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Abstract Silicone based denture liners are superior to

acrylic based denture liners but it has a problem of failure

of adhesion with the denture base. To evaluate the effect

on the tensile bond strength of silicone based liner and

flexural strength of denture base resin when the latter is

treated with different chemical etchants prior to the

application of the resilient liner. Rectangular specimens of

heat cured PMMA (65 9 10 9 3.3 mm3) for flexural

strength and (10 9 10 9 40 mm3) for tensile strength

were fabricated and divided into four subgroups each. One

subgroup of each type acted as a control and the rest were

subjected to surface treatment with acetone for 30 s, MMA

monomer for 180 s, methylene chloride for 15 s, respec-

tively. Silicone based denture liner was processed between

2 PMMA specimens (10 9 10 9 40 mm3) in the space

provided by a spacer, thermocycled (5–55�C) for 500

cycles and then their tensile strength measurements and

flexural strength measurements were done. 180 s of MMA

monomer treatment was found to be most effective in

improving the bonding between the liner and denture base

resin as well as producing the lowest decrease in flexural

strength of denture base resin. Chemical treatment of

denture base resin improves the bond strength of denture

liner but it also decreases the flexural strength of denture

base. So careful selection of chemical etchant should be

done so as to produce minimum decrease in flexural

strength of denture base resin.

Keywords Denture liners � Tensile strength � Flexural

strength � Denture base

Introduction

Soft denture liners are often used for the management of

painful or atrophied mucosa, bony undercuts or ulceration

of the denture bearing areas associated with wearing of the

dentures. Denture liners provide comfort to the patient,

may reduce residual ridge resorption by reducing the

impact forces in the load bearing areas during function and

also provide even distribution of functional load [1].

One of the first synthetic resins developed in 1945 as a

soft liner was plasticized polyvinyl resin, followed by the

introduction of silicones in 1958 [1–4].

Contemporary soft lining materials can be divided into

two main groups: acrylic based and silicone based. Silicone

based liners were found to have better compliance and

rupture resistance, low sorption and solubility in saliva as

compared to plasticized acrylic based denture liners [1].

However, the main problem with silicone based denture

liners is the loss of adhesion at the interface with the

denture base resin.

Acrylic based soft denture liners form a chemical bond

with the denture base resin. Hence, the adhesion of acrylic

based soft liners to denture base resin is higher than sili-

cone based soft denture liners [5].

It is in this context that the present study ‘‘Effect of

surface treatment on the flexural strength of denture base

resin and tensile strength of autopolymerizing silicone

based denture liner bonded to denture base resin’’ was

undertaken to examine and assess the effect of denture base

resin treatment with different chemical etchants prior to the

application of silicone based denture liner on the flexural
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strength of denture base resin and the tensile bond strength

of the resilient liner.

Aims and Objectives

(a) To compare and evaluate the effect of denture base

resin surface pretreatment with different chemical

etchants preceding the placement of silicone based

resilient liner on the tensile bond strength of the

resilient liner bonded to denture base resin.

(b) To compare and evaluate the effect of various

chemical etchants on the flexural strength of denture

base resin.

Materials and Method

An in vitro study was conducted in the Department of

Prosthodontics, GDC Amritsar to evaluate the effect of

various surface treatments on the flexural strength of one

commercially available heat cured denture base resin and

tensile bond strength of commercially available autopoly-

merizing silicone based soft denture liner bonded to den-

ture base resin.

The materials used in this study were (Fig. 1)

The chemicals used for the surface treatment of speci-

mens were (Fig. 2)

1. Acetone

2. MMA monomer

3. Methylene chloride

Two brass dies (Fig. 3) were used to prepare specimens

for measuring tensile bond strength and flexural strength.

First die was used to make specimens of PMMA of

dimensions 10 9 10 9 40 mm3 each, with 3 mm thick

removable brass spacer, for measuring tensile bond

strength.

Second die was used for the fabrication of test speci-

mens of PMMA of dimensions 65 9 10 9 3.3 mm3, for

the flexural strength measurements.

Two groups (Group I and Group II) of 60 specimens

each of heat cured PMMA denture base resin (Figs. 4, 5)

were prepared for tensile bond strength and flexural

strength measurements from first and second dies, respec-

tively. Each group was further divided into four subgroups

(A, B, C and D) of 15 specimens each.

Group I-A and Group II-A: Specimens served as control.

Group I-B and Group II-B: Specimens subjected to 30 s

of acetone treatment.

Group I-C and Group II-C: Specimens subjected to 180 s

of MMA monomer treatment.

Group I-D and Group II-D: Specimens subjected to 15 s

of methylene chloride treatment.

