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Abstract

Introduction. One of the principle factors for the success of implant supported/
retained overdentures (IOs) is the manner in which the stresses are transferred to
the surrounding bone. Hence, the aim of the present study is to compare the stress
induced in the mandible around 10s, using two different attachment systems, locator
and telescopic.

Methods. 3D finite element models were prepared using Pro/ENGINEER or PTC
Creo to simulate 4 clinical situations: IOs using two different attachment systems,
locator and telescopic, with and without splinting. A vertical compressive load of
35N was directed toward the central fossa in the molar region of each overdenture.
Non-linear static contact analysis was carried out to determine the stress distribution
in various components of 10s. Then, the models were analyzed by a finite element
program ABAQUS, and displayed using Von Mises stress patterns.

Results. The contact stress values developed on the implant and attachment
components were lower with locator attachment, in both splinted and non-splinted
models. On the other hand, the stress distribution to the cortical bone was more with
non-splinted/splinted locator attachments (3.73/4.12 Mega Pascals) when compared
to the non-splinted/splinted telescopic attachments (2.66/3.7 Mega Pascals). The
stresses in all the components of overdenture were greater with the splinted model
compared to non-splinted, in both the attachment systems.

Conclusion. The locator attachment might demonstrate superior -clinical
performance, as the stresses on implant and attachment components were less
compared to telescopic. Non-splinted model showed better results in both the
attachment types.
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Introduction

Edentulism is a major perpetuating
problem in developing countries [1,2].
The consequence of edentulism is bone
resorption, which is ten times greater
during the first year than in the following
years, with mandible experiencing four
times greater bone loss than the maxilla [3-
5]. Hence, mandibular complete dentures
are specifically focused in the literature
[6-8]. It was demonstrated, in a study, that
50% of conventional mandibular complete
denture wearers displayed problems with

retention and stability [6]. Moreover,
long term usage of complete dentures
further resorbs the bone [4,5,9,10], in turn
compromising the treatment outcome.

An overdenture employing either
natural tooth abutments or implants is an
effective alternative treatment modality
for the rehabilitation of edentulous patients
[10,11]. Studies have indicated a greater
probability of treatment success with the
use of implants [12,13]. There has been
a deceleration in the rate of resorption
to 25% and subsequent increase in the
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alveolar bone height with occlusal load [14,15]. Hence,
implant supported/retained overdentures (IOs) have been
advocated in the literature as a means of preserving the
structures associated with mandibular denture support,
in turn augmenting retention, stability and extending the
longevity of the prostheses [11-25].

Various types of attachments used with IOs are
ball, bar, magnetic, telescopic and locator attachments [26-
32]. The mode of retention of these attachments could be
frictional, mechanical, both frictional and mechanical or
magnetic. The selection of attachment system depends on
the amount of retention needed, available inter arch space,
manual dexterities of the patient and skills of the dentist
[26,27]. Of all, locator and telescopic attachments for IOs
have got wide range of acceptance these days [33-42].

The locator attachment with its low profile design is
considered as an alternative to the ball attachment, especially
when the interarch distance is inadequate, due to its small
dimensions and when patients experience problems with
rapid wearing of ball abutment components [33-37]. In
addition to this it has a self-locating design, which allows the
patients to seat the denture easily without the need for accurate
alignment of the attachment component in a repeatable
path of insertion. Its dual retention is another characteristic
feature that provides a greater retention surface area [36,37].
Studies have shown that locator attachment shows superior
clinical results compared to ball and bar attachments, with
respect to prosthetic complications and maintenance of oral
functions [33,35]. Locator attachment is unique in having an
inbuilt angulation compensation up to 40° [33-37]. Thus, this
attachment is reported to be associated with a more favorable
force distribution and magnitude.

An overdenture with telescopic attachment is a
prosthesis that consists of a primary coping that is cemented
to the abutments in a patient’s mouth and a secondary coping
that is attached to the prosthesis and fits on the primary coping
[38]. Telescopic crowns, are also known as double crowns,
crown and sleeve copings. These have been found to provide
better force distribution due to the circumferential relation
of the outer crown to the abutment [38,39]. This makes
axial transfer of occlusal load that produce less rotational
torque on the abutment by improving the crown root ratio,
thus preserving the tooth and alveolar bone. Double crowns
also provide horizontal stabilization as a result of the cone-

Table 1. Material properties incorporated in the study.

shaped wall structure and stabilize prostheses against lateral
dislocation forces [41]. Comparative studies of telescopic
attachments with bar attachment observed superior results
with telescopic [38,41].

In spite of the prospective and maintenance studies
on locator attachment and telescopic crowns individually,
there is no reported study that compared these two. Hence,
the present study is planned to evaluate and compare the
stress distribution in the bone around mandibular IOs with
locator and telescopic attachments using 3 dimensional finite
element analysis (3D FEA).

