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INTRODUCTION

PMMA (Polymethylmethacrylate) for ages has been the ma-
terial of choice in prosthodontics for the fabrication of den-
tures. It shows certain limitations such as low strength, low 
abrasion resistance and more microbial adhesion in denture 
wearers.1 53% of denture fractures occur when patients ac-
cidentally drop them during cleaning, insertion and removal. 
It also shows fatigue fractures due to flexing.2 Fractures are 
also observed in areas adjacent to the implants due to in-

creased load on dentures.3 Therefore, it becomes very im-
portant to strengthen the denture base materials with various 
reinforcing materials.

Inorganic nanoparticles are incorporated into PMMA 
which improves its physical, mechanical and biological 
properties. Nanoparticles such as ZrO2, TiO2 along with 
improving the physical properties of PMMA also increase 
the surface hydrophobicity, leading to reduced bio-molec-
ular adherence. 4
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ABSTRACT
Introduction: The bonding of existing heat-cured soft liners with nanoparticles reinforced denture base resins remain unclear. 
Therefore, this study was undertaken to evaluate and compare the tensile bond strength of heat-cured acrylic and silicone-based 
soft liners with conventional, 5% TiO2 and 7% ZrO2 nanoparticles reinforced PMMA resins in polymerized and unpolymerized 
forms.
Materials & Methods: One hundred and twenty samples were fabricated with dimensions of 10×10×3 mm and divided into 
Polymerized and Unpolymerized groups. It further consisted of twelve subgroups in which heat-cured acrylic-based (Super-Soft) 
and heat-cured silicone-based soft liner (Molloplast-B) were bonded with conventional, 5% TiO2 and 7% ZrO2 reinforced PMMA 
resins in polymerized and unpolymerized forms. All the samples were thermocycled for 5000 cycles between the baths of 5°C  
and 55°C for 30 seconds dwell time. Tensile bond strength was determined with Autograph Universal Testing Machine, at a 
crosshead speed of 5 mm/min.
Results: The mean and the standard deviation (SD) were calculated for each group. An unpaired t-test was used for statistical 
analysis. P-value was kept < 0.05. The tensile bond strength of Group A1 (3.36 kg/cm2) and Group B1 (3.97 kg/cm2) was not 
within the clinically acceptable range when compared to (4.5 kg/cm2). All other groups showed acceptable bond strength.
Conclusion: Super soft liner bonded significantly with conventional, 5% TiO2 and 7% ZrO2 nanoparticles reinforced denture 
base resins in unpolymerized form. Molloplast-B bonded significantly with conventional and 7%ZrO2 nanoparticles reinforced 
denture base resin in both polymerized and unpolymerized form. Bonding of 5%TiO2 nanoparticle reinforced denture base resin 
with Molloplast-B was significantly better in unpolymerized form than the polymerized one.
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Harini P et al.5 reported an increase in the flexural strength 
by the addition of 5% TiO2 in polymethylmethacrylate 
(PMMA). Ahmed M et al.6 also reported that the addition of 
5% of TiO2 gave a significant improvement in the microhard-
ness of dentures.

Ahmed M et al.7 stated that the addition of 7% ZrO2 leads to 
improved mechanical properties in the PMMA denture base 
material with better flexural strength, fracture toughness 
and hardness. All these modifications may result in a den-
ture base having comparatively better flexural strength and 
microhardness than the conventional denture base PMMA, 
which can be used in implant-supported prosthesis and situ-
ations of high masticatory loads.

