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Abstract

The rate of orthopedic implant use is increasing, and this trend is expected to
continue in the next decades due to aging population and improving medical
care. Biomaterials can be grouped under the four headings metallic, ceramic,
polymeric, and composite materials. In addition to the competency of the
surgeon, the success of these synthetic or natural biomaterials is dependent
on the properties of the biomaterial, biocompatibility of the implant, and the
condition of the recipient tissue. Despite major advances in orthopedic bio-
materials and allergic and foreign body response, biomaterials-related com-
plications such as implant loosening and infection are still restricting the use
of biomaterials in daily practice. Surface modification of biomaterials has
been developed for tailoring of surface properties of the orthopedic implants.
These altered surface properties mostly improve tissue-biomaterial interac-
tions and also mechanical characteristics of the implants.

Learning Outcomes 3.
After reading this chapter, you will under-
stand the following:

1. Rationale for use of the different biomate-
rials in clinical applications 5.

2. Structure and properties of different metals
commonly used for making orthopedic
implants
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Terminology

Biocompatibility Acceptance of an artificial
implant by the surrounding tissues and by
the body as a whole.

Biodegradation Materials that could be bro-
ken down by nature either through hydro-
Iytic mechanisms without the help of
enzymes or enzymatic mechanism.

Biomaterial A synthetic material used to
make devices to replace part of a living
system or to function in intimate contact
with living tissue.

Bone cement Mixture of polymethylmethac-
rylate powder and methylmethacrylate
monomer liquid to be used as a grouting
material for the fixation of orthopedic joint
implants.

Calcium phosphate A family of calcium
phosphate ceramics including calcium
phosphate, hydroxyapatite, and tricalcium
phosphate (TCP) are used to substitute or
augment bony structures and deliver
drugs.

Corrosion Unwanted reaction of metal with
environment.

Fibrous membrane Thin layer of soft tissue
which covers an implant to isolate from the
body.

Graft Set of living cells, living tissue, or liv-
ing organ surgically inserted into a body to
replace a damaged part or a defect of an

Clinical Relevance
1. Refer to Fig. 1.1 and consider a 66-year-
old patient with a total knee arthroplasty.
This modular knee arthroplasty implant is
composed of a cobalt-chrome femoral
component, titanium alloy tibial compo-
nent, and a polyethylene insert. Would you
be concern of crevice and galvanic forms
of corrosion in this patient?
When you have a total knee replace-
ment, the surgeon removes damaged carti-
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organ. This is an autograft if the donor and
recipient is the same individual; this is an
allograft when the donor and recipient
belong to the same species but are geneti-
cally distinct; this is a xenograft when the
donor and recipient are of different
species.

Hydroxyapatite A  calcium  phosphate
ceramic with a calcium-to-phosphorus
ratio of 5/3 and a nominal composition
CalO(PO4)6(OH)2. Hydroxyapatite is the
mineral constituent of bone.

Implant An implant is a medical device
(apparatus, prosthesis, etc.) made of one or
several biomaterials, which is introduced
into the human body in the long term to
replace an organ or to supply a function or
to treat a disease.

Osseointegration Direct contact of bone tis-
sues to an implant surface without fibrous
membrane.

Osteolysis Dissolution of bone mineral from
the bone matrix.

Passivation Production of corrosion resis-
tance by a surface layer of reaction
products.

Prosthesis A device implanted in the body to
supply a missing organ (limb, tissue) or to
restore a deficient function.

Stress shielding Bone is protected from
stress by the stiff implant.

lage and bone from the surface of the knee
joint and replaces them with a metal and
plastic. Because of the modularity of the
cobalt-chromium femoral and titanium tib-
ial components, crevice corrosion will be
relevant. Because there is a polyethylene
insert separating the cobalt-chromium com-
ponent and the titanium plate, galvanic cor-
rosion will be limited. Though wear through
of the liner would present other concerns as
well [31].
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Femoral component

Polyethylene insert

Tibial plate

Fig.1.1 Total knee artroplasty

In engineering any substance that is used for
manufacturing is called material. Biomaterials
are natural or synthetic materials that treat, aug-
ment, or replace tissues and organs. Biomaterials
are utilized to fulfill or support the task of living
tissue in the human body which continuously or
periodically comes into contact with body fluids.
Biomaterials are different from other materials in
the sense that they must have the ability to remain
in contact with tissues from the human body
without creating too much adverse or a hostile
response. If a material is used in a human body, it
has to be able to resist mechanical forces and
chemical effects. Also this material is expected to
exhibit osseointegration properties [1-4].

