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PART B – TECHNICAL DETAILS 

 

1 Title of the dissertation Effect of Incorporation Of Silver Nanoparticles On Flexural 

Strength And Tensile Strength Of Poly Methyl Methacrylate 

Resin Subjected To Two Different Curing Methods- an in vitro 

study 

2 Introduction  



A. Problem statement Denture bases can be fabricated using various materials, including 

metals and heat-cured acrylic resins. The majority of prosthetic 

acrylic resins consist of Polymethyl methacrylate, (PMMA). 

PMMA is the most popular denture base material currently 

available and used for fabrication of denture bases. . This is due to 

their acceptable aesthetic properties, ease of handling sufficient 

strength, low water sorption, low solubility, good biocompatibility 

and also that they can be easily repaired. The desirable qualities of 

PMMA is offset by certain drawbacks, significant among them are 

its reduced strength, stiffness and also that they are considerably 

brittle. Fracture occurs as a result of fatigue when PMMA cannot 

withstand intraoral forces and extra oral impact forces because of 

insufficient transverse, impact, flexural, compressive, and fatigue 

strengths. Denture base resins used in dentistry are polymerized 

by heat, chemicals, visible light, and microwave energy. About 50 

to 70% of complete denture wearers present a pathogenic state 

known as denture stomatitis. This pathology is an inflammatory 

process characterized by homogeneous erythema or red focal 

areas, especially in the palatal mucosa and usually associated with 

Candida species, particularly Candida Albicans. 

B. Rationale Thus, to overcome the above drawbacks of strength and stomatitis, 

researchers have proposed modalities for strengthening the resin 

like embedding of solid metal forms in the resin and reinforcing 

of acrylic resin with various fibers and nanoparticles. Silver (Ag) 

has been widely used in medical and life-care polymers and 

exhibits antimicrobial action. Silver ions (Ag+) bind to electron 



donor groups in biological molecules containing sulfur or 

nitrogen, resulting in defects in the bacterial cell membrane and 

leading to loss of their cell contents and to the death of bacteria. 

Silver nanoparticles are incorporated into polymethyl 

methacrylate (PMMA) denture resin to attain an effective 

antimicrobial material to control common infections of oral 

mucosal tissues in complete denture wearers. The use of 

microwave energy for PMMA polymerization is an increasingly 

popular method in which the polymerization process occurs in a 

very short time when compared to that of the heat-polymerization 

technique The use of microwave energy to polymerize denture 

base resin was first reported by Nishii’ in 1968. De Clerck2 

described the development of microwave-polymerized resins and 

found that microwave-polymerized resin had a lower residual 

monomer ratio than conventionally cured resin. 

C. Novelty Study of mechanical properties of PMMA  on incorporation of 

silver nanoparticles with two different curing cycles have been 

done, but the same with two different curing methods has not been 

done. Thus this study is intended to evaluate the flexural and 

tensile strength of PMMA incorporated with silver nanoparticles 

with two different curing methods. 

D. Expected outcome and 

application 

The practical implications of this study could be important for the 

clinical use of PMMA denture material. The mechanical 

properties of denture base resin material would  increase on 

incorporation of silver nanoparticles , and microwave curing 

would speed up the time required for the processing of the denture. 



This will help in rapid delivery of dentures to patients enhance the  

mechanical properties thus improving the longevity of the 

Prosthesis. 

3 Research question(s) Does the flexural strength and tensile strength increase by addition 

of silver nanoparticles in polymethyl methacrylate resin. 

4 Research hypothesis (es), if any  

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

1. To evaluate and compare flexural strength of conventional heat 

cure polymethyl methacrylate resin incorporated with 0.5% of 

silver nanoparticles to two different curing methods  

 

2. To evaluate and compare tensile  strength of conventional heat 

cure polymethyl methacrylate resin incorporated with 0.5% of 

silver nanoparticles to two different curing methods  

 

 

6 1. Review of literature 1. A study conducted and published in the journal of 

contemporary dental practice by 1 Ranganath L 

Munikamaiah, 2 Saket K Jain, 3 Kapil S Pal, 4 Ajay 

Gaikwad in the year 2018 on Evaluation of Flexural 

Strength of Polymethyl Methacrylate modified with Silver 

Colloidal Nanoparticles subjected to Two Different Curing 

Cycles concluded that Silver colloidal nanoparticle 

incorporation at 0.5% concentration increased the mean 

flexural strength in both curing cycles by 7.5 and 4.4%, 

respectively, when compared with the control group. 



