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Polyether–ether–ketone (PEEK) is a commonly employed biomaterial for spinal,
cranial, and dental implant applications due to its mechanical properties, bio-
stability, and radiolucency, especially when compared to metal alloys. However,
its biologically inert behavior poses a substantial challenge in osseointegration
between host bone and PEEK implants, resulting in implant loosening. Previous
studies identified PEEK surface modification methods that prove beneficial in
enhancing implant stability and supporting cell growth, but simultaneously, those
modifications have the potential to promote bacterial attachment. In this study,
sandblasting and sputter coating are performed to address the aforementioned
issues as preclinical work. The aim is to investigate the effects of surface
roughness through alumina sandblasting and a platinum (Pt) sputtered coating
on the surface friction, cell viability, and bacterial adhesion rates of PEEKmaterial.
This study reveals that a higher average surface roughness of the PEEK sample
(the highest was 1.2 μm obtained after sandblasting) increases the coefficient of
friction, which was 0.25 compared to the untreated PEEK of 0.14, indicating
better stability performance but also increased bacterial adhesion. A novelty of
this study is that the method of Pt coating after alumina sandblasting is seen to
significantly reduce the bacterial adhesion by 67% when compared to the
sandblasted PEEK sample after 24 h immersion, implying better
biocompatibility without changing the cell viability performance.
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1 Introduction

Polyether–ether–ketone (PEEK) is a leading polymeric biomaterial used in orthopedics
and bone tissue fields. Specifically, PEEK has been performing well in implant applications,
such as spinal fusion, neurosurgical, dental, and cranio-maxillofacial replacements
(Faadhila et al., 2022; Dondani et al., 2023; Jia et al., 2023). This performance is due to
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its mechanical properties, biological stability, radiolucency, and
ability to biomechanically mimic a bone (Gu et al., 2021;
Dondani et al., 2023). These properties are considered to tackle
drawbacks and decrease post-implantation biological reactions
caused by previous conventional biomaterials, such as metallic
alloys (Ananth et al., 2015; AlOtaibi et al., 2020; Sarfraz et al.,
2022). Titanium (Ti) alloy, as an example, possesses limitations to
the biocompatibility aspects because it can cause metal ion toxicity,
osteolysis, and allergenic effects, as well as stress shielding and bone
resorption due to its relatively high elastic modulus (Huiskes et al.,
1992; Fage et al., 2016). Therefore, PEEK-based biomaterial has
emerged and been developed as an alternative. Despite those
advantages compared to the metals, PEEK suffers from
hydrophobicity, bioactivity, and osseointegration performance
(Najeeb et al., 2016; Fogel et al., 2022). The biologically inert
behavior of PEEK material creates a constraint to integrating
with its host bone when implanted, causing the implant to
loosen (Gu et al., 2021). Moreover, PEEK material does not have
antibacterial behavior, so many bacteria from the human body can
easily adhere to its surface (Sarfraz et al., 2022). This lack of ability
potentially generates PEEK implant-related infections and surgical
failures (Wang et al., 2016; Ouyang et al., 2018).

Many studies have aimed to optimize the bonding initiation
between PEEK implants and the host bone for the osseointegration
process. The common methods involve PEEK surface alterations to
obtain higher adhesion ability through physical and chemical
treatments, surface coatings, and composite modifications
(Whulanza et al., 2016; Nadhif et al., 2017; Dondani et al., 2023).
Plasma ion implantation is one of the common physical change
techniques used as a pre-treatment method, showing sufficient
compatibility with the PEEK surface and the other surface
treatments. This treatment has been observed to reduce the contact
angle during the wettability test (Ha et al., 1997; Tsougeni et al., 2009;
Akkan et al., 2014), increase PEEK bioactivity (Gan et al., 2016;Wakelin
et al., 2018), and cell adhesion and osseointegration (Liu et al., 2017;
Ouyang et al., 2019). However, the plasma treatments have limitations
in increasing the hardness of the surface and are challenging for
implants with a complex geometry due to electromagnetic radiation
(Jemat et al., 2015; Lu et al., 2015). Accelerated neutron atom beam
(ANAB) (Khoury et al., 2019), photodynamic therapy (Peng et al.,
2021), laser radiation (Xie et al., 2021), and sandblasting (Qosim et al.,
2018; Sunarso et al., 2018) are alternatives included in the physical
treatment group which are still underdeveloped but highly prospective.
However, it is noted that some methods only improve the interlocking
without increasing the hydrophilicity and antimicrobial performance of
the PEEK material.

