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1. Introduction
The dearth of availability of tissues and organs for transplantation as well as inconvenience
associated with their transplantation such as donor site morbidity, immune rejection and
pathogen transfer led to the emergence of the discipline of tissue engineering. Following its
inception in the scientific community since the last two decades, the research and
development in this emerging field of tissue engineering and regenerative medicine has
progressed in a very rapid rate (Kretlow & Mikos, 2008). Tissue engineering is an
interdisciplinary field that applies the principles of engineering and life sciences toward the
development of biological substitutes that restore, maintain, or improve function of tissue or
whole organ (Chen et al., 1997; Bhatia et al., 1999; Huang & Ingber, 2000; Chiu et al., 2000;
2003). Tissue engineering has emerged as a new method involving the combining of cells,
scaffold, and bioactive agents to fabricate functional new tissue to replace damaged tissue
(Flanagan et al., 2006 Chen et al., 2002, Solchaga et al., 2001).
A well-designed three-dimensional scaffold is one of the fundamental tools to guide tissue
formation in vitro and in vivo. Frontiers areas in medicine is changing rapidly from utilizing
synthetic implants and tissue grafts to a tissue engineering approach that uses degradable
porous material scaffolds integrated with biological cells or molecules to regenerate tissues
(Hollister et al., 2005). Therefore, the selection of scaffold is important to enable the cells to
behave in the desired manner to generate tissues and organs of the desired shape and size.
Characteristics of scaffolds
(1) Biocompatibility, to avoid unwanted host tissue responses to the implant (Ma, & Langer,
1999).
(2) It should have the excellent surface chemistry to allow attachment, migration,
proliferation, and differentiation of the cells (Mandal and Kundu, 2008b; 2009a; 2009b).
(3) Interconnected pores with proper pore size to support cell infiltration and
vascularization (Hutmacher 2001; Karageorgiou & Kaplan, 2005).
(4) Controlled biodegradability to aid the formation of new tissue (Cima et al., 1991;
Kweona et al., 2003).
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(5) Adequate mechanical properties to maintain the structure and function immediately
after implantation and during remodelling of the implants (Karande & Agrawal, 2008; Kim
et al., 2000; Lee et al., 2001).
(6) It should acquire the sufficient mechanical properties to provide the better environment
for cells, deliver inductive molecules or cells to the repair site and provide cues to control
the structure and function of newly formed tissue (Hutmacher 2000; 2001).
(7) It should support the formation of ECM by promoting cellular functions, and have the
ability to provide the bimolecular signals to the cells (Ito et al., 2003).
(8) Scaffolds used for tissue engineering should mimic in part the structure and biological
function of the extracellular matrix (Ma, 2008; Li & Shi, 2007).
Many techniques have been developed to fabricate three-dimensional porous architectures
to fill this role, such as by particle leaching (Ma & Langer, 1999; Lu et al., 2000), phase
separation (Sachlos & Czernuszka, 2003; Smith et al., 2006) and textile technology. However,
scaffolds fabricate by these techniques do not adequately mimic the structure of the natural
extracellular matrix in terms of architecture, which may be one of the reasons for suboptimal
outcome in generating functional tissues (Lavik, & Langer, 2004; Laurencin et al., 1999;
Hutmacher 2001). Therefore, new designs and manufacture technologies are required to
improve the function and architecture of scaffolds. This chapter discusses the different
scaffold fabrication methodologies/techniques utilizing several synthetic and natural
polymers, including solvent casting, particulate leaching, gas foaming, phase separation,
electrospinning, porogen leaching, fiber mesh, fiber bonding, self assembly, rapid
prototyping, melt molding, membrane lamination and freeze drying.

