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This study evaluated the mechanical and histological behavior of cobalt-chromium (CoCr)
alloy and hydroxyapatite (HA) plasma-sprayed coatings in canine cortical bone after 6 and 12
weeks of implantation, using CoCr alloy as the substrate. The substrate was bond-coated
with microtextured CoCr alloy coating to ensure adherence between the substrate and top
coats. A macrotextured CoCr alloy top coat with surface roughness R;=34.25+5.50 um was
produced to create suitable pores ranging from 25 um to 200 pum for bone ingrowth. For HA
top coat, a relatively smooth surface (R;=15.144+3.21 um) was prepared for bone
apposition. Shear testing of bone/implant interfaces showed that the CoCr alloy top coat
exhibited significantly lower (p < 0.01) mean shear strength than the HA top coat at each
time interval. The maximum shear strength was 10.88 +-0.38 MPa for HA-coated implants 12
weeks post-implantation. After histological evaluations, substantial differences in the extent
of new bone formation and the types of implant/bone contact were found between two kinds
of implants. Direct bone-to-HA coating contact was consistently observed, while a layer of
fibrous tissue intervening at the bone-CoCr alloy coating interface was found. Occasionally,
partial dissolution of HA coating was seen after 12 weeks of implantation. The results of this
study suggested that plasma-sprayed macrotextured CoCr coatings may not be an effective

alternative for biological fixation.

1. Introduction

As long-term complications of cemented fixation be-
come evident [1, 2], the concept of biological fixation
either by bone ingrowth into porous metallic coat-
ings or by bone apposition onto bioactive calcium-
phosphate coatings has become increasing popular.
Whether such implants will be successful has yet to be
determined.

Regarding the ultimate performance of implants
with porous sintered-bead coatings, however, several
concerns or limitations have been raised. First, mater-
ial characteristics of this implant system have changed
adversely for implantation. These include the effects of
increased metal ion release due to increased surface
area [3, 4], the serious reduction in substrate fatigue
strength owing to high temperature sintering [35, 6],
and the potential loss or delamination of the porous
coating [3, 7]. Second, a good tight fit during surgery
is needed to ensure implant—bone apposition and
minimize micromotion [8]. Third, restricted activity
or even immobilization of the patients is necessary for
bone tissue ingrowth to occur for the first 6 to 8 weeks
after implantation [9], as there is no adherence of the
porous surface to the bone at the time of surgery.
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Fourth, the highest obtainable shear strength at
bone—implant interface is limited to 30-40% [10] of
that of cortical bone since the surface pores available
for tissue ingrowth are limited. The need for achieving
better component stability is, thus, obvious.

In a study by Luckey et al. [11], the biological
fixation capability of a nonporous, high-integrity
plasma-sprayed CoCr (ASTM F75 alloy) coating was
compared to a conventional sintered-bead CoCr coat-
ing in goats. The plasma-sprayed CoCr coating was
developed to minimize the adverse changes in material
characteristics compared to the sintered porous-be-
aded devices. Their results showed that the CoCr
coating might offer potential advantages over con-
ventional porous coatings and therefore seemed to be
an effective alternative. More recently, the uses of
plasma-sprayed hydroxyapatite (HA) coatings, in
comparison with porous coating, were documented to
reveal many advantages. These included the forma-
tion of chemical bonding at the HA/bone interface
[10,12], the promotion of normal bone formed
along the HA layer [13-19], and the protection of
surrounding bone against metal-ion release from
a metal prosthesis [20]. Therefore, HA-coated metal
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implants seem promising for application in ortho-
paedic surgery.

The adherence between coatings, especially ceramic,
and the metal substrate is important in providing
long-term fixation since mechanical failure occurring
at the ceramic—metal substrate interface has consis-
tently been reported [10, 21-23]. Calcium-phosphate
coatings on metal substrates pretreated with porous
sinter-beaded coating [24-29] or macrotextured
grooves [30] have been shown to significantly en-
hance bone apposition and attachment strength at the
bone—implant interface. Methods must be developed,
therefore, to protect the relatively weak coating—
substrate interface from direct shear loading.

In this study, the osseous and mechanical responses
to two coatings, namely, plasma-sprayed macro-
textured CoCr alloy coating and HA coating, were
compared.

