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PEEK High Performance
Polymers: A Review of
Properties and Glinical
ApplicationsinProsthodontics
and Restorative Dentistry

ABSTRACT

Various materials have been used over time in prosthetic dentistry. However, due to the
evolution of science and knowledge, new materials are being brought to the forefront.
Polyether ether ketone (PEEK) is a polymer with many potential applications in dentistry.
The use of PEEK has become increasingly more common in dental practice; its favorable
properties have made it a compelling alternative biomaterial in restorative dentistry.
The current trend is moving towards the use of metal-free restorations and biomaterials
which exhibit advanced properties in the complex oral environment. This review paper
presents and summarizes clinical applications of PEEK in contemporary dentistry.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Metal alloys, titanium and zirconia are currently the materials most com-
monly used for the fabrication of conventional prostheses and implant
restorations. The forefront of dental research is geared towards high per-
formance polymer materials in order to improve framework properties
and potentially reduce the overall cost of prosthetic tooth rehabilitation.
This review was conducted in PubMed using as keywords PEEK, and differ-
ent dental disciplines such as implant dentistry, periodontics, prosthodon-
tics, orthodontics and restorative dentistry.

PEEK is a high impact polymer material with mechanical and physical
properties resembling those of bone. PEEK has also been found to have
biocompatible properties; this combination of favorable in vivo and in
vitro findings has made PEEK very popular for medical applications, such
as spinal and orthopedic implants,'2 while its potential for dental applica-
tions have also been researched over the last decade. The use of PEEK has
been advocated for many types of intra-oral fixed and removable pros-
thetic restorations.*> PEEK has also been used for the fabrication of es-
thetic orthodontic wires, as it may exert more favorable orthodontic forces
than conventional orthodontic wires.®
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PHYSICAL AND MECHANICAL PROPERTIES

Polyetheretherketone is what is known as a high perfor-
mance polymer. PEEK's polymer molecular chain configura-
tion allows for enhanced physical and mechanical properties
when compared to other polymers. The physical and mechan-
ical properties of PEEK are summarized in Table 1.

Table 1. Physical and mechanical properties for PEEK.”8

Mechanical properties

E modulus 4,000 MPa
Flexural strength > 150 MPa
Water absorption 6.5g/mm?
Water solubility <0.3g/mm?

Breaking load tests on three-unit FDPs

Max stress without

. . > 1,200 N
fracturing (no cycling)
Max stress without
fracturing (mechanical > 1,200 N
& thermal cycling)
Other properties
Melting range Approx 340°C
Bond strength >25 MPa
Density 1.3-1.5cm?
Hardness 110 HV

SOLUBILITY

PEEK has a water solubility of 0.5 w/w% and it cannot be
chemically affected by long-term water exposure, even at
temperatures of up to 260°C.2 In a study of Liebermann et
al.® of the physical and mechanical characteristics of PEEK
and other modern esthetic CAD/CAM polymer materials, PEEK
showed lower solubility and moisture absorption, while hard-
ness values were comparable to those of PMMA materials.

ELASTIC MODULUS

PEEK presents a semi-crystalline structure, which makes it
less brittle than zirconium dioxide (a crystalline structure).
PEEK’s modulus of elasticity is 3.1 GPa (similar to that of bone),
which is also a great advantage for use in implant dentistry.

Zirconium oxide and non-precious metals are more rigid ma-
terials, having a modulus of elasticity of 100 GPa.™

Moreover, PEEK can be easily modified by incorporating oth-
er materials like carbon fibers which may increase the elastic
modulus up to 18GPa."" Since PEEK's modulus approximates
that of dentine and cortical bone,'*™ it could also result in
the reduction of stresses transferred on the abutment teeth
and also the cementation interface when compared to tita-
nium and other materials.*"> The tensile strength and Young's
modulus are summarized in Table 2.

Tahle 2. Tensile strength and elastic moduli of PEEK, CFR-

PEEK, PMMA and mineralized human tissues.

Tensile strength  Young's modulus

Material (MPa) (GPa)
PEEK 80 3-4
CFR-PEEK 120 18
Cortical bone 104-121 14
PMMA 48-76 3-5
Dentin 104 15
Enamel 47.5 40-83
Titanium 954-976 102-110

WEAR RESISTANCE, FLEXURAL AND TENSILE
STRENGTH

Despite its significantly low elastic modulus and low hard-
ness, PEEK's wear resistance is comparable to that of metal
alloys.'® PEEK exhibits greater wear resistance during lateral
force application and similar abrasion rate, compared to resin
materials when opposing natural teeth.”

