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Three-dimensional finite element stress analysis of SKY implant system
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Abstract

The objective of this study was to evaluate the stress on the cortical bone around few body
dental implants using SKY system components with different angled abutments position. These
angled abutments have been especially developed for primary structures to allow fast
fabrication of occlusal screw-retained temporaries for immediate treatment of patients. Stress
levels on these implants were analyzed through finite element analysis. The results showed
displacement and effective stress distribution for SKY implants with 90 and 35 degrees position
inside jawbone. The 35 degree angled type of implant generated lower von Mises stress in the
cortical bone under normal loading of 100 N in comparison with 90 degree angled implant
under 50 N loading. The study performed showed the importance of dental implant angled
position on the occlusion load transfer mechanism. It was concluded that the high stress
gradients can be avoided by different angle position of implants, which can provoke the implant
surrounding bone tissue fracture.

Key words: Dental implant; Implant-jawbone interaction; Angled position, Finite element
stress analysis.

1. Introduction
One of the long-term aims of dentistry is to develop of an ideal substitute for missing teeth. A

dental implant is a biocompatible screw-like titanium ‘fixture’ that is surgically placed into the
jawbone (O'Brien 1989). Figure 1 provides some detail of a typical implant and shows its
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orientation within the jawbone. The implant is anchored in the jawbone. An implant post or
abutment and permanent tooth can be attached in a variety of designs (Fig. 2).

Natural tooth Dental implant

Fig. 2. SKY implants inserted in the local bone

The success of a dental implant depends on a variety of factors including the design of the
abutment and technique by which the abutment screw is placed into the implant. Major causes
of implant failure are due to insufficient biomechanical bonding between the implant and the
surrounding jawbone and also implant tooth fixtures or abutment failure (Eskitascioglu et al
2004).
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Fig. 3. Cross-section view of SKY implant in the lower jaw

The finite element method (FEM) is a numerical method of analysis for stresses and
deformations in structures of any given geometry. The structure is discretized into the so called
“finite elements’ connected through nodes. The type, arrangement and total number of elements
affect the accuracy of the results. The FEM has become one of the most successful engineering
computational methods and most useful analysis tool since the 1960s (Ergatoudis et al. 1968,
Przemieniecki 1969).

In this study we examined SKY implants which are angled with normal 90 and 35 degrees
(Fig.3). The FEM is used to compare stress distribution in jawbone around implant for different
loading forces.

2. Methods

2.1 Finite element formulation

We used linear tetrahedron finite element (Fig. 4) where displacement field over the tetrahedron
element is defined by the three components u,, u, and u.. These displacements are linearly
interpolated over the element from their nodal values

N,
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where N;, N, N; N, are the interpolation functions which are simply the tetrahedral coordinates;
and u,y,....,us, are the nodal displacements.
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Fig. 4. The linear tetrahedron finite element

The internal virtual work can be expressed as (Kojic et al. 2008)
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where we have employed the relation for strain components:
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from which de’ =5U"B’, and the constitutive relationship o = Ce ; here, e is the strain (used
here in the form of the engineering strain vector), U is the vector of nodal displacements, B is
the strain-displacement relation matrix, and C the material constitutive matrix. Clearly, the
stiffness matrix K is

K = [B'CBdV 4
Vv

and the element internal force F™ is given by the expression F™ =KU. The stiffness
matrix is symmetric and has dimensions 3N x3N (in our case 12x12) and the force vector

The external nodal forces resulting from the pressure on an element surface are calculated
by employing again the equivalence of virtual work. A simple approximation for the 4-node
tetrahedron element is to calculate the total force as F, = p4 (where p is the mean pressure and

A is the area of the element side) and use F, /3 at each node in the normal surface direction.
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2.2 Mesh generation

In order to model an angled SKYY implant system, we created a 3D FE model with the maxilla,
mandible, and all teeth placed in the actual positions. Firstly 3D model of finite element was
created by using 3D generation program for jawbone from 3D DICOM CT slices (Fig. 5). After
smoothing of the surface boundary the final tetrahedral finite element mesh is shown in Fig. 6.
Implant mesh was modeled using dimension from SKY implant system (2010). Simplified
models of 35 degrees and 90 degrees implants used in bone modeling are shown in Figure 7.
The finite element analysis was performed with in-house program PAK (Kojic et al. 1998). The
finite element mesh was composed of 39484 nodes and 178047 linear tetrahedral elements. The
implants were assumed to be osseointegrated.

