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ABSTRACT 
 
INTRODUCTION: Removable partial dentures (RPDs) are fabricated to replace the lost teeth of a partially edentulous individual. The 
serviceability of an RPD is dependent on the bond strength at the resin–framework interface. The esthetically unacceptable display of metal 
clasps, the increased weight of the prosthesis, the potential for metallic taste, and allergic reactions to metals led to the introduction of a 
number of thermoplastic materials in clinical practice such as nylon and acetal resins. An alternative restoration material (poly-ether-ether-
ketone [PEEK]) has been successfully used over the last years. 
OBJECTIVES: to evaluate the shear bond strength and the effect of aging on bond strength of two different resin based materials to poly-
ether-ether-ketone [PEEK]. 
MATERIALS AND METHODS: Fifty two PEEK cylinders was prepared. Specimens was randomly assigned into two parallel groups, 26 
specimens each according to the resin materials used. The bond strength and aging of resin material to poly-ether-ether-ketone [PEEK] was 
evaluated. 
RESULTS: the initial shear bond strength of PMMA to PEEK was significantly higher than that of composite resin to PEEK. However, after 
aging process the shear bond strength of PMMA to PEEK decreased while that of composite resin to PEEK remained unchanged. There was 
no significant difference between the shear bond strength of both PMMA and composite resin to PEEK after aging. 
CONCLUSIONS: PMMA can be used as a veneering material with PEEK with comparable results to traditionally used composite resin. 
Moreover, owing to the adequate bond strength between PEEK and PMMA, PEEK frameworks could be relined in the traditional method 
similar to metal frameworks 
KEYWORDS: PEEK, PMMA, Composite resin, Shear bond strength, Thermocycling, in vitro.  
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INTRODUCTION 
Poly-ether-ether-ketone (PEEK) is a polymer from the 
group poly-aryl-ether-ketone (PAEK). It is a relatively new 
family of high-temperature thermoplastic polymers, 
consisting of an aromatic backbone molecular chain, 
interconnected by ketone and ether functional groups (1). 
     Historically, the availability of PEEK arrived at a time 
when there was growing interest in the development of 
“isoelastic” hip stems and fracture fixation plates with 
stiffness comparable with bone (2). 
     By the late 1990s, PEEK had emerged as the leading 
high-performance thermoplastic candidate for replacing 
metal implant components, especially in orthopedics (3) and 
trauma (4). Not only was the material resistant to simulated 
in vivo degradation, including damage caused by lipid 
exposure, but starting in April 1998, PEEK was offered 
commercially as a biomaterial for implants (Invibio Ltd., 
Thornton Cleveleys, United Kingdom) (5). Facilitated by a 
stable supply, research on PEEK biomaterials flourished 
and is expected to continue to advance in the future (6). 
     The monomer unit of ether-ether-ketone monomer 
(Figure 1) polymerizes via step-growth dialkylation 
reaction of bis-phenolates to form PEEK. A common 
synthesis route for PEEK is the reaction between 4,40-
difluorobenzophenone and the disodium salt of 
hydroquinone in a polar solvent at 300 ˚C. It is a semi-
crystalline material having a melting point around 335 ˚C.   
PEEK can modified either by the addition of functionalized 
monomers (pre-polymerization) or post-polymerization 

modifications by chemical processes such as sulfonation, 
amination and nitration (7). 
 

