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ABSTRACT 

ABSTRACT 

Title: A comparative study to evaluate the antifungal efficacy of nano graphene 

oxide material and clotrimazole incorporated in soft liners in complete dentures- an 

in vitro study. 

Background and Objectives: Prosthetic rehabilitation of edentulous patients with 

complete denture is considered more than satisfactory by most patients due to their 

effects on mastication, phonetics and aesthetics. Inevitably, there are certain post 

insertion problems like inability to chew, persistent pain and discomfort. To 

overcome these problems, soft denture lining materials have been used for decades. 

Candida albicans are more commonly estimated 50% of all candidiasis cases. An 

important feature of candida albicans in causing infection is their ability to adhere 

and form biofilms on host surfaces leads to subsequent degradation of the material 

and infection of surrounding tissues. To overcome the above drawback, use of 

Graphene oxide combined with a solvents Chloroform and another antifungal agent 

Clotrimazole with antifungal properties in conjunction with soft liners may offer 

promising results. This study is aimed to determine the antifungal properties of 

Graphene oxide with Cholroform and Clotrimazole by incorporating them with 

denture soft liners. 

Methods: 30 samples were prepared out of which 15 were coated with nano 

graphene oxide of 20 nm size and 5% solution combined with chloroform. The 

remaining 15 discs were incorporated with Clotrimazole. The above discs were 

placed on the flat bottom of well cell culture plates. Hundred microlitre of initial 

suspension in sabouraud’s broth was inoculated to each well and incubated at 37 

degree celsius. After incubation for 24 hours and 72 hours for extended contact 

period, suspension was withdrawn. Viable cells in the suspension were determined 

by using the spread plate method at the level of detection. The data obtained was 

subjected to statistical analysis. 

Results: Results of the study showed that, 1% Clotrimazole showed a larger zone of 

inhibition when compared to that of Graphene oxide combined with Chloroform. 



ABSTRACT 

Thus, confirming the antifungal efficacy of soft liners containing graphene oxide 

and clotrimazole against candida species. 

Conclusion: Antifungal efficacy of 1% Clotrimazole was found to be better than 

Graphene oxide with Chloroform against Candida albicans.  

 

Keywords: Graphene Oxide, Chloroform, Candida Albicans, antifungal efficacy and 

clotrimazole. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

TABLE OF CONTENTS 

 

SR NO.  TITLE PAGE NO. 

1.  Introduction 1 

2.  Aim & Objectives  6 

3.  Review Of Literature  7 

4.  Methodology  12 

5.  Colour Plates 15 

6.  Results  20 

7.  Discussion  22 

8.  Conclusion  31 

9.  Summary  32 

10.  Bibliography  33-37 

11.  Annexures   

 

 

 

 

 

 

  



 

LIST OF TABLES 

Table No. Title Page No. 

1.  
Summary of Zone of Inhibition (in mm) in 

three groups.  
21 

2.  

Pair wise comparison of three groups with 

Zone of Inhibition (in mm) by Mann-Whitney 

U test.  

21 

 

 

  



 

LIST OF FIGURES 

 

Figure no. Title Page No. 

1. 
Comparison of three groups with Zone of 

Inhibition (in mm)  
21 

 

 

 

 

 

  



INTRODUCTION 

1 
 

INTRODUCTION 

Prosthetic rehabilitation of edentulous patients with complete denture is considered 

more than satisfactory by most patients due to their effects on mastication, phonetics 

and esthetics. Inevitably, there are certain post insertion problems like inability to 

chew, persistent pain and discomfort. To overcome these problems, soft denture 

lining materials have been used for decades. Soft denture liners are based on poly-

methyl methacrylate or silicone elastomers. They are used to repair and rebuild the 

surface of the prosthesis in contact with the oral mucosa.1  

Soft denture liners are divided into semi-permanent or permanent materials based on 

their properties. Denture soft liners are further subdivided into silicone elastomers or 

plasticized acrylic and can be either visible light or auto-heat polymerized. 

Plasticized acrylic resin is made of a powder comprising of acrylic polymers and 

copolymers and a liquid consisting an acrylic monomer. These plasticizers are able 

to maintain the material softness. The silicone elastomers, include dimethylsiloxane 

polymers, with chemical composition which is similar to the silicone impression 

materials, and are independent on leachable plasticisers, therefore, it retain their 

elastic properties for prolonged period of time.2 

Then comes, short-term liners or tissue conditioners which are used immediately 

after the surgery. These liners usually made up of poly ethyl methacrylate powder, 

alcohol and aromatic esters. These materials are lacking methacrylate monomers.3 

The soft liners can be helpful for a few days to a week but these materials should 

always be used as short-term materials. The Long-term soft liners are usually either 

a silicone or a plasticized acrylic. Plasticized acrylic materials usually have a shorter 

life spam because of water sorption and hardening.4 Thus, They have high 

percentage of plasticizers and composition similar to the denture base polymers. 

Therefore, Plasticizers keep the materials soft, but this quality is lost overtime. The 

acrylic soft liners may be used for up to a period of 6 months. Long-term silicone 

soft liners are could be used for up to 1 year.  

Soft liners in complete dentures are used to absorb some energy created by 

masticatory impact and act as a ‘shock absorber’. Some patients may suffer from 
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soreness, chronic pain, or discomfort because of prolonged contact between the rigid 

denture base materials and the underlying tissues; usually in patients with thin, sharp 

or heavily residual resorbed ridges or with severe undercuts. The most commonly 

used soft liners are silicone rubber and plasticized acrylics which are chemically-or 

heat activated.5 

These materials are recommended for patients with extremely resorbed residual 

ridges, immediate dentures and for patients with implant prosthesis as well as for 

patients with xerostomia and bruxism as they promote an even distribution of the 

supporting loads.6,7 These liners provide superior comfort by forming a cushioned 

layer between oral mucosa and hard denture base and assists in function of complete 

dentures.  

These liners have the great potential of improving the comfort of denture patients 

with ridge atrophy, non resilient and thin mucosa, bruxomania and bony undercuts.9 

It has been reported that these soft liners have increased the satisfaction level of 

denture wearers and Quality of life in terms of oral health is also improved. Owing 

to its poor physical properties in the oral environment, it promotes the colonization 

of microbes. The most common pathogenic organism is candida species. Microbial 

growth occurs by the adhesive interactions between candida species and oral 

streptococci.10 These Microorganisms initially cling to the surface of the lining and 

then they slowly penetrate inside the material.  

The soft lining materials can intensify the procedure of the fungal and bacterial 

growth which is supported by various environmental conditions under the denture 

and the structure of materials. This phenomenon is exceptionally  disadvantageous, 

because of its restricted possibilities of conventional cleaners commonly used by 

denture wearers.11 The denture stomatitis caused by candidiasis is a most common 

condition in complete denture wearers, characterized by generalized inflammation of 

the palatal mucosa covered by the denture. Candida encouraged denture stomatitis 

can be managed by either repair of denture or replacement, prophylactic actions 

taken by the patients and prescribing antifungal drugs .The  Biofilms of candida 

albicans on inert or mucosal  surfaces of dentures may lead to therapeutic failure by 

modifying the susceptibility to the antifungal agents. This treatment is complicated 
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further in institutionalized patients with lack of motor skills and special needs due to 

various factors like loss of memory and difficulty in maintaining and cleaning of the 

denture and following the strict routine application of topical antifungal agent. These 

problems have inspired the development of other methods of drug elution, such as 

the addition of antifungal or antimicrobial agents with soft liners or with denture 

acrylic resin.12 

To prevent the accumulation of microorganisms on such materials, incorporation of 

antifungal agents is benefitted as it establishes a slow continuous release to obtain a 

sustained therapeutic effect. Various antifungal agents have been incorporated in soft 

liners. The incorporation of nystatin, ketoconazole, chlorhexidine, and miconazole 

have shown to cause significant increase in the material’s hardness making it 

advantageous.13  

However, prolonged use of these medicaments may lead to development of resistant 

fungal strains. Recent studies have proved antifungal efficacy of various nano 

materials such as magnesium oxide (MgO), zinc oxide (ZnO), silver nanoparticles 

when mixed with tissue conditioners. 

