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Abstract 
      The objective of this study was to compare retention strength of various cement  types in 
bonding polyetheretherketone (PEEK) abutments to polymethyl methacrylate (PMMA) crowns and 
their failure modes. 
      After PEEK abutments preparation, the surface roughness, surface topography and energy 
dispersive x-ray spectroscopy (EDS) analysis were examined to confirm the same surface 
characteristics. Then, fifty PEEK abutments were divided into 5 groups (n=10), one for each cement 
type. Clear PMMA crowns were cemented to abutments using zinc phosphate cement (ZPC), zinc 
oxide temporary cement without eugenol (Temp-Bond™ NE) and three resin cements (RelyX™ 
U200, Panavia™ F 2.0, and Superbond C&B®). The retention strength and failure modes were 
examined using a universal testing machine and stereomicroscope. The results were analyzed with 
One-way ANOVA at a significance level of 0.05.  
       The surface roughness, topography, and EDS analysis confirmed the same surface 
characteristic of all PEEK abutment specimens. Statistical analysis revealed significant difference 
across cements groups (p<0.01). The highest retention strength was Superbond C&B® followed by 
RelyX™ U200, Panavia™ F 2.0, Temp-Bond™ NE, and ZPC respectively. All of the specimens in 
each group exhibited mixed failure mode except the Superbond C&B® group. 
      Within the limitation of this in vitro study, Superbond C&B® exhibited the highest retention 
strength, whereas RelyX™ U200 , Panavia™ F 2.0, Zinc phosphate cement, and Temp-Bond™ NE 
failed to provide sufficient retention strength. 
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 Introduction 
 
 Implant-supported fixed partial denture is 
a favorable treatment option compared to 
conventional tooth-supported bridge due to their 
high success rates.1-3 Therefore meticulous 
treatment planning such as placement position 
and abutment selection is essential in creating a 
proper emergence profile, adequate retention for 
the prosthesis, and good biologic response.4 

Normally, the two-piece implant abutment can be 
screw-, cement- or screw-cement retained on  a 
prefabricated or customized abutment.4 Several 
studies have discussed both the advantages and 
disadvantages.5-7  
 Because of a paradigm shift of using non-
metal materials, PEEK implants and abutments 
were introduced.8 They can be fabricated by 
computer aided design and computer aided 
manufacturing (CAD/CAM) digital workflow and 
used as implant-supported provisional 
restorations, which is recommended for 1-3 
months.9 The advantages of PEEK over metal 
abutments are: 1) they can be adjusted easily at 
chairside, 2) improve esthetic results due to their 
white-opaque color which is less likely to cause 
greyish effect at gingival margin , 3) have less 
MRI distortion, 4) reduce the risk of metal allergic 

*Corresponding author: 
Pisaisit Chaijareenont, 
Assistant Professor, DDS, PhD, Department of Prosthodontics, 
Faculty of Dentistry, Chiangmai University, Chiangmai 50200, 
Thailand.  
E-mail: pisaisit.c@cmu.ac.th 
 



 
Journal of International Dental and Medical Research ISSN 1309-100X         Retention Strength Polyetheretherketone Abutments 
http://www.jidmr.com                                                                                                                                            Parin Jeeranun and et al 

 

  Volume ∙ 15 ∙ Number ∙ 3 ∙ 2022 
                            

Page 1079 

reaction and 5) have less or equal biofilm on 
surface.10 Moreover, using PEEK healing 
abutments reduces the risks of bone resorption 
and soft tissue recession in initial healing 
phase.11 
 PEEK, a thermoplastic material, is inert to 
chemical reactions which causes problem in 
luting with other materials.12-15 This may affect 
the retention of prosthesis on PEEK abutment. 
Retention of implant-support fixed restoration is 
one of an important factors of a prosthesis 
survival.16 The retention and resistance of the 
prosthesis are associated with the geometry of 
the abutment, abutment height, surface area, 
surface roughness, type of cement used and 
cement space.17-19 
 Cement space usually depends on the 
type of cement used. The space should be 
sufficient to allow sealing and seating of the 
prosthesis, and is recommended at about 50 
microns; 30 microns for cement film thickness 
and 20 microns for wax pattern distortion.20 
Nowadays, the latter distortion issue is reduced 
by using CAD/CAM system. It has been reported 
by a study that the ideal cement space varies 
from 20 to 40 microns.21 Furthermore, using the 
CAD/CAM system can provide uniform cement 
space, which allows passive fit for cementation.22  
 Cement selection should be based on 
their properties, providing sufficient retention for 
normal mastication.21 There are conventional 
cement and resin cements. A resin cement, 
either MMA- (eg. Superbond C&B®) or DMA-
based (eg. RelyX™ U200, Panavia™ F 2.0) 
polymer, contain different types of functional 
monomer for chemical reaction.23,24  

