
SUMMARY
Glass ionomer cements have been shown to possess antimicrobial 

activity. Fluoride release from these materials and initial acidity have been 
reported with regard to this. The purpose of this study was to investigate 
antimicrobial effects of various concentrations of fluoride and polyacrylic 
acid mixtures and to evaluate whether or not fluoride is responsible 
for this antibacterial activity. The antimicrobial properties of various 
fluoride and polyacid mixtures were tested against Streptococcus mutans 
and Actinomyces viscosus. The fluoride and polyacid mixtures; 5%, 
10% and 20% polyacrylic acid were mixed with 1.000 ppm, 2.500 ppm, 
5.000 ppm, and 10.000 ppm F. The role of fluoride ions and low pH in the 
antibacterial activity were also studied by using agar diffusion assay method 
measuring inhibition zones of the mixtures. 6 samples were prepared for 
each experimental group. Kruskal-Wallis test (ANOVA) was performed for 
statistical analysis.

The findings showed that there were significant differences between 0 
ppm and 5.000 ppm F; 0 ppm and 10.000 ppm F; 1.000 ppm and 10.000 
ppm F when fluorides were mixed with 5% or 10% or 20% polyacrylic 
acid to determine the inhibition of S. Mutans (p<0.02). For Actinomyces 
viscosus significant differences were found between 0 ppm and 10000 ppmF; 
1000 ppm and 10000 ppm F when fluorides were mixed with 5% or 10% 
or 20% polyacrylic acid  (p<0.004). It is concluded that not only fluoride 
was directly responsible for the antibacterial activity, but the low pH of the 
medium appeared to play even more important role.
Keywords: Polyacrylic Acid; Fluoride; Streptococcus mutans; Actinomyces viscosus

Yasemin Benderli1, Kağan Gökçe2

1Istanbul  University, Faculty of Dentistry 
Department of Operative Dentistry 
2Yeditepe University, Faculty of Dentistry 
Department of Operative Dentistry 
Istanbul, Turkey

ORIGINAL PAPER (OP)
Balk J Stom, 2013; 17:31-36

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

Effects of Various Rates of  
Polyacrylic Acid and Fluoride on  
Streptococcus Mutans and Actinomyces Viscosus

STOMATOLOGIC
A

L 
 S

O
C

IE
T

Y

Introduction

The fluoride releasing property of glass ionomers 
is considerable for decreasing enamel solubility and 
secondary caries related to increased fluoride uptake by 
adjacent enamel1-5. On the other hand, fluoride ions affect 
metabolic activations of some microorganisms that are 
responsible for plaque accumulation and tooth caries in 
the mouth6-11.

Due to the high frequency of recurrent caries after 
restorative treatment12-14, much attention has been 
paid to the therapeutic effects revealed by direct filling 

materials15-17. Brannström18 has found that pulpal damage 
caused by bacteria under the restoration is not related 
with the restorative material itself. This may indicate that 
restorative materials may be used for beneficial purposes, 
such as the prevention of secondary caries and subsequent 
pulpal infection. To serve this purpose, some products 
containing antibacterial agents have been produced by 
manufacturers19,20. Some of these products are glass 
ionomer cements, whereas some others are composite 
resins and bonding resins which have fluoride release 
capacity19,21-23. After determining the antimicrobial 
properties of glass ionomer cements, the number of 
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investigations evaluated ion release from the material24,25, 
and the effects of fluoride ion release increased2-4,16,26-28. 
On the other hand, one adhesive system containing 
the antibacterial monomer MDPB was added to these 
materials. Fluoride and MDPB containing composites 
strongly contributed to elimination of residual bacteria in 
cavities23,29,30.

In attempts to maintain oral hygiene and prevent 
secondary and recurrent caries, it is not only that 
elimination of microorganisms plays a significant role. 
Another major aim is prevention of caries that might 
likely occur adjacent to the restoration28. Thus provision 
of acid resistance and remineralisation of dental tissues 
necessitate a detailed evaluation of the significance of 
fluoride releasing materials31-34.

 Recently, it has been noticed that the 
antimicrobial nature of glass ionomer materials appears 
to be caused not only by fluoride release but also by 
low pH levels on the setting of the material35-38. Results 
have shown that polyalkenoic acids appear to be a key 
factor in the antibiosis7,35. The acidity of glass ionomer 
cements is caused by polyalkenoic acids and other 
acidic components. Polyalkenoic acids are present in all 
formulations of these cements, in either the liquid or the 
powder components. Polyalkenoic acids not only furnish 
a very acidic environment but also initiate the setting 
reaction that releases fluoride from the glass ionomer. 
In addition to this, some researchers have shown that 
release of fluoride was increased by lowering the pH 
of the environment or saliva2,26. Furthermore, it has 
been stated that low pH potentiates the antimicrobial 
effect of fluoride39. The antimicrobial effects of low 
pH and fluoride of glass ionomer cements, and also the 
same effects of MDPB of bonding agents, have been 
investigated by several researchers7,23,35,40-42.