Men have used various materials to replace
organs or parts of organs since the beginning of
history. Glass for eyes, wood for teeth, gold in
dentistry, and linen, horsehair, and cotton for
suture were some examples of the uses of materi-
als for various replacements. These materials
were those used in everyday life. The evidence of
their use as implants or prostheses were mainly
discovered on human skeletons during the exca-
vations of sites from different ancient civiliza-
tions: Egyptian, Roman, and Greek. Gold, as a
metal, appears to be one of the earliest and main
materials used by old civilizations, and, incredi-
bly, it is still used today [5].

Musculoskeletal disorders are the principal
cause of disability in all over the world and are
responsible for chronic conditions. For a very

long time, the use of materials mainly was more
cosmetic than functional. Then surgeons and sci-
entists were interested in the subject, and they
developed functional materials for orthopedic
and other surgeries. Because of their mechanical
properties and resistance to corrosion, simple
metals were chosen in the beginning, but incred-
ible development of the plastics and ceramic sci-
ences make possible the use of new materials,
with diverse physicochemical and mechanical
properties. The rate of orthopedic implant use is
increasing, and this trend is expected to continue
in the next decades due to aging population and
improving medical care. Nowadays, the develop-
ment of new biomaterials and their use in medi-
cine has been an important domain. Despite
major advances in orthopedic biomaterials and
allergic and foreign body response, biomaterials-
related complications such as implant loosening
and infection are still restricting the use of bio-
materials in daily practice [1-6].

The response of a material to deforming
forces is characterized by its mechanical prop-
erties. Mechanical properties of biomaterials
determine the deformation, failure behavior, and
fracture of materials under the action of tensile,
compressive, torsional, or combinations of these
forces. As an example, mechanical properties
would be very important for a joint replacement
implant because it would be expected to with-
stand heavy loads generated during walking,
and such loads can be very high. To determine
the mechanical properties of a material, force
versus deformation tests are conducted. In these
tests, samples of a material are loaded at a con-
stant rate, and both the deformation and the force
required to cause that deformation are measured
at various time points.

Biomaterials can be grouped under the four
headings metallic, ceramic, polymeric, and com-
posite materials. The biomaterials most commonly
used in orthopedic surgery are metallic implants
such as steel, cobalt-chrome, or titanium alloys, as
they provide satisfactory mechanical performance.
Screws, plates, and nails used for the treatment of
fractures, hip and knee prostheses used in joint dis-
eases, and spine implants are typical examples of
metallic biomaterials used in orthopedic surgery.



Most commonly used implantation devices in
orthopedic surgery are made of metallic, ceramic,
and polymeric biomaterials [1-4].

Metals

All materials are constituted of atoms that are
bonded together by interactions. In metals,
metallic atoms are closely packed in a crystal
structure, and atoms are held together through
a nondirectional strong metallic bond. Metals
are group of materials with high corrosion resis-
tance, biocompatibility, high wear resistance,
and excellent mechanical properties such as
good ductility and strength. Due to their crystal
structure and strong metallic bonds with superior
mechanical properties, they are used frequently
as implant material. Metals have been preferred
practically completely for load-bearing applica-
tions, such as joint arthroplasties and fracture
fixation wires, pins, screws, and plates. Although
pure metals can be used, metal alloys are prefer-
able. Some characteristics, such as strength and
corrosion resistance of metal implants, can be
improved when used as a metal alloy by varying
the composition or by using different manufac-
turing processes [7, 8].

Convenient mechanical properties, corrosion
resistance, biocompatibility, and reasonable cost
are the main considerations in preferring metal
alloys for implant use. It is important to know the
physical and chemical properties of the different
metal alloys used in a surgery as well as their
interaction with the host tissue of the human
body, to be able to make knowledgeable deci-
sions. Elastic modulus, yield stress, ultimate ten-
sile stress, and fatigue stress are the most
important characteristics of a metal implant
defining its strength and stiffness. These proper-
ties of a metal can be seen from stress-strain
curves. The strength characteristics of a metal
can be influenced by the grain size, inclusion
content, and surface porosity. A metal with a
smaller grain size has a higher tensile and fatigue
strength compared to the larger grain size. High
surface porosity and too much inclusion content
will weaken the metals [7, 8].

