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ABSTRACT
Purpose: To evaluate the effect of fibromucosa 
height on the stress distribution and displacement 
of mandibular total prostheses during posterior 
unilateral load, posterior bilateral load and 
anterior guidance using the finite element analysis 
(FEA). Material and methods: 3D virtual models 
were made to simulate the stress generated 
during different mandibular movements in a total 
prosthesis. The contacts were simulated according 
to the physiology, being considered perfectly 
bonded between cortical and medullar bones; and 
between cortical bone and mucosa. Non-linear 
frictional contact was used for the total prosthesis 
base and fibromucosa, allowing the prosthesis to 
slide over the tissue. The cortical bone base was 
fixed and the 100 N load was applied as unilateral 
load, posterior bilateral load and anterior guidance 
simulation. The required results were for maximum 
principal stress (MPa), microstrain (mm/mm) 
and total displacement (mm). The numerical 
results were converted into colorimetric maps 
and arranged according to corresponding scales. 
Results: The stress generated in all situations was 
directly proportional to the fibromucosa height. 
The maximum principal stress results demonstrated 
greater magnitude for anterior guidance, posterior 
unilateral and posterior bilateral, respectively. Only 
posterior unilateral load demonstrated an increase 
in bone microstrain, regardless of the fibromucosa 
height. Prosthesis displacement was lower under 
posterior bilateral loading. Conclusion: Posterior 
bilateral loading is indicated for total prosthesis 
because it allows lower prosthesis displacement, 
lower stress concentration at the base of the 
prosthesis and less bone microstrain.

RESUMO
Objetivo: Avaliar o efeito da altura da fibromucosa na 
distribuição de tensões e deslocamento das próteses totais 
mandibulares durante a carga unilateral posterior, carga 
bilateral posterior e orientação anterior usando a análise 
por elementos finitos (FEA). Material e métodos: Modelos 
virtuais 3D foram confeccionados para simular a tensão 
gerada durante diferentes movimentos mandibulares em 
uma prótese total. Os contatos foram simulados de acordo 
com a fisiologia, sendo considerados perfeitamente unidos 
entre os ossos corticais e medulares; e entre o osso cortical 
e a mucosa. O contato friccional não linear foi utilizado 
entre a base total da prótese e a fibromucosa, permitindo 
que a prótese deslizasse sobre o tecido. A base do osso 
cortical foi fixada e a carga de 100 N aplicada como 
carga unilateral, carga bilateral posterior e simulação de 
guia incisiva anterior. Os resultados foram calculados em 
tensão máxima principal (MPa), microdeformação (mm/
mm) e deslocamento total (mm). Os resultados numéricos 
foram convertidos em mapas colorimétricos e organizados 
de acordo com as escalas correspondentes. Resultados: 
A tensão gerada em todas as situações foi diretamente 
proporcional à altura da fibromucosa. Os resultados de 
tensão máxima principal demonstraram maior magnitude 
durante a carga anterior, posterior unilateral e posterior 
bilateral, respectivamente. Apenas a carga unilateral 
posterior demonstrou aumento da microdeformação óssea, 
independente da altura da fibromucosa. O deslocamento 
da prótese foi menor sob carga bilateral posterior. 
Conclusão: A carga bilateral posterior é indicada para 
prótese total, pois permite menor deslocamento da prótese, 
menor concentração de tensões na base da prótese e menor 
microdeformação óssea.
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INTRODUCTION

D ue to a better control of oral hygiene, many 
people currently have their natural teeth 

until old age, however, in some cases tooth loss 
is inevitable [1-2]. With the increase of older 
people population, practitioners should focus on 
maintaining high quality rehabilitations [2-3].

The use of total prostheses for edentulous 
patients is the treatment of choice to improve 
masticatory capacity and their oral health, 
restoring aesthetics, and patient satisfaction in 
an accessible manner [4-5]. However, adapting 
the mandibular prosthesis is more difficult 
than the upper one, since bone remodeling of 
the lower arch mainly occurs in the vertical 
direction, thus hindering functioning of the 
prosthesis that rests on the residual border [6]. 
A suitable occlusal surface is necessary in order 
to obtain good prosthesis retention and stability, 
as well as to prepare occlusal adjustments that 
correctly guide the masticatory loads [7].

