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The successful use of the plasma-sprayed HA-coated Ti-6Al-4V system requires strong
adhesion between the ceramic coating and the underlying metal substrate. The aim of this
study was to evaluate the bond strength at the HA coating (HAC)/Ti-6AI-4V interface, for
specimens that had and had not been subjected to immersion in a pH-buffered,
serum-added simulated body fluid (SBF). Moreover, coating characteristics affecting the
mechanical stability after having been immersed in SBF were clarified. The results showed
that bonding degradation of approximately 25-33% of the original strength was measured
after immersion in SBF, and that this predominantly depended on the characteristics of the
HAC and the period of immersion. Since the surface morphologies of HACs have dissolved
in the SBF, it is suggested that the interlamellar structure of the HAC was weakened and,
therefore, the bond strength degraded. As both the crystallinity and impurity phases of the
HAC increased with immersion time, it can be concluded that the dissolution of the HAC
resulting from the initial microstructure has overtaken that of the coating crystallinity and
phase purity. A denser microstructure is required to ensure a satisfactory HAC/Ti-6Al-4V

interface.

1. Introduction

Plasma-sprayed hydroxyapatite (HA)-coated Ti alloy
implants, exhibiting excellent biocompatibility and
satisfactory mechanical properties, are currently being
investigated as an approach to achieving reliable im-
plant-to-bone fixation, both in animal [1-10] and
human clinical studies [11, 12]. In the majority of
previous studies, the biological and biomechanical
behaviours at the HA coating (HAC)/bone interface
have favoured an encouraging result. However, in
evaluating the performance and stability of HAC in
the load-bearing situation after long-term follow-up,
special consideration should be given to the HAC/Ti
alloy interface. ‘

Although there is evidence of a chemical reaction
observed at the HAC/Ti alloy interface [13, 14], re-
search suggests the presence of a potentially weak
HAC/Ti alloy interface [13, 15-18], which may com-
promise the function of this device, particularly while
the HACs are used as the primary means of fixation
(i.e. no micro- or macro-textured bond coat enhancing
the interfacial strength between HAC and Ti alloy
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substrate). In a study by Spivak et al. [17], the failure
mode of bone-HAC interfacial tensile testing was ob-
served to occur consistently at the HAC-Ti interface,
indicating clearly that it was difficult to develop re-
liable HAC/Ti alloy bonding. Recently, using a modi-
fied short-bar technique for interfacial fracture tough-
ness determination, Filiaggi et al. [13] showed that
there existed relatively low fracture toughness values
in an HA-coated Ti-6A1-4V implant system. There-
fore, emphasis must be given to the promotion of
bonding at the HAC/Ti alloy interface.

To improve HAC/Ti alloy bonding, some general
guidelines have been proposed: (1) a denser micro-
structure (less porosity) would result in higher bond-
ing strength [197; (2) by overcoming the problems of
stress concentration and low cohesive strength among
interlamellar structure, thinner HAC (50-75 pm) dis-
played higher bonding strength [19, 20]; (3) bonding
could be improved after heat treatment in vacuo by the
formation of a titanium—phosphate phase at the inter-
face [21]. Nevertheless, for clinical applications, the
question arises whether the HAC/Ti alloy interface
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would degrade with time in a physiological medium.
Since signs of resorption of HACs have been
documented [7, 9, 12, 22-23], the influence of the
dissolution of HACs on the mechanical stability re-
mains to be determined. Furthermore, changes in the
coating characteristics after immersion in a physio-
logic medium have not yet been fully evaluated.

In this study, HACs that were quite different in
microstructure, concentration of impurity phase, and
index of crystallinity were used to evaluate bonding at
the HAC/T: alloy interface. Testing was done with
and without simulated body fluid (SBF) immersion.
The SBF employed was a pH value buffered, serum
added physiological medium, different from the tradi-
tional salt medium. After 1, 2, 3, and 4 weeks of
immersion, the bond strength at the HAC/Ti alloy
interface was calculated by means of the adhesive test
(ASTM C-633). Moreover, the changes in coating
characteristics that influenced the stability in SBF
were studied. This work expands upon the results of
a previous study [24].