2. Fabrication techniques
In the body, cells and tissue are organized into three-dimensional architecture. To engineer
these functional tissue and organs, scaffolds have to be fabricated by different methodology
to facilitate the cell distribution and guide their growth into three-dimensional space. The
main techniques for scaffolds fabrication are mentioned here.
2.1 Solvent casting
Solvent casting property for the scaffolds preparation is very simple, easy and inexpensive.
It does not require any large equipment; it is totally based upon the evaporation of some
solvent in order to form scaffolds by one of the two routes. One method is to dip the mold
into polymeric solution and allow sufficient time to draw off the solution; as a result a layer
of polymeric membrane is created. Other method is to add the polymeric solution into a
mold and provide the sufficient time to evaporate the solvent that create a layer of
polymeric membrane, which adhere to the mold (Mikos et al., 2004).
One of the main drawbacks of this technique, the toxic solvent denatures the protein and
may affect other solvents. There is a possibility that the scaffolds designed by these
techniques may also retain some of the toxicity. To overcome these problems scaffolds are
fully dried by vacuum process to remove toxic solvent. However, this is very time
consuming technique and to overcome these problems some researchers have combined it
with particulate leaching techniques (Mikos et al., 1993a; 1993b; 1996) for the fabrication of
scaffolds.
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2.2 Particulate-leaching techniques
Particulate leaching is one of the popular techniques that are widely used to fabricate
scaffolds for tissue engineering applications (Ma & Langer, 1999; Lu et al, 2000). Salt, wax or
sugars known as porogens are used to create the pores or channels. Here salt is grounded
into small particles and those particles that have desired size are poured into a mold and
filled with the porogen. A polymer solution is then cast into the salt-filled mold. After the
evaporation of the solvent, the salt crystals are leached away using water to form the pores
of the scaffold.
The process is easy to carry out. The pore size can be controlled by controlling the amount of
porogen added, the size and shape of the porogen (Plikk et al., 2009). The particulate
leached scaffold possesses pore size (~500 µm), percentage porosity (around 94-95%) and
desired crystallinity. The advantage of this method is the requirement of very less amount
of polymer to fabricate the scaffold. However, certain critical variables such as pore shape
and inter-pore openings are not controlled. To conquer these drawback new technologies,
are being developed.
2.3 Gas foaming
Many of the fabrication techniques require use of organic solvents and high temperature.
The residues that remains after completion of process can damage cells and nearby tissues.
This may also denature the biologically active molecules incorporated within the scaffolds.
The gas foaming scaffold fabrication techniques does not require the utilization of organic
solvents and high temperature.
This technique uses high pressure carbon dioxide gas for the fabrication of highly porous
scaffolds. The porosity and porous structure of the scaffolds depend upon the amount of gas
dissolved in the polymer. This process involves exposing highly porous polymer with
carbon dioxide at high pressure (800 psi) to saturate the polymer with gas (Sachlos &
Czernuszka, 2003). Under this condition, dissolved carbon dioxide becomes unstable and
will phase separates from the polymer. The carbon dioxide molecule becomes cluster to
minimize the free energy; as a result pore nucleation is created. These pores cause the
significant expansion of polymeric volume and decrease in polymeric density. A threedimensional porous structure (scaffolds) is formed after completion of foaming process.
The porosity of the scaffolds is controlled by the use of porogens like sugar, salts and wax
(Ikada, 2006). The polymer (eg, PLGA) that expands in foaming process fused together
around the porogen to create a continuous polymeric matrix, and also entrap any other
molecule which is present in the mixture. The mix polymer and porogen are exposed to high
pressure until they have completed its saturation with carbon dioxide, followed by foaming
process porogen is removed and a highly interconnected pore structure is formed (Huang &
Mooney, 2005).
2.4 Phase separation
Phase separation technique for scaffolds designing requires temperature change that
separates the polymeric solution in two phases, one having low polymer concentration
(polymer lean phase) and other having the high polymer concentration (polymer rich
phase). Polymer is dissolved in phenol or naphthalene, followed by dispersion of
biologically active molecule in these solutions. By lowering the temperature liquid-liquid
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phase is separated and quenched to form a two phase solid and the solvent has removed by
extraction, evaporation and sublimation (Mikos et al., 2004) to give porous scaffolds with
bioactive molecules integrated in to that structure (Sachlos & Czernuszka, 2003; Hua et al.,
2002).
An appropriate liquid-liquid phase separation is critical for the preparation of nanofibers
and does not occur in all solvents that’s why selection of solvent and phase separation
temperature is crucial for the formation of nanofibers. When the condition are favourable,
liquid-liquid phase separation produce three dimensional fibrous structure with nano
scaled architecture similar to that of collagen type I, and used in various biomedical
applications.
Advantage of the phase separation technique is that, it can easily combine with other
fabrication technology (Particulate leaching) to design three dimensional structures with
control pore morphology. It can also be combined with rapid prototyping to create nano
fibrous scaffolds for tissue engineering applications (Smith et al., 2006).
2.5 Electrospinning
The electrospinning technique for the scaffolds designing utilizes the electrostatic force for
the production of polymeric fiber ranging from nanoscale to microscale. This process is
control by high intensity electric field between two electrodes having electric charges of
opposite polarity. One electrode is placed in the polymer solution and other is placed in
collector. Generally polymer solution is pumped as result in forming a drop of solution.
Afterwards, electric field is generated, which intends to produce a force, due to this the
droplets results to overcome the surface tension of the solution. A jet of polymer is ejected,
which produces the fibers, same instant the solvent starts evaporating due to jet formation
and continues after the nanofibers are deposited to collector.
More than 200 polymers are used for electrospinning like silk fibroin (Zarkoob et al., 2004;
Sukigara et al., 2003; Jin et al., 2004), collagen (Mathews et al., 2002), chitosan (Ohkawa et al.,
2004), gelatin (Ma et al., 2005) etc. In the field of tissue engineering electrospinning
technique is applied for the preparation of nanofiber scaffold design. The process is very
versatile in terms of use of polymers, non-invasive and does not require the use of
coagulation chemistry or high temperature for fiber generation. Basically, in this process a
high voltage is used to create an electrically charged jet of polymer solution or melt, which
forms polymer fiber after drying or solidification (Reneker and Chun, 1996; Doshi and
Reneker, 1995).
One of the main advantages of this technique is that it can produce the scaffold with main
structural feature suitable for growth of the cell and subsequent tissue organization (Li &
Tuan, 2009; Liang et al., 2007; Leong et al., 2008). It can produce the ultra fine fibers with
special orientation, high aspect ratio, high surface area, and having control over pore
geometry. These characteristics are favorable for better cellular growth for in vitro and in
vivo because they directly influence the cell adhesion, cell expression, and transportation of
oxygen, nutrients to the cells. This provides spatial environment for the growth of new
tissue with appropriate physiological functions. Cell seeding is the main problem of
electrospining technology. This is overcome by sacrificial biopolymer or cryospinning,
which allows creating the hole of desired size in electrospun matrices (Baker et al., 2008;
Leong et al., 2008).
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The nano fibrous scaffolds are widely used in biomedical application for scaffolds
preparation for tissue engineering (Ma et al., 2005; Yang et al., 2005), wound dressing (Kim
et al., 2000), artificial blood vessels (Ma et al., 2005), protective clothing material (Lu and
Ding , 2008), drug release membrane (Katti et al., 2004, Chew et al., 2005; Venugopal et al.,
2008), nanotube material, chemical catalytic apparatus, bio-transplant material, and
hydrogen storage tank for fuel cell (Cho et al., 2003).
The nanofibrous scaffolds are prepared for the biomedical application such as
hydrophilicity, mechanical strength, biodegradability, biocompatibility, interaction of cells ,
which are controlled by chemical composition of the material (Madurantakam et al., 2009).
On the basis of that by selecting and adjusting the combination of proper component ratio,
property of electrospinning scaffolds can be customized with desired function.
2.6 Porogen leaching
Porogen leaching is one of the most common methods used for preparation of scaffolds with
controlled porosity. The particulate leaching method is totally based upon the dispersion of
porogen (salt, sugar and wax) either in liquid particulates or powdered materials (Hou et al.,
2003; Lee et al., 2004, Nazarov et al., 2004 Vepari & Kaplan, 2007) by the process of
evaporation, cross linking or other reaction liquid may be solidified. These porogens act as
place holder for pore and interconnection of the pores in the actual scaffolds fabrication
technique. Highly porous scaffold with porosity up to 93 % and pore diameter up to 500
micrometers can be prepared by using this technique (Mikos et al., 1993 a; b).
Main objective of this technique is the realization of bigger pore size and increase pore
interconnectivity. Main advantage of this technique is its simplicity, versatility and easy to
control the pore size and geometry. Pore geometry is control by the selection of the shape
for specific porogen agent, where as pore size is control by sieving the porogen particle to
the specific dimensional range (Mano et al., 2007). One of the main drawbacks of this
technique is that it can only produce thin wafers or membrane up to 3 mm thick and very
