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Introduction
One of the challenges of modern dentistry is to improve 

the biomechanical and biocompatible properties of materials 
used for implant treatment [1]. Dental implants improve the 
quality of life of many patients who have lost their teeth. 
The material of choice for oral endosseous implants is pure 
titanium, introduced in the late 1960s by Branemark [2].

However, titanium can cause aesthetic problems due to its 
lack of light transmission. This can cause a dark reϐlection of 
the peri-implant soft tissue in cases of thin biotype mucosa 
and/or mucosal recession around a titanium implant. This can 
be problematic, especially in the presence of a high smile line 
[2].

The increasing demand for metal-free materials in 
dentistry, as well as the increase in sensitivity and allergies, 
has spurred advances in materials science. About 40 years 
ago, aluminum oxide ceramic implants were proposed as 
a replacement for titanium. However, this material could 
not meet the standards because of the high incidence of 
fractures [3].

Abstract 

Background: The aim of this review is to discuss the properties of PEEK, its implant 
applications and its prosthetic interest compared to other materials currently used in dentistry.

Methods: The data was searched through PubMed database, Science Direct-Elsevier and 
Google scholar by several keywords in various combinations with a time period 2012-2023. 
Unavailable in full text, non-English, non-French data were excluded, as well as studies that do 
not meet the objectives of the study.

Results: The articles were of various nature and were fi ltered after eliminating duplicates, 
reading the title, summary and full text. Of the 1673 articles selected, 51 were deemed relevant. 
The selected studies and clinical trials were detailed in tables. 

Conclusion: Due to its superior mechanical, biological and aesthetic properties, PEEK 
appears to be a promising alternative to titanium and its alloys. However, further in vivo research 
is still needed to determine if PEEK can completely replace titanium and other implant materials 
in the future.

Recently, PEEK has gained increasing interest as an 
alternative to titanium due to its high biocompatibility, 
preferred color, economical price, and chairside adjustability 
[4]. 

PEEK is a semi-crystalline aromatic polycyclic 
thermoplastic polymer that has been used in orthopedic 
surgery since the 1990s because its mechanical and physical 
properties resemble those of bone [4]. It is used in implant 
dentistry, including dental implants, temporary abutments, 
temporary crowns on implants, ϐixed prostheses and 
removable dental prostheses [5].

It is a material with high biocompatibility, good mechanical 
properties, resistance to high temperatures, chemical stability, 
polishability, good wear resistance, low afϐinity to plaque and 
high bond strength to veneering composites and cements [6]. 

The purpose of this literature review was to present PEEK 
as a material and its properties, research all the prosthetic 
implant applications of PEEK available in the literature and 
demonstrate the prosthetic interest of PEEK compared to the 
materials currently used in dentistry.
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Materials and methods
The aim of this review is to answer the main research 

question: What are the properties and the prosthetic 
applications of polyetheretherketone? 

To answer this question, we adopted an electronic search 
strategy based on a systemic query of 3 databases: PubMed, 
Science Direct and Google Scholar. Searches were conducted 
using relevant predeϐined keywords and MeSH terms such 
as “PEEK”, “Polyetheretherketone”, “Prosthetics”, “Dental 
implant”. These keywords were used in multiple combinations 
and equations using Boolean operators “AND”, “OR”, to create 
the search string for studies’ titles and abstracts.

The articles included in the search were articles: meeting 
the objectives of the study and published between 2012 and 
2023. We excluded publications written in languages other 
than French or English and articles unavailable in full text.

Results
Study selection process and fl ow chart

Using the 3 search engines: PubMed, Science Direct and 
Google scholar, our strategy identiϐied 1673 articles. Of these 
1673 articles, 233 were eliminated as they were duplicates. 
Among the remaining 1440 articles, a ϐirst reading based on 
titles and abstracts was performed for pre-selection purposes. 
This screening allowed the elimination of 1317 articles that 
were not directly related to the subject. Of the 123 articles 
retained, a third level of screening, consisting of a critical 
reading of the full-text articles, allowed us to retain 51 articles 
that met the research objectives. In the end, 51 articles were 
included as relevant to our research (Figure 1).

