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ABSTRACT

Background: Prosthodontics has embraced several new restorative materials and techniques to perk up its
ability to reinstate the oral health. Restorative materials [filling, denture and implant materials] are designed to
reproduce the contour and purpose of natural teeth. Development in materials science and biomechanics has
dramatically improved the way we look at the replacement of components of human teeth. Restorative
biomaterials are the foundation for the replacement of hard tissue and it is unique because of the complexity of
the oral cavity. One such material with an increasing use in prosthodontics is polyether-ether ketone (PEEK). In
this report, the usage of PEEK in Prosthodontics is reviewed.
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INTRODUCTION

The organic polymer thermoplastic
Polyetheretherketone, more commonly known as
PEEK, is becoming increasingly popular. PEEK is a
high-performance polymer that has been used in
medicine for many years and has also proven
successful in many areas of dentistry, as a direct
result of CAD/CAM technology. PEEK is acronym for
POLYETHERETHERKETONE, a member of the PAEK
(poly aryl ether ketone) family. It is a highly
ordered, flexible, resilient, shape-stable,
biocompatible polymer machined to final shape,
used for removable partial denture frameworks and
implant components.! PEEK is characterized by
excellent mechanical and chemical properties. It has
long been used in medicine for the preparation of
different kinds of implants. Artificial cranial plates,
as a biomaterial in orthopedics components of
finger and knee joints or intervertebral bodies
(spine implants) are just a few examples of the
versatile use of the material in the area of long-term
implantation.2*For several years, PEEK has also

increasingly been applied in dentistry. Due to its
combination of superior biocompatibility and ideal
mechanical properties, the material is particularly
suitable for dental restorations and it is ideal for
CAD/CAM framework fabrication in prosthetic
dentistry. PEEK offers a good combination of high
tensile strength, stiffness, toughness, good wear
resistance, low coefficient of friction, excellent
chemical resistance, very low moisture absorption
and a high melting point (about 343°C), resistance
to fatigue. PEEK can be modified easily by
incorporation of other materials, such as
incorporation of carbon fibers, modulus of carbon-
reinforced PEEK is comparable to those of cortical
bone and dentin.>7 It has chemical stability to
nearly all-organic and inorganic chemicals which
makes it an interesting material for metal-free
prosthodontics®

Morphology and Thermal Transitions of PEEK:

PEEK is a two phase semi crystalline
polymer, consisting of an amorphous phase and a
crystalline phase. The crystalline content of PEEK

Received: Feb. 21, 2017: Accepted: Apr. 7, 2017
*Correspondence Dr. Kapil Singh Pal.

Department of Prosthodontics, RKDF Dental College & Research Centre, Bhopal, Madhya Pradesh, India.

Email: drkapilpal@gmail.com

Copyright ©2017

pISSN 2278-0076

J rad.CO.ln eISSN 2321-9270



RA Journal of Research and

J Advancement in Dentistry
varies depending upon the thermal processing. The
crystallization of PEEK is similar to that of
polyethylene terepthalate(PET)°. The crystalline
content varies from 30-35%, however there can be
a slight border change depending on how it is being
processed. The PEEK molecular chain favors a zig-
zag conformation, with a bond angle of 1259.

PEEK crystals consist of lamellae which
under circumstances organize into large
spherulites. The thickness of the two depends on
the way it is being processed right from the melt.
The structure of the lamellae as well as the
spherulite can be studied under scanning electron
microscope with suitable etching or under polarized
microscope. The morphology under polarized light
may be "a fine grained mosaic structure" of
crystalline domains with varying birefringence!!.

The crystallization occurs at temperatures
approaching t; ~1439c. The crystalline content and
microstructure for PEEK has been determined by x-
ray diffraction. The x-ray measurement reveals that
the density of the fully crystalline and amorphous
phase of PEEK is around 1.400 and 1.25 g/cc,
respectively0. The heat of fusion is also determined
to be different for perfectly crystalline PEEK®. The
identification of an absorption band specific to the
crystalline phase can be used to determine the
polymer crystallinity. Techniques by Cebel?, and
Chalmers®3 and refined version by Jones and
Legras!* can be used to determine the polymer
cystallinity.

Physical Properties:

Tensile strength 97 mpa
Flexural strength 170 mpa
Flexural modulus 4.1 mpa
Notched impact strength >5 kj/m?