The Superbond C&B® contains 4-
methacry-loyloxyethyl trimellitate anhydride or 4-
META as a functional monomer while the 
RelyX™ U200 contains methacrylated 
phosphoric ester as a functional monomer. The 
Panavia™ F 2.0 contains 10-
Methacryloyloxydecyl dihydrogen phosphate or 
10-MDP as a functional monomer. In cases of 
provisionalization, a weaker cement, such as zinc 
phosphate cement (ZPC) and Temp-Bond™ NE, 
might be selected for ease of prosthesis removal. 
Retrievability should be permitted without any 
damage to soft tissue interface when removal for 
soft tissue molding, screw tightening, screw 
replacement, minor prosthesis adjustment, and 
periodic recall are needed.25-27 Cement selection 
for luting crown to PEEK abutment is still 

inconclusive because of various protocols in 
several studies.26-29 
 Information about the PEEK abutment 
bonded to PMMA crown as a provisional 
restoration is scarce. Several studies have 
reported some complications such as cement 
breakage and fracture of provisional restoration 
30-32. 
 The objectives of this study were to 
evaluate retention strength of PEEK abutments 
with various types of cement and their failure 
modes. The null hypotheses stated that there 
was no statistically significant difference of 
tensile bond strength between PEEK abutments 
and types of cement used (p<0.05). 
  

Materials and methods 
 

All the materials, substances and devices 
used in this study are presented in table 1. 

PEEK abutment fabrication 
 PEEK abutment was designed in 
AutoCAD 2015 (Autodesk Inc., California, United 
States) as figure 1(A) and milled 56 abutments 
from the manufacturer. 

Surface roughness test 
 Three abutments were randomly 
investigated with a profilometer (Surftest SJ-410 
series, Mitutoyo, Kanagawa, Japan). A stylus 
gauge, traveling at a speed of 0.1 mm/s with a 
measuring track of 2 mm. and a cut-off  set at 
0.25 mm. was used. The tests were performed 
three times, the distance between parallel tracks 
was 0.5 mm. The mean roughness average (Ra) 
of each specimen was recorded. 

Surface topography and EDS analysis 
 Topographical analyses were performed 
using a scanning electron microscope (SEM) 
(JSM-5910LV, JEOL, Peabody, MA, USA). Three 
randomly selected specimens (n=3) from each 
group were gold-sputtered and examined under 
the SEM at 2000x, 5000x and 20000x. The SEM 
was operated at 15.0 kV with a working distance 
of 10.0 mm. Data analysis software was used to 
analyze 3D topographical data. The primary 
chemical composition of PEEK was also obtained 
using an energy-dispersive spectroscopy (EDS) 
analysis. 

Fabrication of clear PMMA crown 
 The design was carried out with 
SolidWorks version 2018 (Dassault 
Systèmes,Waltham, MA, USA) as demonstrated 
in figure 1(B). The internal surface of the crown 
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was reversed from PEEK abutment 
stereolithography file(.stl). The cement space 
was set at 50 micron. Clear PMMA was selected 
as a material to fabricate 50 crowns by milling 
machine. They were also cleaned with deionized 
water for 5 minutes in an ultrasonic machine and 
stored in a dry place.  
 

 
Table 1. List of materials, manufacturers and 
their composition used in this study. 
 
           Specimen preparation and cementation 
 Fifty abutments were placed on each 
implant analogue and torqued to 30 N.cm. They 
were cleaned with deionized water for 5 minutes 
in an ultrasonic machine (Transsonic T700, 
Elma, Singen, Germany) and stored in a dry 
place. The abutment screws were covered with 
cotton pellet and temporary filling material (Cavit, 
3M ESPE, Seefeld, Germany) to the level of 
access hole. 

