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Abstract 
      The aim of the study was to perform a review on biomechanics behavior of 
polyetheretherketone (PEEK) on prosthetic component of single unit dental implant including 
abutment, screw and crown. 
      Electronic search was performed on PUBMED using combination of the following search terms: 
PEEK, Polyetheretherketone, BioHPP, FEA, FEM, Finite element, Stress, Mechanical properties, 
Dental implant, Abutment, Implant abutment. The search period spanned from 2012 to 2022, 158 
results were found, 25 studies were selected.  
      The findings reported fracture strength, failure mode and finite element analysis (FEA) in single-
unit implant prosthesis; abutment, crown and screw. Fracture analysis of abutment and crown 
shown that the failure mode and means of the fracture strength varied between materials however 
they could be considered to have fracture strengths suitable for clinical application. In FEA show 
that the use of PEEK crown reduces the stress on itself and could reduce stress transfer to the 
implant surrounding bone. Contrary, PEEK screw shown significant inferior results compare to 
Titanium screw. 
      Indication for the use of PEEK as implant abutment and crown is suitable for clinical application. 
However, PEEK screw is still questionable and should be considered carefully. Further, clinical 
trials comparing are needed to strengthen the evidence. 

Review (J Int Dent Med Res 2022; 15(4): 1753-1762)          
      Keywords: PEEK, single implant prosthesis, biomechanics. 
      Received date: 02 August 2022                                       Accept date: 21 September 2022                                    

 
 Introduction 
 
 Nowadays, the implant-rehabilitation 
protocols have been redefined in order to satisfy 
patient’s increasing expectations in terms of 
comfort, aesthetic and shorter treatment period. 
Consequences, immediate implant placement 
after tooth extraction with immediate loading has 
become more common.1 This make interim 
implant prosthesis play a role in terms of 
maintaining and contouring soft tissue profile. 
Even though the commercial titanium is 
conventionally recognized as material of choice 
for fabrication convention temporary abutment. 
However, the metallic color of titanium still be a 

major problem for the esthetic requirement.  
       All-ceramic materials have been suggested 
to overcame the esthetic complication as they 
have proper physical properties, lower bacterial 
adhesion2 and absence of gingival discoloration.3 
Nonetheless, All-ceramic materials, for example, 
zirconia abutment was reported to have higher 
abutment and crown fracture3 and caused more 
extensive wear on the implant interface 
compared with titanium abutment.4,5  Moreover, 
its extreme rigidity requires high precision 
laboratory procedures4 and almost impossible to 
adjusted chairside. Those limitation make 
zirconia an improper material for 
provisionalization.  
       Recently, there has been an increasing 
interest in polyetheretherketone (PEEK) material 
as an alternative to titanium due to its highly 
biocompatibility, preferable color, economical 
price, and chairside adjustment ability. PEEK is a 
polycyclic aromatic semi-crystalline thermoplastic 
polymer which has been used in orthopaedic 
surgery since 1990s as its mechanical and 
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physical properties resembling to those of 
bone.6,7 Unfilled PEEK was first introduced in 3 
forms versions: PEEK-LT1, PEEK-LT2 and 
PEEK-LT3. Onward, the filled versions were 
introduced into the market such as BioHPP 
(Bredent, UK), and PEEK-OPTIMATM (Invibio 
Biomaterial Solutions Co., UK)6 in order to 
improve its mechanical properties.7 To date, 
PEEK material is initially used in dental 
implantology for example temporary abutment, 
healing abutment and digital guided sleeve. 
PEEK components can now facilely fabricate by 
injection molding, extrusion and compression 
molding8, digitally designed and 3D printed, 
PEEK “blanks” (Juvora)6 and also with computer-
assisted design / computer - assisted 
manufacturing (CAD/CAM) milling.7 
       In addition, due to its low elastic modulus, 
PEEK crowns were expected to serve the 
damping effect that could prevent overloading 
force on the peri-implant bone by creating shock-
absorbing effect within the implant-prosthesis 
complex. Moreover, its low hardness was also 
expected to reduce wear rate on opposing 
teeth.9,10 Not only the crown on implant that 
PEEK was expect to help reduce complications 
but also the implant abutment screws. Abutment 
screws that made from PEEK was expected to 
limit the stress shielding between implant figure 
and surrounding bone. Besides, due to its low 
friction coefficient that make it have higher torque 
efficiency and was expected to be more 
uncomplicated to remove in case of screw 
fracture .11 
       The aim of this review was to perform a 
review on biomechanics behavior of PEEK 
material on prosthetic component of single unit 
dental implant including abutment, screw and 
crown. 
   