difficult to design the scaffolds with accurate pore inter-connectivity (Moore et al., 2004).
2.7 Fiber mesh
Fiber mesh technique for scaffold fabrication consists of individual fiber either woven or
interweave into three dimensional pattern of variable pore size (Martins et al., 2009). PGA is
the first biocompatible and biodegradable polymer to spun into the fiber and used as a
synthetic suture thread. It is prepared by the deposition of polymer solution over a
nonwoven mesh of another polymer followed by subsequent evaporation (Ikada, 2006).
Main advantage of this technique is to provide the large surface area for cell attachment and
rapid diffusion of nutrient that is favourable for cell survival and growth (Chen et al., 2002).
However one of the main drawbacks of this technique is lack of structural stability which
can partly be overcome by hot drying of PLLA fiber to improve the structure orientation
and crystallinity.
2.8 Fiber bonding
Fiber bonding technique for scaffold fabrication is developed by Mikos and his coworkers
(Mikos et al., 1993a). Synthetic polymer (PLLA) was dissolved in chloroform followed by
non-woven mesh of PGA fiber had added. Subsequently solvent was removed by
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evaporation as a result a composite material, which consists of non-bonded PGA fiber,
embedded in PLLA matrix is formed (Chen et al., 2002). The scaffolds were fabricated by
bonding a collagen matrix to PGA polymers with threaded collagen fiber stitches (Eberli et
al., 2009). Fiber bonding occurs during post treatments at a temperature above the melting
temperature of PGA. As a result PLLA matrix of the composite has removed by dissolving
in methylene chloride agent (Sachlos and Czernuszka, 2003) utilizing the fact that PGA is
insoluble in this solvent.
This process yields the scaffolds of PGA fiber that is bonded together by heat treatment.
PGA mesh provides the high porosity and surface area to polymer mass ratio (Mooney et
al., 1996). This provides the mechanical stability and allows the tissue ingrowths. One of the
main advantages of using the fiber is its large surface area, which is suitable for scaffolds
applications. Therefore, it provides the more surface area for cells attachment and sufficient
space for the regeneration of extracellular matrix (Moroni et al., 2008)
2.9 Self assembly
Self assembly is the spontaneous organization of the molecule into well defines into an
ordered structure required for specific function (Zhang, 2003). Self assembly of natural or
synthetic molecule produced nanoscale fibers known as nanofibers.
Amphiphilic peptide sequence is a common method for the fabrication of 3D nanofibrous
structure for tissue engineering. In aqueous solution the hydrophobic and hydrophilic
domains within these peptides interact together with the help of weak non covalent bonds
(Joshi et al., 2009; Zhang et al., 2006) (eg. Hydrogen bond, Van der Waals interactions, ionic
bond and hydrophobic interaction) this produces distinct fast recovering hydrogel, with the
hydrophobic interactions as the molecules come together.
Instead of peptides synthetic polymer nanofibers are also prepared by self assembly of
diblock polymers (AxBy) when the two blocks separate from one another in bulk due to
their incompatibility, the volume formation of A and B can be controlled to obtain B domain
of cylindrical shape with nanoscale diameter that is embedded into matrix A. Polymeric
dendrimers can also self-assemble into nanofibers (Liu et al., 1996; 1999).
The di- and tri-block peptide ampholites (PAs) are designed that are self-assembled into a
rod-like architecture. So a new technique for the self-assembly of PAs into nanofibers by
controlling pH and by engineering the peptide head group of the PAs is developed
(Hartgerink et al., 2001).
According to Hartgerink et al., (2002) and Tambralli et al., (2009) the salient features for
synthesis of the PA involve the following:
1. Phosphoserine residue incorporation to increase hydroxyapatite mineralization.
2. RGD (Arg-Gly-Asp) peptide incorporation to enhance integrin-mediated cell adhesion.
3. Four consecutive cystine residues incorporation forming inter-molecular disulfide bonds
that polymerizes to provide improved structural stability.
4. Flexible linker region incorporation consisting of three glycine residues to provide
flexibility to the head group.
By virtue of the modifications in the structure of the PA enables a variety of self-assemblies
including layered and lamellar structures and by its reversibility properties provides
flexibility to the system. Therefore, the self-assembly technique shows designing potential
novel scaffolds for tissue engineering applications.
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Self assembly shows several advantages over the electrospinning because it produces the
much thinner nanofiber with very thin diameter (Ma, 2008). The fabricated nanofibers have
amino acid residues that may be chemically modified by the addition of bioactive moieties.
Other advantage of this technique is to avoid the use of organic solvent and reduce the
cytotoxicity because it is carried out in aqueous salt solution or physiological media (Ma et
al., 2005). Main disadvantage of this technique is its complicated and elaborated process.
2.10 Rapid prototyping (RP)
RP is also called as solid free-form technique. This technique is more advanced technique for
scaffold fabrication. It is computer controlled fabrication technique. It can rapidly produce
3D object by using layer manufacturing method. RP technique generally comprises the
design of scaffold model by using the computer added design (CAD) software, which is
then expressed as a series of cross section (Lin et al., 2008, Woodfield et al., 2009).
Corresponding to each cross section RP machine lays down a layer of material starting from
the bottom and moving up a layer at a time to create the scaffolds. In typical example, image
of bone defect in a patient can be taken and develop 3D CAD computer model. The
computer then can reduced the model to slice or layers. The 3D objects are constructed layer
by layer by using RP techniques such as fused deposition modeling (FDM), selective laser
sintering (SLS), 3D printing (3D-P) or stereolithography.
Now a day RP is an efficient way for generating the scaffolds of desired property, other
advantage of this technique is to produce the parts with highly reproducible architecture
and compositional variations. RP has advantage over other fabrication techniques, it has
ability to control matrix architecture (size, shape, inter connectivity, branching, geometry
and orientation) yielding biomimetic structure, that varying in design and material
composition. It has ability to control the mechanical property, biological effects and
degradation kinetics of scaffolds (Kai et al., 2009; Hutmacher et al., 2000; 2001).
RP technique can easily be integrated with the imaging technique to produce the scaffolds
that are customized in size and shape allowing the tissue engineered graft to be modified for
particular applications or for individual patient. One of the main drawbacks of this
technique is achieved low resolution by current systems and types of polymeric materials
that are used for this technique
2.11 Melt molding
A large number of techniques are discussed for the fabrication of scaffolds. These scaffolds
fabrication techniques are developed to control the pore interconnectivity and geometry,
which are important for the exchange of nutrient/waste from pore to pore. Melt molding
process involves the filling of teflon mould with PLGA powder and gelatin microspheres of
specific diameter followed by heating the mould above the glass transition temperature of
PLGA while applying pressure to the mixture (Thompson et al., 1995a, 1995 b). This action
causes the PLGA particle to attach together. Once the mould is removed gelatin
microspheres is dissolved by immersing the mixture into water and scaffolds are then dried.
Scaffolds produced by this technique assume the shape of the mould. Melt molding process
was modified to incorporate short fiber of hydroxyapatite (HA). Uniform distribution of HA
fiber throughout the PLGA scaffolds could only be achieved by using the solvent casting
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technique to prepare the composite material of HA fiber, PLGA matrix and gelatin or salt
porogen , which are used in melt molding process (Hou et al., 2003).
2.12 Membrane lamination
Membrane lamination is another SFF-like technique used for constructing three-dimensional
biodegradable polymeric foam scaffolds with precise anatomical shapes. Membrane
lamination is prepared by solvent casting and particle leaching and introducing peptide and
proteins layer by layer during the fabrication process. The membranes with appropriate
shape are soaked with solvent, and then stacked up in three-dimensional assemblies with
continuous pore structure and morphology (Maquet & Jerome, 1997).The bulk properties of
the final 3D scaffolds are identical to those of the individual membrane.
This method generates the porous 3D polymer foams with defined anatomical shape, since
it is possible to use the computer assisted modeling to design the template with desired
implant shape. The disadvantage of this technique is that layering of porous sheets, result in
lesser pore interconnectivity (Hutmacher et al., 2000; 2001) and other disadvantage of this
technique is that it is a time consuming process since only thin membrane can be used in
this process.
2.13 Freeze drying
Freeze drying technique is use for the fabrication of porous scaffolds (Whang et al., 1995;
Schoof et al., 2001). This technique is based upon the principle of sublimation. Polymer is
first dissolved in a solvent to form a solution of desired concentration. The solution is frozen
and solvent is removed by lyophilization under the high vacuum that fabricate the scaffold
with high porosity and inter connectivity (Mandal & Kundu, 2009 a, b).This technique are
applied to a number of different polymers including silk proteins (Vepari & Kaplan, 2007,
Altman et al., 2003) PGA, PLLA, PLGA, PLGA/PPF blends. The pore size can be controlled
by the freezing rate and pH; a fast freezing rate produces smaller pores. Controlled
solidification in a single direction has been used to create a homogenous 3D-pore structure
(Schoof et al., 2001)
Main advantage of this technique is that, it neither requires high temperature nor separate
leaching step. The drawback of this technique is smaller pore size and long processing time
(Boland et al., 2004). A schematic diagram for scaffold fabrication from silk protein by freeze
drying technique is given as an example in figure 1 (Mandal & Kundu, 2008a; 2008b; 2009b;
Kundu et al., 2008).
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Methods