 Each crown was cemented with 5 
different groups of luting cements, which were 
ZPC, Temp-Bond™ NE, RelyX™ U200, 
Panavia™ F 2.0, and Superbond C&B®. It was 
seated using finger pressure prior to being 
placed under a constant axial load of 10 N at 
room temperature  and cured according to the 
manufacturer’s recommendations. After that, 
excess cement was removed with plastic curette 
before each crown was placed in deionized water 
for 24 hours at 37oc temperature.  
 

 
Figure 1. (A) CAD abutment design with precise 
dimensions in mm., and (B) CAD clear 
polymethylmethacrylate crown design in 
SolidWork (version 2018) with 2 mm. hole in the 
middle for mounting with universal testing 
machine. 
 

Retention strength measurement 
 Prior to the measurement, the specimens 
were placed and mounted parallel to the loading 
direction of the universal testing machine 
(Instron® 5566, Norwood, Massachusettes, 
USA). To analyze the retention, the specimens 
were subjected to analyze the retention with load 
cell 10000 N. at crosshead speed 0.5 mm/min. 
according to Heintze et al.29 until the debonding 
of the crowns were determined. The maximum 
load used to debond a crown from abutment was 
recorded in Newtons, and subsequent converted 
to retention strength following Pascal’s law 
(N/mm2) or Megapascal (MPa). The abutment 
surface area was 48.54 mm2, calculated by 
AutoCAD 2015. 
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Failure analysis 
 The debonded abutments were examined 
with stereomicroscope (OLYMPUS, Japan) at 
20x and 56x magnification. The debonding 
surface was classified into four failure types as 
follows: 1) Adhesive failure between clear PMMA 
crown and cement, 2) Cohesive failure within 
cement, 3) Adhesive failure between cement and 
PEEK abutment, and 4) Mixed failure.  

Statistical analysis 
 The descriptive statistics for all groups 
were calculated. The Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used to test the 
normality of the data whereas the homogeneity of 
variances according to Levene statistic showed 
no significant difference (p>0.05). Since the data 
were normally distributed, parametric statistics 
were used to evaluate the retention strength. 
One-way ANOVA following post-hoc 
comparisons by Turkey’s test were applied for 
comparisons at a confidence interval of 95%. The 
statistical analyses were performed with SPSS 
version 23.0(Chicago, IL, USA). The statistical 
significance level was set at an alpha level of 
0.05. 
 

Results 
 

Surface roughness, topography and 
EDS analysis  
 All of the specimens showed the same 
mean roughness average (Ra) of 0.004 micron 
which confirms the same surface characteristic of 
all specimens. The SEM images and EDS 
analysis are shown in figure 2. The surface area 
of the PEEK samples was generally smooth as 
shown in figure 2(A), and predominantly 
consisting of carbon and oxygen, generally found 
in structure of PEEK,  as seen in figure 2(B). 
 

 
Figure 2. (A) SEM images demonstrating 
the microstructure of PEEK at 2000x, 5000x and 
20,000x magnification, and (B) EDS analysis. 

Retention strength test 
 All abutments in Superbond C&B® group 
were dislodged from the screw and analogue as 
shown in figure 3(A). One-way ANOVA revealed 
a significant difference across the cement groups 
(p<0.01). The mean retention strength and 
standard deviations of all groups are 
demonstrated in figure 3(B). 
 

 
Figure 3. (A) separated screw of the 
implant-abutment connection in Superbond 
C&B® group. (B) measured mean retention 
strength.a,b,c,d Significant differences between 
groups are displayed with different letters (p < 
0.01). 
 

 
Figure 4. Images of the mixed failure modes 
at the debonded PEEK abutment surfaces. 
A: RelyX™ U200 , B: Panavia™ F 2.0, C: Temp-
Bond™ NE, and D: Zinc phosphate cement. 
 
 RelyX™ U200 showed significantly higher 
mean retention strength (2.01  ±0.22 MPa) than 
the others followed by Panavia™ F 2.0 (1.06  ±
0.11 MPa), Temp-Bond™ NE (0.73  ±0.15 MPa) 
whereas zinc phosphate cement showed the 
lowest results (0.39  ±0.16 MPa) respectively.  

