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Abstract

Aiming at the problem of stress shielding effect caused by the high elastic modulus of traditional
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solid threaded stents, an interpenetrating lattice structure based on body-centered cubic (BCC) and
I-WP three-period minimal surface (TPMS) was designed in this study, the purpose is to reduce the
elastic modulus of titanium alloy implants and improve their mechanical and biological transmis-
sion properties. By introducing the combination parameter w to regulate the volume fraction of the
internal BCC structure in the overall structure, five porous structures with different interpenetrat-
ing ratios were constructed, and the structure of the interpenetrating layer was analyzed, and the
finite element analysis method was used to systematically evaluate their mechanical bearing capac-
ity and fluid permeability characteristics. The results show that the interpenetrating structure (w =
0.3, 0.5, 0.8) has more uniform stress distribution and better bearing efficiency than the single-
phase structure (w = 0 and w = 1), where w = 0.5 shows the best comprehensive mechanical prop-
erties In terms of permeability, although the flow resistance of the interpenetrating structure is
slightly higher, its complex microporous network can enhance the ability of cell attachment and
material exchange, which is conducive to tissue regeneration. This study provides a theoretical ba-
sis and technical reference for the structural design and optimization of high-performance bone
tissue engineering scaffolds.
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Figure 1. Design diagram based on TPMS interpenetrating lattice structure
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Figure 2. Unit cell structures w1th different interpenetration parameters
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Figure 3. Results of shape optimization of I-WP lattice structure
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Figure 4. (a) Compression boundary condition; (b) Stress nephogram of interpenetrating structure
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Figure 5. (a) Fluid boundary setting; (b) Fluid pressure nephogram of interpenetrating structure
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