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The study aimed to evaluate the effects of surface roughness, immersion time, material brand on the color
stability of polyetheretherketone (PEEK). Two brands of PEEK (n=48), Smile PEEK and Copra PEEK, were used
in this study. Disc-shaped specimens (15 mm in diameter and 3 mm in thickness) were fabricated using milling
and sectioned with a high-speed saw. The specimens were then divided into six groups (n = 8 per group) based
on the PEEK brand and surface treatment: no polishing, polishing, polishing with glazing. Surface roughness
was measured using a 3D laser microscope, and baseline color values were recorded using a spectrophotometer
according to the CIELAB system. The specimens were subsequently immersed in distilled water for 60 days.
Color changes (AE*) were calculated at 15, 30, 45, and 60 days after immersion relative to baseline measurements.
Two-way ANOVA revealed that the surface roughness of PEEK was significantly influenced by the polishing
protocols. The polishing with glazing group exhibited the lowest surface roughness (Ra), which was significantly
lower than that of all other groups (p<0.05). Color change data were analyzed using three-way mixed-design
ANOVA. Color change (AE*) increased significantly with immersion time in distilled water. The polishing with
glazing group demonstrated a significantly lower color change (p<0.05). No significant differences in AE* values
were observed between Smile PEEK and Copra PEEK under the same surface treatment conditions (p>0.05).
Polishing and glazing effectively enhanced the color stability of PEEK materials. Color change increased with
immersion time, no significant difference in color stability was found between Smile PEEK and Copra PEEK when
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subjected to the same surface treatment conditions and immersion durations.
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Introduction

Polyetheretherketone (PEEK) is a semi-
crystalline thermoplastic polymer capable of
withstanding elevated temperatures and belongs
to the family of polyaryletherketones (PAEK)
family. Its molecular structure consists of aromatic
rings interconnected by ketone and ether functional
groups along the polymer backbone [1, 2].

PEEK has a high melting temperature
(above 300°C) and excellent thermal stability.
It also exhibits high chemical resistance, is
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chemically inert, and possesses favorable
mechanical properties. The elastic modulus of
neat (unfilled) PEEK ranges from 3 to 4 GPa.
The mechanical properties can be enhanced by
modifying its composition, such as in carbon
fiber—reinforced PEEK (CFR-PEEK), which exhibits
an elastic modulus of approximately 17.4 GPa,
comparable to that of cortical bone [3], PEEK
demonstrates a flexural strength of 140-170 MPa
and relatively high rigidity. Additionally, its radiolucency
reduces radiographic imaging artifacts [4].

For dental restorative materials, several
properties are critical for long-term clinical
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performance, including color stability, water absorption,
dimensional stability, and polishability. Among
these, color stability is particularly important for
maintaining esthetic outcomes over time. The
color stability of dental materials can be affected
by exposure to staining agents such as coffee,
tea, and red wine. The degree of discoloration is
influenced by both the duration of exposure and
the surface characteristics of the material [5].

Surface roughness is considered an important
factor affecting the color stability of dental materials.
Rougher surfaces provide a greater surface area
and micro-irregularities that facilitate the adsorption
and retention of pigments from staining solutions.
These surface irregularities can also increase surface
free energy, enhancing the interaction between the
material surface and chromogenic substances,
which may lead to greater discoloration compared
with smoother surfaces. In addition, rough surfaces
on dental prostheses increase susceptibility to
bacterial adhesion, plaque accumulation, staining,
and overall discoloration [6-9].

Another factor influencing color stability is
immersion time, which is commonly used in in vitro
studies to simulate hydrolytic aging and long-term
exposure to the oral environment. Prolonged
immersion can increase water absorption and
promote the diffusion of staining agents into the
material surface or subsurface, potentially resulting
in greater color change over time.

The stability of color is an important property
of dental materials. Factors affecting color change

during clinical use include stain accumulation,
material component dissolution, water absorption,
surface roughness, exposure to staining agents,
and immersion time [10, 11].

Furthermore, variations among commercially
available PEEK materials may influence their
optical and physical properties. Although most
dental PEEK materials are reported by manufacturers
to consist primarily of polyetheretherketone,
variations in manufacturing processes, additives,
or processing conditions may lead to differences
in surface characteristics and color stability.
Therefore, comparing different commercial PEEK
brands is essential to determine whether these
materials exhibit comparable performance and
material equivalence with respect to color stability.