Materials and methods 
 

All the data was collecting through 
PubMed. using combination of the following 
search terms: PEEK, Polyetheretherketone, 
BioHPP, FEA, FEM, Finite element, Stress, 
Mechanical properties, Dental implant, Abutment, 
Implant abutment. The search period spanned 
from 2012 to 2022, 158 results were found and 
only 25 studies were selected.  
       The first search term is 
"(polyetheretherketone or PEEK or BioHPP) and 
“implant abutment””, 27 results were found and 

10 studies were selected. 
       The second search term is 
"(polyetheretherketone or PEEK or BioHPP) and 
“abutment” , 70  results were found and  24 
studies were selected. 
       The third search term 
is"(polyetheretherketone or PEEK or BioHPP) 
and (dental implant) and (Mechanical properties)”, 
20 results were found and only 1 study were 
selected. 
       The fourth search term is"(“PEEK” or 
“polyetheretherketone”) and (“FEA” or “Finite 
element” or “stress”) and (“dental implant” or 
“abutment”)”, 41 results were found and 21 
studies were selected. 
       All the selected studies were selected under 
the criteria that the data was relevant to the 
thesis. The reviews, Meta-analysis and 
systematic reviews were excluded, only in vitro 
and in vivo studies that provided full paper were 
included, then duplicates studies were removed. 
The total number of the studies used in the thesis 
is 25 studies. 

1. Mechanical properties for PEEK 
material 
       Aimed of the materials that used in single 
implant prosthetic is not only to restore the 
esthetic but also to restore the function of enamel 
and dentin during mastication that generate 
compression forces on the prosthesis units. As 
the mechanical role of enamel is grinding food, 
its hardness and abrasion resistance were such 
critical mechanical properties to consider. 
Whereas the mechanical role of dentin is to 
absorb the bite force. Therefore, the mechanical 
properties that need to be prioritized are 
maximum stress-strain, Young’s modulus, and 
fracture resistance.12 
       PEEK (Polyetheretherketone) is a high-
performance engineering, tooth color 
thermoplastic with outstanding resistance to high 
temperature and long-term chemical exposure. In 
this study, the using of PEEK in implantology was 
focus only in terms of using PEEK as a single 
implant prosthesis, including of crown, abutment 
and screw. One of the most important properties 
of PEEK that believed to be a promising choice 
for prosthetic implant biomaterial is Young’s 
modulus. Young’s modulous of PEEK is 3-4 GPa 
and can be modified easily by adding carbon 
fibers to increase the values up to 18 GPa 
comparable to cortical bone; 14 GPa, to ensure 
more uniform stress distribution in peri-implant 
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bone6,12,13, which consequently reduce bone 
resorption. High tensile strength, compressive 
and fracture resistance also important properties 
for implant crown, abutment and screw in order 
to prevent fracture and improve functional 
stability.  Tensile strength of PEEK is 80 MPa 
and can be up to 120 MPa when modified 
(BioHPP) which is comparable to dentin; 104 
MPa and enamel; 46.5 MPa, while titanium is 
954-976 MPa and zirconia is 1,000 MPa 14, 15, 16, 

