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Effect of using rigid versus nonrigid attachments on stresses
induced in peri-implant bone in implant-supported prostheses
(finite element analysis): a nonrandomized in-vitro study
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Background
Peri-implant bone stresses can sometimes be detrimental. Efforts aremade in order
to keep these stresses at the normal level.
Methods
A finite element analysis was carried out in which two models were compared, the
rigid attachment used in a fixed prosthesis versus the nonrigid one used in a
removable prosthesis. Both of them were completely implant-supported.
Results
Have shown that the rigid type produced higher stresses than the nonrigid one.
Conclusion
Nonrigid attachments are more biocompatible than the rigid attachments.
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Introduction
The most common treatment modality for completely
edentulous patients was the complete dentures.
Patients have often complained of some problems
such as low chewing efficacy, denture instability,
reduced satisfaction, and reduced quality of life [1].

With dental implant prostheses, many of the problems
associated with complete dentures have been solved
[2]. There are different options of the implant
prostheses that vary according to many factors such
as the number and distribution of implants. Misch [3]
has recommended the use of two to seven implants in
the mandible.

With further increase in the number of implants, more
benefits and satisfaction can be achieved [4].

Implant prostheses usually cause high stresses on the
surrounding tissues; therefore, this should be
accounted for during treatment planning, in order to
reduce these stresses to the proper level. Attachments
can be rigid, which are used in fixed prostheses, or
nonrigid, which are used in removable prostheses.
Different attachments offer different advantages −
for example, rigid types used in fixed prostheses
need less maintenance than the nonrigid types used
in the removable prostheses [5,6]. Attachments also
might have an effect on the fallen stresses, and
therefore they should be tried, examined, compared
and evaluated.
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Many methods have been proposed to measure the
stresses falling on peri-implant bone: one of them is the
finite element analysis (FEA). FEA is widely used in
dentistry for predicting and measuring different
responses and stresses under different loading
situations. It can be two dimensional (2D) FEA or
three dimensional (3D) FEA.

3D FEA has been reported to be more accurate than
2D FEA, because it is more similar and related to the
real geometries. Nevertheless, 3D FEA is more
complicated and time-consuming [7,8].

In the software workflow, a 3D model of the dental
arches can be made just as well as any dental prosthesis,
and then different loads can be simulated and applied
on the model. Lastly, the results are compared and
analyzed to assess the load amount, distribution
and transfer through the different components in the
whole model.

The question is which type of these attachments used,
rigid or nonrigid, will transmit the least amount of
stresses into the underlying peri-implant bone?
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Materials and methods
PICO formulation
P: completely edentulous mandible model.

I: overdenture prosthesis with bar and clips attachment.

C: fixed hybrid denture prosthesis with screw retention
attachment.

O: peri-implant bone stress.

S: in-vitro 3D FEA study.

Primary outcome Measuring tool Measuring unit

Stress of the peri-implant bone FEA MPa
In this experiment, the intervention treatment is the
overdenture model representing the nonrigid
attachment type, and the control treatment is the fixed
hybrid denture model representing the rigid attachment
type. Both of them were completely implant-supported.

First the models were drawn and simulated.
Thereafter, meshing of the models was performed.
The next step was defining the loads and the proper
boundary conditions. After this, simulation analysis
was carried out, and thereafter the results were
obtained. Lastly, interpretation and comparing of
the two models’ results was carried out. In both
models, the implants had the same dimensions and
positions, which were according to the Misch and
Bidez treatment planning [9,10].
Results
From all the stress results obtained, we can see that the
fixed denture suffered much higher stresses than the
overdenture model. Moreover, the stresses are more
concentrated on the peri-implant bone area and more
specifically on the compact bone compared with the
spongy bone.
Conclusion
On the basis of this 3D FEA, in which we compared
the stresses placed on the peri-implant bone using rigid
attachments represented in the hybrid model compared
with the nonrigid attachments represented by the bar
and clips overdenture model, the following conclusions
are deduced:
(1)
 Rigid attachments suffer much higher stresses than
the nonrigid types; hence, nonrigid attachments
are more biocompatible..
(2)
 Compact bone receives higher and most of the
stresses compared with the spongy bone, as it is the
first to receive the loads, and also because of its
higher modulus of elasticity.
(3)
 Further studies and experiments are needed in
order to verify these results.
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