In the evolving dentistry, Nanotechnology has generated the possibility of creating 

new therapeutic agents. To overcome the above drawback the use of nano graphene 

oxide particle with antifungal properties in conjunction with soft liners may offer 

promising results. 

One of the problems encountered while using soft denture liners is the growth of 

microorganisms. Studies have shown that the use of soft lining materials can 

intensify the process of the fungal and bacterial growth. Nano graphene oxide (nGO) 

is known to have antimicrobial activity through surface contact.  

Graphene is a 2-dimensional carbon allotrope with the single layer of sp2 bonded 

carbon atoms in the form of hexagonal configuration.14 Thus, It has closely packed 

honey-comb structure that contains various functional groups as epoxy, carbonyl, 

hydroxyl and carboxylic on surface and at the edges.15 Various studies have shown 

the potential implementation of graphene and its derivatives in restorative dentistry 

as the filler material, coating for dental implants and bone tissue engineering. The 
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Graphene oxide (GO) is a single layer or few layered graphene obtained by 

oxidizing the graphite. Nano graphene oxides (nGO) are considered to have 

potential antimicrobial activity through the surface contact with high physical and 

mechanical properties.14 

There are 2 physical mechanisms available, one of them  mechanisms was carried 

out by sharp edges of the GO proceed via cut through the cell walls of the bacteria 

leads to leakage in the intracellular matrix and bacterial cell death. The second 

mechanism is carried out by wrapping effect of larger graphene oxide sheets to 

bacterial cells hindering there proliferation. The chemical mechanism is carried out 

by induction of the production of reactive oxygen specious which oxidizes the fatty 

acids in the bacterial cell wall causing its disintegration and cell death. The size of 

Graphene oxide particles and its concentration and determine the mechanism of 

action that inhibits the bacterial actions.15 

The multifunctional GBNs (Graphene-based nanomaterials) like graphene oxide 

(GO) and reduced graphene oxide (rGO), can be easily processed through various 

surface modifications and have been widely used in many fields including 

chemistry, physics, biology and medicine. 

The GBNs have come into view as antibacterial agents which have shown broad-

spectrum activities against Gram-negative and Gram-positive bacteria, and even 

fungal pathogens by various mechanisms. Among all the Graphene-based 

nanomaterials, Graphene oxide is widely accepted as it is the most effective 

antibacterial nano-material because of its edge cutting effect, oxidative stress effect 

and cell entrapment ability. The reduced graphene oxide (rGO), which are the 

reduced form of GO, has shown its strong photothermal effect as the antibacterial 

agent. In addition, low price of GBNs and ready availability make them the topmost 

materials for antibacterial investigation. Therefore, because of its easy 

functionalized structure, the antibacterial activity can be enhanced by forming nano-

composites with other nano-materials or bioactive agents, such as metal- or metal 

oxide-based nanomaterials.16 

Graphene oxide has shown outstanding potential in research fields, including 

biomedical applications and antifungal properties. Graphene oxide possesses several 
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extraordinary physical, chemical, optical, electrical, and mechanical properties. 

Beecause of limited published clinical studies on nano graphene oxide testing its 

antifungal properties on soft liners, the present study stands unique to evaluate the 

fungal assay of candida albicans in soft liner material with incorporating nano 

graphene oxide and to evaluate the fungal assay of candida albicans in soft liner 

material with incorporating clotrimazole. The present study will also compare and 

evaluate the antifungal activity of nano graphene oxide combined with chloroform 

and clotrimazole in soft liner material. 
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AIMS AND OBJECTIVES OF THE STUDY 

 

 The aims and objectives of this in vitro study are: 

1. To evaluate the fungal assay of candida albicans in soft liner material with 

incorporating nano graphene oxide mixed with Chloroform. 

2. To evaluate the fungal assay of candida albicans in soft liner material with 

incorporating clotrimazole. 

3. To compare and evaluate the antifungal activity of nano graphene oxide with 

Chloroform and clotrimazole in soft liner material. 
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REVIEW OF LITERATURE 

Soft liners in complete Denture are continuously exposed to saliva in oral cavity thus 

they are naturally susceptible to bacterial colonization which later on leading it to 

subsequent degradation of the material, inflammation and infection of surrounding 

tissues.17 An important property of Candida albicans in creating inflammation and 

infection is their nature to stick and form biofilms on the host surfaces. Based upon 

the many studies on adhesion and colonization of candida albicans by the range of 

dental materials, those studies which were performed over short time periods, makes 

it difficult for the cells from multiplying, therefore, permitting initial attachment 

interactions going to be assessed. When incubation of surfaces and cells over longer 

periods it was observed that some soft denture liners were providing the support for 

growth of candida albicans. So, various types of antifungal agents were mixed or 

added to reduce the colonization of fungal species. 

A Study conducted in 1985 used two antifungal agents, ketoconazole and 

miconazole, were mixed with 3 tissue conditioners and were evaluated  in-vitro for 

their impact on the colonization and growth of Candida albicans. Earlier antifungal 

agents were used to compare the nystatin and amphotericin B.  Conclusion was 

made that ketoconazole and Miconazole were showing same success rate as nystatin 

by completely inhibiting the growth of C. albicans whileother antimicrobial agent 

amphotericin B was ineffective when mixed with tissue conditioners.18 

A Study in 1997 where recent antifungal agent silver-zeolite, were combined with 

five tissue conditioners GC Soft-Liner (SL), Fitt (FT), Visco-gel (VG), Shofu and 

SR-Ivoseal (Iv) and were tested invitro for their effects on the growth of Candida 

albicans and respiratory infection causing bacteria, Pseudomonas aeruginosa and 

Staphylococcus aureus. The samples 10 x 10 x 2.5 mm in size, incorporated with 

silver-zeolite (SZ sample) and no SZ (N sample). The samples were kept in 

phosphate buffered saline with or without immersion in artificial saliva for about 

four weeks. The antimicrobial effect was determined by testing the samples which 

showed all tested microbes did not survive under both conditions of immersion in 

saliva or no immersion. In non-immersed samples, cells of C. albicans (except with 

VG) and S. aweus killed, whereas the percentage of viable cells of P. aeruginosa was 
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similar to that found in the control. However, with immersion in saliva, viable cells 

of C. albicans in some N samples (VG, SL and TC) increased when compared with 

non-immersion samples by more than 0.1%. Author stated that tissue conditioners 

containing SZ showed antimicrobial effects for four weeks on C. albicans and 

nosocomial respiratory infection-causing bacteria in saliva in vitro.19 

A study was performed in 2007 to find out the Candida albicans adherence to the 

surface roughness on the denture base of acrylic resins and silicone based resilient 

liners with different surface finishes. Four commercial denture base acrylic resins 

with 3 heat polymerized and 1 room temperature polymerized materials and five 

silicone-based liner materials with 2 heat polymerized materials and 3 room 

temperature polymerized materials of size 10×10×2 mm  were evaluated. The 

profilometer with optical scanner probe were used to measure the surface roughness. 

