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Abstract

Background : One important clinical application of hydroxyapatite (HA) is coating on metal
implants to stimulate osteo-integration thus enhancing fixation of the implant to bone, especially
plasma-sprayed HA coating applied on Ti alloy substrate. The poor bonding strength between HA and
Ti alloy has been of great concern to orthopedists. The biocomptable coat such as Ti alloy (Ti02) coat
is one method to improve adhesive strength.

Objective : The objective of this study was to detect and analyze possible differences in
bone formation, bone integration and tissue reaction between group I (uncoated Titanium), group II
(Hydroxyapatite coated Titanium), and group III (Hydroxyapatite/TiO2 coated Titanium) implant
specimens when embedded into bony hosts.

Method : Rectangular specimens were implanted into the femoral bone of adult dogs in
randomly different sites including : proximal left, proximal right, distal left, distal right. The tailor-
made implant specimens were inserted in 5 x 5 mm preprepared sockets. Radiographic evaluation was
taken at 0, 1, 3 and 6 months. All animals were sacrificed at 3 and 6 months post implantation. The
femoral bone containing implants were dissected and then prepared to be further investigated. The
bone-implant interface was analyzed by H&E surface staining, radiography and scanning electron
microscopy. Data concerning percentage of osteointegration and adhesiveness of hydroxyapatite layer
from different kinds of implants along the entire length of each implants were collected and analyzed
for evaluation of any significant differences.

Results : No osteo-integration was noted in Group I, but there was 25.57 per cent osteo-
integration in Group II and 28.63 per cent in Group III. No statistically significant differences were
observed between Group II and Group III. However, the coating layer in Group 11 was found to have
detached, in some area, from the metal substrate. Histologically, no adverse tissue reaction was found
around any kind of implant.
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Conclusion : Biocompatable bond coat is one of the methods to improve adhesive strength of
hydroxyapatite coated implants. In the present study it could be concluded that, besides the improve-
ment in adhesiveness, the intervening TiO2 coating layer had no negative effect concerning bone
formation and integration and also showed no adverse surrounding soft tissue reaction.
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At present, the number of patients receiving
biomedical implants to improve orthopedic diseased
conditions, such as hip, knee prostheses, is constantly
increasing worldwide. The bonding of interface be-
tween implant and host tissue is a frequently important
problem in clinical use. The bonding can manifest
itself in two ways. The formation of a non-adherent
fibrous capsule in contact with bioinert or biotolerant
materials causes local stress due to movement of the
implant(1). A gap can develop between implant and
bone which acellular connective tissue can invade.
The other way is the mismatch in Young’s moduli
of bone and the implant material resulting in stress
shielding of the bone which could cause bone resorp-
tion at a later date(1),

Previously reported studies definitely show
that bioactive material, hydroxyapatite, can stimulate
new bone formation and promote incorporation of
implant into living bone tissue, thus, improving the
osteointegration between bone and implant by coat-
ing at surface of the implant.

At present, the method of applying hydroxy-
apatite coating is thermal spray technology(l1-6),
mostly, astmospheric plasma spray. This technology
can provide an bioactive coating of the metal sub-
strate with controlled porosity and sufficient resorp-
tion resistance. Chemical purity, phase composition,
crystallinity, fracture toughness, cohesive and adhesive
strength could be carefully optimized(1).

One of the most important clinical problems
of hydroxyapatite coating on metal substrate is the
poor bonding strength between hydroxyapatite and
implant. Hydroxyapatite melts incongruently because
high temperature maintains its presence in the plasma
jet and inevitably leads to its thermal decomposition
into other calcium phosphates e.g. thermal calcium
phosphates (TCP), tetra calcium phosphates (TetraCP)
or non biocompatible calcium (CaO). In vivo, stability
of coating is strongly affected by those decomposi-
tion products (Klein 1994)(5).

Microstructure and inhomogenous feature
of plasma sprayed hydroxyapatite coat on Titanium
study by Wen, Leng(7.8) in the year 2000 showed
crystalline and amorphous area in coating lager. Lack
of O and OH ions implied the existence of phase
other than hydroxyapatite and resulted in excessive
adsorption of the coating adjacent to the interface in
hydroxyapatite- coated Ti implant(7).

Composition and microstructural change of
plasma sprayed hydroxyapatite coating on Ti6Ai4V
during incubation in protein free simulated body fluid,
dissolution of thermal decomposition products and
amorphous calcium phosphate were detected for up
to 12 weeks(9).