2. A study conducted by Tahereh Ghaffari1,2 • Fahimeh 

Hamedirad2 • Baharak Ezzati1,3* in the year 2014 on 

Comparison of Compressive and Tensile Strengths of 

Acrylic Resins Reinforced by Silver Nanoparticles at 2% 

and 0.2% Concentrations showed that the mean 

compressive strength of PMMA reinforced with AgNPs 

was significantly higher than that of the unmodified 

PMMA (P<0.05). It was not statistically different between 

the two groups reinforced with AgNPs. The tensile 

strength was not significantly different between the 0.2% 

group and unmodified PMMA and it decreased 

significantly after incorporation of 2% AgNPs (P<0.05). 

3. Another study conducted by Ki-Young Nam1 , Cheong-

Hee Lee2 and Chul-Jae Lee3 on Antifungal and physical 

characteristics of modified denture base acrylic 

incorporated with silver nanoparticles in the year 2012 

Polymerized denture acrylic disc specimens containing 0 

(control), 1.0, 5.0, 10.0, 20.0 and 30.0 wt% of silver 

nanoparticles were placed on separate culture plate dish 

and 100 samples of yeast suspension of Candida albicans 

strain were inoculated on each specimens. The study 

concluded that the modified denture base acrylic combined 

with silver nanoparticles displayed antifungal properties 

and acted like latent antifungal material itself with low-

releasing Ag+, however, the improvement of poor color 

stability was still required.15 



4. Another study conducted by Rama Krishna Alla1*, K. N. 

Raghavendra Swamy2 et al. on Influence of Silver 

Nanoparticles Incorporation on Flexural Strength of Heat-

cure Acrylic Denture Base Resin Materials in the year 

2017 where in 0.5 wt%, 1.0 wt% 2.0 wt% and 5.0 wt% 

AgNPs  were added to the acrylic powder prior to the 

processing. This study said that control group exhibited 

superior flexural strength whereas flexural strength of the 

specimens decreased with the increasing concentration of 

silver nanoparticles. 

5. In a study conducted by  Douglas Roberto Monteiro, 

MSc,1 Luiz Fernando Gorup, MSc,2 et al. on Silver 

Distribution and Release from an Antimicrobial Denture 

Base Resin Containing Silver Colloidal Nanoparticles in 

the year 2011 where in silver nanoparticle suspension was 

added to the acrylic resin monomer in different 

concentrations (0.05, 0.5, and 5 vol% silver colloidal). 

Controls devoid of silver nanoparticles were included. The 

specimens were stored in deionized water at 37◦C for 7, 

15, 30, 60, and 120 days, and each solution was analyzed 

using atomic absorption spectroscopy. This study 

concluded that silver was not detected in deionized water 

regardless of the silver nanoparticles added to the resin and 

of the storage period. Micrographs showed that with lower 

concentrations, the distribution of silver nanoparticles was 

reduced, whereas their dispersion was improved in the 



polymer. Moreover, after 120 days of storage, 

nanoparticles were mainly located on the surface of the 

nanocomposite specimens 

 

7 1. Methodology  

 

A. Study design Invitro 

B. Study participants (human, 

animals or both) 

                       N/A 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any 

(trial-related therapy, follow-up 

and documentation are 

terminated prematurely as it is 

indicated to ensure safety of the 

participants)   

iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

 

 

N/A 

 

 

 

 

 

 

 

N/A 



adequate efficacy of the study 

drug or placebo)                                                                    

v. Number of groups to be 

studied, identify groups with 

definition 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

b.Based on article Evaluation of Flexural Strength of Polymethyl 

Methacrylate modified with Silver Colloidal Nanoparticles 

subjected to Two Different Curing Cycles published by 1 

Ranganath L Munikamaiah, 2 Saket K Jain, 3 Kapil S Pal, 4 Ajay 

Gaikwad in the journal of contemporary dental practice in the year 

2018  

Standard deviation of FS in the Ist group S1 = 1.01 

Standard deviation of FS in the  IInd group S2 = 1.125 

Mean difference  of FS  between Ist and IInd sample = 1.1654=d 

Effect size = 1.09170960187354 

Alpha Error(%) = 1 

Power(%)= 95 

sided = 2 

Number needed (n) = 30 should be taken in each group   

Formula   

  

Where,              Z1-a= Z-value for a level (2.58 at 1% a error or 

99% confidence) 
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d

S
=n 



       Z¬1-b = Z-value for b level (1.682 at 5% b error 

or 95% power) 

S= Combined std deviation between two groups 

d= Clinically acceptable error 

   =Mean of 1st group-Mean of 2nd group=1.1654 

D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques (drugs 

/ devices / invasive procedures / 

noninvasive procedures / others) 

N /A 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 

YES 

F. Study procedure The aqueous colloidal dispersion containing silver nanoparticles 

will be  added to the monomer of the acrylic resin at 0.5% 

concentration, based on the polymer mass. A total of 50 mL 

solution of monomer will be  prepared for each concentration. The 

polymer and the modified monomer will be  mixed in a ceramic 

mixing jar according to the manufacturer’s recommended polymer 

and monomer ratio. 

