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Abstract

Bone tissues can repair and regenerate itself in many clinical cases, bone fractures repair without scar formation.
Nevertheless, in large bone defects and pathological fractures, bone healing fail to heal. Bone grafting is defined as
implantation of material which promotes fracture healing, through osteoconduction osteogenesis and osteoinduction.
Ideal bone grafting depends on several factors such as defect size, ethical issues, biomechanical characteristics,
tissue viability, shape and volume, associated complications, cost, graft size, graft handling, and biological
characteristics. The materials that are used as bone graft can be divided into separate major categories, such as
autografts, allografts, and xenografts. Synthetic substitutes and tissue-engineered biomaterials are other options.
Each of these instances has some advantages and disadvantages. Between the all strategies for improving fracture
healing and enhance the outcome of unification of the grafts, tissue engineering is a suitable option. A desirable
tissue-engineered bone must have properties similar to those of autografts without their limitations. None of the used
bone grafts has all the ideal properties including low donor morbidity, long shelf life, efficient cost, biological safety,
no size restriction, and osteoconductive, osteoinductive, osteogenic, and angiogenic properties; but Tissue
engineering tries to supply most of these features. In addition it is able to induce healing and reconstruction of bone
defects. Combining the basis of orthopedic surgery with knowledge from different sciences like materials science,
biology, chemistry, physics, and engineering can overcome the limitations of current therapies. Combining the basis
of orthopedic surgery with knowledge from different sciences like materials science, biology, chemistry, physics, and
engineering can overcome the limitations of current therapies.
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Introduction
We know that the bone tissues can repair and regenerate itself in

many clinical cases, bone fractures repair without scar formation.
Nevertheless, in large bone defects and pathological fractures, bone
healing fail to heal. Also infection of the bone or insufficient blood
supply can influence bone healing negatively, that cause delayed
unions or even non-unions [1]. After blood, Bone is the second most
commonly transplanted tissue. Bone grafting is defined as
implantation of material which promotes fracture healing, through
osteoconduction osteogenesis and osteoinduction [2].

Ideal bone grafting depends on several factors such as defect size,
ethical issues, biomechanical characteristics, tissue viability, shape and
volume, associated complications, cost, graft size, graft handling, and
biological characteristics [3].

The materials that are used as bone graft can be divided into
separate major categories, such as autografts, allografts, and
xenografts. Synthetic substitutes and tissue-engineered biomaterials are
other options. Each of these instances has some advantages and
disadvantages. Allografting and xenografting are with osteoconductive
and osteoinductive characteristics but without the osteogenic
properties of autografting [4]. Autogenous bones are the "gold
standard" in regeneration of small bone defects because they have
strong osteogenic properties for bone healing. Some of the autografts
disadvantages are donor site morbidity and major vessel injuries
during harvesting. Because of these reasons, some alternative options

have introduced [5]. Allograft is another option with risk of rejection
and transmission of diseases. Allografts have less incorporating
characteristic with host tissues in comparing with autografts.
Xenografts, moreover to allografts disadvantages, have risks of
transmission of zoonotic diseases. Because of these problems, bone
tissue engineering has been introduced recently [6]. Bone tissue
engineering involves application of scaffolds, growth factors and cells.
Using tissue engineering techniques decrease disadvantages of
traditional bone grafting and improve osteoinductivity,
osteoconductivity and osteogenicity [7] (Figure 1).

Figure 1: Type of bone grafting, autograft, allograft, xenograft and
tissue engineering.
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Tissue engineering has several limitations, such as: use of an extent
variety of substance in producing tissue-engineered scaffolds or grafts.
Therefore, translational examinations of each material are limited, that
reduce their clinical applications. So, some important facet of
interaction of host graft and immune response to these biomaterials,
and scaffolds are still not clear. Tissue engineering advances make us
the able to repair bone tissue [8].

Literature Review

Bone grafts structure
Cortical bone usually has higher mineral contents in comparing to

cancellous bone. Besides, presence of spaces in cancellous bone, make
it more osteogenic in comparing cortical bone. Strength and stiffness
of the cortical bone are more than cancellous bone. Surgeon must be
aware of these structural differences in bone in selecting a graft. Bone
grafts may be cancellous, cortical, or cortico-cancellous [9].

