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of problem. Even though polyetheretherketone (PEEK) has become popular for various prosthetic indications, a standard
rotocol to bond the PEEK to titanium bases has not been yet established. How the heat-pressing technique performs in this
lso not clear.

he purpose of this in vitro study was to investigate the effect of an adhesive system-cement combination, the heat-pressing
and thermomechanical aging on the retention force between titanium bases and PEEK specimens.

nd Methods. Sixty 9×11×20-mm PEEK specimens with a titanium base slot integrated into the design were milled to simulate an
ported PEEK framework for a cantilevered fixed prosthesis. The specimens were assigned to 8 groups (n=10) according to the
se primer (MKZ or Monobond) and resin cement (DTK or Multilink hybrid) used and with or without thermomechanical aging.
K specimens were directly heat-pressed on titanium bases, and half of the specimens were not subjected to thermomechanical
0). For nonaged groups, the PEEK specimen complex was tightened to an implant analog and secured on a custom-made pull-off
ention forces were measured by using the pull-off tensile test in a universal testing machine, and the maximum tensile bond
Pa) was calculated. The aged groups were subjected to 5000 cycles of thermal aging (5 �C to 55 �C), and the specimens were
load the extension (cantilever) for 1 200 000 cycles with 120 N and 200 N at 1.5-Hz frequency. After aging, the pull-off test was
for those specimens that survived thermomechanical aging. A nonparametric Kruskal-Wallis test was used to determine whether
a difference among the groups, followed by pairwise Wilcoxon rank tests with Bonferroni correction. The Wilcoxon rank test was
alyze the effect of thermomechanical aging in each adhesive system-cement or heat-press group (a=.05 for all tests).

one of the specimens failed during cyclic loading. According to the Kruskal-Wallis test, the effect of the PEEK-Ti base bonding
on the retention force in the nonaged (P=.019) and thermomechanically aged groups was significant (P=.010). In the nonaged
heat-pressing technique resulted in a higher retention force than when the specimens were bonded by using the Monobond-

ybrid combination (P=.031). Thermomechanical aging did not significantly affect the results (P>.241). All failures were adhesive,
nt remaining only on the Ti-bases.

s. All bonding protocols tested resulted in a stable bond between PEEK and Ti-bases, as all specimens survived thermomechanical
heat-pressing technique resulted in mean bond strength values similar to those obtained with the tested adhesive system-cement
ns with 1 exception; the nonaged heat-pressed groups presented higher bond strength than the Monobond-Multilink hybrid
n. Failure types indicated that the weaker bond was between the PEEK and the cements tested rather than between the
ase and the cements, regardless of the adhesive system-cement combination. (J Prosthet Dent 2022;-:---)
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Figure 1. Titanium base (left) and polyetheretherketone specimens
(right).

Clinical Implications
Heat-pressing PEEK directly on titanium bases
resulted in a tensile bond strength similar to that
obtained with titanium base cemented to PEEK after
thermomechanical aging. Therefore, heat-pressing
PEEK on titanium bases is a promising technique for
clinical application. When the tested adhesive
system-cement pairs are used, the bond between
the PEEK and the cement can be considered the
weak link.
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The polyaryletherketones, also named polyketones
(PAEKs), are a relatively new family of linear aromatic
molecular chains interlinked by ketone and ether func-
tional groups.1 Popular polymers in this family are pol-
yetheretherketone (PEEK), polyether ketone (PEK), and
polyetherketoneketone (PEKK).2 PEEK has been
explored for its use as dental implants, healing and
interim implant abutments, implant-supported bars or
clasps,3 and frameworks for removable dental prosthe-
ses.4-6 PEEK has also been reinforced by adding
approximately 20 wt% of inorganic filler,4 which allowed
PEEK to serve as an alternative material for long-span
fixed partial dentures (FPDs).3,7 Improved distribution
of impact stresses, reduction in denture weight, and
lower treatment costs are some of the benefits that have
been reported.7 Three manufacturing methods are
currently available for PEEK: heat-pressing technology,
milling, or printing by using computer-aided design and
computer-aided manufacturing (CAD-CAM).8,9

