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COMMERCIALLY AVAILABLE PMMA 

DENTURE BASE RESINS-AN IN-VITRO 

STUDY 

2 Introduction  

A. Problem statement Polymethyl Methacrylate is the most pre-

dominantly used denture base material used to 

construct various dental prosthesis. But it has 

certain drawbacks like residual monomer 

allergy4, poor mechanical strength, low fatigue 

strength, brittle on impact, poor conductors of 

heat, low hardness, high coefficient of thermal 

expansion, thermal shrinkage, poor color 

stability of self-cured resins, porosity, crazing, 

warpage, poor adhesion to metal and porcelain 

and requirement of mechanical retention2.  

B. Rationale To overcome drawbacks of PMMA, resins have 

been reinforced using different materials to 

improve strength2.  

Graphene, known since 2004 as “the thinnest 

material in the universe”, has attracted great 

interest in diverse research fields including 

dentistry for its unique mechanical properties. 



As a carbon allotrope, it consists of a one-atom-

thick sheet of sp2 bonded carbon atoms densely 

packed in a honeycomb crystal structure. 

Graphene oxide (GO), as well as reduced 

graphene oxide (rGO), can be easily 

functionalized due to their abundance in oxygen 

containing groups (epoxy, hydroxyl and 

carboxyl),enabling their use in a series of 

nanocomposites of different polymers with a 

wide range of applications1 

C. Novelty No data is available with the concentration of 

0.5-1 % of graphene oxide incorporated into 

PMMA denture base resins, this study will 

make such data available. 

D. Expected outcome and application The practical implications of this study could be 

important for the clinical use of PMMA denture 

material; results have revealed a significantly 

enhanced mechanical behavior of the Gr-Ag 

enriched PMMA resin with respect to 

compression behavior, flexural profile and 

tensile strength. From the mechanical 

evaluation, it is concluded that 1% Gr-Ag 

content would be sufficient for the material to 

endure higher applied loads, to exhibit higher 

flexural strength and tensile characteristics 

compared to the unmodified PMMA. However, 



a content of 2% Gr-Ag showed lower ratios of 

absorbed water, which could reduce the risks of 

water mediated degradation effects1. 

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

increase by addition of Graphene Oxide into 

Polymethyl methacrylate resin. 

4 Research hypothesis (es), if any Addition of Graphene Oxide into commercially 

available Polymethyl methacrylate resin for 

constructing removable prosthesis does not 

enhance the flexural strength and tensile 

strength. 

5 Objectives of the Study: 
A. Primary objective(s) 
B. Secondary objective(s) 

PRIMARY OBJECTIVES : 

A) To evaluate the effects of modified denture 

base resin with Graphene Oxide. 

B) To evaluate the flexural strength and tensile 

strength of unmodified PMMA denture base 

resin and modified PMMA denture base resin 

with Graphene Oxide. 

6 1. Review of literature 1) The clinical performances of dental materials 

depend on their mechanical profiles, 

determining their long-term deformation and 

wear resistance. This paper described a study 

on the mechanical properties, water absorption 

and morphological properties of a polymethyl 

methacrylate (PMMA) resin enriched with 

graphene-silver nanoparticles (Gr-Ag). Two 



different concentrations—1 and 2 wt. %—of 

Gr-Ag were loaded into the PMMA material. 

For the mechanical characterization, the 

compression behavior, flexural strength and 

tensile strength were evaluated. Optical 

microscopy in polarized light and scanning 

electron microscopy were used for filler 

analysis. The filler addition led to an 

improvement in all mechanical properties, with 

slight changes being derived from the filler 

content variation. Gr-Ag use led to an increase 

in the applied maximum loads. Moreover, 1 wt. 

% Gr-Ag determined an increase of 174% in 

the modulus of rupture, which indicates high 

flexibility1. 

2) In past, the materials used for denture bases 

were vulcanite, celluloid & phenol 

formaldehyde. Acrylic resins were introduced 

to dentistry in 1930’s.  There are certain 

limitations of acrylics like residual monomer 

allergy, poor mechanical strength, low fatigue 

strength, brittle on impact, poor conductors of 

heat, low hardness, high coefficient of thermal 

expansion, thermal shrinkage, poor color 

stability of self-cured resins, porosity, crazing, 

and warpage, poor adhesion to metal and 



porcelain and requirement of mechanical 

retention. But still they are the most widely 

used denture base materials till date. But 

recently there has been much advancement in 

the field of denture base resins to overcome  

their  drawbacks  and  to  obtain  an  ideal  

denture  base  material.  This article reviewed 

the various advancements in the field of denture 

base resins. 

