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Abstract: The aim of this study was to evaluate the effect of dental implant with different length and diameter in surrounding bone of
implant under normal vertical load. A comparative study between short length and diameter and large length and diameter of implant is
done so as to obtain best feasible length and diameter of implant that makes less deformation by using finite element analysis (3D FEA).
Material and Methods - The FEM and analysis techniques are used to replicate and evaluate the deformation in surrounding bone and
stress profile created the mandible single tooth implant surrounding bone. Homogeneous, linear, elastic material behavior for the
Jjawbone and titanium implant of young’s modulus 110Gpa were assumed. Results - Maximum stress areas were located at the implant
neck, and possible overloading could occur in compression in compact bone and in tension at the interface between cortical and spongy
bone. Stress values and concentration area were decreased for surrounding bone when implant length and diameter increased. For
implants with comparable diameter and length, compressive stress values at surrounding bone were reduced when low crestal bone loss
was considered. Conclusion - Implant dimension and bone quality affects load transmission mechanisms. Implant lengthl2.5mm and

4mm diameter gives fissile stress distribution and less deformation in surrounding bone.
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1. Introduction

Dental implants are biocompatible screw-like titanium
“fixtures” that are surgically placed into a jawbone to
replace missing tooth. When, the natural tooth is lost in
cases of accidental injury, damage due to oral infections or
deformities at birth. It is fixed in jawbone with the help of
surgical procedure and the decision on selection of implant
is generally based on judgment and experience of clinician
[1]. The process of implantation requires an optimum
stress profile in order to maintain a strong and healthy
jawbone. The success of a dental implant is the manner in
which stresses are transferred to the surrounding bone and
biomechanical bonding with surrounding bone of implant;
it is also called as Osseo integration phenomenon in dental
field. Load transfer from implants to surrounding bone
depends on the type of loading, the bone to implant
interface, the length and diameter of the implants, the
shape and characteristics of the implant surface, the
prosthesis type, and the quantity and quality of the
surrounding bone of implant[2,3]. The biomechanical
factors have been stressed by various authors [4]. Micro
movement of the implant fixture and excessive stress at the
implant-bone interface has been suggested as potential
cause for peri-implant bone loss and failure [5].

In many cases it has been seen that, after an interval of
time this implant gets loose due to the deformation of bone
which happen in surrounding bone of implant due to the
continuous impact of load on dental implant. The stresses
and reduction of bone around an implant in human
jawbone are to be determined with increasing diameter and
length by using finite element method. CAD and FEM
environment provides various advantages of modeling and
analysis over other conventional methods. Hence it can be
used in dental industry for its data accuracy and data
interpretational capability [6]. In this paper took the study
of the techniques used by researchers working in this field
for analyzing the effects of various parameters on

deformation levels and ultimately the success of
implantation procedure. A thorough understanding of this
phenomenon might lead to a reduction in the surrounding
bone of implant within the jawbone [7]. Bone is a self-
adaptive material which means that when the surrounding
stress is changed, the bone tissue structure is adjusted by
itself to suit the new loading environment. This is known
as the bone remodeling. Such remodeling includes both
internal modification of apparent bone density and external
alteration of bone shape. Bone remodeling induced by the
change of normal biological stress is one of the most
important factors causing implant failure. This is the so-
called stress-shielding effect. Using the finite element
method and parameterized optimum design technique, the
stress-shielding effect can be minimized to a maximum
extent by performing multi parameter optimization of
implant, there by guaranteeing the success rate of
implantation.

2. Material and Method

The FEA is an accepted theoretical technique used in the
solution of engineering problems. It has been proven to be
a precise method for evaluating dental implant systems
and it offers many advantages over other methods. FEA
modeling not only can simulate complex geometric shapes
and material properties, but also can simulate various
boundary conditions, which are difficult to replicate in
experiments.

Baiamonte et al. [8] compared in vitro results of the strain
on a loaded monkey mandible that had osteointegrated
titanium implants with the results obtained by means of the
FEA. Since the results were in excellent agreement it was
concluded that FEA is also applicable to dental systems. It
involves the development of a mathematical model of a
continuous structure divided into a system of discrete
components or elements. These components are connected
at nodal points where stress and displacements determined.
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The accuracy of the 3D method is proportional to the
number of nodes and elements in the mathematical model
[17, 18]. Homogeneous, linear, elastic material behavior
for the jawbone and titanium implant of young®s modulus
“110Gpa” were assumed.

chewing load

Cortical bone

spongv bone

Implant screw

Surrounding jawbone divides in two sub-bones cortical
bone and spongy bone. Different length and diameter of
implants were considered for fissile result in three
different cases of humane mandibular. In the acceptability
of these kind of works done by the FEA, many factors
have great importance.

