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Abstract
Introduction: Polyether ether ketone (PEEK) has low surface energy and high resistance to chemical 
surface treatments. Therefore, different surface treatments such as laser conditioning should be 
investigated. There is a gap of information regarding the efficacy of laser irradiation in the surface 
treatment of PEEK, and the efficacy of several laser types needs to be evaluated for this purpose. This 
study aimed to assess the effect of surface treatment with erbium-doped yttrium aluminum garnet 
(Er:YAG) and carbon dioxide (CO2) lasers on shear bond strength (SBS) of PEEK to composite resin 
veneers. 
Methods: In this experimental study, 60 rectangular-shaped PEEK samples (7 x 7 x 2 mm) were used. 
The samples were mounted in auto-polymerizing acrylic resin in such a way that only one surface 
measuring 7x7 mm remained exposed. The samples were then randomly divided into 3 groups (n = 20) 
of control, Er:YAG laser surface treatment (Power = 1.5 W, energy density = 119.42 J/cm2, irradiation 
time = 20 s) and CO2 laser surface treatment (Power = 4 W, energy density = 159.22 J/cm2, irradiation 
time = 50 s). The bonding agent and PEEK opaque were applied on the surface of samples and they were 
veneered with a composite resin using a hollow plastic cylinder with an internal diameter of 4 mm. 
The SBS was then measured and the data were analyzed using one-way ANOVA, Tukey HSD test and 
Dunnett’s test at 0.05 level of significance. 
Results: The SBS of the 3 groups was significantly different (P < 0.001). The Tukey HSD test revealed that 
the Er:YAG laser had higher SBS than the CO2 laser group (P < 0.001). The Dunnett’s test showed that 
both Er:YAG and CO2 laser groups yielded higher SBS than the control group (P < 0.001). 
Conclusion: The Er:YAG and CO2 laser treatments can increase the SBS of PEEK to composite resin 
veneers, although the Er:YAG laser seems to be more effective for this purpose. 
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Introduction
Composite materials fabricated by the computer-aided 
design/computer-aided manufacturing techniques 
have shown promising results when used for dental 
restorations. However, due to some shortcomings, new 
generations of dental composites have been introduced 
to the market, including polyaryletherketone, polyether 
ether ketone (PEEK), polyetherketoneketone, and PEEK/
polyetherketoneketone reinforced with mineral fillers, 
which have optimal wear properties.1 PEEK is a tooth-
color synthetic polymer from the polyaryletherketone 
family and is a new type of high-temperature 
thermoplastic polymer with an aromatic molecular 
chain and functional ketone and ether groups attached 
to each other.2 Its advantages include natural appearance 
resembling that of natural teeth (compared to metal), an 
easy shaping ability by dental burs, lower cost than gold, 

lower weight compared to ceramics and titanium, easy 
use, optimal biocompatibility, low plaque accumulation, 
and elasticity properties similar to those of bone, enamel 
and dentin, which make it suitable for use as a restorative 
material.3 PEEK also has favorable dimensional stability 
at high temperatures (melting temperature >300°C), high 
chemical and mechanical resistance to wear and high 
tensile strength, fatigue resistance, and flexural strength.4 
Thus, it has several dental applications in dental implants, 
implant abutments, removable dentures, and fixed partial 
dentures.5 However, PEEK has such a shortcoming as its 
optical properties including low translucency and gray 
color, limiting its application for monolithic restorations. 
Thus, a layer of composite resin should be applied over it, 
which may compromise achieving a strong bond between 
the composite resin and PEEK. PEEK has low surface 
energy and high resistance to chemical surface treatments 
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because the aromatic chemical structure of ketone 
and other constituents of PEEK create an inert surface 
with suboptimal bonding capabilities.6-8 Therefore, 
since a durable bond is imperative for the long-term 
service and durability of restorations, several methods 
such as chemical adhesion, mechanical retention or a 
combination of both have been suggested to enhance the 
bond.9 These strategies are commonly used for metal and 
ceramic veneers. Thus, they may be applicable to PEEK 
as well.8,10 Previous studies have indicated that surface 
treatment is imperative to achieve a strong bond between 
PEEK and composite resin.7,9-14 The commonly used 
surface treatments include air abrasion, silica coating, acid 
etching and plasma treatment to enhance surface wetting 
and bond strength.15 The results regarding the efficacy of 
these techniques have been controversial and inconclusive. 
However, the majority of studies have shown that surface 
treatment with 98% sulfuric acid yields higher shear bond 
strength (SBS) than other methods.2,10,16-19 However, due 
to its highly corrosive nature, sulfuric acid with such a 
high concentration cannot be used in the clinical setting 
since it can cause serious injury when it is in contact with 
the mucosa.17 