2. Materials and methods

2.1. Preparation of plasma-sprayed HACs
The feedstock HA powders and spraying conditions
used have been reported elsewhere [24]. Three HACs
with different coating characteristics were prepared
(Table 1) according to our previous work [24]: (1)
H1-HAC with the most dense and molten microstruc-
ture, the highest concentration of impurity phases
(CIP), and middle index of crystallinity (IOC}), (2) H2-
HAC with dense and molten microstructure, middle
CIP, and the least ICO; (3) H3-HAC with the least
dense and partially molten microstructure, the lowest
CIP, and the best IOC. The surface morphologies of
HACs with different degrees of melting are shown in
Fig. 1. The CIP of HACs was defined as follows [24]:

CIP = (I,,./1,) x 100%

where I;,,, was the sum of the main peak intensity of all
impurity phases in each HAC and I, was the main
peak intensity of HA phase in the HA powders. The
IOC of HACs was defined as follows [24]:

10C = (I./1,) x 100%

where I, was the main peak intensity of the HA phase
in each HAC. More detailed descriptions of the terms
CIP and IOC are contained in a previous work [24].

TABLE 1 Characteristics of plasma-sprayed HACs used in this.

study
Parameter HACs

H1 H2 H3
Porosity (%) 4 7 12
CIP (%) 14.5 13.3 4.5
10C (%) 27.5 21.9 63.5

Note: CIP = Concentration of impurity phases
IOC = Index of crystallinity

Figure | Surface morphologies of: (a) HI-HAC with molten and
accumulated splats; (b) H2-HAC with molten and respherodized
splats; (¢) H3-HAC with unmelted powders. ac, accumulated splat;
re, respheroidized splat; um, unmelted powders.

As illustrated by X-ray diffraction patterns in Fig. 2,
the phase purity and the crystallinity of HACs used in
this study differed from one another.

Two shapes of bioinert Ti-6A1-4V (ASTM F-136)
were used as substrates: cylindrical rods, measuring
2.54 cm in diameter and 7.62 cm in length were used
for bonding strength measurements. Plate specimens
(I x 1 x0.3 cm) were employed for coating character-
ization.

2.2. Adhesion testing at the HAC/
Ti-6Al-14V interface

2.2.1. Bond strength measurements in situ
The bond strength at the HAC/Ti—6A1-4V interface
was tested using the adhesion test (ASTM C-633)
which was especially designed for plasma-sprayed
coatings. Each test specimen was an assembly com-
prising a substrate rod to which the HAC was applied,
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Figure 2 X-ray diffraction patterns of: (A) HI-HAC with many
impurity phases; (b) H2-HAC with the least crystallinity; and
(c) H3-HAC with few impurity phases and the best crystallinity.
Ao, B-Ca;(POy), (TCP); BCa,P,0, (TP), @ CaO.

' Loading
Ti-6Al-4V e Ti-6AI-4V rod
~ 254 ¢cm-~ Ti-6Al-4V N
Substrate
rod

Figure 3 Schematic representation of the adhesive test (ASTM C-
633): (a) degreased, gmt-blasted substrate rod; (b) plasma-sprayed
HAC on substrate rod; (c} glue attached to HAC; (d) Loading rod
attached on substrate rod.

and a loading rod (Fig. 3). H1-H3 coatings with the
same thickness (approximately 200 um) were plasma-
sprayed on to the substrate rods (Fig. 3b), which had
been degreased to remove organic contaminants and
blasted with Al,O; grit to provide surface roughness
(Fig. 3a). The facings of the loading rods were then
grit-blasted and attached to the surfaces of HACs
using a special adhesive bonding giue (METCO EP-
15, Fig. 3d). This segment was held perpendicularly
and put into an oven at 180°C for 2 h. When the glue
was cured and hardened, the segment was loaded in
the Instron (Model 1125) machine to measure the
tensile bond strength.

2.2.2. Bond strength measurements
after immersion in SBF

The HA-coated substrate rods were cleaned using an
ultrasonic wash in reagent grade acetone followed by
an ultrasonic rinse in distilled water and then put into
culture vials (100 ml). Prior to soaking, dry heat
(120°C, 8 h) sterilization was performed on the culture
vials involving specimens. Under a sterile environ-
ment, the simulated body fluid (SBF) was added to the
vials with 30 ml SBF/cm?* of HAC. Complete SBF,
that 13, Dulbecco’s Modified Eagle Media (DMEM,
Gibco Lab., NY) supplemented with 10% fetal bovine
serum (FBS, HyClone Lab. Inc., Utah), 2.2 g/l
NaHCO,, 0.1 g/1 streptomycin sulfate, and 0.06 g/1
penicillin was used for the experiments. The SBF was
buffered at a pH of 7.2 with 5N HCI. The vials were
then placed in a humidified, 5% CO,/balance air
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incubator to minimize the change in the initial pH; all
immersions took place at 37°C without stirring.
After 1,2, 3, and 4 weeks of immersion, the substrate
rods were removed, washed with distilled water and
dried in the oven. Then the substrate rods were at-
tached to the facings of loading rods using adhesive
agent to enable the bond strength measurements as
described above. At each period, five specimens were
tested. After the adhesive test, the failure mode at the
Ti/HAC/agent region was evaluated.

