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Why is it important? 

Organ shortage!!! 

 

In the United States every 10 minutes one plus patient  

is added to the national organ waiting list 

while an average of 18 death per day were due to organ shortage 

In 2011 total organ transplants: 28535, with 79% from deceased donors 



Tissue Engineering and 

Regeneration in Dentistry 

Leading countries in the area of tissue engineering, as represented by their 

revenue and R&D expenditure  

USA 60%, UK 8%, Germany , and Japan 6-6% China 5% 

TE from R&D Expenditure USA 48,6%, Europe 40,2% Other 11,2% 

(Frost&Sullivan, 2012). Liu Y1, Lim J, Teoh SH. Biotechnol Adv. 

2013;31(5):688-705. 

Exponential rise in the number of publications on scaffold-based BTE over the 

past decade.  

Leading countries and institutions in the area of scaffolds and BTE, as 

represented by the total number of publications (using the Web of Science® 

database, 2012 Thomson Reuters). 

http://www.sciencedirect.com/science/article/pii/S073497501200184X#bb0205
http://www.sciencedirect.com/science/article/pii/S073497501200184X#bb0205


Criteria of scaffolds 
Criteria Function 

Biocompatibility 
Ability to perform its function in the host tissue without eliciting any 

immune response 

Biodegradability 
Tunable rate of degradation to match growth of new bone tissue as 

scaffold gets replaced by new bone 

Mechanical properties 
Sufficient mechanical strength to provide temporary support to the 

defect region and withstand in vivo loading forces 

Microarchitecture 
Interconnected scaffold structures to uniformly distribute stresses 

throughout scaffold 

Osteoinductivity 
Osteoinductive properties to recruit and differentiate osteoprogenitors 

to the defect region 

Porosity 
Large surface area: volume and pore size to allow for tissue in-growth, 

neovascularisation, mass transport and osteogenesis 

Surface properties 
Appropriate chemical and topographical properties for influencing 

cellular adhesion, proliferation and differentiation 

Liu Y, Lim J, Teoh SH. Biotechnol Adv. 
2013;31(5):688-705. 



Structure of bone 

Bone and teeth considered as natural composites or hybrid structures 

remarkable properties derives from the structure  

(spanning molecular to macroscopic length-scales) 

the bones are either compact/cortical (dense material found at the surface of all bones) 

or 

spongy/cancellous (foam-like material whose struts are some 100-μm thick) 

compact bone is composed of osteons have a lamellar structure, with each individual 

lamella composed of fibers arranged in geometrical patterns 

the mineralized collagen fibrils linked by an organic phase to form fibril arrays these 

are the basic building blocks of bone 

collagen protein molecules (tropocollagen) formed from three chains of amino acids 

and nanocrystals of hydroxyapatite. 

Saiz E, et. al. Dent Mater. 2013;29(1):103-15.  



Tissue Engineering and 

Regeneration in Dentistry 
Bone regeneration requires: 

Osteoconductive matrix (scaffold), 

Osteoconductive signals, 

Osteogenic cells, (signals and an adequate blood supply)  

Achilles’ heel is th fabrication of strong and porous scaffolds (such as bone and teeth) 

   

Biomimicry has received much interest in the materials communities;  

Nanotechnology , and drug delivery  

  

Synthetic scaffolds can serve as a vehicle for the delivery of cells to build new tissue 

scaffold porosity using a gel-like vehicle  

Injectable gels containing cells could also be used directly in non-load bearing 

applications. Seeding with skeletal stem cells  

For example: the presence of calcium within the matrix favors osteogenic 

differentiation of the appropriate progenitor cell population 



Grafts 
Autograft: The patient’s own tissue 

Allograft: Human source other than the patient (could be 

cadaveric) 

Xenograft: Tissue from a different species 

Alloplast: Synthetic origin 

Autograft bone (B) is harvested (A) from the patient into whom it 

will be reimplanted. (From Newman MG, Takei HH, Klokkevold 

PR, et al: Carranza’s clinical periodontology, 11th ed. Saunders, St. 

Louis, 2012.) 

Freeze-dried bone allograft is harvested from humans and sold in sterilized vials in 

both a demineralized 

form (A) as well as a fully mineralized form (B). (Courtesy of Mitchell JC, OHSU 

School of Dentistry, Portland, OR). 



