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Abstract - Hydroxyapatite [(HA), Ca10 (PO4)6 (OH)2] is the 
main mineral component of bone and teeth. It has favorable 
osteoconductive and bioactive properties that is necessary for 
the early bone formation and fixation .HA being identified as 
the major mineral constituent of hard tissue, plays a vital role 
in orthopedic applications. One of its major applications is as a 
covering material for titanium and other metals used in implants. 
Main metallic biomaterials are stainless steel; Co based alloys, 
titanium and its alloys. Amongst the metallic biomaterials 
titanium and its alloys are getting much attention for use as 
biomaterials due to their excellent specific strength, corrosion 
resistance and above all good biocompatibility. Pure titanium 
and Ti-6AL-4V are still the most widely used biomaterials for 
biomedical applications among the titanium alloys. This article 
briefly reviews the hydroxyapatite coated titanium implants and 
its effects on the performance of the implants.
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I. IntroductIon

Bioactive ceramics and coatings for clinical applications 
in bone repair and replacements are represented by Bioglass, 
Hydroxyapatite [(HA), Ca10 (PO4)6 (OH)2] and HA coated 
Ti-6AL-4V coatings. These biocompatible ceramics and 
coatings have a common characteristic in that they bond 
chemically and integrate well with living bone tissues [1].    

Hydroxyapatite  [(HA), Ca10 (PO4)6 (OH)2] is a 
bioactive material that has been applied in many prosthetic 
applications, mainly as a porous material for optimal bone in 
growth. Clinical tests have proved that HA is compatible with 
the tissues of vertebrates, making it an attractive bioimplant 
material [2].

However, it is severely limited by the intrinsic poor 
mechanical properties which can lead to instability and 
unsatisfactory duration of the implant in the presence of body 
fluids and local loading  [3]. 

One solution to this problem is to use HA as a surface 
coating on a bio-inert metallic substrate e.g. titanium, Ti-6AL-
4V and stainless steels. Biocompatible ceramic coatings on 
metals are used to take advantage of the bioactive properties 
of the ceramic and the mechanical properties of the metallic 
substrate  [4].

II. dePosItIon of ha (technIques  used)

The main property of any metallic biomaterial is the 
good mechanical strength, little or no cytotoxic metals 
in its composition, very good corrosion resistance, good 

plasticity and biocompatibility. All the properties mentioned 
are necessary for a biomaterial to be used as implant. The 
common biomaterials used are stainless steel, Co based 
alloys and titanium and its alloys. Titanium alloys are 
light and have very high strength to weight ratio. They 
possess good biocompatibility, outstanding mechanical 
properties, excellent resistance to corrosion in physiological 
environment and good formability. These properties make 
titanium alloys as the good candidate for the dental and 
orthopedic applications. However bone does not bond 
directly to these materials as they get covered with fibrous 
tissue after implantation, which keeps them isolated from 
the surroundings. In order to enhance the bone bonding 
ability,osseointegration and biocompatibility of titanium 
alloys its surface needs to be altered. Therefore, bioactive 
surface treatment i.e. bioactive surface modification is in 
general applied to titanium alloys for biomedical applications 
in order to improve their biocompatibility. For that many 
phosphate calcium ceramics and Hydroxyapatite are mainly 
coated on the surface of titanium alloys. In general, formation 
of Hydroxyapatite is finally targeted [5].

HA can be coated on the titanium by the process like 
plasma spraying, Sol-gel, sputtering, ion implantation etc. 
Plasma spraying technique is a popular method of depositing 
HA on titanium alloys like Ti-6AL-4V. HA coated implants 
with plasma spraying shows good bond strength as against 
uncoated implants. The coated implants provide earlier and 
stronger fixation [6].

However there are processing problems associated with 
this technique. Plasma spraying parameters such as spraying 
current, gun transverse speed influences the characteristics of 
the composite coatings. When high level of current is used 
the structure becomes less porous and splatted [7, 8].    

On the other hand Sol-gel is time consuming and 
requires post processing annealing, but ion implantation has 
found the applications better than the plasma spraying and 
Sol-gel techniques [9].  

