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Abstract: In this article, the author focuses on the human bone
structure and the presence of apatite. By chemical modification
it is possible to get an artificial hydroxyapatite with properties
similar to the natural apatite. The use of synthetic hydroxyap-
tite as a surface layer on the substrates made of titanium alloys
significantly increased biocompatibility of such a device.

1. Introduction

Nowadays, modern medicine has made a great progress in treatment of human dis-
eases. If the human body is infected by serious diseases, like i.e. cancer, or has been
injured by the accident, sometimes the medical treatment is based on surgery. If
the infected or damaged parts and organs must be removed in order to heal the living
body, some of them can be replaced by the natural or artificial implants. Some miss-
ing parts, like liver, heart, lungs can be replaced by their equivalents from another
body coming from a donor. Sometimes, for the treatment the animal’s organs such as
swine heart valve are used. It also happens that one can not apply any of the above
solutions. In such cases people use artificial materials, which are called biomaterials.
According to the definition given at the Conference of Biomaterials in 1982, the bio-
material is a nonviable material used in a medical device, intended to interact with
biological system (Williams 1987). Biomaterial should be characterized by:

• The acceptance of the human body,
• High biotolerance,
• High corrosion resistance,
• Physical and chemical properties must be similar/like properties of human tis-

sue.

Every implant, which can be put inside the human body, is composed of many
kinds of biomaterials. The implant is biomaterial or medical device (making by one
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or many biomaterials) placed on the human body by implantation method, located
below the surface on the epithelia (Williams 1987).

The development of implants for bone surgery largely depends on progress in
the field of biomaterials engineering. Despite of the increasing demands and needs
of the development of ceramics material (Świecki 1992, Ślosarczyk & Piekarczyk 1999,
Chłopek, Błażewicz, Pamuła, Błażewicz, Wajler & Staszków 1999), there is a wide
range of metallic implants, especially useful for orthopedics, surgery (e.g. joint pros-
thesis, bone loss), and dentistry.

There are two kind of bone structure: compact bone and spongy bone. Compact
bone tissue is very hard and strong. It creates an inner layer of bone or bark/cortex.
It also creates a reinforcing layer in the areas, which are exposed to mechanical stress.
The second tissue (spongy) has different properties than the previous one. It has
a much lower weight and its structure has a regularly arranged system of soft, flexi-
ble, network – like connections. Spongy structure is extremely metabolically active,
which involves, inter alia, the incorporation and release of large amounts of calcium
(Wojtyczek 2004).

The human and animal bone tissues are made of the same organic and inorganic
substance. Therefore it is possible to used animal tissue in transplantology. Each
bone has two basic elements: bone cells and intercellular substance. About 1 – 2
% of all bone consists bone cells, which size is about 30 um. People have known
three type of bones tissues: osteoblasts – hematopoietic cell, osteocytes – cells formed
bone and osteoclasts – tissue resorb bone. The substance is made up of intercellular
matrix collagen fibbers and calcium salts. In the matrix, consisting primarily of acid
mucopolysaccharides collagen fiber are immersed, which are hardened by crystalliza-
tion of their calcium salts. They arranged in parallel to form a bone lamellae and
Haversian canals (Świecki 1992, McLean & Budy 1959), where are blood vessels and
nerves regulating cell function (Sobczak & Kowalski 2007).

The Bones are made of about 30% of organic matter and 70% of inorganic sub-
stance – apatite, which give rigidity of bones and adequate mechanical strength. Crys-
talline material, with a chemical composition similar to the mineral phase of bone,
is calcium phosphates, with a molar ratio of Ca/P is different from 1.67. This ratio
depends on the age, health, skeletal fragment and even the diet of the individual
(Nałecz, Błażewicz & Stoch 2003, Brown & Chow 1979). With these properties they
are capable for inducting a direct bond with bone. Similar properties can be seen
in Hydroxapatite, which can be obtained by chemical synthesis.