The purpose of this study was to evaluate the
effects of surface roughness, immersion time,
material brand on the color stability of PEEK material.
The first null hypothesis was that immersion time
would not significantly affect the color change (AE*)
of PEEK. The second null hypothesis was that PEEK
brand would not significantly affect the color change
(AE*) under identical surface treatment and
immersion conditions.

Material and methods

Materials: Two brands of PEEK and one
brand of resin glaze material were used in this
study (Table 1).

Manufacturer

Pressing dental, Scavino Onesto,
San Marino.

Bio Classic, White PEAKS dental
solution, Germany.

SHOFU, Ratingen, Germany.

Table 1 Materials were used in this study.
Material Product Composition
PEEK Smile PEEK Polyetheretherketone (PEEK) 100%
Copra PEEK  Polyetheretherketone (PEEK) 100%
Resin SHOFU Methyl Methacrylate,
glaze Multifunctional monomer
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Methods

Specimen preparation

Two brands of PEEK blocks (15 mm
diameter, 20 mm height) were prepared using
a milling technique. Then the blocks were cut into
discs (15 mm diameter, 3 mm height) using
a high-speed saw, Struers Accutom-100 (Struers
LLC, Cleveland, USA). The surfaces of all
specimens were polished under water cooling
using silicon carbide waterproof abrasive papers
no.600, 800, 1000, 1500 and 2000 grit (TOA,
Samut Prakan, Thailand) with a polishing machine
(Struers Model RotoForce-4, USA) for 1 min.
Subsequently, the specimens were cleaned
in an ultrasonic cleaner and rinsed with distilled
water for 5 min.

Specimens (Smile PEEK, Copra PEEK)
were divided into six groups (n=8) as shown in
Table 2. Group A2, A3, B2, and B3 were polished
under water cooling using silicon carbide
(SIC) (grit sizes: 600, 800, 1000, 1500, and 2000)
(TOA, Samut Prakan, Thailand) with a polishing
machine (Struers Model RotoForce-4, USA)
at a speed of 150 rpom for 1 min The final thickness
of specimens was measured with a digital
caliper (accuracy: 0.01 mm). After polishing,
specimens in Group A3 and B3 were glazed with
resin glaze (SHOFU, Ratingen, Germany). The
procedure involved application of a primer, which
was allowed to air-dry for approximately

10 seconds, followed by the application of a thin,
uniform layer of the resin glaze to the surface.
Then the applied glaze was then light-cured for
180 seconds using an LED light (wavelength:
400-410 nm).

After polishing and glazing, the specimens
in each group were ultrasonically cleaned,
rinsed with distilled water, and air-dried.
All specimens were evaluated for baseline
surface roughness and color prior to immersion.
Baseline color measurements were obtained
using the UltraScan® VIS color measurement
spectrophotometer (Hunterlab 11491 Sunset
Hills Road, Reston, Virginia, USA.). Baseline
surface roughness was measured using a 3D
laser scanning microscope (LEXT OLS5100,
Evident:Olympus, Tokyo, Japan.).

sample size was determined using a power
analysis to ensure adequate statistical power
for detecting significant differences among
the experimental groups. The calculation was
performed using G*Power software (version 3.1).

Immersion in distilled water at different time
intervals

Specimens of each group were immersed
in individual baths according to the protocols
described below and illustrated in Figure 1.
for a total duration of 60 days. The specimens
were immersed in 600 mL of distilled water at
37°C for 3 days.

Table 2 Specimens will be divided into 6 groups (Code A1-B3).

Material Group (Code)
Surface treatment Smile PEEK Copra PEEK
No polishing 1 (A1) 4 (B1)
Polishing 2 (A2) 5 (B2)
Polishing with glazing 3 (A3) 6 (B3)
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Figure 1 Immersion protocol.

All specimens were maintained in 600 mL of
solution and incubated at 37 °C throughout the 60-
day experimental period. The solutions were
renewed every 3 days. At 15, 30, 45, 60 days, the
specimens were removed, rinsed with distilled
water for 5 minutes, and gently blotted dry with
tissue paper. Color measurements based on the
CIELAB system using a spectrophotometer was
performed by one investigator.

Surface roughness measurement

Surface roughness (Ra) was measured
using a 3D measuring laser microscope (Evident,
Olympus, Japan). Each specimen was measured
in three separate readings using a cut off length of
0.25 mm and a tracing length of 3 mm (Figure2).
The tracing speed was set at 0.5 ym/s. Ra values
were recorded in micrometers (um), and the mean
Ra value for each specimen was used for statistical
analysis. A two-way ANOVA was performed to

/3mm

k_/

evaluate the effect of polishing protocols on the
surface roughness of PEEK.

