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Abstract

Introduction: According to the all-on-four treatment concept, tilted posterior implants reduce distal can-

tilever length. Objective: By means of three-dimensional finite element analysis, to elucidate the biome-

chanics of these devices and evaluate the use of tilted versus nontilted posterior implants and angled 

abutments in the treatment of the edentulous jaws. Methods: Four three-dimensional mandible models 

were created to simulate cortical and cancellous bone. The models received four parallel implants with 

straight abutments, or two vertical implants and two posterior implants titled at 17 or 30 degrees with 

straight or angled abutments. All models received axial loading or off-axis loading on one or both sides 

of the prosthesis. Results: The greatest stress concentrations were found for vertical implants and angled 

abutments. Tilted posterior implants favored stress distribution. Conclusion: The all-on-four treatment 

concept and the use of straight abutments favored the biomechanics of implant-supported full dentures.
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Introduction

The rehabilitation of atrophic mandibles is a challenge 

for oral rehabilitation specialists. Patients with eden-

tulous mandibles have poorer mastication and un-

dergo facial changes, a reduction of the lower third of 

the face, chin projection, deterioration of self-esteem, 

and limitations to their social life. Rehabilitation of this 

clinical condition usually consists of conventional re-

movable complete dentures, implant-retained prosthe-

sis and overdentures, or implant-supported fixed com-

plete dentures, which ensures efficient mastication and 

has the highest level of patient acceptance.23

However, implants cannot be placed in the posterior 

region of atrophic edentulous jaws because of insuf-

ficient bone height and the presence of important 

anatomic landmarks, such as the mandibular canal. 

Therefore, fixed complete dentures with long poste-

rior cantilevers, an unfavorable biomechanical condi-

tion, have to be used.11

Tilted implants, an adaptation of the conventional 

technique, have been used to obtain better anchorage 

of longer implants, simplify surgery—as grafts are not 

required—and improve biomechanics as the distal can-

tilever may be shorter in implant-supported fixed com-

plete dentures.6

The biomechanics of clinical rehabilitations with fixed 

dentures using tilted implants must be clearly understood 

for treatment success and longevity. Although osseoin-

tegrated implants have a high success rate, the results of 

studies regarding the biomechanical behavior of tilted im-

plants are inconclusive.18 The present study compared the 

distribution of stress during treatment using a mandibular 

implant-supported fixed complete denture, tilted osseo-

integrated implants, and angled and straight abutments. 

Material and Methods

Models of a mandibular full denture and of a resin man-

dible (Nacional Ossos, Jaú, Brazil) were scanned with a 

three-dimensional (3D) laser scanner (Nextengine HD, 

Santa Monica, CA) to produce virtual 3D models. Six-

teen circular scannings at 22.5-degree intervals were 

made for the prosthesis model and 16 for the mandi-

ble model. After virtual reconstruction, the 3D models 

were exported to a CAD tool (Solidworks 2010, Das-

sault Systemes, Solidworks Corp, Waltham, MA) for 

the edition of the virtual models. To define the corti-

cal and cancellous bone, peel mill was used to a 2-mm 

thickness: the external portion was cortical bone, and 

the internal, cancellous bone. As there is no standard 

bone thickness, this measure was used to represent a 

type III bone, which is thin cortical bone according to 

the classification by Lekholm and Zarb.17

For standardization, all implants and abutments were 

based on SIN products (Sistemas de Implantes, São 

Paulo, Brazil). When the virtual models were ready, 

four groups were created according to the following 

study factors: posterior implants were vertical or tilted, 

and abutments were straight or angled, according to 

the following models (Fig 1). 

Model 1. Four parallel vertical implants and straight 

abutments perpendicular to the bone crest, 

distributed in the anterior mandible, with 

the two posterior implants placed 3 mm 

anterior to the mental foramen. 

Model 2. Similar to model 1, but posterior implants 

were tilted to 17 degrees, and abutments 

were straight.

Model 3. Similar to model 1, but posterior implants 

were tilted to 17 degrees, and abutments 

were angled. 
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Model 4. Similar to model 2, but posterior implants 

were tilted to 30 degrees, and abutments were 

straight. Three loading parameters were used in 

each model — First parameter = occlusal load-

ing of all artificial teeth along the axis of anterior 

implants (60 N for molars, 40 N for premolars 

and 20 N for anterior teeth); Second = 135 N at 

three different points on the same side, one on 

each posterior tooth, along the axis of anterior 

implants; Third = same load as for the second 

parameter, but applied at a 45-degree lingual in-

clination to the long axis of anterior teeth (Fig 2).

Figure 1 - Different study models; bone is semitransparent for better visualization of implant position:  
A) model 1; B) model 2; C) model 3; D) model 4.

A

C

B

D

Figure 2 - Loads applied: A) axial load on all teeth; B) posterior axial load on one side; C) posterior off-axis load on one side.

A B C
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The response criterion was maximum principal stress 

on metal framework using the Rankine criterion and 

von Mises stress in bone.

Results

The results of maximum principal stress on the 

metal framework using Rankine criterion are shown 

in Table 1. For metal frameworks, posterior implants 

tilted to 17 degrees had better stress distribution, and 

stress concentration was higher in the cases of verti-

cal implant placement. 

Figures 3, 4 and 5 show maximum principal stress 

distribution for the three patterns of occlusal loading. 

Figure 3 - Maximum principal stress on framework in models 1, 2, 3 and 4 that received axial loads on all teeth. Scale applies to all plots in figure.

