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RESUMO GERAL 

 

Almeida EO. Influência do número e inclinação dos implantes para a 

ancoragem de prótese fixa em maxila atrófica. Estudo comparativo com 

elementos finitos 3D [Tese]. Araçatuba: Faculdade de Odontologia da 

Universidade Estadual Paulista; 2012. 

 

Proposição. O objetivo deste estudo foi avaliar o comportamento 

biomecânico de prótese fixa implanto-suportada com implantes longos 

angulados e implantes curtos retos posicionados na região mais posterior de 

maxila moderadamente atrófica. As hipóteses foram de que a presença do 

implante distal longo inclinado (all-on-four) e do implante distal curto reto (all-

on-six)  resultariam em maior (hipótese-1) e menor (hipótese-2) tensão no 

osso maxilar quando comparada a presença dos implantes  distais longos 

verticais (all-on-four).  

Materiais e Métodos. O modelo 3D foi confeccionado baseado na tomografia 

de um paciente com maxila atrófica e na micro-tomografia dos implantes 

Nobel Biocare. As diferentes configurações foram: M4R, quatro implantes 

verticais anteriores (4X11.5 X 4X13mm); M4I, dois implantes verticais mesiais 

(4X11.5mm) e dois implantes inclinados distais (45°) (4X13mm); M6R, quatro 

implantes verticais anteriores (4X11.5 X 4X13mm) + dois implantes curtos 

verticais posteriores (5X7mm). Foram aplicados carregamentos bilaterais 

simultâneos (150N) axial (C1) e obliquo (C2) na região de cantilever 

posterior. Foi adotada a Tensão Principal Máxima (σmax) para avaliação da 
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tensão óssea e a tensão Equivalente de von Mises (σvM) para avaliação dos 

implantes. 

Resultados. Independente da direção do carregamento, a σmax foi maior no 

M4I (C1 0,87 e C2 0,85 GPa), seguido pelo M6R (C1 0,71 e C2 0,53 GPa) e 

M4R (C1 0,59 e C2 0,44 GPa). Os implantes mais próximos da área de 

carregamento apresentaram os maiores valores de tensão no planejamento 

M6R, seguido pelo M4I e M4R.  

Conclusões. As hipóteses 1 e 2 foram respectivamente aceita e 

parcialmente negada, uma vez que a presença do implante distal longo 

inclinado e do implante distal curto reto resultaram em maiores valores de 

tensão quando comparado ao implante vertical reto. Mesmo assim, como a 

tensão da maioria dos implantes foi menor no planejamento com 6 implantes, 

a utilização do implante curto é considerada vantajosa por diminuir o 

cantilever. 

 

Palavras-chave: análise de elemento finito, implantes dentários, 

osseointegração, biomecânica. 
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ABSTRACT GERAL 

 

Almeida EO. Tilted and Short Implants Supporting Fixed Prosthesis in an 

Atrophic Maxilla. A 3D-FEA Biomechanical Evaluation [Thesis]. Araçatuba: 

UNESP – São Paulo State University; 2012. 

 

Purpose. This study compared the biomechanical behavior of tilted long 

implant and vertical short implants to support fixed prosthesis in an atrophic 

maxilla. The hypotheses were that the presence of distal tilted (all-on-four) 

and distal short implants (all-on-six) would respectively result in higher 

(Hypotheses 1) and lower (Hypotheses) stresses in the maxillary bone in 

comparison to the presence of vertical implants (all-on-four). 

Materials and Methods. The maxilla model was built based on a 

tomographic image of the patient. Implant models were based on micro-CT 

imaging of implants. The different configurations considered were: M4S, four 

vertical anterior implants; M4T, two mesial vertical implants and two distal 

tilted (45°) implants in the anterior region of the maxilla; and M6S, four vertical 

anterior implants and two vertical posterior implants. Numerical simulation 

was carried out under bilateral 150N loads applied in the cantilever region in 

axial (L1) and oblique (45°) (L2) direction. Maximum principal stress (σmax) 

and von Mises stress (σvM) were utilized for bone and implant stresses 

assessments, respectively.  

Results. Regardless of loading direction, bone σmax was highest for the M4T 

(L1 0.87 and L2 0.85 GPa), followed by M6S (L1 0.71 and L2 0.53 GPa) and 

M4S (L1 0.59 and L2 0.44 GPa). Implants in proximity of the loading area 
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presented highest stress values in the M6S configuration, followed by the 

M4T and then the M4S.  

Conclusions. The hypotheses of the present study were that the presence of 

distal tilted (all-on-four) and distal short implants (all-on-six) would 

respectively result in higher and lower stresses in the maxillary bone in 

comparison to the presence of vertical implants (all-on-four), were 

respectively accepted and partially rejected, as the presence of distal tilted 

and distal short implants resulted in higher stresses compared to vertical 

implants (all-on-four). Nevertheless, as the stresses at the majority of the 

implants were lower in the all-on-six planning in comparison to the all-on-four 

planning, it should be considered as advantageous the presence of short 

implant to decrease the cantilever.         

 

Key Words: finite element analysis, dental implants, osseointegration, 

biomechanics. 
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1 Introdução (Introduction) 

 

Implant rehabilitation in atrophic maxilla has been considered a 

prosthetic and surgical challenge due to the small quantity and low quality of 

bone, usually represented by bone type III and IV,1 and anatomic constraints 

such as presence of the nasal fossa along with the frequent need of maxillary 

sinus augmentation.2,3 The potential for such complex scenarios may severely 

restrict the number, length, width and position of the implants that are to be 

used, affecting the final prosthetic design.4 The challenge of implant 

placement in the posterior region may also result in the long cantilevered 

prosthesis, increasing the risk of implant biomechanical failure.5-8 Thus, 

careful treatment planning is necessary for the successful treatment of such 

implant-supported prosthesis.    