The sandblasting technique was broadly employed in the surface
modification of Ti-based implants to roughen the surface through a
spray of abrasive particles and effectively enhance bone–implant
integration (Grassi et al., 2006; Elias et al., 2008). These successful in
vivo studies have encouraged recent work in modifying the PEEK
implant surface roughness due to the technique’s procedures, cost, and
impacts. A previous study (Sunarso et al., 2018) has shown positive
impacts on the cell responses and osseointegration ability using a
sandblasting approach to the PEEK surface. By spraying alumina
particles, the study brought evidence that the micro-roughened
PEEK increased adhesion, proliferation, and differentiation of rat
bone marrow-derived mesenchymal stem cells and mitigation of

inflammatory chemokine ligand 2 when compared to the untreated
PEEK samples. However, microbial adhesion was not evaluated in that
study. A combination of surface modification methods is required to
reduce the limitations of each individual approach.

Mechanical and/or chemical coating approaches have attempted
to make PEEK surface more antibacterial (Meng et al., 2020; Mo
et al., 2020; Ishihama et al., 2021; Mo et al., 2021; Yang et al., 2023).
The objective is to utilize the coating behavior by either inhibiting
bacterial adhesion or chemically reducing the live bacteria (Gao
et al., 2022). A platinum-based coating applied through magnetron
sputtering or electrodeposition on various biomaterials has been
developed in several studies (Scholz et al., 2005; Abuayyash et al.,
2020; Czerwińska-Główka et al., 2020; Brown et al., 2021; Devendra
et al., 2022) due to platinum’s antimicrobial ability. Platinum is
renowned for its resistance to corrosion, oxidation, and heat. Its
biocompatibility sets it apart from other metals like nickel or copper
as platinum remains inert within the human body, making it both
hypoallergenic and biocompatible. These attributes position
platinum as an ideal material for biomedical and semi-conductive
applications (Guarnieri et al., 2014; Boehler et al., 2017; Cassar et al.,
2019; Raj et al., 2022). Nevertheless, the effect of platinum coating on
the PEEK implant performance has not yet been investigated.
Therefore, this study utilizes a platinum coating to introduce a
novel coating material that enhances the antibacterial adhesion
performance of PEEK.

Studies have shown several PEEK surface modification methods
that can improve the stability and cell growth of implants and also
potentially escalate bacterial attachment. In this study, sandblasting and
magnetron sputtering are employed to address both issues as preclinical
work. The aim is to investigate the effects of surface characteristics
through alumina sandblasting and a platinum (Pt) sputtered coating on
implant stability, cell growth, and bacterial adhesion rates in PEEK
material. Untreated PEEK samples are compared to the different groups
of surface-treated samples regarding (a) surface roughness average and
friction coefficient using a contacting probe and a tribometer for
stability performance, as well as (b) cell viability and bacterial
adhesion, respectively, using stem cells and Staphylococcus aureus
bacteria for biocompatibility aspects. It is hypothesized that the
bacterial adhesion on the PEEK surface could be reduced without
changing its implant stability performance through the coupled
methods of Pt coating after alumina sandblasting.