Cortical bone grafting mostly are used for strength and structural
support, and cancellous bone grafting for osteogenesis. Using cortico-
cancellous bone grafts supply osteogenesis and structural support.
Cancellous bone grafting is usually used in small bone defects, fracture
non-union, maxillofacial defects, spinal fusion, and dental defects.
Cancellous bone grafts lack mechanical strength. Cancellous bone
grafts has porous structure and enhance bony ingrowth because it
allows faster revascularization [10].

Properties of bone grafts
Comprehending of the biological properties of bone grafts is needed

to decide what kind of bone graft is more suitable for a given
condition. An ideal bone graft material should have osteoconductivity,
osteoinductivity, and osteogenesis characteristics [11].

Osteoconduction is a property that in accordance with the graft acts
as a resorbable and permanent scaffold, mechanically supporting for
vessels ingrowth. These properties initiate new bone formation [12].

Osteoinduction is the ability of the bone graft for inducing bone
formation with differentiation stem cells from the surrounding tissues
for producing osteoprogenitor cells and development of osteoblasts.
This ability has discovered in different growth factors such as bone
morphogenetic proteins including transforming growth factor-β,
BMP-2 and BMP-7, insulin-like growth factor, platelet-derived growth
factor and fibroblast growth factor [13].

Osteogenesis is function to produce new bone formation by the
osteoblastic differentiation from osteoprogenitor cells present in host
bone or graft material. This characterization is present in autografts in
comparing to allografts or xenografts, due to the cellular content of
allografts and xenografts have low viability in host body [14].

Among all bone grafts, just autografts possess all three above
features and Allografts and xenografts exhibit just one or two of the
three features of an ideal bone graft [15].

Unification of bone grafts
Unification of grafts within the host bone depends on properties

like graft revascularization. Fast unification and good healing of the
bone graft can be achieved with optimal quality and speed of
revascularization, if there be sufficient independent vascular supply for

defect site. In non-vascularized bone grafts, capillaries slowly penetrate
into the graft, and the healing process is thus prolonged [16].

In any case of the structure or source, all transplanted grafts
continued through five stages: inflammation, revascularization,
osteoinduction, osteoconduction, and finally remodeling. The duration
of each stage can vary depending on the properties of the bone graft.
Incorporation will delay if interference with vascularization, including
excessive micromotion and infections at the reconstructed area [17]. In
cortical bone grafts, vascularization or capilarization is slower and
occurs along Haversian canals, despite it's performed by sneaking
substitution in cancellous bone grafts. In the last process, the new
osteoblasts line the trabeculae of new bone to resorption of bone by
osteoclasts; but in cortical grafts, osteoclastic resorption is a
prerequisite before giant osteoblasts can produce new bone formation
[18].

In second and third stages of bone healing, the immune system of
host becomes active against the donor antigenicity. Unification of
cancellous autogenous bone is fastest, followed by cortical autogenous
bone, cancellous and cortical allogenous, and xenogenous, respectively.
Because allogenous and xenogenous bone are not genetically matched,
they would initiate an immune response. When allogenous and
xenogenous bone are used, so, it's more likely that the bone graft will
fail and the donor tissue will rejected. fresh-frozen or freeze-dried
allografts and xenografts weaker immunologic responses than fresh
ones [19].

Types of grafts
Autografts, allografts, and xenografts as well as bone graft

substitutes are all applied to enhance bone defects healing. Autografts
bone has limitations in massive bone defects and pathologic fractures;
so, other grafts have introduced to overcome these autografts
limitations. All types of the available options have limitations and
selection of a good graft depends on the surgeon's experience [20].

