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Abstract

This study uses the finite element method to assess the biomechanical behavior of tooth-supported fixed partial prostheses
components manufactured with two different infrastructures: Cr-Co Fit Flex metallic alloy and Polyether Ether Ketone (PEEK)
subjected to physiological occlusal loads.

Two models with equal geometry were simulated-Model M1: fixed partial prosthesis with Cr-Co metallic infrastructure and feldspar
ceramics coating Noritake Ex-3; Model M2: fixed partial prosthesis with PEEK infrastructure PEEK and indirect resin coating
Sinfony. They were subjected to axial and oblique loads. The 3D models were entered in the software CAD Solidworks 2016 for
registry and analysis.

Data were analyzed according to the studied factors: dentin behavior, infrastructure, aesthetic coating, detachment pressure between
tooth and cement, and tensile stress of cement. Most stress peaks were observed in model M2, but values from the two models were
close.

Model M1 showed better results in four of the factors: dentin, infrastructure, detachment pressure between tooth and cement, and
cement tensile stress. Model M2 showed better performance in terms of the aesthetic coating. Similar values for both models in

most of the simulations suggest a long lifespan of both treatments, although longer for model M1.
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Introduction

Metal-ceramic prostheses are considered the "gold standard"
of oral rehabilitation due to their good mechanical properties
along with the clinically accepted quality of their internal and
marginal adaptation [1]. They have been used for more than
50 years; however, its dark metallic structure and opaque
oxides prevent a natural appearance [2]. To avoid this, studies
have been focusing on poly-ether ether ketone (PEEK) as a
metal-free alternative for prosthetic rehabilitation with
particular advantage for allergic patients or those with
bruxism or sensibility to metallic alloys [3,4].

PEEK is a linear semi-crystalline polymer synthesized from
aromatic dihalides and bisphenol salt via nucleophilic
substitution. It belongs to an important class of high-
performance engineering thermoplastics. The presence of
aromatic rings confers resistance against mechanical stresses
and oxidative and thermal attacks [5]. PEEK presents a high
melting point (342.85°C), high thermal stability, chemical
resistance, and radiolucency. At room temperature, it is a rigid
polymer and might be semi-crystalline or amorphous
according to the processing technique employed [6].

Following confirmation of biocompatibility, [7] PEEK was
chosen as an effective biomaterial for implantable medical
devices such as orthopedic implants, [8] including spinal and
cranial [9,10]. In dentistry, PEEK has been investigated for
several applications, including dental implants, temporary
abutments for implant-supported prostheses, infrastructure for
prostheses over the implant, and removable and fixed partial
dentures [11-14].

PEEK4 has been proven material with good mechanical
properties, mainly for application in areas subjected to load

[15]. It has also shown a low degree of biofilm formation and
provides high patient comfort due to its lightweight [16].

Given this context, this study aims to assess the
biomechanical behavior of tooth-supported fixed partial
prostheses subjected to physiological occlusal loads. To this
end, this study uses finite elements to investigate prostheses
manufactured with different infrastructures and coatings:
chromium-cobalt alloy with feldspar ceramics coating, and
PEEK with indirect resin coating. Five factors are monitored:
dentin behavior, infrastructure, aesthetic coverage, detachment
pressure between tooth and cement, and cement tensile stress.

Materials and Methods

Virtual jaws were modeled based on computed tomography of
a volunteer [17]. The models were edited with elements 35
and 37 and periodontal structures that were the fixed partial
prosthesis abutment. Editing was carried on CAD SolidWorks
2017 (Dassault Systems, Solidworks Corps, USA).

Two models were built:

- Model M1, (Control) with metallic infrastructure Cr-Co
Fit Flex (Talmax Produtos Odontoldégicos, Curitiba, Parana,
Brazil) and feldspar ceramic coating Noritake Ex-3 (Noritake
Co Limited, Nagoya, Japan)

- Model M2 with PEEK infrastructure Juvora Dental Disc;
(Juvoraltd, Wyre, Lancashire, UK) and indirect resin coating
Sinfony (3M Espe, St. Paul, MN, USA)

Prostheses and abutments presented the following
characteristics: 1.2 mm wear on the abutments at the chamfer
end and 1.5 mm at the occlusal; preparation tilt of 6°.
Minimum thickness of the infrastructure of 0.3 mm, both
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metallic and PEEK's. Minimum thickness of the aesthetic
material of 0.9 mm. Resin cement layer of 62 pm.

Three occlusal points of contact simulated per tooth with a
diameter of 1 mm each. Bolus with 5 mm of thickness.
Antagonist with healthy enamel.

The models were then exported to the finite element
simulation software Ansys Workbench V18.2 (Ansys Inc.,
Canonsburg, PA, USA), configured with elasticity module and
Poisson coefficient according to the literature and with
structures considered isotropic, homogeneous and linearly
elastic.