Even though adhesive possess these antibacterial 
properties, there are situations where glass ionomer 
cements are the material of choice owing to their 
beneficial properties, such as chemical adhesion to 
dentinal tissues32. In such cases, a necessity arises to 
increase the antibacterial properties of glass ionomer 
cements43. Therefore, interactions need to be examined 
by altering the polyalkenoic acid and fluoride ratios 
within the structure of the material. The aim of this study 
was, therefore, to investigate the synergistic effects of 
low pH and fluoride ions on the inhibition of microbial 
growth related to the different polyacid and fluoride 
concentrations.

Materials and Methods

Various mixtures of fluoride and polyacrylic acid 
were prepared. These mixtures, which contained different 

NaF ions and polyacrylic acid in different concentrations, 
were used as test materials. So, 1000 ppm, 2.500 ppm, 
5.000 ppm and 10.000 ppm fluoride ions were mixed 
with 5%, 10% and 20% polyacrylic acids to obtain 
different concentrations and various mixtures of these 
materials. All of the above materials were produced by the 
Laboratory of the Government Chemist of UK. Distilled 
water (0 ppm F and 0% polyacid) was used as a control. 
The antibacterial activities of the above materials were 
investigated against Streptococcus mutans Ingbritt NCTC 
10449 and Actinomyces viscosus NCTC 9935.

After producing fluoride and polyacrylic acid 
mixtures, the antibacterial activities of these solutions 
were evaluated using the standard agar diffusion method. 
Agar plates were inoculated with each species of 
microorganism. All plates were divided into 2 groups. 
Group 1 was inoculated with Streptococcus mutans 
Ingbritt and Group 2 with Actinomyces viscosus bacteria. 
Using a sterile inoculating loop, the appropriate culture 
was transferred into a glass tube containing approximately 
10 ml of sterile water. According to 0.5 number 
McFarland turbidity, the concentration of each bacteria 
was 1.5 x 108 cfu/ml. A cotton wool swab was dipped 
into the tube and then streaked across the surface of the 
plate in 2 directions, spreading the bacteria over the agar 
medium. After inoculation of the plates, wells (5 mm 
in diameter) were made in the agar using a sterile cork 
borer. After preparation of the wells (5 x 3 mm), the test 
materials (≅ 59 mm3) were placed into each well in the 
agar plates. The materials were dispensed into the wells 
with a sterile syringe. 6 samples were prepared for each 
experimental group. All of the procedures were performed 
using an aseptic technique. 

After placing the materials into the wells, the plates 
were incubated in a 10% CO2 atmosphere, at 37°C, for 48 
h. After the incubation period, the plates were observed 
for zones of bacterial inhibition surrounding each well. 
The criteria for establishing the susceptibility of the 
microorganisms and antibacterial power of the materials 
were based on the size of the inhibition zone surrounding 
the material. The sizes of the zones were measured after 
48 hours with a dial calliper. The zones that contained 
inhibition zones surrounding the material and wells in 
the centre of the zones were measured between the edge 
of the inhibition zone and the opposite edge of the same 
inhibition zone. To compensate for any irregularity in 
the shape of the zone, the width was measured twice, the 
second measurement being taken at right angles to the 
first.

The antibacterial effects of different concentrations 
of fluoride and polyacrylic acid on S. mutans and A. 
viscosus were evaluated and compared one another. All 
of the results were analyzed by the 2-way ANOVA and 
“a linear regression analysis of diameter” tests, with the 
value of statistical significance being set at p<0.05.  
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Results

The findings of S. mutans showed that there were 
significant differences between 5.000 ppm and other 
concentrations of fluoride (0, 1.000, 2.500); 10.000 
ppm and other concentrations of Fluoride (0, 1.000, 
2.500), when fluorides were used separately (unless 

addition of polyacrylic acid) but in addition to this, 
it was found that there were significant differences 
(p<0.001) for all multiple comparisons when different 
concentrations (5%, 10%, 20%) of polyacrylic acid 
were mixed with 0, 1.000, 2.500, 5.000 and 10.000 ppm 
fluoride to determine the inhibition of Streptococcus 
mutans (Tab. 1; Fig. 1).

