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Abstract

Background: Advanced computer-aided design and computer-aided manufacturing (CAD-CAM) technology led to the
introduction of an increasing number of machinable materials suitable for dental prostheses. One of these materials is
polyetheretherketone (PEEK), a high performance polymer recently used in dentistry with favorable physical, mechanical and
chemical properties. Purpose: The aim of this study was to review the current published literature on the use of PEEK for the
fabrication of dental prostheses with CAD-CAM techniques.

Methods: Electronic database searches were performed using the terms “PEEK”, “CAD-CAM”, “dental”, “dentistry” to identify
studies related to the use of PEEK for the fabrication of CAD-CAM prostheses.

Results: A great number of in vitro studies are available in the current literature pointing out the noticeable properties of
PEEK. The use of PEEK has been recommended for a wide range of CAD-CAM fabricated fixed and removable dental prostheses,
occlusal splints, intra-radicular posts, implant abutments, customized healing abutments, space maintainers for pediatric
dentistry, orthodontic appliances and provisional restorations. However, only a few clinical studies were identified.
Conclusions: PEEK could be considered as a viable alternative for CAD-CAM dental appliances to well-established dental

materials. Due to the scarcity of clinical data, clinical trials are needed to assess the longterm performance of PEEK prostheses.

Keywords: Computer Aided Design/Computer Aided Manufacturing (CAD-CAM); Polyetheretherketone (PEEK); All-On-

Four; Immediate Implants; Digital Prosthodontics; Removable Space Maintainer; Pediatric Dentistry

Introduction

Digital technologies and new materials are becoming
popular, getting better and changing the way to do diagnosis
and therapy in dentistry [1]. New digital technologies are
taking hold in diagnosis, therapy and in dental laboratories.
The digital world can help dentist in diagnosis and therapy
through the acquisition of radiographic images (CBCT) or
scanners which allow the creation of 3D digital models -
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about therapy thanks to dental CAD CAM system. It consists
of design devices through a dedicated software CAD and then
realize devices through CAM system [2].

The first chairside CAD/CAM produced inlay was
made in 1985 using a ceramic block comprising fine grain
feldspathic ceramic (Vita Mark I, Vita Zahnfabrik) [3]. Since
the 80’s, different systems have been developed, such as
known CEREC. Systems have evolved through a series of
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software and hardware. The current systems offer a three-
dimensional (3-D) design program and can fabricate inlays,
onlays, veneers, crowns, as well as three unit bridges from a
variety of biomaterials [4].

The wide use of chairside CAD/CAM restorations has
increased the diversity of the restorative material. PEEK
is a high-performance thermoplastic polymer with high
strength-to weight ratio and corrosion resistance that makes
it suitable as a selectable material to replace metal. PEEK is
a semi-crystalline polymer commercialized from 1978 and
composed by repeating units of three phenyl rings, two ester
groups and one keto group [5]. Considering PEEK original
development (Victrex plc, Lancashire, UK), the fabrication
process results in a number of properties including
chemical stability, biostability, biocompatibility, creep and
wear resistance, and superior mechanical behavior. These
properties allow compatibility with medical diagnostic
imaging, extending its use from industrial applications to
those in the fields of dentistry [6].

For Dentistry, PEEK’s elastic modulus properties
displayingamechanical behavior more closelyrelated tobone
and shock absorbing properties drive the rising enthusiasm,
enabling a uniform transfer of stress to the underlying bone
and reducing potential deleterious effects of active stress
points in the mouth [7]. This aspect is particularly important
for patients with bruxing habits (involuntary gnashing,
grinding or clenching of teeth associated with forceful lateral
or protrusive jaw movements). Moreover, PEEK’s shock
absorbing and biocompatibility features and the possibility
of incorporating the polymer in computer-aided design
and computer-aided manufacturing (CAD/CAM) workflows
supported its use in the production of a series of devices
including: dental implants, abutments, healing caps, crowns,
removable prosthesis, fixed partial or full-arch dentures [8].

The historical perspective of implant framework
materials includes the evolution from cast noble (gold,
silver, etc) or base metal alloys (nickel and chromium) to
the modern milled titanium and zirconium frameworks,
the latter providing high biocompatibility, corrosion
resistance, and the possibility of computer assisted-design/
computed assisted-manufacture (CAD/CAM), an important
improvement to achieve a better fit between framework and
dental implants [9]. Nevertheless, the high stiffness of these
frameworks measured by the flexural strength (titanium:
434 MPa; zirconia: 900-1100 MPa) can be considered a
potential disadvantage in shock absorption behavior of the
prosthesis [10].

