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Abstract: Noncemented implants are the primary choice for

younger patients undergoing total hip replacements. However,

the major concern in this group of patients regarding revision is

the concern from wear particles, periimplant inflammation, and

subsequently aseptic implant loosening. Macrophages have

been shown to liberate gold ions through the process termed

dissolucytosis. Furthermore, gold ions are known to act in an

anti-inflammatory manner by inhibiting cellular NF-jB-DNA

binding. The present study investigated whether partial coating

of titanium implants could augment early osseointegration and

increase mechanical fixation. Cylindrical porous coated Ti-6Al-

4V implants partially coated with metallic gold were inserted in

the proximal region of the humerus in ten canines and control

implants without gold were inserted in contralateral humerus.

Observation time was 4 weeks. Biomechanical push out tests

and stereological histomorphometrical analyses showed no

statistically significant differences in the two groups. The

unchanged parameters are considered an improvement of the

coating properties, as a previous complete gold-coated implant

showed inferior mechanical fixation and reduced osseointegra-

tion compared to control titanium implants in a similar model.

Since sufficient early mechanical fixation is achieved with this

new coating, it is reasonable to investigate the implant further

in long-term studies. VC 2012 Wiley Periodicals, Inc. J Biomed Mater

Res Part A: 101A: 195–202, 2013.
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INTRODUCTION

Noncemented porous coated titanium-alloy implants are the
primary choice for younger patients in need of total hip
replacements.1 Although considered a common and success-
ful treatment, up to 20% of the younger hip arthroplasty
patients will require revision surgery within 14 years.2

Revision implants have an even shorter longevity and
poorer outcome. It is well accepted that improved early
osseointegration and stable mechanical properties are key
factors for increasing implant longevity,3 and therefore tech-
nologies such as surface coatings, graft substitutes, and
growth factors are intensively investigated.4–6

Several experimental studies have proven the immuno-
suppressive capabilities of gold ions on inflammatory cells.
Gold ions inhibit the cellular NF-jB DNA binding activity7

and reduce I-j B kinase activation8 and thereby reduce
macrophage proliferation, diminish production of proinflam-
matory cytokines, and inhibit lysosomal enzymes.9,10 Recent

research have shown that large metallic surfaces release
ions when inserted in living tissue that can be found in
nearby macrophages.11 The process, termed dissolucytosis,
is defined as extracellular ion liberations and believed to be
due to the macrophage’s ability to release cyanide ions, alter
oxygen tensions, and control the proximity pH.12 The mac-
rophage’s essential role in wound healing and bone repair
after orthopedic surgery motivated our investigation of sur-
face coatings that could modulate macrophage function.

The beneficial and important primary inflammatory
response after an implant insertion is vital for early osseoin-
tegration and mechanical fixation.13,14 Previously, we com-
pared pure gold coated experimental implants with control
titanium-alloy implants in a related press fit implant model
and found both a reduction in new bone formation and infe-
rior mechanical stability. These findings were presumably
due to an inhibited periimplant remodeling around the
press fit implant.15 The present study introduces a new
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coating that combines gold and titanium as a surface sub-
strate and evaluates it in a gap implant model. The limited
address, whether the partial coating influences the implant’s
early mechanical stability and its bony anchorage, and
whether it would decrease fibrous tissue formation. We
hypothesized that the new partial gold coating would
strengthen mechanical stability and increase osseointegra-
tion. Furthermore, we anticipated a reduction of early peri-
implant fibrous tissue due to the anti-inflammatory effect.
While the anti-inflammatory effect of gold is expected to be
most efficacious for modulating a later osteolytic process,
we wanted to determine if it also could increase initial fixa-
tion by preventing fibrous membrane formation. For this, a
gap model was required.

MATERIALS AND METHODS

Study design
NIH guidelines for the care and use of laboratory animals
were observed, and approval was obtained from our Institu-
tional Animal Care and Use Committee prior initiation of
the study. The study was designed as a randomized paired
study, and 20 implants were inserted in the proximal region
of the humerus bilaterally in ten skeletally mature canines
(Fig. 1). The lateral proximal part of the humerus was cho-
sen as implant site, and partial gold-coated implants were
inserted in one side and control titanium-alloy implant were
inserted in the contra-lateral humerus. The intervention
side differed systematically with each animal, with random
start.

