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ABSTRACT

Background: Bone is a living tissue that undergoes a continuous regeneration-remodeling process and the second
largest organ implanted after the blood transfusion process. Bones can heal completely, but Critical Size Defects (CSD)
require graft materials to support the healing process. There are several graft materials, namely: autologous, allogenous,
xenograft, and alloplastic material with their respective advantages and disadvantages through the properties:
osteogenesis, osteoconduction, osteoinduction, and others. One of the alloplastic materials is Hydroxypatite/HA and
[-Tricalcium Phosphate/3-TCP widely used in the grafting process. HA has the disadvantage of having a low degree of

solubility, while f-TCP has a high solubility level when exposed to body fluids. Purpose: To explain the mixture of ceramic
biomaterials (Hydroxyapatite and p-Tricalcium Phosphate) and Chitosan as a Scaffold for Critical Sized Defect Bone.
Reviews: The CSDs are condition where the bone can not heal by itself. It needs bone graft to bridge the heal of CSDs.
One of the transplant materials is ceramic biomaterials contains of HA and p-TCP. Each of material has its strengths and
weaknesses so that mixture of these ingredients will increase the positive effects and reduce the negative effects of each
ingredient. CSD healing requires the suitable scaffold and biopolymer that can help in healing process. Conclusion: CSD
healing requires a scaffold that mimics cancellous bone in the healing process of bone defects played by the mixture of
BCP as a bioceramic material and chitosan as a natural biopolymer with low toxicity and high biocompatibility.
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INTRODUCTION

Bone grafting is a surgical method commonly used to
augment bone regeneration in orthopedic treatment
procedures. According to statistical data, more than two
million bone grafting procedures are performed per year'?,
making bone the second largest tissue transplant after blood
transfusion. Bone grafting materials consist of: autologous
bone transplant (bone transplant taken from the individual
itself), allogenous bone transplant (bone transplant taken
from different individuals but within the same species),
xenograft bone transplant (bone transplant taken from
different individuals and species ), and alloplastic materials.
Among the four types of bone grafting materials, autologous
bone transplant is called the gold standard bone transplant
because it has several properties related to the process of
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bone regeneration in the defect area (osteoconduction,
osteoinduction, and osteogenesis).>?

There are several obstacles that limit the use of
autologous bone transplant, which include: limited supply
of bone transplant material, complications that occur at
the surgical site after the bone graft removal process,
and postoperative pain. Allogenous and xenograft bone
transplants are the dominant choice after autologous bone
graft because they are abundant and available in various
forms. However, despite their abundance and availability,
both types of bone transplant material have the potential to
transmit disease, are agents of infectious disease.>**

Physiologically, bone, as the most resilient tissue?,
can heal completely without leaving scar tissue, but if
Critical-Sized Defects (CSDs) occur, it requires the help
of bone graft material to bridge the bone gap. before bone
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regeneration can be achieved. The factors that determine
CSDs are shown in Table 143,

CSDs are a condition of bone defects that are the most
difficult to treat in orthopedic surgery because CSDs will
not heal without secondary intervention (surgery)’. CSDs
occur when the bone defect is larger than 1-2 centimeters in
size®, bone loss is more than 50% of the bone circumference,
and the defect is close to 2.5 times the bone diameter due to
acute trauma, developmental deformity, non-union cases.
chronic, oncological surgery after bone resection, or cases
of bone infection/osteomyelitis>®*1°,

To overcome and answers some of the problems and
limitations of using autologous, allogenous, and xenograft
bone transplants, current attention is paid to bone grafts
and substitutes (BGS) and surgical procedures using BGS.
One of the BGS materials is biodegradable bioceramic
(Hydroxyapatite/HA and -Tricalcium Phosphate (B-TCP))
and natural biodegradable polymer materials. The use of
biodegradable BGS is a second generation biomaterial
associated with repair of bone defects and is widely used
in bone tissue engineering because of its biodegradability.
This material will be the main focus of our article.

