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P1311 Analysis of the stress distribution at | Ohashi, S.; Ohnishi, I.; 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 extemal fixator using an onglnally 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 extemnal fixator was built by
creating a 21 mm defect at the mid-shaft of the femur. The bone area in the model 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 TiBAI4V 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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Prediction of the strength of the proximal femur by a CT based finite element
method
M. Bessho 2 1. Ohnishi®, T. Matsumoto?, S. Ohashi?, K. Tobita®, K. Nakamura®
* The Department of Orthopaedic Surgery, The University of Tokyo, Tokyo, Japan

Abstract: Hip fractures are the most serious complication of osteoporosis and have been recognized as a major public
health problem. In elderly persons, hip fractures occur as a result of increased fragility of the proximal femur due to
osteoporosis. It is essential to precisely quantify the strength of the proximal femur in order to estimate the fracture risk
and-plan preventive interventions. CT based finite element analysis could possibly achieve precise assessment of the
strength of the proximal femur. The purpose of this study was to create a simulation model that could accurately predict
the strength of the proximal femur using a CT based finite element method and to verify the accuracy of our model by
load testing using fresh frozen cadaver specimens. Eleven right femora were collected. The axial CT scans of the
proximal femora were obtained with a calibration phantom, from which the 3D finite element models were constructed.
Non-linear finite element analyses were performed. A quasi-static compression test of each femur was conducted.
Fracture loads of the prediction significantly correlated with those measured (r = 0.97).

Key words: Finite element method, Bone strength, Osteoporosis, Fracture load, Femur
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Clinical Application of a CT Based Nonlinear Finite Element Method

— Weight Bearing Control of Patients with Mal-united Fracture of the Femur—
Takuya Matsumoto, Isao Ohnishi, Masahiko Bessho, Satoru Ohashi, Kenji Tobita, Kozo Nakamura

" Deparmment of Orthopaedic Surgery. University of Tokvo. Tokyo.

Abstract Estimation of bone strength still depends. on X-ray findings. Thus, it is quite difficult to predict bone strength in patients
* with large defect or deformity. Bessho et al. made the precise quantitative evaluation of bone strength of cadavere femora using a
- (T based nonlinear finite element niethod We applied this method clinically and assessed strength of mal-united femora in 2 patients.
- thereby controlling the magnitude of weight bearing. Post opemlne management in these patients was suecesstul withow any
currence of re-fracturé in the the follow up period. .

. Key words Finite element method, Bone strength, Fracture. \\uahl bednnb
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