N. Kose

Extracellular fluid of human body contains var-
ious ions such as dissolved oxygen, chloride, and
hydroxide. Therefore, the human body with a dif-
ferent ion concentration and pH changes in fluids
is a highly corrosive environment for metals when
used as implants. Corrosion is degradation of
materials’ properties due to interactions with their
environments, and corrosion of most metals is
inevitable. While primarily associated with metal-
lic materials, all material types are susceptible to
degradation. Corrosion weakens the material; also
corrosion products that enter into tissues can cause
damage to cells. Three types of corrosion are com-
mon in implant materials: fatigue, galvanic, and
crevice corrosion. Fatigue is the weakening of a
material caused by repeatedly applied loads. It is
the progressive and localized structural damage
that occurs when a material is subjected to cyclic
loading. If the loads are above a certain threshold,
microscopic cracks will begin to form at the stress
concentrators such as the surface and grain inter-
faces. Eventually a crack will reach a critical size,
and the structure will fracture. Galvanic corrosion
occurs when two different metals have physical or
electrical contact with each other. An electric cur-
rent is established between two metals that cause
degradation. To avoid tragic galvanic corrosion,
stainless steels should never be used with cobalt or
titanium alloys. Crevice corrosion is a localized
form of corrosion occurring in confined spaces, to
which the fluid in contact with a metal becomes
stagnant, resulting in a local oxygen depletion and
decrease in pH. Stainless steel corrodes more read-
ily than other alloys. Approaches available for con-
trolling corrosion include the application of
protective coatings to metal surfaces to act as a bar-
rier or alteration of an alloy chemistry to make it
more resistant to corrosion and the treatment of the
surface of a metal to increase its resistance to cor-
rosion. The chromium and molybdenum content
of alloys produces a corrosion-resistant surface
layer. Titanium alloys have an oxide passive film
layer that provides their corrosion resistance.
Nitric acid, by forming an oxide surface layer, is
used to make the surface of the implant passive to
corrosion [1-4].

The mechanical properties of the metal are
important and should satisfy the requirements of
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the specific application in the body. For instance,
when a metal is used to augment a bone, the elas-
tic modulus of the metal should be ideally equiv-
alent to that of the bone. If the elastic modulus of
the metal is greater than that of bone, then the
load experienced by the bone is reduced due to a
phenomenon known as stress shielding. This can
cause the bone to remodel to adjust to the lower
load and eventually result in the loss of bone
quality. Metals are passed through a series of pro-
cesses to provide materials desired properties
such as harder, softer, or durable.

Three material groups dominate biomedical
metal implants: stainless steel, cobalt-chromium
alloy, and titanium alloys. Other metals used in
the biomedical industry include nitinol, tantalum,
and magnesium. Nitinol, a nickel-titanium alloy,
belongs to the class of shape memory alloys. At
low temperature, these alloys can be plastically
deformed but return back to their original pre-
deformed shape when exposed to a high tempera-
ture. Tantalum (Ta) has been used for making
biomedical implants and devices, either in its
commercially pure (99.9 %) state or as an
alloying element in titanium alloys. Tantalum is
well known for its excellent corrosion resistance
and biocompatibility because of a stable surface
oxide layer. It has also been used as coatings on
other metallic devices, such as 316 L stainless
steel, to improve the substrate’s corrosion resis-
tance and to enhance biocompatibility. The use of
magnesium (Mg) for orthopedic applications
dates back nearly half a century. Mg is well
known for its light weight and biodegradability.
The density, elastic modulus, yield strength, and
fracture toughness of Mg are close to that of bone
[1-9].

Stainless Steel

Stainless steel was successfully used as the first
material in surgery. Stainless steel is essentially
iron and carbon alloy which contain at least 10,
5 % chromium. Molybdenum and a small amount
of manganese and silicon are added. The corrosion
resistance of stainless steel is due to the formation
of chromium oxide (Cr203) on its surface. The

corrosion-resistant properties of stainless steel
can be further improved by increasing the chro-
mium content. These properties and other physi-
cal and mechanical properties can also be
improved by the addition of several other alloying
elements. For instance, addition of molybdenum
increases pitting corrosion resistance, while the
addition of nitrogen increases mechanical strength
and pitting corrosion resistance.

Stainless steel is the common name for a num-
ber of different steels. Stainless steels with a
smaller percentage of carbon, which are labeled
316 L, are used for orthopedic implants. The letter
“L” represents low carbon content (<0.030 %).
The low carbon content is highly preferred for
excellent corrosion resistance. 316 L stainless
steel consists of primarily iron (60-65 %), chro-
mium (17-20 %), nickel (12—14 %), and smaller
amounts of molybdenum, manganese, copper, car-
bon, nitrogen, phosphorous, silicon, and sulfur.

