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Clinical Case Report
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CAD-CAM material for fabricating RPD frameworks for a Class IIl Kennedy partial edentulous mandible.
PEEK The framework was constructed using CAD/CAM manufacturing, and the process combined
Removable partial denture laboratory scanning, digital framework design, resin try-in milling, and PEEK framework

milling. The framework showed good adaptation to the abutment teeth and surrounding
tissues. The patient was followed for 2 years without complaints and was grateful for the
aesthetics. During this period, there were no signs of degradation in the framework, and the
clasps were still as retentive as they were at the initial appointment, with only some pig-
mentation of the structure being observed. (Rev Port Estomatol Med Dent Cir Maxilofac.
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Infraestrutura ndo metalica de prétese parcial removivel - Caso clinico
controlado com 2 anos

RESUMO

Palavras-chave:
CAD-CAM

PEEK

Prétese parcial removivel

As estruturas das proteses parciais removiveis (PPR) em cobalto-crémio (Co-Cr), utilizadas
ha varias décadas, tém permitido devolver a fungdo mastigatéria aos pacientes parcialmen-
te desdentados. No entanto, estas estruturas ndo preenchem na totalidade o critério esté-
tico, sendo uma queixa recorrente a visibilidade do metal das unidades gancho. Com a
crescente exigéncia estética imposta pelos pacientes em relacdo ao tratamento reabilitador,
surgiu a necessidade do desenvolvimento de novos materiais com esta capacidade. Um
material que tem permitido dar resposta a este requisito é o poliéter-éter-cetona (PEEK). O
caso clinico apresentado descreve o fabrico da estrutura de uma PRR para a reabilitagdo de
uma desdentacao mandibular Classe III de Kennedy, usando o PEEK como material alterna-
tivo ao Co-Cr. A estrutura foi construida com tecnologia CAD/CAM. O processo combinou a
digitalizacdo dos modelos de gesso em laboratério, desenho digital da estrutura, fresagem
duma estrutura de prova em resina e fresagem da estrutura em PEEK. A estrutura mostrou-
-se bem-adaptada aos dentes pilares e tecidos de suporte. A paciente foi seguida durante 2
anos, tendo-se mostrado muito satisfeita em relacdo ao tratamento reabilitador, quer quan-
to ao conforto e fungdo, quer quanto ao resultado estético. Passado este periodo, a estrutu-
ra da PPR ndo mostrou sinais de degradagao e os ganchos apresentavam-se retentivos como
na consulta de insercdo, observando-se apenas alguma pigmentacdo da estrutura. (Rev Port
Estomatol Med Dent Cir Maxilofac. 2024;65(3):148-155)
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Introduction

The population’s improved oral health in developed countries
leads to fewer teeth loss in adults, reducing the need for com-
plete edentulism treatments. On the other hand, due to the
increased life expectancy, the need for partial edentulism
treatments is increasing.»? Accordingly, the 2023 OMD Oral
Health Barometer revealed that 59.0% of the Portuguese pop-
ulation is missing at least one natural tooth, excluding third
molars, and 6.4% is completely toothless.> Among the rehabil-
itation options, removable partial dentures (RPD) remain an
important treatment solution compared to more costly alter-
natives.* In Portugal, 35.9% of the population with missing
teeth opts for this rehabilitation treatment.>

The most used material for RPD metal frameworks is the
cobalt-chromium (Co-Cr) alloy due to its low cost, high me-
chanical and corrosion resistance, and high modulus of elas-
ticity.>* Despite all its advantages, reports of metallic taste and
allergic reactions, possible oral galvanism phenomena, and,
especially, the unesthetic metal clasps have made it unpopular
among patients.?>”7

Patients’ preference for nonmetallic materials led to the
development of other alternatives, such as polyoxymethylene
(POM), also known as acetal resins. POM was introduced in
1971 as an alternative to conventional polymethylmethacry-
late resins (PMMA).%° Despite its initial success, POM’s low
rigidity made its use in major connectors unfeasible, becoming
a contraindicated material for RPD structures used for more
than 6 months.'%!?

