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distribution in a mandibular overdenture: a 3D Finite Element
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ABSTRACT

Objective: The objective of this study was to evaluate the stress distribution in bone-surrounding implants placed
in different levels in a mandibular overdenture. Material and Methods: A Computerized Tomography (CT) scan
of an edentulous mandible was used to generate the models. Two implants with an internal connection were
placed perpendicular to the occlusal plane in the Canine sites of the mandible. The implant in the left side was
placed 1mm higher than the other side. Dolder bar and ball attachments were designed. Loading was performed
by clenching the teeth with reconstruction of the muscles. In the anterior loading condition, force was applied
to the central incisors and in the posterior loading conditions, it was applied to the molars and premolars. Then
the Maximum Principal Stresses in the peri implant bone was evaluated with finite element analysis. Results:
In both models, the highest stress values were recorded in the cortical bone surrounding the higher implant
except in the ball model with unilateral load application on the right side (64.7 MPa). In almost all loading
conditions the stress value differences in models with bar and ball attachments were low. Only in the anterior
loading condition, the stress magnitude was higher in two implants of the ball model (60.5 MPa in the left side
and 21 MPa in the right side) compared to the bar model (54.5 MPa in the left side and 17.5 MPa in the right
side). Conclusion: The stress concentration did not affected considerably by the attachment system. High stress
values were found adjacent the implant with a higher level. To reduce the amount of stress, bilateral balance
occlusion should be considered.
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RESUMO

Objetivo: O objetivo deste estudo foi avaliar a distribuicdo de tensdes em tecido dsseo ao redor de implantes
instalados em diferentes niveis em uma Overdenture mandibular. Material e Métodos: Uma tomografia
computadorizada (TC) de uma mandibula edéntula foi usada para gerar os modelos. Dois implantes de conexdo
interna foram instalados perpendicularmente ao plano oclusal na regido de caninos inferiores. O implante
do lado esquerdo foi instalado 1mm acima do que do lado direito. A barra Dolder e o pilar tipo bola foram
projetados. A carga foi realizada apertando os dentes com reconstrugdo dos musculos. Na condicdo de carga
anterior, a forga foi aplicada nos incisivos centrais e nas condi¢des de carga posterior, foi aplicada nos molares e
pré-molares. Em seguida, as Tens6es Mdximas Principais no osso periimplantar foram avaliadas com andlise de
elementos finitos. Resultados: Em ambos os modelos, os maiores valores de tensdo foram registrados ao redor
do osso cortical ao redor do implante superior, exceto no modelo tipo bola com aplicacdo de carga unilateral
no lado direito (64,7 MPa). Em quase todas as condi¢es de carregamento, as diferencas nos valores de tensao
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nos modelos com fixacoes de barra e tipo bola foram baixas. Apenas na condicido de carregamento anterior, a
magnitude da tenséo foi maior em dois implantes do modelo tipo bola (60,5 MPa no lado esquerdo e 21 MPa no
lado direito) em relacdo ao modelo barra (54,5 MPa no lado esquerdo e 17,5 MPa no lado direito). Conclusao:
A concentracdo de tensdo nao foi afetada considerando o sistema de retencdo. Maiores valores de tensdo foram
encontrados adjacentes ao implante com um nivel mais alto. Para reduzir a quantidade de tensdo, a oclusdo

bilateral balanceada deve ser considerada.

PALAVRAS-CHAVE

Tensdo; Andlise de elementos finitos; Overdenture; Implantes dentarios.

INTRODUCTION

Conventional dentures may cause some
difficulties for their users due to a lack of support
and stability. Patients’ chewing ability is heavily
affected by their disadvantages [1]. To solve
this issue, implant-supported overdentures were
introduced. It is yet one of the most effective
treatments for edentulous patients [2]. One of the
treatment plans is using an overdenture supported
by two implants (two-implant overdentures).
These types of overdentures are cost beneficial and
have a great outcome for edentulous patients [3].
To improve the stability of overdentures, many
attachment systems have been introduced such
as ball, locator, bar, magnet, and various options
which increase the masticatory efficiency and
satisfaction [4].

