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ABSTRACT  

Aim of the study The purpose of our study was to analyze the influence of the number of implants used in IOD 

on the stress developed in the overdenture, through finite element analysis. Materials and methods A 3D 

mandible was modeled presenting total edentation and containing two macro-structures of cortical and 

trabecular bone tissue. An overdenture was also modeled and retained using 2, 4, 6, and 8 implants. Through 

finite element analysis, simulations were performed using physiological masticatory loading and boundary 

conditions. Results Stress values were highest when using 2 implants and lowest when using 8 implants, 

regardless of the analyzed quadrant. Stress concentration areas were located in the same region, at the proximal 

region of the loading site, where mastication takes place, regardless of how many implants are used. However, 

differences between analyzed cases were small. Conclusions Increasing the number of implants does reduce 

the stress values in the overdenture. Because differences reported between simulated cases are small, there is 

a need for further complex clinical studies to be made, taking into account multiple factors to assess the long 

term impact of the number of implants on the overdenture. 
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INTRODUCTION 

Implant-retained overdenture (IOD) 

provides reliable and effective rehabilitation 

in total mandibular edentulism [1, 2].  

IOD offers superior improvement of 

mastication, phonetic, and physiognomic 

functions of the stomatognathic system in 

comparison with complete conventional 

dentures [3].  

However, overdenture fracture is a 

common complication in oral rehabilitation 

through IOD [4]. During mastication, the 

overdenture is subjected to various loads that 

may results in prosthesis fracture due to 

biomechanical stress [5]. 

Some of the risk factors for overdenture 

fractures are inadequate denture design and 

instability, increased mucosal resiliency, 

patient history of previous fractures, or 

material fatigue [4].  

Studies have shown that fabrication 

materials, retaining systems, and the number 

of implants used can have a great impact on 

the stress developed in the overdenture during 

physiological loading [4-6].  

However, there is yet to be a consensus 

regarding the optimal number of implants to 

ensure long term survival of the implant-

retained overdenture [6]. Using 2 implants to 

retain the overdenture has been considered a 

successful solution for mandibular total 

edentulism [1, 2, 7].  

Other studies suggest that using 3 or 4 

implants would offer better long term results 
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than 2 IOD [6, 8].  

While using more than 4 implants would 

increase overdenture retention, and thus 

minimizing biomechanical stresses, studies 

have reported small differences that would 

not justify additional surgical procedures to 

increase the number of implants [1,3,6]. 

Such complex restorations require 

considerable surgical procedures, long term 

maintenance, thorough hygiene, and 

increased oral rehabilitation costs [4]. Thus, 

choosing the optimal number of implants can 

have a great influence on the long term 

outcome of the overdenture.  

The purpose of our study was to analyze 

the influence of the number of implants used 

in IOD on the stress developed in the 

overdenture, through finite element analysis 

(FEA). 

 

MATERIALS AND METHODS 

Software reconstruction was performed 

using patient-derived Cone Beam Computer 

Tomography (CBCT) images to obtain a 3D 

human mandible model. This allowed us to 

optimize the accuracy of the simulations by 

providing an anatomically detailed model. 

Software 3D image reconstruction was 

performed using the Slicer3D software 

(http://www.slicer.org).  

Further edits of the model followed to 

obtain a 3D CAD volume. 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 3D mandible is composed of two 

macro-structures, an outer layer of cortical 

bone tissue with a thickness of 2 mm and an 

inner volume of trabecular bone tissue 

(Fig.1). The oral mucosa tissue was also 

modeled with a thickness of 2 mm. 

Overdenture, implants, and retaining systems 

were modeled to simulate the clinical 

situation of rehabilitation in total edentulism 

through IOD (Fig.2).  

The retention system used 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.2. The software used was Autodesk 

Fusion360 (Autodesk, Inc., San Rafael, CA, 

USA) and Autodesk Inventor Professional 

version 2017 (Autodesk, Inc., San Rafael, 

CA, USA). The number of implants used in 

retaining the overdenture is illustrated in 

Fig.3 and set as follows: 

• 2 implant-supported overdenture; 

• 4 implant-supported overdenture; 

• 6 implant-supported overdenture;  

• 8 implant-supported overdenture; 

Finite element analysis was used to 

simulate the various clinical situations using 

Simulation Mechanical software version 2017 

(Autodesk, Inc., San Rafael, CA, USA). 