2 Materials and methodology

2.1 PEEK sample preparation

PEEK rods (Jiangsu Junhua Ltd., China) with a diameter of
30 mm were cut to obtain thicknesses of 2 mm and 5 mm, as seen in
Figure 1A. Table 1 shows thematerial properties of the PEEK used in
this study provided by the supplier. The samples were polished using
a DAP-7 machine (Struer, Denmark) to homogenize the surface
roughness average (Ra), achieving less than 0.4 μm on each sample.
Following this process, the samples were ready to be modified
through sandblasting or sputter coating. Both sandblasted and
non-sandblasted samples were cut into sizes of 5.5 mm × 5.5 mm
and 8 mm × 8 mm using an EMCO VMC 200 (Hedel, Netherland)
computer numerical control (CNC) milling machine with a 1.5-mm
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high-speed steel endmill tool for the coating and testing
requirements, as seen in Figure 1B.

Sandblasting was performed using a spray gun positioned to face
downward, connected to an air compressor and a particle chamber,
and used 250-μm alumina (Al2O3) as the sprayed material. The
sample was placed on a stainless steel holder and positioned directly
below the spray gun at an 8-cm distance. Once the pressure on the
regulator reached 50 psi, the spray gun was triggered to spray the
sample for 10 s, 20 s, and 30 s to observe the duration effect. The
pressure effect was also compared with samples sprayed at 75 psi and
100 psi for the mentioned durations.

Sputter coating was performed using the LUXOR Platinum Coater
for SEM (Luxor Tech, Belgium). The sandblasted and non-sandblasted
PEEK samples were attached to the top cover of the chamber. A
platinum (Pt) block, which served as the coating material, and a
magnetron were placed at the bottom of the closed chamber. The
coating mode was set for a thickness of 100 nm, working in a vacuum
and filling the chamber with argon gas at a pressure of 10 Pa. At the end,
groups of PEEK samples, that is, untreated, sandblasted, Pt-coated, and
sandblasted with Pt coating, were obtained.

2.2 Testing methodology

This study used in vitro laboratory-scale research, as shown in
Figure 2. Following sample preparation, the PEEK materials were

characterized and tested through both mechanical and biological
approaches.

2.2.1 Surface characterization
Several modified surface characterizations were investigated,

including surface roughness average (Ra), the coefficient of
friction (CoF), topography imaging, and coating adhesion testing.
Surface roughness and friction tests were only done for PEEK-
untreated and sandblasted samples. A SURFCOM
2900SD3 roughness measuring instrument (ACCRETECH, Japan)
was employed to obtain Ra values. The samples were placed and
aligned with the probing sensor, setting uniform reference and end
points for consistency.

To assess the impact of surface roughness on material stability,
the CoF of the PEEK samples was measured using a sliding
tribometer instrument (Rtec Instruments, USA) against a
stainless steel ball. The friction test was performed continuously,
tracing a circular path for a duration of 60 s, using a force of 20 N
and a rotational speed of 100 rpm. This testing procedure was
repeated three times on three different PEEK samples.

All Pt-coated PEEK samples were examined in the coating
adhesion test by making cross-shaped scratches on the material
surface using a scalpel surgical knife. Then, the surface was attached
with adhesive tape and pulled in one swift motion (Whulanza et al.,
2022). A Hitachi SU-3500 scanning electron microscope (SEM)
(Hitachi, Japan) at magnifications of 500× and 1000×, along with
energy dispersion x-ray spectroscopy (EDS), were employed to
observe surface topography and platinum concentration,
respectively. The selections of three points on each sample before
testing and three points near the scratched area after testing were
made during EDS observation. SEM magnification, speed rate, area
of interest, and lighting adjustments were monitored to obtain
proper visualizations.

2.2.2 Biological aspect testing
Observations for biological compatibility aspects were

performed using cell viability and bacterial adhesion
techniques to investigate the influence of PEEK modification
on cell growth and bacterial components. Cell viability in this
study was assessed using the indirect dye compound 3-(4,5-

FIGURE 1
Sample after cutting (A) before and (B) after being polished and sandblasted.

TABLE 1 Material properties of PEEK (Jiangsu Junhua ChinaPEEK, 2016).