Because of PEEK’s inherent properties, durable
bonding to PEEK is still problematic. In a prospective
cohort clinical study, Malo et al3 reported on a total of 37
patients rehabilitated with 49 complete-arch prostheses
with PEEK substructures veneered with pink acrylic resin
and acrylic resin denture teeth. The authors reported
mechanical complications, bonding to the PEEK sub-
structure being the most problematic. The authors also
reported the need to incorporate a titanium base (Ti-
base) to avoid damage to the PEEK infrastructure during
titanium prosthetic screw tightening in the pilot phase of
the study. The 3-year follow-up of patients from the
same clinic recently reported on problems with bonding
to PEEK frameworks.10 To improve bonding to PEEK
polymers, several surface modifications have been made
and reported to diversify the functional groups of the
PEEK polymer.11 The implementation of mechanical and
chemical surface treatments in conjunction with the
application of adhesive primers has been proposed to
bond to PEEK.9 The selection of an adhesive system is as
important as the micromechanical surface topography in
establishing a strong bond between PEEK polymers and
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composite resins.12-14 Successful bonding to PEEK has
been credited, in part, to the content and solvents found
in the adhesive systems. Adhesive systems containing
methylmethacrylate (MMA) were reported to provide
durable micromechanical interlocking and a potential
chemical bond between PEEK and resin.5,15,16 visio.link,
An MMA-containing primer, has been used to bond
composite resins to PEEK.11 However, the ideal surface
treatment to use on the Ti-base surface is still unclear.17

Manufacturers recommend the airborne-particle abra-
sion of titanium surfaces with alumina (Al2O3) or tri-
bochemical silica (SiO2) particles of different sizes, at
different pressures, and using different methods, fol-
lowed by different adhesive systems.11,18-26 PEEK can be
heat-pressed to Ti-bases without a cement or adhesive
system. The performance of the bond between PEEK and
Ti-base when the heat-pressing technique is used has
not been investigated thoroughly.

The adhesion between the PEEK and Ti-bases is
crucial for the success of PEEK implant-supported pros-
theses. Since the strength of this bond is still contro-
versial, the aim of the present study was to assess the
effect of the cement-adhesive system and the heat-
pressing technique on the retention force between Ti-
bases and PEEK frameworks. The null hypotheses were
that the adhesive system-cement combination would not
affect the retention force between the Ti-base and PEEK
framework and that the retention force between the Ti-
base and PEEK framework would not be affected by
thermomechanical aging.

MATERIAL AND METHODS

PEEK specimens (N=80) (9×11×20 mm) (BioHPP; bre-
dent GmbH & Co KG) and multiunit Ti-bases (Sky
uni.cone Prosthetic cap CAD/CAM; bredent GmbH & Co
KG) (N=80) were used in the present study. The Ti-base
design was included in the PEEK specimens to simulate
Yilmaz et al