Failure analysis 
 The percentages of each failure mode are 
demonstrated in table 2. The observation of  
failure modes under stereomicroscope at 20x 
and 56x magnification are shown in figure 4. All 
of the specimens in each groups exhibited mixed 
failure mode except the Superbond C&B® 

group. 
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Table 2. Percentage of each failure mode in 
different types of cement.  
 

Discussion 
 
 This in vitro study was investigated due to 
the insufficiency of reliable information about 
cement selection for PEEK abutment and PMMA 
crown. The null hypothesis was rejected due to 
the fact that each type of cement demonstrated 
different retention strength of PEEK abutment 
and PMMA crown.  

Despite the fact that the retention values 
were not obtained from the test in Superbond 
C&B® group, which was the only MMA-based 
resin cement in this study, the force exceeded 
the maximum elasticity tolerance of the PEEK 
abutment connection. It could be inferred that the 
retention strength was the highest among 
experimental groups. The explanation for these 
findings may be related to the MMA monomer 
which had influence on both PMMA crown and 
PEEK abutment. The former was wet by the 
monomer which may have caused swelling and 
dissolving of the surface. Thus, the secondary 
interpenetrating polymer network (IPN) bonding 
between the PMMA-based resin cement and 
PMMA crown took place.33, 34 Considering the 
latter surface, a study by Schmidlin reported that 
MMA caused the PEEK to swell but only MMA 
could not perform sufficient bonding property.35 In 
previous studies, using Visio.link adhesive that 
composed of MMA, and Pentaerythritol triacrylate 
(PETIA) showed durable tensile bond properties 
between PEEK and resin composite even after 
aging simulation.36-39 In this study, the PEEK 
surface was also swelled by MMA and the 4-
META functional group in Superbond C&B® 
corresponded the connection to the resin with 
two binding sites of phthalic anhydride.35,40 
Furthermore, Stawarczyk et al and Uhrenbacher 
et al recommended using air abrasion with MMA-
containing adhesives for the highest tensile bond 
strength.40,41 

 It could also be inferred that both DMA-
based resin cements showed lower bond 
strength compared to Superbond C&B®. Our 
results are in agreement with the studies of Kern 
et al, Kuel et al and Stawarczyk et al that air 
abrasion combined with 10-MDP in adhesives 
showed low tensile bond strength to resin 
composite compared to MMA.36, 37, 42 

Furthermore, the use of Ambarino P60 
adhesives in the study of Uhrenbacher et al, 
which contains phosphoric acid ester combined 
with DMA, resulted in minimal retention 
strengths. This could be evidence that any 
functional groups cannot further chemically react 
to PEEK without MMA monomers.40 

 

 
Figure 5. Showed molecular weight and 
structure of (A) 4-META  (B) MMA  
(C) 10-MDP  (D) Methacrylated phosphoric ester. 
 
 Not only do the solvents of the adhesive 
system or resin cement play important roles in 
creating a bond to PEEK but also functional 
molecules. The difference of molecular weight 
and viscosity of the cements could affect the 
diffusion, penetration and mechanical properties. 
Martin et al and Nunes et al reported that large 
molecular weight and size of the molecule were 
the important factors that improve the bond 
strength.43, 44 On the other hand, a low molecular 
weight with a small size may have a greater 
chance to penetrate and interact with surfaces of 
the substrate.45 The small molecule of MMA in 
Superbond C&B®, as shown in figure 5, 
penetrated easily on the surfaces while the large 
molecule of 4-META was responsible for the 
connection as mention earlier. Comparing 
between two DMA-based resin cements, RelyX™ 
U200 showed a the higher bond strength than 
Panavia™ F 2.0. RelyX™ U200 compose of 
methacrylated phosphoric ester, larger in size 
and weight, as a functional group while 
Panavia™ F 2.0 is composed of 10-MDP. 
Another reason was that the methacrylated 
phosphoric ester molecule has two phosphate 
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groups while 10-MDP has only one phosphate 
group to react with other substrates.  
 Considering viscosity, it was influenced by 
the amount and size of any fillers, added to 
improve the strength of cement. The highest filler 
content is Panavia™ F 2.0 (more than 75%wt) 
followed by RelyX™ U200 (72%wt) and 
Superbond C&B®(unfilled), which was found after 
mixing the cement following the instruction from 
manufacturer.46 So Panavia™ F 2.0 might exhibit 
the worst adaptation to PEEK surface due to its’ 
high viscosity. 

