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Abstract

The aim of this analysis was to determine the intensity and distribution of the stress in the components of the dental
prosthesis (abutment, implant and bone) as a result of the shock efforts. This numerically study by finite element method
was conducted in three zones (proximal, median, and distal) of these components.
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Introduction

The term “osseointegration” defined as the “direct structural
and functional connection between ordered, living bone and the
surface of a load-carrying implant at the light microscopic level [1].
Osseointegration is the term used worldwide in the dental specialties
to describe the goal of implant treatment. Dr. BranemarKk’s first use
of implants (which he originally called “fixtures”) to support dental
prostheses was in beagle dogs [2]. The finite element method (FEM)
plays an important role today in solving engineering problems in many
fields of science and industry and can also be successfully applied in
the simulations of biomechanical systems and dental implants [3]. The
simulation with the help of the Finite Element Analysis (FEA) allows
for taking the key features into the consideration: like material in
homogeneity, anisotropy and changeability of mechanical properties
of material as well as a very complicated geometry, boundary and load
conditions [4]. Lin et al. developed a systematic protocol to assess
mandibular bone remodeling induced by dental implantation, which
extends the remodeling algorithms established for the long bones into
dental settings [5]. In this study, a 3D model for a segment of a human
mandible was generated from CT scan images, together with a titanium
implant embedded to the mandible. The results examined the changes
in bone density and stiffness as a result of bone remodeling over a period
of 48 months. Resonance frequency analysis was also performed to
relate natural frequencies to bone remodeling. The density contours are
qualitatively compared with clinical follow-up X-ray images, thereby
providing validity for the bone remodeling algorithm presented in
dental bone analysis.

Static, dynamic and fatigue behaviours of the implant are
investigated in this study [6]. Dynamic loads in 5 min applied on
occlusal surface. Fatigue life the implant calculated based on Goodman,
Soderberg, Gerber and mean-stress fatigue. Li et al. created a 3D finite
element model for continuous variation of implant diameter and
length, there by identifying their optimal range in type IV bone under
biomechanical consideration [7]. Implant diameter ranged from 3.0 to
5.0 mm, and implant length ranged from 6.0 to 14.0 mm. The results
suggest that under axial load, the maximum Von Mises stress in cortical
and cancellous bones decrease by 50% and 27%, respectively; and
under buccolingual load, by 52% and 60%, respectively. Under these
two loads, the maximum displacements of implant-abutment complex
decrease by 39% and 43%, respectively. Goswami et al. determined
the average insertion torque being applied to the dental implant while
surgically placing it with a non-calibrated manual ratchet [8]. Simsek

and Erkmen [9] studied the evaluation of the tensile and compressive
stress for the cortical and cancellous bone under load conditions
according to the distance inter-implants, inter-implant distance of 1.0
cm is the optimum distance for the two fixtures implantation. Koca
et al. determined the amount and localization of functional stresses in
implants and adjacent bone locations when the implants were placed
in the posterior maxilla in proximity to the sinus using finite element
analysis (FEA) [10]. However, Verri et al. analyzed the biomechanical
interactions of a singular implant-supported prosthesis of different
crown heights under vertical and oblique force, using the 3-D finite
element method [11]. Six 3-D models were designed with Invesalius
3.0, Rhinoceros 3D 4.0, and Solidworks 2010 software. Each model was
constructed with a mandibular segment of bone block, including an
implant supporting a screwed metal-ceramic crown.

The finite element analyses of Alkan et al. led to demonstrate
the increase or decrease for the maximum calculated stress values in
preloaded screws after occlusal loads, these maximum stress values
were well below the yield stress of both abutment and prosthetic screws
of 2 implant systems tested [12]. The results imply that the 3 implant to
abutment joint systems tested may not fail under the simulated occlusal
forces. Biomechanical interaction between osseointegrated dental
implants and bone is numerically investigated through 3D linearly
elastic finite element analyses, when static functional loads occur [13].
Influence of some mechanical and geometrical parameters on bone
stress distribution is highlighted and risk indicators relevant to critical
overloading of bone are introduced. Insertions both in mandibular
and maxillary molar segments are analyzed, taking into account
different crestal bone loss configurations. Verri et al. evaluated stress
distribution in the fixation screws and bone tissue around implants
in single-implant supported prostheses with crowns of different
heights (10, 12.5, 15 mm - crown-to-implant ratio 1:1, 1.25:1, 1.5:1,
respectively) [14]. It was designed using three 3-D models. Each model
was developed with a mandibular segment of bone block including an
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internal hexagon implant supporting a screw-retained, single metal-
ceramic crown. The crown height was set at 10, 12.5, and 15 mm with
crown-to-implant ratio of 1:1, 1.25:1, 1.5:1, respectively. The applied
forces were 200 N (axial) and 100 N (oblique). The increase of crown
height showed differences with the oblique load in some situations.
By von Mises’ criterion, a high stress area was concentrated at the
implant/fixation screw and abutment/implant interfaces at crown-to-
implant ratio of 1:1, 1.25:1, 1.5:1, respectively. Wang et al. created an
accurately dimensioned finite element model with spiral threads and
threaded bores included in the implant complex, positioned in a bone
model, and to determine the magnitude and distribution of the force
transformation/stress/strain patterns developed in the modeled implant
system and bone and, thus, provide the foundational data for the study
of the dynamic loading of dental implants prior to any external loading
[15]. Cyclic axial and transverse loads, is studied by means of Finite
Element shakedown analyses [16]. The unilateral contact conditions
existing at the interfaces between the various parts of the implant, which
depend on the degree of tightening of the internal screw connecting the
abutment to the fixture of the implant, make it impossible to apply in a
straightforward way the classical shakedown theorems. We illustrate a
way of reasoning which allows the combination of shakedown analyses
results with considerations about the contact conditions. Shakedown
envelopes associated to several values of the internal screw tightening
can be constructed; these suggest that a common implant design is not
fully safe against cyclic loading conditions.

