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ABSTRACT 

The objective of the study is to evaluate the osteoconductive, osteoinductive and 
biocompatibility properties of a locally produced dense hydroxyapatite (HA) as 
bone replacement material in mandibles. The study was carried out on 8 New 
Zealand White rabbits. Defects were created in the mandible of a rabbit model 
whereby the right side was implanted with HA while the left side was left empty to 
act as a control. The dense HA blocks with the pore size of < 5J.1m promotes bone 
ingrowth as early as 4 weeks when viewed by the topographic method. Both the 
implant and control sites were evaluated clinically and histologically at 4, 12, 20, 22 
weeks interval. Enhancement of osteoconduction was evident by the presence of 
abundant capillaries, perivascular tissue and osteoprogenitor cells of the host 
accounting for the new bone filling the gap and remodelling taking place. This 
study demonstrated that the dense HA exhibits excellent biocompatibility as noted 
by the complete absence of reactive cells. HA also promotes osteoconduction. It 
appears that this locally manufactured HA has the potential to be a valuable 
replacement material for maxillofacial reconstructive surgery and orthopaedic 
surgery. 

ABSTRAK 

Tujuan penyelidikan ini dijalankan adalah untuk mengkaji ciri-ciri osteokonduktif 
dan osteoinduksif dan juga penyesuaian biologi ke atas hidroksiapatit (HA) 
mampat buatan tempatan sebagai bahan pengganti tulang di dalam rahang 
bawah. Kajian ini dilakukan ke atas 8 ekor arnab New Zealand White. Kecacatan 
dibentuk pada rahang bawah di mana bahagian kanan rahang di implan dengan 
HA dan bahagian kiri rahang dibiarkan tanpa rawatan dan bertindak sebagai 
kawalan. Blok HA yang mampat dengan saiz porosnya < 5J.1m didapati bersifat 
merangsang pertumbuhan tulang seawal 4 minggu seperti yang dapat dilihat 
dalam kajian ini menggunakan kaedah topografik. Selepas pembedahan, kedua
dua bahagian, implan dan kawalan dinilai secara klinikal dan histologi pada 
minggu ke 4, 12, 20 dan 22. Rangsangan osteokonduktif telah dibuktikan dengan 
kehadiran kapilari, tisu perivaskular dan sel osteoprogenitor yang bertambah pada 
hos. lni kerana terdapat tulang baru yang memenuhi ruang tulang rahang tersebut 
dan pemodelan semula berlaku. Kajian ini menunjukkan bahawa blok HA yang 
mampat adalah bersesuaian secara biologi seperti yang dilihat apabila tiada sel 
reaktif yang hadir. HA juga merangsang osteokonduktif. Material ini adalah salah 
satu bahan gantian yang berharga untuk pembedahan maksilofasial dan 
rekonstruktif dan juga dalam bidang ortopedik pada masa kini. 
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Othman, School of Materials & Mineral Resources Engineering, 
USM) has the potential to be a valuable replacement material for 
maxillofacial reconstructive surgery and orthopaedic surgery. 
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An in Vivo Study of a Locally-Manufactured 
Hydroxyapatite-based Material as Bone 
Replacement Material 

N H Abdul Razak, K A AL-Salihi, A R Samsudin 

School of Dental Sciences, Health Campus, Universiti Sains Malaysia, Kubang Kenan, Kelantan, Malaysia 

Introduction 

Synthetic HA has excellent biocompatibility, but it has 
limited application due to its low toughness and 
flexural strength. In order to improve the mechanical 
properties (impact resistance, and tensile strength), 
metals and other eiP.ments were added to HA. The 
properties of the powder p recursors have been studied 
by controlling important parameters such as particle 
size and shape, particle distribu tion and 
agglomeration '. The tissue response to different 
materials w ill vary with the chemical composition and 
micro-and macro-structure of the synthetic material. 
Composites formed by HA ceramic in combination with 
zirconia have been proven not to produce any local or 
systemic adverse reactions or any cytotoxic effects in 
various in vivo studies•. The objective of this sn1dy is to 
evaluate the biocompatibility, osteoconductive and 
osteoinductive properties of a locally produced dense 
value-added HA in a rabbit model. 

Materials and Methods 

The test material was a value- added dense HA in the 
form of blocks measuring 6mm x 6mm x 6mm 

Med J Malaysia Vol 59 Supplement B May 200.4 

prepared by the School of Materials and Mineral 
Resources Engineering, Universiti Sains Malaysia. The 
experimental models were eight New Zealand White 
rabbits. Defects were created in J.he mandible w hereby 
the right side was implanted with HA while the left side 
was left empty to act as control. Both the implant and 
control sites were evaluated macroscopically and 
histologically a t 4, 12, 20, 22 weeks interval. 
Decal~tfieu .sections were studied under confocal laser 
scannmg m1croscope. 