All discs were ultrasonically cleaned in distilled about water for 15s, then autoclave 

sterilized, and C. albicans solution used to contaminate for the purpose of adherence 

assay evaluation. The samples treated against glass surface provided significantly 

lower roughness values than that of the materials treated against the dental plaster or 

surface rougheness with a bur. 21 

A study was done in 2009 to determine that incorporating clotrimazole into silicone 

soft liner can inhibit the growth of Candida albicans when all the specimens are kept 

in the distilled water and cleaned daily by wet cotton. The specimen incorporated 

with clotrimazole at Sc1, Sc30, and Sc60 and other specimens without clotrimazole 

at S1, S30, and S60 into the soft liner. All the samples were kept in distilled water 

for about 1, 30 and 60 days. For fungal growth estimation, samples were inoculated 

with candida albicans. The samples were cleaned and sonicated in disttiled water to 

remove any kind of surface debris or organisams. The attached microbes were 

analysed by inoculation of the yeast suspension on SDA agar. 

Results showed that the clotrimazole with treated samples were effective in reducing 

the candida albicans growth. The concluton was made that addition of clotrimazole 

significantly resist the growth of C. albicans on the silicone soft liner and samples 

also exhibited to reduce the fungal growth on samples surface when they were  

cleaned throughly daily with wet cotton for two months.22 
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A Study was performed in 2012 to analyse the ability of silver nanoparticle used in 

polymethy methacrylate. The Polymethyl methacrylate discs and PMMA 

incorporated with silver nanoparticle discs were prepared. Results showed that 

PMMA incorporated with silver nanoparticle samples significantly inhibit the 

candida albicans adherence on surface and do not cause any change in metabolism 

or proliferation. They also did not show any sign of genotoxic damage to the cells.23  

In 2013, in this study it was observed the antifungal activity and properties of a 

tissue conditioner by incorporating origanum oil. At varying concentrations, 

origanum oil was added into a poly (methyl methacrylate) tissue conditioner (Visco-

gel), and then its antifungal activity against Candida albicans was evaluated at one 

day followed by one week by applying the agar punch well method. The adherence 

of Candida albicans, tensile strength, surface roughness and bond strength of the 

tissue conditioner with an optimized origanum oil concentration were assessed. The 

results showed that the Origanum oil has a significant antifungal quality to the tissue 

conditioner. Tissue conditioners were added with origanum oil showed 

comparatively better resistance to the adhesion of Candida albicans. Author came to 

conclusion that the incorporation of an essential oil such as origanum oil into a 

tissue conditioner may reduce colonization and fungal adherence without seriously 

compromising the physical properties of the material.24 

A study was done in 2018 to determine the in-vitro growth inhibition of Candida 

albicans in soft denture liner material by incorporating neem or garlic. The resin 

discs were prepared with poly methyl methacrylate (PMMA) to evaluate the 

antifungal activity of neem and garlic. The resin discs were kept on agar plates 

inoculated with Candida albicans. The samples were evaluated after 2, 4, and 7 days 

by using the streaking method. Results showed that Neem and garlic incorprated in 

PMMA soft liner had an inhibitory effect on C. albicans. Both the neem and garlic 

when added showed the positive results against the candida albicans when compared 

to control group. Author concluded that neem and garlic can be used with tissue 

conditioner to decrease the adherence of candida albicans without significantly 

affecting the hardness of the heat-polymerized acrylic resin.26 



REVIEW OF LITERATURE 

10 
 

A study was conducted in the year 2018 regarding nano graphene oxide incorporated 

into PMMA resin to prevent microbial adhesion by increasing the hydrophilicity of 

PMMA. The anti-adhesive effects were determined for 4 different microbial species 

with experimental specimens and the underlying anti-adhesive mechanism was 

investigated by a non-thermal oxygen plasma treatment. nGO was added in 

quantities of 0.25, 0.5, 1.0, or 2.0% by weight relative to PMMA powder. After each 

of these nGO concentrations were homogeneously dispersed in liquid MMA under 

sonication for 1hr.  A sustained antimicrobial-adhesive property against Candida 

albicans was observed in 2% nGO for up to 28 days. In conclusion, the null 

hypothesis of this study, i.e., there is no difference between the antimicrobial-

adhesive effects of PMMA with and without nGO incorporation, was rejected. This 

study is the first to demonstrate that, even without loading with drugs or chemicals, 

PMMA exhibited better continuous anti-adhesive effects against microbial species 

for up to 28 days after incorporating nGO than those exhibited by pure PMMA via 

increased hydrophilicity.27 

A clinical study was reported in 2019 for improving PMMA resin using graphene 

oxide for a definitive prosthodontic rehabilitation. In this study the use of acrylic 

resins as a definitive material has shown some advantages comparing to other 

definitive materials. However, their poor mechanical properties remain a major 

drawback. In this case report, graphene oxide (GO) was incorporated into 

polymethyl methacrylate (PMMA) resin for a definitive maxillary rehabilitation, 

combined with an intraoral digital impression and a three-dimensional facial scan. 

After 8 months of the placement of the definitive prosthesis, no mechanical, 

aesthetic, or biologic complications were reported, and the soft tissues showed 

excellent health and stability. The incorporation of GO in PMMA resins seems to be 

a suitable option for prosthetic rehabilitation. Taking into account the reduced 

follow-up time of this clinical report, it seems that the incorporation of GO in 

PMMA resins seems to be an interesting strategy to improve their mechanical 

properties and provide a definitive, reliable material option.28 

A study was performed in the year 2019 to evaluate antibacterial effect and thermal 

expansion of commercial available poly-methyl methacrylate (PMMA) incorporated 

by nano graphene oxide (GO) in different concentration.  Nano graphene oxide in 
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five concentrations by weight was incorporated to PMMA to form groups I-V 

respectively. To evaluate the antibacterial effect against Streptococcus Mutans, 

minimal inhibitory concentration (MIC) for GO dispersion was done and agar well 

diffusion test for groups I-IV was done. Thermal expansion was assessed through 

measuring the linear coefficient of thermal expansion. For antibacterial effect, all 

concentrations tested for MIC showed inhibition zone varied from 0.5 to 2mm in 

diameter. All tested groups evaluated by agar well diffusion method showed no 

inhibition zones except for group II. Significant reduction in coefficient of thermal 

expansion was showed by increasing GO concentration. Incorporation of GO in to 

PMMA at concentration of 0.5 % can inhibit the growth of Streptococcus Mutans. 

There is an inverse relation between the concentrations of GO and the coefficient of 

thermal expansion.15`  

 

 

 

 

 

 

 

 



MATERIALS AND METHODS 

12 
 

MATERIALS AND METHODS 

The present invitro comparative study was carried out with collaboration of 

Department of microbiology, S D M Medical College, Dharwad, India, aiming at 

comparing and evaluating the antifungal properties of nanographene oxide and 

clotrimazole incorporated in soft liners in complete dentures. 

Armamentarium:  

1. For preparing disc:  

a. Modelling wax  

b. Dental plaster  

c. Flask   

2. Antifungal agents  

a. 5% nano graphene oxide  

    chloroform (2ml conc.) 

b. 1% clotrimazole  

3. Culture media:  

a. Sabauraud’s Dextrose Agar (100ml) 

4. Soft Liners (1 gm) 

Procedure 

A total 30 discs were made of modeling wax of diameter 6mm and thickness 1mm in 

a denture acrylisation flask. The wax discs were invested on dental plaster after the 

first pour was set completely separating medium was applied to the first pour and 

second pour was mixed with plaster and dental stone and it was clamped. After the 

second pour is set completely the flask was dewaxed for 6 minutes and complete 

wax was eliminated and mould space for discs was created. 30 moulds were made, 

out of them the 15 moulds with soft liners mixed with 5% of nano graphene oxide 

that is 50 mg of graphene oxide in one gram of soft liner material. It was mixed in a 
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homogeneous paste by continuous stirring on a glass slab and filled in all the 15 

mould, these were considered as the study group (Group 1). In this group solvant 

were added for the Graphene oxide dispersion. 