Merits

Demerits

References

Solvent
casting/
particulate
leaching

Control
over
Porosity, pore size
and crystallinity

Ma,
2007;
Xiang et al.,
2006

Porogen leaching

Controlled
over
porosity and pore
geometry
Free of harsh organic
solvents, control over
porosity and pore
size
Control
over
porosity, pore size
and fiber diameter
Control
over
porosity, pore size
and fiber diameter

Limited
mechanical
property,
residual
solvents and porogen
material
Inadequate pore size
and
pore
interconnectivity
Limited
mechanical
property,
inadequate
pore interconnectivity
Expensive
material,
complex
design
parameters
Limited
mechanical
property,
pore
size
decrease
with
fiber
thickness
Difficult
to
control
precisely
scaffold
morphology
Limited polymer type,
highly
expensive
equipment

Zhang et al.,
2003; 2006

Lack
the
stability

Chen
2002

Gas foaming

Self assembly
Electrospinning

Phase separation
Rapid
prototyping
Fiber mesh
Fiber bonding

Melt molding
Membrane
lamination
Freeze drying

No decrease in the
activity
of
the
molecule
Excellent control over
geometry, porosity,
no
supporting
material required
Large surface area for
cell attachment, rapid
nutrient diffusion
High
surface
to
volume ratio, high
porosity
Independent control
over porosity and
pore size
Provide 3D matrix

High
temperature
and separate leaching
step not required

Poor
mechanical
property,
limited
applications to other
polymers
Required
high
temperature for non
amorphous polymer
Lack
required
mechanical
strength,
inadequate
pore
interconnectivity
Small pore size and long
processing time

Table 1. Merits and demerits of different fabrication techniques
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Mano et al.,
2007
Ikada., 2006

