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Introduction

Results

Results

Conclusion

Tissue-engineered bone is as an exciting 
potential alternative to heal critical bone defects 
in hand surgery without the inherent limitations of 
currently used autologous bone grafts. 

Development of an ideal tissue engineered 
bone graft requires efficient bioactivity screening 
of biomaterials in clinically relevant 3D systems.

Methods

Results

Human mesenchymal stem cells (HMSCs) 
were seeded onto the following  3D  type I 
collagen scaffolds:

1) non-mineralized (C-GAG) 

2) mineralized (MC-GAG)

3) non-mineralized cross-linked (XC-GAG)

4) mineralized cross-linked (XMC-GAG)

The seeded scaffolds were then incubated in 
osteogenic media and harvested at 1, 4, 7 and 14 
days. 

A significant temporal upregulation (p<0.05) of 
early osteogenic markers (OCN and BSP) on both 
XC-GAG and XMC-GAG compared to non-
crosslinked scaffolds (C-GAG and MC-GAG).  (See 
figure 1 below )

Our current data validates previous studies 
proving improved structural integrity with chemical 
cross-linking. 

Mineralization on its own is not sufficient to 
maintain scaffold configuration. 

However in conjunction with cross-linking, 
mineralization acts synergistically to cause an 
additive increase in maintaining 3D scaffold integrity

Chemical cross-linking with mineralization may 
be the best combination for enhanced cell 
adhesion, differentiation and mineralization. 

Purpose

We evaluated the structural strength and bone 
formation of chemical cross linkage and 
mineralized stabilization of collagen scaffolds. 

Messenger RNA expression was analyzed 
using quantitative real-time reverse-transcriptase 
polymerase chain reaction for osteogenic markers 
i.e. osteocalcin (OCN) and bone sialoprotein 
(BSP). 

Structural integrity was measured by the ability 
of the scaffolds to maintain their original 
dimensions. 

Mineralization was detected by alizarin red 
staining and micro-computed tomographic 
imaging at 7 weeks.

Methods
Long-term mineralization, structural integrity and 

bone formation was favored by a significantly higher 
mineral density by micro-CT (at 7 weeks) and 
alizarin red staining (at 5 weeks) on the cross-linked 
scaffolds compared to non cross-linked scaffolds. 
See figure 2 & 3. 

Notably, mineralized cross-linked scaffolds 
exhibited the highest early and late osteogenesis, 
structural integrity and mineralization. 
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