The use of bone grafting and sinus elevation has been an alternative in 

improving the implant placement location and the overall mechanical behavior 

of prosthesis by allowing implant placement in posterior regions.8-10 However, 

the invasive nature of the surgical procedure associated with the increased 

risk of morbidity, high costs, and time required for treatment completion are 

the commonly cited drawbacks.2,11 While a wide range of survival rates has 

been reported (from 70 to 95%), these are mainly due to postoperative graft 

complications such as infections and host site morbidity.10,12 Also reported are 

difficulties in restoring and maintaining esthetic appearance due to graft 

resorption over time.13  

The use of tilted or short implants in the maxilla has been 

demonstrated to be alternatives to bone grafting, increasing patient 



28 

 

acceptance towards implant supported oral rehabilitation.2,7,14-17 Although 

several studies have reported that rehabilitation utilizing short implants may 

be regarded as a reliable treatment,18-23 it is not yet clear whether the 

utilization of short implants towards the posterior region or tilted implants in 

the anterior region are best in cases where limited bone height is present in 

molar regions. By tilting the distal implant towards the anterior in the all-on-

four concept, a more posterior implant position may be reached, potentially 

improving implant anchorage through the cortical bone of the wall of the sinus 

and the nasal fossa.24-27 From a biomechanical perspective, laboratory studies 

on models and theoretical calculations have indicated that tilted implants, 

primarily due to bending, may increase the stress in the surrounding bone.28-30 

These studies were performed on single implants or linear arrangements. In 

multiple implant supported prosthetic restorations the spread of the implants 

and rigidity of the prosthesis will reduce bending of the implants. The bending 

magnitude may be larger in single unit treatment modalities, potentially 

resulting in pronounced bone resorption.29 Previous studies have reported 

that when the posterior implant is tilting, no difference in bone resorption 

relative to a vertical implant was observed.2,24  

Although the use of only four implants for a complete fixed 

rehabilitation of the maxilla has been supported by clinical studies at short 

period,24,31,32 it has been suggested that using a larger number of implants 

(around 6) for prosthetic treatment of the edentulous maxilla may be 

beneficial.1,29,33-36 The number of implants and their respective configurations 

for implant supported treatment modalities have been studied; however, it is 

not yet clear whether the use of tilting or short implants in rehabilitation would 
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result in substantially improved bone/implant/prosthesis biomechanics. Thus, 

using 3D-FEA method, this study compared the biomechanical behavior of 

tilted long implant (all-on-four) and vertical short implants (all-on-six) to 

support fixed prosthesis in an atrophic maxilla. The hypotheses were the 

presence of distal tilted (all-on-four) and distal short implants (all-on-six) would 

respectively result in higher (hypothese 1) and lower (hypothese 2) stresses in 

the maxillary bone in comparison to the presence of vertical implants (all-on-

four). 
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2 Materiais e Métodos (Materials and 

Methods) 

 

2.1 Geometric reconstruction 

Three geometrical models were constructed based on the tomographic 

image of a patient (Aracatuba College of Dentistry Ethical Comite # 01686/09) 

and on micro-CT of the implants (Nobel Speed TM RP and Branemark System 

MkIII WP, Nobel Biocare, CA, USA) and respective abutments (Table 1). The 

selected patient showed an atrophic maxilla with a moderate maxillary sinus 

pneumatization. The scan was carried out by a Galileos Conic Tomography 

(Sirona, Bensheim, Germany) with a voxel dimension of 0.3 mm, voltage level 

of 85KV with a current of 42mAs and exposure time of 14 s for 200 slices. The 

implants connected to straight or tilted (30º) abutments (Table 1) were 

scanned with a micro-CT (Scanco Medical 40, Bassersdorf, Switzerland) with 

an x-ray energy level of 70kVp with a current of 114µA.37 The integration time 

was 300, the stepping rotational angle was 0.18 degree37 and each implant 

with abutment presented approximately 800 slices that were used in the 

reconstruction. For both maxilla and implant components, the dicom files were 

imported in the ScanIP software (Simpleware, Exeter, UK) in order to 

generate the 3D-CAD model based on the image density thresholding.38 Each 

mask presented a cubic resampling of 0.18 mm (pixel spacing in X, Y and Z) 

with linear image interpolation method. The maxilla dimensions were 84 mm 

(X, width), 71 mm (Y, length) and 19 mm (Z, height) (Figure 1A-E). The .stl 

files were exported to ScanCAD (Simpleware, Exeter, UK) to generate the 

assembly of the structures using the “masking technique”38 to construct 
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models based on different configurations in the atrophic maxilla using 

implants to support a fixed prosthesis: M4S – four implants (mesial – 4 mm in 

diameter and 11.5 mm in length; distal - 4 mm in diameter and 13 mm in 

length, respectively) were placed bilaterally vertically in the anterior region of 

the maxilla (Figure 2A and D); M4T – two mesial implants (4 mm in diameter 

and 11.5 mm in length) were placed vertically and two distal implants (4 mm 

in diameter and 13 mm in length) were tilted at a 45-degree angle towards the 

anterior region of the maxilla (Figure 2B and E); M6S – four implants (mesial – 

4 mm in diameter and 11.5 mm in length; distal – 4 mm in diameter and 13 

mm in length) were placed vertically in the anterior region of the maxilla and 

two short implants (5 in diameter and 7 mm in length) were placed vertically in 

the posterior region (Figure C and F). Detailed information concerning implant 

position are presented in Table 1 and Figure 2A-F.  

