The Benefits of Polyether-Ether-Ketone Polymers
in Partial Edentulous Patients
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Skeleton prosthesis is defined as a complex partial movable restoration, which involves a fixed component
(dental bridge cemented on the remaining prepared teeth), and movable component part. Recently, a new
high performance polymer, BioHPF, based on polyether-ether-ketone (PEEK) polymer was introduced as
dental material for manufacturing the framework of these types of partial dentures.The purpose of this
article is to present the results of the clinical trials referring to the benefits of skeleton prostheses wearers’
patients with BioHPP framework. The research has been carried out on 48 patients. The recording of the
benefits in the using this polymer for partial dentures, in accordance with seven evaluation criteria, was
performed in three dental schools from Romania, during three years, at every three months.The results of
survey demonstrate that BioHPP polymer frameworks for skeleton movable restorations present many
benefits and advantages, therefore this PEEK type of dental material represent a beneficial new acquisition

for the partial edentulous patients.
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The development of resins represented a great step in
dental medicine. The first thermo-cured acrylic resins being
developed in 1936. Due to their disadvantages, such as the
toxicity of the residual monomer, the difficulties in
processing, alternative polymeric materials were created,
such as polyamides, acetal resins, epoxy resins,
polystyrene, polycarbonate resins etc. [1, 2].

The fabrication techniques for polyaryletherketone
(PAEK) polymers have undergone constant refinement
since the preparation of PEKK was first described in the
1960s [3].

PEEK is a high performance semi-crystalline, non-
homogeneous thermoplastic material. This material offers
one of the highest strength-to-weight ratios available in a
polymer. Their mechanical and physical properties are high
(strong abrasion resistance), is chemically resistant and
also have a high degree of thermal and dimensional
stability. PEEK has an elasticity modulus similar to that of
the bone [4]. Therefore, PEEK can be expected to absorb
part of the forces generated during mastication [5].

The chemical structure formula of PEEK polymer is
presented in figure 1 [6].
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PEEK matrix permit carbon and glass fibers incorporation
of for the development of thermoplastic fiber composites.
The addition of carbon fibers significantly increases the
dimensional stability, toughness, hardness, flexural
strength and resistance of PEEK [4, 7].
Assimilation synthetic macromolecular compounds in

chemistry and human health must respond complexity
utilization problems that arise from contact, temporary or

Fig. 1. Chemical structure
formula of the PEEK
polymer
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long-term system of polymeric materials with orofacial
tissues. For this reason, polymer biomaterials are those
polymers or polymer composites those that are verified as
biocompatible in contact with the biostructures [8, 9].

The rapid development of knowledge in the field of
technologies for obtaining high molecular compounds was
determined using in the field of dental medicine polymeric
compounds. A modified PEEK material containing 20%
ceramic fillers is BioHPP, a high performance polymer
(BioHPP-Bredent, Germany), which presents high
biocompatibility, good mechanical properties, high
temperature resistance, and chemical stability, and which
can be used as support structure (framework) for the
skeleton partial dentures [10, 11].

BioHPP polymer is a material which has already been
successfully used in operations carried out on humans for
many years. This polymer is chemically inert and insoluble
in all conventional solvents at room temperature. BioHPP
is particularly well suited for producing high-quality
prosthetic restorations due to its properties like optimal
stability, polish ability and its low plaque affinity [5, 12, 13].

BioHPP (High Performance Polymer) is a PEEK variant
that has been specially optimised for the dental field, used
today for manufacturing of dental bridges, implant based
dentures, a.s. Present high durability, due to the special
ceramic filler (particle size of the ceramic filler is from 0.3
to 0.5 microns), and by the fineness of the ceramic filler,
BioHPP is suitable for making high quality dentures [14,
15].

In contrast to the framework of the other used dental
materials, BioHPP has an elasticity that is suited to the
bone; in contrast with ceramics and NPM are
approximately 20x as rigid as bone, and gold and titanium
are 10x as rigid as bone. This similarity to bone has a
beneficial effect, especially in wide-span framework
structures (fig. 2) [15].
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The E-modulus of BioHPP lies in the range of 4000 MPa,
which very strongly resembles the elasticity of human bone
(e.g. in the mandible), so that the chewing forces are
therefore cushioned. The maximum fracture resistance
indicates the force (in Newtons) at which the sample fails.
Values of up to 1200N were reached during the tests which,
in comparison to a maximum chewing force of 500N for a
human bite, represent an adequate safety margin. The bond
strength of BioHPP framework is of over 25 MPa. Gum
irritation is ruled out due to the surface quality of the material
and its low rough depth of 0.018 pm RA (Jena Uni). Other
characteristics of BioHPP polymeric dental material are:
flexural strength is >150 MPa, water absorption=6.5ug/
mm?3, water solubility <0.3 pg/mm3, M=melting range
(DSC) is approx. 340°C, bond strength >25 MPa,
thickness=1.3-1.5 cm?, hardness (HV)=110 HV 5/20,
thermocycling 10,000 cycles 5°C/55°C in accordance with
DIN EN ISO 10477, E-modulus=4,000 MPa [13, 16].