2.3. Changes in characteristics of HACs
after immersion in SBF

HA-coated plate specimens were employed to investi-
gate the changes in characteristics after being immersed
in SBE. The soaked sequences used were similar to
those for rod specimens as described above. After peri-
ods of 1, 2, 3, and 4 weeks, the specimens were removed
from the SBF and examined for coating characteriza-
tion, including microstructure, phase purity and cry-
stallinity. The surface morphologies of HACs were
examined by scanning electron microscope (SEM,
JEOL, JSMr 840). The phases of HACs were identified
by X-ray diffractometer (XRD, Rigaku D/MAXI11. V)
with a scan speed of 4°/min between 20° and 60° (26
angle), using Cuk, radiation. To judge the change in
phase purity and crystallinity, CIP and IOC values of
HAC:s at each immersion period were compared.

3. Results

3.1. Bonding strength measurements

The bond strength data measured from the adhesion
tests are listed in Table I1. At time zero (initial testing),
it was found that the trend for bonding strength was:
H1-HAC > H2-HAC > H3-HAC. A maximum bond
strength of 30.98 + 1.12 MPa (mean + SD) for HI1-
HAC was reached.

Following immersion in SBF, the bond strengths of
the HACs were found to degrade to different
extents. For HI-HAC, a continuous degradation
was noted from 29.36 +3.67 MPa at 1 week to
21.39 4+ 1.34 MPa at 4 weeks. During the first week,
degradation could be ignored. However, a total of
about 30% reduction in bond strength was measured
after 4 weeks of immersion. For H2-HAC, the degra-
dation behaviour showed little difference from that of
H1-HAC. Bond strength reduced from the start and
the continuous degradation proceeded into the third
week. At 4 weeks, the strength data increased as com-
pared to that at 3 weeks. A value of approximately
25% reduction in strength was calculated 3 weeks
post-immersion. With respect to H3-HAC, it is worth
noting that the strength decreased significantly after
1 week immersion (about 33% reduction of original
strength), revealing great differences from the other
HACGCs. Moreover, compared to the data at week 1, an
abnormal increase in strength data was observed after
2 weeks of immersion, and this level of strength was
maintained up to the fourth week of immersion.

After the adhesion test, a typical failure mode at the
HAC/Ti—"6Al-4V interface is shown in Fig, 4a. A mix
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Figure 4 Fractographs and schematic representations of HACs
after the adhesive test. A mixed failure mode revealing adhesive and
cohesive failure was commonly observed (a). However, for HACs
showing abnormal increase in strength data, more adhesive failure
was observed (b). co, cohesive failure; ad, adhesive failure.

of adhesive (coating—substrate) and cohesive (lamellar
coatings themselves) failure was observed at the inter-
face. These findings indicated that the results of this
adhesive test were meaningful and matched well with
the criteria of ASTM C-633. However, for specimens
showing abnormal increase in strength data after be-
ing immersed in SBF, more adhesive failures were
found (Fig. 4b).

3.2. Coating characterization after
immersion in SBF
3.2.1. Surface morphologies of HACs
Following immersion in SBF, the surface morpholo-
gies of HACs dissolved to different degrees. Predomi-
nantly, this depended on the kind of HAC and the
length of time of immersion. It is shown in Fig. 5 that
the morphologies of H1-HACs revealed little change
up to 4 weeks of immersion (compare with Fig. 1a).
Throughout the immersion periods, only slight sur-
face etching was observed. However, for H2-HAC as
shown in Fig. 6, the degree of surface attack by the
SBF was clearly evident. At week 1, in comparison
with Fig. 1b, the coating displayed more microcracks
on the surface (Fig. 6a). After 3 weeks of immersion,
many circulated splats of around 10 pm were isolated
from the cracked matrix (Fig. 6b). With increasing
immersion time, up to the fourth week, a smashed
surface was found (Fig. 6¢); the microstructure con-
structed was so weak that it could not withstand the
bombardment of the electron beam under the scann-
ing electron microscope. Since the microstructure of

Figure 5 The surface morphologies of Hi-HACs after (a) 1 week;
(b} 3 weeks; and (c) 4 weeks of immersion. Only slight etched
morphologies were observed.

