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There is a significant medical need for tough biodegradable polymer adhesives that can recover from mechanical deformations while remaining strongly attached to the underlying tissue.[1] Although numerous tissue adhesives exist, presently none of them can withstand high tensile strength[2] or can be applied in a tape format with a programmable degradation rate that coincides with healing.[3] Such materials would be particularly useful as support for sutures that are sometimes difficult to manipulate during laparoscopic or microscopic procedures, and/or could be used as patches to aid in hemostasis and improve the visibility of the operative field. These advantages can potentially shorten operating time and tissue handling, as well as reduce surgical complications such as infection. 
Our approach to create such an adhesive involves mimicking the geckos’ ability to attach to vertical surfaces and support their weight. The mechanism of this biological phenomenon was recently elucidated;[4] nearly two millennia after Aristotle first reported it. Each gecko foot is covered with as many as 500,000 fine hairs, each tipped with hundreds of projections known as spatulae (~500 nm in diameter). These pillars of spatula allow the gecko foot to conform and adhere to a variety of rough terrain, hence, maximizing interfacial contact to enhance adhesion.  
Although gecko-mimicking dry adhesives exist,[6,7] tissue adhesives for wet conditions require additional design criteria of: 1) biocompatibility and biodegradability, 2) mechanical compliance, 3) incorporation of drugs, growth factors, or antibiotics, 4) strong adhesion under wet conditions. We have developed poly(glycerol-sebacate)[8] as a tough, biodegradable elastomer and acrylated the elastomer to form poly(glycerol-sebacate-acrylate) (PGSA) as the adhesive material. To incorporate the hair-like protrusions of the gecko, we patterned our PGSA material using lithographic technologies to develop an adhesive consisting of nanopillars (Fig. 1). Finally, to enhance adhesion to tissue, aldehyde chemistry (oxidized Dextran) is presented on the nanopillar surface to establish covalent linkages with proteins present in tissue.  
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Figure 1: a) PGSA elastomer is nanopatterned by molding with a silicon template and cured with UV. Oxidized Dextran is coated onto the pillar surface to improve tissue adhesion and b) results in an adhesive that mimics the properties of gecko feet.
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