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Abstract

Introduction: Today various prosthetic materials for framework and veneer materials are currently
available in implant treatment, each with advantages and disadvantages. Because of this wide range of
materials, treatment plans require extra care to provide optimal biomechanics.

Objective: To evaluate the level of stress distribution in the implant, prostheses, and bone around the
implants, designed according to All on Four treatment concept with different framework and veneering
materials in atrophic maxilla that makes use of a three-dimensional (3D) finite element analysis (FEA).

Material and Methods: Five framework materials: zirconium (Zr), titanium (Ti), polyether ketone ketone
(PEKK), polyether ether ketone (PEEK), and fiber reinforced polymer (FRP) and also three types of
veneering materials: porcelain (P), acrylic resin (A), and composite resin (C) were evauated.

Results: Framework and veneering materials were seen to make a difference in bone and implants under
stress. The increase in the elasticity modulus of the framework material led to the decrease in the stresses
transmitted to the implant and the bone along with the increase in the stresses in the framework.

Conclusion: As the elasticity modulus of the material used in the framework and veneering increased, the risk
for long-term success and survival in the implant and surrounding tissues decreased. It is thought that the use

of Zr and Ti materials in the framework and the porcelain material in the veneering is more suitable.
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1. INTRODUCTION

Atrophic  maxilla  undergoes  prosthetic
rehabilitation, which is considered to be a
clinical challenge due to low quality and
guantity of the bones, high level of severity and
complicacy of the re-absorption process in the
bones as well as close link to the maxillary
sinuses [1-4]. An assumption that atrophic
edentulous maxilla can be effectively treated
with the application of tilted implants parallel to
the maxillary sinus anterior wall as a
conservative medical solution has been
confirmed [5-7]. The treatment of maxilla using
tilted implants with the technique ‘All-on-Four’
[8] have been increasingly used.

The key basis of the applied technique is distal
tilting by about 30°-35° of the most posterior
implants to increase the contact between the
implant and the bone, ensure better stability of
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the primer, placing longer implants. If the distal
implants are tilted, the distribution of the load
improves and the length of distal cantilever gets
reduced. It is also possible to eliminate the
required procedures of bone grafting or
complicated surgeries; therefore, treatment gets
less time-consuming and the treatment protocol
becomes more cost-effective [9-12].

According to the clinical studies, it is possible to
predict an all-on-four concept, which has a
cumulative survival rate of implants equal to
approximately 94.5-94.7%. Prosthetic success
rate was 97,8-99,2 % [13,14]. Despite high rates
of prosthetic success, it is typically associated
with such wide-spread issues as fracture of a
porcelain crown, prosthetic fracture, loosening
of the abutment, loosening of the prosthetic
screw, as well as bruxism and other factors
which cause overloading of the prosthesis [15].
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It is crucial to take into serious consideration the
material used for a prosthetic framework as it
impacts the process of stress transmission to the
peri-implant bone area and implant-support
system. Those factors can play an essential role
in restoration survival and produce an important
effect on the distribution of bone stress around
the implants [16].

According to some authors, it is reasonable to
use such polymeric frameworks as polyether
ketone ketone (PEKK), polyether ether ketone
(PEEK), or polymers with fiber-reinforcement
to replace the previously used cobalt-chromium
(Co-Cr), titanium (Ti), and zirconia (ZrO,) as
rigid frameworks with high elastic modulus.
This suggestion is based on a wide range of
benefits that polymeric frameworks have, in
particular their shock absorbency, light weight,
and inexpensiveness. The outputs of research
have demonstrated that materials that have non-
polymeric or stiff high frameworks as elastic
modulus have the capacity to ensure stress
transmittance to the bone-implant interface at an
increased level as they have no shock-absorbing
gualities [17-19]. Despite this some of the
researchers provided promising results [20-23].

Hence, definition of behavior that different
frameworks and veneering materials have in
‘All-on-Four’ technique requires biomechanical
studies. Finite element analysis (FEA) applied to
biomechanics is a tool of extraordinary use
demanded for numerical calculation of such
aspects as deformations and stresses and
evaluation of the mechanical behaviour that
tissues and biomaterials have [24,25].

One of the objectives of this study implied
evaluation of the stress distribution in the
implants, prostheses, and bone around the
implants which were designed according to All
on Four treatment concept with different
frameworks and veneering materials in atrophic
maxilla with the applied 3-D finite element
analysis. The study had to test the following
hypothesis: veneering material and prosthetic
framework with the different elasticity modulus
impact the stress produced on the peri-implant
area.