2. Materials and methods

2.1. Implant fabrication

Cylindrical rods (4.26 or 446 mm diameter x 12 mm
length) of CoCrMo alloy, conforming to ASTM F75,
were used as substrates (Fig. 1a). The substrate rods
were precoated with microtextured CoCr alloy coat-
ing (approximately 100 um) which served as bond coat
by plasma spraying (Fig. 1b). Then, implants with two
kinds of top coat were prepared for in vivo implanta-
tion (Fig. lc): (1) a macrotextured plasma-sprayed
CoCr (PSCO) alloy coating (approximately 150 pm)
and (2) a plasma-sprayed HA (PSHA) coating
(approximately 50 um). Different initial substrate
diameters were used to produce specimens with
approximately the same finished diameter (4.76 +
0.05 mm).

4.26 mm
}__
(b}

Plasma spraying Plasma spraying

Fine CoCr powder Coarse CoCr

{ 44-105 um } powder
(177-250 um )
Blasted CoCr Microtextured Macrotextured

alloy substrate CoCr alloy CoCr alloy

bond coat ( 100 um ) top coat { 150 um )

4.76 mm
=

Plasma spraying 4 Plasma spraying

Fine CoCr powder
( 44-105 um )
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Microtextured
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HA top coat { 50 pm )

Figure 1 Schematic configuration of implant preparation: (a) cylin-

drical rods of CoCr alloy substrate with different initial diameter;

(b) plasma-sprayed bond-coat of microtextured CoCr alloy coating
(100 pm); and (c) plasma-sprayed macrotextured CoCr alloy top
coat (150 pm) and HA top coat (50 um). The finished implant
diameter was 4.76 mm.
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TABLE I The plasma spraying parameters used for preparing
bond coat and top coats

Spraying parameters Bond Top coats
coat

PSCO PSHA
Primary gas, Ar, 41 Ar, 41 Ar, 41
flow rate (I min~1)
Secondary gas, H,, 6 H,, 11 H,, 6
flow rate (Il min~1)
Powder carrier gas, Ar, 3 Ar, 5 Ar, 3.2
flow rate (1 min~1)
Powder feed rate (g min~1) 33 12 20
Powder (kW) 35 42 35
Stand-off distance (cm) 18 12 75
Surface speed (cm min~?') 240 240 240
Transverse speed (cm min~?) 60 60 60

Prior to spraying, the substrate surfaces were de-
greased to remove organic contaminants and blasted
with Al,O; grit to roughen the surface. All coatings
used in this study were applied by. means of an
atomospheric plasma spray technique (APS, Plasma-
Technik, M 1100-C). The plasma spraying parameters
for preparing the bond coat and top coats are listed in
Table I.

For creating the bond coat, fine spherical CoCr
alloy powder (ASTM F75, 44-105 pum, Nuclear
Metals, Inc.) was used in the coating process. This thin
layer of bond coat was intended to ensure adher-
ence between the substrate and the top coat. The
surface morphology and the cross-sectional structure
of the bond coat are shown in Fig. 2a and Fig. 3a,
respectively. For preparing the PSCO top coat,
coarse spherical CoCr alloy powder (ASTM F75,
177-250 pm, Nuclear Metals, Inc.) was used to obtain
a macrotextured coating (Fig. 2b and Fig. 3b), which
exhibited an R, surface roughness of approximately
3425 £ 550 um. As shown in Fig. 3b, suitable
pore size ranging from 25pm to 200 um (mostly
50-100 um) was created for bone ingrowth. With re-
gard to the PSHA top coat, a uniform thickness of
about 50 pm was produced (Fig. 2¢ and Fig. 3c) using
high purity HA powder (Amdry 6020, Sulzer Plasma
Technik, Inc.). The surface roughness (R,) for PSHA
coating was about 15.14 + 3.21 um. X-ray diffraction
analysis indicated that the PSHA coating consisted of
about 40% of original crystalline structure and 90%
apatite with 10% extra phases (Ca;(P0O,),, CaO, and
Ca,P,04) [32].

2.2. Surgical technique

All implants were cleaned with a 15-min ultrasonic
wash in reagent grade acetone followed by a 15-min
ultrasonic rinse in distilled water. Dry heat (120°C,
8 h) sterilization was used prior to implantation.

