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The result of polymer advances is Polyetheretherketone (PEEK), which is one of the 
well-known thermoplastic polymers. The PEEK biomaterials deliver high performance 
with remarkable mechanical strength, chemical resistance and high thermal stability. 
The usage of PEEK progressed from the aviation industry to biomedical sciences due 
to its exceptional physical and biological properties. This review aims to present 
a comprehensive overview of applications of PEEK in various aspects of dentistry 
highlighting clinical prospects in restorative materials, as veneers, fixed and removable 
prosthesis, endocrown, framework for implant supported prostheses, and as dental 
biomaterial for implants. Owing to their bio-inertness, these materials have to be 
modified by a several methods to improve their bioactivity amplifying its application 
in clinical dentistry. These are constantly evolving materials with limited publications 
in literature. Therefore, long term evaluations are required to assess the performance 
of PEEK and PEEK blends in order to generate a robust opinion regarding intraoral use 
of these materials. 

Abbreviations: PEEK: Polyetheretherketone; MFI: Melt Flow Index; MN: Molecular 
Weight; STEAM: Sterilization Methods Including Autoclave; PIII: Plasma Ion Immer-
sion Implantation; CFR: Carbon Reinforced; SEP: Super-Engineering-Plastics; CAD: 
Design Software CAM: Design Milling; PES: Polyethylene Sulfone; PVDF: Polyvinyl Dif-
luoride; AKP: Aryl-Ketone Polymer

Introduction 

Polymeric advances in biomedicine have led to the development 
of thermoplastic materials including PEEK (Polyetheretherketone), 
which was developed originally by the USA aerospace industry 
(1970s) [1]. It gained popularity due to its stable structure at 
high temperatures and potential for high load-bearing similar 
to titanium [2]. Commercialized in 1980s and initially used in 
orthopedics, PEEK was proposed for biomedical application in 1988 
by Invibio Ltd. (Thornton-Cleveleys, UK) [2]. PEEK-OPTIMA was 
launched by Victrex PEEK business (Imperial Chemical Industry, 
London UK) for long-term implantable applications [1,3]. PEEK is 
a synthetic, tooth-colored, semi-crystalline, thermoplastic polymer  

 
[1]. The monomer ether-ether-ketone undergoes polymerization 
via step-growth dialkylation reaction of bis-phenolates, 
forming polyetheretherketone [4]. Commonly reaction between 
4,4’-difluorobenzophenone and disodium salt of hydroquinone in 
a polar solvent (diphenyl-sulphone at 300 oC) is conducted to form 
PEEK [5]. These materials are composed of 80% straight and 20% 
kinked structure with durable physical properties. 

Advantages of Peek 

PEEK serves a remarkable alternative material in medicine and 
surgery owing to physical and biological properties (Table 1) with 
the following advantages: 

https://biomedres.us/
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Table 1: Physical and Biological Properties of PEEK.

Physical Properties

• Elastic modulus 3-4 GPa

• Melting Temperature 334 oC

• Crystallization Temperature 343 oC

• Glass transition temperature 145 oC

• Good fatigue resistance

• Low creep rate

• Low surface energy

• Chemically inactive

• Soluble in 98 % Sulfuric acid

• High resistance to gamma and electron beam radiation

• Compatible with MRI

• Possess natural radiolucency

• Compatible with reinforcing agents (such as glass/carbon)

• Low moisture absorption

• Hydrophobic

Biological Properties

• Bioinert

• Non-mutagenic

• Non-cytotoxic

• Non-genotoxic

a. Modulus of Elasticity: PEEK offers a modulus of elasticity 
similar to the human cortical bone. This allows it to bear load, 
unlike conventional stainless steel or titanium [6].

b. Strength and Stiffness: PEEK has an elastic modulus of 3.6 
GPa, but can be further modified to 18 GPa, which is closer to 
that of bone, by addition of carbon fibers [6].

c. Radiolucency: This material is resistant to radiation, and is 
radiolucent. This makes complications easier to spot. Barium 
is suggested to enhance the radiopacity for PEEK, without 
altering its properties.

d. Biocompatibility/ Bio-inertness: Upon undergoing extensive 
animal testing, PEEK displayed no cytotoxicity, genotoxicity or 
immunogenetic (allergic) concerns [7].

