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ABSTRACT

bjective: This paper focused on optimal stress distribution in the mandibular bone

surrounding a dental implant and is devoted to the development of a modified
Osteoplant® implant type in order to minimize stress concentration in the bone-implant
interface. Material and Methods: This study investigated 0.4 mm thick layers of two
elastomeric stress barriers incorporated into the dental implant using 3-D finite element
analysis. Results: Overall, this proposed implant provoked lower load transfer in bone-
implant interface due to the effect of the elastomers as stress absorbers. The stress level
in the bone was reduced between 28% and 42% for three load cases: 75 N, 60 N and
27 N in corono-apical, linguo-buccal and disto-mesial direction, respectively. Conclusion:
The proposed model provided an acceptable solution for load transfer reduction to the
mandible. This investigation also permitted to choose how to incorporate two elastomers

into the Osteoplant® implant system.

Keywords: Dental implants. Bone. Masticatory force. Elastomers. Finite element analysis.

INTRODUCTION

Stress concentrations levels in the rigid interface
between the dental implant and the adjacent bone
are different compared to the tooth/bone system,
where the presence of periodontal ligament serves
as hyper-viscoelastic interface32'24, Works in this
direction located high stress levels compared to
the natural tooth/bone system in the implant
neck region®2?%2¢, causing painful conditions in
the jaw bone!>'7:2° and resulting from masticatory
forces. To overcome these disadvantages, some
researchers have proposed models with accessories
such as the intra mobile element?, the elastic
collar around the neck of the implant!, or even an
artificial ligament’, while other approaches have
attempted geometric modifications to optimize
implant design according to their biomechanical
performance®®131829  Bjologically, the interface is
constituted by the osseointegration phenomenon of
the bone regeneration, which tends to fill the gap

87

in the bottom of the implant thread!?. The effect
of periodontal ligament in the natural system has
originated the idea for an investigation to introduce
two elastomers in implant component interfaces
judiciously selected, to break the load transfer from
the implant to the bone. The objective of this study
is based on the comparison of the stress levels
in two different Osteoplant® implant types under
the same loading conditions in order to assess
the benefits of the modified dental implant with
three load cases transferred to the surrounding
bone media using finite element method. The
first is conventional while the second is modified
by the introduction of 0.4 mm thick layers of two
elastomers (silicone) as bio-inert stress absorbers;
one is interposed between the abutment and the
implant, while the other covers the head of the
screw fixing the abutment. This new design led to
a new proposed model. Over the last few years,
computer simulation applied to biomechanics has
become an extremely useful tool for numerically
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assessing stresses associated with mechanical
behavior of biomaterials and human tissues.

MATERIAL AND METHODS

An Osteoplant® dental implant type,
manufactured in the early 1990s by a team of
dentists at the Medical University in Poznan (Poland)
was chosen for this study. Figure 1 presents the full
Osteoplant® system screwed and osseointegrated
in jaw bone in rigid contact while the abutment is
connected to the implant by conical contact and
screwed. The mandibular bone is modeled as a
cancellous bone surrounded by the cortical bone.
The Osteoplant® components are specified with
global dimensions. The full models were assembled
using the Solid Works software and exported to
Ansys Workbench finite element code.

Mastication can be assumed as normal and
lateral dynamic cyclic loads on the upper crown
area. This implies a fatigue study to determine
alternating stress effect on dental implants lifespan.
However, several works have been conducted under
static loading conditions to study the effects of the
geometric parameters on the stress levels in the
bone3,5,11,12.

The boundary conditions are defined in Figure 2:

The side faces of the mandible are assumed
fixed;

The other surfaces are treated as free surfaces;

The static masticatory forces are considered in
three directions on the upper surface of the crown;

The distributed load over this area is calculated
using the formula:

Elastomer 2
Abutment

Elastomer 1

Cortical bone

Cancellous bone

F(N)

where: S(mmz)

c,. applied distributed load.

F: normal or bending masticatory force in the specified
direction.

S: upper area of the crown.

The three load cases are defined in Table 1.

The interfaces between different parts of the
implant-bone system are assumed to be bonded,
with the exception of the screw head-elastomer
interface, which is treated as frictional contact.
The screw head, which fixes the abutment to the
implant and compresses elastomer 1, must not be
fully bonded with elastomer 2 when the vertical
and lateral displacement of the abutment occurs,
in order to break continuity of screw-abutment-
implant stiffness. For this purpose, a frictional
coefficient with sufficient value f=0.19 was chosen
at this interface to ensure this role.

