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ABSTRACT 

Osseointegration emerged in the 1950s, created by Per-Ingvar Branemark, when it 
was conceptualized as an intimate connection between the implant and the 
surrounding bone, and with this discovery, it was proposed as a treatment for total 
or partial edentulism. implants supported. Excessive loads generated by poor 
adjustment of occlusal forces are recurrent and common, and may generate 
resorption in the supporting bone; in situations of excess occlusal load, when these 
loads are distributed at different intensities, on different dental occlusal tables, 
could this be a reason for the failure of implant-supported rehabilitation? What 
about the absence of occlusal loading? Could this be a reason for the failure of 
implant-supported prosthetic rehabilitation? What will be the way to avoid 
exacerbated stress on occlusal tables, leading to a better generation of treatment 
prognosis, especially in cases of Fixed Partial Dentures (FPD) with suspended 
artificial teeth? This study aims, using the finite element methodology, to build a 
clinical situation of an implant-supported partial denture (FPD) of fixation of 3 
elements of regular length, where the location of the occlusal loads (newtons) (total 
750N) in the (FPD) ( Fixed Partial Denture) defined in the experimental groups, 
with higher loads being selected on the occlusal surface of the molar tooth in 
relation to the premolar, and with different occlusal forces on adjacent teeth, 
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according to an occlusal load proposed in the research. Thus, the occlusal load 
was distributed, in different intensities, between each tooth of the CAD (Computer 
Aided Design) model. The biomechanical behavior and stresses of the fragile 
structures analyzed vary according to the occlusal load exerted and, therefore, 
controlling such occlusal loads is very relevant. The tensions are always greater 
and more evident in the posterior regions, whether in the cortical bone or in the 
medullary bone, especially when occlusal loads are applied unevenly with overload 
on the posterior elements of the fixed partial denture; therefore, one should always 
try to preserve these more distal elements. 

Keywords: Fixed partial denture, Dental occlusion, Cortical bone, Cancellous bone. 

1. INTRODUCTION 

Osseointegration emerged in the 1950s created by Per-Ingvar Branemark, and 

was discovered in a study with bones, at which time it was conceptualized as the 

intimate connection between the implant and the surrounding bone. 

(BRANEMARK, et al., 1977) Despite the brilliant discovery, limitations continue to 

exist and distance the behavior of natural teeth from bone-integrated dental 

implants. This fact directly reflects the difficulty and importance of occlusal 

adjustment on artificial teeth in order to preserve the implant-supported 

rehabilitation. (JACOBS and VAN STEENBERGHE, 1993) 

Some authors Frost (1994), Glickman (1971), Rios et al. (2008) mention that 

deleterious effects generated by poor adjustment of occlusal loads are recurrent 

and common, which generates different reactions in supporting bone; loads without 

excess can preserve the bone quality, but they can also generate resorptions due 

to inactivity. 

Hämmerle and Tarnow (2018), Stoichkov and Kirov (2018) and Meriç et al. (2011) 

stated that avoiding stress generation exacerbated by changing the distribution of 

occlusal loads tends to lead to a better treatment prognosis, especially in cases of 

Fixed Partial Denture (FPD) with suspended artificial teeth (pontic). 
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The literature shows that cases in which these abovementioned facts are not 

respected can lead to failures and/or fractures, (PEIXOTO and ALMAS, 2016; 

DEMENKO et al., 2016; MOSNEGUTU et al., 2015). and other numerous possible 

damages to the bone tissue, (FLANAGAN, 2008; SPRAY et al., 2000) teeth, 

(FLANAGAN, 2016) temporomandibular joint, (SANTANA-MORA et al., 2014) 

rehabilitations (GIBBS et al., 1981) and restorations. (ROQUE et al., 2016) 

Sekita et al. (2016), Bagi et al. (2011) and Geng et al. (2001) stated that the way in 

which the stress generated in applying the occlusal load is dissipated can be a 

crucial point for the rehabilitation success or failure, as well as for the implant 

stability and the bone tissue peri-implant behavior. The increase in occlusal 

pressure generated by premature contacts between antagonistic teeth (for 

example) can cause excessive force in the peri-implant region and be the source of 

problems for rehabilitation at the time of the intercuspation position. (GIBBS et al., 

1981) This tends to cause lower bone density in the region surrounding the 

implant, which causes crater-shaped resorptions. (SOHN et al., 2011, DUYCK, et 

al., 2001) 

Professionals in the area are aware of the importance of occlusal adjustment, but 

greater understanding of the subject is necessary. According to Costa et al. (2011), 

balanced occlusion is necessary, a situation in which all dental contacts are 

established and distributed over the arch so that there is better force distribution. 

