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Osteoblast cell behavior on polyetheretherketone dental implant 
surfaces treated with different grit size aluminum oxide 

particles: An in vitro analysis
Amit Gaikwad, BDS, MDS,a Marjan Kheirmand Parizi , DDS,b Andreas Winkel, Dr rer nat,c and 
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Intimate and stable bone-to-implant contact is essential 
for the long-term survival of dental implants, and var
ious strategies have been proposed to enhance the 

implant surface topography, thereby promoting cellular 
responses and impeding active inflammatory re
sponses.1–3 Titanium and its alloys have been widely 
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ABSTRACT 
Statement of problem. The hydrophobic and bioinert nature of polyetheretherketone (PEEK) implants needs to be addressed for 
successful osseointegration.

Purpose. The purpose of this in vitro study was to evaluate the osteoblast cell behavior on PEEK implant surfaces treated with airborne-particle 
abrasion using different grit size aluminum oxide (Al2O3) particles.

Material and methods. Disk-shaped specimens (n=96) were prepared from medical grade PEEK rods and were distributed into 4 groups (n=24) of 
untreated PEEK (PEEK 0), airborne-particle abrasion using 50-μm Al2O3 particles (PEEK 50), airborne-particle abrasion using 110-μm Al2O3 particles 
(PEEK 110), and airborne-particle abrasion using 150-μm Al2O3 particles (PEEK 150). The surface characteristics were assessed using water contact 
angle (WCA) measurements and scanning electron microscopy (SEM). MG-63 osteoblast cells were cultured, and the biocompatibility of PEEK was 
assessed using a CellTiter-blue cell viability assay and florescence staining at day 1, 3, and 7. The specimens were stained with Alizarin red to assess 
the osteoblast cell differentiation on day 10 and 14. The Levene test was used to test the homogeneity of variances. One-way and Welch ANOVA 
with post hoc corrections were used to assess the overall statistical significance of differences among the groups (α=.05).

Results. The lowest mean WCA was demonstrated in PEEK 150 (49.25 ±5.51) and the highest in PEEK 0 (89.14 ±4.24) (P<.001). SEM images 
of PEEK 150 illustrated a more complex structure with a large area of globular outcroppings throughout the surface. PEEK 150 showed the 
highest cell metabolic activity at each time point with florescence staining showing a substantial cell confluence at day 3 and 7. Although 
PEEK 150 did not show a significant increase in cell proliferation, the number of cells attached was significantly higher than other groups 
(P<.05). PEEK 110 and 150 also showed a substantial increase in the extent of mineralization.

Conclusions. Airborne-particle abrasion using moderate Al2O3 grit size (110- or 150-μm) improved the hydrophilicity and osteoblast cell 
behavior on PEEK implants. (J Prosthet Dent 2025;133:531-539) 
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accepted as an implant biomaterial because of their high 
mechanical strength and good biological properties.4

Surface modifications of titanium implants have been 
reported to improve cell compatibility, thus promoting 
osseointegration.3,5,6 However, the disadvantages of ti
tanium implants include hypersensitivity reactions and 
stress-shielding effects.7–9 In addition, the high modulus 
of elasticity of titanium may eventually lead to loss of 
bone-to-implant contact.10

Polyetheretherketone (PEEK), a semi-crystalline 
thermoplastic polymer, offers several advantages, in
cluding superior mechanical strength, excellent bio
compatibility, and stable physical and chemical 
properties.11,12 However, the clinical application of 
PEEK implants has been limited because of its hydro
phobic and bioinert nature.13 An unmodified PEEK 
implant surface offers fewer osteoconductive and 
bioactive attributes than titanium.14 Hence, different 
strategies, including physical and chemical modifica
tions, have been adopted to improve the bioactivity of 
PEEK.15,16 While PEEK augmentation with bioactive 
coatings has been reported to enhance its osteogenic 
potential, its inherent instability has raised concerns.17

Thus, additional strategies to improve the bioactivity of 
PEEK are needed.

The airborne-particle abrasion of titanium implants 
presents a micro-rough surface that promotes osseointe
gration18–20 and can be accomplished with different particles 
including aluminum oxide (Al2O3), titanium dioxide (TiO2), 
and silicon dioxide (SiO2).