Results 

There. was no incidence of extrusion of the implanted 
matenal throughout the study period in all d . . operate 
Sites, ne1ther was there superficial nor deep 1·nf t. . . . ec 10n. 
Mac~oscop1c exammat1on showed that at 4 weeks the 
HA 1mplant appeared Hxed to the host bone edges. B 
12 weeks: the margins of the HA implant appeare~ 
resorbed m some areas. By 22 weeks the HA bl 

.. bl B t: ' ock was not VIS I e. one to rmation and matura•: . h . I . uOn ill t e 
~mp ant Site was ahead of the control site at all the time 
mtervals of 12, 20 and 22 weeks Bone de .. 
c . · posttton was 
tOund at the bone 1mplant interface w·tth tl 1. 1e ear 1er and 
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less mature stages of bone development being found 
towards the centre of the implant. At 22 weeks, the 
implanted defect showed mature bone formation filling 
almost the whole field. 

Discussion 

Chemical composition, physical form, and appropriate 
application are good starting points when evaluating 
any new biomaterial for potential us&. The material 
under investigation is a locally produced dense HA 
zirconium ceramic. The present study is therefore a 
p reliminary study into n:e biocompatibility .and th~ 
ability of this material to mduce bone formation. The 
study demonstrated that the dense HA blocks exhibit 
excellent bincompatibility comparable to the published 
results. Enhancement of osteoconduction in the 
implant group was evident by the presence of 
abundant capillaries, perivascular tissue and 
osteoprogenitor cells of the host accounting for the 
new bone f!lling the gap and remodelling taking place. 
Bone ingrowth into the implant was evident as early as 

1. Muralilhran G, Ramesh S. The effects of sintering 
temperature on the properties of hydroxyapatite . 
Ceramic lnt 2000; 26: 221-30. 

2. Piconi C, Maccauro G. Zirconia as a ceramic biomaterial. 
Biomaterials 1999; 20: 1- 25. 

120 
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4 weeks, w hen the specimen was viewed by 
to pography. The pattern o f new bone growth 
beginning with an ingrowth of cellular loose 
connective tissue, which is replaced later by a dense 
connective tissue and matured bone, indicates the 
osteoconductive property of the implant material. 
However, it is difficult to confirm osteoinduction, which 
would be better studied in undecalcified sections. 
Some researchers suggest that a more desirable 
bioresorbable implant would be one that would allow 
for initial permeation and maturation of bone, followed 
then by resorption and replacement of the implant on 
the assumption that this type of pattern would allow for 
increased strength and/or stability at the implant site 
during the longer healing period'. The material in this 
study showed similar characteristics and this would 
probably indicate its use in load-bearing clinical 
situations. From this preliminary in vivo histological 
study, it appears that this locally manufactured dense 
HA block has the po te ntial to be a valuable 
replacement material. 

3. Costantino PD, Friedman CD, Lane A. Synthetic 
biomaterials in facial plastic and reconstructive surgery. 
Facial Plastic Surgery 1993; 9(1): 1-15. 

4. jarcho M. Calcium phosphate ceramics as hard tissue 
prosthetics. Clin Orthop Rei Res 1981; 57: 259- 76. 
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An in vivo study of a locally-manufactured 
hydroxyapatite-based material as bone 
replacement material. 

Abd u l Razak NH, AI-Sal ih i KA, Samsudin 
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School of Dental Sciences, Health Campus, Universiti 
Sa ins Malaysia, Kubang Kerlan, Kelantan, Malaysia. 

Defects were created in the mandible of a rabbit 
model whereby the right side was implanted 
with hydroxyapatite (HA) while the left side was 
left empty to act as control. Both the implant 
and control sites were evaluated clinically and 
histologically at 4,12,20,22 weeks. Decalci fied 
sections were studied under confocal laser 
scanning microscope. No reactive cells were 
evident microscopically in all sections. There 
was bone ingrowth as early as 4 weeks when 
viewed by the topographic method. 
Enhancement of osteoconduction was evident by 
t he presence of abundant capillaries, 
perivascular tissue and osteoprogenitor cells of 
the host. At 22 weeks, the implanted defect 
showed mature bone formation fi lling almost t he 
whole field . This st udy demonstrated that the 
dense HA exhibits excellent biocompatibility as 
noted by the complete absence of react ive cells. 
It also promotes osteoconduction. 
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ABSTRACT 