Autografts: Bone grafts which are harvested from one site of body
and implanted into other site in the same person are termed
autogenous bone grafts, autologous, or autografts. Autografts may be
cortical or cancellous bone or cortico-cancellous grafts. Fresh
autogenous bone contains surviving cells and also osteoinductive
proteins including BMPs. They are the best materials that are available,
because of lacking immunogenicity [21]. They keep their viability short
time after transplantation and the lack of immunogenicity so they
enhance the chances of graft unification into the host site. In addition,
the osteoinductive, osteoconductive, and osteogenic properties of
autografts are optimal, and give us the presence of osteogenic cells,
osteoprogenitor cells, stem cells and growth factors [22]. Autografts
don't transmit viral disease; in addition, they offer structural support
for implanting devices and, eventually, become mechanically efficient
structures as they are unified into the host bone through creeping
substitution. Autografts implies supplemental surgery with a high
chance of donor site morbidity, pain, and complications. If in the
orthopedic surgery we need massive grafting, sufficient amounts of
autogenous bone may not be available [23].

Different sites of body have been applied for harvesting the bone
grafts. Grafts may be harvested from the proximal or distal radius and
tibia, the proximal humerus, calcaneus, iliac crest, the distal ulna, ribs,
and the proximal olecranon [24]. Each of these sources has advantages
and also disadvantages; but the iliac crest has most advantages,
including: easy accessibility and availability of adequate amounts
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cortical and cancellous bones. However, graft obtained from this site
can make urethral, arterial, nerval, and injury, and pelvic fracture. So,
other sites like distal radius have been used [25].

Generally, the success of bone autograft depends on the survival of
the osteogenic cells, handling of the graft, conditions at the recipient
bed, type of graft chosen. Fresh autograft has the capability of new
bone formation supporting. If inductive molecules like BMPs be locally
delivered on a graft, the stem cells can be attracted to the site and they
are capable of reproducibly inducing new bone formation [26].

Allografts: Allografts are optioned from one person and implanted
into another person from the same species. Because of the autografts
limitations, allografts have used clinically as a common alternative to
autografts. Allograft bones are finded from regional tissue banks and
by most major spinal and orthopedic companies [27].

Allografts are applied in both structural and morselized forms and
are supplied as cortical, cancellous, or cortico-cancellous bone grafts
and in different forms such as powder, cancellous cubes, and cortical
chips. Allografts also can be processed in the forms of fresh, fresh-
frozen, or freeze-dried forms, mineralized or demineralized. They can
be achieved from cadavers or living persons [28]. The most important
advantages of them are their ready availability in different sizes and
shapes, avoidance of sacrificing host tissues, and absents of challenges
of donor site morbidity. The Allogenous bone has variable
osteoconductive and osteoinductive properties but lack viable cells
and, so, have no osteogenic potential [29].

The allografts have the risk of transmitting bacterial and viral
diseases, including: hepatitis B and C, HIV and in addition they can
induce immunological reactions which interfere with the fracture
healing process and lead to bone graft rejection. Moreover, the rate of
bone healing, in application of allografts, is usually lower than the
autografts [30].

Because of the higher chance of immune response and also the risk
of viral and bacterial transmission, fresh bone allografts are rarely
used; and frozen and freeze-dried allografts, are used which immune
reactions is minimized, and the biomechanical and biological
properties are only partially affected [31].

Freeze-dried and fresh-frozen bone allografts induce more prompt
graft incorporation, vascularization, and bone regeneration than fresh
bone allograft. Freeze drying of bone allografts produces a safer bone
graft in terms of reducing the risk of immunologic responses and
transmission of diseases [32]. Despite modern sterilization, processing
of bone allografts with using freeze-drying and fresh-frozen techniques
and treating the graft by acetone, ethylene oxide, hypotonic solutions,
or gamma irradiation that can eliminate cellular, bacterial and viral
particles and therefore decrease the risk of infectious and transmissible
diseases, the application of bone allografts is not completely safe [33].
The processes like this can destroy the osteoblasts and denature
proteins present in the graft including BMPs and alter osteoinductive
and osteoconductive properties, and essentially eliminating the
osteogenic characteristic [34].