Structural formula of a PEEK molecule of BioHPP is
presented in figure 3. The white cloud indicates the ceramic
filler, which is responsible for the high mechanical material
properties, especially for dental technical use [17].

Partial skeleton prosthesis (PSkP) is defined as a
complex partial movable restoration, which involves a
fixed part (a dental bridge on the remaining teeth), and a
part that can be mobilized. The movable part of skeleton
denture is anchored by special precision attachment
systems on the prepared and covered remaining teeth [18].

The most important reason why patients seek prosthetic
replacement of missing teeth is to improve their
appearance. Other reasons include the restoration of
speech, mastication, confidence, and psychological well-
being [19].

Until not long ago, the support structure (framework) of
PSkP was metallic and realised by dental alloys, or by using
different types of polymers, like nylon-based polymers [20-
22].

Experimental part
Materials and methods

The steps for achievement BioHPP framework begin
with the wax model of the future framework, which is
invested in a mould, in a special investment material. The
mould is heated between 630 - 850°C in a pre-heating oven,
the wax is melted away and then cooled at 400°C. At this
temperature, BioHPP is brought to the melting range of
the investment material mould and melted down. The
insertion of the press plunger and transfer of the mould
into the for 2 press system then takes place. By raising the
lift, the pressing procedure is triggered automatically and
takes place in a vacuum. After completion of the vacuum,
the mould is cooled down to room temperature within 35
min maintaining the pressure, and then is devested as
usual.

The aspect of BioHPP polymer is presented in figure 4.
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The researches were conducted in the Dental Medicine
Faculties of Tirgu-Mures, Bucharest, Constanta and Craiova
Universities.

The patients were selected after a detailed anamnesis
and were attended only by those that have expressed their
desire to be part in the research.

From 114 consulted patients, we selected 48 patients
which presented first class edentation after Kennedy, with
minor odontal injuries or healthy remaining teeth, and
without periodontal affections. The research has been
carried out on 48 patients, 24 females and 24 males. The
age range of the patients was similar, between 48-55
years, with a median age of 51.5 years and a mean of 51.5
=+ 3.5 years (fig. 5).
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Fig.5. Distribution of patients after age and gender

After the completion of habituation period to BioHPP
partial dentures (4 weeks), we conducted the monitoring
of results.

The monitoring sessions were performed every three
months for three years, so were carried 12 determinations
of the benefits in the patients with partial denture with
BioHPP polymer framework. The determinations of
benefits were realized according with 7 objective and
subjective criteria’s, recorded after the examinations of
selected patients, in the monitoring sessions:

Criterion 1 = decubitus lesions of the soft tissues in oral
cavity;

Criterion 2 = allergic reactions of the soft tissues of oral
mucosa in contact with the BioHPP base of partial denture;

Criterion 3 = patients who experienced fracture of the
denture;

Criterion 4 = altered colour shade in BioHPP framework
of PSkP;

Criterion 5 = occurrence of the atrophy of edentulous
ridge;

Criterion 6 = existence of an unpleasant taste of the
prosthesis;
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Fig.6. Maxillary and mandibular partial
skeleton prostheses with BioHPP polymer
framework
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Criterion 7 = patients without the previous presented
subjective and objective symptoms.

In figure 6 are presented images with a maxillary and a
mandibular PSkP with BioHPP polymer frameworks.

Results and discussions

In table 1 are presented the results after processing of
data, referring to the criteria set of BioHPP polymer
framework.

We note that after all monitoring sessions, only 1 patient
experienced more than one of the criteria listed above.

Criterion 1: Because BioHPP polymer present a degree
of elasticity, less than a third of patients had decubitus
lesions, but only the first two months after insertion of PSkP
on the prosthetic field, 22.91% in the first month and 6.25%
in the second month.

Criterion 2 and 3: No patient carrier of PSkP had
experienced allergic reactions and fractures BioHPP
frameworks.

