Chapter 7
Finite Element Modelling Studies

Computer aided mechanical analysis is a common application for engineering
problems. Conducting such analysis to newly developed systems can reduce the
number of design variations without testing. Finite element modeling (FEM) gives
the advantage of disabling the over usage of cadavers, synthetic materials, test
equipment and so on.

Following the FEM studies, results are also compared with biomechanical tests
to validate the model. There are several studies that FEM were used as a design
tool.

For instance, Wagnac et al. [5] investigated the pullout strength of pedicle
screw through a detailed FEM to demonstrate pullout mechanism and analyze
bone-screw mechanical interaction. New model’s pullout strength was compared
with experimental data and the predicted pullout strength found within the range
of the experimental data. In other words, this research can lead the researchers for
the further FEM studies on pullout strength of pedicle screw.

Furthermore, a finite element model was designed in Zhang et al.’s [7] study
to determine the effects of bone materials on the screw’s pullout. The FE model’s
pullout strength results in different foam materials were then compared with the
experimental results. As a result, bone mineral density was significantly correlated
with the stability of pedicle screw.

Chatzistergos et al. [3] also designed a finite element model to predict pullout
strength of cylindrical pedicle screws. To obtain experimental results three types
of pedicle screws were pulled out from polyurethane foams. Then both results
were compared. It was obvious that the new model could be a good predictor of
cylindrical pedicle screws’ pullout behavior. Recorded parameters which were
projected to change pullout strength of a pedicle screw were outer diameter,
core radius, pitch, thickness and inclination of the thread. The most recognizable
change in parameter was apparently outer diameter. 36 % increment on outer
diameter provided 34 % increment on screw’s pullout strength, as expected.

Moreover, experimental and finite element analyses were done by Hsu et al.
[4] to compare mechanical performances of conical pedicle screws and cylindrical
pedicle screws. Experimental studies were performed on polyurethane foams
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with two different densities. Three different screws and three different sizes
of each screw type were used for the test. The experimental results were as fol-
lows; for the foams with high density, pullout strength and insertion torque was
higher than low density foams. Conical screws showed higher pullout and inser-
tion torque than cylindrical screws. Pullout strength and insertion torque was cor-
related. FEM showed similar results with the experimental results. FEM showed
that increasing the outer diameter caused increment on pullout strength approving
the Chatzistergos et al.’s [3] study.

Another study was done to compare the conical and conventional cylindrical
pedicle screw by Chao et al. [2]. Ten types of pedicle screw with different core
tapering and core diameter were tested on polyurethane foams. In addition to
those experimental results, finite element models were used and the results
were compared with the tests. Conical screws showed higher pullout strength
than cylindrical screws as expected. This study showed that there was a good
correlation between finite element analysis and the actual test results.

On the other hand Bianco et al. [1] investigated effect of the screw placement
on the pullout by FE analysis. Two types of trajectories (straight ahead and straight
forward), two different screws (single leaded and dual leaded) and major diameter
and length of the screw were parameters that researched in this previous study.
The core diameter, length, type of the screw and insertion trajectory were founded
to be the main factors that significantly affect the peak pullout force. Screw diam-
eter played a major role on the pullout force and initial stiffness. On the other
hand, entry point enlargement 46 % decreased the peak pullout strength of pedicle
screw. This was FEM only study.

On another research made by Yan et al. [6], three different finite element models
(2 screw-foam models and 1 screw-bone model) were designed to evaluate the
proper cement amount injected through the pedicle screw. Region of effect (RoE)
and proper amount of injection cement (AIC) were investigated by using these mod-
els. The outcomes were compared with the previous experimental data from the lit-
erature, and models showed promising results. This FE study could be a lodestar for
the future studies and spinal instrumentation with cement augmentation.
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