ABSTRACT
Tendons are responsible for transmitting the forces from muscle to bone. These tissues have a low cellular activity and reduced capacity for regeneration. Thus, when tendons suffer a serious injury and some tissue is lost, the use of prosthesis is required. The prosthesis currently available in the market show many problems. Hence, the great challenge of this work has been the development of a new concept of tendon prosthesis designed following the strategies of tissue engineering of tendon. The main objective of this thesis is the design and manufacture of a biodegradable prosthesis with the appropriate mechanical and biological properties that make it suitable for tendon regeneration. As ligament tissue is very similar to that of tendon, this prosthesis could be also a starting point for ligament prosthesis.
The tendon prototype prosthesis consists of a hollow braided polylactic acid (PLA), which reproduces the mechanical behaviour of natural tendon. This hollow braided is filled with a combination of microparticles of poly(L-lactide) PLLA and hyaluronic acid (HA), which acts as a hosting structure (scaffold) for the cells that will promote the tendon regeneration. The outer of the braid is covered with a HA coating in order to prevent adhesion of the prosthesis with the surrounding tissues, but also allowing the supply of nutrients to the cells inside of the braid.

In order to verify that the new concept of prosthesis was suitable for tendon regeneration, the components of the prosthesis were synthesized and physical, mechanical and biologically characterized. In order to validate whether the properties of the components were adequate for tendon regeneration, analysis of the three-dimensional structures and polymers selected was performed. Mesenchymal stem cells from human bone marrow were seeded in vitro on some of the 3D components of the prototype (PLLA microparticles and braid), promoting stem cell differentiation to tenocytes.

Finally, cellular behaviour was characterized on the assembled prototype prosthesis (braid with microparticles and cells), showing that cells remained viable and proliferative. The cellular behaviour in the prototype of prosthesis under a mechanical stimulus (dynamic conditions) along 14 days was also studied. For this test a bioreactor capable of transmitting straightening stimulus to the evaluated prototype prosthesis was designed and manufactured. Comparison of the cellular response due to mechanical stimulation with appropriate tests under static conditions showed that the designed bioreactor positively affected the behaviour of cells generating morphological differences, increasing extracellular matrix production, and stimulating cell alignment. All these factors suggest that the prosthesis prototype designed can be considered a viable alternative to stimulate tendon regeneration.