 

Acrylic resin specimens measuring 65 mm × 10 mm × 3 mm will 

be fabricated according to ADA Specification No. 12 by the 

following procedure: A stainless steel die measuring 65 mm × 10 

mm × 3 mm will be  fabricated. 



Conventional technique for curing  

The stainless steel die will be  invested with dental stone in regular 

brass flasks and conventional technique. After the dental stone had 

set, separating medium will be  applied and the second pour will 

be  done. The flask will be  closed and tightened in a clamp. After 

the second pour of dental stone had set, the flasks will be  

separated and thoroughly flushed with water and air pressure will 

be  used to separate stainless steel die from dental stone The flask 

will be  cleaned with soap water and dried in open air. A thin, 

single uniform layer of separating medium (tin foil substitute) will 

be  applied to dental stone on both the parts of the flask. Silver 

colloidal nanoparticles will be  incorporated into acrylic resin 

(Lucitone 199, Dentsply) at concentrations of 0.5% by volume. 

The polymer powder will be  mixed with the monomer according 

to the manufacturer’s instructions. The resin will be  left in the 

closed mixing jar until it reaches  the dough stage, and then, the 

mix will be  kneaded thoroughly to homogeneous dough. The 

dough will be  packed into the flask with a thin, wet, and wiped 

cellophane sheet placed over it. The flask lid will be  closed 

properly and placed under 1,500 psi pressure in a bench press to 

compress the material into the mold. Trial closure will be  carried 

out till no flash is present. After the final closure, the flasks will 

be  bench cured for 30 minutes at room temperature. All the 

specimens will be  polymerized using a standard short processing 

cycle. The processing will be  carried out at 74°C for 90 minutes 

and at 100°C for 30 minutes (short curing cycle). After the 



completion of curing cycle, the acrylizer will be  switched off and 

flasks will be  bench cooled overnight at room temperature before 

deflasking. After complete cooling, the test specimens will be  

carefully retrieved polished and finished. 

 

Microwave technique 

The technique utilized the conventional compression molding 

facilities in preparing the mold, that is, the metal brass denture 

flask  with slight modification as follows: 

The inner surfaces of metal brass flask will be  finished and 

polished with slight divergence toward the free surface, then 

coated with a thin layer of vaseline to prevent adherence of the 

investing material. 

 2.During flasking of the waxed-up denture together with two base 

plate rods (Base plate paraffin wax, GC Dental Industry Corp.), 

each one is 3 cm long, will be  embedded vertically to their half in 

the lower section of the flask. 

3. Flasking, wax elimination, and mold seal application 

procedures will be completed following the standard technique. 

The resulting grooves in place of the two base plate rods will be  

blocked temporarily with gauze. 

 4. Microwave curing resin (Acron MC, GC Dental Indiustry 

Corp) will be  proportioned according to manufacturer’s 

directions, mixed, and packed into the mold under pressure of 

3500 psi. 



 5. Trial closures will be  performed as usual but before the final 

closure process no polyethylene sheet will be  interposed between 

the major mold sections and the grooves will be  evacuated from 

the gauze and packed with cold cure resin. 

 6. The flask mold sections will be  properly oriented and placed 

in the bench press till hardening of the cold cure resin. The 

hardened cold cure will fasten the stone mold sections and permit 

retrieval of the whole stone mold to become metal free for 

microwave curing.  

7. The locked stone mold will be  placed inside a microwave oven 

and irradiated using the following cycle: 13 minutes on low power 

at 90 watts, 1.2 minutes on high power at 500 watts, and then 

bench cool for 30 minutes. 

 

 

Grouping of Specimens 

Group I: Conventional curing  

Subgroup A—control group (without silver colloidal 

nanoparticles)  

Subgroup B—0.5% by volume silver colloidal nanoparticles 

 

Group II: Microwave curing  

Subgroup A—control group (without silver colloidal 

nanoparticles)  

Subgroup B—0.5% by volume silver colloidal nanoparticles 

 



 

G. Data collection methods 

including settings and periodicity 

 

Flexural Strength Test 

The evaluation for the detection of flexural strength will be  

carried out in universal testing machine (Computerized software 

based). 

 

Tensile Strength Test 

The evaluation for the detection of tensile  strength will be  carried 

out in universal tensile strength measurement apparatus. 

 

H. List of statistical tests to be used 

for data analysis 

Statistical procedures 

1. Descriptive statistics including mean, SD, SE, confidence 

intervals 

2. Two way ANOVA with interaction design for assessment 

of difference between main two groups and two sub groups 

3. Tukeys multiple posthoc procedures for pair wise 

comparisons of interactions 

A statistical significance will be set at 5% level of significance 

(p<0.05) 

 

 

I. If it’s a Clinical Trial: Clinical 

Trials Registry of India or 

equivalent registration number to 

be mentioned 

                                 N / A 
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