Therefore, this study aimed to evaluate the biomechanical behavior in relation to 

stress dissipation in the bone tissue surrounding the implants according to variation 

in the applied occlusal load distribution, varying their location on implant-supported 

(Fixed Partial Denture) FPD. 
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2. MATERIAL AND METHODS  

This study evaluated different types of occlusal loading on a (Fixed Partial Denture) 

FPD on two implants containing an intermediate pontic through three-dimensional 

analysis using the (Finite Element Method) FEM. Cylindrical implants inserted 2mm 

infra bone were used with 3.5mm transmucosal prosthetic abutments. The cortical 

bone and mucosa thickness were set at 2mm.The models and their respective 

parts (Computer Aided Designers) CADs were generated, meshed and had 

mechanical characteristics assigned. All models were considered isotropic, 

homogeneous and linearly elastic. Contact surfaces between the parts of the 

models were considered fixed (“bonded”). The infrastructures of the (Fixed Partial 

Dentures) FPDs were zirconia (“metal-free” - modulus of elasticity 269,000 (Mega 

Pascal) MPa and Poisson’s coefficient 0.25 - reference by Arinc, (2018) and 

Güngör and Yilmaz, 2016) and covered by feldspathic ceramic (modulus of 

elasticity 80,000 (Mega Pascal) MPa and Poisson’s coefficient 0.30 - reference 

from Arinc (2018) and Erkmen et al., 2011, with screw hole closure with composite 

resin. The assigned elasticity modulus and Poisson’s coefficient were based on a 

bibliographic reference by Toniollo et al. (2012). The supporting bone tissues, both 

cortical and medullary, had bone type I mechanical characteristics.Identical total 

occlusal load was applied to all models 750 (newton) N, obliquely close to 30 

degrees, at the same occlusal points. The molars received an occlusal load greater 

than the premolars, with the location of this load varying between groups.- Group 1 

(control): homogeneous occlusal loading distributed over the occlusal table of the 

entire implant-supported (Fixed Partial Denture) FPD, with 150 (newton) N in the 

premolar and 300 (Newton) N in each molar.- Group 2: occlusal loading located 

only in the most anterior and intermediate elements of the implant-supported 

(Fixed Partial Denture) FPD, with 200 (Newton) N in the premolar and 550 

(Newton) N in the 1st molar (pontic).- Group 3: main occlusal loading located in the 

intermediate element (pontic) and in part of the anterior and posterior elements of 

the implant-supported (Fixed Partial Denture) FPD, with 550 (Newton) N in the 1st 
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molar, 100 (Newton) N in the mesial of the 2nd molar and 100 (Newton) N in the 

distal premolar.- Group 4: occlusal loading located only in the most posterior and 

intermediate (pontic) elements of the implant-supported (Fixed Partial Denture) 

FPD, with 375 (Newton) N in the 1st molar and 375 (Newton) N in the 2nd molar. 

Figure: 1: The 4 experimental groups, described below 

Source: own authorship. Experimental groups: A: Group 1 (control) - homogeneous occlusal 

loading distributed throughout the (fixed partial denture)  FPD; B: Group 2 - occlusal loading in the 

most anterior and intermediate element of the (fixed partial denture)  FPD; C: Group 3 - occlusal 

loading in the intermediate element and in part of the anterior and posterior elements of the (fixed 

partial denture)  FPD; D: Group 4 - occlusal loading in the most posterior and intermediate element 

of the (fixed partial denture)  FPD. The master model used in creating all experimental groups had 

172,800 nodes and 103,536 elements (Figures 2 and 3). The stresses developed in the cortical and 

medullary bones were analyzed using the minimum principal stress (TMiP). 
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Figure 2: 3-D transparency view of the master model used for the experimental group 

 

Source: own authorship. 

Figure 3: Finite element mesh generated on the master model 

 

Source: own authorship. 
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The evaluation was carried out using the (The Finite Element Method) FEM with 

simulations using the AnsysWorkbench 16.0 software program. The results were 

then quantitatively (absolute values of stresses developed in the proposed 

experimental groups) and qualitatively analyzed (location, intensity and dispersion 

of the generated stresses). 

