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Abstract The purpose of this study was evaluation the

effect of immersion in distilled water and inorganic artifi-

cial saliva on the shear bond strength of a heat-polymerized

and an auto-polymerized silicone-based denture lining

materials. The denture liners investigated were Molloplast-

B (heat-polymerized), and Mollosil plus (auto-polymer-

ized). The soft liner specimens were 10 9 10 9 2.5 mm

and were processed between two poly(methylmethacrylate)

plates. Thirty shear specimens for each type of test lining

material were prepared. Specimens were divided equally

into three groups for each test lining material: first group,

specimens were tested after 48 h of preparation without

immersion; second group, specimens were tested following

immersion in distilled water at 37 �C for 12 months; and

third group, specimens were tested following immersion in

inorganic artificial saliva at 37 �C for 12 months. Shear

bond strength was measured using an universal testing

machine at a crosshead speed of 40 mm/min and failure

mode (adhesive, cohesive and mixed) after debonding was

assessed. Data were statistically analyzed with one-way

analysis of variance (ANOVA) (a = 0.05). ANOVA was

followed by Bonferroni post hoc tests for pairwise com-

parisons. A significant difference in shear bond strength

was detected between Molloplast-B and Mollosil plus

following immersion in distilled water and artificial saliva.

Molloplast-B demonstrated considerably higher shear

strength than Mollosil plus after immersion. Shear

strengths of the lining materials investigated reduced sig-

nificantly after immersion in both solutions. Visual exam-

ination after separation revealed that the soft materials

tested exhibited mostly adhesive failure. The effect of

immersion in distilled water and inorganic artificial saliva

on bond strength of test lining materials was perceivable;

however, both of them had acceptable bond strength and

might be proper for long-term use.
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Introduction

Soft lining materials have introduced in dentistry as a

solution for certain clinical problems. These materials may

provide an even distribution of functional load on the

denture-bearing area and avoid load stress concentrations

[1–4]. They are widely used as a cushion on the intaglio

surface of dentures in the management of traumatized oral

mucosa, ridge atrophy, bony undercuts, bruxism, xerosto-

mia, edentulous arches opposing natural dentition, con-

genital oral defects requiring obturation, and for improving

the retention of the dentures by engaging undercuts [5–7].

The earliest soft liner was soft natural rubber and it was

applied by Twichell in 1869 [6]. Since then, many com-

positions have been provided [8, 9]. One of the first syn-

thetic resins developed in 1945 as a soft liner was a

plasticized polyvinyl resin [10], followed by the introduc-

tion of silicones in 1958 [11]. On the other hand, these

materials have several problems related to their use. One of

the more severe problems with soft denture linings is

separation of these linings from the denture base [8, 12,

13]. Moreover, bond failure generates a prospective surface

for fungal and bacterial growth, as well as plaque and

calculus formation [14, 15]. The colonization of denture

soft lining material by oral bacteria and fungi can result in
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infections, stomatitis of oral tissues and deterioration of the

material [16, 17].

Thus, it could be concluded that adhesion characteristics

of soft lining materials to denture base acrylic resins may

contribute to its long-term service. The most commonly

used methods to measure the bond strength of soft lining

materials to denture base materials have been peel, tensile,

and shear tests [18]. Bonding of soft lining materials to

Poly(methylmethacrylate) (PMMA) denture base material

has been estimated by several investigators [15, 19, 20].

Al-Athel et al. [21] evaluated the bond strength of a heat-

cured silicone denture soft lining material (Molloplast-B)

using tensile and shearing tests. They concluded that longer

immersion of specimens in water at 37 ± 1 �C led to a

significant reduction in the measured tensile and shear

bond strengths. In 2011, Demir et al. [22] assessed the peel

bond strength of two different soft liners (Molloplast B and

Permaflex) to PMMA denture base resin before and after

thermocycling. They concluded that thermocycling led to

significant decreases in the peel strength of both Permaflex

liner specimens packed against cured/uncured PMMA resin

surfaces, whereas this process did not affect the strength of

Molloplast B specimens. Takahashi et al. [23] evaluated

the effect of different accelerated aging times on permanent

deformation and tensile bond strength of two soft chairside

liners (acrylic and silicone based). They concluded that the

both soft denture liners investigated had satisfactory bond

strength and might be appropriate for long-term use.

Mese et al. [24] tested the effect of storage duration on

the tensile bond strength of acrylic, and silicone-based

denture base materials, with liners either heat-cured or

auto-cured. They reported that use of silicone-based, heat-

cured soft liners may provide better clinical success over a

long period.

In the last few decades, a large number of experimental or

commercially available resilient lining materials have been

developed [25, 26], but no products are available that will

remain serviceable for extended periods of time [27, 28].

The purpose of this research was to determine the

adhesion characteristics of two soft lining materials to a

denture base polymer as a function of aging. The null

hypothesis was that there was no significant effect of

immersing soft lining materials in distilled water and

artificial saliva on the adhesion characteristics after one

year of observation.