Biomimetic technique to deposit HA coating on titanium 
alloys has found interest of researchers. With the use of 5X 
times concentrated simulate body fluids solution and soaking 
the titanium alloy substrate for different periods of time 
with and without use of Cao-Sio2 based glass, as a possible 
source of nucleating agent of apatite formation, various 
characterization techniques  characterization techniques 
reveals the deposition of hydroxyapatite coating. But 
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formation of HA coating is faster and better if soaked directly 
into the solution for few days. Coating developed by both the 
methods shows poorly crystallized structure [10].                    

Another method to implant Hydroxyapatite on the 
surface of titanium is by providing bioactive spots on the 
surface of the titanium mechanically. This is mainly due to 
the reason that the fixation of the implant to living bone is still 
developing, mainly because titanium and some of its alloys 
are not able to bond chemically. Stable fixation of titanium 
implants can be provided by bioactive spots on the surface 
by implanting the super plastic titanium alloy (Ti-4.5 Al-
3V-2 Fe-2Mo) at 17 MPa and 1203k to obtain Ti-alloy-HA 
hybrid. HA granules can be mechanically held on the surface 
of the alloy, suggesting the possibility of the HA implantation 
for the surface modification of the orthopedic implants. The 
HA implanted pure titanium implant is considered good 
and favorable for the dental and orthopedic implants. The 
implanted HA ceramics are expected to bond to bone much 
faster than pure titanium resulting in faster initial fixation of 
the implant [11]. 

HA can also be deposited on the titanium substrate using 
micro blasting technique. HA deposited on the titanium via 
micro blasting of the surface directly with a HA particulate 
grit and using a novel coincident (Co blast) process, whereby 
alumina grit and HA dopent are blasted onto the surface 
together, reveals that Co blast surface is biocompatible and 
it promotes the formation of good quality lamellar bone. 
Also Co blast surface provide early stage osseointegration of 
metallic implants [12].

III. bIoLogIcaL and mechanIcaL resPonse of ha 
coated tItanIum 

To enhance the mechanical properties of the HA/Ti-6AL-
4V composites Hot Isostatic Pressing (HIP) can be used. The 
latter can offer the combined bioactive property of HA with 
the excellent mechanical properties of titanium alloys, for 
biomedical implants and prosthesis. Plasma spraying is used 
to obtain HA/ Ti-6AL-4V composite coating. The HIP of 
plasma sprayed composite coatings of Ti-6AL-4V improves 
properties like micro hardness and adhesion strength [13].                                              

Different surface finishing of the Ti-6AL-4V alloy 
and of Hydroxyapatite coating has various  effects on 
the performance of the alloy when it actually perform in 
simulated physiological  solution under direct and alternating 
electrochemical current.Vaccum plasma spraying process 
shows  increase of passive and corrosion current densities of 
the metallic substrate [14].                                     

Pure titanium and its alloys such as Ti-6AL-4V occupy 
almost of the market of titanium biomaterials [8]. They 
show a high resistance to corrosion in the environment of 
physiological fluids and a good biocompatibility, in particular 
with hard human tissues. A passive oxide film (primarily 
Tio2) protects the surface of titanium and its alloys against 

pitting corrosion and crevice corrosion. In order to improve 
the biocompatibility of titanium and its alloys calcium ion 
implantation founds to be very good alternative process 
and this also proves to be advantageous for the growth of 
the bone tissue. But it shows different results when it is 
studied for corrosion resistance of the metallic substrates. 
Its results confirmed the biocomtability of both calcium ion 
implanted and non implanted titanium under experiment. 
When electrochemically examined calcium ion implantation 
shows positive results for corrosion resistance, but undergoes 
pitting corrosion during its polarization. This aspect is of 
great importance for the materials to be used as implants [1
5].                                                                          

The biocompatibility of calcium ion incorporated Ti-
6AL-4V alloy implants using a Ca containing solution can 
be examined when produced by hydrothermal treatment. A 
considerable apatite deposition was observed on all surfaces 
of the Ca-incorporated samples. Cell viability, removal 
torque forces and bone –to- implant contact values increases 
with Ca-incorporation when treated and untreated Ti-6AL-
4V implants are compared [16].                       