The material has a remarkable combination
of strength, stiffness and toughness properties. It
can injected moulded, extruded and machined and
is highly flexible?s.

Chemical, Thermal and Radiation Resistance:

The structure of PEEK confines to its
resistance against chemicals. The stable chemical
structure of PEEK results in the delocalization of
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higher orbital electrons along the entire
macromolecule making it highly unreactive and
resistant to chemical, thermal and radiation
degradation.PEEK has a water solubility of 0.5 w/w
%. As mentioned above, it is not chemically
damaged even after long term exposure to water at
temperatures upto 2600 c 16-18,

The thermal stability of PEEK has to be
studied due to its application in high temperature
industries and various processing conditions. There
have been several studies which state that thermal
degradation occurs in temperatures between the
glass transition and melt transition!®-23. Hay and
Kemmish reported that the thermal degradation
was difficult to measure at temperatures below
4270C1, Cole and Casella studied the thermal
degradation using fourier transform infrared
spectroscopy technique?223. Based on studies
conducted by Buggy.M, it is clear that thermal
degradation is not a concern during clinical use as
the temperature is around 370C (20.21)

Radiation stability or resistance to
radiation is another concern with regard to
polymers, as they are susceptible to bond cleavage
during exposure to radiation, and hence results in
the release of free radicals 24. Due to the distinctive
aromatic structure, PEEK shows high resistance to
radiation. It shows remarkable resistance towards
gamma and electron beam radiation?5. Even if free
radicals are generated during exposure to radiation,
they rapidly decay due to the reaction made by the
mobility of the electrons along the molecular
chain?¢. No significant changes in the mechanical
behaviour of PEEK has been observed even on rapid
sterilization?’. Hence PEEK can be effectively
sterilized using gamma radiations.

Mechanical properties of PEEK:

The mechanical properties of PEEK are
highly influenced by strain rate and temperature.
Furthermore it can also be influenced by molecular
weight as well as the size and orientation of the
crystalline regions. It has been stated that the
mechanical properties of PEEK generally decrease
with increase in the temperature up to 250°% and
also drop off is seen in the properties of PEEK. But
since biomaterial application is only around 37°c,
the mechanical properties of the material remains
unchanged3.
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Since studying the mechanical properties is
more complex , previous authors have adopted a
more simplified method that groups mechanical
properties governing stiffness, strength and
toughness. Stiffness included the initial elastic
modulus as well as post yield softening or
hardening of the material at large deformation.
Strength property includes yield and ultimate stress
characteristics. and toughness includes a broad
range of fracture properties, under static, impact ad
fatigue conditions 3. The fatigue behavior of PEEK
was first reviewed by Jones?28.

Biocompatbility and Biological Safety:

It is self evident that any biomaterial that is
being used should be biocompatible, and this has
been a topic of discussion starting in the late 1980s.
Scientific evidences currently exists to support
the biocompatibility of PEEK and PEEK composites
. The biocompatibility testing of PEEK meets the
criteria for the fda master files. The numerous
studies were based on the systemic and
intracutaneous  toxicity @ and  intramuscular
transplantation all of which had shown no side
effects. Gene toxicity test showed no chromosomal
alteration and sensitization test showed no
sensitization 3.

Applications of PEEK:

Unlike metal, PEEK is biocompatible and has a
natural tooth-colored appearance, hence its
widespread use in implants, provisional abutments,
implant supported bars, or clamp materials in the
field of removable dental prostheses and maxillary
obturator prostheses2931, PEEK also offers an
alternative to orthodontic wires for reasons of
improved aesthetics & allergies to metals30.
Furthermore, PEEK can be easily shaped with
dental burs, although, owing to its low translucency
and grayish pigmentation, it still requires
veneering3!l. Zoidis et al. described a case in which
modified PEEK containing 20% ceramic fillers
(BioHPP) was used, in combination with acrylic
resin, the traditional denture base, as an alternative
framework material for removable dental
prostheses32,

1. RPD Frame work: Dentures can be
constructed by using PEEK computer-aided
design and computer-aided manufacture
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systems3. The advantages to the patient when
using a PEEK partial denture framework are
many. It's strong and lightweight for improved
patient comfort; digital design matches the
patient’s individual anatomy; the metal-free
denture framework is a tasteneutral (no metal
taste); has no thermal or electrical conductivity;
is x-ray and scanner friendly; and is non-
allergenic. PEEK frameworks are also shock
absorbent during chewing; and have a high
resistance to abrasion and decay. A modified
PEEK material containing 20% ceramic fillers is
a high performance polymer which presents
high  biocompatibility, —good mechanical
properties, high temperature resistance, and
chemical stability. Due to a 4 GPa modulus of
elasticity, it is as elastic as bone and can reduce
stresses transferred to the abutment teeth.