20–22 Airborne-particle abrasion 
using Al2O3 has been reported to improve the biomecha
nical characteristics of titanium implants.22 Moreover, the 
residual alumina particles have been reported to provide 
dual-functional (osteogenic and bactericidal) effects on the 
titanium implants.23 The varying sizes of Al2O3 particles 
may alter the surface topography, subsequently influencing 
the cell behavior and mechanical properties of implant 
biomaterials.24–27 Variation in the grit sizes of Al2O3 particles 
has recently been reported to influence osteoblast cell be
havior on titanium implants.20

While the enhancing impact of airborne-particle 
abrasion on titanium implant characteristics has been 
well-documented, its influence on PEEK implant bio
material remains unclear. Thus, the purpose of this in 
vitro study was to evaluate the osteoblast cell behavior 
on PEEK implant surfaces treated with Al2O3 airborne- 
particle abrasion. The null hypothesis was that the 

airborne-particle abrasion with Al2O3 of different grit 
sizes would not influence the hydrophilicity or osteo
blast cell behavior on PEEK implant surfaces.

MATERIAL AND METHODS

Ninety-six disk-shaped specimens (Ø12×2 mm) were 
prepared from medical grade PEEK rods (Ketron PEEK 
1000; Mitsubishi chemical group) and were distributed 
into 4 groups (n=24) of untreated PEEK (PEEK 0), air
borne-particle abrasion using 50-μm Al2O3 particles 
(PEEK 50), airborne-particle abrasion using 110-μm 
Al2O3 particles (PEEK 110), and airborne-particle abra
sion using 150-μm Al2O3 particles (PEEK 150). The 
airborne-particle abrasion was performed for 30 seconds 
at 0.4 to 0.6 MPa. All specimens were cleaned in an 
ultrasonic cleaner (EMAG Ultrasonic cleaner Emmi- 
H30; EMAG-AG) using distilled water for 15 minutes 
and were sterilized at 121 °C for 20 minutes.

To estimate the hydrophilicity of PEEK, static water 
contact angles (WCAs) were measured by using a contact 
angle goniometer (OCA 40; Data Physics instruments 
GmbH) at room temperature.28 A 30-μL droplet of distilled 
water was placed on specimens, and digital images were 
made after the droplet stabilization. Subsequently, the 
images were analyzed by using an image processing soft
ware program (Software SCA 202V.3.61.4; Data Physics 
instruments GmbH). The surface topography of the PEEK 
specimens was assessed by using a field emission scanning 
electron microscope (SEM) (ZEISS EVO MA10; ZEISS 
Microscopy) at 2 kV. The images were obtained at ×300 and 
×1000 magnification.

Human osteoblastic osteosarcoma cells (MG-63, CRL- 
1427; ATCC) were used to determine the biocompatibility of 
untreated and treated PEEK specimens. Cell suspension 
droplets containing 3×105 cells per 100 μL of cell culture 
medium (D5796, Dulbecco modified Eagle medium, 
DMEM; Sigma-Aldrich) were placed on the surface of each 
specimen in 24-well plates, and the cells were allowed to 
attach for 3 hours in a humidified incubator containing 5% 
CO2. Then, 1 mL of cell culture medium was added until 
the specimens were completely submerged. Equivalent 
procedures were performed on glass cover slips for the 
negative and positive control groups. In the negative control 
group, cell lysis was achieved with 1% Triton X-100 (Sigma- 
Aldrich). Cell biocompatibility was assessed at day 1, 3, 
and 7.

A Cell Titer-blue cell viability assay (Cell Titer-blue; 
Promega) was used to estimate the metabolic activity of 
cells on specimens.29 Briefly, at predetermined time 
points, 200 μL of staining solution was added in 24-well 
plates containing specimens and were incubated for 4 
hours. The cell metabolic activity was estimated by using 
a spectrophotometer plate reader (Infinite 200 Pro; 
TECAN) at 560- to 590-nm wavelength.