e. Sterilization: PEEK has shown compatibility and retained 
integrity with conventional sterilization methods including 
autoclave (steam), ETOX and radiation without degradation. 
(even after repeated cycles) [8].

f. Customizable Design: PEEK and PEEK blends can be easily 
customized compared to conventional metal which is not yet 
open for design modification to a greater extent [9].

g. Mass Production: Components using high-performance 

polymers can be machined from stock shapes, or if high volumes 
are needed, they can be injection molded as well. Injection 
molding is particularly useful for single use instruments, as it 
provides a cost-effective option [10].

h. Lightweight: High performing plastics offer better 
ergonometric and control for the surgeon to avoid 
repetitive stress injuries and prevent fatigue during lengthy 
procedures[10].

i. Dimensional Stability: It is insoluble in solvents in mouth and 
at room temperature, stable over 300oC [11]. 

j. Flexibility: The versatility of PEEK allows its form to be 
modified into tubings, spacers, seals, or compression screws 
[12]. 

k. Plaque Affinity: Low plaque affinity [13].

l. Esthetic: Allows superior polishibility [13].

Types of Peek 

According to the Melt Flow Index (MFi) and molecular weight 
(Mn), PEEK-optima materials are divided into three grades: 

a. LT1-standard grade (MFi-3.4; Mn = 115.000)

b. LT2-optimized grade for melt strength and viscosity (MFi-
4.5; Mn = 108.000) and 

c. LT3- high-flow grade for injection molding thin-walled 
parts [1] 

PEEK composites applied in biomedical fields are based on the 
PEK LT1 materials which are considered biologically inert [1,14].

Modifications of Peek: PEEK materials are biologically inert 
and can be modified by the addition of functional monomers pre-
polymerization or post-polymerization [15] Surfaces modifications 
of PEEK materials can broadly be classified as (Table 2) [16]

a. Physical treatment 

b. Chemical treatment 

c. Surface coating 

d. Composite preparation [16]

Incorporation of bioactive composites in PEEK substrate 
and introduction of reinforcement agents to produce nanosized 
composites are commonly used in surface modification of PEEK 
implants [16,17]. In addition, by blending with fine filler particles 
to synthesize PEEK composites, bioactive implants with good 
osseointegration can be produced [18]. Nano-modification includes 
spin-coating, gas plasma etching, electron beam deposition, plasma 
ion immersion implantation (PIII) [19-22] (Figure 1). 
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Figure 1: Modifications of PEEK implants

Applications of Peek in Surgery : On the basis of Clinical 
Classification of PEEK (Figures 2 & 3) following applications of 
PEEK have been elaborated 

a. PEEK for bone replacement 

b. PEEK for spine surgery 

c. PEEK for orthopedic surgery 

d. PEEK for tooth replacement 

e. PEEK for cardiac surgery

Figure 2: Clinical Classification of PEEK.
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Figure 3: Biomedical applications of PEEK 
a. Osteosynthesis plates
b. Dental implant
c. Bone fixation plate
d. Cardiac valve
e. Interbody fusion cages.

PEEK has been adapted for surgical field for fracture fixation, 
including the use of Carbon Reinforced (CFR) PEEK material 
(Figure 3c) [23]. CFR-PEEK, provides elite load-to-failure strength 
and degrades over years, hence, providing ample time for healing 
to promote osteoconductivity to avoid complications [24]. It 
increases patient comfort by being lightweight, which allows 
joint manipulation with less effort [25]. Shuai et al. incorporated 
Hydroxyapatite into polyetheretherketone/ polyglycolic acid 
(PEEK/GPA) hybrid to improve upon its properties and concluded 
that PEEK/PGA scaffolds with HAP were more attractive for bone 
and tissue regeneration [26]. Owing to its remarkable variations, 
PEEK has found its place in replacement for bone and cartilage, 
cardiac, spinal and maxillofacial operations [27,28]. Craniofacial 
applications include customizable osteosynthesis plates, repair 
of cranial vault defects (Figure3a), replacement of nasal, maxilla 
and mandible bones with an allowance of easier revisions [27,28] 

(Table 1). PEEK and PEEK blends match metal in most, and exceed 
effectiveness in other areas highlighting their use as an equivalent 
or superior alternative to metal instruments including drug 
delivery, dental abutments, catheters, blood management and 
surgical instruments [27,29].