Animals
A sample size calculation was made prior to the study.
Given standardized conditions, the minimal relevant differ-
ence was set to a 50% relative change in the biomechanical
fixation. Based upon previous studies, we assumed the
standard deviation on the relative change to be 50%. Two-

sided alpha and beta were set to 5 and 20%, respectively.
Hence, 10 animals were included per group. The animals
were skeletally mature female American Hound dogs. The
mean age (SD) was 12.5 months (1.7), and mean weight
was 25.1 kg (0.96).

Implants and gold coating technique
For this study we used 20 custom-made titanium-alloy
implants with a plasma-sprayed porous coated Ti-6Al-4V
surface. The rough surface coating was kindly applied by
Biomet (Warsaw, IN). Each implant was cylindrical with a
diameter of 8.0 mm diameter and length of 10 mm. The
company determined the mean pore diameter to 480 lm,
porosity was 44% and the coating thickness was 1.6 mm.
Two 11.0 mm in diameter endplates in each end of the
implant created a standardized 1.5-mm gap around each
implant.

Half of the porous Ti-6Al-4V surfaces were later coated
with a 40–80 nm thin layer of pure gold using the nonreac-
tive physical vapor deposition (PVD) process named magne-
tron sputtering (Fig. 2). Magnetron sputtering is a magnet
field superimposed on a sputtering configuration.16 The
superimposed magnetic field induces an additional force on
the charged particles. The force is perpendicular to the
speed direction, whereby the charged particles are forced to
circulate in a spiral instead of moving in straight lines to
the gold target, where the gold for the coating process is
placed. The longer pathway increases the number of colli-
sions between mainly electrons and ions and enables the
plasma to be self-sustaining at a lower working pressure.
The higher collision energy between the target and charged
gas ions will apply a higher energy to the sputtered gold

FIGURE 1. A schematic overview of the paired implants with specifi-
cations inserted in trabecular bone in the proximal part of the hu-
merus. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

FIGURE 2. Typical magnetron configuration with the implant placed
in the substrate holder. The sputter gas in this case is Ar. At the cath-
ode a gold plate is placed, and the Au is sputtered with high energy
and thereby transferred to the implant surface. The upper figure
shows how Ar ions move in a spiral path before dispersing Au ions.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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atoms and improve the adhesion to the porous surface
upon the implants.

In this study, the thin gold layer was applied to the po-
rous Ti surface after a sputter cleaning process. The coating
procedure is a line-of-sight process, and the porous topol-
ogy was subsequently not altered (Fig. 3). The bonding
mechanisms between gold and titanium are physical and no
adhesion promoters such as sputtered Cr were used.

Surgical procedure
Each procedure was performed under general anesthesia
using sterile technique. The proximal part of the humerus
was exposed using a lateral extraarticular approach. One
Kirschner wire was inserted as a guide wire perpendicular
to the surface. An 11 mm cannulated drill was used and
drilling was performed slowly to prevent thermal trauma to
the bone. The guide wire was removed, the cavity was after-
wards cleaned of bone debris and the implant was inserted
with its premounted footplate. The cavity was then closed
by a topwasher. The operator could not be blinded to which
implant was inserted, due to the obvious gold layer. Prophy-
lactic antibiotics were administered preoperatively by
administering Rocephin 1 gram IV, and postoperatively
Rocephin 1 g IM per day for a minimum of 3 days or until
afebrile. Pain relief was administered locally as 2.5 ml Bu-
pivacaine (0.25% 2.5 mg/ml) per incision and systemically
0.01 mg/kg Bupronex (0.3 mg/mL buprenorphine hydro-
chloride) BID for first and second day postoperatively and
SID for the third postoperative day. The dogs were allowed
full weight bearing after surgery.

Specimen preparation
The observation time was 4 weeks. At that time the animals
were euthanized and the proximal part of the humerus sur-
rounding the implant was removed, cleaned, and stored at

!20"C. Prior to testing, the bone/implant blocks were
thawed. The topwasher was removed and the implant and
surrounding bone were cut perpendicular to the long axis
of the implant on a water-cooled diamond band saw using
an alignment jig (Exakt-Cutting Grinding System, Exakt
Apparatebau, Norderstedt, Germany). The bone-implant pi-
ece in the proximity of the cortical area (5 mm) was again
stored at !20"C and used for biomechanical push-out test-
ing. The remaining bone section was fixed as described
below and used for histology.