Zinc phospate cement, used as a gold 
standard and control group of cements in many 
studies, showed remarkably lower retention 
strength than Temp-Bond™ NE.26 In previous 
studies using metal abutment, zinc phosphate 
showed higher retention values than temporary 
cements, which was adverse from our results.47, 

48 There were many reasons why ZPC revealed 
lower tensile bond strength. The first is that 
materials with low elastic modulus showed a high 
degree of debonding when used with 
conventional cements.29 The second reason was 
the brittle property of ZPC.49 Another issue was 
the mismatch of selected cement space, 50 
micron in this study, and the proper film thickness 
of ZPC, which is 25 micron according to ADA 
Specification No.8. Flanagan reported that the 
thicker film thickness of ZPC exhibited in lower 
functional property of the cement.50 The last 
reason was that ZPC wasn’t completely stable at 
the time of the test, 24 hours after cementation. 
According to Arnold, ZPC is amorphous within 
first 48 hours, and mainly composed of unreacted 
zinc oxide and phosphoric acid. On the other 
hand, older cements were more chemically 
stable.51 However, ZPC and Temp-Bond™ NE 
certainly showed minimal retention for use in 
clinical situations and may cause patient 
dissatisfaction. 
 Furthermore, no adhesive failure types 
were observed. Most of the failure types between 
the PEEK abutments and PMMA crown were 
mixed failure, showing that the adhesion of 
cement to PMMA may be as poor as cement to 
PEEK. Consequently, both of the surfaces have 
to be improved in bonding efficacy. 
 Regarding clinical application, the 
minimum acceptable bond strength of resin-
based material according to ISO10477 is 5 
MPa.52 Furthermore, it has been reported that 
10-12 MPa should be required to gain long-term 

durability in oral condition.38 Surface 
pretreatments and bonding agents may be 
required to improve the bond strength to reach 
the acceptable values. Consequently, combining 
both mechanical or chemical pretreatment  (e.g. 
sulfuric etching and air abrasion) with adhesives 
or resin cement that consists of both MMA and 
any other large functional molecules has been 
suggested for higher bond strength.53  
 In this study, a specific mounting metal 
instrument was milled and used in aligning the 
specimens to the upper member of the machine. 
The instrument prevented the undesired, non-
axial, and unequal distribution force that can twist 
the crown from its’ own abutment while mounting. 
If the circumstance had occurred, the cement 
would break prior to the test. Using clear PMMA 
as a crown material can ensure seating of the 
crown but may not simulate the polymerization 
performance of dual-curing resin cement or any 
less transparent material used in real clinical 
situations. The thermocycling, which usually used 
to simulate clinical degradation over time, was 
not applied. This was assumed to have no 
influence on the results as long as the specimens 
were studied with the same protocol.29 
 Further investigations are necessary to 
gain more suitable protocol and durable bonding 
stability for long-term clinical implementation. The 
PEEK abutment over titanium connection or filler-
reinforced-PEEK was suggested to avoid the 
breakage of the abutment connection, as seen in 
Superbond C&B® group. 
 
 Conclusions 
 

Within the limitation of this in vitro study, 
these conclusions are drawn  

1) The Superbond C&B® exhibited the 
highest retention strength in bonding PEEK 
abutment to PMMA crown. 

2) The RelyX™ U200 , Panavia™ F 2.0, 
zinc phosphate cement, and Temp-Bond™ NE 
failed to provide sufficient retention strength in 
bonding PEEK abutment to PMMA crown. 
 

Acknowledgments 
 

 This study was supported by the CMU 
Junior Researcher Fellowship Program. The 
authors wish to thank Dr. Thanapat Sastraruji, 
Dental research centre, Faculty of dentistry, 
Chiang Mai University, Dr.Pongsakorn 



 
Journal of International Dental and Medical Research ISSN 1309-100X         Retention Strength Polyetheretherketone Abutments 
http://www.jidmr.com                                                                                                                                            Parin Jeeranun and et al 

 

  Volume ∙ 15 ∙ Number ∙ 3 ∙ 2022 
                            

Page 1084 

Poovarodom  PhD. Candidate in Oral Science, 
Faculty of dentistry, Chiang Mai University for 
their assistance and advice. We also are thankful 
for the support from  the research center of 
pharmaceutical Nanotechnology, Chiang Mai 
University, Thailand and center of excellence for 
Dental Implantology, Faculty of Dentistry, Chiang 
Mai University, Chiang Mai, Thailand. 
 
