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Abstract. The objective of this study was to demonstrated the application of two-dimensional Finite Element Analysis 
(2D-FEA) to assess stress distribution of implant-retained overdentures prosthesis with two different attachment 
system. Two models were constructed on software (ANSYS), being: bar-clip group (BCG), edentulous mandible model 
supporting an overdenture over two implants splinted with bar-clip system and independent o’ring group (IOG), 
edentulous mandible model supporting an overdenture over two independent implants with o’ring attachments. 
Evaluation was conducted with 100N loads in central region of the models. Obtained data was grouped and evaluated, 
and it was possible to observe that BCG (52,086MPa) presented lower values of maximum stress than IOG 
(78,454MPa) in relation to supporting tissue of the prosthesis, where stress was concentrated in cortical bone of the 
mandible surrouding implants. It was concluded that bar-clip attachment system, even presenting higher stress 
concentration on implants and prosthetic components, were more favorable for stress distribution over supporting 
tissue surrounding implants of implant-retained overdentures. 
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1. INTRODUCTION 

 
The treatment of a fully edentulous mandible by means of implant-retained overdenture has become a routine 

therapy on dentistry field. Many different attachments available today may be used to support implant-retained 
overdenture. Currently, mandibular implant-retained overdenture connected with two implants with ball attachments 
has become a reliable and well-documented treatment (Daas et al., 2007).  

Implant-retained overdenture rehabilitation present advantages over conventional complete dentures, 
especially for mandibular treatment, providing better retention and stability, increasing comfort and masticatory 
function (Bergendal and Engquist, 1998, Bakke et al., 2002, Awad et al., 2003, MacEntee et al., 2005) with direct 
influence on self-esteem and quality of life (Kenney and Richards, 1998, Oliveira and Frigerio, 2004, Heydecke et al., 
2005). These characteristics associated with high success rate of implant therapy (Adell et al., 1981), suggest the 
mandibular two implant overdenture as the first treatment option for edentulism (Feine et al., 2002).  

Although, even with high success rate, surrounding implant cortical bone loss has been registered, being one of 
the principal failure causes. Biomechanical evaluation suggests that the most important factor for this cortical bone 
resorption is related to an overload of the implants (Branemark et al., 1977). The excess of functional loads, generate 
stress that are dissipated from attachment system to implants and supporting tissue, and the intensity and amplitude of 
bone resorption is determined by the mechanisms of stress transmission and distribution of each attachment system 
(Misch, 2000). 

For a favorable prognosis it is necessary a correct selection of attachment system, based not only on retention 
or cost aspects, but principally in biomechanics factors, once it is the most fragile link between prosthesis and implant 
(Watson, 2001).  

Clinically it is still not possible to assess stress/strain distribution of implant-retained overdentures at bone 
level, only at abutment level through strain gauges analysis (Mericske-Stern, 1997, Tokuhisa et al., 2003). However, 
there are others methods based on simulation, as photoelastic method (Frederick and Caputo, 1996, Kenney and 
Richards, 1998, Fanusco and Caputo, 2004) and finite element analysis (FEA) (Meijer et al, 1992, Mennicucci et al., 
1998, Chun et al., 2005), that allow better understanding of stress distribution via implants to supporting tissue (Sahin et 
al., 2002).  



Bioengineering studies have been important in the understanding of biomechanical behavior of osseointegrated 
implants and its prosthesis (Chao et al., 1995) and because the components in a dental implant-bone system are 
extremely complex geometrically, FEA has been viewed as the most suitable tool for analyzing those (Geng et al., 
2001).  

O overdentures treatment mechanisms of stress distribution of attachment systems are inconclusive in literature 
(Fanusco and Caputo, 2004), so the main goal of the present study was to analyze the influence of attachment system on 
stress distribution in supporting tissue surrounding implants of mandibular implant-retained overdentures using a two-
dimensional finite element analysis (FEA-2D), induced by a central functional load. 

 
2. MATERIALS AND METHOD 
 

For problems involving complicated geometries, it is very difficult to achieve an analytical solution. Therefore, 
the use of numerical methods such FEA is required. FEA is a technique for obtaining a solution to a complex 
mechanical problem by dividing the problem domain into a collection of much smaller and simpler domains (elements) 
in which the field variables can be interpolated with the use of shape functions. An overall approximated solution to an 
original problem is determined based on variation principles. In others words, FEA is a method whereby, instead of 
seeking a solution function for the entire domain, one formulates the solution functions for each finite element and 
combines them properly to obtain the solution to the whole body (Geng et al., 2001).  