Biomechanical testing
Each implant was tested to failure by an axial push-out test
performed on a MTS Bionics Test Machine (MTS Systems,
Eden Prairie, MN). The specimen was placed central on a
metal support jig with a 9.24 mm diameter central gap
thereby assuring the recommended distance between
implant and jig.17 The displacement was performed at 5
mm/min with a 5.0-kN load cell. Load and deformation
were registered with a computer. For comparability reasons,
bone to implant contact area was approximated based on
the length and diameter of the implant and used to normal-
ize push-out parameters. Maximal interfacial shear strength
(rm) was defined as the first peak of the force-displacement
curve (F) and was calculated as rm ¼ F/(pDL), where D is
the average diameter and L is the height of the implant.
Apparent stiffness was estimated using the maximal slope
of the curve and calculated as E ¼ (dF/(pDL))/dT, where T
is the displacement. Total energy absorption was calculated
as the area beneath the curve until implant failure.

Histological preparation
Tissue blocks were gradually dehydrated in ethanol (70–
100%) and embedded in polymethylmethacrylate (PMMA)
in a circular jar containing basic fuchsine.18 Before the sec-
tions were made, each implant was randomly rotated along
its long axis. This assured uniformly randomized longitudi-
nal sections and thereby optimized the stereological analy-
sis. Sections were cut parallel to the axis with a hard tissue
microtome (KDG-95, MeProTech, Heerhugowaard, The Neth-
erlands) around the center part of the implant as
described19 (Fig. 4). Four 30 lm sections were cut and
counterstained with 2% light green (BDH Laboratory Sup-
plies, Poole, England). This procedure stains bone green and
non-mineralized tissue red.

Each remaining bone and implant piece was then re-em-
bedded in PMMA and its gap divided into four different lev-
els with 250 lm distance apart. From each level two paral-
lel 7-lm sections were cut on a polycut machine and
stained with Goldner Trichrome (GT). This stains bone
green and osteoid surfaces red.

Stereological histomorphometrical evaluation
Each implant was analyzed histomorphometrically using a
stereological software program (newCAST, Visiopharm A/S,
Horsholm, Denmark). The investigator was blinded to the
evaluation of the specimens. Fields of vision from a light

FIGURE 3. Scanning electron microscope picture of the porous
Ti6Al4V coating after Au coating using magnetron-sputtering process.
The thickness of the coating is 40–80 nm.
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microscope were captured on a computer and a grid was
superimposed on the microscopic fields.

The four parallel 30-lm sections, stained with basic
fuchsin and light green from the centerpiece of the implant,
were used. Two well-defined zones were outlined from a
median line across the porous implant surface and outward
with zone 1 (0–500 lm) counting 1177 points (range
886:1464) and with zone 2 (500–1500 lm) counting 2150
points (range 1494:2888). Gap healing, also called ingrowth
was calculated as volume fractions of new woven bone, fi-
brous tissue, and marrow space. These were quantified by
point-counting technique.20 Each section was analyzed, and
data from all four specimens were accumulated. On the
implant surface, the area fractions of the same tissues were
quantified by the line-interception technique.21 Approxi-
mately 892 line intersections were counted per implant
(range 526:1415). These techniques provide highly reliable
results with negligible bias.22

The 7-lm GT thin sections were used to measure the
amount of total bone surface, bone resorption, and bone for-
mation. Linear intercept technique was used to count the
bone surface on a user made 2500 lm x 4500 lm area, and
the data were accumulated. Approximately an average of
1793 intersections (range 942:3086) were counted on each
specimen. Osteoclast surfaces with bone resorption were
recognized as surface areas with resorption lacunaes or
osteoclasts. Osteoid surfaces were stained red due to the GT
preparation. The bone formation was recognized as osteoid
surfaces and reabsorptive surfaces were evaluated as osteo-
clast surfaces or reabsorbed lamellar bone. Osteoclast surfa-

ces and osteoid surfaces were calculated as percentage of
total bone surface area.

Statistics
Data were log-transformed and found normally distributed.
Student’s paired t-test was used to test for differences
between treatment groups. Two-tailed p-values <0.05 were
considered to be statistically significant.

