Use of stem cells in the treatment of articular cartilage injury
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The articular cartilage has no blood supply, no lymphatic drainage and no nerve supply. As the chondrocytes are surrounded by the extracellular matrix without any blood supply, they are ineffective in responding to any injuries unless the subchondral bone is penetrated. In partial thickness injury to the articular cartilage, there is no response to injury whereas a full thickness defect which penetrates into the subchondral bone will allow access to bone marrow stem cells initiating the process of cartilage repair.

In established chondral injuries of the knee joint, current surgical options include autologous chondrocyte implantation and osteochondral autogenous transfer. These techniques however are not entirely satisfactory. 
Subchondral drillings / microfracture techniques when performed into areas of cartilage defect allow the formation of a mesenchymal blood clot to initiate repair. With the application of continuous passive motion after surgery, it is possible to resurface the areas of cartilage defect with mainly fibro-cartilage but not hyaline cartilage.

In year 2006-2007, animal studies were performed by the authors whereby 15 male goats were subjected to full thickness chondral defects followed by subchondral drillings. Results showed that it was possible to regenerate hyaline cartilage by post-operative intra-articular injections of a mixture of bone marrow stem cells and hyaluronic acid into the affected joint. 

Human clinical trials commenced in 2007 following the results of the animal studies. Cartilage defects seen during arthroscopic surgery were treated with subchondral drillings. The drillings into the bone marrow allowed the formation of a blood clot scaffold. After surgery, peripheral blood stem cells (PBSCs) harvesting was performed. One week after surgery, a five weekly intra-articular injection of PBSCs mixed with hyaluronic acid was injected into the operated knee. 

Serial MRI scans showed satisfactory healing of the chondral defects and the subchondral bone. Second look arthroscopy performed with biopsy showed evidence of hyaline cartilage regeneration. This method of articular cartilage regeneration allows the treatment of multiple chondral defects. No secondary or open surgery is required as in the case of autologous chondrocyte implantation. Post-operative intra-articular injections are given on out-patient basis.

