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CLINICAL STUDY

Antibacterial effects of conventional glass ionomer cement
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ABSTRACT
OBJECTIVES: The antibacterial activity of conventional glass ionomer cement against three different microor-
ganism strains alone and following incorporation of 1, 2 and 3 % Benzalkonium Chloride and Cetylpyridinium 
Chloride was evaluated. 
METHODS: Agar diffusion method was used to determine the inhibitory effect of the conventional glass ionomer 
cement ChemFlex on Streptococcus mutans, Lactobacillus casei and Actinomyces viscosus. Bacterial strains 
were inoculated into BHIB, and incubated in an anaerobic atmosphere (37 °C). From the bacteria grown in the 
liquid medium, the density of the inoculum was set to be equivalent to McFarland 2 standard. In Shaedler agar, 
350 μL of the bacterial suspension were equally spread. Specimens (4 mm × 6 mm) were prepared from the 
cement without and with addition of 1, 2 and 3 % Benzalkonium Chloride and Cetylpyridinium Chloride. The 
inhibition zones were determined after 48 hours, after 2, 7 and 21 days of incubation. 
RESULTS: The combination ChemFlex + Benzalkonium Chloride has the best effect on the three analysed bacteria. 
The Benzalkonium Chloride antibacterial compound has a stronger antibacterial effect than Cetylpyridinium Chloride. 
CONCLUSIONS: Glass ionomer cements can potentially be used as a medium for slow release of active anti-
microbial components, and they have the potential to improve clinical outcomes of the cements (Tab. 3, Fig. 3,
Ref. 31). Text in PDF www.elis.sk.
KEY WORDS: antimicrobial agents, benzalkonium chloride, cetylpyridinium chloride, glass ionomer cement, 
cariogenic microorganisms.
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Introduction

The common point in all contemporary theories regarding caries 
development is that dental caries is an infectious disease, resulting 
in destruction of the tooth structure, caused by microorganisms, 
Streptococcus mutans above all (1, 2). The most common isolated 
microorganisms in the mouth of a newborn are Streptococcus sali-
varius, Staphylococcus epidermidis, Neisseria species and Veil-
lonella species. After the teeth eruption and the development of 
gingival margins, where the concentration of oxygen is less than 

0.5 %, anaerobic fl ora appears, consisting of Bacteroides melanino-
genicus, Treponema, Fusobacterium, Clostridium and Peptostrep-
tococcus. Between 10–15 % of the population may contain yeasts, 
especially Candida and Geotrichum (3–5). However, the fi rst spe-
cies to colonise the enamel surface are the microorganisms from the 
Streptococcus viridans group, followed by Gram-positive anaerobic 
and microaerophylic bacilli, mostly from the Actinomycetes, Lac-
tobacillus, and Bifi dobacterium species. The majority of studies 
over the last few decades still emphasized Streptococcus mutans 
as a main pathogenic microorganism for dental caries occurrence 
(6–8). Lactobacilli constitute another group of important cariogenic 
microorganisms. Two species of lactobacilli, namely Lactobacillus 
casei and Lactobacillus rhamnosus, are regularly isolated from the 
oral cavity. Lactobacillus acidophilus is the most important species 
of this genus, and is commonly isolated from deep carious lesions 
(1, 4). A number of Actinomyces species have been isolated from 
the oral cavity. A relationship of Actinomyces odontolyticus with 
the very early stages of enamel caries has been reported. However, 
the most important human pathogen is Actinomyces israelii (4, 9).