RESULTS

Animals
There were no postoperative complications and all canines
were fully weight bearing within 2 days after surgery. All
animals completed the observation period of four weeks.
There were no clinical signs of infection during this period
or at termination, and the dogs behaved normally and
remained healthy.

Mechanical results
The biomechanical results are shown in Table I. Mechanical
test specimens from one dog were excluded due to a techni-
cal error during push-out procedure of its control implant.
The push-out tests showed no statistically significant differ-
ences between the partial gold-coated surface and the con-
trol titanium surface in maximal shear strength, ultimate
shear stiffness, or total energy absorption.

Histomorphometrical results
The paired histomorphometrical data from the 30 lm cen-
terpiece sections can be found in Figure 5. There were no

FIGURE 4. A schematic overview of specimen preparation leading to histological evaluation: After random orientation around the vertical axis,
central sections are cut, before re-embedding of remaining bone piece and sectioning for GT staining. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

TABLE I. Biomechanical results are depicted with absolute mean values for each group. The relative median ratio is shown
and the parentheses show 95% CI

Max Shear
Strength (MPa)

Max Shear
Stiffness (MPa/mm)

Total Energy
Absorption (kJ/m2)

AuTi 1.94 (1.30–2.90) 6.29 (4.18–9.48) 452 (302–678)
Ti 1.87 (1.38–2.53) 5.78 (4.33;7.72) 504 (338–752)
AuTi/Ti % 1.04 (0.67–1.60) 1.09 (0.69–1.72) 0.90 (0.55–1.45)
p values p ¼ 0.85 p ¼ 0.68 p ¼ 0.62
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statistically significant differences in bone ongrowth, fibrous
ongrowth, periimplant bone volume, and periimplant fibrous
volume. At the implant surface, mean bone ongrowth with
the partial gold-coated surface was found to be 4.8% com-
pared with 2.8 % bone ongrowth on the titanium-alloy
implants (p ¼ 0.23). Mean fibrous tissue was 20.6% com-
pared with 25.0% (p ¼ 0.14). The mean of total periimplant
bone volume increased to 39.6% from 34.6% compared

with titanium alloy implants (p ¼ 0.14), whereas mean
value for periimplant fibrous tissue was 5.1% in the partial
gold-coated group and 5.0% in control group (p ¼ 0.25).

Two animals had to be excluded in the 7 lm GT speci-
men histomorphometrical analysis. This was due to prepara-
tion difficulties in one implant in the partial gold-coated
group (animal 2) and one in the control group (animal 8).
Data from the remaining animals is depicted in Figure 6.

FIGURE 5. The histology data is shown in the graphs. Ongrowth is defined as tissue-to-implant contact in percentage of total tissue. Ingrowth is
defined as tissue density in the gap in percentage of total tissue. The paired data from each animal is connected with a line. The mean value of
each group is also shown with a line in each group. No statistically significant differences were found.

FIGURE 6. Bone remodeling shown as osteoid surface and reabsorptive surface of total bone surface in the gap. The paired results are con-
nected by a line for each animal and mean value is also shown. No statistically significant differences were found.
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The two groups were similar and no statistically significant
differences could be measured.

DISCUSSION

This study investigated a new gold coating of experimental
titanium-alloy implants, referred to as AuTi coating. Biome-
chanical implant strength, stereological evaluation of
implant-to-tissue contact, and periimplant tissue density
were used as parameters. Bone-remodeling activity in adja-
cent tissue was measured. No statistically significant differ-
ences could be found in mechanical strength after 4 weeks
when compared to control Ti implants. Furthermore, no
apparent histological differences could be measured in bone
ongrowth, periimplant bone ingrowth or fibrous tissue for-
mation. Finally, the bone remodeling activity in the periim-
plant gap remained unaltered. The new AuTi coating
showed interesting results when compared with previous
gold-coated implants, as mechanical and histological param-
eters were not negatively influenced as seen earlier.