Peek in Dentistry

PEEK has widespread use as dental implants, orthodontic 
appliances, dental prostheses and utilization in threedimensional 
printing [27,28,30]. Its well-established use is due to its 
mechanical, physical, and biological properties combined with ease 
of customizable fabrication. Following are the proven uses of PEEK 
in dentistry with positive patient outcomes

Peek in Implants: Biologically inert PEEK materials are 
modifiable for their application as implants [18]. The CFR-PEEK 
implants present a higher load concentration in the cervical area 

https://dx.doi.org/10.26717/BJSTR.2022.44.007023
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and at the cortical bone than the titanium implants [31]. Finite 
element analysis suggests less stress shielding effect of CFR-PEEK 
as compared to titanium implants, which reduces the amount of 
bone resorption occurring around the implant [32]. PEEK has 
limited osteoconductive properties and absence of inflammation 
around the implant, however, few studies suggest increased protein 
turnover in cells in contact with PEEK and CFR-PEEK [33]. Similarity 
of elastic moduli between bone and PEEK surface, reduces the 
stress shielding effects and encourage bone remodeling [2]. A 
study by Sarot et al. reports similar stress distribution between 
titanium and PEEK implants [31]. Koch et al. reports comparable 
osseointegration of titanium, zirconia and PEEK implants, also no 
evidence of difference in bio-inertness among these three materials 
exist [34].

PEEK dental implants have not been used widespread clinically, 
so there is lack of evidence supporting their longterm use and bone 
remodelling. Osteogenic coatings (such as spin-coating) of PEEK 
implants, improve the mechanical and biological properties [19]. 
Animal studies resulted in higher bone to implant contact in case 
of coated PEEK implant [35]. Plasma gas-etching has also shown 
improved proliferation of human mesenchymal cells on modified 
PEEK in in-vitro studies [20]. CFR-PEEK prosthesis, plasma 
sprayed with titanium dioxide and hydroxyapatite, reportedly 
showed superior biocompatibility. Similarly, electron beam 
coating, improves hydrophilicity of the implant, as does titanium 
(+/- BMP-2) coating [21]. Plasma immersion ion implantation 

(PIII) with titanium has been shown to have antimicrobial effect 
against Staphylococcus aureus and Escherichia coli, but no reports 
regarding periodontal pathogens exist [36]. Nano-sized particles of 
hydroxyapatite are anti-microbial against Streptococcus mutans, 
and increased bioactivity was evident in animal studies [37]. 
Bioactive inorganic particles incorporated via melt-blending and 
compression blending have been employed to produce bioactive 
PEEK [18]. PEEK has been presented as a viable alternative to 
titanium in constructing implant abutments. 

A trial by Koutouzis et al. suggested that there is no significant 
difference in the bone resorption and soft tissue inflammation 
around PEEK and titanium abutments [38]. Oral microbial flora 
attachment to PEEK abutments is comparable to those made of 
titanium, zirconia and polymethylmethacrylate [39]. There are 
several physicochemical methods to modify PEEK abutment 
surfaces; plasma, ultraviolet/ozone, airborne particle abrasion (grit 
blasting), acidic etching, and radiationinduced (plasma gas, laser, 
electron and ion-beam) treatment [40]. The conditioning of PEEK 
surface with Piranha solution (solution of sulfuric acid (H2SO4) 
and hydrogen peroxide (H2O2)) results in increased functional 
groups on the surface for bonding [41]. Rea et al., evaluated soft 
and hard tissue healing using different forms of PEEK healing 
screws [42]. The authors concluded that PEEK may be used as a 
healing screw material, since no statistical difference was observed 
between PEEK forms and titanium [42]. 

Table 2: Surface modifications for PEEK.

Physical Treatment
• Plasma modifications (such as nitrogen 

and oxygen plasma, ammonia/argon plasma, 
oxygen plasma, methane and oxygen plasma, 

ammonia plasma, oxygen and argon plasma, and 
hydrogen/argon plasma)