Model 1

Model 3 Model 4

Model 2

Model 1 Model 2 Model 3 Model 4 

Axial load on all teeth 114.15 62.54 68.42 65.43

Posterior axial load on one side 126.26 66.88 71.66 31.73

Posterior of-axis load on one side 146.93 129.18 126.69 91.70

Table 1 - Maximum principal stress peaks on prosthesis framework that received three different loads (in MPa).



Carvalho LP, Maior BS, Feltrin PP, Zanetti AL, Zanetti RV, Carvalho AM  

Dental Press Implantol. 2013 Jan-Mar;7(1):95-104© 2013 Dental Press Implantology - 99 -

Figure 4 - Maximum principal stress for models 1, 2, 3 and 4 that received posterior axial load on one side. Scale applies to all plots in figure.

Model 1

Model 3 Model 4

Model 2

Figure 5 - Maximum principal stress for models 1, 2, 3 and 4 that received posterior off-axis loads on one side. Scale applies to all plots in figure.

Model 4Model 3

Model 1 Model 2
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Table 2 - Stress peaks (in MPa) according to von Mises criterion for different models under axial load on all teeth (I); posterior axial load 
on one side (II); and posterior off-axis load on one side (III).

Implant
Model 1 Model 2 Model 3 Model 4

I II III I II III I II III I II III

Posterior 
right side

38.98 4.15 31.2 42.02 6.00 32.31 41.55 6.04 31.16 43.80 6.37 32.68

Anterior 
right side

17.34 7.79 25.99 24.04 5.06 26.93 20.77 4.24 5.67 25.01 5.67 27.86

Anterior 
left side

17.95 10.59 30.78 24.47 14.77 28.31 22.51 10.86 26.99 27.84 17.92 28.25

Posterior 
left side

37.50 37.84 80.81 40.24 41.98 86.88 39.98 40.06 84.95 44.97 45.14 88.87

Figure 6 - Von Mises stress for models under axial loading on all teeth; occlusal view. Scale applies to all plots in figure.

Model 1 Model 2

Model 3 Model 4

Stress distribution on bone in the four models and the 

three occlusal loading patterns was similar, and stress 

concentration was higher around the posterior implants 

than the central implants (Table 2). The evaluation of 

the posterior implant angles revealed that the 30-degree 

angle led to a higher concentration of stress on mandib-

ular bone. However, the use of angled abutments did not 

affect the level of stress on bone around the implants. 

Figures 6, 7 and 8 show von Mises stress distribution on 

bone for the three patterns of occlusal loading. 



Carvalho LP, Maior BS, Feltrin PP, Zanetti AL, Zanetti RV, Carvalho AM  

Dental Press Implantol. 2013 Jan-Mar;7(1):95-104© 2013 Dental Press Implantology - 101 -

Figure 7 - Von Mises stress for models under posterior axial loading on one side; occlusal view. Scale applies to all plots in figure.

Model 1 Model 2

Model 3 Model 4

Figure 8 - Von Mises stress for models under posterior off-axis loading on one side; occlusal view. Scale applies to all plots in figure.

Model 1 Model 2

Model 3 Model 4
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Discussion

Studies comparing tilted and nontilted implants have 

reached a relative consensus.3,4,7,8,10,12 However, biome-

chanical evaluations of dentures supported by tilted 

implants revealed that several studies used different 

methods.1,2,9,13,14,20,21 

In studies using finite element analysis, results change 

according to the method used and, mainly, to the point 

where force is applied for analysis. Considering the results 

of the denture that received axial loading on all teeth, we 

found that model 1 had the highest risk of fracture, with 

differences from 40 to 45%, which may be explained by 

the fact that it had the longest cantilever. However, as 

the cantilever was shortened, the distance between the 

posterior and anterior supports also increased, which 

changed the point under fracture risk. When only axial 

loads in the posterior region were analyzed, the size of 

the cantilever was proportional to the risk. This is the 

most predictable condition of all results because of the 

lever effect of the posterior extension. Under off-axis 

loading, results were similar, but less marked, probably 

due to force breakdown. The results on the bone around 

the implant showed that greater implant angles result in 

greater stress peaks when loads are applied to all teeth; 

that is, the vertical position of the implant favors stress 

distribution to a larger area and reduces stress concen-

tration. Therefore, implant angle increases the risk of im-

plant loss in dentures that receive loads on all teeth.

In 2009 Bellini et al5 used a similar method to evalu-

ate models with 4 and 5 interforaminal implants where 
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posterior implants had a 30-degree inclination and the 

prosthesis had a 5 or 15 mm cantilever. They also found 

greater stress concentration on tilted implants, which 

confirms our results. 

In a study conducted by Bevilacqua et al6, four implants 

were placed in the maxilla at inclinations of 0, 15, 30 

and 45 degrees, and the length of the prosthesis was 

constant, as in our study. However, differently from our 

results, tilted posterior implants produced less stress 

concentration on bone around the implants, which may 

be explained by the different points of load application 

in the posterior region. 

In a study conducted by Silva et al,23 finite element 

analysis was used to compare the distribution of stress 

on maxillary fixed dentures supported by 4 and 6 im-

plants, and with posterior implants placed at an angle 

of 45 degrees. They found that the presence of a can-

tilever significantly increased the levels of stress on 

the implant-prosthesis unit, which confirms the re-

sults reported here. 

Conclusions

After the analysis of the framework of the prosthesis and 

loading according to the conditions used for the models in 

this study, the results of our simulations suggest that the 

model with vertical implants had the highest risk of frac-

ture and that the highest degree of distal inclination of the 

posterior implants (30 degrees) promoted stress concen-

tration on bone around the implant and, consequently, in-

creased the risk of bone loss around the implants.
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