In a three-point bending test conducted by Schwitalla et al.,'®
PEEK, exhibited higher values than the prevailing minimum
strength for plastic materials (65MPa). Concerning its use in ortho-
dontics, PEEK exhibited the highest flexural strength and creep re-
sistance among other plastic alternatives (PES and PVDF)." PEEK’s
tensile strength stands at 80 MPa.° The tensile properties of PEEK
are similar to those of enamel and dentin,*"2* which also makes it
suitable for framework fabrication of prosthodontic restorations.

BIOLOGICAL PROPERTIES

There is sufficient scientific evidence which suggest that
PEEK and PEEK composites are biocompatible materials.?*
Sensitivity tests displayed negative results and tests for gene
toxicity showed no chromosomal abnormality due to PEEK.2>"

.....................................................PEEKPolymers___
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There is currently no evidence to suggest any potential cyto-
toxic, mutagenic, carcinogenic, or immunogenic activity.3 Its
extensive use in orthopedics also advocates for the biocom-
patibility of the material.

PEEK acts as a relatively bio-inactive material with limited
fixation to bone, a property which has been a subject of inves-
tigation in numerous studies.>*>3 There is a relation between
the implant stiffness and bone resorption around the implant
fixture nicely explained by Wolff's law and stress shielding ef-
fect. Wolff's Law dictates that the density of bone is depend-
ent on its stress condition. If the applied stress environment
of a load-bearing bone region is decreased below its normal
physiological levels, the bone density of that region can de-
crease leading to a reduction in strength, the degree of which
is directly related to the stiffness of the implant material.®

Stiff implants fabricated from Ti or ZrO? do not adequately
strain the bone, which can result in disuse atrophy and bone
resorption.3 This phenomenon is known as stress shielding
and leads to bone resorption and eventually loss of osseointe-
gration.338 PEEK implants are less stifer than Ti or Zr and are
known to reduce this stress shielding effect.®

In order to improve the bone-to-PEEK implant interface,
various composition modifications have been proposed, such
as the creation of hydroxyapatite composites, coating PEEK
with titanium and Hydroxyapatite, network creation for bone
ingrowth, as well as combination with phosphate-calcium bio-
materials and other modifications.*-4

PEEK is strongly indicated for patients with allergies as an
alternative material to metal alloys, due to its low solubility
and its low reactivity, intraorally.” A single report to a chronic
allergic reaction has been recorded to PEEK with regards to
a patient who underwent an implantation of intervertebral
PEEK cage. The patient developed angioedema-like symptoms
with intense redness, itching, tongue swelling and skin thick-
ening. The skin patch test showed a positive result for PEEK
and symptoms were resolved with implant removal.*®

PEEK FORMS FOR DENTAL USE

Mainly two commercial brand types of PEEK are used in the
dental and medical fields. PEEK-OPTIMA, is used primarily in
the United States of America, whereas BioHPP is used in Eu-
rope. Both products represent modified PEEK material with
enhanced properties.

PEEK-OPTIMA™

PEEK-OPTIMA™ is the first thermoplastic implantable mate-
rial, developed in 1999 by Invibio Biomaterial Solutions Co.
It is a poly-aromatic semi-crystalline thermoplastic material
with a melting temperature of ~343°C, a crystallization peak
of ~160°C and a glass transition temperature of ~145°C. Three
natural (unfilled) grades are available as high, medium and low
viscosity variants and are generally known as poly-aryl-ether-
ketones. The addition of carbon fibers improved properties
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such as hardness and creep resistance. PEEK-OPTIMA™ is cur-
rently used in dentistry for temporary prosthetic abutments,
healing screws, precision attachments and implant-supported
restoration frameworks. Conventional laboratory fabrication
includes melting and injection molding. Using CAD-CAM tech-
nology, PEEK “blanks” (Juvora) can be used to mill frameworks
for dentures or FDPs within minutes.*

BIOHPP™

BioHPP™ (Bio High Performance Polymer) was developed by
Bredent GmbH specifically for dental applications. This PEEK
material modification includes the addition of ceramic fillers
with grain size between 0.3-0.5mm. According to the manu-
facturer, the small grain size is responsible for homogeneity
and improved polishing properties. Injection molding as well
as CAD-CAM options are also available for this material. Bi-
oHPP is approved by the manufacturer for three to four-unit
FDPs, telescopic restorations, implant abutments, and sec-
ondary structures associated with bar-supported prostheses.®

CLINICAL USE OF PEEK IN DENTISTRY
AND PROSTHODONTICS

IMPLANT ABUTMENTS - HEALING SCREWS.-
FRAMEWORKS

PEEK has been used for the manufacturing of implant pros-
thetic abutments by various implant companies. A rand-
omized controlled clinical trial (RCT) by Koutouzis et al.*® sug-
gests that there is no significant difference in bone resorption
and soft tissue inflammation around PEEK when compared to
titanium abutments. Additionally, the microbial oral flora was
similar to titanium, zirconia or PMMA abutments.