3. Loading In FEM

The purpose of this study was to evaluate the effects of the
three different dimensions of implant on deformation and
stress distribution under 500N vertically normal loading
condition in mandibular posterior edentulism with
standard-diameter implants using 3D FEA. Load i.e.
chewing load was applied on single tooth implant which
had 110Gpa young™s modulus loading condition were
same in three cases and the cortical layer has a Poisson“s
ratio of 0.3,0.31 and for spongy bone 0.29 ,0.3 and a
modulus of elasticity (Young®s modulus) were differs with
quality of bone. Fixed support given to the surrounding

jawbone for static condition. According to the Saint
Venant™s Principle, the actual force system may be
replaced by a statically equivalent load system and the
distribution of stresses and strains are only affected near
the regions of applied loads. The binding conditions of the
bone-implant interface and the loading conditions of the
model are the major factors [19,9].

The force distribution in the regions of the implants where
the loads were applied may not simulate the real
distribution referring to Saint Venant™s principle but the
main concern of this study was to compare the stress
values in the bone due to the change of the dimensions of
implants, it differs from short diameter and length to the
large diameter and length of implant. Furthermore, the
bone was quite far away from the load boundary condition.

Vad 1
e — a——
A > 772
sbH
Above equation show the deformation of surrounding bone
of implant considering 500N average vertical chewing
load impact on implant tooth. Where internal strain in
jawbone is denote by e and area of bone considering
surrounding bone of implant.

4. Result

Principle stress and Von Mises stress are equally used.
This study focused on the stress formed in both cortical
and spongy bone around the implants. Von Mises stress
values are defined as the beginning of deformation for
ductile materials such as dental implants, thus, these
values may be important to interpret the stress occurred
within the implants. Maximum and minimum principal
stress (Pmax and Pmin), offering the possibility of making
a distinction between tensile and compressive stress are
used in this study. The bone can be classified as brittle in
engineering sense therefore the principle stress values are
appropriate while analyzing such a work. Regarding the
figures stress patterns appeared as contour lines with
different colors. The corresponding color scale is
represented near the figures and the tensile and
compression values are in positive and negative signs
respectively to have a conventional engineering
representation.

Equivalent von-mises stress differs with dimension and
bone quality of surrounding bone of jawbone. It analyzed
“133.57Mpa, 314.02Mpa, 204.59Mpa” by considering
different cases. Its details are shown in following table. It
observed around the implant.
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Table 1: Stress and strain values with considering different dimensions of implant screw in different qualities of surrounding

jawbone
Implant Young’s modulus of Poison’s ratio of Young’s modulus of Young's Analytical Analy t.l cal
Dim(mm) implant(GPa) implant cortical bone modulus of stress strain
Spongy bone (MPa) (MPa)
10-3.3 110 3.3 12.6 2.1 63.366 0.027
12.5-4 110 3.3 13.7 3.95 26.491 0.0143
13.5-4 110 3.3 13.2 3.1 44.697 0.0149

0.000 10.000 (mm)
b — 1

0.000 10.000 (mm)
]

5.000

According to the above table deformation in surrounding
bone of implant reduces by increasing length and diameter.
Fissile length of implant is “12.5 mm and 4 mm” diameter.
Deformation depends on quality of bone of jawbone. In
short implant of length “10mm” and diameter “3.3”
internal deformation was “0.027”.
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For short implants, increasing diameter improves its effect
on cortical bone (as it reduces generated stresses). In these
cases, both side and cross-sectional areas were increased.
Increasing diameter reduces the ratio between side and
cross sectional areas. Comparing stress values on cortical
bone while side area and cross-sectional area increase
revealed a reduction in cortical bone stress values by
increasing side area.

5. Conclusion

The finite element method (FEM) 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 an implantation. It has
been identified that the principal difficulty in simulating
the mechanical behaviour of a dental implant is the
modelling of the living human bone tissue and its response
to applied mechanical forces. Research has been
conducted on the length, diameter and shape of implants as
well as the biomechanical bond formed between the
implant and the jawbone. An in-depth understanding of the
stress profiles experienced by the implant and more
importantly within the surrounding jawbone can be gained
through the use of the FEM.

This study focused on the stress distribution and
deformation in the surrounding bone due to the influence
of implant dimension. Within the limitations of this study,
numerical simulations showed that implant design, in
terms of both implant diameter and length, crestal bone
geometry and placement site affect the mechanisms of
load transmission. Stress distribution pattern changes
according to the bone quality and increasing diameter and
length of implant. Values of stresses may alter a in case of
changing implant diameter and/or length. Wide implants
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(4 mm diameter) behavior was noticeably affected when
its length was increased. On the other hand, small diameter
implant behaviors were dramatically enhanced by
increasing implant length (side area). Cortical periimplant
areas that could be affected by overloading were
influenced primarily by implant diameter, irrespective of
bone-implant interface length. However, an increase in
implant length reduced stress gradients at the spongy
periimplant region.
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