Energetic treatments such as plasma or corona 
discharge on polymers have shown promising results.20-22 
However, laser treatment has some advantages; it can be 
applied to a specific area, offers different treatments, and 
leads to more accurate results with little surface damage. 
Laser treatment has been used in the past to functionalize 
the surfaces of several low-energy polymers to enhance 
their usability in multiple applications.22,23As PEEK is 
a thermoplastic polymer, it may be affected by laser 
treatment.24 Therefore, It seems that laser irradiation may 
be a promising alternative to improve the bond strength 
without changing the main bulk features of the material. 

 There are several types of lasers which can be utilized, 
such as Erbium-doped yttrium aluminum garnet 
(Er:YAG) and carbon dioxide (CO2). A study by Zhang 
et al who examined the effect of laser treatment on flame-
sprayed PEEK coating showed that the CO2 laser beam 
is better melted than the Nd:YAG laser.25 Moreover, 
in studies on the densification of polymer coatings, it 
was found that the CO2 laser was easily absorbed by 
polymers.25-27 On the other hand, the majority of studies 
on the surface treatment of PEEK with lasers have 
focused on the bond strength of PEEK to resin cement 
and have reported controversial results.15,17,28 A search of 
the literature by the authors revealed one previous study 
on the effect of Er:YAG laser treatment on bond strength 
of composite resin veneers to PEEK. They observed that 
a combination of airborne-particle abrasion or silica 
coating with Er:YAG laser irradiation provided a durable 
bond while the Er:YAG laser beam alone did not enhance 
the bond strength.29 Therefore, surface treatment seems 
imperative to enable a bond between PEEK and composite 
resin veneers. On the other hand, alternative approaches 

should be studied as well. Moreover, there is a gap of 
information regarding the efficacy of laser irradiation in 
the surface treatment of PEEK, and the efficacy of several 
laser types needs to be evaluated for this purpose. This 
study aimed to assess the effect of surface treatment of 
PEEK with Er:YAG and CO2 lasers on the SBS of PEEK 
to composite resin veneers. The null hypothesis was that 
the SBS of PEEK to composite resin veneers would not be 
affected by laser surface treatment. 

Materials and Methods 
In this in vitro, experimental study, 60 rectangular samples 
of PEEK (Bio-HPP, Bredent, Germany) measuring 7 
× 7 × 2 mm were fabricated by a cutting machine. The 
samples were mounted in auto-polymerizing acrylic resin 
(Acrosoft SL, Marlic, Iran) in such a way that only one 
surface measuring 7 × 7 mm remained exposed. The 
surface of samples was polished using 400-1000-grit 
silicon carbide abrasive papers for 10 seconds with finger 
pressure. All samples were cleaned in an ultrasonic bath 
containing deionized water for 10 minutes. The samples 
were then randomly divided into 3 groups (n = 20) as 
follows:
1.	 Control group: No surface treatment
2.	 CO2 group: The surface of samples was irradiated 

with the CO2 laser (DS 10UD, Daeshin, Korea) with 
4 W power, the energy density of 159.22 J/cm2, a 
10600 nm wavelength and 50 s irradiation time in 
a continuous mode. The laser was irradiated using 
a noncontact handpiece (spot size: 4 mm) with Air 
cooling.30