Tensile bond strength measurements (Group I)

The bonding surfaces of the specimens were then given

surface treatments with different chemical etchant used in

Fig. 1 Autopolymerizing silicone based denture liner-Ufigel P

Fig. 2 Chemical etchant used for the surface treatment of denture

base resin

Material Manufacturer Type Adhesive Polymerization

UfiGel P Voco,

Germany

Silicone

based soft

denture

liner

UfiGel P

Adhesive

2076

Autopolymer-

ization

Trevalon Dentsply,

USA

Heat cured

PMMA

denture

base resin

Heat cure

polymerization
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the study according to their group. The blocks were then

placed back in the die and the spacer was removed. The

base and catalyst pastes of UfiGel P were then mixed in the

recommended ratio of 1:1 and the material was placed in

the space created by spacer. The die was closed and bench-

pressed for 10 min. All the specimens were thermocycled

(5–55�C) in two water baths for 500 cycles with a dwell

period of 30 s in each bath.

All the samples (Group I, Group II) were then deformed

in a Lloyds, Universal Testing Machine at the rate of

5 mm/min, to determine the tensile strength and flexural

strength.

Statistical Analysis

The measurements of tensile bond strength of Group IA

(control), IB (specimens treated with acetone), IC (speci-

mens treated with MMA monomer), ID (specimens treated

with methylene chloride) and flexural strength of Group

IIA (control), Group IIB (specimens treated with acetone),

Group IIC (specimens treated with MMA monomer),

Group IID (specimens treated with methylene chloride)

were subjected to statistical analysis to draw conclusions

from the experimental data.

Descriptive statistical measures, such as mean, range

between maximum and minimum values of tensile bond

strength and flexural strength, standard deviation (SD),

coefficient of variation (CV), standard error of mean (SEm)

were computed for all the study groups. The 95%

confidence interval was also worked out for all the study

groups. These statistical computations are presented in

Tables 1 and 2.

In order to collectively compare the means of study

groups, oneway ANOVA (analysis of variance) test was

used. The result of the test have been presented in

Table 3 (tensile bond strength) and Table 4 (flexural

strength).

Analysis of tensile bond strength values for all the

study groups by oneway ANOVA technique returned an

F value of 455.86 at degree of freedom = 59. The

computed F value was greater than critical F value of

2.77 and 4.16 at 5% and 1% level of significance,

respectively, thus indicating a highly significant difference

in the mean tensile bond strength values for all the groups

(P \ 0.01).

Analysis of transverse strength for all the study

groups by oneway ANOVA technique returned an

F value of 53.46. The computed F value was greater

than critical F value, both at 5% and 1% level of

significance, thus indicating that the difference in the

flexural strength for all the study group was highly

significant (P \ 0.01)

Fig. 3 Dies for the fabrication of specimens

Fig. 4 Group I (tensile strength specimens)

Fig. 5 Group II (flexural strength specimens)
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Discussion

The failure of adhesion between a silicone based resilient

liner and an acrylic denture base material is a significant

clinical problem. Adhesive failure between the liner and

the denture base resin creates a potential interface for

microleakage leading to an environment for potential

bacterial growth and accelerated breakdown of soft liner

resulting in deteriorating prosthesis [4, 6].

To achieve better bonding between denture lining

materials and denture base resin, several experimental

procedures have been conducted such as mechanical

Table 1 Basic statistics for tensile bond strength of the study groups (Group I)

Statistical measures Tensile bond strength (kgf/cm2)

Group IA Group IB Group IC Group ID

No. of observations 15 15 15 15

Mean 8.40 12.53 16.81 12.70

SD 0.584 0.663 0.600 0.553

CV (%) 7.0 5.3 3.6 4.4

SEm 0.16 0.18 0.16 0.15

95% of confidence interval 8.07–8.74 12.15–12.91 16.46–17.15 12.38–13.02

Range

Maximum 9.23 13.58 17.92 13.85

Minimum 7.45 11.25 15.93 11.52

Range 1.78 2.33 1.99 2.33

Table 2 Basic statistics for flexural strength of the study groups (Group II)

Statistical measures Flexural strength (kg/cm2)

Group IIA Group IIB Group IIC Group IID

No. of observations 15 15 15 15

Mean 781.19 711.81 725.09 715.78

SD 27.03 11.68 9.75 11.41

CV (%) 3.5 1.6 1.3 1.6

SEm 7.22 3.12 2.61 3.05

95% of confidence interval 765.69–796.68 705.11–718.50 719.50–730.68 709.24–722.32

Range

Maximum 858.92 730.64 739.22 730.45

Minimum 754.65 689.77 699.20 695.62

Range 104.27 40.87 40.02 34.83

Table 3 Oneway ANOVA table for tensile bond strength

Source of variation Degree of freedom (df) Sum of squares Mean square Variance ratio (F)

Computed Critical

5% 1%

Between groups 3 529.75 176.58 455.86** 2.77 4.16

Within groups 56 21.69 0.387

Total 59 551.44

* Significant (P \ 0.05)

** Highly significant (P \ 0.01)

NS Non significant (P [ 0.05)
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surface preparation i.e., roughening of denture base resin,

effect of polymerization stage at which resilient liner is

packed against the acrylic resin and chemical surface

treatment of denture base resin [4, 7].