REVIEW(S)

Healing of bone defects, in general, occurs through two
pathways, namely: primary/direct and secondary/indirect.

Tabel 1. Defining Factor Critical-Sized Defects (CSDs)®

Defining Factor Critical-Sized Defects (CSDs)

Age

Size of the defect in bone

Anatomical location of the defect,

Defective bone structure and vasculature,

Systemic and metabolic conditions,

Method of healing the defect (primary or secondary),
Adequate supply of nutrients
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The basic principle that determines the healing of bone
fractures primarily/directly and secondary/indirectly is
the immobilization of the fractured bone and the presence
or absence of callus formation in the healing process
of the bone defect which will be shown in Figure 1.
Primary pathway bone healing mainly occurs in gaps.
fractures with a size of less than 0.1 mm and fixation
occurs completely so that the bone gap is filled directly
by the ossification process with no cartilage or callus
formation®. The Intramembranous Ossification (IMO) stage
of healing induces several stages, namely: the process of
differentiation of Mesenchymal Stem Cells (MSCs) into
osteoblasts associated with the participation of Runx2 or
osterix, followed by the formation of an ossification center,
osteoid calcification, formation of woven bone around the
periosteal tissue. , compact and spongy bone formation,
and woven bone replacement*!!.

Endochondral ossification consists of several stages,
namely: condensation and differentiation of Mesenchymal
Stem Cells (MSCs) into chondrocytes caused by the
participation of Sox9, hypertrophy of chondrocytes,
calcification process, degradation by matrix, formation
of primary ossification center, and continued secondary
ossification center, then maturation. ossification center,
and mature bone formation occurs. Bone can undergo
the process of ossification through intramembranous
ossification, endochronal ossification, and a combination
of intramembranous and endochondral ossification. The
main difference between the two processes of ossification
is in the presence or absence of a cartilaginous phase.
Intramembranous ossification occurs when mesenchymal
precursor cells proliferate and differentiate directly
within osteoblasts, but in the endochondral ossification
phase mesenchymal cells in the first stage differentiate
into chondrocytes and secrete cartilage matrix. The
endochondral ossification process has better biomechanical
properties compared to bone formed through the
intramembranous ossification process because in the
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Figure 1. The healing process of bone defects. A. The healing process through the intramembranous pathway (IMO), B. The healing

process through the endochondral pathway!’.
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endochondral ossification process, there is the manufacture
of the cartilage matrix first and then the calcification
process begins to occur>*!11,

Bone grafting materials consist of: autologous bone
transplant (bone transplant taken from the individual itself),
allogenous bone transplant (bone transplant taken from
different individuals but within the same species), xenograft
bone transplant (bone transplant taken from different
individuals and species), and alloplastic materials. Among
the four types of bone grafting materials, autologous bone
transplant is called the gold standard bone transplant
because it has several properties related to the process
of bone regeneration in the defect area (osteoconduction,
osteoinduction, and osteogenesis). Although it is the gold
standard of bone transplant, there are several obstacles that
limit the use of autologous bone transplant, which include:
limited supply of bone transplant material, complications
that occur at the surgical site after the bone graft removal
process, and postoperative pain. Allogenous and xenograft
bone transplants are the dominant choice after autologous
bone graft because they are abundant and available in
various forms. However, despite their abundance and
availability, both types of bone transplant material have
the potential to transmit disease, are agents of infectious
disease (Human Immunodeficiency Virus/HIV in 2 cases
since 1989 and an estimated risk prevalence of 1:1.6
million, Hepatitis BC), and are susceptible to infection-
rejection process!>!3.

To overcome and answers some of the problems and
limitations of using autologous, allogenous, and xenograft
bone transplants, current attention is paid to bone grafts
and substitutes (BGS) and surgical procedures using BGS.
One of the BGS materials is biodegradable bioceramic
(Hydroxyapatite/HA and B-Tricalcium Phosphate (B-TCP))
and natural biodegradable polymer materials. The use of
biodegradable BGS is a second generation biomaterial
associated with repair of bone defects and is widely used in
bone tissue engineering because of its biodegradability.