The coating thickness of Hydroxyapatite plays a vital 
role on the performance of the titanium alloy Ti-6AL-4V. 
The effect of coating thickness on the fatigue behavior of 
Hydroxyapatite coated Ti-6AL-4V shows that as the coating 
thickness increases fatigue resistance decreases, it shows no 
effect on fatigue resistance as the thickness decreases [17]. 

When grooved titanium implants are used, the addition 
of HA coating significantly improves the biological fixation. 
Groove depth plays a vital role in fixation, as groove depth 
of 1mm give significantly better fixation than 2mm. Also HA 
coated grooved titanium implants shows better fixation than 
traditional beeds coated porous surfaces [18].                       

Bonding of bone to plasma sprayed hydroxyapatite 
coatings cannot be explained on the basis of a mechanical 
interlocking bond alone. Insights into the mechanism of 
bone bonding at the ultra structural level could lead to 
improvements in the design of HA coatings. Results of 
Plasma Sprayed Hydroxyapatite (PSHA) coated titanium 
alloy (6%Al-4%V) indicates that PSHA coating crystallinity 
influences the timing of apatite deposition [19].                                                         

The biological properties of titanium depend on its 
surface oxide film. Many processes are used to modify 
the surface morphology and properties of titanium dental 
implants. Dental implant biocompatibility can be increased 
by increasing surface roughness and decreasing contact angle. 
Surface roughness and wet ability of implants influences the 
removal torque of dental implants [20].                                                                       

Composite coatings can also be applied on the titanium 
alloys to enhance the mechanical and biological properties of 
the implants. Likewise hydroxyapatite –zirconia composite 
coatings can be applied on to the Ti-6AL-4V substrate with 
the plasma spraying process. The results show degradation of 
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HA increases with the increase in the plasma arc current and 
also the ZrO2 influences the decomposition of HA [21].                                        

Another composite coating of hydroxyapatite and Titania 
can be applied successfully by plasma spraying process on 
titanium substrate, which shows that TiO2 has positive effect 
on the biological and mechanical properties of HA-related 
coatings [22].

Iv. faILure of bIoImPLants 

The titanium alloys are known for their application in 
biomedical devices such as hip prosthesis and bone plates 
since many decades. Alloys such as Ti-6AL-4V are most 
widely used for bioimplants. Many bioimplants fails due 
to the fretting fatigue. Surface modifications can enhance 
the life of the biomedical titanium alloys. This can offer 
resistance against fretting damage. PVD Ti coatings and 
plasma nitriding are some of the processes that prove to 
be effective in minimizing friction and delaying failure of 
materials [23].                                                       

The poor bonding strength between HA and Ti has been 
of concern to the orthopedics. To overcome this, a composite 
coating of HA/Ti, prepared by atmospheric plasma spraying 
on Ti-6AL-4V alloy substrate, shows good results. The 
addition of Ti enhances the mechanical properties of the 
coatings. The bonding strength of HA/Ti composite coating 
proves to be higher than the HA coatings alone. Adhesive 
strength also shows positive results. Bioactivity of HA/Ti 
composite proves to be good      [24].                                                                           

Another problem that coatings on implants have to 
deal with is the decrease in interfacial shear strength due to 
the development of residual stresses. It directly affects the 
success of implantation and long term stability. This can be 
overcome by using Fluoriditated Hydroxyapatite coatings. It 
has attracted much attention as promising coating to replace 
pure HA ion implant surface. Sol-gel method is best suited 
for this type of coatings due to its homogeneous composition, 
low cost and ease of operation [25].

v. concLusIons

1. Titanium alloy (Ti-6AL-4V) is the most widely used 
alloy for the implant material .

2. Ion Implantation technique to deposit HA on titanium has 
been found to be a better option than  Sol-gel, Plasma 
spraying and sputtering techniques.

3. Coating thickness plays a vital role on the performance 
and life of titanium alloys used as implants. 

4. Implants fail due to the fretting fatigue, poor bonding 
strength between HA and Ti and due to the residual 
stresses developed in the coatings.
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