Soft liners cushioning effect and resilient properties make 
their role indispensable in medically compromised geriatric 
patients and cases of resorbed ridges. One of the major prob-
lems related to their use is their separation from the denture 
base, often resulting in a vicious cycle of candida infection, 
foul odour and decreased clinical longevity. Tensile bond 
strength of soft liner with conventional denture base PMMA 
resin, when equivalent or more than 4.5 kg/cm2; is accept-
able for clinical usage. 8,9 A recent systematic review done 
on the adhesion and mechanical properties of denture soft 
liners concluded that selecting the liner according to its lon-
gevity and clinical results depend eventually on the bonding 
mechanism. 10

We are now heading towards an advanced Nanomaterials 
era, and many researchers are trying to improvise the physi-
cal and mechanical properties of conventional PMMA. The 
bonding of nanoparticles reinforced denture-based resins, in 
polymerized as well as in the unpolymerized form with heat-
cured acrylic and silicone soft liners are not known. There-
fore, this study was conducted to evaluate and compare the 
tensile bond strength of conventional and two nanoparticles 
reinforced PMMA bases in the polymerized and unpolymer-
ized form, with two different types of acrylic and silicone-
based heat-cured soft liners available in the market. Acrylic 
and silicone-based heat-cured soft liners were purposely 
chosen, keeping in mind their better longevity and applica-
bility as compared to auto polymerized chair side soft liners.

The null hypothesis of the study stated that there exists no 
difference in the tensile bond strength of acrylic and silicone-
based heat-cured soft liners with conventional, 5% TiO2 rein-
forced and 7% ZrO2 reinforced PMMAs in both polymerized 
and unpolymerized form.

MATERIALS & METHODS

Using the data from an earlier similar study by Kulak Y et 
al.11 with an SD of 0.32 and power of 80% at a confidence 
interval of 95%, the sample size was found to be 60. Since 
the tensile bond strength of polymerized and unpolymerized 

samples was evaluated separately, two groups with a total 
of 120 samples were fabricated as shown in Figures 1 and 2 
respectively. The materials used in the study are presented in 
Table 1 and Figure 3.

A customized die with a removable 3 mm brass spacer was 
used (Figure 4). The dimension of the sample was 10×10×3 
mm. This die had three detachable parts along with another 
detachable spacer in the middle part of the die. This spacer 
was used to provide a soft liner of 3 mm thickness sand-
wiched between two acrylic blocks. All the samples were 
made of the same dimensions.

Preparation of Samples: 
Modification in powder component of PMMA: 
The Titanium dioxide (TiO2)

5 and Zirconium dioxide (ZrO2)
7 

nanofiller powder (ReinsteNanoventure Pvt. Ltd., New Del-
hi, India.) were individually weighed in an electronic bal-
ance (Sartorius BP 30155, Germany) with an accuracy of 
(0.0001g). These were then independently mixed in the poly-
mer of heat-polymerized acrylic resin (Trevalon) using ball 
milling apparatus (MAC, Macro Scientific Works Pvt Ltd., 
Delhi) (Figure 5a) at 60 rpm for four hours for homogenous 
mixing of polymer and nanoparticles. 12

Preparation of Polymerized samples
Heat-cured PMMA denture base resin, 5% TiO2 reinforced 
and 7% ZrO2 reinforced PMMA were mixed according to 3:1 
polymer monomer ratio by volume in a clean, dry porcelain 
jar and was left covered to come to the dough stage. The 
dough stage was later packed in the die, keeping a removable 
brass spacer of 3 mm thickness inside only. 

The curing cycle of PMMA blocks with brass 
spacer inside:
A long curing cycle was performed for curing all the 60 sam-
ples by placing them in Acrylizer (Q- Dent products, Mum-
bai) at room temperature water. The temperature was then 
slowly allowed to increase at 74 ℃ for eight hours, followed 
by terminal boiling at 100 ℃ for one hour. After bench cool-
ing, the two PMMA blocks were retrieved and any excessive 
flash was removed. 

