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Abstract

Background and Objectives: Dental implant is a method to replace missed teeth, and especially for aesthetic it is important to
replace the missing anterior teeth. Thus, in this study, for replacement of 6 maxillary anterior teeth by finite element analysis (FEA)
method, stress distribution around implants in 3 models of maxillary arch were compared.
Methods: In this in-vitro study, a toothless patient’s CBCT was used to create a model for maxillary anterior teeth. The ITI dental
implant with a 10-mm length and 4.1-mm diameter was used to replace central and canine teeth.

Using the ABAQUS software, simulation was performed for reconstruction of 6 maxillary anterior teeth, so that 2 implants were
placed on both sides of the canine tooth region (model A); 2 implants on both sides of the canine tooth region and another on one
side of the central region (model B); as well as 2 implants on both sides of the canine tooth region and 2 implants in the central area
(model C). These models were repeated in the triple square, ovoid, and tapering arches. In all cases, a 100-N force with a 30-degree
angle was imposed buccolingually to each veneer to simulate the functional forces. Data were then analyzed by the finite analysis
software, ABAQUS.
Results: By applying a 100-N force under a 30-degree angle, along with the increase of implants number, von Mises stress in the
models was reduced. In a comparison of models A in each maxillary arch, the stress created in the cortical and cancellous bones in
the square arch was less than ovoid and tapering arches. In addition, in a comparison between models B and C in the 3 maxillary
arches, stress in the cortical and cancellous bones in the tapering arch was less than square and ovoid arches. The stress created in
implants and cortical and cancellous bones in model C was less than the A and B models.
Conclusions: The results show that unlike 2- or 3-implant models, in the 4-implant model, the stress distribution was reduced in
cortical and cancellous bones.
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1. Background

Tooth loss can be single-tooth, partial and/or becom-
ing completely toothless. The teeth are missed due to de-
cay and endodontic treatments and fracture. Replacement
of these teeth to maintain the shape of the arch and the
proper occlusion is important. One of the areas of the
patient’s jaw, which may suffer from edentulous due to
decay, the failure of endodontic treatment and fractures
caused by trauma and periodontal problems, is the six
maxillary incisors. This area has been a very important area
in terms of aesthetic and its reconstruction causes prob-
lems. A perfect solution in this area is the use of dental
implant and implant-supported fixed denture. For many

years, the most common method for replacing missed an-
terior teeth was making multiple-unit fixed bridges. This
type of restoration can return the construction and the pa-
tient to natural conditions within 1 or 2 weeks in terms of
performance, comfort, beauty and speech, and the shape
of the tissue (1).

The fundamental problem with this type of treatment
is the limited time for repair of performance problems, es-
pecially problems created for the abutments. Basic dental
decay and endodontic failure of the abutments is among
the main reasons for the failure of the prosthesis. The risk
of periodontal problems, such as bone loss in abutment
tooth is also high. Undesirable results in the conventional

Copyright © 2017, Jentashapir Journal of Health Research. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

http://jjhres.com
http://dx.doi.org/10.5812/jjhr.12028
https://crossmark.crossref.org/dialog/?doi=10.5812/jjhr.12028&domain=pdf


JahangirnezhadM et al.

constant therapy do not only lead to the need of prosthesis
for replacement, but also abutment will be missed and the
bridge is longer (2).

In terms of the acceptability of treatment, soft tissue-
supported removable partial denture is one of the weak-
est dental treatments. The low survival percentage, risk for
tooth health, and adjacent tissues of partial denture are
some of the undesirable characteristics (3).

Dental implants are known as the most predictable
way to replace missing teeth methods. Because of improve-
ments observed in implant treatment and excellent long-
term results, the use of implants takes place for reconstruc-
tion of partial edentulous areas (4).

The shape of the premaxillary arch influences the fixed
prosthetics treatment plan of the edentulous anterior
maxillary. Three of the specific shapes of the arches are
ovoid, square, and tapering. As a result of bone loss, the
edentulous ridge arch shape may be different from the
toothed arch shape. The shape of the patient’s arch is deter-
mined by final positions of premaxillary crowns and 9 of
the rest ridge arch shapes. The shape of the anterior maxil-
lary dental arch is determined by the distance between the
2 horizontal lines. The first line is drawn from the incisal
edge of the canine to the incisal edge of the canine. The
second line is drawn parallel to the first line and along the
anterior facial position.

