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Abstract: Problems of the patients with removable dentures usually are: poor adhesion and stability, pain, wounds, difficult adaptation 

to the new dentures etc. Use of soft relining materials (SRM) can overcome these difficulties to some extent. The problems with the soft 

relining materials are usually connected with: odor, hardening of the material, staining, but the problem with the bond between the two 

materials is of primary importance. This is the major obstacle, that makes a lot of clinicians to use them in their practices reluctantly. 

There are many factors that contribute to the bond strength between the materials. Their acquaintance is very important to overcome the 

disadvantages of SRM. 
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1. Introduction 
 

Durability of a “two-layer” denture depends mainly on the 

bond strength between the two materials (denture basis and 

the soft relining material). Moodhy and Jagger emphasize 

the role of different methods for bond strength investigation 

[1]. Besides that, there are plenty of factors affecting the 

bond strength. Many research articles have been published 

so far, concerning this topic. The aim of this review is to 

reveal the different aspects of the problem with the bond 

strength between the denture basis and the SRM.  

 
Types of tests, contributing to the bond strength 

determination 

 

Various types of tests for evaluation of the bond strength are 

recommended [2,3,4,5]. Three of the most used ones are: 

tensile bond strength, peeling bond strength and shear bond 

strength tests [6], (fig. 1).  

 

 
Figure 1: A device for tensile bond strength tests: LMT-100 

/LAM Technologies/ 
 

Kendall and Lindley separately from each other apply the 

theory of the energy of breaking of elastic layer from a solid 

basis. According to this theory, the necessary energy for 

peeling depends not only on the bond surface energy, but on 

the elastic deformation of the object as well. The elasticity is 

exceptionally important for materials which withstand 

tension, reaching their module of elasticity without 

destroying even in small angles of peeling [7,8]. 

Wright, P. considers, that the nature of the occurred tension 

in denture periphery is characterized best with the peeling 

strength tests [9]. Rajaganesh and Al Rifaiy consider that 

shear bond strength tests present a clear idea of the clinical 

durability of the material [10,11]. Naik and Jabade consider, 

that tensile bond strength tests are effective enough, because 

they are similar to the action of the vertical forces of the 

masticatory act. Moreover, they present a cutting surface, 

giving information about the structure of the interface on the 

site of dismemberment. This statement is with agreement of 

Mutluay and Ruyter, who claim the same in their 

investigation [12,13].  

 

Influence of various immersion solutions on bond 

strength 

The rupture energy depends on the nature of the material and 

the time of immersion in various kinds of fluids. Moreover, 

the velocity of the experiment and elastic properties of the 

materials are also important. Increase of the immersion time, 

decreases the values of rupture forces. Acryl based materials 

kept in distilled water present the highest values, while the 

silicone liners kept in disinfection solutions have the lowest 

values. In acryl materials, the tendency is for increasing of 

these levels between 4
th

 and 16
th

 week. Determination of 

rupture property is particularly important for SRM, because 

in mouth conditions, these materials have to withstand 

similar forces [14].   

 

Water absorption considerably influences the bond strength 

and is a reason for dismemberment of the materials as well. 

Cohesion fractures are more frequent than adhesion ones in 

samples put under peeling tests. Increase in weight, 

especially in silicone materials up to 4% is established. 

Using of scanning electronic microscopy (SEM) confirms 

reliability of the bond between acryl SRM and denture basis. 

Clean and smooth contact zone in silicone based materials is 

observed, which proves the hydrolysis of the adhesive with 

time [15].  
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Wright, P.  investigates the shear bond strength of different 

silicone liners. He concludes that, after 6 months stay in 

distilled water, these materials possess the same strength, as 

the irreversible hydrocolloids. Braden first initiates this 

method in dentistry investigating rupture characteristics of 

impression materials. Later on, the method was developed 

by Webber and Ryge [16]. 

 

 The medium where SRM are preserved has an enormous 

influence on their properties [17]. Acrylic materials exceed 

silicone ones at the beginning. It becomes evident that in the 

course of the experiments, silicone materials are slightly 

influenced by aging and heat-curing materials present better 

indices than the self-curing materials [18]. This data is in 

contradiction to those of Dootz and Emmer, who claim that 

immersion in water medium, bond strength of some 

materials increases. Vergani et al. also report that 30 days 

stay in water contributes to increase of the shear bond 

strength. 

