Calcium Phosphate Cements

The requirement for substituting bones arises quite often in clinical practice, in circumstances like bones loss due to trauma or tumor removal and in the surgical correction of skeletal parts. Grafting can be done with live bone, incised from the same individual (autogenous grafting) or collected from a donor (allogeneic grafting). However, live bone grafting techniques  encountered problems, which limited their extensive application. The autogenous grafts  are limited in quality and involve additional surgery, which may lead to related complications and morbidity of the donor site. The allogeneic grafts pose the risk of immunogenic response and infections.

These factors prompted  the search for synthetic materials suitable for bone  grafts. Scientists did succeed in developing biocompatible and osteoconductive materials like calcium phosphate ceramics and bioactive glasses. Though the biological features of live bone grafts are absent, these materials showed good integration with hard tissue and lead to satisfactory healing of the defect sites. They were proved highly useful for many of the skeletal repair  procedures. The calcium phosphate ceramics like BioGraft  and bioactive glasses are now available  commercially as porous granules (for defect filling) and as blocks and shapes (for augmentation).

The ceramic bone grafts, despite their wide use in bone repair, are of limited help in certain applications where a cement consistency is required  (e.g. fixation of prostheses, filling of intricate cavities, overlaying and luting). Acrylic based (PMMA) cements are  currently popular  for cementing applications. Even though acrylic cements offer good stability initially, they  ail from serious  drawbacks like monomer toxicity, exothermic setting and shrinkage. Other materials  of this class, like resin cements, did not prove an alternative for the purpose due to poor biodegradability and presence of leachants.

A novel concept emerged in the field of bone cements, when it was shown that calcium phosphates could undergo cementing reaction. It was considered as a breakthrough  because the invention was not a biocompatible cement alone, but also a material that gets coverted into apatitic calcium phosphate which is similar to bone mineral in composition.

Clinical applications of Calcium Phosphate Cements

The generic Calcium Phosphate Cement is projected as a ‘wonder material’ because it serves the double purpose of a cement as well as a bone substitute.

CPCs have notable  advantages  over other materials available for skeletal repair. Generic CPC  formulations are aqueous based organic mineral mix, and hence are devoid  of the problems of acrylic (or polymer based) cements. They are neither toxic  nor allergic, and safe for both the patient and the surgeon exotherm or shrinkage of the set cement. CPCs  have excellent biocompatibility and are proved to be osteoconductive in the in vivo  experiments. CPCs have an edge over ceramic granules as fillers, that the putty adapts to the contours of the defect surfaces and give optimum tissue contact necessary for the bone ingrowth. The bone remodeling capacity of CPCs is better than that of the ceramic bone grafts.

CPCs however have certain  drawbacks  like low strength (compressive strength  10-30 MPa) and lack of open macro-porosity. Therefore, they could not be used at load-bearing sites or for applications where the material needs mechanical interlock with host bone. These limitations are compensated in vivo to certain extent, by the ‘osteotransduction’ (faster material resorption and bone ingrowth) of the cement. 