Each model was subjected to axial and oblique loads (150
N). Coefficient of friction between bolus and prosthesis of
0.2. The axial load was applied perpendicularly to the occlusal
plane and the oblique load on the vestibulo-lingual orientation
at a 45° angle with the occlusal plane.

The number of nodes/elements is 1,768,172/1,044,174 for
the axial loading models and 1,659,348/975,716 for the
oblique loading models. All simulations were processed in an
Intel 17 6800k, with 112 Gb of RAM and SO Windows 10 64
bits.

Results

Dentin

Considering the axial load on dentin, the largest peaks occur
at the end region, next to the pontic in model M2 (Figure 1).
Model M1 shows more non-occlusal compressive stresses
than model M2 (Figure 2).
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Figure 1. Dentin peaks according to principal maximum stress
criterion (MPay).

Results of the oblique load were larger than those of the
axial load and the tensile peaks were larger at the premolar
teeth of model M2 (Figure 1). The peaks were located at the
lingual face of the coronary portion of the dental root, with a
larger concentration of compressive stress at the vestibular
face and tensile stress at the lingual face (Figure 3).
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(M10) and (M20): occlusal view.

Figure 2. Principal maximum stress on dentin under axial load.
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(M11) and (M2l): lingual view.

Figure 3. Principal maximum stress and probable fracture axis on
dentin under oblique load.
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Figure 4. Peaks on aesthetic coating relative to materials
resistance, according to principal maximum stress criterion.

Infrastructure

Tensile strength of chromium-cobalt alloy was considered 710
MPa [18] and 100 MPa for PEEK [19]. In model M2, the
tensile peaks occurred at the cervical proximal portion
between pontic and crown under axial load.

Under oblique load, stress was concentrated at the cervical
portion of the vestibular face between molars in both models,
although larger for model M2. The risk of fracture was larger
for model M2; however, the extent of such result suggests a
long lifespan of both treatments.
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Aesthetic coating

Flexural strength of porcelain was considered 69.74 MPa and
the tensile strength of resin was considered 70 MPa for the
aesthetic coating analysis (Figure 4).

Under an axial load, the largest peaks were observed
between molars at the occlusal portion of the vestibular face
in model M1 and at the cervical portion of the vestibular face
in model M2. The risk of fracture for both models are
equivalent (Figure 5).

(M10) occlusal view and (M2v): vestibular view

Figure 5. Principal maximum stress on aesthetic coatings under
axial load.

Under oblique load, the largest peaks were observed at the
occlusal portion of the vestibular face in both models;
however, results show better performance of model M2
(Figure 6).
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(M10) and (M20): occlusal view

Figure 6. Principal maximum stress on aesthetic coatings under
oblique load.

Detachment pressure between tooth and cement

The study assessed the tensile strength at the interface
between tooth and cement that might cause the adhesive
failure of cementation. Element 37 of the model M1 was
studied as control (Figure 7).

Under an axial load, the risk of adhesive failure was smaller
for model M1. It was observed at the mesial wall of the molar
tooth in model M1 and at the distal wall of premolar in model
M2.

Under oblique load, the largest peak was observed in model
M2 concentrated at the distal vestibular face of premolar,
which results in the shortest lifespan of the adhesive bond. In
model M1, the largest peak was observed at the mesial lingual
portion of the molar end.

The tensile stress of cement

The risk of cohesive failure of cement was assessed through
the tensile stress analysis. Element 37 of the model M1 was
used as control (Figure 8).
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Figure 7. Peaks of traction pressure between cement and dentin
(in MPa).
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Figure 8. Peaks on cement according to principal maximum
stress.

Under an axial load, the model M2 showed a larger risk of
cohesive failure, peaking at the distal portion of the premolar
end. In model M1, the largest peak was observed at the mesial
wall of the molar. This is evidence of the greater performance
of model M1 and its resulting larger lifespan.

Under oblique load, the largest peak was observed at the
distal vestibular portion of the premolar chamfer in model
M2, whilst in model M1 it was observed at the mesial lingual
portion of the molar chamfer. Results suggest a slightly
inferior cohesive performance of cement of model M2.

Discussion

Fixed partial dentures must be designed with the ability to
resist functional and parafunctional strengths present in the
stomatognathic system. The strengths normally absorbed by
the absent tooth must be retransmitted through the pontic
connector and retainers to the support teeth. If the strength
surpassed the physiologic limits of the hard tissue it could
cause an initial loss of bone and failure of the prosthesis [20].
Here, a masticatory load of 150 N was simulated to reproduce
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the average conditions found in vivo, according to Powers et
al. [21].

To ensure its effective and safe use in dentistry, a proper
assessment of PEEK's properties as infrastructure for fixed
partial dentures is necessary, along with the assessment of its
influence on dentin behavior, aesthetic coating, detachment,
and cement tensile stress.

