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ABSTRACT IN BAHASA MELAYU

OBJEKTIF

Kajian ini dirangka untuk menguji keserasian graf karang laut yang dihasilkan
oleh Bank Tisu Negara, Pusat Pengajian Sains Perubatan, Universiti Sains
Malaysia, sebagai pengganti tulang pada mode! arnab. Kesan daripada graf
karang laut pada perumah dipelajari dengan kaedah pemerhatian tingkah laku
selepas pembedahan, penilaian makroskopi dan penilaian melalui pengimbasan
mikroskopi elektron.

KAEDAH

Ini ialah kajfan experimen ke atas haiwan yang melibatkan 24 ekor arnab putih
“New Zealand’. Graf karang laut diimplan ke tulang rahang untuk jangkamasa
satu bulan, dua bulan, tiga‘bulan dan empat bulan sebelum graf diambil. Graf
yang diambil diperiksa secara makroskopi dan dinilai dengan penglmbasan'
m&kroskopl elektron.

KEPUTUSAN

Tiada kesan reaksi imun yang ketara diperhatikan pada arnab. Pemeriksaan
makroskopi menunjukkan graf tersebut bergabung elok di dalam defek tulang.
Ujian pengimbasan mikroskopi elektron menunjukkan pertumbuhan sel yang baik
dan pergabungan sel di dalam graf karang laut. .

KESIMPULAN

Kajian ini mengesahkan keserasian karang laut yang dsproses sebagai material
untuk menganti tulang dengan ketiadaan reaksi imun yang ketara dan
pergabungan yang baik antara tulang dan tisu lembut dengan graf.

ABSTRACT

OBJECTIVE '
This study was designed to assess the biocompatibility of the coral graft
processed by the National Tissue Bank Schoot of Medical Sciences, Universiti
Sains Malaysia as a bone substitute in rabbit models, The effects of coral graftin
host were studied by means of behavioral observation, macroscopic evaluation
and scanning electron microscopy evaluation.

METHOD

This was an experimental amma! study involving 24 New Zealand White Rabbits.
The coral graft was implanted into their right mandible for a period of one month,
two months, three months and four months before harvesting the graft. The
harvested grafts were examined macroscopically and were evaluated usmg
scanning electron microscopy.



RESULT

There was no significant immunological reaction noted in rabbits. The
macroscopic evaluation showed that the graft was well incorporated within the
bony defect. The scanning electron microscopy evaluation showed a good
cellular growth and cellular incorporation within the implanted corals

CONCLUSION

This study confirmed the biocompatibility of the processed coral as a bone
material replacement with no significant immunological reaction, and good bone
and soft tissue incorporation within the graft.
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Introduction

Natural ¢oral is.4 bone graft substitute, which has been
widely used In maxillofacial, orthopaedic, ORL and

- perioclontal surgery. The capacity of coral to dlsaPPear
and to be substituted by new bone distingulshes It from
non-resorbable materlals extensively used In these
surgerles, - An optimal “clinical uti]lzatipr‘l of coral
requires thorough knowledge of fa'cto_rs lnflu-er\clng
resorption, particularly regarding the Ll}terface between
implant and connective tissue, which is larger than the
surface in contact with the bone. This study was
deslgned to evaluate coral as bone substltute for
reconstruction of critical mandible bone defect [n rabbit
using histological and scanning electron microscopy
(SEM) observations.

Materlals and Me!ho_ds

Coral blocks (CORAGRAF) 4mm x 4mm x 4dmm 'l"rom
sea coral Popites species are produced by the Nat}onal
Tgsue Pank, Unlversiti Sains Malaysia (USMD. They
were lmumersed In hypochlorite solution, cleaned with
ulrasound and rinsed with distilled water before ﬂ;ml
drying, DHA was prepared in the same slzg_ancl L.lsed
as control implant. Eight New Zealand male sabblts gt

Med ) Malaysia Vel 59 Supplement B May 2004

2 months ‘old were anaesthetlzed by Intrmuscutar
Injectlon of Ketamlne and Xyluzlne, Muscle was blunt
dissected to reach the mandible, .The dofects were

created on both sides of the mandible, CORAGRAL

was placed In the right slde while the left slde was
implanted with DHA as control, Then the aren was

closed with resorbable suture,  The tmplants were

retrieved at 2 and 4 weeks later, For the uncecalclfled
method, the implants were flxed In peutn! buffered

formalin solufion, dehydrated with “alcohol and

infiltrated by alcchol/technovit  solution. All samples

were embedded and polymerlzed In plastie flxallon

‘medium at 450 nm wavelength and sectioned using

Exakt band cutting machine. The final, thin section

(8um) were grinded and stalned with Mayer's HE&E.

