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Statement of Problem: A general process in implant design is to determine the reason
of possible problems and to find the relevant solutions. The success of the implant
depends on the control technique of implant biomechanical conditions.

Objectives: The goal of this study was to evaluate the influence of both abutment and
framework materials on the stress of the bone around the implant by using three-
dimensional finite element analysis.

Materials and Methods: A three-dimensional model of a patient’s premaxillary bone

Keywords: ) was fabricated using Cone Beam Computed Tomography (CBCT). Then, three types
Finite element analysis . . . .

Stress of abutment from gold, nickel-chromium and zirconia and also three types of crown
Strain frame from silver-palladium, nickel-chromium and zirconia were designed. Finally,

a 178 N force at angles of zero, 30 and 45 degrees was exerted on the implant axis
and the maximum stress and strain in the trabecular, cortical bones and cement was
calculated.

Results: With changes of the materials and mechanical properties of abutment and
frame, little difference was observed in the level and distribution pattern of stress. The
stress level was increased with the rise in the angle of pressure exertion. The highest
stress concentration was related to the force at the angle of 45 degrees. The results of
the cement analysis proved an inverse relationship between the rate of elastic modulus
of the frame material and that of the maximum stress in the cement.

Conclusions: The impact of the angle at which the force was applied was more
significant in stress distribution than that of abutment and framework core materials.
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Introduction ligament and also the shape of the root, it is possible to
have little movement. Also the vertical occlusal forces
are in a way that puts the center of tooth rotation at

1/3 apically. An implant has a different biomechanical

Implant is the second oldest branch in dentistry next
to exodontia (dental extraction). The history of root-

shaped implants dates back to thousands of years
ago [1]. The twenticth century was the beginning
of important and fundamental changes in implant
dentistry [2-4].

Dental implants differ from the natural teeth in
transmission of functional forces to the jawbone. In
a natural tooth due to the presence of periodontal

behavior. In an implant due to the osteointegration
process and lack of periodontal ligament, there is
no little movement like the one in a natural tooth to
distribute the forces evenly [5].

Attention to biomechanical rules in prostheses
supported implants makes it possible to present
suitable treatment plans for individual patients.
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Therefore, it results in a decrease in the probability
of functional problems or implant failure [6].
Transmission of the exerted force on the implant
and the surrounding bone depends on factors such
as the force type, implant-bone connection, implant
length and diameter, prosthesis type and quantity and
quality of the bone surrounding the implant [7]. The
application of engineering knowledge in dentistry has
contributed to understanding the implant treatment
biomechanical rules. The analysis of the stress
level around the abutment, implant and prosthesis
elements can prevent the failure of the treatment plan
by predicting the stress transmission pattern [6, 7].

The common techniques applied to evaluate the
stress transmission pattern include photoelastic stress
analysis, strain gauge analysis, and finite element
analysis [8]. Finite element analysis is an approach to
evaluate mechanical behavior in complex structures.
In this approach, the selected structure is divided
into smaller elements. Each element’s mechanical
behavior is predictable from the mechanical properties
which are defined for that material. According
to mathematical theorem in mechanics, when an
element is under pressure, based on the pre-defined
mechanical properties, its shape will be changed [9].
These elements are connected to each other via nodes
and, as a result, the total structure is affected. Because
the implant and bone geometry has a very complex
structure, we can carefully measure the resulting
changes caused by the applied forces on each surface
by adopting finite element analysis [9, 10].

The most prominent features of applying finite
element analysis are its repetitiveness, low costs,
diversity in different analyses design, adaptability
to various clinical conditions, high precision, lack
of any need to sophisticated equipment and also the
possibility of design and analysis in individually

custom-made implants. It should be taken into
consideration that finite element analysis is a sheer
numerical approach based on pre-defined hypotheses.
Using this method can help to determine stress and
strain in three-dimensional structures [11]. In recent
years, finite element analysis has been a suitable tool
in evaluation and prediction of stress transmission
pattern in the implant and surrounding bone [12, 13].
A general process in implant design is determining the
cause of possible problems and then finding a solution
to resolve it. The level of implant success depends on
the control method of biomechanical conditions in
which the implant functions [12] and also the way that
stress is transmitted from the implant to the bone [§].

Research is lacking in regard to the effect of
both abutment and core materials together on
stress distribution in the implant supporting bone.
Therefore, the aim of this study was to evaluate the
impact of both abutment and framework materials on
stress distribution produced in the bone surrounding
the implant using three-dimensional finite element
analysis.

Materials and Methods

In the first stage, the CBCT of an edentulous 55-year-
old man was used to make a three-dimensional model
of the premaxillary bone. The data was transferred
to Mimics 10.01 software. The default threshold for
the bone was selected. Finally, the three-dimensional
model was saved in stereolithiography (STL) format.
This three-dimensional model was then transferred
to CATIA software and edited (Figure 1).

In this study, the quality of D3 premaxillary bone
arca was considered and designed with two cortical
(with the thickness of 0.75 mm) and trabecular layers.
Nobel Replace Tapered (Nobelpharma, Gothenburg,
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Figure 1: Pre-maxilla bone model using patients’ bone contour
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Sweden) implant was selected for designing in this
study. The required design dimensions were available
in the manufacturer’s catalogue.