Group 1: Consist of 15 discs which were coated with nano graphene oxide of 20 nm 

size and 5% solution. 

For breaking of graphene powder to nano graphene, First sonication of graphene 

oxide combined with Chloroform of 2 ml concentration was done using sonicator 

bath for about 30 minutes and then probe for 2 minutes. 

 All the samples were subjected to dry in incubator so that solvents are evaporated 

little and solvents itself do not show any reaction. And these are mixed with 1 gm of 

soft liners. 

Group 2: consist of 15 discs which were incorporated with 1% clotrimazole. 

The samples were cured at room temperature for 24hrs. Once the samples was 

completely cured discs were retrieved. The specimens were placed in sterile test 

tubes that contained sterile saline and specimens were cleaned in ultra-sonic unit 

with distilled water for 8 minutes to remove any kind of residues from their surfaces. 

Then specimens were all dried with absorbent paper. 

For susceptibility testing, a standard inoculum of yeast was used. The standard 

inoculums were prepared in the pure form to match the turbidity of 1.5 × 

1.08 cfu/mL (equivalent to 0.5 McFarland) by transferring colonies of Candida 

Albicans to Sabraud’s Dextrose agar (100 ml) cultures and incubated for 24 hours.  

Preparation of Yeast: 

To evaluate the antifungal effect of above mentioned two substances, A Lawn of 

Candida albicans fungi (PTCC5027) were prepared on Sabraud’s Dextrose Agar .  

Microbiological Surveys: 

The 30 disinfected samples were divided into 2 groups of 15 discs each and then 

transferred into 6 different plates (5 discs in each plate). Sabaurad Dextrose agar 
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(SDA) medium 100 ml was used to investigate the presence of Candida albicans 

fungi. Using a sterile tweezer, 30 of the disinfected discs were spread on each of the 

6 plates harboring Candida Albicans.  

above samples were placed on the flat bottom of well cell culture plates, and 100 

microlitre of initial suspension in 1ml of sabouraud  broth was inoculated to each 

well and incubated at 37 degree celsius. 

After incubation for 24 hours and 72 hours for extended contact period, suspension 

was withdrawn, viable cells in the suspension was determined by using the spread 

plate method at the level of detection. 

The obtained data was subjected to statistical analysis and the results were tabulated. 
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A COMPARATIVE STUDY TO EVALUATE THE ANTIFUNGAL EFFICACY 

OF NANO GRAPHENE OXIDE MATERIAL AND CLOTRIMAZOLE 

INCORPORATED IN SOFT LINERS IN COMPLETE DENTURES- IN 

VITRO STUDY 

ANNEXURE I 

COLOUR PLATE 1 

 

A) GRAPHENE OXIDE NANO POWDER 

 

 

 

B)   1% Clotrimazole 
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COLOUR PLATE 2 

 

C) WAX DISCS IN DENTAL PLASTER 

 

 

 

D) AFTER DEWAXING MOULD SPACE  FOR DISCS 
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COLOUR PLATE 3 

 

E) CLOTRIMAZOLE MIXED WITH SOFT SILICONE 

 

 

F) SONICATOR BATH 
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COLOUR PLATE 4 

 

G) PROBING MACHINE 

 

H) SOFT SILICONE DISCS MIXED WITH NANO GRAPHENE OXIDE 

AND CLOTRIMAZOLE PLACED IN MOULD SPACE 
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COLOUR PLATE 5 

 

I ) SABOURAUDS DEXTROSE AGAR PLATE SHOWING ZONE OF 

INHIBITION WITH CLOTRIMAZOLE INCORPORATED IN SOFT 

LINERS 

 

J)   SABOURAUDS DEXTROSE AGAR PLATE SHOWING ZONE OF 

INHIBITION NANO GRAPHENE OXIDE INCORPORATED IN SOFT 

LINERS 
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RESULTS 

The present study was designed to evaluate the antifungal efficacy of nano graphene 

oxide and clotrimazole incorporated in soft liners in complete dentures. The 

antifungal effect with nano graphene oxide material and clotrimazole against 

candida species were demonstrated by Disc Diffusion Test after 24 hours of 

incubation time. Total 30 samples were used for this study 15 discs were 

incorporated with nano graphene oxide material and remaining 15 discs were 

incorporated with 1% of clotrimazole.  

The results of the study reveals that discs incorporated with both types of 

antimicrobial agents showed zone of inhibition. The data obtained from the results 

of the study was subjected to statistical analysis.  

1. Soft liners of complete dentures modified with Clotrimazole and nano 

graphene oxide, both the groups showed effective disinfection against 

Candida albicans.  

2. On analysis of Disc Diffusion Test, Clotrimazole showed significantly more 

reduction of candida colonies than that of nano graphene oxide, clearly 

indicating its anti-fungal nature.  

3. The study concluded that 1% Clotrimazole was found to have a better zone 

of inhibition than nano graphene oxide of 20 nm size against the Candida 

albicans.  

Table 1 shows the summery of Zone of Inhibition (in mm) in two groups of 

Clotrimazole and Graphene oxide. 

Table 2 shows comparison of the disc diffusion between the groups using mann-

whitney test. Mann-whitney test showed statistical significant difference between 

the groups with respect to disc diffusion (p=0.001).  

Figure 1 graphically shows the disc diffusion for both groups and its higher for 

clotrimazole compared to that of Graphene oxide. Thus, confirming the 

antimicrobial efficacy of clotrimazole and nano graphene oxide against candida 

species. 
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Table 1: Summery of Zone of Inhibition (in mm) in two groups 

Groups Mean SD SE Median Quartile Range 

Clotrimazole group 22.79 2.33 0.62 23.00 3.00 

Graphene Oxide group 4.07 6.98 1.80 0.00 15.00 

 

Table 2: Comparison of two groups with Zone of Inhibition (in mm) by Mann-

Whitney U test 

Groups Mean SD Median Mean rank U-value Z-value P-value 

Clotrimazole group 22.79 2.33 23.00 22.50    

Graphene Oxide group 4.07 6.98 0.00 8.00 0.00 4.5608 0.0001* 

*p<0.05 

 

Figure 1: Comparison of two groups with Zone of Inhibition (in mm) 
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DISCUSSION 

Denture stomatitis is commonly seen in old denture wearer patients and it is 

multifactorial in origin. It can cause by tissue trauma from poorly maintained 

denture hygiene, ill-fitting dentures, dietary factors, continuous denture use without 

removal, xerostomia, and compromised medical condition.31 

Candida infection is most frequently associated with denture stomatitis with Candida 

albicans microbe. The microbial adhesion on the surface of denture base material is 

due to substrate characteristics, chemical or physical properties and denture cleaning 

methods.25 

Candida albicans generally accounts for an estimated 50% of all candidiasis cases. 

An important feature of candida albicans in causing infection is their ability to 

adhere and form biofilms on host surfaces. Since Candida is an opportunistic 

organism, it has developed different resistant mechanisms due to in discriminated 

use of antifungal agents. Moreover, it is difficult to kill these organisms owing to 

their survival characteristics in the host. So more specific antifungal therapies has 

been the focus of research.32 

The soft lining materials help to treat traumatized, inflamed tissues by relining 

dentures for temporary period of time. They provide the cushioning effect to 

affected tissues to enhance tissue health and to improve the retention of the 

prosthesis.33 Nevertheless; microorganisms can easily adhere to the soft lining 

materials due to its soft texture making it hard for mechanical cleansing. Okita et al 

(1991) stated that the tissue conditioners had more microbial colonization compared 

to acrylic resin.34 Therefore, to reduce the microbial colonization it is very important 

to incorporate the antibacterial and antifungal agents to these materials to enhance 

the tissue health. This study aimed to compare and evaluate the antifungal activity of 

nano graphene oxide and clotrimazole incorporated in soft liners in complete 

dentures. 