There are several forms of occlusion in 
edentulous patients, in which bilateral balanced 
occlusion is the most used, and seeks to provide 
better mastigatory performance and improve the 
patient quality of life [8-9]. Excursive movements 
are avoided as in the anterior guidance, in which 
the posterior teeth perform horizontal excursive 
movements and vertical overlap of the jaw [9-
10]; as well as, the unilateral loadings, where 
the teeth are contacted in a disocclusion pattern 
reducing the stability [6]. 

To evaluate the retention and the stability 
of the total prosthesis, in live methods or in 
silico evaluation can be used to accurately assess 
the retentive force of the total prosthesis [5,11] 
and this is true also regardless to construction 
methods [12-13].The advantages of an in silico 
test as finite element analysis (FEA), are the 
possibility to calculate mechanical responses 
impossible to be measured in experimental tests, 
the ability to isolate physical data, and the ease in 
which conditions can be defined in comparison 

with other mechanical tests [11]. In addition, it 
is important to note that several studies use FEA 
to evaluate the stress and strain in the prosthesis 
and the fibromucosa [11,14-16]. Although it is a 
theoretical study, FEA provides precise results by 
dividing a complex model into smaller elements, 
simulating boundary conditions and physical 
properties of the tested subject [11].

Another factor that can influence planning 
and execution of a total prosthesis is the 
resilience and amount of fibromucosa of each 
patient, which modifies the molding technique 
and prognosis for each case. Despite the evidence 
produced to date, there are no studies explaining 
how the fibromucosa height influences the 
biomechanical response of the masticatory 
load transmission. The purpose of this study 
was to evaluate the effect of occlusion, of the 
fibromucosa height on the stress distribution, 
microstrain and displacement of a mandibular 
total prosthesis during posterior unilateral load, 
posterior bilateral load and anterior guidance 
using finite element analysis (FEA). The tested 
null hypothesis was that the fibromucosa height 
and loading did not influence the prosthesis 
biomechanical response.

MATERIAL AND METHODS

Finite element Analysis (FEA)

Three-dimensional modeling

3D virtual models were developed as a 
function of different fibromucosa heights in 
inferior full-arch total prosthesis during posterior 
unilateral, posterior bilateral load and anterior 
guidance loading. A mandibular full-arch 
prosthesis and an edentulous dental manikin 
were scanned by a Ceramill Map 300 Scanner 
(Amann Girrbach, Austria) to generate a STL 
(Stereolithography) file, which was exported 
to a CAD (Computer Aided Design) software, 
(Rhinoceros 5.0, McNeel North America - Seatlle 
- USA), in which the models were produced 
within the BioCAD protocol [17]. In this phase, 
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the models were generated from the lines on the 
STL image with their anatomical characteristics 
to generate surfaces. The surfaces were joined 
in solids to delimit the volumetric structures 
and then, exported in STEP format (Standard 
for the Exchange of Product Model Data) to 
the analysis software (Ansys 17.2 ANSYS, Inc. 
Southpointe, Canonsburg, USA). Three different 
models were created according to fibromucosa 
height (Figure 1). In figure 1, it is possible to 
observe the greater amount of bone resorption, 
the greater fibromucosa tissue thickness.

