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ABSTRACT 
Denture-bearing areas in edentulism are unable to tolerate masticatory load because of severe alveolar ridge re-
sorption, which decreases masticatory function in the stomatognathic system. Due to the cushioning effect, the use 
of soft denture liner (SDL) helps reduce the masticatory load placed upon the denture-bearing areas. The physical 
properties and thickness of SDL have an impact on the stress distribution and cushioning effect. The masticatory lo-
ad will harm the alveolar ridge and lead to more severe resorption, when modulus elasticity of SDL lower than the 
mucosa. The stress distribution of the masticatory load can be analyzed more accurately in-silico study using finite 
element analysis (FEA) method. In this paper, the stress distribution in denture-supporting areas with various SDL 
thicknesses is evaluated using FEA. The thickness of SDL contributes to the distribution of stress upon the den-
ture-bearing areas by minimizing the masticatory load. It is concluded that through the same modulus elasticity of 
the mucosa and SDL is able to equally distribute stress on the denture-bearing areas. 
Keywords: stress distribution, denture-bearing area, soft denture liner thickness, finite element analysis 
 

INTRODUCTION 
The mastication system, which is one of the sto-

matognathic systems, is complex with various tis-
sue structures that function simultaneously to pro-
duce a functional movement.1 The mastication sys-

tem in edentulous patients differs from that in den-
tulous patients due to resorption conditions and 
muscle hypotonus, so that it is unable to accept the 
mastication force and disrupt the functions of the 
stomatognathic system.1 According to Riskesdas 
2018 data, 29% of the Indonesian population aged 
55-64 years old experienced edentulism, and the 
percentage of edentulous at the age of 65 years 
and over is 30.6%.2 Edentulous treatment using 
complete denture (CD) with heat polymerized acry-

lic resin (HPAR) material is still often used because 
it can restore aesthetics, and the mastication func-
tion and price are affordable.3,4

 But over time of use, 

CD can cause effects on the alveolar and mucosal 
repellent to resorb and atrophy so that patients with 
this condition will feel pain when using CD and re-
quire more complex treatment.4,5. 

The use of soft denture liner (SDL) material can 
solve this problem because of the cushioning effect, 
so that the mastication load on complex support-
ing tissues can be minimized and reduced pain du-

ring mastication.3,6-8
 The use of SDL can distribute 

the mastication load more evenly on the denture-
bearing area because the load is partially absorbed 
by the SDL material.7 The cushioning effect of SDL 
material has shock absorption properties so that the 
voltage distribution can be spread evenly and the 
mastication load can be minimized, reducing the 
occurrence of resorption on alveolar linggir.7,9,10 

In some cases of CD and SDL use, there are com-
plaints of pain. This is usually influenced by the thick-

ness of the SDL material, which is not adequate.11 

The physical properties, composition, and thick-

ness of the SDL material affect the cushioning ef-
fect and stress distribution of the SDL against the 
denture-bearing area.12 The thicker the SDL, the 
higher the elasticity.10

 The thickness of the SDL ma-

terial that is effective in obtaining an optimal cush-
ioning effect and distributing the voltage evenly is 
2-3 mm.9-11

 If the use of SDL material is improper, 
there will be further resorbtion of linggir because 
when the modulus properties of the elasticity of the 
SDL material are lower than the mucosa, then the 
load distributed will be destructive.10,12,13 

Some methods that can be used to assess the 
load from mastication to teeth or CD supporting 
structures are photoelasticity, strain measurement, 
brittle laquer, and finite element analysis (FEA),3 
that is able to provide information with non-specific 
properties both qualitatively and quantitatively that 
can be reproduced from the biomechanical charac-

teristics of dentures and supporting structures with-

out the need for ethical considerations. This method 
is one of the techniques that is widely used to es-
timate the load of dentures on supporting tissues 
and teeth.3,14 

The purpose of this paper is to assess the stress 
distribution in the support tissues of dentures of dif-
ferent SDL thicknesses using FEA. 

