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Polylactic acid / calcium sulfate composite in bone tissue engineering — a
biomechanics and cytocompatibility analysis
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In the early stage of the load-bearing bone defect treatment, the bone can not bearing
the physical load as before. The surgeon needs to implant an additional fixation
system or autograft to restore the stability in the defect area. The traditional implant
may induce osteoporosis in the adjacent bone because the stainless steel with high
stiffness easily lead to stress shielding. Although the inert polymer with lower
stiffness can prevent the shortcoming, but the slowly degradation rate make the
implant share space hinder the growth of new bone and affecting the stability of bone
fusion. In this study, we used the melting method to prepare the biodegradable
scaffold with mixing different weight ratio of polylactic acid and calcium sulfate. The
surface properties of composite showed that the hydrophobicity of the composites can
be significantly reduced with the increase in the ratio of calcium sulfate. The
composite (PC) mixed polylactic acid with a 7:3 ratio of calcium sulfate has both
higher yield strength and Young&apos;&apos;s modulus in static compression test
result. The mechanical properties of the composite also evaluate after 1 and 3 months
immersion in phosphate buffer solution (PBS). The yield stress significantly decrease
after 3 months immersion indicating the degradation rate of composite was faster than
polylactic acid (P). The ion concentration of the degradation solution, deionized water
and culture medium, in composite group was significantly lower than the calcium
sulfate group. This study also use particulate-leaching method to make the composite
surface porous. According to the light and electron microscopy analysis, the pore size
is 250-400um, and the pore number ratio of the high porous composite (pPC),
composite with 200wt% pore-forming agents, and the low porous composite, with
100wt% pore-forming agents, is 1:0.75. The in vitro degradation test also performed
to evaluate the mechanical properties of the pPC composite before and after
immersion in phosphate buffer solution. After 3 months immersion, the yield stress of
pPC composite was significantly lower than initial one.

In the research model, the primary cultured osteoblasts were harvested from the
calvaria of fetal SD rat. In the cell adhesion and proliferation experiment, the 4 hours
cell adhesion rate in the pPC group was significantly higher than the porous polylactic
acid (pP), and also the pPC group was significantly higher than the solid composite
group (PC). For the cell doubling assay result, there was no significance among the
cell perliferation rates in various materials. To analysis the cell expression, we use the
induction medium to culture the osteoblast for 3 weeks. The cell cultured in
composite group has higher alkaline phosphatase (ALP) activity, osteopontin (OPN)
and bone sialoprotein (BSP) mRNA expression than the polylactic acid group. The
porous composite group has significantly higher ALP activity, OPN and BSP mRNA



expression than the solid composite group. The alizarin red s stain result shows that
the porous composite group also had more calcium deposition. In conclusion, the
composite has sufficient initial mechanical properties and maintain the defect area
stability at last 3 months. The porous structure decrease the initial ultimate
compression stress of the porous composites and increase the degradation rate of the
material, but the rough surface also increase the cell adhesion rate and simulated the
cell expression. This kind of porous composite may be suitable for the small loading

area like cervical.



