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    Abstract
Background Normal bone remodelling and pathological bone destruction have been considered to be osteoclast-driven. Osteoclasts are able to attach to bare bone surface and produce an acidic subcellular compartment. This leads to acid dissolution of hydroxyapatite allowing osteoclast-derived cathepsin K to degrade the organic type I collagen-rich osteoid matrix.

Objectives We were interested to find out the pH prevailing in the interface membrane, which develops around aseptically loosening total hip replacement (THR) implants. Our hypothesis was, that this hypovascular tissue, containing activated macrophages and subjected to ischemia-reperfusion, with an avascular implant embedded in it, is acidic. This could lead to demineralization and degradation of the demineralized bone matrix by acidic endoproteinases.

Methods We used a special sting electrode for peroperative pH measurements during revision THR operations performed for loosening. This electrode was sterilised using hydrogen peroxide plasma produced in a vacuum chamber and an electrical field generated using radiowave frequencies. Demineralization was assessed using Villanueva bone mineral stain analysed using confocal laser scanning microscopy. mRNA was isolated from interface tissue and measured using a quantitative RT-PCR method. Finally, cathepsin K enzyme protein was stained using biotin-streptavidin-peroxidase method and a staining robot and in double staining using manual double immunofluorescence method.

Results The pH at the gluteus medius control measure point was 7.39 ± 0.05. The value recorded at the interface tissue facing the periprosthetic bone was 6.1 ± 0.2 (p < 0.001). Confocal laser scanning of the adjacent bone disclosed high proportions of non-/red (p < 0.01) and low-mineralized/yellow (p < 0.01) bone compared to mature, mineralized bone/green around well-fixed, but mechanically broken cups. Cathepsin K mRNA copy number per thousand beta-actin copies was 1875 ± 302 in interface compared to 268 ± 61 in control samples (p < 0.001). Interface tissue contained many cathepsin K enzyme protein positive cells, more than 95% of them being mononuclear, TRAP-positive cells of the monocyte/macrophage lineage. Furthermore, extracts of periprosthetic tissues contained both the 42 kD pro- and the 27 kD activated-form of the cathepsin K enzyme, whereas control samples contained only the 42 kD proenzyme.

Conclusion These observations suggest that the low pH prevailing in the interface around loosening THR implants leads to demineralization of the periprosthetic bone. Under these acidic conditions, cathepsin K mRNA and enzyme protein production are induced in mononuclear cells. These cells release cathepsin K to the extracellular space, where it undergoes acid-induced autocatalytic activation and degrades demineralized periprosthetic bone matrix. These observations have therapeutic implications, because cathepsin K inhibitors are being developed for the treatment of metabolic bone diseases like osteoporosis.
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