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Evaluation of Different Bar Materials in Terms of Stress
Transmission in All-on-four and All-on-three Concepts:
A Three-dimensional Finite Element Analysis

Nurullah Turker

ABSTRACT

Aim: The aim of this study is to evaluate the effects of materials used in bar construction in all-on-four (AOF) and all-on-three (AOT) concepts
on stress transmission by three-dimensional (3D) finite element analysis (FEA) method.

Materials and methods: Two models were designed to simulate the AOF and AOT concepts in the mandible. For the AOF concept, the mesial
implants were placed at the canine teeth position and the distal implants were inclined 40° distally, with the neck portions protruding from the
second premolar region on both sides. For the AOT concept, one of the implants was placed in the middle of the two incisors in the mandible and
the other two implants were placed distally in the first premolar region. Bars and prostheses were designed and the model parts were combined.
Four different bar materials were defined after creating four different models for both concepts. A force of 100 N was applied perpendicular to
the long axis of the left first molar tooth from the central fossa. Elastic strain values of bar structures and bone tissue were obtained.

Results: The lowest strain values in both AOF concept and AOT concept were observed in the cobalt-chromium bar structure. In both concepts,
the lowest strain values in bone tissue were observed in models produced with type IV gold alloy bars, while the highest strain values were
observed in models produced with silver—palladium alloy bars.

Conclusion: In AOF and AOT concepts, the type of bar material affects the strains in the bar structure and bone tissue. The material with the
lowest strain observed in the bar material and the material causing the lowest tension in the bone tissue are not the same.

Clinical significance: In the AOF and AOT concepts, which are fixed prosthetic treatment options with a less number of implants, the type of

bar material used is important for the success of the treatment.
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INTRODUCTION

The loads to which the prosthesis is exposed are transmitted to the
bone tissue through implants. Decreasing the number of implants
in fixed prosthetic treatments means that the chewing forces are
transmitted to the bone with fewer implants. In such planning, the
prosthetic structure has a longer area that is not supported by the
implant. In order to prevent the disadvantages of this situation,
the prosthetic structure is strengthened by using bar structures in
prosthetic treatments. In the presence of a bar, the loads coming
to the prosthesis are more evenly distributed over the implants."?
Various bar materials are available in dentistry and the effect of
material differences on stress distribution and durability for some
standard bar designs has been previously investigated by several
researchers.>*

Malo et al. reported long-term success rates with all-on-four
(AOF) concept, which involves a fixed prosthetic treatment design
on four implants, and stated that mechanical complications were
low in the AOF concept.>® The AOF concept seems to be an ideal
treatment for a fixed prosthesis with a small number of implants.

Although not as famous as AOF, there is another method by
which fixed prosthetic treatment can be achieved with a small
number of implants. In this technique, which can be called the
all-on-three (AOT) concept, a fixed prosthetic treatment can
be performed with three implants placed in the lower jaw. This
method, which was realized with special parts of Branemark brand,
formerly known as the Branemark Novum protocol,” was applied
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later without the use of special parts with the designs used in fixed
prosthetic treatments on conventional implant.®"

The type of bar material used in treatments where fixed
prosthetic treatment is performed with a small number of
implants such as AOF and AQOT can affect stress transfer. Elastic
stresses in the bar may affect the stress from other prosthetic
components and to the bone. In order to prolong the life of
treatments performed with a small number of implants, it is
important to know the ideal bar material that will provide a
balanced distribution of stresses caused by chewing forces in
bone and prosthetic structures. The aim of this study is to evaluate
the effects of materials used in bar construction in the AOF and
AOT concepts on stress transmission by three-dimensional (3D)
finite element analysis (FEA).
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MATERIALS AND METHODS

Two models were designed to simulate the AOF and AOT conceptsin
the mandible. The mandible model was modeled to include gingiva,
trabecular, and cortical bone layers based on an anatomy book."?
The cortical bone layer and gingiva were 2 mm thick. Autodesk
Meshmixer (Autodesk Inc.) and Space Claim (Ansys 14.5.7, Ansys
Inc.) were used for modeling. Two types of root-shaped bone-
level implants, 10 mm and 13 mm long, were modeled based on
the physical models that are three times larger than the product
catalog of Astraimplants. Implant models were multiplied to create
three 10 mm long implants for the AOT concept, two 10 mm (mesial
implants) and two 13 mm (distal inclined implants) implants for the
AOF concept.Implant models were multiplied to create three 10 mm
longimplants for the AOT concept, two 10 mm (mesial implants) and
two 13 mm (distal inclined implants) implants for the AOF concept.