So, freeze-dried bone allografts take longer to become incorporated
and revascularized than autografts. Freeze-drying method also
decreases the mechanical strength of the alografts, and the cost of
process allografts is high. Mineral component of allografts can be
removed by acid and process called demineralization to obtain
demineralized bone matrix that has osteoconductive and
osteoinductive properties [35]. Demineralized bone matrix

revascularizes fast, and its biological properties are attributed to
proteins and different growth factors present in the ECM. Because of
these major disadvantages, bone allografts aren't the perfect substitute
for autograft [36].

Xenografts: Another alternative to autografts are xenografts, that
known as xenogenic grafts or heterologous. Xenograft bones are
harvested from one person and transplanted into another person of a
different species. The common attainable bone xenografts are derived
from coral, bovine and porcine sources. Xenografts are an unlimited
provide of available material for transplantation in humans [24]. A
major risk with xenografts is the potential transmission of zoonotic
diseases. Xenograft bones, like allograft, lose their osteogenic and some
osteoinductive characteristic during the processing. Xenografts make
poor clinical outcome [34].

There are several researches about using different animals in
xenografting such as canine bovine, porcine and coral graft. Bovine
bone xenografts have had organic substances extracted; the remaining
structure with fine pores is like natural bone, chemical compound or
microstructure. It has a non-antigenic, natural porous matrix and is
identical to the mineral phase of bone tissue [24]; it has been
demonstrated which high osteoconductive property and to show a very
low resorption rate. The researches demonstrated that all the materials,
with the exception of mineralized bovine bone (Surgibone), were
biocompatible for osteoblasts of human. Anorganic bovine bone
doesn’t have osteoinductive properties, and when it is in the form of
granules makes it difficult to hold on surgical sites. Moreover, bovine
xenograft is non resorbable in vivo [37].

Bone tissue engineering
Tissue engineering means combining those branches of scientific

fields so that the principles of the life knowledge and engineering are
applied to regenerate, restore, maintain, or increase in the quality of
tissue structure and tissue function. It's based on the understanding of
regeneration and tissue formation, and production of new functional
tissues. The tissue engineering scientists hope to reach this purpose by
combining knowledge from materials science, physics, chemistry,
engineering, medicine, and biology [37]. This question is mooted that
what is needed by orthopedic surgeons to properly apply tissue
engineering for new bone formation? Bone tissue engineering, like any
other tissue healing methodologies, needs the three following essential
elements including cells, extracellular matrix, and growth factors:
Cellular components must be present to give rise to new structural
tissue [38]. They can be obtained from an exogenous source or
endogenously from the surrounding tissues. Differentiators and
growth factors must be present for the suitable development of the
cellular elements. They can be provided exogenously, produce by the
transferred cells, or derived from endogenous sources. A good scaffold
can be instituted to supply a substrate for cellular proliferation,
attachment and differentiation [39]. It may serve to prevent
mobilization, provide biomechanical support, organize and align tissue
hierarchy and orient growth factors or drugs to the responding cells
[40]. Bone has a three dimensional configuration, and the cells don't
grow in a three dimension fashion in vitro, therefore a scaffold as a
three dimensional structure, mimicking bone structure, must be used
so that the new tissue can be grown in a three dimension manner [41].
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Discussion and Conclusion
To design an efficient bone graft and substitute, the orthopedic

surgeons and researchers must have sufficient knowledge of the
properties of grafts including osteoconductivity, osteoinductivity, and
osteogenesis, and their advantages and disadvantages [19]. Autografts
usually are the gold standard for bone regeneration. Between the all
strategies for improving fracture healing and enhance the outcome of
unification of the grafts, tissue engineering is a suitable option. A
desirable tissue-engineered bone must have properties similar to those
of autografts without their limitations [16].

None of the used bone grafts has all the ideal properties including
low donor morbidity, long shelf life, efficient cost, biological safety, no
size restriction, and osteoconductive, osteoinductive, osteogenic, and
angiogenic properties [6]; but Tissue engineering tries to supply most
of these features. In addition it is able to induce healing and
reconstruction of bone defects. Combining the basis of orthopedic
surgery with knowledge from different sciences like materials science,
biology, chemistry, physics, and engineering can overcome the
limitations of current therapies [32].
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