Canines were used as experimental animals because of
their human-like bone structure and bone density.23 The
proximal part of the humerus was chosen as implant site
because of its rich amount of trabecular bone. The study was
designed to imitate the cancellous region of a cementless
joint replacement, and the implant was inserted in the center
of the cavity surrounded with an empty gap. This model is
highly standardized and reproducible. The empty gap-model
was used to allow inflammation and fibrous tissue early in
the process, since we wished to investigate whether metallic
gold also could reduce an inflammatory response in bones.
Furthermore, the design allowed quantification of the amount
of bone and fibrous tissue in contact with the implant and
also thorough analysis of the periimplant tissue. Contralateral
implants allowed a paired study design that makes compari-
son of AuTi implants and control Ti implants within each
animal possible. The biological difference between the ani-
mals, which is quite large, was thereby controlled for. This
allowed a significant reduction in the number of canines
needed in the study. The model is well established and has
resulted in numerous publications, since it is standardized
and reproducible. However, the model is limited, as the
unloaded implant model does not consider any effect of
weight-bearing conditions to the implants. Furthermore the
implants were inserted using a transcortical method, which
does not concur with clinical procedures such as total joint
replacements. These do not benefit from the healing of the
periosteum. Although all data was paired and results were
compared within the same animal, clinical perspectives
should bear these limitations in mind.

This study compared two different implant surface coat-
ings. The implant surface topologies are considered compa-
rable since the gold coating, which is applied on titanium-
alloy, is only 40–80 nm thick. The gold surface is applied
with a ‘‘line-of-sight’’ method where gold does not cover the
deep pore structures and the percentage of gold surface is
therefore relatively low. The integrity of the coating was not
tested prior insertion. However, a careful implant insertion
was allowed with the use of the empty gap model and

therefore no stress was applied to the implant during the
insertion. Observation time of four weeks was used in this
study, as previous studies have been able to show relevant
differences within four weeks with the same model.6 With
the same four week observation time, a significant differ-
ence was found in our former study with the comparison of
complete gold-coated implants with control titanium-alloy
implants (reduced fixation with press-fit implant with full
gold coating).15 Of note, a longer observation time may
result in a measurable difference but may also show a gen-
eral increase in new bone on both surfaces. The results
should also be considered with care, since one animal was
lost in the mechanical results and two were lost in the his-
tology results. No statistically significant differences were
found, and with the decrease in study strength, the risk of
type 2 error should be considered.

We hypothesized that the intermittent AuTi coating
would prevent the negative effects of a full gold coating
(previously reported) and increase short-term mechanical
strength and osseointegration compared to a titanium-alloy
implant. Mechanical parameters showed slight increase in
maximal shear strength and maximal shear stiffness,
although these results were not statistically significant.
Additionally, histological analysis of the periimplant gap
healing showed a slight increase in bone ongrowth and
bone ingrowth in the AuTi group. These results were again
not statistically significant. Overall we were not able to find
any difference in the early osseointegration of the two sur-
face coatings. However, the results were encouraging, since
the AuTi coating was an improvement compared to the pre-
vious pure gold coating. In that study, the total gold surface
coating resulted in 35% reduction in bone ongrowth and
40% decrease of mechanical strength after 4 weeks. This
was primarily reasoned to be due to gold’s anti-inflamma-
tory capabilities, and not any direct inhibition of
osteoblasts.

This reduced bone mineralization corresponds with the
work of Thomsen et Al. who found reduced bone formation
on gold-coated screws.24 This was however in cortical bone,
whereas in this study implants were inserted into trabecu-
lar bone. Thomsen et al. considered gold as a noble metal
that does not create surface oxides, and thus does not affect
the surrounding tissue, whilst titanium surfaces were active
oxidized surfaces. Although metallic gold is not active, we
reckon that it interacts with the surrounding tissue due to
the organism’s always-active inflammatory cells, such as
macrophages, and their dissolucytosis of implant surfaces,
as illustrated by Danscher11 and the previous pure gold
study.15 However, gold’s effect is not on cell growth or cell
differentiation, and the reduced bone formation is not con-
sidered to be due to any toxicity or biocompatibility issues.
Furthermore Cortizo et al. showed no significant differences
in proliferation or cell survival, when osteoblast-like cells
were subjected to titanium or gold.25 The AuTi surface had
a reduced amount of gold surface area. The differences in
bone mineralization between these studies could be
explained due to a dosage-dependent mechanism related to
the inflammatory response described later. Since the early
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bony anchorage is predictive of the implant’s longevity,3,26

an adequate sufficient fixation was necessary, before long-
term investigations were performed. We therefore suggest
that since the new partial AuTi coating did not differ in im-
mediate early osteointegrative properties compared to tita-
nium-alloy implants and since gold’s long-term perspectives
may be relevant in reducing later osteolysis, that this should
be subject to further study.