The models (M4S, M4T and M6S) were exported back to the ScanIP 

software where the implants in each model were splinted with a rigid titanium 

bar with the dimensions of 5.8 mm in thickness and 4 mm in height (Figure 2 

D – F). The all-on-four planning (M4S and M4T) presented a 14 mm-long 

distal cantilever in the right side and a 18 mm-long in the left side (Figure 2D 

and E), whereas the M6S presented a 2mm-short cantilever (Figure 2F). 

Segmentation was used to design the bars with the same numbers of slices 

for each model. The distance from the bar to the maxilla was maintained 

constant for all models (Figure 2A-F). For this reason, different implants 

presented varied insertion depth in bone. A squared loading area was 

bilaterally placed in the first molar region for each model at the same numbers 

of slices and the same position (Figure 2D-F).       
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2.2 Finite element modeling 

Using the ScanIP software, the implants were subtracted from the 

maxilla and the bar using boolean operations. The mechanical properties 

(elastic modulus and Poisson’s ratio) were defined for each material derived 

from biomechanical studies simulating trabecullar type III bone.33,39,40 The 

models presented linear elastic characteristics.41 The different model 

components were assumed to be homogenous and isotropic.41 No contact 

pair was considered. The mesh set up used pre-smoothing with 100 iterations 

allowing all parts change with higher quality optimisation. The volume 

meshing was edited manually to use adaptive surface remeshing with target 

minimum edge length 0.09 mm, target maximum error of 0.045 mm and 

maximum edge length of 5.0 mm. The number of tetrahedral volume elements 

in each model was 295252 (M4S), 229919 (M4T) and 445120 (M6S) (Figure 

3A-F). The FE models were exported as Ansys volume (solid/shells) to Ansys 

13 software (Ansys Inc, Canonsburg, USA) for the analysis.   

In Ansys 13, two load directions were bilaterally applied (150N): L1 – 

axial (Figure 4A and B) and L2 – oblique (45 degrees) in the buccal-lingual 

direction (Figure 4A and C) in the area corresponding to the first molar region. 

The boundary conditions of the model were defined according to the union of 

the maxilla to the base of the skull, by which six degrees of freedom were 

constrained (Figure 4B and C).42   

   The maximum principal stress (σmax) was selected as stress output for 

the maxilla in order to allow distinction between tensile and compressive 

stress.43,44 For ductile materials such as the implants and bar, von Mises 

stress (σvM) output was adopted for descriptive statistical analysis.45 The 
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implants were numbered from 1 (left side) to 4/6 (right side) for evaluation 

(Figure 5A-C).      
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3 Resultados (Results) 
 

Comparing the results of the three different implant treatment 

configuration (M4S, M4T and M6S) for the atrophic maxilla in the axial and 

oblique loading conditions (L1 and L2), the maximum principal stress (σmax) 

was highest for the M4T (L1 0.87 and L2 0.85 GPa), followed by M6S (L1 

0.71 and L2 0.53 GPa) and M4S (L1 0.59 and L2 0.44 GPa) (Table 3; Figure 

6 and 7). Concerning the angular orientation of implants in the M4T (tilted) 

configuration, these presented 32% and 48% higher stress in bone compared 

to the M4S (vertical) when both axial and oblique loading were applied. 

Relative to the number of implants, the M6S configuration presented 17.2% 

and 17.8% higher stress in bone compared to M4S (4 implants) when the 

axial and oblique loadings were applied. The maximum values of each model 

were visualized around implant 2 (M4T), 3 (M4S) and 6 (M6S) (Figure 7 D-F, 

respectively).    

Considering the σvM stress in the implant components in the M4T, the 

highest stress value of L1 and L2 were observed at in implant number 1 (49.4 

and 41.8 GPa, respectively), followed by implant 4 (34.1 and 30.7 GPa), 

implant 2 (5.5 and 7.2 GPa) and implant 3 (4.1 and 6.5 GPa). For the M4S, 

the highest stress value (σvM) were observed at implant number 4 (36.4 for L1 

and 38.5 GPa for L2), followed by implant 1 (33,6 for L1 and 33,1 GPa for L2), 

implant 2 (11,2 GPa) and 3 (7,5 GPa) under axial loading and implant 3 (14.2 

GPa) and 2 (12.1 GPa) under oblique loading. For M6S, the highest stress 

values for L1 and L2 were: implant 6 (61 and 49.1 GPa), implant 1 (5.6 and 

5.6 GPa), implant 4 (1.3 and 3.4 GPa), implant 3 (0.8 and 2.4 GPa) and 
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implant 2 (0.4 and 1.6 GPa), respectively. In general, implants in closer 

proximity to loading area showed higher stress values, mainly under axial 

loading were the short implant 6 at M6S showed 99.3% higher stress than the 

anterior implant 2 of the same model and 19.2% higher stress in comparison 

to the implant 1 in the M4T. The same trends were observed under oblique 

loading where implant 6 presented 96.72% more stress than the implants 2 

and 5 within the same model and 14.9% more stress in comparison to the 

implant 1 for the M4T (Table 3). 
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4  Discussão (Discussion)

Numerical simulations are now widely used to understand the stress 

distributions and deformation profiles in engineering and biomedical fields. In 

these techniques the accuracy of results greatly depends on the precise 

representation of the geometry of interest in the analyzed model. While results 

in initial studies relied on solid modeling tools to create approximate 

geometries for analysis, availability of advanced imaging techniques are now 

enabling accurate representation of precise 3D geometric models for FEA and 

other numerical analysis techniques.46,47 The present study used tomography 

of a patient to create the model of atrophic maxilla and micro-CT of the 

implants to simulate three different treatments modalities for fixed restoration 

of a total edentulous maxilla. Even though the use of fewer implants to 

support the prosthesis reduces the overall treatment cost2 the reduced 

quantity of bone results in challenging scenarios for implant placement. Such 

perceived advantages may result in subsequent drawbacks due to bone 

and/or implant failure.3 Thus, evaluation of the number of implants and implant 

angulation options commonly utilized in clinical practice are desirable prior to 

treatment. 