For SEM method, coral implants were drled at 150°C for

24 h and dehydrated, The implants were coated with
gold and examined with scanning electron microscopy

(Leica Cambridge S360 at 10 KV),

Results

None. of the control DHA implants showed bone
formation at 2nd and 4th week or lmplunt —bone
integration at 2nd week. However, there was good
integration border to the host bone at 4th week., The

11
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ABSTRACT

OBJECTIVE

This study was designed to assess the biocompatibility of the coral graft processed
by the National Tissue Bank, School of Medical Sciences, Universiti Sains
Malaysia as a bone substitute in rabbit models. The effects of coral graft in host
were studied by means of behavioral observation, macroscopic evaluation and

scanning electron microscopy evaluation.

METHOD

This was an experimental animal study involving 24 New Zealand White Rabbits.
The coral graft was implanted into their right mandible for a period of one month,
two months, three months and four months before harvesting the graft. The
harvested grafts were examined macroscopically and were evaluated using

scanning electron microscopy.

RESULT

There was no significant immunological reaction noted in rabbits. The macroscopic
evaluation showed that the graft was well incorporated within the bony defect. The
scanning electron microscopy evaluation showed a good cellular growth and

cellular incorporation within the implanted corals



CONCLUSION
This study confirmed the biocompatibility of the processed coral as a bone material
replacement with no significant immunological reaction, and good bone and soft

tissue incorporation within the graft.
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CHAPTER 1: INTRODUCTION

Bone grafting is well-recognized in various surgical fields espéciaﬂy in orthopedic
surgery. 1t is estimated about 500,000 bone graft procedures are performed in
United States yearly. Bone graft has been used to provide mechanical support and
to fill the osseous voids after trauma or surgical resection. Autograft has been
considered the gold standard for grafting operation for the last 50 years (McAuliffe

JA, 2003).

Harvesting bone graft is considered a relatively benign procedure, however various
studies have described major and minor complications arising from the harvesting
procedure. it was found that 9 % of patients had suffered from major complications,
whereas 10 % to 39 % of patients were found to have minor complications. Major
complications include injury to the artery, nerve and urethra, deep infection; chronic

pain; herniation of abdominal contents; peritoneal perforation, iliac fracture, and |
subluxation of the hip. Minor complications vary from wound healing problems and
hematoma formation to gait disturbance and cosmetic deformity. The effects of
harvesting the graft may be chronic in which most of patient experience continuous

pain at the donor site six months after surgery (McAuliffe J.A, 2003).

Because of the morbidity that arises from the graft harvesting procedures, it has
triggered the scientists to find another substitute for bone graft. Several studies

have been conducted to find suitable bone graft alternative. The principle of being



suitable bone alternative is that the material should possess one or more of these

qualities:

1. An osteoconductive matrix; the materials which provide scaffolds for bone
ingrowth.

2. VOsteoinductive factors; the biochemical agents that induce bone
regeneration and repair, by recruiting and stimulating host parenchymal
cells

3. Osteogenic cells; the cells that survive transplantation with potential to
differentiate and facilitate the various stage of bone formation and fracture
healing

4. Materials that provides structural integrity to match those tissues at the site

of implantation, such as titanium implants.

in this research, coral has been chosen as bone substitute in the grafting
operation. its osteoconductive properties has been shown in few studies (Kuhne,
Bartl et al. 1994; Ashby, Rudkin et al. 1996; Preidler, Lemperle et al. 1996; Ayers,
Simske et al. 1998: Moreira-Gonzalez., 1.T. et al. 2001; Thalgott J.S. et al. 2001,
2002; Stubbs, Deakin et al. 2004). In this study, the coral bleck was implanted in
the rabbits mandible for the purpose of macroscopic and scanning electron
microscopy evaluation. it is hope that in future, coral graft will be used as bone

replacement and provides a wide spectrum of usage in surgical field.



