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Abstract  

Complete denture wearers with knife edge ridge often experience pain and discomfort. This condition is a 
result of the pressure beneath the complete denture over the physiological and mechanical capacity of the 
alveolar ridge. Soft denture reline (SDL) is one of the treatments to relieve pain, thereby improving the 
patient’s comfort due to cushioning effect and reducing the stress on supporting tissue by distributing 
occlusal load in the alveolar ridge. The thickness of the reline material influences the stress distribution. 
Finite Element Analysis (FEA) allows simulation of the complex biomechanical conditions of the denture 
over the thin mucosa, thereby allowing the assessment of stress distribution in the superficial mucosa and 
alveolar ridge. This literature review aims to analyze the stress distribution in the knife edge ridge beneath 
the complete denture with autopolymerized SDL acrylic-based and SDL silicon-based with different 
thicknesses. Autopolymerized soft denture liners are widely chosen because they can be applied in a 
chairside one visit. Based on research using FEA, an SDL thickness of 2 mm can decrease the stress in 
the mucosa and the underlying bone. In contrast, according to Parr and Rueggberg, the ideal thickness of 
SDL is 2-3 mm. Lima et al stated that an SDL thickness of 2.5 mm showed a slightly higher level of stress. 
Silicone liner showed a lower amount of stress on the mucosa and alveolar ridge than the acrylic liner, 
despite the use of 2 mm SDL being the ideal thickness for distributing stress optimally and relieving pain. 

Keywords: Complete Denture; Soft Denture Liner; Stress Distribution; Pain Analysis; Finite Element 
Analysis. 

 
INTRODUCTION 

Complete loss of teeth, known as edentulism, is a condition that can impair mastication, 
phonetics, and aesthetics. This condition has a high prevalence globally and affects 
around 0.1-14.5% of people under the age of 50 years and 2.1-32.3% of the elderly 
worldwide. In Indonesia, the prevalence of edentulousness, according to Pengpid and 
Pletzer, is higher than in Ghana, Laos, Myanmar, and Vietnam but lower than in India, 
Malaysia, Mexico, the Philippines, and Russia.1 The World Health Organization (WHO) 
considers edentulousness a physical disorder, disability, and handicap in patients 
because of the patient's inability to speak and masticate properly.2  
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Edentulism can also cause alveolar bone resorption, and it is a chronic, multifactorial, and 
progressive condition that develops gradually proceeds throughout an edentulous 
patient’s lifetime.3–6  

The mandible tends to undergo greater alveolar bone resorption compared to the 
maxilla,6,7  this leads to a decrease in the height and area of the supporting tissue beneath 
the complete denture.  

As a result, failure in using complete dentures due to prostheses instability and lack of 
retention causes the masticatory load over the mechanical and physiological capacity of 
the alveolar bone.8  

This situation often occurs on the knife edge ridge. 4,6 Furthermore, instability and lack of 
retention of complete dentures cause an imbalance in masticatory force and do not have 
uniform stress distribution, leading to injury and trauma of the mucose membrane under 
the denture, which, over time, causes physiological changes to become thin and 
atrophic.9  

The mucous membrane and the alveolar ridge are the foundation of the denture.7 Injuries 
to the mucous membrane stimulate pain and cause discomfort in the complete denture 
wearer, reducing masticatory performance and masticatory efficiency in patients and 
lowering the pressure pain threshold. It causes 80% of failures in using dentures 7,8,10 
which affect the quality of life11.  

One of the treatment solutions to the problem of discomfort while wearing dentures is to 
use a soft denture liner. Soft denture liners consist of acrylic-based and silicon. These 
liners have the mechanical properties of being flexible, resilient, and shock-absorbed.3 
The properties of soft denture liners can absorb the stress of occlusal force during 
mastication and distribute it uniformly.  