PEEK material property

Tensile strength (23°C) 90 MPa

Bending strength (23°C) 150 MPa

Compressive strength (23°C) 118 MPa

Izod impact strength (no gap) No break

Density 1.3 ± 0.02 g/cm3

Rockwell hardness 118 HRR

Water absorption (25°C for 24 h) 0.15%
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay in triplicate on umbilical cord mesenchymal stem cells
(UCMSCs). The samples were sterilized using an autoclave for
1 h. Then, they were placed in a complete medium (heparin,
glutamine, fungizone, and pen strep) to soak the samples and
stored at 37°C for 24 h, 48 h, and 72 h. At the same time, cells and
100 µL of complete medium were mixed in a 96-well plate and
incubated in a CO2 incubator at 37°C and 5% CO2. Several
laboratory tools were also used, such as P-200 and P-1000
micropipettes, P-200 and P-1000 micropipette tips,
microtubes, centrifuge machine, glass tubes, microcentrifuge
tubes, forceps, spatulas, falcon tubes, sterilized cups, and a
vortex mixer. The next day, the complete medium was
removed and replaced with the soaking medium. Three wells
were left with cells without soaking medium as controls. The
plate was then returned to the incubator at 37°C and 5% CO2 for
24 h. The MTT solution was then added to each well and
incubated at 37°C for 4 h. The medium was removed from the
wells and replaced with dimethyl sulfoxide (DMSO). The
measurements were performed using a spectrophotometer at a
wavelength of 570 nm to determine the absorbance values of each
sample. The percentage viability was calculated by normalizing
the viability values of the test samples to the control using Eq. 1
(Whulanza et al., 2019).

%Normalized viability � Sample absorbance
Control absorbance

× 100%. (1)

Bacterial adhesion testing was performed to assess the implant’s
ability to bind bacteria within the body. In this experiment, we used
Staphylococcus aureus bacteria as the primary causative agent of
bone inflammation. Samples were immersed in a Staphylococcus
aureus bacterial suspension of 0.5 McFarland for 15 min, 60 min,
and 24 h. The immersion was carried out in an incubator at a
temperature of 35°C. Then, the samples were placed in tubes
containing sodium chloride (NaCl), followed by rinsing and
draining protocols. The samples were transferred to microtubes
containing another NaCl solution and centrifuged for 10 min at

4,000 rpm to release the bacteria binding, then diluted to a 1:10 ratio.
Subsequently, 10 µL of the solution was placed in a Petri dish
containing a blood agar plate (BAP) using an inoculating loop
and spread evenly. The BAP plates were then placed in an
incubator at 35°C for 24 h. The microbial growth in the BAP was
counted by calculating the colony-forming units (CFUs) to compare
the four samples. The bacterial adhesion assay was conducted in
duplicate for three different time variations and four different
samples. Each type of sample was tested twice.

FIGURE 2
Schematic workflow for sample preparation and testing.

FIGURE 3
Comparison of the Ra values before and after sandblasting.
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2.3 Statistical analysis

The results are presented as averages, with error bars
representing the standard deviation (SD). Statistical analysis was
performed using a two-way analysis of variance (ANOVA) with a
post hoc Dunnett test. ANOVA was employed to determine the
significance of the treatment methods on the testing parameters of
the PEEK surface. A significance level of α = 0.05 was used, and the
p-value was compared in the mentioned comparison. Results with a
p-value less than 0.05 were considered significantly different and
indicated by an asterisk (*).

3 Results

3.1 Surface characterization after
sandblasting

Figure 3 shows the comparison between the Ra values of the
untreated and sandblasted PEEK samples. The result indicated that
the sandblasting treatment significantly increased Ra from the pre-
sandblasted values. The Ra values gradually increased with the
increasing sandblasting pressure, showing statistically significant

differences when comparing the samples after being pressurized
at 100 psi, 75 psi, and 50 psi. The longer durations of the process,
which were 10 s, 20 s, and 30 s in this study, were associated with
higher roughness values, although no significant differences were
observed when comparing within each pressure group. Thus, the
highest Ra obtained was 1.2 μm at a pressure of 100 psi after
sandblasting for 30 s.

