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ABSTRACT

Background: In an edentulous patient, continuous alveolar bone resorption takes place eventually resulting in
an impaired denture bearing area. The effect will be a decrease of denture stability and retention. The
mandibular immediate loaded implant supported overdenture has gained significant psychological acceptance
by the patients due to its relative simplicity, minimal invasiveness, cost effectiveness and because they can be
immediately loaded.

Aim: A comparative analysis of stress distribution of four immediate loading implant designs in the edentulous
mandible when simulated load is applied with an overdenture in three densities of Cancellous bone using three
dimensional Finite Element Study.

Method: In this study a three dimensional finite element analysis was planned, to observe the stress distribution
of four immediate loading implants designs in the edentulous mandible, when simulated masticatory load was
applied with an overdenture using three densities of Cancellous bone. The implants used for the study were:
1l.Implant of 15mm length, 1.8mm diameter with a reverse buttress thread design (Mini Dental Implant).
2.Implant of 15mm length, 3mm diameter with a box type of thread design (Maximus OS Implant). 3. Implant of
13mm length, 2.5mm diameter with a 'V' type of thread design (TRI Dental Implant). 4.Implant of 15mm length,
4.5mm diameter with a groovy type of thread design (Nobel Replace Select Implant).

Conclusion: It was found that the stress induced by all the implants tested were below the limit above which
failure of the implant would take place.
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INTRODUCTION overdenture is used the maximum biting force

increases to almost double than that of conventional

In an edentulous patient, continuous
alveolar bone resorption takes place eventually
resulting in an impaired denture bearing area. The
effect will be a decrease of the denture stability and
retention. Implant dentistry presents a viable and
effective treatment alternative for many edentulous
patients complaining of lack of retention in their
mandibular dentures. When an implant supported

dentures [1]. Patient satisfaction is also increased.

In recent times, the mandibular immediate loaded
implant supported overdenture has gained
significant psychological acceptance by the patients
due to its relative simplicity, minimal invasiveness,
cost effectiveness and because they can be
immediately loaded.
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MATERIALS AND METHOD

Finite Element analysis has been
established as a very useful tool in understanding
and evaluating the stresses in a system like bone
implant interface. The basic concept of the Finite
Element Analysis can be explained as follows. A
continuum i.e. problem domain is divided into non-
overlapping elements. This is called discretization
of a domain. It is achieved by replacing the
continuum by a set of key points called nodes,
which when properly connected, form the elements.
The collection of nodes and elements form the
Finite Element Mesh. When loaded displacement of
the nodes is used to calculate the stress at that
point. The results can be viewed in the form of a
color coded diagram which helps in visualizing the
stress pattern [2,8].

The four implants used for comparison were

1. Implant of 15mm length, 1.8mm diameter
with a reverse buttress thread design (Mini
Dental Implant from Imtek Sendax).

2. Implant of 15mm length, 3mm diameter with
a box type of thread design (Maximus OS
Implant from Biohorizons).

3. Implant of 13mm length, 2.5mm diameter
with a 'V' type of thread design (TRI Dental
Implant from Lifecare Products).

4. Implant of 15mm length, 4.5mm diameter
with a groovy type of thread design (Nobel
Replace Select Implant from Nobel Biocare).

Three bone densities were considered for the
study. Depending on the bone density, the following
types of Cancellous bone were considered for the
study.

1. Type A- Maximum Cancellous Bone Density into
which an implant can be placed

2. Type B- Intermediate Cancellous Bone Density

3. Type C- Minimal Cancellous Bone Density into
which an implant can be placed [3].

The software used in the study was Ansys Version 8
University Intermediate. A Finite Element Model of
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the mandible with four implants in the
interforaminal region was created. This model was
split in two symmetrical halves through the midline
and static masticatory load of 325N was applied on
the premolar and molar region to simulate actual
biting conditions[3,4,8]. This gave the force acting
on the mesial and distal implant.