In the attempt to improve the coating per-
formance, solidly-required in terms of the adhesion of
coating substance to the metal substrate and in terms
of the biological stability of coating surface in con-
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tact with surrounding corrosive body fluid, it can
be achieved in several ways. 1) Control of intrinsic
plasma spray parameters with the aim to minimize
thermal decomposition of hydroxyapatite powder in
hot plasm jet. 2) Microstructural engineering of as
received hydroxyapatite by short-term annealing at
1,300°c leads to substantial reduction of microporo-
sity (Heimann and Vu 1997)(10), 3) Application of
biocompatible bond coats, whose interfacial inter-
actions with the hydroxyapatite coat and Ti alloy
substrate, provides substantially increased adhesive
strength as well as acting as thermal barrier coatings
to enhance the crystallinity of deposited biocera-
mic coating system(6,11), A previous study showed
advantage of biocompatible bond coats in improving
adhesive strength but most studies experimented in
vivo, not clinically experimented in real bone tissue. It
hasn’t been shown how biocompatible bond coat has
any effect on bone intregation and tissue reaction.
Does biocompatible bond coat improve adhesive
strength in animal studies?

The aim of the study was to compare histo-
logical and histomorphometric analysis of bone
integration and interface reaction around hydroxy-
apatite coating implants compared with and without
biocompatible coating : uncoated Ti6Al14V, HA-
coated Ti6Al14V and HA/titaniacoated Ti6A114V.

MATERIAL AND METHOD

Five healthy dogs, 1.6 to 2.6 years of age
(mean 2.2 yrs) were employed for the study. All dogs
were radiographed to confirm that their bones were
normal.

-
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Anesthesia and Preparation

Pre anesthetic medication was introduced by
injecting intramuscularly 0.04 mg/kg atropine sulfate
and 0.05 mg/kg acetyl promazine at the thigh area
fifteen minutes before sending the dogs to the opera-
ting room. Anesthesia was induced by intravenous
administration of 2.5 per cent thiopentone sodium (20
mg/kg) and followed by insertion of endotracheal
tube. The anesthesia was further maintained by 0.5
per cent - 4 per cent halothane and nitrous oxide with
the ratio of oxygen to nitrous oxide one to one.

Operative procedure

After the induction of anesthesia the hair
of both lower extremities was shaved. The dog was
placed initially in the right lateral position on the
operating table and the whole left extremity was dis-
infected with betadine solution. The dog was also
placed in a left lateral position for subsequent opera-
tion on the right thigh bone. A longitudinal incision
was made on the lateral side from the upper part of
the left thigh to the lateral condylar area. The inci-
sion was deepened through the subcutaneous tissue
and fascia lata to visualize the lateral intermuscular
septum and then divided to expose the lateral fermoral
condyle and greater trochanter. Bone socket in lateral
femoral condyle and greater trochanter were created
using a hand drill with the diameter matching the size
of implant specimen. Implant specimens were placed
in bone socket randomly and tightly fitted. The same
procedure was performed on the lateral side of the
right thigh in the same dog. The wound was closed
with interrupted vicryl sutures for the fascia and the

Fig. 1.

Specimens of group I (uncoated Titanium) at 6 months.
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skin was sutured with black silk. Wound dressing was
applied firmly.

Implant materials

All implant specimens were divided equally
in 3 groups. Group I was Titanium alloy. Group II was
hydroxyapatite coated Titanium alloy. Group III was
hydroxyapatite/TiO2 coated Titanium alloy. Each
implant specimen was retangular in shape, measuring
5 x 5 mm. A total of 20 implant specimens were
surgically embedded in the experimental dogs.

Roentgenographic study

Radiography of the operative implanted area
was taken immediately after operation and 1, 3, and
6 months respectively to evaluate any radiographic
bonding between bone and implant interface.

Histologic and electronmicroscopic appearance

The dogs were sacrified at 3 and 6 months
after material implantation. The femoral bone that
contained the implant specimen was dissected and
fixed for 7 days in 10 per cent phosphated buf-
fers formalin. Each specimen was cut by slow speed
diamond blade machine to preserve the area intended
to evaluate the bone bonding interface. Specimens
were grounded into thicknesses of 50 micrometer and
used for light microscopic examination to evaluate
biocompatibility. The remaining samples were pre-
pared for scanning by electron microscope to evaluate
bone-implant interface. Electronmicroscopic appea-
rance along the interface of the implant was evaluated
for osteointegration and adhesiveness of hydroxy-
apatite layer. Percentage of osteointegration and
adhesiveness of hydroxyapatite layer were measured
with an electronic digital caliper by two independent
observers.