Figure 4 shows the statistical comparison of CoF values that
were automatically calculated by the instrument between the
untreated and sandblasted (at 100 psi for 30 s) PEEK samples.
The results presented that the coating method significantly
elevated the average CoF of PEEK (p-value = 0.0222), as well as
the sandblasting method (p-value = 0.0158). The combination of
both methods demonstrates the highest increase of CoF
(p-value = 0.0018).

Figure 5 visualizes the surface topography via SEM images of un-
sandblasted samples at magnifications of 1000×, as well as samples
sandblasted for 20 s and 30 s at 50 psi, 75 psi, and 100 psi. When
compared to the sandblasted samples, the surface topography of the
untreated samples appears smoother, and there is no indication of
micro-level structures, such as holes or intricate surface texture
profiles. The presence of fibers or straight lines on the surface was
caused by the traces of sanding during the smoothing process.
Meanwhile, the black spots that appeared were due to inadequate
sample cleaning from dirt and dust before coating. In contrast, the
sandblasted samples exhibited an irregular and uneven surface. This
uneven surface will impact surface roughness, which is also related
to the coefficient of friction in determining implant stability.
Furthermore, deeper grooves will be more easily populated by
cells, thus creating micro-locking between the implant and cells.
The surface visualization underwent a distinct change in the samples
after being pressurized at 100 psi for 20 and 30 s, exhibiting more
apparent roughness in the profile, as observed via SEM images than
the lower pressure settings (50 and 75 psi). The morphology
appeared relatively similar when comparing the samples after
sandblasting at 75 psi for 20 s to those samples sandblasted at
50 psi. These visualization trends align with the roughness
average comparison, supporting the quantitative results.

3.2 Platinum coating adhesion

In this test, the Pt-coated samples were scratched using a scalpel,
and then the coating was peeled off with adhesive tape. Visible
damage due to scratching was apparent, but damage around the
scratches was not visible, according to the visualization through
SEM in Figure 6. Following this, the EDS was used to quantify the
decrease in Pt (wt%) concentration on the samples with and without
sandblasting. The examination was performed on the samples before
and after the test at three random points within a radius of <100 µm
around the scratches.

From the t-test analysis, there was no significant difference
between Pt (wt%) concentration before and after the peel-off in
the samples without sandblasting (p-value = 0.9671). The
sandblasted samples also experienced no significant difference
between before and after the test (p-value = 0.2354). These
findings substantiate that the presence of scratches did not
induce a notable impact on the surrounding Pt coating, thus

FIGURE 4
Comparison of the sample coefficients of friction with and
without sandblasting.
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demonstrating its robust resistance against both scratching
and peeling.

To assess the distribution of the coating, a one-way ANOVA
analysis was executed on the three measurement points within the

specimens. The result indicated that there was no significant
difference (p-value = 0.8753) in Pt concentration among the
random points within the samples without sandblasting and
represented a consistent distribution. The results also imply a

FIGURE 5
Surface morphology via SEM images at 1000× magnification of (A) un-sandblasted samples, as well as samples sandblasted for 20 s and 30 s,
respectively at (B, C) 50 psi, (D, E) 75 psi, and (F, G) 100 psi.
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uniformly distributed Pt concentration within the sandblasted
samples (p-value = 0.6202). All comparisons are shown in
Figure 7. Additionally, a t-test analysis was carried out to
compare the depth of Pt coating between samples with and
without sandblasting, as determined by concentration analysis.
The outcome of this analysis revealed no substantial difference in
coating depth between samples subjected to the sandblasting process
and those that were not sandblasted (p-value = 0.6346).

3.3 Cell viability

Figure 8 shows the comparison of cell viability across all samples,
that is, the untreated, sandblasted, and coated surfaces, compared to the
cell control after 24 h, 48 h, and 72 h. It showed that some samples

exhibited fluctuating absorbance values. However, these fluctuations in
viability were not significantly different, suggesting a stable number of
viable cells during the three time periods. The normalized viability
values compared to the control after 24 h, 48 h, and 72 h were 85.53%,
95.47%, and 82.48%, respectively.