Rea et al,*? evaluated soft and hard tissue healing using dif-
ferent forms of PEEK healing screws. The authors concluded
that PEEK may be used as a healing screw material, since no
statistical difference was observed between PEEK forms and
titanium.

Moreover, Maté Sanchez de Val et al.,>® studied the behavior
of PEEK as a material for implant prosthetic abutments and
concluded that the biocompatibility of the material, in com-
bination with its excellent tissue response, made it a suitable
alternative to conventional titanium abutments. The material
has also been used for framework fabrication on short (Fig-
ures 1a-b) or long span all-on 4 implant restorations (Figures
2a-b), providing a cushioning effect as a distinct advantage
over harder materials, resulting in less screw loosening or
even veneer chipping and repairs.

Copyright ©2019 by Dennis Barber Ltd. All rights reserved.
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Figure 1a-b: PEEK three unitimplant prosthesis. a) FDP frame-
work. b) Definitive FDP.

REMOVABLE DENTAL PROSTHESES (RDPS)

Removable Dental Prostheses (RDPs) frameworks can be fab-
ricated from PEEK, using either injection molding or CAD/CAM
systems. Tanous et al.>* suggested that PEEK clasps have less
retaining capability as when compared to chromium-cobalt
clasps. Despite this, PEEK clasp retentive features remained
stable over time. However, since the study was conducted in
vitro, the authors determined that it would be necessary to
evaluate the clinical behavior of the material in order to sup-
port clear conclusions. Similarly, more studies are needed to
evaluate the efficacy of PEEK obturators as compared to con-
ventional acrylic prostheses.

Zoidis et al.*> have presented the use of PEEK as the frame-
work material for distal extension RDPs (Figures 3a-b). It is
indicated in patients allergic to metals or disturbed by the
metallic taste, the weight and the unpleasant appearance of
metal in their mouth. Also, overdenture frameworks are fab-
ricated from PEEK to promote proprioception as well as cush-
ioning effect to underlined teeth and supporting structures.>

Figure 2a-b: PEEK all-on-4 implant prosthesis. a) FPD frame-
work. b) Definitive FPD.

FIXED DENTAL PROSTHESES (FDPS)

The use of modified PEEK for single crown frameworks ve-
neered with light polymerized composite resin has been
suggested in case of patient metal allergies and weak abut-
ments for patients with strong masseters or parafunctional
habits.>”*® The same light-polymerized composite material
has been used to veneer PEEK endo-crown frameworks with
predictable results.®® Wagner et al.® studied the retention
between PEEK telescopic crowns and cobalt chrome copings
of different taper and manufacturing methods (Figures 4a-
b). Milled crowns with 0° taper showed the lowest retention.
Manufacturing process did not significantly affect the reten-
tion of 1° and 2° taper crowns, while tapers did not signifi-
cantly affect the retention of PEEK crowns manufactured by
injection molding.

CAD-CAM systems are also used for the fabrication of longer
span FDPs (Figures 5a-b).¢" CAD-CAM FDPs frameworks fabri-
cated from composite or PMMAs, present better mechanical
properties compared to conventionally fabricated prostheses
from the same materials.t%¢3

.....................................................PEEKPolymers___
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Figure 3a-b: PEEK RDP. a) In the master cast. b) Intraoral view

PEEK can be used as an alternative to PMMA for such res-
torations. It has been suggested that a CAD-CAM three-piece
PEEK FDP has a higher tensile strength compared to a com-
pacted granular- or pellet- shaped PEEK denture.®* The break-
ing strength of PEEK FDPs frameworks is much higher (1200N)
than that of lithium disilicate (950N), alumina (851N) or zirco-
nia (981-1331N).6

RESIN BONDED RETAINED (RBR) FDPS / SPLINTS

PEEK has been used for conservative RBR (resin bonded re-
tained) single tooth restorations (Figures 6a-b). In a clinical
case presented by Andrikopoulou et al.,’ restoring the an-
terior maxillary area in a patient with lip-cleft palate, a PEEK
framework coated with resin has been fabricated to restore a
missing lateral and to splint the remaining anterior teeth. The
authors suggest that the low modulus of PEEK, in combination
with the use of indirect composite resin as a coating material,
provide a distinct advantage over ceramic and metal-ceramic
restorations because, as a result of these properties, the oc-
clusal forces are significantly dampened, reducing the risk of
debonding.

