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Abstract 
 
Aim: Dental plaque formation is a major health risk associated with prolonged worn 

acrylic dentures. The dental biofilm usually develops when improper cleaning and 
sterilizing of dentures is achieved. The aim of this study was to improve the 
acrylic material surface properties for minimizing the incidence of dental plaque 
formation on acrylic dentures by lowering the surface energy.  

Method: The acrylic (polymethylmethacryate) surface modification was achieved by 
applying a non-polar micro-coating on acrylic samples which was the dental 
baseplate wax. Two experimental groups used in this study, the control and the 
coated groups with 10 samples each. The surface analysis was conducted using the 
contact angle's technique. All samples soaked in salivary solution for 5 days. The 
methylene blue dye material used as an indicative for the dental plaque formation.  

Results and conclusion: The surface analysis showed a significant decrease in the 
surface hydrophilicity of the coated group by increasing the water contact angle 
degree values (P-value<0.05). The microscopic analysis by visual inspection 
showed a reduced formation of the dental biofilm on the acrylic samples. Within 
the limitations of this study, the suggested coating material can possibly reduce 
the incidence of the dental biofilm formation on acrylic dentures. 
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Introduction 
 

Good dental health enables people 
to eat properly and get enough 
nutrition necessary for living. In order 
to maintain oral health, several means 
are available such as brushing, 
flossing, and using mouth wash. When 
losing natural teeth, wearing dentures 
assists the functionality of the mouth 
for mastication. However, it might 
increase the risk of losing oral hygiene 
with insufficient care by the patients 

[1]. One of the major threats to oral 
hygiene is the development of dental 
biofilm on teeth surfaces. Biofilm 

consists from a complex bacterial 
gathering and accumulations into a 
form of a 3 dimensional structure 
adhered to the solid surface of the teeth 
and surrounded by an extra cellular 
matrix for protection from the outside 
environment [2,3]. The biofilm could 
by single-layered or multiple-layered 
and could consist from homogenous 
bacteria or heterogeneous types of 
organisms [4]. Achieving oral hygiene 
is challenging especially for those who 
wear dentures. it was reported that 
wearing prostheses could significantly 
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increase the risk of dental plaque 
formation and the poor oral hygiene 

[5]. Dentures are considered as a 
reservoir for microorganisms [6]. 
Several denture cleaning and 
disinfecting methods were used that 
showed their effectiveness [7]. 
However, some of them showed a 
diverse effects in terms of dimensional 
stability, chemical reactions and acting 
as a source of biological contamination 
of the denture material [8, 9].  Adding 
antimicrobial agent to the acrylic resin 
material can reduce biofilm formation 
on the surface but it might significantly 
change the water sorption ability, 
solubility, and monomer elution of the 
denture material [10, 11]. The aim of 
this study was to evaluate a new 
approach for surface modification of 
acrylic resin 
(polymethylemethacrylate) in an 
attempt to reduce the incidence of 
dental biofilm formation. This was 
achieved by applying a micro-coating 
of dental wax to the acrylic surface to 
reduce the acrylic critical surface 
tension which by itself should 
minimize the incidence of dental 
biofilm formation. 

 
Materials and methods   
 

Sample preparation  
Hot cure acrylic resin samples 

(polymethylmethacrylate) Superacryl 
Plus (Iran) were prepared for the 
experiment with dimensions 20 x 20 x 
2 mm. There were 2 groups of samples 
in this experiment each consist of 10 
specimens. The tested group was 
coated by a handpiece-rotating brush 
(40,000 rpm) with dental baseplate 
wax (Zhengzhou Shengxin Medical 
Instrument Co., Ltd./China) . 

 
Contact angle measurements 

Water Contact angle measurements 
were taken for all samples using a 
digital microscope (Digimicro / China) 

with 200X magnification power. A 
drop of distilled water was placed on 
the acrylic surface by a stainless steel 
needle and then the contact angle was 
measured electronically by ImageJ 
software. The average time from drop 
placement to measurement was 5 
seconds.  

 
Biofilm development and 
methylene blue staining 

A custom made rotary instrument 
was prepared for the purpose of this 
study (Figure 1). It consisted from 2 
rotating discs on both sides of the 
machine where the samples were 
attached. The 2 discs were connected 
to a motor by rubber bands. The 
rotation speed of the discs was11 
round/minute. The lower part of the 
disc was immersed in a salivary 
solution consist of 20% saliva and 80% 
water. The rotation cycle lasted for 3 
days. Methylene blue stain (Sigma 
Aldrich CAS7220-79-3 / USA) was 
used to confirm biofilm formation on 
the acrylic samples. The samples were 
washed with a stream of distilled water 
at a shear stress of about 1 Pascal. 
Then, a 1 microliter of methylene blue 
stain is smeared over the acrylic 
surface and after 10 minutes the 
samples were washed again with 
distilled water thoroughly for 5 
seconds. The samples then were 
observed visually and microscopically. 