Color stability measurement

Color parameters were obtained using
a portable spectrophotometer (The UltraScan®
VIS color measurement spectrophotometer, the
hunterlab, Reston, Virginia, USA). The color of
each specimen was evaluated using the CIELAB
color system. In this system, L* represents
lightness, with values ranging from 0 (black) and
100 (white). a* coordinate represents the red-
green axis, where positive values indicate red and
negative values indicate green. b*coordinate
represents the yellow-blue axis [12].

Color changes (AE*) were evaluated at 15,
30, 45, and 60 days of immersion relative to
the baseline values recorded on day O prior to
the start of immersion. AE* values were calculated
by comparing the L*, a* and b* values obtained at

Figure 2 Surface roughness measurement: (A measurement length of 3 mm was used.).

AE* —

ab —

Figure 3 Total color difference (AE *) [13].

V@ = L)) + (a3 — a})? + (65 — )’
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each time point with the corresponding baseline
measurements. This approach enabled the
assessment of progressive color changes in each
specimen over the 60-day experimental period.

The normality of the data distribution was
assessed using the Shapiro-Wilk test and
homogeneity of variances was evaluated using
Levene’s test Subsequently, the data were
analyzed using a three-way mixed-design ANOVA
followed by Bonferroni post hoc tests. Statistical
analyses were performed using in SPSS version
30.0 (IBM Corp, Armonk, NY, USA)

Result

The surface roughness (Ra) values of PEEK
specimens after different surface treatments are
presented in Table 3 and Figure 4. Two-way
ANOVA revealed that the surface roughness was
significantly affected by the polishing protocols
(p<0.05). Unpolished specimens exhibited the
highest Ra values (0.654 and 0.646 um).
Specimens polished using silicon carbide abrasive
papers (600-2000 grit) showed reduced Ra values
(0.222 and 0.220 uym). The lowest Ra values
(0.083 um for both groups). No statistically
significant difference in surface roughness was
found between the two PEEK brands when the

same surface treatment was applied (p>0.05).
Representative surface morphology images at
different magnifications (56X, 10X, 20X) using
Surface Roughness Tester (LEXT OLS5100) are
shown in Figure 5-10.

Table 4 and Figure 11 present the mean £
standard deviation (SD) of color change values
(AE*) of PEEK materials after immersion in distilled
water at different time intervals (15, 30, 45, and 60
days). Two types of PEEK materials (Smile PEEK
and Copra PEEK), each subjected to three surface
treatments (no polishing, polishing, and polishing
with glazing), were evaluated.

For the no-polishing group, AE* values
increased significantly overtime (p<0.05).
However, no statistically significant difference was
observed between day 15 (AE,, = 0.351 and 0.339
and day 30 AE,, = 0.458 and 0.450) (p>0.05).
At all-time points, the no-polishing groups
exhibited significantly higher color change than
the polishing and polishing-with-glazing groups
(p<0.05).

In contrast, the polishing and polishing-with-
glazing groups showed no statistically significant
changes in AE* values across all immersion time
points (p>0.05). Furthermore, no statistically
significant difference in AE* values were found
between Smile PEEK and Copra PEEK under the
same surface treatment conditions (p>0.05).

Table 3 Surface roughness (Ra) values of of groups A1-B3 after different surface treatments.

Material Surface treatment Ra (um)
(N=8 per each group) MeantSD
Smile PEEK No polishing 0.654+0.025°
Polishing 0.222+0.082°
Polishing with glazing 0.083+0.010°
Copra PEEK No polishing 0.646+0.022°
Polishing 0.220+0.012°

Polishing with glazing

0.083+0.013°

*Different lowercase letters within the same column indicate statistically significant differences (p<0.05).
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Table 4 Mean =+ standard deviation (SD) of color change (AE*) of PEEK after immersion in distilled water at
different immersion time intervals.
Material ~ Surface treatment Color change(AE+SD)
Immersion time (days)
15 30 45 60
Smile  No polishing 0.351+0.035  0.458+0.020°° 0.599+0.016™° 0.811+0.014°°
PEEK  polishing 0.187+0.009%¢  0.197+0.001°¢  0.218+0.0077¢  0.237+0.007"¢
Polishing with glazing 0.140+0.005%°  0.156+0.005”° 0.184+0.008™°  0.206+0.012"¢
Copra  No polishing 0.339+0.072™  0.450+0.045°% 0.585+0.058° 0.774+0.070°°
PEEK  polishing 0.190+0.016%¢  0.208+0.023°¢ 0.221£0.0217  0.214+0.039™

0.158+0.024°°

0.180+0.0287°

0.201+0.027"°

Polishing with glazing  0.139+0.024%°

* Different uppercase letters within the same column and lowercase letters within the same row indicate statistically significant differences
(p<0.05).