Clinical Implications 
Airborne-particle abrasion with moderate Al2O3 grit 
size may be a promising strategy for addressing the 
bioinert and hydrophobic attributes of medical 
grade PEEK implants. 
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The alterations in cell morphology and attachment were 
qualitatively assessed by using fluorescence staining.30,31

The cells were fixed with 4% paraformaldehyde for 20 
minutes at room temperature, and the cell permeabilization 
was attained using 0.3% Triton X-100 for 10 minutes at 
room temperature. Subsequently, the specimens were 
stained at room temperature in the dark for 30 minutes with 
a green, fluorescent dye (Phalloidin-iFluor Reagent; abcam) 
to mark actin filaments and 4′,6-diamidino-2-phenylindol 
(DAPI) (ThermoFisher Scientific) for nuclei. A confocal laser 
scanning microscope (CLSM) (Leica TCS SP8; Leica Mi
crosystems) and a digital software program (Imaris x64 
6.2.1; Bitplane) were used for the qualitative analyses. Cell 
adhesion was estimated at day 1 by counting the number of 
cells per field of view, and the cell proliferation rate was 
calculated at day 3 after normalization to the cells reported 
at day 1.

Osteoblast cell differentiation between the groups was 
assessed by estimating the amount of mineralization using 
alizarin red staining (ARS). After adequate cell confluence, 
the cells on the specimens were allowed to differentiate in 
an osteogenic differentiation medium (DMEM supple
mented with 10% FBS, 1% penicillin and streptomycin, 
10 mM β-glycerophosphate, 100 nM dexamethasone, and 
50 μg/mL ascorbic acid) for 10 and 14 days. The cells were 
fixed with 4% paraformaldehyde for 20 minutes at room 
temperature and subsequently incubated in 2% ARS solu
tion (Sigma-Aldrich) for 30 minutes in the dark. The extent 
of mineralization was quantified by extracting the ARS dye 
from the specimens submerged in 10% acetic acid and 20% 
methanol at room temperature for 30 minutes, and the 
absorbance was measured at 405 nm using a spectro
photometer plate reader.

Data were analyzed using a statistical software program 
(R version 4.3.1; R Foundation for Statistical Computing). 
The Kolmogorov-Smirnov test was used to assess the 
normality of data, and the homogeneity of variances was 
evaluated using the Levene test. A variation of variance was 
demonstrated in data for the cell viability, proliferation, and 
mineralization (Supplemental Table 1, available online). 
Hence, the Welch analysis of variance (ANOVA) followed 
by the Games-Howell test were used to compare the means 
between the groups. However, a variation of variance was 

not observed in the data for WCA measurements and cell 
adhesion (Supplemental Table 1, available online). Hence, 
1-way ANOVA followed by the Tukey test were used to 
compare the means between the groups (α=.05).

RESULTS

Figure 1 illustrates the mean WCAs of untreated and 
treated PEEK implant surfaces. The lowest mean WCA 
was found in PEEK 150 (49.25 ±5.51) and the highest in 
PEEK 0 (89.14 ±4.24) (Supplemental Table 2, available 
online). The Tukey post hoc test showed significant 
difference (P<.001) between the treated and untreated 
groups (Fig. 2). Figure 3 illustrates the SEM images of 
untreated and treated PEEK specimens at ×300 and 
×1000 magnification. PEEK 0 showed a uniform regular 
surface with smooth appearance. However, small pat
ches of grooves were observed throughout the surfaces 
(Fig. 3). In contrast, the treated PEEK showed uniform 
irregular surfaces with the presence of grains and voids. 
Notably, PEEK 150 showed a complex structure with 
large areas of globular outcroppings.

