FASCIA LATA NUMERICAL MODEL WITH DISCRETE ELEMENT METHOD: RELATIONSHIP BETWEEN MICRO AND MACROSCALE FOR TENSILE TESTS UNTIL RUPTURE
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BACKGROUND:

Numerical models are useful to better understand the mechanical response of various tissues and materials. With the discrete element method, it is possible to model complex structures with simple elements: small mass elements connected with springs. The macroscopic response of the tissue can then be explained by its microscopic description [1]. We propose to model tensile tests on fascia lata using this method, because of its structure composed of two layers of collagen fibers connected by a proteoglycan matrix [START_REF] Pancheri | A constitutive description of the anisotropic response of the fascia lata[END_REF].

METHODS:

GranOO (Granular Object Oriented, www.granoo.org) software allowed to build the fascia lata model. Fascia lata microstructure was based on histological results presented in Pancheri et al. [START_REF] Pancheri | A constitutive description of the anisotropic response of the fascia lata[END_REF]. Spherical elements linked with spring bonds were arranged in two oriented layers to create collagen fibers. Extracellular matrix consisted of spring bonds between these layers. Spring bond stiffnesses were calculated from Young moduli of collagen fibers [START_REF] Henderson | Biomechanical Comparison of Canine Fascia Lata and Thoracolumbar Fascia: An In Vitro Evaluation of Replacement Tissues for Body Wall Reconstruction[END_REF] and extracellular matrix [1], and from cross sectional area and initial length of the different links. Failure criterion based on strain [START_REF] Shen | Stress-Strain Experiments on Individual Collagen Fibrils[END_REF] was also added to simulate rupture. Tensile tests until rupture [START_REF] Henderson | Biomechanical Comparison of Canine Fascia Lata and Thoracolumbar Fascia: An In Vitro Evaluation of Replacement Tissues for Body Wall Reconstruction[END_REF] were then numerically reproduced. The evolution of force within the different springs was measured.

RESULTS:

Simulation results suggest that fascia lata behavior is close to brittle material behavior, with almost non-existing yield portion, which is coherent with experimental results. However, load-displacement curve does not present a toe region representative of biological materials. To improve this result, slack must be introduced in the fibers. While load at rupture is also smaller than experimental results, displacement at rupture is similar to the reported values. This suggests that mechanical properties of bonds should be adjusted. One important result is the rupture model: delamination between fiber layers was observed which is representative of what is experienced with ex vivo tests.

CONCLUSION:

These preliminary results using the discrete element method consist in a first step in our understanding of the relationship between the microstructure and the macroscopic response of fascia lata. Although, adjustments such as slack and accurate mechanical properties are required to go further, this method turns out to be an encouraging new approach.
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