Stainless steel has been used for wide range of
application due to easy availability, lower cost,
excellent fabrication properties, accepted biocom-
patibility, and great strength. Despite composition
modification, stainless steels are susceptible to
corrosion; therefore, they are most appropriate for
temporary implants such as plates, screws, hip
nails, and intramedullary nails. The most common
reason for corrosion of stainless steels is incorrect
metal composition, which increases the chance
that galvanic corrosion will occur. Molybdenum
that is added in 316 L stainless steels hardens the
passive layer and increases corrosion resistance.
Another reason for corrosion is mismatch of
implant components, especially when plates and
screws are used. It is important to use implants
manufactured by the same company with similar
lots to avoid compositional differences of implant
components [1-8].

Cobalt-Chrome Alloys

The cobalt-based alloys are characterized by high
fatigue and wear resistance and high tensile
strength levels. These properties make them
desirable for load-bearing and articulating sur-
face applications, appropriate for applications



requiring long time use and ability to resist frac-
ture. Cobalt-chromium alloys can be separated
into two types: first one which has been used for
making artificial joints consists of Cr (27-30 %),
Mo (5-7 %), and Ni (2.5 %) and the second one
which has been used for making the stems of
prostheses contains Cr (19-21 %), Ni (33-37 %),
and Mo (9-11 %). Cobalt-based alloys are highly
resistant to corrosion due to spontaneous forma-
tion of passive oxide layer within the human
body. Molybdenum is added to produce finer
grains which result in higher strength. Elastic
modulus of the alloy containing cobalt is greater
than that of stainless steel. The corrosion prod-
ucts of Co-Cr-Mo are more toxic than those of
stainless steel [1-4].

Titanium Alloys

Titanium alloys due to its outstanding character-
istics such as lightweight, high strength, good
resistance to corrosion, improved biocompatibil-
ity, and better elastic modulus are a suitable
choice of metal for implantation. Although it is a

Table 1.1 Mechanical properties of tissues [4]

Tensile
Modulus strength
(GPa) (MPa)
Cortical bone 17.7 133
(longitudinal direction)
Cortical bone (transverse | 12.8 52
direction)
Cancellous bone 0.4 7.4
Articular cartilage 0.010 27.5
Fibrocartilage 0.159 10.4
Ligament 0.303 29.5
Tendon 0.401 46.5
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lightweight material, titanium provides excellent
mechanical and chemical properties comparable
to stainless steel and cobalt-chromium alloy.
Long-term use of titanium alloys has raised some
concerns because of releasing aluminum and
vanadium ions which might be related to
Alzheimer disease and neuropathy.

The mechanical properties of materials are very
important when using load-bearing orthopedic
implants. Some mechanical properties of metallic
biomaterials are listed in Table 1.1. The mechanical
properties of an implant depend not only on the
type of metal used but also on the processes used to
manufacture the material and implant. The elastic
moduli of the most metals listed in Table 1.2 are
many times greater than that of natural bone.
Titanium alloys have a surface passive oxide layer
which is mainly responsible for its extremely good
corrosion resistance and biocompatibility. Titanium
alloy plates are gaining popularity because of these
material characteristics [1-5].

Polymers

Polymers are organic materials that form large
chains made up of many repeating units.
Compared to metallic implants, polymeric materi-
als are used on a variety of applications in surgery.
Flexibility, resistance to biochemical attack, good
biocompatibility, to be lightweight, and to be
available in diverse compositions are their unique
properties. Polymethyl methacrylate (PMMA)
and ultrahigh-molecular-weight polyethylene
(UHMWPE) are two main classes of polymer
used in orthopedic surgery.