The objective of the study is to evaluate the osteoconductive, osteoinductive and 
biocompatibility properties of a locally produced dense hydroxyapatite (HA) as 
bone replacement material in mandibles. The study was carried out on 8 New 
Zealand White rabbits. Defects were created in the mandible of a rabbit model 
whereby the right side was implanted with HA while the left side was left empty to 
act as a control. The dense HA blocks with the pore size of < 5J.tm promotes 
bone ingrowth as early as 4 weeks when viewed by the topographic method. 
Both the implant and control sites were evaluated clinically and histologically at 4, 
12, 20, 22 weeks interval. Enhancement of osteoconduction was evident by the 
presence of abundant capillaries, perivascular tissue and osteoprogenitor cells of 
the host accounting for the new bone filling the gap and remodelling taking place. 
This study demonstrated that the dense HA exhibits excellent biocompatibility as 
noted by the complete absence of reactive cells. HA also promotes 
osteoconduction. It appears that this locally manufactured HA has the potential to 
be a valuable replacement material for maxillofacial reconstructive surgery and 
orthopaedic· surgery. 

ABSTRAK 

Tujuan penyelidikan ini dijalankan adalah untuk mengkaji ciri-ciri osteokonduktif 
dan osteoinduksif dan juga penyesuaian biologi ke atas hidroksiapatit (HA) 
mampat buatan tempatan sebagai bahan pengganti tulang di dalam rahang 
bawah. Kajian ini dilakukan ke atas 8 ekor arnab New Zealand White. Kecacatan 
dibentuk pada rahang bawah di mana bahagian kanan rahang di implan dengan 
HA dan bahagian kiri rahang dibiarkan tanpa rawatan dan bertindak sebagai 
kawalan. Blok HA yang mampat dengan saiz porosnya < 5J.tm didapati bersifat 
merangsang pertumbuhan tulang seawal 4 minggu seperti yang dapat dilihat 
dalam kajian ini menggunakan kaedah topografik. Selepas pembedahan, kedua
dua bahagian, implan dan kawalan dinilai secara klinikal dan histologi pada 
minggu ke 4, 12, 20 dan 22. Rangsangan osteokonduktif telah dibuktikan dengan 
kehadiran kapilari, tisu perivaskular dan sel osteoprogenitor yang bertambah 
pad a hos. lni kerana terdapat tulang baru- yang memenuhi ruang tulang rahang 
tersebut dan pemodelan semula berlaku. Kajian ini menunjukkan bahawa blok 
HA yang mampat adalah bersesuaian secara biologi seperti yang dilihat apabila 
tiada sel reaktif yang hadir. HA juga merangsang osteokonduktif. Material ini 
adalah salah satu bahan gantian yang berharga untuk pembedahan 
maksilofasial dan rekonstruktif dan juga dalam bidang ortopedik pad a mas a kini. 
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~. INTRODUCTION 

The problem of reconstructing a bone defect in the maxillofacial region resulting from 
malformation, disuse atrophy I resorption, infection, trauma or an oncological 
resection, presents an extremely challenging task (Redondo et al, 1995). An 
autogenous bone graft is the best solution in most instances, but it involves a 
second operation on the donor site with additional surgical morbidity. The possibility 
of using osseous replacement materials with similar end results is therefore very 
much welcome. For the past two decades a barrage of new biomaterials have been 
developed. Many of these materials have been developed over a relatively short 
period of time to meet the increasing demand by surgeons, thus producing materials 
that may not meet the requirement of an ideal biomaterial. 

Bone substitute materials may be classified as either synthetic or of biological origin. 
Synthetic agents include certain metal alloys, ceramics and synthetic polymers. 
Materials of biological origin may be homografts or xenografts. The constituents may 
be bone, bone derivatives (collagen, bone morphogenic protein, and other bone 
matrix proteins), and natural polymers (collagen). Despite reassurance on the lack of 
allergenic potential or transmission of infection of the homografts and xenografts, 

.... ·"~-<there is nonetheless caution on their usage (Costantino et al, 1993). Synthetic 
materials I allografts, on the other hand, do not pose such problems, ·but their bone 
inductive potential may be less potent. Synthetic materials are either biodegradable 

:t or non-biodegradable, whereas compounds of biological origin will biodegrade 
completely in the body (Hollinger and Battistone, 1986). The tissue response to 
different materials varies with the chemical composition and micro- and macro
structures of the synthetic material. (McGrath, 1989). 

