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Abstract 
Aim: to indicate the importance of adequate selection of all on four-fixed implant supported hybrid mandibular prosthesis material to reduce 

bone stresses. Materials and methods: one three-dimensional simplified geometric model, for bone and fixed prosthesis, was created by using 

engineering CAD/CAM software. On the other hand, implant system manufacturer data gave sufficient geometrical data to model it exactly. The 

modelled part was transferred to ANSYS for assembly, meshing, and analysis. Three overlying materials were tested; Acrylic, Polycarbonate, 

and Zirconia above the cobalt chromium bar. The lowest area of the cortical bone was set to be fixed in place as boundary condition. While 

unilaterally load of 250N was applied vertically on central fossa of first and second molars as two loading cases. Results: changing overlying 

material resulted in, cortical bone and implant complex receiving Von Mises stress in sequence with material rigidity. The more rigid the 

overlying material the less bone stresses with first molar loading, while, opposite trend (sequence) appeared with second molar loading. On the 

other hand, bar, coping, screws, mucosa, and spongy bone deformations and stresses decreased with increasing overlying material rigidity. 

Where, all the model components showed stresses and deformations within the physiological limits. Conclusions: More rigid overlying material 

is recommended to reduce stresses on bar, coping, screws, mucosa, and spongy bone. Overlying material selection for cortical bone and implant 

complex is extremely tricky. That it showed same behaviour as other soft tissues with applying load close to the bar (short cantilever arm), then 

inverted behaviour with shifting the applied load away from first to second molar (increasing cantilever arm). 
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Introduction 

Rehabilitation of edentulous arches with implant-supported or 

implant-retained prostheses is considered a predictable and 

successful treatment modality. It provides better retention and 

stability, improving function and aesthetics as well as preserving 

the residual bone, especially in the mandible [1-3]. 

The all on four concepts depends on putting four implants 

for immediate function to rehabilitate the full arch [4]. This is done 

by putting 4 implants: 2 implants posteriorly with 45 degrees 

angulation and 2 anterior implants placed axially, and it is very 
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important to have proper primary stability [5]. The long term 

outcome of full arch prosthesis with the all on 4 concept was 

assessed: the cumulative survival rate was found in the mandible 

(93 % survival rate with up to 18 years follow up) [6]. The all on 4 

concepts showed survival of 97.6-100% under 2 years [7]. From 3-5 

years, the survival was 96-99%. This concept is well assessed in a 

systematic review [9]. It was found before in a 1-year assessment of 

hybrid prosthesis for fixed full arch rehabilitation with the all on 4 

concept promising outcomes regarding bone loss, survival and 

patient satisfaction [10]. 

Sometimes, complications regarding superstructure (type of 

ceramic, metal-ceramic, metal-resin or ceramic - ceramic) can 

occur [11]. This was found in previous retrospective study. [12] So, 

superstructure is a very important parameter to be studied [13]. In 

mandibular all on 4 implants, the cantilever extension and time of 

surgery should be lessened as much as possible; the superstructure 

should provide good aesthetics, strength and biocompatibility [14]. 

Computer aided designed and computer aided 

manufacturing (CAD/CAM) technology have improved the use of 

zirconia prostheses [15]. It increased the degree of precision of these 

zirconia implant supported full arch prostheses. The metal 

framework gives then of splinting and helps to keep the stresses 

always within the permissible limit with subsequent predictable 

osseointegration [16]. The prosthesis metal framework prevents 

fracture and may decrease bending, reduce stresses on bone and 

gives the needed hardness during implant scaring period [17]. Metal 

substructure with acrylic overlying material is preferred when there 

is moderate or severe bone loss to help in lips and cheeck support 
[18]. Polycarbonate was used before as a crown material over mini 

implants in case of growing patients as a temporary solution for the 

situation in young age [19]. 

This classic bar covered with resin material has good 

prognosis but with time less aesthetic results, also the resin 

material had no good response with subjected loads [20]. So 

recently, the overlying material over the bar is zirconia to have 

better aesthetic results and resistance to loads with time [21]. 

This research is aiming to examine different cobalt 

chromium bar overlying materials used for all on four prosthesis 

and its role in distributing the applied load on the underneath 

structures using finite element analysis. 