Glass-ionomer cements (GIC) are considered anti-cariogenic, 
bearing in mind the fact that fl uoride has antimicrobial properties 
(2). In order to improve the antimicrobial characteristics of both 
conventional and resin-modifi ed glass ionomer cements (RMGIC), 
antimicrobial compounds have been added. In a number of studies 
the most frequently analyzed antimicrobial agent is chlorhexidine 
(14–18), although there are few data about incorporation of other 
antimicrobials.
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 Cetylpirydinium Chloride (C21H38NCl) (CPC), as an active 
component of oral antiseptics has a broad antimicrobial spectrum, 
with strong bactericidal effect on Gram-positive pathogens and a 
fungicidal effect on fungi. Its effectiveness against Gram-negative 
pathogens and mycobacteria is questionable (10). In comparison 
to chlorhexidine, CPC has less residual effects, but as a result its 
effect against plaque and gingivitis is weaker. The combination of 
CPC with chlorhexidine and zinc lactate brings the highest reduc-
tion of both anaerobic and aerobic microorganisms, thus prevent-
ing the occurrence of bad breath (11). The effectiveness of CPC 
against oropharingeal candidiase has also been confi rmed (12). 

Benzalkonium Chloride (alkyldimethylbenzylammonium chlo-
ride) (BC) is a strong biological agent with a moderate long effect. 
This compound is active against bacteria, some viruses, fungi and 
protozoa. Bacterial spores are considered to be resistant. Solutions are 
bacteriostatic and bactericidal depending on their concentration (4). 
Gram-positive bacteria are more sensitive than Gram-negative (13).

The improvement of the characteristics of the GICs resulting 
from the addition of antimicrobial agents, would solve the prob-
lems with the incomplete removal of the infective dentin, which 
would bring about future benefi t for a better success of the atrau-
matic restorative treatment (ART) approach (19–28).

The present study has been undertaken to determine and com-
pare the inhibition zones of conventional glass-ionomer cement 
following addition of CPC and BC on the cariogenic microorgan-
isms (Streptococcus mutans, Lactobacillus casei and Actinomyces 
viscosus). The null hypothesis tested was that the incorporation 
of BC and CPC did not affect the antibacterial properties of the 
tested glass ionomer cement.

Material and methods

In this study, the following materials were used: (1) commer-
cially available conventional glass-ionomer cement ChemFlex; 
(2) antimicrobial compounds: CPC produced by Sigma – Aldrich 
Co. under the trade-mark Cetylpyridinium Chloride C0732., and 
BC produced by Fluka Chemical Corporation Milwaukee, WI, 
USA, under the trade-mark Benzalkonium Chloride 12660.; (3) 
test strains of the following microrganisms: Streptococcus mutans 
– ATCC 25175, Lactobacillus casei – ATCC4646 and Actinomy-
ces viscosus – ATCC19246 in lyophilized form, manufactured 
by American Type Culture Collection, Manassas, VA, USA; (4) 
bacterial growth media (a) BHIB – Brain Heart Infusion Broth, 
Oxoid, Wesel, Germany, ready to use media in 10 ml test tubes; 
(b) Schaedler agar with addition of sheep blood – Oxoid, Wesel, 
Germany, ready to use growth media in Petri dishes with a diam-
eter of 90 mm; (5) anaerobic pots, with an atmosphere of 10% of 
carbon dioxide and 90% of nitrogen, employing an anaerobic sys-
tem – Microbiology Anaerocult A, MERCK, Darmstadt, Germany.

Preparation of the samples and incorporation of antimicrobial 
components

Samples without incorporation of antimicrobials were prepared 
by mixing a certain amount of powder and liquid on mixing glass 
plates (according to the manufacturers’ instructions). The freshly 

mixed paste was then put into metal moulds of dimensions: 6 mm 
(height) x 4 mm (diameter) (Fig. 1). The moulds were closed by 
metal plates on both sides, placed in special clamps, and incubat-
ed at 37 °C for one hour (maturation time). Once removed from 
the incubator, the specimens were taken out from the clamps and 
moulds, and stored individually in separate marked plastic tubes 
with 5 ml of deionised water at a temperature of 22–24 °C and at 
an air humidity of 40–50 %.