Figure 4 shows differences in cell metabolic activity be
tween the untreated and treated PEEK implant surfaces. At 

A B C D

Figure 1. Water contact angles of untreated and treated PEEK implant surfaces. A, PEEK 0 (untreated PEEK). B, PEEK 50 (airborne-particle abrasion 
using 50-μm Al2O3 particles). C, PEEK 110 (airborne-particle abrasion using 110-μm Al2O3 particles). D, PEEK 150 (airborne-particle abrasion using 
150-μm Al2O3 particles). Al2O3, aluminum oxide; PEEK, polyetheretherketone.
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Figure 2. Mean differences in WCAs among four tested groups. 
***P<.001. PEEK, polyetheretherketone; WCAs, water contact angles.
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Figure 3. Scanning electron microscopy images of untreated and treated PEEK implant surfaces. (original magnification ×300 and ×1000). A, E, PEEK 
0 (untreated PEEK surface). B, F, PEEK 50 (airborne-particle abrasion with 50-μm Al2O3 particles). C, G, PEEK 110 (airborne-particle abrasion with 110- 
μm Al2O3 particles). D, H, PEEK 150 (airborne-particle abrasion with 150-μm Al2O3 particles). Al2O3, aluminum oxide; PEEK, polyetheretherketone.
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day 1, the highest mean metabolic activity was observed in 
PEEK 150 and the lowest in PEEK 0 showing significant 
difference (P<.001) (Supplemental Table 3, available online). 
However, no significant differences were observed between 
groups, PEEK 0 and PEEK 110 and PEEK 50 and PEEK 150 
(P>.05) (Fig. 4). Similar findings were observed at day 3, 
wherein the highest cell metabolic activity was found in 
PEEK 150 and the lowest in PEEK 0 (Fig. 4). The Games- 
Howell test revealed significant differences between PEEK 
150 and other tested groups (P<.001). However, no sig
nificant differences were found between PEEK 150 and the 
positive control group (P=.067) (Supplemental Table 3, 
available online). At day 7, all tested groups showed sig
nificant differences (P<.001) except between PEEK 150 and 
the positive control group (P=.946). While PEEK 0 showed 
the lowest cell metabolic activity, its activity reduced as 
compared with day 1 and 3 (Fig. 4). Overall, PEEK 150 had 
the highest cell metabolic activity suggesting improved cell 
viability at each time point that increased further throughout 
the tested time points (Supplemental Table 3, available 
online).

Figure 5 illustrates the morphology changes and cytos
keleton F-actin fiber organization of MG-63 cells cultured 
on untreated and treated PEEK surfaces. At day 1 and 3, the 
cells in the treated groups showed an elongated fibroblastic 
spindle-shaped morphology with a prominent cell con
fluence that was evident in PEEK 110 and PEEK 150. In 
contrast, the cells in PEEK 0 had a round and irregular 
morphology. At day 7, the cells in the treated groups had a 
better-assembled dense actin-based cytoskeletal network 

than PEEK 0. Moreover, the cells were highly confluent and 
showed a systematic elongation of actin filaments with in
timate cell-to-cell adherence (Fig. 5).

The results of cell adhesion and proliferation are 
presented in Figure 6 and Supplemental Table 4 (avail
able online). The number of cells per field of view was 
highest in PEEK 150 (169.1 ±22.55) and lowest in PEEK 
0 (101.4 ±15.26) (P<.001). No significant difference was 
observed between PEEK 150 and PEEK 110 (P>.05). The 
cell proliferation was highest in PEEK 50 (83.6 ±28) and 
lowest in PEEK 0 (−13.9 ±9.058) with PEEK 0 showing 
significant differences as compared with other groups 
(Supplemental Table 4, available online). The difference 
between PEEK 50 and PEEK 110 was statistically sig
nificant (P<.001), but PEEK 50 and PEEK 150 groups 
were statistically similar (P=.197) (Fig. 6).

The results of the mineralization assay are presented 
in Figure 7 and Supplemental Figure 1 (available online). 
At day 10, the lowest mineralization rate was observed 
in PEEK 0 (0.141 ±0.05) and the highest in PEEK 150 
(0.254 ±0.16) (P<.001), with PEEK 110 and PEEK 150 
being statistically similar (P=.758). At day 14, the highest 
mineralization rate was observed in PEEK 150 (0.327 
±0.09) with no significant difference compared with 
PEEK 110 (P=.902). However, PEEK 110 and PEEK 150 
showed a substantial improvement in the mineralization 
rate as compared with day 10 (Fig. 7). In contrast, PEEK 
0 and PEEK 50 showed a reduction in mineralization 
rate at day 14 as compared with day 10 (Supplemental 
Table 5, available online).
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Figure 4. Cell metabolic activity of MG-63 cells cultured on untreated and treated PEEK implant surfaces at day 1, 3, and 7. *P<.05, ***P<.001. PEEK, 
polyetheretherketone.