Materials and Methods

The soft denture lining materials involved in this study

represented two different curing modes. The first curing

mode was a conventional laboratory processing: Mollop-

last-B (DETAX, Ettligen-Germany), whereas the second

was an autopolymerization material: Mollosil plus (DE-

TAX, Ettligen- Germany). The denture base material was

heat-curing acrylic resin (Vertex Regular, Vertex dental,

Zeist, The Netherland).

Shear bond strength was evaluated using a simple

overlap-joint model. Shear specimens consisted of soft

denture lining material with dimensions of 10 9 10 9

2.5 mm. The denture lining materials were bonded to two

plates of acrylic resin, each 50 9 10 9 3 mm, (Fig. 1). The

dimensions of specimen were selected according to previous

study [21]. PMMA denture base material was packed into

preformedmolds 50 9 60 9 3 mm tomake the acrylic resin

plates. These plateswere then cut by a band sawmachine into

strips with dimensions of 50 9 10 9 3 mm (Fig. 2). The

acrylic resin strips were immersed in distilled water at room

temperature for 48 h [29]. Every two stripswere attached to a

glass spacer 10 9 10 9 2.5 mm (Fig. 3) to provide space

for the soft lining materials after their removal [30–32]. The

strips and spacers were then invested in hard but flexible

silicone rubber to allow for easy removal of the spacers as

well as the processed specimens from the flask (Fig. 4).

Strips were reset inside the mold after spacers removal.

Silicone primer was applied to the acrylic bond surface, and

the manufacturer’s instructions were followed for packing

and curing the liners. The number of shearing specimens was

thirty for each soft lining material. A power analysis (using

G*Power Version 3.1.5) was done to determine the required

sample size. Specimens of each soft lining material were

equally divided into three groups: In the first group (i.e. the

Fig. 1 Diagram of shear specimen

Fig. 2 Acrylic resin strips
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control group), specimens were tested after 48 h of prepa-

ration without immersion. In the second group, specimens

were tested after immersion in distilled water at 37 �C for

12 months, whereas in the third group specimenswere tested

after immersion in an inorganic artificial saliva at 37 �C for

12 months. The artificial saliva was prepared with the fol-

lowing composition [33]: Potassium chloride, (0.400 g/L);

Calcium chloride. H2O, (0.795 g/L); Sodium dihydrogen

phosphate. H2O, (0.690 g/L); Sodium sulphide. H2O,

(0.005 g/L); Distilled water 1,000 ml (pH = 5.25).

Specimens were tested by using the universal testing

machine (DY-34 Adamel Lhomargy, France) (Fig. 5), at a

crosshead speed of 40 mm per minute until the liner

material was separated from the acrylic plates. The maxi-

mum force indicating the point of failure by separation was

recorded and the shear bond strengths were calculated by

using the following formula [18]:

Bond strength ¼
Maximum load (N)/Cross sectional area ðmm2Þ

Surfaces of bond failure were evaluated by using an

explorer for determining the type of failure (cohesive,

adhesive or mixed). Collected data were submitted to one-

way analysis of variance (ANOVA) at a significant level of

5 %. ANOVA was followed by Bonferroni post hoc tests to

determine significant differences in pairwise comparisons.

Results

Descriptive statistics of the measured variables are given in

Table 1. The effect of test solution on shear strengths is

presented in Table 2. There were statistically significant

difference between shear strengths of Molloplast-B and

Mollosil plus when the specimens were immersed in dis-

tilled water and artificial saliva (Table 2). Molloplast-B

demonstrated considerably higher shear strength than

Mollosil plus after immersion (Tables 1, 2). Statistical

analysis revealed a significant decrease (p\ 0.05) in the

shear strength of both soft materials when the specimens

Fig. 3 Two strips attached to a glass spacer

Fig. 4 Removal of the spacers and the processed specimens from the

flask

Fig. 5 Shearing test

Table 1 Shear bond test results (Mean ± SD) in N/mm2 and type of

failure

Material N Mean ± SD Type of failure

Control MB 10 1.3810 ± 0.29486 90 % Adh

10 % Coh

MP 10 1.1830 ± 0.31066 90 % Adh

10 % Coh

Distilled water MB 10 0.9850 ± 0.16112 95 % Adh

5 % Coh

MP 10 0.6900 ± 0.18523 95 % Adh

5 % Coh

Artificial

saliva

MB 10 0.8420 ± 0.16484 100 % Adh

0 % Coh

MP 10 0.5370 ± 0.13483 97 % Adh

3 % Coh

MB Molloplast-B, MP Mollosil plus, Adh adhesive failure, Coh

cohesive failure
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were immersed in distilled water and artificial saliva

(Table 3). Visual examination after separation revealed

that the soft materials tested exhibited mostly adhesive

failure (Table 1).