With this purpose, two-dimensional finite elements models were designed as a frontal section of anterior 
portion of an edentulous mandible bone for two situations: bar-clip group (BCG), edentulous mandible model 
supporting an overdenture over two splinted implants with bar-clip system; and independent o’ring group (IOG), 
edentulous mandible model supporting an overdenture over two independent implants with o’ring abutments. Mucosa, 
denture base, artificial teeth, implants and prosthetic components (attachment system) were also represented in all 
models.  

For construction of the models, the contour of the denture was obtained from a frontal photographic image of 
demonstration model of a mandibular complete denture and imported into image analysis software (AutoCAD 2005, 
AutoDesk Inc., San Rafael, CA, USA). The mucosa and cortical bone of the mandible were reproduced as a 1-mm and 
0.5-mm layer respectively. Trabecular bone of the mandible was reproduced as a 20-mm layer in which, two dental 
implants of 3.75mm in diameter and 11.5mm in length (Master Screw, Conexão Sistemas de Prótese Ltd, São Paulo, 
SP, Brazil) were positioned.  

Bar-clip attachment system is characterized as a supra-structure connected directly to implants and cast in NiCr 
alloy (Neochron, CNG Soluções Protéticas, São Paulo, SP, Brazil), according to standard laboratory procedures based 
on plastic UCLA cylinders (055021, Conexão Sistemas de Prótese Ltd, São Paulo, SP, Brazil) and plastic bar (204000, 
Conexão Sistemas de Prótese Ltd, São Paulo, SP, Brazil). Retention of this attachment system is done by connection of 
a plastic clip (204000, Conexão Sistemas de Prótese Ltd, São Paulo, SP, Brazil) to the supra-structure bar “Fig 1”.  

O’ring attachment system (049071, Conexão Sistemas de Prótese Ltd, São Paulo, SP, Brazil)  is characterized 
by two pre-manufactured components system (male and female) whereas the retention is promoted by the rubber ring 
inside the capsule (female component) that takes place over the ball shaped component (male component) “Fig. 2”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Bar-clip attachment system connected with 
two implants and embedded in a self-curing acrylic 

resin. 
 

Figure 2. O’ring attachment system connected to an 
implant and embedded in a self-curing acrylic resin. 

 

For reproduction of attachment systems in the models, each implant-attachment system complex was 
embedded in a self-curing acrylic resin (Jet, Artigos Odontológicos Clássico Ltd, São Paulo, SP, Brazil) using an 
embedding machine (Arotec PRE 30S, Arotec S.A. Ind. e Com., Cotia, SP, Brazil). Both implant-attachment sets were 
sectioned on longitudinal axis using a saw machine (Isomet 1000 Precision Saw, Buehler, Lake Bluff, II, USA) and 



then digitalized on a scanner (HP scanjet 2400, Hewlett-Packard Company, Palo Alto, CA, USA). The scanned images 
were imported into image analysis software and placed within the supporting tissue and overdenture. 

The outline of the models images was manually quoted and each point converted into x and y coordinates. The 
coordinates were finally imported into the finite element software (Ansys 7, Swanson Analysis System, Houston, Pa, 
USA) as keypoints of definitive images.  

Ten different types of materials were assigned for two models: acrylic tooth, acrylic resin, mucosa, cortical 
bone, trabecular bone, titanium alloy, Ni-Cr alloy, stainless steel, plastic clip and o’ring rubber. Each object was then 
subdivided in smaller elements. The elements shapes were 2-D six-node triangular plain stress element (plane 2). The 
final models had a total number of 8210 elements and 17228 nodes for the BCG “Fig. 3” and 9206 elements and 19016 
nodes for the IOG “Fig. 4”. 

 

 
 

Figure 3. Finite element mesh of edentulous mandible 
model supporting an overdenture over two splinted 
implants connected with the bar-clip system (BCG) 

(8210 elements and 17228 nodes) 
 

 
 

Figure 4. Finite element mesh of edentulous mandible 
model supporting an overdenture over two unsplinted 
implants with the O’ring system (IOG) (9206 elements 

and 19016 nodes) 

Certain assumptions need to be made to make the modeling and solving process possible (Geng et al., 2001). 
Mechanical properties of cortical bone, trabecular bone, mucosa and the other materials used in the analysis were 
assumed to be homogeneous, isotropic and linearly elastic as used in other FEA studies of Meijer et al., 1992, 
Mennicucci et al., 1998, Chun et al., 2005. For further studies, the use of different properties characteristics, as 
considering anisotropic the supporting tissues is suggest to simulate more realistic conditions. The materials properties 
used in the FEA-2D are shown in “Tab. 1”. 