February 2025 535 

Gaikwad et al  THE JOURNAL OF PROSTHETIC DENTISTRY 



DISCUSSION

Based on the findings of the present study, the airborne- 
particle abrasion with Al2O3 of different grit sizes im
proved the hydrophilicity of PEEK, subsequently af
fecting the osteoblast cell behavior. Moreover, using 
moderate grit size (110- or 150-μm) for airborne-particle 
abrasion is a favorable approach on PEEK implants, as it 
improved the osteoblast cell adhesion, proliferation, and 
differentiation at the tested time points. Thus, the null 
hypothesis that airborne-particle abrasion with Al2O3 of 
different grit sizes would not influence the hydrophilicity 
or osteoblast cell behavior on PEEK implant surfaces 
was rejected.

The hydrophobic nature of PEEK implants limits 
their suitability for clinical applications. The findings of 
this study showed improvement in the hydrophilic 
nature of PEEK after the airborne-particle abrasion that 
further significantly improved in PEEK 150. This was 
attributed to the increase in porosity established by 
Al2O3 particles, subsequently providing more surface 
area for wetting. Although PEEK 50 and PEEK 110 
showed moderate hydrophilic properties, the results 

significantly improved as compared with PEEK 0. These 
findings of hydrophilicity were consistent with those of a 
previous study.15 Moreover, the measurements obtained 
were similar to those of titanium (58.5 ±4.9).28 The 
findings were not consistent with those of Stoilov et al,20

suggesting that variations in the grit sizes of Al2O3 did 
not influence the hydrophilicity of titanium implants. 
However, direct comparison with titanium is challen
ging because of inherent differences in the material 
composition.

The SEM analysis of treated PEEK showed uniform 
irregular surfaces with the presence of grains and voids, 
thus modifying the surface topography of PEEK. The 
observed difference in the topographical pattern corre
sponded with the findings of hydrophilicity. PEEK 150 
illustrated several globular protuberances that estab
lished the micro-irregular surfaces essential for protein 
adsorption and cell contact within the biological en
vironment. The microscale irregularity further increased 
the fibrin matrix formation during cell-implant interac
tion.6 Moreover, previous studies15,18–20 reported that 
the micro-rough implant surfaces transformed the cell- 
implant interaction, influencing osseointegration.

PEEK 0

Day 1

Day 3

Day 7

PEEK 50 PEEK 110 PEEK 150
Positive
Control

Figure 5. Confocal laser microscopy images showing morphology changes and cytoskeleton F-actin fiber organization of MG-63 cells cultured on 
untreated and treated PEEK dental implant surfaces at day 1, 3, and 7. PEEK 0, untreated PEEK; PEEK 50, airborne-particle abrasion using 50-μm Al2O3 

particles; PEEK 110, airborne-particle abrasion using 110-μm Al2O3 particles; PEEK 150, airborne-particle abrasion using 150-μm Al2O3 particles; 
Positive control, MG-63 cultured on cover glass, Scale bar: 20-μm. PEEK, polyetheretherketone.
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The data regarding osteoblast cell biocompatibility were 
obtained by analyzing the cell viability, cell adhesion, 
morphology, and proliferation. Both PEEK 110 and PEEK 
150 showed a substantial improvement in cell adhesion over 
PEEK 0 and PEEK 50, attributed to an increase in surface- 
to-volume ratio, thus facilitating more sites for cell attach
ment. Furthermore, the airborne-particle abrasion resulted 
in a local plastic strain, thus inducing the residual com
pressive stress essential for promoting osteoblast cell ad
hesion, proliferation, and differentiation.19 The negative cell 
proliferation in PEEK 0 was primarily attributed to the re
duced cell adhesion, implying that the untreated PEEK 
surface was unfavorable for cell adhesion, subsequently af
fecting cell proliferation. In the present study, PEEK 50 
showed a substantial increase in cell proliferation, whereas it 
was reduced in PEEK 150, attributed to cell confluence in 
PEEK 150, subsequently limiting space for cell proliferation. 
Stoilov et al20 reported that the cell proliferation rate on 
titanium implants was inversely proportion to the size of 
Al2O3 particles. Porrelli et al25 recently reported that the 

airborne-particle abrasion of PEEK implants resulted in 
higher cell adhesion and lower proliferation than with ti
tanium implants. In this study, the cell proliferation was not 
obtained after day 3 because of cell confluence, making it 
challenging to calculate the precise number of cells.