 Declaration of Interest 
 
 The authors report no conflict of interest. 
 
 References 
 
1. Pjetursson BE, Brägger U, Lang NP, Zwahlen M. Comparison 

of survival and complication rates of tooth-supported fixed 
dental prostheses (FDPs) and implant-supported FDPs and 
single crowns (SCs). Clin Oral Implants Res. 2007;18:97-113. 

2. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A 
systematic review of the survival and complication rates of 
implant-supported fixed dental prostheses (FDP s) after a mean 
observation period of at least 5 years. Clin Oral Implants Res. 
2012;23:22-38. 

3. Kan JYK, Rungcharassaeng K, Deflorian M, Weinstein T, Wang 
HL, Testori T. Immediate implant placement and 
provisionalization of maxillary anterior single implants. 
Periodontol 2000. 2018;77(1):197-212. 

4. Lopes ACO, Machado CM, Bonjardim LR, et al. The effect of 
CAD/CAM crown material and cement type on retention to 
implant abutments. J Prosthodont. 2019;28(2):e552-e6. 

5. Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY. Clinical 
complications with implants and implant prostheses. J Prosthet 
Dent. 2003;90(2):121-32. 

6. Pjetursson BE, Tan K, Lang NP, Brägger U, Egger M, Zwahlen 
M. A systematic review of the survival and complication rates of 
fixed partial dentures (FPDs) after an observation period of at 
least 5 years: I. Implant-supported FPDs. Clin Oral Implants 
Res. 2004;15(6):625-42. 

7. Lee A, Okayasu K, Wang H-L. Screw-versus cement-retained 
implant restorations: current concepts. Implant Dent. 
2010;19(1):8-15. 

8. Suphangul S, Rokaya D, Kanchanasobhana C, Rungsiyakull P, 
Chaijareenont P. PEEK Biomaterial in Long-Term Provisional 
Implant Restorations: A Review. J Funct Biomater. 
2022;13(2):33. 

9. Mishra S, Chowdhary R. PEEK materials as an alternative to 
titanium in dental implants: A systematic review. Clin Implant 
Dent Relat Res. 2019;21(1):208-22. 

10. Aydin C, Yilmaz H, Ata SO. Single-tooth zirconia implant 
located in anterior maxilla. A clinical report. N Y State Dent J. 
2010;76(1):30-3. 

11. Hahnel S, Wieser A, Lang R, Rosentritt M. Biofilm formation on 
the surface of modern implant abutment materials. Clin Oral 
Implants Res. 2015;26(11):1297-301. 

12. Silthampitag P, Chaijareenont P, Tattakorn K, Banjongprasert 
C, Takahashi H, Arksornnukit M. Effect of surface 
pretreatments on resin composite bonding to PEEK. Dent Mater 
J. 2016;35(4):668-74. 

13. Prakhamsai S, Silthampitag P, Chaijareenont P. Effects of 
Surface Pretreatment on Polyetheretherketone with Sulfuric 
Acid on Microhardness and Microscopic Morphology. CM Dent 
J. 2017;38(3):77-88. 

14. Chaijareenont P, Prakhamsai S, Silthampitag P, Takahashi H, 
Arksornnukit M. Effects of different sulfuric acid etching 
concentrations on PEEK surface bonding to resin composite. 
Dent Mater J. 2018;37(3):385-92. 

15. Jeeranun P, Chalongkuakul N, Arksornnukit M, Silthampitag P, 

Chaijareenont P. Sulfonated PEEK Characteristic after Various 
Surface Cleaning Techniques. J Int Dent Med Res. 
2022;15(1):131-9. 

16. Kunt GE, Ceylon G, Yilmaz N. Effect of surface treatments on 
implant crown retention. J Dent Sci. 2010;5(3):131-5. 

17. Sadig WM, Al Harbi MW. Effects of surface conditioning on the 
retentiveness of titanium crowns over short implant abutments. 
Implant Dent. 2007;16(4):387-96. 