2. MATERIAL AND METHODS

The basis for construction of atrophic maxilla in
the solid model was the use of data obtained
from CT (computed tomography) done with
Orthocad CT scanner (3M Imtec Corp.,
Ardmore, USA) with further transference into
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the software of Rhinoceros 4.0 (Robert McNeel
& Assoc., Seattle, USA) and 3D-Doctor (Able
Software Corp., Lexington, USA) for the
generation of a three-dimensional finite maxilla
element model.

Scanning of the bone level dental implants (4.3
X 13 mm, Switzerland, Nobel Biocare) and
multi-unit abutments (0° and 30°, Switzerland,
Nobel Biocare) was done to get 3D models
using a 3D scanner (Activity 880, Smart Optics
Sensortechnik GmbH, Bochum, Germany. ‘All-
on-Four’ technique implied vertical placing of
two mezial implants in the lateral incisor
positions, while other two were set in the second
premolar positions with distal tilting at a 30°
angle. Modeling of the framework 3 mm thick
and 5.1 mm wide was followed with its placing
2 mm over the alveolar ridge that has 10 mm of
cantilever length from distal implants. Modeling
of a complete prosthesis was done with CAD
software.

Tablel. Properties of structures and materials used
in the models. *Values provided by manufacturer.

Young |Poisson's
Modulus [Ratio
(GPa)
Cortical bone 13.7 0.30
Trabecular bone (D3) 1.37 0.30
Titanium implant 110 0.35
Peek framework 3.5* 0.36*
(Juvora Dental, Germany)
Titanium framework 110 0.28
Zirconium framework 205 0.22
Pekk framework (Pekkton, |[5.1* 0.25*
Switzerland)
Fiber reinforced polymer 19.1* 0.22*
framework (Trinia, USA)
Acrylic resin 2.7 0.35
Composite resin 12 0.33
Porcelain 68.9 0.28

Constructing the process of discretization for the
complete 3D models was associated with
generation of mesh with the use of VRMesh
Studio software (VirtualGrid Inc) on quadratic
tetrahedral elements with 10 nodes. Each model
used 98.349 nodes and 489.196 elements in
total. The FEA software (Algor Fempro,
Pittsburg, USA) obtained the transferred meshed
models with homogeneous structures that have
linear elasticity to be considered isotropic. The
literature served as a source for the Poisson’s
ratio and Young’s modulus for the materials
(Table 1) [15,16,19].
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Application of 150 N total load was done with a
30° inclination obliquely in the palato-bubcal
direction on the posterior teeth of each group
(Fig. 1). Evaluation of the stress distributions in
implant body and prosthetic frameworks was

done with the use of equivalent analysis of von
Mises stress, while the analysis of stress
distribution in the trabecular and cortical bone
was done on the basis of principal stresses at
their minimum and maximum levels.

Fig.1. Oblique loading of 3D model

3. RESULTS

The stress peak values in each structure of all groups are shown in Fig.2.
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Fig.2. Stress values (MPa) in maximum principal stress (amax), minimum principal stress (omin) and von Mises
stress (oyM) for the cortical bone, trabecular bone, implants, and prosthetic framework in all groups

3.1. Cortical Bone

In acrylic groups, the highest maximum
principal stress (F=8.10 MPa) was obtained in
Zr groups, while Ti groups were the source from
where the maximum principal stress at its lowest
level (F=0.36 MPa) was obtained (Fig.3). In
composite groups, maximum principal stress at
the highest level (F=7.94 MPa) was obtained
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from Zr groups, while the maximum principal
stress at its lowest (F=0.38 MPa) was obtained
from Ti groups (Fig.4). In porcelain groups, the
maximum principal stress at its highest level
(F=7.47 MPa) was obtained from Zr groups,
while the maximum principal stress at its lowest
level (F=0.38 MPa) was obtained from FRP
groups (Fig.5).

Page | 18



Evaluation of the Prosthetic Alternatives on Stress Distribution in Atrophic Maxilla in all-on-Four
Treatment Concept: A Three-Dimensional Finite Element Analysis

" AT

|
)

Fig.3. Maximum principal stress (emax) distribution (MPa) in the cortical bone in acrylic groups

\

P-PEEX

Fig.5. Maximum principal stress (emax) distribution (MPa) in the cortical bone in porcelain groups
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In acrylic groups, the highest minimum
principal stress (F= -32.13 MPa) was obtained
in FRP groups, while the minimum principal
stress at its lowest level (F= -0.36 MPa) was
obtained from Ti groups (Fig.6). In composite
groups, the highest minimum principal stress
(F= -28.01 MPa) was obtained from FRP
groups, while the minimum principal stress at its

lowest level (F= -0.13 MPa) was obtained from
PEEK groups (Fig.7). In porcelain groups, the
highest minimum principal stress (F= -21.82
MPa) was obtained in Ti groups, while the
minimum principal stress at its lowest level (F=
-0.18 MPa) was obtained from PEKK groups