CHAPTER 2: OBJECTIVES

The objectives of the study can be divided into;

21  GENERAL OBJECTIVE
To study the biocompatibility of sea coral graft as bone replacement material in

rabbits

22 SPECIFIC OBJECTIVES

To study the effects of coral on the host;
+ Behavioral observation
o Macroscopic evaluation

« Scanning electron microscopic evaluation



CHAPTER 3: CONCEPT OF BONE GRAFTING

3.1. STRUCTURE OF BONE

Bone is a compiex and highly organized connective tissue. Physically, it is hard,
rigid and strong. Microscopically, there is presence of relatively few cells and much
intercellular substances in the form of collagen fibers and stiffening substances.
Microscopié components of bone generally can be divided into three; the cellular

components, the bone matrix and the marrow components (Nather A et al, 2005).

311 THE CELLULAR COMPONENTS

The celiular components consist of,

. Osteoblasts

Osteoblasts are the bone forming cells, located on the surface of bone like simple
cuboidal epithelium. These cells are responsible for the synthesis of organic
components of the bone matrix.

. Osteocytes

These cells occupy the lacunae in the bone matrix. They possess long thin
cytoplasmic process (ﬁIOpodia)glbcated in the canaliculi.

. Osteoclasts

Osteoclasts are large multinucleated cells formed by fusion of monocytes. They
live in shallow depressions on the bone surface called Howship’s lacunae (Nather

A. et al, 2005).



31.2 THE BONE MATRIX

The bone matrix is composed of:

. Organic matter.

Organic matter consists of type | collagen fibres embedded in the ground
substance containing proteoglycans and glycoproteins. The collagen fibres are
made up of bundies of fibrils to resist pulling forces.

. inorganic matter (mineral)

inorganic matter is made up of stiffening substances to resist bending and
compression. It is an analogue of calcium phosphate-hydroxyapatite
Ca10{P04)6(OH)2 crystals. Its association with collagen fibres is responsible for
the hardness of bone (Nather A. et al, 2005). The degree of integration and
orientation of the mineral and organic components gives the bone its mechanical

~ sfrength.

313 THE MARROW COMPONENTS

The marrow tissue fills the cavities of long bones and occupies the spaces of
cancelious bone. In long bones, the marrow is yellowish consisting of mainly fat
cells and marrow cells. In fiat bcthes, the marrow is reddish containing connective
tissue, blood vessels and numerous marrow cells, which is the organ of

haematopoiesis.

Macroscopically, there are two types of bone: cortical (compact) bone or
cancellous (spongy) bone. Cortical or compact bone is made up of a structure of

Haversians systems or osteons. Osteon is a cylinder paraliel to the axis of

5



diaphysis. In the centre, there is Haversian canal lined by endosteum. The canal is
oval or round in cross section and it runs in longitudinal direction. Each canal is
surrounded by four to 20 concentric lamelliae. Each osteon communicates with the
others through transverse canals known as the Volkmann’s canals. Each osteon is
separated from neighbouring osteons by a cement line. Cancellous bone consists
of a series of interconnecting plates of bone known as trabeculae. Each trabecuiae

contains collagen fibers arranged in the paraliel lamellae (Nather A. et al, 2005).

The bone porousity' between cortical and cancelious is different. Bone pore sizes
(porosity) in normal cortical bone range from 1 to 100 um whereas the trabecular
bone has pores ranging from 200 to 400 pm. The size range, extent, and
interconnectivity of the pores are the critical factors affecting the diffusion of
nutrients, cell attachment, migration and expression, and tissue ingrowths that are

“necessary for bone formation and repair or regeneration (LeGeros R.Z., 2002).

3.2 OSTEOGENESIS
Process of normal bone formatic;h (osteogenesis) involves three main steps:

1. Production of the extraceliular organic matrix (osteoid)
2. Mineralization of the matrix to form bone

3. Bone remodeling by resorption and reformation

In the initial phase of the extraceliular organic matrix (osteoid) production, the

mesenchymal cells will undergo condensation, and then differentiate into the



osteoblas_ts. The osteoblasts secrete a product known as osteoid. The osteiod
contains type | collagen which comprises 90 — 85 % of organic bone matrix. The
collagen | is deposited in parallel or concentric layers to produce lamellar bone. It
also contains proteoglycans and various glycoproteins. One of the important
glycoprotein is osteocalcin, which is involved in binding the calcium ions. The
osteoblasts also release membrane-bound vesicles (matrix vesicles) which contain
alkaline phosphatase and pyrophosphatase. The osteoblasts activity is affected by

parathormone, estrogen, growth factors and physical activity.

In mineralization phase, the osteocaicin and matrix vesicles will drive the
mineralization formation along the collagen fibres. The hydroxyapatite crystals will
be deposited under the action of alkaline phosphatase and pyrophosphatase.
Initially only small foci of mineralization present, later they fuse together to form a
larger bone. As the bone formation progress, the osteoblasts come to lie within the
lacunae and are called osteocytes. The osteocytes have cell processes which

occupy the canaliculi to permit the circulation of tissue fluids.

