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A b s t r ac t
Aim: This systematic review was done to evaluate Polyether Ether Ketone (PEEK) over metal-ceramic alloy as a fixed partial denture framework.
Materials and methods: This review adhered to the PRISMA guidelines for conducting and reporting systematic reviews and meta-analyses. Three
independent reviewers screened the literature pertinent to PEEK in fixed dental prosthetic applications with time limits from the years 1995 January
to 2020 January. The search strategy was done based on PICO formulation. PICO analysis was used to create a search questionnaire, and a
complete search was piloted in PubMed, Cochrane, Embase, Ovid, Science Direct databases for related manuscripts. Following screening and
final selection, all the relevant information from the articles was extracted, tabulated, analyzed, and interpreted.
Results: 140 papers were rejected grounded on the title and the abstract from the 165 publications found after perusing all databases. Twenty
papers were eliminated based on our inclusion and exclusion criteria, leaving only five researches to be included based on their central data.
Meta-analysis could not be initiated due to the heterogeneity of the selected articles.
Conclusion: Based on this systematic review, PEEK-fixed partial dentures are reported to show better esthetics and despite the fact, PEEK
frameworks showed equivalent mechanical properties as metal alloys, there is insufficient evidence to validate superior mechanical properties
compared to its metal counterpart. Hence future studies are required in this field for further understanding and authentication.
Clinical significance: PEEK can be effectively used as an appropriate superstructure for dental implants, temporary abutments, implant aided
bars, framework for removable prostheses, and fixed dental prostheses.
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Introduction
Fixed partial dentures have been an effective therapeutic option
for replacement of missing teeth. Fixed partial dentures (FPDs)
have evolved in materials over time. The first documented use
of dental materials dates back to 500 BC. Dental fixed prostheses
were first made of gold by the Etruscans. Metals like Ni and Cr were
also employed to construct the framework for the fixed prosthesis.
After that metal frameworks veneered with tooth-colored ceramics
were used.1 As esthetics began to become the main concern in
patient satisfaction, research and development started focusing
on metal-free and all-ceramic materials like lithium disilicate and
aluminum oxide ceramics.2
Framework s manufac tured from pre -sintered oxide
ceramics were introduced to dentistry with the advancement
of computer-aided design/computer-assisted manufacture
(CAD/CAM) milling technology. Because of their low failure rate
(8% to 10% after ten years), metal-ceramic fixed partial dentures
are considered the gold standard for posterior FPDs. Alternatives
to metal-based restorations were supplied by industrially made
ceramic or zirconia frameworks. They are sturdy and structurally
sound enabling great fitness for clinical use. The enhanced
porcelain chipping rate is the one major disadvantage of the
zirconia framework. 3 In recent years newer materials have been
tested to be used in dentistry. One such material is Polyether Ether
Ketone (PEEK).4,5
Polyether ether ketone is a linear semi-crystalline polymer made
via nucleophilic substitution of aromatic dihalides with bisphenol
salt. The occurrence of aromatic rings deliberates resistance to
mechanical loads, oxidative and thermal assaults. Polyether ether
ketone has a high melting point of 342.85°C, as well as excellent
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thermal steadiness, chemical resilience, and radiolucency. It is a
stiff polymer at room temperature that can be semi-crystalline or
amorphous depending on the manufacturing technique used.6
Polyether ether ketone has been identified as a viable
biomaterial for medical implants such as spinal and cranial implants.
Endosseous implants, provisional abutments for implant-supported
prostheses, prosthetic substructure over implants, and removable
as well as fixed partial dentures are a few applications for PEEK in
dentistry.
Polyether ether ketone is a well-proven material with
outstanding mechanical qualities, primarily for use in load-bearing
areas. It also has a low rate of biofilm formation and, due to its
lightweight, provides excellent patient comfort.7 Polyether
ether ketone is a high-performance polymer that is biologically
inert and water-insoluble. Based on its outstanding physical as
well as biological characteristics, this material appears to be an
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appropriate superstructure in dental practice, such as for dental
implants, temporary abutments, implant aided bars, framework
for removable prostheses, and fixed dental prostheses, despite
the paucity of clinical long-term research.8 Hence, it is of crucial
importance to analyze the literature to explore the role of PEEK in
various restorative and prosthetic applications and to validate and
compare its clinical effectiveness with respect to metal-ceramic
alloy systems in Fixed Dental Prostheses (FDP). This systematic
review aims to critically analyze and review various studies that
compare PEEK and metal alloys as a framework for a fixed dental
prosthesis in terms of fracture resistance, marginal adaptation and
discoloration.