Ceramics contain metallic and non-metallic elements. They possess high stability 
and resistance to chemical alteration. Generally, they are harder than metals or 
polymers, high in compressive strength, are poor electrical and thermal conductors 
and are translucent. Ceramics for bone replacement is one of the most active areas 
of biomaterial research today. Like an autologous cancellous bone graft, a 
resorbable ceramic serves as a scaffold for new bone growth and is eventually 
resorbed by living tissue (McGrath 1989, Yamaguchi et al 1995). 

The advantage of a resorbable r:naterial is that there will be no long-term instability or 
compatibility problem. Another advantage is that it is an osteoinductive material and 
may therefore promote bone regeneration. 

The disadvantage is strength degradation during the remodelling process, which 
may cause mechanical implant failure and the unknown consequences of releasing 
high concentration of ion from these reactive substances (Muralithran and Ramesh, 
2000). 

Hydroxyapatite (HA) forms the principal mineral component of bone and comprises 
60%> to 70% of the calcified skeleton. Its chemical composition is Ca10(P04)6(0H) 
and is so~etimes referred to as ~alcium phosphate tribasic. Synthetic HA was fir~i 
prepared 1n 1951 and was studied by Ray and Ward as implants in surgically 
created defe~ts in the long bones and il~ac wings of dogs and the skull of cats and 
monkeys. S1nce then, many other stud1es have been done leading to the prese t 
understanding of this biomaterial (Costantino et al, 1993). n 
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,II • Synthetic hydroxyapatite is widely used in practical application as a bone 
replacement material. It has received considerable attention over the past two 
decades as an implant material due to its excellent biocompatibility. All forms of HA 
have excellent biocompatibility and when placed in contact with viable bone, result in 
osteoconduction and osseointegration, but there is no evidence that it is osteogenic. 
HA does not cause a chronic inflammatory response, toxic reactions, or a foreign 
body giant cell reaction (Costantino et al, 1993). It encourages bonding between 
body tissues and implant surface (Muralithran and Ramesh, 1999). 

An explanation of the basic biological profile of these implant materials lies in their 
chemical nature: all having the same ions and similar ratio of calcium to phosphate 
as that of the natural bone and teeth. Because of this, these materials, when 
implanted in bone, are capable of participating in calcium phosphate solid-solution 
equilibrium at their surface. The requisite calcium and phosphate ions needed to 
establish these equilibriums may be derived from the implant or surrounding bone, 
or both (Jarcho, 1981 ). It is therefore an ideal candidate for clinical application either 
in the form of fully dense sintered material or as a coating material on a bioinert 
metallic implant. 

Although it would seem that the chemical composition of the implant would be of 
primary importance, its physical form is equally critical in determining 
biocompatibility. In fact, an implant with an excellent biocompatibility on a chemical 
level can fail just because its physical form is not appropriate. Thus, chemical 
composition, physical form and appropriate application are good starting points to 
focus on when evaluating any new biomaterial for potential use (Costantino et al, 
1993). 

Although hydroxyapatite is a promising implant material, the greatest stumbling 
block to its wider application and utilisation is the brittleness of the material (as in 
other ceramic materials in general) and its low strength for load-bearing applications 
(Hollinger and Battistone, 1986). Its use under load-bearing application has been 
restricted by the low toughness and low flexural strength of the ceramic body 
(Muralithran and Ramesh, 2000). 

Dense, porous or particulate forms have been developed. The particulate 
hydroxyapatite lacks, form and cohesive strength; therefore it tends to dislodge and 
migrate under externally applied forces during the healing period. Attempts have 
been made to overcome this problem by combining the hydroxyapatite particles with 
a collagen fibre, gelatine matrix in block form or with a fibrin (Bakos et al, 1999). 

Ceramic HA in blocks, is available in two forms: dense or porous. The selection (by 
the researchers involved in the production of the material) of nonporous rather than 
porous forms of HA for the present applications, was based on a critical review of 
animal and clinical studies reported during a decade of experience. The porous 
forms have interconnecting micro pores of 1 00-300J.1m. The porous microarchitecture 
of hydroxyapatite favours cellular migration, revascularisation and bone deposition in 
its interior (osteoconduction). The deposition of bone into the implant promotes 
mechanical fixation w.ith the ~atur~l bone (Redondo et al, 1995). However it is 
fragile, fractures eas1ly and 1s difficult to contour. Porous HA implants with 
compress.ive strengths of abou.t 1 OOOpsi, are weaker than dense HA. The prol~nged 
time reqwred for bone g~~wth mto porou? HA bl~c~s may also limit its use in clinical 
situations, whereby stability must be achieved w1th1n a two-month period (Kent t 
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1986). It is also recognised that porous HA has a greater potential to be~o~~ 
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infected than dense HA as a result of the wicking effect of the interconnecting pores 
(Kent et al, 1986). Dense HA implants with compressive strengths greater than 
25,000 psi, have served as permanent implants, showing no tendency to bioresorb 
even after prolonged periods of implantation. 