• Accelerated neutral atom beam (ANAB).
• Plasma modification resulted into increase 

adhesion, proliferation and osteogenic 
differentiation

Chemical Treatment
• Amination
• Nitration

• Sulfonation
• Surface coating by titanium, gold, titanium 

dioxide, diamond-like carbon, tertbutoxides, and 
hydroxyapatite

Surface Coatings
• Aerosol deposition

• vacuum plasma spraying
• arc ion plating

• plasma immersion ion implantation and 
deposition

• physical vapor deposition
• Cold spray technique, electron beam 

deposition
• ionic plasma deposition

• radio-frequency magnetron sputtering
• spin coating

Composite preparations
• Impregnation with bioactive materials

Peek Fixed Crown and Bridges: With the rise in non-
metallic restorative materials, use of PEEK for fabrication of 
FDP is gaining importance. Superior mechanical properties and 
compressive strength that is comparable to bone, enamel and 
dentin. Incorporation of inorganic components further improve 
compressive and tensile strength of material fabricated using 
vacuum pressing and milling. PEEK has low solubility and water 
sorption with absence of monomer which makes it suitable for 
intraoral use [43]. PEEK is white-grey and requires veneering for 

application in aesthetic areas [44]. Veneering using digital method 
improves the fracture load than conventional veneering [44]. 
Studies suggest that sulphuric acid, sand blasting, and microwave 
supported coating improves surface energy for veneering [45,46]. 
The material has also been used for framework fabrication on short 
or long span all-on 4 implant restorations, providing a cushioning 
effect as a distinct advantage over harder materials, resulting in less 
screw loosening [47].

https://dx.doi.org/10.26717/BJSTR.2022.44.007023
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The use of modified PEEK for single crown frameworks 
veneered with light polymerized composite resin has been 
suggested in case of metal allergies and weak abutments for patients 
with parafunctional habits [48,49]. These materials have been 
used to veneer PEEK endo-crown frameworks with predictable 
results [48]. Wagner et al. studied the retention between PEEK 
telescopic crowns and cobalt chrome copings of different taper and 
manufacturing methods [50]. Milled crowns with 0° taper showed 
the lowest retention, while tapers did not significantly affect the 
retention of PEEK crowns manufactured by injection molding [50]. 
The use of modified PEEK has also been proposed for fabricating 
Maryland bridges for in cases of abutment teeth with different 
mobility patterns [51]. The dampening of occlusal forces by the 
PEEK framework may contribute to decreased debonding rates and 
increased survival rates [51]. 

Peek in Restorations: In addition to wide application of 
temporary crowns, PEEK materials can easily be modified with 
dental burs and adhesives [52]. A study by Schmidlin et al. reports 
that etching with sulfuric acid resulted in a complex fiber network, 
while sandblasting with a particle size of 50 μm led to an irregular 
surface which was similar to surface with silica coating [53]. 
Although air-abrasion with or without silicon dioxide coating 
leaves the surface of PEEK more prone to moisture, etching with 
phosphoric acid creates a rough and chemically modified surface 
that allows a stronger bond of the material with the hydrophobic 
composites (shear bond strength: 19.0±3.4 MPa) [34,53]. Etching 
with phosphoric acid for 60 to 90 secs may result to shear bond 
strength with composite resin cements up to 15.3±7.2MPa after 
storage in water 37oC for 27 days [34]. A bond of 23.4±9.9MPa 
with the composites has been achieved in aged PEEK samples by 
combining etching with piranha acid and the use of adhesive agent 
[34]. A systematic review by Gama et al. concluded that bond 
strength of PEEK and veneering resin was significantly increased 
when surface pre-treatments were administered with adhesive 
systemsp [54].

Peek in Removable Prosthesis: Conventional use of Chrome 
denture frameworks has been a cost effective and predictable 
option for rehabilitation of missing dentition with great success 
[55]. These dentures are not esthetic considering the display of 
metal clasp at smile, bulkier weight of the prosthesis, metallic 
taste and allergy to the metal component, which led to the use 
of polymers for denture bases [56,57]. The use of PEEK in other 
disciplines since its inception has been successfully reported in 
literature [58]. A modification of PEEK with 20% ceramic fillers as 
high performance Bio-HPP presents these stable thermoplastics 
with mechanical, chemical and biological properties combined 
with high temperature resistance, as an option to be used 

intraoral [58]. Additional Advantages offered by PEEK materials 
include elimination of allergic reactions and metallic taste, high 
polishablitiy, good wear resistance combined with low plaque 
affinity enabling the patient to maintain their periodontal health as 
reported by Maryod et al. [59,60]. 