H3-HAC was loosely constructed (Fig. 1c), it is appar-
ent from Fig. 7a that the H3-HAC has been seriously
attacked by the SBF after only 1 week of immersion.
The unmelted HA particles observed before immer-
sion in the SBF (Fig. 7c) have, for the most part,
dissolved after 1 week (Fig. 7b). When the immersion
time exceeded 2 weeks, the microstructure of H3-HAC
could not withstand the damage caused by the elec-
tron beam, and no further observations of surface
morphology were possible.

3.2.2. Phase concentration and crystallinity
of HACs

The XRD patterns of HACs after having been immer-

sed in SBF are shown in Figs 8~10. The IOC and CIP

values calculated from these XRD patterns are shown

in Fig. 11 and Fig. 12, respectively. It is apparent from

Fig. 11 that, for each kind of HAC, the crystallinity
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Figure 6 The surface morphologies of H2-HACs after (a) 1 week;
(b) 3 weeks; and (c) 4 weeks of immersion. Microcracks or cir-
culated splats were found. mi, microcrack; ci, circulated splat.

increased significantly following immersion in SBF.
This finding was consistent with de Groot et al. [25],
who reported that coating crystallinity increased after
incubation in Gomoris buffer (pH = 7.2) for 4 weeks.
For H3-HAC, a crystallinity index as high as 90% of
original crystallinity of HA powders was reached after
only 1 week of immersion.

On the other hand, as shown in Fig. 12, the impu-
rity phases for H1- and H2-HAC:s also increased after
immersion in the SBF. Nevertheless, a decrease in the
concentration of impurity phases for H3-HACs was
noted. It is theoretically recognized that plasma-
sprayed HACs consist of crystalline and amorphous
components. Each component might contain several
phases. As the amorphous HA has crystallized after
incubation in the SBF, the impurity phase in the
amorphous component would also crystallize. This
accounted for the increase in impurity phase for
H1- and H2-HAC following immersion in the SBF.
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Figure 7 The change of surface morphologies of H3-HACs after
immersion: (a) at 1 week showing many unmelted HA powders had
dissolved after being soaked in SBF; (b) high magnification of star
mark in (a); and (c) high magnification of star mark in Fig. 1c before
immersion in the SBF. um, unmelted powders.
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Figure 8 The XRD patterns of HI-HACs; (a) initial time; (b) 1
week; (c} 3 weeks; and (d) 4 weeks post-immersion. Both the index
of crystallinity and the concentration of impurity phases increased
noticeably after incubation in SBF. Aq, f-Ca;(PO,), (TCP);
HCa,P,0, (TP);, ® CaO.



(a) m4

g

Count (arbitrary scale)
o
( |

(d)
e . .
=) w0 = 10 = 0 =3
20 (degrees)

Figure 9 The XRD patterns of H2-HACs; (a) initial time; (b) 1 week;
(c) 3 weeks; and (d) 4 weeks post-immersion. Both the index of crystal-
linity and the concentration of impurity phases increased after incu-
bation in SBF. A, B-Ca; (PO,); (TCP), MCa,P,0, (TP);, ® CaO.
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Figure 10 The XRD patterns of H3-HACs: (a) initial time; (b) 1
week; (c) 3 weeks; and (d) 4 weeks post-immersion. The coating
crystallinity increased, but the concentration of impurity phases
decreased. A o, B-Ca; (POy); (TCP); B Ca,P,0, (TP), ® CaO.
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Figure 1] Relationship between IOC values and period of immer-
sion (@ H1-HAC; @ H2-HAC; O H3-HAC). The coating crystal-
linity increased considerably after immersion in SBF.
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Figure 12 Relationship between CIP values and period of immer-
sion (I HI-HAC; @ H2-HAC; O H3-HAC). The concentration of
impurity phases increased primarily after incubation in SBF.

However, with respect to H3-HAC, the decrease in
impurity phases might be attributed to the fact that it
revealed high purity in phases (Table 1) before being
immersed in SBF.

4. Discussion

Bond strength at the HAC/Ti—6Al-4V interface was
evaluated, with and without SBF immersion. Some
variables, including coating characteristics, that in-
fluenced the results of strength data before and after
incubation in the SBF are discussed. This work repres-
ents a continuation of a previous characterization
study of plasma-sprayed HA-coated Ti—6A1-4V sys-
tems.