 
Figure 1: Chemical Structure of PEEK 
 
      Due to its elastic modulus, similar to that of cortical 
bone, it plays an important role as a viable alternative to 
conventional implant materials such as titanium in the field 
of orthopedics (8) and traumatology (9). Also in the field of 
dentistry, where traditionally a wide range of alloplastic 
materials is used, the application of PEEK increases 
replacing those conventional dental materials (10). This can 
be associated with distinct problems. Besides 
hypersensitivities against distinct components of dental 
composites on the one hand, even titanium, which is known 
as a proven biocompatible metal, has recently been 
suspected to provoke inflammatory reactions on the other 
hand (11). Additionally, more and more patients desire 
metal free reconstructions (12), to avoid the risk of oral 
galvanism for instance (13). Due to its mechanical 
properties, which can be influenced by adding different 
compound materials (1), PEEK might represent a viable 
biomaterial, not only able to replace conventional polymers, 
but also even metals, alloys and ceramics in the field of 
dentistry. 
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       The use of RPDs in clinical practice remains a viable 
and predictable treatment modality. Data on future needs for 
RPDs indicate that the need for RPDs is actually predicted 
to increase as the geriatric population increases which 
includes a high percentage of partially edentulous patients 
(14). The use of alternatives to RPD such as implants may 
not always be practical for a number of reasons and the 
benefits of RPDs are well documented (15). 
      Traditional RPD with Co-Cr frameworks and clasps 
have been an inexpensive and predictable treatment option 
for the rehabilitation of partially edentulous patients (16).   
The esthetically unacceptable display of metal clasps, 
increased weight of the prosthesis, potential for metallic 
taste, and allergic reactions to metals led to the introduction 
of a number of thermoplastic materials in clinical practice 
such as nylon and acetal resins. Nylons provide improved 
esthetics and reduction of rotational forces on the abutment 
teeth due to their low elastic modulus. The major 
disadvantage of a nylon RPD is the inability for a reline 
procedure and the lack of occlusal rests as well as rigid 
frameworks that could lead to occlusal instability and 
sinking, especially in Kennedy class I and II cases. On the 
other hand, acetal resins present adequate mechanical 
strength to form a framework more rigid than nylon with 
retentive clasps, connectors, and supportive elements; 
however, the acetal resin material lacks natural translucency 
and vitality (17). 
     Alternatively, RPDs can be constructed by using PEEK. 
Its elasticity can reduce stresses transferred to the abutment 
teeth. Furthermore, the white color of PEEK frameworks 
provides a different esthetic approach than the conventional 
metal framework display does. Additional advantages of 
this polymer material are elimination of allergic reactions 
and metallic taste, high polishing qualities, low plaque 
affinity, and good wear resistance (18). 
     RPDs can be constructed more efficiently by using 
PEEK computer-aided design and computer-aided 
manufacture systems (1). The use of CAD-CAM as a 
manufacturing process could lead to further process 
simplification, providing a cost and time-saving approach 
and eliminating tool wear (19). 
     PEEK features a white colored appearance as compared 
to metal reconstructions. However, from the aesthetic point 
of view, it still requires veneering owing to its low 
translucency and grayish pigmentation. Consequently, 
durable bonding must be achieved to ensure an adequate 
functional outcome and long-term stability. The latter can 
be established by chemical adhesion, (micro) mechanical 
retention, or a combination of both and depends on the 
composition and interaction of the materials used (20). 
    In this context, one disadvantage of using PEEK in 
prosthetic dentistry is a difficulty to achieve adequate bond 
strength to resin materials owing to its low surface energy 
and resistance to surface modification by different chemical 
treatments (21). 
     In view of the limited data available on bonding to PEEK 
materials and the lack of data on bonding between PEEK 
and acrylic resin, the purpose of this study is to evaluate the 
bond strength and the effect of aging on bond strength of 
two different resin based materials (composite resin and 
acrylic resin) to PEEK. 
 
 
 

MATERIALS AND METHODS 
Materials 
Materials which were used in this study are: 
1. Framework material: 

• BioHPP; modified PEEK (BioHPP; Bredent GmbH, 
Senden, Germany) 

2. PMMA and composite primer for bonding (Visio.link; 
Bredent GmbH, Senden, Germany) 

3. Resin materials: 
a. Heat cure acrylic material (Acrostone; Acrostone Dental 

Manufacturer, Egypt Acrostone; Acrostone Dental 
Manufacturer, Egypt) 

b. Composite resin (Visio.lign; Bredent GmbH, 
Senden, Germany) 
Equipments 

• Universal testing machine (AG1, Shimadzu Corporation, 
Kyoto, Kyoto Prefecture, Japan) to test shear bond strength 