The antimicrobial compounds CPC and BC were fi rst incorpo-
rated into the glass ionomer cement’s polyacrylic acid by mixing, 
and then the powder has been added gradually, to the previously 
prepared acid and antimicrobial compound mixture, until complete 
saturation. The antimicrobial agents have been added in strict por-
tions of 1, 2 and 3 % of the weight of the cement. The concentration 
(weight) of BC and CPC was measured with analytical balance 
(Mettler AE 200). Preceding analyses have determined the concen-
trations of 1, 2 and 3 % of antimicrobial agents to be equivalent to 
0.0022 g, 0.0044 g and 0.0066 g, of the whole cement mass. A total 
of 144 specimens were prepared, divided in two groups of 54 speci-
mens each (six specimens of GIC ChemFlex incorporated with three 
different concentrations of antimicrobial agents – CPC and BC), 
and control group of 36 specimens without antimicrobial agents. 

Microbiological analysis
The bacterial strains were inoculated into BHIB, and incubated 

in an anaerobic atmosphere at 37 °C for 48 h. From the bacteria 
grown in the liquid medium, the density of the inoculum was set 
to be equivalent to the McFarland 2 standard. Then, in previously 
marked Shaedler agar, 350 μL of the bacterial suspension were 
equally spread using smear.

After inoculation, and additional period of 15 minutes neces-
sary for the agar plate to absorb the bacterial suspension, sterile 
plastic tubes were used to make wells, 4 mm deep and 3.5 mm wide, 
into the agar plate. A total of 7 wells were prepared on each dish, 
6 along the perimeter and one in the centre. The distance between 
the wells was 30 mm, and the distance between the wells and the 
dish wall was 15 mm. On each dish, three specimens having 1, 2 
and 3 % of CPC, respectively, and another three samples having 
the corresponding percentages of BC were applied, along with one 
control sample (the glass-ionomer cement without antimicrobial 
compound). In this way, under equal conditions, different concen-

Fig. 1. Metal moulds. Special metal moulds for specimen preparation.
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trations of each agent were mutually compared and the differences 
in the effects of the same concentrations of two different agents 
were compared as well. The specimens were carefully placed in 
the wells by sterile tweezers, so that they would have close contact 
with the agar, but would not tear it. The Petri dishes were left for 30 
minutes at room temperature, and incubated anaerobically at 37 °C 
for 48 hours. The fi rst reading of the inhibitory effect (after the in-
cubation period of 48 hours), was denoted as the effect at zero time.

The analysis of the delayed effect of antimicrobial agents were 
conducted after two, seven and 21 days. After each measurement 
the Petri dishes were transferred into thermostat on 37 °C, and 
left until next measurements. 48 hours before every next mea-
surements, the same specimens were continually transferred from 
thermostat onto fresh spread growth media and incubated in the 
same conditions (anaerobically at 37 °C for 48 hours), until two, 

seven and 21 days, and the inhibition zones in this time intervals 
were read and marked (Figs 2 and 3).

By implementing this manner of continual preservation of 
the specimens, a simulation of the conditions in which the anti-
microbial agents would have acted in vivo, i.e. in the human body 
(treated tooth) was provided.

The inhibition zone was determined by measuring its diam-
eter, in millimeters. The size of the inhibition zone included the 
diameter of the specimen (4 mm). The measurements for each 
specimen were done in two perpendicular directions, and in cases 
when the width of the inhibition zone laid between two integers, 
it was measured to the nearest decimal point.

Statistical analysis was performed by One-way ANOVA fol-
lowed by Post hoc-Tukey honest signifi cant difference (HSD) 
test. The “Statistica” programme was used for data processing.

Results

The antimicrobial compound BC with the three analysed con-
centrations, incorporated in the ChemFlex glass-ionomer cement, 
establishes inhibition zones of different size against all tested 
bacteria (Tab. 1). On average, the inhibition zones are largest for 
the 3 % of the antimicrobial compound at the fi rst analysed (zero) 
time. Generally, there was a gradual decline in the inhibitory lev-
els over time. Differences were statistically signifi cant between 
the average values of the inhibition zones during the investigation 

Figures 2 and 3. Zone of inhibition. Petri dishes with zone of inhibi-
tion formed around the specimens.

