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Abstract---Aim This systematic review aims to analyse and appraise
the literature concerning PEEK dental prostheses critically.
Methodology The following focused question was constructed ‘Are
dental prostheses made of PEEK inferior to those made of other
materials in terms of clinical- and patient-reported outcomes?’. The
CONSORT (Consolidated Standards of Reporting Trials) tool was used
for the quality assessment of the randomised clinical trials. Results A
total of 12 studies were included in this review. Two case studies
received an overall grade of medium and the overall quality of six
studies was graded as ‘low’. All three observational studies and the
only randomised controlled trial received scores of ‘medium’.
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Conclusion PEEK-based dental prostheses may provide a viable and
more esthetic alternative to conventional prosthodontic appliances.
However, within the limitations of this study is the evidence to
ascertain the long-term viability of PEEK-based dental prostheses.
Future studies should focus on conducting large-scale, multicenter
trials to compare the survival rate of PEEK prostheses to that of
conventionally available prosthodontic appliances.

Keywords---polyetheretherketone; dental prostheses; prosthodontics.

Introduction

Advances in field of dental sciences and innovations in technologies has led to
introduction of improved materials. Biocompatibility, low affinity towards plaque
and debris, improved esthetics and properties close to teeth are some of the
properties to modern materials used in dental sciences. These materials help to
restore the defects of the teeth and associated structure. ! In spite of countless
inventions of this topic, still search is going on to find out the material which will
be upto the standard requirements.? The practice to find most improved material
is ongoing and in current literature directed to meet the biocompatible material
and aesthetic demands, Polyetheretherketone (PEEK) bio material has been
established that can assist the mechanical and aesthetic properties in field of
dental sciences.3 PEEK is a tooth coloured synthetic material that has been used
for many years in the field of orthopaedics.4¢ As PEEK is new material in dental
field compared to other restorative materials, it is important to explore its
properties. PEEK (-C6H4-OC6H4-O-C6H4-CO-) n, is a linear polycyclic semi-
crystalline polymer. In 1978 PEEK was developed by English scientists and after
that PEEK was commercialized for various applications in other fields. During late
1990s, PEEK was considered as an extraordinary enacted thermoplastic
substance for substituting metal implant. After introducing carbon fibre
reinforced PEEK, this material was exploited for fixation of fracture and femoral
prosthesis in hip joints replacement.” In 1992, PEEK material was utilized in
dental arena, in the form of aesthetic abutments and as implants® and in 2013 a
study reports that PEEK might be exploited as a better option for FDP.? Titanium
and its alloys and Zirconium are predominant in the field of implant materials in
today’s dental practice. Studies have already proven that these materials are
biocompatible, but even these have some short comes, one of them being the
elastic modulus. The elastic modulus of titanium and zirconia are 110 and 210
GPa respectively which is 5-14 times greater than that of compact bone having 15
GPa.10.11 Due to the gradient difference in the elastic modulus of a titanium
implant to its surrounding bone, it may cause stress in the implant-bone
interface during load transfer resulting in peri-implant bone loss.!! This
phenomenon is referred to as stress shielding, and it may be one of the important
causes of long term failure of dental implants. Titanium implants are also known
to cause image distortions in MRI scans.1? Few studies also claimed that titanium
is prone to hypersensitivity reactions.!® Titanium can cause aesthetic problems
due to its lack of light transmission.!4 This can provoke a dark shimmer of the
peri-implant soft tissue in cases of thin biotype mucosa and mucosa recession
around the implant.15 The existing materials despite having superior qualities
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have certain drawbacks like attrition of the natural teeth and bulkiness which
may lead to a compromise in the retention of the prosthesis as well as patient
satisfaction. The dental profession always thrives for better materials which can
fulfil the pitfalls of the existing materials. PEEK is the latest inventory of dentistry
and is claimed to have better properties in parallel with existing materials.

Aim of The Present Study

This systematic review aims to analyse and appraise the literature concerning
PEEK dental prostheses critically especially in case of RPDs.

Methodology

Using the Participant, Intervention, Control and Outcomes (PICO) principle
provided in the Preferred Reported Items for Systematic Reviews and Meta-
analyses (PRISMA) statement in, the following focused question was constructed
‘Are dental prostheses made of PEEK inferior to those made of other materials in
terms of clinical- and patient-reported outcomes?’. Outcomes such as implant-
related complications, fractures, debonding of material stability were classified as
clinical and those such as appearance and masticatory function were classified as
patient-reported. Prior to beginning the literature search, eligibility criteria for
research pertinent to this review were established. Randomised controlled trials
(RCT), cohort studies, case-control studies and case reports that focused on
reporting clinical and patient-reported outcomes of dental prostheses constructed
with PEEK frameworks or major connectors were included.

