Synthesis of a Novel Biodegradable Polyurethane for Tendon and Ligament Applications
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INTRODUCTION
In 2002, more than 200,000 Americans required reconstructive surgery due to injured ligaments with costs totaling more than $5 billion dollars. Existing treatments include autografts and biomaterial prosthetics made of Dacron or Gore-Tex. Unfortunately, the autografts require an extended rehabilitation period and the prosthetics can weaken or fail completely, so alternate ways to successfully repair these ligaments must be researched. A new idea was approached involving the synthesis of a degradable polyurethane for extrusion into deep grooved fiber scaffolds for regeneration and ultimately complete ligament repair. 
Objective
The overall objective was to synthesize a degradable polyurethane to be extruded into deep grooved fibers for optimal fibroblast alignment. Eventual extracellular matrix development, regeneration of the ligament and degradation of the fiber must also be taken into consideration before implantation in the body. A nondegradable polyurethane had to be successfully synthesized in the lab and its mechanical properties tested before the degradable polyurethane studies could begin.
MATERIALS and METHODS
Nondegradable Polyurethane
Materials- Poly (tetramethylene ether glycol) (PTMG) polyol, methylenebis (cyclohexyl isocyanate)   (HMDI), and dibutyltin dilaurate (DBTDL) catalyst were reacted to produce a prepolymer in the first synthesis reaction. The chain extender, butane diol (BD), was reacted with the first product, or prepolymer, for the second synthesis reaction. Dichloromethane was used as the solvent and ethyl ether was used for precipitation of the polymer.
Materials Preparation- Butane diol was purified by vacuum distillation and poly (tetramethylene ether glycol) was dried by azeotropic distillation. Distillation of the chemicals had to occur before the synthesis reaction to remove all moisture because urethane synthesis reactions are moisture sensitive.

Methods-   PTMG, HMDI and DBTDL were reacted for 3-5 hours at 80°C to create the prepolymer. The BD was then added in a 1:1 ratio with the prepolymer, the temperature lowered to 25°C and the reaction run around eighteen hours. The polymer product was dissolved in dichloromethane and then precipitated in ethyl ether to get a crystallized polymer.
DegradablePolyurethane 
Materials- Poly (tetramethylene ether glycol) (PTMG) polyol dissolved in dichloromethane and heterobifunctional monomers were used for the incorporation of ester bonds and regeneration of hydroxyl end groups.
Methods- The first heterobifunctional monomer was added to PTMG dissolved in dichloromethane and stirred consistently for three hours. The purpose of this reaction was for the incorporation of an ester bond necessary for the degradability of the polyurethane. The new product is referred to as modified PTMG or “Product 1”. A nuclear magnetic resonance was done on the product and it was determined that the reaction was almost 100% efficient. The newly synthesized Product 1 was reacted with a second heterobifunctional monomer in order to reintroduce the hydroxyl end groups necessary for the synthesis of the polyurethane. 
Mechanical Testing

In order to test the mechanical properties of the nondegradable polyurethanes, the PTMG Polyurethane created in the lab was compared to a commercially available polyurethane of similar chemical composition, Tecoflex, to ensure physical properties between the PTMG Polyurethane and Tecoflex are comparable if not better.  The two polyurethanes were dissolved in dimethylacetamide and two separate sets of films were created with 10% (w/v) PTMG Polyurethane and Tecoflex solutions. Dog bone shape samples were cut out of the films and tensile testing done. Each film was tested to 40% strain and tested twice to ensure the polyurethanes are indeed elastic and their mechanical properties not altered due to the testing. Through the preliminary mechanical tests, it was determined that the PTMG Polyurethane exhibits approximately comparable elastic modulus to Tecoflex Polyurethane. 
CONCLUSION

These studies have demonstrated the synthesis of a polyurethane based on the chemical composition of a commercially available elastomer, Tecoflex.  The synthesized and commercially available polymer exhibited approximately similar elastomeric behavior and elastic modulus.  NMR data have demonstrated that the PTMG soft segment can be readily modified with ester bonds to allow the synthesis of a degradable polyurethane.  On-going studies will use Tecoflex to optimize melt extrusion processing of elastomeric polyurethane deep groove fibers.  Ultimately, deep groove fibers prepared from degradable polyurethanes will offer a potential template for in vitro tissue engineering of oriented fibroblast cultures for tendon and ligament replacement.