The type of attachments used to hold the
overdentures must be wisely selected by the
professionals [5]. The goal is to reduce the
amount of stress at the site of the implants and
also distribute the stress equally between two
implants. Placing the implants at an equal level
plays an important role to achieve this goal [6].

Misch [7] has been suggested that splinting
the implants with the bar attachment reduces
the loading forces specifically when the implants
placed at the same occlusal height, at an equal
distance from the midline, and in a similar
angulation. Sometimes due to unequal alveolar
resorption in different regions of the mandible
the implants can’t be fixed accurately and as a
consequence, the implants won’t be placed at an
even level [8].

As the stress on the bone surrounding the
implant is one of the main reasons for implant
treatment failure, evaluating the factors which
affect the stress values is an important task.
It has been suggested that splinting the implants

will reduce the stress levels on the peri-implant
bone [9].

It is not possible to determine the stress
values in overdentures clinically. Finite Element
Analysis (FEA) is a reliable and approved method
and has numerous advantages. By using this
method, the stress distribution in 3D models can
be analyzed color-coded and numerically [10-12].

There are many studies comparing bar
and ball type attachments regarding stress
distribution around two implants [5,13,14].
But there have been a few data regarding the
comparison of these two types of attachments
in the situations that the implants aren’t at the
same height. Therefore this study was designed to
compare the bar and ball attachments regarding
the stress distribution around the implants with
different levels using FEA and 3D models.

METHODS AND MATERIALS

Computerized Tomography (CT) imaging
was used to remodel the mandible. All of the CT
scan data with 1mm sections and the data obtained
from MIMICS software (Materialise Interactive
Medical Image Control System; Materialise,
version 21, Leuven, Belgium) were imported
into Solidworks software (version 28, Dassault
systemes solidworks corp, MA, United States) for
remodeling purposes. The implant model was
created using Solidworks software. ITI implants
(Straumann, Switzerland, 10X 4.1 mm) were used.
The bone level implants were placed perpendicular
to the occlusal plane on the left and right Canine
sites of the mandible with an internal connection.
The implant in the left side was 1mm higher than
the implant on the right.

The tickness of the cortical (about 2 mm)
was recorded using CT scan imaging. The mucous
membrane was designed with a width of 2mm.
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Two models were created (Figure 1). In the
first model, Dolder bar attachment was used.
The attachment height was 3.25 mm and the
maximum thickness was 2.25 mm. In the second
model, ball attachments were used with a height
of 3.4 mm. For placing the denture on the
tissue, plastic clips were used for the bar model.
Titanium housings with golden capsules were
used for the ball model. All of the materials in
this study were considered isotropic and linearly
elastic. The osseointegration between implants
and the bone was considered 100%. Denture
movement on the implant was considered
smoothly and without any frictions. After defining
the boundary conditions and physical properties
of the materials (Table I), the meshing process
was started and the models were divided into the
elements (Figure 2).

Loading was performed by reconstruction
of the muscles (Figure 3). Medial pterygoid,
Masseter, and Temporalis muscles were modeled
by COSMOSWorks software (version 12.1.,
Dassualt systemes solidworks corp, MA, United

Figure 1 - 3D models of the (A) bar and (B) ball attachments.

Table | - Physical properties of the materials

The effect of attachment types and implant level on the stress
distribution in a mandibular overdenture: a 3D Finite Element
Analysis

States). The weight factor multiplied by the
scaling factor determines the amount of muscle
force in the activity. The anatomical properties
and the forces of the muscles were obtained from
the literature [20] (Table II).

Different types of loads were applied to
the models. The anterior load were applied on
midline. This was done to simulate the food
cutting process. Posterior bilateral load was
applied on molars and premolars on both sides.
To achieve the unilateral posterior loading
condition, the force was applied on the left and
right molars and premolars separately.

The number of elements was 468472 for
the ball attachment model and 482426 for the
bar model. The number of nodes was 746557 for
the ball attachment model and 752654 for the
bar model. The elements were parabolic &
tetrahedral solid. The size of the elements was
set to be 1.5 mm.