The scales of values obtained in the simulations varied according to the stresses 

obtained in each group, and thus the scales were standardized in their values and 

color references to enable better comparison between the experimental groups; in 

other words, a scale of unique values was used for the 4 experimental groups to 

analyze the cortical bone, and the same was performed to analyze medullary bone. 

3. RESULTS  

The simulations enabled obtaining (Minimum Principal stress) TMiP results in the 

supporting cortical and medullary bones according to the experimental groups 

simulated in the different occlusal loads. The results of the analyzed bone tissues 

from the internal lingual view of the vestibular surface (obtained by the longitudinal 

section of the model) are presented below (Figure 4). It is noteworthy that the most 

evident (Minimum Principal stress) TMiP are represented by the coldest and most 

negative colors, which will be analyzed in a module. Graph 1 shows the stress 

values obtained (Mega Pascal) (MPa) in bone tissues according to the 

experimental groups. 
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Figure 4: Results of experimental groups for stresses in cortical and medullary bones (internal 

lingual view of the vestibular surface); A: Group 1 (control) - homogeneous and distributed occlusal 

loading throughout the (Fixed Partial Denture)  FPD; B: Group 2 - occlusal loading in the most 

anterior and intermediate element of the (Fixed Partial Denture)  FPD; C: Group 3 - occlusal loading 

in the intermediate element and in part of the anterior and posterior elements of the (Fixed Partial 

Denture)  FPD; D: Group 4 - occlusal loading in the most posterior and intermediate element of the 

(Fixed Partial Denture)  FPD 

Source: own authorship. 

Graph 1: (Minimum Principal stress) TMiP obtained in cortical and medullary bone tissues for the 

respective experimental groups 

Source: own authorship. 
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The results in Figure 4 show that cortical bone stress is especially concentrated in 

the cervical area of the implants, mainly in the more posterior implants. Figure 4D 

(Group 4) shows the highest stress values in which there is loading in the most 

posterior and intermediate elements, reaching up to 55 (Mega Pascal) MPa. The 

values in the other groups are around 45 (Mega Pascal) MPa (Graph 1). 

The results (still in Figure 4) show that the stress in medullary bone is 

concentrated, as in cortical bone, notably in the more posterior areas, but always in 

the apical region of the implants. Groups 2 and 4 presented the highest (Minimum 

Principal stress) TMiP in the medullary bone (Figures 4B and 4D) with values close 

to 17 (Mega Pascal) MPa and 15 (Mega Pascal) MPa, respectively, which were 

disregarded for analysis as they come from inconsistencies in the mesh in specific 

insignificant areas. It can be seen that the relevant apical medullary bone stresses 

are clearer in Group 4 and did not exceed approximately 8 (Mega Pascal) MPa 

(Graph 1). 

4. DISCUSSION 

According to Flanagan (2017), the intensity of the bite force in the human species 

can reach an average of 800 (Newton) N, in which attention should be paid to the 

need for greater bone structure in order to withstand the generated stresses. Thus, 

the loads applied in the simulated posterior segment in the present study were 150 

(Newton) N for the premolar and 300 (Newton) N for each molar, which totaled a 

load of 750 (Newton) N on the (Fixed Partial Denture) FPDs. 

There is an ideal occlusion type to be used for each type and size of implant-

supported prosthesis. (COSTA et al., 2011) The implant-supported fixed total 

dentures must be installed in mutually protected occlusion, seeking to perform the 

canine guide to avoid antagonization by contact of the posterior teeth during 

excursive mandibular movements. (CHAPMAN, 1989) Bilateral balanced occlusion 

can be used in cases where there is an antagonist arch with conventional 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/dentistry/implant-supported
https://www.nucleodoconhecimento.com.br/


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

 https://www.nucleodoconhecimento.com.br 

 

118 
RC: 135671 
Available in: https://www.nucleodoconhecimento.com.br/dentistry/implant-supported 

removable prostheses so that prosthetic occlusal stability is achieved. (CHAPMAN, 

1989) 

Such concepts are mainly more suitable when considering excursive mandibular 

movements, or dynamic ones. However, there is also the relationship of static 

occlusal contacts regarding the relationship between working cusps and 

antagonistic elements. This relationship, conventionally known as occlusal contacts 

in maximum intercuspation, is also a delicate factor which can generate premature 

contacts and occlusal injuries when poorly adjusted. 