17, 18, 19. However, the fracture resistance value is 
not indicated here as its very wide range values 
due to the differences of sample preparation, 
tooth position and stimulations. 
       PEEK as implant abutment 
       PEEK has been used for the manufacturing 
of single implant abutments by many implant 
companies and can be categorized roughly into 
two group; PEEK abutment and PEEK 
substructure on Titanium base. One-piece PEEK 
abutment is the abutment that the entire piece 
made from PEEK material including the 
connection part, for example, PEEK temporary 
abutment (Biohorizon® Implant Systems Ins., 
Birmingham, AL, USA), Temporary abutment in 
PEEK (B&B Dental S.r.l., Italy). Other types of 
PEEK abutment is PEEK substructure on 
Titanium base such as BioHPP SKY elegance 
abutment (Bredent, Germany), RN synOcta 
Temporary Meso Abutment (Institut Straumann 
AG, Basel, Switzerland). However, it was 
recommended to use for temporary purposed 
only.  

1.1 PEEK as implant abutment compare 
to other material in terms of fracture resistance. 

Regarding the fracture resistance of the 
different materials, there were studies reporting 
information about mean fracture load values 
between titanium, zirconia and reinforced-PEEK 
only in Tüsrksayar AA, et. al. that also compared 
with polyetherketoneketone (PEKK) abutments4 
and Al-Zordk et. al. that compared zirconia and 
ceramic-reinforced PEEK abutment with lithium 
disilicate abutment combine with Ti-base.20 The 
six studies used Ti implant figure correspond with 
Ti-based that combine with different materials as 
substructure unit and crown. Most of them used 
maxillary anterior teeth as a tested tooth3, 4, 21 

except Al-Zordk et. al.20 that used maxillary 
premolar and Elsayed et. al.22 that used 
mandibular first molar.22 The implant figures or 
implant analogue were embedded 
perpendicularly or 30 degree in different type of 

material such as epoxy case20, metal plates4, 
autopolymerizing resin3 or in polyoxymethylene 
cast.21 The specimens in five studies were 
subjected to artificial aging through dynamic 
loading and thermal loading except Santing HJ et. 
al.23 After the stimulation, the fracture was done 
using universal test machine with compressive 
load until failure occurs. The value of the fracture 
strength for each specimen were recorded. 
       The results shown that fracture strength 
values were varies depend on type of material, 
Bonding regimen, abutment preparation, 
abutment design, tooth morphology, implant 
diameter and angulation of loading force. For 
example, fracture resistance of PEEK abutment 
shown lowest value in Santing HJ et. [PR8]al. in 
group I (95+21 N) that used Straumann synOcta 
Temporary Meso Abutment with direct composite 
veneer (Solidex, Shofu). However, in order to 
make in fit with the mold used to fabricate 
composite resin central incisor crown, the 
researcher claimed that they had to aggressively 
reduced the size of the PEEK substructure and 
that might affect the fracture resistance of the 
material.23 Contrary, PEEK abutment together 
with nano-hybrid composite mandibular first 
molar crown shown much higher fracture 
resistance value (1,733+ 169 N) in Elsayed A et. 
al.22 Nevertheless, the six studies3,4,20,21,23,24 

reported results in quite similar trend. As titanium 
shown significantly higher fracture resistance 
value compared to other materials, followed by 
zirconia and reinforced-PEEK. While PEKK and 
lithium disilicate abutment shown significantly 
lowest valued compared to zirconia. 
       Eventually, reinforced PEEK abutments may 
consider as an alternative to zirconia 
substructure with Ti-base for single-implant 
restorations in anterior region.3, 4, 23 As the mean 
anterior masticatory loading forces reported to be 
around 206 N.23 So, the mean fracture strength 
contributed in the five studies3, 4, 21, 23, 24 for this 
region were generally exceeded the mean 
maximum masticatory force. While it is 
recommended to cautiously use in posterior 
region20,22 as maximum masticatory force 
reported in premolar region were around 200-445 
N and 900 N in molar region.20 