Table 1.Overview of tests groups

Group (n=10 per Group) Ti-Base Primer Cement PEEK Primer Thermomechanical Aging

MKZ-ML MKZ primer Multilink hybrid abutment visio.link Yes

MB-ML Monobond Plus Multilink hybrid abutment visio.link Yes

MKZ-DTK MKZ primer DTK adhesive visio.link Yes

P (Heat-pressed) None None None Yes

MKZ-ML MKZ primer Multilink hybrid abutment visio.link No

MB-ML Monobond Plus Multilink hybrid abutment visio.link No

MKZ-DTK MKZ primer DTK adhesive visio.link No

P (Heat-pressed) None None None No

Figure 2. Schematic drawing of pull-off test. Maximum retention force of
titanium bases in polyetheretherketone specimens recorded while
device moved upward.
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an implant-supported PEEK framework for a cantilev-
ered fixed dental prosthesis by using a computer-aided
design (CAD) software program (Geomagic freeform;
3D Systems). The cement gap was defined as 20 mm.
Sixty PEEK specimens were milled by using a computer-
aided manufacturing (CAM) software program (Mod-
ellier; Zirkonzahn) and a milling machine (M1; Zirkon-
zahn) (Fig. 1). The surface of the PEEK specimens to be
bonded to the Ti-base was airborne-particle abraded
with 110-mm alumina at a 10-mm distance at 0.2-MPa
pressure. A resin primer (visio.link; bredent GmbH &
Co KG) was applied in a uniform single coat and poly-
merized according to the manufacturer’s recommenda-
tions. The Ti-bases were airborne-particle abraded with
110-mm alumina at a 10-mm distance and 0.2-MPa
pressure, thoroughly cleaned with a brush with alcohol,
and dried by using oil-free compressed air for 1 minute.
The titanium surface was then conditioned with either a
primer agent (Monobond Plus; Ivoclar Vivadent AG) or
MKZ primer (bredent GmbH & Co KG) for 60 seconds.
The bonding surface between the Ti-bases and the
specimens was 80 mm2. The Ti-bases and PEEK were
assigned to 6 different groups (n=10) according to the
primer and the resin cement used and whether the
bonded specimens were submitted to thermomechanical
aging or not (Table 1). For the specimens assigned to the
DTK-adhesive group, the cement was mixed with the
mixing cannula and applied directly to the PEEK and Ti-
base surfaces that were being bonded. This procedure
was conducted by the same operator (D.G.) with firm
finger pressure for 2 minutes and continuous light
pressure for 6 minutes at room temperature. Meanwhile,
a photopolymerization unit (Essentials Curing Light;
Essentials Healthcare Products) was used to accelerate
and ensure complete polymerization of the cement. The
excess cement was cleaned with a microbrush, and the
specimen was placed in its assigned group. For the
application of Multilink hybrid abutment cement (Ivoclar
Vivadent AG), the cement was dispensed with a mixing
tip directly onto the PEEK and Ti-base surface to be
bonded, and the parts were tightly pressed together with
firm finger pressure for 5 seconds. Glycerin gel (Liquid
Strip; Ivoclar Vivadent AG) was applied at the
Yilmaz et al
cementation joint to prevent the formation of an oxygen
inhibition layer, and the parts were held with continuous
light pressure for 7 minutes. Once the polymerization
was completed, the glycerin was cleaned with a micro-
brush, and excess cement was carefully removed from the
cementation joint.

Twenty specimens were fabricated by using the heat-
pressing technique. The specimens were first milled (M1;
Zirkonzahn) from wax blanks (breCAM.wax; bredent
GmbH & Co KG) based on the standard tessellation
language (STL) data set used for the milled PEEK spec-
imens and then connected to the Ti-bases (Sky uni.cone
prosthetic cap; bredent GmbH & Co KG) by melting
modeling wax between the milled wax and the Ti-base.
The specimens were embedded in a flask to burn out
the wax at 650 �C. PEEK granules (BioHPP; bredent
GmbH & Co KG) were melted and then pressed into the
flask at 400 �C by using a press machine (For2Press;
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. Schematic drawing of cyclic loading. Load applied 12 mm from
clamp, simulating loading prosthesis cantilever. 250
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Figure 4. Boxplot of retention force versus adhesive system-cement.
DTK, DTK adhesive; MKZ, MKZ primer; ML, Multilink hybrid abutment;
P, heat-press.
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bredent GmbH & Co KG) at a pressure of 0.4 MPa. After
cooling to room temperature, the test specimens were
deflasked. For the groups not subjected to thermo-
mechanical aging, the specimens were stored dry for 24
hours after cementation. Each Ti-base-PEEK framework
complex was tightened to an implant analog (SKY uni.-
cone laboratory analogue; bredent GmbH & Co KG) and
secured on a custom-made pull-off device (Fig. 2).

Retention forces were measured by using the pull-off
test in a universal testing machine (Instron Model 5566;
Illinois Tool Works) with a 10-kN calibrated load cell at a
crosshead speed of 1.0 mm/min. The maximum retention
force (Fmax) was recorded in newtons (N) and saved for
the statistical analysis. Then, the maximum bond
strength (MPa) was calculated from Fmax (N)/bonding
area (mm2). The thermomechanical aging of the speci-
mens started with thermocycling (5 �C to 55 �C, 5000
cycles) followed by mechanical cyclic loading (1 200 000
cycles at 120 N and 1 200 000 at 200 N and 1.5 Hz). The
load was applied on the extension, 12 mm away from the
clamped part of the specimens to simulate a cantilevered
prosthesis (Fig. 3). The specimen and test design were
based on previous studies.27-30 After thermomechanical
aging, the specimens were evaluated under ×10 magni-
fication by the same operator (D.G.) to check for any
micromovement or fracture.