Materials and methods

The process employed in the present study can be
arbitrarily divided into three phases:

» Geometrical designing of 3D models

» Discretization process

» Finite element analysis

Geometrical designing of 3D models (Figures 1-6)

» Implant models

3D, root-form, threaded, titanium dental implant
models with locator or telescopic attachments were designed,
based on the accurate dimensions and designs collected from
the manufacturer (Noble Biocare, Switzerland). The implant
models had 3.7 mm diameter, 13 mm length and internal hex
connection. They were simulated as titanium alloy (Ti Al V).

» Bone model

A D2 bone was modeled and a computer tomography
scan of the patient mandible used by plotting key points on
the Pro/ENGINEER or PTC Creo software. The edentulous
mandible was modeled as 2mm constant cortical bone
layer around a cancellous bone core in the interforaminal
region, whereas in the remaining areas it was assumed to be
homogenous.

» Locator attachment and nylon cap (dimensions
and material properties as per ZEST Anchors, USA)

» Telescopic attachment; primary and secondary
copings (dimensions and material properties as per Dentsply,
ANKYLOS Syncone/5°, USA)

» Overdenture (assumed to be polymethylmethacrylate)

» Splinted bar for locator and telescopic attachments

The material properties incorporated in the study
are represented in Table I. All materials were assumed to be
isotropic, homogenous and elastic.

Young’s Modulus (GPa)

Cortical bone 13700
2 Cancellous bone 1370
3 Titanium alloy (Ti6Al4 V- implant) 135000
4 Nylon Ring 350
5 Cobalt Chromium 218000
6 Mucosa/Gingiva 1
7 Type 3 Gold 85000
8 Polymethyl Methacrylate (PMMA) 2400

850-1250 HU (D2 bone)

0.3

0.33 443 g/cm3
0.4 -
0.33 8.5 g/em?
0.37 -

0.3 15 g/em?
0.35 1.19 g/em?

GPa: Gigapascal, g/cm’: Grams per cubic millimeter, HU: Hounsfield unit
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All the above models, along with the surrounding
alveolar bone and overlying mucosa, were assembled to
form a total of 4 clinical simulations.

» Implant supported overdenture with non-splinted
locator attachment

» Implant supported overdenture with splinted
locator attachment

» Implant supported overdenture with non-splinted
telescopic attachment

» Implant supported overdenture with splinted
telescopic attachment

Figure 4. Implant supported overdenture, non-splinted and
telescopic attachment.

i1s]

Figure 5. Geometric design of implant supported overdenture,
Figure 1. Implant supported overdenture — 3D model. non-splinted and telescopic attachment.

Figure 6. Geometric design of implant supported overdenture,
splinted attachments.

Figure 2. Implant supported overdenture, non-splinted and

locator attachments. Discretization process (Figures 7 and 8)

This procedure includes creating the mesh,
elements with their respective nodes and defining boundary
conditions. Meshing divides the body into finite number of
elements, each element having nodes. The total number of

elements and nodes for each model are mentioned in Table
II. As an alternative to the quadratic tetrahedral elements
in ABAQUS/Standard (C3D10 or C3D10I), the modified
quadratic tetrahedral element (C3D10M) was employed.
This element was robust for large-deformation and contact
A B c D problems using either the traditional node-to-surface or the

surface-to-surface contact discretization. It also exhibits

Figure 3. Geometric design of implant supported overdenture, minimal shear and volumetric locking.
non-splinted and locator attachment.
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Figure 7. Meshing of overdenture, non-splinted and locator
attachment.
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Figure 8. Meshing of overdenture, splinted locator (A,B) and
telescopic attachments (C,D).

Table II. Number of elements and nodes for each model.

Type

1 Cortical bone C3D101 133093 196993
2 Cancellous Bone C3D101 37645 66882
3 Gingiva C3D101 57360 95009
4 Implant C3D101 73820 110234
5 Nylon cap C3D101 15159 22838
6  Telescopic attachment ~ C3D101 5321 8229
7 Screw C3D101 38028 56653
8 Splint C3D101 21650 33229
9 Denture C3D101 77208 115810
Total 772559 503491