Pretreatment of polymerized specimens for 
Supersoft liner:
All the polymerized blocks were sandpapered on the surface 
to be bonded with the soft liners13 and the same area was later 
dabbed with the heat-cured monomer of the denture base resin 
(Trevalon) for 180 seconds. 14

Bonding and Re-curing of Supersoft with polym-
erized PMMA blocks:
Two blocks of polymerized PMMA were again placed inside 
the flask and the brass spacer was removed. Super-Soft heat-
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cured acrylic soft liner in the ratio of 4 ml liquid and 5 gm 
powder was thoroughly mixed in the jar with a clean spatula 
for 20 to 30 seconds according to the manufacturer’s instruc-
tions. It was packed in dough stage in the space formed after 
removing the brass spacer in the flask, and bench pressed 
at 100 kVp for 15 mins.  The flask was opened to remove 
any excess of the soft liner and polyethylene foil and was 
again closed and placed in hot water (165°F/73.8°C) for ap-
proximately 30 minutes as per the manufacturer’s instruc-
tions. The temperature of the water was then slowly raised 
to boiling in the next 30 minutes and was terminally boiled 
for 10 minutes. 

Bonding and Re-curing of Molloplast- B with 
polymerized PMMA blocks:
For bonding Molloplast-B heat-cured soft liner to the already 
polymerized PMMA blocks, no pretreatment was done. Pri-
mo adhesive No. 03004 supplied by the manufacturer was 
uniformly applied by brush one to two times on the area to 
be bonded against soft liner and air-dried for ninety minutes.
Molloplast-B was taken with a clean spatula and packed be-
tween two blocks and the flask was pre-pressed at 100 kVp 
for 15 minutes. Flask was then opened, excess of the soft 
liner was gently removed along with polyethylene foil and 
flask was placed in an Acrylizer (Q- Dent products, Mumbai) 
at room temperature and water was allowed to heat up slowly 
till 100 ℃. The curing was done for two hours at 100 ℃ ac-
cording to the manufacturer’s instructions. 

Preparation of unpolymerized samples bonding 
of super-soft heat-cured soft liners
The conventional, 5% TiO2 and 7% ZrO2 reinforced PM-
MA’s were mixed according to manufacturer instructions 
and packed in the dough stage in the flask. It was left for two 
hours along with brass spacer to become firm in the dough 
stage. Later the 3 mm brass spacer was removed. No pre-
treatment was done. The Super-Soft heat-cured acrylic-based 
soft liner was mixed according to the manufacturer’s instruc-
tions. The packing was done in the dough stage in the space 
formed after removing the brass spacer in the die and was 
bench pressed at 100 kVp for 15 minutes. Die was opened 
to remove the polyethylene foil and excess of the soft liner.

Bonding of Molloplast-B heat-cured soft liners: 
For bonding Molloplast-B heat-cured soft liner to the unpo-
lymerized PMMA blocks, no pretreatment was done and no 
primo adhesive was applied. Molloplast-B was packed be-
tween two unpolymerized PMMA blocks and was repressed 
at 100 kVp for 15 minutes. The same procedure of removal 
of excess material was followed.

Curing of unpolymerized specimens:
A long curing cycle was performed by placing specimens in 
an Acrylizer (Q-Dent products, Mumbai) at room temperature 
water and the temperature was slowly allowed to increase to 

74 ℃ in eight hours followed by terminal boiling at 100°C for 
one hour. The flask was cooled, then opened and specimens 
were retrieved for finishing. Excess of any soft lining material 
was trimmed with BP handle and blade no-15.

After fabrication, all 120 samples were subjected to thermo-
cycling in the thermocycling unit (Sabri Dental Enterprises, 
Inc., USA) for 5000 cycles between the bath of 5°C to 55°C 
for 30 seconds dwell time to simulate temperature changes 
of the oral environment. 11 (Figure 5b).

Tensile Bond Strength Testing:
All the specimens were subjected to the tensile bond strength 
test on a Universal Testing Machine (Autograph, AG-IS 50 
kN) and deformed at a crosshead speed of 5 mm/minute.11 

(Figure 5c). The maximum force required for dislodgement 
was recorded in Newton (N). 