Another finding was that PEEK 150 showed a sub
stantial improvement in cell metabolic activity at every time 
point, attributed to increased cell adhesion and proliferation. 
Notably, PEEK 0 showed the lowest metabolic activity 
throughout the time points and the activity reduced from 
day 1 to 7, suggesting that the airborne-particle abrasion 
using moderate grit sizes may alter the PEEK surface attri
butes, subsequently creating favorable settings for nutrients 
and waste exchange between the cells and the environ
ment, consistent with previous studies.14–16,32 Moreover, the 
findings were also consistent with the morphologic findings 
assessed with florescence staining. Although cells in PEEK 
110 and PEEK 150 attained the highest cell confluence, no 
major difference was observed, consistent with a study33

reporting an improvement in the cell viability of titanium 
implants after treatment with airborne-particle abrasion.

The ability of osteoblasts to differentiate influences 
the speed and the rate of bone formation.34 The present 
study determined that the mineralization rate in PEEK 0 
was lower than other tested groups and did not increase 
over time, which was consistent with previously re
ported studies.35 In contrast, both PEEK 110 and PEEK 
150 showed the highest mineralization rate that in
creased significantly from day 10 to 14, indicating im
proved osteogenesis. This mineralization rate was 
attributed to the increase in cell numbers until day 14 
and was consistent with a previous study33 that reported 
an improvement in the mineralization rate of titanium 
implant surfaces after airborne-particle abrasion with 
alumina. However, these findings were not consistent 
with a previous reported study20 in which the high mi
neralization rate were observed even on titanium sur
faces that had been airborne-particle abraded with small 
particles sizes. However, whether these effects were 
directly caused by surface physicochemical properties or 
indirectly by selective protein adsorption is unclear.

Limitations of the present study included that the 
impact of particulate dimension above 150 µm were not 
investigated. Notably, PEEK hydrophilicity and osteo
blast behavior significantly improved after airborne- 
particle abrasion with Al2O3 using 110-μm and 150-μm 
grit sizes. Moreover, larger particles may lead to adverse 
effects, since increased roughness promotes bacterial cell 
adhesion, as reported by Barkarmo et al.36 However, the 
assessment was performed using a single species in 
separate experiments. Another limitation was that the 
influence of airborne-particle abrasion on PEEK im
plants was assessed by using a single cell line in an in 
vitro setting. Thus, future studies should assess perfor
mance across different co-culture conditions to simulate 
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Figure 6. Mean differences in cell biocompatibility of MG-63 cells 
cultured on untreated and treated PEEK dental implant surfaces at day 
1 and 3. A, Cell adhesion. B, Cell proliferation. **P<.01, ***P<.001. PEEK, 
polyetheretherketone.
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the complex interactions between cells and microbes 
encountered clinically.

CONCLUSIONS

Based on the findings of this in vitro study, the following 
conclusions were drawn: 

1. Airborne-particle abrasion with Al2O3 is a pro
mising strategy for addressing the bioinert and 
hydrophobic attributes of PEEK implants. 
However, the particulate dimensions of Al2O3 

substantially impact the surface attributes of PEEK, 
influencing the osteoblast cell behavior.

2. Using moderate grit size (110- or 150-μm) for air
borne-particle abrasion is a favorable approach on 
PEEK implants as it enhanced the hydrophilicity 
and subsequently promoted osteoblast cell adhe
sion, proliferation, and differentiation.

APPENDIX A. SUPPORTING INFORMATION

Supplemental data associated with this article can be found 
in the online version at doi:10.1016/j.prosdent.2024.02.024.
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