It was concluded that the various advancements 

in denture base resins have provided promising 

results. Today many limitations of poly-methyl 

methacrylate denture base resins have been 

overcome. And it’s certain to have additional 

new applications in the future, to provide a 

better treatment & care to the patients2. 

3) The purpose of this laboratory study was to 

formulate and characterize the graphene oxide-

poly (methyl methacrylate) resin composite 

with an intended use as bone cement. Graphene 

oxide was fabricated through ultrasonication 

route. 

The autopolymerization resin (Eco Cryl Cold, 

Protechno, Vilamalla Girona, Spain) was used 

to prepare the specimens of required 

dimensions for different testing parameters. The 



control group (C-group) was prepared as such. 

However, for GO1-group, 0.024 wt/wt.-% of 

graphene oxide was incorporated in a resin 

matrix and GO2-group was a composite with 

0.048 wt/wt.-% of graphene oxide in a resin 

matrix. TEM examination of graphene oxide 

sheets demonstrated them in the range of 500 

nm to 2 mm. The mechanical properties were 

characterized using three-point bending and 

wear resistance, while material properties were 

assessed through transmission electron 

microscope, scanning electron microscopy, 

Fourier-transform infrared spectroscopy, 

Raman spectroscopy, X-ray diffraction, 

differential scanning calorimetry and thermo-

gravimetric analysis. The results suggest that 

0.024 wt/wt.-% and 0.048 wt/wt.-% of loading 

of GO have no effect on the physiochemical 

characteristics. However, thermal 

characteristics might slightly be improved. 

According to the analysis of variance results (p 

< 0.05, n ¼ 5), wear resistance and bending 

strength of both GO1 and GO2 groups 

significantly improved compared to C-group. 

The bending strength of GO2 improved to 87.0 

±   7.2 MPa from 65.9 ± 11.5 MPa of C-group. 



Scanning electron microscopy examination of 

the fractured surface demonstrated granule like 

structure where the graphene oxide sheets 

might be covered inside PMMA. The use of 

GO-PMMA composites favorably enhances the 

mechanical properties of bone cement3. 

4) A test was conducted to evaluate use of 

graphene in arrangement with the materials 

used in confection of removable dental 

prosthesis. A sample of polymethyl 

methacrylate resin acrylic and cobalt-chromium 

alloy was coated with a mono-layer of graphene 

which was synthesised by chemical vapour 

deposition on copperfoil enclosures. Sixty test 

specimens of polymethylmethacrylate with 

different concentrations of graphene were also 

prepared and 30 used in impact strength tests 

and 30 in flexural strength tests. The collected 

data were introduced and analyzed in 

Microsoft® Excel program 

Result: It is successively possible to include 

graphene (by coating and incorporation) in 

materials used for the fabrication of removable 

dental prosthesis. The values of the impact and 

flexural strength changed according to the 

percentage of graphene used and the best results 



were achieved with a graphene concentration of 

1/5 and 1/4. It was concluded that The 

promising properties together with the ease of 

processing and functionalization make 

graphene-based materials ideal candidates for 

incorporation into a variety of materials, 

including in dental medicine. 

7 2. Methodology  

A. Study design IN-VITRO STUDY 

B. Study participants (human, animals or 
both) 

NA 

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 adequate efficacy of the study 
drug or placebo)                                           

v. Number of groups to be studied, 
identify groups with definition 

i. NA 

ii. NA 

iii. NA 

iv. NA 

v. STUDY GROUPS: 

A) GROUP 1 (CONTROL 

GROUP)  : UNMODIFIED 

POLYMETHYL 

METHACRYLATE DENTURE 

BASE RESIN 

B) GROUP 2 (TEST GROUP) : 