The Von Misses graph as an indicator of
the stress was exported both color-coded and

Acrylic resin 3000
Cortical bone 13700
Trabecular bone 1370
Mucosa 680
Ball abutment and metallic cap 114000
Implant 110000
Bar 218000
Clips 3000
Lamella retention insert 97000

0.35 [6]
0.3 12]
0.3 12]
0.45 [6]
0.3 12]
0.33 [15]
0.33 [16], [17]
0.28 [18]
0.42 [19]
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numerical to analyze the stress values in the
peri-implant bone.

RESULTS

In both models, the highest stress was
recorded around the cortical bone which was near
the implants (especially in their distal region)
(Figures 4-5). Except in one condition (unilateral
loading on the right side with ball attachments),
all of the loading trials resulted in higher stress

Figure 2 - Meshing process.

Figure 3 - Modeling of the muscles.

Table Il - The forces of the muscles (weight factor and scaling factor)
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levels on the higher implant which was in the left
side of the mandible (Table III).

By anterior load application in both bar and
ball models, the higher implant (left) experienced
more stress in the ball model which was 10% higher
in comparison to the model with the bar attachment
(54.5 MPa in the bar model, 60.5 MPa in the ball
model). Under anterior loading conditions, the
amount of stress around the left implants was
about 3 times higher than the right implant in
both models. Under bilateral posterior loading
conditions, the amount of stress recorded for the bar
model was 16.4 MPa (in the cortical bone adjacent
to the left implant) and 13.9 MPa (in the right side).
The stress values in the model with ball attachments
were 15.8 MPa (in the cortical bone adjacent to
the left implant) and 14.7 MPa (on the right side).
The left side peri-implant bone exhibited a higher
amount of stress values in both models, especially
in the bar attachment model. In this type of loading
the amount of stress was lower compared to other
loading conditions.

Under unilateral Loading conditions on
the left side, the cortical bone surrounding the
left implant showed a higher amount of stress
values in both ball and bar models (165 MPa for
the bar model and 169 MPa for the ball model).
The cortical bone adjacent to the right implant

S2.00 {mm})

Superficial masseter 190.4 0.40
Deep masseter 81.6 0.26
Medial pterygoid 174.8 0.78

0.40 1.00 1.00
0.26 1.00 1.00
0.78 0.76 0.76
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Figure 4 - Stress values in the Ball model (A) bilateral loading (B) anterior loading (C) unilateral loading on the right side (D) unilateral loading
on the left side.

Figure 5 - Stress values in the Bar model (A) bilateral loading (B) anterior loading (C) unilateral loading on the left side (D) unilateral loading
on the right side.

exhibited lower stress concentration but the (60 MPa for the bar model and 59 MPa for the
peak pressure was relatively high in both models ball model).

Braz Dent Sci 2022 July/Sept;25 (3): e3355
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Table Il - Maximum stress values (MPa) with bar and ball attachments

The effect of attachment types and implant level on the stress
distribution in a mandibular overdenture: a 3D Finite Element
Analysis

Right implant 17.5
Bar attachment

Left implant 54.50

Right implant 21
Ball attachment

Left implant 60.5

By unilateral loading application on the right
side in the model with ball attachments, the right
peri-implant bone showed greater stress values
compared to the left side (64.7 against 50 MPa)
but in the model, with the bar attachment,
the cortical bone adjacent to the left implant
exhibited a higher amount of stress concentration
(44.7 MPa in the right side and 52.8 MPa in the
left side) compared to the right implant in both
models.

DISCUSSION

Based on the Misch [7] suggestion, the
implant placed in a higher level in the overdenture
will be the main support and the rotation axis
of the overdentures thus it will receive more
occlusal load. In this study in almost every type
of loadings, the higher implant showed more
stress values compared to the lower one (except
under the right side loading condition with ball
attachments). The ability of the bar attachment
to reduce the stress values between two implants
wasn’t considerable and a significant reduction
in the magnitude of stress values on the higher
implant in the bar model was not noticed
compared to the ball model.

Only in the anterior loading condition the
amount of stress around both implants was lower
in the model with bar attachment compared to
the model with ball attachments (almost 10%).

Multiple studies compared splinted and non-
splinted attachments, some found better stress
distribution with a bar attachment [9]. However
some studies found no significant differences
between these two types of attachments [21,22].
The reason for these contradictory results may
be due to different loading conditions and the
materials used in the attachments.