Discussion

Debonding of silicone soft denture lining materials is

commonly encountered in clinical practice [8, 13]. Failure

of adhesion between soft liner and the denture base is

considered the most common reason for failure of soft-

lined dentures [34]. For this reason adhesive properties of

soft denture lining materials has been evaluated by many

tests. The most commonly used methods to measure the

bond strength of soft lining materials to denture base

materials have been tensile, shear and peel tests [18]. The

shear testing was adopted in this research work due to the

fact that the direction of forces that are encountered with

lining material has normally and predominantly a shearing

effect [35]. The specimens in this study were based on the

simple lap design described by Al-Athel et al. [18].

Thickness of soft denture lining material was chosen

according to previous reports [36], which have stated that

the soft liner should be 2–3 mm thick to acquire the best

benefit in softness.

The results of this study were (1.38 ± 0.29, 0.99 ±

0.16, 0.84 ± 0.16) N/mm2 and (1.18 ± 0.31, 0.69 ± 0.19,

0.54 ± 0.13) N/mm2 for Molloplast-B and Mollosil plus,

respectively. These results indicated that the bond strength

was higher than 0.5 N/mm2 for two materials investigated.

It has been reported that 4.5 kg/cm2 (0.44 N/mm2) would

be satisfactory for clinical use of the soft lining materials

[14]. Considering this only criterion, the two materials

tested were acceptable for clinical use. Bond strengths of

Molloplast-B and Mollosil plus were identical when

specimens were tested after 48 h of preparation without

immersion. However, bond strength of Mollosil plus

became significantly less in comparison with Molloplast-B

after immersion in distilled water and artificial saliva for

12 months (Table 1). The results of this study revealed that

bond strengths of the two test lining materials reduced

significantly after immersion in distilled water and artificial

saliva (Table 2). The negative effect of the immersion was

recorded in previous studies [14, 21, 29, 32, 37]. The

reduction in bond strength may be attributed to swelling

and stress buildup at the bond interface, or changing the

viscoelastic properties of the soft lining materials after

immersion [14, 38]. On the other hand, Garcia et al. [39] (at

15 days), Emmer et al. [40] (at 6 months) and Eick et al.

[41] (at 1 month) have reported an increase in bond

strength after aging. The difference may be the result of the

variations in time of immersion, the soft materials tested,

the shape of specimens, and the testing procedure [11]. The

same negative effect on bond strength was observed after

immersion in distilled water and artificial saliva. It may be

due to a high content of water in used artificial saliva. This

result confirms those of Yanikoglu and Denizoglu [42].

The shear bond strength results of Molloplast-B in this

study (1.3810 ± 0.29486 N/mm2 for the control group)

were nearly the same of those for Al-Athel and Jagger [18]

(1.39 ± 0.07 N/mm2). The mode of failure for soft lining

materials was mostly adhesive (Table 1). This can be

attributed to the uneven stress distribution in the lap joint

and concentration of stresses at or near the edges [18].

Also, it was observed that there was more tendency toward

adhesive failure after immersion in distilled water and

artificial saliva. It may be due to the complex nature of the

bonding phenomenon. This result also indicated that the

strengths of soft lining materials were more than their bond

strengths.

Limitations of the present in vitro study include that the

test specimens do not simulate the real denture design, and

in laboratory tests only one type of force is applied. So, it is

difficult to interpret the importance of the laboratory bond

strength test results.

The findings of this study suggest that immersion in

distilled water and inorganic artificial saliva has an effect

on bond strength of soft denture lining materials. It also

appeared to be a need for further research to understand the

nature of the bonding phenomenon.

Table 2 Mean Difference in the bond strengths between Mollplast-B

and Mollosil plus as function of test solutions (Control, Distilled

water, Artificial saliva)

Materials Mean

difference

(Control)

Mean difference

(Distilled water)

Mean difference

(Artificial

saliva)

MB MP 0.19800 0.29500* 0.30500*

* Statistically significant difference

Table 3 Multiple comparisons of subsets

Material Storage solutions Mean difference

MB Control Distilled water 0.39600*

Control Artificial saliva 0.53900*

Distilled water Artificial saliva 0.14300

MP Control distilled water 0.49300*

Control Artificial saliva 0.64600*

Distilled water Artificial saliva 0.15300

* Statistically significant difference
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Conclusions

Within the limitation of the current study, the following

conclusions were made:

1. Both soft denture liners tested had acceptable bond

strength and might be suited for long-term use.

2. Immersion in distilled water and artificial saliva for

12 months led to reduction in bond strength of soft

lining materials tested.

3. Molloplast-B demonstrated better bond strengths after

immersion in comparison with Mollosil plus.

4. The negative effects of immersion in distilled water

and artificial saliva on bond strength of test lining

materials were similar.

5. It was observed that there was more tendency toward

adhesive failure after immersion in distilled water and

artificial saliva.
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