Tensile bond strength was calculated as follows:

				    Force for failure (N)
Tensile bond strength (N/mm2) = 
			     Cross-sectional area of the liner (mm2)

Statistical analysis was carried out using SPSS version 16. 

RESULTS

The mean and the standard deviation (SD) were calculated 
for each group and the mean is presented in Figure 6 and 
Table 2. In this study lowest mean tensile bond strength is 
shown by conventional PMMA in polymerized form with 
Super-Soft acrylic-based soft liner (A1 group). The high-
est mean tensile strength is shown by 7% ZrO2 Reinforced 
PMMA in unpolymerized form bonded with Super-Soft 
acrylic-based heat cure soft liner. (F1group).

Unpaired t-test (Table 3) was applied and it was observed 
that conventional PMMA groups when bonded with Super-
soft in polymerized (A1) and Un polymerized (D1) state 
showed highly significant difference (P-value < 0.001)

Conventional PMMA groups when bonded with Mollo-
plast-B in polymerized (A2) and Un polymerized (D2) state 
showed non-significant difference (P value >0.05)

A highly significant difference (P-value < 0.001) was seen 
between polymerized (B1) and Un polymerized (E1) groups 
when Supersoft was bonded to 5% TiO2 reinforced PMMA 
resin.

A significant difference (P-value < 0.05) was observed be-
tween polymerized (B2) and Un polymerized (E2) groups 
when Molloplast-B was bonded to 5% TiO2 reinforced 
PMMA resin.

A highly significant difference (P-value < 0.001) was seen 
between polymerized (C1) and Un polymerized (F1) groups 
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when Supersoft was bonded to 7% ZrO2 reinforced PMMA 
resin.

Non- Significant difference (P value >0.05) was seen be-
tween polymerized (C2) and Un polymerized (F2) groups 
when Molloplast-B was bonded to 7% ZrO2 reinforced 
PMMA resin.

DISCUSSION

The study tested the tensile bond strength of acrylic-based 
and silicone-based heat-cure soft liners with conventional, 
5% TiO2 and 7% ZrO2 reinforced PMMA present in polym-
erized and unpolymerized forms. The null hypothesis of the 
study was partially rejected as a statistically significant dif-
ference was observed between the bonding of Supersoft soft 
liner with conventional, 5% TiO2 and 7% ZrO2 nanoparticle 
reinforced denture-based resins when compared between po-
lymerized and unpolymerized forms.

The polymerized form of PMMA used in the present study 
represents the clinical situation wherein the patient is already 
having a polymerized denture and the dentist will be relining 
it in the laboratory with the heat cure soft liner. The unpo-
lymerized form of PMMA represents a situation where the 
soft liner and denture base are cured together in a single cur-
ing cycle for new dentures only.

As such, there are no direct comparative studies present in 
previous literature to compare the results of this study. Re-
search on nanoparticles is a very dynamic and advanced sub-
ject. Various types, percentages, sizes, methodologies used 
for the dispersion of nanoparticles can cause chemical and 
structural changes in PMMA resin which can influence the 
results. 

PMMA based conventional, 5% TiO2 and 7% ZrO2 nanopar-
ticle reinforced denture-based resins present in an unpolym-
erized form have demonstrated better results with acrylic-
based Supersoft. Curing two together in an unpolymerized 
dough state with the same molecular structure using a single 
curing cycle must have resulted in better interconnection. Al-
though methodologies might vary a lot, this is following the 
results obtained by Kulkarni R et al.,14 Gopal K et al.,15and 
Haghi HR et al.,16 where acrylic soft liners have been shown 
to have superior bond strength. 

Bonding of Super-Soft with already polymerized conventional, 
5% TiO2 and 7% ZrO2 nanoparticle reinforced denture-based 
resins have shown poor to average results. Supersoft acrylic 
soft liner when bonded with the polymerized form (Group A1 
3.36 kg/cm2 and B1 3.97 kg/cm2) showed the minimum mean 
tensile bond strength which is not even clinically acceptable.