The length of the selected implant was considered
to be 13 mm, its diameter 4.3 mm, the abutment
height 7.5 mm, and the collar area height 1 mm.
The margin was designed as scalloped in order to
comply with the soft tissue profile. Zinc oxide Eugenol
(ZOE) cement of 20 pm thicknesses was designated
between the abutment and crown frame. The crown
was designed to have two parts: a frame of 0.4 mm
thickness and porcelain with the thickness of 1.5 mm.
Porcelain contour was designed according to normal
morphology to be 10 mm cervicoincisally, 8 mm
mesiodistally, and 7 mm labiopalatally.

This study was conducted on three groups as
follows:

Group 1: UCLA abutment from silver- palladium
and porcelain fused to metal (PFM) crown with a
silver-palladium frame and loading at zero, 30 and
45 degrees.

Group 2: UCLA abutment from nickel-chromium
(Ni-CR) and PFM crown with a nickel-chromium
frame and loading at zero, 30 and 45 degrees

Group 3: Abutment from zirconia (Zr) and an all-
ceramic crown with zirconia core and loading at zero,
30 and 45 degrees

The designed model in CATIA software was
transferred to ANSYS Workbench 14 software for
performing finite element analysis (Figure 2).

3
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Figure 2: The prepared 3-D model in ANSYS Work Bench 14

The material’s mechanical properties including
elastic modulus and Poisson’s ratio were defined, as
shown in Table 1.

In this analysis, for the mechanical properties of
the bone, anisotropy and non-linearity, and for other
materials homogeneity, elasticity, and linearity were
taken into consideration.

In applying a force at zero degrees angle, a 178 N
force was exerted on the incisal edge parallel to the
implant axis (Figure 3). For applying the angulated
forces, the place of exerting the force was 2 mm below
the incisal edge and on the top of the cingulum area.

Figure 3: Force Application at 0 degrees angle to the implant axis

Results

The results of finite element analysis as Von-Mises
stress in various structures are illustrated in Table 2.

In the cortical bone of various groups, with
changes in materials, abutment, and frame mechanical
properties, a very slight difference was observed in
the stress level and its distribution. Maximum stress
level was increased with the increase in the angle at
which the force was applied. Stress concentration was
related to the force at 45 degrees angle.

In applying the force at zero, the least stress was in
group 3 and the most in group 1. In applying the force
at 30 degrees, the least stress was in group 2 and the
most in group 1. In applying the force at 45 degrees,
the least stress was in group 2 and the most in group 1.

The highest stress level in the cortical bone was
observed in the labial crest area. The stress distribution
pattern in the cortical bone was symmetrical in the

Table 1: Material’s mechanical properties

Material Elastic Modulos (GPa) Poisson Ratio

Ni-Cr 206 0.33

Gold 96.6 0.35

Zirconia 200 0.31

Porcelain 68.9 0.28

Ag-Pd 95 0.33

ZOE cement 22 0.35

El E2 E3 G12 G23 Gl13 Y12 Y23 Y13
Cortical 12.7 17.9 22.8 5.0 7.4 5.5 0.18 0.28 0.31
Trabecular 0.21 1.148 1.148 0.068 0.434 0.068 0.055 0.322 0.055
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Table 2: Max von-Mises stress of the cortical bone

Material Ag-Pd, Ag-Pd (group 1)

Ni-Cr, Ni-Cr (group 2) Zr, Zr (group 3)

Degree

0 17.485 17.052 17.05
30 137.94 133.16 133.18
45 162.54 156.72 156.74

Ag-pd: Silver-palladium, Ni-cr: Nickol-chromium, Zr: Zirconium

mesial and distal directions. The three groups were
similar with respect to the stress distribution pattern
in the cortical bone.

The evaluation of strain in the cortical bone
demonstrated that the change of materials in the
abutment and frame led to minor differences in the
different groups (Table 3).

In applying the force at zero, the least amount of
microstrain was seen in group 3 and the most in group
1. In applying the force at 30 degrees, the least amount
of microstrain was observed in group 2 and the most
in groupl. Also, in applying the force at 45 degrees,
the least amount of microstrain was in group 2 and the
most in group 1. The highest concentration of strain
in the cortical bone was observed in the direction of
the labial crest.

In the trabecular bone, the stress concentration
was observed in the cervical half of the implant
and the stress level and distribution did not change
noticeably with the change in the abutment and frame
materials. The maximum strain in the trabecular bone
was detected in the implant apex area. Regarding the
amount and distribution pattern, with the change in
the abutment and frame materials, the difference in
the produced strain was very little.

The results of the analysis in the cement revealed
an inverse relationship between the frame material’s
elastic modulus and the maximum amount of stress
in the cement. Frame materials with higher elastic
modulus such as Ni-Cr and Zr transmitted less stress
to the cement.