Criterion 4: The achieved PSkP from BioHPP showed
no discolorations, after 3 years monitoring, altered colour
shade in BioHPP framework or early aging.

Criterion 5: Because of a degree of elasticity and low
specific weight, this type of PSKP not atrophied the
edentulous ridges. We observed only in a single case
(=2.08%) a very low level of atrophy of bone at 12-th
monitoring session after the use of PSKP with BioHPP
framework, but this patient became ill in the meantime by
diabetes.

Criterion 6: At 11-th and 12-th monitoring session, one
patient (=2.08%) have complained about the existence of
an unpleasant taste of the PSkP, but this patient became ill
in the meantime by diabetes, and presented a high degree
of dental plaque, including on the internal surface of
prosthesis.

Criterion 7: In the first monitoring session 37 patients
(=77.08%), in the second session 45 patients (=93.75%),
and beginning with 3" session till 10" session, all 48
patients (=100%) were without objective or subjective
symptoms. At 11" monitoring session two patients
(=4.16% experienced unpleasant taste of PSkP) and at
12™ monitoring session one patient (=2.08%, which
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became ill in the meantime by diabetes), experienced
atrophy and unpleasant taste of PSkP

In addition, PSkP with BioHPP framework were more
easily integrated by patients, and they considered more
comfortable in comparison with their oldest partial acrylic
prostheses.

In present, most dental products presented in two-
component system powder and liquid, but some
manufacturers have launched pasta polymers that have
the great advantage represented by the fact that the
powder and liquid are pre-measured and thus the ratio of
mixing is not optimal, ensure higher quality prosthetic
restorations [23].

Currently, the researches are targeted for the
improvement and the increasing of the biocompatibility in
dental materials, and, in same time, for the increasing of
the corrosion resistance of the materials that are in direct
contact with the biological tissues. Biocompatibility of
dental materials is an important consideration for the
patient, clinician, laboratory technician, and manufacturer.
Ideally, a dental material that is to be used in the oral cavity
should be harmless to all oral tissues, gingiva, mucosa,
pulp, and bone [24].

Furthermore, it should contain no toxic, leachable, or
diffusible substances that can be absorbed into the
circulatory system, causing systemic responses, including
teratogenic or carcinogenic effects [25].

The treatment of partial edentulous patients through
removable skeleton prostheses with special attachment
systems is indicated in specific clinical situations, that
exclude the treatment by fixed prosthetic restorations (like
bridges). In relation to the location and extension of
edentation/edentations occurring disorders of the functions
of edentulous maxillary/mandible, in phonetic, esthetic,
and/or masticatory function [26, 27].

Toth and all [28], based on the obtained results of their
study, concluded that the polymeric biomaterial PEEK may
be a useful biomaterial for interbody fusion cages due to
the polymer’s increased radiolucency and decreased
stiffness.

Continuous development and progress of the polymer’s
industry with application in general and dental medicine
has its ground in the importance of these biomaterials in
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the health domain. Using of these resins in different
technological variants for the restoration of the oral cavity
is benefice from childhood till geriatric period [29, 30].

The manufacturing of dental prostheses with metallic
framework supposes to perform technical steps that can
be associated with errors: vicious adaptation on prosthetic
field or defects in material that can lead to the prosthesis
fracture [31].

Adverse tissue reactions attributed to the wearing of a
metal framework of a partial removable prosthesis are
represented, alongside of improper design or poor fit, the
allergic manifestation and the high specific weight of dental
alloys [32].

Chemical composition and microstructure of the alloys
have a strong influence on the corrosion behaviour. After
the researches of Porojan [33], the lowest corrosion rates
were recorded for a pH of the electrolyte 10 and the highest
at a pH of 2 for all types of dental alloys (Co-Cr, Co-Cr-Mo
and Ni-Cr).

BioHPP material can be used for patients allergic to
metals, or who dislike the metallic taste, the weight, and
the unpleasant metal display of the denture framework
and retentive clasps. BioHPP frameworks can be
constructed either via CAD/CAM manufacturing or via the
conventional lost wax technique. The clinical use of a
BioHPP RDP framework is presented as an alternative for
the treatment of partial edentulous patients.

Conclusions

Because the partial skeleton dentures achieved of the
BioHPP polymer framework showed no allergic reactions,
no discolorations, no allergic reactions and fractures and
was more easily integrated by patients, we consider that
this new high precision dental material basically represents
an innovator polymer, with multiple benefits for patients
with partial extended edentations and is suitable for the
framework of PSkP.
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