These results encourage the usage of Supersoft acrylic-based 
soft liner in unpolymerized states only. If clinical condition, 

demands the usage in the polymerized stage then better sur-
face treatments and micromechanical measures are recom-
mended to improve the bonding between polymerized den-
ture bases to Supersoft liners.

Molloplast-B has shown a non-significant difference of 
bonding with both conventional and 7% ZrO2 nanoparticles 
reinforced denture base resins present in polymerized and 
unpolymerized forms. This implies that Molloplast-B can be 
used equally in both polymerized and unpolymerized forms 
according to clinical situation for conventional and 7% ZrO2 
nanoparticles reinforced denture base resins. 

On the contrary bonding of 5% TiO2 nanoparticle reinforced 
denture base material with Molloplast-B is significantly bet-
ter in unpolymerized stage than polymerized one. The results 
of bonding of Molloplast -B has seen in our study are follow-
ing the results obtained by Tugut F et al.17 where Molloplast-
B showed more favourable bonding even after thermocy-
cling regardless of the denture base resin used.

Limitations of the present study are that the results of this 
study should be cautiously interpreted as it does not repre-
sent the actual load that the lining material can withstand 
clinically. Dentures in the oral cavity are subjected to several 
masticatory forces and clinical oral factors, compared to the 
laboratory setting where the sample is subjected to a single 
force.

Various factors, such as the types of denture bases, forms and 
percentage of nanoparticles, categories of soft liners, surface 
treatments, liner thickness, deformation rate, test methods 
and thermocycling can affect the final result. Intraoral clini-
cal conditions of patients with various systemic problems, 
xerostomia, salivary consistency, diet, habits along oral and 
denture hygiene maintenance may lead to different clinical 
outcomes which can be addressed in future studies.

CONCLUSION

Within the limitations of this in vitro study, it can be conclud-
ed that supersoft soft liner bonded significantly with con-
ventional, 5% TiO2 and 7% ZrO2 nanoparticles reinforced 
denture base resins in unpolymerized forms. Molloplast-B 
bonded significantly with conventional and 7% ZrO2 nano-
particles reinforced denture base resin in both polymerized 
and unpolymerized form. Bonding of 5% TiO2 nanoparticle 
reinforced denture base resin with Molloplast-B was signifi-
cantly better in unpolymerized form than the polymerized 
one.

Authors’ Contribution

1. Parikh K

Definition of intellectual content, acquisition, analysis, inter-
pretation of data and Manuscripting 



Int J Cur Res Rev ��| Vol 13 • Issue 10 • May 2021 S-170

Parikh et al: Bonding of heat-cured soft liners with nanoparticles reinforced denture base resins

2. Mahajan N

Substantial contribution to conception and design, Drafting 
the article and revising it critically for important intellectual 
content. Interpretation, Manuscripting and editing

3. Bhatt N 

Analysis and interpretation of data, Manuscripting and edit-
ing

4. Sharma D

Statistics, analysis and interpretation of data.

ACKNOWLEDGEMENTS

“Authors would like to acknowledge a deep sense of gratitude 
and immense help received from the scholars whose articles 
are cited and included in references of this manuscript. The 
authors are also grateful to authors/editors/publishers of all 
those articles, journals and books from where the literature 
for this article has been reviewed and discussed.”

Source of Funding: Nil

Conflict of Interest: Authors declare no conflict of interest.

REFERENCES
1.	 Vojdani M. Polyamide as a Denture Base Material: A Literature 

Review. J Dent (Shiraz). 2015; 16(1):1-9.
2.	 Naik AV. Complete denture fractures: A clinical study. J Indian 

Prosthodont Soc. 2009; 9:148-50.
3.	 Gonda T, Maeda Y, Walton JN, MacEntee MI. Fracture inci-

dence in mandibular overdentures retained by one or two im-
plants. J Prosthet Dent. 2010; 103(3):178-81.