Pre-processing

The mesh convergence test (10%) was 
used to subdivide the complex geometry into a 
finite number of elements. The contacts were 
simulated according to physiology, with no 
separation between cortical bone and medullary 
bone, or cortical bone and mucosa. Non-linear 
“rough” contact was used for the total prosthesis 
base and the fibromucosa, allowing the prosthesis 
to slide over the tissue but not separate (Figure 
1). The contact between resin teeth and the total 
prosthesis base was considered as bonded due to 
the chemical bonding between these structures 
made of the same polymer. Each material was 
considered isotropic, elastic and homogeneous. 
The mechanical properties were reported 
based on the literature (Table I) [18-19]. The 
boundary conditions were: fixation at the jaw 

Figure 1 - 3D model simulating the base of the jaw, different 
mucosa height and the total prosthesis. a) Thick fibromucosa; 
b) Medium fibromucosa; c) Thin fibromucosa.

base, unilateral occlusion simulation with axial 
loading on the occlusal face of the first lower 
right molar (90º, 100 N), bilateral axial loading 
on the occlusal face of both lower first molars 
(90º, 100 N) and anterior guidance simulation 
with oblique loading on  the incisal face of the 
lower central incisors (45°, 100 N) (Figure 2).

Post-processing

The required results were in Maximum 
principal stress (MPa) to verify the tensile zones 
in the total prosthesis base, microstrain to verify 
possible areas of bone remodeling and total 
displacement (mm) to evaluate the retention 
and stability of the set. The numerical results 
were converted into colorimetric maps and 
arranged according to corresponding scales. 

Figure 2 - Simulation of masticatory load according to the 
soft tissue height (From left to right: thick, medium and thin) 
and different loads (Columns): a) Unilateral posterior loading; 
b) Bilateral posterior loading; c) Anterior guidance loading; d) 
Fixation of the jaw.

Table I - Mechanical properties of materials

Material Elastic modulus 
(MPa) Poisson Ratio

Medullary bone[21] 1.370 0.31

Cortical bone[21] 13.400 0.3

Acrylic resin[22] 3520 0.35

Soft tissue[22] 0.68 0.45
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Figure 3 - Maximum principal stress distribution according to 
the soft tissue height (From left to right: thick, medium and thin) 
and different loads (Columns): a) Unilateral posterior loading; b) 
Bilateral posterior loading; c) Anterior guidance loading.

RESULTS 

The results regarding the maximum principal 
stress and prosthesis displacement tests were 
directly proportional to the fibromucosa height, 
except for bone microstrain. The stress results 
(Figure 3) showed higher loading for anterior 
guidance, unilateral and bilateral posterior loading, 
respectively, with maximum principal stress (MPa) 
ranged from 1.7 to 8.8 MPa. Hot colors mean higher 
stress values, while cold colors indicate lower stress 
values. Positive values indicate areas that were 
subjected to tensile stress and possible failure 
regions.  In the analysis of the bone microstrain 
(Figure 4), only the unilateral posterior loading 
showed an increase in the bone response and 
the microstrain ranged from 0.00017 to 0.00042 
mm. The strain map was very similar between the 
models, showing an homogeneous distribution in 
the bone surface. The lower movement was found in 
the bilateral posterior loading in the total prosthesis 
displacement (Figure 5). The displacement ranged 
from 0.54 to 1 mm for anterior guidance and 
unilateral posterior loading. The quantitative value 
for each analysis criteria was plotted in Table II for 
direct comparison between the groups.

Figure 4 - Bone microstrain according to the soft tissue height 
(From left to right: thick, medium and thin) and different loads 
(Columns): a) Unilateral posterior loading; b) Bilateral posterior 
loading; c) Anterior guidance loading.

Figure 5 - Total displacement according to soft tissue height 
(From left to right: thick, medium and thin) and different loads 
(Columns): a) Unilateral posterior loading; b) Bilateral posterior 
loading; c) Anterior guidance loading.
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DISCUSSION 

The fibromucosa height and the loading 
influenced the stress distribution, so the null 
hypothesis was rejected. In some studies, 
patients who received a mandibular total 
prosthesis felt discomfort because of their poor 
retention and stability [5,20-22]. Chen et al. 
[23] performed a systematic review and defined 
that the greater the fibromucosa thickness, the 
smaller the exerted masticatory force and the 
greater the microstrain resistance for the dental 
prosthesis. In turn, Sadr et al. [24] observed 
that the bilateral balanced loading generated 
less masticatory stress, thus corroborating 
the present results. Finally, the prosthesis 
displacement during bilateral posterior loading 
was more satisfactory compared to unilateral 
occlusion and anterior guidance, which means 
greater retention and stability to the prosthesis.