Over the last decades, PEEK has seen extensive use in
highly demanding industrial (aerospace, automotive, oil and
gas, electronic) and medical applications [11]. Specifically
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in the field of dentistry, PEEK has been used over the last
decade in healing caps and temporary abutments. Due to
its proven biocompatible nature and its shock absorbing
characteristics, while maintaining the possibility of CAD/
CAM manufacture, such a material could be interesting
for use in full-arch restorations as a nonmetal alternative
[12]. Nevertheless, proof on its long-term outcome in
implant-supported fixed rehabilitations is lacking, making
it necessary to evaluate the outcome of implant supported
fixed prosthetic rehabilitations using PEEK material.

In dentistry as in other dental specialties, digital
technologies are replacing non-digital/analog technologies
for creating prostheses and developing diagnostic scenarios
toward the improvement of patient care. This article will
review the CAD/CAM, and its potential to become the
dominant means of care in dentistry was the aim of the
current work with concentration to supply the dental
community the feasibility of CAD/CAM to develop new
PEEK-integrated restoration and validated CAD/CAM, which
provides a foundation for future clinical applications, thus
opening up many new possibilities.

Structure, Properties, Advantages, and
Disadvantages of PEEK Polymer

PEEK consists of a high-performance polymer from the
polyaryletherketone (PAEK) family. PEEK is a thermoplastic
polymer that is typically used as a metal replacement, owing
to its strength to weight ratio and corrosion resistance [13].
PEEK was originally developed in the United Kingdom in
1978 (ICI—now as Victrex plc) and requires a particular
polymerization process, which enables the control of the
length of the resulting polymer chains [14]. This polymer
versatility allows the offering of a range of processing options
and an array of formulations, ranging from unfilled grades
with varying molecular weights, to image contrast, colored
and carbon fiber-reinforced grades [5]. PEEK is a polycyclic,
aromatic, thermoplastic polymer that is semi-crystalline and
has a linear structure. This material is obtained as a result of
the binding of ketone and ether functional groups between
aryl rings and is an element which is tan-colored in its pure
form (3) (Figure 1).
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Figure 1: The chemical structure of PEEK material.
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The Properties of PEEK Material

This material, which can be produced by casting under
heat and pressure with the lost wax technique and by
CAD-Cam technology. It has several positive properties like
resistance to hydrolysis, has superior mechanical properties
and is resistant to high temperatures. When PEEK material
and components are examined, no evidence has been
shown of cytotoxicity, mutagenicity, carcinogenicity or
immunogenicity in the toxic form. It is a biologically inert
material. [t shows resistance to deterioration during various
sterilization procedures. Melting point is >280°C. Therefore,
it can be processed with hot sterilization methods. It shows
high resistance to chemical wear. It can be modified together
with various materials. The most important property of this
material is that it has a low elasticity modulus (close to the
elasticity modulus of bone). When an increase in the elasticity
modulus is desired, the PEEK elasticity modulus can be
brought to high levels with the addition of carbon fibers [15].
It is a very light material with a low density (1.32g / cm?).
It allows magnetic resonance imaging (MRI). Radiation heat
does not cause disintegration. Laboratory stages are simple.
It is a low-cost material that can be easily prepared within
the mouth [16].

PEEK is a sub family of the poly-aryl-ether-ketone
(PAEK). It is a high performance thermoplastic linear
homopolymer composed of similar repeating units. It
imparts its stiffness from aromatic benzene rings and its
ability to rotate in an axial direction thanks to ether oxygen
bonds. This material can be sterilized and irradiated due to
its stability at temperatures above 300°C [17]. With stiffness
double that of lithium disilicate and similar to cortical bone,
this material can alleviate excessive stress being directed on
implants and provide lesser stress shielding. For this reason
PEEK was recently described as a framework material over
implants and teeth [18].