Finite Element models containing the
different implants in different densities of bone
were created. The material properties were
assigned according to the literature and the models
were meshed. Loading was done according to the
values obtained from above. The results were
viewed and analyzed

RESULTS

1. Irrespective of the type of implant and
Cancellous bone, the maximum stress
concentration was always at the crest of the
bone (red zone).

2. As we go apically, the stress reduces.

3. Minimal to no stress was found at the base of
the implant (blue zone).

4. Comparatively greater stress was induced by
the implant with 15mm length, 1.8mm
diameter and a reverse buttress type of thread
design (Mini Dental Implant). This was
followed by the implant of 15mm length, 3mm
diameter and a box type of thread design
(Maximus 0S). Next was the implant with
13mm length, 2.5mm diameter and a 'V' type
of thread design (TRI Dental Implant). The
least stress was induced by the implant of
15mm length, 4.5mm diameter and a groovy
type of thread design (Nobel Replace Select).
(Refer to Table 1 and Graph 1).

5. Stress induced was found to be maximum in
'Type A' Cancellous bone (most dense bone),
followed by ‘Type B’ Cancellous bone and was
found to be minimum in 'Type C' Cancellous
bone. (Refer to Table 1 and
Graph 1).

6. Stress induced caused was more with the
distal implant than with the mesial implant.
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Table 1: Stress Induced By Different Implant Designs In The Mandible (In Mpa)
Bone Type Implant Mini Dental Maximus OS TRI Dental Nobel Replace
Implant Implant Select
Cancellous Mesial 40.662 34.835 29.806 22.253
Bone A Implant
Distal 54.216 46.447 39.742 29.671
Implant
Cancellous Mesial 40.128 35.474 33.058 22.154
Bone B Implant
Distal 53.504 47.299 44.078 29.539
Implant
Cancellous Mesial 39.081 36.78 35.257 22.674
Bone C Implant
Distal 52.108 49.04 47.01 30.233
Implant

STRESS

Type A TypeB TypeC Type A TypeB TypeC
BONE DENSITY

MESIALIMPLANT DISTAL IMPLANT

W Mini Dental MMaximus OS OTRI [INobel Replace |

Graph 1: Stress induced in different desites of bone
by different implant designs (In Mpa).

DISCUSSION

Success or failure of an implant is a
function of several factors including material
sciences, biological and biomechanical aspects. All
these factors work together to influence the success
or failure of the implant. An implant is designed on
the basis of scientific principles and concepts. Today
there are a number of implant designs available
depending on the different ideologies or clinical
situations. A modification in the thread designs has
been proved to be important for avoiding the
harmful stresses and overloading and hence
prevent detrimental effects on the bone implant
interface.

Implant supported overdentures provide
many advantages like more patient satisfaction and
better chewing ability [1,7]. When they are used the
maximum biting force increases to almost double
than that of conventional dentures [1].

Previously there was a waiting period of a
couple of months after placement of implants till the
suprastructure could be placed. However patients
expected immediate results from their implants and
the concept of immediate loading came into the
picture. The main objective of immediate loading
implants is to give the patient both the implants and
the final prosthesis on the same day as the surgery.
Immediate loaded implants provide a cost-effective
and viable treatment option for patients
complaining of loose dentures. In implant dentistry
Finite Element Analysis has been established as a
reliable method of analyzing the effects of
masticatory loads on the alvoelar bone [2].

In the study the stress distribution of four
immediate loading implant designs was evaluated
in three densities of cancellous bone using Finite
Element Analysis. It was found that the stress values
for all the implants tested were not enough to cause
permanent deformation of the bone.

The study has certain limitations namely
only the thread geometry and the shape and size of
the implant were taken into consideration. Surface
roughness and coatings on the implant which could
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influence stress distribution were not considered.

Only static loads were applied while during
mastication the loading is of the dynamic type.

In treatment planning, it is necessary to
first carefully evaluate the bone width, bone
density, economic factors and implant design before
deciding which implant design and if two implants
or four implants should be placed in the edentulous
mandible.
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