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Abstract. The present study aimed at obtaining comparative elements among the guided systems of fixed complete
denture with four osseointegrated implants with immediate loading, considering the importance of understanding the
implant project as a process where biomaterials and biomechanics are assessed. The finite element method was used to
analyze the stress concentrations in the whole implant-supported system, associated to the variation of the material of
the prosthetic bar among the nickel-chromium, cobalt-chromium and Ti-6A41-4V alloys. Metallographic tests of the Ni-
Cr and Co-Cr alloys, were made with the objective of identifying the micro-structure and consequently evaluate its
influence in the mechanical behavior of the system. Two systems were analyzed, one with cantilever and another
without it, but with tilted implants, submitted to a vertical load of 756N. The study of the alloys indicates the Co-Cr
alloy as a material comparable to the other ones, regarding the mechanical behavior.
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1. INTRODUCTION

The treatment of dental problems has been following the human being throughout his life. Also and more important,
there are ancient manuscripts which describe the methods of dental treatment dating back to 3000 BC. In addition, its
main interest is the replacement of the missing teeth (Moore, 2003).

Through many years with the development of the dentistry, there has also been a necessity of formation of new
materials. In particular, researchers have evaluated their mechanical and physical properties, which exert considerable
influence on its structural stress distributions (Geng et al., 2008). Generally, these properties are highly dependent on its
microstructure, which is determined by the quantity, size, shape and distribution of phases and crystal defects (Padilha,
2000). In addition, they are selected so as to use in implants. Not only the chosen materials are biocompatibles, but they
will also have mechanical properties compared to the biomaterial being replaced, whatever the bone (Callister, 2002).
Nevertheless, there is also a great number of metallic alloys which are used for dental reconstruction. They are divided
into two main groups, which they include elements have such as Au, Pt, Ag, Pd and so-called “other alloys” of Co-Cr,
Ni-Cr, Ti and stainless steel. Generally, the last group has mechanical properties and wear strength highly superior to
those of noble metal alloys (Vilar, 2008).

The expansion of dentistry has also arised new areas, such as Implant dentistry. As a result of it, countless dental
systems are also implemented. Moreover, these systems are based on the principles of the osseointegration, which
promotes direct anchorage. Particularly, this anchorage is capable of withstanding the occlusion forces originated
during mastication (Dias, 2001).

Recently, the prosthodontic systems has been based on the immediate loading, by means of using various
biocompatible materials. Nonetheless, there are a lot of controversy among professionals over its biomechanical
behavior. Relating to it, there are some doubts about the level of stress generated and the deformation of the prosthetic
components. Mainly, due to chewing loading and during the swallowing (Naconecy, 2006). As it means, there are some
regions of the implant which have high level of stress. Furthermore, it can cause serious structural damage in the system
(Reis et al., 2002).

The main objective of this work is to compare two immediate loading implant systems by using Finite Element
Analysis (FEA). The first is the Branemark protocol implant-supported fixed denture and the second one is considered
an implant-supported inclined fixed denture, Fig. 1. In addition, it is also compared three different alloys, such as Co-
Cr, Ni-Cr and Ti-6A41-4V.

a) A — Straight implants b) B - Inclined implants (a = 30°)
Figure 1. Side view of the cantilever extension
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2. MATERIALS AND METHODS

2.1 Geometry

The first stage consists of designing the main components of the dental implants, which are used for rehabilitation of
the edentulous mandibles. Furthermore, they follow the philosophy of two guided systems of dental prostheses with
immediate loading. Figure 2 shows the configuration of the systems.

)
a) A - four implants b) B - four implants, with the back implants angulated.
Figure 2. Configuration of dental prostheses systems

The dimensional parameters of the whole prosthetic (implant, straight and angulated abutments (30°), abutment
screw, screw and cylinder prosthetic) were based on implant type Branemark System ® MKIII - 3.75 x13 mm, while the
bar prosthetic is similar to the curvature of the arc of a human mandible for training in integrated implants (ETH 0301-
10 Nobel Biocare, Gothenburg, Sweden). Figure 3 shows the main geometric parameters of the prosthetic bar, where
the variable w represents the width, ¢ (thickness), R (radius of curvature), d (distance between the abutments),
prosthetic bar used in the analysis. However, it worths mentioning that b = 1.5 a (Telles and Coelho, 2006).

Figure 3. Geometric parameters of the prosthetic bar of dental prostheses systems 4 and B.

The values of the geometric parameters above considered in this study are (Naconecy, 2006):
w=4 mm

t=3 mm

R=17.65 mm

d=10 mm

2.2 Material

Initially, it was verified some standard procedures so as to prepare the alloys in order to evaluate its characterization,
ASTM E 3 — 01. The specimens were ground in automatic grinder following the sequence of grit sizes of 220, 440, 600
and 1200 micrometers. After that, they were polished by using both six microns and one micron diamond paste then, the
specimens of Ni-Cr and Co-Cr were attacked with chemical solutions, according to ASTM E 407-99, Tab. 1. The
attacks of the specimens were held in proper place, due to the exhalation of acid gases involved.