 
Table 1. Mechanical properties of materials 

 

Materials 
Young’s modulous 

(MPa) 
Poisson’s ratio (v) Reference 

Acrylic tooth 8300 0,28 (28)  
Acrylic resin 8300 0,28 (28)  

Mucosa 680 0,45 (29) 
Cortical bone 13700 0,3 (20) 

Trabecular bone 1370 0,3 (20) 
Implant (Ti-6Al-4V) 103400 0,35 (30) 

Ni-Cr alloy 24900 0,32 (31) 
Stainless Steel 19000 0,31 Manufacture* 

Plastic clip 3000 0,28 Manufacture* 
 O’ring rubber 5 0,45 (22) 

* Personal communication 
 
The boundaries conditions of the supporting tissue were constrained in the x axis and symmetric prescribed in 

the y axis, so as to simulate the physiological conditions of the clinical situation. Axial loads of 100 N (Meijer et al., 
1992) were applied either on incisal surface of both central incisor teeth in each model.  

First principal stresses of the models were assessed numerically and color-coded and compared among the 
models. 
 
3. RESULTS 



 
Evaluation of the stress maps “Fig. 5 and 6” was conducted through a plotting procedure of the models, 

utilizing Ansys software that provided individual maps for each model structure (prosthesis, mucosa, cortical bone, 
trabecular bone and implant plus prosthetic components) “Fig. 7 and 8”. This procedure allowed easier stress 
concentration location at the structures and stress distribution comparison between studied groups, because the high 
value difference of maximal and minimal stress of principal stress maps. Also, values of maximum and minimum stress 
of both groups for principal maps “Tab. 2” and plotted maps “Tab. 3” were inserted into tables for better comprehension 
of obtained data. 

 

 
 

Figure 5. Stress map of bar-clip attachment system 
(BCG) under central loading of 100N 

 

 
 

Figure 6. Stress map of independent O’ring attachment 
system (IOG) under central loading of 100N 

 

 
 

Figure 7. Plotted map of implants and prosthetic 
components of bar-clip attachment system 

 

 
 

Figure 8. Plotted map of implants and prosthetic 
components of independent O’ring attachment system 

Table 2. Maximal and minimal stress values (MPa) and location for BC and IO groups under central loading. 
 

Stress Maps (MPa) 
Group Maximal stress Location Minimal stress Location 

BCG 325.0 Bar-implant interface ~0 Bar distal end 

IOG 80.0 
Cortical bone 

surrounding implant 
~0 

Implant prosthetic 
platform 

 
Table 3. Comparison between BCG and IOG according to stress values (MPa) and location on prosthesis, supporting 

tissue, implants and prosthetic components under central loading. 
 