 Analysis of selected articles

The bibliographic search was conducted in English and 
French on 3 different search engines. A total of 51 studies 
were included in our review: 19 in vitro studies, 3 case reports 
and 29 literature reviews.

Discussion
Biological properties of peek

Biocompatibility: Overall, PEEK has decent 
biocompatibility. According to Yin, et al. [7]. PEEK has no 
cytotoxicity and would not cause cell mutation, indicating low 
cytotoxicity and genotoxicity, but it still has some limitations. 
One of the main problems is the chemical and biological 
inertia of PEEK biomaterials. Another problem is the very 
hydrophobic surface. These two factors do not allow either 
protein absorption or cell adhesion.

Osseointegration: The bioinert properties and highly 
hydrophobic surface of PEEK generally result in poor 
osseointegration and limited initial ϐixation and long-term 

stability of the implant, as it cannot form a bone bond with the 
host bone tissue. In addition, they do not allow protein uptake 
or cell adhesion [7]. A study comparing titanium, PEEK, 
and zirconia as implant materials found that PEEK had the 
lowest bone contact with the implant (2). Recent efforts have 
focused on increasing the bioactivity of PEEK by impregnating 
bioactive materials into the PEEK substrate [8].

Allergenic potential: PEEK is an inert material. All the 
studies reviewed show that it is non-allergenic and has a low 
afϐinity for dental plaque [6,9,10].

Antibacterial potential: It has been shown that chemical 
composition, surface kinetic energy and surface roughness 
are able to affect bacterial adhesion [11]. In terms of 
surface roughness, Barkarmo, et al. [12] compared bioϐilm 
formation on polished and sandblasted PEEK. They found that 
sandblasted PEEK with a rougher surface topography had 
an increased number of bacteria, with the bacteria observed 
including Streptococcus sanguinis, Streptococcus oralis, and 
Streptococcus gordonii. Regarding the chemical composition, 
research by D’Ercole, et al. [13] has already proven that, 
compared to titanium, PEEK showed anti-adhesive and 
antibacterial properties between 24 and 48 hours against oral 
bacteria such as Streptococcus oralis.

Mechanical properties of peek

Density: The density of material is the ratio of its density 
to the density of pure water. For the polymer family, density 

Figure 1: Flow Chart as per PRISMA.
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to deform identically to bone and thus produce a more 
homogeneous stress distribution along the implant-bone 
interface. They have shown good strength, fracture toughness 
and satisfactory bio-inertia [17].

Abutments

Metals such as titanium and ceramics such as zirconium 
oxide are used for dental implant abutments. Recently, PEEK 
has been introduced as a restorative material in implant 
dentistry and is increasingly used as an implant abutment 
material [19]. PEEK abutments have lower bioϐilm formation 
on their surface than traditional abutment materials and 
promote the bone remodeling process [3]. 

They are suitable for long-term provisional restorations, 
especially in the anterior region. Their limitations are high 
vertical displacement, plastic deformation, high torque loss, 
microleakage and low fracture resistance [2,20]. Because 
of the semicrystalline structure of PEEK, which reduces 
brittleness, deformation rather than fracture is observed. 
Therefore, PEEK abutments can be changed simply when 
needed, avoiding the need to remove a broken screw, which is 
often the case with titanium abutments [3].

In a study by Ortega-Martinez, et al. [21], titanium 
implant abutments were better than PEEK abutments in all 
mechanical tests. The strength loss of the titanium abutments 
was approximately 10%, whereas PEEK had a signiϐicantly 
higher strength loss of up to 50%. In addition, 91.6% of the 
titanium abutments did not show microleakage, while none 
of the PEEK abutment specimens showed microleakage when 
subjected to dynamic loading.