The anti-inflammatory capabilities of gold ions are well
established although the underlying mechanisms are not all
fully understood. Gold ions are capable to inhibit macro-
phages and inhibit lysosomal enzymes in phagocytotic cells,
once they are intracellular.9,10,27 Their ability to suppress
NF-k B-binding activity7 and reduce I-k B-kinase activation8

result in reduction in proinflammatory cytokines. The im-
portant findings that gold is not an inert metal, but slowly
dissolves in the organism by the process termed dissolucy-
tosis, makes it possible to use metallic gold to establish a
safe local ‘‘gold cure".28 Recently, Pedersen et al. showed
that large size metallic gold particles, unable to be phagocy-
tozed, inserted in the mouse brain reduces TNF-alpha levels,
oxidative DNA damage and the amount of microglia cells.29

Hence the local inflammatory response was significantly
reduced. Our empty gap model allowed a visible postopera-
tive inflammatory response with fibrous tissue surrounding
the implant. We hypothesized that the introduced AuTi sur-
face released gold ions and that they would reduce the
inflammatory process and subsequently minimize the fi-
brous ongrowth and periimplant fibrous tissue. This was
not observed, although gold ions were supposed to inhibit
fibroblasts. While gold ion release and uptake in macro-
phages was not imaged in the present study, we assume it
was likely to have happened, as several publications confirm
findings of intracellular gold ions next to a metallic gold
implant.11,12 Based on our studies with implants and vary-
ing gap sizes, it is possible that the 1.5-mm gap allowed an
extensive early inflammation, which the AuTi coating was
not capable to subdue.

We know from the clinic that implants not inserted suf-
ficiently stable in bone have a tendency to become encapsu-
lated in fibrous tissue.30 On the other hand, implants
inserted press fit with a proper osseointegration can later
be found encapsulated in fibrous tissue due to particle-
induced macrophage activation, periimplant inflammation
and secondary osteolysis. These two inflammatory processes
are quite different. The first response is caused partly by
the lesion itself and partly as a foreign body reaction
towards the implant.31,32 The fibrous tissue is produced
because there is space for fluid accumulation, and connec-
tive tissue is the quickest tissue to fill the gap. The immedi-
ate postoperative inflammatory response has already been
shown as a vital part of implant osseointegration and frac-
ture healing.13 However, the later response could be an acti-
vation of a cascade-like sequence, where macrophages were
activated due to particle debris that may be accumulating.33

Particle-induced macrophage activation and the role of NF-k
B in osteoclastogenesis and osteolysis is well documented.34

Gold’s capability to inhibit NF-k B-binding activity and the

possibility to suppress this process locally with the use of
metallic gold on the implant surface is interesting. The fi-
brous formation in this study is considered as the first ini-
tial response that is too extensive to inhibit by the use of
AuTi coating.

Although a difference between the new combined AuTi
coating and the titanium coating cannot be dismissed, this
study suggests that the osseointegrative properties and the
early biomechanical fixation seem to be the same for the two
coatings. A further testing of the surface coating in a more
clinically relevant model, such as the press-fit model, can
elaborate on the immediate osseointegrative properties. Fur-
thermore, a long-term study with particle-induced up-regula-
tion of the local inflammatory response is necessary to high-
light the anticipated anti-inflammatory effects of the coating.
In summary, the combination of gold with the osseointegra-
tive titanium surface seems reasonable. However, the so-
called anti-inflammatory part of the surface (the gold coating)
did not significantly influence the initial first inflammatory
response, which is deemed beneficial. Hence, its desired late
inhibitory effect on any periimplant osteolysis that may come
in the long term needs further investigation.

CONCLUSIONS

This study reveals no statistically significant differences in
early mechanical strength, in implant osseointegration, in
periimplant bone density, and in bone remodeling activity
after the use of our novel AuTi coating on experimental po-
rous implants. This is an improvement since previous pure
gold coating showed negative results in a similar model.
The extensive documentation of gold’s anti-inflammatory
effect suggests that this new combined partial gold coating
should be further investigated in a long-term and particle-
challenged setting, to see if it can reduce particle-induced
macrophage activation, and thereby suppress aseptic
implant loosening.
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