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Abstract

The current trend is moving towards using metal-free restorations and biomaterials that
exhibit advanced properties in the complex oral environment. Due to its excellent properties, such
as stable chemical properties and biocompatibility, Polyetheretherketone (PEEK) has several
applications in dentistry. The study aimed to summarize the experimental and clinical studies
conducted about PEEK materials for applications in prosthodontics. Numerous studies have proven
that PEEK can be successfully used in prosthodontics. PEEK could be considered a viable alternative
material for removable partial dentures, fixed partial dentures, dental implants, and the restoration
of maxillofacial defects. However, clinical studies are currently lacking, and further in-vitro and in-

vivo studies are still needed to evaluate PEEK as a permanent material.
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Introduction

In a national community-based survey in Thailand among adults aged 35-44 years, the
overall prevalence of partial edentulism was 21.8% in the maxilla, 36.8% in the mandible, and 13.7%
in both the maxilla and mandible (Bureau of Dental Health, 2018). Therefore, the need for fixed

and removable partial prostheses remains high and will continue to increase (Douglass & Watson,
2002). Advances in dentistry and the development of technologies can be achieved by improving
materials. Biocompatibility, low plaque affinity, pleasing aesthetics, and characteristics close to the
dental structure are essential to modern materials used in advanced dentistry. They help restore
teeth and dentition defects and please demanding patients.

Polyetheretherketone (PEEK) is a polyaryletherketone (PEAK) family member. In 1978, it was
developed by a group of English scientists. Later, PEEK was commercialized for industrial
applications. By the late 1990s, PEEK became an important high-performance thermoplastic
candidate for replacing metal implant components in vertebral surgery as a material of the
interbody fusion cage. With the emergence of carbon fiber-reinforced PEEK (CFR-PEEK), this
new composite material was exploited for fracture fixation and femoral prosthesis in artificial
hip joints (Ma & Tang, 2014).
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PEEK is a semi-crystalline linear polycyclic aromatic polymer with excellent mechanical
properties, including a low modulus of elasticity (3-4 GPa) closer to that of human bone and dentin.
PEEK also has a tensile property comparable to the teeth and considerably low density (1300 kg/m?),
which can result in favorable stress distribution for lightweight framework restorations. In addition,
the mechanical properties of PEEK are not altered during sterilization using steam, gamma, and
ethylene oxide (Kurtz, 2012; Najeeb et al,, 2016). The elastic modulus and tensile strength are
summarized in Table 1 (Adem et al,, 2022; Najeeb et al,, 2016). Furthermore, PEEK withstands
thermal stress at high temperatures (melting point 343 °C) without significant degradation, has low
water solubility, and can minimize biocorrosion within body fluid, giving it stable chemical and
physical properties (Kurtz, 2012; Liebermann et al., 2016). PEEK is resistant to hydrolysis, non-
mutagenic, non-cytotoxic, and non-allergic, making it one of the most biocompatible materials
(Katzer et al,, 2002; Liebermann et al., 2016; Zoidis et al., 2016). Additionally, PEEK is radiolucent
and generates few imaging artifacts (Rauch et al., 2020). PEEK is an essential, high-performance dental
material with dental implants, prosthodontics, and orthodontics applications. This literature review
aimed to summarize the studies that have been carried out about PEEK applications in

prosthodontics (Fig 1).

Table 1. The elastic modulus and tensile strength of pure PEEK, PEEK composites, mineralized
human tissues, and dental alloys (Adem et al., 2022; Najeeb et al., 2016).

Material Elastic modulus (GPa) Tensile strength (MPa)
Titanium 102-110 954-976
PMMA 3-5 48-76
PEEK 3-4 80
CFR-PEEK 18 120
GFR-PEEK 12 97
Cortical bone 14 104-121
Enamel 40-83 4715
Dentin 15 104

PMMA: Polymethyl methacrylate, CFR-PEEK: Carbon fiber-reinforced-polyetheretherketone, GFR-PEEK:
Glass fiber-reinforced-polyetheretherketone.

Implant-supported fixed dental prosthesis

|

Removable prosthesis PEEK [ Fixed prosthesis

|

Obturator

Fig 1. Applications of PEEK in prosthodontics.
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PEEK for a removable prosthesis

Removable dental prostheses (RDPs) can be fabricated from PEEK, either injection molding
or CAD/CAM systems. Previous clinical report has suggested PEEK frameworks in combination with
acrylic resin denture teeth and heat-cured acrylic resin denture bases as an alternative to
conventional Cobalt-Chromium (CoCr) frameworks. The study reported high patient satisfaction
regarding esthetics, retention, and comfort. Due to its high elasticity, PEEK could reduce the stresses
and distal torque on abutment teeth during function (Zoidis et al.,, 2016). In agreement with this
statement, a three-dimensional finite element analysis by Chen et al. (2019) showed that PEEK
frameworks caused lower stress values on the periodontal ligament than CoCr and titanium alloy.
Therefore, PEEK RDPs could be recommended for patients with poor periodontal conditions.
However, the same study found that PEEK caused the highest stresses on the mucosa and the
most significant displacement on the free end. The authors concluded that PEEK should be
used cautiously in distal extension RDPs. Furthermore, a clinical study demonstrated that PEEK
denture frameworks had similar effects on oral health-related quality of life, patient satisfaction, and
periodontal outcomes compared to CoCr denture frameworks (Ali et al., 2020).

