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A B S T R A C T  

 

Background: Poly (Methyl methacrylic acid) based materials are the most 

widely used for the fabrication of removable complete and partial dentures. 

Certain microorganisms adhere to the tissue surface of a denture base, espe-

cially on palatal region, often leading to Denture stomatitis. Numerous at-

tempts were made to treat the denture stomatitis with various antifungal 

agents showing variable success rates. This may be attributed to the loss of the 

drug rapidly into the saliva, inhomogeneous distribution of the drug and the 

development of resistance to antifungal therapy.  

Aim: This study was done to evaluate the effect of incorporating various con-

centrations of silver nanoparticles on the antimicrobial activity of heat-cure 

denture base resin materials. 

Materials and methods: Silver nanoparticles were incorporated at various 

concentrations (0.5, 1.0, 2.0 and 5.0 wt%) into three heat-cure denture base 

materials. A total of 300 disc-shaped specimens (10 × 2 mm) of heat-cure 

acrylic resin were made using compression molding technique which compris-

es 100 specimens with each denture base material. Fifty specimens from each 

denture base materials were allocated to each microorganism used in the 

study which comprises into five groups with ten specimens (n=10) for each 

concentration such as control, 0.5wt%, 1.0wt%, 2.0wt% and 5.0wt% concen-

trations of silver nanoparticles. Antimicrobial activity of control and modified 

specimens were evaluated using direct contact method against C albicans, and 

S Mutans by counting the number of colony-forming units. The data were sub-

jected to One way ANOVA and Tukey HSD tests for statistical analyses.  

Results: Significant(P<0.05) differences were observed in the antimicrobial 

activity against C albicans and S Mutans between the control and modified 

groups of heat-cure denture base resin materials.  

Conclusion: Silver nanoparticles are the favourable materials to incorporate 

into denture base materials as they exhibit superior antimicrobial activity.  
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1. Introduction   

 

Dentistry witnessed the evolution of denture base ma-

terials from bone, wood and ivory to cellulose plastics 

and Poly (methyl methacrylate) in time. Due to favour-

able working characteristics, accurate fit, stability in 

the oral environment, superior aesthetics, and ease of 

processing with inexpensive equipment, PMMA has 

been the material of choice since 1939. Despite its ad-

vantages,  PMMA exhibits frequent fracture of den-

tures because of fatigue and chemical degradation of 

the base material, low thermal conductivity [1-4], and 

ease of microbial adherence to the intaglio surface 

[6,7]. Reinforcing the denture base materials with var-

ious metallic fillers, fibres [3] and grafting PMMA with 

styrene rubber [3] may have compensated the 

strength issues but the problem of microbial adhesion 

remains critical for PMMA often leading to Denture 

stomatitis (DS) [6-8]. 

 

Denture stomatitis is the most common consequence 

of prolonged denture wearing, improper cleaning 

practices, ill-fitting dentures and biofilm formation on 

the prosthetic surface. Though the condition has not 

been considered severe, it may result in chronic in-

flammation and infection in the elderly or immune-

compromised patients [6-8]. The treatments for this 

Candidal infection include removal of the source of 

irritation and applying antifungal agents orally in the 

form of drops, lozenges, cream, pastille, lacquer, gel or 

mouthwashes [6-8]. However, such attempts have 

mostly been unsuccessful due to the loss of the drug 

rapidly into the saliva, inhomogeneous distribution of 

the drug and the development of resistance to antifun-

gal therapy. Therefore, alternative method to hinder 

the candidal adherence like addition of antimicrobial 

additives to conventional PMMA formulation has been 

attempted. Limited research is available exploring the 

possibility of formulating a suitable denture base ma-

terial with potent antifungal activity. In this regard, 

nanoparticles of silver, titanium dioxide, and silver 

vanadate are essential precursors for the development 

of newer functional devices as they improve physical 

properties by increasing surface area yet efficiently 

preventing the growth of several microorganisms in-

cluding Candida, Salmonella, Staphylococcus, and 

Escherichia coli. Because of their proven antimicrobial 

activity, experimental incorporation of these nanopar-

ticles into various materials for biomedical applica-

tions has been studied[9-12]. The purpose of this 

study is to evaluate the antimicrobial effect of denture 
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base resin modified with the addition of silver nano-

particles. 

 

 

2. Materials and methods  

 

2.1 Materials  

 

Silver nanoparticles (nanolabs, India) with an average 

particle size of 80-100 nm were incorporated at vari-

ous concentrations (0.5, 1.0, 2.0 and 5.0 wt%) in to 

three heat-cure denture base materials such as Tre-

vlon (Dentsply), Lucitone (Dentsply) and TriplexHot 

(Ivoclaur Vivadent) were used in the study. A total of 

300 specimens (10 × 2 mm) of heat-cure acrylic resin 

were made which comprises 100 specimens with each 

denture base material. The specimens from each den-

ture base materials were divided into 50 specimens for 

each microorganism used in the study. The 50 speci-

mens were again divided in to five groups with 10 

specimens (n=10) for each concentration such as con-

trol, 0.5wt%, 1.0wt%, 2.0wt% and 5.0wt% concentra-

tions of silver nanoparticles. 