When the distance of these 2 lines is less than 8 mm,
there is a square-shaped dental arch. When there is a dis-
tance between the 2 lines of 8 to 12 mm, there is an ovoid-
shaped dental arch that is the most common shape that
can be seen. When the distance between the 2 lines is over
12 mm, the dental arch is tapering-shaped.

In the square arch, the 2 implants in canines may be
enough to replace the 6 anterior teeth. If the final posi-
tion of the teeth is oval-shaped, at least 3 implants should
be placed in the premaxillary: One implant in the position
of canines on both sides, and the third implant preferably
in the central location. Tapering-shaped arch applies the
most force on the anterior implants; for this same reason,
for the replacement of 6 anterior teeth, 4 implants should
be considered. Bilateral canines and central incisors are
the best areas (5).

Dimensions of oval and square dental arches do not
provide and inter-implant space for placement more than
four implants. The larger inter-implant distance is found
mainly in the tapering-shaped arc. As a result, typically
more than 4 dental implants are not used to replace the
6 anterior teeth, even when the bone implantation makes
the shape of the remaining ridge more appropriate (6). The
existing methods for understanding these items can often
be done through clinical measures, yet given that it was
not morally feasible and considering that the risks are un-

clear, treatments were simulated in the form of laborato-
ries and risks were investigated (7).

In the past 2 decades, Finite element analysis has served
as an appropriate and useful tool for predicting the effects
of stress on the implant and the bone around it. The main
problem in the simulation of mechanical behavior of den-
tal implants is modeling of bone tissue and responses to
the applied mechanical forces. Detailed decisions should
be adopted for the realization of modeling and analysis (8).

According to what was said, in all types of dental
arches, a fixed number of implants are used. In this re-
search project, using the finite element method, the re-
searchers investigated the effect of dental arches on the
number of implants by evaluating stresses around the den-
tal implants to replace the 6 anterior teeth.

2. Methods

In this in vitro study, a 50-year-old toothless patient’s
CBCT was used in order to build a 3-dimensional model of
the anterior maxillary teeth (9). The CBCT data were trans-
ferred to the MATERIALISE MIMICS v10.01 modeling soft-
ware, and the exact and 3D maxillary contour was designed
using this software. Based on the Lekholm and Zarb classi-
fication, the maxillary bone model was chosen. The type 2
bone (trabecular bone modeled as a solid structure in the
cortical bone) that included a cancellous bone in the cen-
ter with 1-mm circumambient cortical bone (10) was simu-
lated (11).

Models created with the stl format (output format of
the software) were transferred to the Rapidform and Geo-
magic studio software, where the created meshes were op-
timized and non-necessary points and fields were removed
and an editable 3D volume was prepared. Furthermore, in
this study, 2 screw-form dental implants (ITI; Institut Strau-
mann AG, Waldenburg, Switzerland) with 10-mm length
and 4.1-diameter were used to replace central and canine
teeth (11).

Moreover, cobalt-chromium (Wiron 99; Bego, Bremen,
Germany) and feldspathic porcelain were selected for
crown metal frame and occlusal surface. The thickness
of porcelain and metal was 0.8 to 2 mm and the thick-
ness of the cementum layer was ignored (12). The data
were analyzed by the ABAQUS FEA software 6.8 (Simulia
Corporation, Velizy-Villacoublay, France). In this software,
the models for veneer and implant were designed using
available references and manufacturer’s instructions. The
thickness of the porcelain and metal used for this study
was 8.0 up to 2 mm, and the thickness of the cement layer
in the study was ignored (12). The final file was transferred
to the Abaqus 6.8 software (Simulia Corporation, Velizy-
Villacoublay, France) for finite element analysis. In this
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software, at first, the teeth veneer model was drawn and
created using existing references and the implant model
with the use of the catalog of the manufacturing company.