The forces and the boundary conditions were
defined to simulate applied loads and constraints of the
structure. Boundary conditions reflect the real situation of
the displacement produced at each node. It was defined to
simulate the real condition by releasing and restraining some
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nodes from movement or rotation according to the nature
of the 3-Dimensional model. In the present study, contacts
with friction (coefficient of friction 0.1) were specified.
They were introduced between overdenture and mucosa, and
between parts of both the selected attachments to simulate the
interactions existing between these bodies. Contact within
the attachment assemblies was essential to reproduce the
behavior of the two retention mechanisms studied. Implants
were considered totally osseointegrated, so a mechanically
perfect interface was presumed between implants and bone.
A vertical compressive load of 35 Newtons was introduced
for all the assemblies in the first molar region to simulate
occlusal load. A nonlinear contact stress analysis was
performed using ABAQUS/Standard and the stress levels
were determined. The stress distribution pattern around each
implant was provided in the form of 3Dimensional static
models made up of the surrounding bone around each dental
implant together with the stresses represented by color coded
zones; red as maximum and dark blue as minimum. The
color and size of each zone represents the stresses occurring
within (Von Mises patterns). The values were recorded and
tabulated for four different clinical situations.

Ethics approval

The study was reviewed and approved by Ethics
Committee of the Army College of Dental Sciences,
Secunderabad, India (ACDS/IEC/11/September 2018).

Results

Stress (Table III)

Von Mises stress fields were traced in the form
of color-coded bands. The stress distribution in different
components were analyzed based on the color-coded bands
with red being the highest followed by orange, yellow, light
green, green, light blue, blue and dark blue in descending
order.

Distribution of stresses in
attachments (Figures 9 and 10)

When the non-splinted attachment models were
compared, the stress on cortical bone was more with locator
attachment when compared to telescopic, whereas on
cancellous bone it was more with telescopic. The stress on
gingiva showed no difference between the two models. On
the other hand, the stress on cap, implant and attachment was
more with telescopic attachment when compared to locator.

non-splinted

Distribution of stresses in splinted attachments
(Figures 11 and 12)

When the splinted attachment models were compared,
the stress on cortical and cancellous bones was more for
the locator attachment. The stress on gingiva showed no
difference between the two models. On the other hand, the
stress on cap, attachments and splinted bars were more with
telescopic attachments. The stress on implant and screw were
almost similar with locator showing slightly higher values.
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Table II1. Contact stress induced for vertical compressive load of 35 Newtons.

Stress (in Megapascal

Non-Splinted Splinted
S.No Components = =
3.7

1 Cortical Bone 3.73 2.66 4.12

2 Cancellous Bone 0.295 0.49 1.17 1.05
3 Gingiva 0.14 0.138 0.21 0.22
4 Cap 5.7 40.5 7.42 61.47
5 Implant 2.1 8.73 25.35 24.2
6 Attachment 10.25 26.41 12.1 30.19
7 Screw - - 34.5 30.89
8 Splinted Bar - - 43.32 48.36
9 Abutment - - 57.65 54.22

ey

Figure 9. Von Mises stress contour plot- overdenture, non-splinted and locator attachment.

T

F [onmisesstres mara) |

[ Vonmises Stress, MPa

Figure 10. Von Mises stress contour plot- overdenture, non-splinted and telescopic attachment.
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Figure 12. Von Mises stress contour plot- overdenture, splinted and telescopic attachment.

Table IV. Deflection for vertical compressive load of 35 Newtons.

Deflection (in millimeters)

_

S.No Components = =
1 Cortical Bone 6.15E-04 4.14E-04 4.52E-04 4.19E-04
2 Cancellous Bone 1.18E-03 1.09E-03 8.93E-04 7.89E-04
3 Gingiva 9.72E-02 9.25E-02 1.16E-01 1.18E-01
4 Cap 1.34E-02 8.36E-03 2.98E-02 5.85E-02
5 Implant 7.61E-04 4.58E-04 1.11E-03 1.00E-03
6  Attachment / Attachment on splinted bar 9.40E-04 3.59E-03 9.61E-03 8.73E-03
7 Screw - - 8.63E-04 8.11E-04
8 Splinted Bar - - 1.88E-02 1.77E-02
9 Abutment - - 4.82E-03 4.45E-03

E: Exponential form
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Deflection (Table I'V)

When the non-splinted models were compared, the
deflection was more with the locator attachment in all the
components, except cap. Even in the splinted models, the
deflections were more with the locator attachment in all the
components, except cap.

Discussion

Proper prosthetic rehabilitation can minimize the
bone resorption that occurs after the loss of teeth [11,13].
With the advent and success of osseointegrated dental
implant, the concept of IOs has been accepted world
wide as a reliable treatment protocol for the management
of completely edentulous patients [15-19]. The 10s have
become the standard of care because of the greater stability
derived from the mechanical attachment retaining the
restoration, limited lateral movements that consequently
minimize soft tissue trauma [17,26,27].

