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Introduction

Femur metastases are associated with severe skeletal complications, including bone fracture [1]. Clinical scores, such as Mirel's, poorly estimate the risk of fracture. A recent study showed that subject-specific finite element (FE) models, based on QCT imaging, outweigh the performance of clinical experts when applied to patients [2]. However, several parameters of the FE models are operator-dependent and may affect the calculated failure load. The uncertainty on these parameters and their effects on the failure load have not been quantified. Therefore, the aim of the current study is to assess the inter-operator variability in a finite element model of femurs with and without created defects representing osteolytic metastases.

Material and methods

Six intact femurs and six femurs with defects were imaged with a clinical CT scan (voxel size: 0.390 x 0.390 x 0.670 mm 3 ) along with a calibration phantom (Mindways). Three operators performed the FE analysis (FEA) according to three different protocols. The general procedure was as follows. Reconstructed femurs were segmented (3D slicer, 4.10.2) and meshed with 300k tetrahedral elements (Ansys, 2019 R1) in accordance with a preliminary mesh convergence analysis. Each element was assigned a Young's modulus based on the density-elasticity relationship described by Keller [3] (Bonemat, 3.2). The models were orientated such that the angle between the loading axis and the diaphyseal axis was 20 degrees. A load of 5500N was applied on the femoral head, while nodal displacement of the distal diaphysis was fully restrained. Failure was defined when 0.33% of total elements reached a Von Mises stress value beyond their ultimate stress [4]. For "protocol 1" (operator 1), no specific instruction was given. For "protocol 2" (operators 2 and 3), both operators had identical femur orientation for a given specimen. For "protocol 3" (operators 2 and 3), the orientation and the segmentation threshold value were identical. Inter-operator variability was assessed for protocols 2 and 3. For "protocol 1", the failure load was compared to the mean failure load obtained in "protocol 2", where segmentation threshold was set freely.

Results and discussion

When segmentation threshold and femur orientation were set independently between operators, the mean relative inter-operator variability on the failure load was 17.4% and was significantly (p=0.02) higher for the femurs with defects (28.4%) compared to the intact femurs (6.8%) (Figure 1, none fixed parameters). Fixing the femur orientation alone or with the segmentation threshold resulted in a decrease in the relative interoperator variability, with mean values of 7.5% and 4.9%, respectively, and no significant difference between the groups. Results show that specific guidelines are mandatory for the FEA. Inter-operator variability on femur orientation, and, to a lesser extent, on segmentation, resulted in a large variability on the failure load, especially for the femurs with defects. This study highlights the need to (1) control and estimate the uncertainty on these operator-dependent parameters in the FEA, (2) include the uncertainty on the FE results, and (3) standardize the whole process for a clinical application, as recommended in [5,6], especially for the femurs with metastatic defects. Other parameters, such as the meshing approach, material properties and failure criteria, vary between the FE models available in the literature [6,7]. Future work will assess the influence of these parameters on the failure load calculated by the model.
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 1 Figure 1: Inter-operator relative difference on the failure load according to the fixed parameters. I: Intact, D: Defect.
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