Dentin tensile strength is 105 Mpa [22]. The largest tensile
peaks on dentin were observed in the PEEK-resin model
(M2). Under an axial load, it was concentrated at the end
portion (next to the pontic), whilst, under oblique load, the
peaks were concentrated at the cervical lingual portion of the
roots.

The likely fracture axis is the medial and cervical portions
of the root, mainly under oblique load, which would lead to
the loss of the dental element. This can be explained by the
difference of rigidity of materials. Thompson et al. [23], when
validating the predictive fracture behavior of the numeric
model, showed fractures along the long axis of the tooth - a
very bad prognosis. On the other hand, Sobieraj et al. [§]
observed that the PEEK samples were in the elastic
deformation phase for most of the time.

Stress is mainly concentrated at the connectors in the fixed
partial dentures [24,25]. PEEK is a material of good
mechanical behavior in the resolution of smaller, extensive,
multiple prosthetic cases in the presence of cantilever [1,4]. In
the present study, as well as previous ones, the stress was
mainly concentrated at the proximal cervical portion, mostly
between the molars. However, the risk of fracture was larger
for the PEEK-resin model-13% and 21% relative to the
resistance of materials, under axial and oblique loads,
respectively. This small proportion of results suggest a long
lifespan of both treatments, although longer in the case of the
metal-ceramic model. As observed, oblique strengths
produced larger stresses than the axial ones, corroborating
other studies [26,27]. This represents an important impact on
the fracture of structures.

In addition to its use in infrastructures, PEEK can be used
in fixed partial prosthesis with the addition of hydroxyapatite
as an option for metal-free restorations with relevant
biomechanical behavior. The addition would result in
increased tensile strength in comparison with PEEK alone
[28]. Another option for metal-free restorations is the fiber-
reinforced resin fixed partial prosthesis (FRC-FDP) [29,30].
The addition of continuous arrays of reinforcement fibers to
the connectors has significantly improved the rigidity of FRC-
FDP against torsions produced by load and the flexural
moment [30]. PEEK reinforcement may be an option to
increase its resistance to fracture.

Regarding FRC-FDP performance, fracture and/or
delamination of coating composite represent most of the
failures [31,32] which shows the relevance of this type of
analysis in what concerns fixed prostheses. Here, the risk of
fracture of the aesthetic coating was similar for both models
(25% of the risk for the metal-ceramic model, and 23% for the
PEEK-resin model). The difference was proportional to the
resistance of materials of 2%, and the largest peaks were
observed at the cervical portion between the molars. Thus,

results can be regarded as equivalent under axial load. On the
other hand, under oblique load, the metal-ceramic model
showed worse performance (50%), with greater risk of
cracking and chipping; however, these percents are considered
high, possibly due to the lack of surface treatments in the
simulation for both models.

Longevity of fixed partial dentures may be affected by the
cementation mode [33], and PEEK prostheses face the same
challenges faced by other metal-free prostheses [34,35]
Regarding detachment pressure between cement and tooth
under axial load, the largest stress peaks were observed in the
PEEK-resin model (2.31 MPa) and was concentrated at the
distal portion of the premolar. Under oblique load, the stress
increased to 4.14 MPa and compression was observed at the
lingual, vestibular portion of the chamfer and occlusal table.
The risk of adhesive failure was larger in the PEEK-resin
model due to the smaller rigidity of the infrastructure, which
favors a larger concentration of stress on the premolar and
smaller on the molar. This will eventually result in a shorter
lifespan of the adhesive bonding in comparison with the
metal-ceramic model.

Regarding cement tensile stress, the risk of cohesive failure
was larger for the PEEK-resin model. A difference of 11%
was observed relative to the metal-ceramic model and the
tensile peaks of cement were observed at the distal portion of
the premolar chamfer, both under axial and oblique load. The
smaller rigidity of the infrastructure favors a non-uniform
distribution of stresses that, associated with the phenomenon
of compressive deformation, produces a more extensive effect
of peripheral traction.

Some authors suggest the physical and chemical
pretreatment of the surface to increase the shear bonding
strength of PEEK prosthesis and circumvent adhesive and
mixed failures [36,37] However, the present simulation lacked
the surface treatment prior to cementation for both models.

The elucidation of PEEK's inherent features and its
biomechanical behavior with further studies using different
methodologies can lead to its clinical application considering
its numerous advantages, including aesthetics and
biocompatibility relative to metal.

Conclusion

Among the five factors studied here, the metal infrastructure
with feldspar coating (M1) showed superiority in four of
them: dentin, infrastructure, detachment pressure between
cement and tooth, and cement tensile stress. The PEEK
infrastructure and indirect resin coating (M2) showed better
performance only in terms of aesthetics. However, both
models showed similar results in most simulations, suggesting
a long lifespan for both treatments, although longer for M1.
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