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Abstract

Objective: To explore the mechanical properties of bone scaffold biomimetic materials during
compression, stretching and torsion by establishing three-dimensional finite element models of
different topologies of bone scaffold materials regenerating silk fibroin, sodium alginate and bio-
ceramics (alumina ceramics). Methods: Based on the material experiments, the relevant parame-
ters of biomimetic materials were obtained, and three bone scaffold materials were analyzed:
bone fiber filament diameter was 0.50 mm, the angle between lines was 30 (M-30°), 45 (M-45°) and
60 (M-60°), and the mechanical properties of bone scaffold during tension, compression and tor-
sion were analyzed when the linear density changed from 0.30 (M-3), 0.50 (M-5) to 0.70 (M-7).
Results: The compression displacement of bone scaffold material regenerated silk fibroin, sodium
alginate and alumina ceramics was significantly different under the M-5 structure, and the com-
pression, tensile and torsional properties of the M-3, M-5, M-7, M-30°, M-45° and M-60° models de-
creased with the increase of filament density and increased with the increase of the angle between
lines, and the compression, tensile and torsional stresses of the M-3 model were the largest. Con-
clusion: The compression set of bone scaffold material regenerated silk fibroin is larger than that
of sodium alginate and alumina ceramic materials, and the different material topology has obvious
effects on the mechanical properties of compression, tensile and torsion, which provides a theo-
retical basis for the application of mechanical properties of bone scaffold biomimetic materials.
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Figure 1. 3D finite element models of bone scaffold of RSF, alginate and alu-
mina ceramics materials
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Figure 2. Compression performance curves of bone scaffolds made of regenerated filamentous protein, sodium alginate and
alumina ceramics (a) experimental and simulated compression curves of regenerated filamentous protein (b) load-displacement
curves of three different bone scaffolds made of regenerated filamentous protein, sodium alginate and alumina ceramics and
(c) load-displacement curves of regenerated filamentous protein materials M-3, M-5, M-7, M-30°, M-45° and M-60°

Load-displacement curves for six configurations
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Figure 3. Compressive stress nephogram of RSF material M-3, M-5, M-7, M-30°, M-45° and M-60° structural model
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Figure 4. Load displacement curves of RSF material M-3, M-5,
M-7, M-30°, M-45° and M-60°
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Figure 6. RSF material M-3, M-5, M-7, M-30°, M-45° and M-60° structural
model torsion angle curve
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