If any micromovement between the Ti-base and the
PEEK framework was noted, the specimen was assigned
to bond failure. The specimens that survived the ther-
momechanical aging were then subjected to the pull-off
test to record the retention forces and to calculate the
tensile bond strength according to the protocol used for
nonaged specimens. After the pull-off tests, the PEEK
surface and the Ti-bases were inspected for remaining
cement and failure mode classification. Failure modes
were classified as adhesive (cement left either only on Ti-
base or PEEK), cohesive (cement left homogeneously on
THE JOURNAL OF PROSTHETIC DENTISTRY
both Ti-base and PEEK), or mixed adhesive-cohesive
(cement left on both Ti-base and PEEK, leaving parts
exposed on both structures).

A nonparametric Kruskal-Wallis test was used to test
whether there was a difference in retention force in the
nonaged and thermomechanically aged groups. In case
of significant differences, pairwise Wilcoxon rank test was
used with Bonferroni correction to find significant pair-
wise differences. To analyze the effect of thermo-
mechanical aging in each adhesive system-cement or
heat-pressing group, the Wilcoxon rank test was per-
formed (a=.05).

RESULTS

None of the specimens failed during cyclic loading. A
significant difference was found in the retention force
within the nonaged groups (P=.019) based on the
Kruskal-Wallis test. The pairwise Wilcoxon rank test with
Bonferroni adjustment indicated a significant difference
between the MB-ML and P-group (adjusted P=.031). A
significant difference was also found among the ther-
momechanically aged groups based on the Kruskal-
Wallis test (P=.010). According to the post hoc Wilcoxon
rank test, the retention force for P-group was similar to
that of MKZ-ML (adjusted P=.060) (Fig. 4). No statisti-
cally significant effect of thermomechanical aging was
detected in the adhesive system-cement or pressed-on
groups (P>.241). The maximum retention forces and
bond strength for all groups are presented in Table 2. All
failures were adhesive in mode, and cement was retained
only on the Ti-base surfaces.
Yilmaz et al



Table 2.Maximum retention force and bond strength

Study Outcomes
MKZ-DTK
(Nonaged)

MKZ-ML
(Nonaged)

MB-ML
(Nonaged)

Pressed
(Nonaged)

MKZ-DTK
(Aged)

MKZ-ML
(Aged) MB-ML (Aged) Pressed (Aged)

Max. retention force (N),
median [IQR]

680.50 [638.75,
907.00]

755.00 [585.75,
776.00]

608.00 [588.50,
680.50]*

998.50 [870.75,
1086.75]*

767.00 [648.00,
944.00]

618.00 [467.75,
644.00]

630.00 [465.50,
736.00]

1094.00 [1061.00,
1098.00]

Max. bond strength (MPa),
median [IQR]

8.6 [8.0, 11.4] 9.5 [7.4, 9.8] 7.6 [7.4, 8.6] 12.6 [11.0, 13.7] 9.7 [8.2, 11.9] 7.8 [5.9, 8.1] 7.9 [5.9, 9.3] 13.8 [13.4, 13.8]

*Groups significantly different.
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DISCUSSION

The null hypothesis that the use of varying bond system-
cement combinations or the heat-pressing technique
would not affect the retention force between the Ti-base
and the PEEK frameworks was rejected, as a significant
effect of the adhesive system-cement combination and
heat-pressing technique was observed before thermo-
mechanical aging. The second null hypothesis was not
rejected because the effect of thermomechanical aging on
the retention force between the Ti-base and PEEK
framework was not significant.