The purpose of this study was to investigate the effect of the shock
effort on the stress distribution in component of the dental prosthesis,
using three dimensional and finite element (FE) analysis. The stress
distribution is analysed in the proximal, medial and distal zones in the
interface bone-implant junction.

Geometrical Model

The three-dimensional geometrical model of the dental structure,
illustrated in Figure 1, to achieve this goal the computer simulations
involving the finite element code ABAQUS code version 6.11 was
applied. The bone was modelled as full structure (block of bone with
size equal to the section of lower jaw: 24.23 mm height and 17.43
mm width). It is composed of a spongy center surrounded by 2 mm
of cortical bone. The implant is presented in form of 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 1=7.2 mm, lower
diameter d,=2.6 mm and great diameter d,=3.6 mm [17].

Table 1 gives the elastic properties of the components of the

tetrahedron elements with four nodes (Figure 2). Since the interface
of bone-implant experiences the largest deformations under load, it is
necessary to mesh this boundary into small elements.

The implant system and the bone are meshed with increasingly
larger elements as the distance from the interface increases, with the size
of elements in contact with the interface being defined by the elements
of the boundary mesh. The mesh of the components is verified for use
in a finite element stress analysis.

Load Conditions

A tightening torque abutment-implant and implant-bone of 3500
N/mm and a friction coeflicient of 0.28 were retained [17,20,21]. Stress
of 6 MPa was applied to the structure according to the directions
illustrated in Figure 3 [17,21,22]. This mechanical shock exerted on the
bone and abutment following an accident the patient.

Analysis Results
Shock effort exerted on the abutment

In this study, the distribution of the equivalent stress in the dental
prosthesis components (abutment, implant and bone) is illustrated in
Figure 4, as a result of mechanical shock.

Figure 1: Three-dimensional model of the structure.

. Young’s modulus, E Poisson
Material MP i Source
(MPa) ratio, v Figure 2: Finite element model.
Implant (Titanium alloy
Ti-6AI-4V) 110000 0.32 [6,18]
Abutement (Titanium alloy
Ti—6AI-4V) 110000 0.32 [6,18]
E —E =11500. E =17000 v,=0.51, Shock effort exerted on the abutment

Cortical bone XY ] U= [6,19]

G,,=3600, G,,=G,,=3300 v_=0.31
Cancellous bone 2.13 0.3 [6,18]

Table 1: Materials properties [17].

dental prosthesis [18]. The behaviour of the cortical bone is supposed
orthotropic.

Finite Element Model

The mesh of the components is simplistic and consists of linear

Figure 3: Boundary conditions of the model.
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This figure shows the level of the Von Mises stress in the three
components of structure under the effect of a shock effort exerted
perpendicular to the axis of the implant. The equivalent stress is highly
concentrated on the living parts of the abutment in the region of
abutment-implant fixation. The other zones are weak requested; top of
the abutment is subjected by weak stress (Figure 4a).

A very heterogeneous distribution of equivalent stress along the
implant, the intensity is largely higher than that generated in abutment.
The upper part of the implant is the seat of high stress concentration.
The stress is intensively localized in the region of contact implant-
abutment. In other parts of this component of the structure, the stress
is almost uniformly distributed and its level remains weak (Figure 4b).

A shock effort applied to the surface of the abutment induced
equivalent stress in the bone along the contact zone of the living body
with the implant (Figure 4c). The highest stress level is observed on the
sides of the organ in its proximal zone. The level of stress induced in
the bone is relatively high and may constitute a risk of fracture of this
element. The fracture stress of the bone is largely exceeded; this type of
loading is dangerous to the stability of the structure.

Shock effort exerted on the bone

The results obtained from this analysis are illustrated in Figure
5. The latter shows the distribution of equivalent stress of Von Mises
in the abutment, implant and bone under the effect of a shock effort
exerted on the bone. The equivalent stress is highly concentrated on
the living parts of the abutment (Figure 5a). The other zones are slightly
requested.

In this part, the highly stress is located on the middle of the implant.
The intensity decreases gradually as one move away from this zone.

