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P1569 Evaluation of the efficacy of an Bessho, M.; Ohnishi, |.; Ohashi, S.;
osteodynamic agent by predicting the | Matsumoto, T.; Matsuyama, J.;
strength of the proximal femurusing | Nakamura, K.

a CT-based finite element method - A
preliminary study

Introduction: The purpose of this study was to determine whether prediction of the strength of
the proximal femur by a CT based finite element method (CT/FEM) could be a useful indicator of
the efficacy of an antiresorptive agent in osteoporosis patients.

Materials and Method: The study protocol was approved by our ethics committee and the
patients were enrolled after giving informed consent. Axial CT scans of the proximal right femur
were obtained in 10 female patients with primary osteoporosis as well as scans of a calibration
phantom. The mean age of the patients was 62 years. They were treated with oral risedronate
2.5mg per day. In each patient, the bone mineral density of the neck of the right femur was also
measured by DXA. Axial CT and DXA were performed three times, i.e., before administration
and after 6 months and one year of treatment. The CT data were transferred to a warkstation
and 3D finite element models were constructed from the CT data using Mechanical Finder
(Research Center of Computational Mechanics Inc., Tokyo, Japan) [Bessho et al., Trans Orthop
Res Soc 31: 224, 2006). Boundary conditions were applied to this model to represent the stance
configuration. Materially nonlinear finite element analysis was performed. The increase of the
predicted fracture load and bone mineral density was calculated as a percentage of the baseline
value before administration. Correlation between the predicted fracture load, the bone mineral
density was investigated. The bone mineral density distribution derived from QCT was evaluated
at the mid-coronal section. Pearson's correlation analysis, Wilcoxon signed-rank test and
Friedman test were used for statistical analyses and the results were considered significant
when p values were less than 0.05.

Results: The predicted fracture load was significantly increased after 6 months and one year
compared with that before the start of administration (p=0.02, p<0.01). On the other hand,
femoral neck density was not significantly increased after 6 months (p=0.29), but showed a-
significant increase after one year (p<0.01). The density obtained after 6 months was not
significantly different from that at one year (p=0.29). The correlation between the predicted
strength and the bone mineral density was r=0.52 (p=0.013). The bone density was
predominantly increased -after treatment in the principal compressive trabecule.

Discussion: We based on the assumption that the density modulus relationship would not be
greatly changed by the administration of risedronate [Eswaran et al., Trans Orthop Res Soc 31:
158, 2006]. CT/FEM could detect the efficacy of the treatment six months earlier than DXA. In
conclusion, CT/FEM had a higher sensitivity than DXA and could detect the response to
osteodynamic agents much earlier.
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P1311 Analysis of the stress distribution at | Ohashi, S.; Ohnishi, |.; Bessho, M.;
the Pin-bone interface of external Matsuyama, J.; Matsumoto, T.;
fixation using a patient specific CT- Nakamura, K.

CAD-based finite-element method

Pin loosening is one of the major complications of external fixation and assumed to occur at the
site of stress concentration. The purpose of this study was to evaluate stress distribution on pins’
and the surrounding bone fixed with a unilateral external fixator using an originally developed
CT-CAD-based finite-element method (FEM).

After obtaining bilateral femoral CT images (120kV, 150mA, continuous 3.0 mm thick slices,
0.45 mm pixels, 512 by 512 matrixes) of the 32-year-old male patient with malunion of the left
femur as well as CAD data of a unilateral external fixator, a patient specific FEM model of the
mid-shaft fracture of the contra-lateral femur stabilized by the external fixator was built by
creating a 21 mm defect at the mid-shaft of the femur. The bone area in the mode! was meshed
with 2~24 mm tetrahedron elements and three nodal-point shell elements with a thickness of 0.4
mm were applied for the bone surface. Both elements contained heterogeneous linear isotropic
material properties calculated from the Hounsfield unit values.

The configuration of the fixator shaft was simplified and simulated using CAD data of a cylinder
with a length of 300 mm and a diameter of 30 mm. The pins were also assumed as cylinders
with a diameter of 6mm. After a fixator-pin construct was created and meshed with 2~24 mm
tetrahedron elements, it was incorporated into the FEM model of the fracture fragments so that it

bridged the fracture.

Young's modulus was assigned as that of SUS316L stainless steel for the fixator shaft and that
of TiBAl4V titanium alloy for the pins. In order to simulate the contact interfacial characteristics
between the pin and the bone, node-on-node gap spring elements were generated on the
interface nodes. A load of 500 N was applied on the femoral head with the distal femur fully
constrained to investigate stress distribution of both the bone and the pins. The average
numbers of elements and nodes were 80,000 and 480,000, respectively, and the CPU time was

four hours.

The high stress concentration was seen at the pin insertion site of the cortical bone away from
the fracture. The stress direction of the pin surface at the insertion sites was tensile along with
pin axes in the pins away from the fracture and compressive in the pins close to the fracture.
These results were compatible with those of the previous studies that conducted mechanical
testing. In conclusion, this patient specific CT-CAD-based FEM may be useful to preoperatively
plan the placement of the screws and the fixator as well as to optimize the design of the external
fixation devices to minimize stress concentration at the pin-bone interface.
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Clinical Experience of minimally invasive plate
osteosynthesis for Femoral Shaft Fracture
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Stress analysis of the external fixator pin clus-
ter using a patient specific CT-CAD/FEM
—Asymmetrical pin thread profile can reduce pin-
bone interface stress concentration—
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Prediction of the stréngth of the proximal femur
by the QCT and the CT/Finite element method
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Differential diagnosis of the femoral neck fracture
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Evaluation of bone strength of the femur in pa -

tients with a posttraumatic large defect using a CT
based nonlinear finite element method
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B BIFICHITL < LCP (Locking Com-
pression Plate) #FH#aL /- 1 fEH

Post operative broken Locking Compression Plate
for clavicle fracture
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