IOs are subjected to various types of axial and
non-axial stresses, including the masticatory forces. The
resultant of these forces is transmitted to the implant
through the superstructure via the attachments [7]. As
the titanium implants are stiffer than natural teeth and
as implant-bone interface is rigid, the loads are directly
transmitted to the adjacent bone [10]. Thus, the ability of
the attachments to dissipate the stresses transmitted by the
superstructures influences the prognosis and the success of
the implants. In the present study, the tapered implants have
been considered for both the attachment systems, as it is
reported to provide better stress distribution [16,22].

The techniques like strain gauge, photo-elasticity
and FEA have been employed for evaluating the stress
distribution in 10s with various attachments [17]. FEA has
become an increasingly useful tool for studying the effects
of stress on implant and surrounding bone, thus making it
an effective computational tool that has been adapted from
the engineering arena to dental implants [43]. In the present
study, 3D FEA is considered as it is predominantly viewed
as the most suitable tool [33-35]; additional advantages
being the representation of complex geometries accurately,
easy model modifications as well as the depiction of
internal stress and other mechanical quantities. Four clinical
situations are simulated in the models, splinted and non-
splinted implants with locator and telescopic attachments.
A nonlinear contact stress analysis was used to analyze
the stress pattern, as linear static analysis cannot represent
proper physics of the problem, due to complexities involved
in analyzing the total assembly with different non-linear
contacts. Linear analysis is based on the static and linearity
assumptions. When these assumptions fail, linear analysis
will produce wrong predictions. Hence, nonlinear analysis
is apt to model the nonlinearities of the present design.
Amount of force applied on the models in the present
study was 35 N. This is because it simulated the bite forces
of edentulous patients with overdentures supported by
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implants in the mandible [34].

During mastication, loads are transferred to alveolar
bone surrounding the 10s [34]. The stresses induced by
the occlusal loads are initially transferred from the implant
to the cortical bone, while a small amount of remaining
stresses to the cancellous bone. It has been observed that
cortical bone has a greater ability to transfer stress, because
of higher elastic modulus [33,34]. A key factor for success
or failure of dental implants is dependent on the manner
in which stresses are transferred to peri-implant bone. The
influence of different types of attachments on peri-implant
stress has been investigated [33,35]. In the present study,
stress transferred to the cortical bone in splinted and non-
splinted locator attachment was more than telescopic
attachment. On the other hand, in the components above
the mucosa like the caps, implants and attachments, the
amount of contact stresses are less with locator attachment
than telescopic attachments, indicating a possibility of
superior performance and greater prosthesis life span. The
time needed between the successive maintenance sessions
can also be expected to be less. The stress created on the
implant was also less with the locator attachment, 2.1 MPa,
as compared to 8.73 MPa for telescopic attachments,
which is a clinical advantage. This can be attributed to
the geometrical design of locator attachment with smaller
height and wider diameter that allows better dissipation of
stresses that resulted from the occlusal load application.
Another factor is that the material of locator attachment is
titanium, whose elastic modulus is 63% more than gold of
telescopic attachment [39-42]. Thus, the section modulus,
bending resistance, strength and bending moment of inertia
are more for locator attachment than telescopic attachment.

When stress patterns generated in splinted and
non-splinted models in both the attachment types were
compared, stresses were less in non-splinted model.
This can be attributed to the fact that, in non-splinted
attachment model only vertical compressive forces act.
On the contrary, in splinted ones, the combined vertical
compressive force along with the bending moment
might have created high stress. Also due to the cantilever
effect of splinted bar, the deflection was of higher value
causing high stresses at the level of the contact zone of the
abutment, implant and screw.

The major limitations of the present study are that
the stress distribution has been evaluated only under vertical
load and consideration of the lowest possible force of 35 N.
Another limitation is the assumption of bone as isotropic
and homogenous, though the tissue behavior is not. The
FEA is a numerical mathematical solution technique, with
possible numerical errors and differences in the stresses
from one configuration to another. The stress singularities
and notch sensitivities in each model might also influence
the results. The FEA cannot be used to reproduce the tissue
behavior, but can approximate it and provide partially
relevant results. Hence, further randomized clinical studies
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on this topic are needed to draw final conclusions, in spite
of the superiority of locator over telescopic attachment as
reported in the present study.

Conclusion

- The contact stresses developed on the attachment
and implant components were less in the locator model
when compared to telescopic, irrespective of splinting
procedure. The stresses transferred to the supporting
structure, cortical bone, were more with locator attachment
compared to the telescopic one, in both non-splinted and
splinted models.

- The stresses in all the components of overdenture
were greater in the splinted model compared with the non-
splinted one, irrespective of the attachment type.

- Thus, from a clinical viewpoint, locator attachment
can be considered as a suitable alternative to telescopic for
I0s. On the other hand, non-splinted design is preferable
when compared to the splinted one.
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