The authors are unaware of a previous study that
investigated different cementation protocols and the
resulting retention force between PEEK specimens and
Ti-bases. However, the adhesion of composite resin ce-
ments to PEEK has been investigated.13,22,23 Schmidlin
et al13 reported bond strength values ranging from 8.7 to
19 MPa by using different surface pretreatments,
including acid etching, airborne-particle abrasion, and
silica coating combined with 2 types of resin cements.
Other surface treatments for PEEK that resulted in
comparable or higher bond strength values included the
use of cold atmospheric plasma and an erbium-doped
yttrium aluminum garnet laser.14,21 These methods
were not available for the present study, and because the
bond strength reported in those studies were in a range
similar to that of alumina airborne-particle abrasion, the
PEEK specimens and Ti-bases were pretreated by using
alumina airborne-particle abrasion for standardization.
Airborne-particle abrasion has been recommended for
both bonding on PEEK and bonding on Ti-bases to
obtain surfaces with improved adhesive properties.24-26

As airborne-particle abrasion is used for many other
bonding procedures, this should also warrant its broad
applicability in clinical practice. The results of the present
study showed that the heat-pressing of PEEK on Ti-base
results in a retention force similar to that obtained with
cementation. However, the heat-pressing technique
should be compared with the other PEEK pretreatment
protocols.

Previous studies that investigated different bonding
protocols for PEEK on different substrates have mainly
focused on different types of adhesive systems. The use
of visio.link for PEEK surface conditioning, as applied in
the present study, has been reported to be a reliable
Yilmaz et al
method.24 Furthermore, the primers and resin cements
used in the present study to bond the PEEK specimens to
Ti-bases have been reported to provide durable bond
strength values, even after artificial aging.14 With regard
to the adhesive systems for Ti-bases, one of the most
widely used adhesive systems (Monobond Plus) and the
adhesive system recommended by the PEEK manufac-
turer (MKZ primer) were used.11,21 However, the authors
are unaware of studies using either DTK adhesive or
Multilink hybrid abutment to bond PEEK to Ti-bases,
suggesting the lack of knowledge on bonding of PEEK
on Ti-bases. The widespread use of different bonding
protocols on Ti-bases may also explain why, in the pre-
sent study, the failure modes all showed uniform cement
adhesion to Ti-bases but not to the PEEK test specimens,
suggesting that the weak link is the inferior adhesion
between the cement and the PEEK. This link needs to be
improved in order to recommend PEEK bonded to Ti-
bases for clinical use.

Currently, PEEK is not as frequently used as zirconia
or lithium disilicate bonded to Ti-bases for implant-
supported prostheses. Sung et al31 evaluated different
bonding procedures of lithium disilicate to Ti-bases,
reporting shear bond strength results ranging between
7.16 and 8.92 MPa. Similar to the present study, they
used thermocycling for artificial aging and reported a
significant effect of thermocycling when the Multilink
hybrid abutment was used; this was also analyzed in the
present study. Oddbratt et al22 reported bond strengths
of 1.3 to 9.3 MPa for zirconia specimens bonded on Ti-
bases by using different protocols after thermocycling.
Considering similar, or in some situations higher, bond
strength values in the present study compared with a
previous study22 with zirconia and without artificial ag-
ing, all tested bonding protocols for PEEK may be
considered suitable for clinical use. However, factors such
as the physical, optical, and veneering properties of PEEK
need to be further clinically evaluated to better under-
stand the performance of PEEK fixed prostheses with Ti-
bases. The authors are aware of only 1 study32 that
investigated the physical properties of PEEK with respect
to processing methods. The findings suggested that the
heat-pressing technique was inferior to milling from
industrially manufactured PEEK blocks in terms of
maximum facture load for 3-unit fixed dental prostheses.
However, the authors concluded that pressed PEEK was
THE JOURNAL OF PROSTHETIC DENTISTRY
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also suitable as a framework material, as the maximum
fracture loads were >1700 N, which exceeds loads that
can be expected even in posterior sites.32

The specimen design and the arrangement for cyclic
loading in the present study were similar to those of a
previous study focusing on load-to-failure tests for can-
tilevered reconstructions on Ti-bases.27 Dynamic loading
on the cantilever results in higher stresses on the bond
between the abutment and the reconstruction than direct
(compressive) loading of an implant crown, tested ac-
cording to ISO 14801:2016.33 For the thermal aging
process, a commonly used arrangement for various ma-
terials was applied. However, for cyclic loading, the
number of cycles and the force exceeded 1 200 000 cycles
with a 49-N or 98-N force, as are commonly applied.28-30

Even though relatively higher loads were applied in the
present study, the fact that no failures occurred during
cyclic loading may indicate the clinical suitability of all
techniques tested.