Table 1. The arithmetic means, standard deviations and statistical analyzes of inhibition zones (diameter, cm) of  
Streptococcus mutans by different concentrated polyacrylic acid and fluoride (ppm) mixtures

     
Fluoride Conc.
Polyac. Conc.  

0 ppm F 1000ppm F 2500 ppm F 5000 ppm F 10000 ppm F  X,         p

0% 0 0 0 1.00 ± 0.02 1.16 ± 0.02  5.33;   0.02

5% 1.04 ± 1.29 1.10 ± 0.01 1.27 ± 0.02 1.33 ± 1.01 1.59 ± 0.02 18.31;  0.001

10% 1.25 ± 0.03 1.34 ± 0.02 1.47 ± 0.02 1.61 ± 0.03 1.97 ± 0.05 18,29;  0.001

20% 1.67 ± 0.01 1.76 ± 0.02 1.83 ± 0.01 1.99 ± 0.01 2.14 ± 1.02 18.33;  0.001

X,    p 9.88;    0.07 9.88;  0.007 9.88;  0.007 14.14;  0.003 14.14;  0.003

Table 2: The arithmetic means, standard deviations and statistical analyzes of inhibition zones (diameter, cm) of Actinomyces 
viscosus by different concentrated polyacrylic acid and fluoride (ppm) mixtures.

     
Fluoride Conc.
Polya. Conc.  

0 ppm F 1000ppm F 2500 ppm F 5000 ppm F 10000 ppm F  X,        p

0% 0 0 0 0 0          0

5% 1.15 ± 0.02 1.15 ± 0.02 1.16 ± 0.01 1.21 ± 0.01 1.36 ± 0.01 15.38;  0.004

10% 1.33 ± 0.01 1.34 ± 0.01 1.36 ± 0.01 1.50 ± 0.01 1.61 ± 0.01 17.36;  0.002

20% 1.74 ± 0.01 1.73 ± 0.01 1.76 ± 0.01 1.91 ± 0.02 2.03 ± 0.02 16.05;  0.003

X,    p 9.84;    0.007 9.91;   0.007 9.88;   0.007 9.95;   0.007 9.91;   0.007

Polyacrylic acid concentration

Figure 1: The schematic view of the arithmetic means of inhibition 
zones (diameter, cm) of Streptococcus mutans by different concentrated 

polyacrylic acid and fluoride (ppm) mixtures

Figure 2 : The schematic view of the arithmetic means of inhibition 
zones (diameter, cm) of Actinomyces viscosus by different concentrated 

polyacrylic acid and fluoride (ppm) mixtures
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For Actinomyces viscosus, significant differences 
were found between 5.000 ppm and other concentrations 
of fluoride (0, 1000, 2500); 10.000 ppm and other 
concentrations of fluoride (0, 1.000, 2.500), when 
fluorides were mixed with 5%, 10%, 20% polyacrylic acid 
(Tab. 2; Fig. 2).

The results showed that Actinomyces viscosus was 
more acid sensitive than Streptococcus mutans, and S 
mutans was more fluoride sensitive than A. viscosus.

Discussion

In the present study, determination of antibacterial 
properties depended upon good contact between the 
material and the adjacent agar gel, as well as the ability 
of the antibacterial agent to diffuse readily through the 
agar gel. Both factors would greatly influence the amount 
of antibacterial effect observed44,45. As a result, materials 
were prepared and put into the wells immediately after 
very careful mixing.

The present study aimed to correlate fluoride or 
polyacrylic acid contents with antibacterial activity. 
Concentrations of polyacrylic acid and fluoride ions 
were determined according to biocompatibilities of the 
ratios. Therefore, it seemed more appropriate to use the 
agar diffusion method employed by previous studies, 
which reported a correlation between fluoride release 
and antibacterial activity35,36,39,46. Furthermore, agar 
diffusion assay method served as a screening method 
for comparison of dental materials because it is quick, 
inexpensive and, to some extent, reproducible.

In this study, results of the inhibition zone showed 
that A. viscosus was more acid sensitive than S. mutans, 
and S. mutans was more fluoride sensitive than A. 
viscosus. On the other hand, according to these results, it 
was determined that the increase of fluoride concentration 
was influential on the increase of antimicrobial property 
of polyacid solution for  A. viscosus. In addition to this, 
the increase of polyacid concentration also affected the 
antimicrobial property of fluoride for S. mutans.                                                                                                                  

Scherer et al36 noticed that the glass ionomer cement 
restorative materials exhibited large zones of inhibition 
as a group of Actinomyces viscosus, compared to glass 
ionomer liner/base materials. It may be thought that the 
glass ionomer cement restorative materials contain more 
acid in their structure than liner/base materials.