In the present study, it was possible to simulate and predict the stress generated 

with occlusal loads similar to maximum intercuspation, and therefore the option to 

use contacts at the cusp tip and groove bottom was chosen. In turn, by varying the 

experimental groups in this study, it can be seen that its variation according to the 

group proposals exerted biomechanical reflexes on the support structures, even 

when using the same pre-established occlusal points. Varying the occlusal load in 

a more balanced way in all of the (fixed partial denture) FPD elements, or in the 

most anterior, middle or posterior direction and always keeping the total occlusal 

load equal to 750N generated different stress behaviors in the bone tissue. 

Taking into account the results (Graph 1) of stresses (Minimum Principal stress) 

(TMiP) obtained in cortical bone, the highest compression stresses were in Group 

4 (around 55 (Mega Pascal) MPa, against an average of 45 (Mega Pascal) MPa in 

the other groups), meaning that the poorly distributed occlusal load, mainly in the 

(Fixed Partial Denture)  FPD posterior region, represented the most harmful or 

risky situation for cortical bone behavior, especially in the cortical bone surrounding 

the most posterior implant. It is also noticed that (as expected) there is greater 

reverberation of stresses along the cortical bone, converging with the loading 

location; but it is noteworthy that (as observed in Group 2) there is stress 

generated in this area, even with no occlusal load located directly in the area of the 

most posterior molar. This may be explained by lacking an element adjacent to it, 
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which causes less stabilization of the (Fixed Partial Denture) FPD in the distal part. 

In analyzing Group 1-control, it is also noted that the area which most suffers from 

bone stress cervical to the implant is the most posterior, even with uniformly 

distributed occlusal loading. These observations reveal that the more you preserve 

the more posterior elements of a rehabilitation, especially those with a larger 

occlusal table, the more secure the biomechanics of the supporting peri-implant 

tissues will be. As stated, the maximum stress values in cortical bone were around 

55 (Mega Pascal) MPa, which is not concerning in relation to the harmful levels, 

considered to be around 170 (Mega Pascal) MPa in the literature. (PELLIZZER et 

al., 2018; LINETSKIY et al., 2017; PAPAVASILIOU et al., 1996; YAMADA, 2013). 

Taking into account the results (Graph 1) of stresses (Minimum Principal stress) 

(TMiP) obtained in medullary bone, it is observed that there were no significant 

values greater than approximately 8 (Mega Pascal) MPa in the experimental 

groups, despite the maximum values recorded. If this is correlated with references 

by Linetskiy et al. (2017), Teixeira et al. (2010) and Frost (2004), in which they 

mention a maximum tolerance to the medullary bone of around 10 (Mega Pascal) 

MPa, this study did not find possible injury or bone resorption areas. 

A very small variation in stress located in the apical region surrounding the 

implants is perceived, which then reveals a relatively small biomechanical 

consequence in the medullary bone (in values) when there is a variation in occlusal 

loading in the proposed (Fixed Partial Denture) FPD. Although the variation in the 

absolute values obtained is small (graph 1), it is clear that there is a considerable 

difference in the coverage area of these stresses; this is because by observing 

Group 4 (Figure 4D), we can see there is a much larger area affected by the 

stresses reverberated around the apex of the most posterior implant than that 

observed (for example) around the apex of implants in Groups 2 and 3 (Figures 4B 

and 4C), and even in Group 1-control (Figure 6A). 
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Therefore, in observing correct occlusal adjustment, and mainly in seeking to 

preserve more (Fixed Partial Denture)  FPD posterior areas (places where there 

are fewer bulkheads and/or adjacent structures to contain the proximal movement, 

and constituting a fact which may have been one of the factors causing greater 

tension in the more distal areas and associated with the larger occlusal table of the 

molars), is of great importance and requires attention to control the patient’s 

occlusion in implant-supported prostheses. 

5. CONCLUSIONS 

 The biomechanical behavior and the stresses of the analyzed fragile structures 

vary according to the occlusal loading exerted, and therefore controlling such 

occlusal loads is very relevant. 

Stresses are always greater and more evident in the posterior regions whether in 

cortical bone or medullary bone, especially when non-uniformly applying occlusal 

loads with overload on the (fixed partial denture) FPD posterior elements; 

therefore, an attempt to always preserve these most distal elements should always 

be made. 
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