In order to improve the mechanical properties (impact resistance, and tensile 
strength) of sintered hydroxyapatite, the properties of the powder precursors have 
been studied by controlling important parameters such as particle size and shape, 
particle distribution and agglomeration (Muralithran and Ramesh, 2000). 

Zircon has been known as a gem since ancient times. The name of the metal, 
zirconium originated from two Persian words Zar (Gold) and Gun (Colour). zirconia, 
the metal dioxide (Zr02), was identified in 1789 by a German chemist Martin 
Heinrich Klaproth. Low quality zirconia is used as an abrasive in huge quantities. 
Tough, wear resistant, refractory zirconia ceramics are used to manufacture parts 
operating in aggressive environments. Good chemical and dimensional stability, 
mechanical strength and toughness were the origin of interest in using zirconia as a 
ceramic biomaterial (Piconi and Maccauro, 1997). 

Partially stabilised zirconia is a new ceramic material with unique properties. It has 
high fracture toughness, is highly radiopaque and easy to cut or prepare for a 
superstructure. The ivory colour of zirconia ceramic is also favourable due to its 
similarity to the colour of the natural tooth. Ichikawa (1992) had quoted that Hulbert 
et al reported zirconia ceramic as showing excellent tissue compatibility. However, 
mechanical properties in vivo may be changed longitudinally because of the 
degradation of zirconia ceramic at 200°C in air and 60°C in water. Thus, although 
zirconia ceramic is recognised to be strong and tough, there are concerns that it 
might show deterioration with time due to possible phase transformation particularly 
in wet conditions. Cubic-phase of zirconia is stable but brittle. Stress-induced 
transformation of the tetragonal phase to the monoclinic has been shown to increase 
the fracture toughness. During this transformation, energy is liberated, which is 
absorbed by the phase-transforming zirconia. This phenomenon is known· as stress
induced phase transformation, and through this phase it had been shown to have 
relatively high mechanical strength (Shimizu et al, 1993). 

Zirconia ceramics have better mechanical properties than other ceramic biomat~rials 
relating to its fine grained, metastable microstructure. Tetragonal Zirconia 
Polycrystals (TZP) or Zirconia-yttria ceramics are widely used by manufacturers for 
total hip replacement (Cales et al, 1994 ). At present, improvement of the 
performances of TZP for total hip replacement is ongoing and new applications in 
dentistry are also emerging. 

Composites formed by hydroxyapatite ceramic in combination with zirconia have 
been proven not to produce any local or systemic adverse reactions or any cytotoxic 
effects in various in vivo studies (Piconi and Maccauro, 1999). This material showed 
no decrease in strength after ageing up to 1 year, which is in agreement with the 
study done by Shimizu et al in 1993. 

The material used in th.i~ study is an advanced material cre~ted from the admixing of 
zirconia and other a~d1t1onal components to a hydroxyapatite base. The HA is hot
pressed and then srntered at a temperature of 1300°C. This is to increase th 
toughness and strength of hydroxyapatite ceramic. e 
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.. Figure 1: Surgical pr"Ocedure-s 

(e) HA b1ock in the defect (f} Primary closure 

~----------------------~----------- ----~----
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(g) Euthanasia with intra-venous 
Pentobarbitone 

ft) site of HA block at 20 weeks 

(k) Harvested specimen to be kept in 
10% Formalin Saline 

(h) HA block at 12 weeks 

U) Harvested specimen 
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It) site of HA block at 20 weeks 

(k) Harvested specimen to be kept in 
10% F ormatin Saline 

U) Harvested specimen 
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,. - post-operative infection, an intramuscular injection of Amoxycillin at a dose of 1 OOmg 
in 0.5ml ampoules was given-for 4 days.--- ---- ------ ------- ---~--------

Two rabbits at each time, were sacrificed at 4, 12, 20, 22 weeks following 
implantation using a lethal dose of Pentobarbitone intramuscularly. The mandibular 
bone at both the operative sites were cut using a saw and removed. 