Regarding the fracture resistance of resin-on-implant 
crowns, no signiϐicant difference was observed between PEEK 
and temporary titanium abutments, except for the central 
incisors, as reported by Santing, et al. [18].

In summary, there are only a few studies on the clinical 
evaluation of PEEK abutments, and the longest research 
studies lasted only a few months. Further clinical trials are 
needed to evaluate hard and soft tissue responses to PEEK 
materials and their reduced bioϐilm formation.

Abutments screws

The advantages given by PEEK abutment screws are 
related to their shock-absorbing properties, as well as their 
easier removal in case of fracture due to their lower friction 
coefϐicients [22]. 

Schwitalla, et al. [23] reported that PEEK screws ϐilled with 
short carbon ϐibers (with up to 40% composition) had lower 
fracture resistance than titanium.

Using an external hexagonal implant and UCLA-type 
abutment assembly, Neumann, et al. [24] compared the in 
vitro fracture resistance of implant abutment retention screws 

is considered the speciϐic gravity of the biomaterial and is 
expressed in g/cm3. PEEK has a density of 1.3 g/cm3 and a 
thermal conductivity of 0.29 W/mK [6].

Modulus of elasticity: The modulus of elasticity of the 
implant material has an inϐluence on the healing process, 
success and survival rate of the implant under different 
loading conditions. A modulus of elasticity close to that of bone 
optimizes the biomechanical load distribution between the 
implant and the surrounding bone and maintains the bone-
implant contact [8]. One of the most important properties of 
PEEK is the Young’s modulus. The Young’s modulus of PEEK 
is 3 - 4 GPa and can be easily modiϐied by adding carbon ϐibers 
or ceramic particles to increase the values to 18 GPa close to 
that of trabecular bone (10 - 14 GPA) and cortical bone (18 
- 20 GPA) [4,8,14].PEEK will therefore exhibit better shock 
absorption capacity than other materials such as titanium, 
which has a much higher modulus of elasticity, ranging from 
102 to 110 GPa [9].

Tensile and lexural strength: The tensile strength of 
PEEK is 80 MPa and up to 120 MPa when modiϐied (BioHPP), 
which is comparable to dentin (104 MPa) and enamel (46.5 
MPa), while titanium is 954 - 976 MPa and zirconia is 1000 
MPa, thus making it a suitable restorative material in terms of 
mechanical properties [4].

Material wear: The balanced wear resistance of PEEK 
can be matched by very few polymers [15]. Irregularities in 
the counter surface cause abrasive wear during cutting, while 
repeated stresses and pressures cause deformation of the 
material resulting in fatigue wear. The resistive force that 
opposes movement is called friction. The negative effects of 
fatigue and abrasion wear as well as friction are overcome 
by the properties of PEEK due to its resistive nature and low 
friction coefϐicient [15]. Liebermann, et al. [16] evaluated the 
effects of aging on several materials (PEEK, PMMA, composite 
resin, hybrid materials) and showed that PEEK had the lowest 
solubility and water absorption values.

However, the mechanical properties of PEEK are affected 
by temperature changes, which show dramatic decreases 
when the temperature reaches 250 °C. In particular, when the 
temperature is higher than 150 °C (i.e., when it exceeds the 
transition temperature of glass), the mechanical properties 
show a signiϐicant decrease [2].

Peek applications in implantology

PEEK was ϐirst introduced into dental applications in 
1992, ϐirst as aesthetic abutments and then as implants. 
Subsequently, it has been successfully used as a material in 
a number of applications, including dental implants, healing 
abutments, temporary abutments (due to its mechanical 
strength, aesthetic qualities, soft tissue response, and ability 
to shape easily) and implant-supported prostheses [17,18]. 

The iso-elasticity of PEEK composites allows them 
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made of titanium, PEEK, and 30% carbon ϐiber-reinforced 
PEEK. All abutment screws made from the above materials 
experienced fractures at the neck. Nevertheless, abutment 
screws made of PEEK and 30% CFR PEEK had lower fracture 
resistance than titanium. 