As the blood vessels invade the bone, it will bring in the osteoclasts for bone
remodeling. The osteoblasts adhere to the bone surface for the resorption process.
Bone growth occurs simultaneously with resorption in which, the osteoblasts

continue to produce lamellae of new bone which is soon remodeled by osteociasts.

There are two mechanisms of bone formation in human, which are

intramembranous and endochondral ossification. Intramembranous ossification



s in fiat bones, such as skull and clavicle whereas the endochondral

inn AccHrsS in lona and short hones
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lintramembranous ossification, the mesenchymal cells migrate to the site of
Wentual bone formation. The cells condense, align and differentiate into the
Bsteobiasts. The osteoblasts secrete an organic framework of extracellular rﬁatrix,
e osteoid. The osteoid is laid down in fong strands. The osteoblasts will fine the
Psteoid and begin to deposit calcium salts (mineralization) contributing to the bone
matrix formation. Matrix is a mixture of organic extracellular matrix and the
inorganic components of the developing bone. Together these two components
give the strength, flexibility and ability to hold a defined structure. Once the organic

strands are mineralized they are termed trabeculae.

lamellas are consecutive growth rings added to the trabeculae to increase
thickness. The lamellas are added ontc by the mesenchymai cells and osteoblasts
y cycles of osteoid secretion and mineralization. When multiple trabeculaes within
the developing bone make contact with one another, a lattice structure is formed.
Areas of bones may be completely filled in with mineralized osteoid. Bones that do
10t completely filled-in and contai; lattice structures are called primary cancelious

ones. Bones that completely filled-in are called compact bones.

n the endochondral ossification, mesenchymal celis migrate to the site of bone
ormation. The cells are induced to become chondrocytes. These chondrocytes
roliferate into a very dense mass of celis devoid of blood vessels. Cartilage forms

n the shape of the ensuing bone. Chondrocytes secrete extracellullar matrix



containing primarily collagen fibres and mucopolysaccharides. The extracellullar
matrix is at first a loose matrix. With continued extracellullar matrix secretion,
chondrocytes are forced apart and the cartilage grows (interstitial Growth). The
chondrocytes then become encapsulated and the extracellullar matrix thickens.
Due to the physical entrapment of the chondrocytes within the extracellular matrix,

cell proliferation decreases.

The cartilage is also surrounded by layer of connective tissue cells derived from
mesenchyme (perichondrium). The mesenchymal cells of the perichondrium aiso
secrete extracelluliar matrix and add to cartilage formation by adding more layers
(appositional growth). Within the body of cartilage, the encapsulated cells die and
the matrix erodes. At this point, the cartilage is then replaced with bone. There is
an invasion of blood vessels into the cartilage which bring in additional cells.
Invasion is a sign of impending bone development. Thus, the cartilage which was

once avascular is now vascularized.

The outer layer of mesenchymal celis which support apppostional bone growth is
now called the periosteum. The periosteum is identical to the perichondrium except
for its location. As the cartilage ispdegraded, strands of remaining cartilage act as
templates for osteoblasts. Osteoblasts secrete additional extraceliular material
which is subsequently caicified. Hence there are strands of caicified bone.
Trabeculae also formed by this process. Trabeculae extend by appositional growth
via the osteoblasts, and they also fused. Area of bone which is not completely filled

is the cancellous bone. The completely filled bone is the compact bone. Most



bones, however not all bones are mixtures containing of compact bone exteriorly

and cancellous bone interiorly.

3.3 OSTEOGENESIS IN BONE GRAFTING

Skeletal defect have been replaced by bone grafts more than 300 years (Long P.K
and Ibrahim S., 2005). Autologous bone grafts has remain the gold standard in
bone transplantation. The autologous bone grafts contain hydroxyapatite and
collagen as an osteoconductive scaffold while stromal cells have osteogenic
potential. The cancellous bone and surrounding haematoma contains bone
morphogenetic proteins and transforming growth factor-beta which induce and

augment the regenerative process.

A successful graft is a biomechanically competent graft resulting from graft
incorporation. Graft incorporation implies a viable graft that successfully unites with
the host bone and attaches to the surrounding soft tissue. Healing and
incorporation of autogenous ggrgft is very much similar to fracture healing. When
any graft is implanted surgically, a sequence of events occurs at the site of graft.
These include haemorrhage, inflammation, revascularization of tissue, substitution

and remodeling of graft with locally derived tissue.