Liang et al.,
2007
Smith et al.,
2006
Hutmacher et
al., 2000; 2001
et

al.,

Mooney et al.,
1996
Thompson et
al., 1995 a; b
Maquet
&
Jerome, 1997
Boland et al.,
2004; Mandal
&
Kundu,
2008
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Fig. 1. Schematic diagram of scaffold fabrication from silk fibroin protein by freeze drying
technique. The silk fibroin proteins may be obtained from two different silkworm sources
either from the silk gland of non mulberry late 5th instar silkworm larva as an example from
Indian tropical tasar silkworm (Antheraea mylitta). It is difficult to obtain sufficient amount of
fibroin from cocoon sources of non mulberry (Mandal & Kundu, 2008a; 2008b; 2009 a) or
from cocoons of mulberry silkworm, Bombyx mori (Altman et al., 2003; Mandal and Kundu,
2009b; Kundu et al., 2008).
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3. Conclusion
Scaffolds are used to provide sites for cells attachment, proliferation, differentiation and
migration by up regulating and down regulating the synthesis of protein and growth
factors. They provide mechanical support, deliver inductive molecules or cells to the repair
site. Scaffolds also provide cues to control the structure and function of newly formed tissue.
Recently decellularized extracellular matrix has been suggested as a scaffold for heart valve
tissue engineering or direct implantation. However, cell removal damages the physical and
biochemical properties of the valve leaflet structure. Matrix /polymer hybrid scaffold with
improved biomechanical characteristics may be advantageous for many tissue engineering
aspects such as heart valve tissue engineering (Hao et al., 2008). Equilibrium is needed
between highly porous scaffolds that allow rapid tissue ingrowths and minimize diffusion
limitations and less porous materials that retain both construct shape and the ability to bear
mechanical loads in a complex biochemical and mechanical environment.
The incorporation of the bioactive molecules like the growth factor, enzymes, ECM proteins,
DNA is another vital consideration while designing the scaffolds. The fabrication
methodologies that do not inactivate the biological activity of the bioactive molecule within the
scaffolds need to be used judiciously. Scaffolds can be made by different types of fabrication
techniques. The fabrication techniques provide the regular architectures; allow mechanical and
finite element analyses to be carried out, which permit quantification of suitable mechanical
and chemical microenvironments for cells and tissues assisting in the development of the next
generation of tissue engineered scaffolds. The fabrication technique for the tissue engineered
scaffold is directly related to the bulk and surface properties of the polymer and the proposed
function of the scaffold. While each technique has its inherent merits and demerits, the
appropriate selection of the methodologies must satisfy the requirements of the specific tissue
to be repaired or engineered. Another hindrance in the tissue engineering research and
scaffold design is the ignorance of the researchers on the possible interactions that exists
between different cell types, such as the communication between the scaffold and the cells
seeded within, cells and the different soluble factors, the typical behaviour of cells under the
physical forces (shear, compression and vibration forces)
The different techniques are developed to improve the current scaffold design by controlling
the regular pore size, pore interconnectivity, porosity and pore characterizations that is
suitable for rapid nutrient diffusion and cell attachment. Table 1 shows the most commonly
used scaffolds fabrication technologies for potential tissue engineering applications
indicating their merits and demerits of each technique. Some references given below in this
chapter allow interested readers to go through the detail of fabrication techniques. Recent
advances in both computational topology design (CTD) and solid free-form fabrication (SFF)
have made it possible to create scaffolds with controlled architecture (Hollister, 2005).
Finally, future directions are utilization of modelled scaffolds with in vivo experimentation
to optimize tissue-engineering treatments, and coupling scaffolds with cells, genes and
proteins optimized to create smart scaffolds for tissue regeneration and controlling their
delivery through the scaffold with spatial and temporal resolution.

www.intechopen.com

152

Tissue Engineering

4. Acknowledgements
We wish to thank Ms. Jasdeep Mann for taking interest during the initial stages of this writeup. We fail to accommodate/cite appropriate references of our research colleagues in right
places due to limitation of space being book chapter. For this we regret but we are indebted
to all of our scientific colleagues. Due to their work the writing of this book chapter has been
possible. The authors wish to acknowledge financial support from Bioinformatics SUB-DIC
programme, Department of Biotechnology, Govt. of India, and Indo-US Science and
Technology Forum, New Delhi.

5. References
Altman, G. H.; Diaz, F.; Jakuba, C.; Calabro, T.; Horan, R. L.; Chen, J. Lu, H.; Richmond, J. &
Kaplan, D. L. (2003). Silk based biomaterials. Biomaterials, 24, 401–416.
Baker, B. M.; Gee. A. O.; Metter, R. B.; Nathan, A. S.; Marklein, R. A.; Burdick, J. A. & Mauk, R. L.,
(2008). The potential to improve cell infiltration in composite fiber-aligned electrospun
scaffolds by the selective removal of sacrificial fibers. Biomaterials, 29, 2348-2358.
Bhatia, S. N.; Balis, U. J.; Yarmush, M. L & Toner, M. (1999). Effect of cell-cell interaction in
prevention of cellular phenotype: co-cultivation of hepatocytes and
nanoparenchymal cells. FASEB J. 13, 1883-1900.
Boland, E. D.; Espy, P. G. & Bowlin, G. L. (2004). Tissue engineering scaffolds. In
Encyclopaedia of Biomaterials and biomedical engineering. Wenk G. E.; Bowlin, G. L.
(Edi). pp 1633-1635. Richmong, Verginia , USA.
Chen, C. S.; Mrksich, M.; Saung, S.; Whitesides, G. M. & Ingber, D. E. (1997). Geometric
control of cell life and death. J. Science 276, 1425-1528.
Chen, G.; Ushida, T. & Tateishi, T. (2002). Development of biodegradable porous scaffolds
for tissue engineering. J. Mater Sci Eng C. 17, 63–69.
Chiu, D. T.; Jeon, N. L.; Huang, S.; Kane, R. S.; Wargo, C. J.; Choi, I. S.; Ingber, D. E. &
Whitesides, G. M. (2000). Patterned deposition of cells and protein into surface by
using three dimensional microfluids system. Proc. Natl. Acad. Sci. USA, 97, 2408-2413.
Chiu, J. J.; Chen, L. J.; Lee, P. L.; Lee, C. I.; Lo, L. W.; Usami, S. & Chien, S. (2003). Shear
stress inhibits adhesion molecule expression in vascular endothelial cells induced
by co-culture with smooth muscles cells. J. Blood, 101, 2667-2674.
Chew, S. Y.; Wen, J.; Yim, E. K. & Leong, K. W. (2005). Sustained release of proteins from
electrospun biodegradable fibers. Biomacromolecules, 6, 2017-2024.
Cho, K. Y.; Moon, J. Y.; Lee ,Y. W.; Lee, K. G.; Yeo, J. H.; Kweon, H. Y.; Kim, K . H. & Cho, S.
C. (2003). Preparation of self-assembled silk sericin nanoparticles. Int. J. Biol .
Macromol. 32, 36-42.
Cima, L. G.; Vacanti, J. P.; Vacanti, C.; Ingber, D.; Mooney, D. & Langer, R. (1991). Tissue
engineering by cell transplantation using degradable polymer substrates. J.
Biomechanical Engg. 113, 143−151.
Doshi, J. & Reneker, D. H. (1995). Electrospinning process and application of electrospun
fibers. J. Electrostat. 35, 151-160.
Eberli, D.; Freitas, F. L.; Atala, A. & Yoo, J. J. (2009). Composite scaffolds for the engineering
of hollow organs and tissues. Methods, 47(2), 109-115.

www.intechopen.com

Biomaterial scaffold fabrication techniques for potential tissue engineering applications