Since its introduction to the market in April 1998,
PEEK-OPTIMA™ has gained increasing acceptance as a high
performance implant material. Significant advantages over
metals include: the elimination of imaging artefacts, the
ability to view tissue/bone growth and repair using x-rays
(which can often be obscured with metal parts) and, more
generally in this and other applications, the avoidance of
allergic tissue reaction to metallic ions. In diagnostics, as well
as in postoperative inspection, it is increasingly important to
monitor the healing process by modern imaging technologies,
like X-ray, CT or MRI. In an X-ray image, the intensive shadow
produced by a metal implant overlaps the area of importance
for the surgeon, making it difficult, or even impossible, to
adequately inspect. This is similar in CT-imaging where metal
implants create artefacts. PEEK-OPTIMA™ LT polymer is
transparent to X-rays and there are no artefacts created in CT
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images. Because plastics are non-magnetic MRI technologies
still can be used with patients that have received a plastic
implant [19].

As for allergic reactions to nickel and other metal ions,
owing to the high purity of PEEK-OPTIMA™ LT polymer
the total amount of metallic ions is very low (ppm and ppb
levels) so no allergic reactions are to be expected. Surface
modification technologies can be more easily applied to
organic surfaces like PEEK-OPTIMA™ LT polymer than
to metal surfaces, which offers additional benefits for
components with direct blood contact. Plastic Processing
technology and suitable joining technology as well as more
freedom in design and shape offer additional benefits. PEEK-
OPTIMA™ is a polyaromatic semicrystalline thermoplastic
(30-35% crystallinity typically) with a melting temperature
of ~343°C, a crystallisation peak of ~160°C and a glass
transition temperature of ~145°C. It can be readily melt
processed by injection moulding and extrusion using
conventional methods. Three natural (unfilled) grades are
available as high, medium and low viscosity variants. All are
based on the same basic formula (-C6H4-0-C6H4-0-C6H4-
CO-)n. Natural, unfilled PEEK-OPTIMA™ is characterised by
its high strength, its extreme resistance to hydrolysis and its
resistance to the affects of ionising radiation [19]. PEEK can
be repeatedly sterilised using conventional steam, gamma
and ethylene oxide without significant deterioration [20].

The application of PEEK in implant dentistry

It is thought that PEEK material could be an alternative
to conventional materials in implantology. PEEK has become
a material that is used in implant, abutment and prosthesis
production. Under the headings of healing from PEEK
material in implantology, it is also possible to manufacture
screws providing bonding with implant abutment [21].

PEEK Implants

Metallic implant materials have some disadvantages
such as bone resorption and subsequent implant loss,
disintegration under radiation light, over-sensitivity
reactions, allergic potential and surface deterioration related
to peri-implantitis. The negative aspects of metallic implant
materials could be overcome with the use of an implant
produced from a non-metallic material such as PEEK [22].
In contrast to titanium has a high elastic modulus, shock
absorbency is not shown during chewing actions. It has been
suggested that as PEEK material has an elasticity modulus
close to that of bone, the stresses occurring on the bone are
reduced with the absorption of forces. Transfer onto the bone
of the loading on a rigid structure implant leads to resorption
in the bone. Due to PEEK shock absorbing property, there is
the advantage of bone protection. When current research
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is examined, it can be seen that there are still no long-term
studies of the efficacy of this material on patients. Therefore,
PEEK implants are not widely used clinically [23].

PEEK Implant Abutments

The abutment has to be a material that meets the
mechanical, biological and aesthetic expectations. Various
materials such as titanium, gold, zirconium and ceramics
are made use of in the production of abutments. Although
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titanium and alloys have several disadvantages such as
corrosion and causing over-sensitivity reactions, they are
the most frequently selected materials in the production of
implants and abutments and have been accepted as the gold
standard [24]. However, sometimes in cases where aesthetics
are a priority, satisfactory results cannot be obtained. It has
been suggested that PEEK can promote the bone remodeling
process. Therefore, it has been reported that this material
could be a suitable alternative to titanium in abutment
production (Figures 2a & b) [23].

Figure 2: A) A new transitional abutment for immediate aesthetics and function and B) Use of high performance polymers as
dental implant abutments and frameworks: a case series report [25].

Considering PEEK’s shock absorbing properties, the
authors attempted to apply the same protocol to more
challenging rehabilitations: All-on-4® Hybrid rehabilitations
[26]. These rehabilitations imply the use of zygomatic
implants (with 38-50 mm oflength) that are longer compared
to standard implants, only using zygomatic bone anchorage,
and inserted with a mesial tilting, implying an increased
lever arm that represents more challenging biomechanical
conditions. This is reflected in the incidence of mechanical
complications occurred in these rehabilitations that can
reach as high as 47.5% (including 27.5% of prosthesis

fracture) considering a one year follow-up study [26].

