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Abstract

The finite element method is used to solve mechanical and physical problems in engineering analysis and design. Primary stability
has been regarded as a prerequisite for osseointegration of dental implants. Biomechanical factors play a key role in the success of
dental implants. The study of impact velocity is relevant to the biomechanics of dental implants. The purpose of this analysis was to
determine the intensity and distribution of stresses in the dental prosthesis elements (crown, framework, implant, abutment, bone)
and the sliding at the bone-implant interface under the effect of a mechanical impact of different geometric shape of projectile, this

shock simulates a stone throw or other objects coming into contact with the dental prosthesis.
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1 Introduction

Nowadays, dental implants are the ideal solution for lack
of dentition, being considered the best alternative after
natural teeth. However, in spite of the latest advances in
dentistry, implants are still likely to fail. Complications
at the bone-implant interface, such as bone loss, occur-
rence of micromovements and stress concentration at the
surface of the bone and the implant, are very common
phenomena, which reveal the need of solution to keep the
stability of the implant and the process of osseointegra-
tion. Dental implants have been highly successful in the
rehabilitation of edentulous patients. However, they still
suffer biological or mechanical failures [1, 2]. The pre-
dictability of dental implants is affected by biologic, tech-
nical, and biomechanical factors [3]. The control of these
factors is important to bone preservation [4, 5] and pros-
thetic complication reduction [6], which could extend the
implant-supported rehabilitation success rate [7]. Recent
development of digital imaging techniques made it pos-
sible to obtain subject-specific biological data of bone
geometry and property for FEA modeling [8]. The finite
element method (FEM) plays an important role today in
solving engineering problems in many fields of science

and industry and can be successfully applied in the simu-
lations of biomechanical systems and dental implants [9].
Primary stability affects the strength, rigidity and resis-
tance to movement of the implant before tissue healing
and increases with increasing resistance to implant inser-
tion [10]. The use of 3-D finite element methodology to
analyze biomechanical clinical situations has been doc-
umented previously [11, 12] and [13]. Furthermore, the
use of statistical analysis has been considered an effective
tool in the finite element method [14]. The finite element
analyses by Chang et al. [15] led to analyze the stress dis-
tribution in two popular commercial dental implant sys-
tems, containing different collar designs, with three-di-
mensional (3D) finite element models, which were
performed using different bone qualities and different
loading protocols. Hsu et al. [16] investigated the effects
of three three-dimensional (3D) bone to implant contact
(BIC) parameters potential BIC area (pBICA), BIC area
(BICA), and 3D BIC percentage (3D BIC %; defined as
BICA divided by (pBICA) relation to the implant diame-
ter on primary implant stability, as well as their correla-
tions were also evaluated.
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Fellippo et al. [17] evaluated the stress distribution in
single implant-supported prostheses placed over short
implants and with different crown heights as the stress
was transmitted to the bone tissue. In this study, improve-
ments in simulation methods by integrating overload bone
resorption have allowed for more accurate prediction of
dental implants [18]. Predicted a non-homogeneous distri-
bution of density/elastic modulus of the mandible around
various dental implant systems [19]. Furthermore, by
using a set of segmented algorithms, investigated bone
remodeling around implant systems under different load-
ing conditions, and recommended attaining proper occlu-
sal adjustment to reduce the lateral force [20].

Therefore, the present study investigated the effect
of the impact velocities by the different projectile shape
on the stress distribution in the component of the dental
structure using three-dimensional finite element models.

2 Three-dimensional representation of bone-implant
models

2.1 The mandibular bone

The original 3D model of a mandibular bone section was
constructed using computerized tomographic (CT) images
(Fig. 1) [21, 22]. The stress analysis was performed using
the ABAQUS 6.13 Software program. The bone was mod-
eled as a cancellous core surrounded by a cortical layer.
The width and height of cortical bone model were 15.8 mm
and 23.5 mm, respectively. The thickness of its upper part
was 2 mm (Fig. 1).

Fig. 1 CT scan mandibular bone.

2.2 The implant system

The geometry of the solid implant is presented in form
of cylinder screw of length 14 mm and diameter 4.1 mm.
Abutment of conical form is adjusted to the implant.
The sizes of the abutment are: length | = 7.2 mm, lower
diameter d, = 2.6 mm and great diameter ¢, = 3.6 mm
[23-25]. The crown and framework model were designed
in Rhinoceros 3D and SolidWorks 3D with 5° inclination
in bucco-lingual direction.

The complete model that consists of crown, framework,
abutment, implant, cortical and cancellous bone (Fig. 2),
were assembled using SolidWorks 2010 software, and then
exported to Abaqus program (Fig. 3).