0.8 —

A1 : Smile PEEK - No polishing
B1: Copra PEEK - No polishing

A2 : Smile PEEK - Polishing

Ra(pm)

B2 : Copra PEEK - Polishing
A3 : Smile PEEK - Polishing with glazing
B3 : Copra PEEK - Polishing with glazing

R el I o R oo B o5}
< o < o < m

Group of PEEK

Figure 4 Surface roughness (Ra) values of PEEK specimens after different surface treatments.

Figure 5 Surface morphology of Smile PEEK with no polishing: (a) 5X, (b) 10X and (c) 20X magnification.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 131




Parichart Leerattanachai, et a/

Figure 6 Surface morphology of Smile PEEK after polishing: (a) 5X, (b) 10X and (c) 20X magnification.

‘F

a d

Figure 7  Surface morphology of Smile PEEK after polishing with glazing: (a) 5X, (b) 10X and (c) 20X
magnification.

Figure 9 Surface morphology of Copra PEEK, after polishing: (a) 5X, (b) 10X and (c) 20X magnification.
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Figure 10 Surface morphology of Copra PEEK after polishing with glazing: (a) 5X, (b) 10X and (c) 20X
magnification.

1.50 - —e— Smile PEEK : No polishing —e— Copra PEEK : No polishing
—— Smile PEEK : Polishing —a— Copra PEEK : Polishing
1.25
. —— Smile PEEK : Polishing with glazing —+— Copra PEEK : Polishing with glazing
w
g _
> 1.00
o
e
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e
© 0.75
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o
O
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0.25 — ——a
l—/‘:—/—'
I I I I
15 30 45 60

Immersion time (days)

Figure 11 Mean color change (AE*) of PEEK after immersion in distilled water at different time intervals.

No polishing Polishing Polishing with glazing

Smile PEEK

Copra PEEK

Figure 12 Representative images of Smile PEEK and Copra PEEK after different surface treatments
(no polishing, polishing, polishing with glazing).
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No polishing

Polishing Polishing with glazing

Smile PEEK

Copra PEEK

Figure 13 Representative images of Smile PEEK and Copra PEEK after immersion in distilled water for

60 days.

Discussion

Color stability

Color stability is a critical physical property
of polyetheretherketone (PEEK), defined as the
ability of a material to maintain its original shade
over time. In this study, the color change (AE*) of
Smile PEEK and Copra PEEK was evaluated after
immersion in distilled water for 15, 30, 45, and 60
days. Statistical analysis revealed significant
differences in AE* values across immersion times
and surface treatments. Therefore, the first null
hypothesis—stating that no statistical difference
exists in color change after immersion—was
rejected.

However, no significant difference in AE*
values was observed between the two PEEK
brands. Consequently, the second null
hypothesis—stating that no difference exists
between the two materials—was accepted.

Surface roughness measurement

Surface characteristics are critical for the
long-term performance of dental restorations,
influencing color stability, water absorption,
dimensional stability, and polishing ability.
Increased surface roughness has been associated

134 M Dent J 2026 August; 46 (2): 126-139

with greater bacterial adhesion, plaque accumulation,
staining, and discoloration [5-8].

Clinically, dental restorations should be
polished to achieve a surface roughness below
approximately 0.2 um, a threshold reported to
minimize bacterial plaque adhesion [14].
Furthermore, Jones et al. suggested that surface
roughness should not exceed 0.5 pm to remain
undetectable to patients [15]. Surface roughness
is commonly quantified using the Ra parameter,
and in this study, measurements were obtained
using a laser microscope [16].

The results demonstrated that unpolished
specimens (A1: Smile PEEK and B1: Copra PEEK)
exhibited the highest Ra values (~0.64-0.65 um),
indicating arelatively rough surface. This observation
is consistent with previous studies reporting that
untreated PEEK surfaces are inherently coarse
due to their semi-crystalline structure and
manufacturing processes [17]. Such increased
roughness may contribute to greater color change
by creating micro-irregularities that facilitate
pigment retention and penetration, resulting in
higher AE* values.