Grafts 
Autograft: The patient’s own tissue 

Allograft: Human source other than the patient (could be 

cadaveric) 

Xenograft: Tissue from a different species 

Alloplast: Synthetic origin 

Bone matrices. BioOss, A, is a porous bone mineral matrix xenograft 

prepared from bovine sources; 

Pepgen P-15, B, combines an organic 

Bioactive glasses have received increased attention as a result of their surface 

bioactivity. Shown here 

are PerioGlas, A, and Biogran 



Types of scaffolds 

The proportion of pure biomaterials and their composites used in various 

Bone Tissue enginnering (BTE) applications as represented by the total 

number of publications of 2489 and 174 respectively (using the Web of 

Science® database, 2012 Thomson Reuters). 

 

Almost ¾ polymers, almost ¼ Ceramics and ~5% Metals 

 

From composites in BTE 

85% Polymer-ceramic, ‚10% Polymer-metal, ‚5% Ceramic-metal 

Liu Y1, Lim J, Teoh SH. Biotechnol Adv. 
2013;31(5):688-705. 



• Inorganic materials 
– Calcium-phosphate (b-TCP), hydroxyapatite, 

silicates, sulfates 

 

• Organic components 
– Natural materials  

(collagene, fibrin fibers, etc.) 

– Polymers (synthetic or natural) 
(natural: glycolic-acid, lactic-acid, hyaluronic acid, etc. 

synthetic: poly-urethane, poly-methyl-methacrylic acid ) 

 

• Composites 

Solid graft materials 



Main consideration factors for 

clinical applications 

VOIDS Challenge 

Vascularisation Poor vascularisation within large BTE grafts 

Osseointegration Poor osseointegration of implant with host bone 

Infection Susceptible to infection 

Degradability 
Ability to degrade and resorb, ideally in tandem with rate of new 

bone formation 

Strength Low stiffness and strength 

Liu Y, Lim J, Teoh SH. Biotechnol Adv. 
2013;31(5):688-705. 



Trace elements for bone growth  

Trace 

element 
Benefits References 

Magnesium 

Increases osteoblastic activity and bone 

formation; assists in complete 

osseointegration 

(Rude et al., 2004, White et 

al., 2007 and Yamasaki et 

al., 2002) 

Strontium 
Stimulates preosteoblast; increases bone 

mass; inhibits bone resorption 

(Sila-Asna et al., 

2007 and Tian et al., 2009) 

Vanadium 
Stimulates osteoblast proliferation and 

mineralisation 

(Barrio et al., 2006, Barrio 

and Etcheverry, 

2006 and Cortizo et al., 

2006) 

Zinc 

Regulates bone homeostasis; accelerates 

bone density and remodelling; enhances 

bone resorption inhibition 

(Ito et al., 2000, Kawamura 

et al., 2000 and Wu et al., 

2003) 
Liu Y, Lim J, Teoh SH. Biotechnol Adv. 2013;31(5):688-705. 
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Vascularisation and topography 

Extensive in vitro vessel formation of EPC (green) 

amongst the MSC (red) within the macropores of the 

PCL/TCP scaffold 

PCL-based scaffolds with nodules of bioceramic TCP 

incorporated throughout the filaments of the scaffold, 

providing surface roughness and aiding osteoinduction of 

osteoprogenitor-like cells. 

Liu Y1, Lim J, Teoh SH. Biotechnol Adv. 
2013;31(5):688-705. 



Conventional fabrication 

techniques of 3D scaffolds 
Fabrication 

technique 
Advantages Disadvantages References 

Extrusion-based 

-Fast, automated 

-Requires melt 

extrusion 

(Hutmacher et al., 

2001, Woodfield et 

al., 2004, Zein et 

al., 2002) 

-CAD/CAM defines 

microarchitecture 

-Solvent-free 

Gas foaming 
-Able to fabricate porous 

scaffolds (up to 95%) 

-Most pores are not 

interconnected 

(Almirall et al., 

2004 , Murphy et 

al., 2000) 