Polymers have the advantage that they can be
easily formed into desired shapes using a variety

Table 1.2 Mechanical properties of metallic biomaterials [4]

Material Young’s modulus (GPa) | Yield strength (MPa)| Tensile strength (MPa) | Fatigue limit (MPa)
Stainless steel 190 221-1,213 586-1,351 241-820

Co-Cr alloys 210-253 448-1,606 655-1,896 207-950

Titanium (Ti) 110 485 760 300

Ti-6Al1-4V 116 896-1,034 965-1,103 620

Magnesium 41-45 65-100

Cortical bone 15-30 30-70 70-150
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of techniques. Polymers can also be made reactive
so that different chemical molecules can be
attached to the surface of implants in order to
make them more compatible with the surrounding
environment in the body. Some polymers are bio-
degradable in the body. If used to make implants
for temporary needs, these polymers offer the
advantage that the implant can gradually biode-
grade within the body after it has served its func-
tion, thus mitigating the potential for any long-term
complications. If a biodegradable polymer is used
as an implant, it can potentially also be designed
to release therapeutic drugs or growth factors dur-
ing the degradation process. Composition and
structure of the macromolecular chains and their
molecular weight affect the mechanical properties
of polymers. Polymers are usually not as robust or
rigid as metals or ceramics and therefore may not
be the right choice when an implant is required to
carry large loads in its function.

Polymethyl Methacrylate (PMMA)

PMMA is used as bone cement in orthopedics to
stabilize joint prostheses as well as a bone substi-
tute in pathologic vertebral and other fractures.
The success of any joint prostheses used with
bone cement is dependent on the performance of
the PMMA cement. Bone cement does not
adhere well to either metal or adjacent bone. It is
not an adhesive and functions mostly as a space-
filler or grout. Increased surface roughness of the
metal and higher porosity of adjacent bone both
result in better infiltration of the polymer and
better interlocking. On the other hand, the pres-
ence of air bubbles at the metal interface leads to
decreased adhesion and possible failure.

The bone cement used clinically is available
as a kit that contains a dry component and a lig-
uid component. The dry powder component con-
sists of prepolymerized PMMA beads, barium
sulfate (opacifier), and dibenzoyl peroxide
(initiator). The initiator is the source of free radi-
cals that starts the reaction. The liquid compo-
nent contains the MMA monomer and
N,N-dimethyl-p-toluidine, which is an accelera-
tor. Once the solid and liquid components are

mixed, the initiator, aided by the accelerator, pro-
duces free radicals which drive the polymeriza-
tion of the monomer. The polymerization reaction
can cause tissue damage due to an increase in
temperature. The polymerization reaction is
characterized by different time periods. The
dough time typically lasts for 2—4 min and is the
time elapsed from the point of the initial mixing
of the solid-liquid components to the time when
the mixture has reached enough viscosity that it
can be handled as a mass. The time period
between the end of the dough time and the point
where the polymer is too hard to mold is known
as the working time.

The inclusion of antibiotics with bone cement
has led to a decrease in infections. However, the
inclusion of antibiotics also leads to a lower
strength for the PMMA. Other potential problems
with the use of PMMA in medical applications
include the release of monomer into the blood
stream, leading to toxic effects such as a drop in
blood pressure and death in extreme cases [1-11].

Ultrahigh-Molecular-Weight
Polyethylene (UHMWPE)

With 90 % success rates at 15 years of metal on
polyethylene articulation, UHMWPE is com-
monly used as a bearing surface in total hip,
knee, and shoulder joint arthroplasty. UHMWPE
has better wear properties compared to other
polymers. Although UHMWPE has good wear
characteristics in terms of degree of wear, it pro-
duces submicron and nano-sized wear debris in
large quantities which can exceed the body’s
ability to remove the debris material. This prob-
lem was encountered more by the oxidation of
UHMWEPE if it is sterilized in air using gamma
radiation.

Osteolysis or bone loss in the surroundings of
total joint prostheses was first thought to be due
to bone cement (PMMA). Therefore, it was called
cement disease. Later it was discovered that this
osteolysis, which often results in the loosening of
implants, is caused by the wear particles shed by
the UHMWPE components of the prostheses. It
was estimated that billions of such particles were
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released into the surrounding tissue every year. In
recent years, cross-linking of the UHMWPE in a
non-oxygen environment has led to significantly
reduced wear and osteolysis.

Polylactic Acid (PLA) and Polyglycolic
Acid (PGA)

Polylactic acid (PLA) and polyglycolic acid
(PGA) and their family of materials are biode-
gradable polymers. These polymers and their
copolymers are used commonly in the field of
orthopedics as fixation devices for bone and
soft tissue in the form of biodegradable plates,
screws, and anchors. They are also very popu-
lar as the scaffolding material for tissue engi-
neering applications. Additionally, they are
used for a variety of controlled drug-delivery
applications.