Retention force and fatigue resistance are crucial factors for removable prosthesis clasps.
Tannous et al. (2012) found that PEEK clasps had a lower retaining force than CoCr clasps.
Nevertheless, the retention properties of the PEEK clasp remained stable over time. However, the
properly designed PEEK clasps with an undercut of 0.5 mm could provide adequate retention for
clinical use (Gentz et al., 2022). PEEK can be used as a framework material for complete dentures
to reduce the denture deformation responsible for midline fractures (Hada et al., 2020). Overdenture
frameworks are also fabricated from PEEK to promote proprioception and cushioning effect on the
underlined teeth and supporting structures (Zoidis, 2018b). In an RDP framework made of PEEK,
patient comfort is enhanced by its strength and lightweight, absence of metallic taste, lack of
thermal and electrical conductivity, scanner and radiographic friendliness, and non-allergic.

PEEK for a fixed prosthesis

PEEK reinforced with organic fillers fabricates provisional and definitive crowns and fixed
partial dentures (FPDs). Since PEEK is opaque, it should be veneered with composite resin to achieve
an aesthetic. Studies have reported high fracture resistance (Prechtel et al., 2020), high patient
comfort and acceptability, and better marginal fit of CAD/CAM PEEK inlays (Rajamani et al., 2021).
Modified PEEK for single crown frameworks veneered with composite resin has been suggested for
patients with metal allergies and weak abutments for patients with solid masseters or parafunctional
habits (Badran et al., 2021). The same composite material has been used to veneer PEEK endocrown
frameworks with predictable results (Ghajghouj & Tasar-Faruk, 2019).

Double crown systems, including telescopic crowns with a 0° taper and conus crowns, can
provide retention for RDP due to their guidance, support, and protection against dislodging
movements (Stock et al., 2016). In the double crown systems, CAD/CAM-manufactured PEEK
secondary crowns exhibited sufficient and stable retentive force values, even after artificial aging,
equivalent to 10 years of clinical usage (Schubert et al,, 2019). Moreover, Luft et al. (2021)
recommended using PEEK for secondary crowns when treating patients with few residual abutment
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teeth. A previous study reported that titanium/PEEK material combinations exhibited similar
retention forces as precious alloy/precious alloy telescopic crowns. In addition, PEEK secondary
crowns showed more favorable outcomes regarding wear resistance (Schimmel et al., 2021). Another
in vitro study demonstrated that milled PEEK could also be used as primary crown material with
high retentive forces in combination with secondary crowns made of zirconia, CoCr, or electroformed
(Stock et al., 2016). Recent investigations have already proven the suitability of PEEK as a secondary
crown material for retaining implant overdentures, providing a reduction of stresses transmitted to
the implants due to the stress-breaking capacity of PEEK and the acceptable initial and final retention
values (Emera et al., 2020). A clinical case presented by Siewert (2018) described using primary
zirconia copings and secondary PEEK framework veneered with monolithic zirconia to rehabilitate an
edentulous patient with titanium intolerance. The study reported high chewing comfort and patient
satisfaction with low weight, perfect fit, and retention prosthesis with no signs of soft tissue
inflammation.

Rodriguez et al. (2021) examined the potential of PEEK as an alternative FPD material and
reported that CoCr (11157 N) had the highest fracture values after thermocycling, followed by PEEK
(3132 N) and zirconia (1860 N); all were within the clinically acceptable range. In another study,
Stawarczyk et al. (2013) reported a lower fracture value (1383 N) of an uncemented three-unit milled
PEEK FPD and noted that deformation appeared to start at 1200 N. Therefore, the PEEK substructure
could be suitable for restorations in load-bearing areas. However, a finite element analysis comparing
PEEK, zirconia, and metal-ceramic three-unit FDPs found the highest deformation and stress upon
bridge body and bone for PEEK FDP (Algahtani, 2019).

In addition, Tasopoulos et al. (2021) recently published a case report describing a successful
restoration of inlay-retained PEEK FPDs over an observation period of 8 years. A pilot clinical study
by Raj et al. (2020) demonstrated satisfactory clinical outcomes of PEEK as posterior FPDs. Only 5%
of PEEK FPDs failed because of de-bonding, while remaining restorations were maintained without
fracture, and 10% showed marginal discoloration, but marginal adaptation exhibited no significant
change over one year. The overall conclusion of the previous studies is that PEEK can be used for
fixed dental prostheses, although the clinical evidence needs to be improved.