Various antifungal agents were incorporated to reduce the colonisation of candida 

species. Incorporation of antifungal agents should be considered for patients with 

immune compromised disorders. A Study in 1985 where two antifungal agents, 
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miconazole and ketoconazole, were mixed with three tissue conditioners and in vitro 

study was done for their effects on the growth of Candida albicans. Studies for 

comparison were carried out using the earlier antifungal agents, amphotericin B and 

nystatin. It was observed that miconazole and ketoconazole were as effective as 

nystatin in completely inhibiting the growth of Candida albicans while amphotericin 

B was ineffective when combined with tissue conditioners.18 

By using pure Clotrimazole the Microspheres are prepared, with its uniform particle 

size. These microspheres are typically small spherical particles, the diameters exist 

in micrometer range (1 ì m to 1000 ì m). These microspheres are sometimes called 

as microparticles. Hence, it is a well formed and designed controlled drug delivery 

type of system. Therefore, these are obtained by polymeric substances, into it the 

drug is via microsphere matrix. It has got various advantages like as ; maximum 

amount of  therapeutic efficiency delivered at target site and it shows minimal side 

effects on the soft denture lining materials which makes them better antifungal 

material then the others present in the market.32 

A study was conducted in 1994 to find the efficacy of antifungal agents incorporated 

in to silicone elastomer, nystatin and Clotrimazole were the antifungal agents which 

were incorporated in to silicone sample at 1%, 2.5%, 5% concentration by weight. 

Control disks containing no antifungal agents were used to determine whether the 

silicone itself had any inherent antifungal properties. And on the other side, 

clotrimazole is a synthetic imidazole derivative opposed to nystatin. It has a quite 

stable chemical structure which is not inactivated by light, heat or acid. As 

Clotrimazole is not water soluble so it does not leach out of the silicone sample 

materials into water in the significant amount. Hence, it was observed that the 

frequent washing will not diminish the amount of clotrimazole which were added to 

a silicone soft liner material for clinical use. This study concluded that Clotrimazole 

was more effective in inhibiting the growth of the fungus then nystatin when tested 

by disk diffusion method.35 

A study was conducted in 2009 to assess the inhibition of the growth of C. albicans 

when incorporating clotrimazole into the silicone soft liner when all the specimens 

were stored in distilled water and washed daily by using wet cotton. Experimental 
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specimen disks incorporated with clotrimazole (Sc1, Sc30, Sc60) and without 

clotrimazole (S1, S30, S60) . The treated and control disks were stored in distilled 

water for 1, 30 and 60 days and washed daily with wet cotton.  It was concluded that 

addition of clotrimazole significantly reduced C. albicans growth on the surface of 

the silicone soft liner and samples also continued to inhibit the fungal growth when 

they were washed daily with wet cotton for 2 months.22 

Pachava K et al. in their study in 2014 found the antifungal efficacy of denture soft 

liners with Clotrimazole against Candida albicans. Two soft liners Coe soft (Acrylic) 

and GC Reline soft (silicone), combined with Clotrimazole pure powder form and 

microsphere form at different concentrations were tested against Candida albicans 

by agar disc diffusion method. Results showed that maximum inhibition was seen in 

GC Reline soft with pure Clotrimazole followed by GC microsphere form, followed 

by Coe soft pure and microsphere forms at 1.5 and 1%w/v concentration. Antifungal 

agents are considered potent and safe for both topical and systemic mucosal lesions. 

Antifungal medicines such as Nystatin and Amphotericin B are known and 

commonly used for oral candidal infections including denture stomatitis.32 

Correspondingly these medicines have been widely targeted for incorporation into 

soft liners and outcome was acceptable for the inhibition of candidal growth. 

Amphotericin B is a well-documented anti-fungal agent, however, it was completely 

ineffective when incorporated into viscogel. The reason being, that, Amphotericin B 

is not stable or it cannot convert its chemistry by preventing its release from 

Viscogel. An in vivo study conducted by Douglas and Walker demonstrated that  the 

inhibitory effects of Nystatin using different softliners. Nystatin releases gradually 

from the soft liner to the saliva and diminishes the count of salivary yeasts for a few 

days. Variable concentrations of nystatin (500,000– 1,000,000 U) were used by 

various researchers and no consensus has been reported regarding the effective 

concentrations. Frequently, in addition to nystatin, azole group derivative 

(fluconazole, ketoconazole, miconazole, itaconazole and clotrimazole)is being 

tested. These agents are considered to be potent antifungals and are of comparable 

efficacy to nystatin.31,36 All azole group derivatives were efficacious against C. 

albicans when added to the softliners except one study that reported itaconazole to 

be completely ineffective . This ineffectiveness of itaconazole may be because of 
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chemical interaction with tissue conditioners and the drug itself making it 

therapeutically ineffective.37 The effective duration and stability of added antifungal 

agents remain between 3 and 7 days or maximum for 14 days.38 Using topical 

antifungal agents are effective on the fungi that invade superficial tissues, however, 

may be associated with a few unwanted effects such as objectionable taste and need 

of frequent applications. Such disadvantages result in poor patient cooperation, 

further compromising the treatment outcome.36-38 

A study done by Ginjupalli K in 2014 did a study to assess and compare the 

antifungal activities of different types of soft liners by incorporation of Clotrimazole 

agent against the Candida albicans. Two types of denture soft liners were used. One 

were Coe soft Acrylic material and another one was GC Reline silicone soft liners. 

Later on both were combined with Antifungal agent Clotrimazole to fight against the 

Microbes; candida albicans. The pure powder form of Clotrimazole were used in 

different concentrations like; 0.5% w/v, 1% w/v and 1.5% w/v. These soft liners 

incorporated with antifungal agents were tested against candida albicans by using 

agar disk diffusion method. Samples were incubated for 24 hours and then 

ihnhibition diameter were noted. One way analysis of variance and post hoc tests 

were used. The Gc Reline soft liners with pure clotrimazole showed maximum 

inhibition period and then followed by Coe soft liners. Author concluded that 

denture soft liners showed maximum candida albicans inhibition when mixed with 

antifungal agents. It was suggested that incorporation of antifungal agents into soft 

liners can be recommended for clinical use. 39 

Now a days Graphene is one of the known antimicrobial agents. Di Giulio M et al 

(2018) assess the antibacterial activity for both gram Gram-negative and Gram-

positive and microbes. This study was done to evaluate the antifungal activity of 

pathogens that includes Staphylococcus aureus, Pseudomonas aeruginosa and 

Candida albicans.  50 mg/liter of Graphene Oxide wre taken and antimicrobial 

activity were checked after 2 and 24 hours. Optical & atomic force microscopy 

imaging were done to visualize the effect of Graphene Oxide on the microbial cells. 