Limitations of this study included that no sample size
was calculated. Performing a sample size analysis based
on previously available data in the literature was not
possible, as the authors are unaware of a previous study
that compared the interaction of PEEK primers, Ti-base
primers, and adhesive resin cements with the direct
heat-pressing technique. Studies using similar testing
conditions and specimen shapes included smaller sample
sizes.27,34 Nevertheless, statistically significant differences
were demonstrated with the sample size used in the
present study, particularly for intergroup comparisons.
The PEEK specimens and Ti-bases were from one
manufacturer, and different results may be obtained with
materials from other manufacturers. As the tested Ti-
base did not contain mechanical grooves, the retention
force may be higher with Ti-bases containing additional
mechanical retention elements.
CONCLUSIONS

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

1. The retention force between PEEK and the titanium
base was not affected significantly by thermo-
mechanical aging for all combinations tested.

2. Before thermomechanical aging, the heat-pressing
technique led to higher retention force than the
Monobond adhesive-Multilink cement group.

3. The tested adhesive system-cement combinations
and heat-pressing technique resulted in a similar
retention force between PEEK and titanium base
after thermomechanical aging.

4. Adhesive failures of the resin cement from the PEEK
surfaces indicate the weak link in adhesion to this
material.
THE JOURNAL OF PROSTHETIC DENTISTRY
REFERENCES

1. Jaffe M, Menczel JD. Thermal analysis textiles and fibers. In: Jaffe M,
Menczel JD, editors. Thermal analysis of textiles and fibers. Cambridge:
Woodhead Publishing; 2020. p. 247-58.

2. Laux KA, Sue HJ, Montoya A, Bremner T. Wear behavior of poly-
aryletherketones under multi-directional sliding and fretting conditions.
Tribol Lett 2015;58:41.

3. Maló P, de Araújo Nobre M, Moura Guedes C, Almeida R, Silva A, Sereno N,
et al. Short-term report of an ongoing prospective cohort study evaluating the
outcome of full-arch implant-supported fixed hybrid polyetheretherketone-
acrylic resin prostheses and the All-on-Four concept. Clin Implant Dent Relat
Res 2018;20:692-702.

4. Rikitoku S, Otake S, Nozaki K, Yoshida K, Miura H. Influence of SiO2
content of polyetheretherketone (PEEK) on flexural properties and tensile
bond strength to resin cement. Dent Mater J 2019;38:464-70.

5. Jahandideh Y, Falahchai M, Pourkhalili H. Effect of surface treatment with Er:
YAG and CO2 lasers on shear bond strength of polyether ether ketone to
composite resin veneers. J Lasers Med Sci 2020;11:153-9.

6. Labriaga W, Song S-Y, Park J-H, Ryu J-J, Lee J-Y, Shin S-W. Effect of non-
thermal plasma on the shear bond strength of resin cements to Poly-
etherketoneketone (PEKK). J Adv Prosthodont 2018;10:408-14.

7. Jin HY, Teng MH, Wang ZJ, Li X, Liang JY, Wang WX, et al. Comparative
evaluation of BioHPP and titanium as a framework veneered with composite
resin for implant-supported fixed dental prostheses. J Prosthet Dent
2019;122:383-8.

8. Alsadon O, Wood D, Patrick D, Pollington S. Comparing the optical and
mechanical properties of PEKK polymer when CAD/CAMmilled and pressed
using a ceramic pressing furnace. J Mech Behav Biomed Mater 2019;89:234-6.

9. Gouveia D, Razzoog ME, Sierraalta M, Alfaro MF. Effect of surface treatment
and manufacturing process on the shear bond strength of veneering com-
posite resin to polyetherketoneketone (PEKK) and polyetheretherketone
(PEEK). J Prosthet Dent 5 March 2021. doi: 10.1016/j.prosdent.2021.02.003.
[Epub ahead of print].

10. de Araújo Nobre M, Moura Guedes C, Almeida R, Silva A, Sereno N. Hybrid
polyetheretherketone (PEEK)-acrylic resin prostheses and the all-on-4
concept: a full-arch implant-supported fixed solution with 3 years of follow-
up. J Clin Med 2020;9:2187.

11. Tavares Gama L, Duque T, Özcan M, Philippi A, Mezzomo L, Goncalves T.
Adhesion to high-performance polymers applied in dentistry: a systematic
review. Dent Mater 2020;36:e93-108.