Continued advancements in materials research led to the
development of a new generation of high-performance polymers,
which have largely replaced acetal resins. This new generation
includes the aryl-ketone polymer (AKP) and the polyaryletherke-
tone (PAEK), a group of polymers that includes polyetherether-
ketone (PEEK) and polyetherketoneketone (PEKK).1#

PEEK was developed by a group of English scientists in
1978.1 It was first commercialized for industrial and aerospace
applications. By the late 1990s, PEEK had become an important
high-performance thermoplastic resin candidate for replacing
metal implant components in the orthopedical field. Its use in
dentistry is more recent, and currently, PEEK is used to man-
ufacture dental implants,'? abutments,** crowns and bridges,**
intra-radicular posts,’> maxillary obturator prostheses,*® or-
thodontic wires,’” and RPD structures.>'®

PEEK materials are available in numerous shades, from
classic pearl white to various tooth colors.'® PEEK is biocom-
patible, radiolucent, rigid, and has low plaque affinity.'*1418 It
has a flexural modulus of 140-170 MPa, 1300 kg/m?3 of density,
and a thermal conductivity of 0.29 W/mK.'"?° PEEK’s mechan-
ical properties do not change during sterilization and have
high thermal stability — up to 335.8°C. PEEK became an im-
portant high-performance resin candidate for replacing metal
implant components in vertebral surgery and femoral pros-
theses in artificial hip joints.? Furthermore, PEEK can be pro-
cessed using computer-aided design/computer-aided manu-
facturing (CAD-CAM)?%-?? with framework fabrication by
milling under two possible protocols already described that
combine conventional and digital workflow steps.?* These dig-
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itally designed frameworks have proven to have similar, if not
better, accuracy and fit compared to those fabricated by tradi-
tional methods.(

This paper aims to describe a clinical case where an RPD
was fabricated with a digital workflow and a milled PEEK
framework. PEEK’s clinical performance was assessed after 2
years of use.

Case report

A 40-year-old healthy female patient attended the Department
of Removable Prosthodontics at the Faculty of Dental Medicine
of the University of Lisbon. Clinical examination revealed a
complete maxillary fixed denture opposing a partially edentu-
lous mandible with a Kennedy-Applegate Class III with mod-
ification 1 (Figures 1 and 2).

The patient wished to rehabilitate the mandible. She had
previously undergone lower rehabilitation with a Co-Cr RPD
but rarely used it due to finding its framework unaesthetic.
Detailed examination of the existing prostheses showed ade-
quate adaptation and retention but visible unaesthetic clasps
on abutment teeth.

Figure 1. Frontal view of the patient showing visible
metal clasps.

W

Figure 2. Intraoral photographs of the patient with the
removable partial denture.

All possible alternative rehabilitation treatments were ex-
plained. Due to financial constraints, the patient agreed to an
RPD with a PEEK framework for replacing the missing teeth 36,
44, and 45. The study case was previously approved by the
Ethics Committee of the Faculty of Dental Medicine of the Uni-
versity of Lisbon, and the patient’s written informed consent
was obtained.

Firstly, both maxillary and mandibular preliminary impres-
sions were taken with an irreversible hydrocolloid impression
material (Hydrogum 5, Zhermack, Italy) using a stock tray. Af-
ter disinfection, the impressions were poured with dental
stone Type III (Pro-Solid Super, Pro-Dental, Germany) to obtain
the preliminary casts. The mandibular preliminary cast was
then fixed on the scanner table and scanned using a 3D scan-
ner (S600 ARTI, Zirkonzahn, Italy) to obtain a digital cast. The
lower custom tray was designed (Zirkonzahn.Tray, Zirkonzahn,
Italy) and 3D printed (NextDent 5100, 3D SYSTEMS, The Neth-
erlands) with light-polymerizing PMMA resin (NextDent Tray,
3D SYSTEMS, The Netherlands) (Figure 3). The digital cast was
surveyed to determine the most acceptable insertion path, and
then the survey line was drawn on the abutment teeth, and
the retention zones were identified and represented on the
cast with a color map (Figure 4).

Dental preparations were performed following the design
outlined on the preliminary cast to produce guide planes in
the distal surface of tooth 35 and the mesial surfaces of teeth
37 and 46. A wear guide indicating the places to be reduced
was printed to help with tooth preparations (Figure 5). Occlusal
rests in teeth 37, 35, and 46 and cingulum rests in tooth 43 had
been done previously, and no improvements were necessary.
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Figure 3. CAD of the custom tray.