153

Flanagan, T. C.; Wilkins, B.; Black, A.; Jockenhoevel, S.; Smith, T. J. & Pandit, A. S. (2006). A
collagen-glycosaminoglycan co-culture model for heart valve tissue engineering
applications, Biomaterials, 27, 2233–2246.
Hao, H.; Nian, G.; Jia, S.; Chao, G.; Ping, H (2008) Fabrication of biomatrix/polymer hybrid
scaffold for heart valve tissue engineering in vitro. ASAIO J 54(6), 627-632.
Hartgerink, J. D.; Beniash, E. & Stupp, S. I. (2002). Peptide-amphiphile nanofibers: a versatile
scaffold for the preparation of self assembling materials. Proc. Natl. Acad. Sci. 99, 5133–8.
Hollister, S. J. (2005). Porous scaffold design for tissue engineering. Nature materials, 4, 518-524
Hou, Q. P.; Grijpma, D. W. & Feijen, J. (2003). Porous polymeric structures for tissue
engineering prepared by a coagulation, compression moulding and salt leaching
technique. Biomaterials, 24, 1937–1947.
Hua, F. J.; Kim, G. E.; Lee J. D.; Son, Y. K. & Lee, D. S. (2002). Macroporous poly (l- lactide)
scaffold 1. Preparation of a macroporous scaffold by liquid-liquid phase separation
of a PLLA- dioxane- water system. J. Biomed. Mater. Res. 63 61-167
Hutmacher, D. W. (2000). Scaffold in tissue engineering bone and cartilage. Biomaterials, 21, 25292543.
Hutmacher, D. W. (2001). Scaffold design and fabrication technologies for engineering
tissues- state of the art and future perspectives. J Biomat Sci. Polym. Ed. 12, 107-124.
Huang, S. & Ingber D. E. (2000) Shape-dependent control of cell growth, differentiation and
apoptosis: switching between attractors in cell regulatory network. Exp. Cell. Res 261,
91-103.
Huang, Y. C. & Mooney, D. J. (2005). Gas foaming to fabricate polymer scaffolds in tissue
engineering. In: Scaffoldings in tissue engineering, Ma X P., Elisseeff J., (Ed.), PP
159,Taylor and Francis group. CRC press, 206, 61-72.
Ikada, Y. (2006). Scope of tissue engineering In: Tissue engineering: fundamental and
applications, Ikada Y. (Ed.). PP 29, Academic press, USA.
Ito, A.; Mase, A.; Takizawa, Y.; Shinkai, M.; Honda, H.; Hata, K. I.; Ueda, M. & Kobayashi, T.
(2003). Transglutaminase-mediated gelatin matrices incorporating cell adhesion
factors as a biomaterial for tissue engineering, J. 0rtho 95, 196–199.
Jin, H. J.; Chen, J.; Karageorgiou, V.; Altman, G.H. & Kaplan, D. L. (2004). Human bone marrow
stromal cell responses to electrospun silk fibroin mats. Biomaterials, 25, 1039–1047.
Joshi, K. B.; Singh, P. & Verma, S. (2009). Fabrication of platinum nanopillers on peptidebased soft structure using a focused ion beam. Biofabrication. doi: 10.1088/17585082/1/2/025002.
Kai, H.; Wang, X.; Madhukar, K. S.; Qin, L.; Yan, Y.; Zhang, R.; Wang, X. (2009). Fabrication
of two-level tumor bone repair biomaterial based on rapid prototyping technique.
Biofabrication, doi: 10.1088/1758-5082/1/2/025003.
Karande, S. T. & Agrawal, M. C. (2008). Functions and requirement of synthetic scaffolds in
tissue engineering. In: Nanotechnology and Tissue Engineering: The scaffolds.
Laurencin, C. T. & Nair, L. S. (Ed.), pp 53, CRC Group, Taylor and Francis group.
Karageorgiou, V. & Kaplan, D. L. (2005). Porosity of 3D biomaterial scaffolds and
osteogenesis. Biomaterials, 26(27), 5474-91.
Katti, D. S.; Robinson, K. W.; Ko F. K. & Laurencin, C. T. (2004). Bioresorbable nanofiberbased system for wound healing and drug delivery: optimization of the fabrication
parameters. J. Biomed. Mat. Res. Part B, App. Biomaterials, 70B, 286–296

www.intechopen.com

154

Tissue Engineering

Kim, B. S.; Baez, C. E & Atala A. (2000). Biomaterials for tissue engineering, World J. Urol. 1, (18),
2–9.
Kretlow, J. D. & Mikos A. G. (2008). From Material to Tissue: Biomaterial Development,
Scaffold Fabrication, and Tissue Engineering. AIChE J. 54(12), 3048-3067.
Kundu, S. C.; Dash, B. C.; Dash, R. & Kaplan, D. L. (2008). Natural protective glue protein
sericin, bioengineered by silkworms: Potential for biomedical and biotechnological
applications. Prog. in Polym. Sci. 33, 998-1012.
Kweona, H. Y.; Yoo ,M. K.; Park, I. K.; Kim, T. H.; Lee, H. C.; Lee, H-S.; Oh, J-S.; Akaike,
T.; Cho, C. S. (2003). A novel degradable polycaprolactone networks for tissue
engineering. Biomaterials, 24, 801–808.
Laurencin, C. T.; Ambrosio, A. M. A.; Borden, M. D. & Cooper, J. A. (1999). Tissue
engineering: orthopedic applications, Annu. Rev. Biomed. Eng. 1, 19–46.
Lavik, E. & Langer, R. (2004). Tissue engineering: current state and perspective, Appl.
Microbiol. Biotechnol. 65 (1), 1–8.
Lee, C. R.; Grodzinsky, A. J. & Spector, M. (2001). The effects of cross-linking of collagenglycosaminoglycan scaffolds on compressive stiffness, chondrocyte-mediated
contraction, proliferation, and biosynthesis. Biomaterials, 22, 3145–54.
Lee, S. H.; Kim, B. S.; Kim, S .H.; Kang, S. W. & Kim, Y. H. ( 2004) Thermally produced
biodegradable scaffolds for cartilage tissue engineering. Macromol. Biosci. 4, 802–810.
Leong, M. F.; Rasheed, M. Z.; Lim, T. C. & Chian, K. S. (2008). Invitro cell infiltration and
invivo cell in filtration and vascularization in fibrous highly porous poly (D,L-Lactic
acid) scaffold fabrication by electrospining technique. J. Biomed. Res. A, 91, 231-240
Liang, D.; Hsiao, B. S. & Chu, B. (2007). Functional electrospun nanofibrous scaffolds for
biomedical applications. Adv. Drug Deliv. Rev. 59, 1392–1412.
Lin, L.; Ju, S.; Cen, L.; Zhang, H. & Hu, Q. (2008). Fabrication of porous, TCP scaffolds by
combination of rapid prototyping and freeze drying technology. Yi Peng, Xiaohong
Weng (Eds.), pp. 88–91APCMBE 2008, IFMBE Proceedings 19, Springer-Verlag,
Berlin Heidelberg.
Li, J. & Shi, R. (2007). Fabrication of patterned multi-walled poly-l-lactic acid conduits for
nerve regeneration. J. Neuroscience Methods, 165, 257-264.
Li, W. J. & Tuan R. S. (2009). Fabrication and application of nanofibrous scaffolds in tissue
engineering. Curr. Protoc. Cell. Biol. 25 Unit 25.2
Liu, G. J.; Qiao, L. J. & Guo, A. (1996). Diblock copolymer nanofibers. Macromolecules, 29, 55085510.
Liu, G. J.; Ding, J. F.; Qiao, L. J.; Guo, A.; Dymov, B. P.; Gleeson, J. T.; Hashimoto, T. & Saijo,
K.(1999). Polystyrene block- poly (2-cinnamoylethyl methacrylate) nanofibers:
Preparation, characterization, and liquid crystalline properties. Chem. Eur. J. 5, 27402749.
Lu, L.; Peter, S.; Lyman, M.; Lai, H.; Leite, S.; Tamada, J.; Uyama, S.; Vacanti, J.; Langer, R. &
Mikos, A. (2000). In vitro and in vivo degradation of porous poly (DL-lactic-coglycolic acid) foams. Biomaterials, 21, 1595-1605
Lu, P. & Ding, B. (2008) Applications of electrospun fibers. Recent Pat Nanotechnol. 2(3),169-82.
Ma, P. X. (2008). Biomimetic materials for tissue engineering. Adv Drug Deliv Rev. 60, 184– 98.
Ma, Z.; Kotaki, M.; Inai, R. & Ramakrishna, S. (2005). Potential of nanofiber matrix as tissueengineering scaffolds, Tissue Engineering, 11, 101–109.