Discussion

There are various approaches for the analysis of
stress and strain distribution in implants among
which one can mention photoelastic stress analysis,
strain gauge analysis, and finite element analysis
[14, 15]. By using finite element analysis which is a
numerical and quantitative approach for the analysis
and interpretation of stress in complex structures, it
is possible to determine the level and pattern of stress
and strain distribution [12, 13].

Table 3: Max strain of cortical bone

One of the advantages of finite element analysis
is the possibility of repeating the test without any
need for several samples. The cost of performing this
analysis is lower compared to other approaches. The
operator can determine the stress and strain level
numerically in any spot on the object of analysis.
Finite element analysis can be performed at two or
three dimensions [12-15].

Meijer et al. [15] recommended that we should
not use 2-dimensional models for stress analysis in
implants. Because in the two-dimensional analysis,
the designed object is symmetrical geometrically. In
asymmetrical objects or in cases when the force is
angulated, the three-dimensional analysis must be
used [16].The present study was performed as a three-
dimensional finite element analysis.

Different approaches are applied for the modeling
of bone contours in finite element analysis. Abreu et
al. [17] used a patient’s CT information for the bone
contour design. Fazelet al. [18] scanned an edentulous
mandible plaster cast for the modeling of the mandible
bone. In the present study, CBCT information of a
55-year-old edentulous patient was used for designing
the anatomical bone contour. Real reconstruction
of the bone contour by using CBCT data makes it
possible to place the implant accurately in relation to
the labial and palatal walls [19].

In this study, the last version of CATIA V5R21
and ANSYS Workbench 14 software were used. For
the design, the prosthesis elements of all layers were
modeled in its real dimensions. In this research, the
abutment screw was ignored because of not being
determinative in stress distribution [20-22]. Also,
Raoofi et al. [23] and also Vojdani et al. [24] did not
consider the abutment screw in their studies.

One of the factors that lead to difference in the
results of various analyses is the property of the
material which is attributed to different elements in
the geometry under the study. Bones have horizontal
anisotropic property. This means that the mechanical
property of a bone differs in different directions. Liao
et al. [25] concluded that the anisotropic mechanical
property of the bone plays an important role in the

Material Ag-Pd, Ag-Pd (group 1) Ni-CR, Ni-Cr (group 2) Zr, Zr (group 3)
Degree
0 1503 1478 1477
30 10241 9886 9887
45 12067 11635 11637

Ag-pd: Silver-palladium, Ni-cr: Nickol-chromium, Zr: Zirconium
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stress and strain distribution in the peri-implant
area. Ting Wu et al. [12] defined bone mechanical
property as anisotropic. In the present study, bone was
considered to be anisotropic, as well. The results of this
study demonstrated that the change in the abutment
and framework materials did not lead to a change in
the level and distribution of stress in the bone around
the implant. In a study, the effect of various materials
of an overdenture (gold, silver-palladium, titanium
and chromium-cobalt) on the stress level around the
implant was evaluated. Although their study was
carried out on the lower jaw overdenture, it was in
agreement with the results of the present research [17].
Sertgoz et al. [26] studied the impact of three material
types on the occlusal surface (resin, composite and
porcelain) accompanied by four types of framework
(gold, silver-palladium, chrome-cobalt and titanium)
for the fixed implant-supported prosthesis on the
lower jaw implant on the stress distribution in the
bone around the implant. The findings of their study
also proved that the application of materials with
different elastic modulus is not influential in the
stress level around the implant. The stress distribution
pattern in the cortical bone showed that the maximum
stress concentration in the bone-implant connection
exists in the labial side. This finding is in accordance
with the results of Hsu et al’s research [27] which
evaluated the influence of centrifugal forces on an
upper jaw anterior implant. In the present study, in the
trabecular bone, the maximum stress was observed
in the implant apex. This finding is in line with the
results of Hsu's study [27].

The results of the analysis in the cement indicated
that there was an inverse relationship between the
level of cement material elastic modulus and frame
material and the amount of the distributed stress in
that layer.

Freitas et al. [28] reported that the all-ceramic
veneer from IPS e.max system with lower elastic
modulus compared to all-ceramic veneer from
Procera system resulted in more stress concentration
in the resin cement layer. The impact of cement and
crown elastic modulus in their study and our research
correspond with each other.

What distinguishes this research from the past
studies on the analysis of the influence of materials
on the stress distribution around the implant is the
simulation of clinical conditions in the software
environment. The pre-maxillary bone in this research
was modeled as that in real life. The implant was
designed with exact coordinates and based on the
data presented by the manufacturing company.
The distinctive feature of this study is the complete
design of all prosthesis parts including the abutment,
abutment-implant connection, cement layer with a
thickness of 20 pm, frame, and porcelain layers with
natural contours.

Conclusions

Within the limitation of this study, it could be
concluded that:

1. Indifferent groups, the observed difference
in the level of strain was minor with the change in the
abutment and frame materials.

2. The stress level was increased with the rise
in the angle at which the force was applied.

3. The results suggest an inverse relationship
between the rate of elastic modulus of the frame
material and the amount of maximum stress in the
cement layer.
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