The lateral femoral cortices of adult, bone-matured
mongrel dogs weighing 10-15 kg were drilled trans-
cortically by three-stage reaming to the final diameter,
using a sterile surgical technique. Dogs were anes-
thetized with 50 mg/kg of sodium thiopentone
(Pentothal, Abbott, Australasia Pty. Ltd.). Cefazolin
(i.v. 1 g) and gentamicin sulfate (i.m. 40 mg) were given



Figure 2 Surface morphology of: (a) microtextured CoCr alloy
bond coat; (b) macrotextured PSCO top coat; and (¢) the PSHA
top coat.

during surgery as prophylactic antibiotics. During
drilling procedures copious saline was used to mini-
mize any bone thermal trauma and to remove the
bone debris. The drill sequence employed 1.587 mm
and 3.175 mm drill bits. Final sizing was done using
a 4.76 mm drill to produce a hole almost equal to the
diameter (4.76 mm) of the implants. Then, implants
with PSCO and PSHA coatings were bilaterally in-
serted into pre-drilled holes by finger pressure. A total
of 60 implants were inserted into the femora of six
dogs. Each femur contained five implants; four im-
plants for mechanical testing and one implant for
histological evaluation.

2.3. Mechanical testing

Three dogs were sacrifice at each of 6 and 12 weeks
postoperatively. The intact femora were retrieved
and cleared of soft tissue. By using a diamond saw

Figure 3 Cross-sectional structure of: (a) microtextured CoCr
alloy bond coat; (b) macrotextured PSCO top coat; and (c) the
PSHA top coat. B, bond coat; S, substrate; CO, PSCO top coat;
HA, PSHA top coat.

(Isomet), each implant site was isolated transversely
and then bisected through the medullary cavity per-
pendicularly to the long axis of implant. A trephine-
type reamer made of 316 stainless steel was used to
prepare a smooth endosteal bone surface surrounding
each implant. Well-prepared, fresh samples were
placed in a testing jig, and the implants were pushed
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TABLE 1II Shear strength of the implant—bone interface (MPa)

Weeks Shear strength (MPa)
PSCO implants PSHA implants
6 1.85 +0.59 (n = 12) 10.30 £ 0.39% (n = 12)
12 127+ 0.72 (n = 12) 10.88 £ 0.38* (n = 12)

Values are given as mean + SD (standard deviation)

n: the number of samples tested.

2 Significant difference (p < 0.01) between the PSCO and PSHA
implant.

Figure 4 Fractographs of implants after the push-out test showing
the failures were conclusively at: (a) the bone-PSHA coating inter-
face and (b) the bone-PSCO coating interface 12 weeks post-
implantation. HA, PSHA top coat; B, bone; CO, PSCO top coat;
F, fibrous tissue.

out from-the surrounding bone using an Instron test
machine. A loading rate of 0.2 mm/min was used for
all tests. The force needed to move the implant was
determined from the load—displacement curve. The
shear strength at the implant/bone interface was cal-
culated by dividing the maximum push-out force by
the total bone area in contact with the implant. This
area was represented by the following formula:

area = mwDH

where D is the diameter (4.76 mm) of the implant and
H is the average cortex thickness. The cortex thickness
was measured on both sides of the implant with a dial
caliper micrometer, and the average of these two
measurements was taken as the average cortex thick-
ness. The experimental techniques used have been
reported in a previous study [31]. Shear strength of
PSCO-coated versus PSHA-coated implants were
statistically compared by a paired ¢-test.
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Figure 5 Histological appearance of the interface of cortical bone
and PSHA implant 6 weeks postimplantation. Section revealed:
(a) bone apposition to the PSHA coating and (b) a direct
bone-PSHA coating contact. S, bond-coated substrate; H, PSHA
top coat.

After the push-out test, the disrupted implants were
fixed in 10% buffered formalin solution, dehydrated in
graduated ethyl alcohol solutions from 70-100%, and
then carbon coated. The fracture surfaces of implants
were investigated by scanning electron microscope
(SEM) for failure mode anlayses.

2.4. Histological evaluation

The implants which were not subjected to mechanical
testing were fixed in 10% buffered formalin solution
and dehydrated in graduated ethyl alcohol solutions
from 70-100%. They were then embedded in poly-
methylmethacrylate (PMMA). Each undecalcified im-
plant block was sectioned perpendicularly to the long
axis of the implant into two to three thin slices
(300—400 um) in the cortical bone region. The slice
was polished flat with fine sanding strips and mounted
on a glass slide with a fast drying glue. After drying,
the slice was hand ground to approximately
30-40 um, polished by diamond paste (6 um), and
viewed unstained by transmission light microscope.