www.intechopen.com

Biomaterial scaffold fabrication techniques for potential tissue engineering applications

155

Ma, P. X. & Langer, R. (1999). Fabrication of biodegradable polymer foams for cell
transplantation and tissue engineering. In Tissue Engineering Methods and
Protocols, Morgan, J., and Yarmush, M. (eds.) Humana Press, NJ, 47
Madurantakam, P. A.; Cost, C. P.; Simpson, D.G.; Bowlin, G. L. (2009). Science of
nanofibrous scaffold fabrication: strategies for next generation tissue-engineering
scaffolds. Nanomed. 4(2), 193-206.
Mandal, B. B. & Kundu, S. C. (2008a). Non-bioengineered silk gland fibroin protein:
characterization and evaluation of matrices for potential tissue engineering
applications. Biotechnology and Bioengineering, 100 (6) 1237 – 50.
Mandal, B. B. & Kundu, S. C. (2008b). Non-bioengineered high strength three-dimensional
gland fibroin scaffolds from tropical non-mulberry silkworm for potential tissue
engineering applications. Macromolecular Bioscience, 8, 807-818.
Mandal, B. B. & Kundu, S. C. (2009a). Cell proliferation and migration in silk fibroin 3D
scaffolds. Biomaterials, 30, 2956-2965.
Mandal, B. B. & Kundu, S. C. (2009b). Osteogenic and adipogenic differentiation of rat bone
marrow cells on non-mulberry and mulberry silk gland fibroin 3D scaffolds.
Biomaterials, 30, 5019–5030.
Mano, J .F.; Silva, G. A.; Azevedo, H. S.; Malafaya, P .B.; Sousa ,R .A.; Silva, S. S.; Boesel, L.
F.; Oliviera, J .M.; Santos, T .C.; Marques, A. P.; Neves, N. M. & Reis. R. L. (2007).
Natural origin biodegradable systems in tissue engineering and regenerative
medicine: present status and some moving trends. J. R. Soc. Interface, 4, 999–1030.
Matthews, J. A.; Wnek, G. E.; Simpson, D. G. & Bowlin G. L. (2002). Electrospinning of
collagen nanofibers. Biomacromolecules 3, 232-238.
Martins, A. M.; Pham, Q. P.; Malafaya, P. B.; Sousa, R. A,; Gomes, M. E.; Raphael, R. M.;
Kasper F. K.; Reis R. L. & Mikos, A. G. (2009). The Role of Lipase and alphaAmylase in the Degradation of Starch/Poly(varepsilon-Caprolactone) Fiber Meshes
and the Osteogenic Differentiation of Cultured Marrow Stromal Cells. Tissue Eng
Part A. 15(2), 295-305.
Maquet, V. & Jerome, R. (1997). Design of macroporous biodegradable polymer scaffolds for
cell transplantations, Mater Sci Forum, 250, 15-24.
Mikos, A. G., Sarakinos, G., Leite, S. M., Vacanti, J. P. and Langer, R. (1993a). Laminated threedimensional biodegradable foams for use in tissue engineering. Biomaterials, 14, 323-330.
Mikos, A. G., Bao, Y., Cima, L. G., Ingber, D. E., Vacanti, J. P. & Langer, R. (1993b).
Preparation of Poly (glycolic acid) bonded fiber structures for cell attachment and
transplantation. Journal of Biomedical Materials Research, 27, 183-189.
Mikos, A. G.; Sarakinos, G.; Vacanti, J. P.; Langar R. S. & Cima L. G (1996) Biocompatible
polymer membranes and methods of preparation of three dimensional membrane
structures. U.S. patent 5, 514, 378.
Mikos, A. G.; Lu, L.; Temenoff, J. S. & Temmser, J. K. (2004). Synthetic Bioresorbable
polymer scaffolds. In: An introduction to material in medicine, Ratner B D, Hoffman A
S, Schoen F J, Lemons J E, (Ed.). pp 743, Elsevier Academic Press. USA.
Mooney, D. J.; McNamara, K.; Hern, D.; Vacanti, J. P. & Langer, R. (1996). Stabilized
polyglycolic acid fibre-based tubes for tissue engineering. Biomaterials, 17, 115–124.
Moore, M. J.; Jabbari, E.; Ritman, E .L.; Lu, L. C.; Currier, B. L.; Windebank, A. J. &
Yaszemski, M. J. (2004). Quantitative analysis of interconnectivity of porous