Then, different parts of the jaw consisting of corti-
cal and cancellous bones (obtained from the Mimics soft-
ware), veneer, and implant (drawn in the environment of
the ABAQUS software and with a suitable genus attributed
to each of them) were assembled together (13). In all cases,
to simulate the functional forces, a 100-N force with a 30-
degree angle was buccolingually imposed to each veneer
(14, 15). Then, the data were analyzed using the Abaqus Fi-
nite Element Application software.

In this study, based on dental arches for reconstruction
of 6 maxillary anterior teeth, the researchers simulated 9
models as follows:

In the square arch:
A1 Model: two implants in the area of canines on both

sides (Figure 1)
B1 Model: two implants in the canines’ area on the both

sides and another in the central area
C1Model: two implants in the canines’ area and two im-

plants in the central area
In the ovoid arch:
A2 Model: two implants in the area of canines on both

sides
B2 Model: two implants in the canines’ area on both

sides and another in the central area
C2 Model: two implants in the canines’ area on both

sides and two implants in the central area
In the tapering arch:
A3 Model: two implants in the area of the canines on

both sides
B3 Model: two implants in the canines’ area on both

sides and another in the central area C3 Model: two im-
plants in the canines’ area on both sides and two implants
in the central area

3. Results

The stress distribution of von Mises was examined in
each of the nine models and in diverse areas. According
to the results, in the three models, the stress distribution
was nearly similar and only a difference was seen in stress
amount.

The results showed that after impose of a 100-N force,
the stress amount of von Mises in the cortical and cancel-
lous bones around implants under a 30-degree angle in
comparison between models A1, B1, and C1 in the square
arch in the C1 model was less than all others, and next, re-
spectively B1 and A1 (Figures 2 and 3). Furthermore, in the
oval and tapering arches, the results were comparable.

A comparison between the two-implant model in the
triple arches showed that the amount of stress created in
implants and cortical and cancellous bones around them
in the square arch (A model) was less than oval (A2 model)
and tapering arches (A3 model). Stresses in the oval arch
are less than the triangular arch (Figures 2 to 4).

A comparison between the three-implant model in the
3 jaw arches showed that the amount of stress created in
the implants and cancellous and cortical bones around
them in the triangular arch (B3 model) was less than in the
oval (B2 model) and square arches (model B1). In the oval
arch, stresses were less than in the square arch (Figures 2
to 4).

A comparison between the 4-implant model in the 3
jaw arches showed that the amount of stress created in the
implants and cortical and cancellous bones around them
in the triangular arch (C3 model) was less than in the oval
(B2 model) and square arches (model B1). In the oval arch,
stresses were less than in the square arch (Figures 2 to 4).

Moreover, the amount of stress created around the im-
plants in the cortical bone was more than the cancellous
bone (Figures 5 and 6).

Furthermore, the figure showed that the greatest
amount of stress applied to the implant in these models
was in the neck area of the implants, and the stress levels
were reduced by moving towards the apical implant (Fig-
ures 2 to 4 and 7).

4. Discussion

The aim of this study was to compare the amount of
stress distribution around dental implants to replace the
6 anterior maxillary teeth using the finite element analy-
sis. The finite element analysis is a proven theoretical tech-
nique that is used to solve engineering problems and can
be an alternative for studies of clinical samples, for which
data collection of in vivo data is impossible or scientifically
questionable (16). There are some limitations in case of em-
ulating the example by FEA. Dimensions of the substruc-
tures were obtained from real clinical samples, and im-
plant size was taken from commercial sources. These cases
ensure real geometry of the models of this study. How-
ever, in this model, the structures were assumed to be ho-
mogenized and isotropic while the contact area between
the bone and the implant was considered thoroughly as
osteointegrated, which is away from reality (17); they are
considered as one of the limitations of this study as in a
study by Baghai et al. it was demonstrated that by apply-
ing the same force, higher stress values are seen in the bone
around the implant with a lower percentage of osteointe-
gration (18). In any case, the results achieved from the fi-
nite element analysis only provided a general overview of
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Figure 1. The 3D view of the A1 model

Figure 2. The distribution model of stress in the A1 model

biomedical aspects in the normal conditions; thus, the re-
sults achieved from FEA need to be proved with clinical re-
search.

