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Abstract: The aim of this study was to compare the mechanical behavior of two types of prosthesis
as well as the stress distribution on the prostheses’ components and the bone. Two groups were
analyzed: in the first group (M1), the prothesis was composed of two implants placed at a distance
of 14 mm; in the second group (M2), the prothesis was composed of three implants installed at a
distance of 9.7 mm from each other. An axial load of 100 N distributed on the cantilever throughout
the region from the distal implant and a 30 N axial load on the implants in the inter-foramen region,
were applied in both model 1 and model 2. In both models, the stress was concentrated in the region
near the neck of the implant, resulting in a maximum value of 143 MPa in M1 and of 131MPa in M2.
In M1, the stress along the bone varied from of −4.7 MPa to 13.57 MPa, whereas in M2, it varied from
−10 to 12 MPa. According to the results obtained, the model corresponding to six implants presented
a better distribution of bone stress around the implants.

Keywords: finite elements; four implants; six implants; prosthesis; rehabilitation

1. Introduction

In fully edentulous patients who do not adapt to the use of mandibular total prostheses, the widely
accepted clinical solution is a prosthesis supported by four to six implants placed in the interphalangeal
region, which demonstrates according to both clinical accompaniment and in vitro analysis, high success
rates [1–3].

Factors such as mandibular curvature, cortical and trabecular bone density, length and number of
implants, surface, cantilever length, and stiffness of the metal structure have great influence on the
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distribution of stresses to the bone tissue and have been the subject of many studies. Failure prevention
requires testing and stress analysis in vitro as well as in vivo [4,5].

Detecting stress on implant-supported prostheses and analyzing its distribution to the implants
have a fundamental importance for the evaluation of both the stresses applied on the implants and
the design of the structure. It is important to evaluate different stresses generated on the implants by
different loads [6,7].

The evolution of science and technology has motivated the realization of simulations and
mechanical analysis of biological structures by advanced computational systems. The finite element
method (FEM) is an analytical technique that currently represents one of the most complete
computational tools for the study of stress distribution in dentistry.

This study analyzed, using the finite element method, the importance of the number of implants
in the stress distribution transmitted to the implants and to the supporting bone tissue. The stresses
generated in this type of rehabilitation were also evaluated and compared.

2. Materials and Methods

The three-dimensional models were composed of a human mandible, implants, and their prosthetic
components. The human mandible was obtained from the Renato Archer Information Technology
Center database (Campinas, SP, Brazil), and the Rhinoceros 4.0 NURBS Modeling for Windows program
(Robert McNell & Associates, Seattle, WA) was used for the construction of two three-dimensional
models. The images in the CTI database, acquired from computerized tomographies, were previously
approved by the Ethics Committee (#183/2015 (10 April 2015)).

Two groups were analyzed: in the first group (M1), two implants were implanted in the
inter-foramen region separated from each other by 14 mm. The second group (M2) was composed of
three implants placed at a distance of 9.7 mm from each other. On the implants in both groups were
installed aesthetic conical abutments and a metallic crown in NiCr.

Figure 1 details the mandible with the holes where the implants were placed in each model.
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mm of diameter, while the aesthetic conical abutment had a length of 1 mm; both were manufactured 
by Implacil De Bortoli (São Paulo, SP, Brazil). 

To simulate teeth, an acrylic resin platform was developed, which was used to apply the loads 
on the model. The assembly of the model was done on Biocad Philosophy, simplifying the 
morphology of the mandible (Figure 2). 

 

Figure 1. Image of the arrangement of the implants in the two models studied: (a) group M1 with two
implants; (b) group M2 with three implants.

The implant employed in this study was an internal conical hexagon, 13 mm of length and 3.5 mm
of diameter, while the aesthetic conical abutment had a length of 1 mm; both were manufactured by
Implacil De Bortoli (São Paulo, SP, Brazil).