It was stated that graphene oxide shows antibiofilm efficacy and antimicrobial 

against chronic wound microorganisms that too include Candida albicans.40 The cell 

death of microbes caused by its blade like structure which physically damages the 
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microbial cellular membrane and leads to leakage of intercellular substance. The 

wrapping and photothermal ablation mechanism also cause the cell damage.41 The 

acrylic-based tissue conditioners (GC Soft liner) alone do not show any antifungal 

activity.42 The minimum inhibitory concentration of graphene oxide against to 

nosocomial pathogens is proved to be in the range of 2.5 to 5.43  

Rayannavar S et al (2020) have proved that antifungal activity was enhanced by 

increasing the concentration up to 5%. This could be due to the difference in the 

chemical composition of soft liner and PMMA and various methodologies used due 

to different kind of strains. Three different types of nGO: 1%, 3% and 5% by weight 

with respect to the acrylic based tissue conditioner (GC Soft liner) were used. The 

results showed that the diameter of inhibition zone (DIZ) was maximum when 5% 

nano graphene oxide was added for both 1 day and 7 days after with the mean values 

of 17.2mm and 14.4mm respectively. Hence, minimum DIZ was seen when only of 

1% nGO was added for both after 1 day and 7 days with mean values of 8.4mm and 

7.4mm respectively.14  

Kanathila H et al (2011) showed the similar results with diameter of inhibition zone 

for Candida albicans between 6mm-21mm by addition of magnesium oxide in 

different concentration to soft liners.42 

A study done by Lee JH et al (2018) concluded that 2% nGO incorporated in 

PMMA showed constant antimicrobial adhesive property against Candida albicans 

for about 28 days. Results showed that polymethyl methacrylate resins (PMMA) 

presented better antimicrobial-adhesion effects after incorporating graphene oxide 

than compare to those exhibited by pure PMMA with increased hydrophilicity. 27   

Gamal R et al (2019) proved that 0.05% nGO when added with PMMA inhibits the 

growth of Streptococcus mutans microbes. For the antibacterial effect, all types of 

concentrations tested for MIC exhibited inhibition zone varied from 0.5 to 2mm in 

the diameter. Evaluation of all tested groups were done by agar well diffusion 

method which showed no inhibition zones except for group II. Hence, Significant 

reduction in the coefficient of thermal expansion was noted by increasing graphene 

oxide concentration. So conclusion was made that incorporation of graphene oxide 

in to PMMA at the concentration of 0.5 % can lead to inhibition of the growth of 
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Streptococcus Mutans. The concentrations of GO and coefficient of thermal 

expansion shows the inverse relation between them. Hence, these finding were 

extremely useful in various dental applications like obturators, temporary crown and 

soft liners.15 

A study done by Xie H et al in 2019 stated that graphene-based nanomaterials can 

act as antibacterial agents via multiple mechanisms, including oxidative stress, 

cutting effect and cell entrapment. They can also serve as a element in the 

nanocomposites with other type of bioactive agents for the better physicochemical 

properties and the improved antibacterial activities. The antibacterial effects of 

graphene-based nanomaterials are of prime importance for the enhanced 

antibacterial therapy since their mechanisms of action are antibiotics-independent. 

Therefore, the specific corona is expected to inhibit the adsorption of other 

biomacromolecules, and enhance the specific interaction of graphene-based 

nanomaterials with a certain species of bacteria, and reduce the graphene-based 

nanomaterials caused toxicity. Author suggested that this approach may approach 

the modification and design of graphene-based nanomaterials for clinical use.16 

A study done by Asadi Shahi S in 2019 by using graphene oxide/fuconazole 

(GO/Flu) compound that was characterized and synthesized by using Fourier 

transform infrared spectroscopy (FTIR) and the raman spectroscopy. The antifungal 

activities of these products were examined against fluconazole-resistant C. albicans 

compared to graphene oxide and Fluconazole using the broth micro dilution method. 

The DNA fragmentation was assessed using the antifungal mechanism of graphene 

oxide/Fluconazole. The release of Fluin phosphate-buffered saline medium was 

measured. The minimum inhibitory concentration (MIC) of graphene oxide, 

Fluconazole, and GO/Flu was determined at 800 µg per mL, 16 µg per mL, and 

400–9 µg per mL, respectively. Hence, GO/Flu exhibited an intense amount of 

antifungal activity compared to GO and Flu. The DNA fragmentation assay showed 

that GO/Flu have potential to degrade the DNA of C. albicans and cause a fungicidal 

influence. The findings suggested that GO/Flu could promote the antifungal activity 

against C. albicans through DNA fragmentation with the low cytotoxicity effect.44 
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Azevedo L et al did a study in 2019 stated that graphene oxide was incorporated into 

PMMA resin for a definitive maxillary rehabilitation. This was combined with an 

intraoral digital impression and a 3-dimensional facial scan of patient. The various 

follow-up evaluations were made at 1 week and 1, 3 and 8 months of the placement 

of the definitive prosthesis. There were no mechanical, biologic or aesthetic 

complications were reported, and soft tissues showed excellent health with its 

stability. The incorporation of GO in polymethyl methacrylate resins seems to be a 

good option for prosthetic rehabilitation. Results showed that the incorporation of 

GO in polymethyl methacrylate resins (PMMA) seems to be an interesting option to 

improve its mechanical properties and provide a reliable, definitive material 

option.28 

A study done by Shah S Pet al in 2021 stated that by incorporating Graphene oxide 

in the maxilla-facial silicone material can effectively reduce the fungal growth. And 

observed more number of cell colonies with the silicon discs the control group when 

compared to graphene incorporated discs.45 

The dispersion mechanism is attributed to the layer of compacted solvent just near 

the G surface which leads to prevention of aggregation of G sheets via sterics. 

Sonication is the most common process by which G is dispersed into the solvants 

which causes shear stresses and cavitaion into the solvants. Therefore, it causes the 

breaking apart graphite and peeling off the sheets into the individual G flakes. Both 

the sonication time and sonication power known to be linked with the dispersion 

concentration. The sonication in extreme conditions even allows for dispersion of G 

in the poor, low boiling points solvents including the following: chloroform, 

acetone, cyclohexanone and IPA. Hence, 48 h time is required for sonication. As a 

concequences, long sonication times are considered undesirable as it can lead to 

reduce sheet size therefore causes  defects which undermine the properties of 

graphene.46  

A study done in 2021 investigated the manufacturing of stable graphene dispersions 

in different solvents by using different types of graphene sources. The author 

considered the factors for the preparation of stable graphene dispersion. For making 

stable graphene dispersion using different solvents, solubility parameters and 
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solvent’s surface tension should match with the graphene’s surface tension that is 40 

mJ/m2 and solubility parameters. For preparing stable graphene dispersions the 

surfactants were added if solubility parameters and solvent’s surface tension were 

not matched with graphene’s parameters. In formation of stable graphene 

dispersions adding surfactants, intermolecular force or electrostatic attraction 

between graphene surfaces and surfactants are involved. Graphene combined with 

the surfactants restrict the applications, therefore combining polymers with the 

graphene creates the path for the involvement and actions of graphene dispersions in 

various applications. So, to form the stable graphene dispersion by using polymers, 

the affinity or interaction between these polymer molecules and graphene surface 

must be considered.47 

A study done by J. I. Paredes in 2008 identified many organic solvents like NMP, 

DMF, ethylene glycol and THF into that as-prepared graphite oxide material form 

dispersions with the long term of stability. Hence, the graphite oxid in these solvents 

is exfoliated generally into individual, single layer of graphene oxide sheets. 

Furthermore, these dispersions are comparable to graphene oxide dispersions in the 

water, which are mostly used for preparation of many graphene-based materials and 

should facilitate the further processing and manipulation of these materials.48 

From the present study it was demonstrated that soft liners incorporated with 

grapheme oxide of size 20nm size and 5% solution combined with Chloroform of 2 

ml concentration can exhibit antimicrobial behaviour against candida species. But 

Clotrimazole shows more antimicrobial behaviour than that of graphene oxide. 

Thus, confirming graphene oxide as an alternative antifungal therapy to antibiotics. 