Hydroxyapatite (HA), Ca, (PO,),(OH),, is one of the
minerals forming calcium apatite, composes 50% of bone
weight, and is the main mineral component in teeth and
bones so that HA has high biocompatibility and does not
trigger the inflammatory system. The properties of HA are
osteoconductive, osteointegrative, and have good mechanical
properties with compression resistance up to 160MPa. The
ratio of Ca/P in HA is 1:1.67'. The disadvantage of using
HA is related to its low solubility. B-TCP, Ca,(PO,),, has
been used as BGS for more than 25 years and is categorized
as the “gold standard” material for bone synthesis. The
properties of B-TCP are: it is biocompatible, bioresorbable
with the same properties as the inorganic phase of bone,
and accelerates the bone remodeling process by facilitating
colonization of osteogenic cells and has an important effect
on angiogenesis'®. The Ca/Pratio in B-TCPis 1:1.5 which is
lower than the Ca/P ratio in HA2. However, the weakness of
B-TCP lies in its high degree of solubility when in contact
with body fluids and is prone to fracture because it has a
low compressive strength value of 140 MPa. Therefore, the
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use of B-TCP is never alone and is always combined with
other biodegradable ceramics (HA)'>',

In addition to requiring graft materials, the healing
process of CSD also requires a scaffold that mimics
cancellous bone and the interaction between mineral and
organic components of the extracellular matrix. Cancellous
bone is a key structural support in receiving structural loads
of about 75% of the total body weight. Scaffold with a
porous structure in it is associated with supporting processes
for tissue interlocking, cell migration, nutrient transport,
osseointegration processes which will later be replaced
by new host tissues'”. The extracellular matrix of bone is
defined as a dynamic network composed of constituents of
organic and inorganic materials (including: collagen, elastin,
polysaccharides, and CaP nanocrystals). The extracellular
matrix provides a template for the process of cell attachment
and proliferation, controlling cell properties by regulating
proliferation and differentiation processes through growth
factors and cytokines that are soluble and stored in the
extracellular matrix of bone®.

DISCUSSION

Figure 2 shows about the main discussion of this article. It
begins from the defects that defects can occur in bone in
the form of defects that are Critical-Sized Defects (CSDs)
and not CSDs. In non-CSD defects, the healing process
will proceed well without scarring, but if CSDs occur, bone
grafting materials and scaffolds are needed to play a role in
the CSDs healing process. There are four types of bone graft
materials used for the healing process of CSDs, namely:
autograft, allograft, xenograft, and alloplastic materials,
with each material having advantages and disadvantages.
Autograft material is the goal standard as bone graft material
because it is taken from the same person and species so
that the rejection process is very minimal as a side effect of
bone grafting. However, autograft poses several problems,
namely: the availability-abundance of bone graft material
taken and causes several post-operative conditions which
can be: postoperative pain and death at the donor site of
bone graft material.

To overcome the shortcomings due to the use of
autografts, a grafting procedure can be carried out using
allograft and xenograft-based bone graft materials,
with different allograft bone graft materials taken from
individuals of the same species but from different people,
while for xenograft bone graft materials taken from different
species. Allograft and xenograft materials have limited use
due to the potential for disease transmission and are prone
to rejection by the activation of the major histocompatibility
complex (MHC). The initial osteoinduction process by
allograft and xenograft can trigger inflammatory cells so
that inflammatory cells quickly surround the allograft and
xenograft area causing necrosis of osteoprogenitor cells.