Forthe AOF concept, mesial implants were placed at the canine
teeth position and distal implants were inclined 40° distally with
the neck portions protruding from the second premolar region on
both sides. Standard flat abutments were designed for vertically
placed implants, and angled abutments and screws were designed
for angled placed implants and fixed to the implants. For the AOT
concept, one of the implants was placed in the middle of the two
incisors in the mandible and the other two implants were placed
distally in the first premolar region. The regions where the implant
and its parts intersect with the bone and gingiva were evacuated
with the “subtract” command. The bar structure was designed on
the implants placed in the mandible models and compatible holes
were made on the bar in the screw entry regions of both models.
The bars were fixed to the implants with screws.

A mandibular denture containing a total of 12 teeth was
prepared in the laboratory and scanned with a 3D scanning device.
The obtained image was transferred to Autodesk Meshmixer
software. The prosthesis model was arranged in this software and
adapted to the existing mandible model. Replicated by copy and
adapted to the previously created AOF and AOT models. The parts
where the prosthetic structure and the bars and screws intersect
were evacuated from the prosthetic structure. All parts were
assembled in Ansys Design Modeler module (Ansys 14.5.7, Ansys
Inc.) (Fig. 1).

Four copies of AOF and AOT models were created. The models
were transferred to Ansys Mechanical module, and the material
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Fig. 1: Three-dimensional image of the studied model
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properties and connection types were defined. Table 1 shows the
Poisson’s ratio and Young modulus values used in the study.'*-'¢
Four different bar materials were defined for each treatment
concept. All parts were considered homogeneous and isotropic. All
connections are provided in the “bonded” type. The mandible was
fixed at the muscle attachment sites. A force of 100 N was applied
perpendicular to the long axle from the central fossa of the left first
molar tooth and nonlinear FEA was performed. Elastic strain values
were obtained from bar and bone tissue.

REsuLTs

Strains in the Bar Structure

Table 2 shows the strain values observed in the bar structure. Higher
strain values were observed in the bar structure of the AOT model.
The lowest strain values in both AOT concept and AOF concept were
observed in the cobalt-chromium bar structure (Table 2). Figure 2
shows the distributions of strains observed in the bar structure.

Strains Observed in the Bone

Regardless of the bar material, the overall strain values were highest
in the AOF concept, especially in the bone around the implants close
tothe area where the load was applied (Table 3). Stresses around the
implants farther away from the load were lower. In both concepts,
the lowest strain values in bone tissue were observed in the models
produced with type IV gold alloy bars, while the highest tensile
values were observed in models produced with silver-palladium
alloy bars. Figure 3 shows the distribution of stresses observed in
bone tissue.

Discussion

Clinical studies are ideal for accurate detection of real situations
and possible complications. However, in such studies, it is often
not possible to provide cases with the same characteristics and
to perform standard tests when various treatment techniques
need to be examined comparatively. In such cases, in vitro studies
become important. Numerous conditions of in vitro studies can be
standardized to test only the desired factors to be studied. The FEA
is an ideal experimental method to ensure the standardization of
samples and to investigate the effect of only the desired factors by
standardizing the clinical situation.”
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Table 1: Material properties used in the finite element model

Elastic modulus ~ Poisson's
Component Material ~ (GPa) ratio
Cortical bone - 13.70 0.30
Trabecular bone - 1.37 0.30
Base and teeth Acrylic 8.30 0.28
Bar Titanium  115.00 0.35
Implant and components ~ Titanium  115.00 0.35
Table 2: Strain values observed in the bar structure
All-on-three Type IV gold alloy 0.0012
Silver-palladium alloy 0.001
Commercially pure titanium 0.0011
Cobalt-chromium 0.00063
All-on-four Type IV gold alloy 0.00078
Silver-palladium alloy 0.00071
Commercially pure titanium 0.00061
Cobalt-chromium 0.0005
All-on-four

Type IV
gold alloy

Silver—palladium
alloy

Commercially
pure
titanium

Cobalt
chromium

Fig. 2: Strain distributions in bar models

Table 3: Strain values observed in the bone

In the present study, AOF and AOT concepts were designed
according to the clinical standards, and the effects of various bar
materials on strain distribution were examined by standardizing all
other factors. The findings of the study showed that the material
with the lowest strain in the bar structure and the material causing
the lowest strain in the bone tissue were not the same. Strains in the
bar structure may cause mechanical complications in the prosthetic
structure and upper parts of the implant.* In order to minimize such
situations, it appears that cobalt-chromium material should be
preferred in bar construction. Strains in the bone can cause bone
resorption and loss of implants in the long-term.”® Mechanical
complications are easier to overcome than to completely remaking
the treatment. Therefore, if type IV alloy material is preferred in bar
construction, it can be said that the survival time for AOF and AOT
concept can be extended and higher success can be achieved in
the long-term.

