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Background: The regeneration of bone defect after trauma or tumor ablation is a common problem in orthopedic and craniomaxillofacial surgeons.
Traditionally, autogenous bone grafts are the gold standard to induced bony regeneration. However, there are some disadvantages that limit their
use such as donor site morbidity, variable degree of resorption and the need for a secondary surgery exposure. Tissue engineering is a growing,
advancing method for management of the craniofacial defect by combination of cells, scaffolds and signal molecules. To minimize surgical trauma
and shorten the recovery time, minimal incision by endoscope-assisted surgery is future tendency. Therefore, an injectable scaffold is suitable to
fulfill such requirement. A liquid support matrix that polymerized to a gel would be shaped easily and molded for custom reconstruction or
augmentation, and much less invasive without an open surgical procedure. Besides, a liquid material may incorporate various therapeutic agents
such as bone morphogenetic proteins to enhance bone regeneration. In this study, we will analyze different injectable scaffolds and discover if
these injectable scaffolds mixed with adipose-derived stem cells (ASCs) or bone marrow stem cells (BMSCs) can repair the craniofacial defect
effectively.

Materials and Methods: In this research, at the begining we should be familiar with the harvest isolate and purify the ASCs and BMSCs from
different species such as dog, porcine. Osteogenic differentiation of ASCs and BMSCs were evaluated by alkaline phosphatase activity (ALP),
Alizarin red stain, ALP stain and RTPCR of bone specific mRNA. In first experiment, we develop a new thermogelling, injectable scaffold -
hyaluronic-acid-g-chitosan-g-NIPPAm hydrogel (HACPN). In-vitro osteogenesis, ectopic bone formation and orthotic bone regeneration are
evaluated by combination of HACPN and bone marrow stem cells. In second experiment, nature hydorgel- fibrin glue made by fibrinogen and
thrombin was used as an injectable hydrogel to improve the disadvantages of non-absorbable properties and possible toxic metabolites created by
synthetic scaffolds. The ability of in-vitro osteogenesis and cranial bone defect regeneration were compared by mixing the ASCs or BMSCs with
fibrin glue +/- Mastergraft. In third experiment, due to the weak strength and less growth factor of fibrin glue, three-dimensional PCL scaffold
made by selective laser sintering (SLS) added with ASCs and injectable platelet rich plasma(PRP) which contained multiple growth factors was
used to reconstruct the load-bearing mandibular defect.

Results: The in-vitro study showed the ASCs and BMSCs both had the potential of osteogenic differential by stain, ALP activity and RT-PCR of
specific osteogenic protein. The first experiment demonstrated that HACPN hydrogel was a good injectable biomaterial for bone marrow stem
cells for in-vitro study. Besides, the nude mice study proved the ectopic bone formation by the combination of HACPN hydrogels and BMSCs.
The pig skull defect reconstruction model showed that the HACPN/BMSCs also have the potential of orthotic bone regeneration. The second
experiment showed the fibrin glue+/-Mastergraft can be as a good scaffold for ASCs and BMSCs for in-vitro study and in-vivo pig skull bone
regeneration demonstrated that the fibrin glue/Mastergraft/BMSC or ASCs have the best outcome, followed by fibrin glue/BMSCs and fibrin
glue/ASCs has the least result. The third experiment showed modification of the laser-sintered PCL scaffold by PRP indeed enhances the affinity
and osteogenic potential of pASCs. The pASCs spread well in the PRP/ISPCL scaffold. The ALP activity, mineralization, real-time PCR of Cbfal,
ALP, and OCN were also performed well in this group. The animal study also proved the dense bone formation with stiffness close to normal
bone.

Conclusion: The injectable scaffolds can be as effective cell carriers for bone defect reconstruction. They also can be combined with Mastergraft

or laser-sintered PCL scaffolds for enhancing the quality and strength of bone regeneration.




