. Few authors have
considered the fillet radius [4, 7], while many models have
sharp edges [1, 3, 12]. Little emphasis has been given to
screw performance in relation to bone density [5, 13] even
though it is well known that the density of the bone deter-
mines its mechanical properties [14-18].

The present study evidences that it is not possible to se-
lect the appropriate screw without considering bone density.
Different models were developed, considering the geometry
and mechanical properties of commercial screws, and a pa-
rametric analysis was undertaken to assess how the strength
of the bone-screw system varies for different values of
thread pitch and bone density. Actually, this paper introduces
a methodology where a multi-parametric structural numeri-
cal analysis is integrated with a multi-factorial analysis in
order to be able to summarize a great amount of results and
to build predictive analytic models. Overall, it was possible
to determine some criteria for system optimization.

2. MATERIALS AND METHODOLOGY

Stress analysis required the construction of apposite FE
models, which were then validated by means of experimental
tests.

2009 Bentham Open
