12. Uhrenbacher J, Schmidlin PR, Keul C, Eichberger M, Roos M, Gernet W,
et al. The effect of surface modification on the retention strength of poly-
etheretherketone crowns adhesively bonded to dentin abutments. J Prosthet
Dent 2014;112:1489-97.

13. Schmidlin PR, Stawarczyk B, Wieland M, Attin T, Hämmerle CH, Fischer J.
Effect of different surface pre-treatments and luting materials on shear bond
strength to PEEK. Dent Mater 2010;26:553-9.

14. Bunz O, Kalz P, Benz CI, Naumova EA, Arnold WH, Piwowarczyk A. Cold
atmospheric plasma improves shear bond strength of veneering composite to
zirconia. Dent J (Basel) 2021;9:59.

15. Stawarczyk B, Taufall S, Roos M, Schmidlin PR, Lumkemann N. Bonding of
composite resins to PEEK: the influence of adhesive systems and air-abrasion
parameters. Clin Oral Investig 2018;22:763-71.

16. Caglar I, Ates SM, Yesil Duymus Z. An in vitro evaluation of the effect of
various adhesives and surface treatments on bond strength of resin cement to
polyetheretherketone. J Prosthodont 2019;28:e342-9.

17. Wiedenmann F, Liebermann A, Spintzyk S, Eichberger M, Stawarczyk B.
Influence of different cleaning procedures on tensile bond strength between
zirconia abutment and titanium base. Int J Oral Maxillofac Implants 2019;34:
1318-27.

18. Fonseca RG, Haneda IG, Almeida-Júnior AA, de Oliveira Abi-Rached F,
Adabo GL. Efficacy of air-abrasion technique and additional surface
treatment at titanium/resin cement interface. J Adhes Dent 2012;14:
453-9.

19. Banko�glu Güngör M, Karakoca Nemli S. The effect of resin cement type and
thermomechanical aging on the retentive strength of custom zirconia abut-
ments bonded to titanium inserts. Int J Oral Maxillofac Implants 2018;33:
523-9.

20. Lang R, Hiller KA, Kienböck L, Friedl K, Friedl KH. Influence of autoclave
sterilization on bond strength between zirconia frameworks and Ti-base
abutments using different resin cements. J Prosthet Dent 24 February 2022.
doi: 10.1016/j.prosdent.2022.01.028. [Epub ahead of print].

21. Raeisosadat F, Ghoveizi R, Eskandarion S, Beyabanaki E, Tavakolizadeh S.
Influence of different surface treatments on the shear bond strength of resin
cement to base metal alloys. J Lasers Med Sci 2020;1:45-9.

22. Oddbratt E, Hua L, Chrcanovic BR, Papia E. Bond strength of zirconia- or
polymer-based copings cemented on implant-supported titanium bases - an
in vitro study. Biomater Investig Dent 2021;8:129-36.

23. Musani S, Musani I, Dugal R, Habbu N, Madanshetty P, Virani D. An in vitro
comparative evaluation of micro tensile bond strength of two metal bonding
Yilmaz et al

http://refhub.elsevier.com/S0022-3913(22)00207-4/sref1
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref1
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref1
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref2
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref2
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref2
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref3
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref3
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref3
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref3
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref3
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref4
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref4
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref4
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref5
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref5
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref5
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref6
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref6
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref6
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref7
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref7
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref7
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref7
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref8
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref8
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref8
https://doi.org/10.1016/j.prosdent.2021.02.003
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref10
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref10
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref10
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref10
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref11
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref11
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref11
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref12
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref12
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref12
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref12
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref13
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref13
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref13
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref14
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref14
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref14
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref15
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref15
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref15
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref16
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref16
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref16
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref17
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref17
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref17
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref17
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref18
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref18
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref18
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref18
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref19
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref19
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref19
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref19
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref19
https://doi.org/10.1016/j.prosdent.2022.01.028
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref21
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref21
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref21
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref22
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref22
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref22
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref23
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref23


- 2022 7
resin cements bonded to cobalt chromium alloy. J Int Oral Health 2013;5:
73-8.