(Fig.8).

roups

Fig.7. Minimum principal stress (emin) distribution (MPa) in the cortical bone in composite groups

Fig.8. Minimum principal stress (emin) distribution (MPa) in the cortical bone in porcelain groups
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3.2. Trabecular Bone

In acrylic groups, the highest maximum
principal stress (F=2.45 MPa) was obtained
from FRP groups, while the maximum principal
stress at its lowest level (F=0.11 MPa) was
obtained from Ti groups (Fig.9). In composite
groups, the highest maximum principal stress
(F=2.18 MPa) was obtained in FRP groups,

while the maximum principal stress at its lowest
level (F=0.06 MPa) was obtained from PEEK
groups (Fig.10). In porcelain groups, the highest
maximum principal stress (F=1.81 MPa) was
obtained in FRP groups, while the maximum
principal stress at its lowest level (F=0.03 MPa)
was obtained from PEKK groups (Fig.11).

ASRP

Fig.9. Maximum principal stress (emax) distribution (MPa) in the trabecular bone in acrylic groups
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Fig.10. Maximum principal stress (smax) distribution (MPa) in the trabecular bone in composite groups

PPEEX

PPEKK

P-ERP

Fig.11. Maximum principal stress (emax) distribution (MPa) in the trabecular bone in porcelain groups
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In acrylic groups, the highest minimum
principal stress (F= -3.58 MPa) was obtained in
PEEK groups, while the minimum principal
stress at its lowest level (F= -0.25 MPa) was
obtained from Zr groups (Fig.12). In composite
groups, the highest minimum principal stress
(F= -3.60 MPa) was obtained in FRP groups,
while the minimum principal stress at its lowest

e
s Pircce

W

level (F= -0.24 MPa) was obtained from Zr
groups (Fig.13). In porcelain groups, the highest
minimum principal stress (F= -3.91 MPa) was
obtained from PEEK groups, while the
minimum principal stress at its lowest level (F=
-0.14 MPa) was obtained from PEKK groups
(Fig.14).

Fig.14. Minimum principal stress (emin) distribution (MPa) in the trabecular bone in porcelain groups

ARC Journal of Dental Science

Page | 22



Evaluation of the Prosthetic Alternatives on Stress Distribution in Atrophic Maxilla in all-on-Four
Treatment Concept: A Three-Dimensional Finite Element Analysis

3.3. Implants

In acrylic groups, von Mises stress (F= 566.82
MPa) at its highest level was obtained from FRP
groups, while von Mises stress at its lowest level
(F= 352.37 MPa) was obtained from Zr groups
on posterior implants (Fig.15). In composite
groups, von Mises stress at the highest level (F=
472.44 MPa) was obtained from FRP groups,

4
i

A P(EK

Fig.15. Von Mises stres (oy\v) distribution (MPa) in implants in acrylic groups
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while von Mises stress at the lowest level (F=
340.42 MPa) was obtained from Zr groups on
posterior implants (Fig.16). In porcelain groups
the highest von Mises stress (F= 355.08 MPa)
was obtained in FRP groups, while von Mises
stress at the lowest level (F= 303.64 MPa) was
obtained from Zr groups on posterior implants
(Fig.17).
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Fig.17. Von Mises stres (oyM) distribution (MPa) in implants in porcelain groups
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3.4. Frameworks

In acrylic groups, von Mises stress at the highest
level (F= 124.46 MPa) was obtained from Zr
groups, while von Mises stress at the lowest
level (F= 124.03MPa) was obtained from PEEK
groups (Fig.18). In composite groups, von Mises
stress at the highest level (F= 126.17 MPa) was
obtained from Zr groups, while von Mises stress

)
J
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Fig.18. Von Mises stres (oyM) distribution (MPa frameworks in) in acrylic groups

crExK CrRP

c.rex

Fig.19. Von Mises stres (oyM) distribution (MPa) in frameworks in composite groups
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at the lowest level (F= 125.07 MPa) was
obtained from PEEK groups (Fig.19). In
porcelain groups, von Mises stress at the highest
level (F= 187.79 MPa) was obtained from
PEEK groups, while von Mises stress at the
lowest level (F= 128.75 MPa) was obtained
from FRP groups (Fig.20).
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Fig.20. Von Mises stres (oyM) distribution (MPa) in frameworks in porcelain groups
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4. DISCUSSION

The present study views veneering materials and
prosthetic framework as influential factors in
terms of stress distribution. Taking into account
the results obtained in the study, the tested
hypothesis, which claims that the stress on the
peri-implant area is under the effect of the
veneering material and prosthetic framework of
the different elasticity modulus, was accepted.