It is generally believed that the true bond strength
of plasma-sprayed coatings is a manifestation of
mixed cohesive (lamellar layers themselves) and ad-
hesive (coating to substrate) strength [19]. Therefore,
as the adhesive test (ASTM C-633) was employed, the
results of bond strength were suggested to be governed
by a number of factors: (1) the thickness of the ce-
ramic coating; (2) the properties (viscosity, adhesive
strength, and shrinkage rate} of the glue employed;
(3) the surface conditions (roughness and cleaning) of
the metal substrate; (4) the interlamellar cohesive
strength of the coating; and (5) the penetration of the
glue into the imperfections (porosities and micro-
cracks) of the coating. A thinner coating (less than
100 pm) would result in a higher bond strength partly
because the measured strength data represented the
strength of penetrated glue rather than the true bond
strength of the coating [19, 20, 25]. This thickness
effect could be judged from the fractography of tested
rods which showed that the failure site occurred con-
sistently at the glue/HAC interface [19]. In a study by
Filiaggi and coworkers [13], the effect of the proper-
ties of adhesive glue on the bond strength was evident.
They used high viscosity, quick-setting, but weaker
strength glue and obtained lower bond strength
(6.7 &+ 1.5 MPa). However, this level of strength data
might represent mostly the interlamellar cohesive
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strength due to the fact that the glue was a quick-
setting type. In the same study by Filiaggi et al. [13],
a decrease both in fracture toughness values and bond
strength data was reported when a lower surface
roughness Ti-6A1-4V substrate was used. As a conse-
quence, a suitable surface roughness combined with
clean surface (no grits embedded) is required for
preparing the Ti—6Al-4V substrate.

In this study, to prevent the influence of the thick-
ness effect, HACs with a thickness of approximately
200 um were employed. The adhesive glue (METCO
EP-15) with low viscosity, slow-setting time, and high
adhesive strength (50-60 M Pa) was chosen, being sim-
ilar to that used in other studies [20, 25]. Moreover,
a well cleaned and fine-grit-blasted Ti—6AI-4V (sur-
face roughness R, = 3.78 + 0.34um) substrate was
prepared [10]. Therefore, it is deduced that the inter-
lamellar cohesive strength might play a key factor in
gvaluating the bond strength in our HA-coated
Ti—6Al-4V system. Since the H1-HAC had the most
dense micro-structure (Fig. 1a) before immersion in
SBF, it is not surprising that the highest bond strength
(30.98 + 1.12 MPa) was measured owing to HI-HAC
having the highest interlamellar cohesive strength.

Following immersion in SBF, factors affecting the
bond strength of HACs need rethinking. Since the
surface morphologies of HACs were etched or dis-
solved by the SBF (Figs. 5-7), it is reasonable to
suggest that the interlamellar cohesive strength was
weakened. Consequently, the penetration of the glue
into the imperfections should be of concern. If the
coatings were just etched (H1-HAC during all immer-
sed periods) or only slightly dissolved (H2-HAC dur-
ing the first 3 weeks, H3-HAC at 1 week), the bond
strength would decrease with immersed period owing
to the weakened interlamellar cohesive strength, How-
ever, for coatings revealing significantly dissolved
morphologies (H2-HAC at 4 weeks, H3-HAC during
the last 3 weeks), excessive glue penetrating into the
coating could affect the results considerably; abnor-
mally increasing bond strengths with immersion time
could come, for example, from: (1) the filling of poros-
ities and microcracks; (2) the reinforcement of
weakened interlamellar structure; or (3) bonding be-
tween the penctrated glue and the underlying
Ti-6Al-4V substrate. Specifically, more adhesive fail-
ures would be observed from the fractography (Fig. 4b).

Since bonding degradation originated evidentiy
from the dissolution of HACs, it is supposed that
coating characteristics, including microstructure, cry-
stallinity and phase concentration, could influence the
dissolution rate of HACs in SBF and, thereafter, affect

the bond strength. It has béen generally recognized
that the denser (less porosity) the HA bulk ceramic,
the higher the stability would be in a physiological
medium [26]. In the same way, HACs with denser
microstructure would lead to less instability. This
rationale could explain why the most dense HI-HAC
dissolved only slightly (Fig. 5) and, consequently, only
a 30% reduction of original bond strength was meas-
ured after 4 weeks of immersion {Table II). In contrast,
for H3-HAC constructed with the least dense micro-
structure, a higher bonding degradation (33% reduc-
tion at 1 week) which resulted from serious dissolution
(Fig. 7a) was evident, although an abnormal increase
in strength data, contributed by the penetrated glue,
was measured during the last 3 weeks in SBF.

