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ABSTRACT

Glass-fibre-reinforced composites (FRCs) are under current investigation to serve as durable
bone substitute materials in load-bearing orthopaedic implants and bone implants in
the head and neck area. The present form of biocompatible FRCs consist of non-
woven E-glass-fibre tissues impregnated with varying amounts of a non-resorbable
photopolymerisable bifunctional polymer resin with equal portions of both bis-phenyl-
A-glycidyl dimethacrylate (BisGMA) and triethyleneglycol dimethacrylate (TEGDMA). FRCs
with a total porosity of 10-70 vol% were prepared, more than 90 vol% of which being
functional (open pores), and the rest closed. The pore sizes were greater than 100 um.

In the present study, the push-out test was chosen to analyse the shear strength
of the interface between mechanically interlocked gypsum and a porous FRC implant
structure. Gypsum was used as a substitute material for natural bone. The simulative
in vitro experiments revealed a significant rise of push-out forces to the twofold level of
1147 + 271 N for an increase in total FRC porosity of 43%. Pins, intended to model the
initial mechanical implant fixation, did not affect the measured shear strength of the
gypsum-FRC interface, but led to slightly more cohesive fracture modes. Fractures always
occurred inside the gypsum, it having lower compressive strength than the porous FRC
structures. Therefore, the largest loads were restricted by the brittleness of the gypsum.
Increases of the FRC implant porosity tended to lead to more cohesive fracture modes
and higher interfacial fracture toughness. Statistical differences were confirmed using the
Kruskal-Wallis test. The differences between the modelled configuration showing gypsum
penetration into all open pores and the real clinical situation with gradual bone ingrowth
has to be considered.
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1. Introduction a potential alternative implant material for orthopaedic and

craniofacial bone reconstructions (Tuusa et al., 2007a; Vallittu,
Durable biostable fibre-reinforced composites (FRCs), which 1999). Dominant advantages of FRCs are their high resistance
were originally developed for applications in dentistry, are to fatigue failure as well as their structural stiffness and
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