1.2 PEEK as implant abutment compare 
to other material in terms of failure modes. 

All the studies that evaluate the fracture 
resistance also repot the types of failure. After 
the specimens were examined under 
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compressive load with universal testing machine 
and recorded the fracture resistance value of 
each specimen, the types of fractures were 
examined under microscope, recorded with 
digital photos and then categorized in groups. 
Each studied classify the failure mode in its own 
classification. Seven studies3, 4, 20, 21, 22, 23, 24 

reported failure mode of PEEK abutments 
supporting different crown materials. However, 
under high compressive load, titanium abutments 
tend to has higher incidence in screw fracture 
and implant figure or analogue deformation.3, 22, 23 

Crown and abutment fracture were found 
in zirconia abutment on Ti-base. While, more 
incidence of crown fracture and separation of the 
abutment-crown complex from Ti-base without 
damage to the substrates were found in 
reinforce-PEEK abutment.3, 4, 24 Türksayar AA et. 
al. described the separation of abutment-crown 
complex as the weak bond of PEEK to titanium 
substructure. As PEEK has inert surface, so it 
needs additional adhesive systems to enhance 
the resin bonding strength of its surface.4 
However, the PEEK abutment combination with 
Ti-base was manufactured by conventional 
injection molding technique to make PEEK lock 
mechanically with the grooves on Ti-base, 
without any chemical bonding. Even this failure 
mode occurred in 40% of the cases reported in 
Barbosa-Júnior et. al., it is considered as a 
reversible failure and can be rebonded easily by 
luting agent.24 However, the development of 
luting cement of using of one-piece PEEK 
abutment is also of interest. The debonding was 
also occurred in Santing et. al. that reported 5 out 
of 32 specimens of PEEK abutment-crown 
complex had adhesive failure between the 
composite resin and the abutment. Anyhow, in 
this experiment the composite resin was directly 
veneer on PEEK abutment without any surface 
preparation or using chemical bonding.23 For the 
bonding protocol of PEEK, according to the 
implant manufacturer and previous studies, it has 
been reported that primer adhesive that has 
methyl methacrylate (MMA) such as Heliobond®, 
Luxatemp Glaze & Bond®, Visiolink® and 
Signum PEEK Bond®25 can contribute positive 
effects on PEEK bonding strength.4  Silthampitag 
P et. al. had experimented on the effect of 
surface pretreatments on resin composite 
bonding to PEEK, which compared four types of 
pre-treatment protocol on PEEK surface (no 
pretreatment, etched with 98% sulfuric acid, 

etched with piranha solution and sandblasting 
with 50 µm alumina) together with Heliobond® 
contributed highest shear bond strength 
compared to other methods.25 

       Moreover, it was suggested in Elsayed A et. 
al. that failure mode could depend on both crown 
and abutment material used as they both effect 
on the different modulus of elasticity. For 
example, both composite resin and lithium 
disilicate crown on titanium and zirconia 
abutments shown favorable fracture of crown 
rather than composite resin on reinforced-PEEK 
abutment that shown fracture on both abutment 
and crown.22 Conversely, Barbosa et. al. suggest 
that the fracture pattern was more influenced by 
the crown material than by the abutment material. 
As the radial crack of the crown occurred mostly 
in lithium disilicate crown equally with both 
zirconia and PEEK abutment. Where the fracture 
of screw and implant platform was the most 
prevalent failure pattern that occurred in 
translucent zirconia crown both on zirconia and 
PEEK abutment.24 In this point, further literature 
about the effect on different crown material used 
in each type of abutment is recommended to be 
performed. 
         Finally, form the literature reviews found 
that the failure mode for using PEEK abutment 
usually caused the crown fracture complication. 
However, most of the specimens fractured when 
the given loading force were exceeded the mean 
of maximum masticatory forces. The summary of 
the studies included in the review of using PEEK 
as abutment in terms of fracture resistance  
and failure modes is shown in Table 1. 