In this study, the plastic matrix was used for
the bar attachment and a Golden capsule with a
titanium cap was used for ball attachments. In a
study by Alvarez-Arenal et al. [4], it was found

13.90 44.70 60.25

16.40 52.80 165
14.7 64.7 59
15.8 50 168

that attachment material is related to the amount
of transferred stress. Daas et al. [23] reported that
the amount of stress was based on the resiliency
of the attachment. The clipping part of the bar
can’t rotate freely because of the friction and has
low resiliency so as a result a larger amount of
stress was transferred to the implant [24].

Bar attachment was not efficient in
distributing the stress between the implants.
In the left unilateral loading condition in both
models with bar and ball attachments stress
distribution was the same and almost 75% of the
stress values transferred to the higher implant
and in other conditions almost 54% of the
stress values transferred to the higher implant.
In the bilateral posterior loading condition, the
difference between stress values in the cortical
bone surrounding the implants was lower
than in other loading conditions. This finding
was similar to the study of Unsal et al. [25].
The stress distribution pattern in the cases of
bilateral loading was more evenly, so it could
be recommended to consider bilateral balanced
occlusion in overdentures [2,25].

Unilateral loads adjacent to the higher
implant lead to severe stress concentration in the
cortical bone surrounding this implant. Because
the higher implant was approximate to the
loading site and acted as a fulcrum, more stress
values were observed [4]. Although the existence
of a Imm difference in implant heights, the stress
values in the left unilateral loading condition
in the higher implant were very severe (almost
3 times more than other conditions and 10 times
more than posterior bilateral loading condition).
So it could be recommended to adjust the bone
level by surgical procedure before the implant
insertion and place the implants at the same level.

In the model with ball attachments in the
right unilateral loading condition, more stress
values were found in the lower implant because
in this condition due to proximity of the lower
implant to the place of the load application, it

6
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acts as a fulcrum and the prosthesis rotated and
separated from the opposite side. Also, lower
stress values were found in the higher implant.

In the model with the bar attachment, two
implants and the bar act as a single unit so in right
unilateral loading condition more stress values
were found in the higher implant.

In a study by Ozan et al. [6] in 2015, ball
and locator attachments at different height levels
were evaluated. It was demonstrated that stress
values decreased in the model with 3 mm height
differences in comparison to the control group.
They concluded that an increase of bone height
and decrease of crown height, reduce the level
arm effect. In our study, one implant was placed
1 mm lower than the adjacent implant. Lamella
retention insert and clips were considered in the
models in order to achieve more accurate results,
which were not used in the study mentioned
above. Attachment types and positions of
implants were different in these two studies.

In a study by Unsal et al. [25] in 2019,
mandibular overdentures with different bone
heights and attachment types were analyzed.
In the presence of loading, more stress values
were found in the cortical bone of the models with
unilateral bone resorption than models with the
same bone height on each side. They also found
that in unilateral loading conditions, the crestal
bone adjacent to the implant on the ipsilateral
side showed maximum stress which is similar to
the result of our study.

Khurana et al. [26] in 2018, evaluated ball
and locator attachments of varying heights in
a mandibular overdenture. They found more
stress values in the models with an increased
collar height of the attachment system and the
ipsilateral side of load application showed higher
stress in comparison to the contralateral side.

In this study based on the previous
studies, 2 mm thickness was considered for
the soft tissue [13,27]. The alveolar bone was
considered homogenous and linearly elastic [25].
Osseointegration was considered 100% although
it may not occur in clinical situations and this
leads to a reduction in stress values in the
bone surrounding the implants [25]. In this
study bone was modeled as an isotropic and
homogenous material, however it has a complex
and heterogenous structure [26]. Thus, because
of fundamental differences in the nature of the

The effect of attachment types and implant level on the stress
distribution in a mandibular overdenture: a 3D Finite Element
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clinical and laboratory conditions it must be
clinically examined and approved.

CONCLUSION

Based on the limitation of this study, it is
possible to conclude that:

1.The difference in the level of implants
modified the stress concentration with higher
magnitude on the implant at the higher level
condition.

2.The attachment system did not affect the
stress concentration.

3.In order to reduce the stress concentration,
bilateral balanced occlusion should be considered
during the prosthesis planning.
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