Another effort used to overcome the shortage of grafting
materials is autograft, allograft, and xenograft by using
alloplastic material (Bone Graft Synthetic/BGS). One of the
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materials that is the focus of writing this review article is
BGS which is derived from degradable bioceramics, namely:
Hydroxyapatite (HA) and B-Tricalcium Phosphate (3-TCP).
HA is a calcium apatite-forming material and composes
about 50% by weight of bone with good osteoinductive
and osteointegrative properties. The ratio of Ca/P ratio in
HA=1:1.67 so that HA has the same mechanical properties
as cancellous bone. The weakness of HA is the very low
level of solubility when implanted as bone graft material
on bone with a solubility percentage of 5.4% after being
implanted in bone for a period of six months. B-TCP is
another biodegradable class of bioceramics which has a
Ca/P ratio of 1:1.5 which is below the Ca/P ratio of HA
so that the mechanical property value of B-TCP is lower
than that of HA. In contrast to HA which has a low degree
of solubility, B-TCP has a high degree of solubility after
implantation in bone with a percentage of 85.4% solubility
when in contact with body fluids. B-TCP accelerates the
process of bone remodeling by facilitating colonization
of osteogenic cells. nutrition through increased capillary
blood vessels and the potential for angiogenesis. However,
due to its brittle nature, B-TCP cannot be used alone and
must be combined with HA'®. The combination of HA and
B-TCP (Biphasic Calcium Phosphate (BCP)) has a high
value of osteoconductivity to stimulate bone formation and
osteoprogenitor cells.

In addition to bone graft material, the healing process
of CSD also requires scaffold material for the interaction
process with the extracellular matrix. One of the materials
used as scaffold is chitosan. The bioactive activity of
chitosan is characterized by the presence of osteoconductive,
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osteoproductive, and osteoinductive properties which
are characterized by increased adhesion, proliferation,
differentiation and mineralization of osteoblasts. There
is a secretion of several growth factors, namely: Bone
Morphogenetic Proteins-2 and 7 (BMP-2 and BMP-7)
which play an important role in the bone healing process
where BMP is produced by osteoblasts so that it is involved
in the process of skeletonization and ectopic bone formation.
BMP plays a role in the recruitment of osteoprogenitor
cells in areas where bone formation occurs. Composite
Chitosan with Hydroxyapatite is also able to induce the
differentiation of osteoblast cells because it is associated
with the induction of Mesenchymal Stem Cells (MSCs)
which are able to support the bone regeneration process.
In addition, chitosan also has antibacterial activity related
to the cationic property of chitosan'72!,

The extracellular matrix provides a template for the
process of cell attachment and proliferation, controlling
cell properties by regulating proliferation and differentiation
processes through growth factors and cytokines that are
soluble and stored in the extracellular matrix of bone. The
extracellular matrix contains two main types of proteins,
namely: collagenous proteins and non-collagenous proteins
(NCPs). Collagen proteins, especially type I collagen, are
the most abundant proteins in bone tissue that play an
important role in interactions with NCPs. Type I collagen
can initiate the growth process of carbonated apatite
minerals and affect the structural characteristics and control
the three-dimensional distribution of apatite®?2.

NCP consists of: Bone sialoprotein (BSP), osteonectin
(ONC), osteopontin (OPN), and osteocalcin (OCN) which
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are the main structures of NCP found in the extracellular
matrix of bone. The majority of NSP contains aspartic acid
(Asp) and glutamic acid (Glu) which have high affinity for
calcium ions (Ca?"- BSP is a phosphoprotein containing
several segments of poly-glutamic acid so that it is associated
with binding to apatite. Osteonectin is a glycoprotein rich
in cysteine with high levels in bone tissue. Osteopontin is
an amino acid protein that is negative and able to bind to
HA. In addition, osteopontin is also an important regulator
of osteoclast activity. Osteocalcin is an NCP protein in the
extracellular matrix synthesized by osteoblasts so that it has
a high affinity for HA. Osteocalcin controls the process of
bone formation. Increased differentiation of osteoblasts will
be associated with increased formation and healing of bone
defects because osteoblasts are the main matrix for bone
formation®. In conclusion, CSD healing requires a scaffold
that mimics cancellous bone in the healing process of bone
defects played by the mixture of BCP as a bioceramic
material and chitosan as a natural biopolymer with low
toxicity and high biocompatibility.
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