Stimulation of fracture healing in a murine osteoporosis model by pasty bone cement functionalized with brain-derived neurotrophic factor
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Abstract (300 word limit)
Introduction: Fragile bone with altered microarchitecture and increased fracture incidence is characteristic for osteoporosis. Failure of implant fixation and low osteoinductivity raises the quest for new supporting bone substitute materials. Brain-derived neurotrophic factor (BDNF) is a growth factor that enhances in vitro the vitality of bone forming osteoblasts but not bone resorption by osteoclasts. Here, we asked whether integration of BDNF into pasty calcium phosphate cement (pCPC) via coating of mesoporous bioglas particles (MBG) is able to stimulate fracture healing in a murine osteoporosis model. Methodology: Female 16-week-old muscarinic acetylcholine receptor M3 knockout mice (M3KO) and their corresponding wild type mice (WT) were used as osteoporosis model and underwent osteotomy and implantation of a mixture of BDNF functionalized MBG and pCPC (pCPC+MBG+BDNF). After a post-operational duration of 35 days, femurs were extracted and analyzed. Findings: The implants were well-integrated into the fracture gap and showed a good biocompatibility. We observed the dissolution of MBG after reaching the implant interface by forming pores that were subsequently filled with new built yet not mineralized bone. An increase of new built bone was found in fracture gap and at implant interface of WT treated with pCPC+MBG+BDNF compared to the group without BDNF. The non-operated contralateral femur of M3KO showed signs of bone loss compared to the contralateral femur of WT mice. After application of BDNF the bone loss in M3KO was reversed. Additionally, we measured a decrease in number of leucocytes in M3KO with pCPC+MBG+BDNF compared to without BDNF. Conclusion: The new BDNF containing implant was able to enhance bone formation in WT mice. In M3KO mice, BDNF stimulated the reversion of bone loss and was involved in the regulation of immune cells. Thus, BDNF is suitable for functionalization of bone substitute materials and treatment of osteoporotic fractures. 
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Figure 1: Mice with osteoporotic bone phenotype received a fracture that was
stabilized with a new implant. After a post-operational duration of 5 weeks femurs
were extracted and analyzed. Synthesis of new bone, reversal of bone loss and a
regulation of immune cells were measured




