CHAPTEER 1

INTRODUCTION

Bioceramics
The pr "biomaterial"” and
"hioceramic” onal Institutes of

,
Health (USA) spuentiy Conference on the

Clinical Applica _f i1; Lerial Development as the

A BIOMATERTAL #5f&-tny stance, other than a drug,
or combination Qf s BEy ¢ or natural in origin,

w'jas a whole or as a
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part of a sys'ﬁu OTens oS, %ugﬁﬂ-ts, or replaces any

tissue, arga or f@mstion of the body.
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summarized (Hench, 1989).
1. If the ceramic is toxic, the surrounding tissue
dies.

2. If the ceramic is nontoxic and it dissolves, the

surrounding tissue replaces it.
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3. If the ceramic 1is nontoxic and biologically
inert, a fibrous tissue capsule of various
thickness forms.

4. If the ceramic is nontoxic and biologically

active, an interfacial bond is formed.

Thus, useful can be classified into

three main h their interaction with
the surrounding env | L ome : T‘“‘ﬁﬂg;- classes are :

1. Bio-Iu . }i§$§E;}\\; material maintains

1 ~ and _me properties through

the g | l \\\ al implant.

2. Bio-R L "fFl sy Bwpe of material is
aiinl Eoal O colved and ultivately
replaced 'w"i ) S .rounding living tissue.

d » e which aids in the

——_.'i‘ tissue.

yp?ﬂnf material develops
chemiofils, bonds wihb the surraundlng tissues and
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cllnlﬂﬂl ant to &Lthe surroding tissue.
Q wa@g n mum 'lqm atmﬂ—resnrhahle.
Ceramic materials as drthapadic implants are
recent.ly receiving a great deal of attention. Since the
oxide ceramics are fully oxidized solids, they do not elicit
metallic 1ions that could cause physiological imbalances.

The potential of ceramic materials as permanently

implantable skeletal prosthetic devices has been well



outlined (Hulbert et al., 1970). Since that time, there has
been a tremendous explosion of activity in the area of
bioceramic materials, some of which will be addressed
briefly in subsequent discussions. Bicoactive ceramics,

which form strong bonds (there 1is still a great deal of

uncertainty about thea hat ' t.hese bonds) with natural

bones, have expandede. ] 2@
base applicatiung7 ‘

ceramics in biomediecal
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Bio-Resorbable a o o b i ves

role in
.-f

establishing ceramics ,4;19 and important implant

material. In ~cepti@in® “appii -3 replacement of

traumatized bcn}ff" xe 0 have a material

ahahle. i1s type ofimaterial can be used
for permane wﬁzﬁﬂﬁmHTn es as well as a
porous dev Er into the body.
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formatiqp of norma issues on their surfaces and could

that is bio-res

establish a contiguous interface capable of supporting the
loads that normally occur at the site of implantation would
have optimal biocompatibility. It is also observed that a
number of bio-active ceramies are also hio;rEEGrbahle to
some extent. ' Thus, it will be best to treat the two

together under one category.



The use of a combination of bio-resorbable materials
and particulates of non-resorbable materials could provide
physicians with an effective implant material. Plaster of

Paris has been used to fill bone defects since the latter

part of 19th century (Peltier, 1969). Recently, the bio-

resorbable plaster used as a formable,

hold the particles of
nonresorbable, ca 1 ~Ctraa such as calcium

phosphates, which Along with the

calcium phosp materials like

demineralized fre :”kg-ﬂa powders can also

be used. The plas ber a few weeks of

‘ﬁf
implantation and brovascular connective
tissues, capsules, bone, which holds the
nonresorbable parti@les andqi eg them into the host

bone. It has a ﬂ- 'ﬂf"ster of Paris can

be used to &eliv ‘ naterials w such as active
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Beta tricalcium phosphate (g - Ca_, (PO,)_) commonly known
as TCP ; hydroxyapatite (Ca, 6 (PO,)_ (OH)_,) commonly known
as HA; Ceravital, a glass-ceramic in the glass systenm
Na,0 - K,0 - Mg0 - Ca0 - Sio, - P,O_ ; and ALH glass ceramic
which contains oxyapatite (Ca, (PO_) _0_) and

wollastonite (Ca0 ~ Si0_, crystals). All these materials



have been known to produce a strong and direct bond with
bone tissue. The nature of the "bond"” is still the subject
of intense debate and continuing research.

Though the bio-active glasses based on the

sio, - Na,0 - Ca0 - P_O_ system have good bonding to bones,

clinical use has been verg\Ri#ited. The extreme brittleness
of the material ; v has prevented its use in
any form of 7 saring application. However, this
material can Dbe ! badmplants. Tricalcium
phosphate (TCP) used as bone graft
substitute and resorb over time.
Hydroxyapatite Us brittle nature, has
experienced the due to its chemical
similarity with bo its ability to form a
strong bond with na

HA, é*“‘“".'m——’f- jtermediate between
bio-resorbable ’igﬂ nate; ial. Resorption or
biodegradation of¢ galecium phpsphate ceramics is caused by

physmhemﬂlwﬂ?l%lﬁnﬁﬂ Ehehfd B the soruninity

product. of t.he materialf and locad pH of itsienvironment ;
hysmﬂ w’latﬂn“im unmq lmlﬂ ’llaus due to
preferential chemical attack of grain boundaries 3; and
biological factors, such as phagocytosis which causes a

decrease in local pH concentrations.
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Hvdroxvapatite Products

Because of its interesting properties, HA products
were produced in many countries and  have different

tradenames. Two types of HA commercial products were shown

below :
1a:1
(e lhm“uhg_nﬂ- : U.S.A.)
: ka:ind Durapatite (Cook-
‘\\ lnt.rupat. (Heyl :
(Japan
1.2
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T e HA product that Chulalongkorn University was
interested in is the one prepared from cattle bone. CcCattle
bone product was used in two ways, direct and chemically
treated. Because synthetic HA was expensive due to its
manufacturing technigues either by precipitation from aquenu;

solutions or hydrothermal treatments. So this research aimed



at cattle bone product as a substitute. HA originated from
cattle bone, namely natural cattle bone (MP) and chemically
treated cattle bone (TP} were under comparative study in
terms of biocompatibility, mechanical suitability, and cost

(Lorprayoon, 1983). In vive test showed that all HA products

from cattle bone hadr ompatibility in animal

experiment and clinicad ivong, 1992.)

Objectives and Scg

In this g ehaviour of two kinds

of HA derived was studied under

\a ‘haracteristic change

ferent time of incubation,

simulated physiolg
such as Ca and P ri
bulk density, poros ‘05 ?fyF' d. nhase present in the
bulk and microsi HCture Of A WeFG@BEENYed. The in vitro
study data could be e bofie growth enhancement

and bone bondingfhecause apat@ie dissolution might promote
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flow chart shows the scope of this thesis.



Characterization HA Products Simulated Characterization
Ca, P and Impuritiesg{MP and TP Body Fluid -—ﬁCa, p

Phase (SBF) pH 7.4
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Microstructure
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Fig. 1.1 Flow ‘chart of thesis work
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