O u tco m e

M at e r ia l s

The titles and abstracts of the entries found in the first electronic
database search results were studied. Following this, full-text
copies of potential research that can be included in this review were
read, and after applying the eligibility criteria, a final selection of
publications was made. The screening process was done by all three
independent researchers and the studies were finally consolidated.

and

Methods

This review adhered to the PRISMA guidelines for conducting
and reporting systematic reviews and meta-analyses. This
systematic review was conducted in the Postgraduate Department
of Prosthodontics to analyze and compare the effectiveness
of PEEK as a substitute for alloy framework in fixed dental
prostheses. Three independent reviewers were involved in the
study. They screened the literature pertinent to PEEK in fixed
dental prosthetic applications with time limits from the years
1995 January to 2020 January. The search strategy was done based
on PICO formulation. PICO analysis was used to create a search
questionnaire, and a complete search was piloted in PubMed,
Cochrane, Embase, Ovid, Science Direct databases for related
manuscripts. The articles for the review were selected based on
the inclusion and exclusion criteria. Following screening and final
selection a all the relevant information from the articles were
extracted, tabulated, analyzed, and interpreted.

Research Question
Are PEEK frameworks equally effective as metal frameworks in fixed
dental prosthetic applications?

P i co A n a lys i s F r a m e wo r k
A PICO framework was utilized to answer the research question
using the following approach elements:

P o p u l at i o n (P)
Partially edentulous arch, Partially edentulous restoration, Partially
edentulous rehabilitation, posterior missing teeth, anterior missing
teeth, missing tooth, partially edentulous, bilaterally missing teeth.

I n t e r v e n t i o n s (I)
Polyether Ether Ketone (PEEK), PEEK fixed partial denture, PEEK
partial denture prosthesis, PEEK partial dental prosthesis, PEEK
crown and bridges, PEEK crowns, PEEK bridges, fixed partial denture,
partial denture prosthesis, partial dental prosthesis, crown and
bridges bridge, short span bridge, long span bridge, survival of
fixed partial dentures.

C o m pa r i s o n (C)
Cobalt chromium, Nickel chromium, Titanium, Zirconium,
CAD-CAM, CAD-CAM zirconium, Computer-aided design,
Computer-aided manufacturing, Acrylic, Lithium disilicate ceramics,
Layered ceramics, Metal, All metal, All ceramic, Metal ceramic,
Porcelain fused to metal, Ceramic facing.

measures

(O)

Color changes, Marginal adaptation, Marginal fit, Marginal accuracy,
Esthetics, Fracture resistance.

A r t i c l e E l i g i b i l i t y C r i t e r ia
Original research studies on PEEK frameworks and metal-ceramic
frameworks for single crowns, fixed partial dentures, and implant
fixed partial dentures reporting on the outcome measures were
included for the systematic review. Review articles discussing about
PEEK frameworks were excluded.

Articles Selection

R e s u lts
Three independent reviewers were involved in the study and their
inter-observer reliability was high with a kappa score of 83. The
reviewers screened the literature and 140 papers were rejected
grounded on the title and the abstract from the 165 publications
found after scanning all databases. Twenty of the other 25 research
were barred based on our inclusion criteria, while five were included
based on core data. As shown in the flowchart (Fig. 1), the five
articles were examined and consolidated. The treatment outcomes
observed in these studies were fracture resistance, aesthetics, and
marginal accuracy.

Data Extraction
Using standardized abstraction tables, the data from the selected
studies were retrieved. In one table, the following general features
of each study were extracted: (1) Author and year (2) Type of
study (3) Groups (4) Sample size (5) Categories of statistical methods
used (6) Outcome assessment (7) Scientific method used for
assessment (8) Inference. The information was extracted from the
studies, consolidated, and analyzed in-depth (Table 1). The Oxford
Centre for Evidence-based Medicine’s 2011 level of evidence was
also tabulated and the risk of bias was high for four in vitro studies
and moderate for one randomized trial (Table 2).