The first phase of healing of autogenous grafts is the vascular ingrowth and
progenitor mesenchymal cell invasion. These occur during the first three weeks.

The vascularisation is slower in cortical graft than cancellous graft which may take

10



eight weeks in canine model. The second phase occurs between three to twelve
weeks. The involved process is the combination of osteoblastic new bone
formation and osteoclastic resorption of the necrotic graft. Creeping institution
occurs together with osteoclastic resorption, preceeding the osteoblastic new bone
formation. The third phase occurs between three to six months after grafting; is the
remodeling of the trabeculae to a mature pattern. In humans, the process may take
twice the duration. The segmental cortical grafts loose approximately half of the
 biomechanical strength during the first six months. This is due to osteclastic
rescrpﬁbn and is slowly reversed during the second year. The highest incidence of

mechanical graft failure occurs between six to eight months after transplantation.

3.4 BASIC CONCEPT OF BONE GRAFTING

The neéd to replace missing bones and teeth with other materials was evident in
prehistoric times. From fifth or fourth centuries BC until the first or second century
AD, archeological findings showed that several materials were used to replace
missing human teeth including ox teéth, shells, coral, ivory (elephant tusk), wood,

human teeth from corpses, and metals; gold and silver (Le Geros R.Z., 2002).

The first bone graft used to repair the craniofacial skeleton was an allograft in 1632
where the cranium of a soldier was constructed with the dog calvarium (Rosdan S.,
2000). The first autogenous bone graft procedure was performed in 1881

(McAuliffe. 2003). Bone grafting has become an accepted technique in the early

11



part of the 20th century due to work of Fred Albee of New York (1876 — 1945)

using cortical grafts (Long P.K. and tbrahim S., 2005)

In modemn times, autografts are the gold standard for bone repair and substitution.
Success with the use of allografts also has been reported. However, the use of
aufografts has serious disadvantages, such és additional expense and trauma to
patient, possibility of donor site morbidity, and limited availability. The use of
allografts also has complications such as viral transmission and immune reaction
(Le Geros R.Z., 2002). Therefore, there was a critical need to develop other
materials to substitute the autografts and allografts without the drawbacks of these
two. In recent years, commercial and experimental materials for bone substitutes
have been used including metals, polymers, corals, calcium phosphate and

calcium phosphates composites.

3.4.1 TYPES OF BONE GRAFT

3.4.1.1 AUTOGRAFT

Autograft is the term used when the graft is taken from other parts of body
skeleton. This is the most suitable graft as it has all the three properties. However,
the amount of graft that can be taken is limited. The graft usually is taken from the
iliac crest. There are several types:

. Cortical bone graft

. Cancellous bone graft

12



. Corticocancellous graft

. Particulate bone

Cortical bone grafts are primarily used at the site where there is great mechanical
stress with proper fixation. This form of graft is useful in long bone but not in

membranous site such as facial skeleton (Habal M. B., 1992).

Cancellous bone graft is used in majority of cases because of its easy application
to achieve fusion and to correct discontinuity. It also can be used in clean
contaminated and grossly contaminated wounds. However cancellous bone does

not have mechanical strength as cortical bone (Habal M.B., 1992).

in cancellous bone with large open areas, revascularization usually takes very well,
more rapid and more complete than cortical grafts. Corticocancellous bone usually
produces the best results because it enables good vascularization and also gives
good mechanical strength. Particulate bone is the graft which composed of small

chips of bone and is usually applied without fixation.

341.2 ALLOGRAFT

Allograft is a graft taken from another donor from same species. Allograft bone is
available in fresh, frozen, or freeze-dried (lyophilized). Fresh allografts are rarely
used because of immune response and risk of transmission of disease. The frozen
and freeze-dried types are osteoconductive but only weakly ostecinductive. The
method of preparation has minimized the viable celis to confer the osteogenic

properties. Freezing or freeze-drying also appears to lower the antigenicity of the

13



allograft (Keating J.F. and McQueen M.M., 2001). Frozen grafts usually are larger
graft whereas smaller grafts are freeze dried. Frozen allograft has essentially the
same biomechanical properties as native bone. But when it is freeze-dried,
lyophilization decreases compressive strength by 30%, bending strength by 40%,
and torsional strength by 60% (McAuliffe J.A., 2003). These types of grafts are
commonly used in patients who require bone grafting but do not have adequate

autograft bone.