Following mechanical polishing (A2 and
B2), a significant reduction in surface roughness
was observed, with Ra values decreasing to
approximately 0.22-0.23 pm. This confirms that
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polishing effectively smoothens the PEEK surface,
which may enhance clinical performance by
reducing plaque accumulation and improving
esthetics [14].

Notably, the combination of polishing and
glazing (A3 and B3) produced the lowest Ra
values (<0.1 ym), demonstrating a synergistic
effect of the two finishing techniques. These
findings are consistent with those of Porojan et al.,
who reported that glazing significantly improves
the surface smoothness of PEEK, with mean Ra
values below 0.13 pm regardless of aging or
staining conditions [13]. Glazing likely fills residual
micro-irregularities after polishing, forming
a smoother and more homogeneous surface layer
[18]. This effect is particularly advantageous in
prosthodontic applications, where both esthetics
and hygiene are essential [19]. Additionally,
glazing may act as a sealing layer, reducing
surface porosity and water penetration, thereby
limiting pigment infiltration and enhancing color
stability.

Importantly, no statistically significant
differences in surface roughness were observed
between Smile PEEK and Copra PEEK across all
treatment groups. This finding is expected, as
both materials are composed of the same base
polymer, polyetheretherketone, resulting in similar
microstructural and physical properties. Previous
studies have likewise demonstrated comparable
surface behavior among different commercial
PEEK materials when subjected to identical
finishing protocols [20].

Effect of Surface Treatment on Color Stability of
PEEK

Surface treatment plays a critical role in the
color stability of PEEK materials. Previous studies
have demonstrated that the discoloration of
restorative materials is strongly influenced by
surface roughness [21-23]. In principle, materials

with higher surface roughness and greater surface
free energy are more susceptible to discoloration
due to increased pigment adsorption and
penetration. This concept is supported by
evidence indicating that the color stability of PEEK
is significantly affected by these surface
characteristics, particularly under conditions of
artificial aging and staining [12,13].

In the present study, unpolished specimens
exhibited the highest color change (AE*) values
among all groups. This finding can be attributed to
the increased surface roughness of untreated
PEEK, which provides greater surface area and
micro-irregularities that facilitate pigment retention
and penetration [13]. In contrast, specimens
subjected to polishing demonstrated improved
color stability, while those treated with polishing
followed by glazing exhibited the lowest AE*
values under all immersion conditions.

The superior performance of the polishing-
with-glazing group may be explained by the
formation of a smoother and more homogeneous
surface layer. Glazing likely reduces surface
porosity and acts as a sealing layer, thereby
limiting pigment infiltration and enhancing
resistance to discoloration. Consequently, glazing
was more effective in improving color stability than
mechanical polishing alone [24]. These findings
are consistent with previous reports indicating that
smoother surfaces are less prone to staining and
discoloration [13, 25-27].

Beyond color stability, surface roughness
has important clinical implications. A surface
roughness (Ra) below approximately 0.2 ym is
considered a critical threshold for minimizing
bacterial adhesion and plague accumulation. In
this study, specimens treated with polishing
followed by glazing achieved Ra values below this
threshold (~0.083 um), suggesting improved
surface smoothness and favorable clinical
performance.
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Previous investigations have commonly
assessed color stability using chromogenic
solutions such as coffee, red wine, or tea, which
contain pigments capable of penetrating
restorative materials and causing significant
discoloration. These studies consistently
demonstrate that materials with higher surface
roughness exhibit greater AE* values due to
increased pigment adsorption. Accordingly,
surface finishing procedures that reduce
roughness—such as polishing and glazing—have
been shown to enhance staining resistance [28].

In contrast, distilled water was used as
the immersion medium in the present study to
provide a controlled baseline environment
that simulates the aqueous conditions of the oral
cavity without introducing external staining agents.
This approach enables the evaluation of intrinsic
color stability and the isolated effect of surface
treatment. Distilled water is widely used as
a standard storage medium in in vitro studies
investigating the aging behavior and optical
stability of dental materials.

Effect of Immersion Time

The duration of immersion significantly
influenced the color change of the specimens.
Under all experimental conditions, AE* values
increased progressively over time, indicating a
time-dependent effect. This trend suggests
cumulative water uptake and potential surface or
microstructural alterations resulting from prolonged
exposure to the solution. For example, unpolished
Smile PEEK demonstrated an increase in AE* from
0.351 at 15 days (T15) to 0.811 at 60 days (T60),
although these values remained below the
clinically acceptable threshold (AE*>3.3) [29].
According to the National Bureau of Standards
(NBS) classification, this level of discoloration
corresponds to a slight color change [13]. These
findings suggest that surface treatments providing

136 M Dent J 2026 August; 46 (2): 126-139

smootherand more sealed surfaces may effectively
delay discoloration over time.