3.	 Er:YAG group: The surface of samples was irradiated 
with the Er:YAG laser (2940 D Plus, DEKA, Italy) 
with a 2940 nm wavelength, 150 mJ energy, 20 s 
irradiation time, 1.5 W output power and 119.42 J/
cm2 energy density in a pulse mode (10 Hz) with 
700 µs pulse duration at a 10 mm distance using a 4 
mm diameter titanium articulated arm transmission 
system (spot size: 4 mm) with a sweeping motion. 
The surface was cooled with water spray at a 5 mL/
min rate during laser irradiation.31 

After surface treatment, a thin layer of adhesive (Visio-
Link, Bredent, Germany) was applied on the surface of 
the samples with one movement of a micro-brush and 
immediately light-cured for 90 seconds using dental 
laboratory polymerizer (Labolight LV III, GC, Japan). 
Next, a thin layer of resin opaquer (Crea.Lign Opaquer 
A2, Bredent GmbH, Senden, Germany) was applied 
on the entire surface of the samples and light-cured for 
180 seconds. An empty hollow plastic cylinder with an 
internal diameter of 4 mm and a height of 1.5 mm was 
placed on the surface of the samples and one layer of the 
veneering composite resin (Crea.lign paste A2, Bredent 
GmbH, Senden, Germany) with 1.5 mm thickness was 
applied on the samples and light-cured for 180 seconds 
according to the manufacturer’s instructions. The samples 
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were stored in distilled water at 37°C for 24 hours. The 
SBS of specimens was measured using a universal testing 
machine (STM-20, Santam, Iran) at a crosshead speed of 
1 mm/min.

The collected data were analyzed using SPSS version 21. 
The normal distribution of data was evaluated using the 
Shapiro-Wilk test. One-way ANOVA was used to compare 
the means of the SBS of the 3 groups. The Tukey HSD 
test was used for the pairwise comparison of the Er:YAG 
laser and CO2 laser groups while the Dunnett’s test was 
applied to compare these 2 groups with the control group 
(α=0.05).

Results 
The Kolmogorov-Smirnov test and the Shapiro-Wilk test 
showed that the SBS data were normally distributed. Table 
1 shows the mean and standard deviation of the SBS of 
the groups.

One-way ANOVA revealed a significant difference in 
the SBS of the 3 groups (P < 0.001). The Tukey HSD test 
compared the SBS of the Er:YAG laser and CO2 laser 
groups and showed that the Er:YAG laser group had 
3.86±0.58 MPa higher SBS than the CO2 laser group 
(P < 0.001). The Dunnett’s test compared the SBS of 
the Er:YAG laser and CO2 laser groups with that of the 
control group and showed that both lasers yielded higher 
SBS than the control group (6.76 ± 0.58 and 2.9 ± 0.58 
MPa respectively); these differences were statistically 
significant (P < 0.001).

Discussion
This study aimed to assess the effect of Er:YAG and CO2 
lasers on the SBS of PEEK to composite resin veneers. The 
results showed that both laser types yielded a higher bond 
strength than the control group in such a way that the 
Er:YAG laser yielded the highest and the control group 
yielded the lowest SBS value. Thus, the null hypothesis 
regarding no significant effect of laser irradiation on the 
SBS of PEEK to composite resin veneers was rejected.

In this study, adhesive resins and opaque composites 
were applied prior to the surface treatment and the 
application of the veneering. Previous studies have shown 
the optimal efficacy of adhesive resins in creating a durable 
bond between PEEK and composite resin veneers.9,11,12,18 
Also, the majority of manufacturers have recommended 
different adhesive systems for this purpose.8 Thus, in this 
study, chemical bonding was achieved by the application 
of adhesive resins and opaque composites. A recent study 
revealed that Visio-Link yielded the strongest bond of 
resins to PEEK. Visio-Link contains pentaerythritol 
triacrylate in the form of a solution, methyl methacrylate 
monomers, and dimethacrylates.12 