The results of this study showed that the model with tilted implants 

(M4T) presented  32% and 48% higher σmax compared to the vertical implants 

(M4S) in both axial and oblique loading conditions. Thus, the hypothesis 

which postulated that the presence of distal tilted (all-on-four) implants would 

result in higher stress in the maxillary bone compared to vertical implants (all-

on-four) was accepted. Concerning this topic, results contradictory to ours 

have been previously reported,42 presenting decreased peri-implant bone 
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stress when simulating tilted distal implants in a fixed denture in comparison 

to vertical implants with cantilevered segments.42 Such discrepancy in results 

is likely related to the cantilever length reduction utilized for all tilted models 

relative to the vertical implant configuration in that particular study.42 In this 

regard, Rubo et al.48 demonstrated through 3D FEA that the increase in stress 

on implants is proportional to increased cantilever length, which explains the 

discrepancy between the previously reported results of Bevilaqua et al. and 

the present results. These findings are confirmed in the present study in 

relation to the implants stress values of the 14mm right cantilever for M4T 

(49.4 for L1 and 41.8 GPa for L2) in comparison with the stress values in the 

18mm left cantilever (34.1 for L1 and 30.7 GPa for L2) (Figure 5 A; Table 3). 

Based on previous findings by Bevilaqua et al.42 and Rubo et al.48, along with 

the results observed in present study, if the distal tilted implants are to be 

installed splinted with vertical implants in a fixed complete prosthesis, the use 

of shortest cantilever for better results is suggested.  

The presence of the distal short implant showed that bone in the M6S 

(4 vertical + 2 short implants) presented 17.2% and 17.8% higher σmax in 

comparison to the M4S (4 vertical implants) for both axial and oblique loading 

conditions, respectively. Although, except for implant 6, the implant stress 

values were lower in the M6S configuration (Imp 1 - 5.6 GPa for L1 and L2, 

Imp 2 – 0.4 for L1 and 1.6 GPa for L2 and Imp 3 - 0.8 for L1 and 2.4 GPa for 

L2) in comparison to the M4S configuration (Imp 1 – 33.6 for L1 and 33.1 GPa 

for L2; Imp 2 – 11.2 for L1 and 12.1 GPa for L2 and Imp 3 7.5 for L1 and 14.2 

GPa for L2). Thus, the postulated hypothesis that the presence of the distal 

short implants (all-on-six) in association of the 4 vertical implants would result 
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in lower stress in bone compared to the all-on-four (vertical implants) 

configuration was partially rejected. It should be noted that the clinical aspect 

of the maxilla utilized along with the need to standardize dimensions of the 

model for appropriate comparisons resulted in significantly reduced bone 

height in the posterior region of the #6 implant in the M6S model, and that 

particular implant was not fully submerged in bone (Figure 2F) resulting in a 

larger bending component compared to any other implant in all three models 

considered. 

Several biomechanical factors are recognized to influence the implant 

to bone load transfer, including bone quality in the insertion area, the nature of 

the bone-implant interface, the material properties of the implants and 

prosthesis, the surface roughness, the oclusal conditions and the design of 

the implant.49-52 In the presence of marginal bone loss, the lever arm of force 

will be increased, so the moment with respect to the marginal bone level will 

result in increased stress levels.5-8 Specific studies using FEM described that 

a bone loss of 4 mm showed higher values of stress than no bone loss 

situation.53 

In relation to the σvM, the implants in closer proximity to the loading 

area showed higher stress values compared to other. Once again, implant #6 

in the M6S model presented 99.3% (axial loading) and 96.7% (oblique 

loading) higher σvM compared to implant #2 in the same model. Consequently, 

the stress at distal implants in the all-on-four planning would be higher than 

the stress in the all-on-six planning for this particular maxilla when model 

constrains had to be observed for appropriate comparison between models. It 

is likely that this situation over time after restoration of implant #6 in the M6S 
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model would be questionable in a clinical scenario due to the reduced amount 

of bone support.54 Nevertheless, as the stress at implant 1 to 4 were lower in 

comparison to the all-on-four planning, it should be considered as 

advantageous the presence of short implant to decrease the cantilever, even 

with the higher results for the implant 6.       

 It should be observed that there are inherent limitations in simulating 

clinical scenarios, primarily due to assumptions concerning forces, boundary 

and loading conditions, and material properties.6,21,30,41,55,56 Bone is a complex 

dynamic structure and its characteristics may substantially vary among 

individuals, and its mechanical properties are not precisely established. In the 

present study, a type III bone was used to simulate the maxilla and alterations 

in this assumption would likely shift the numerical values of the results.13 In 

addition, ideal osseointegration conditions were utilized, where 100% contact 

between the implant and the bone and perfect fit of implants abutments and 

bar were assumed in all models, which may be different than real clinical 

situations. However, qualitative and comparative results obtained in this study 

are expected to be insensitive to most of these parameters. Since the same 

conditions were applied to all models, these assumptions have been shown to 

unlikely interfere in the aims.46 

 For further investigations, the presence of prosthetic components 

between the implants and bar and contact pair between the implants and 

bone would be insert for comparison. Additionally, different implant company 

and implant position would be available.  
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 5 Conclusões (Conclusions) 

The hypotheses of the present study were that the presence of distal 

tilted (all-on-four) and distal short implants (all-on-six) would respectively 

result in higher and lower stresses in the maxillary bone in comparison to the 

presence of vertical implants (all-on-four), were respectively accepted and 

partially rejected, as the presence of distal tilted and distal short implants 

resulted in higher stresses compared to vertical implants (all-on-four). 

