Enhanced Osteoblast Proliferation and Hydroxyapatite Formation on Surface Modulated Silicon Nitride
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INTRODUCTION: Hydroxyapatite (HAp) is the fundamental mineral providing structure to all living vertebrates. Its zwitterionic-like surface chemistry
and stoichiometric flexibility are essential for osteogenic function' and few natural or synthetic materials can emulate its unique characteristics. Prior studies
suggested that Si;N,’s surface chemistry and defect structure could be modified to exhibit zwitterionic behavior similar to natural HAp,> * which in turn
might lead to enhanced osteoconductive performance. This in vitro study examined the effect of various Si;N4 surface treatments on osteoblast proliferation
and hydroxyapatite formation.

METHODS: Fully dense and polished silicon nitride disk samples (@12.7 mm x 1 mm, 20 nm R,, SisN,, MC*®, Amedica Corporation, Salt Lake City, UT,
USA) were subjected to three separate post-densification treatments including HF etching (5% HF solution for 45 s), high-temperature nitrogen annealing
(1400°C for 30 min under 1-2 psi of filtered N, gas), and thermal oxidation (1070°C for 7 h in air). The various Si;Ny4 surfaces were examined by scanning
electron microscopy, elemental analyses, and cathodoluminescence and Raman spectroscopy.* Cell proliferation was assessed by seeding each sample with 5
x 10°/ml of human osteosarcoma cells (Sa0S-2) within well-plates in an osteogenic medium which consisted of Dulbecco’s modified Eagle medium
(DMEM) supplemented with =50 pg/mL ascorbic acid, about 10 mM B-glycerol phosphate, and approximately 100 nM dexamethasone in ~10 wt.% fetal
bovine calf serum. The samples were incubated for 7 days. Results were assessed by laser scanning microscopy and 3D image analyses. The presence of the
receptor activator of NF-kB ligand (sSRANKL) was used to test for the propensity to form osteoclasts using an ELISA kit (R&D Systems, Minneapolis, MI,
USA); and Insulin-like growth factor 1 (IGF-1) was used as a probe for cell proliferation and differentiation efficiency by a separate ELISA kit (RayBio;
RayBiotech, Inc., Norcross, GA, USA), both according to manufacturer’s instructions. Statistical analyses were performed according to the unpaired Stu-
dent's t-test or by one-way Analysis of Variance (ANOVA). A p value <0.05 was considered statistically significant. Identical tests for cell proliferation and
HAp formation were performed on a commercially available titanium-alloy (Ti6Al4V) biomaterial.

RESULTS: Results are provided in Figure 1(a)~(c) for each treatment condition and biomaterial. The volume of hydroxyapatite formed on each of the test-
ed surfaces (as measured by 3D laser scanning microscopy) is shown in Figure 1(a). The N,-annealed samples (N>A) showed the greatest affinity for cell
adhesion, proliferation, and HAp formation, with up to a 40% increase in comparison to the as-fired Si;N4 (AF). HAp growth was even more dramatic when
compared to the other tested materials, with increases of ~64%, ~86%, and ~100%, for the oxidized (Ox), Ti-alloy, and HF-etched materials (HF), respec-
tively. Differences between the N>A samples and the remaining tested materials were significant, whereas the only other statistical difference was between
the AF and Ti-alloy conditions. However, the Ti-alloy showed a statistically higher amount of free SRANKL than all of the Si;Ny treatments (cf., Figure
1(b)), indicating a greater amount of osteoclastic activity. This suggests that the in vitro envi-
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ically defective biomaterials can lead to remarkable osteoconductive characteristics. 100
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Figure 1. (a) Hydroxyapatite formation as measured by 3D
laser scanning microscopy. (b) Propensity for osteoclast
formation as measured by concentration of free SRANKL.
(c) Efficiency of cell proliferation and differentiation as
measured by IGF-1 concentration.
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