Recently, after cavity preparation, some solutions 
or materials were applied into the cavity for cavity 
disinfection. With glass ionomer cements as a lining or 
restorative material, the application of cavity disinfection 
solution need not be necessary and, if added polyacrylic 
acid and fluoride concentrations into the material 
were proper, their synergistic effects can be benefit for 

inhibition of microorganisms that are important for tooth 
caries and residual caries.

Some researchers compared the antimicrobial 
activities of freshly mixed glass ionomers with pre-set 
materials. They noticed that all freshly mixed materials 
showed some degree of antibacterial activity, though 
the effects varied between microorganisms7,47. Thus, it 
was reported that low pH of the cement before setting is 
an important factor of the antibacterial property of glass 
ionomer cement. In addition, the fluoride content of 
glass ionomer cements is responsible for antimicrobial 
properties of these cements according to earlier studies 
because of the fluoride release from glass ionomer 
cements6,48,49. All of these results support the findings of 
this study. We found that either fluoride or polyacrylic 
acid were effective for inhibition of S. mutans and A. 
viscosus, but the degree of antibacterial activity varied 
between microorganisms because it was determined that 
polyacid and fluoride mixtures in various concentrations 
affected S. mutans and A. viscosus differently.

If long term results are considered, the pH of glass 
ionomer cements tends to increase, while the fluoride 
release decreases40,50. On the other hand, according to 
earlier studies, large amounts of fluoride released during 
the early life of the cement and the initial pH were found 
to be very low. So, the synergistic effects of polyacrylic 
acid and fluoride can be adequate for the inhibition 
of some microorganisms at the early stages of setting 
reactions when the cements are put into a prepared 
cavity. It can be concluded that the synergistic effects of 
polyacrylic acid and fluoride contained in glass ionomers 
can be effective on oral microorganisms in the early 
stages of the setting reactions of glass ionomer cements 
but, after setting, fluoride release from the materials and 
the antibacterial activity of fluoride against cariogenic 
microorganisms continues in relation to the fluoride 
uptake property of glass ionomer cements27,51.

When resin-modified glass ionomers were 
considered, these cements have low water content. 
Part of the water in these cements has been replaced by 
HEMA (hydroxy-ethyl methacrylate). Although their 
setting reaction is a dual one, consisting of a photo-
induced polymerization process and the conventional 
glass ionomer cement acid-base setting reaction, this lack 
of water in the system reduces the rate of the acid-base 
setting reaction. On the other hand, previous studies have 
shown that the high antibacterial activity was exhibited 
by resin-modified glass ionomer materials6,46,52.  So, this 
may be caused by the presence of free monomers in the 
freshly-mixed materials, and toxic effects of HEMA53.  
In addition to this, due to slow rate of the acid-base 
setting reaction of resin-modified glass ionomers, free 
polyacrylic acid can be available for release over a longer 
period of time than in the case of conventional glass 
ionomer cements6,53 , which may be effective on the high 
antibacterial activity.
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In this study, it was found that 0 ppm, 1.000 ppm and 
2.500 ppm fluoride produced very similar inhibition zones 
for A. viscosus when they were mixed with 5% or 10% or 
20% polyacids. 5.000 ppm fluoride solutions produced 
larger zones than 0 ppm, 1.000 ppm and 2.500 ppm 
fluoride solutions with all polyacid concentrations. The 
largest inhibition zones were obtained with 10.000 ppm 
fluoride solution with all polyacid concentrations for A. 
viscosus. After comparing 5%, 10%, and 20% polyacrylic 
acid concentrations in relation to the production of 
inhibition zones and the antibacterial effect on A. viscosus, 
results showed that the diameters of the inhibition zones 
increased in relation to the increasing percentage of 
polyacid. But, an inhibition zone could not be created with 
0% polyacrylic acid solution in all fluoride concentrations 
for A. viscosus.

On the other hand, the mixture of 0% polyacrylic 
acid and some fluoride concentrations created inhibition 
zones for S. mutans. Although no inhibition zone was 
observed with 0 ppm, 1.000 ppm and 2.500 ppm fluoride 
and 0% polyacid mixtures; 5.000 ppm and 10.000 ppm 
fluoride and the same percentage (0%) polyacid mixtures 
created inhibition zones. The inhibition zone of 10.000 
ppm fluoride solution was found to be larger than for 
5.000 ppm fluoride solutions. For S. mutans, more regular 
results were determined in relation to increasing polyacid 
and fluoride concentrations. After comparing inhibition 
zone sizes that were produced by increased fluoride 
concentrations, it was seen that inhibition zones grew in 
relation to the increase of fluoride concentrations in each 
polyacid concentrations  (5%, 10%, 20%).
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