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INTRODUCTION
TISSUE ENGINEERING AND
REGENERATIVE MEDICINE
Tissue engineering is a newly emerging field in
developing functional substitutes for damaged
tissues. Vacanti J et al defined tissue engineering
as an interdisciplinary field that applies the
principles of engineering and life sciences towards
the development of biological substitutes that
restore, maintain, or improve tissue function or a
whole organ.1(figure 1) Robert Samuel Langer is
an American chemical engineer, scientist,
entrepreneur, inventor and one of the twelve
Institute Professors at the Massachusetts Institute
of Technology He is a widely recognized and cited
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researcher in biotechnology, especially in the
fields of drug delivery systems and tissue
engineering. He is often referred to as one of the
pioneers of tissue engineering field.2

Figure 1-The Vacanti mouse

Abstract Tissue engineering is an important therapeutic strategy for present and future medicine.The goal in tissue
engineering is to restore, regenerate, maintain, or improve function in defective tissue or lost tissue due to
different disease conditions. This may be possible by using the biological substitutes or by rebuilding
structural scaffolds that induce tissue regeneration. Through this approach it is possible to increase the life
span of patients suffering from defective tissues and it has tremendous applications in the field of dentistry,
orthopaedics, cardiology, cancer research, drugdiscovery and even in neuroregeneration.Critical sized bone
defect repair remains a substantial challenge and requires bone grafts or bone substitute materials. However,
existing biomaterials often do not meet the clinical requirements of structural support, osteoinductive
property and biodegradability.To treat large scale bone defects, the development of three dimensional (3D)
printed scaffolds (figure 3) has received considerable focus within tissue engineering.A variety of biomaterials
and manufacturing methods, including 3D printing, have emerged to fabricate patient specific scaffolds.Three-
dimensional (3D) printing is an emerging technique capable of building complex 3D geometric structures,
which can be used as scaffolds for craniofacial tissue engineering including the fabrication of biocompatible
polymeric implants, development of biodegradable scaffolds, and organ transplants.Ultimately, 3D printing
technology is likely to become, an essential tool for maxillofacial, plastic and reconstructive surgeons
potentially to improve facial reconstruction surgical outcomes, along with patient satisfaction and the
quality of life of patients.
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Tissue engineering is an important therapeutic
strategy for present and future medicine. Tissue
engineering involves the practice of combining
scaffolds, cells, and biologically active molecules
into functional tissues and thus restore, regenerate,
maintain, or improve function in defective tissue
or lost tissue due to different disease conditions.
Thus, it helps to promote healing and helps to
restore the tissues structure and function,more
predictably,more quickly and less invasively.This
may be possible by using the biological substitutes
or by rebuilding structural scaffolds that induce
tissue regeneration.3Through this approach it is
possible to increase the life span of patients
suffering from defective tissues and it has
tremendous applications in the field of
dentistry4orthopedics, cardiology, cancer
research5, drug discovery 6 and even in
neuroregeneration.7

TISSUE ENGINEERING TRIAD
The tissue engineering approach to bone and
periodontal regeneration combines three key
elements to enhance regeneration and hence
referred to as the tissue engineering triad and they
are ;(figure 2)

· Progenitor cells
· Biomolecules
· Scaffolds

Figure 2- The three essential components that
make up the tissue engineering triad

SOURCE OF CELLS FOR TISSUE
ENGINEERING STRATEGIES
Over the last decade,the regenerative capacity of
progenitor cells has increasingly emerged making

these cells an attractive option for use in tissue
engineering applications. Cell sources include
stem cells and host-derived cells that are typically
cultured ex vivo on the biomaterial before
implantation.8 Two broad categories of cell
populations available as sources of bone
regeneration include osteoblasts and multipotent
cells.9 Most commonly used stem cells for bone
regeneration are as follows:

Bone marrow-derived mesenchymal stem cells
A stem cell type for bone and cartilage repair is
the adult BM-MSC; these cells have been shown
to be able to differentiate from a generic marrow
cell population to an osteogenic lineage and have
been used to augment repair of bone.10 These cells
can be removed from marrow and used to enhance
regenerative potential of scaffolds used for
stabilizing artificial hip joints or for joining critical
sized defects in bone that would not otherwise
heal.