 
LITERATURE STUDIES 
Complete edentulous 

Edentulism is the state of being edentulous; with- 
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out natural teeth, while edentulous is without teeth, 
lacking teeth.15

 In patients, the ability to accept the 
mastication load will decrease due to the presence 
of missing mastication components, such as the 
teeth and some supporting structures.1,16 There-
fore, edentulous patients tend to choose soft foods 
and avoid foods that tend to be harder, causing 
muscle hypotonus. Resorption of residual ridge 
continues to occur, which will have an impact on 
disturbances in each function of the stomatogna-
thic system.1,17,18 

One of the basic functions performed by the sto-

matognathic system is to collect and grind food, or 
so-called mastication. Mastication is considered to 
be the initial phase of food digestion in which the 
force occurs as a result of movement that interacts 
complexly between the muscular system, teeth, 
lips, cheeks, palate, the salivary glands, and tem-
poromandibular joints.19

 In edentulous patients, the 
mastication system will undergo changes, causing 
the digestive process that occurs in the mouth to be 
disturbed, which results in disruption of nutritional 
intake.17,18,20

 The manufacture of dentures is one of 
the efforts made to overcome disturbances in the 
mastication system due to the loss of mastication 
components.16 

Removable partial dentures (RPD), implant sup-

ported overdenture, and removable CD are some 
types of dentures that can restore the aesthetics 
and functionality of edentulous patients.8,21

 As time 
goes, alveolar bone resorption occurs continuous-
ly throughout life and is chronic, progressive, irre-
versible, and cumulative due to tooth loss.22,23

 How-

ever, bone resorption can also be affected by un-
favorable mechanical conditions of the prosthesis, 
resulting in impaired adaptation and retention.22 
These factors can interfere with mastication per-
formance, especially in patients with thin and atro-
phy mucosa.22 

Once the patient is edentulous, remodeling of 
the residual ridge becomes progressive with more 
resorption in the first-year post-extraction.24 Al-
though the process of resorption from the alveo-
lar ridge occurs progressively, the rate of this re-
sorption varies from patient to patient. This condi-
tion is readily apparent clinically after tooth extrac-
tion, but the biology of this process is still not well 
understood.25

 However, there are several factors 
that may influence this, namely systemic factors 
such as the use of drugs, smoking, conditions that 
affect bone metabolism, and gender. As for the lo-
cal factors, namely the use of CD and design er-
rors of the CD, which can damage the supporting 
structure.24 

Complete dentures 
A CD is a fixed or removable dental prosthesis 

that replaces the entire dentition and associated 
structures of the maxillae or mandible.15

 The CD is 
made up of several parts, including a base, flange, 
border, and artificial teeth.26.27

 In rehabilitating eden-

tulous patients, conventional CD with HPAR ma-
terial is still the main option because this mate-
rial has good aesthetics, similar to gingival, as well 
as easy laboratory procedures.3,4

 Acrylic dentures 
are also often called mucosal support removable 
dentures or soft tissue support dentures because 
the mucous membrane is the foundation or sup-
port of the denture.14.28  

In edentulous patients with mucosa as denture 
support, it can cause denture instability due to the 
elastic properties of the mucosa during functional 
and parafunctional movements in the vertical and 
lateral or oblique directions. Movement in the late-
ral direction has the most damaging effect due to 
displacement of the denture so that the masticato-
ry load is distributed unevenly over the denture-
bearing area and there are areas that receive great-
er pressure than other areas.1,16,29 When this hap-
pens continuously, the mucosa and alveolar bone 
will be damaged, so the denture base needs to be 
made as wide as possible and in close contact with 
the mucosa so that the masticatory load is distri-
buted evenly.16 

In edentulous patients, the distribution of the load 
received will change, because the load is not di-
rected directly to the bone but only to the mucosal 
surface.30

 The oral mucosa has a physiological and 
mechanical capacity that is quite resistant to pres-
sure because it is composed of epithelium and un-
derlying collagen fibers.30-33 However, when the 
mucosa receives too much pressure over a long 
period of time from the use of GTL, injury can oc-
cur to both soft and hard tissue, pain or discomfort, 
and further ridge resorption and atrophy, which will 
affect the usage of the denture.14,21,24,30,35-38 

Although the use of conventional CD is success-

ful in rehabilitating edentulous patients, it is diffe-
rent in edentulous patients with severe resorption 
of the ridge, the presence of mucosal atrophy, and 
sharp ridges.8 This is due to the inability of the 
ridge to accept occlusal loads during mastication 
due to pain, so alternative treatment modalities are 
needed.6-8,10-12

 The alternative treatment that can 
be done is to line the CD base with a SDL, becau-
se this material can absorb the masticatory load 
and distribute it evenly to the denture-bearing 
area.4,7