Ceramics

Ceramics are another materials used in orthope-
dics. Ceramics are polycrystalline materials
which are usually known as inorganic, nonme-
tallic materials. Depending on the atomic
arrangements, ceramics can either exist as amor-
phous or crystalline structures. An example of
an amorphous ceramic is glass, whereas an
example of a crystalline ceramic is porcelain.
The atomic bonds in a ceramic crystal have both
covalent and ionic characteristics. These strong
bonds are responsible for the great stability of
ceramics and impart very useful properties such
as hardness, high modulus of elasticity, and
resistance to heat and chemical attack. Ceramics
are also strong in compression but weak in
tension.

Ceramics can be grouped as inert, degradable
or resorbable, and bioactive ceramics according to
their reactivity. Inert ceramics, such as alumina
and zirconia, are chemically stable, that is, they
do not corrode, wear, or react to the host
environment. Inert ceramics do not induce any
immunologic host reactions and little or no chem-
ical change occurs during the long-term exposure
to the host environment. Resorbable and surface
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reactive ceramics react to the host resulting in sur-
face chemical changes. Bioglass and glass ceram-
ics are bioactive. Bioactive glass is an example of
surface reactive ceramics. Calcium phosphate
ceramics such as hydroxyapatite and tricalcium
phosphate are examples of bioresorbable ceram-
ics, and these ceramics are capable of degrading
in the presence of a biological environment. The
main purpose of the use of biodegradable porous
ceramics implantation in bone tissue is to provide
replacement for defective region.

The first-generation bioceramics are inert
ceramics used in medicine, whereas the second-
generation bioceramics include degradable and
surface reactive ceramics. The main applications
of inert ceramics in orthopedics are related to total
hip and knee replacement. The use of bioceramic
components has reduced the wear rate and the
amount of ion release to a negligible level. The
bioactivity of the porous ceramic material is lim-
ited mostly to osteoconductivity. Ceramic com-
posites may be used alone or in conjunction with
other materials with osteogenic, osteoinductive,
or osteoconductive properties to enhance bone
healing. Ceramics used as temporary structures or
scaffolds in regenerative medicine are known as
the third-generation bioceramics. Ceramics can
also be used as carriers for cells, growth factors,
antibiotics, and anticancer drugs [12, 13].

Alumina

The harmful effects of implant loosening due to
polyethylene wear debris caused interest in using
other materials at the articulating surface.
Aluminum oxide, also known as alumina
(A1203), has been used since 1960s as an implant
biomaterial. High-density and high-purity alu-
mina hip replacement was the first ceramic appli-
cation widely used as femoral head because it
shows excellent corrosion resistance, good bio-
compatibility, and high wear resistance and high
strength. Then, ceramic material is used as the
acetabular cup. The reason for the excellent wear
behavior of alumina related to the frictionless
surface of this ceramic. Alumina is very respon-
sive to microstructural defect which could result
in wear and breakage. Alumina-on-alumina joint
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articulations produce almost 5,000 times less
wear than metal-on-polyethylene articulations.
The elastic modulus of aluminum oxide is 20
times greater than that of cortical bone.

Zirconia

Zirconia also known as zirconium oxide (ZrO2)
is one of the ceramic used in orthopedic with the
highest power. High mechanical strength and
fracture toughness are main characteristics of zir-
conia. The mechanical and wear properties of
zirconium oxide are superior to those of alumi-
num oxide. The main application of zirconia
ceramics is to replace the femoral head used in
hip arthroplasties. There are some concerns that
zirconia may contain very small traces of radioel-
ements. The cytotoxicity of zirconia was also
speculated in some experimental studies.

Bioglass Ceramics

Bioactive glasses are silicate-based material con-
taining calcium and phosphate. As an implant-
able material, the porosity of bioglass is
advantageous for resorption and bioactivity.
Bioactive glasses have been widely used for fill-
ing of bone defects and modification of the
implant surface characteristic (coating material).

Calcium Phosphate Ceramics

Several different forms of calcium phosphate
(CaP) ceramics including hydroxyapatite (HA)
and tricalcium phosphate (TCP) can be found in
a human bone. In addition to the naturally occur-
ring forms of CaP ceramics, these ceramics can
be synthetically produced in the laboratory. The
synthetically produced CaP ceramics are similar
in composition, biodegradation, bioactivity, and
osteoconductivity to the biological apatites.
Calcium phosphate ceramics form a bone-like
apatite layer on their surface which offers prop-
erty of bioactivity and bond to living bone.
Porosity is one of the main characteristics of cal-
cium phosphate ceramics. The optimum pore size

for bioceramic is identical to that of spongy bone.
In general, the degradation rate of CaP ceramics
is dependent on porosity, grain or crystal size,
crystal perfection, inclusion of chemical impuri-
ties, and chemical composition.