Nevertheless, as the stresses at the majority of the implants were lower in the 

all-on-six planning in comparison to the all-on-four planning, it should be 

considered as advantageous the presence of short implant to decrease the 

cantilever.         

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 

 REFERÊNCIAS 

1.Capelli M, Zuffetti F, Del Fabbro M, Testori T. Immediate rehabilitation of the 

completely edentulous jaw with fixed prostheses supported by either 

upright or tilted implants: a multicenter clinical study. Int J Oral 

Maxillofac Implants 2007;22:639-644. 

2.Testori T, Del Fabbro M, Capelli M, Zuffetti F, Francetti L, Weinstein RL. 

Immediate occlusal loading and tilted implants for the rehabilitation of 

the atrophic edentulous maxilla: 1-year interim results of a multicenter 

prospective study. Clin oral imlants res 2008;19:227-232. 

3.Turkyilmaz I, Patel NS, McGlumphy EA. Oral Rehabilitation of a Severely 

Resorbed Edentulous Maxilla with Screwed-retained Hybrid Denture 

Using Cresco System: A Case Report. Eur J Dent 2008;2:220-223. 

4.Sagat G, Yalcin S, Gultekin BA, Mijiritsky E. Influence of arch shape and 

implant position on stress distribution around implants supporting fixed 

full-arch prosthesis in edentulous maxilla. Implant dent 2010;19:498-

508. 

5.White SN, Caputo AA, Anderkvist T. Effect of cantilever length on stress 

transfer by implant-supported prostheses. J Prosthetic dent 

1994;71:493-499. 

6.Sertgoz A, Guvener S. Finite element analysis of the effect of cantilever and 

implant length on stress distribution in an implant-supported fixed 

prosthesis. J Prosthetic dent 1996;76:165-169. 

7.Krekmanov L. Placement of posterior mandibular and maxillary implants in 

patients with severe bone deficiency: a clinical report of procedure. Int 

J Oral Maxillofac Implants 2000;15:722-730. 



47 

 

8.Wallace SS, Froum SJ. Effect of maxillary sinus augmentation on the 

survival of endosseous dental implants. A systematic review. Ann 

Periodontol 2003;8:328-343. 

9.Del Fabbro M, Testori T, Francetti L, Weinstein R. Systematic review of 

survival rates for implants placed in the grafted maxillary sinus. Int J 

Periodontics Restorative Dent 2004;24:565-577. 

10.Tuna T, Yorgidis M, Strub JR. Prognosis of implants and fixed restorations 

after lateral sinus elevation: a literature review. J Oral Rehabil 2011. 

11.Yerit KC, Posch M, Guserl U, Turhani D, Schopper C, Wanschitz F, et al. 

Rehabilitation of the severely atrophied maxilla by horseshoe Le Fort I 

osteotomy (HLFO). Oral Surg Oral Med Oral Pathol Oral Radiol Endod 

2004;97:683-692. 

12.Rosen A, Gynther G. Implant treatment without bone grafting in edentulous 

severely resorbed maxillas: a long-term follow-up study. J Oral 

Maxillofac Surg 2007;65:1010-1016. 

13.Nystrom E, Ahlqvist J, Kahnberg KE, Rosenquist JB. Autogenous onlay 

bone grafts fixed with screw implants for the treatment of severely 

resorbed maxillae. Radiographic evaluation of preoperative bone 

dimensions, postoperative bone loss, and changes in soft-tissue 

profile. Int J Oral Maxillofac Surg 1996;25:351-359. 

14.Aparicio C, Perales P, Rangert B. Tilted implants as an alternative to 

maxillary sinus grafting: a clinical, radiologic, and periotest study. Clin 

Implant Dent Relat Res 2001;3:39-49. 

15.Fortin Y, Sullivan RM, Rangert BR. The Marius implant bridge: surgical 

and prosthetic rehabilitation for the completely edentulous upper jaw 



48 

 

with moderate to severe resorption: a 5-year retrospective clinical 

study. Clin Implant Dent Relat Res 2002;4:69-77. 

16.Rossetti PH, Bonachela WC, Rossetti LM. Relevant anatomic and 

biomechanical studies for implant possibilities on the atrophic maxilla: 

critical appraisal and literature review. J Prosthodontists 2010;19:449-

457. 

17.Sun HL, Huang C, Wu YR, Shi B. Failure rates of short (</= 10 mm) dental 

implants and factors influencing their failure: a systematic review. Int J 

Oral Maxillofac Implants 2011;26:816-25. 

18.Menchero-Cantalejo E, Barona-Dorado C, Cantero-Alvarez M, Fernandez-

Caliz F, Martinez-Gonzalez JM. Meta-analysis on the survival of short 

implants. Med Oral Patol Oral Cir Bucal 2011;16:546-551. 

19.Anitua E, Orive G, Aguirre JJ, Andia I. Five-year clinical evaluation of short 

dental implants placed in posterior areas: a retrospective study. J 

Periodontol 2008;79:42-8. 