24. Spyropoulos D, Kamposiora P, Zoidis P. The effect of surface pretreatment
and water storage on the bonding strength of a resin composite cement to
modified PEEK. Eur J Prosthodont Restor Dent 2020;28:121-7.

25. Wang CS, Chen KK, Tajima K, Nagamatsu Y, Kakigawa H, Kozono Y. Effects
of sandblasting media and steam cleaning on bond strength of titanium-
porcelain. Dent Mater J 2010;29:381-91.

26. JohanssonC,HåkanssonA, Papia E. Bond strength between titanium andpolymer-
based materials adhesively cemented. Biomater Investig Dent 2021;8:79-86.

27. Batak B, Cakmak G, Seidt J, Yilmaz B. Load to failure of high-density poly-
mers for implant-supported fixed, cantilevered prostheses with titanium
bases. Int J Prosthodont 2021;34:608-14.

28. Dhesi GS, Sidhu S, Al-Haj Husain N, Özcan M. Evaluation of adhesion
protocol for titanium base abutments to different ceramic and hybrid mate-
rials. Eur J Prosthodont Restor Dent 2021;29:22-34.

29. Burkhardt F, Pitta J, Fehmer V, Mojon P, Sailer I. Retention forces of
monolithic CAD/CAM crowns adhesively cemented to titanium base
abutments-effect of saliva contamination followed by cleaning of the titanium
bond surface. Materials (Basel) 2021;14:3375.

30. Elsayed A, Yazigi C, Kern M, Chaar MS. Mechanical behavior of nano-hybrid
composite in comparison to lithium disilicate as posterior cement-retained
implant-supported crowns restoring different abutments. Dent Mater
2021;37:e435-42.

31. Sung HG, Ko KH, Park CJ, Cho LR, Huh YH. Composite cement compo-
nents stabilize the bond between a lithium-disilicate glass-ceramic and the
titanium abutment. J Adhes Dent 2021;23:469-75.

32. Stawarczyk B, Eichberger M, Uhrenbacher J, Wimmer T, Edelhoff D,
Schmidlin PR. Three-unit reinforced polyetheretherketone composite FDPs:
Yilmaz et al
influence of fabrication method on load-bearing capacity and failure types.
Dent Mater J 2015;34:7-12.

33. International Organization for Standardization. ISO 14801:2016 dentistry-
implants-dynamic loading test for endosseous dental implants. ISO store
order. 2016. Avaiable at: http://www.iso.org/iso/store.htm.

34. Yilmaz B, Alp G, Seidt J, Johnston WM, Vitter R, McGlumphy EA.
Fracture analysis of CAD-CAM high-density polymers used for interim
implant-supported fixed, cantilevered prostheses. J Prosthet Dent
2018;120:79-84.

Corresponding author:
Dr Samir Abou-Ayash
Department of Reconstructive Dentistry and Gerodontology
University of Bern
Freiburgstrasse 7
Bern 3007
SWITZERLAND
Email: samir.abou-ayash@zmk.unibe.ch

Acknowledgments
The authors thank Prof Robert Seghi for his expertise in thermomechanical
aging and Bredent for providing the implant parts and PEEK specimen
materials.

Copyright © 2022 by the Editorial Council for The Journal of Prosthetic Dentistry.
This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.prosdent.2022.03.026
THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(22)00207-4/sref23
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref23
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref24
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref24
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref24
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref25
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref25
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref25
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref26
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref26
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref27
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref27
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref27
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref28
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref28
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref28
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref29
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref29
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref29
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref29
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref30
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref30
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref30
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref30
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref31
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref31
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref31
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref32
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref32
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref32
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref32
http://www.iso.org/iso/store.htm
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref34
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref34
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref34
http://refhub.elsevier.com/S0022-3913(22)00207-4/sref34
mailto:samir.abou-ayash@zmk.unibe.ch
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.prosdent.2022.03.026

	Effect of adhesive system, resin cement, heat-pressing technique, and thermomechanical aging on the adhesion between titani ...
	Material and methods
	Results
	Discussion
	Conclusions
	References