Using FEA for stress analysis serves as a 
parameter for researchers and dental surgeons 
to evaluate the mechanical response of the total 
prosthesis, without the need for laboratory and 
clinical studies. FEA helps to perfectly evaluate 
the retention and stability of the prosthesis in 
comparison with mechanical tests, in which 
researchers submit the patient with a muco-
supported prosthesis to tactile sensitivity tests 
[5,14]. Limpuangthip et al. [5] analyzed the 

Table II - Contact point, Load application, Fibromucosa height, Maximum and mean of tensile stress (MPa), Stress concentration, 
Displacement (mm) and Microstrain (mm/mm) 

Contact 
simulation Load Application Fibromucosa 

height

Maximum 
Tensile Stress 
at Prosthesis 

Base

Mean of 
Tensile stress 
at Prosthesis 

Base

Stress 
concentration
(Peak/ Mean)

Displacement 
during 

masticatory 
load

Bone 
Microstrain

Anterior Guide Incisal face of inferior 
central incisors at 45°

Thick 8.17 4.58 1.78 0.49 247

Medium 8.28 4.64 1.78 0.38 221

Thin 9.81 7.05 1.39 0.26 224

Unilateral posterior
Occlusal face of right 

mandibular first molar
at 90°

Thick 8.40 6.15 1.36 0.89 294

Medium 8.81 6.26 1.40 0.77 290

Thin 8.83 7.34 1.20 0.55 293

Bilateral posterior
Occlusal face of both 

mandibular first molar
at 90°

Thick 5.51 3.76 1.46 0.74 217

Medium 8.24 5.60 1.47 0.58 221

Thin 8.80 5.78 1.52 0.23 232

retention and stability of the prosthesis through 
the masticatory efficiency reported by the 
population with total denture and observed that 
the masticatory capacity is directly related to the 
retention and stability of the prosthesis.            

Several researchers in dentistry have been 
using FEA to evaluate total prosthesis stresses, 
such as Nejatidanesh et al. [25] which evaluated 
the influence of muscle cut-offs on the stress 
concentration in the total prosthesis [25], the 
stress in the labial frenulum region [26], and  
the stabilization of the lower total prosthesis 
[27-29].

The choice of the denture base material 
also influences the stress on total dentures, 
and more rigid materials should be chosen 
(such as, thermally activated acrylic resins) to 
obtain better muscle balance [30-31]. Thus, the 
simulated material in the present model was a 
suitable material and used for making complete 
dentures.

 In the present study, it was observed that 
the incidence of masticatory loads in the anterior 
region promotes higher stress concentration 
in comparison to the unilateral and bilateral 
loading, corroborating with Lima et al. [19]. 
Although tensile stress values do not exceed 
9 MPa, meaning that it does not represent 
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mechanical fracture during mastication. The 
study of Alsrouji et al., [32] analyzed the bone 
resorption of conventional total and overdenture 
prostheses, and observed that the stress was 
higher in the overdenture prosthesis.           

In turn, the study of Ogawa et al. [14] 
analyzed the retention force of muco-supported 
prostheses in three distinct regions, advocating 
the use of in silico method for retention force 
tests. In spite of this wide use of theoretical 
analyzes for evaluating total prostheses, the 
results of the present study should be carefully 
extrapolated, since the variation in temperature 
and pH, biofilm, diet, hygiene and prosthesis 
weight [33] were not simulated and may 
influence the results found in this investigation.

 
CONCLUSION

The incidence of posterior bilateral 
loading, regardless of the fibromucosa height, 
reduces the total prosthesis displacement, 
promotes lower stress concentration in the 
prosthesis base and less bone microstrain, 
being the most suitable loading for mandibular 
total prosthesis. Furthermore, the highest bone 
microstrain magnitude were calculated in 
unilateral posterior loading.
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