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Summary. Calcium phosphate (Cap) ceramics are 
widely used for bone substitution in orthopedic, maxillo- 
facial and dental surgery. Many environmental factors 
are involved in the gradual degradation of calcium 
phosphate ceramic after implantation, including 
physicochemical processes (dissolution-precipitation) 
and the effects of various cell types. Several of these cell 
types degrade ceramics by, phagocytotic mechanisms 
(fibroblasts, osteoblasts, monocytes/macrophages) or by 
an acidic mechanism with a proton pump to reduce the 
pH of the microenvironment and resorb these synthetic 
substrates (osteoclasts). Various mesenchymal cells 
located at the implantation sites can induce the 
solubilization of Cap ceramics. Crystal-cell contacts 
were required to induce such crystal dissolution. 
Mesenchymal cells such as fibroblastic cells are also 
actively involved in the ceramic degradation process. In 
this context, Cap crystals underwent dissolution into the 
phagosome. If osteoclasts resorb Cap ceramics similarly 
to the natural bone, they possess a phagocytic capability. 
This phagocytosis mechanism consisted of three steps: 
crystal phagocytosis, disappearance of the endo- 
phagosome envelope membrane and fragmentation of 
phagocytosed crystals within the cytoplasm. Similar 
phenomenons have been observed during the phagocytic 
mechanism induced by monocytes/macrophages. The 
cellular mechanisms of Cap ceramic degradation are 
modulated by various parameters, such as the properties 
of the ceramic itself, the implantation sites and the 
presence of various proteins (cytokines, hormones, 
vitamins, ions, etc.). The  cel ls  involved in these 
mechanisms could intervene directly or indirectly 
through their cytokinelgrowth factor secretions and their 
sensitivity to the same molecules. This article reviews 
recent knowledge on the cellular mechanisms of calcium 
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Biological properties of calcium phosphate ceramics 

Bone grafts are frequently used in orthopedic and 
maxillo-facial surgery. Although autogenous bone grafts 
are well-adapted bone substitutes in terms of tolerance, 
mechanical properties and the quality of new bone- 
forming, difficulties in bone harvesting, the potential 
risk of associated morbidity, the small volume available 
and risks of contamination (bacteria, virus, prions) limit 
their clinical use (Berrey et al., 1990; Friedlaender, 
1987; Lord et al., 1988). These difficulties have led to 
the development of new synthetic bone substitution 
materials (Jarcho, 1981). Thus, bone substitutes such as 
porous calcium phosphate (Cap) and their composites 
(synthetic polymer, collagen, fibrin glue) appear to be 
suitable alternatives to autogenous and allogenous bone 
grafts (Passuti et al., 1997). 

Among synthetic bone substitutes, Cap ceramics are 
bioactive in contrast to bioinert ceramics such as  
alumina (bioactivity being defined as the property 
inducing specific biological reactions). The physico- 
chemical structure of Cap ceramics, which is close to 
that of the mineral phase of bone, provides bioactivity 
(Klein et al., 1983, 1989). Cap ceramics can induce the 
formation of apatite similar to the biological apatite 
observed during physiological mineralization processes. 
The two main components of Cap ceramics are hydroxy- 
apatite (HA) and 8-tricalcium phosphate (B-TCP), which 
can be used separately or together. The biocompatibility 
of such materials has been described in vitro and in vivo 
(Winter et al., 1981). After implantation, Cap ceramics 
undergo numerous dissolutionlprecipitation processes 
induced by biological fluids. This first mechanism 
begins to degrade the ceramic and influence later cellular 
degradation (i.e. by adsorption of numerous extracellular 
matrix proteins). Shortly after cellular degradation, 
