Few studies in the literature examine stresses in bar materials.
Caetano et al. and Spazzin et al.>'® reported that the lowest stress
values were found in type IV gold alloy bars and the highest
values were found in cobalt-chromium material bars. Abreu et al.*
reported that the higher the hardness of the bar material, the

All-on-three

Right Middle Left
All-on-three Type IV gold alloy 5.11%x107° 238x107* 2.81x107*
Silver—palladium alloy 3.40x107° 2.50%x 107* 297 x107*
Commercially pure titanium 520 x 107> 254 %107 2.83%x107*
Cobalt-chromium 4.10x107° 256 x 107 295%x107*
Right posterior  Right anterior Left anterior  Left posterior
All-on-four Type IV gold alloy 230x107* 1.34x107* 191x107™* 877x107*
Silver—palladium alloy  6.00 x 107> 5.10x 1077 3.12x10™*  130x1073
Commercially pure 240x107* 5.10x107° 1.25%x107%  1.23x1073
titanium
Cobalt-chromium 242x 107 550% 107° 1.21x 107  1.16x 1073
/'/‘
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All-on-Four

Type IV
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Silver—palladium
alloy

Commercially
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Fig. 3: Strain distributions in the bone

higher the stress. In the present study, the highest strain values
were observed in cobalt-chromium bar structure and the lowest
strain values were observed in type IV gold alloy bar structure. As
the material stiffness increased, the strain values decreased. This
difference may be due to factors such as the design of the bar and
the position of the applied force. Previous studies have examined
the stresses of bars in removable prostheses containing bars on
two implants.>*'® Bar design is quite different in AOF and AOT
concepts. The effects of bar design on stress distribution should
be investigated in the future studies.

Inadequate amount of bone, inadequate anatomical
and physiological condition, and economic reasons force
dentists to treatment concepts containing less number and
specially positioned implants. These are the main factors in the
emergence of AOF and AOT concepts. Many studies compare
the AOF concept with treatments involving a larger number of
implants.?®2' However, there are no enough studies comparing
AOF concept with AOT concept. Itisimportant to know the effect
of factors such as occlusion, prosthetic material, bar material,
cantilever length, and the exact position of the implants in
both concepts to choose the ideal treatment type. Lower bone
quality in the maxilla usually requires the use of more implants
compared to the mandible. Although some clinicians have also
applied on the maxilla, the AOT concept was developed for
the mandible with a denser bone structure.” For this reason,
the treatments applied to the mandible were compared in the
present study.

In the present study, the force was applied from the cantilever
area, and in the AOT concept the cantilever length is longer than
the AOF concept. A longer cantilever means more stress.?%23
Considering simply, stresses can be expected to occur more in the
AOT concept than in the AOF concept. In this study, it is remarkable
that the highest strain valuesin the bone were observed in the bone
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All-on-three

around the distal implant in AOF concept. Several studies have
shown that higher stress values occur around the distal implantin
the AOF concept.?"?* Regardless of the bar material, the formation
of more stress on the bone compared to that in the AOT concept
is important for requestioning the use of inclined implants in the
posterior region. The use of vertical implants instead of inclined
implants can reduce stress to the bone, and thus the use of a small
number of implants may be more advantageous. Some researchers
have inclined the posterior implants distally in the AOT concept.®?
The effects of such an application in stress distribution should be
investigated.

Significant bone loss may occur if the implants are lost.2 In such
a case, bone healing and ensuring a new treatment may require
long-term and complicated applications. Treatments such as AOF
and AQOT are mostly used in elderly individuals and individuals
with resorbed crest to benefit from the remaining bone tissue.?®
Therefore, on these treatments, any factor that may affect bone
resorption and implant loss should be evaluated in detail. In this
study, it has been shown that the material to be preferred in the bar
structure is effective on the stresses in the bone tissue. The effect
of bar-related and many other factors on stress values in AOF and
AOT concepts should be investigated in the future in vivo and in
vitro studies.

CoNncLusION
Within the limits of this study, the following results were obtained:

+ Inthe AOF and AOT techniques, the type of bar material affects
the strains in the bar structure and bone tissue.

« The material with the lowest strain observed in the bar material
and the material causing the lowest strain in the bone tissue are
not the same. Type IV gold alloy can be preferred for long-life
treatments.
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+ Inthe present study, different findings were obtained about the
strain values of bar materials from previous studies. The design
of the bar may affect material-dependent strain values.

CLINICAL SIGNIFICANCE

In the AOF and AOT concepts, which are fixed prosthetic treatment
options with a less number of implants, the type of bar material
used is important for the success of the treatment.
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