HA, TCP, and biphasic CaP (combination of
HA and TCP) are commonly used CaP phases in
biomedical applications. The most commonly
known crystalline CaP biomaterial is hydroxyap-
atite (HA) also known as calcium hydroxide
phosphate. HA is an osteoconductive material and
used as coatings on metallic implant surfaces to
enhance bone healing rather than as solid ceramic
implants for orthopedic applications. Another
popular crystalline CaP ceramic used in the fabri-
cation of medical devices is tricalcium phosphate
(TCP). Having the chemical formula, Ca3(P0O4)2,
TCP can exist in two forms, namely, a-TCP and
B-TCP. The rate of solubility for a-TCP is more
rapid compared to B-TCP. Therefore, a-TCP
degrades and resorbs more quickly in the body. To
take advantage of the benefits of both HA and
TCP, biphasic CaP ceramics have also been intro-
duced as biomaterials. These composites benefit
from the osteoconductivity of HA and the absorb-
ability of the TCP [1-13].

Biological Response to Orthopedic
Implants

In today’s healthcare environment, a large num-
ber of devices and implants are being inserted
into the human body at an increasing rate. The
success of these synthetic or natural biomaterials
and implants is highly dependent on three major
factors: the properties of the biomaterial (mechan-
ical, chemical, and tribological), the biocompati-
bility of the implant, and the condition of the
recipient tissue/the competency of the surgeon.
The design of implants and prostheses is a chal-
lenging process since the intended materials must
respond to specific requirements and must be bio-
compatible. The most important prerequisite for a
biomaterial is its acceptability by the human
body. Many orthopedic implants come into con-
tact with body fluid, whether permanently or tem-
porarily. Any foreign material inserted into the
body will cause a host response. The word of
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biocompatibility is used to indicate the biological
performance of materials. It implies the ability of
a material to cause an appropriate host response.
Biocompatibility is the capacity to exist in con-
tact with tissues of the human body without caus-
ing an unacceptable degree of injury to the body.
It is not only associated to toxicity, but it must be
noncarcinogenic, nonpyrogenic, nontoxic, non-
antigenic, blood compatible, nonthrombogenic,
and noninflammatory [14, 15].

In contrast to living organ transplants, bioma-
terials when used in a human body are not gener-
ally “rejected,” because biomaterials typically do
not generate a specific immune response like
living organ transplants. All materials implanted
into human body as medical implants cause tis-
sue responses. The host responses to these mate-
rials are varied. Under certain conditions, some
materials are well tolerated by the body, whereas
the some materials are not well tolerated.
Materials are classified into several categories
such as biotolerant, bioinert, bioactive, and bio-
degradable. Biotolerant materials induce the
worst tissue response. These tissue reactions
include injury of implantation, inflammatory
state and wound healing, foreign body reactions,
and fibrous encapsulation of the implants. When
biotolerant materials such as PMMA, polyethyl-
ene, and stainless steel are used for implantation,
the body produces fibrous tissue layer between
the bone and the implant in order to confine the
material. The fibrous tissue accommodates
plenty of macrophages and foreign body giant
cells. The implants made of biotolerant materials
release undesirable particles and metal ions
which are nonbiocompatible. These wear parti-
cles may pile up in tissues, surrounding the
implant or they may be moved to other parts of
the body. When the wear debris from articulating
joint surfaces are not controlled well, the inabil-
ity of inflammatory cells to phagocytose parti-
cles larger than a critical size can lead to the
release of enzymes and chemical mediators,
such as prostaglandin, tumor necrosis factor-
alpha, and interleukin-1, and cause injury to the
host tissues. Thus, inflammatory cell products
have the capability to damage tissue adjacent to
implants. Debris generation has to be minimized
[16-18].
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Host Tissue Response to Implantation