• Thermocycling machine (Custom made; Dental 
Biomaterials Department, Faculty of Dentistry, Alexandria 
University, Egypt) for aging process  
Methods 
Preparation of the framework specimens 
Modified PEEK specimens 
Fifty two patterns were fabricated as cylinders (10 mm 
diameter and 10 mm height) by using hard inlay wax (Pyrax 
Inlay wax, Pyrax Polymars, Uttarakhand, India). The inlay 
wax was melted in a hot water bath and poured into a 
custom-made mould with the required dimensions. Then the 
wax patterns were invested in a specially designed dental 
flask and sprues were made to allow the flow of the material 
into the required spaces. After complete burning out of the 
wax, the modified PEEK material containing 20% ceramic 
fillers (BioHPP; Bredent GmbH, Senden, Germany) was 
pressed into the flask by melting and vacuum pressing. The 
overall burnout schedule before pressing following the 
manufacturer’s instructions. Each cylinder was then cleaned 
ultrasonically in distilled water for 60 s, and then air dried. 
Standardization of bonding area  
In order to standardize the bond area for the specimens, a 
Double-sided tape with a 6-mm diameter hole was attached 
to one flat surface of each cylinder to create fifty two 
specimens with a defined bond area (19.6mm2). For this 
purpose, a Teflon O-ring (5.0-mm internal diameter, 1mm 
thick) was positioned on these flat surfaces in such a way 
that its hole was contiguous with the hole in the double-
sided tape.  
Grouping  
The specimens were divided into two groups; 26 specimens 
each: 

• Group I (Control group); modified PEEK specimens 
bonded to composite resin (Visio.lign) 

• Group II (Study Group); modified PEEK specimens bonded 
to heat cured PMMA.  
     After the specimens preparation, each group was further 
divided into 2 subgroups (13 specimens each), one 
subgroup was tested after initial bonding and the other 
subgroup was tested after thermocycling process 
Surface treatment 
The surface of all the specimens were then sandblasted by 
using 110 µ aluminum oxide (Al2O3) at 0.25 MPa for 30 
seconds at a distance of 1 cm, and then cleaned with water 
in an ultrasonic bath for 10 minutes.   
Resin Bonding  
PMMA 
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PMMA (23 g/10 mL) (Acrostone; Acrostone Dental 
Manufacturer, Egypt) was packed and polymerized 
according to the manufacturer’s instructions. Before 
packing, the bonding agent; Visio.Link (Bredent GmbH, 
Senden, Germany), was applied on the surface of the 
specimens according to manufacturer’s instructions. Once 
polymerization was complete, the specimens were stored in 
distilled water at room temperature for 24 hours.  
Composite Resin  
Visio.lign (Bredent GmbH, Senden, Germany) was used 
according to the manufacturer’s instructions. Before 
composite resin application, bonding agent; Visio.Link 
(Bredent GmbH, Senden, Germany), was applied on the 
surface of the specimens according to the manufacturer’s 
instructions. Once polymerization was complete, the 
specimens were stored in distilled water at room 
temperature for 24 hours.  
Shear bond strength testing 
Shear Bond strength of randomly selected thirteen 
specimens of each group was determined by placing each 
specimen in a universal testing machine (AG1, Shimadzu 
Corporation, Kyoto, Kyoto Prefecture, Japan) at a crosshead 
speed of 1.0mm/ min until the specimen failed. 
      The Shear bond strength is then determined by the 
equation: 
τ = Pc/A 
Where Pc is the critical load to debonding and A is the 
bonded area.  
Aging and Shear bond strength testing 
Shear Bond strength of the other thirteen specimens of each 
group was determined after thermocycling in distilled water 
for 1000 cycles between 5°C and 55°C. The specimens were 
then placed in a universal testing machine as previously 
mentioned 
Data management & statistical analysis  
The data was processed, and analyzed using Statistical 
Package for Social Sciences program SPSS (15.0) software 
(SPSS Inc., Chicago IL, USA). The study included 
descriptive and analytical data. A P-value of less than 0.05 
was considered statistically significant. 
 
RESULTS 
Shear bond strength testing results: 
Shear Bond strength of randomly selected thirteen 
specimens of each group (the control and study groups) was 
determined by placing each specimen in a universal testing 
machine. Data was fed to the computer and analyzed using 
IBM SPSS software package version 20.0. (Armonk, NY: 
IBM Corp) The Kolmogorov-Smirnov test was used to 
verify the normality of distribution quantitative data was 
described using range (minimum and maximum), mean, 
standard deviation and median. Mann Whitney test was 
used for data analysis. Significance of the obtained results 
was judged at the 5% level. The shear bond strength values 
are presented in (Table 1) and (Figure 2). 
 
