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ABSTRACT

Aim of the study This study aims to analyze the impact that the mandibular overdenture has on the underlying
oral mucosa from the perspective of number of implants used in retention of the overdenture. Material and
methods A 3D model of a mandible with total edentation was derived from CBCT images, containing cortical
and cancellous bone tissue layers. Over the alveolar bone ridge, the oral mucosa was modeled with a 2 mm
thickness. The overdenture was retained using 2, 4, 6 and 8 implants in various positions. Loading was applied
using muscle forces and boundary conditions that mimic physiological mastication loading. Results and
discussions Strain and stress values overall increased when using more implants to retain the overdenture.
Values exhibited the same pattern in both of the mandibular quadrants. Conclusions Although the 2 and 4 10D
led to a decrease of stress and strain levels, it is not necessarily the most favorable option as these also lead to a
higher degree of mobility in the overdenture. The aim is to obtain an optimal balance between retention,
deformation and displacement of the overdenture and the strain resulted in the soft tissues. There is a need for
clinical studies that could determine optimal strain intervals.
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INTRODUCTION

In total edentulism of the mandible,
implant-retained overdentures (IOD) have
offered effective oral rehabilitation of the

This motion decreases the mastication ability
and also leads to a higher strain on the
underlining oral mucosa [6-8]. However, this
can be modulated through the design of the

functions of the stomatognathic system [1].

In comparison with conventional dentures,
10D provides higher denture stability, overall
better wear comfort, patient satisfaction and
improved chewing ability [2,3]. Moreover,
studies have reported high success rates for
implant survival in overdenture retention
making it a long term solution for edentulous
patients. [4]. Although IOD presents many
benefits, there is still the issue of rotational
movement during physiological loading [5].

overdenture and the number of implants used
in retention.

There is no consensus yet regarding the
optimal number of implants, although the 2
IOD is considered an adequate solution for
mandibular total edentulism [9,10].

Some studies suggest that 10D retained by
3 or 4 implants offer superior retention than 2
IOD [1,6]. Also, while using more than 4
implants does increase the retention, the
difference obtained is not significant enough
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to justify additional surgical procedures and
increased costs [1,6,10].

However, it has been reported that 45% of
denture wearers present denture-related
mucosal lesions such as frictional keratosis,
traumatic ulcer or denture hyperplasia. These
types of mucosal lesions are due to excessive
movement of the denture which is in close
relation to the number of implants used for
retention [11,12].

Thus the question is what is the optimal
number of implants for 10D to ensure low
levels of strain and stress in the underlining
mucosa but still have adequate retention for
normal mastication. There is little knowledge
concerning these aspects and studies have
failed to provide a valid consensus.

The scope of our study was to analyze the
influence of the number of implants used in
retention of overdentures on the underlining
oral mucosa, through finite element analysis.

MATERIAL AND METHODS

A 3D model of a human mandible was
obtained through software reconstruction
using patient-derived Cone Beam Computer
Tomography (CBCT) images, as can be seen
in Fig.1. This method provided us with an
anatomically detailed model to ensure
increased accuracy of the results of the finite
analysis study. Reconstruction of the human
mandible was performed using the Slicer3D
software (http://www:.slicer.org).

Subsequently, further modifications of the
model followed to obtain an editable volume,
around which to model the other elements of
the simulation. The software used was
MeshLab version 2016, Autodesk Fusion360
(Autodesk, Inc., San Rafael, CA, USA), and
Autodesk Inventor Professional version 2017
(Autodesk, Inc., San Rafael, CA, USA).

The mandibular model obtained has two
macro-structures, the outer layer of cortical

bone tissue with a thickness of 2 mm and the
inner volume of trabecular bone tissue.

The oral mucosa tissue was modeled with
a thickness of 2 mm. To simulate the clinical
situation of rehabilitation in total edentulism,
implants, overdenture and retaining systems
were also modeled (Fig.1).

The software used was Autodesk
Fusion360 (Autodesk, Inc., San Rafael, CA,
USA) and Autodesk Inventor Professional
version 2017 (Autodesk, Inc., San Rafael,
CA, USA).

To analyze the impact of the number of
implants used in overdenture retention on the
underlining oral mucosa, variation of implant
number are illustrated in Fig.2 and set as
follows:

e 2 implant-supported overdenture;

e 4 implant-supported overdenture;

e 6 implant-supported overdenture;

e 8 implant-supported overdenture;

The retention system used for the
overdenture was a locator type system
composed of a metal housing, plastic cap,
locator abutment, and a standard conical
threaded implant, as can be seen in Fig.3.