Implantation of a biomaterial to the human body
results in injury to tissues. This injury leads to a
series of cellular activity which will cause wound
healing that is the part of homeostatic mecha-
nisms. The response of body to this initial injury
is variable. The extent of injury, the status of base-
ment membrane, blood-material interactions, the
extent of cellular necrosis, and the degree of the
inflammatory response all play a role. Host tissue
reactions continue with inflammatory and wound
healing responses, foreign body reactions, and
finally fibrous encapsulation of the medical
implants. All these may affect the extent of granu-
lation tissue formation, foreign body reaction, and
fibrosis. Blood-implant exposure and beginning
of the inflammatory response are closely associ-
ated. The aforementioned events can lead to the
production of chemical factors that mediate cel-
lular responses of inflammation. In general, neu-
trophils are main cells during the first couple of
days following injury, and then they are replaced
by monocytes as the predominant cell type.
Depending on the extent of injury, acute inflam-
mation may last minutes to days. Exudation of
fluid and plasma proteins also occurs. Neutrophils
move to perivascular tissues and the injury/
implantation site. Chronic inflammation is vari-
able histologically compared to acute inflamma-
tion. Macrophages, monocytes, and lymphocytes,
with the proliferation of blood vessels and con-
nective tissue, are main cellular elements of
chronic inflammation. This is a foreign body reac-
tion, a special form of nonspecific inflammation.
At the implant site, monocytes and macrophages
launch healing events, followed by proliferation
of fibroblasts and vascular endothelial cells,
leading to the formation of granulation tissue.
Depending on the extent of injury, granulation tis-
sue may be seen as early as 3—5 days following
implantation of a biomaterial. The most important
cells in the foreign body reaction are macro-
phages. Macrophages attempt to phagocytose the
material with a varying success. The macro-
phages, activated in the process of dealing with a
biomaterial, may develop cytokines which stimu-
late inflammation or fibrosis. In general, fibrosis
surrounds the implant with foreign body reaction
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and keeps apart the implant from the local tissue
environment. Fibrosis or fibrous encapsulation is
the end stage of healing response to biomaterials
with exceptions of porous materials implanted
into the bone [19-26].

In the wide sense, bioinert materials cause
minimal tissue response. Titanium and cobalt-
chromium alloys are typical of bioinert materials
which usually cause minimal tissue response.
Bioactive materials such as calcium phosphate
ceramics cause the best tissue response. The body
usually responds without local or systemic toxic-
ity without any inflammatory or foreign body
reaction. Degradable or resorbable materials such
as certain polymers are incorporated into the sur-
rounding tissue or may even dissolve completely
over a period of time.

Metal Allergy

“Metal allergy” is a well-recognized incident. It
is commonly related to the use of nickel alloy
jewelry and can also occur in association with
metallic implants. By themselves, metal ions lack
the structural complexity required to challenge
the immune system. However, when combined
with proteins, such as those available in the skin
and connective tissues, a wide variety of metals
induce immune responses, and this can have clin-
ical effects. Implant degradation products have
been shown to be associated with dermatitis, urti-
caria, and vasculitis. If cutaneous signs of an
allergic response appear after implantation of a
metal device, metal sensitivity should be consid-
ered. Cobalt, chromium, and nickel are included
in this category, with nickel perhaps the most
potent; at least 10 % of a normal population will
be sensitive by skin test to one or more of these
metals [27-29].

Surface Modification

The characteristics of biomaterials can be gen-
erally divided into two categories: bulk and
surface. Material’s bulk controls the mechani-
cal and physical behavior of medical devices.
The material’s surface properties are important

because the surface properties of a material
describe the interactions that occur at the inter-
face with its environment. These usually occur
within a narrow depth of less than 1 nm on the
surface. The biological response to implants is
controlled largely by their surface chemistry and
structure. Surface properties can be important
because these characteristics influence whether
cells would attach to the implant or determine
how proteins will interact with the surface.

Surface modification of biomaterials allows
the tailoring of surface properties without affect-
ing bulk material properties. Materials can be
surface modified by using biological, mechani-
cal, or physicochemical methods. Surface modi-
fications fall into three categories: (1) chemically
or physically altering the atoms, compounds, or
molecules in the existing surface (chemical mod-
ification, etching, and mechanical roughening);
(2) overcoating the existing surface with a mate-
rial having a different composition (coating with
thin film); and (3) creating surface textures or pat-
terns. Nanotechnology involves the tailoring of
materials at atomic level to obtain unique proper-
ties for the desired applications. Nanotechnology
has impacted the field of biomaterials in several
areas, including the manipulation of surface
characteristics. These altered surface properties
mostly improve tissue-biomaterial interactions.
Modification of biomaterial surfaces may also
be performed for the purpose of improving sur-
face mechanical properties such as wear resis-
tance, and these ultimately determine the success
or failure of a device placed in the human body
[30].
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