3413 XENOGRAFT

Xenograft is a graft taken from a different species. The immunologic disparity of
untreated xenografts causes rapid resorption , which prohibited its use. However
due to limited supply of autografts and allografts, xenografts have been explored
for the use as materials for bone replacements. Many methods of preparation of
xenografts have been explored, including freeze dried calf bone, decalcified ox
bone, deproteinized bone, osporum and anorganic bone. Xenograft act as
mechanical spacer to prevent soft tissue ingrowth, which would be detrimental to
osteogenesis and healing (Murphey M.D. et al, 1992). Several studies on Kiel bone
(deproteinized bone from fresgly sacrificed calves) had demonstrated osseous

formation within the graft (Murphey M.D. et al, 1992).

14



3.5 PROPERTIES OF BONE SUBSTITUTES

Bone grafting has a well recognized role in orthopedic surgery. However, when
extensive grafting is required, amount of autologous bone may not be adequate, as
alternative, other materials have been used. The properties of an autologous bone,
which is osteogenic, osteoinductive, osteoconductive and completely

biocompatible are the basic concept of developing materials as bone substitutes.

Osteogenic materials are materials that have the capacity to form bone, which
implies that they have living cells such as osteoblasts or osteocytes or they have

capability to produce these cells.

Osteoinductive materials are materials which able fo stimulate cells in the locat
environment to undergo phenotypic conversion into osteoprogenitor celis types
which capable of bone formation. The major phases of osteoinduction are
chemotaxis, mitosis and differentiation. Chemotaxis is a directed migration of celis
in response to the chemical gradient. The next step is mitosis indicated by
proliferations of newly attached mesenchymal cells. The mitogenic action can be
quantitated by measuring DNA synthesis, using radioautography and isotope
incorporation. This phase is followed by differentiation of cartilage, vascular

invasion and bone differentiation.

Osteoconductive materials have neither capability to form bone nor induce their

formation. They merely provide an inert biocompatible scaffold, which the celiular
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elements can grow into the material and gradually regenerate normal bone
(Keating J.F and McQueen M.M., 2001). Osteoconductive substances cannot

induce bone formation at extraskeletal sites.

There is no bone substitute which embodies all these qualities. Most of the
available materials have tended to be either predominantly osteogenic or
osteoinductive, or purely osteoconductive (Keating J.F. and McQueen M.M., 2001).

The materiais can be divided based on these two headings.

3.5.1 OSTEOGENIC AND OSTEOINDUCTIVE MATERIALS

35.11 COLLAGEN MINERAL COMPOSITE GRAFTS

The main constituent of the organic matrix of bone is type | collagen. Coliagen
alone is not effective as an osteoinductive material. it is combined with other
materials such as tricalcium phosphate as a composite graft. By addition of marrow

constituent gives the material osteogenic and osteinductive properties.

351.2 DEMINERALISED BONE MATRIX (DBM) AND BONE
MORPHOGENETIC PROTEIN (BMP).

Urist in 1965 reported that demineralised bone matrix (DBM) had induced the
formation of heterotopic bone. He was able to show that implantation of DBM in rat
muscle resuited in formation of bone in the soft tissue (Keating J.F and McQueen

M.M., 2001). Since then, it had been shown that the active components of
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demineralised bone matrix are a series of glycoproteins which belong to a group
referred as transforming growth factor (TGF-Beta) family. Within this group, the
compounds of particular interests are bone morphogenetic proteins (BMP), which

are BMP-2 to BMP-6 and BMP-7 to BMP-9. These BMP are osteoinductive.

3.51 OSTEOCONDUCTIVE MATERIALS

3.5.21 CALCIUM SULPHATE
This material is most familiar to orthopedic surgeons as ‘piaster of Paris’. It has
been used to fill defect bony defect in the last century. It resorbs very rapid

exceeding the capacity of surrounding bone to regenerate.

3.5.1.2 CALCIUM PHOSPHATE CEMENT

These materials are growing in popularity and are osteoconductive. Their structure
is closer to dahllite (carbonated hydroxyapatite which forms the bulk of mineral
phase of bone). They are prepared in combination of monocalcium phosphate,
tricalcium phosphate and r;é!cium carbonate in powder form, mixed in sodium
phosphate solution. This forms a paste which turns to a hard material within 10 to
15 minutes. After 24 to 48 hours, it has a compressive strength similar to

cancellous bone (Keating J.F and McQueen M.M., 2001).
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Animal studies had shown that this material is biocompatible. However, in man,
complete resorption was very siow. In a study of the use of calcium phosphate

cement in distal radius and tibial plateau fractures, the material was stiil present

even after two years of implantation (Keating J.F and McQueen M.M., 2001).