2.3 Modeling contact

Interaction between the bone and implant during simula-
tion of the implantation process is complex and requires
definition of contact conditions. In the present study,
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Fig. 2 Components of implants systems.
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Fig. 3 Complete model of the structure.



contact is defined in Abaqus software using surface-to-sur-
face discretization because it provides stress that is more
accurate and pressure results than node-to-surface dis-
cretization. Abaqus enforces conditional constraints on
each surface to simulate contact conditions. In addition,
the contact interaction properties are also required to
be defined for the contact pair. The bone-implant inter-
faces were assumed to be 100% osscointegrated (Fig. 3).
Software (Abaqus 6.13; Dassault Systémes Simulia Corp)
was used for explicit dynamic simulation.

Table 1 gives the elastic properties of the components
of the dental prosthesis [24, 25]. The behavior of the corti-
cal bone is supposed orthotropic. The projectile is taken as
indeformed rigid body.

2.4 Finite element model

The tetrahedron elements with different sizes were used for
the mesh in the implant, bone and projectile shape (Fig. 4 (a)
and (b)).The crown of the dental prosthesis was meshed with
12435 tetrahedral elements and 23091 nodes. Framework
also was meshed with 20118 tetrahedral elements besides
38466 nodes. A FE model of implant and abutement, in
addition, were also meshed with 16269 and 7086 tetrahe-
dral elements as well as 31874 and 14096 nodes, respec-
tively. The cortical and cancellous bones, in addition, were
meshed with 71769 and 46009 tetrahedral elements as well
as 140544 and 91320 nodes, respectively. The total number
of elements of three projectile shape was 47295 and the num-
ber of nodes was 95320. Since the interface of bone-implant
experiences the largest deformations under load, it is neces-
sary to mesh this boundary into small elements.

2.5 Boundary condition and load application

Following the creation of the 3D meshes, a boundary con-
dition was applied to simulate the natural relationship
of the implant complex supported by the bone structure.

Table 1 Mechanical properties of materials simulated.

Parts E(GPa) POI,SSOH Reference
ratio (v)
Ti6Al4V 110 0.32 [26-28]
Cobalt chrome 220 0.30 29, 30]
alloy
Feldsphatic 61.2 0.19 29, 30]
porcelain
E =E =11.5GPa,
o cortical E =17GPa, V= 0.51
5 ny:3.6GPa, v, =V, = 0.3 [27,31]
m G,=G,=3.3GPa
cancellous 2.13 0.3
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(a)

' (b)

Fig. 4 The mesh of finite elements in the parts of: the implant

structure (a), the projectile shape (b).

Thus a boundary condition (zero displacement) for the
analysis purposes was defined at all nodes of the surfaces
of the cortical bone that were constrained in all directions
(x, y, and z) (Fig. 5). A tightening torque abutment-implant
and implant-bone of 3500 N.mm and a friction coefficient
of 0.28 were retained in the first step [23, 25]. In the second
step, Mass and Velocity are respectively considered as 50 g
and 50 m/s, illustrated in Fig. 4 [32]. This impact velocities
exerted on the crown after an accident of the patient.

3 Results

The response of the dental structure to the impact effect
is analyzed here in terms of variation of the von Mises
stress induced in all its components: Crown, Framework,
Abutment, Implant, cortical and cancellous Bone. The
results obtained are illustrated in the Figs. 6 to 10.

“’ Boundary Conditions RP : Reference Point

Fig. 5 Applied impact and boundary conditions of the model.
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Fig. 6 Von Mises stress distribution in different projectile shape applied
to the crown under impact velocity.
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Fig. 7 Von Mises stress distribution in the implant in different projectile
shape under impact velocity.

3.1 FEA stress distribution in the crown, implant and
abutement

In the analysis, under impact velocity in different pro-
jectile shape, a specific analysis of the crowns showed
a significant increase in the concentration of von Mises
stresses in the projectile of flat shape to projectile of sharp
shape. The highest stresses level were located mainly up
to the face where the impact velocity are applied (Fig. 6).
A projectile with pointed end (null radius of curvature),
the stress intensity is very important. These stresses
decrease in intensity when the radius of the projectile, in
contact with the prosthesis, grows to tend towards infinite
values (flat end).

The distribution of von Mises stress in the implant for
different projectile shape under impact velocity is shown in
Fig. 7. In the upper part of the implant, there is the region
of strong stress concentration. The stresses are intensively
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Fig. 8 Von Mises stress distribution in the abutement in different
projectile shape under impact velocity.

distributed in the region of load application and in the
opposed zone. The intensity of stresses is largely higher
than that induced by the projectile of sharp shape. In the
other zone of the implant, the stresses are almost uniformly
distributed and their intensities remain low. The strongest
stresses are located in the implant in the zone of strong
interaction with the abutment under impact velocity in dif-
ferent projectile shape. We note, however, a similar behav-
ior to the impact effect of the abutment (Fig. 8), the double
and triple intensification factors were also observed.