Elastic and linear isotropic material 

properties were assigned to the study 

elements. Poisson's coefficient and Young's 

modulus were used to characterize the 

materials in the simulation interface. The 

mechanical properties of the materials 

assigned can be found in Table 1. Constraints 

were set at the temporal-mandibular joint 

surfaces of the mandible model with 

restrictions for the OY and OZ axes. This 

simulated a physiological type rotation in the 

sagittal plane during mastication, around the 

OX axis.  

Also, total constraints were applied on the 

occlusal surfaces of the molars and second 

premolar to simulate unilateral mastication.  

Forces corresponding to the pterygoid 

muscles (P) of 145 N and the masseter 

muscles (M) of 151 N were applied to the 

mandible [9].   

http://www.slicer.org/
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Figure 1. (a) Complete 3D model assembly of the mandible and implant-retained 

overdenture. (b) Transparent view of complete 3D model assembly of the mandible and 

implant-retained overdenture. 

 

 

Figure 2.  Exploded view of overdenture, implant and locator retention system used. 

 



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 2, April - June 2020 

 

306 

 
 

Figure 3. View of number of implants used for overdenture retention and their 

placement on the mandible model. (a) 2 implant retention. (b) 4 implant retention.  

(c) 6 implant retention. (d) 8 implant retention. 

 

Table 1. Materials properties 

 

Material Elasticity modulus [MPa] Poisson coefficient 

Cortical bone [10] 13700 0.3 

Cancellouse bone [11] 1370 0.3 

Gingiva [12] 19.6 0.3 

Ti-6Al-4V [13] 110 000 0.35 

Acrylic resin [14] 8300 0.28 

Nylon [15] 350 0.40 

 

 

RESULTS 

Stress values in the overdenture 

were recorded in all simulated cases and 

can be found in Fig.4. When mastication 

was simulated in quadrant 3, the maximum 

stress value was found when using 2 

implants. The smallest value of stress was 

obtained when using 8 implants.  

Using 2 and 4 implants led to 

similar values. Increasing the number of 

implants to 6 led to a notable decrease of 

almost half of the stress values and 
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continued to decrease when using 8 

implants.  

When simulation of mastication 

took place in quadrant 4, the maximum 

stress value was obtained when using 2 

implants in retaining the overdenture. The 

lowest value was also recorded when using 

8 implants.  

However, the stress values in the 

overdenture when using 4, 6, and 8 

implants were similar, differences between 

them being small.  Stress values were 

overall higher in quadrant 4 as can be seen 

in Fig. 4. 

 

 

 

Figure 4. Maximum von Mises stress recorded in overdenture in simulated cases 

 
Stress distribution across the 

overdenture was also recorded for all 

simulated cases and can be seen in Fig. 5, 6, 

7, and 8.  

When simulation of mastication was 

done in quadrant 3, the use of  2, 4, 6, and 8 

implants to retain the overdenture led to stress 

concentration areas located at the junction 

between the first and second premolar on the 

loading side. These primary stress 

concentration areas cover a larger part of the 

overdenture as can be seen in Fig. 5, 6, 7, and 

8.  

Smaller secondary stress concentration 

areas are located further on the overdenture at 

following junctions, where the body of the 

overdenture is thinner.     

Simulation of mastication in quadrant 4 

led to a more notable concentration of stress 

at the junction between the first and second 

premolar on the loading side in all simulated 

cases.
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Figure 5. Stress distribution in overdenture when using 2 implants. 

(a) Simulation of mastication in quadrant 3 frontal view. (b) Simulation of 

mastication in quadrant 3 occlusal view. (c) Simulation of mastication in quadrant 4 

frontal view. (d) Simulation of mastication in quadrant 4 occlusal view. 

 

 
 

Figure 6. Stress distribution in overdenture when using 4 implants.  