3. Results

The surgical operation was tolerated well by the dogs.
There were no complications noted during the peri-
ods. At harvesting, there were no signs of infection or



metallic staining around the implants, which were
firmly fixed to the surrounding bone.

3.1. Mechanical testing

The interface shear strength data of implants obtained
from the push-out tests are summarized in Table II.
A paired t-test was used to determine significant differ-
ences (defined as p < 0.01) among the values.

It is clear from Table II that the PSHA implants
displayed significantly higher mean shear strength
than the PSCO implants at each time period.
After 6 weeks of implantation, shear strength of
10.30 + 0.39 MPa was observed in the PSHA im-
plants, implying that the PSHA implant had a
dominant effect on initial fixation. After evaluating
the localization of the disruption of the PSHA im-
plants, it was found that the specimens failed conclus-
ively at the bone/HA coating interface (Fig. 4a). Since
the PSCO implant could be dislodged easily during
mechanical testing, low shear strengths ranging
from 1 to 3 MPa were measured at 6 and 12 weeks,
indicating that these implants could not offer biolo-
gical stability to bone. With fibrous tissue covered
on the microtextured PSCO coating, the failure site
was in all cases at the bone/PSCO coating interface
(Fig. 4b).

Figure 6 Histological appearance of the interface of cortical bone
and PSCO implant 6 weeks postimplantation. Section revealed:
(a) only part of the new bone has filled the space between the
pre-existing bone and the PSCO implant and (b) a thick layer of
fibrous tissue intervening at the bone-PSCO coating interface.
S, bond-coated substrate; C, the PSCO top coat; F, fibrous tissue.

3.2. Histology

Substantial variations in the extent of new bone
formation and the types of bone/implant contact
were found between the PSCO and PSHA im-
plants. These variations appeared to result from
different biological responses to the surface layer of
the implants.

At 6 weeks, new bone was intimately apposed to the
PSHA coating (Fig. 5a). Along the PSHA coating,
a direct bone-to-HA coating contact (osseointegra-
tion) was observed (Fig. 5b). On the contrary, in the
PSCO implant, only part of the space between the
pre-existing bone and the PSCO coating was filled
with new bone as shown in Fig. 6a. A thick layer of
fibrous tissue intervening at the bone/PSCO coating
interface was evident (Fig. 6b).

After 12 weeks of implantation, bone proliferation
was found at the bone/PSHA coating interface
(Fig. 7a), compared to that shown in Fig. 5a. The
phenomenon of osseointegration was still apparent
(Fig. 7b). On the other hand, bone ingrowth into the
PSCO coating has been found in some regions (arrow
in Fig. 8a). However, a relatively thin layer of fibrous
tissue still interposed at the bone/PSCO coating inter-
face (Fig. 8b), suggesting that the PSCO coating does
not conform to the concept of osseointegration. It is
worth noting that signs of partial dissolution of PSHA
coating were observed occasionally at bone/PSHA
coating interface as indicated by the arrow in Fig. 9a

Figure 7 PSHA implant—cortical bone interface 12 weeks post-
implantation: (a) bone proliferation was found and (b) a direct
bone-PSHA coating contact still presented. S, bond-coated sub-
strate; H, the PSHA top coat.
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Figure 8§ PSCO implant—cortical bone interface 12 weeks postim-
plantation: (a) bone ingrowth into the PSCO coating was found
and (b) a relatively thin layer of fibrous tissue interposing at the
bone—PSCO coating interface still presented. S, bond-coated sub-
strate; C, the PSCO top coat; F, fibrous tissue.

12 weeks postimplantation. Within the remodelling
canals, granular particles dissociated from the PSHA
coating were seen (Fig. 9b). This finding was similar to
the results of our previous study [18].

4. Discussion

In a previous study [31], the effect of coating thickness
on the shear strength of plasma-sprayed HA coatings
was investigated. In achieving reliable implant-to-
bone fixation, 50 um HA coating on Ti—6Al-4V alloy
substrate was shown to be a successful implant system.
In this study, we investigated further two kinds of
implant systems, namely, PSCO coating and PSHA
coating on CoCr alloy substrate, which was bond-
coated with microtextured CoCr alloy coating to en-
sure strong adherence between the top coats and the
substrate.