1.3 PEEK as implant abutment compare 
to other material in terms of finite element 
analysis. 
          The three-dimensional (3D) finite element 
analysis (FEA) was done in order to evaluate the 
stress distribution in implant-bone interface and 
in each implant component. The initial hypothesis 
was that PEEK abutment could act as a shock 
absorber and help reduce stress accumulation at 
the implant connection and peri-implant bone. 
However, this hypothesis was partially rejected. It 
is found that, the use of different materials did not 
cause a significant different change with stress 
distribution on implant and peri-implant bone.26, 27, 

28, 29, 30, 31 However, there were differences in 
stress distribution patterns in the implant-
prothesis-complex with different crown-abutment 
material combination27, 29, 32, 33 and implant 
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placement depth34.     
       The abutment with lower elastic modulus 
could generate higher stress concentration in the 
implant component, restorative crown and peri-
implant bone26, 27, 35 which led to different modes 
of failure of the prosthesis complex. For example, 
Huang Z.L. et. al. stated that the use of PEEK 
abutment together with PEEK crown could 
generated higher stress concentration on Ti-
bases compared to Zirconia abutment (PEEK; 
196.30 MPa, Zr; 95.81 MPa) in standard length 
implant.        
       The stress concentration in abutment screws 
were also shown differences. In PEEK abutment, 
the stress was concentrated on the head and 
middle part of the screw, while in case of Zr 
abutment, the stress was concentrated mainly at 
the middle part of the screw.27       
       Although the maximum stress values were 
higher in PEEK abutment with Ti-base, the stress 
distribution patterns were less dangerous and 
has lower risks of technique complication.27 Tekin 
et. al. observed that PEEK material reduces the 
stresses caused by the force applied only on 
itself, but increase the stresses on the restorative 
crown. This could explain by PEEK low elastic 
modulus, 60 times lower than Zirconia, that 
generate greater deformation in abutment, 
leading to greater stress on the restorative 
crown.35 Not only the crown, but PEEK abutment 
also transmitted the stress to implant and screw 
in case of one-piece PEEK abutment, while 
transmitted the stress to Ti-base, implant and 
screw in case of PEEK abutment with Ti-base.26, 

27, 28, 35 Hence, Tekin et. al. and Huang Z.L. et. al. 
suggested to use PEEK abutment (with PEEK 
connection) together with PEEK crown as the 
stress dispersed more evenly.27, 28 They also 
found that this combination of PEEK crown-
abutment complex could significantly reduce 
stress on abutment, crown and screw.35        
       Despite the fact that PEEK abutments 
demonstrated higher von Mises stress values 
compared to titanium and zirconia abutment, they 
not exceeded 550 MPa, which is the yield 
strength of the titanium implant that led to 
failure.26, 36, 37 However, further clinical studies are 
needed to determine their long-term 
performance. The summary of the studies 
included in the review of using PEEK as 
abutment in terms of finite element analysis is 
shown in Table 2. 
 