(a) Simulation of mastication in quadrant 3 frontal view. (b) Simulation of 

mastication in quadrant 3 occlusal view. (c) Simulation of mastication in quadrant 4 

frontal view. (d) Simulation of mastication in quadrant 4 occlusal view. 

 

 

(a)                                                           (b) 

(c)                                                           (d) 

(a)                                                           (b) 

(c)                                                           (d) 
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Figure 7. Stress distribution in overdenture when using 6 implants. 

(a) Simulation of mastication in quadrant 3 frontal view. (b) Simulation of 

mastication in quadrant 3 occlusal view. (c) Simulation of mastication in quadrant 4 

frontal view. (d) Simulation of mastication in quadrant 4 occlusal view. 

 

 

 

 
 

Figure 8. Stress distribution in overdenture when using 8 implants.  

(a) Simulation of mastication in quadrant 3 frontal view. (b) Simulation of 

mastication in quadrant 3 occlusal view. (c) Simulation of mastication in quadrant 4 

frontal view. (d) Simulation of mastication in quadrant 4 occlusal view. 

 

  (a)                                                           (b) 

(c)                                                            (d) 

(a)                                                           (b) 

(c)                                                           (d) 
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DISCUSSIONS 

Failure analysis of overdenture is critical 

in terms of long term rehabilitation success 

[1].  

In our study, stress values were highest 

when using 2 implants and lowest when using 

8 implants, regardless of the analyzed 

quadrant. Thus, increasing the number of 

implants led to a decrease in stress values in 

the overdenture. Using only 2 implants leads 

to a pronounced bending and rotational 

movement of the overdenture [16, 17]. Also, 

it is important to consider that during 

mastication, the overdenture is subjected to 

long term cyclic loading, and with higher 

stress values, the 2IOD can be exposed to 

increased risk of overdenture failure. By 

increasing the retention of the overdenture, 

displacement is decreased which in turn leads 

to smaller stress values in the overdenture 

[17]. However, the differences obtained in 

our study when increasing the number of 

implants are small. The results obtained in 

our study are in agreement with those 

obtained by Kasani in his study [15].  

The ability of the prosthesis to adapt to the 

stress and deformation that occur in the long 

term use of the overdenture, when 

masticatory loading takes place, ensures a 

favorable distribution of tension in the 

overdenture, retention systems and bone 

tissue [15]. 

In our study, stress values were higher 

when mastication was simulated in quadrant 4 

regardless of the number of implants used. 

This is because bone geometry has a great 

influence on the stress developed and its 

distribution in the overdenture, thus being an 

important factor to consider when opting for 

IOD [18, 19]. 

Our results also showed that stress was 

concentrated near the loading site in all 

simulated cases. Similar stress distribution 

patterns have been reported in other studies 

[20, 21]. In our study, the increase of 

implants did not lead to any notable change in 

the size of the area of stress distribution. 

Current finite element analysis studies 

present a high variability of materials used for 

the overdenture [15, 16, 19-21]. This makes it 

difficult to assess reported results in the 

context of overdenture failure because 

materials have a great impact on the 

resistance to stress of the overdenture [22]. 

The type of attachment system used, 

mucosal thickness, and resiliency, mastication 

forces can also influence stress values in the 

overdenture and play a key role in 

overdenture fracture [4, 18, 22]. Thus, 

attentive treatment planning is key for 

achieving rehabilitation success [23]. 

Moreover, there is a need for further 

studies to be made to analyze overdenture 

failure in terms of various complex factors. 

 

CONCLUSIONS 

Increasing the number of implants used 

in retaining the overdenture led to smaller 

stress values. Stress concentration areas 

were located in the same region, at the 

proximal region of the loading site, where 

mastication takes place, regardless of how 

many implants are used.  

Small differences between the stress 

values were found when mastication was 

simulated in each mandibular quadrant. 

This shows that bone volume needs to be 

carefully analyzed when considering IOD. 

Because differences reported in our study 

between simulated cases are small, there is 

a need for further complex clinical studies 

to be made, taking into account multiple 

factors to assess the long term impact of the 

number of implants on the overdenture. 
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