A representative clinical case is illustrated in Figure
3.The results of three of 10 cases that reached 6 months of
follow-up of an ongoing prospective study registered the
absence of mechanical complications, adding to the 100%
cumulative implant survival rate and absence of biological
complications. These results, despite the short term follow-
up, are positive and represent a potential broader scope of
PEEK application to implant-supported fixed restorations
[27].

one year follow-up [27].

Figure 3: A) Poly-ether-ether-ketone (PEEK) disks (Juvora Ltd); B) PEEK infrastructure milled through Computer Assisted
Design / Computer Assisted Manufacture (CAD/CAM) workflow; C) Finished PEEK - Polymethacrylate (PMA) - Lithium
Disilicate (LD) hybrid prosthesis; D) Finished PEEK-PMA-LD hybrid prosthesis in the mouth; E) Orthopantomography of the
PEEK-PMA-LD hybrid prosthesis with one year follow-up. Notice the prosthesis is supported by two anterior standard implants
and two posterior zygomatic implants (All-on-4° Hybrid); F) Patient smiling with the PEEK-PMA-LD hybrid prosthesis with
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As limitations, the outcome of PEEK polymers when
applied to implant-supported restorations benefit from a
precise CAD/CAM planning and surface preparation in order
to create the necessary physical and chemical retention
to avoid veneer adhesion issues. As suggestion for future
developments, PEEK polymers could benefit from a broader
scope of lighter colors for aesthetic reasons. Overall, the
characteristics of the PEEK polymer seem to benefit the
implant biological outcome and may represent a valid
alternative for the use of metal in prosthetic infra-structures,
exhibiting a closer behavior to natural dentition from a
biomechanical point of view [27].

Removable dental prostheses (RDPs)

CAD-CAM techniques can be also used to fabricate RDP
frameworks. A previous clinical report has suggested PEEK
frameworks combined with acrylic resin denture teeth and
heat-cured acrylic resin denture bases as an alternative
to conventional Co-Cr frameworks [28]. PEEK presents
favorable properties such as excellent biocompatility,
good mechanical properties, good thermal and chemical
resistance, white color and low specific weight that permit
the fabrication of lighter metal-free RPDs eliminating the
esthetically unacceptable display of metal claps and the risk
for metallic taste and allergies of conventional RDP metal
frameworks [29]. Another study described the use of milled
PEEK frameworks for the fabrication of aremovable maxillary
obturator prosthesis [30]. Both studies reported high patient
satisfaction with regard to esthetics, retention and comfort
[30]. Due to its high elasticity, PEEK could reduce stresses
and distal torque on the abutment teeth during function [29].

Occlusal Splints, Intra-Radicular Posts and
Provisional Restorations

The use of PEEK was additionally recommended for
CAD-CAM fabricated occlusal splints. An in vitro study
found lower loss of volume and change in roughness for
PEEK occlusal splints after chewing simulation compared
to other CAD-CAM materials such as vinyl acetate (EVA),
polymethyl methacrylate (PMMA), polycarbonate (PC), and
polyethyleneterephthalate (PETG) [31].

It was also claimed that milled PEEK intraradicular posts
could be an alternative to glass-fiber and cast-metal posts.
According to an in vitro study, PEEK posts presented higher
tensile bond strength than metal and glass-fiber posts when
used with the appropriate surface treatment and adhesive
system [32]. Previous studies evaluated the performance of
PEEK for CADCAM fabricated implant abutments, customized
healing abutments and provisional crowns [33-35].
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A finite element analysis comparing PEEK and zirconia
customized abutments found higher stress values in
restorative crowns for PEEK abutments [33]. A randomized
clinical trial evaluated the use of CAD-CAM fabricated
customized healing abutments and standard healing caps
placed at the surgical stage for the creation of the desired
emergence profile. After a healing period of 1-3 months
PEEK customized healing abutments created a natural
gingival architecture and required less prosthetic steps for
the formation of the emergence profile compared to the use
of standard healing caps [34].

Last but not least, Abdullah et al. in an in vitro study
compared CAD-CAM provisional crowns with direct
provisional crowns. The materials used were VITA CAD
Temp, PEEK, Telio CAD-Temp, and Protemp 4. Based on the
results of this study, digitally produced PEEK provisional
restorations demonstrated better fit and fracture strength
than conventional provisional crowns [35].