2. PEEK as crown on implant 
            Hooke’s law states that, the higher the 
modulus of elasticity, the lower deformation 
occurs in that material and the more likely the 
forces will be transferred through the crown 
directly to the implant. However, the lower the 
modulus of elasticity, the higher deformation 
occurs in crown itself, reducing the forces that 
will be transferred to the implant.38, 39 Many 
studies showed similar results with the “Hooke’s 
law”. Cantó-Navés et. al. evaluated the stress 
transferred in the titanium abutment and cortical 
bone using different materials of crown. It turned 
out that using PEEK as a framework crown 
material can dissipated stress at the bone faster 
than when using metal.40 Taha et. al. also 
compared force damping behavior of different 
implant-supported crown; zirconia, BioHPP, VITA 
Enamic and e.max CAD and found that PEEK 
and VITA Enamic required longer time to reach 
the maximum force than in E.max CAD and 
zirconia. So it can be conclude that, the more 
rigid the material the less will be its damping 
effect on the load transmission to the abutment.38 
       The fracture resistance and failure mode 
were tested in PEEK crown. It is found that PEEK 
has higher fracture resistance compared to 
lithium disilicate but significantly lower compared 
with zirconia.9, 10, 41, 42 However, Donmez et. al. 
tested the crowns with three different designs 
including screw-cement crown, crown on 
zirconia-titanium base abutment and cementable 
crown. They found that Ti abutment restored with 
cementable crown showed highest fracture 
resistance compare to other design.42 As the 
presence of the screw channel may cause the 
weakening effect on the crowns.41 Even though 
Elsayed A. et. al. stated that ceramic-reinforced 
PEEK crowns over titanium and zirconia 
abutments showed high fracture resistance 
comparable to the most commonly used ceramic 
material9, but in clinically, PEEK might veneer 
with composite for esthetic purpose and that 
might be a critical factor for its success.41 
       Furthermore, the PEEK crowns were also 
tested under parafunctional loading. Mourya et. 
al. suggested that the straight abutment with 
PEEK crown could be given to bruxism patient to 
reduce stress concentration in implant 
surrounding bone, which consequently help 
preventing implant failure.30 The summary of the 
studies included in the review of using PEEK as 
crown on single implant is shown in Table 3. 
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3. PEEK as implant abutment screw 
           PEEK abutment screw is recommended 
by the manufacturer (Juvora) that it could be 
tightened with a torque not over than 15 Ncm. In 
case of over torque or overloading of functional 
masticatory forces, according to its high Young’s 
modulus (120 GPa), the PEEK screw can be 
plastically deformed. Furthermore, PEEK screw, 
metal-free, cannot be corroded which could 
reduce risk of screw fracture also reduce risk of 
material abrasion from inner threading of a 
conventional implant. Even though the screw 
fracture occurs, based on its low hardness, 
PEEK screw was found to be easier to remove 
compare to conventional titanium screw.43, 44 For 
more than that, it also has similar median rotation 
angle of abutment after the rightward force was 
applied.45 
       Conversely, after the fracture resistance 
analysis comparing between PEEK and Ti was 
done. It is clear that PEEK screw has lower 
fracture strength (145-196 N) compare to Ti 
screw (263-512 N).11,45 The maximum tensile 
strength also examined in Schwitalla AD et. al. 
and was found that 50% continuous carbon fibers 
reinforced-PEEK screw has maximum tensile 
strength at 191.69 + 36.33 MPa which 
significantly lower from Ti screws that amounted 
1196.29 + 21.4 MPa.43 
       Even though using the PEEK screw is still 
questionable. Chen X et. al.  stated another 
interesting application of PEEK on Ti screw. They 
found that coating PEEK on Ti screw could 
effectively improve the stability of implant-thread 
connection, reduce wear of internal implant 
internal thread, prevent screw loosening and 
easier to removed. This was explained as PEEK-
coating screw could reduce friction coefficient 
which effect on increasing of clamping force. 
Moreover, Ti screw that coated with PEEK was 
proved to have no significant effect on the 
fracture load compared to conventional Ti.44 The 
summary of the studies included in the review of 
using PEEK as abutment screw is shown in 
Table 4. 
  

Conclusions 
 

PEEK is a biocompatible material with 
favorable mechanical properties that allow to use 

in dental implantology. The in vitro studies 
showed that the indication for the use of PEEK 
as implant abutment and crown is suitable for 
clinical application, even though it could not 
reduce the force transferred to peri-implant bone 
as it was expected. However, PEEK screw is still 
questionable and should be considered carefully. 
Further, clinical trials comparing in terms of 
esthetic performance, failure mode and 
biomechanical responses are needed to 
strengthen the evidence.46, 47 
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Table 1. The review of using PEEK as abutment in terms of fracture resistance and failure modes. 
 

 
Table 2. The review of using PEEK as abutment in terms of finite element analysis. 
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Table 3. The review of using PEEK as crown on single implant. 
 

 
Table 4.  The review of using PEEK as abutment screw. 
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