18. de Campos TN, Adachi LK, Miashiro K, et al. Effect of surface 
topography of implant abutments on retention of cemented 
single-tooth crowns. Int J Periodontics Restorative Dent. 
2010;30(4):409-13. 

19. Sresthadatta P, Klaisiri A, N T. Effect of Surface Treatments on 
Shear Bond Strength of Resin Cement to Hybrid Ceramic 
Materials. J Int Dent Med Res. 2021;14(1):125-35. 

20. Grajower R, Lewinstein I. A mathematical treatise on the fit of 
crown castings. J Prosthet Dent. 1983;49(5):663-74. 

21. Gultekin P, Gultekin BA, Aydin M, Yalcin S. Cement selection 
for implant-supported crowns fabricated with different luting 
space settings. J Prosthodont. 2013;22(2):112-9. 

22. Abbo B, Razzoog ME, Vivas J, Sierraalta M. Resistance to 
dislodgement of zirconia copings cemented onto titanium 
abutments of different heights. J Prosthet Dent. 2008;99(1):25-
9. 

23. Van Landuyt KL, Snauwaert J, De Munck J, et al. Systematic 
review of the chemical composition of contemporary dental 
adhesives. Biomaterials. 2007;28(26):3757-85. 

24. Klaisiri A, Krajangta N, Peampring C, Thamrongananskul N, 
Neff A, Pitak-Arnnop P. Shear bond strength of different 
functional monomer in universal adhesives at the resin 
composite/base metal alloys interface. J Int Dent Med Res. 
2021;14(1):187-91. 

25. Michalakis KX, Hirayama H, Garefis PD. Cement-retained 
versus screw-retained implant restorations: a critical review. Int 
J Oral Maxillofac Implants. 2003;18(5):719-28. 

26. Pan Y-H, Ramp LC, Lin C-K, Liu P-R. Comparison of 7 luting 
protocols and their effect on the retention and marginal leakage 
of a cement-retained dental implant restoration. Int J Oral 
Maxillofac Implants. 2006;21(4):587-92. 

27. Mehl C, Harder S, Wolfart M, Kern M, Wolfart S. Retrievability 
of implant-retained crowns following cementation. Clin Oral 
Implants Res. 2008;19(12):1304-11. 

28. Squier RS AJ, Duncan JP, Taylor TD. Retentiveness of dental 
cements used with metallic implant components. Int J Oral 
Maxillofac Implants. 2001;16:793–8. 

29. Heintze S. Crown pull-off test (crown retention test) to evaluate 
the bonding effectiveness of luting agents. Dent mater. 
2010;26(3):193-206. 

30. Luongo G, Lenzi C, Raes F, Eccellente T, Ortolani M, Mangano 
C. Immediate functional loading of single implants: a 1-year 
interim report of a 5-year prospective multicentre study. Eur J 
Oral Implantol. 2014;7(2):187-99. 

31. Esposito M, Barausse C, Pistilli R, et al. Immediate loading of 
post-extractive versus delayed placed single implants in the 
anterior maxilla: outcome of a pragmatic multicenter 
randomised controlled trial 1-year after loading. Eur J Oral 
Implantol. 2015;8(4):347-58. 

32. Mello CC, Lemos CAA, Verri FR, Dos Santos DM, Goiato MC, 
Pellizzer EP. Immediate implant placement into fresh extraction 
sockets versus delayed implants into healed sockets: A 
systematic review and meta-analysis. Int J Oral Maxillofac Surg. 
2017;46(9):1162-77. 

33. Vallittu P, Ruyter I. The swelling phenomenon of acrylic resin 
polymer teeth at the interface with denture base polymers. J 
Prosthet Dent. 1997;78(2):194-9. 

34. Vallittu PK. Interpenetrating polymer networks (IPNs) in dental 
polymers and composites. J Adhesion Sci Technol. 2009;23(7-
8):961-72. 

35. Schmidlin PR, Eichberger M, Stawarczyk B. Glycine: A potential 
coupling agent to bond to helium plasma treated PEEK. Dent 
Mater. 2016;32(2):305-10. 