CAD-CAM of PEEK for Application to
Removable Pediatric Space Maintainers
(RSM)

The premature loss of primary teeth is a common
problem in the pediatric dentistry hence, space maintainer
(SM) are used for maintaining the space. The removable
space maintainer (RSM) is a kind of SM that have several
advantages including maintaining the proximal, distal, and
mesial lengths of a space, while maintaining the vertical
height, thus restoring the aesthetics of the teeth, preventing
speech disorders, and eliminating habits such as unilateral
chewing [36]. However, conventional RSMs incur some
drawbacks [37], particularly in terms of their design and
manufacture. For example, the manufacture of RSMs is
complicated, because it is technically very sensitive, requires
experienced technicians, and the product outcomes exhibit
large individual variations. In addition, as the manufacture
of RSMs features the use of curved snap rings and self-curing
resin, it is difficult to ensure the precision of the snap rings
within the space maintainers. During the polyreaction of the
self-curing resin, shrinkage occurs [38], adversely affecting
the fit between the tissue surface of the maintainer and the
mucosa between the snap ring and the abutment. As a result,
pediatric patients tend to adapt poorly to space maintainers.
Furthermore, owing to the scarcity of artificial deciduous
teeth products on the market, artificial permanent teeth
products are usually modified to emulate the functionality
of deciduous teeth; however, they do not accurately simulate
their morphology. Hence, a precise, convenient, rapid design
and manufacturing method is needed to address these
problems.
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lerardo, et al. conducted a pilot study using PEEK to
fabricate an RSM with a dental CAD/CAM system, finding
PEEK to be highly suitable for the fabrication of space
maintainers [2]. Therefore, a study set out to investigate the
application of CAD/CAM design of PEEK to the RSMs used
in pediatric dentistry and to evaluate the suitability of the
technique for clinical applications [39]. Example: Dental
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CAD software (Dental System 2017, 3Shape A/S, Denmark)
and reverse engineering software (Geomagic Studio 2014,
Geomagic Inc., USA) were jointly used to design all the
components of the RSM. The finished set of RSM data were
exported in stereolithography (STL) format (Figures 4a-h)
[39].

maintainer data exported in STL format.

Figure 4: Digital design process for removable space maintainers; a) importing the model data; b) observing the model
and filling in the voids; c) importing the artificial teeth model from the DIY deciduous teeth database into the software;
d) constructing the profile of the major connector; e) composing the integrated removable space maintainer; f) using the
fictitious articulator to perform occlusal adjustment; g) the final removable space maintainer; and h) the final removable space

PEEK in Orthodontics

A study has been making the orthodontic space
maintainers in PEEK polymer through a digital workflow [2].
The study took place in Pediatric Dentistry Unit, Department
of Oral and Maxillo-facial Sciences, “Sapienza” University
of Rome, and began with the enrollment of 8-10 year old
patients who needed space maintainers because of early
loss of teeth for caries or extraction due to supernumerary
tooth or abnormal inclination of permanent teeth. Three
prototypes of orthodontic devices were made: lingual arch,
band with loop and removable plate. These devices had the
purpose to maintain the space in the mouth of children during
the phase of dental commute helping the correct transition
from deciduous teeth to permanent teeth either in patients
with deciduous decayed teeth or in patients subjected to
extractions in orthodontic purpose. Authors used CAD/CAM
system, a technology began its dental life in 1970s [40].

The workflow has been divided into several steps [2]
Step 1: After the enrollment of patients, dental precision
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impression were taken, models were poured and then
digitalized models with a scanner in order to make a
personalized appliance without standard measurements.
They used an extraoral scanner (D810, 3Shape, Denmark).
The scanned object was hit from all sides by light beams and
then filmed with micro cameras. Since the scans are several
and detected over the entire model the result was a cloud of
points. The software connected the points and reconstructed
a pattern of tiny polygons creating the virtual model.

Step 2: Once got virtual model, we had the model in all
the screenings. Thanks to CAD (Computer Aided Design)
software we designed personalized devices. The model has
been archived and imported directly into 3Shape Dental
Design software system using the zoom tools, rotating and
panning allowed to view the model from different angles
and magnifications facilitating the analysis of the model.
This system allows to design devices and to determinate
a lot of variables such as the material thickness, retention,
undercuts, the space for the cementation, the points of
support (Figure 5).
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Figure 5: Digital pattern acquisition Thanks to CAD software and design of the devices.