Figure 4. Survey of the preliminary cast with
identification of retentive zones.
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Figure 5. Printed wear guide.

After the dental preparations, a definitive impression
was performed with the custom tray and irreversible hydro-
colloid impression material (Hydrogum 5, Zhermack, Italy),
as well as a preliminary registration with a wax occlusal rim
(ANUTEX, kemdent, Purton, UK). This impression was poured
with gypsum Type III (Pro-Solid Super, Pro-Dental, Germany)
to obtain the master cast. The master casts were scanned
(5600 ARTI, Zirkonzahn, Italy) and digitally surveyed accord-
ing to the selected insertion path. Initially, the software
identified the retentive areas in the teeth and soft tissues.
Then, all undesirable undercuts were blocked out into flat-
tened surfaces, and the lingual bar had a relief of 0.2 mm.
The relief was removed where the active ends of the clasps
would be placed (Figure 6). Because of PEEK’s low elastic
modulus compared to Co-Cr alloys, adequate clasp retentive
force requires thicker and wider clasp arms, which should
be balanced considering the clasp arms’ length and the de-
gree of undercuts. A 0.5-mm undercut was used for clasp
retention. In this case, retention zones of 0.5 mm were found
buccally on teeth 34 and 43 and lingually on teeth 37 and 46
since these were lingualized. The framework was digitally
drawn (Zirkonzahn.Partial-Planner, Zirkonzahn, Italy) fol-
lowing the biomechanical principles recommended for this
case (Figure 7). The workflow steps to design the framework
were followed. The shape of connectors, rests, and clasps
followed typical recommendations.

Figure 6. Digital cast with relief of retention areas
except on the places where the clasps end.

Figure 7. CAD of structure: mesh for resin base
retention, major connector, and clasp placement.

A try-in resin pattern of the framework was fabricated
(Try-In&Burnout Weiss, ZirkonZahn, Italy) using subtractive
manufacturing technology to evaluate the fit of the designed
framework intraorally before milling the PEEK framework (Fig-
ure 8). The visual fit was satisfactory in the patient’s cast and
intraorally (Figures 9 and 10). After this positive adaptation test,
the framework was milled from PEEK dental disks (Tecno Med;
ZirkonZahn, Italy). The milling process took approximately 3

Figure 8. Milling of resin try-in.
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Figure 10. Intraoral adaptation test of try-in.

hours. The PEEK framework was then finished with tungsten
drills and tried in the patient’s cast and intraorally to check its
fit. It had an excellent fitting in the patient’s cast (Figure 11).
When tested intraorally, the framework was passive, stable, and
well adapted to hard and soft tissues, with only minor occlusal
adjustments necessary in the cingular rest of tooth 43 and the
occlusal rest of tooth 35 (Figure 12). The wax (Alminax, Kem-
dent, Kinsale, Ireland) was placed on the metal mesh of the
framework, and an interocclusal record was obtained. Both
maxillary and mandibular casts were mounted on an articula-
tor (Asa Dental, Massarosa, Italy), and artificial teeth (Stein Vit,
New Stetic S.A., Antioquia, Colombia) were arranged.

After the try-in appointment, the RPD was processed with
heat-curing acrylic resin (Probase Hot, Ivoclar Vivadent, Liech-
tenstein) for 6 hours at 80 °C (Figures 13 and 14). The edentu-
lous regions of the PEEK framework were sandblasted with
aluminum oxide at 10 pm, 2 bar, and a 10-mm distance prior
to the acrylic application. After minor occlusal adjustments in
tooth 36, the RPD was delivered to the patient with proper care
instructions (Figures 15 and 16).

At the post-insertion appointment, the patient had minor
pain complaints due to mucosa compression near tooth 36.
The compression zone was relieved after using a pressure in-
dicator paste (Colténe PSI, Altstétten, Switzerland). Good sta-

Figure 12. PEEK structure adaptation in the mouth.

Figure 13. Lateral view of the finished prosthesis.
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Figure 15. Intraoral view of the finished removable
partial denture.

bility and retention were achieved, and the patient was satis-
fied with the function and aesthetics.