The future challenge for PEEK abutment screws will be to 
ϐind the right balance in ϐiller composition in terms of quantity 
and structure, abutment material and implant connection 
design. To date, the scientiϐic evidence lacks the consistency 
needed to recommend their use.

Crowns

The screw-retained implant crown made of PEEK has 
potential for implant restorations [25]. In addition, due to the 
high elastic modulus of the metal framework and the mobility 
of the abutments, resin bonded restorations are subject to 
unfavorable stress concentrations at the bonded interface; 
therefore, the risk of debonding might be increased. 

Tekin, et al. [26]. Conducted a study to compare the 
stresses on peri-implant bone, implants, crowns, abutments 
and screws after loading using PEEK materials. They observed 
that using PEEK crowns instead of metal ceramic crowns made 
no signiϐicant difference in terms of bone and implant stress. 
The use of PEEK crowns reduced stresses on themselves 
and on the abutments. When the PEEK crown was used on 
titanium abutments, the stress on the screw was reduced and 
when it was used on a PEEK abutment, the stress increased. It 
was observed in all tests that the use of PEEK material in this 
study reduced the stresses resulting from the forces applied 
to itself. 

Because of its low water solubility and low reactivity with 
other substances, PEEK may also be suitable for patients with 
metal allergy or metallic taste sensitivity.

Wachtel, et al. [25] conducted a study to evaluate the 
bacterial seal of PEEK screw-retained crowns on titanium 
implants with a tapered Implant-Abutment Interface (IAI) 
during a masticatory simulation and subsequent ϐlexion test. 
Ten screw-retained upper central incisor implant crowns 
consisting of a composite-clad PEEK crown framework were 
connected to NobelActive RP titanium implants (4.3 × 11.5 
mm, Nobel Biocare AB, Gothenburg, Sweden) with a tightening 
torque of 15 Ncm. 

Before tightening, the inside of the implant was inoculated 
with a bacterial suspension of Enterococcus faecium. The 
specimens were overmolded with an indicator agar that 
turns black upon contact with E. faecium. During masticatory 
simulation, no loosening of the implant screws or damage to 
the veneer or PEEK framework was observed. In addition, no 
bacterial leakage could be observed in any of the specimens.

Prosthetic applications of peek

Removable dental prostheses: Traditionally, metals 

(mainly cobalt-chromium [Cr-Co]) are used as framework 
material for removable dentures. They are still used because 
of their lower cost [27]. However, these metallic dentures 
have some disadvantages such as aesthetic unacceptability 
by the patient, heaviness of the denture and metallic taste, 
which led to the search for new materials to overcome these 
disadvantages. PEEK has thus been presented as an alternative 
framework material to base metal alloys [27,28].

PEEK is a promising alternative material for metal-free 
removable dental prostheses that has favorable characteristics 
such as superior mechanical properties, good thermal and 
chemical resistance, and radiographic transparency [11]. In 
addition, it can be used to avoid the unpopular silver color 
and allergies that are commonly seen in conventional metal 
dentures. In addition, the low modulus of elasticity of PEEK 
ensures lighter removable dentures and provides a damping 
effect of occlusal forces [11,29].

Harb, et al. [28] presented a clinical report on the 
fabrication of the PEEK framework of the Kennedy Class I 
removable partial denture by CAD/CAM milling technology. 
They suggested that milled PEEK could be a useful alternative 
material for the framework of removable partial dentures 
when restoring edentulous Kennedy Class I patients.

PEEK has good fracture resistance but is mechanically 
somewhat weak in the homogeneous state. In vitro studies by 
Tannous, et al. [30] have shown that PEEK clasps have lower 
strength than cobalt-chromium clasps.

Various studies have compared the reliability of 
conventional (CoCr) and PEEK materials. In some clinical 
practices, PEEK has emerged as an esthetic alternative to 
removable prostheses for CoCr, as the precision of these 
removable prosthesis frameworks have shown good 
adaptation [11,28].