The observed time-dependent increase in
AE* highlights the importance of considering
exposure duration when evaluating the esthetic
longevity of PEEK restorations, particularly in
patients with frequent consumption of pigmented
beverages [30].

Although PEEK is characterized by high
chemical stability and low water absorption,
prolonged immersion in distilled water can still
result in measurable optical changes. Water
molecules may diffuse into the amorphous regions
of the polymer, leading to subtle microstructural
alterations that affect light scattering and optical
properties. In addition, long-term exposure to
water and dissolved oxygen may induce minor
surface oxidation or polymer chain rearrangement,
potentially generating chromophoric groups that
contribute to discoloration. Furthermore, the
leaching of residual processing additives or
impurities present in commercial PEEK materials
may also influence color stability. These
mechanisms suggest that even highly stable
polymers such as PEEK are not entirely resistant to
optical changes during extended water aging
[31-33].

Effect of PEEK Brand

No statistically significant differences in
color change were observed between Smile PEEK
and Copra PEEK when subjected to identical
surface treatments and immersion conditions.
For example, after 60 days of immersion in distilled
water, specimens treated with polishing followed
by glazing exhibited AE* values of 0.206 for Smile
PEEK and 0.201 for Copra PEEK.

Both materials are commercially available
and widely used in dentistry for the fabrication of
prosthetic frameworks, implant-supported
restorations, and removable prostheses, owing to
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their favorable mechanical properties, high
biocompatibility, and chemical stability. With the
increasing adoption of CAD/CAM technology in
prosthodontics, PEEK has gained considerable
attention as a metal-free alternative for various
clinical applications.

According to manufacturers’ specifications,
both Smile PEEK and Copra PEEK consist of
unfilled polyetheretherketone (PEEK) with similar
manufacturing processes. Therefore, the
comparable color stability observed in this study is
expected. The materials were selected due to their
common use as CAD/CAM milling blanks in dental
laboratory workflows.

The absence of statistically significant
differences between the two materials is consistent
with previous studies. Schwitalla and Mduller
described PEEK as a semi-crystalline thermoplastic
polymer with high chemical resistance and
low water absorption, contributing to its stability
in the oral environment [17]. Similarly, Stawarczyk
et al. reported minimal variation among commercially
available PEEK materials when identical fabrication
and surface treatment protocols are applied [20].

Compared with modified or filler-reinforced
PEEK composites, unfilled PEEK generally exhibits
greater chemical stability and lower water
absorption, which may enhance resistance to
color change. This may explain the minimal
differences observed between Smile PEEK and
Copra PEEK in the present study.

From a clinical perspective, these findings
suggest that both materials demonstrate
comparable color stability and may be considered
interchangeable under similar surface treatment
and clinical conditions

Conclusion

This study demonstrated the following findings:

- Polishing combined with glazing
significantly improved the color stability of PEEK.

- Increasing immersion time in distilled
water significantly increased the color change
(AE*) of PEEK.

- No statistically significant difference in
color stability was observed between Smile PEEK
and Copra PEEK when subjected to identical
conditions, indicating comparable material
performance.

Limitations

1. This was an in vitro study; therefore, the
results may not fully replicate intraoral conditions,
such as saliva dynamics, temperature fluctuations,
and mechanical abrasion.

2. Only asingle immersion medium (distilled
water) was evaluated; common staining agents
such as coffee, tea, wine, juices, and denture
cleansers were not included.

3. Only two commercially available PEEK
materials were tested; results may vary with other
brands or modified PEEK formulations.

Recommendations

1. A combination of polishing and glazing is
recommended to enhance the color stability of
PEEK restorations, particularly in patients with
high exposure to staining agents.

2. Future studies should incorporate
simulated oral aging conditions, including
toothbrushing and thermocycling, to better reflect
clinical performance.

3. Further investigations comparing
additional PEEK brands and compositions are
warranted to broaden material selection for clinical
applications.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 137




MAHIDOL DENTAL JOURNAL

Parichart Leerattanachai, et al

Reference

10.

138

Erdag UH, Sahin O, Kéroglu A, Ozdemir T, Dede DO.
Performance of polyether ether ketone (peek) for
dental applications: surface roughness and color
stability. Polym Bull. 2023 Jun;80:6819-6834. doi:
10.1007/s00289-022-04393-x

Kurtz SM, Devine JN. PEEK biomaterials in trauma,
orthopedic, and spinal implants. Biomaterials. 2007
Nov;28(32):4845-4869. doi: 10.1016/j.biomaterials.
2007.07.013.