In this study, a force of 100 N was applied under a 30-
degree angle. According to the results obtained in this
study, it was shown that whenever the number of implants
in different models of the arch of the jaw is increased, the
amount of the stress Von Mises created in the implant,

veneer, and spongy and cortical bone around implants is
reduced and the lowest stress is created by the force of
100 N in a 30-degree angle in the 4-implant triangular jaw
arc model. These findings are in contrast with the study
conducted by Mahshid et al. They showed that the level
of stress in cancellous bone decreases from the 2-implant
model to the 4-implant model, yet it increases in the 5-
implant model. Furthermore, stress on cortical bone of the
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Figure 3. The distribution model of stress in the B1 model

Figure 4. The distribution model of stress in the C1 model

end implants in the 2, 3 and 4-implant models were simi- lar. While in the 5-implant model, the amount of stress on
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Figure 5. A comparative chart of stress created in the cortical bone in various arches
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Figure 6. A comparative chart of stress created in cancellous bone in the various
arches
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Figure 7. A comparative chart of stress created in the implant in various arches

the end implants was dramatically higher (19). In another
study, Correa et al. assessed the fixed denture restorations-
supported three- or four-implant structure, and showed
that the failure rate of the 3-implant-supported prosthesis
was more. As a result, this type of prosthesis is not struc-
turally recommended, because it does not provide enough
support for the occlusal forces (16). Liu et al. investigated
the impact of the number of implants on the biomechani-
cal behavior of the implant-supported overdentures. They
concluded that the 3 or 4-implant models were more stable
than the 2-implant model, and transferred less stress to the
bone around the implant (20).

According to the results obtained from the compari-
son of stress in the cortical and cancellous bones, it was
demonstrated that the amount of stress created in the cor-
tical bone around implants in each of the studied models
was more than cancellous bone around the same implant,
and maximum stress on all the models was accumulated
in the crystal area of the bone and the implant. Similar
findings were reported in laboratory studies on animals.
Hoshaw et al. reported that applying an excessive force
to the implants caused an increase in loss of bone in the
neck area of the implant and the percentage of bone in the
mineralized tissue cortex was reduced (21). Papavasiliou
et al. investigated stress distribution around the implant.
They showed that stress in the crystal area of the implant
in all situations was more than the apical area (22). Tada
et al. showed that the utmost stress created with the ap-
plied power in models with low density bone was seen in
the apex of the implant due to a lower density of bone in
the area; thus, this finding was the opposite of the current
findings (23). Baumeister et al. expressed that when 2 sub-
stances with different modulus of elasticity are placed to-
gether without any interstitial substance and one of them
is loaded, there is greater increasing stress on the area
where they are in contact with each other for the first time.
As a result, they showed that the most stress in the place
of contact of implants to the bone was seen in the crystal
area of the implant (24). The results of this study were con-
sistent with the findings of other studies (21, 25, 26).

According to the values of the Von Mises, it was shown
that in any of the models the amount of stress created in Ve-
neer, implants, cortical, and cancellous bones dropped and
the lowest stress was applied to cancellous bone in each
model. This finding could be due to the very high modulus
of elasticity of superstructures and implants than cortical
and cancellous bones. As a result, more stress is created in
an object that has a higher modulus of elasticity (27).

According to the results obtained from the compari-
son of 3 models, it was shown that under the same force
in model C, the amount of tension created in the implants
and spongy and cortical bone around them, was less than
the stress created in the A and B models. Moreover, the
greatest amount of stress was seen in the mesial area of
the implant, at the junction with the pontic. Misch showed
that two-pontic implant-supported prosthesis is bent 8
times more than one-pontic implant-supported prosthesis
(28). As a result, a greater length of pontic in the A model
can be the cause of further stress in this model.

In addition, the amount of tension created in the im-
plants and cortical and cancellous bone around them in A
model, was more than tension created in the B model. It
seems that the result is due to greater length of the pontic
in the A model.
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4.1. Conclusions
In conclusion, model C with 4 implants (2 implants in

the canine area on both sides and 2 implants in the central
region on both sides) and a 4-unit partial denture on the
implants is recommended as the proposed treatment plan
for the reconstruction of 6-teeth anterior maxillary in each
of the 3 jaw arches.
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