20.Degidi M, Piattelli A, Iezzi G, Carinci F. Immediately loaded short implants: 

analysis of a case series of 133 implants. Quintessence Int 

2007;38:193-201. 

21.das Neves FD, Fones D, Bernardes SR, do Prado CJ, Neto AJ. Short 

implants--an analysis of longitudinal studies. Int J Oral Maxillofac 

Implants 2006;21:86-93. 

22.Fugazzotto PA. Shorter implants in clinical practice: rationale and 

treatment results. Int J Oral Maxillofac Implants 2008;23:487-496. 

23.Misch CE, Steignga J, Barboza E, Misch-Dietsh F, Cianciola LJ, Kazor C. 

Short dental implants in posterior partial edentulism: a multicenter 



49 

 

retrospective 6-year case series study. J Periodontol 2006;77:1340-

1347. 

24.Malo P, Rangert B, Nobre M. All-on-4 immediate-function concept with 

Branemark System implants for completely edentulous maxillae: a 1-

year retrospective clinical study. Clin Implant Dent Relat Res 

2005;7:S88-94. 

25.Malo P, Rangert B, Nobre M. "All-on-Four" immediate-function concept 

with Branemark System implants for completely edentulous mandibles: 

a retrospective clinical study. Clin Implant Dent Relat Res 2003;5:2-9. 

26.Pomares C. A retrospective study of edentulous patients rehabilitated 

according to the 'all-on-four' or the 'all-on-six' immediate function 

concept using flapless computer-guided implant surgery. Eur J Oral 

Implant 2010;3:155-163. 

27.Pomares C. A retrospective clinical study of edentulous patients 

rehabilitated according to the 'all on four' or the 'all on six' immediate 

function concept. Eur J Oral Implantol 2009;2:55-60. 

28.Watanabe F, Hata Y, Komatsu S, Ramos TC, Fukuda H. Finite element 

analysis of the influence of implant inclination, loading position, and 

load direction on stress distribution. Odontology 2003;91:31-36. 

29.Krekmanov L, Kahn M, Rangert B, Lindstrom H. Tilting of posterior 

mandibular and maxillary implants for improved prosthesis support. Int 

J Oral Maxillofac Implants 2000;15:405-414. 

30.Caglar A, Aydin C, Ozen J, Yilmaz C, Korkmaz T. Effects of mesiodistal 

inclination of implants on stress distribution in implant-supported fixed 

prostheses. Int J Oral Maxillofac Implants 2006;21:36-44. 



50 

 

31.Malo P, de Araujo Nobre M, Lopes A. The use of computer-guided flapless 

implant surgery and four implants placed in immediate function to 

support a fixed denture: preliminary results after a mean follow-up 

period of thirteen months. J Prosthet Dent 2007;97:S26-34. 

32.Tealdo T, Bevilacqua M, Pera F, Menini M, Ravera G, Drago C, et al. 

Immediate function with fixed implant-supported maxillary dentures: a 

12-month pilot study. T J Prosthet Dent 2008;99:351-360. 

33.Jemt T. Fixed implant-supported prostheses in the edentulous maxilla. A 

five-year follow-up report. Clin Oral Implants Res 1994;5:142-147. 

34.Misch CE. Maxillary partial and complete edentulous implant treatment 

plans: Fixed and overdenture prostheses. In: Misch CE, editor. Dental 

Implant Prosthetics. Philadelphia: Elsevier; 2004. p. 281–308. 

35.Rocci A, Martignoni M, Gottlow J. Immediate loading in the maxilla using 

flapless surgery, implants placed in predetermined positions, and 

prefabricated provisional restorations: a retrospective 3-year clinical 

study. Clin Implant Dent Relat Res 2003;5 Suppl 1:29-36. 

36.Fischer K, Stenberg T. Early loading of ITI implants supporting a maxillary 

full-arch prosthesis: 1-year data of a prospective, randomized study. Int 

J Oral Maxillofac Implants 2004;19:374-381. 

37.Butz F, Ogawa T, Chang TL, Nishimura I. Three-dimensional bone-implant 

integration profiling using micro-computed tomography. Int J Oral 

Maxillofac Implants 2006;21:687-695. 

38.Magne P. Efficient 3D finite element analysis of dental restorative 

procedures using micro-CT data. Dental materials : official publication 

of the Academy of Dental Materials 2007;23:539-548. 



51 

 

39.de Almeida EO, Rocha EP, Freitas AC, Jr., Freitas MM, Jr. Finite element 

stress analysis of edentulous mandibles with different bone types 

supporting multiple-implant superstructures. Int J Oral Maxillofac 

Implants 2010;25:1108-1114. 

40.Huang HL, Hsu JT, Fuh LJ, Tu MG, Ko CC, Shen YW. Bone stress and 

interfacial sliding analysis of implant designs on an immediately loaded 

maxillary implant: a non-linear finite element study. J Dent 

2008;36:409-417. 

41.Silva GC, Mendonca JA, Lopes LR, Landre J, Jr. Stress patterns on 

implants in prostheses supported by four or six implants: a three-

dimensional finite element analysis. Int J Oral Maxillofac Implants 

2010;25:239-246. 

42.Bevilacqua M, Tealdo T, Menini M, Pera F, Mossolov A, Drago C, et al. 

The influence of cantilever length and implant inclination on stress 

distribution in maxillary implant-supported fixed dentures. J Prosthet 

Dent 2011;105:5-13. 

43.Ciftci Y, Canay S. The effect of veneering materials on stress distribution in 

implant-supported fixed prosthetic restorations. Int J Oral Maxillofac 

Implants 2000;15:571-582. 