Materials and Methods 

A simplified 3D model for mandibular bone and over denture was 

created based on similar studies [34-36], where bone height was set to 

be 24mm, and gingival height of 2mm. The four implants of 

11.5mm length and 4.0mm diameter (Neobiotech Co., Ltd., Los 

Angeles, CA, USA) were modelled and placed perfectly as two 

vertically in canine region, and two inclined implants (17º distally) 

at the second pre-molar. The implant complex was modelled based 

on manufacturer data. Complete osseointegration was assumed, 

where all used materials were assumed isotropic, homogenous and 

linearly elastic and its properties are listed in Table 1. 

Table 1: The used material properties 

 Young’s 

modules [MPa] 

Poisson’s 

ratio 

Overdenture (acrylic) 2,700 0.35 

Overdenture (Polycarbonate) 13,500 0.31 

Overdenture (Zirconia) 200,000 0.35 

Mucosa  10 0.40 

Bar: Cr Co 210,000 0.29 

Implant (Titanium) 110,000 0.35 

Cortical bone 13,700 0.30 

Cancellous bone 1,370 0.30 

 

The finite element models' components (prescribed in this vitro 

study) as the implants, attachments, screws, copings, over denture, 

mucosa, cortical and cancellous bones were created on “Autodesk 

Inventor” Version 8 (Autodesk Inc., San Rafael, CA, USA) as 

presented in Figure 1. These components were exported as STEP 

files, to be assembled and meshed in ANSYS environment 

(ANSYS Inc., Canonsburg, PA, USA). The meshing software was 

ANSYS Workbench version 16. Mesh density was examined and 

optimized for accuracy and calculation time. Number of nodes and 

elements of each component were listed in Table 2, and screen 

shots for meshed components were presented in Figure 2. 

     
                                (a)                                                                    (b)                                                                                  (c) 

           
                         (d)                        (e)                               (f)                             (g)                                (h)                                 (i)  
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Figure 1: Sample of modelled components and its assembly as (a) complete model, (b) bar, (c) over denture, (d) short screw, (e)coping, 

(f) angulated attachment, (g) long screw, (h) straight attachment, (i) implant 

     
(a)                                                                     (b)                                                                              (c) 

         
                             (d)                                          (e)                               (f)                              (g)                                           (h) 

Figure 2: Sample of meshed model components as; (a) overdenture, (b) bar, (c) mucosa, (d) cortical bone, (e) short screw, (f) coping, (g) 

long screw, (h) angulated and straight attachments 

Table 2: Mesh density 

 Nodes Elements 

 Overdenture   107,050   70,814  

 Bar   20,496   12,779  

 Mucosa   14,636   2,652  

 Cortical   132,260   81,475  

 Cancellous  299,817   207,147  

4 x Implants   138,145   89,763  

4 x Attachments   58,921   38,325  

2 x Long screws  6,573   3,733  

4 x Small screws   17,037   10,501  

4 x Copings  11,698   6,164  

 

The lowest area of the cortical bone was set to be fixed in place as 

boundary condition. While unilaterally load of 250N was applied 

vertically on central fossa of first and second molar as two loading 

cases. Linear static analysis and solid modelling were performed on 

a personal computer Intel Core i7, processor 2.4 GHz, 6.0 GB 

RAM. The model was verified against similar studies and showed 

good matched results [34-36]. 

Results 

The results obtained from the six cases showed that all model 

components' stresses and distributions did not exceed the 

physiological limits. That the applied load was distributed among 

all model components showing the extreme values near closest 

supporting implant. Figure 3 demonstrated sample of Von Mises 

stress distribution on selected components. 

     
                                              (a)                                                                (b)                                                              (c) 

Figure 3: Sample of Von Mises stress distribution as; (a) Attachments, (b) bar, (c) cortical bone 
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Comparisons between maximum Von Mises stress and total 

deformation appeared in the six studied cases can help to extract 

conclusions and recommendations. Figures 4 and 5 illustrate 

sample of these comparisons as total deformations and Von Mises 

stress respectively. 

