Bioactive Coating for Orthopaedic and Dental Implants ( Non technical Note)


There is a well recognized need, in orthopaedic and dental applications, of cement less fixation of metallic implants which promotes bone bonding with surrounding tissues and enables proper load transfer to prevent stress shielding.

Few special metals and alloys (Titanium and Ti6Al4V alloy, surgical grades of stainless steel and cobalt chromium alloy) have been established for fabrication of artificial implants (prostheses) including orthopaedic and dental devices because of their favorable mechanical and biological properties. The biological inactivity of metal surfaces, however, renders it impossible to achieve cement free fixation since bone tissue will not bond or grow thereon. The main drawback of using metallic implants is that they are bio-inert and when implanted become encapusulated by dense fibrous tissues inside the body. This prevents proper load transfer leading to non uniform stress distribution at the bone implant interface, which may result in an inter facial failure leading to loosening of the implant with the possible consequence of fracture in the adjacent bone. The primary stability of these implants requires extensive use of different bone cements.  The use of polymethylmethacrylate or other polymer based bone cements to improve implant fixation can result in the deterioration of the adjacent cell or tissues due to necrosis because of excess heat generation during setting of cement.

To solve this problem and to improve the performance of metallic implants, metallic implants are being coated with a bioactive material. A bioactive coating with good adhesion to the metal bond interfacially to the surrounding bone, which in turn accelerate the stabilization of the implant and extend its life expectancy. Especially preferred bioactive materials are however the ones having a chemical composition and crystal structure similar to those of the mineral constituents of bone tissues.

The human bone and teeth are mineralized tissues. A typical wet cortical bone is composed of 22wt% organic matrix, 69wt% mineral and 9wt% water. The major subphase of the mineral consists of submicroscopic crystals of an apaptite of calcium and phosphate, whose crystal structure is very similar to calcium hydroxyapatite. These crystals are slender needles, 20 – 40 nm long and 1.5 – 7 nm in diameter. The mineral phase is made of a continuous cellular structure which gives good mechanical strength.

Synthetic calcium hydroxyapatite (HA) is structurally very similar to the inorganic component of human bone and it is proven to be bioactive. Consequently, HA coatings on metallic implants, by a number of coating techniques among which plasma spray coating is the most preferred technique.
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