Furthermore, the esthetics are aided by the color of Bio-HPP 
making it an ideal intraoral material of choice for the removable 
prosthesis [60]. According to Mayinger et al., PEEK milled performed 
better then PEEK pressed materials while both materials exhibited 
sufficient retention for clinical usage compared with Co-Cr [61]. 
Costa-Palau et al. mentioned in their clinical report regarding the 
fabrication of maxillary obturator using PEEK as an alternative to 
conventional materials and methods [62]. They claimed that the 
PEEK obturator is weightless, biocompatible, with good retention 
and ease of polishing [62]. Hahnel et al. used PEEK framework with 
double retained crown for management of a patient with extensive 
loss of vertical dimension [63].

Peek in Orthodontic Appliance: Technological advances in 
materials, enabled the use of Super-Engineering-Plastics (SEPs) 
including PEEK for interceptive orthodontics by fabrication of space 
maintainers [64]. Acquisition of 3D images, using design software 
(CAD) and milling (CAM) for manufacturing PEEK devices allowed 
to show the space maintenance to favor the eruption of permanent 
teeth with little compliance [64]. In contrast to other available 
polymers, such as polyethylene sulfone (PES) and polyvinyl 
difluoride (PVDF), metalfree PEEK orthodontic wires offer higher 
orthodontic resistance compared to titanium-molybdenum (Ti-
Mo) and nickel-titanium (Ni-Ti) [65]. Furthermore, PEEK can be 
used in combination with conventional wires as presented in a 
study by Shirakawa et al. which concludes that the new PEEK 
tube demonstrated a good combination of esthetic and functional 
properties for use in orthodontic appliances [66]. Retention is of 
utmost importance to prevent post-orthodontic relapse. Kadhum 
et al. reported the use of 0.8 mm round PEEK wire with comparable 
results and therefore suggested it as an alternate treatment option 
using 3D CAD CAM fabrication [67]. However, there is lack of 
studies to support their long-term claim [67]. PEEK does not have 
a shape memory but recent advances point PEEK modifications in 
that direction for future development [68]. 

Future Prospects
Alternative thermoplastic materials which have applications 

in medicine and dentistry include, PEKK, Bio HPP and Aryl-ketone 
polymer to name a few 

Poly Ether Ketone Ketone (PEKK)

First introduced by Bonner, PEKK has applications in various 
industries [69] it is a derivative of PAEK, a family of ultra-high 
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performance thermoplastic polymers, with a polyaromatic semi-
crystalline structure (–C6H4–O–C6H4–O– C6H4–CO–) n [1]. PEKK 
is a linear thermoplastic polymer with benzene ring, that has an 
additional ketone group, which enhances its compressive, flexural, 
tensile strength, polarity and rigidity [70] PEKK with 60% straight 
and 40% kinked segments melts at 305°C with amorphous and 
crystalline structure [71] Its shock absorbing ability, modulus 
of elasticity and fatigue limit, greater than zirconia and nickel-
chromium, raises the possibility of its use as restorative material 
[72]. The addition of titanium dioxide (TiO2) increases its hardness 
[73]. Their wide biomedical applications are promising due to the 
presence of second ketone group which allows for more surface 
modifications. 

Bio HPP (Bio High-Performance Polymer)

Bio HPP (Bio high-performance polymer) is another material 
based on PEEK for applications in interim abutments, implant-
supported bars, dental implants and fixed partial dentures [74]. 
It has superior physical properties, dental esthetics, low specific 
weight, low plaque affinity and biocompatibility [74]. The longevity 
of applications of this material is lacking research. Therefore, 
clinical evidence is required to imply widespread use in dentistry. 

Aryl-Ketone Polymer (AKP)

Aryl-ketone polymer (Ultaire AKP), introduced by Solvay Dental 
360 is indicated for removable dental prosthesis [75]. This material 
is provided as a milling blank to be processed by computer-aided 
design and computer-aided manufacturing (CAD-CAM) technology 
[76]. 

Conclusion 
Applications of PEEK in dentistry include their use as dental 

implants, framework of implant supported prosthesis, endo-
crowns, fixed/removable partial dentures, orthodontic wires, 
and restorative materials. Furthermore, modifications can result 
in improved material properties resulting in wider applications 
in clinical dentistry. However, the use of PEEK in dentistry is a 
newer modality with a scarcity of clinical data, therefore long-
term evaluations are needed to assess the performance of PEEK 
prostheses and generate a robust opinion regarding these materials 
for clinical use.
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