Bacteria Time 0%  (Control)
average (mm) ± (SD)

1%
average (mm) ± (SD)

2%
average (mm) ± (SD)

3%
average (mm) ± (SD)

Streptococcus mutans 0 h 4.58 (0.49) 11 (0.9) 13.33 (0.82) 14.92 (0.81)
48 h 4.33 (0.41) 8 (0.0) 9.33 (0.52) 11.5 (1.22)
7 d 4.58 (0.38) 5.17 (0.41) 6 (1.1) 7.17 (1.17)
21 d 4.42 (0.49) 4.67 (0.82) 5.33 (1.63) 6.33 (2.66)

Lactobacillus casei 0 h 5.00 (1.09) 7.8 (0.66) 9.58 (1.28) 11.83 (1.33)
48 h 4.58 (0.49) 5.92 (0.49) 7.25 (0.61) 8.83 (0.98)
7 d 4.58 (0.80) 5.08 (0.92) 6.5 (0.84) 7.67 (0.82)
21 d 4.83 (0.93) 4.5 (0.55) 6 (0.63) 7.5 (0.55)

Actinomyces viscosus 0 h 4.17 (0.26) 7.83 (1.17) 10.67 (1.21) 11.83 (1.33)
48 h 4.75 (0.76) 6.58 (1.28) 8.75 (2.36) 10.67 (3.83)
7 d 4.83 (0.75) 5.33 (0.82) 6.83 (1.17) 8.5 (2.07)
21 d 4.00 (0.00) 5.83 (2.04) 7.33 (2.66) 9.33 (3.01)

Tab. 1. Average inhibition zones of ChemFlex with Benzalkonium Chloride.

Bacteria Time 0%  (Control)
average (mm) ± (SD)

1%
average (mm) ± (SD)

2%
average (mm) ± (SD)

3%
average (mm) ± (SD)

Streptococcus mutans 0 h 4.58 (0.49) 6.08 (0.92) 7.58 (1.02) 8.5 (0.77)
48 h 4.67 (0.82) 4.92 (0.80) 6.5 (0.89) 7.42 (0.80)
7 d 4.50 (0.45) 4 (0.0) 5 (0.89) 7.17 (1.60)
21 d 4.50 (0.45) 4 (0.0) 4.67 (0.82) 6.5 (0.84)

Lactobacillus casei 0 h 5 (1.09) 4.25 (2.21) 5.92 (0.80) 6.67 (0.26)
48 h 4.42 (0.49) 4.08 (0.20) 4.5 (0.63) 6 (0.0)
7 d 5 (0.55) 4 (0.0) 4 (0.0) 5.83 (0.75)
21 d 5 (0.89) 4 (0.0) 4 (0.0) 5.33 (0.52)

Actinomyces viscosus 0 h 4.17 (0.26) 6,42 (1,20) 8,08 (1,36) 9,0 (1,30)
48 h 4.5 (0.45) 6,75 (1,33) 8,58 (2,25) 10,25 (3,37)
7 d 5.17 (0.68) 5,08 (0,80) 6,08 (0,80) 7,33 (1,03)
21 d 4.5 (0.84) 4,33 (0,8) 5,17 (0,98) 6,16 (0,98)

Tab. 2. Average inhibition zones of ChemFlex with Cetylpyridinium Chloride.
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and between the percentual values, except at day 21 for Strepto-
coccus mutans (Tab. 3).

After incorporation of CPC in the ChemFlex GIC, there is 
also establishment of inhibition zones with different values. In 
this case the largest inhibition zones are noted for the 3 % of the 
compound, with a drop in the average inhibition zones with time. 
The largest zone of inhibition was observed after 48 hours against 
the Actinomyces viscosus, which is at the same time the largest 
zone obtained (Tab. 2). According to the statistical analysis, there 
are statistically signifi cant differences between the average values 
of the inhibition zones during all investigated periods (Tab. 3).