   

Figure 4: Maximum total deformation values comparison on selected model components 

Acrylic over denture showed higher total deformation than 

polycarbonate, which in turn was higher than Zirconia one under 

both of the loading cases. This results' sequence was clearly 

appearing on over denture, bar, and mucosa. On the other hand, 

this sequence was inverted by moving the applied load from first to 

second molar (increasing cantilever arm) on implant complex and 

bone. 

   

Figure 5: Maximum Von Mises stress values comparison on selected model components 

Trend of Von Mises stress was similar to total deformation with 

changing over denture material or loading position. That, Von 

Mises stress appeared on implants, attachments, screws, coping, 

cortical, and spongy bone showed inverted behaviour by changing 

the loading position (increasing cantilever arm). 

Discussions 

The present study used finite element analysis to assess the 

biomechanics of all on four implant-supported prosthesis. This 

treatment modality gives several advantages over using short 

implants in the posterior region, it has more bone to implant 

contact area and less cantilever extension, also it decreased the 

overall cost. So especially old patients who had extensive bone loss 

with age prefer this treatment [22]. It is preferred regarding 

aesthetics, function and phonation over traditional removable full 

denture. 

The prosthetic complications are ranging from 10.8%-30 % 

in mandible full rehabilitation prostheses. Most of the 

complications occur when there is no strong reinforcement 

structure for the prosthesis. The use of metal framework 

substructure may contribute to prevention of future complications 

as found in a study by Silva et al in 2018 [23]. Traditionally, acrylic 

can be used as an overlying veneer material over the metal 

substructure [24]. Polycarbonate material is used over implants in 

some situations as with mini implants used with growing patients 
[19]. Zirconia is the recent material used for better aesthetics with 

time and better mechanical performance [21]. 

The more rigidity of over denture material the better load 

transfer mechanism (better-distributed stresses) on underneath 

structures [26]. Rubo and Souza proved this in 2008 [25] as they 

found that the more rigid the structure the more the stress 

dissipation and less damage to the screws. In another study by 

Tribst et al in 2017, it was found that the use of metal or zirconia 

materials with high rigidity would not concentrate the stresses over 

one of the abutments specifically as what would happen if less 

rigid material is used [27]. 

For short cantilever arm (first molar loading), the resultant 

stresses and deformations decreased with selecting over denture 

material with higher rigidity. This finding matched mechanisms of 

loading transfer that rigid over denture help in distributing the 

applied load through the bar to supporting implants. Horita et al 

also in 2017 found that there is a relation between increasing the 

cantilever length and increasing the stresses over the implants [28]. 

For longer cantilever arm (second molar loading), the 

resultant stresses and deformations increased with selecting 

material with higher rigidity. This finding matched may be referred 

to changing load transfer mechanism. That less rigid material 
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distributes the applied load to underneath tissues and the rest goes 

to the bar then implants to bone, which might reduce bone and 

implant stresses and deformation. On the other hand, the more rigid 

over denture material transfers the load direct to bar then implants 

and bone via high bending effect that increase stresses and 

deformations on implant complex and cortical bone. This is 

augmented by Kumari et al in 2020 as they assessed different 

cantilever lengths and found that with increasing the cantilever 

length more stresses are exerted over the terminal implant [29]. 

Bar presence resulted in over constrained implants that 

increase its stresses levels under loading in comparison to separate 

supporting implants [30,31]. Although Vafaei et al in 2011 found that 

the use of bar in the long bar showed more appropriate stress 

distribution [32]. 

All on four restorations as a fixed prosthesis comparison 

with traditional fixed prosthesis supported by four implants or 

removable ones like locators and ball and socket attachment should 

be carried out later on that the differenced might be small or 

negligible. However Ebadian et al in 2015 stated that implant 

splinting using the bar gives mare favourable results due to more 

implant stability [33]. 

Conclusions 

More rigid over denture material is recommended to reduce 

stresses on bar, coping, screws, mucosa, and spongy bone. 

Prosthesis overlying material selection for cortical bone and 

implant complex is extremely tricky. That it showed same 

behaviourr5444444465r5 as other soft tissues with applying load 

close to the bar (short cantilever arm), then inverted behaviour with 

shifting the applied load away from first to second molar 

(increasing cantilever arm). 
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