Search Process and Article Selection
This flowchart depicts the overall volume of articles obtained,
discarded and the total number of publications retrieved for
analysis (Fig. 2).

Discussion
Fixed dental prostheses (FDPs) have long been the gold standard
for replacing lost teeth because they improve patient satisfaction,
masticatory capability, and comfort.9 In this systematic review,
we have explored the literature to review the use of nonmetal
alternatives like Polyether ether ketone for a fixed partial denture
framework. This systematic review focused on the outcomes of
four in vitro studies and one randomized controlled trial for a fixed
partial denture framework fabricated by metal and PEEK.
Nazari et al. compared the fracture strength of implantsupported FPDs with excessive crown height made of zirconia,
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Fig. 1: Depicting the search methodology describing the total number of articles obtained, the ones that were excluded, inclusion of handpicked
articles and finally the total number of articles that were retrieved for analysis

nickel-chromium alloy (Ni-Cr), and PEEK materials and concluded
that all implant-supported three-unit FPDs made of zirconia, metal
ceramic, and PEEK materials were effective in withstanding the bite
force and para-functions7 Tekin et al. used finite element analysis
to compare the stresses in the peri-implant bone, implants, crowns,
abutments, and screws after loading using PEEK materials, which
are an alternative to titanium abutment and metal supported
restorations, and observed that the PEEK material reduced stress
on abutment significantly.10
The load usually engaged by the missing tooth must be
transferred through the pontic, connectors, and retainers to the
periodontium of the abutment teeth. The fracture load of metal,
zirconia was similar compared to PEEK framework. As per the results
of this research, all the implant-supported three-unit FPDs made of
zirconia, metal ceramic, and PEEK components may resist bite force
even when para-functions occur in the molar region with excessive
crown height space. The stress upon abutment was found to be
lower in groups using PEEK crowns as a crown material compared
to groups utilizing metal-ceramic crowns.7,10
For the success of fixed prostheses, the marginal fit is a critical
aspect to consider. Clinically acceptable discrepancies in the
range of 40– 120 µ are deemed clinically acceptable for crown
success.11The marginal gap should be less than 120 microns in
order to be considered clinically acceptable. According to studies,
the marginal gap for cemented restorations was in the range of
25–40 microns and was regarded a clinically acceptable.12,13
Microleakage and secondary cavities, plaque deposition,
periodontal inflammation, and bone deterioration are all
risks of an incorrect marginal fit, which can shorten the life of
prosthetic restorations.14 Polyether ether ketone crowns have a
substantially greater marginal fit accuracy than PFM crowns. Using
a stereomicroscope and CBCT, Roy et al. compared the marginal
accuracies of traditional Porcelain Fused to Metal (PFM) and PEEK
crowns, concluding that marginal accuracies in PEEK crowns were
substantially higher and better than PFM crowns.15 As per Nawafleh
et al., there was a significant lack of agreement on marginal
adaptation of multiple crown systems due to discrepancies in
testing methodology and experimental methodologies.16
The chromogenic characteristics of PEEK, zirconia (ZrO2), and
cobalt-chromium-molybdenum alloy (CoCrMo) veneering materials
over core materials were examined by Stawarczyk et al. Color was
determined with a spectrophotometer (CIE-System) and a chair-side
82