Adipose derived stem cells (ADSCs)
Adipose derived stem cells were first identified
as mesenchymal stem cell, and has been studied
as a cell source for tissue engineering and
regenerative medicine. They are considered to
be a mediator of tissue regeneration through
secretion of multiple growth factors including
fibroblast growth factor, vascular endothelial
growth factor, insulin like growth factor -1 and
transforming growth factor. ADSCs have an
immense potential in wound healing
application.11

Cord derived mesenchymal stem cells
Since the discovery that umbilical cord blood
contains MSCs that can undergo multilineage
differentiation, much research has been focused
on determining their applications. The analysis
of their gene expression profile reveals similarities
tobone marrow mesenchymal derived stem cells,
with an ability to differentiate into adipocytes,
osteoblasts, hepatocytes and neuronal-like cells.
The use of cord derived MSCs would greatly
improve the availability of matched tissues and
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can be used as an alternative as the differentiation
potential of bone marrow derived MSCs decreases
with age.10

Urine derived stem cells
Urine stem cells can serve as a better option for
bone transplants in children due to the efficient
proliferative, self-renewal, and differentiation
capability of USC to convert into osteoblasts.12

GROWTH FACTORS USED IN BONE
REGENERATION
Growth factors represent a large family of
polypeptide molecules that modulate cell responses
such as cell attachment/adhesion, cell survival,
proliferation, chemo taxis and differentiation.13

Growth factors (GFs) such as BMPs, FGFs, VEGFs
and IGFs have been widely utilized for bone tissue
regeneration. GFs are usually stored in the
extracellular matrix (ECM); however, they are
released from the ECM after injury and then
contribute to the bone repair process.

During bone repair, cells of the bone environment,
such as bone marrow stromal cells, endothelial
cells, fibroblasts, inflammatory cells and
osteoblasts, produce GFs. Varius growth factors
used in periodontal regeneration are Platelet
Derived Growth factor, fibroblast growth factor,
periodontal ligament growth factor, Insulin like
growth, transforming growth factor (TGF-â) and
bone morphogenetic proteins.14

Platelet derived growth factor
It is considered to be a potent mediator of
periodontal tissue regeneration. It stimulates
gingival fibroblast hyaluronate synthesis, a pre
requisite for the formation of large aggregate of
proteoglycans that provide the lattice for
extracellular matrix. . Samuel E. Lynch (1991)
demonstrated that short term application of the
combination of PDGF-B (platelet derived growth
factor) and IGF-I (Insulin growth factor) can
significantly enhance the formation of
periodontal attachment apparatus during early
phases of wound healing following surgery.15

Fibroblast growth factor
Fibroblast growth factor is the member of heparin
binding growth factor family. Being a mitogen for
fibroblasts, osteoblasts, chondrocytes, smooth
muscle cells, skeletal myoblast, it has a profound
effect on periodontal soft tissue and bone healing.
FGF also stimulates angiogenesis, DNA synthesis
and cell replication.1

Bone morphogenetic proteins
BMP promote periodontal healing and also helps
undifferentiated pluripotent cells to differentiate
into cartilage and bone forming cells. It also
stimulates alkaline phosphatase activity, thereby
promoting bone formation. Thorarinn J.
Sigurdsson (1995) did a study on beagle dog with
artificially created 5 mm deep bone defects and
concluded that rhBMP-2 treated sites showed
higher alveolar bone level when compared with
the control sites.17

Insulin like growth factor
Insulin like growth factor-I is a potent chemotactic
agent and has a strong effect on periodontal
ligament fibroblasts mitogenesis and protein
synthesis in vitro. It promotes osteogenesis and
cementogenesis. IGF-II is the most abundant
growth factor in the bone and it also promotes
parameters of bone formation but is not as potent
as IGF1.18

Transforming growth factor
TGF-â is a strong promoter of extracellular matrix
production periodontal ligament fibroblast
proliferative activity. It also increases the synthesis
of tissue inhibitor of metalloproteinases and
plasminogen activator inhibitor (PAI), thus
resulting in the decrease of connective tissue
destruction.19

SCAFFOLDS IN BONE REGENERATION
Scaffolds are materials that have been engineered
to cause desirable cellular interactions to
contribute to the formation of new functional
tissues for medical purposes. Cells are often
‘seeded’ into these structures capable of
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supporting three-dimensional tissue formation.20

The major roles for scaffolds in tissue engineering
are:
1. It serves as a framework, which maintains

the shape of the defect. It provides physical
support for the healing area so that there is
no collapse of surrounding tissue into the
wound site.

2. It allows cell attachment and migration,
deliver and retain cells and biochemical
factors, enable diffusion of vital cell
nutrients.

3. It serves as a barrier to restrict cellular
migration in a selective manner.

4. It potentially serves as a delivery vehicle for
growth factors.

Methods of bone formation by scaffolds
Osteoinductivity
Involves stimulation of osteoprogenitor cells to
differentiate into osteoblasts and then begins
formation of new bone. The most widely studied
type of osteoinductive cell mediators are bone
morphogenetic proteins.21

Osteoconductivity
The property by which bone graft material serves
as a scaffold for new bone growth, which is
perpetuated by the native bone. Osteoblasts from
the margin of defect that is being grafted, utilize
the bone graft material as a framework upon
which to spread and generate new bone.21

Osteogenicity
It is the synthesis of new bone by donor cells
derived from either the host or graft donor. Cells
involved in this process include mesenchymal
stem cells, osteoblasts and osteocytes.22The
techniques currently used in the medical field are
based on auto-grafts and allografts.