 

2.2 Methods  

 

2.2.1 Making of acrylic specimens  

 

Acrylic specimens were fabricated by investing the 

rectangular metal discs in a dental flask. The lower half 

of the dental flask was filled with a freshly mixed den-

tal stone. Subsequently, the metal disc was carefully 

seated at the centre of the mix before it’s initial set. On 

reaching its initial set, the stone was coated with a cold 

mold seal to prevent the stone mix that would be 

poured into the upper half of the flask from adhering 

to that in the lower half. After complete setting of the 

stone mix, the middle member of the dental flask was 

placed and filled with a stone mix. The lid was placed 

and secured in a dental clamp and allowed the stone 

mix to set. Metal strips were carefully removed after 

the investment medium was set. A thin layer of sepa-

rating medium was applied in the mould space and 

allowed to dry. The mould was then ready to be used 

for the preparation of acrylic specimen. 

 

The acrylic specimens were made by mixing PMMA 

resin powder with the MMA liquid in the ratio of 3:1 

respectively. Control group test specimens were made 

with conventional heat polymerized PMMA resin poly-

mer and monomer mixed and allowed to reach dough 
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consistency. For the reinforced specimens, the silver 

nanoparticles with the concentration of 0.5%, 1%, 2% 

or 5% by weight were mixed with monomer liquid 

prior to mixing it with the acrylic powder. Dough thus 

formed was kneaded and then packed into the mould, 

flask is closed and bench cured for 30 minutes under 

pressure in a hydraulic press apparatus. Then the 

flask was tightly secured in a clamp and transferred 

into a thermostatically controlled water bath/

acrylizer. The packed acrylic resins were cured ac-

cording to the manufacturer’s instructions. After the 

curing process is completed, the specimens were care-

fully removed from the investment mold and the ex-

cess material was trimmed followed by finishing and 

polishing with pumice slurry and rouge respectively. 

 

2.2.2 Evaluation of antimicrobial activity  

 

Antimicrobial activity of the unmodified and modified 

denture base materials was evaluated against Strepto-

coccus mutans (S. mutans) and Candida albicans (C. 

albicans). American type culture collection (ATCC) 

approved S. mutans strain 25175 and American type 

culture collection (ATCC) approved C. albicans strain 

90028 in brain-heart infusion (BHI) broth with con-

centration of 0.5McFarland were prepared (1 mL of 

this solution contains approximately 1 × 108 bacteria). 

Subsequently, the solution was diluted to achieve a 

concentration of 1 x 105 bacteria in 1 mL. The acrylic 

resin discs were sterilized in an autoclave. A sampler 

was used to place 0.01 mL of the bacterial suspension 

on the surface of the disc samples. Then the samples 

containing bacterial suspension were incubated in an 

incubator for 2 hours at 370 C to vaporize the water. 

The samples were placed in test tubes containing ster-

ile 0.5 mL BHI broth and incubated in an incubator at 

370 C for overnight (around 12 hours). After 12 hours 

of incubation, a sterile sampler was used to retrieve 

0.01 mL from each liquid culture media to uniformly 

spread on a blood agar plate. The blood agar plates 

were incubated for 48 hours at 370 C and then the 

numbers of bacterial colonies (Colony Forming Unit, 

CFU) were visually counted. 

 

2.2.3 Scanning electron microscopy  

 

Acrylic specimens were vacuum dried in a desiccator 

containing silica gel until a constant weight is ob-

tained. The dried specimens were gold sputtered and 

were subjected to scanning electron microscopy at 10 

kV. 
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The data was subjected to One way ANOVA and Tuk-

eyHSD tests for statistical analyses using SPSS for win-

dows, Version 21.0., SPSS Inc. 

 

 

3. Results 

 

Figures 1 to 6 show the antimicrobial activity of den-

ture base materials incorporated with AgNPs. The 

mean colony forming units along with standard devia-

tion observed during the study are presented in Table 

1. Control groups of denture base materials showed no 

antifungal activity against C. albicans and S. Mutans. 

However, denture base materials modified with vari-

ous concentrations of silver nanoparticles showed sig-

nificant decrease in colony forming units and exhibited 

superior antimicrobial activity against C. albicans 

(Figures 1-3) and S. Mutans (Figures 4-6). Relatively 

similar anti-candidial activity has been observed 

among the modified groups at various concentrations 

of AgNPs. Significant differences (p=0.000) were ob-

served between unmodified and modified denture 

base resins against C. Albicans and S. Mutans. However, 

the anti-candidal activity observed with denture base 

materials at different concentrations of AgNPs was 

relatively similar hence considered insignificant. An 

increase in colony forming units was observed as the 

concentration of AgNPs increased among the modified 

against S. Mutans. However, modified TriplexHot den-

ture base material showed more antimicrobial activity 

against S. Mutans than the other two denture base ma-

terials even at higher concentrations. Denture base 

materials modified with 5.0wt% of AgNPs showed sig-

nificant differences (p=0.015) among them. Scanning 

electron microscopic analysis showed agglomeration 

of nanoparticles as their concentration increases 

(Figure 7). 