The bone, a living tissue containing both cortical
and cancellous parts, is neither homogeneous
nor isotropict*. As the cortical part exhibits better
resistance than the cancellous one, the bone is
often regarded as linear elastic, homogeneous
and isotropic, as widely adopted in the existing
literature®, In this study of the dental implant
system, all materials are assumed linear elastic.
The material properties are summarized in Table 2.

As shown in Figure 3, all system components
were meshed with tetrahedral quadratic elements.
Node and element numbers are given in Figure
4. Since the bone-implant interface is the most
interesting region, mesh refinement in this area is
required to achieve acceptable accuracy, so both

o, (MPa) =

Figure 1- Components of an Osteoplant® implant model with two incorporated elastomeric stress absorbers with global

data form
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conventional and elastomeric implant models are
numerically computed using three loading cases.

RESULTS

In this study, von Mises stress was selected
because of the complexity of the bone shape. The
resulting von Mises stress values, computed in the
components of the two systems under the three
load cases effect are shown in Figures 5 and 6.

This study is based primarily on stress level
values in the mandibular bone. For this purpose,
von Mises stress analysis was calculated for all
components of the two systems in the three loading
cases. Then, a comparison of results was compiled
to see the proposed elastomeric model advantage
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compared to the conventional one. All results are
gathered in Table 3. Therefore, histograms are
established for stress levels in bone, abutment,
implant and crown for each load type in Figure 7.

This analysis shows that for both conventional
and elastomeric models, the maximum von Mises
stress levels located in the cortical bone under
the three load cases are in the contact area with
the implant neck. Figure 7 reflects stress level
variations under different load cases and clearly
indicated the effect of elastomers. The decrease of
stress value in the bone with the modified implant
model is due to the incorporation of two elastomers
into the implant-abutment and abutment-screw
head interfaces to generate a barrier for the
stiffness system continuity. The reduction of stress

TN

Linguo-buccal
Disto-mesial

Corono-apical

Figure 2- Boundary conditions of the mandible and loading types

Table 1- Applied load values in the specified directions

Load case Corono-apical Linguo-buccal Disto-mesial S: upper crown area
F (N) 75 60 26 47.23 mm?
oa (MPa) 1.58 1.27 0.55
Table 2- Mechanical properties of implant model components
Component Material Property Young’s Poisson’s Tensile Strenght Ref.
modulus ratio stress (MPa) stress (MPa)
(GPa)
Crown Co-Cr 218 0.33 450 655 16
Abutment Titanium
Screw alloy ) . 110 0.3 880 950 1819
isotropic
Implant
- linear elastic
Elastomers Silicone 0.006 0.49 - 20-30 7
Bone Cortical 14.5 0.323 50-190 - Ul
Cancellous 1.37 0.3 ~ 30 - 1213
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concentration in the contact region of the neck
implant with the cortical bone depends of the load
type. The stress decrease rate in bone and crown is
respectively 28.7% and 65.1% under corono-apical
load case, 42% and 78.6% under linguo-buccal
load, and 41.7% and 79.4% under disto-mesial
load. These reductions in the stress level are
interesting for both mandibular bone and crown,
which can offer fewer restrictions to the patient.
However, the increase in compressive stress levels
in the implant is large, compared to the stress
reduction rate in bone and crown, but these peaks
remain below the compression stress threshold of
the titanium alloy.
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Figure 3- Bone-implant system mesh using tetrahedral
quadratic elements

Component Elements Nodes
Crown 13993 23903
Screw 11632 20905

Abutment 40673 64398
Implant 14901 26508
Cortical bone 19881 33349
Cancellous bone 25294 40312
Complete model 126374 185968

Figure 4- Element and node numbers in the typical mesh
implant system components

DISCUSSION

Generally, the use of soft materials as shock
absorber devices designed to damp the force
transfer between rigid components of a mechanical
system is well known in the mechanical structures.
This will keep good contact surfaces and increase
the lifespan of mechanical systems by periodically
replacing only the damaged joints. Even the natural
tooth-bone system has a hyperelastic periodontal
ligament to damp the masticatory forces towards
the bone. Similarly, a very deformable elastomer,
which exhibits elastic behaviour, interposed between
rigid components of the implant can attenuate the
load transfer towards the mandibular bone rigidly
surrounding the implant by the osseointegration
phenomenon. The other advantage is that the
two elastomers, encapsulated within the implant
system, present no risk of allergies for the patient
and can be easily replaced while the implant
remains undamaged.