Histological preparation 

The harvested right and left mandibular sections were fixed in 1 0% formalin in 
saline. The sections were then decalcified with 5% nitric acid followed by the 
process of grossing where the appropriate sections were selected and cut at a 
thickness of 3mm buccolingually and were processed and embedded in paraffin wax 
independently. The tissue blocks were sectioned at a thickness of 4J.tm using the 
microtome and mounted on slides. The slides were then stained with hematoxylin 
and eosin. 

For histological analysis, two slides from each side of the mandible, were examined. 
The slides were viewed with a confocal laser-scanning microscope. The images 
from these sections were transferred from the microscope to a' computer screen. 

RESULTS 

Neither superficial nor deep infection was observed macroscopically in these 
experimental animals. There was also no incidence of extrusion of the implanted 
material throughout the study period. 

Clinically, at 4 weeks post-implantation, the defect in the control did not appear to 
have undergone any changes macroscopically. The HA implant in the right mandible 
appeared fixed to the host bone edges and the contour of the implant remained 
intact. By 12 weeks, the control defect appeared to be covered by fibrous tissue and 
in the implanted defect, the HA appeared fixed to the host bone and its margins 
appeared resorbed in some areas. By 22 weeks, the control defect was completely 
covered by bone whereas in the implanted defect, the HA block was not visible 
clinically. 

Histological studies showed that bone repair had progressed through a programmed 
sequence of maturation steps closely resembling the pattern of bone development 
and growth regardless of whether bone grafts or substitutes were present or not. 

There was enhancement of osteoconduction in the implant group. This was evident 
by the three dimensional process of growth, namely, the presence of abundant 
capillaries, perivascular tissue and osteoprogenitor cells of the host accounting for 
the new bone filling the gap and remodelling taking place. 

At 4 weeks after creation of the defects in the mandibles, there were no fibroblasts 
seen at the pe~iphery of the defect in the . control. The dark space represents the 
defect space w1th t~e h?st. bo~e regenerating. There was no evidence of any new 
blood vessel format1on, 1nd1catmg that there was no new bone formation (Fig.2a) 1 
the defect with HA, the dark area represents the defect with the HA dissolved dur.i n 
the de.calcification proce~s. There was evidence of fibroblasts with fibrous tiss~~ 
formation around the HA Implant. Some mesenchymal cells and new blood vessels 
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Figures 2 

i 
1 Defect 

2 {a)- Control site at 4 weeks shOVI'10Q host bone regeneration 
No new bone formation H&E x 10 

New hone 
foPnation at 
'lost bone - HA 
r terface. 

Defect w1th H/-\ 
d·s.solved. 

2 (b}- HA site at four weeks showing bone ingro•NHis into defect r·t&E x w 
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were seen at the periphery (Fig.2b ). When viewed by topography, there were bone 
ingrowths into the implant (Figure 3). _________ ---·· ___ ____ _ _ _ _ _________________ _ 

At 12 weeks after implantation, in the control, there was a plate-like mesenchyme 
with richly vascularised connective tissue and lots of osteoblasts. Small ossification 
centres or trabeculae were seen as dense eosinophilic, homogenous mass 
surrounded by osteoblasts. Very few osteocytes were seen in the lacunae (Fig. 4a). 
On the implanted side, there was formation of primitive cancellous bone with richly 
vascularised connective tissue occurring in the gap between the implant and the 
host bone. Few ossification centres or trabeculae were seen as they coalesced to 
form cancellous bone. There were many osteoblasts, osteocytes in lacunae and 
osteoclasts. A layer of periosteum was seen and there were collagenous fibres 
running in random directions with evidence of woven bone formation (Fig. 4b). 

At 20 weeks post-defect, immature bone growth can be seen without any mature 
Haversian canal in the control. There was proliferation of mesenchymal cells and 
neovascularisation (Fig. 5a). In the implanted defect, mature bone was seen in many 
areas of the section with numerous immature Haversian system, indicating an 
ongoing process of bone maturation. There were new bone ingrowths coalescing in 
an attempt to fill the defect (Fig 5b). _ .. _ !,··~·<· 

At 22 weeks, the control showed new bone formation with fibrosis surrounding it. 
There were only a few areas of mature bone (Fig.6a). Photomicrograph of the 
implanted defect showed mature bone formation filling almost the whole field. 
However, there were still areas of dark spaces indicating that the HA implant had not 
been completely resorbed. Some mesenchymal cells were seen (Fig. 6b). 