Step 3: At this point the file has been sent to the CAM and
begun the construction of the building through milling
Roland DWX-50 features 5-axis continuous movement,
equipped with an automatic transmission of different tools.
This is a manufacturing process by subtraction and thanks to
these movements the block of chosen material was milled to
get the form designed previously by software CAD (in about
one hour). The three devices we made, were the following:
lingual arch, band with loop and removable plate. The first

patient was 8-year old child who needed a space maintainers
to keep the space in the mandible to allow a proper eruption
of the canines and premolar teeth.

The workflow allowed us to get a peek polymer 1.3mm
thick lingual arch, in about one hour, which could get in
touch with facial lingual. The device was also compose by
two orthodontic bands cemented on the first lower molars
(Figure 6).

Figure 6: First case report.

In the second case, the planned device was a band with
loop. The patient was ten years old and had an abnormal
inclination of the permanent right upper canine. After
clinical and radiographic evaluation we decided to extract the
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deciduous canine to favor the spontaneous eruption of the
permanent canine. It was necessary a band on the first right
molar and a loop in contact with the lateral right incisors in
order to maintain the necessary space (Figure 7).
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Figure 7: Second case report.

J

The last case shows a removable plate. The patient was
8 years old, had a supernumerary which interfered with
the proper central incisor eruption. The supernumerary
caused a delay of incisor eruption. Thanks to the central

incisor’s eruptive force, the treatment plan was to extract the
deciduous incisor and the supernumerary and to maintain
the space during the permanent incisor’s eruption (Figure
8).

-

-

Figure 8: Third case report.

J

According to a nine month- follow up all 3 patients found
the devices comfortable and very satisfying because they
were personalized and minimally visible. These devices were
found suitable to maintain the space. Then they remained
stable, no dis-cementation or fracture was observed. No
allergy or presence of plaque was described. The workflow
allowed a simulation of the treatment plan with a better
collaboration and acceptance of the patient. Digital system
reduced the systematic mistakes during the various phases,
decreasing production time. It needs to stress the concept
of digital and not hand-made steps in order to have greater
precision and less discomfort. The digital system saved space
creating a virtual plaster casts collection.
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Single Unit Polyetheretherketone Crown
Restoration

A pilot study was conducted on twenty patients who
required crown placement on vital or non-molars. The teeth
preparations were done according the standard operative
procedures based on the guidelines given by Shillingburg,
et al. [41]. After tooth preparation was completed, isolation
was carried out, and then, gingival retraction cord (Ultapak,
USA) was placed using a cord packer into the gingival sulcus
and impressions of the prepared teeth were made using
stock trays loaded with putty (Dentsply Sirona, Germany)
and light body elastomeric impression material (Reprosil
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light body, Dentsply, USA). The impression of the opposing
arch was made as well. Temporary crowns were fabricated,
finished and cemented using non-eugenol based temporary
luting cement.

The models were made from the final impression using
die stone (Elite rock, Zhermack, Italy) which were then
scanned using a scanner. The coping was designed using a
CAD program. The PEEK (Auvaro, United Kingdom) coping
was milled using CAM. PEEK frameworks were coated
with Visiolink (Bredent, Germany) followed by layering
with composite (ADORA Composite, Shofu Ceramage) as
per design (Figures 9a & b). The final restoration was then
checked intraorally for any premature contacts. Once all
aspects were evaluated the restorations were cemented
using resin cement (RelyX™ U200, Germany) [42].

Figure 9: A) Inner surface of the peek crown, B) Outer
composite layering.

The patient was recalled at intervals of 3 months and
6 months and 1 year. The survival rate at 1 year was 95%.
There was one fracture of framework that had to be replaced
during the observation period. This study was concluded that
the high level of accuracy of fit (crown retention, marginal
quality and marginal accuracy) and esthetic accomplished
with PEEK material was deemed very satisfying. During the
observation period no marginal discoloration or caries were
noticeable. The patients also were extremely satisfied by the
feel and comfort of the crown. Even though these crowns
could not completely mimic the translucency of natural
teeth still were capable enough to give a good esthetic match
and provide good patient satisfaction. Considering the
mean observation time of a year, PEEK single crowns seem
to exhibit promising clinical survival rates with excellent
patient satisfaction and not much of mechanical failure and
biological reactions as well. Further studies may be carried
out to compare the PEEK crowns fabricated using different
methods (surface treatment and bonding). A split mouth
study can also be done to compare it with another material
[42].