color assessment device (VITA EasyShade) after specimens were
superimposed on assemblies. With respect to CIE-LAB System and VITA
EasyShade specifications for each veneering material, PEEK as a core
material produced equivalent aesthetic results to ZrO2 and CoCrMo. 17
The color of the neighboring teeth, optical qualities such as
scattering, absorption, and reflection, and intrinsic component
feature such as opacity and translucency of the restoration all
influence the eventual appearance and awareness of dental
restorations. Polyether ether ketone frameworks, relative to
metal frameworks, offer greater aesthetics, according to studies.
With respect to the CIELAB System characteristics, PEEK as a core
material revealed no different trends when equated to the gold
standard core materials such as ZrO2. The core materials and the
change between the framework and veneering material, on the
other hand, had a substantial impact on the CIELAB System and VITA
Easy Shade results, indicating that the framework and veneering
material combination was important. 17
Fracture resistance during mechanical loading is a crucial
factor in determining longevity and success in prosthetic
frameworks.18 Heloisa et al. employed the finite element method
to evaluate the biomechanical behavior of tooth-supported fixed
partial prosthesis components made of Cr-Co alloy and PEEK when
subjected to physiological occlusal loads and found that the two
materials had similar outcomes.19
This systematic review appraises both the features of PEEK and
different alternatives of metal in the fabrication of fixed partial
dentures, thus providing a better understanding of the clinical
and mechanical properties of the metal and nonmetal (PEEK)
framework for fixed dental prostheses. This will enable the clinician
to make better treatment choices.18,19 It must be observed that the
literature search was steered principally using electronic databases
and limited to reviewing references of included studies, hence
the current review may not have acknowledged all the nuances
in literature. The level of evidence of this systematic review is not
very high due to the paucity of studies and the risk of bias is high
for the selected studies. Another observation of this review is the
selected articles did not evaluate gingival and periodontal health
as an outcome measure. Furthermore, meta-analysis was not
applicable due to heterogeneity among the studies. Hence, there
is a need for future studies evaluating marginal accuracy, aesthetics,
and gingival health with long-term follow-up to shed more light
on these criteria.
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Tekin
et al.10

2.

In vitro
Group 1:
1model
Group2:
1model
Group3:
1model
Group4:
1model
A total of
48,900 nodes
and 224,145
elements
were used for
each model
In vitro

Group 1: AbutmentTitanium Crown–Metal
Substructure (Cr-Co)
Porcelain
Group 2 :
Abutment- Titanium
Crown-PEEK
Group 3 : Abutment-PEEK
Crown-Metal substructure
(Cr-Co) Porcelain
Group 4 : Abutment-PEEK
Crown-PEEK

Group 1 (control group):
Ni-Cr alloy framework
veneered with VITA VMK
MASTER
Group 2: Y-TZP framework
veneered with VITA VM 9
Group 3: PEEK framework
veneered with composite

Group 1: 10
Group 2: 10
Group 3: 10
Total: 30

Group 1:1
Group 2:1

Group 1: Cr-Co metallic
infrastructure and feldspar
ceramic coating
Group 2: PEEK infrastructure and indirect resin
coating

In vitro

Sample size

Groups

Type of
study

One-way
Anova followed
by GamesHowell test
for pairwise
comparisons

Finite element
stress analysis

Descriptive
analysis

Type of
statistical
method used

Fracture loads
Group 1: 5591.74 ± 1
200.29N
Group 2:
2086.31 ± 362.61N
Group 3:
1430.47 ± 262.21N
p < 0.001

von Mises stress values
GROUP 1 :
Abutment-284.12
Crown-33.663
GROUP 2 :
Abutment- 279.23
Crown-10.867
GROUP 3 :
Abutment-249.38
Crown-81.554
GROUP 4 :
Abutment-248.38
Crown-45.876

Load on dentin
1.Axial :
M1:2%
M2:18%
2.Oblique
M1: 13%
M2: 100MPa

Outcome assessment and
p-value

Samples were axially loaded
on the center of pontics
until fracture in a universal
testing machine at a crosshead speed of 0.5 mm/min

The models made in Rhinoceros 4.0 are transferred
to ANSYS software for the
analysis in “igs” format by
preserving 3D coordinates.
After analysis, von Mises
equivalent strain values of
the peri-implant bone, implant, abutment, screw, and
crown were examined by
using the method of finite
element stress analysis

Each model was subjected
to axial and oblique loads
(150 N). All simulations were
processed in an Intel I7
6800k, with 112 Gb of RAM
and SO Windows 10 64 bits

Mehodology used for
assessment
Inference

The fracture load of the Ni-Cr
group was significantly higher
than that of the zirconia and PEEK
groups (p < 0.001). The zirconia
restorations had significantly
higher fracture strength than the
PEEK restorations (p < 0.001)

With the use of PEEK abutments
with low-elasticity modulus, PEEK
provides less stress on abutment
by transmitting the stress to
implant and screw. In the groups
using PEEK crown as a crown
material, it was observed that
the stress on the abutment was
decreased as compared to groups
using metal porcelain crowns

M1 showed superiority in four factors: dentin infrastructure, detachment pressure between cement
and tooth, and cement tensile
stress whereas M2 showed better
performance in terms of esthetics.
A long lifespan was suggested for
both treatments although longer
for M1

(Continued)

Nazari
et al.7

Heloisa
et al.9

1.