DISCUSSION 

A multitude of materials have been tried as bone substitutes, but many of these 
materials were found to provoke antigenic or foreign body reactions of varying 
severity or occasionally to become infected (Rawlings, 1993). It is now widely 
recognised that calcium phosphate ceramics such as hydroxyapatite or tricalcium 
phosphate are suitable bone substitutes in orthopaedic, reconstructive and 
maxillofacial surgery due to their good biocompatibility and extensive bone 
conductivity, allowing direct bonding between bone and ceramics (Kurashina et al, 
1997). 

Due to the inherent weakness of the ceramic HA, attempts at modifications to its 
chemical structure to improve its physical properties such as toughness and flexural 
strength should be ongoing. The new material should be not only strong, but be 
biocompatible and osteoconductive. In addition, it had also been shown that physical 
form is also an important determinant of the success of an implant material. 
Costantino et al (1993) stated that focusing on chemical composition, physical form 
and appropriate application is a good starting point when evaluating any ne~ 
biomaterial for potential use. The material under investigation is a locally produced 
dense HA zirconium ceramic. The present study is therefore a preliminary study into 
the biocompatibility and the ability of this material to replace bone. 

Dense HA-cemented titanium implants and HA-coated titanium implants 
8 

currently b~ing. used ~or de~tal. i~pl~nts. De~se ~A is chemically stable and no~~ 
resorbable 1n v1vo but 1t has 1ts hm1tat1on of bemg bnttle. Studies contrary to this h 
been done and they found that dense HA implants with bone and titan~v~ 
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Bone 
1ngrov.rths 

Figure 3 

H.£1. s1 te at 4 weeks showing bone 1ngrmvths mto ti A. (3-D topog13ph·{: 
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Figures 4 

Neovascularisation 

4(a) - Control site at 12 weeks, showing mesenchymal cells, richly vascularised 
connective tissue and osteoblasts along the defect margin. H&E x 10 

Neovascularisation 

Primitive 
cancellous 

bone 

4(b)- HA site at 12 weeks showing primitive cancellous bone with richly 
vascularised connective tissue in the gap between the imlant and the host 

bone. H&E x 10 
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Figures 5 

5(a)- contrcl 'slte at 20 weeks showing immature bone growth. Evidence of 
proliferation of mesenchymal cells and neovascularization. H&E x 10 

New bone 
ingrowths 
coalescing 
to fill the 

defect 

5(b)- HA site at 20 weeks showing mature bone growth at several areas with 
immature Haversian system, indicating an ongoing process of bone maturation. 
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6(a)- control site at 22 weeks, showing new bone formation with fibrosis 
surrounding it. Only a few areas of mature bone are seen. 

Site of unresorbed 
HA with 
mesenchymal cells 

Mature bone 

6(a) - HA site at 22 weeks, showing mature bone filling almost the whole 
field. Some mesenchymal cells were seen. 
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It has been shown that calcium phosphate bioceramics are well tolerated by the 
body; they cause neither inflammation nor systemic toxicity. Jarcho (1981) had 
concluded that the results of various studies done indicated that the calcium and 
phosphate derived from these implants enter the body pool and are utilised or 
removed in a normal fashion. There is neither foreign body response nor any 
evidence of rejection (Rawlings, 1993). The present dense HA zirconium ceramic did 
not provoke any foreign body reactions or show histological indication of infection 
throughout the 22 weeks period indicating that it has good biocompatibility to the 
host. 

Within 1 day of implantation of a biomaterial, the healing response is initiated by the 
action of monocytes and macrophages. Fibroblasts and vascular endothelial cells in 
the implant site proliferate and begin to form granulation tissue. This may be seen as 
early as 3-5 days following implantation. New small blood vessels are formed by a 
process of neovascularisation or angiogenesis. Proliferation of fibroblasts in 
developing granulation tissue is active in collagen synthesis leading to formation of 
the fibrous capsule (Anderson, 1996). 

Take~hita et al (1997) did a study on bone formation around dense HA implants 
using light microscopy, image processing and confocal laser scanning microscopy. 
He found that the percentage of bone contact of HA is superior to titanium 
throughout the experimental period (5, 7, 14, 28, 84 and 168 days). Ferraro (1979) 
reported on the histological finding of purified processed ceramic CaP04 blocks, 
implanted in the body of the mandible of dogs. These implants were of pore sizes 
ranging from 100 to 300J.1m. He noted that there was no real evidence of new bone 
or osteoid formation in the controls even after one year. The margins of the defect 
show sclerotic bone. The present study shows that there was bone regeneration in 
the control but the bone formation and maturation lag behind that of the implanted 
site. 