Thereby, less force is transmitted to the alveolar bone, reducing pain during mastication 
and maximizing the use of dentures. Another impact of using a soft denture liner is that it 
can minimize the alveolar bone resorption that occurs 5,9,12–14, which at a certain thickness 
can maximize the benefit of these liners and compensate for loss of thickness in the 
mucosa. 4,15–17  

Various methods can be used to analyze the stress distribution and pain, using 
photoelasticity, strain measurements, brittle lacquer, and Finite Element Analysis (FEA).18 
FEA is widely used in silico19 to estimate the load on the mucosa under dentures 18 
because FEA can produce biomechanical information on the characteristics of dentures 
and supporting tissues quantitatively and qualitatively.18,20 Furthermore, this method can 
be used to compare the physical properties of various supporting structures.15 

This literature review aims to assess the distribution of pressure and pain from the denture 
to the knife edge using autopolymerization of acrylic soft denture liner and silicon soft 
denture liner using finite element analysis. 
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LITERATURE STUDY 

Complete Denture  

Acrylic complete dentures as mucous membrane-supported dentures, function on the 
mucous membrane that covers the edentulous process of the denture foundation. This 
type of prosthesis is the most commonly used treatment for restoring dentition.21 

However, the use of removable complete dentures may have a high incidence of failure 
and discomfort due to inadequate retention and stabilization, which can cause pain. One 
of the leading causes of this problem is the gradual loss of alveolar bone, which can result 
in denture instability. This resorption is more pronounced in the mandible, occurring four 
times faster than in the maxilla. When the resorption occurs more in the labio-lingual and 
from the vertical direction, it can cause the ridge to become thin and sharp, known as a 
knife edge.6,22,23     

The foundation of dentures that rests on the knife-edge mandibular ridge provides 
minimal resistance to the movement of the denture base. During mastication, this area 
undergoes substantial displacement, resulting in an unstable and imbalanced masticatory 
movement.2425 this can lead to localized high stress on the mucosa 26cause the thin 
mucosa under the denture is susceptible to ulceration due to friction between the loose 
denture base, resulting in pain and limited use of the denture.27 

Mucosal Biomechanical Response to Pain and Stress  

Localized excessive stress under a complete denture can cause pain in the mucosa. 
Typically, the mucosa is resistant to deformation from masticatory load.10 It distributes the 
forces of mastication to protect the underlying residual with a cushioning effect. However, 
the denture wearer reduces keratinization of the epithelium, resulting in a mechanically 
weak mucosal surface that produces less protection mechano-receptor; therefore, 
constant pressure from the denture causes local ischemia and pressure ulcers, leading 
to reduced PPT.28 

The Minimum pressure that induces pain is known as PPT. PPT of the mucosal 
membrane is the most important property of the denture foundation in determining the 
lowest pressure that can trigger pain.7,10 It is worth noting that long-term denture wearing 
can decrease PPT by up to 40%.28 This indicated that denture wearing makes the mucosa 
more pain-sensitive to pressure. The average PPT in the edentate state area is 630 
KPa19,25; however, this PPT depends on age, mucosa elasticity, the alveolar ridge 
thickness, the innervation pattern, and receptor density. 7,25,29 

The thickness of the mucosa in the maxilla is greater than the mandible, resulting in lower 
PPT on the ridge crest of the mandible. This is due to the greater mucosa elasticity in the 
maxilla. PPT increases from the anterior alveolus to the posterior alveolus in both the 
maxilla and mandible, decreasing from the ridge crest to the buccal vestibule. Studies 
suggest that sensory receptors are commonly located in the anterior part of the ridge, and 
the receptor density is reduced in the ridge crest compared to the vestibule, although the 
details are unknown. 25,29 
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Studies indicate that the pressure pain threshold (PPT) in the knife-edge ridge mandible 
is notably lower when compared to the flat alveolar ridge. 25,29 However, there exists a 
viable solution to this issue. The utilization of a soft denture liner has been demonstrated 
to significantly alleviate discomfort and increase the pain threshold, thus promoting 
enhanced comfort and an improved quality of life for a denture wearer. 