In this study, it was observed that Clotrimazole has the best inhibition against 

candida albicans when compared to graphene oxide. The most important feature of 

graphene oxide is that it does not make bacteria resistant to disinfectant materials, 

highly biocompatible and does not induce any allergic reactions. 

CLINICAL IMPLICATIONS 

Soft liners of dentures are in contact with saliva and thus they are inevitably 

susceptible to bacterial colonization which later causes subsequent degradation of 

the material and infection of surrounding tissues. By increasing the concentration of 
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Nano Graphene oxide (nGO) shows significantly increased antifungal activity. Thus, 

nGO can be used to reduce the fungal growth and has good potential to treat candida 

induced denture stomatitis by drug delivery with soft liners. To overcome the above 

drawback, use of Nano Graphene oxide and Clotrimazole with antifungal properties 

in conjunction with soft liner of dentures offers promising results. 

 

LIMITATIONS OF THE STUDY 

1. One of the limitations of the present study is that it was an in vitro experimental 

study, which is different from clinical and in vivo situations. This in vitro study 

included observation till 7 days. In many treatment modalities use of soft liner 

can extend up to several weeks. 

2. The other shortcoming of this study is that addition of nGO give blackish 

discolouration to the soft liner. 

3. The antimicrobial efficacy of different concentrations of Graphene oxide and 

Clotrimazole should be assessed in clinical conditions. 
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CONCLUSION 

The following are the conclusions from this study:  

1. Within the limitations of this study, it was concluded that soft liners of 

complete dentures modified with Clotrimazole, nano graphene oxide both the 

groups showed effective disinfection against Candida albicans.  

2. On analysis of Disc Diffusion Test, Clotrimazole showed significantly more 

reduction of candida colonies than that of nano graphene oxide, clearly 

indicating its anti-fungal nature.  

3. The study concluded that 1% Clotrimazole was found to have a better zone 

of inhibition than nano graphene oxide of 20 nm size against the Candida 

albicans. Further investigations regarding modified soft liners with nano 

graphene oxide with the solvants are necessary to find ways to improve its 

long term clinical efficacy and physical behavior. 
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SUMMARY 

Denture stomatitis is commonly seen in old denture wearer patients and it is 

multifactorial in origin. It can cause by tissue trauma from poorly maintained 

denture hygiene, ill-fitting dentures, dietary factors, continuous denture use without 

removal, xerostomia, and compromised medical condition. Candida albicans 

generally accounts for an estimated 50% of all candidiasis cases. An important 

feature of Candida albicans in causing infection is their ability to adhere and form 

biofilms on host surfaces. Soft liner of complete dentures are exposed to saliva and 

thus they are inevitably susceptible to bacterial colonization which later causes 

subsequent degradation of the material and infection of surrounding tissues This 

study is aimed to determine the antifungal properties of  Nano graphene oxide and 

Clotrimazole by incorporating them with contaminated soft liners. Modelling wax of 

diameter 6mm and thickness 1mm was made. The wax discs were invested on dental 

plaster after the first pour was set completely separating medium was applied to the 

first pour and second pour was mixed with plaster and dental stone and it was 

clamped. After the second pour is set completely the flask was dewaxed for 6 

minutes and complete wax was eliminated and mould space was created. 15 discs 

were coated with nano graphene oxide of 20 nm size and 5% solution and another 15 

were incorporated with 1% clotrimazole. Then these discs were cured at room 

temperature for 24 hrs. Once these were completely cured the discs were retrieved. 

This 30 disinfected silicone discs were divided into 2 groups then transferred into 6 

different plates. Sabaurad Dextrose agar (SDA) medium was used to investigate the 

presence of Candida albicans fungi. Using a sterile tweezer, 30 of the disinfected 

soft liner discs were spread on each of the 6 plates harboring Candida albicans. After 

24 hours of incubation of the cultured plates, the zone of inhibition was measured. 

This study concluded that anti-fungal efficacy of 1% Clotrimazole is found to be 

better than that of Nano graphene oxide. 

 

 

 



BIBLIOGRAPHY 

33 
 

BIBLIOGRAPHY 

1. Saravanan, M. et al. Viscoelastic properties and antimicrobial effects of soft 

liners with silver zeolite in complete dental prosthesis wearers: an in vivo 

study. Int J Pros. 2015;28: 265–69. 

2. Hashem MI. Advances in soft denture liners: An update. J Contemp Dent 

Pract. 2015 Apr 1;16(4):314-18. 

3. Garcia LT, Jones JD. Soft liners. Dent Clin North Am 2004;48(3):709-20. 

4. Parker S, Braden M. Water absorption of methacrylate soft lining materials. 

Biomat. 1989;10(2):91-95. 

5. Zarb GA, Bolender CL, Eckert S, Jacob R, Fenton A, MericskeStern R. 

Prosthodontic treatment for edentulous patients. Complete dentures and 

implant-supported prostheses. 12th. ed. St. Louis: Mosby 2004. 

6. Dootz ER, Koran A, Craig RG. Physical property comparison of 11 soft 

denture lining materials as a function of accelerated aging. J Prosthet Dent. 

1993;69(1):114-19.  

7. Gjengedal H, Berg E, Gronningsaeter AG, Dahl L, Malde MK, Boe OE, et 

al. The influence of relining or implant retaining existing mandibular 

dentures on health-related quality of life: a 2-year randomized study of 

dissatisfied edentulous patients. Int J Prosthodont. 2013;26(1):68-78. 

8. McCabe JF, Carrick TE, Kamohara H. Adhesive bond strength and 

compliance for denture soft lining materials. Biomaterials. 2002;23(5):1347-

52. 

9. Murata H, Taguchi N, Hamada T, Kawamura M, McCabe JF. Dynamic 

viscoelasticity of soft liners and masticatory function. J Dent Res. 

2002;81(2):123-28. 

10. Chladek G, Mertas A, Barszczewska-Rybarek I, Nalewajek T, Zmudzki J, 

Krol W, Lukaszczyk J. Antifungal activity of denture soft lining material 

modified by silver nanoparticles-a pilot study. Int J Mol Sci. 2011 Jul 

22;12(7):4735-44. 

11. Masella RP, Dolan CT, Laney WR. The prevention of the growth of Candida 

on silastic 390 soft liner for dentures. J Prosthet Dent 1975;33(3):250-57. 



BIBLIOGRAPHY 

34 
 

12. Mahalakshmi G, Jyothy JR, Sharma R, Patel R, Jagadeesh KN. Antifungal 

efficacy of Tea Tree Oil mixed with Denture Soft Liner on Denture 

stomatitis. J Adv Med Dent Sci Res. 2020 Dec 1;8(12):162-65. 

13. Urban, V. M. et al. Efect of the addition of antimicrobial agents on Shore A 

hardness and roughness of sof lining materials. J Prosthodont. 2014;24:207-

14. 

14. Rayannavar S, Shaha BS, Shankargouda S, Nelogi S. Antifungal efficacy of 

tissue conditioner incorporated with nano graphene oxide: an in-vitro study. 

Int J Dent Sci  Innov Res. 2020;3(3) 601-07. 

15. Gamal R, Gomaa YF, Said AM. Incorporating nano graphene oxide to poly-

methyl methacrylate; antibacterial effect and thermal expansion. J Mod Res. 

2019 Jul 1;1(1):19-23. 

16. Xie H, Cao T, Rodríguez-Lozano FJ, Luong-Van EK, Rosa V. Graphene for 

the development of the next-generation of biocomposites for dental and 

medical applications. Dental Materials. 2017 Jul 1;33(7):765-74. 

17. Kurtulmus, H,Candida albicans adherence on silicone elastomers. Effect of 

polymerisation duration and exposure to simulated saliva and nasal secretion. 