Abdulsamee N. PEEK Biomaterial Use for Chairside CAD/CAM Dental Restorations: Bridging the Gap

to Future. ] Dental Sci 2021, 6(2): 000297.

Open Access Journal of Dental Sciences

The Use of PEEK Material in Fixed and
Removable Prostheses

There are several advantages of PEEK material as the
substructure in fixed and partial prostheses. These include
that it can be more easily produced compared to metal
substructure, and those produced with CAD- CAM systems
can be more easily applied with abrasion in a short time
without damaging the burrs [43]. With the introduction of
CAD-CAM techniques in dentistry, it has become possible
to fabricate restorations, frameworks and appliances using
modern biocompatable materials including alloys, ceramics
and high-performance polymers. Many of these materials
cannot be processed or can only be processed with great
difficulty using conventional methods. One of these newer
materials is the thermoplastic composite polymer known as
PEEK.

One notable dental brand of PEEK is JUVORA. Their
ultra high purity “filler free” type of PEEK is unique in the
marketplace and has been used in 4 million medical device
implants, Juvora is a true unfilled pure form of PEEK and
really does mill effortlessly with the Roland DWX 50 with
SUM 3D CAM software already having a preset strategy to suit.
Bridge frameworks milled from a high-grade, industrially
manufactured block undergo no physical changes during
the fabrication process and possess the same material/
technical properties. PEEK exhibits a perfect balance of the
properties desirable to frameworks and can be milled very
easily, especially with an affordable Roland DWX 50 milling
machine. Figures 10 A-O follow the general workflow of a
CAD designed and milled partial denture framework using
a Roland DWX 50 Milling unit, SUM 3D CAM software and
3Shape CAD software. Figures P-S show what is possible [43].

Workflow procedures for PEEK CAD-CAM using Roland DWX
50 with SUM 3D CAM software are as follows (Figure 10):

A) Scan from a 3Shape D900 color scanner. This scanner has
the ability to scan and reproduce drawn lines from a stone
model, B) Using the 3Shape Partial Denture Designer, the
digital model is surveyed, path of insertion is determined
and undesirable undercuts are blocked out, C) Blocking out
of undercuts. Virtual wax can be shaped to the desired height
of contour and undercut for clasps. Undesirable undercuts
are blocked, D) Retention grids are designed, E) Various
retention grid designs are available, F) Tracing the spline
for the major connector. a spline in this situation is a drawn
curve on the 3D model, G) Rendering of the major connector
framework, H) Rest formation, I) Clasp design, ]) Support post
design, K) Finished 3D design, L) A 3D Designed framework
opened in an inspection program and ready for milling, M)
Designed framework nested in the CAM software. SUM 3D
works effortlessly with the Roland DWX 50, N) The Roland
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DWX 50 is a 5-axis machine more than capable of milling
most materials. Perfect to mill PEEK, O) Milled framework
from Roland DWX 50. NB: only the milling connectors have
been trimmed. Surface finish is amazing, P) An example

Open Access Journal of Dental Sciences

framework with teeth added to one saddle area, Q) Another
example of PEEK framework with some teeth added, R) Full
upper denture design over PEEK framework, and S) Various
examples of PEEK frameworks.

Figure 10: CAD-CAM workflow for making removable prosthetic appliances form PEEK: Photos A-O showing the general
workflow of a CAD designed and milled partial denture framework using a Roland DWX 50 Milling unit, SUM 3D CAM software
and 3Shape CAD software, and photos P-S show what is possible.
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Conclusion

Several in vitro studies and clinical reports suggested
that PEEK could be suitable for CAD-CAM fabricated fixed,
removable, orthodontic, and pediatric appliances due to
its favorable mechanical, chemical and physical properties.
However, further in vitro and clinical studies are needed
to evaluate the long-term performance of these prostheses
before PEEK can be safely recommended as an alternative
to well-established prosthodontic materials [44]. Design
improvements and the search for new manufacturing
materials require further research [39]. Digital work is in
constant evolution in dentistry. For this reason, we hope that
more complex devices will be created with this method and
also with this material in the future. Other techniques such as
3D printing may be an alternative option that can be studied.
Further clinical studies are also necessary to establish their
active function once defined the passive role of these devices

[2].
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