The shear strengths of plasma-sprayed calcium-
phosphate coatings on porous-coated implants
yielded variable results (Table III). Cook et al. [25],
in a study of plasma-sprayed HA coating on sintered
porous CP titanium implant in dogs, found that shear
strength after 6 and 12 weecks was 14.19 and
17.92 MPa, respectively. These strength values re-
vealed no statistically significant difference compared
to the uncoated specimens. In later research by the
same group [28], the shear strength of sintered porous
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Figure 9 (a) Partial dissolution of HA coating observed in
the remodelling canals at the bone-HA coating interface as
indicated by arrow 12 weeks postimplantation. (b) Higher mag-
nification of arrow in (a). S, bond-coated substrate; H, the PSHA
top coat.

CoCrMo coating with and without plasma-sprayed
HA coating was evaluated in a transcortical implant
model in dogs. The results demonstrated enhanced
attachment strength in  HA-coated samples
(12.80 MPa at 6 weeks and 15.73 MPa at 12 weeks)
compared to the uncoated ones at all time periods.
In the tibia of mature goats, the shear strength of
porous Ti—6A1-4V beads with or without plasma-
sprayed HA coating was assessed by Oonishi et al.
[24]. Their results showed that the HA-coated im-
plants exhibited significantly higher strength
(13.87 MPa) than the controls (7.35 MPa) at 6 weeks,
while no differences existed for two implants (around
24.92 MPa) at 12 weeks. Rivero and coworkers [27]
studied plasma-sprayed calcium-phosphate (mostly
tricalcium phosphate, TCP) coatings applied to tita-
nium fibre mesh porous intramedullary implants in
dogs. Significantly greater attachment strength was
reported for the TCP-coated implants (2.75 MPa)
after 4 weeks of implantation compared to the un-
coated controls (2.22 MPa). In a study by Chae et al.
[29], TCP-coated porous CoCrMo intramedullary
implant rods were prepared in rabbits. Similar pull-
out force was reported between TCP-coated (307 N)
and uncoated specimens (324.7 N) at 12 weeks. The
findings of these studies indicated that HA coatings
applied to porous metal substrate could improve im-
plant-bone attachment strength.



TABLE III Mean shear strength (MPa) of plasma-sprayed calcium-phosphate coatings on porous-coated substrate obtained in various

studies
Weeks Cook [25] Cook [28] Mean shear strength Chae [29] Yang (this study)
Oonishi [24] Rivero [27]

1 0.75 £ 0.09

2 5.04 +1.79 1.32 272 4+ 0.23

3 7.52 4244

4 9.17 +4.20 4.34 2.754+0.24

6 14.19 + 3.99 12.80 + 2.30 13.87 2.61 4+ 0.19 10.30 +0.39 1.85 £ 0.59

8 12.60 + 2.72
12 17.92 + 5.46 1573 +2.36 24.92 324.7 N* 10.88 £ 0.38 1.27 £ 0.72
18 23.15 4+ 3.64
26 27.06 4+ 2.36
52 21.21 4+ 3.80
Top coat PS-HA PS-HA PS-HA PS-CAP PS-TCP PS-HA PSCO
Bond coat CP Ti Beads CoCrMo Ti—-6A1-4V CP Ti fibers CoCrMo PS-CoCrMo  PS-CoCrMo

Beads Beads Beads

Substrate Ti-6Al-4V CoCrMo Ti—6A1-4V Ti-6Al-4V CoCrMo CoCrMo CoCrMo
Implant mode  Transcortical Transcortical ~ Transcortical Intramedullary  Intramedullary  Transcortical Transcortical
Animal Dogs Dogs Goats Dogs Rabbits Dogs Dogs

N* denotes newton, otherwise values are given as mean + SD (standard deviation). .
PS, plasma-sprayed; HA, hydroxyapatite; CAP, calcium-phosphate; TCP, tricalcium-phosphate; CO, CoCrMo alloy.

For our experiments, the measured shear strength
(around 10 MPa) appeared to be a little lower than
that found by Cook and coworkers [25, 28]. The vari-
ation might be attributed to differences in the porous
layers (materials, surface roughness and pore size)
and the HA coating (degree of crystallinity, impurity
phases, Ca/P ratio, bonding strength, and surface
roughness). More recently, Dhert et al. [33] further
pointed out that clearance of the hole in the support
jig, Young’s modulus of the implant, cortical thick-
ness, and implant diameter might influence the results
of shear strength measurements.