EJPRD
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Figure 4a-b: Telescopic RDP. a) Primary telescopic crowns. b)
Secondary PEEK framework

The use of modified PEEK has also been proposed for fabri-
cating Maryland bridges for in cases of abutment teeth with
different mobility patterns. The dampening of occlusal forces
by the PEEK framework may contribute to decreased debond-
ing rates and increased survival rates.%

CLINICAL CONSIDERATIONS
BONDING WITH VENEERING MATERIALS

Alot of research has been conducted on PEEK surface modifi-
cation in order to explore the bond between PEEK and veneer-
ing materials such as composite resins. 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 compos-
ites (shear bond strength: 19.0+3.4 MPa).*

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 37°C for 27 days.®® A bond
of 23.4+9.9MPa with the composites has been achieved in
aged PEEK samples by combining etching with piranha acid (a
mixture of sulfuric acid H,504 and hydrogen peroxide H,0,)
and the use of adhesive agent.®

Copyright ©2019 by Dennis Barber Ltd. All rights reserved.
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Figure 5a-b: Four unit FDP. a) Peek frameworks. b) Hi-impact
composite veneer.

Keul et al.%8 proposed etching the surface with phosphoric acid or
argon plasma, as it resulted in statistically significant difference in
bond strength compared to preparing surfaces with hydrofluoric
acid and air-polishing with 50pum grained Al,O.. The use of resin ce-
ment SE Bond/Clearfil AP-X™ also showed statistically greater bond
strength compared to RelyX™ Unicem.

Kern et al.”® proposed surface air-abrasion and use of primer Lux-
atemp Glaze & Bond with methyl methacrylate, while Uhrenbacher
etal.” support that the adhesion after surface preparation with air-
polishing or etching with phosphoric acid and/or use of an adhe-
sive system, such as visio.link or Signum PEEK Bond, is satisfactory.

Stawarzyk et al. studied the effect of different preparation and
bonding methods in load-bearing of veneered three-piece PEEK
FPDs.”? They concluded that there were no statistically significant
differences between the various methods of etching and bonding.
However, it is important to note that findings implied that coat-
ing with Signum Composite seemed to exhibit higher overall re-
sistance to load-bearing when compared to coating with Singnum
Ceramis. No PEEK framework fractures occurred after loading,
however cases of chipping of the veneering material were ob-
served. In another study of Stawarzyk et al.,”® etching with acid is
proposed as the most appropriate method of bonding PEEK with
coating resins. Although the above studies do not agree on a com-
mon preparation protocol of PEEK surface for bonding with resins,
the overall conclusion is that PEEK can be safely used as a coping
material veneered with composite resins.

Figure 6a-b: RBR restoration. a) Peek framework. b) Hi-impact
composite veneer pontic.

DISCOLORATION OVER TIME

In a study on the discoloring agents for polymeric materials,
Heimer et al.’* stated that the least discoloration was observed
in samples stored in distilled water and chlorhexidine, fol-
lowed by those in red wine. Carry solution caused the greatest
discoloration. Notably, PEEK showed the smaller color change
compared to resins and PMMA materials. The most effective
method for pigment removal was the ultrasound bath and the
Air Flow Plus. The least effective methods were the preven-
tive brushing with soft or medium-hard toothbrush and the
SunSparkle professional cleaning system. The authors sug-
gested informing patients about the possibility of discolora-
tion from various foods, and advised personal cleaning with
toothbrush, professional cleaning by air-polishing with mild
powder and laboratory cleaning with mild methods, such as
ultrasonic bath.

CLEANING METHODS

Heimer et al’® also studied various cleaning methods for
PEEK and suggested brushing with a soft, medium-hard and
sonic toothbrush, laboratory cleaning with Sympro, SunSpar-
kle system and ultrasonic bath, professional preventive clean-
ing with Perio Soft-Scaler, Sonicsys, Air Flow Comfort and Air
Flow Plus. Professional air-polishing with Al,O, grains is not
considered safe.

.....................................................PEEKPolymers_“
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