Fig. 6. 3D finite element mesh of jawbone model after generation and smoothing techniques
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Fig. 7. Simplified models of implants used in bone modeling: a) 35 degrees b) 90 degrees

2.3 Material properties and boundary conditions

All structural materials, cortical and cancellous bone and implants, were considered isotropic
and with linear elastic behavior (elastic modulus of the cortical bone and cancellous bone
material equal to 13 GPa, implants material equal to 117 GPa, while Poisson’s ratio equal to
0.30 for both the implant and for the bone structures). The load of 100 N was applied on 35
degrees implants and 50 N for 90 degrees implants. The lateral parts of the mandible were
rigidly fixed.

3. Results

Figure 8 shows the displacement distribution for total 4 implants. Two of them in the middle of
model are with 90 degrees while boundary SKY implants are with 35 degrees. The von Mises
stress distributions at the implant-bone interface for the compressive loading configurations is
presented in Fig. 9. The stress values at the cross-section for single 35 degree angle are shown
in Fig. 10 while the cross-section for two 90 degree implants is presented in Fig. 11. It can be
seen that lower stress was observed for 35 degree in comparison with the 90 degree implant
position, although the 35 degree implants were loaded with much higher force of 100 N.
Obviously, the 35 degree angled abutments bring more force and offer more space to use local
bone and hence contribute essentially to achieving long-term success of the implant.
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Fig. 8. Displacement distribution (units mm) for total 4 implants. Two of them in the middle of
the model are with 90 degrees while boundary SKY implants are with 35 degrees
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Fig. 9. Effective stress distribution (units MPa) at the implant-bone interface for the
compressive loading configurations. The load of 100 N was applied on 35 degree implants and
50 N for 90 degree implants
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Fig. 10. Effective stress distribution (units MPa) for the cross-section along 35 degree implant,
loaded by force of 100 N.
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Fig. 11. Effective stress distribution (units MPa) in the cross-section along two 90 degree
implants, loaded by force of 50 N
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4. Conclusions

Finite element analysis has been used extensively to predict the biomechanical performance of
various dental implant designs, as well as the effect of clinical factors on the success of
implantation. The principal difficulty in simulating the mechanical behavior of dental implants
is generating accurate models of the living human bone tissue and its response to applied
mechanical forces. This research has been conducted on the comparison of the biomechanical
stresses formed in the jawbone for different positions of the SKY implants. The results showed
the importance of dental implant position on the occlusion load transfer mechanism. It is shown
that the high stress gradients can be avoided by different angle position of implants, in order to
prevent the implant surrounding bone tissue fracture.
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Pe3nme

b oBe cTyauje OWMO je Aa ce OApe[H HANOH y KOPTHKAIHO] KOCTH OKO HEKOJMKO 3yOHHX
UMILIaHTa Koju Kopucte komroHeHTe SKY cucrema ca pa3nmyuTUM MOJ0XajuMa abyTMeHara
nox yrmioM. OBM aOyTMEHaTu Cy pa3BHjEHH CIIELMjalHO 3a IMpPUMapHEe CTPYKType Koje
omoryhaBajy Op3y NpOU3BOKY OKITY3UBHUX 3aBPTH-EBHMA TO/IP’)KAaHUM TPHUBPEMEHHX peIleHa
3a HETOCPEIHO TPETHpamke MarujeHara. HanoHcku HUBOM Cy aHaIM3WPaHU METOAOM KOHAYHUX
ereMeHara. Pe3ynraTm mokasyjy pacroneny ImoMepama M edekTuBHOr HamoHa 3a SKY
MMITIaHTE ca Mo3uiujaMa nox yriaosuma 35 u 90 creneHu y koctu Buimie. VIMIianT yraoHor
Tina 35 cremeHW TeHepucao je HmkH (HoH MM3ECOB HAMOH y KOPTHUKAIHO] KOCTH MpH
HopMmanHOM onrtepehery ox 100 N Ha mputucak y nopehemy ca 90 creneHn yraoHOT UMITIaHTa
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npu onrepehemy on 50 N. OBa crynuja je mokaszajia 3Hayaj MOJIOXKaja YraOHOT HUMILIAHTA Y
OJIHOCY Ha MEXaHH3aM OKJIy3HOHOT IpeHoca onrtepehiema. 3ak/byueHo je 1a BEIMKU IPaanjeHTH
HaIloHa MOTY OUTH W30ETHYTH MyTEM Pa3IUYUTOr YTaOHOT MOJI0Kaja MMILIAHTA, IITO MOXKE J1a
W3a30B€ MPCIMHY Y TKHBY y OKOJIHHH KOCTH.

Kbequ peun: 3y6HI/I HUMILJIAHT, UMILJIAHT-BHJINYHa KOCT I/IHTepaKI_II/Ija, nonomaj noa yriowm,
aHaJIn3a HallOHa MCTOJOM KOHAaYHHUX CJICMCHaTa
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