36. Kern M, Lehmann F. Influence of surface conditioning on 
bonding to polyetheretherketon (PEEK). Dent Mater. 



 
Journal of International Dental and Medical Research ISSN 1309-100X         Retention Strength Polyetheretherketone Abutments 
http://www.jidmr.com                                                                                                                                            Parin Jeeranun and et al 

 

  Volume ∙ 15 ∙ Number ∙ 3 ∙ 2022 
                            

Page 1085 

2012;28(12):1280-3. 
37. Stawarczyk B, Keul C, Beuer F, Roos M, Schmidlin PR. Tensile 

bond strength of veneering resins to PEEK: impact of different 
adhesives. Dent Mater J. 2013;32(3):441-8. 

38. Ates SM, Caglar I, Yesil Duymus Z. The effect of different 
surface pretreatments on the bond strength of veneering resin 
to polyetheretherketone. J Adhes Sci Technol. 
2018;32(20):2220-31. 

39. Lümkemann N, Strickstrock M, Eichberger M, Zylla I-M, 
Stawarczyk B. Impact of air-abrasion pressure and adhesive 
systems on bonding parameters for polyetheretherketone 
dental restorations. Int J Adhes Adhes. 2018;80:30-8. 

40. Uhrenbacher J, Schmidlin PR, Keul C, et al. The effect of 
surface modification on the retention strength of 
polyetheretherketone crowns adhesively bonded to dentin 
abutments. J Prosthet Dent. 2014;112(6):1489-97. 

41. Stawarczyk B, Thrun H, Eichberger M, et al. Effect of different 
surface pretreatments and adhesives on the load-bearing 
capacity of veneered 3-unit PEEK FDPs. J Prosthet Dent. 
2015;114(5):666-73. 

42. Keul C, Liebermann A, Schmidlin PR, Roos M, Sener B, 
Stawarczyk B. Influence of PEEK surface modification on 
surface properties and bond strength to veneering resin 
composites. J Adhes Dent. 2014;16(4):383-92. 

43. Martin JR, Johnson JF, Cooper AR. Mechanical properties of 
polymers: the influence of molecular weight and molecular 
weight distribution. J Macromol Sci. 1972;8(1):57-199. 

44. Nunes RW, Martin JR, Johnson JF. Influence of molecular 
weight and molecular weight distribution on mechanical 
properties of polymers. Polym Eng Sci. 1982;22(4):205-28. 

45. Stawarczyk B, Silla M, Roos M, Eichberger M, Lümkemann N. 
Bonding behaviour of polyetherketoneketone to 
methylmethacrylate-and dimethacrylate-based polymers. J 
Adhes Dent. 2017;19(4):331-8. 

46. Turp V, Turkoglu P, Sen D. Influence of monolithic lithium 
disilicate and zirconia thickness on polymerization efficiency of 
dual-cure resin cements. J Esthet Restor Dent. 2018;30(4):360-
8. 

47. Pan Y, Lin C. The effect of luting agents on the retention of 
dental implant-supported crowns. Chang Gung Med J. 
2005;28(6):403-9. 

48. Wolfart M, Wolfart S, Kern M. Retention forces and seating 
discrepancies of implant-retained castings after cementation. Int 
J Oral Maxillofac Implants. 2006;21(4):519-25. 

49. Pan YH, Ramp L, Lin CK, Liu PR. Retention and leakage of 
implant-supported restorations luted with provisional cement: a 
pilot study. J Oral Rehabil. 2007;34(3):206-12. 

50. Flanagan D. Zinc phosphate as a definitive cement for implant-
supported crowns and fixed dentures. Clin Cosmet Investig 
Dent. 2017;9:93-7. 

51. Diaz-Arnold AM, Vargas MA, Haselton DR. Current status of 
luting agents for fixed prosthodontics. J Prosthet Dent. 
1999;81(2):135-41. 

52. 10477 I. Dentistry–Polymer-based crown and bridge materials. 
International Standards Organization (ISO) Geneva, 
Switzerland; 2004. 

53. Gama LT, Duque TM, Özcan M, Philippi AG, Mezzomo LAM, 
Gonçalves TMSV. Adhesion to high-performance polymers 
applied in dentistry: A systematic review. Dent Mater. 
2020;36(4):e93-e108. 

 
 
  