Table 1. Chemical solutions and procedures to be used in etching metals for microscopic examination.

Metal Reagent Chemical Procedure
. 20 mL HNO;
Ni-Cr 80 mL HCI Immerse 5 —30 s.
Co-Cr 5 mL H,0, (30%) Use hood. Mix fresh. Immerse
100 mL HC1 polished face up for few seconds.
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The main elastic properties of the alloys are showed in Tab. 2.

Table 2. Mechanical properties

Material Elo:fatl Yield Strength | Tensile Strength | Modulus of elasticity Poisson's ratio
(%) (MPa) (MPa) (GPa)
Ni-Cr 30 2581 306" 188% 0,33
Co-Cr 3,40 6631 7110 210% 0,33
Ti-6Al-4V® 14 924 993 114 0,33

. values provided by manufacturers - Talladium do Brasil

@ (Geng et al., 2008)
@ (Knittel and Wu, 1998)

2.3 Numerical Analysis

A numerical model based on the finite element method was developed within the framework of an international
code, so as to simulate the behavior of guided systems of dental prostheses with immediate loading. Three-dimensional
quadratic tetrahedral elements were used to model the assembly. The material was considered isotropic, linearly elastic
(Falcon-Antenucci et al., 2008).

After defining the mechanical properties of the materials involved, the process of generation of finite element
meshes is evaluated. The meshes of the models used in this study were of 115,636 elements for the system A and
108,350 elements for the system B. They were defined, after checking the convergence of the critical value of the
prosthetic bar (S,). It is judged, when the convergence changes in value as the mesh refinement proceeds decrease by
more than 10% (Sinclair and Beisheim, 2008)

Then the critical results were extrapolated to the asymptotic result by “Richardson’s Extrapolation”, Fig. 4.
However, this procedure is the simplest way to get a better estimate from three (or more) sets of results on hand, and not
a theoretically valid method to obtain the asymptotic value. Furthermore, such extrapolation and the estimated value are
valid only locally and for the specific critical value plotted (Geng et al., 2008).
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Figure 4. Results from Three Meshes for (a) Linear Plot, and (b) Exponential Plot

During the numerical analysis the implants were considered as cantilevers (perfect osseointegration). Although the
implants whole integrated with the bone as not clinically considered as a real situation, it can be take into consideration
as a first approximation. It provides a good indication of the material behavior and stress distributions (Pacheco, 2008).
It was applied a static vertical force of 756 N, which is refer to a higher sustained average masticating force (Souza,
2007). It is distributed along the superior face of the structure, Fig. 5.
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Figure 5. Loading distribution of the prothetic systems
3 RESULTS AND DISCUSSION
3.1 Micrographs of Nickel-Chromium and Cobalt-Chromium alloys

Figure 6 shows an image of a solid solution of chrome (dendritic shape) in nickel, where the interdendritic region
can have metallic carbide and other intermetallics (Sa, 2006).

'l.f.."i

Figure 6. Micrf)ctue of the Ni-Cr (magnified 200 and 500 times).

The micrographs are obtained by means of a Cobaltum-chrome alloy, Figure 7. It shows that the micrographs
aspects are similar to the Ni-Cr alloy, where it is seen carbides in elongating shape (Yamakami et al., 2006), thereby
providing its fragility and also reducing the elongation of the alloy (Asgar and Peyton, 1961).

> im o
)4

Figure 7. Microstructure of the Co-Cr (magnified of 200 and 500 times)
It worths highlighting that the dendrites always appear when a metal is melting. After that, this metal can be
transformed into a granular strengthen structure by means of a thermal treatment (Pedrazini and Wassall, 2009).
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3.2 Evaluation general of the implant systems

In this work, attention is drawn by a global comparison between two dentistry prosthetic systems and also the
metallic alloys analyzed. However, the regions of concentration stresses are more interested in terms of qualitative than
quantitative. Nonetheless, it was used Richardson’s Extrapolation so as to obtain trustworthy results in a prosthetic bar
(principal structure). Figures 8 and 9 show the correlation of n elements compound models graphically due to its critical
stress values (5).
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Figure 8. Linear and exponential critical results of the prosthetic bar (system A).
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Figure 9. Linear and exponential critical results of the prosthetic bar (system B)

The qualitative analysis was evaluated by means of observation of the graphical images, Figures 10, 11 and 12. It
was also observed the values of Von Mises Stresses and total strains of the models, Table 3. It is noteworthy the
improvement of stress distributions on the prosthetic bar (system B), thereby reducing 81% and 90% of the level of
stress and total strain, respectively. Moreover, the bending is reduced because the cantilever length is also reduced.