To simulate teeth, an acrylic resin platform was developed, which was used to apply the loads on
the model. The assembly of the model was done on Biocad Philosophy, simplifying the morphology of
the mandible (Figure 2).
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Figure 2. Assemblies employed in this study: (a) group M1; (b) group M2. 
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implants in the inter-foramen region, both in model 1 and in model 2, as shown in Figure 3. [10,11].  
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Regarding the bar, the height was 7 mm, with a cantilever length of 14 mm. The assembly of
both models were exported to ANSYS software version 12.1 (Houston, USA). The material properties
employed are detailed in Table 1 [8].

Table 1. Material properties.

Component Poisson’s Ratio Young’s Module [GPa]

Cortical bone 0.3 14.7
Trabecular bone 0.3 0.49

Implants and abutments (titanium alloy) 0.33 117
Acrylic 0.3 3.8

Bar 0.33 205

A complete osseointegration was added to both the trabecular and the cortical bone with the
implant [9]. The models were subjected to an axial load of 100 N distributed throughout the region on
the cantilever from the distal implant with reference to the midline and to a 30 N axial load on the
implants in the inter-foramen region, both in model 1 and in model 2, as shown in Figure 3 [10,11].Appl. Sci. 2019, 9, 4920 4 of 10 
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A symmetry in the median sagittal plane and a fixed support in the posterior surface were
considered as boundary conditions in both models.

Tetrahedral elements with 10 nodes were employed in both models (Figure 4); we obtained the
following elements and nodes for models 1 and 2, respectively: 106218 and 116688 elements; 170513
and 189695 nodes.
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3. Results

3.1. Distribution Stress in Dental Implants

In the M1 group, corresponding to four implants, the highest values of von Mises stress appeared
around the bar where the implants were more rigid. The maximum stress on the implant was
148.92 MPa, while that on the bar was 70.5 MPa, as detailed in Figure 5.
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Figure 5. Von Mises stress on the implant, abutment, and metallic structure in MPa: (a) group M1;
(b) group M2.

In the M2 group, as shown in Figure 6, the highest von Mises stresses appeared in the more distal
implant, with the same distribution as in group M1. Regarding to the metallic structure, the highest
stress appeared in the cantilever region, specifically at the fixation point of the metallic structure on
the most distal implant, while a low level of stress was recorded in the anterior region. Analyzing
the implants in both groups, the distal implant showed a greater stress in comparison with the
other implants.
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3.2. Distribution Stress in Bone

The maximum principal stresses were obtained on the bone. As Figure 7 details, the area
corresponding to the distal implant presented a compression of −4.7 MPa. These forces were more
evident in the portion corresponding to the cortical bone (Figure 7).
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Figure 7. Maximum principal stress [MPa] in the M1 group: (a) three-dimensional view; (b) transversal
cut of the bone.

In M2, the maximum compression principal stress on the bone was −3.05MPa and it appeared at
the most distal edge of the hole corresponding to the most distal implant. A compression stress of
−0.42 MPa appeared in the second hole, and considering a perpendicular cut, a compression stress that
concentrated on the cortical bone and a small traction toward the trabecular bone appeared in the most
distal hole, as Figure 8 details.
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Table 2 reports the stress obtained in each group and the percentage difference between them.

Table 2. von Mises stress measured in each group.

Distal Section of the
Distal Implant (MPa) Screw (MPa) Abutment (MPa) Implant/Abutment

Contact (MPa)

M1 group 148.92 22.0 22.2 51.1
M2 group 139.51 19.9 23.9 46

Difference between
models 6.74% 10.55% 7.65% 11.08%

4. Discussion

This finite element study analyzed the effect of the number of implants on the distribution of
stress transmitted to the implants and to the supporting bone tissue and the stress obtained in different
types of rehabilitation.

Three-dimensional finite element analysis has proven to be the ideal technique for stress,
deformation, and structural displacement analyses, enabling more accurate simulations without
being an invasive technique [12]. We initially tried to generate a tridimensional geometric model of the
object to be studied as faithful as possible, in order to obtain the most reliable results.