The middle zone is the seat of stress concentration (Figure 5b). This
type of effort puts the middle zone of the bone under high stress. The
stress recorded in the bone is a very intensity and may lead to a risk of
damage per notch effect (thread of the bone) (Figure 5c¢).

Analysis of the Equivalent Stress
Along the implant and the bone

For the development of this study we analyzed the behavior of the
stress in the two components of the dental prosthesis (implant, bone)
under effect of mechanical effort amplitude 6 MPa exerted on the side
face of the bone and the abutment. This type of loading may simulate
an effort of shock applies to the structure. The distribution of the stress
resulting from this analysis is represented in Figures 6 and 7. Stress was
determined from the top to the bottom of the structure.

Figure 6 shows the variation of the equivalent stress, depending on
the component undergoing the mechanical shock, along the implant.
The most significant stress in the implant is located on the middle
zone, where the shock is applied on the bone. Far from this zone, the
stress tends to relax completely. The application part of effort is the
seat of stress concentration. A mechanical shock exerted on abutment
involves a stress concentration on the top of the implant this can be
due to the good contact between the abutment and the implant. The
level of the stress in the implant is extremely high and this some is the
component undergoing the mechanical shock. It can reach a critical
level by notch effect. Indeed, the threads of the implant are the seat of
stress concentration.

A shock effort applied to the bone induced equivalent stress on
the middle part about twenty twice more important than that exerted

Figure 4: Stress distribution in the abutment, implant and bone.
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Figure 5: Stress distribution in the abutment, implant and bone.
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on this body (Figure 7). The equivalent stress increases, decreases and
then remains constant, its level gradually lowers surface towards to
the bottom of the bone. The distribution of Von Mises stress in bone,
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Figure 6: Variation of the equivalent stress along the implant.

under the effect of a mechanical shock exerted on the abutment, is
totally different from that induced by an effort exerted on the bone.
Indeed, it has an intensity of more important stress on the proximal
zone with two maxima (Figure 7). Its intensity is reach about time
the stress applied to abutment. The level of the equivalent stress in
the bone reaches a critical threshold able to involve the damage of the
bone. Indeed, mechanical shock of this intensity can be fatal to this
component. It may lead to the prosthesis loosening by fracture of the
bone. Figures 6 and 7 show a mechanical shock exerted on abutment or
the bone request virtually no bottom structure.

Zones proximal, median and distal in the bone with interface
bone-implant

To better study the mechanical behavior of the dental prosthesis,
an analysis of the distribution and intensity of the equivalent stress of
Von Mises in three zones (proximal, medial and distal) in the bone in
contact with the implant along helicoids was studied. The results of this
analysis are illustrated in Figure 8. The latter represents the variation
of the stress along the helicoid in these three zones in the bone near
the bone-implant interface depending on the nature of the element
undergoing mechanical shock.

Proximal zone

A mechanical shock applied to the abutment highly requests the
proximal zone. The level of the equivalent stress in this zone decrease

140 . . L R .
remains constant then increases along the helicoids. The distribution of
120 B shock cffort exerted on the bone this stress is almost symmetrical of the helicoids (Figure 8a). The stress
—_@— shock effort exerted on the abutment induced in this part is very high intensity. They tend towards the failure
1004 ¢ stress to the traction of bone. Their amplitude may largely exceed the
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Figure 7: Variation of the equivalent stress along the bone. the limit of tensile failure of this body. A mechanical shock applied to
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Figure 8: Variation of the equivalent stress in the bone-implant interface of three zone.
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Distal zone

The distribution of stress in the distal zone along the helicoid is
illustrated in Figure 8c. The higher stresses are concentrated on the part
of helicoid in which the contact implant-bone is very ultimate. This
zone is far from that where the mechanical shock is applied, which
explains the weak stress values recorded in this part and this some
element of the structure undergoing this shock. The results obtained
of this analysis show that a mechanical shock exerted on the side face
of the bone, induced in this body in the vicinity of the interface with
the implant, stress much greater than that applied to the abutment.
The stresses located in the bone are largely higher than the threshold of
failure may be fatal for the prosthesis.

Conclusions

Within the limitations of this study the following conclusions were
drawn:

e A mechanical shock applied to side face of abutment generates
highest stresses on the top of the structure. Their intensity
decrease considerably in the near vicinity of this zone and
cancels at its bottom.

o The level of stress varies considerably along the helical form of
the implant and the bone. It is highest in the proximal zone of
the structure.

e Aload applied to the lateral surface of the bone, induces more
significant stresses in the median zone of the structure. The
other zones (proximal and distal) are weak requested.

o The equivalent stress of Von Mises in implant varies not only
in the three zones proximal, median and distal but also along
helicoid. The induced stress, under effect of such loading, in the
elements of the dental prosthesis and particularly in the bone
is very intense and may be fatal for the structure. An implant
designed of resistant material can easily support the level of
these stresses contrary with the bone, which is an alive material
having of weak mechanical properties of resistance.
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