 

The investigations of different authors prove the influence of 

effervescent tablets for disinfection on bond strength, as well 

as their degree of infiltration. It turned out that Corega
1
 

tablets don’t render significant influence on bond strength, 

and infiltration degree is less in acrylic materials, compared 

to the silicone ones [19]. 

 

Influence of chemical composition of denture basis and 

relining materials on bond strength 
The type of polymer of the denture basis, as well as the type 

of the relining material indisputably influence the bond 

strength. The results of the shear bond strength tests depend 

on the plasticizer used as well [20]. 

The best results are obtained when chemically homogenious 

materials are bonded to similar ones. The worst results are 

obtained when for example urethanedimethacrylate 

(UDMA) SRM and PMMA denture basis are combined. The 

highest frequencies of adhesive failures are in this 

combination of materials [21]. 

 

The role of the chemical composition of the denture basis 

and its reflection to the bond strength has been investigated 

by many authors. The bond strength between acrylic SRM 

and acrylic basis has the highest values, because of the 

similarity of their chemical composition. Cohesive failures 

normally predominate in these samples. Fowler, reports for 

significant differences in the bond strength between “Silastic 

390“ and various PMMA denture basis, due to their different 

chemical composition [22]. Wood et al. consider that type of 

denture basis has no effect on bond strength [23]. 

 

Lassila et al. investigate the bond strength among several 

types SRM connected to glass fibers reinforced PMMA and 

classical PMMA (as a control group) [24]. Because the use 

of SRM leads to reduction of the thickness of denture basis, 

the opportunity for breaking is real (fig. 2). An adequate 

alternative is the use of glass fibers reinforced acrylic resins 

as well as resins with butadien stiren [25]. 

 
1
Corega – GlaxoSmithKline 

 
Figure 2: A fractured denture, due to a  lack of thickness 

 

Influence of various types of interface on bond strength 

A lot of experiments have been done, in order to interact the 

contact surface of the samples, aiming to increase the bond 

strength. 

 

Tests were led in two directions:  

 First - roughening of the contact surface using air abrasion 

(sand blasting)  

 Second - reading the influence of various primers before 

and after thermo cycling process [26] 

 

Storer, reports that the rough surface increases the bond 

strength almost twice. By roughening, the contact surface is 

enlarged and micromechanical retentions upon the interface 

are obtained. This statement is in contradiction to the results 

of Amin, Fletcher and Ritchi [27]. In their opinion, by 

roughening, the bond strength doesn’t increase, but even has 

a reverse effect. A reason for that the authors find in the 

creation of micro cracks, lacunas and hollows, where before 

putting of SRM air bubbles are possible to be trapped and in 

this way the contact surface will be reduced.  

 

Different experiments have been done, where the bond 

strength has been evaluated between heat-curing silicone 

material Molloplast B and three types of acrylic surfaces:  

 prepolymerized PMMA (smooth surface),  

 prepolymerized PMMA (putty consistency),  

 PMMA, roughened by bur in advance  

 

By roughening, higher values of bond strength are obtained. 

The explanation of the authors is in the created rough zones. 

Greater force is needed to make both contact surfaces to skid 

and tear. As far as the tensile bond strength values are 

concerned, they are the highest in the group of Molloplast B 

– PMMA (putty consistency). 

 

Kawano et al. do a similar research. They use samples of 

SRM bonded to: 

 polymerized PMMA   

 unpolymerized PMMA.  

 

They conclude, that the bond strength depends on the stage 

of polymerization of the denture basis. When SRM is fixed 

to already polymerized PMMA, the bond strength is higher 

(0,94-2,56 MPa) [28]. This data is in contradiction to the 

results of Amin et al., who claim just the opposite in a 

similar research. 

 

Hatamlech et al. investigate the bond strength between 

Molloplast B and differently treated acryl surface (smooth, 

rough and fiber reinforced “Sticktech” surface). The highest 

values of bond strength were measured in the third group of 
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samples. In this group cohesive fractures predominate. 

Between the results of the other two groups statistically 

significant difference is not found [29]. 