Fouad H, Elleithy R. High density polyethylene/
graphite nano-composites for total hip joint replacements:
processing and in vitro characterization. J Mech
Behav Biomed Mater. 2011 Oct;4(7):1376-1383. doi:
10.1016/j.jmbbm.2011.05.00.8.

Bathala L, Majeti V, Rachuri N, Singh N, Gedela S.
The role of polyether ether ketone (Peek) in dentistry
- a review. J Med Life. 2019 Jan-Mar;12(1):5-9. doi:
10.25122/jml-2019-0003.

Porojan L, Toma FR, Birdeanu MI, Vasiliu RD, Utu ID,
Matichescu A. Surface characteristics and color
stability of dental PEEK related to water saturation
and thermal cycling. Polymers (Basel). 2022 May
25;14(11):2144. doi: 10.3390/polym14112144.

Kuhar M, Funduk N. Effects of polishing techniques
on the surface roughness of acrylic denture base
resins. J Prosthet Dent. 2005 Jan;93(1):76-85. doi:
10.1016/j.prosdent.2004.10.002.

Sahin O, Koroglu A, Dede DO, Yilmaz B. Effect of
surface sealant agents on the surface roughness and
color stability of denture base materials. J Prosthet
Dent. 2016 Oct;116(4):610-616. doi: 10.1016/j.
prosdent.2016.03.007.

Sahin O, Dede DO, Koéroglu A, Yilmaz B. Influence of
surface sealant agents on the surface roughness and
color stability of artificial teeth. J Prosthet Dent. 2015
Jul;114(1):130-137. doi: 10.1016/j.prosdent.2015.
02.009.

Dede DO, Sahin O, Koroglu A, Yilmaz B. Effect of
sealant agents on the color stability and surface
roughness of nanohybrid composite resins. J Prosthet
Dent. 2016 Jul;116(1):119-128. doi: 10.1016/j.
prosdent.2015.11.024.

Al Taweel SM, Fouzan AA, Al-Otaibi HN, Labban N,
AlShehri HA. Thermal-cycling, simulated brushing,

M Dent J 2026 August; 46 (2): 126-139

1.

12.

13.

14.

15.

16.

17.

18.

19.

and beverages induced color changes and
roughness of CAD/CAM poly (methyl methacrylate)
denture resins. Mater Res Express 2021
Dec;8(12):125401. doi: 10.1088/2053-1591/ac406e.
Alp G, Johnston WM, Yilmaz B. Optical properties
and surface roughness of prepolymerized poly(methyl
methacrylate) denture base materials. J Prosthet
Dent. 2019 Feb;121(2):347-352. doi: 10.1016/
j.prosdent.2018.03.001.

Heimer S, Schmidlin PR, Stawarczyk B. Discoloration
of PMMA, composite, and PEEK. Clin Oral Investig.
2017 May;21(4):1191-1200. doi: 10.1007/s00784-
016-1892-2.

Porojan L, Toma FR, Vasiliu RD, Topald Fl, Porojan SD,
Matichescu A. Optical properties and color stability of
dental PEEK related to artificial ageing and staining.
Polymers (Basel). 2021 Nov;13(23):4102. doi: 10.
3390/polym13234102.

Bollen CM, Papaioanno W, Van Eldere J, Schepers E,
Quirynen M, van Steenberghe D. The influence of
abutment surface roughness on plaque accumulation
and peri-implant mucositis. Clin Oral Implants Res.
1996 Sep;7(3):201-211. doi: 10.1034/j.1600-0501.
1996.070302.x.

Jones CS, Billington RW, Pearson GJ. The in vivo
perception of roughness of restorations. Br Dent J.
2004 Jan;196(1):42-45 doi: 10.1038/sj.bdj.4810881.
Kurahashi K, Matsuda T, Ishida Y, Ichikawa T. Effect
of polishing protocols on the surface roughness of
polyetheretherketone. J Oral Sci. 2020 Jan;62(1):
40-42. doi: 10.2334/josnusd.18-0473.

Schwitalla A, Muller WD. PEEK dental implants:
a review of the literature. J Oral Implantol. 2013
Dec;39(6):743-749. doi: 10.1563/AAID-JOI-D-11-
00002.