PEEK Crowns & Bridges: Materials used for
fixed partial dentures (FPDs) have evolved over
the years. Metals such as Ni and Cr are routinely
used for making the framework for fixed
prosthesis. Nowadays, metal-free restorations
are becoming more popular in dentistry.
Ceramic materials ideally meet the esthetic
requirements, but they may also have a few
material or technical disadvantages in some
cases. Unlike metal, PEEK is biocompatible and
has a natural tooth-colored appearance,
Mechanical properties of PEEK makes it
suitable for permanent metal free crowns and
bridges. It also allows diagnostic treatment
without substructure removal. It has stiffness
compared to metal which is aimed at improving
comfort with excellent preservation of
antagonist natural tooth. A wvariety of
procedures have been suggested to condition
the surface of PEEK in order to facilitate its
bonding with resin composite crowns. Even
though air abrasion with and without silica
coating creates a more wettable surface3l,
etching with sulphuric acid creates a rough and
chemically altered surface which enables it to
bond more effectively with hydrophobic resin
composites33. As the mechanical properties of
PEEK are similar to those of dentin and enamel,
PEEK could have an advantage over alloy and
ceramic restorations.
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PEEK as an Implant material: Since
decades Titanium and its alloys have been the
universal choice for implant material. Titanium'’s
strength, low weight and biological inertness made
it the prime candidate for making “fit and forget”
implants. Titanium can undergo corrosion due to
breaking down of stable oxide layer. Galvanic
coupling of titanium to other restorative materials
may also generate corrosion34. Although the
placement of titanium (Ti) dental implants can be
associated with complications such as
hypersensitivity to Ti in some patients. There are
studies which show Ti as an allergen, but the
resources to diagnose Ti sensitivity are very
limited35. Unmodified PEEK, is considered as a
bioinert material, still there has been no conclusive
data of osseoconductive effects of PEEK in vivo and
in vitro. Hence, in its unmodified form, the long
term survival rate of PEEK implants is debatable. In
order to improve the bioactivity of PEEK, certain
surface modification have been done to modify or
coat the surface of PEEK implants at a nanometre
level36. For eg. Nano-structured PEEK surfaces
produced by etching with sulfuric acid (sulfonation)
and rinsing with distilled water have been observed
to induce an accelerated osseointegration compared
to the unmodified PEEK in vitro and in vivo3’.
Surface modification methods include, direct
surface modification and deposition techniques.

Direct surface modification methods are
techniques that changed the surface properties of
the material without depositing any layer of new
material on the surface.

It consist of the following techniques; (i) wet
chemical treatment, (ii) plasma surface treatment,
(iii) laser surface modification, (iv) accelerated
neutral atom beam surface treatment, (V)
ultraviolet or ozone surface treatment.

Deposition techniques are techniques in
which the PEEK implant is coated with a material
and the trend of progress is described based on the
coated material. It consist of the following
techniques; (i) plasma spray, (ii) vacuum plasma
spray, (iii) radio frequency magnetron sputtering,
(iv) arch iron plating, (v) electron beam deposition,
(vi) chemical deposition.

It has been demonstrated that PEEK
abutments can withstand intra oral masticatory

Ranganath LM et al.

forces similar to that of titanium abutments. PEEK
abutments provide a cost effective versatile solution
allowing chair side modification in the dental
surgery at the time of implant placement3s.
Furthermore PEEK’s proven soft tissue behaviour
supports the good recovery of gingival tissue.
Further research and clinical trials are required to
explore this material and possible modifications for
further dental applications.