Significantly fluctuating results were observed in samples treated
with sandblasting, both with and without Pt coating. In the
sandblasted sample without Pt coating, viability significantly
decreased at 48 h and then increased again at 72 h. On the other
hand, viability significantly increased at 48 h and then decreased
slightly at 72 h in the sandblasted samples with Pt coating. The
viability calculations for the sandblasted samples without coating
compared to the control at 24 h, 48 h, and 72 h were 98.87%, 67.29%,
and 86.97%, respectively, while for the sandblasted samples with
coating, the values were 61.72%, 100.82%, and 80.16%, respectively.

FIGURE 6
Damage due to the coating adhesion test on the PEEK sample (A) without and (B) with sandblasting.

FIGURE 7
Concentration of Pt on coated samples (A) with and (B) without sandblasting.
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The viability results for Pt-coated samples indicated good cell
growth. The viability of the cells gradually increased, although not
significantly. The viability percentages for the time periods of 24 h,
48 h, and 72 h are 70.81%, 88.66%, and 92.65%. Generally, the
shortest period showed relatively low viability values for all
samples. The Pt coating was associated with an increased amount
of cell growth.

3.4 Bacterial adhesion

Figure 9 compares the number of bacteria per volume on the
untreated and treated samples. The results indicated that the
sandblasting method significantly increased the bacterial adhesion
rate (p-value = 0.0152), while coating significantly reduced bacterial
adhesion (p-value = 0.0016) compared to the untreated PEEK
samples. This behavior was also seen when the two treatments
were coupled, where the sandblasted, coated samples had a
significantly lower rate than the sandblasted-without-coating
samples (p-value = 0.1170). Therefore, there was no significant
difference between the untreated material and the material
treated with both sandblasting and coating. The results also
demonstrated that the longer the PEEK samples were immersed
in the medium, the more bacteria adhered to the sample. However, a
small quantity of bacteria tends to be effectively countered by the
immune system and does not cause other diseases, such as bone
inflammation.

4 Discussion

Considering the advantages of using PEEK material
compared to Ti alloy in the dental and orthopedic fields
recently, the osseointegration and infectious factors of PEEK
material remain of significant interest to the biomaterial research
groups due to the clinical issues of implant loosening and less
biocompatible material. While the method of physically
modifying the PEEK surface roughness through sandblasting
has been investigated previously (Sunarso et al., 2018), the
behavior of the treatment combined with other coating

FIGURE 8
Statistical results of cell viability.

FIGURE 9
Statistical results of bacterial adhesion.
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material and its effect on bacterial adhesion is still unknown. For
the first time, this study employed sandblasting and sputter
coating to address PEEK material’s osseointegration and
microbial issues as part of a preclinical investigation. The
surface-treated PEEK samples are compared with regard to the
surface roughness and friction assessed using a contacting probe
and tribometer to evaluate stability performance. To assess
biocompatibility, cell viability was evaluated via UCMSCs, and
bacterial adhesion was evaluated using S. aureus. The major
finding of this study is that bacterial adhesion on the PEEK
surface was highly influenced through the combined application
of Pt coating following alumina sandblasting without
compromising implant stability performance.

In this study, alumina sandblasting of PEEK implants was
shown to effectively increase the surface roughness average in
accordance with the valleys and rough surface observed in the
implant surface topography, corresponding to an improved
coefficient of friction. Higher pressure and longer spraying
duration resulted in higher surface roughness. The increased
surface friction theoretically means that the resistant force of a
surface that encounters another surface is higher, justifying the
enhanced implant stability (Stachowiak and Batchelor, 2014). This
also determines that the true contact area and the specific resistance
to the shearing of the asperities between the PEEK surface and the
counter body have increased (Williams, 2005). The goal is to have
good contact and interlocking mechanisms between the PEEK
surface and the host bone or tissue, as well as to promote protein
adsorption during the integration process. Similar to the concept of
other physical modification techniques that have been developed,
higher surface texture can accommodate these mechanisms to be
more effective.