4.	 Laura S. Acosta-Torres, Luz M. López-Marín, R. Elvira Núñez-
Anita, Genoveva Hernández-Padrón, and Victor M. Castaño. 
Biocompatible Metal-Oxide Nanoparticles: Nanotechnology 
Improvement of Conventional Prosthetic Acrylic Resins. J Na-
nomater. 2011; 1-8.

5.	 Harini P, Mohamed K, Padmanabhan T. Effect of Titanium di-
oxide nanoparticles on the flexural strength of polymethylmeth-
acrylate: An in vitro study. Indian J Dent Res. 2014; 25(4):459-
63.

6.	 Ahmed M A, El-Shennawy M, Althomali Y M, Omar A. Effect 
of Titanium Dioxide Nano Particles Incorporation on Mechani-
cal and Physical Properties on Two Different Types of Acrylic 
Resin Denture Base. World J Nano Sci and Eng. 2016; 6:111-9.

7.	 Ahmed M, Ebrahim M. Effect of Zirconium Oxide Nano-Fill-
ers Addition on the Flexural Strength, Fracture Toughness, and 
Hardness of Heat-Polymerized Acrylic Resin. World J Nano Sci 
and Eng. 2014; 4(2):50-7.

8.	 Khan Z, Martin J, Collard S. Adhesion characteristics of visible 
light-cured denture base material bonded to resilient lining ma-
terials. J Prosthet Dent. 1989; 62(2):196-200.

9.	 Dootz ER, Koran A, Craig RG. Physical property comparison 
of 11 soft denture lining materials as a function of accelerated 
ageing. J Prosthet Dent. 1993; 69(1):114-9.

10.	 Kreve S, Dos Reis AC. Denture Liners: A Systematic Review 
Relative to Adhesion and Mechanical Properties. Sci World J. 
2019; 1-11.

11.	 Kulak-Ozkan Y, Sertgoz A, Gedik H. Effect of thermocycling 
on tensile bond strength of six silicone-based, resilient denture 
liners. J Prosthet Dent. 2003; 89(3):303-10.

12.	 Yadav TP, Yadav RM, Singh DP. Mechanical Milling: A Top-
down Approach for the Synthesis of Nanomaterials and Nano-
composites. NanosciNanotechnol. 2012, 2(3):22-48.  

13.	 Maheshwari R, Raman PB, Subramaniam T, Hans S, Chowd-
hury S. Effects of various surface treatments of heat cure polym-
ethyl methacrylate denture bases on the tensile bond strength of 
soft liners. Int J Org Chem Res.. 2015; 3(3):28-34.

14.	 Kulkarni R, Parkhedkar R. The effect of denture base surface 
pretreatments on bond strengths of two long term resilient liners. 
J Adv Prosthodont. 2011; 3(1):16-9.

15.	  Gopal K, Padmaja B, Reddy N, Reddy B, Sunil M, Babu N. 
Comparison and evaluation of tensile bond strength of two soft 
liners to the denture base resin with different surface textures: 
An in vitro study. J NTR Univ Health Sci. 2014; 3(2):102.

16.	 Haghi HR, Shiehzadeh M, Gharechahi J, Nodehi D, Karazhian 
A. Comparison of tensile bond strength of soft liners to an acryl-
ic resin denture base with various curing methods and surface 
treatments. Int J Prosthodont. 2020 Jan 1; 33:56-62.

17.	 Tugut F, Coskun ME, Dogan DO, Kirmali O, Akin H. Tensile 
Bond Strength between Soft Liners and Two Chemically Differ-
ent Denture Base Materials: Effect of Thermocycling. J Prostho-
dont.2016; 25(4):319-23.

