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Posterolateral Spinal Arthrodesis with BMP-2 Delivered from a Polymeric Micro-carrier System
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INTRODUCTION: The need to use large doses of bone morphogenetic protein-2 (BMP-2) in current clinical applications has been attributed to poor release kinetics from collagen carriers as well as short in vivo half-life. Recently, heparin was shown to considerably enhance the stability of several growth factors. Here, we hypothesize that heparin coated alginate micro-beads would tether, stabilize and sustain the release of BMP-2 for spine fusion. 

METHODS: To enhance heparin uptake, alginate micro-beads were incubated in poly-L-ornithine before heparin coating and subsequent loading with BMP-2. Following in vitro uptake and release profile analyses, BMP-2 bioactivity was evaluated using a posterolateral (L4-L5) spinal arthrodesis model. Briefly, 24 male rats were randomized into three equal groups according to implant type, viz: A) heparin coated micro-beads; B) uncoated micro-beads; and C) collagen coated PCL/TCP (positive control). All implants were loaded with one microgram of BMP-2 before implantation. Fusion was evaluated by palpation, x-ray and micro-CT after eight weeks. 

RESULTS: In vitro analyses showed that heparin attenuated the initial burst of BMP-2 by 7-folds and sustained release over 10 days. In vivo evaluation revealed that whereas solid fusion was demonstrable in groups A and C, micro-beads with no heparin coating failed to induce fusion. Furthermore, the volume of fusion-mass was significantly higher in group A compared to group C (p<0.5). 

DISCUSSION: The clinical efficacy of BMP-2 is highly dependent on the carrier vehicle. The polymeric micro-carrier system developed in this study is based on the high affinity of heparin for several growth factors including BMP-2. The relative ease of ionic binding between alginate beads, poly-L-ornithine and heparin eliminated the need for organic solvents that could compromise the bioactivity of sequestered growth factors. These results indicate that alginate micro-beads coated with heparin could be developed into a versatile micro-carrier system for improved growth factor delivery.
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