 

Many authors have investigated the influence of pulse 

duration and various energy levels of Er:YAG laser to the 

bond strength between PMMA surface and silicone SRM. 

The purpose of this interface micro roughening is achieving 

a better retention. Akin et al. investigate the effect of 

different way of treatment of the contact surface between 

silicone SRM and PMMA and its reflection to the bond 

strength. For that purpose, the authors use sandblasting 

apparatus, Er:YAG, Nd:YAG and KTP lasers. Tensile bond 

strength tests are done at a speed of 5 mm/min. The results 

show that treating of contact surface with Er:YAG laser 

leads to bond strength increase, while sandblasting reduces it 

[30,31]. Chung et al. and Usumez et al. in their own 

investigations also use sandblasting apparatus and claim that 

bond strength increases by this method [32,33]. A possible 

explanation could be the microgrooves that have been 

created and probably they are insufficient for the liner to 

penetrate into them. Another possible explanation is the 

stress concentration in the contact zone. The positive effect 

of Er:YAG laser is due to its greater energy. It is sufficient 

to create deeper and wider grooves, where the molecules of 

the relining material can be “locked in”.  

 

Jacobsen et al. used CO2 laser and claimed that is does not 

increase the strength between the materials of the test 

samples. According to the same research, treating of the 

acrylic contact surface with Er:YAG /10 Hz, 3 W, 300 mJ/ 

 with long pulse duration (frequency) increases the tensile 

bond strength! The energy from the high energy impulse is 

enough to instantly evaporate the water molecules, which is 

accompanied with substantial increase of volume and in this 

way the contact surface increases. This enables the 

penetration of the liner in the microgrooves, increasing the 

bond strength [34]. The results of this research match the 

conclusion made by Delfino et al. [35]. Lawrence and Li 

determine that Nd:YAG laser expands the microgrooves on 

the PMMA contact surface from 1.95 to 2.22 micrometers 

and reduces the contact angle between the acrylic resin and 

the fluids [36]. 

 

The influence of the primers and adhesives to the bond 

strength 
Primers play a crucial role in the bond strength between the 

test samples made of  acrylic resin on one side and self-

curing silicone liners on the other. Minami et al. take under 

consideration the influence of the mechanical fatigue and the 

thermal factors. Their conclusion is that Sofreliner Primer 

for example gives better results in comparison to Reline 

Primer regarding the bond strength after thermo cycling and 

cyclic mechanical load. 

 

Demir et al. report that during the peeling bond strength 

tests, thermo cycling has no influence on the bond strength 

between Molloplast B and the acrylic denture basis. A 

possible reason might be the Primo adhesive – a 3-

methacryloxypropyltrimethoxy sealant. One side of its 

molecule is linked to PMMA and the other to the VPS 

relining material. The authors declare the prevalence of 

cohesive fractures, which explains the high values of bond 

strength. The link between the SRM and putty PMMA is an 

effective way of increasing the values of the peeling bond 

strength tests [37]. 

 

The substance maleic anhydride /MA/ reacts with the 

contact surface of the acrylic denture base and increases the 

bond strength with the SRM. Despite the undeniable 

advantages of the silicone SRM, they can not create a 

sufficient bond with the PMMA denture base. That
,
s why, 

they are supplied with an adhesive. In most of the cases it 

contains an organic dissolving agent and a monomer, which 

dissolves the acrylic base and reacts simultaneously with 

both materials [38]. The organic solvent affects the depth of 

penetration of the monomer and the reactivity of the added 

liner as well [39, 40]. MA is a reactive monomer, containing 

unsaturated double bond and acid anhydride groups. The 

presence of these groups causes series of chemical reactions. 

Treating of the acrylic surface with MA or with some of its 

esters prior the adhesive application increases the bond 

strength. This improvement is due to the presence of 

anhydride groups providing the bond with the acrylic resin 

[41].  

 

Maleic functional groups have a wide range of application. 

Similar chemical groups improve substantially bond strength 

/up to 4.84 MPa/. With 5% concentration of copolymer of 

maleic anhydride styrene, applied on similar test samples of 

polyamide and polystyrene, bond strength of 2.53 MPa is 

achieved [42]. 