Panagiotis Zoidis performed a clinical study on a 70-year-
old patient with a conventional distal mandibular extension 
Cr-Co removable prosthesis. The patient complained about 
the metallic taste, weight and unpleasant appearance of the 
metal clasps of her existing Cr-Co prosthesis and requested 
an alternative material for fabrication of a new prosthesis. 
He treated the patient with a modiϐied PEEK (Bio-HPP) distal 
extension framework with acrylic teeth and a conventional 
thermoset resin prosthetic base [27]. Zoidis performed a 
1-year follow-up after the completion of treatment. In his 
follow-up, he found that there was no breakage of the denture 
framework and that there was good retention of the clasp and 
color stability of the Bio-HPP.

Aesthetically, clasps and occlusal cleats made of PEEK 
provided satisfactory and aesthetically pleasing metal-free 
results for patients with high aesthetic demands [19].

Temporary fi xed dental prostheses

The temporary prosthesis is an intermediate step between 
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the dental preparation and the placement of the ϐinal 
prosthesis. It is used in the short or medium term depending 
on the clinical situation [31].

In the literature, it has been reported that temporary 
crowns fabricated using the indirect CAD/CAM technique 
are stronger and more suitable than conventional temporary 
crowns fabricated using the direct technique, i.e., chairside 
without a laboratory step. 

Therefore, Abdullah AO, et al. [31] wanted to compare in 
vitro the average marginal ϐit, internal ϐit, fracture resistance 
and fracture mode of CAD/CAM provisional crowns with 
direct provisional crowns. The average marginal ϐit represents 
the average space between the tooth and the crown at the 
peripheral joint, while the average internal ϐit measures the 
average space between the intrados of the crown and the tooth, 
in micrometers (μm). Fracture strength is the maximum stress 
a material will withstand, in Newtons (N), before fracturing. 
PEEK temporaries demonstrated superior marginal and 
internal ϐit in this study compared to temporaries made by 
direct method, as well as higher fracture resistance.

Bonded temporary bridge: Another interesting 
application is the use of PEEK as a bonded temporary bridge. 
Its lower modulus of elasticity than the materials normally 
used limits the stresses at the bonding interface and thus the 
risk of delamination. Its low weight and color are also criteria 
in favor of its use. 

Zoidis P., et al. [32] performed a 3-puncture bonded 
bridge as a temporization prosthesis after placement of 2 
implants in the mandibular anterior region. The 52-year-old 
patient had high mobility of teeth 31, 41 and 42, associated 
with bone loss. The treatment plan included extraction of 
these 3 teeth followed by immediate placement of 2 implants 
with healing screws, and placement of a temporary bridge 
bonded to 3 pontics during the osseointegration period. The 
impression was taken 10 days after implant placement using 
polyvinylsiloxane. The resulting plaster model was scanned 
with an optical camera, and the bridge framework was 
designed with CAD/CAM software before being created by 
PEEK injection molding. After conditioning the outer surface 
of the PEEK by abrasion, ethanol cleaning and application of 
adhesive agent, a composite resin coating reproducing the 
shape of the teeth was light cured. Finally, the bridge was 
ϐixed in the mouth with a dual-setting resin cement, i.e., both 
light-curing and chemically curable (Panavia 21, Kuraray). 
The patient was instructed to clean the prosthesis daily with 
a toothbrush and interdental brushes. After 4 months, no 
detachment or staining was reported.

Permanent fi xed dental prostheses

Fixed dental prostheses have long been the gold standard 
for replacing lost teeth because they improve patient 
satisfaction, chewing, and comfort [33].

PEEK can be used to fabricate the framework of ϐixed 
dentures. It can also be used to prepare dental crowns with a 
veneer composite facial coating. Therefore, many procedures 
have been illustrated to facilitate the bonding of PEEK with 
a resin composite crown. Application of a bonding agent 
increases the tensile strength of the composite resin. Etching 
with various acids such as sulfuric acid and piranha acid also 
increases the bond strength to the resin [27]. 