CONCLUSION

The field of dentistry is constantly evolving
and changing to best suit patient needs.
Advancements in dental materials by utilizing
technology to make more comfortable, durable,
efficlent and natural-looking for the patient as
possible offer better solutions for traditional oral
health problems than ever before. The use of PEEK
material has been increasing in volume and
applications as it offers an alternative to traditional
dental materials. Because of its mechanical and
physical properties being similar to bone and
dentin, PEEK can be used for a number of
applications including dental implants. Increasing
the bioactivity of PEEK dental implants without
affecting their mechanical properties is a major
challenge. PEEK is also an attractive material for
producing CAD-CAM fixed and removable
prosthesis owing to its superior mechanical
properties compared to materials such as acrylic.

Future research and ever evolving
technology results in improvement of materials and
techniques used in dentistry particularly in
prosthodontics. Due to their properties and
advantages inventive techniques must be regarded
as potential alternatives to traditional materials.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this
article was reported.

REFERENCES

[1] The Glossary of Prosthodontic Terms: Ninth
Edition Journal of Prosthetic Dentistry, Vol.
117, Issue 5

[2] Toth JM, Wang M, Estes BT, Scifert JL, Seim HB,
Turner AS. Polyetheretherketone as a biomaterial

205



Journal of Research and
Advancement in Dentistry
for spinal applications. Biomaterials 2006;27:324-
34.

[3] Kurtz SM, Devine JN. PEEK biomaterials in
trauma, orthopedic, and spinal implants.
Biomaterials 2007;28:4845-69.

[4] Pokorny D, Fulin P, Slouf M, Jahoda D, Landor I,
Sosna A. Polyetheretherketone (PEEK). Part II:
Application in clinical practice. Acta Chir Orthop
Traumatol Cech 2010;77:470-8.

[5] Skinner HB. Composite technology for total hip
arthroplasty. Clin Orthop 1988;235:224-36.

[6] Staines M, Robinson W, Hood ]. Spherical
indentation of tooth enamel. ] Mater Sci
1981;16:2551-6.

[7] Rees ], Jacobsen P. The elastic moduli of enamel
and dentine. Clin Mater 1993;14:35-9.

[8] Stawarczyk B, Bahr N, Beuer F, Wimmer T,
Eichberger M, Gernet W, Jahn D, Schmidlin PR.
Influence of plasma pre-treatment on shear bond
strength of self-adhesive resin cements to
polyetheretherketone. Clin Oral Invest
2014;18:163-170.

[9] Blundell D], Osborn BN. The morphology of
poly(aryl-ether-ketone). Polymer 1983;24:953.

[10] Dawson PC, Blundell DJ. X-ray data for
poly(aryl ether ketones). Polymer 1980;21(5):577-
578.

[11] Cebe P, Hong SD. Crystallization behaviour of
polyetheretherketone. Polymer 1986;27(8):1183-
1192.

[12] Cebe P, Chung SY, Hong SD. Effect of thermal

history on mechanical properities of
Polyetheretherketone below the glass transition
temperature. Journal of applied polymer science

1987;33:487-503.

[13] Chalmers JM, Gaskin WF, Mackenzie MW.
Crysallinity in paek plaques studied by multiple
internal Refelction spectroscopy. Polymer bull
1984;11:433-435.

[14] Jonas A, Legras R, Issi JP. Dsc and infrared
crystallinity determinations of poly(aryl-ether-
etherketone). Polymer 1991;32:3365-3370.

Ranganath LM et al.

[15] Dr.  Stuart Green, Jorg Schlegel. A
polyaryletherketone biomaterial for use in medical
implant applications.

[16] Stober  EJ], Seferis JC, Keenan ]D.
Characterization and exposure of
polyetheretherketone (PEEK) to Fluid
environments. Polymer 1984;25:1845-1852.

[17] Searle OB, Pfeiffer RH. Victrex
poly(ethersulfone) (pes) and victrex
poly(etheretherketone) (PEEK). Polym eng sci
1985;25(8):474-476.

[18] Boinard E, Pethrick RA, Mcfarlane C]. The
influence of thermal history on the dynamic
mechanical and dielectric studies of
polyetheretherketone exposed to water and brine.
Polymer 2000;41:1063- 1076.

[19] Hay JN, Kemmish DJ. Thermal decomposition of
poly(aryl  ether keter ketones). Polymer
1987;28:2047-2051.