PEEK for an implant-supported fixed dental prosthesis

Frameworks for implant-supported fixed dental prostheses (IFDPs) are typically fabricated
by casting metal alloys or milling titanium or zirconia. However, Parmigiani-lzquierdo et al. (2017)
used PEEK frameworks veneered with resin composite as implant-supported crowns for patients with
metal allergy. PEEK has also been used for framework fabrication for short or long-span all-on-four
implant restorations. The cushion effect is a distinct advantage over more complex materials, leading
to a lower risk of mechanical complications (Zoidis, 2018a). Consistent with this statement, Wachtel
et al. (2019) found a favorable fracture mode for PEEK compared to conventional materials when
evaluating screw-retained PEEK crowns on titanium implants, with the bending points shifted
coronally, which protected the implant and abutment screws from damage. No screw loosening or

veneer complications were observed. On the other hand, using rigid metal or zirconia frameworks
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could lead to plastic deformation of the implant shoulder (Sailer et al., 2018). Moreover, Mourya et
al. (2021) suggested using PEEK restorations in bruxism patients could reduce stress generation in
bone and the risk of implant failure.

Finite element analysis helps predict the mechanical behavior of PEEK in IFDPs. Due to its
low elastic modulus, PEEK provides a cushioning effect on occlusal forces. When PEEK frameworks
are combined with low modulus of elasticity materials such as polymethyl methacrylate or
composite resin, occlusal forces on the restoration and opposing dentition are further reduced
(Zoidis, 2018a). However, the shock-absorbing capacity of the PEEK prosthetic framework is relatively
limited and effective only under compressive stress (Kelkar et al., 2021). In addition, a finite element
analysis on different framework materials for implant-supported fixed mandibular prostheses
revealed the highest deformation for PEEK and PMMA frameworks, which reduced the von Mises
stresses in the frameworks, implants, and abutments. Moreover, PEEK frameworks showed critical
tensile stress values in trabecular bone, while zirconia, CoCr, and titanium reached stress values in
the bone that were within physiologic limits (Sirandoni et al., 2019).

To ensure good long-term results of implant-supported prostheses, adequate fracture
strength is required. An in vitro study showed that an implant-supported three-unit fixed partial
denture from PEEK could bear high occlusal forces such as excessive crown height space (Nazari et
al., 2016). In addition, Preis et al. (2017) also suggested that PEEK crowns can be applied to bonded
or screw-retained restorations. In contrast, a total failure rate was observed in composite paste-
veneered PEEK frameworks used for screw-retained repairs, suggesting that the insertion of screw
channels weakened the PEEK frameworks. Moreover, zirconia implant-supported frameworks with
cantilevers exhibited higher fracture resistance than PEEK-based materials (Yilmaz et al., 2019).

A few studies have demonstrated satisfactory clinical outcomes of PEEK implant-supported
full-arch fixed prostheses with a low incidence of biological and mechanical complications (de Aradjo
Nobre et al., 2020; Wang et al., 2021). PEEK restorations are also considered to benefit patients with
temporomandibular joint disorder complications (Wang et al., 2021). Another advantage of PEEK is
its radiolucency, which may facilitate the cement removal and the diagnosis of screw loosening
(Zoidis, 2018a). These clinical reports and studies have concluded that PEEK superstructures could

be a prospective treatment option for IFDPs.

PEEK for an obturator
Another application of PEEK is the construction of a removable obturator. In a clinical report
by Costa-Palau et al. (2014), a maxillary obturator was fabricated from PEEK for a patient with an
oronasal defect. They found that the PEEK obturator is weightless and biocompatible, with good
retention and easy polishing. Aesthetic, retention, and patient comfort were greatly enhanced.
However, no experimental studies on PEEK obturators are available in the literature. Villefort
et al. (2020) used a finite element analysis to evaluate the mechanical response of implant-retained
obturator prostheses. The authors suggested that PEEK can be used as framework material to reduce
the bone strain around the implants and the stress concentration in the bar structure. However,
compared to titanium and CoCr alloys, PEEK increases the risk of prosthetic screws loosening and
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even fracture. Nevertheless, further studies are needed to elevate the efficacy of PEEK obturators

compared with conventional acrylic prostheses.

Conclusion

Several in vitro studies and clinical reports suggested that PEEK could be suitable for
fabricated fixed and removable dental prostheses and implant prosthodontics due to its favorable
mechanical, chemical, and physical properties. However, further studies are needed to elevate the
long-term performance of these prostheses before PEEK can be safely recommended as an

alternative to well-establish prosthodontic materials.
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