3.2 Bone tissue analysis
FEA has become an important tool in the assessment of
such biomechanical problems. The von Mises stresses in
the bone are of importance as these are indicative of the
problems that may arise with perfect sealing and early
loosening of the implant. Fig. 9 and Fig. 10 shows the stress
contours at the cancellous and cortical bone level for the
three different shape of projectile under impact velocity.
The most fragile element in the dental structure is the
bone (cancellous and cortical), its biomechanical behavior
is strongly influenced by the effect of impact. Actually, a
higher stress in cancellous and cortical bones were 30.61
and 166.3 MPa, which is high enough to invoke damage
in these elements (Fig. 9 and Fig. 10). These figures show
that during the projectile-crown collision, the most intense
stresses are located on the upper part of the cortical bone
(Fig. 10) and on its lower part (spongy bone), in the contact
area with the implant (Fig. 9). This behavior is observed
whatever the shape of the projectile end. The induced
stress, under the effect of impact velocity, on the dental
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Fig. 9 Cross sectional view of von Mises stress distribution in the
cancellous bone with different projectile shape under impact velocity.
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Fig. 10 Von Mises stress distribution in the cortical bone with different

projectile shape under impact velocity.

prosthesis elements and particularly in the bone is high
and can be fatal for the structure and the patient.

3.3 Stress distribution along the interface bone-implant
In this part of work, we are interested only by the bone,
because it represents the most fragile element in the dental
structure analyzed. A key factor for the success or failure
of a dental implant is the manner in which stresses are
transferred to the surrounding bone.

Fig. 11 and Fig. 12 shows the variation of equivalent von
Mises stress against true distance along the defined path
in the cancellous bone for the different shape of projectile
under impact velocity. The maximum values are observed
at the distal zone in the cancellous bone and in upper part
in the cortical bone, zones of intimate contact with the
implant in the interface bone-implant. Our results clearly

Djebbar et al. | 253
Period. Polytech. Mech. Eng., 63(4), pp. 249-256, 2019

20
—@— Flat shape
184 —&— Hemispherical shape
16 —%— Sharp shape
= 14 4
= A
7 12 }%
E E
g 10 4 V\k¥/v 777 = %
7] 5 4
g 5 \Th v 4o
: Sy Wy ] S
> 5 ™ k., 4
& q'ﬂ;r? ff %\“
4 ﬂ‘v“&“ '”Q\ A
\./".s )'
24 \&“. ’u“’
T T T ] T T T T T
1 0 1 2 3 - 5 -] 7 8

True distance along path

Fig. 11 Variations of von Mises stress against true distance along the
defined path in the cancellous bone.
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Fig. 12 Variations of von Mises stress against true distance along the
cervical path in the cortical bone.

show, during the process of collision projectile-crown, the
von Mises stress transmitted the bone by a sharp shape of
projectile, largely exceeded the threshold of rupture of this
living element. In such a case, the fracture of this bone is
inevitable, leading to the ruin of the dental implantology,
which would probably lead to a future interfacial rupture
of the bone around the implant and therefore promotes
damage to the dental prosthesis.

The maximum von Mises stresses of component dental
prosthesis in the different projectile shape under impact
velocity are illustrated in Fig. 13. The projectile of sharp
shape generates in the structure dental the high level equiv-
alent stress, its biomechanical behavior is strongly influ-
enced by this form. These stresses decrease in intensity
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when the radius of the projectile, in contact with the pros-
thesis, grows to tend towards infinite values (flat end). A
projectile with a sharp end (null radius of curvature) gen-
erates almost twice and three more intense and much more
extensive stresses than those induced by hemispherical
end projectiles (half-spherical radius of curvature) and flat
end (infinite radius of curvature) respectively.

4 Discussion

The primary goal of the present study was to determine
the level and distribution in the different dental structure
component for different projectile shape under impact
velocity. In the evaluation of the stresses on the dental
implants, the highest stresses were observed on the parts
of model in the zone of strong contact (strong interaction)
[23-25, 33, 34]. Moreover, Chang et al. [35] reviewed the
available evidence on the response of the peri-implant
bone when subjected to excessive occlusal forces.

As seen in Fig. 13, the evaluation of the maximum von
Mises stresses on the elements of dental prosthesis, the
impactor with acute end generate stress that are too high
level in the bone. Because of the contact of close friend
to the bone interface and implant, the impact loading
applied to the crown is directly transmitted to the can-
cellous bone (the least resistant element), which can lead
to the ruin and thus to the interfacial rupture of the bone
around the implant.

5 Conclusion
The finite element analysis (FEA) of the stress distribution
in the implant, abutment, cortical and trabecular bone of
the atrophied mandible for the impact loading in three dif-
ferent projectile shape revealed:
* The most significant Von Mises stress is located
on the impacted zone. Far from this zone the stress
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