 
Result 
 

Contact angle data: 
In this step, 10 samples from each 

group were used for obtaining the 
contact angle measurements data, 
Table (1). A water droplet was 
carefully placed on the sample surface 
with maximum diameter of less than 2 
mm. As shown in Tables (2,3), the 
independent sample T test (IBM SPSS 
V20) clearly confirm that there is a 
statistically significant difference in a 
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values of the contact angle data 
between the two groups (P-value 
<0.05). This was associated with 
higher mean value for the coated group 
and a lower value for the standard 
deviation for the coated group as well. 

  
Microscopic analysis: 

The pictures (3 and 4) are images 
for the representative samples of the 
control group and the coated group 
respectively with 200X magnification. 
 
Discussion 
 

Biofilm formation is a major issue 
associated with watery environment. It 
starts when a thin layer of glycoprotein 
deposits on the material surface after 
dehydration. Then, the bacterial or 
whatever cells available in that 
environment stick to the glycoprotein 
film to form the primary film which 
eventually leads to the biofilm 
formation when the cells multiply and 
release the extracellular substance. The 
degree to which the biofilm is formed 
is quite dependent on the material 
surface energy that could lead to 
glycoprotein denaturation and thus 
increase the susceptibility of cellular 
adhesion . 

It was found in some literature that 
increasing surface-free energy led to 
robust candida albicans biofilm 
formation on denture material [12]. It 
was also found that using different 
acrylic resin types with slight 
difference in surface-free energy did 
not influence biofilm formation [13]. 
According to (Moura et al, 2006) 
different acrylic resin polymerization 
methods had no effect on biofilm 
formation [14].  

Contact angle technique is used to 
indicate the surface free energy of a 
material that can be estimated by 
graphically determining the Critical 
Surface Tension. The different 
measurements of contact angles occur 

as functions of surface tensions of a 
series of liquids. This technique 
demonstrates the relationship between 
the properties and chemistry of the 
material surface which involves the 
outer most 3-4 Angstroms of the 
surface. The Critical Surface Tension 
of a material, which is a measure of the 
surface’s wettability, and it is 
calculated from the contact angles of a 
liquid set according to the Young’s 
equation (Figure 2) as cited by Zisman 
[15]. 

In this study, there was an attempt 
to minimize the incidence of biofilm or 
dental plaque formation on acrylic 
dentures by modifying the material 
surface properties. This was done by 
applying a non-polar coating that was 
the baseplate dental was to the acrylic 
surface. The contact angle's 
measurements was an indicative 
procedure for surface modification. 
The results showed that the wax 
coating had significantly decreased the 
critical surface tension of the acrylic 
samples and thus, decreasing the 
surface energy.  

The microscopic analysis was 
slightly ambiguous. All samples from 
both groups differ in the degree of 
staining by methylene blue. However, 
there was a pattern observable between 
the two groups. As shown in Pictures 
(3 and 4), the biofilm formation trend 
differs in distribution with more 
rounded areas of colonization in the 
coated group than the control group. 
This can be considered as a 
confirmation for the lower incidence of 
dental plaque formation on acrylic 
surface when coating it with a non-
polar wax material. 

 
Conclusion 
 

Within the limitations of this study 
which might have a significant impact 
on the experimental outcome, the 
surface analysis showed a remarkable 
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decrease in the surface hydrophilicity 
of the acrylic material and this was 
associated with a significant minimize 
in the incidence of dental plaque 
formation on the acrylic material for 
dentures.  

 
References 
 
1- Daly B, Smith K. Promoting good dental 

health in older people: role of the 
community nurse. Br J Community Nurs. 
2015 Sep;20(9):431-6. 

2- Castiblanco LF, Sundin GW. New insights 
on molecular regulation of biofilm 
formation in plant-associated bacteria. J 
Integr Plant Biol. 2015 Sep 17. doi: 
10.1111/jipb.12428.  

3- Almeida AL, Catalani DT, Oliveira PC, 
Soares S, Tunes FS, Neppelenbroek KH. 
Assessment of Periodontal and Hygiene 
Conditions of Removable Partial Dentures 
in Individuals with Clefts. Cleft Palate 
Craniofac J. 2015 Sep 25   

4- Giaouris E, Heir E, Desvaux M, Hébraud 
M, Møretrø T, Langsrud S, Doulgeraki A, 
Nychas GJ, Kačániová M, Czaczyk K, 
Ölmez H, Simões M. Intra- and inter-
species interactions within biofilms of 
important foodborne bacterial pathogens. 
Front Microbiol. 2015 Aug 20;6:841. doi: 
10.3389/fmicb.2015.00841  

5- Gupta P, Sarkar S, Das B, Bhattacharjee S, 
Tribedi P. Biofilm, pathogenesis and 
prevention-a journey to break the wall: a 
review. Arch Microbiol. 2015 Sep 16. 