www.intechopen.com

156

Tissue Engineering

biodegradable scaffolds with micro computed tomography. J. Biomed. Mater. Res.
Part A, 71, 258–267.
Moroni, L.; Hamann, D.; Paoluzzi, L.; Pieper, J.; de Wijn J. R. & van Blitterswijk C. A.
Regenerating articular tissue by converging technologies. PLoS One 3(8) e3032.
Nazarov, R.; Jin, H. J. & Kaplan, D. L. (2004). Porous 3-D scaffolds from regenerated silk
fibroin. Biomacromolecules, 5(3), 718-26.
Ohkawa, K.; Cha, D.; Kim, H.; Nishida, A. & Yamamoto, H. (2004). Electrospinning of
Chitosan. Macromolecular Rapid Communications, 25, 1600-1605.
Plikk, P.; Målberg, S. & Albertsson A. C. (2009). Design of resorbable porous tubular copolyester scaffolds for use in nerve regeneration. Biomacromolecules , 10(5), 1259-64
Reneker, D. H. & Chun, I. (1996). Nanometer diameter fibres of polymer, produced by
electrospinning Nanotechnology, 7, 216-223
Sachlos, E. & Czernuszka, J. T.(2003). Making tissue engineering scaffolds work. Review on
the application of solid free from fabrication technology to the production of tissue
engineering scaffolds. European cells and materials. 5, 29-40.
Schoof, H.; Apel, J.; Heschel, I. & Rau, G. (2001). Control of pore structure and size in freezedried collagen sponges. J. Biomed Mater Res. 58, 352–7.
Smith, L. A.; Beck, J. A. & Ma, P. X. (2006). Nano fibrous scaffolds and their biological
effects. In: Tissue Cell and Organ Engineering, Kumar, C. (Ed.), pp 195, Wiley-VCH.
Solchaga, L. A.; Goldberg, V. M. & Caplan, A. I. (2001) Cartilage regeneration using
principles of tissue engineering. Clin. Orthop. Relat. Res. 391, S, 161-170.
Sukigara, S.; Gandhi, M.; Ayutsede, J.; Micklus, M. & Ko, F. (2003). Regeneration of Bombyx
mori silk by electrospinning—part 1: processing parameters and geometric
properties. Polymer, 44, 5721–5727.
Tambralli, A.; Blakeney, B.; Anderson, J.; Kushwaha, M.; Andukuri, A.; Dean, D. & Jun, H.
W.(2009). A hybrid biomimetic scaffold composed of electrospum Polycaprolactone
nanofibers and self-assembled peptide amphiphile nanofibers. Biofabrication 1.
025001, 11.
Thompson, R. C.; Wake, M. C.; Yaszemski, & Mikos, A. G. (1995a). Biodegradable polymer
scaffolds to regenerate organs. Adv Polymer Sci 122: 245-274.aton, FL. pp 173-195.
Thompson, R. C.; Yaszembksi, M. J.; Powers, J. M.; Harrigan, T. P. & Mikos, A. G (1995b).
Poly (a-hydroxy ester)/short fiber hydroxyapatite composite foams for orthopaedic
applications. In: Polymers in Medicine and Pharmacy, Vol 394. Mikos AG, Leong
KW, Yaszemski MJ, (Ed.). pp. 25-30, Materials Research Society Symposium
Proceedings, Pittsburgh USA.
Vepari, C. & Kaplan, D. L. (2007). Silk as a Biomaterial. Prog. Polym. Sci. 32(8-9), 991-1007.
Venugopal, J.; Prabhakaran, M. P.; Low, S.; Choon, A. T.; Zhang, Y. Z.; Deepika, G. &
Ramakrishna, S. (2008). Nanotechnology for nanomedicine and delivery of drugs.
Curr Pharm Des. 14(22), 2184-200.
Woodfield, T. B.; Guggenheim, M.; von Rechenberg, B.; Riesle, J.; van Blitterswijk, C. A. &
Wedler, V. (2009). Rapid prototyping of anatomically shaped, tissue engineered
implants for restoring congruent articulating surfaces in small joints. Cell Prolif. (4),
485-97
Xiang, Z.; Liao, R., Kelly, M. S. & Spector, M. (2006). Collagen–GAG scaffolds grafted onto
myocardial infarcts in a rat model: a delivery vehicle for mesenchymal stem cells, J.
Tissue Eng. 12, 2467–2478.

www.intechopen.com

Biomaterial scaffold fabrication techniques for potential tissue engineering applications

157

Yang, F.; Murugan, R.; Wang, S. & Ramakrishna, S. (2005). Electrospinning of nano/micro
scale poly (L-lactic acid) aligned fibers and their potential in neural tissue
engineering. Biomaterials, 26, 2603–2610,
Zarkoob, S.; Eby, R. K.; Reneker, D. H.; Hudson, S. D.; Ertley D. & Adams, W. W. (2004).
Structure and morphology of electrospun silk nanofibers. Polymer, 45, 3973–3977.
Zhang, S. (2003). Fabrication of novel biomaterial through molecular self assembly. J. Nat.
Biotechnol. 21, 1171-1178.
Zhang, S.; Zhao, X. & Spirio, L. (2006). Pura matrix: self assembling peptide nanofiber
scaffolds. In “scaffolding in tissue Engineering “(P.X. Ma and J Elisseeff eds.) pp.
217-236. CRC press, Boca raton, FL.

www.intechopen.com

158

www.intechopen.com

Tissue Engineering

Tissue Engineering

Edited by Daniel Eberli

ISBN 978-953-307-079-7
Hard cover, 524 pages
Publisher InTech

Published online 01, March, 2010

Published in print edition March, 2010
The Tissue Engineering approach has major advantages over traditional organ transplantation and
circumvents the problem of organ shortage. Tissues that closely match the patient’s needs can be
reconstructed from readily available biopsies and subsequently be implanted with minimal or no
immunogenicity. This eventually conquers several limitations encountered in tissue transplantation
approaches. This book serves as a good starting point for anyone interested in the application of Tissue
Engineering. It offers a colorful mix of topics, which explain the obstacles and possible solutions for TE
applications.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
B. Subia, J. Kundu and S. C. Kundu (2010). Biomaterial Scaffold Fabrication Techniques for Potential Tissue
Engineering Applications, Tissue Engineering, Daniel Eberli (Ed.), ISBN: 978-953-307-079-7, InTech, Available
from: http://www.intechopen.com/books/tissue-engineering/biomaterial-scaffold-fabrication-techniques-forpotential-tissue-engineering-applications

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercialShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and
derivative works building on this content are distributed under the same
license.