 

 

4. Discussion  

 
Nanotechnology, a field of science concerning the nano

-sized matter, has brought alteration of properties and 

characteristics of materials at atomic and molecular 

levels possible [13,14]. This field has revolutionised 

various scientific specialities, including dentistry [13-

15]. Incorporating antimicrobial efficacy to dental bio-

materials using nanoparticles seemed a feasible solu-

tion to prevent denture stomatitis by barricading mi-

crobial accumulation on PMMA. One such element 

which had potent bactericidal efficiency in spite of bei- 
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ing non-toxic to human cells was silver [16-18]. The 

present study thus attempted to evaluate the antimi-

crobial nature of denture base resins incorporating 

silver nanoparticles which had proven antibacterial 

effect in the field of medicine. The micro-organisms 

targeted were Streptococcus mutans and Candida Al-

bicans due to their significant role in DS and dental 

caries. 

 

Many researchers have proposed the Agar disc diffu-

sion technique to evaluate the antibacterial properties 

of cured acrylic resins [15,19]. However, inhibitory 

halo has not been formed around the cured PMMA/

NPs composite resin discs; indicating no release of 

antibacterial agents into the medium, thereby negat-

ing the use of this method[19-22]. Therefore, antimi-

crobial activity of denture base materials was evaluat-

ed using direct contact technique and BHI broth cul-

ture media in the present study. As this liquid medium 

contains both live and dead bacteria, 0.001 ml from 

each bacterial suspension tube was cultured on blood 

agar medium to trace and count the live and active 

colonies. 

 

The results of the present study showed that the num-

ber of colonies of viable bacteria in the control group 

was significantly higher than that in the nanoparticle 

modified groups, demonstrating the antimicrobial 

activity of acrylic resins containing AgNPs, against S. 

mutans, and C. albicans. Studies show antimicrobial 

activity mainly depends on the efficacy, particle size 

and distribution of nanoparticles in the resin matrix 

along with the composition of denture base acrylic 

resins [23,24]. Results also suggest incorporation of 

silver nanoparticles suppress the growth of S. mutans 

in a dose-dependent manner, unlike that seen with C. 

albicans.  

 

The results of this study are similar to the findings of 

Acosta-Torres et al. (2012) [25] and Issa et al. (2015) 

who reported acrylic resins and soft relining materials 

incorporated with AgNPs exhibited higher antifungal 

property. These studies also suggested the disk diffu-

sion method to be unsuitable for resin materials as 

they could not release any antimicrobial agents [26]. 

Wady AF et al. also found no inhibitory effect on C. 

albicans adherence and biofilm formation with incor-

poration of AgNPs into denture base resin [27]. How-

ever, Kamikawa et al. (2014) [28] coated AgNPs on 

acrylic denture base resin discs and reported its inhib-

itory effect on adhesion of Candida to the denture  
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surface thereby preventing Oral Candidosis. Therefore, 

AgNPs effectively inhibited fungal adherence to acrylic 

resins but did not exhibit potent antifungal capability

[27].  
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The antifungal activity of NPs can be due to the in-

creased ROS and radical hydroxyl production on expo-

sure to C. albicans. As a result, mitochondrial dysfunc-

tion and mutation in CDC48 or expression of mamma-

lian Bax occur leading to apoptosis[29]. So, generation 

of oxygen radicals is an essential event in the ancestral 

apoptotic pathway of yeast [30].  

 

S. mutans is a known etiological factor; playing a vital 

role in dental plaque formation and thereby in dental 

caries and periodontal problems [31]. In the present 

study, incorporation of 0.5wt% AgNPs exhibited supe-

rior antimicrobial activity against S. mutans which 

decreased slightly on increasing the nanoparticle con-

centration to more than 0.5wt%. A possible reason for 

this observation could be due to the addition of NPs in 

the powder form which might result in particle-

particle aggregation at higher concentrations. Such an 

aggregate may reduce the active surface area available 

for the antimicrobial action [32,33]. In this study, par-

ticle aggregation was evident in the scanning electron 

microscopic images of the NPs modified acrylic speci-

mens (Figure 7). Similarly, Azarsina et al. (2013) [34] 

also reported an insignificant decrease in the antibac-

terial activity against S. mutans as the concentration of 

AgNPs increased in the resin composites from 0.5wt% 

to a maximum of 1.0wt%. In contrast to this, previous 

investigations using a colloidal solution of AgNPs may 

have led to their uniform distribution reducing the 

chances of aggregation and therefore, the superior 

antimicrobial activity even at higher concentrations 

[35-39]. 

 

 

Conclusion  

 

Within the limitations of the present in vitro study, it 

can be concluded that the incorporation of silver na-

noparticles reported significant antimicrobial activity 

to the denture base materials tested. Silver nanoparti-

cles showed superior resistance to the C albicans at all 

concentrations used in the study. However, a decrease 

in antimicrobial activity was observed against S mu-

tans as the concentration of silver nanoparticles in-

creased.  
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