Soft Denture Liner 

Soft denture liners are more indicated to relieve pain resulting from wearing dentures on 
alveolar ridges with undercuts or residual ridges with poor anatomy such as knife-edge 
ridges.30,31The International Organization for Standardization (ISO) categorized soft 
denture liners as short-term and long-term, a long-term soft denture liner will maintain its 
resilient properties for more than 30 days and can be used for up to 1 year, while a short-
term soft denture liner recommended use for up to 30 days. Murata then classified soft 
denture liners based on SDL viscoelasticity properties into permanent soft liners and 
acrylic temporary soft liners. Permanent soft liners are then classified into (1) auto 
polymerized silicone, (2) heat-polymerized silicone, (3) auto polymerized acrylic resin, 
and (4) heat-polymerized acrylic resin. SDL acrylic temporary is classified as a tissue 
conditioner.31 

 

The use of SDL can provide numerous benefits for denture wearers, including improved 
masticatory function with a cushion effect. By distributing the masticatory force and 
absorbing the occlusal force from the denture to the underlying supporting tissue, the liner 
can reduce stress and pain, and minimize the alveolar ridge's resorption. Furthermore, 
uniform distributing of the functional load helps the inflamed mucosa heal in the support 
area of the prostheses and improves their adaptation and retention.31,32 However, to 
achieve optimal cushioning, it's essential that the Elastic Modulus (ME) of the SDL 
matches that of the mucosa.13 This is because the SDL compensates for the loss of 
thickness in the mucosa. If the ME of the liner is lower than that of the mucosa, stress 
distribution may be inadequate and can be distributed adversely. Therefore, it's important 
to ensure that the ME of the SDL is the same as that of the mucosa in order to maximize 
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its benefits. Experts recommend that the thickness of the SDL be between 2-3 mm to 
ensure uniform stress distribution and prevent any weakening of the denture base.33 

Permanent SDL consists of autopolymerization and hot polymerization. The use of auto-
polymerized SDL is often preferred because it is fast and easy. This option does not 
require a laboratory process, allowing patients to use their newly relined dentures 
immediately.34 

The SDL's viscoelastic properties can determine the material's elasticity, represented by 
the storage modulus (E'). Meanwhile, the material's viscosity is represented by the loss 
modulus (E"), and the ratio of E' to E" is represented by the loss tangent (δ), which 
indicates the cushioning effect against masticatory force. Compared to tissue 
conditioners, acrylic permanent soft liners, and silicone permanent soft liners exhibit an 
increase in the storage modulus (E') value. Acrylic permanent soft liners have the highest 
loss modulus (E") value, with a δ higher value than silicone permanent soft liners. This 
suggests that permanent acrylic material has viscoelastic properties, while permanent 
silicone material has elastic properties. 31,35 

Acrylic soft Liner material would have a greater ability to cushion the masticatory force 
and improve masticatory function than Silicon soft Liner. However, Acrylic Permanent 
Soft Liner depends on frequency and time because it contains Plasticizer material. When 
immersed using a denture cleaner, this plasticizer material leaches out into the water, 
and at the same time, water is absorbed into the material and leads to dimensional 
changes and deterioration to the surface of the material. The silicon material remains 
stable over time, and this would be due to low water absorption and low solubility 
component.31,35,36 35 The smooth surface silicone-based resilient liner can inhibit bacterial 
growth and ensure the cleanliness of dentures for a long time.37  

Finite Element Analysis 

The Finite Element Analysis (FEA), or The Finite Element Method (FEM), is a computer-
based method that involves dividing the structure into small elements and connecting 
them at nodes to analyze its structural behavior. In the field of prosthodontics, Finite 
Element Analysis (FEA) is a non-invasive technology that produces qualitative and 
quantitative information from the biomechanical characteristics of dental prostheses and 
their supporting structures which can analyze the masticatory load under the denture 
base. This method has proven to be an effective tool for accurately evaluating the 
structural integrity of denture bases, analyzing the structure of a denture base, and 
determining the optimal thickness of soft liner material therefore the pressure patterns 
and stress distribution between the denture and the mucosa can be predicted with little 
chance of failure. 7,38,39 

In order to perform FEA analysis, it is crucial to create an accurate finite element (FE) 
model. This involves capturing specific material properties, loads, and unique conditions 
for precise simulation. FEA can provide detailed quantitative data at any location within a 
mathematical model, so it is a valuable analytical tool in dentistry.20  
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DISCUSSION 