 
 
 
 
 
 
 

Table 1: Comparison of the shear bond strength between 
the Control group and Study group 

 

 
Figure 2: Comparison of the shear bond strength between the 
control group and study group 
 
      The mean value for shear bond strength was found to be 
higher for the study group (Group II) than control group 
(Group I). The statistical analysis revealed significant 
difference between the two groups where (p≤0.05).  
Shear bond strength testing results after aging: 
Shear Bond strength of the other thirteen specimens of each 
group (the control and study groups) was determined, after 
thermocycling in distilled water for 1000 cycles between 
5°C and 55°C. The specimens were then placed in a 
universal testing machine. Data was fed to the computer and 
analyzed using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp) The Kolmogorov-Smirnov test 
was used to verify the normality of distribution quantitative 
data was described using range (minimum and maximum), 
mean, standard deviation and median. Mann Whitney test 
was used for data analysis. Significance of the obtained 
results was judged at the 5% level. The shear bond strength 
values are presented in (Table 2) and (Figure 3). 
 
Table 2: Comparison between the shear bond strength of 
the control and study groups after aging 
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Figure 3: Comparison between the shear bond strength of the 
control and study groups after aging 
 
       The mean value of shear bond strength was found to be 
the same for the control and study groups. The statistical 
analysis revealed no significant difference between the two 
groups where (p≤0.05). 
Effect of Thermocycling: 
A comparison between the results of each study group 
before and after thermocycling were performed. Data was 
fed to the computer and analyzed using IBM SPSS software 
package version 20.0. (Armonk, NY: IBM Corp) The 
Kolmogorov-Smirnov test was used to verify the normality 
of distribution quantitative data was described using range 
(minimum and maximum), mean, standard deviation and 
median. Mann Whitney test was used for data analysis. 
Significance of the obtained results was judged at the 5% 
level. The shear bond strength values are presented in 
(Table 3) and (Figure 4). 
 
Table 3: Comparison of the effect of aging for the control 
and study groups  

 
 

 
Figure 4: Comparison of the effect of aging for the control and 
study groups 
 

      For group I, the mean shear bond strength was found to 
be higher after aging. The statistical analysis revealed no 
significant difference where (p≤0.05), while in group II, the 
mean shear bond strength was found to be higher before 
aging. The statistical analysis revealed significant 
difference where (p≤0.05). 
 