With regard to the macrotextured PSCO coatings
in this present study, a very low shear strenth (around
1-3 MPa) was obtained. This finding was markedly
inconsistent with that of Luckey et al. [11], who
investigated the shear strength of plasma-sprayed
CoCr alloy coating and conventional sintered bead
coating in cortical and cancellous bone of dogs after
8 and 16 weeks of implantation. Their results revealed
that although the plasma-sprayed CoCr alloy coating
exhibited lower overall average shear strength in
cortical bone sites at both time periods (4.31 MPa at
8 weeks and 9.77 MPa at 16 weeks), the differences
were not statistically significant. The surface rough-
ness of CoCr alloy coating, the extent of press-fit, and
the histological findings could be reasons why our
results differed from theirs. Since higher surface
roughness (RMS = 25 um) of CoCr coating combin-
ing a uniform 2% press fit was used in their study, an
area of the direct bone—CoCr coating contact was
observed, resulting in shear strength equal to that of
sintered bead coating. In this report, however, a lower
surface roughness (R, = 34.25 pm) of PSCO coating
was evaluated. With non-interference fit, it is not sur-
prising that there were no areas showing direct
bone-PSCO coating contact (Figs 6 and 8), leading to
lower shear strength. Nevertheless, further research is
needed to confirm our findings.

As shown in Figs 5 and 7, the evidence of direct
bone-PSHA coating contact was observed, being
consistent with studies where osseointegration of HA
coating was reported [13—19]. This led to the provis-
ion of strong implant-to-bone fixation. More atten-
tion should be paid to the signs of dissolution of the
HA coating which were apparently noted 12 weeks
postimplantation. This finding is similar to those of
Denissen et al. [13] and Gottlander et al. [17] in
which the pieces of HA loosened from the HA coating
were observed within the remodelling canals at optical
microscope level 1 year and 9 months postoperatively.
In our previous report [18], the same phenomenon
was demonstrated at the scanning electron micro-
scope level. However, our finding cannot be further
deduced to cell-mediated resorption as suggested by
Manley [34]. In some cases, osteoclastic resorption of
HA coating has been pronounced [15, 23, 35]. The
biodegradation of HA coating suggested by our pre-
vious findings [31] and the dissolution of HA coating
at 12 weeks might account for the same level of shear
strength compared to that at 6 weeks.

The use of a thin layer of microtextured bond coat
underlying the HA coating is considered important
because it can ensure the adherence between the metal
substrate and the HA coating. With failure occurring
consistently at the bone—HA coating interface (Fig. 4a),
the successful performance of the bond coat is, thus,
noteworthy. A plasma-sprayed CP titanium bond
coat applied between HA coating and Ti-6A1-4V
substrate was performed in our laboratory [36]. Using
the same transcortical mode in dogs, this implant
obtained shear strength as high as 16.67 MPa at 12
weeks. The failure mode was in all cases at the
bone-implant interface.

In this short-term study, the PSHA-coated CoCr
alloy implant system was demonstrated to obtain
strong fixation to bone, while the macrotextured
PSCO-coated CoCr alloy implant system did not
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provide suitable fixation to bone. A long-term study is
needed to confirm our findings.

5. Conclusions

The biological fixation properties of two implant
systems, namely, PSHA and macrotextured PSCO
coating on CoCr alloy substrate precoated with micro-
textured CoCr bond coat, were assessed in the
femoral cortices of canine after 6 and 12 weeks of im-
plantation. The following concluding remarks may
be made.

1. The PSHA implant displayed significantly
higher shear strength than the PSCO implants at each
time period studied. At 6 weeks, a shear strength of
10.30 4+ 0.39 MPa could be obtained in the PSHA
implants.

2. Across the HA coating, a direct bone-PSHA
coating contact was evident, while a layer of fibrous
tissue intervening at the bone--PSCO coating was
observed.

3. The sign of partial dissolution of HA coating was
seen after 12 weeks of implantation, and this was
deduced not to be cell-mediated resorption.

4. With the very low shear strength (around
1-3 MPa) obtained, the macrotextured PSCO-coated
CoCr alloy implant system may not offer an effective
alternative for biological fixation. However, further
study is needed to confirm our proposition.
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