The SBS, pull-out, tensile and microtensile tests have 
been suggested to measure the bond strength. It is 
important to apply the stress to the bonding interface 
irrespective of the type of test used. Some studies performed 

tensile or microtensile tests to eliminate non-uniform 
stresses at the interface.32,33 However, the shear test is most 
commonly used for this purpose. Each test has its own 
advantages and disadvantages, and no consensus has been 
reached on the most preferred test.34,35 Although tensile 
tests are commonly used, they can lead to unequal stress 
distribution.36 Moreover, sample preparation in this test 
is complex and if not properly controlled, torque stresses 
are created, decreasing the bond strength.37 On the other 
hand, very small samples are required for the microtensile 
test to equalize the stress distribution. The microtensile 
test is difficult to perform and is easily affected by different 
variables. Although the microshear test is easier than the 
microtensile test, its superiority to the conventional shear 
test has not been confirmed.37 The shear test is performed 
easily and is suitable for the prediction of the performance 
of materials. It can simulate the loads applied to materials 
in the oral environment.29,38,39 However, since the clinical 
setting is more complex, the results of in vitro studies 
should be interpreted with caution.37 Thus, the shear test 
was used in this study. 

The efficacy of several surface treatments has been 
evaluated to overcome the challenges encountered in 
the bonding of composite resin veneers to PEEK. Laser 
irradiation is among the suggested surface treatments 
for this purpose. Researchers have recently focused on 
laser application to enhance the bonding of different 
dental materials such as ceramics and resin-based 
materials.15,17,28,31,40-43 The Er:YAG laser is the most 
commonly used laser type for the surface treatment of 
dental materials.29,31 Different energy levels of the Er:YAG 
laser have been used by investigators.44-46 In this study, we 
preferred to use lower powers of the Er:YAG laser because 
the use of higher laser powers (400 and 600 mJ) would 
cause excessive destruction of material.47

The CO2 laser is also used in dentistry. Evidence shows 
that it is suitable for the surface treatment of ceramic 
materials, probably because of its wavelength, which is 
almost totally absorbed by the ceramic substrates.31 Akyil 
et al reported that the CO2 laser with 4 W output power 
can be used for the surface treatment of Y-TZP ceramics.43 
Therefore, there is a possibility that this laser type can 
be used for PEEK surface treatment as well. Thus, the 4 
W CO2 laser was used in this study. To the best of the 
authors’ knowledge, no previous study has evaluated the 
effect of surface treatment with the CO2 laser on the bond 
strength of PEEK to composite resin veneers. 

Several studies have evaluated the efficacy of laser 

Table 1. The Mean SBS (MPa) of the Samples Subjected to Different Surface 
Treatments

Group N Mean ± SD

Er:YAG laser 20 14.4 ± 1.7

CO2 laser 20 10.6 ± 1.9

Control 20 7.7 ± 1.8
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irradiation in the surface treatment of ceramics, 
particularly zirconia.30,31,43 However, studies regarding 
the use of lasers for the surface treatment of PEEK to 
enhance its bond strength to composite resin veneers 
are limited. As a result, there have not been many studies 
to compare our results with the results of theirs. To the 
best of the authors’ knowledge, only Ates et al29 have 
previously studied this topic. They used the Er:YAG 
laser for the surface treatment of PEEK. They evaluated 
the effect of laser irradiation alone and in combination 
with airborne particle abrasion and silica coating. They 
found that airborne particle abrasion and silica coating 
and their combination with the Er:YAG laser created 
a durable bond between PEEK and composite resin 
veneers. However, laser irradiation alone had no positive 
effect on the bond between the 2 materials. According 
to ISO 10477, the minimum acceptable SBS is 5 MPa at 
the interface of resin-based materials and substrates.48 
The minimum clinical SBS of resin-based materials in 
the oral environment has been reported to be 10 to 12 
MPa.49,50 In the study by Ates et al,29 although the SBS 
values were within the range suggested by ISO 10477, 
the SBS values obtained in the control and laser groups 
were lower than the clinically required values. In the 
present study, however, the SBS values in both Er:YAG 
(14.5 MPa) and CO2 (10.5 MPa) laser groups were higher 
than the minimally required threshold in the clinical 
setting (although the SBS value in the CO2 group was 
borderline). 