A surface treatment combined with coating is recommended to
activate PEEK implant surfaces. PEEK implants with moderately
rough surfaces, characterized by roughness average values ranging
between 1 μm and 1.5 μm, facilitate the adhesion of osteoblasts,
promoting high proliferation rates and optimal osseointegration
(Carlos Nelson and Ilser, 2011; Elawadly et al., 2017). Studies on
PEEK modification through various techniques, including the
sandblasting method, have been reviewed by Dondani et al.
(2023) and AlOtaibi et al. (2020), summarizing the current and
future perspectives on surface treatments for osseointegration to
bone. A previous investigation by Sunarso et al. (2018) reported the
effect of micro-roughening of PEEK on bone marrow-derived stem
cell and macrophage responses, showing a positive impact of the
alumina sandblasting approach in the osseointegration
performance. The study compared PEEK samples with a surface
roughness of approximately 2.3 μm for the sandblasted samples to
untreated mirror-polished PEEK samples with a surface roughness
of 0.06 μm. The integration assessment was done through the pull-
out force test on both PEEK groups when implanted in rat femur
bone cavities. The sandblasted PEEK required four times higher
forces than the untreated ones. This effect aligns with the result
shown in this study, in which the osseointegration was represented
through the friction coefficient measurement using a tribometer.
Even though the surface roughness obtained in the current study
was much lower, approximately 1.2 μm, the results still agree that
the sandblasting significantly increases the friction coefficient from
the untreated PEEK of ~1.5–2.5. Another validation technique could

involve the wettability test, where the roughened surface will
increase the contact angle of the water droplet, as mentioned in
many works (Ha et al., 1997; Tsougeni et al., 2009; Kubiak et al.,
2011; Akkan et al., 2014; Ourahmoune et al., 2014). Previous studies
(Gittens et al., 2014; Fogel et al., 2022; Kia et al., 2022; Jia et al., 2023)
have developed various surface engineering techniques, specifically
for spinal fusion applications, that had the same hypothesis and
objective in addressing the osteointegration issue of PEEK material.
However, a limited number of works discuss the effect of PEEK
surface treatments on the attachment of microorganisms mimicking
the human body environment.

In this study, the increased bacterial adhesion after sandblasting
was detected on the PEEK surface. As a novel finding, the platinum
presence at the PEEK surface deposited through a magnetron
sputtered coating was seen to significantly reduce the bacterial
adhesion rate and also improved the coefficient of friction on
both the untreated and the sandblasted samples. These coupled
treatments indicated a higher biocompatibility of the PEEK
implants, whilst they did not have any significant effect on the
cell growth as determined using stem cell viability. Additionally, the
platinum coating shows a benefit in visual imaging through electron
microscopy by increasing the conductivity of PEEK material. Gao
et al. (2022) made a systematic overview of the modification
strategies for advancing the antibacterial ability of PEEK.
Previous works (Meng et al., 2020; Mo et al., 2020; Ishihama
et al., 2021; Mo et al., 2021; Chen et al., 2022; Yang et al., 2023)
across research groups have made efforts to develop an antibacterial
surface modification of PEEK, most often through coating approach.
The intention generally is to reduce the contact area between PEEK
and bacteria and/or reduce the viability of the surrounding bacteria
through surface morphology alteration and antibacterial coating.
The modifications on the micro and nanostructure of the PEEK
surface were reported to play different roles in disrupting bacterial
cell membrane (Sun et al., 2009; Ivanova et al., 2012; Mo et al., 2020),
reducing the adhesion contact area (Lu et al., 2014; Rochford et al.,
2014), and isolating and trapping them from other strains (Lu et al.,
2016; Ouyang et al., 2016; Wang et al., 2016; Wang et al., 2018). The
fundamental idea is to postpone and prevent the formation of
biofilm created by bacteria on the implant surface. Wang et al.
(2016) and Lu et al. (2014) used a plasma immersion ion
implantation to construct a multistage titanium oxide
nanostructure on the PEEK surface. The results showed that the
coating effectively has a long-term antibacterial ability, specifically
for oral bacterial strains, and facilitates better tissue integration and
implant stability due to a high coefficient of friction. It was described
that the nanoparticles prevented the bacteria attachment at the early
stage by limiting the contact area between the PEEK and the
bacteria, thus reducing the adhesion rate of S. aureus. A pitting
structure on the PEEK surface was also developed by Rochford et al.
(2014) through oxygen plasma for an orthopedic implant. An
aligned concept was applied that the pits could weaken the
bacterial activity contacting with the PEEK surface by creating
pits that are the same size as the bacteria. However, none of
these studies has used platinum-based coating on the PEEK
material in implant applications to compare with the current study.