3.

Author and
Year

Sr.
No

Table 1: Summation table of included studies in this systematic review
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Group 1: core (Polyether
ether ketone (PEEK)
Group 2: zirconia (ZrO2),
Group 3: cobalt-chromium-molybdenum alloy
(CoCrMo)
Group 4: titanium oxide
(TiO2); veneering materials (VITA Mark II, IPS e.max
CAD, LAVA Ultimate and
VITA Enamic, all in shade
A3; thickness: 0.5, 1.0, 1.5,
and 2 mm, respectively

Group 1: PFM crowns
Group 2: PEEK crowns

Stawarczyk
et al.17

Roy et al.15

4.

5.

Groups

Author and
Year

Sr.
No

Table 1: (Continued)

Group 1: RCT
40
Group 2: 40
Total: 80

RCT

10 specimens In vitro

Sample size

Type of
study
Relative frequency of the
measured VITA EasyShade parameters
1. PEEK core material
A1: 25%
A2: 17%
B3: 31%
2.CoCrMo
A1: 25%
A2: 16%
B3: 31%), regardless of the
veneering material used.
CieLab-System Parameters showed p < 0.001

Outcome assessment and
p-value

Unpaired ‘t’ test Marginal Gap at 4 sites
(□m)
Group 1: MB: 120.280000
± 3.280761325.
ML: 119.944500
± 3.205444847.
DB: 110.136800
± 1.606514482.
DL: 110.127050 ±
1.640855498
Group 2: MB: 90.3021250
± 1.250559304.
ML: 90.7416250
± 1.117386137
DB: 89.5456250
± 0.979465571.
DL: 89.5541250 ±
0.979825264

Three-, two-,
and one-way
ANOVA, a Chi2test, and a Wilson approach (
p < 0.05).

Type of
statistical
method used

PEEK as core material showed no differing tendencies when compared
to gold standard core materials such
as ZrO2 and CoCrMo with respect
to the CieLab-System parameters of
the assemblies and the modification
of the CieLab-System parameters for
each individual veneering material.
Core materials and the modification
between assembly and veneering
material showed significant impact
on the CieLab-System and VITA Easy
Shade results, i.e., the combination
of core andveneering material was
influential

Inference

The marginal fit accuracy of Accuracy in PEEK crowns were
crowns was checked using
much higher than the PFM crowns
a stereomicroscope. CBCT
of the same patient with the
crown was made to validate
the readings obtained using
stereomicroscope

The color was determined
with a spectrophotometer
(CieLab-System) or a chairside color measurement
device (VITA EasyShade)

Mehodology used for
assessment
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Table 2: CEBM level of evidence of included studies (According to Oxford Centre for Evidence-based Medicine 2016, levels of evidence)
Sr. No

Author and year

Study design

Level of evidence

Risk of bias

1.
2.
3.
4.

Heloisa et al.19
Tekin et al.20
Nazari et al.21
Stawarczyk et al.22

In vitro study
In vitro study
In vitro study
In vitro study

Level 5
Level 5
Level 5
Level 5

High
High
High
High

5.

Roy et al.23

RCT

Level 1b

Moderate

Fig. 2: PRISMA flowchart for selection of articles

C o n c lu s i o n
Based on this systematic review, PEEK fixed partial dentures are
reported to show better esthetics and despite the fact, PEEK
frameworks showed equivalent mechanical properties as metal
alloys, there is in sufficient irrefutable evidence to validate superior
mechanical properties compared to its metal counterpart. Hence,
future studies are required in this field for further understanding
and authentication. Nevertheless, PEEK can be effectively used
as an appropriate superstructure for dental implants, temporary
abutments, implant aided bars, connectors for removable
prostheses, and fixed dental prostheses.
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