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EVALUATION OF STRESSES AND DEFORMATIONS IN IMPLANT -RESISTANT
OVERDENTURES USING THE FINIT ELEMENT METHOD

ABSTRACT

Introduction

With the development of biocompatible and bioactive materials, as well as the phenomenon of
osseointegration, new therapeutic modalities have been offered in the rehabilitation of total
edentulism through the use of dental implants. Two implants overdentures have become the
treatment of choice for mandibular total edentulism due to their favorable results, improved
orofacial function, relatively reasonable costs, and patient satisfaction. Implants overdentures are
usually retained with attachments, which allows for better retention and stabilization of the
prosthesis. Various retention systeatsachments are used in implants overdentures. Abutments
are rigid or resilient connectors that absorb and redirect occlusal forces from the prosthesis to the
periimplant tissue in the axial direction, as well as distribute shear forces.

Objective

The aim of this study is to evaluate the stress/strain in an irrplg@piorted overdenture, and to
assess the influence of the retention system on the occlusal load transfer to the implants, the peri
implant bone, and the posteriagion of the residual alveolar ridge.

Material and method

In accordance with objectives of this study, an experimental research was conducted using
numerical simulation software. Using the finite element method, 3D models of the edentulous
mandible were formed. CBCT scan of the edentulous mandible was used to create the models.
The tests were conducted on three models of a mandibular totally edentulous jaw, on which two
narrow diameter implants (3.3x10mm) were positioned in the interforaminal space. In each of
the models, different retention systems (ball, locator, bar) and an acrylic removable prosthesis
were placed. The models were tested under loading with axial fopcés150N and oblique
forceup to50N at an angle @0 unilaterally and bilaterally at the level of the first molar. These
models were analyzed by finite element software (SOFIFTIK software package) using Von
Mises stress analysis.

Results

The results obtained from this study indicate a different pattern of stress/strain distribution,
depending on the retention system used. In the ball and locator attachment models, the highest
von Mises stress valuagere recorded on the implants, while in the bar attachment model, the
implant stresses were low&inder axial loading, the highest stresses are observed at the neck of
the implant body, as well as at the abutments of all three models. Under oblique loading, a
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tendency for distortion and increased stress appears on the lateral surfaces of the implants in all
models.Regarding the peimplant bone, the highest stress/strain valese observed in the
locator and ball attachment models. The stress and strain of thenpkmnt bone are within the
physiological range of cortical bone and occur around the implant necks under axial loads and
around the lateral surfaces of the implants under oblique loads. The highesb¥alness/strain

in the posterior part of the residual alveolar ridge are observed in the cortical bone in the
retromolar region, in the model with a locator attachment. Under axial bilateral loading, the
displacements of the prosthesis are minimally vertical. The largest displacements are observed in
the model with a locator, with the bone under the base afweedenturgi.e. the posterior part

of the RAG, showing higher values stress/strain in the 3D models with a locator as a retention
system, under a bilateral axial load of 150 N. Under unilateral axial and oblique loading, the
prosthesis rotates around the implant line, with greater displacement in the model with a bar
attachment, but still with low valuesf stress/strain of the bone. Although the displacement of

the prosthesis is greater in the model with a bar under unilateral loading, the load distribution is
more uniform on the bone of the posterior part of the RAG and does not cause permanent
deformation of the bone under the base of the prosthesis. Greater stress/deformation of the
implants, perimplant bone and the posterior part of the RAG was recorded in the model with a
locator. Of all the structures examined, the least stress/deformation occurred in the model with a
barattachment.

Conclusions

¢ ccording to the results of this study, we can conclude that the type of retention system affects
the occlusal load distributioin the implants, pefimplant bone and the posterior part of the
RAR, the displacement of the prosthesis and the deformation of the Homeesults confirm

that the influence of the retention system depends on its geometry, the dimensions of the
implants, the intensity and direction of the forces, as well as on the characteristics of the contact
surface.Bar attachment provides more even distribution of the loading forces compared to the
locator and balattachments in the examined models. These results could have a significant role
in clinical practice, for the selection of a retention system when planning an irppdestihetic
treatmentwith two narrow and shorimplants overdenture, for the rehabilitation of total
edentulism of the lower jaw.

Keywords: implants, overdenture, biomechanics, attachments, sfirgts element method.
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