One of the consequences of tooth loss is resorption of the alveolar ridge. According to 
the literature, the greatest resorption of the alveolar ridge occurs in the first month after 
tooth extraction and decreases over time. The greatest resorption occurs in the mandible 
compared to the maxilla in the early stages of edentulism and reduces over time, causing 
changes in the width and height of the alveolar bone and thinning of the mucosa in the 
mandible, which is the support area for the denture.5,4350%-84% of this situation will 
cause the failure of the use of dentures and cause further resorption because of the stress 
beneath the denture, resulting in a painful stimulus that causes a reduction of 40% of pain 
pressure threshold (PPT) and lead to limitations in mastication.6,14,44  

Denture relining is a treatment that is widely used to restore comfort and increase success 
in using complete dentures. The resilient denture liners or Soft denture liners (SDL) are 
frequently recommended in extremely absorbed residual ridge cases, irregular bone 
resorption such as knife edge ridge , and atrophic mucosa, among others, because they 
act as a cushion effect resulting in a homogeneous functional load distribution to the 
denture supporting the tissue. This viscoelastic nature of SDL can also reduce 50% of 
the resorption rate that occurs within 12 months of use compared to not using SDL, 
according to Babu et al. 5 this is due to the uniform stress distribution under the denture 
and the small amount of force transmitted to the alveolar bone. However, the denture 
relines' stress distribution and cushion function may be affected by their physical 
properties, composition, and thickness.  

A comparison of acrylic and silicon soft liners discovered that acrylic liners offer greater 
cushioning, while silicon liners exhibit superior resistance and resilience.11,45–47  
Additionally, a study conducted by Kimoto et al. 48 showed that acrylic resilient dentures 
offer greater durability, allowing for longer periods of use. On the other hand, according 
to Shrivastava et al. 20, silicone soft denture liners do not uniformly distribute stress during 
loading, whereas acrylic soft denture liners effectively absorb stress due to their 
cushioning effect.11 Contrary to Kimoto, Alqutaibi et al. 11 stated that A 3-month follow-up 
study revealed that silicone-based liners performed better than acrylic-based liners in 
terms of both Masticatory Bite Function and Masticatory Efficiency. This could be 
attributed to the chemical properties of the acrylic-based liners. The plasticizers used in 
this type of soft liners are not bound to the resin and would thus leach out with time with 
a consequent decline in the initial favorable viscoelasticproperties49   

Kimoto et al.45 also demonstrated that silicone-based liners were found to enhance 
masticatory performance as measured by the sieving method, which involved 3 g peanuts 
and 20 chewing cycles on the preferred side. Moreover, a study conducted by Furokawa 
et al.,44 demonstrated that wearing mandibular complete dentures with silicone-based 
resilient denture liners increased the pain threshold in edentulous patients.45 

The thickness of the soft liner plays a role in getting maximum cushioning effect on the 
SDL, which plays a role in distributing stress on the mucosa, especially on thin mucosa. 
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Parr and Rueggberg stated that the liner material should have a minimum 2-3 mm 
thickness.  However, a contradicting result report by Santos et al. stated that 3 mm is the 
minimum SDL thickness that produces satisfactory results. In their FEA research, Lima 
et al., 15 said that the ideal thickness of 2 mm of soft liner produces a lower pressure 
distribution than not using a soft liner or a soft liner with another thickness, namely 0.5, 1, 
1.5, 2.5. Moreover, there was a slight increase in pressure on the mucosa and underlying 
bone at a thickness of 2.5 mm SDL. 15 These results also align with research by Ahmed 
Husein et al.4, who stated that a soft liner thickness of 2 mm can reduce stress on the 
mucosa and supporting tissue under the denture. 
 
CONCLUSION 

Denture lining can prevent friction between the base and the mucosa, thereby eliminating 
pain, minimizing resorption of the alveolar ridge, and increasing retention and stabilization 
of the denture by stress distribution in the alveolar ridge mucosa. In addition, silicone 
liners are more widely used than acrylic soft liners because they are more durable and 
can maximize chewing performance and function, where a soft denture layer of 2 mm 
thick is considered the ideal thickness with minimal pressure on the mucosa and alveolar 
bone. 
 
SUGGESTION 

In order to confirm the above-mentioned findings, clinical comparison and evaluation of 
stresses developed in denture-supporting tissues following the use of acrylic and silicon 
soft liners should carried out. In addition, the clinical effects of using different thicknesses 
of each soft liner in denture-supporting tissues should be evaluated. 
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