44.Furmanski J, Anderson M, Bal S, Greenwald AS, Halley D, Penenberg B, 

et al. Clinical fracture of cross-linked UHMWPE acetabular liners. 

Biomaterials 2009;30:5572-5582. 

45.Pessoa RS, Muraru L, Junior EM, Vaz LG, Sloten JV, Duyck J, et al. 

Influence of implant connection type on the biomechanical environment 

of immediately placed implants - CT-based nonlinear, three-



52 

 

dimensional finite element analysis. Clin Implant Dent Relat Res 

2010;12:219-234. 

46.Geng JP, Tan KB, Liu GR. Application of finite element analysis in implant 

dentistry: a review of the literature. J Prosthet Dent 2001;85:585-598. 

47.Van Staden RC, Guan H, Loo YC. Application of the finite element method 

in dental implant research. Comput Methods Biomech Biomed Engin 

2006;9:257-270. 

48.Rubo JH, Capello Souza EA. Finite-element analysis of stress on dental 

implant prosthesis. Clin Implant Dent Relat Res 2010;12:105-113. 

49.De Smet E, Jaecques SV, Jansen JJ, Walboomers F, Vander Sloten J, 

Naert IE. Effect of constant strain rate, composed of varying amplitude 

and frequency, of early loading on peri-implant bone (re)modelling. J 

Clin Periodontol 2007;34:618-624. 

50.Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer characteristics of 

five different implants in compact bone at different load levels by finite 

elements analysis. J Prosthet Dent 2004;92:523-530. 

51.Misch CE, Suzuki JB, Misch-Dietsh FM, Bidez MW. A positive correlation 

between occlusal trauma and peri-implant bone loss: literature support. 

Implant Dent 2005;14:108-116. 

52.Bozkaya D, Muftu S. Efficiency considerations for the purely tapered 

interference fit (TIF) abutments used in dental implants. J Biomech Eng 

2004;126:393-401. 

53.Shunmugasamy VC, Gupta N, Pessoa RS, Janal MN, Coelho PG. 

Influence of clinically relevant factors on the immediate biomechanical 



53 

 

surrounding for a series of dental implant designs. J Biomech Eng 

2011;133:031005. 

54.Kozlovsky A, Tal H, Laufer BZ, Leshem R, Rohrer MD, Weinreb M, et al. 

Impact of implant overloading on the peri-implant bone in inflamed and 

non-inflamed peri-implant mucosa. Clin Oral Implants Res 

2007;18:601-610. 

55.Bellini CM, Romeo D, Galbusera F, Agliardi E, Pietrabissa R, Zampelis A, 

et al. A finite element analysis of tilted versus nontilted implant 

configurations in the edentulous maxilla. Int J Prosthodont 

2009;22:155-157. 

56.Zampelis A, Rangert B, Heijl L. Tilting of splinted implants for improved 

prosthodontic support: a two-dimensional finite element analysis. J 

Prosthet Dent 2007;97:S35-43. 

 

 

 

 

 

 

 

 



54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figuras e Legendas 

 
 



F
ig

u
ra

s 
e

 L
e

g
e

n
d

a
s 

(F
ig

u
re

s 
a

n
d

 L
e

g
e

n
d

s)
 

 

Fi
gu

re
 1

: T
rid

im
en

si
on

al
-C

A
D

 o
f t

he
 m

ax
illa

 in
 th

e 
in

fe
rio

r (
A

), 
su

pe
rio

r (
B

), 
fro

nt
al

 (C
), 

la
te

ra
l l

ef
t (

D
) a

nd
 la

te
ra

l r
ig

ht
 (E

). 
Th

e 
re

d,
 

gr
ee

n 
an

d 
bl

ue
 a

rro
w

s 
in

di
ca

te
 th

e 
X

, Y
 a

nd
 Z

 d
ire

ct
io

n.
 

  

55
 



2 
 

 

Fi
gu

re
 2

: F
ro

nt
al

 (
A

 –
 C

) 
an

d 
la

te
ra

l r
ig

ht
 (

D
-F

) 
vi

ew
 o

f t
he

 m
od

el
s 

M
4S

 (
A

 a
nd

 D
), 

M
4T

 (B
 a

nd
 E

) 
an

d 
M

6S
 (

C
 a

nd
 F

). 
Th

e 
re

d,
 

gr
ee

n 
an

d 
bl

ue
 a

rro
w

s 
in

di
ca

te
 th

e 
X

, Y
 a

nd
 Z

 d
ire

ct
io

n.
  

  

56
 



3 
 

 

Fi
gu

re
 3

: F
in

ite
 e

le
m

en
t m

es
h 

of
 th

e 
M

4S
 (A

 a
nd

 D
), 

M
4T

 (B
 a

nd
 E

) a
nd

 M
6S

 (C
 a

nd
 F

). 
 

 

57
 



4 
 

 

Fi
gu

re
 4

: L
oa

di
ng

 a
re

a 
bi

la
te

ra
lly

 a
t t

he
 b

ar
 c

an
til

ev
er

 (A
). 

A
xi

al
 -

 L
1 

(B
) a

nd
 o

bl
iq

ue
 - 

L2
 (C

) l
oa

di
ng

 in
 A

ns
ys

 S
of

tw
ar

e.
 B

ou
nd

ar
y 

co
nd

iti
on

 in
cl

ud
e 

di
sp

la
ce

m
en

t a
t t

he
 to

p 
su

rfa
ce

 (i
de

nt
ify

 b
y 

do
tte

d 
bl

) o
f t

he
 m

ax
illa

 fo
r a

xi
al

 (L
1)

 a
nd

 o
bl

iq
ue

  (
L2

) l
oa

di
ng

 (B
 a

nd
 

C
). 