Table 1: Materials used in the study
Materials Trade Batch Number Type

Titanium dioxide (5%) ReinsteNano Ventures Pvt. Ltd., Delhi YF 12122016 P25 Mixed rutile/anatase phase

Zirconium dioxide (7%) ReinsteNano Ventures Pvt. Ltd., Delhi D-12489 ZrO2 - Nanopowder, Tetragonal

Travelon Dentsply India Pvt. Ltd., Gurgaon, 
India

T160511 Heat-cured PMMA

Molloplast-B with Primo 
Adhesive No.03004

Detax, Germany 191002 Heat-cured silicone soft liner

SuperSoft GC America Inc, IL, USA 1402041 Heat-cured acrylic soft liner.

Monomer Dentsply India Pvt. Ltd., Gurgaon, 
India

T160511 Heat polymerized
Monomer
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Table 2: Mean tensile bond strength of various groups in kg/cm2 and N/mm2
Type Group Mean Tensile Bond Strength

Polymerized Conventional PMMA with Supersoft A1 3.36kg/cm2

0.33 N/mm2

Polymerized Titanium with Supersoft B1 3.97 kg/cm2

0.39 N/mm2

Polymerized Zirconium with Supersoft C1 5.30 kg/cm2

0.52 N/mm2

Unpolymerized Conventional with Supersoft D1 17.84 kg/cm2

1.75 N/mm2

Unpolymerized Titanium with Supersoft E1 17.54 kg/cm2

1.72 N/mm2

Unpolymerized Zirconium with Supersoft F1 18.35 kg/cm2

1.8 N/mm2

Polymerized Conventional with Molloplast B A2 12.74 kg/cm2

1.25 N/mm2

Polymerized Titanium with Molloplast B B2 9.78 kg/cm2

0.96 N/mm2

Polymerized zirconium with Molloplast B C2 13.25 kg/cm2

1.3 N/mm2

Unpolymerized Conventional with Molloplast B D2 10.80 kg/cm2

1.06 N/mm2

Unpolymerized Titanium with Molloplast B E2 13.35 kg/cm2

1.31 N/mm2

Unpolymerized zirconium with Molloplast B F2 12.54 kg/cm2

1.23 N/mm2

Table 3: Unpaired t-test table showing the comparison between polymerized and unpolymerized groups
Groups Mean Strength  

(N /mm2)
S.D Mean Difference P Values Status

Conventional + Super soft    

1.42                    (430%) 0.001 Highly SignificantPolymerized 0.33 0.11

Unpolymerized 1.75 0.86

Conventional + Molloplast B    

0.19                    (17.9%) 0.19 Non SignificantPolymerized 1.25 0.36

Unpolymerized 1.06 1.02

TiO2+ Super soft    

1.33                    (341%) < 0.001 Highly SignificantPolymerized 0.39 0.12

Unpolymerized 1.72 1.3

TiO2+ Molloplast B    

0.35                    (36.5%) 0.02 SignificantPolymerized 0.96 0.28

Unpolymerized 1.31 0.37

ZrO2 + Super soft    

1.28                    (246%) < 0.001 Highly SignificantPolymerized 0.52 0.13

Unpolymerized 1.8 0.47

ZrO2 + Molloplast B    

0.07                    (5 %) 0.55 Non SignificantPolymerized 1.3 0.24

Unpolymerized 1.23 0.32
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Figure 1: Samples of Polymerized group of Denture bases. 

Figure 2: Samples of Unpolymerized groups of Denture bases. 
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Figure 3: Materials used in the study. (a) Super-soft heat-
cured acrylic soft liner (b) Molloplast-B heat-cured silicone soft 
liner with primo adhesive (c) Trevalon heat-cured PMMA with 
universal denture heat cure monomer (d) 7% ZrO2 nanoparti-
cles, 5% TiO2 nanoparticles.

Figure 4: Customized die with removable 3 mm spacer.

Figure 5: Equipment’s used in the study (a) Ball milling ap-
paratus (b) Thermo-cycling unit (c) Universal Testing Machine

Figure 6: Mean tensile bond strength.