In general, 2 main mechanisms in laser-induced 
surface modification has been suggested: photochemical 
and thermal.51 The factors affecting these phenomena 
are material features, laser wavelengths and intensities, 
and the operation mode of the laser.52,53 As CO2 and 
Er:YAG lasers operate at longer wavelengths and cannot 
break common molecular bonds in polymeric materials 
due to their insufficient photon energies, they may not 
be suitable for the modification of different polymers by 
photochemical mechanisms. Therefore, they possibly 
work in a thermal way.53 In a thermal mechanism, the 
material must absorb the radiation significantly to induce 
enough temperature increase allowing reactions to 
proceed. In other words, surface modifications occurred 
due to the thermal heating effect of the laser. Absorbed 
energy in a material prompts the atoms of this material 
to move within the lattice and collide with each other. 
Moreover, it increases the density of free electrons and 
offers a considerable amount of kinetic energy.53 In the 
present study, contrary to the Er-YAG laser, the results 
for the CO2 laser showed that the inertness of the PEEK 
surface was influenced only, to a minor degree, by the 
radiation, which is consistent with the study by Hartwig 
et al.24 

One of the most important parameters in the surface 
modification is the laser wavelength because different 
amounts of energy are absorbed by the material at 

different wavelengths. Another parameter is power 
density which can be helpful when the material is not 
absorbing adequate amounts of energy at a specific 
wavelength. By increasing it, energy absorption by the 
material can be enhanced at that particular wavelength.53 

Thus, further studies are required on different laser types 
and their ideal exposure parameters for this purpose.

Recently, a different pulse duration mode was 
introduced for the Er:YAG laser, namely the quantum 
square pulse (QSP) mode (LightWalker AT, Fotona, 
Ljubljana, Slovenia).29, 54 In the QSP mode, a longer laser 
pulse is divided into several smaller pulses (pulse quanta), 
which follow each other in an optimally fast sequence. 
This enables the QSP mode to create low-energy short 
pulses with efficacy similar to that of laser pulses with 
higher energy and longer duration without compromising 
efficiency and accuracy. The main advantage of the QSP 
mode is that it minimizes the adverse effects of laser 
beam scattering and absorption in the particle mass 
during ablation54 Thus, although the Er:YAG laser has 
high penetration depth, the QSP mode may be more 
effective in creating an optimal substrate surface. With 
regard to the surface treatment of PEEK, only one study 
used the QSP mode and assessed the effect of the laser on 
the bonding of composite resin veneers to PEEK.29

Kurklu et al,55 in 2013, used graphite powder and 
hydroxyapatite for further energy absorption in the use 
of Nd:YAG, Er:YAG and CO2 lasers, which enabled the 
creation of a rough surface with lower laser powers. In 
the study by Kurklu et al,55 CO2, Nd:YAG and Er:YAG 
lasers at different powers were shown to be effective in 
different restorative materials. Thus, if these particles are 
used on PEEK prior to laser irradiation, a higher SBS may 
be achieved; this topic needs to be investigated in future 
studies. 

Not performing thermocycling or long-term water 
storage was among the limitations of this study. Surface 
roughness following the surface treatment with the laser 
was not evaluated in this study either, which needs to 
be evaluated in future studies. Moreover, only one type 
of composite resin veneer was used in this study, which 
decreases the generalizability of the results and its 
comparability with other studies. 

This study had an in vitro design; therefore, the obtained 
results should be interpreted by taking into account the 
limitations of in vitro studies. Loads applied in vitro are 
different from those applied in the clinical setting. Thus, 
long-term clinical studies in the oral environment are 
required to assess the success of the bond of the veneering 
composites to PEEK surfaces.

Conclusion
Within the limitations of this study, it may be concluded 
that:
1.	 Surface treatment with Er:YAG and CO2 lasers 

yields the minimal clinically acceptable SBS values; 
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the value obtained in the CO2 laser group was 
borderline. 

2.	 The highest SBS values were noted in the Er:YAG 
laser group. Thus, Er:YAG laser irradiation can be a 
suitable method for increasing the SBS of composite 
resin veneers to the surface of PEEK coping. Further 
studies are required to find the most efficient type 
and parameters of a laser for this purpose. 
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