 

After treating of the contact surface of similar test samples 

made of PMMA and self-curing silicone liner with:  

a) acetone for 30 sec.,  

b) MMA monomer for 180 sec.,  

c) methylene chloride for 15 sec and submitted to 500 

cycles /5-55
o 
C/ the following results were obtained: 

 MMA increases the bond strength and at the same time 

has little impact on the flexural strength of the denture 

base. 

 Decreasing of the flexural strength is higher in the test 

samples treated with acetone! 

 

The choice of a chemical agent, in order to increase the bond 

strength, should be carefully done, otherwise it may have a 

reverse effect [43]. Kaur, H. et K. Datta; Takahashi, Y. et J. 

Chai; Leles, C. et al.; Wieckiewicz, W. et al. also confirm 

that, the use of MMA monomer, dichloromethane, 

chloroform or acetone for preliminary treatment of the 

contact surface increases the bond strength and the treatment 

of the acrylic denture base with monomer  decreases the 

microleakage. 

 

The effect of thermo cycling on the bond strength 
Thermo cycling is a commonly used method, which main 

purpose is to get simulated aging of the test samples. Along 

with the constant dipping into solutions with different 

temperature, usually between 5-55
o
 C /a method used in 

rubber industry/, other methods for simulated aging are - the 

consecutive exposure to hot and cold air spray; long-lasting 

stay in distilled water; ultraviolet light radiation etc (fig.3). 
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Figure 3: A thermo cycling device 

 

Silicone based SRM are not seriously affected by the 

process of thermo cycling. Only cold-curing relining 

materials soften slightly, whilst the heat-curing materials 

keep their softness the same [44]. After thermo cycling the 

bond strength increases in some silicone SRM /Ufi Gel C/ 

and decreases in others /Molloplast B, Mollosil, Ufigel P/ 

[45]. Acrylic based SRM are not so stable and easily change 

their color, softness, absorption and cytotoxicity [46]. 

Madan, N. and K. Datta compare the changes in heat-curing 

and self-curing silicone liners from one and the same 

manufacturer
1
 before and after thermo cycling. After 2500 

cycles the bond strength increases in Mollosil /self-curing 

SRM/ and decreases in Molloplast B /heat-curing SRM/. 

Nevertheless the bond remains stronger in Molloplast B in 

comparison to Mollosil. This shows that the heat-curing 

relining materials have higher tensile strength module [47].    

These statements are in agreement with the results of similar 

studies conducted by Kulak-Ozkan Y. et al.; Pinto J. et al 

[48, 49]. Craig et Gibbons;  Dootz et al.; Emmer T. et al. 

state just the opposite - the long-lasting stay in water of all 

kinds of liners, regardless of their chemical composition and 

polymerization type, increases their bond strength with the 

denture base. They consider that a stable bond between the 

acrylic denture base and silicone liner is hard to achieve. 

Different behavior of random silicone SRM might be due to 

their various chemical composition. The polymerization type 

also affects the mechanical properties. On the other hand 

Elias and Enriques report of growing percentage of mixed 

/cohesive and adhesive/ fractures after thermo cycling. 

     

In acrylic based relining materials after thermo cycling, 

bond strength increases, whilst in silicone based materials, 

thermo cycling has little effect on bond strength. According 

to Al-Athel et al. after thermo cycling the bond strength in 

silicone liners decreases /from 1.72 to 1.46 N/mm
2
/. This 

statement is in contradiction to the results of Kulak-Ozkan et 

al. They even claim that after thermo cycling the bond 

strength increases /from 6.6 to 8.9 kg/cm
2
/.  Pinto at al. on 

the other hand report of no statistical difference in the 

obtained data from their experiments. Various results from 

different authors are due to the different methods they have 

used [50]! Simulated aging of the silicone samples has little 

effect on them, but increases the tensile bond strength. 

Acrylic relining materials have better initial softness, which 

unfortunately decreases in time [51]. 

 
1
 Detax GmbH & Co. – Ettlingen, Germany 

 

2. Conclusion 
 

Factors like: immersion fluids, chemical composition, types 

of interface, various kinds of primers and adhesives, as well 

as aging, play a crucial role to the bond strength between 

denture basis and soft relining materials. The diversity of 

methods used by different authors is still a problem, because 

of the variety of results achieved and their correct 

interpretation. Obviously there is a great need of unification 

of the research methods. 
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