2.A) MODIFIED POLYMETHYL 

METHACRYLATE DENTURE 

BASE RESIN WITH 0.5% 

GRAPHENE OXIDE 

2.B) MODIFIED POLYMETHYL 



METHACRYLATE DENTURE 

BASE RESIN WITH 1% 

GRAPHENE OXIDE 

C. Sampling  
a. Sampling population 
b. Sample size calculation 
c. Sampling technique 

A) NA 

B) Since there are 3 groups the final sample 

size is 30 (10 per group) for Flexural strength  

Since there are 3 groups the final sample size is 

30 (10 per group) for Tensile strength  

 

Formula for sample size estimation: 

 

N =        2 Sp2    [ Z 1- α/2     + Z  1-  β ]  2        

/            μ d  2 

 

Sp = pooled standard devition,     μ d  = Mean 

difference  

 

C) NA 

D. Randomization details (for 
interventional studies)- Intervention 
details with standardization techniques 
(drugs / devices / invasive procedures / 
noninvasive procedures / others) 

NA 

E. Ethical Clearance from the Institution’s 
Ethics Committee Obtained? (Copy to be 
Attached) 

 

E. Study procedure Impression will be made using a putty material 

to maintain the uniformity of the sample size. 

The size decided is of a cylinder measuring 

60mm in length and 7mm in diameter. Wax 

YES



patterns will be obtained by pouring molten 

wax into the impressions, after which they will 

be invested using dental plaster. Waxing 

elimination of the wax pattern will be 

performed to obtain the moulds. These mould 

spaces will be packed with materials under 

study. Control group will be cured using 

unmodified polymethyl methacrylate powder 

whereas the test group will be cured by 

incorporating the graphene oxide powder into 

the polymethyl methacrylate powder using a 

vibrating laboratory device in 0.5% and 1%. 

The moulds after packing will be cured in hot 

water bath. Cylinders of 20 per each group will 

be obtained. The samples will be tested on a 

universal testing machine for evaluation of 

flexural strength and tensile strength. The 

samples will be subjected to varying degree of 

forces until they are deformed or fractured. The 

force at which the sample deforms or breaks 

will be recorded and tabulated. This data 

obtained will be subjected to statistical analysis. 

A pilot study was also conducted where in 

flexural strength of unmodified denture base 

resins and modified denture base resins with 

1% graphene oxide was tested. The samples 



were tested based on the above methodology 

and values were obtained for the flexural 

strength. The method of conducting the tests 

was found to be satisfactory and will be 

continued in the definitive study. 

F. Data collection methods including 
settings and periodicity 

 

G. List of statistical tests to be used for 
data analysis 

 Descriptive statistics: Mean and 

standard deviation, Median and 

Interquartile range of discrepancy will 

be done for the three groups.  

 Inferential statistics:  Comparison of 

flexural strength and tensile strength 

between each group will be compared 

by Kruskal-Wallis test. Pairwise 

comparison between the groups will be 

done by Mann-Whitney test.  

 Probability value of less than 0.05 will 

be considered to be statistically 

significant. 

H. If it’s a Clinical Trial: Clinical Trials 
Registry of India or equivalent 
registration number to be mentioned 

NA 

8 3. List risks and benefits of the study There are no risks involved in the study, 

However this study may help the clinicians to 

compare and select the right material to 

construct a prosthesis.  
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Three point bend Test Report

Date: 10.Feb.21 Batch: Demo

Time:  13:23:01

Specimen ID: BISS

Temperature: RT

Area: 30.203 sq-mm

Gauge Length: 30 mm

Diameter: 6.2 mm

Rate: 0.03 mm/s

C:\hima\Daily Test\SDMcollege\unmodified_acrylic_sample1.mns_new 0.03.mns

0

2

4

6

8

10

12

14

16

18

0 1 2 3 4 5 6 7

T
ru

e
 S

tr
e

s
s

, 
M

P
a

 

True Strain, % 

True Stress Vs True Strain 



Three point bend Test Report

Date: 10.Feb.21 Batch: Demo

Time:  13:38:27

Specimen ID: BISS

Temperature: RT

Area: 30.203 sq-mm

Gauge Length: 30 mm

Diameter: 6.2 mm

Rate: 0.005 mm/s

C:\hima\Daily Test\SDMcollege\Graphene modified_acrylic_sample1.mns
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