2. Hudroxyapatite and chemical methods of its synthesis

Nowadays the implants are made with metallic biomaterials, because of their very
good mechanical properties. However, corrosion resistance and biotolerance of metal-
lic biomaterial is generaly insufficient. Clinical experience with metallic implant
for humans show that there is a large problem with infections and other compli-
cations during implants lifetime. Taking into account the experience of scientists,
even alloy having the best biotolerance can be used for limited period of time. Till
now, modifying the chemical composition and quantitative relationship of alloying
elements and deposition methods on the surface of the passive barrier layers, does
not give fully satisfactory results during clinical trials. However, the big progress
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Tab. 1. Comparison of tissue containing calcium in adults (Christel 1986)

COMPOSITION ( % weight) ENAMEL DENTIN BONE HAp
Calcium 36,5 35,1 34,8 39,6
Phosphorus 17,7 16,9 15,2 18,5
Ca/P 1,63 1,61 1,71 1,67

has been made in improving physicochemical properties by forming composites with
bioceramics. One of the best ceramic material, that can be used in implants, is Hy-
droxyapatite (HAp). Its high biotolerance in combination with the good properties
of the steel gives a possibility of making new composite biomaterials for long lifetime
implants (i.e. endoprosthesis implants). Hydroxyapatite (HAp) is one of one most
important component of bones and teeth. Synthetic hydroxyapatitie can be obtain
during chemical processing. Chemical composition of HAp (Ca10(PO4)6(OH)2) in
recalculate on oxygen is as follows (Gawroński 2009): CaO – 55,8 % mas, P2O5 –
42,4% mas; H2O – 1,8 % mas. Table 1 shows how chemical and phases in HAp are
similar to the composition of bone tissue.

The presence of these elements influences the activity of enzymes involved in the
activity of bone cells. Incorporation of ions Mg2+ and CO3

2− crystals reduces the size
and increases the solubility. The results are a low crystallinity of bone apatite and high
reactivity in the process of bone resumption.

Crystals of hydroxyapatite have 200x30x70 nm size and they are allied in parallel
plates in a pyramid shape. Synthetic Hydroxyapatite can be a very good material
for implants coatings for human body, but it has too strength parameters. In medicine
Hap is using as biocompatibility layer on the top titanium alloy implants. That ce-
ramic can be deposited on alloy by different method like (Gawroński 2009, Dabrowski,
Sterna, Siudyn & Piszczatowski 2002):

• Thermal spraying is cheap method. That method give a high deposition rate
and coating is about 30 – 200 µm size. Defect of thermal spraying is high
temperature in process, the consequence can be amorphous layer formation.

• Spuller coating - technique which allows to make 0.5 – 3 µm thick coherent film.
Unfortunately by using this method it can be only obtained amorphous coating.
Cost of that method and processing time is too high.

• Pulse laser deposition. By this method, one can get a tight, porous and amor-
phous crystalline structure. Size of that layer is about 0.05 – 5.0 µm.

• Elecrophoretic deposition method for irregular titan ground. Hydroxapatite can
be deposited as a consistent layer, which thickness is 0.1 – 2.0 mm.

• Sol – gel method, which can perform a thin layer about max 30 µm. It is
the cheapest method for doing hydroxyapatite layer on titanium surface.

3. Conclusions

The human bones have a very complex structure, which makes bones very tough.
Moreover the bones have an extraordinary ability to inosculate with surrounding tis-
sues. Modern implants have even better mechanical strength than natural bones.
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However, they have a poor biocompatibility, which causes many infections after im-
plant surgery, and implant lifetime limitations. Those problems can be reduced by
the use of the synthetic Hydroxyapatite. The synthetic Hyrdoxyapatite can be used
as a coating material for the implants. Good biocompatibility and structure like hu-
mane bone make the implant with Hydroxyapatite to be accepted by the living body
as a natural tissue. HAp can be deposited on solid or porous ground. Porous ground
with HAp gives biomaterials better growth in bone than soli ground.
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