Literature Search- An electronic literature search was conducted via
PubMED/MEDLINE, Google Scholar, EMBASE and ISI Web of Science using the
following medical subject heading (MeSH) keywords: ((polyetheretherketone) or
(PEEK)) and ((denture) or (prosthodontic) or (bridge) or (denture framework) OR
(dental prosthesis) OR (partial denture) or (complete denture) or (fixed denture) or
(removable dental prosthesis) or (fixed dental prosthesis)) and the above-
mentioned eligibility criteria for studies published between January 1990 and
April 2022. Using the PICO principle, the data from each study were
independently extracted by the two investigators using a pre-decided data
collection form. Briefly, data corresponding to the following categories was
extracted: the type of study, number of patients, type or brand of PEEK, the mean
age or range of the age of the patients, rehabilitation and study group details, the
fabrication details, dental implant details (number and dimensions), duration of
the studies (follow-up) and the outcomes. (Table 1)

Results

The initial search resulted in 72 items. In total, 57 irrelevant articles were
excluded based on titles and abstracts and the full texts of 15 articles were
downloaded to deem their eligibility for inclusion in this review. Of these 15
articles, three articles were excluded. Therefore, 12 studies were deemed suitable
for inclusion in this review. Eight of the included studies were case reports, two
studies were cohort studies, one study was a randomised controlled trial (RCT)
and another one was a case-control study. Case reports documented six patients
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who received single PEEK prostheses. The number of patients in the other studies
ranged from 15 to 43. BioHPP PEEK was used to construct prostheses in five
studies. PEEK Optima was used in the construction of prostheses in two studies
and Ceramill PEEK was also used in two studies. While one study reported the
use of the PEEK brand called Dental Direkt, two studies did not specify the type
or brand of PEEK used. In four studies, removable PEEK dentures were
constructed and fixed dental prostheses (FDP) were fabricated in three studies. In
the case reports, PEEK dentures were successfully used for the oral rehabilitation
of eight patients without any clinical or patient-reported complications. In one
cohort study, 20% of the implant-supported PEEK overdentures failed due to loss
of passive fit, peri-implantitis developed in two patients and two dentures had to
be repaired. On the other hand, in a retrospective study, the 5-year survival rate
of PEEK FDPs was reported to be 93.1%, which was statistically similar to the
success rate of titanium FDPs which was reported to be 93.5%. In the case-
control study, in which the ridge changes of individuals who wore PEEK dentures
were compared to those who did not wear any dentures, there was no difference
observed between the outcomes of both the groups. Two case studies received an
overall grade of medium and the overall quality of six studies was graded as ‘low’.
All three observational studies and the only RCT received scores of ‘medium’.
(Table 2)

Discussion

Several materials are used in the construction of dental prostheses. Conventional
materials include acrylics (with or without metallic frameworks), alloys and
porcelain fused- to-metal. However, studies suggested that these materials have a
high percentage of failure or complications after five years of placement.
Systematic review and meta-analysis of 32 studies have suggested that implant-
supported fixed dental prostheses may have a failure rate of as high as 33.6%
after 5 years.1®6 Acrylic partial dentures, primarily used as interim prostheses,
were reported to last 6 to 12 months. On the other hand, removable metal
dentures were reported to have a 5-year survival rate of 75%. Although alloy and
PFM prostheses were constructed conventionally to overcome the limited strength
and fracture resistance of acrylics, they are unable to prevent alveolar bone loss
most likely due to unfavourable stress distribution. Although using dental
implants to retain dental prostheses results in lesser bone resorption, it does not
prevent it completely. PEEK, with mechanical properties similar to that of cortical
bone, is currently being studied as an alternative to conventional materials used
in the fabrication of fixed and removable dental prostheses. Indeed, PEEK’s
flexural strength (183 MPa) was shown to be much higher than that of
polymethylmethacrylate (PMMA; 84 MPa) in a recent in vitro investigation.!?
Similarly, in the case reports reviewed in this systematic review, favourable
outcomes in the case reports reviewed in this systematic review suggest that
PEEK is a promising material to replace PMMA as the material of choice to
construct interim prostheses. Nevertheless, a higher cost of PEEK may limit its
clinical usage. Furthermore, a lack of randomised clinical trials focusing on PEEK
dental prostheses indicates that there the evidence to use PEEK is inconclusive.
Other materials such as base alloys and acrylics have been used for a longer time
and, hence, are reported in the literature significantly more compared to PEEK.
Due to PEEK’s tensile properties being similar to bone, mechanical properties
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superior to those of conventional acrylics and due to its non-brittle nature, PEEK-
based prostheses supported by dental implants may potentially survive longer
than conventional implant supported dentures. Nevertheless, in the retrospective
study by Wang et al., a 5-year survival rate of 93% for implant-supported was
reported and none of the 331 implants placed failed. Nevertheless, in the PEEK
group, there was significantly lesser vertical peri-implant bone loss observed (0.70
mm) after 5 years compared to the same around the implants placed under
titanium prostheses (096 mm), which could be due to a reduced level of stress-
shielding that was reported in prior finite element analysis (FEA) studies on PEEK
prostheses. In the same study, however, there was no significant difference
observed between the survival of PEEK and Ti denture frameworks.!8

Conclusion

The evidence to ascertain the long-term viability of PEEK-based dental prostheses
is insufficient. The majority of the evidence regarding the outcomes of PEEK
dental prostheses is obtained from case reports and non-randomised
observational studies. Therefore, future studies should focus on conducting large-
scale, multicenter trials to compare the survival rate of PEEK prostheses to that of
conventionally available prosthodontic appliances.
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