Applying a platinum-based coating through magnetron
sputtering or electrodeposition on various materials other than
PEEK has been examined due to its antibacterial ability.
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Abuayyash et al. (2020) demonstrated a novel thin coating
combining silver (Ag) and Pt through sputter deposition on Ti-
based material. The coating formation works electrochemically to
improve antibacterial adhesion after implantation and tissue cell
attachment by a sacrificing mechanism using silver as the anode.
Scholz et al. (2005) characterized the antimicrobial ability of various
metallic coating materials on silicon oxide fabrics. They reported
that Pt coating is a useful asset for medical device applications that
effectively stops bacterial and fungal activities. Czerwińska-Główka
et al. (2020) found that a platinum coating only had short-term
effectiveness in reducing the bacterial activity on Pt-coated glass
slides. It was hypothesized to have a similarity in biocidal behavior
upon bacterial colonization as in the sputter-coated layer of copper
(Cu) and Ag (McLean et al., 1993; Wang et al., 2008). However, the
detailed mechanism of platinum coating in hindering the bacterial
strain of implant devices is still unclear. Further investigation is
needed to obtain an effective combination of surface treatment and
coating materials to protect the PEEK material from infectious
factors when used in implants.

While this study has successfully identified the effect of modified
PEEK material surface on stability and biocompatibility, some
limitations must be considered. It is known that the in vitro
conditions do not directly agree with the clinical situations where
many bodily substances and environmental factors interact at the
same time. It was noted that the higher pressure and longer spraying
duration result in higher surface roughness, but optimum
parameters for the sandblasting process and their correlations
with changes in the coefficient of changes must be determined.
Further characterization is required. The friction coefficient test
used a sliding tribometer but was limited by using a steel ball as the
counterpart and a 1-min test duration. Nevertheless, this short
duration has been sufficient to have a valid measurement because
all attempts showed consistency. This study only used one type of
bacterial strain, whereas, in real conditions, multiple microbial types
can interact with the PEEK-bone integration. Platinum coating
performance on the live/dead bacteria comparison has not been
evaluated in this study; only the bacterial adhesion rate has been
reported. Similarly, with regard to cell viability, this study only
reports the percentage of cell growth over 72 h. Further research is
required to investigate cell growth under both treatments over a
longer time period.

5 Conclusion

The effect of modifying the surface of PEEKmaterial by alumina
sandblasting and platinum sputtered coating on stability
performance and bacterial adhesion was successfully investigated.
The following points are drawn from the obtained results:

• Alumina sandblasting of PEEK implants has been shown to
effectively increase surface roughness. Higher pressure and
longer shooting times result in greater surface roughness.

• Increased surface roughness corresponds to an improved
coefficient of friction, indicating enhanced implant stability.
However, it is essential to note that sandblasting alone
significantly increases bacterial adhesion.

• To address the issue of increased bacterial adhesion resulting
from sandblasting, a subsequent platinum coating can be
applied to significantly reduce the adhesion and increase
the coefficient of friction compared to using the sandblast
method alone.

• These sandblasting and platinum-coated treatments also
support cell growth and provide higher biocompatibility of
the PEEK implants.

Future studies may need to investigate other combinations of
surface treatment to enable more alternatives for osseointegration
when implanting PEEKmaterial. Broader parameters for optimizing
the sandblasting and sputter coating applications need to be
characterized in polymer surface modification. Those suggestions
may contribute to a deeper understanding of PEEK surface bone
integration and those interactions with the surrounding microbial
environment in vivo.
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