DISCUSSION 
A new restoration material (poly-ether-ether-ketone 
[PEEK]) has been successfully used over the last few years 
in the medical field, and specially in orthopedics (22). 
    Although PEEK in general has been successfully used for 
years in orthopedics and medical technology, it has only 
recently been used in dentistry. Thus, studies evaluating the 
properties of this material are limited. The existing reports 
on this material are generally in vitro, emphasizing the need 
for further studies. 
     The grayish and opaque color of PEEK limits the 
application as a sole restoration. Therefore, PEEK needs to 
combine with esthetic resin material. However, the bond 
strength of the material is low when combined with resin 
materials because of the inert chemical performance, low 
surface energy, and surface modification resistance of 
PEEK. Thus, improving the surface properties of PEEK has 
become a research hotspot (21). 
     The choice of the tested adhesives was based on 
recommendations of the PEEK manufacturer. The user’s 
manual suggests primarily the use of Visio-link to create a 
sufficient bond strength between the PEEK surface and 
different resins (23). 
     The normal low surface energy of polymers leads to 
adhesive problems, especially concerning the wetting and 
interaction between two polymers (24). The bonding 
improved simultaneously with the wetting, which meant 
that the surface energy increased (24). In this study, the 
increase in surface energy was achieved by air-abrasion 
performed before the bonding process.  
     Shear bond strength (SBS) test was employed because it 
can easily and rapidly reflect the clinical situation. SBS tests 
are more appropriate for evaluating adhesive capabilities of 
luting cements to composites. Any change in the surface 
treatment of the material may affect the shear strength, 
which is related to mechanical and chemical adhesion (25).  
     Studies showed that treatment using silica coating and 
using multifunctional acrylates containing primer resulted 
in durable bonding to PEEK surfaces (26). In the current 
study, no further pretreatment was performed after airborne-
particle abrasion and adhesive treatments using Visio.link. 
      In another study the air-abraded (50 μm, 0.2 MPa) 
PEEK surfaces conditioned with adhesive systems Visio-
link (40.0–69.0 MPa) or Signum PEEK Bond I +II (41.3–
57.5 MPa) showed similar or higher TBS results compared 
to those obtained with other framework materials tested in 
previous studies (23). 
      Although the airborne-particle abrasion increases the 
surface area and allows a better infiltration of the adhesive 
material, the bonding is still predominantly characterized by 
mechanical interactions between the PEEK surface and the 
adhesive material. In contrast to this, the veneering material 
is additionally bonded by chemical means to the adhesive 
Visio.link layer and therefore creates a stronger bond (24). 
     It seems that MMA monomers are important 
contributors of increased bond strength between PEEK and 
veneering resins. This was also supported by the study of 
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Kern & Lehmann, which showed that a durable bonding to 
PEEK could only be achieved using the multifunctional 
methacrylate containing resin varnish (Luxatemp Glaze & 
Bond) on air-abraded surfaces to create substantial chemical 
bonding to PEEK (26). That study also concluded that the 
use of phosphate monomer containing primer on air abraded 
PEEK did not result in any adhesion. 
     It is generally accepted that, for MMA/PMMA denture 
base materials, grinding the surface of the denture tooth and 
wetting it with monomer is a pre-requisite to obtain a 
clinically reliable bond strength (27). The bonding 
mechanism is believed to be based on an interpenetrating 
network or a covalent bond (27). 
    The results of this study showed that the initial shear bond 
strength of PMMA to PEEK was higher than that of 
composite resin to PEEK. The difference in shear bond 
strength values was statistically significant. 
     A previous study tested the bond strength of resin 
composite cements after conditioning using Visio-link and 
VP connect on air-abraded PMMA CAD/CAM materials 
(28). The conditioning liquids enhanced bond strength to 
PMMA within the used resin composite cements. MMA 
monomer in contact with industrially polymerized PMMA 
results in swelling of the polymers caused by the monomer 
diffusion process resulting in dissolving the PMMA surface 
and also increasing the TBS (29). This could explain the 
presence of higher SBS between the PMMA and the PEEK 
in the current study.  
      Furthermore, Previous investigations have stated that 
because of the process of post-polymerization of the 
adhesive system and the veneering composite resin, higher 
bond strength values could be observed with thermal 
changes (23). This also could be an explanation to the 
increased initial SBS of PMMA to PEEK due to the 
elevation of temperature during PMMA heat curing process.  
      Storage and thermocycling are the most often used 
artificial aging methods for simulating oral conditions in 
laboratory testing of bonding durability (26). This minimal 
requirement of simulating oral conditions seems necessary 
before clinical recommendations can be provided, even with 
caution. Artificial aging by the procedure of thermocycling 
may act in two different ways on the SBS; on one side it 
may lead to an increase of the bond strength, caused by the 
post-polymerization in the contact area of the PEEK 
surface, the adhesive and the veneering cement, while on 
the other side, the thermal stress may lead to mechanical 
stress of the bonding area caused by different volumetric 
changes of the concerned materials (23). 
      In the current study, after the aging process, the shear 
bond strength of PMMA to PEEK decreased while that of 
composite resin to PEEK remained unchanged. There was 
no significant difference between the shear bond strength of 
both PMMA and composite resin to PEEK. 
      In a study evaluating the strengthening of PMMA with 
preimpregnated fibers, it has been reported that the 
strengthening effect of preimpregnated fibers is more 
evident in auto- rather than in heat-polymerized acrylic 
resins (30). These authors suggested that the lower 
properties found with heat-polymerized acrylics could be 
due to decreased adhesive strength at the impregnating 
resin-PMMA interface, potentially caused by insufficient 
monomer wetting or differences in the thermal expansions 
between the reinforcement and the acrylic resin. These 
suggestions may be applicable to the results of the current 

study where the SBS of PMMA to PEEK decreased after 
thermocycling process. 
     One of the negative properties of PMMA is water 
absorption (31). This can be explained by the fact that a 
higher amount of resin matrix in combination with a lower 
content of filler particles results in higher water absorption 
(32). This phenomenon explains the decrease in SBS of 
PMMA to PEEK after thermocycling.  
    Up to date, there are no studies evaluating the bond 
between PEEK and PMMA, hence the importance of this 
study to evaluate the possibility of PEEK denture base 
relining with PMMA. 
 
CONCLUSION 
Within the limitation of an in vitro study, the following 
could be concluded: 

1. PMMA can be used as a veneering material with PEEK with 
comparable results to traditionally used composite resin. 

2. Owing to the adequate bond strength between PEEK and 
PMMA, PEEK frameworks could be relined in the 
traditional method similar to metal frameworks.  
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