Particulate leaching 
-Able to fabricate porous 

scaffolds 
-Uses toxic solvents 

Liao et al., 

2002 , Reignier and 

Huneault, 2006 

Selective laser 

sintering 

-Fast, automated -Uses toxic solvents (Simpson et al., 

2008, Tan et al., 

2003, Williams et 

al., 2005) 

-CAD/CAM defines 

microarchitecture 
-Requires heat 

Liu Y1, Lim J, Teoh SH. Biotechnol Adv. 
2013;31(5):688-705. 
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Other scaffolds fabrication 

techniques 

Solid free-form fabrication techniques: precise and reproducible, 

direct ink-jet printing, robocasting, and hot-melt printing: construct 

structures layer-by-layer a computer design, or MRI image 

 

Freeze casting: uses the microstructure of ice to template the 

architecture of ceramic scaffold produce porous lamellar a nacre 

much stronger than others with similar porosity 

Saiz E, et. al. Dent Mater. 
2013;29(1):103-15.  



Scaffold and drug delivery 

A robocasted glass like polymer layers coated scaffold  

modified with drug delivery spheres to manipulate the spatio-temporal release of 

chemicals 

inside sphere (porous hydrogel, or gelatin (sponge)) infiltrated with drugs (BMP-2, 

VEGF, etc.) coated polymer made from degradable PLGA, or polycaprolactone,  

protect the hydrogel and prevent burst release of the drug 

determination by diffusion calculations: 

 optimum amount and diameter of the micro-capillaries 

the release of the drug for the desired time, 

the thinning of the PLGA capsule.  
tailored the coating composition - manipulate 

drug release  

- control biodegradation 

- while sensors embedded  

- the coating can monitor the   biochemical 

environment 

Saiz E, et. al. Dent 
Mater. 2013; 29(1):103-
15. 



Composite 

Urea-mediated solution mineralization of hydroxyapatite (HA) onto pHEMA 

hydrogel scaffolds  

Thermo-decomposition of urea produces resulting the precipitation of HA solution 

in situ generated surface carboxylates strongly interact with calcium ions 

facilitate the 2D growth of a high-affinity calcium-phosphate (CP) layer on the pHEMA 

surface Prolonged mineralization allows for the growth of a thicker CP layer that covers 

the hydrogel SEM micrograph shows the 2D circular growth of a calcium apatite layer  

the calcium phosphate layer did not delaminate even after Vickers  

further functionalization of the hydrogel with either carboxylate or hydroxy ligands 

possible 

to manipulate organic/inorganic interactions [55] and [134]. 

Saiz E, et. al. Dent Mater. 
2013;29(1):103-15. 
Reference [55] 



Terms of the active scaffolds 

•   What is the optimum scaffold permeability (pore size, shape, and interconnectivity)?  

•   What are the biodegradation rates of different polymers, calcium phosphate materials, and 

composites in vivo and are they appropriate for their respective applications? 

•    Is it possible to design hierarchical architectures combining good mechanical behavior with 

optimum biological response? 

•    Angiogenesis and nutrient transport seem to be critical problems that hamper the 

development of scaffolds for large bone defects. What are the best structures to promote 

vascularization? How can they be combined with controlled growth factor release? 

•    What is the best approach to integrate scaffolds with the surrounding tissue? 

•    How do surface topography and chemistry control cell response, in particular the 

differentiation of stem cells toward osteoblastic lineages? 

•    Define and overcome problems associated with the long-term stability of new bone that 

forms in grafts or scaffolds. 

•    Identify methodologies for recruiting and guiding the differentiation of endogenous 

osteoblastic and vascular cells. 



Ostim (Heraeus Kulzer) 

• Synthetic, nanocrystalline structure, homogen 

hydroxiapatite 

• Waterbased, paste material 

• Osteokonductive, accelerate the remodelling of bone 

• Fully replaced by new bone meterial 



Bio-Oss (Osteohealth) 

• Natural origin (bovine) bone mineral content 

• Osteoconduktive effect accelerate the bone formation 

• Small sizes of crystals, so slowly fully  built in to the bone 

Bio-Oss Collagen®  

• Bio-Oss Collagen® Bio-Oss® Spongiosa granules (0.25-1 mm) 

• 10 percent purified porcine collagen 

• This collagen can hold together the particles without membrane 

•  Absorbed within 4-6 weeks 
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