The coating crystallinity, as quantitatively repre-
sented in the IOC value in this study, might prove to
be of importance owing to the decreased dissolution
rate when compared with poorly crystallized HACs
[6]. This meant that the H2-HAC with the lowest IOC
value (Table I) was suggested to be more bioresorb-
able. Although the H2-HAC was dissolved by the SBF
(Fig. 6), it was not the most serious case. On the
contrary, H3-HAC with the highest 1OC value
(Table I) was found to be the least stable (Fig. 7a). This
observation contributed to the fact that, in evaluating
the dissolving behaviour of HACs, the constructed
microstructure rather than coating crystallinity
seemed to be the most important variable in this
short-term in vitro study. In addition, as the amorph-
ous component of HACs could crystallize in SBF
(Fig. 11), initial crystallinity thus became less impor-
tant. Therefore, it can be concluded that the coating
crystallinity was not the most significant contributing
factor to bonding degradation in SBF.

After spraying, impurity phases such as tricalcium
phosphate (TCP), tetracaicium phosphate (TP) and
calcium oxide have been documented to be hardly
avoidable [27, 28]. Since the TCP and TP phase were
reported to be quickly bioresorbed [26, 29-31], H1-
HAC with high concentration of impurity phases
(Table 1) was suspected to reveal a high dissolution
rate, especially when the impurity phases have signifi-
cantly increased after being immersed in SBF (Fig. 12).
However, according to the slight etched morphologies
(Fig. 5) and the measured strength data (Table II), HI-
HAC was the least degraded. The influence of purity on
the dissolution rate was thus limited compared to the
influence of the constructed microstructure.

As suggested by de Groot et al [26], the
physiochemical dissolution rate of HA bulk ceramic is
also determined by the pH and chemical composition

TABLE II Results of bond strength measurements following immersion in SBF

Bond strength (MPa) after period of immersion

HAC Zero 1 Week 2 Weeks 3 Weeks 4 Weeks

H1 3098 +1.12 29.36 + 3.67 2630 + 1.76 24.59 + 254 2139+ 1.34
H2 28.31 +2.21 25.17 £ 0.76 2323 +3.54 21.78 £ 1.07 2385+ 075
H3 27.34 +2.02 18.17 +£ 096 2573 + 1.74 24.46 1+ 2.65 25.17 £ 0.86

Values are given as mean + SD after five tests.
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of the incubating fluid (including composition of buf-
fer). They showed that the dissolution rate of HA at
pH 7.2 varied from 97.4 ppm of Ca ion, when buffered
in citrate, to 44.3 ppm of Ca ion in Gomoris buffer
[25]. In this study, pH-buffered and serum-added
DMEM was used owing to the fact that it could
simulate most accurately true body fluid. Neverthe-
less, bonding degradation in other simulated media
should be further evaluated.

From the results of our previous study [24],
plasma-sprayed HACs might display different coating
characteristics, primarily depending on the spraying
parameters used. In this study, we have clarified that,
among coating characteristics, the constructed micro-
structure was the key factor in influencing bonding
degradation in SBF. Therefore, the denser the micro-
structure, the lower the risk of bonding degradation.
However, this kind of HAC has been demonstrated to
contain a lower index of crystallinity and a higher
concentration of impurity phases. Whether or not
these undesired characteristics would influence the
biological responses in vivo should be further investi-
gated, since the ultimate strength of this HA-coated
Ti—6A1-4V implant system to bone relied on both the
HAC/Ti-6Al-4V and the HAC/bone interface.

5. Conclusion
A considerable effort has been made, using the
in vitro method, to evaluate the bonding at the HAC/-
Ti-6Al-4V interface, which may represent the weak
link in implants of such surface design. The most im-
portant point elucidated in this study was the degrada-
ble bonding that existed at this interface, as suggested
by the adhesive bond testing after being immersed in
SBF. A range of 25-33% or higher reduction in bond
strength was measured. Evidence of dissolved mor-
phologies of HACs that weakened the interlamellar
strength accounted for the degraded bond strength.
Additionally, it has been clarified that, among coat-
ing characteristics, the constructed microstructure was
the major factor to affect dissolution of HACs and,
consequently, bonding degradation of HACs. Finally,
it should be made very clear, that, in any attempt to
improve the performance of this HA-coated
Ti~6Al-4V  implant system, stability at the
HAC/Ti-6Al-4V interface would be of paramount
importance. As a result, a more dense HAC is needed.
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