3513 CERAMICS

When natural mineral salts subjected to a very high temperature, highly crystalline
materials are produced known as ceramics. Some of these materials are
-biocompatible and osteoconductive. The most popular material is tricalcium
phosphate. It is very stable and resorbs very slowly (Keating J.F and McQueen

M.M., 2001).

3514 CORAL DERIVATIVES
These materials are derived from the calcium carbonate of sea corals. The pore
structure produced by certain species is similar to human cancelious bone. These

derivatives will be further discussed in details as a bone replacement.
3.6  SEA CORAL GRAFT AS BONE SUBSTITUTES

3.6.1 BIOLOGY OF SEA CORAL GRAFT

Natural organic skeleton in invertebrates, such as spiny starfish, sea urchins,
corals and others have a great potential as scaffolds for bone regeneration. They
provides structural environment which is similar to bone. It also has high macrosity.

This property aliows vascularization into the pores; allow them to differentiate and
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forming bone trabeculae (Ben-Nissan B et al, 2001). Out of these, coralline is the

most useful and frequently used.

Coralline apatites can be derived from natural sea coral. Coral exist in two forms:
as soft forms and as hard forms. The coral skeletons are composed of calcium
carbonate in the form of aragonite which constitutes about 98-99%. The other
percentage is formed by trace elements and amino acids. The coral specimen

used for bone grafting includes Porites, Acopora and Fungia species.

As it is natural, it has certain optimal strength and structural characteristics. The
pore structure of coraltine calcium phosphate produced by certain species is similar
to human cortical or cancellous bone, making it a suitable material for bone graft
applications. Two species of coral with different pore sizes and interconnecting
fenestrations have been established for use of bone substitutes, which are coral
from genus Porites and Goniopora. Coral from genus Porites (HA-200) has an
architectural similar to cortical bone, whereas coral from genus Goniopora (HA-

5090) is similar to cancelious bone.

Pore interconnection sizes are of utmost importance when ‘hard and soft tissue
ingrowth involved. Pores less than 10 um inhibit cellular ingrowth, while pores
between 15 and 50 um help fibrovascular colonization. Pores between 50 and 150
um determine osteiod growth and pores higher than 150 um facilitate internai
mineralization (Cerroni L. et al, 2002). It has been shown that implants with
average pore sizes of around 260 ym had the most successful in-growth as

compared to no implants. it was further reported that the interaction of the primary
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osteons between the pores via the interconnections allows propagation of
osteoblasts (Heness and Ben-Nissan 2004). Coralline hydroxyapatite has
macroporosity with a mean diameter of Z30 um and intercornnecting pores with a

mean diameter of 190 um which make it a suitable matrix for bone growth.

I'he incorporation of host bone into the coral relies on senal sequence of events.
Irese meiuge vascuiar ingrowin into the corai, differeniiation of osteogeniter ceiis,
0sseous ingrowth into the porous coralline microstructure with woven and lamellar
bone formation foliowed by bone remodeiing (Walsh et al, 2003). These processes
occur together with gratt resorption by siow simpie dissoiution a@nd osteociastic
activity. io be an ideai bone substiiute, the graft shouid resorpt fully. ine
resorption process also aliows additional space for new bone formation and it also
decreases the load-sharing environment. Complete impiant resorption was noted
at eight eight weeks in the cortical bone and six weeks in cancelious pone. One of
e major gisaavaniage witn coral 1S that their imtiai mechanical weakness. But
after the osseous ingrowth, their mechanical property witi improve as the new bone

is overlaid (Walsh et af, 2003).

3.6.2 TYPES UF CURAGRKAK I

Coral exists in either true form (corali apatite) or coverted form (coraiiine
hydroxyapatite). The converted form is achieved via hydrothermai conversion or
microwave conversion. Coral and converted coralline hydroxyapatite have been
used as bone grafté and orbital implants since the 1980s (Heness G and Ben-

Nissan B., 2004)
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3.6.2.1 Hydrothermal Conversion of Coralline Apatite to Hydroxyapatite

The hydrothermal method was first used in 1974, for hyd’roxyapatite formation
directly from corals by Roy and Linnehan. it was reported that complete
replacement of aragonite (CaCQ3;) by phosphatic material was achieved less than
533 K and 10° MPa by using the hydrothermal process (Heness G and Ben-Nissan
B., 2004). In 1996, hydroxyapatite derived from Indian corai using hydrothermal
process was reported. However, the resultant material was in the form of a powder
and required further forming and sintering (Sivakumar, Kumar et al. 1996). During
the hydrothermal treatment, hydroxyapatite replaces the aragonite whilst

preserving the porous structure. The following exchange takes place:

10CaCO, +6(NH ), HPO, + 2H,0 —> Ca,,(PO,),(OH), +6(NH ),CO, +4H,CO,

The resuiting material is known as coralline hydroxyapatite, whether in the porous

coralline structure or in powdered form.