Statistical analysis

Three types of statistical analysis were
uterized in the present study. For comparison of
osteointegration percentage between each group,
Kruskal Willis test(12) was used. Concerning adhesive-
ness of hydroxyapatite layer, Mann-Whiney test(12)
was employed. Interclass correlation was used to eva-
luate difference among interobserver measurements.

RESULTS
All dogs were in good health during the
experimental period. None of them had wound com-

Fig. 2.

Specimens of group II (hydroxyapatite coated
Titanium) at 6 months.

plications or any tissue reaction during the early or late
post-operative period. The dogs could walk normally
2 weeks after surgery.
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Soft tissue around the implants was eva-
luated microscopically by H&E stain at 3 and 6 months
after operation. Histologically all groups of implants
had shown no tissue rejection. Tissue section in group
I had some connective tissue layer in bone-implant
interface which differed from group II and III micro-
scopically.

Radiographic appearance of all implant speci-
mens was similar. Radiographic bonding at the bone-
implant interface began to be observed 1 month after
surgery and complete radiographic bonding was seen
2 months after surgery. No difference was detected
among all implant specimens concerning radiographic
bone-implant interface.

Scanning electronmicroscopic appearance
of the bone-implant interface was evaluated at 3 and
6 months after surgery. At 3 months, group I speci-
mens showed no osteointegration at the bone-implant
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Fig. 3.
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interface (Fig. 1). In group II and III, some degree
of osteointegration at the bone-implant interface was
detected (Fig. 2, 3) but there was no significant dif-
ference. The mean integration percentage along the
cross section surface of the specimens was 25.57 per
cent and 28.63 per cent, respectively (p = 0.458).

No difference between group II and III con-
cerning adhesiveness of hydroxyapatite layer (92.89%
vs 95.14% : p < 0.05) at 3 months (Fig. 4, Table 1).

At 6 months, in group I, there was a gap be-
tween bone and implant and no bonding at the bone-
implant interface. (Fig. 3). In group II and III, more
bone-implant bonding was observed (Fig. 2-4). Mean
integration percentage along the cross section surface
of the specimens in group II and III was 80.62 per
cent and 82.18 per cent respectively (p =0.117) (Fig.
5, Table 2). As for the results of adhesiveness of
hydroxyapatite layer on titanium interface, there were

hoY
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Specimens of group III (hydroxyapatite/TiO2 coated Titanium).
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Mean percentage of osteointegration
compare between 3 and 6 months

Group 1 Group 2

Fig. 4.

M 3 months

6 months

Group 3

Showed comparison of osteointegration between 3 and 6 months.

Table 1. Mean percentage of osteointegration at 6 month in
each group for osteointegration.
Number Percentage of osteointegration
Group I Group II Group III
1 3.56 81.55 82.35
2 3.11 79.22 81.19
3 3.51 80.83 83.45
4 3.51 80.86 81.74
3.42 80.62 82.18
At 3 months : Group I was different from group II and group III (p < 0.05)
but not different between group II and group III (p = 0.458)
At 6 months : Group I was different from group II and group III (p < 0.05)

but not different between group II and group III (p = 0.512)

significant differences between group II and group
11 (81.61% vs 94.30% : p = 0.021) (Fig. 4, 5 : Table 2).

DISCUSSION

Hydroxyapatite is a well-recognized bio-
active material and has been used in the improvement
of bone-bonding of metallic implants. Because the
life span of human beings is quite long, the implants
have to be developed, ideally, to sustain life long
duration.

Many previous studies concerning hydroxy-
apatite coating metallic implants have been reported
in clinical situations.

In a matched pair study of 42 uncemented
total hip arthroplasty after 3 years follow-up
(Mcphersen 1995)(13), hydroxyapatite coated femoral
stems demonstrated accelerated bone remodeling,
characterized by significantly greater in percentage
of cancellous hypertrophy at femoral stem. But this
study did not demonstrate any clinical advantage of
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Mean percentage of adhesiveness of HAp
_compare between 3 and 6 months

100.00

HAp alone

Fig. S.