In the present study, the tensile bond strength values of

the lining material (UfiGel P) to denture base resin

obtained after testing were statistically analyzed using

Student’s t test. After analysis, it was found that the

application of different chemical etchants on denture base

resin increased the bond strength of silicone based lining

material, UfiGel P, to denture base resin, compared to the

control group (8.40 kg/cm2).

The mean measured tensile bond strength of the resilient

liner in descending order according to the type of chemical

etchant applied was as follows; MMA for 180 s (16.81 kg/

cm2), methylene chloride for 15 s (12.70 kg/cm2) and

acetone for 30 s (12.53 kg/cm2).

Sarac et al. [8] reported that wetting the denture base

resin with 180 s of MMA monomer was an effective

method for reducing microleakage between lining material

and denture base resin when using silicone based lining

materials.

The flexural strength values of the denture base resin

obtained after testing were statistically analyzed using

Student’s t test. After analysis it was found that the

chemical treatment of denture base resin significantly

decreased the flexural strength of denture base resin as

compared to the control group.

The mean values of measured flexural strength of den-

ture base resin in the descending order, were as follows;

control group (781.19 kg/cm2), MMA for 180 s (725.09

kg/cm2), methylene chloride for 15 s (715.78 kg/cm2) and

acetone for 30 s (711.81 kg/cm2).

These findings were similar with the flexural strength

conclusions of the study by Vallitu et al. [9]. The resultant

decrease in strength of denture base resin may cause

problems associated with denture base flexure during use

[4].

The findings of this study were in agreement with the

study of Sarac et al. [4] and Vallitu et al. [9].

Summary and Conclusions

In the present study it was observed that:

1. Surface treatment of denture base resin with chemical

etchants increased the tensile bond strength of silicone

based liner to denture base resin and decreased the

flexural strength of denture base resin.

2. The increase in tensile bond strength value was highest

with specimens subjected to 180 s of MMA surface

treatment and lowest with control group specimens.

3. The decrease in flexural strength value was maximum

with specimens subjected to 30 s of acetone treatment

and lowest with control group specimens.

References

1. El-Hadary A, Drummond JL (2000) Comparative study of water

sorption, solubility and tensile bond strength of two soft lining

materials. J Prosthet Dent 83(3):356–361

2. Mack PJ (1989) Denture soft linings: materials available. Aust

Dent J 34(6):517–521

3. Qudah S, Harrison A, Huggett R (1990) Soft lining materials in

prosthetic dentistry: a review. Int J Prosthodont 3(5):477–483

4. Sarac D, Sarac YS, Basoglu T, Yapici O, Yuzbasioglu E (2006)

The evaluation of microleakage and bond strength of a silicone-

based resilient liner following denture base surface pretreatment.

J Prosthet Dent 95(2):143–151

5. Eick JD, Craig RG, Peyton FA (1962) Properties of resilient

denture liners in simulated mouth conditions. J Prosthet Dent

12(6):1043–1052

6. Jacobsen NL, Mitchell DL, Johnson DL, Holt RA (1997) Lased

and sandblasted denture base surface preparations affecting

resilient liner bonding. J Prosthet Dent 78(2):153–158

7. Jagger RG, Al-Athel MS, Jagger DC, Vowles RW (2002) Some

variables influencing the bond strength between PMMA and a

silicone denture lining material. Int J Prosthodont 15(1):55–58

8. Sarac YS, Basoglu T, Ceylan GK, Sarac D, Yapici O (2004) Effect

of denture base surface pretreatment on microleakage of a silicone

based resilient liner. J Prosthet Dent 92(3):283–287

9. Vallitu PK, Lassila VP, Lappalainen R (1994) Wetting the repair

surface with methyl methacrylate affects the transverse strength of

repaired heat-polymerized resin. J Prosthet Dent 72(6):639–643

Table 4 Oneway ANOVA table for flexural strength

Source of variation Degree of freedom (df) Sum of squares Mean square Variance ratio (F)

Computed Critical

5% 1%

Between groups 3 46936.0 15645.33 53.46** 2.77 4.16

Within groups 56 16388.0 292.64

Total 59 63324.0

* Significant (P \ 0.05)

** Highly significant (P \ 0.01)

NS Non significant (P [ 0.05)

212 J Indian Prosthodont Soc (Oct-Dec 2010) 10(4):208–212

123


	Effect of Surface Treatment on the Flexural Strength of Denture Base Resin and Tensile Strength of Autopolymerizing Silicone Based Denture Liner Bonded to Denture Base Resin: An In Vitro Study
	Abstract
	Introduction
	Aims and Objectives
	Materials and Method
	Tensile bond strength measurements (Group I)
	Statistical Analysis

	Discussion
	Summary and Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