 The SDL materials are also able to increase 
comfort in denture-wearing patients with atrophic 
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ridges, thin and non-resilient mucosa, and bruxo-
mania.7 

 
Soft denture liner (SDL) 

The SDL or called resilient denture liner is an 
interim (ethylmethacrylate with phthalate plastici-
zers) or definitive (processed silicone) liner of the 
intaglio surface of a removable CD, RPD, or intrao-

ral maxillofacial prosthesis.15 The term soft liners 
refers to the materials that are resilient and used to 
resurface the intaglio surface of denture bases that 
receive masticatory loads due to the shock-absorb-

ing properties of these materials so that the load re-

ceived by the mucosa can be absorbed and distri-
buted evenly so as to reduce pain when the den-
ture is functioning.39,40 

The SDL are classified based on the term of 
usage and the type of material. Based on the term 
of use, it is divided into short-term and long-term. 
Short-term SDL is a material that is not recommen-

ded for more than 30 days of usage (temporary or 
interim). Short-term SDL is known as tissue con-
ditioner, which is acrylic-based. As for long-term 
SDL materials, this material can be used for more 
than 30 days to a year (permanent). This type of 
long-term SDL also consists of a resin-based which 

consist of auto-polymerized and heat-polymerized. 

There is also an acrylic-based which also has auto-
polymerized and heat-polymerized.12,15,40-43 

 
 
 
 
 

 
Figure 1 Classification of soft denture liners 

 

In conditions with poor support or foundation 
(sharp, thin, and atrophic ridge anatomy) causing 
CD not able to adapt properly to the mucosa. So, 
when receiving the masticatory load, the CD be-
comes mobile and tilts, which makes the support 
area minimal. As a result, the pressure on the mu-
cosa exceeds the average pain threshold limit, 
causing pain and discomfort in the patient. By li-
ning with SDL material, it can solve the problem 
due to its nature to absorb stress (shock absorp-
tion) and distribute it evenly due to its viscoelas-
ticity properties. The elastic properties of the SDL 
material on the CD base will increase the contact 
surface of the denture so that the stress from masti-
cation can be evenly distribute and reduce pain.7,9,44 

Although the use of SDL material can help over-

come these problems by minimizing the mastica-

tory load and reducing pain due to its elastic pro-
perties or cushioning effects.7,9,10 There are still 
some CD patients with SDL who complain of pain. 
This is usually caused by the thickness of this ma-
terial, which is not adequate.11

 The elastic proper-
ties of the SDL material are influenced by the thick-
ness, as well as the hardness and modulus of elas-
ticity of the material itself. Because SDL materials 
and oral mucosa are in essence of two compres-
sion springs in series, when SDL materials have 
higher elasticity than oral mucosa, the majority of 
the load exerted can be absorbed more and result 
in a smaller displacement.10 It can be said that the 
thickness of the SDL material plays an important 
role in the distribution of the stress received by the 
denture-bearing area.7 The stress distribution of 
mastication on teeth or supporting structures of CD 
can be determined by photoelasticity, strain mea-
surement, brittle lacquer, and finite element analy-
sis (FEA).3 

 
Finite element analysis 

The FEA is a numerical method to obtain an 
accurate solution to a problem by simulating model-
ing for later analysis.45,46

 This method was original-
nally developed and used in the field of engineer-
ing to be a solution to complex physics and engi-
neering problems due to a series of very compli-
cated stages. This development of FEA allows mo-

deling construction to be carried out quickly and ef-
fectively, thus playing an important role in the field 
of engineering.47 

The use of FEA in the field of medicine has be-
come a testing tool that has developed significant-
ly, especially the use of biomechanical analysis in 
living things, because it is non-invasive and easy to 
repeat without the need for duplication.48

 In additi-
on, modeling and treatment can be determined free-

ly as desired, diverse elements can also be com-
bined, the testing process is carried out in one pro-
gram, and the resulting modeling also has condi-
tions that are identical to the original.45 

Developments in the field of radiography, such 
as CT and MRI, make FEA popularly used in the 
field of dentistry, as it accurately obtains the geo-
metry of bones, both their quality, quantity, and 
shape.46.47

 The use of FEA in dentistry is, for exam-
ple, in implants, obturators, restorations, periodon-
dontal ligaments, and trauma and fractures.49-57 