The present study demonstrates that the implanted study material promotes bone 
growth as early as 4 weeks. This is an advantage over the porous ceramic blocks, 
which requires a prolonged time for bone growth into the implant. 

Bone grafts during their avascular p~r.iod may become infected. It is also recognised 
that porous implant materials, whether HA, other ceramics, or polymers, have a 
greater potential to become infected than do non-porous materials. Throughout the 
study period, there was no evidence of infection or extrusion of the implanted 
material. Several other studies reported similar results. Rawlings 1993 reported 
that Zide et al in 1987 did a study on the repair of frontal bone defects using dense 
HA particles with or without autogenous bone. Throughout the follow up period of 3% 
years, they found no evidence of inflammation, rejection or resorption. 

Jarcho in 1981 had stated that the minimum pore size required for effective ingrowth 
of bone into porous ceramic structures is approximately 1 OOJ.tm. Gauthier et al 
(1998) showed that macroporosity is conducive to osteoconduction, cell colonisation 
and bone ingrowth and that a reduction in macroporosity may have a negative effect 
He further concluded that the influence of pore size is greater than the percentage of 
porosity. The pore size of the dense HA is <5J.1m (Figure 7). However bo 
ingrowth is evide~t in_ t~is _study as early as 4 weeks when viewed by topoQra ~i~ 
method. Tetracyclme InJection would create a fluorescent layer in newly formed :One 
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Figure 7: Scanning electron microscopy of the dense hydroxyapatite used in this 
study. The pore size is less than 5 IJm 
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that can be detected with fluorescent microscopy to detect bone-remodelling 
activities. (Gauthier et al. 1998). 

Holmes and Hagler (1988) in a histometric study of porous hydroxyapatite as a bone 
graft substitute in cranial reconstruction, found that more bone was present in the 
fields near the cranial cortex than the mid-portion of the implant and that the 
hydroxyapatite matrix surface covered by bone is also greater nearer the cortex. 
Chang et al (1996) also mentioned the effect of anatomical location upon bone 
growth around an implant. Histologically, the periosteum contains many more blood 
vessels and osteoblasts than the endosteum. Thus, they concluded that, after 
implantation, bone formation is more abundant in the periosteal region than in the 
endosteum. Ferraro (1979) found in his study that bone replacement occurred in a 
concentric manner with the earlier and less mature stages of bone development 
being found towards the centre of the implant. Most of the bone was deposited in the 
bone implant interface. The present study has similar finding in that the bone 
deposition is found at the bone implant interface. 

There are tWo schools of thought regarding the most desirable bioresorption 
characteristics. One suggests that an implant material that allows for a more or less 
rapid creeping substitution by_ heaiing bone would be more desirable since the 
implant site would be restored to normal in a minimal amount of time. Others 
suggest that a more desirable bioresorbable implant would be one that would allow 
for initial permeation and maturation of bone, followed then by resorption and 
replacement of the implant on the assumption that this type of pattern would allow 
for increased strength and/or stability at the implant site during the longer healing 
period (Jarcho, 1981 ). The dense HA used in this study has similar characteristics 
as the latter, and this would probably indicate its use in load-bearing clinical 
situations. 

In addition, a tissue composition high in bone coverage of the implant matrix, 
documents the strength of the material (Holmes and Hagler, 1988). In the present 
study, bone formation is in direct apposition to the hydroxyapatite matrix without 
intervening soft tissue. There was early bone ingrowth (by 4 weeks). By 22 weeks 
mature bone formation is more abundant in the implanted site than the defect 
without the implant, and there was high bone coverage of the implant matrix. This 
may be indicative of the implants being a strong material. ::.:; ;·~ 

CONCLUSION 

As this study was performed on rabbits, which have shorter life span, the 
assessment of bone growth and the effects of the implant on host tissues over a 
long period cannot be established. Nonetheless, the results showed new bone 
formation around the implant materials from as early as 4 weeks. The new bone 
formation began with an ingrowth of cellular loose connective tissue, which is 
replaced later by a dense connective tissue and then matured bone. This may 
suggest that the implant material is not only osteoconductive but also osteoinductive. 

The study also demonstrated that the dense hydroxyapatite blocks exhibit excellent 
biocompatibility as noted by the complete absence of reactive cells. 

From this preliminary in vivo histological study, it appears that this loc 
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manufactured sintered, dens~ hydroxyapa~ite b.lock has the potential to b: ~ 
valuable replacement matenal for maxtllofactal reconstructive surgery and 
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