6-  O'Donnell LE, Smith K, Williams C, Nile 
CJ, Lappin DF, Bradshaw D, Lambert M, 
Robertson DP, Bagg J, Hannah V, 
Ramage G.Dentures are a Reservoir for 
Respiratory Pathogens.J Prosthodont. 
2015 Aug 10. doi: 10.1111/jopr.12342 

7- Aoun G, Cassia A, Berberi A. 
Effectiveness of a Chlorhexidine 
Digluconate 0.12% and Cetylpyridinium 
Chloride 0.05% Solution in eliminating 
Candida albicans Colonizing Dentures: A 

Randomized Clinical in vivo Study. J 
Contemp Dent Pract. 2015 Jun 
1;16(6):433-6.  

8- Al-Saadi MH. Effectiveness of Chemical 
and Microwave Disinfection on Denture 
Biofilm Fungi and the Influence of 
Disinfection on Denture Base Adaptation.J 
Indian Prosthodont Soc. 2014 
Dec;14(Suppl 1):24-30. 

9- Naik R, Ahmed Mujib BR, Telagi N, Anil 
BS, Spoorthi BR.Contaminated tooth 
brushes-potential threat to oral and general 
health.J Family Med Prim Care. 2015 Jul-
Sep;4(3):444-8. 

10-  Yang Y1, Gong HH, Song AY, Feng D, 
Jin J, Zhu S.The effect of denture base 
resins coated with antibacterial coating on 
water sorption, solubility and monomer 
elution.Shanghai Kou Qiang Yi Xue. 2015 
Feb;24(1):13-7. 

11-  Tsuji M, Ueda T, Sawaki K, Kawaguchi 
M, Sakurai K.Biocompatibility of a 
titanium dioxide-coating method for 
denture base acrylic resin.Gerodontology. 
2015 Jul 30. doi: 10.1111/ger.12204. 

12-  da Silva WJ, Leal CM, Viu FC, 
Gonçalves LM, Barbosa CM, Del BelCury 
AA.Influence of surface free energy of 
denture base and liner materials on 
Candida albicans biofilms.J InvestigClin 
Dent. 2015 May;6(2):141-6. 

13-  Serrano-Granger C, Cerero-Lapiedra R, 
Campo-Trapero J, Del Río-Highsmith J.In 
vitro study of the adherence of Candida 
albicans to acrylic resins: relationship to 
surface energy.Int J Prosthodont. 2005 
Sep-Oct;18(5):392-8. 

14- Moura JS, da Silva WJ, Pereira T, Del 
BelCury AA, Rodrigues Garcia 
RC.Influence of acrylic resin 
polymerization methods and saliva on the 
adherence of four Candida species.J 
Prosthet Dent. 2006 Sep;96(3):205-11. 

15- Zisman W. A. Relation of the Equilibrium 
Contact Angle to Liquid and Solid 
Constitution. Advances in Chemistry, Vol. 
43, 1964, page 1-51.  



MDJ               Non-polar micro-coating on acrylic denture material …      Vol.:15 No.:1 2018 

 
 

81 

Tables 
 
Table (1): Contact angle measurements 
 

Coated group Control group 
65.28 43.38 
68.18 53.95 
73.03 53.45 
66.40 45.68 
69.88 45.42 
71.33 43.11 
67.91 46.38 
68.01 54.92 
70.66 48.46 
68.09 50.73 

 
Table (2): Mean and standard deviation for the contact angle data 
 

 Grouping N Mean Std. Deviation Std. Error Mean 

Control 10 48.5480 4.44188 1.40465 
Contact angle 

Coated 10 68.8770 2.34084 0.74024 

 
Table (3): Independent sample T test results 
 

Levene's 
Test for 
Equality of 
Variances 

t-test for Equality of Means 

95% Confidence 
Interval of the 
Difference 

 

F Si
g. t df 

Sig. 
(2-
taile
d) 

Mean 
Differen
ce 

Std. 
Error 
Differen
ce Lower Upper 

Equal 
variances 
assumed 

6.53
6 

.0
20 

-
12.80
4 

18 .000 
-
20.3290
0 

1.58776 
-
23.6647
6 

-
16.993
2   Conta

ct 
angle 

Equal 
variances 
not 
assumed 

  
-
12.80
4 

13.
64 .000 

-
20.3290
0 

1.58776 
-
23.7428
3 

-
16.915
7 
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Figures 

 
Figure (1): Rotary Instrument for dipping the samples in salivary solution 

 
Figure (2): Young’s equation for contact angle measurement 
 
Pictures:  
 

        
Picture (1): Digimicro microscope               Picture (2): Contact angle measurement 

 
   Picture (3): Control group sample Picture (4): Coated group sample 


