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I n this study, we developed a novel synthesis to create a complex collagen-based biopolymer that promises to 
possess the necessary material properties for a bone graft substitute. The synthesis was carried out in several 

steps. In the first step, a ring-opening polymerization reaction, initiated by hydroxyapatite nanoparticles (nHAP), 
was used to polymerize D,L-lactide and glycolide monomers to form poly(lactide-co-glycolide) (PLGA) co-
polymer. In the second step, the polymerization product was reacted with succinic anhydride followed by with 
N-hydroxysuccinimide (NHS) in the presence of dicyclohexylcarbodiimide (DCC) as the cross-linking agent 
in order to activate the co-polymer for collagen attachment. Finally, in the third step, the activated co-polymer 
was attached to calf skin collagen type I, and the resulting hybrid co-polymer with attached collagen, nHAP-
PLGA-col, was isolated. The synthesis was monitored by 1H NMR, FTIR and Raman spectroscopies and the 
products after each step were characterized by thermal analysis (TGA and DSC). Calculations of the relative 
amounts of the various components coupled with initial dynamic mechanical analysis testing of the resulting 
biopolymer, afforded a preliminary assessment of the structure of the complex biomaterial formed by this novel 
polymerization process. The tensile properties for 2-D scaffolds of PLGA and nHAP-PLGA changed over time, 
however, the properties for nHAP-PLGA-col remained stable, which indicates that nHAP-PLGA-col scaffolds 
should have better shelf life. Moreover, the ultimate tensile strength for nHAP-PLGA-col was very close to the 
range of human cancellous bone. hMSCs were viable on 2-D scaffolds of nHAP-PLGA-col and differentiated 
into osteocyte and deposited mineral which allowed the nHAP-PLGA-col scaffolds with the cells to have higher 
tensile strength and moduli. The results obtained from this study inspire the use of nHAP-PLGA-col as a suitable 
candidate for potential use as bone graft substitute.
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