Dent Master. 2010;26(1):76-82. 

18. Quinn DM. The effectiveness, in vitro, of miconazole and keteconazole 

combined with tissue conditioners in inhibiting the growth of Candida 

albicans. Journal of Oral Rehabilitation. 1985 Mar;12(2):177-82. 

19. Matsuura T, Abe Y, Sato Y, Okamoto K, Ueshige M, Akagawa Y. Prolonged 

antimicrobial effect of tissue conditioners containing silver-zeolite. Journal 

of dentistry. 1997 Sep 1;25(5):373-7. 

20. Bulad K, Taylor RL, Verran J, McCord JF. Colonization and penetration of 

denture soft lining materials by Candida albicans. Dental materials. 2004 Feb 

1;20(2):167-75. 

21. Nevzatoğlu EU, Özcan M, Kulak-Ozkan Y, Kadir T. Adherence of Candida 

albicans to denture base acrylics and silicone-based resilient liner materials 

with different surface finishes. Clinical oral investigations. 2007 

Sep;11(3):231-6. 

22. Vojdani M, Zibaei M, Khaledi AA, Zomorodian K, Ranjbar MA, 

BOUSHEHRI S. In-vitro study of the effect of clotrimazole incorporation 



BIBLIOGRAPHY 

35 
 

into silicone soft liner on fungal colonization. Shiraz Univ Dent J. 

2009;9(1):19-23. 

23. Acosta-Torres LS, Mendieta I, Nuñez-Anita RE, Cajero-Juárez M, Castaño 

VM. Cytocompatible antifungal acrylic resin containing silver nanoparticles 

for dentures. International journal of nanomedicine. 2012;7:4777-86. 

24. Srivatstava A, Ginjupalli K, Perampalli NU, Bhat N, Ballal M. Evaluation of 

the properties of a tissue conditioner containing origanum oil as an antifungal 

additive. The Journal of prosthetic dentistry. 2013 Oct 1;110(4):3131-9. 

25. Skupien JA, Valentini F, Boscato N, Pereira-Cenci T. Prevention and 

treatment of Candida colonization on denture liners: a systematic review. 

The Journal of prosthetic dentistry. 2013 Nov 1;110(5):356-62. 

26. Kumar SM, Kumar VA, Natarajan P, Sreenivasan G. Antifungal efficacy and 

the mechanical properties of soft liners against Candida albicans after the 

incorporation of garlic and neem: An in vitro study. Journal of International 

Society of Preventive and Community Dentistry. 2018 May 1;8(3):212-17. 

27. Lee JH, Jo JK, Kim DA, Patel KD, Kim HW, Lee HH. Nano-graphene oxide 

incorporated into PMMA resin to prevent microbial adhesion. Dental 

Materials. 2018 Apr 1;34(4):63-72. 

28. Azevedo L, Antonaya-Martin JL, Molinero-Mourelle P, del Río-Highsmith J. 

Improving PMMA resin using graphene oxide for a definitive prosthodontic 

rehabilitation-A clinical report. Journal of clinical and experimental 

dentistry. 2019 Jul;11(7):e670-74. 

29. Habibzadeh S, Omidvaran A, Eskandarion S, Shamshiri AR. Effect of 

incorporation of silver nanoparticles on the tensile bond strength of a long 

term soft denture liner. European Journal of Dentistry. 2020 

May;14(02):268-73. 

30. Gad MM, Al-Thobity AM, Fouda SM, Napankangas R, Raustia A. Flexural 

and surface properties of PMMA denture base material modified with 

thymoquinone as an antifungal agent. J Prosthodont. 2020;29(3):243-50. 

31. Chow CK, Matear DW, Lawrence HP, Efficacy of antifungal agents in tissue 

conditioners in treating candidiasis. Gerodontology. 1999;16(1)110-118. 



BIBLIOGRAPHY 

36 
 

32. Pachava k, Shenioy K, Ginjupalli K et al. Comparative antifungal efficacy of 

denture soft liners with clotrimazole in vitro study. Indian J ent. 

2014;6(3):1593-1595. 

33. Mousavi SA, Ghotaslou R, Akbarzadeh A, Azima N, Aeinfar A, Khorramdel 

A,Evaluation of antibacterial and antifungal properties of a tissue conditioner 

used in complete dentures after incorporation of ZnO‒Ag nanoparticles, J 

Dent Res Dent Clin Dent. 2019;13(1):11-18. 

34. Okita N, Orstavik D, Orstavik J, Ostby K, In vivo and in vitro studies on soft 

denture materials: microbial adhesion and tests for antibacterial activity. 

Dent Mater. 1991;7(1):55-160. 

35. Pigno M, Goldschmidt M, Lemon J. The Efficacy of antifungal agents 

incorporated into a facial prosthetic silicone elastomer. J Prosthet Dent. 

1994;71:295-300. 

36. Falah-Tafti A, Jafari AA, Lotfi-Kamran MH, Fallahzadeh H, Hayan RS. A 

comparison of the efficacy of nystatin and fluconazole incorporated into 

tissue conditioner on the in vitro attachment and colonization of Candida 

albicans. Dent Res J. 2010;7:18–22. 

37. Truhlar MR, Shay K, Sohnle P. Use of a new assay technique for 

quantification of antifungal activity of nystatin incorporated in denture liners. 

J Prosthet Dent. 1994;71: 517-24.  

38. Geerts G, Stuhlinger M, Basson N. Effect of an antifungal denture liner on 

the saliva yeast count in patients with denture stomatitis: a pilot study. J Oral 

Rehabil. 2008;35(1): 6646-9. 

39. Ginjupalli K. Comparative antifungal efficacy of denture soft liners with 

Clotrimazole: An invitro study. Indian Journal of Dental Advancements. 

2014;6(3):1593-95. 

40. Di Giulio M, Zappacosta R, Di Lodovico S, Campli ED, Siani G, Fontana A, 

Cellini L, Antimicrobial and antibiofilm efficacy of graphene oxide against 

chronic wound microorganisms, Antimicrob Agents Chemother. 

2018;62(1):547-18. 

41. Ge Z, Yang L, Xiao F. Graphene Family Nanomaterials, Properties and 

Potential Applications in Dentistry. Int J Biomater. 2018;1(1):12. 



BIBLIOGRAPHY 

37 
 

42. Kanathila H, Bhat AM, Krishna PD. The effectiveness of magnesium oxide 

combined with tissue conditioners in inhibiting the growth of Candida 

albicans: an in vitro study, Indian J Dent Res. 2011;22(1):613-16. 

43. Shubha P, Namratha K, Byrappa K, Graphene oxide–a promising material 

for antimicrobial surface against nosocomial pathogens. Mater Res Innov. 

2018;22(1):85-90. 

44. Asadi Shahi S, Roudbar Mohammadi S, Roudbary M, Delavari H. A new 

formulation of graphene oxide/fluconazole compound as a promising agent 

against Candida albicans. Progress in biomaterials. 2019 Mar;8:43-50. 

45. Saloni Prakiran Shah, Roseline Meshramkar, Ramesh K, Nadiger And Lekha 

K. A study to evaluate the antifungal efficacy of nanographene oxide 

incorporated in maxillofacial prosthesis material- an invitro study. Int J Curr 

Adv Res. 2021 June;10(6):24593-96. 

46. Johnson DW, Dobson BP, Coleman KS. A manufacturing perspective on 

graphene dispersions. Current Opinion in Colloid & Interface Science. 2015 

Oct 1;20(5-6):367-82. 

47. Perumal S, Atchudan R, Cheong IW. Recent studies on dispersion of 

graphene–polymer composites. Polymers. 2021 Jul 20;13(14):1-27. 
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