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Abstract

The aim of this project was to develop SMART, cheap and easy to manufacture

materials that are: 1) Simple to mix and snap setting to prevent leakage from site of
application; 2) Mechanically a match to surrounding bone to reduce adjacent fracture risk; 3)
Antibacterial against resistant bacteria; 4) Release minerals to promote bone integration; 5)
Therapeutic to enable surrounding bone repair. The OBJECTIVES were: 1) development of

systematically varying materials and testing of setting and mechanical properties in addition
to kinetics of antibacterial, remineralising and therapeutic component release (UK
laboratory) 2) investigation of how mechanical properties and component releases affects
cell

With 1:1 UDMA/PDGGMA ratio, adding polylysine (PLS) (2-4 wt%) in the experimental
composites significantly reduced biaxial flexural strength (BFS) from 140 to 110 MPa, modulus
of elasticity from 3.6 to 2.7 GPa and mean surface contact angles from 75 to 60 degrees. The
effect of monocalcium phosphate monohydrate (MCPM) level on these properties was
negligible, but composites containing 10 wt% of MCPM clearly promoted surface apatite
precipitation. Both PLS and MCPM markedly increased protein adsorption capability of the
experimental composites by 2-15 folds, which was up to 8 folds greater than that of the
commercial cement. Experimental bone composites with high MCPM possessed better initial
hydrophilicity compared with the others

Cytotoxicity of these formulations was initially tested using L929 cells following I1SO
10993-5, and all the composite formulations were only mildly reactive which met the
requirement of the ISO standard. Extracts of experimental bone composites differentially
influenced proliferation of mesenchymal stem cells (MSCs) and monocyte/macrophage RAW
264.7 cells, with the extracts derived from each of the first 5 days (i.e., elutions derived from
incubating the experimental bone cements in culture medium for every 24 h consecutively
until Day 5) highly suppressing the growth of these cells under the standard culture condition.
However, MSCs proliferated normally in the extracts collected after Day 5, which in contrast
inhibited the growth of RAW 264.7 cells. This may suggest an anti-inflammatory effect of the
bone composites, possibly via a previously reported anti-inflammatory role of PLS. The
number of viable MSCs on experimental bone composites with high MCPM surfaces at 2 h
and 5 days were highest among all the experimental composites and were comparable to
that of commercial sample Cortoss. All formulations allowed normal MSC mineralization
under osteogenic stimulation. Moreover, following immersion in SBF for 28 days, only
formulations containing MCPM had precipitation of apatite on the surface. This indicates the
apatite precipitate-inducing property of MCPM contained in bone composites.

Since treatment of osteoporotic bone fracture involving the use of PMMA cement can

lead to multiple complications, a range of non-cytotoxic new materials that have the potential
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to help solve PMMA problems and possess enhanced apatite precipitation with antibacterial
activity were tested in the present study. Currently tested composites possessed favorable
properties, including snap setting, comparable mechanical properties to bone, apatite
precipitation induction and improved cytocompatibility with allowing MSC mineralization,

suggesting their potential application in the treatment of vertebral bone fracture in vivo.
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