Group 
Plotted structure 

BCG IOG 



(7.1-10.6) inferior central incisor 
incisal surface 

(5.1-9.9) inferior central incisor incisal 
surface Overdenture  

(21.1) mucosa interface (29.1) mucosa interface 

Mucosa (16.3) surrounding implant (17.7) surrounding implant 

Cortical bone (52.0) surrounding implant (78.4) surrounding implant 

(7.3) implant apical region (5.9) implant apical region 
Trabecular bone 

(5.1) under inferior canine area (5.0) under inferior canine area 

Implants (263.5) bar-implant interface (71.9) abutment-implant interface 

Prosthetic 
components 

(325.0) bar-implant interface (71.9) abutment-implant interface 

 
3. DISCUSSION 

 
  FEA has been extensively used in the prediction of biomechanical performance of dental implants systems 
(Geng et al., 2001) however, any study based on model simulation must to be understood under the conditions of its 
own methodology, with its advantages and disadvantages (Fanusco and Caputo, 2004). This study utilized 2D-FEA to 
assess the influence of attachment system on stress distribution of implant-retained overdentures. Although the stress 
maps were obtained in 2-dimensional plan which limited the full reproduction of a third axis of stress distribution, these 
do not invalidate the obtained data that are correlated with significant studies present in literature (Meijer et al., 1992, 
Chao et al., 1995, Mennicucci et al., 1998, Chun et al., 2005). 
 It was verified from principal maps obtained of FE analysis that stress concentration was located on around 
implant, principally around implant neck in cortical bone. Studies (Meijer et al., 1992, Chao et al., 1995, Mennicucci et 
al., 1998, Chun et al., 2005) verified that maximum stress is concentrated at cortical bone surrounding implants, 
probably due to higher elastic modulus of cortical bone compared with that trabecular bone.  
 Bar-clip attachment system mechanical function differs from o’ring attachment. While bar-clip system is 
associated with two implants and provide only antero-posterior rotation movement for prosthesis, independent o’ring 
attachment system allow antero-posterior, lateral and intrusive movement of the prosthesis, which allowed greater 
amplitude movement. Based on this information, it can be explained the higher stress concentration presented by IOG, 
on supporting tissue (especially cortical bone and mucosa) surrounding implants when compared to BCG. Most likely, 
the intrusive movement of prosthesis causes compression of the supporting tissue that increased the observed stress 
values for IOG. 

Cortical bone stress concentration is a clinical concern, due to peri-implant bone resorption and is also 
correlated in literature (Meijer et al., 1992, Chao et al., 1995, Mennicucci et al., 1998, Chun et al., 2005). According to 
these studies cortical bone stress surrounding independent implants associated with o’ring attachment was justified by 
the absence of implants splinting, which allow greater implant movement increasing stress at implant neck interface 
with cortical bone.  

For implants and prosthetic components BCG presented higher stress concentration than IOG “Tab. 3”, 
however, despite the minor difference in stress distribution on trabecular bone, and even not presenting biomechanics 
improvement on stress distribution for implants and prosthetic components, BCG shown better stress distribution over 
mucosa and cortical bone, which is correlated with a prospective clinical study of Bergendal and Engquist (1998) that 
showed more implant loss with ball (o’ring) retained overdentures (38,8%) than with bar-clip retained overdentures 
(20,6%).   

The data in the present study is not in agreement with others FE studies (Meijer et al., 1992, Chun et al., 2005), 
photoelastic methods (Frederick and Caputo, 1996, Kenney and Richards, 1998) and strain-gauges analysis (Tokuhisa et 
al., 2003) that assessed stress distribution of implant-retained overdentures on supporting tissue, in relation to 
attachment system. These studies stated that independent implants associated with o’ring attachments optimized stress 
distribution.  
 This study differs from those studies that used photoelastic and strain-gauges methods because individual 
comparison analysis of supporting structures (mucosa, cortical bone and trabecular bone). Photoelastic method utilizes 
one specific photoelastic resin to represent both cortical and trabecular bone, and simulates mucosa usually with 
impression material that does not present photoelastic properties. Strain-gauges only allow abutment level strain 
analysis. Difference was also present in comparison to others FEA studies (Meijer et al., 1992, Chun et al., 2005) that 
applied loads directly over abutments and implants, without the simulation of prosthesis device, as presented in this 
study.  
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Mechanical analysis of the data suggests that the increased stress concentration on implants and prosthetic 
components of bar-clip attachment promote a relief of stress concentration on supporting tissue. Clinically, this situation 
is more interesting for favorable prognosis of the prosthetic treatment than the relief of stress concentration on implants 
and prosthetic components that would increase stress on cortical bone area surrounding implants leading to bone 
resorption and failure of the prosthetic rehabilitation.   

Biological consequences of stress induced in the bone supporting the implants by attachment design are 
controversial, and there is no empirical evidence that any particular attachment design is superior to the other as well as 
overall satisfaction (MacEntee et al., 2005). Nonetheless stress distribution is an important factor when rehabilitating 
patients with implant prosthetic treatment (Chun et al., 2005), so it is desirable a attachment system that promote 
equitable load transfer, to prevent bone resorption and increase treatment favorable prognosis.  
 
5. CONCLUSION 
 
 Based on the results and within the limitation of this study, it is possible to conclude that:  

• FEA has been used as a successfully bioengineering tool in the prediction of biomechanical performance of 
dental implants systems.  

• Attachment systems of implant-retained overdentures produce different characteristics of stress distribution 
that were concentrated at cortical bone surrounding implants. 

• Independent o’ring attachment system induced higher stress concentration than bar-clip system on supporting 
tissue. 

• In relation to stress distribution, bar-clip attachment system optmized load transfer.  
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