[20] Buggy M, Carew A. Effect of thermal ageing on
carbon  fibre-reinforced  polyetheretherketone
(PEEK) Part ii morphological changes. ] mat sci
1994;29:2255-2259.

[21] Buggy M, Carew A. Effect of thermal ageing on
carbon fibre-reinforced  polyetheretherketone
(PEEK) Part i static and dynamic flexural properties.
J mat sci 1994;29:1925-1929.

[22] Cole KC, Casella IG. Fourier transform infra-red
spectroscopic study of thermal degradation in poly
(ether ether ketone)-carbon composites. Polymer
1993;34(4):740-745.

[23] Cole KC, Casella IG. Fourier transform infrared
spectroscopic study of thermal degradation in
filmsOf poly(etheretherketone). Thermochimica
acta 1992; 211: 209 - 228.

[24] Jahan MS, Wang C, Schwartz G, Davidson JA.
Combined chemical and mechanical effects on free
Radicals in uhmwpe joints during implantation. ]
biomed mater res  1991;25(8):1005-1017.
[pubmed: 1655797]

[25] Sasuga T, Hagiwara M. Radiation deterioration
of several aromatic polymers under oxidative
Conditions. Polymer 1987;28(11):1915-1921.

206



Journal of Research and
] RA Advancement in Dentistry
[26] Li HM, Fouracre RA, Given M], Banford HM,
Wysocki S, Karolczak S. Effects on Polye there
therke tone and polyethersulfone of electron and
gamma irradiation. Dielectrics and Electrical
insulation, ieee transactions 1999;6(3):295-303.

[27] Kwarteng KB, Stark C. Carbon fiber reinforced
PEEK (apc-2/as-4) composites for orthopaedic
Implants. Sampe quarterly 1990:10-14.

[28] Jones DP, Leach DC, Moore DR. Mechanical
properties  of  poly(ether-ether-ketone)  for
engineering Applications. Polymer 1985;26:1385-
1393.

[29] Costa-Palau S, Torrents-Nicolas ], Brufau de
Barbera M, Cabratosa-Termes J. Use of
polyetheretherketone in the fabrication of a
maxillary obturator prosthesis: a clinical report. |
Prosthet Dent 2014;112(3):680-682.

[30] Maekawa M, Kanno Z, Wada T, Hongo T, Doi H,
Hanawa T, Ono T, Uo M. Mechanical properties of
orthodontic wires made of super engineering
plastic. Dent Mater ] 2015;34(1):114-119.

[31] Stawarczyk B, Beuer F, Wimmer T, Jahn D,
Sener B, Roos M, Schmidlin PR.
Polyetheretherketone-a suitable material for fixed
dental prostheses? ] Biomed Mater Res B Appl
Biomater 2013;101(7):1209-1216.

[32] Zoidis P, Papathanasiou I, Polyzois G. The use
of a modified poly-ether-etherketone (PEEK) as an

Ranganath LM et al.

alternative framework material for removable
dental prostheses. a clinical report. ] Prosthodont
2016;25(7):580-584.

[33] Schmidlin PR, Stawarczyk B, Wieland M, Attin
T, Ha'mmerle CH, Fischer ]. Effect of different
surface pre-treatments and luting materials on
shear bond strength to PEEK. Dental Mater
2010;26:553-9.

[34] Karan M, Dua JS, Sonia C, Priyanshu RS, Anuj A,
Veenita S. Polyetheretherketone (PEEK) dental
implants: A case for immediate loading. Int | Oral
Implantol Clin Res 2011 May-Aug; 2(2):97-103.

[35] Goutam M, Giriyapura C, Mishra SK, Gupta S.
Titanium allergy: A literature review. Indian ]
Dermatol 2014;59:630.

[36] Shariq N, Zohaib K, Jukka PM, Fahad §,
Mohammad ZN, Kusai B. Nano modified peek dental
implants: Bioactive composites and surface
modification—A review. Int | Dent 2015.

[37] Zhao Y, Wong HM, Wang W, Li P, Xu Z, Chong
EY, et al. Cytocompatibility, osseointegration, and
bioactivity of three-dimensional porous and
nanostructured network on polyetheretherketone.
Biomaterials 2013;34:9264-77.

[38] Andreas S, Wolf DM. PEEK dental implants: A
review of the literature. J Oral Implantol 2013;39(6).

207