 

58
 



5 
  Fi

gu
re

 5
: O

cl
us

al
 v

ie
w

 o
f t

he
 im

pl
an

ts
 in

 th
e 

M
4T

 (A
), 

M
4S

 (B
) a

nd
 M

6S
 (C

) p
la

nn
in

g.
 T

he
 n

um
be

rs
 1

 to
 4

 (M
4T

an
d 

M
4S

) a
nd

 1
 to

 

6 
(M

6S
) 

re
pr

es
en

t 
th

e 
im

pl
an

t 
nu

m
be

rs
 i

n 
ea

ch
 m

od
el

 f
or

 e
va

lu
at

io
n.

 T
he

 a
ll-

on
-fo

ur
 c

on
fig

ur
at

io
n 

(M
4I

 a
nd

 M
4S

) 
sh

ow
s 

th
e 

ca
nt

ile
ve

r i
n 

th
e 

rig
ht

 a
nd

 le
ft 

si
de

.  
  

   

59
 



6 
 

 

Fi
gu

re
 6

: M
ax

im
um

 P
rin

ci
pa

l S
tre

ss
 (
� m

ax
) 

(G
P

a)
 in

 th
e 

ax
ia

l l
oa

di
ng

 (
L1

) f
or

 M
4T

 (A
 a

nd
 D

), 
M

4S
 (B

 a
nd

 E
) a

nd
 M

6S
 (C

 a
nd

 F
). 

Th
e 

m
ax

im
um

 v
al

ue
 o

f e
ac

h 
m

od
el

 w
as

 v
is

ua
liz

ed
 a

ro
un

d 
im

pl
an

t 2
 (M

4T
, F

ig
. D

), 
3 

(M
4S

, F
ig

. E
) a

nd
 6

 (M
6S

, F
ig

. F
). 

 

60
 



7 
 

 

Fi
gu

re
 7

: F
ig

ur
e 

5:
 M

ax
im

um
 P

rin
ci

pa
l S

tre
ss

 (�
m

ax
) (

G
P

a)
 in

 th
e 

ob
liq

ue
 lo

ad
in

g 
(L

2)
 fo

r M
4T

 (A
 a

nd
 D

), 
M

4S
 (B

 a
nd

 E
) a

nd
 M

6S
 

(C
 a

nd
 F

). 
Th

e 
m

ax
im

um
 v

al
ue

 o
f e

ac
h 

m
od

el
 w

as
 v

is
ua

liz
ed

 a
ro

un
d 

im
pl

an
t 1

 (M
4T

, F
ig

. D
), 

1 
(M

4S
, F

ig
. E

) a
nd

 6
 (M

6S
, F

ig
. F

). 

 

61



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Tabelas 



2 
 

Tabelas (Tables)  

 

Table 1 – Model descriptions for the present study. (Legends: M4S – model 

with 4 vertical implants; M4T – model with 4 implants with the tilted distal; 

M6S – model with 6 vertical implants; MI - mesial implants; DI - distal 

implants).  

 

Models  Implants 
#  

Implants 
inclination 

Region of 
anchorage  Implants  Multi-unit 

Abutments  

M4S  4  0º 

nasal cavity 
 

canine 
pillar 

Nobel Speed Groovy 
RP 4.0 X 11.5 mm 

 
Nobel Speed Groovy 

RP 4.0 X 13 mm 

Straight 4.0 
mm RP  

M4T  4  
0º 
 

45º 

nasal cavity 
 

canine 
pillar  

Nobel Speed Groovy 
RP 4.0 X 11.5 mm 

  
Nobel Speed Groovy 

RP 4.0 X 13 mm  

Straight 4.0 
mm RP 

 
30º non-

engaging 4.0 
m RP (All-on-

four) 

 M6S  6  0º 

nasal cavity 
and canine 

pillar  
 

tuber  

Nobel Speed Groovy 
RP 4.0 X 11.5 mm 

 
 Nobel Speed Groovy 

RP 4.0 X 13 mm 
 

Branemark System Mk 
III Short WP 5.0 X 7.0 

mm  

Straight 4.0 
mm  
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Table 2:  Mechanical properties of the components assigned in FEA.  

Material Elastic Modulus 
(E) (GPa) 

Poisson ratio 
(v) References 

Cortical bone 13.8 0.26 Huang et al., (2008)  

Trabecular 
bone Type III 1.60 0.30 De Almeida et al. 

(2010  

Titanium 110 0.35 De Almeida et al. 
(2010) 

  

Table 3: Stress values (GPa) in bone, implants and bar for axial (L1) and 

oblique (L2) loading in the M4T, M4S and M6S models. 

MODEL BONE 
σmax 

IMP 1 
σvM 

 

IMP 2 
σvM 

 

IMP 3 
σVm 

 

IMP 4 
σvM 

 

IMP 5 
σvM 

 

IMP 6 
σvM 

 

M4T (L1) 0.87 49.4 5.5 4.1 34.1 X X 

M4S (L1) 0.59 33.6 11.2 7.5 36.4 X X 

M6S (L1) 0.71 5.6 0.4 0.8 1.3 0.5 61 

M4T (L2) 0.85 41.8 7.2 6.5 30.7 X X 

M4S (L2) 0.44 33.1 12.1 14.2 38.5 X X 

M6S (L2) 0.53 5.6 1.6 2.4 3.4 1.6 49.1 
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Short Implants Supporting Fixed Prosthesis in an Atrophic Maxilla. A 3D-FEA 

Biomechanical Evaluation).   
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