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We are what we repeatedly do;
excellence, then, is not an act but
a habit.

With regard to excellence, it is not
enough to know, but we must try
to have and use it.

composite

Adhesive Layer

http://www.ncbi.nlm.nih.gov/pubmed/18040729?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16998124?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
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Block bone graft

Maxillary sinus graft

Distraction 
osteogenesis

Maxillary sinus graft
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Biotechnologies in medicine

What is

REGENERATION ???
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It is not to have the 

perfect body

It is not to have an 

endless life

It is a long, and a 

healthy life for 

everybody

Regeneration… The principle

Cellular condensations Blood clot formation

Granulation tissueSpatial re-organization          

of cells

Progenitor cells Progenitor cells

Differentiated Cells Differentiated Cells

Migration, Adhesion, 

Proliferation factors

Differentiation Factors

Regeneration 

Repair 

Stem cells

Signaling molecules

Regeneration 
space

Repair 

Repair 
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Regeneration… Tissue Engineering Regeneration… Tissue Engineering

Regeneration… Tissue Engineering Regeneration… Tissue Engineering

Stem/Progenitor Cells

Signaling 

Molecules

3D 

Scaffold
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Periodontal Tissue Engineering… Components

Stem/Progenitor Cells

Signaling 

Molecules

3D 

Scaffold

rhPDGF

BMPs

FGF-2

EMD

PRP

… Components… Signaling Molecules

… Components… Signaling Molecules … Components… Signaling Molecules

… Components… Signaling Molecules

Short biological half-life

Receptor-binding problems

Stability of carrier system

Cell adhesion

… Components… Signaling Molecules
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Autogenous graft

Allograft

Xenograft

Synthetic materials

… Components… 3D Scaffold

Provide physical support

Barrier to restrict cell migration in a selective manner

Scaffold for cell migration & proliferation

Serve as time-release mechanism for signaling molecules

… Components… 3D Scaffold… Role

Fibrous inclusion

Problems with resorption

Cell adhesion

Porosity

Oxygen passage

vascularization

… Components… 3D Scaffold

… Components… Cells … Components… Cells

Mesenchymal cells

Undifferentiated cells

High proliferation rate over long time

Can differentiate into different cell types

Asymmetrical mitosis
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Caplan & Bruder, 2001

… Components… Cells … Components… Cells

… Components… Cells

Bone Marrow Stem Cells (BMSC)

Epithelial Stem Cells (ESC)

Dental Pulp Stem Cells (DPSC)

Stem Cells from Exfoliated Deciduous Teeth (SHED)

Periodontal Ligament Stem Cells (PDLSC)

Dental  Stem  cells…, 

WHY?

… Components… Cells… Dental Stem Cells … Components… Cells… Dental Stem Cells
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Gronthos et al, 2000

… Components… Cells… Dental Stem Cells

ALP

OC Mineralization

DSP

… Components… Cells… Dental Stem Cells

… Components… Cells… Dental Stem Cells

Dental pulp stem cells (DPSCs) (Gronthos et al, 2000)

Stem cells from exfoliated deciduous teeth (SHED) (Miura et al, 2003)

Periodontal ligament stem cells (PDLSCs) (Seo et al, 2004)

Stem cells from apical papilla (SCAP) (Sonoyama et al, 2006, 2008)

Dental follicle precursor cells (DFPCs) (Morsczeck et al, 2005)

… Components… Cells… Dental Stem Cells

Higher proliferation rate than BMSC under same conditions

Cyclin-dependent Kinase– 6 (Shi et al, 2001)

Expression of STRO-1, VCAM-1, α-sma

Heterogenous population

Perivascular niche (Gronthos, 2000; Shi & Gronthos, 2003)

… Components… Cells… Dental Stem Cells

High plasticity

Osteoblasts (Runx2)

Chondroblasts (Sox-9)

Adipocytes (PPARγ)

Periodontal Tissue Engineering
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Control

Periodontal Tissue Engineering

Akizuki et al, 2005

Application of periodontal ligament cell sheet for periodontal

regeneration: a pilot study in beagle dogs. J Periodont Res 2005; 40:

245-251.

Conclusion Conclusion Hutmacher et al, 2007

Conclusion

Ex vivo Tissue engineering

In vivo Tissue Engineering

Dentine repair

Conclusion
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Tooth tissue 

engineering

Sartaj et Sharpe, 2006

Conclusion

Tissue engineering:

Bone

Cartilage

Nerve

Muscles

Conclusion

Conclusion… Complexity of TE

Biological challenges

GF

Signaling pathways

Root development

Conclusion… Challenges

Technical challenges

Culture conditions

Xenogenic products

Timing 

Ideal scaffold 

Delivery system

Conclusion… Challenges
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Clinical challenges

Immunogenic rejection

Oncogenic properties

Functional integration

Conclusion… Challenges