Unit: P
Time: 1
/L2009 0555
807668 Max
L1792e8
6,281Re8
538448
44878
358968
2,6922¢8
L7548
8,974e1
041483 Min

Figure 10. Equivalent (von Mises) Stress - system A
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Figure 11. Equivalent (von Mises) Stress - system B

Table 3. Computational data from the study of prosthetic bars

Equival Maximum Force Resultant
. quiva ent Axial direction of the abutment
Implant . Total Deformation (von Mises)
Material (N)
System (mm) Stress 03]
(MPa)(l) Abutment
P A A P
Ni-Cr 0,0371 868,33 /124,95 317 61 61 317
A Co-Cr 0,0346 884,20 /123,58 318 60 60 318
Ti-6Al-4V 0,0516 807,66 / 130,87 308 70 70 308
Ni-Cr 0,0039 167,16 /28,69 216 162 162 216
B Co-Cr 0,0037 173,18 / 28,65 216 162 162 216
Ti-6Al-4V 0,0052 144,01 /28,91 215 163 163 215

(. Maximum Stresses: prosthetic bars / interface abutment-implant

@ P - posterior and A - anterior

The analyses also showed an average reduction loading in posterior abutments of 31% of the system B in relation to
the system A. Also and more important, this result is closer to the value of 28%, which was found in similar study.
Herein, the results were obtained by extensometers (acquisition data) (Naconecy, 2006). Furthermore, this reduction is
due to the posterior implants inclination. In addition, this inclination allows a better bending and stress distributions.
This situation is observed when it is compared the total deformations of both systems, Figure 12.
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Figure 12. Total deformation - systems 4 and B.

In relation to the level of stress of the materials, it was not observed any significative difference between Ni-Cr and
Co-Cr alloys. Nevertheless, the Ti-641-4V alloy has shown a better stress distribution along the prosthetic bar and
higher level of deformations (both systems), due to its Elasticity Modulus value (Pennafort Jr, 2009). In addition, when
the material used in the prosthetic bar presents low Elasticity Modulus, it can cause higher deformations and also a
higher consumption of Deformation Energy. Owing to it, there is a high concentration stress in the interface
implant/bone at the side of the load applied, Table 3 (Benzing et al., 1995). Several authors recommend high elasticity
modulus of the prostheses so as to avoid deflection of the structural prosthetic and stress concentrations in the retaining
screw (Geng et al., 2008).



Proceedings of COBEM 2011 21% Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

In these models, it was not possible to consider the effect of the loading due to wheel fixing bolt tightening torque of
prosthetic bar. By virtue of it, the contact region between the abutment and abutment screw was more refined.
Moreover, there was a highly increase of the mesh and also of the computational effort. Nonetheless, the results were
not affected, because this is a qualitative study.

3.3 Behavioral analysis of prosthetic systems according to the implant systems.

The finite element results of the prosthetics systems were based on the Maximum Principal Stress (o;), Minimum
Principal Stress (o3) and Von Mises Stress (o,,) around the implant, close to the interface implant/bone (cervical
region), Table 4. Based on the results, the inclination can cause a considerably increase of the principal stress. In
addition, it is also observed an increase of approximately 15% of the Von Mises Stress. It worths mentioning that
compressive stresses are five times higher in the cervical region of the inclined implant in relation to the straight
implant (Canay et al., 1996).

Table 4. Principal stresses in the cervical region of the implant (77-6A41-4V)

Principal Stresses (MPa)
Systems Loading Whole. implant '
N) prosthetic (Cervical Region)
O} O3 cseq
A 308 Straight -2,69 | -40,11 | 33,20
B 215 Inclined 34,13 15,23 51,44

However, it is important to mention that the results must be analyzed with caution. Mainly, because of the amount
of variation of the individual biological characteristics. For that reason, it was limited the complete extrapolation of the
results for different clinical situations (Blatt et al., 2006).

4. CONCLUSIONS

This work presented a comparative study among the guided systems of fixed complete denture with 4
osseointegrated implants with immediate loading through FEA. The system B showed to be more appropriate in relation
to the integrity of the prosthetic bar, thereby reducing its level of stress. Nonetheless, the interface implant/bone stress is
highly superior and it can cause serious damage to the patient such as bone remodelation, micro bone fractures,
marginal bone loss, prosthetic complications and even causing the loss of implants (Blatt et al., 2006).

In relation to the material used, it is clear that Co-Cr alloy showed better behavior mechanical compared to the other
materials. Owing to it, this material is highly favorable in terms of using in Implant Dentistry area. Nevertheless, the
micrograph showed a dendritic shape of the Ni-Cr and Co-Cr alloys, thereby contributing to its fragility.
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