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INTRODUCTION: Massive bone defect cannot 

be able to regenerate easily due to the limitation of 

human self-healing ability. Tissue engineering 

suggests that fabrication of biological substitutes 

can be a strategy for this medical issue. One of the 

main strategies for tissue engineering is mimicking 

the human bone. The main composition of human 

bone is collagen type I and hydroxyapatite.1 Based 

on this information, diverse bio-ceramic/collagen 

scaffolds were prepared. However, brittleness and 

limitation of growth factor release should be 

overcome for better bone regeneration.2 In this 

study, we used 3D printing system to fabricate 3D 

bio-ceramic/collagen/platelet rich plasma (PRP) 

composite scaffolds with sustain release of growth 

factors (transforming growth factor-β1 (TGF-β1) 

and platelet derived growth factors (PDGF)). 

METHODS: The printing solution was prepared 

by mixing of collagen type I from porcine skin (4 

wt%), -tricalcium phosphate (-TCP) powder (80 

v/v%), and PRP (1 mg/ml). The release of the 

growth factors (TGF-1 and PDGF) were analysed 

by using the ELISA kit. Pre-osteoblast cells 

(MC3T3-E1) were seeded onto the prepared 

collagen/CDHA scaffolds (CON) and 

collagen/CDHA/PRP scaffolds (PRP). Cells 

proliferation, maturation, and bone differentiation 

were analysed by using picogreen assay, ALP 

activities, and alizarin red S staining, respectively. 

RESULTS: 3D collagen/-TCP/PRP structure 

were prepared by controlling the diverse printing 

condition, such as printing speed, pneumatic 

pressure, and printing temperature. The collagen 

and -TCP of the green scaffolds were crosslinked 

by polyphenol solution and hydrolysed in PBS to 

maintain the structure. During this post-processes, 

phase of a-TCP changed to calcium deficient 

hydroxyapatite (CDHA). According to the results 

of growth factor release (Fig. 1), TGF-1 and 

PDGF were released from the scaffolds until 35 

days. Moreover, the pre-osteoblasts were better 

proliferated and differentiated onto the PRP groups 

than CON groups. (Fig. 2) 

 
Figure 1. Growth factor release curve until 35 days.  

 

 
Figure 2. Fluorescence images of pre-osteoblast cell 

(MC3T3-E1) seeded onto CON and PRP scaffolds. Live 

(green)/dead (red) at 12 hours, and DAPI 

(blue)/phalloidin (red) at 9 days. 

DISCUSSION & CONCLUSIONS: In this study, 

we successfully fabricated 3D 

CDHA/collagen/PRP scaffolds by using 3D 

printing system and proper cross-linking and 

hydrolysis processes. The prepared scaffolds 

showed sustain release of growth factors and the 

phenomenon was occurred due to the crosslinking 

between collagen and growth factor by polyphenol 

materials. We expected that this scaffolds and 

prepared methods can be applied for bone tissue 

engineering. 
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