All material components of both conventional
and elastomeric models for cortical and cancellous
bone were considered homogeneous, isotropic and
linear elastic. The comparison of these simplified
models can be considered an interesting approach
to evaluate the load transfer from the implant to
the bone and, consequently, the reduction rate.

With the results, we find that it was interesting to
determine the stress concentration regions, namely
the upper cortical neck*16,

The neck concentration region found in our
results is proven by previous studies'!; this is due
to the low inclination of the vertically loaded crown.
However, after osseointegration, the rigid implant/
bone interface presents rising stress growing
upward toward the neck®, which can cause bone
deterioration at the cervical contact bone-implant?2.

Whatever the type of loading, highest stress
levels are located more commonly in the implant
components than in the bone. This can be justified
by their greater rigidity in one hand, and on the
other hand the static equilibrium of forces requires
an increase in stress levels in the abutment and
the implant.

In a different manner, we can explain the
localized stress concentrations in very small
surfaces in contact with the abutment, such as
around the neck or collar bone, by the force transfer
from a large surface, upper crown part loaded to
a narrowing of the descending section®!®. This
can also be explained by the load supported by
geometric edges that increase the contact pressure.

In this study, the integration of elastomers into
the Osteoplant® model type provides a new design
with a reduced risk of bone disease by reducing
stress concentrations. For this purpose, the choice
is oriented on this proposed dental implant, making
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Figure 5- Von Mises stress levels in the conventional implant model components under different load cases. (a) Corono-

apical load, (b) Linguo-buccal load, (c) Disto-mesial load
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Figure 6- Von Mises stress levels in the elastomeric implant model components under different load cases. (a) Corono-

apical load, (b) Linguo-buccal load, (c) Disto-mesial load

it possible to separate abutment and implant by
a soft and flexible interface and to reduce the
pressure of the screw head against the inner part
of the abutment. Although this geometry with the
boundary conditions and loading is different from
reality, the results are qualitatively in agreement
with previous work®.

It is also noteworthy that the highest stress
value is arising from the linguo-buccal loading.
This load direction can actually be just a simple
component of a complex loading during mastication,
which contributes to an overload in the overall
stress in the mandible!®2?, while it is quite possible
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that vertical load could indeed lead to a critical
situation?2.

Also, especially in the linguo-buccal load case, a
recorded stress level in elastomers is approaching
the material elastic limit, approximately 10 MPa.
This stress absorption by elastomers in the
interfaces somehow presents a kind of force transfer
barrier. This break of the stiffness implies a stress
decrease in the bone. Material behavior laws and
the bone-implant interface chosen in this study are
not real clinical situations such as osseointegration,
which generally includes defects, and living tissues
are inhomogeneous, anisotropic and nonlinear?3.



Numerical study of effect of elastomeric stress absorbers on stress reduction in bone-dental implant interface

Table 3- Von Mises stress in the components of the two models under different load cases

Model Corono-apical Linguo-buccal Disto-mesial
von Mises stress (MPa)

Conventional model Crown 50.86 167.08 72.96
Abutment 39.03 129.57 55.97
Implant 38.48 114.28 39.69
Bone 8.5 24.07 5.89

Elastomeric model Crown 17.75 35.68 14.99
Abutment 75.42 39.48 16
Elastomer 1 6.39 9.55 4.26
Elastomer 2 8.72 7.19 3.15
Implant 231.7 518.91 343.28
Bone 6.06 13.96 3.43
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Figure 7- Von Mises stress levels for each component in the two models under different load cases. (a) Corono-apical load,

(b) Linguo-buccal load, (c) Disto-mesial load

However, the proposed model provided an
acceptable solution for the reduction of load transfer
to the mandible. This investigation also permitted
to choose how to incorporate two elastomers into
the Osteoplant® implant system.

CONCLUSION

In this finite element analysis of both conventional
and elastomeric implants, it was concluded that:

- The obtained stresses in bone-implant interface
using the new proposed implant with elastomers
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are generally lower than those found with the
conventional model.

- The maximum stress concentration has moved
from the side of the neck of the implant (in the
conventional model) to the inlet of the internal
threaded hole (proposed model) because of the
static equilibrium of forces in the new system.

- Relative high intensity stresses were observed
in the mandibular bone in the cortical region around
the implant in the two models.

- The cancellous bone had low stress levels in
the two models.
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- The use of soft and flexible elastomers
encapsulated in the implant with low rigidity is able
to reduce or delay the load transfer to the bone.

In conclusion, the use of partial elastomeric
stress absorber in this implant system provides a
great interest in reducing the force transfer in the
bone structure.
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