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Abstract 

BACKGROUND: The pathogenesis of fractures is mainly investigated by Von Mises stress nephogram to assess the stress centration region, 

and further predict the start part of fracture. Bone is an anisotropic elastoplastic material, so traditional static finite element analysis cannot 

confirm the specific start part and occurrence progress of fracture. Thereafter, fracture mechanics applied in bone finite element analysis is of 

great significance.      

OBJECTIVE: To simulate the crack extension on femoral neck induced by multi-axial sideways fall.  

METHODS: CT image data of a healthy volunteer’s femur were collected and imported to Mimics 19.0 software. After region growing, cavity 

filling, editing, smoothing and wrapping, a three-dimensional finite element model of proximal femur was established. The primary model was 

imported in Hypermesh 14.0 for meshing, defining material properties, failure parameters, interfacial properties. Load and force boundary 

constraints simulating multi-axial sideways fall were also simulated. The multi-axial sideways fall was set as rotation 0°, internal rotation 30°, 

external rotation 30° and adduction 30°. The integrated K files were finally calculated in LS-DYNA.  

RESULTS AND CONCLUSION: (1) Adducent femur was the earliest to crack on femoral neck while the external rotation femur was the latest. 

(2) Garden type II fractures were simulated in all objects on which crack occurred firstly on the superior of femoral neck fusing with the inferior 

breakage. (3) The neutral femur showed no significance with internal rotation femur (P=0.387) in Linton angle, while adducent femur showed 

the smallest Linton angle, followed by external rotation femur. (4) Tensile and compressive stresses, respectively, were found on the inferior 

and superior of femoral neck in Von Mises distribution, whereas the state of stress was convertible from tensile to compressive at the 

beginning of impact in all femurs except adducent femur on the inferior of femoral neck. (5) To conclude, different axial loadings on femoral 

head during sideways fall influence the crack extension behavior on femoral neck.  

Subject headings: Femoral Neck Fractures; Finite Element Analysis; Tissue Engineering  

Funding: the National Natural Science Foundation of China, No. 81673996 (to LZL) 
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Table 1  Crack time and course of each model     
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Figure 1  Load and boundary condition of each model induced by 

multi-axial sideways fall 
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Figure 3  Model of femoral neck fracture 
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Table 2  Analysis of variance of Linton angle in each model   
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