3.6.2.2 Microwave Conversion of Coralline Apatite to Carbonated

Hydroxyapatite

The aragonite conversion to carbonate hydroxyapatite was achieved by using
microwave processing technique. Higher extents of conversion were reported by
using this technique. Conversion of Australian coral to monophasic hydroxyapatite
by using a two-stage process in which the hydrothermal method was done first,

followed by patenting hydroxyapatite sol-gel coating based on alkoxide chemistry.
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- This had caused 120% increase in the biaxial strength of the double-treated corar

in comparison to coralline nyaroxyapatite (Heness G and Ben-Nissan B., 2004).

An advantage of coral hydroxyapatite is the beneficial biccompatible properties. It
1S rapialy integrated into the human body, while at the same time the body is not
activated to the invasion by a foreign body. Perhaps this is its most interesting

property I1s that promoie pond 10 bone forming an indistinguishable urions.

Lisadvantage ot coral hydroxyapatte is Its poor mechanical properties (Iin
parucuiar raugue properties) means tnat 1t cannot be used In DUIK Torm Tor 10ag
bearing applications such as use of metallic implants in arthopedics. That is why in

certain study, it has been used to coat the metallic impiant.

Coating of coral hydroxyapatite have good potential as they can expioit the
biocompatible and bone bonding properties of the ceramic, while utilizing the
mechanical properties of substrates such as TiBAI4V (titanium aiioy) and other
biocompatpie alloys. vvnen e metaiiic materiais are required for the strengtn of
mechanical prdperties: they can be coated with hydroxyapatite which will provides

an osteophilic surface for bone to bond to, anchoring the implant to the host bone.



3.7 RESEARCHES ON BONE SUBSTITUTES

The approvai for investigation of porous coralline for raumatic defect was achieved
in 1982 and it has been experimented for last twenty years. From the studies, they
had shown promising results. The studies have been conducted in animais and
h‘uman. Excellent results as bone substitute were reported particularly in
craniofacial, orthognathic, opthalmologic, orthopedic and spine applications
(Thalgott J.S. et al, 2002). Along with coral, the other materials have also been
studied as bone replacement. In certain studies, they have tried to incorporate the
osteogenic and ostecinductive materials to enhance the bone ingrowth into the

implants.

Two tests were done on corals regarding its adverse effects: The Gel Clot Test
Method and The Ames test. The gel clot test method showed that prepared coral
has endotoxin level of 0.3 EU/mI which is less than expected for Food and Drug
Administrative Guideline, 1987. The Ames test results also had demonstrated that
the prepared coral did not exhibit any mutagenic activity, thus can be considered

non-genotoxic (Suzina A H. et ‘al, 20056).

In vivo study of coral material on the calvarial of Sprague-Dawley rats showed that
the implants do not have any adverse effects to the general health of the rats.
Histological analysis showed fibrovascular growth, presence of abundant
osteoblasts and osteoid seam and very minimal inflammation response with

minimal giant cells. This study further confirmed the osteoconductivity of corals.
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VWang {1996} had studied the Basic Fibrobiast Growin Facior (DFGF) In promoting
bone growm using bone conaucton champers. ine coraiine hydroxyapatite were
used as the osteoconductive materials. The study showed that pretreatment of
grafts with Basic Fibroblast Growth Factor improves bone incorporation. Basic
Fibroblast Growth factor has been shown to stimulate endothenar cen mitosis
VIO ana angiogenesis in vivo. Another study conducted by Schnettier et al using
brFGF ioaded ceramic in pig model revealed that it was superior to allografts in

terms of bone ingrowth and did not differ from bone autografts.

A study done by Kim et al (200%) on the periodontai heaiing in bony defects in dogs
comparing beiween auiogenous bone and corai derived material. ine study
revealed that there was no different between those two' groups. The magnitude of
new bone formation was similar an