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Introduction: 
Acute damage to articular cartilage (AC) is a common clinical problem in orthopedic practice. This damage is often exacerbated by progressive degeneration due to limited repair mechanisms. Several treatment strategies have been developed but none has had complete success. Novel strategies will involve introducing material at the site of injury to create new AC that blends with adjacent, healthy tissue. This project examined methods to produce AC-like tissue in vitro with the aim of introducing this tissue at the site of injury for repair purposes.
Objective: to compare the characteristics of matrix produced by chondrocytes cultured in a bioreactor and in monolayer. 
 Methodology: - Human chondrocytes were isolated from normal articular cartilage from deceased human donors. Two methods for the production of cartilage-like tissue were examined: 
1. Bioreactor: cultured human chondrocytes were introduced into medium inside a revolving disc that created an environment of zero gravity. The chondrocytes clustered into a small ball and were left in this environment for 8 weeks with medium being changed every 4 days. The ball of tissue was fixed and then analyzed for morphology (H & E staining) and collagen I, collagen II and aggrecan content using immunohistochemical staining.

2. Cultured human chondrocytes were allowed to grow to confluence in a 30 mm dish. Medium was replenished every 4 days and the dish was allowed to remain at confluence for 5 months. The thin layer of tissue that formed (skin) was fixed and analyzed for morphology using H & E staining. Immunohistochemical staining was used to analyze matrix content in the same manner as for the bioreactor tissue. 
Results:

1. Bioreactor: a ball of tissue was formed within 7 days of incubation. The size of ball remained constant for the duration of experiment. Viability staining showed punctuate esterase activity that was highly viable throughout the tissue. Regions of cell death were irregularly distributed. IHC indicated deposition of collagen I around the periphery of the ball while the inner core was devoid of staining. Collagen II staining showed a ring-like deposition pattern beneath the layer of collagen I. Additionally, no aggrecan staining was observed. 
2. Skin (preliminary results): after collagenase digestion, high viability was observed with trypan blue staining. IHC showed collagen I deposition throughout the tissue. There was no collagen II deposition. Furthermore, no aggrecan staining was observed.     
Conclusions: In our experiment, neither bioreactor nor monolayer cultures were able to produce matrix that resembled normal human articular cartilage. In bioreactor culture, it seems that a gradient of hypoxia developed toward the center of the formed matrix.  At a specific range of that gradient, chondrocytes favoured production of collagen II while outside that range either collagen I was produced or neither collagen I or II was produced.  Collagen I was the predominant metabolic product in monolayer culture as a hypoxic environment probably was not established. This experiment suggests that a hypoxic environment is important for production of collagen II from chondrocytes in culture.   