Aksoy G, Polat H, Polat M, Coskun G. Effect of various
treatment and glazing (coating) techniques on the
roughness and wettability of ceramic dental
restorative surfaces. Colloids Surf B Biointerfaces.
2006 Dec;53(2):254-259. doi: 10.1016/j.colsurfb.
2006.09.016.

Parvizi Z, Ansarifard E, Taghva M, Mosaddad SA.
Effect of glazing and hydrothermal aging on the
fracture strength of metal-ceramic single restorations
after additional firing: an in vitro study. BMC Oral
Health. 2025 May;25(1):839. doi: 10.1186/s12903-
025-05972-w.




Surface roughness and color stability of PEEK

E——————————————————————————————————————————————————————————————————————————————————————————— VRHIDOLDENTAL JOURNAL

20.

21.

22.

23.

24.

25.

26.

Stawarczyk B, Beuer F, Wimmer T, Jahn D, Sener B,
Roos M, et al. Polyetheretherketone-a suitable
material for fixed dental prostheses? J Biomed Mater
Res B Appl Biomater. 2013 Oct;101(7):1209-16. doi:
10.1002/jbm.b.32932.

Turkun LS, Leblebicioglu EA. Stain retention and
surface characteristics of posterior composites
polished by one-step systems. Am J Dent. 2006
Dec;19(6):343-347.

Yap AU, Lye KW, Sau CW. Surface characteristics of
tooth-colored restoratives polished utilizing different
polishing systems. Oper Dent. 1997 Nov-Dec;22(6):
260-265.

Lopes IAD, Monteiro PJVC, Mendes JJB, Gongalves JMR,
Caldeira FJF. The effect of different finishing and
polishing techniques on surface roughness and
gloss of two nanocomposites. Saudi Dent J.
2018 Jul;30(3):197-207. doi: 10.1016/j.sdentj.2018.
04.003.

Ghazaee S, Moslehifard E, Ghaffari T, Nasirpouri F.
Effect of surface glaze treatment and mechanical
polishing on the color stability of two types of
Cad/Cam ceramics. Glass Ceram. 2024 Jan;
80(9):396-401. doi: 10.1007/s10717-023-00621-6.
Stamenkovi¢ DD, Tango RN, Todorovi¢ A, Karasan D,
Sailer I, Paravina RD. Staining and aging-dependent
changes in color of CAD-CAM materials. J Prosthet
Dent. 2021 Nov;126(5):672-678. doi: 10.1016/
j.prosdent.2020.09.005.

Um CM, Ruyter IE. Staining of resin-based veneering
materials with coffee and tea. Quintessence Int. 1991
May;22(5):377-386.

27.

28.

29.

30.

32.

33.

Cinel Sahin S, Mutlu Sagesen L. Effects of polishing
protocols on the surface roughness and color stability
of polyetheretherketone (PEEK). Eur Oral Res. 2024
Jan;58(1):1-7. doi: 10.26650/e0r.20231066580.
Bagheri R, Burrow MF, Tyas M. Influence of food-
simulating solutions and surface finish on susceptibility
to staining of aesthetic restorative materials. J Dent.
2005 May;33(5):389-398. doi: 10.1016/j.jdent.2004.
10.018.

Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C,
Linninger M, et al. Color difference thresholds in
dentistry. J Esthet Restor Dent. 2015 Mar-Apr;
27Suppl1:51-9. doi: 10.1111/jerd.12149.

Porojan L, Roxana Toma F, Diana Vasiliu R,
Matichescu A. Surface roughness and color changes
of dental PEEK related to staining beverages and
cleaning methods. Mater Today Proc. 2023;78:221-
226. doi: 10.1016/j.matpr.2022.10.174.31.

Song SY, Shin YH, Lee JY, Shin SW. Color stability of
provisional restorative materials with different
fabrication methods. J Adv Prosthodont. 2020
Oct;12(5):259-264. doi: 10.4047/jap.2020.12.5.259.
Polychronakis N, Lagouvardos P, Polyzois G, Sykaras
N, Zoidis P. Color changes of polyetheretherketone
(PEEK) and polyoxymethelene (POM) denture resins
on single and combined staining/cleansing action by
CIELab and CIEDE2000 formulas. J Prosthodont Res.
2020 Apr;64(2):159-166. doi: 10.1016/j.jpor.2019.
06.005.

Kaya N, Sasany R, Yanikoglu N, Tosun B. Investigation
of color and physicomechanical properties of peek
and pekk after storage in a different medium.
Sci Rep. 2024 Mar;14(1):5357. doi: 10.1038/s41598-
024-54695-5.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 139