Table 2. Mean percentage of adhesiveness of HAp
layer at 6 months compared between with
and without TiO2 coat.

Number Adhesiveness of Hap

HAp alone TiO2/Hap

1 84.09 95.68

2 82.47 92.16

3 80.04 96.73

4 79.84 92.63

81.61 94.3

For adhesiveness of hydroxyapatite layer
At 3 months : Group II was not different from group III (p = 0.117)
At 6 months : Group II was different from group III (p = 0.021)

hydroxyapatite coating and not known to improve
durability of hip arthroplasty.

In a match pair study of 52 total hip arthro-
plasty after 2.2 years follow-up (Richard 1996)(14),
there was no clinical advantage of hydroxyapatite in
primary total hip arthroplasty in the short follow-up.

In the study of 152 hydroxyapatite coated
femoral prosthesis in total hip arthroplasty after a
minimum of 5 years follow-up(15) overall clinical
results were excellent in young patients after inter-

[0 3 months

B8 6 months

HAp/TIiO2

Showed comparison of adhesiveness of hydroxyapatite (Hap) between 3 and 6 months.

mediate term follow-up. Serial radiographs showed
mechanically stable implants with osseous ingrowth
and minimum endosteal osteolysis.

A study of 124 total hip arthroplasty with
hydroxyapatite coating(lé) after 6 years follow-up,
showed evidence of progressive new bone formation
seen at some parts of the femoral stem. Remodeling of
the femur began early and low rate of osteolysis was
noted.

From clinical studies involving human beings
showed that hydroxyapatite coating results in pro-
motion of new bone formation at bone-implant inter-
face. However, the clinical advantage is unclear.
Whether this is due to lack of clinical long term fol-
low-up or as a consequence of unforeseen problem
during clinical application.

One of the most important clinical problems
of hydroxyapatite coating on metallic implants, espe-
cially when employing plasma-sprayed technic(2-4)
is the poor bonding strength between hydroxyapatite
and implant substrate. Since hydroxyapatite melts
incongruently as the result of the high temperature
presented in a plasma jet it inevitably leads to its
thermal decomposition into other calcium phos-
phates(5,6,17) e.g. TCP, TeTraCP, or non-biocom-
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patible calcia- (CaO). The in vivo stability of coating
is being strongly affected by those decomposition
products (Klein 1994)(5).

Application of biocompatible bond coats
whose interfacial interactions with hydroxyapatite
top coat and Ti alloy substrate provide substantially
increased adhesive strength as well as acting as a
thermal barrier coating to enhance the crystallinity of
deposited bioceramic coating system (Kurzweg 1998,
Lamy 1996)(3,6,11), The interface bond coat/hydroxy-
apatite is continuous even though a crack has deve-
loped along this interface, presumably due to stress
introduced during sample preparation. (Heimann
1998)(3).

It has been experimentally shown that the
adhesive strength of the system titania bond coat/
hydroxyapatite coating as measured by modified peel
test (Sexsmith & Trocaynski 1994)(18) increases by
100 per cent compared to Hydroxyapatite coating
without a bond coat (42.1 vs 21.9 N/m) (Kurzweg
1998)(11) A composite titania/zirconia bond coat
increases the peel strength to only 32 N/m (Kurzweg
1998)(19),

Most of the biocompatible bond coatings
reported in the literature were in vivo studies by
immersion in a simulated body fluid (balanced salt

solution). There was lack of experimental study in
real bone tissue.

The present study was an experimental study
in animals which investigated the clearance concern-
ing tissue reaction, bone bonding and hydroxyapatite
coating strength between with and without biocompa-
tible coating.

In the present study, hydroxyapatite coating
implants group were better than without coating in
terms of osteointegration at the bone-implant inter-
face. No difference between hydroxyapatite coating
and hydroxyapatite/TiO2 coating was observed in
osteointegration, but some crack lines in implants
without biocompatible coating group showed an
increased chance of adsorption of hydroxyapatite coat-
ing due to poor adhesive strength between hydroxy-
apatite layer and the implant.

In terms of tissue reaction, the addition of
biocompatible coating did not provoke any adverse
reaction to tissue reaction.

In conclusion, biocompatible coating is one
of the alternatives in the improvement of performance
of hydroxyapatite coating implant in clinical applica-
tion. In the present study, results showed a positive
trend in improving adhesive strength. However, longer
period of follow-up including related biomechanical
study is advised.

(Received for publication on April 6, 2003)
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