A systematic review by Kamlesh, et al. [33] comparing 
Polyether Ether Ketone (PEEK) to metal-ceramic alloy as 
a ϐixed partial denture framework found that ϐixed partial 
dentures made of PEEK would have better esthetics, and 
despite the fact that PEEK frameworks have equivalent 
mechanical properties to metal alloys, there is not enough 
evidence to validate superior mechanical properties to metal 
alloys. Future studies are therefore needed in this area for 
better understanding and authentication.

CAD/CAM designed PEEK ϐixed prostheses have superior 
mechanical properties compared to conventional ϐixed 
prostheses according to Reddy, et al. [29] and Stawarczyk, et 
al. [34]. The fracture resistance of CAD/CAM milled PEEK ϐixed 
prostheses (2354N) is much higher than lithium disilicate 
glass ceramic (950N), alumina (851N), zirconia (981-1331N).

The abrasive properties of PEEK are excellent. Despite 
signiϐicantly low elastic moduli and hardness, the abrasion 
resistance of PEEK is competitive with metal alloys [29].

A force of 400 N is applied cyclically to the teeth during 
mastication [35].

Three-unit ϐixed dentures made of PEEK have shown 
excellent performance in in vitro studies. No damage occurred 
to the frameworks and no decay was observed during the 
extended chewing simulation time used to simulate oral 
stress conditions equivalent to 5 years of intraoral use. The 
PEEK restorations far exceeded the fracture strength required 
to support the masticatory forces assumed for the anterior 
(300N) and posterior (500-600N) regions. Therefore, PEEK 
substructures could be used in clinical applications [17]. 

Given the properties of PEEK (biocompatibility, abrasion 
resistance almost equal to dentin, damping effect...), this 
material seems to ϐind its place in patients with parafunctional 
habits. 

Indeed, in patients suffering from bruxism, ceramic 
restorations are contraindicated because of the risk of 
abrasion of opposing teeth. PEEK, thanks to its low modulus 
of elasticity (Young’s modulus), would allow for reduced wear 
of the enamel of the antagonistic teeth. 

Zoidis, et al. [36] presented a case report describing the 
fabrication of three single crowns for a bruxism patient. The 
abutment teeth were devitalized and weakened due to loss 
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of tooth structure and thin axial walls. The patient wanted 
a metal-free restoration. A PEEK framework coupled with 
an esthetic composite resin superstructure was chosen. 
This solution allowed for protection of opposing teeth and 
abutments due to improved impact absorption, as well as ease 
of intraoral repair in the event of chipping. In patients with 
parafunctions, PEEK is an attractive alternative to metal-free 
restorations.

Nazari, et al. compared the fracture resistance of implant-
supported ϐixed dental prostheses with excessive crown 
height made of zirconia, nickel-chromium (Ni-Cr) alloy, and 
PEEK materials and concluded that all three-unit implant-
supported ϐixed dental prostheses made of zirconia, metal 
ceramics, and PEEK materials were effective in resisting biting 
force and parafunctions [33].

Tekin, et al. [26] compared stresses in the peri-implant 
bone, implants, crowns, abutments, and screws after loading 
using PEEK materials, and observed that PEEK material 
reduced abutment stresses signiϐicantly. The results also show 
that PEEK materials are stronger than titanium abutments.

The load usually incurred by the missing tooth must be 
transferred through the pontin, connectors and abutment.

Conclusion
Due to its superior mechanical, biological and aesthetic 

properties, PEEK appears to be a promising alternative to 
titanium and its alloys. It can be used as a framework material 
for metal-free ϐixed dentures, removable dentures, implant-
supported ϐixed dentures, implant-supported overdentures 
and resin-bonded ϐixed dentures. It has also been used for 
the fabrication of dental implants, implant abutments, healing 
abutments, abutment screws and occlusal splints. Further 
in vivo research is still needed to determine if PEEK can 
completely replace titanium and other implant materials in 
the future.
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