The simulation of masticatory
physiological loading was performed in
Simulation Mechanical software version 2017
(Autodesk, Inc., San Rafael, CA, USA).

A static study, with elastic and linear
isotropic material properties, was set in the
analysis interface.

The materials attributed to the study
elements were characterized in the simulation
environment by Poisson's coefficient and
Young's modulus. The mechanical properties
of the materials assigned can be found in
Table 1.
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Figure 1. (a) Complete 3D model of the mandible with total edentation and implant-retained
overdenture. (b) Transparent view of complete 3D model of the mandible with total edentation
and implant-retained overdenture.
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Figure 2. View of implants number and placement on mandible model for overdenture
retention. (a) 2 implant retention. (b) 4 implant retention.
(c) 6 implant retention. (d) 8 implant retention.
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Figure 3. Exploded view of overdenture
retention implant system used.

To simulate the anatomical joint of
the mandible, the model was fixed at
the  temporal-mandibular  joint
surfaces.

Rotation restrictions around the Y
and Z axes were applied, allowing for
physiological type rotation in the
sagittal plane during mastication.

Masticatory type forces
corresponding to the pterygoid
muscles (P) of 145 N and the
masseter muscles (M) of 151 N were
applied on the molars and second
premolar occlusal surfaces [13].

Table 1. Material properties

Element Young’s Modulus (MPa) Poisson coefficient
Cortical bone [14] 13700 0.3
Cancellouse bone [15] 1370 0.3
Gingiva [16] 19.6 0.3
Ti-6Al-4V [17] 110 000 0.35
Acrylic resin [18] 8300 0.28
Nylon [19] 0.35 0.40

RESULTS AND DISCUSSIONS

Maximum principal stress and strain were
recorded on the adjacent to the overdenture
areas of the gingiva. Values obtained for all
simulated cases can be found in Fig. 4 and 5.

Strain values overall increased when using
more implants to retain the overdenture. This
trend is consistent in loading applied in both
quadrants. This can be explained by the
higher mobility reported in studies when
using fewer implants because of the contact
between the oral mucosa and the overdenture
decreases [1,3,10]. If the overdenture is

restrained by 2 or 4 implants, the degree of
mobility increases when masticatory loading
is applied. This, in turn, leads to less
deformation of the underlining oral mucosa
because of the contact between it and the
overdenture decreases.

Although the 2 and 4 IOD led to a
decrease of the stress and strain levels, this is
not necessarily the most favorable option. It is
important to note that the overall outcome of
an implant-retained overdenture is a balance
between stability and strain on the
underlining tissues.
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Figure 4. Maximum principal strain recorded in the gingiva when using 2, 4, 6 and 8 implants
for retaining the overdenture.
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Figure 5. Maximum principal stress recorded in the gingiva when using 2, 4, 6 and 8
implants for retaining the overdenture.

When the patient is chewing or talking and 0.2 MPa of pressure on the gingiva for which
the overdenture is excessively moving, there are no harmful effects on the mandibular
although the strain on the gingiva might be ata  bone [20]. It can be understood that this limit
low level, there is a large amount of discomfort may also represent a threshold for denture-
and stomatognathic functions are affected [10].  related mucosal lesions but the literature does
In regards to the stress values in oral mucosa not specify the extent to which this limit may
when using 10D, there is a limit suggested of be used [20]. It is important to note that when
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the gingiva is loaded it is subjected to various
types of loads not only pressure. However, the
results obtained in our study reveal stress
values over 0.2 MPa for all simulated cases in
loading applied unilaterally in the two
quadrants. This suggests that the 0.2 MPa limit
is not feasible as it does not represent a reliable
parameter to asses the optimal pressure for the
oral mucosa.

Kasani et al. reported similar stress values
for the mucosa when using 2 and 4 implants
[21]. In his study, Kasani analyzed 2, 3, 4 and
5 implant IOD, assessing the stress-induced on
the oral mucosa in different types of loading.
Kasani reported that increasing the number of
implants results in an increase of stress-
induced in the mucosa. This is also supported
by the results reported by Pileicikiene et al.
[22].

The oral mucosa is a complex soft tissue to
mathematically describe in finite element
analysis. Although the inner mucosa shows
resistance to deformation during physiological
loading due to its firm attachment to the
cortical bone, the surface of the mucosa with
no firm support from the bone shows a viscous
behavior during loading [22]. There is also the
proposed structural model consisting of
different tissue layers, each one with
correspondent mechanical properties while
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interval of strain to which the underlining oral
mucosa can be subjected to. There is a need for
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