One month later, in the second post-insertion appoint-
ment, the patient reported being more comfortable, empha-
sizing the new prosthesis’ lighter weight. When evaluated on
a digital balance, the Co-Cr structure prosthesis weighed 7.54
g, while the PEEK structure prosthesis weighed just 3.64 g.

At the 2-year follow-up (Figure 17), the patient mentioned
that she was very satisfied with the rehabilitation and used it
without complaints of discomfort or a notorious feeling of lack
of retention. All prosthesis components were intact, and the
PEEK structure showed some extrinsic pigmentation, which
was easily removed with polishing, especially evident on the
major and minor connectors.

Discussion and conclusions

The material for constructing RPDs should be chosen based on
clinical examination, patient demands, and scientific evi-

Figure 17. 2-year follow-up.

dence. An aesthetically unacceptable display of metal clasps,
increased prosthesis weight, metallic taste, and allergic reac-
tions to metals have led to the introduction of several new
resin materials in clinical practice.

This case involves a patient with high aesthetic demands.
Implants would be the better option, but the patient rejected
this treatment due to cost concerns and fear of additional oral
surgery. In order to not involve irreversible and complex treat-
ments on teeth adjacent to edentulous spaces, the choice fell
on an RPD with a PEEK framework.

PEEK is a high-performance machinable polymer and a
promising alternative to conventional Co-Cr frameworks be-
cause of its favorable biocompatibility, low weight, and ade-
quate physical, mechanical, and chemical properties.>1820.24
However, PEEK has low rigidity compared to conventional Co-
Cr alloys (elastic modulus of 3.0-5.5 GPa in PEEK versus >200
GPa in Co-Cr alloys). The need for retention represents a key
challenge for the clinical application of PEEK frameworks, so
clasps should be thicker and have a deeper undercut to be
clinically effective.”#2° These characteristics make the clasps
more bulky and closer to the marginal gingiva. Fortunately,
this material has low plaque adhesion, and periodontal issues
may not necessarily be a problem.?>-?” Nonetheless, some con-
cerns have arisen about the long-term performance of these




154

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC . 2024;65(3):148-155

clasps and their possible loss of retention. Unlike Co-Cr, one
of the main limitations of using PEEK for RPD structures is the
inability to adjust the clasps units if necessary.'® Promisingly,
studies have shown no decrease in the retention of these
clasps after simulated aging in the laboratory.”26-2

Regarding the final weight of the prosthesis, PEEK is known
to have a low density of 1.3 g/cm?3, which allows the production
of a low-weight RPD structure compared to Co-Cr, with a den-
sity of 8.5 g/cm3.2° When both the patient’s RPDs were weight-
ed on a digital scale, the final PEEK prosthesis was approxi-
mately 52% lighter than the Co-Cr prosthesis. The patient was
pleased with the reduced weight of her new denture. This
added value had been previously reported by Zoidis in 2015;°
however, this assessment is not rigorous since the acrylization
and the type of teeth were not standardized.

Despite PEEK’s high resistance to fracture,'* no repair pro-
tocol for a potential fracture is described in the literature. The
impossibility of repair also limits the possibility of adding
teeth, which is a major limitation of PEEK. More research is
needed on this issue. Another limitation is that the PEEK struc-
ture fabrication method is more expensive than that of Co-Cr
RPD frameworks and the conventional lost-wax technique.
PEEK disks cost around 300 euros and allow the production of
only two frameworks. This economic limitation might be over-
come when 3D-printed PEEK becomes common. 3D-printed
PEEK is finding applications in numerous industries, but most
are still in the research phase.*

Finally, we must mention that the final aesthetics achieved
are not perfect, as the color of the clasps is whiter and more
opaque than the color of the teeth. Other authors described
similar results.>!83!

Despite this work’s limitations, we can conclude that PEEK
should probably be considered an alternative framework ma-
terial for patients dissatisfied with the aesthetics of conven-
tional Co-Cr frameworks. Further long-term clinical follow-up,
longer than 2 years, is needed to consolidate the scientific
data.

Using PEEK to construct an RPD metal-free framework re-
sulted in a prosthesis with adequate fit and good patient sat-
isfaction regarding function and aesthetics. With proper pa-
tient selection and treatment planning, milled PEEK can be a
useful alternative framework material for RPDs restoring Class
Il Kennedy edentulous patients.
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