Types of scaffold based on source
Autograft
Autogenous bone graft, is harvested from the

patient’s own body and is considered as a gold
standard by which other grafting materials are
compared. However, the drawbacks of the
autograft include donor site complication and
pain ,  increased blood loss ,  increased
operative time, potential for donor site
infection and limited volume of material
available.23

Allograft
Allografts are harvested from one individual and
is grafted to another individual who are genetically
different. They also present limitations in their
mechanical resistance and the potential risk of
disease transmission from the donor such as HIV,
hepatitis B, hepatitis C, and human T-
lymphotropic virus.23

There are three types of bone allografts
available:
1. Fresh or fresh-frozen bone:
 It is a homologous bone obtained from human
donors, provided by Tissue Banks. In order to
avoid degradation, it is frozen at -80°C by
enzymes, without further irradiation,
lyophilization or demineralization process. It is
not used extensively due to disease transmission
and high immune response.

2. FDBA-Freeze Dried Bone Allograft:
The bone has been frozen without
demineralization and undergone dehydration
leading to the decreased antigenicity and
osteoconductive potential of 40:3.

3. DFDBA- Demineralized freeze-dried bone
graft:
Inorganic part of the bone is eliminated leaving
only the organic part that contains BMPs. These
materials exhibit osteoconductive and inductive
features.24

Xenografts
Xenografts are sections of tissue from one
species grafted on to a different species.
Xenografts are derived from bovine, porcine,
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equine, and coralline, marine source-fish bones
and fish scale and are generally biocompatible
and structurally similar to human bone. They
are used to withstand blood clots, support
surgical flaps and prevent them collapsing
inside surgical wounds. Currently, there are two
available sources of xenografts used as bone
replacement grafts in periodontics; bovine bone
and natural coral.23

Alloplasts
Alloplastic grafts  may be made from
hydroxyapatite, a naturally occurring mineral
(main mineral  component of bone).
Hydroxyapatite is a synthetic bone graft, which
is the most used one now due to i ts
osteoconduction, hardness, and acceptability
by bone. Some synthetic bone grafts are made
of calcium carbonate, but it is completely
resorbable in short time and makes breaking
of the bone easier.  Finally used is  the
tricalcium phosphate in combination with
hydroxyapatite and thus giving effect of both,
osteoconduction and resorbability.Bioglass is
the most widely employed biomaterial because
of its bioactive property.23

Among all types of bone grafts, only autografts
possess all the above features. Allografts and
xenografts exhibit only two or three of the four
features of an ideal bone scaffold material
(osteoconduction, and perhaps osteoinduction)
and lack osteogenic properties.24

APPLICATION OF 3D PRINTING
TECHNIQUE FOR FABRICATING
PATIENT SPECIFIC SCAFFOLDS
Critical sized bone defect repair remains a
substantial challenge and requires bone grafts
or bone substitute materials.However,existing
biomaterials often do not meet the clinical
requirements of structural support,
osteoinductiveproperty and biodegradability. To
treat large scale bone defects,the development
of three dimensional (3D) printed scaffolds
(figure 3) has received considerable focus

within tissue engineering.A variety of
biomaterials and manufacturing methods,
including 3D printing,have emerged to fabricate
patient specific scaffolds.25 Three-dimensional
(3D) printing is an emerging technique capable
of building complex 3D geometric structures,
which can be used as scaffolds for craniofacial
tissue engineering including the fabrication of
biocompatible polymeric implants,
development of biodegradable scaffolds, and
organ transplants.

Figure 3 -3D printed scaffold

Three-dimensional (3D) bioprinting is a
developing technology that is derived from the
evolution of additive manufacturing. It enables
precise development of a scaffold from
different available biomaterials that mimic the
shape, size, and dimension of a defect without
relying only on the surgeon’s skills and
capabilities, and subsequently, may enhance
surgical  outcomes and, in turn,  patient
satisfaction and quality of life.26Recently, the
CAD technology combined with the advances
in the 3D bioprinting technology has
succeeded in the construction of scaffolds for
tissue regeneration that was translated and
implanted in patients for the repair of the
blood vessels, urethra, urinary bladder, and
trachea.27
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CONCLUSION
Tissue engineering provides a new era and is
progressing very rapidly and extends to involve
all tissues in our body. The progress in this field
is taking several routes including; cell biology,
the development of novel scaffolds/fabrication
methods/characterisation techniques. The near
future of bone healing and regeneration is closely
related to advances in tissue engineering. Perhaps
new strategies like 3D printing are in their
preliminary stages but may offer new exciting
alternatives in near future and would be able to
solve the current limitation in managing bone
injuries.Ultimately, 3D printing technology is
likely to become, an essential tool for
maxillofacial, plastic and reconstructive surgeons
potentially to improve facial reconstruction

surgical outcomes, along with patient satisfaction
and the quality of life of patients.
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