 
DISCUSSION 

The CD with SDL material is one of the good 
treatment options to overcome the problem of eden-

tulous patients with severe ridge resorption (flat or 
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sharp ridges) with a thin, non-resilient layer of mu-
cosa that will cause pain to the mucosa when re-
ceiving mastication from the denture.6,7,40,58

 The use 
of SDL has been widely reported and clinically pro-
ven. In a RCT clinical studies, it was also found that 
the use of SDL increased the mastication ability.6 

The SDL are classified into several types based 
on their duration of usage as well as acrylic-based 
or silicone-based with different viscoelasticity pro-
perties of each material.9,12,58,59

 Murata et al, sug-
gest that silicone-based SDL should be first ap-
plied to the denture because of its better durabili-
ty and even though the cushioning effect is lower 
than that of SDL acrylic. If the patient still feels pain 
or discomfort, the silicone-based SDL can be re-
placed with acrylic-based due to the better cush-
ioning effect of this material. Keep in mind, howe-
ver, that acrylic-based SDL must be replaced on a 
regular basis due to its material properties and du-
rability being not as good as silicon-based.42 

The elastic properties of SDL materials are in-
fluenced by hardness, modulus of elasticity, and 
their thickness.11

 However, it is also necessary to 
pay attention to the mucosa thickness, denture 
adaption, and arrangement of artificial teeth, as well 
as the number and direction of the masticatory load, 
because they affect the amount of the load recei-
ved by the denture-bearing area.58

 Ideally, a thick-
ness of 2-3 mm SDL is required to obtain an opti-
mal cushioning effect.9,11 In some studies, it is 
said that the 3 mm thickness of the SDL material 
provides optimum resilience, but more than that, 
it will affect these properties.12,60

 In their research, 
Murata et al,42

 stated that the most effective thick-
ness of the SDL material is 1.5-2 mm. Lima et al,13 
from FEA results found that the ideal thickness of 
the SDL material was 2 mm. When the SDL thick-
ness is less or more than ideal, the stress will be 
greater on the denture-bearing area. This result is 
also supported by the research conducted by Hus-
sein2 and Bacchi et al.61 

However, this is different from what Radi et al,43 
found from the FEA results. The SDL material with 
a thickness of 2-4 mm reduces the load received 
by the overdenture implant to the denture-bearing 
area as the thickness of the SDL material increa-

ses. This finding is in agreement with what Santos 
et al,62 found from the FEA results. It can be seen 
that SDL material with a 3 mm thickness provides 
a more minimal stress on the denture-bearing area 
than a thickness of 1.5 mm. So, it can be said that 
increasing the thickness of SDL also increases the 
cushioning effect of the material itself. However, ac-

cording to Sato et al,10 from the FEA results, it was 
found that the thickness of the SDL material did not 
play a role in stress distribution. Therefore, to obtain 
an optimal cushioning effect, we do not always have 
to choose the most resilient SDL material (low mo-
dulus of elasticity).10

 However, when the SDL ma-
terial has a lower modulus of elasticity than the mu-
cosa, the stress received is not evenly distributed. 

The same result was also stated by Shim and 
Watts, who used the FEA study to look at the stress 
distribution in CD with SDL, showing that the mo-
dulus elasticity of SDL should be the same as with 
mucosa because SDL material is used to compen-

sate for the loss of thickness of the mucous lay-
er.10,58,61 The thickness of the soft tissue was also 
found to not affect the accepted stress ratio, so it 
is not recommended to use this material with ex-
cessive thickness as it can weaken the denture 
base,58 despite the fact that the thicker the mate-
rial, the greater its elasticity. However, that's not 
always the right choice.10 

Therefore, the use of SDL materials with an im-
proper thickness will lead to further resorption of 
the ridge. Due to the lower modulus of elasticity of 
SDL material than the mucosa, the load will harm 
the denture-bearing area.10,12,13

 The physical proper-
ties, composition, and thickness of the SDL mate-
rial play a role in the cushioning effect and stress 
distribution of the SDL material against the den-
ture-bearing area.13

 It is important for clinicians to 
find out the ideal thickness of the SDL material for 
distributing the stress evenly to the denture-bear-
ing so that the properties of the SDL material can 
be utilized optimally. 

It is concluded that the use of SDL material of 
an appropriate thickness is able to distribute the 
stress evenly to the denture-bearing area and re-
duce pain during mastication through the same mo-

dulus of elasticity between SDL and mucosa. 
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