However, there are limitations in this kind of studies. First of all, bone is a complex structure
without definite patterns and has distinctive characteristics in each person; therefore, its geometry
does not have defined properties. Also, the model corresponded to only one half of the mandible
which did not compromise the study. Finally, all materials were modelled as linear, elastic, isotropic,
and homogeneous. These assumptions have been accepted and verified in several studies [13,14].

Meijer and Liu concluded that it is not necessary to construct a model of the entire mandible
in order to compare the distribution of stress around implants [15,16]. This simplification has the
advantage of reducing the modeling time of the structure and the computational cost.

Although some authors [17–19] report that the stress values found in their work are smaller than
the fracture limits of materials such as bone and titanium, these statements must be made with some
warnings so that they can be translated to the clinical field, since the simplifications assumed in the
models can generate values that do not correspond to real clinical situations. In this study, in both
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models, the highest values of the stress for both compression (4.7 MPa in M1 and 3.05 MPa in M2)
and traction (9.09 MPa in M1 and 10.7 MPa in M2) on the cortical bone did not exceed the maximum
limits of physiological stress which the bone can support, corroborating other scientific studies [20],
according to which when the maximum main compression stress exceeds 170–190 MPa and the main
tensile stress exceeds 100–130 MPa bone fracture and/or the onset of bone resorption occur.

Regardless of the number of implants, it was observed that the maximum stress occurred on the
surface of the cortical bone near the cervical area of the most distal implant, corroborating several results
found by other studies [16,21]. The maximum stress values at the border between the cortical bone
and the trabecular bone were evident during the study, demonstrating the difference in mechanical
resistance between the two bones, agreeing with Reference [22]. There was compression stress across
the surface of the implant, but it virtually disappeared when compared to the compression effect on
the outermost surface of the cortical bone and traction on the border between the cortical and the
trabecular bone. The stress was shown to be much more evident in the cortical bone because it had
greater mechanical resistance and greater modulus of elasticity, and thus was able to accumulate greater
stress, a conclusion similar to that of another study [23]. We measured a great difference between the
compression stresses on the surface of the cortical bone in the distal region of the distal implants in
the two models studied. The difference indicated a 54.69% higher compression stresses in model 1,
a result similar to that of another study [24]. However, once again, considering the physiological limit
acceptable for the bone, the compression stresses in both models were quite small, being −3.05 MPa
(model 2) and −4.73 (model 1), and thus acceptable in both situations.

Regarding the number of implants, in both models, the stress was concentrated in the region near
the neck of the implant. In model 1, a stress of 143 MPa was observed, whereas in model 2, a stress
of 131 MPa was measured, indicating a difference of 6.74%, very small in quantitative terms because
Model 1 had two implants less than Model 2. Just as in this work, Davis et al. [25] demonstrated that
the increase of only one implant over five supporting a prosthesis did not result in a significant impact
on the load supported by the implant closer to the force application.

The maximum stresses on the implant appeared near the end in its distal area in both models,
in agreement with several finite element studies [16,21,26,27].

The similar mechanical behavior of the two models corresponds to the rates close to clinical
success in longitudinal clinical follow-ups of implant-supported prostheses. A large part of the clinical
follow-ups performed on both the maxilla and the mandible [27–29] obtained above 95% success,
on the basis of the analysis of number of fixations, implant lengths, losses and fractures of the implants
and/or prostheses and their components, degree of resorption, repairs, length of the cantilever, type
of materials, and type of antagonist. Long-term studies (10 years) as in Reference [29] did not find
significant differences in the survival of implants when comparing prostheses supported by four or
six implants.

Other variables can influence the results of the present study, such as implant diameter and length.
Moreover, the prosthesis construction technique can be performed with bulk [30] or fiber-reinforced
materials [31], thus resulting in different mechanical behaviors. Finally, also the cantilever between the
bone and the point of force application should be considered. Therefore, further reports are needed to
complete the information here reported. Randomized controlled clinical trials would be welcomed too.

5. Conclusions

According to the results obtained, it can be concluded that the stress distribution at the
bone–implant interface was similar in the two models. The distal implant showed a greater stress in
relation to the other implants in both models. The model with six implants presented a better stress
distribution on the bone around the implants.
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