Whereas the tensile stress at its maximum is
presented by the maximum principal stress, the
compressive stress at its maximum is presented
by the minimum principal stress. It is important
to make sure that the stress values do not go
higher than the maximum compressive and
tensile strength of cortical bone, that is 173 MPa
and 100 MPa correspondently [26, 27]. The
present study uses the mentioned limits and
makes sure that the obtained values do not
exceed those limits as it can be pathologic to the
bone tissue.

Ductile materials, in particular implants,
undergo von Mises stress analysis with the
obtained value that notifies about the start of
permanent deformation. A failure is expressed
with a value of von Mises stress >550 MPa, that
can be defined as the yield strength of the
implant material [28,29]. In the present study
three groups A-PEEK (551.63 MPa), A-PEKK
(566.58 MPa) and A-FRP (566.82) exceeded
these values. This finding supports previous
studies that, not only the framework materials,
also the veneering materials were determinant
factors in the stress distribution. Such factors as
high level of rigidity, high porcelain flexural
strength, and high elastic modulus contribute to
dissipation of stress, diminishing the hazards
other structures can suffer from in terms of
mechanical overload. The possible consequence
of low elasticity modulus in acrylic resin can be
higher level of deflection, in particular in the
area of loading, thus producing greater stresses
for the infrastructures [24,30].

All in all, soft materials (FRP, PEEK, PEKK)
demonstrated lower values of stress in
comparison with those of stiffer materials (Ti
and Zr) in the prosthetic framework. Resistance
level of high elastic modulus materials to
deformation and bending is higher; thus, the
stress values are also high. Use of materials with
low-elastic  modulus  framework  caused
reduction in the framework stress; still, the peri-
implant bone and implants had more stress
transferred by the framework. The efficiency of
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materials with low-elastic modulus framework
in terms of shock absorbing was low. Under the
functioning loads, the material with the
framework of lower elastic modulus produced
increased  prosthesis  bending  with  the
subsequent higher bending forces that influence
the implants. Typically, it was advantageous to
use a rigid framework as it could diminish stress
transmitted to the peri-implant bone and
implants. It should be mentioned that the
previous results agree with the results obtained
on the topic in the present study [16-19,31,32].

Bilaterally oblique load of 30° was applied in
the present study because it has been reported
that the approach generated by the oblique load
to the implant-supported system is more
effective than that with the horizontal or axial
forces used in isolation [24,33,34]. Although
some researchers applied forces unilaterally
[15,18,35], from the clinical point of view,
masticatory muscles exert the forces which are
applied bilaterally on the prosthetic components
and implants.

In all groups, higher stress concentration points
occurred very near to the loading area, as
expected. As it was previously reported, the
stress level in implants close to the loading area
is higher as compared to others [36]. According
to the previous reports, concentration of von
Mises stress at its maximum in every loading
situation was on the implant neck [5,37].
Concerning the pattern of stress distribution in
the prosthetic framework, it is possible to
assume that concentration of stress in the
abutment seat base took place due to the contact
interface between the abutment and the
framework [15].

It was assumed that all materials used were
isotropic, homogeneous, and linearly elastic,
and the contact between the implant, bone, and
interface of the implant and abutment was
thorough (100%). Despite no occurrences in
clinical practice, these assumptions are typical
for FEA studies because of the issues related to
specifying the characteristics of living tissues
and the level of osseointegration in the bone-
implant surfaces. Such biologic simulations
typically have limitations of this kind [15].

It is necessary to conduct further studies and
research with simulation of various alternatives
for the atrophic maxilla treatment with the
involved dynamic forces which take place in the
course of chewing, taking into account the
regenerative and anisotropic bone properties.
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Moreover, the results of the present study
should be confirmed in clinical practice with

randomized clinical

trials and longitudinal

follow-up.

5. CONCLUSIONS

The obtained results of the current study with
the defined limitations make it possible to draw
the following conclusions:

1. The factors of different veneering

material and prosthetic framework with
the different elasticity modulus produce
a strong effect on the stress distribution.

2. As the elasticity modulus of the material

used in the framework and veneering
increased, the risk for long-term success
and survival in the implant and
surrounding tissues decreased.

3. The use of Zr and Ti materials in the

framework and the porcelain in the
veneering is more suitable.
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