The glass-ionomer cement without antimicrobial compound 
shows certain small inhibition zones, which vary from 4.17 mm 
to 6 mm (Tabs 1 and 2). 

Discussion

The comparative analysis of the results provides us with an 
answer to the question which concentration of antimicrobial com-
pound incorporated in the glass-ionomer cement has a better effect 
on the analysed microorganisms. With respect to the effect of the 
compounds incorporated with 1 %, 2 % and 3 % on the Strepto-
coccus mutans, BC gives the largest average inhibition zones. 
Considering Lactobacillus casei, the largest inhibition zones both 
for 1 % and 2 % of the antimicrobial compounds are obtained by 
the combination of ChemFlex with BC, and the smallest inhibi-
tion zones, i.e. the weakest effect against the analysed bacteria is 
exhibited by the combination of the ChemFlex with the addition 
of CPC. The data from the analysis of the effect of the antimicro-
bial glass-ionomer cements against Actinomyces viscosus bacteria 
correspond to those against Streptococcus mutans.

The largest number of studies analyse the antimicrobial effect 
of the chlorhexidine compound in the form of diacetate, gluco-
nate, digluconat, hydrochloride or dihydrochloride, incorporated 
in conventional and modifi ed glass-ionomer cements, most often 
in the powder of the glass-ionomer cements (14, 16, 17, 18, 29, 
31). The antimicrobial effect against the cariogenic microorgan-
isms Streptococcus mutans, Lactobacillus casei and Actinomyces 
viscosus is most often analysed (16, 18, 29, 31). The most often 

exploited microbiological method is the agar-diffusion test (14, 16, 
18, 29–31), and the inhibition zones are determined in millimetres, 
except for the study by Botelho (29), where the results express the 
cumulative effect of the compounds, given in areas of inhibition 
(mm2). The shape and the way of placement of the cements on the 
Petri dishes is an issue. Globally, there are two ways of placement 
– preparation of wells of certain dimensions in the agar and place-
ment of the freshly mixed cement (the so called unset cement), 
preparation of samples of the cement, its setting and maturation in 
laboratory conditions, and placement of the samples in the previ-
ously prepared wells in the agar (set cement), as was done in this 
study. The opinion as to which way of analysis of the antimicrobial 
properties is better, differ. Of course, the opinion that the unset 
cements produce higher inhibition zones has been confi rmed (16, 
30), which is logical because of the still high mobility of the mol-
ecules of the compounds in the liquid consistency. In any case, if 
the antimicrobial effect of unset materials is to be determined, an 
analysis should also be carried out with samples prepared from 
the same materials under the same working conditions. Regarding 
the inhibition zones, the majority of studies speak about the form-
ing of higher zones with an increase of the concentration, but of 
a decline of the zones with time (16, 29–31). However, there are 
also some opposite opinions, i.e. that the inhibition zones are not 
dependant on the concentrations or the kind of the incorporated 
compound (18). The time of incubation of the Petri dishes var-
ies, too. In some studies it is 24 hours (16), and in most of them 
it is 48 hours (18, 29–31), which is in principle a better solution 
for the higher growth of the inoculated bacteria. The sizes of the 
samples of the set cement vary with most authors, which has to 
have an infl uence on the size of the inhibition zones. In his study 
Botelho (29), among other issues, analysed also the effects of the 
antimicrobial compounds CPC and BC incorporated in the Fuji IX 
GIC against the same microorganisms which were investigated in 
this study. In the current study, generally BC has given the largest 
inhibition zones, even compared to chlorhexidine (which is in 
accordance with our results). CPC produces smaller zones for all 
combinations and against all bacteria. Takahashi (18) performed 
analyses of Fuji IX GIC to which different concentrations and 
combinations of CHX have been added, against the Streptococ-
cus mutans, Lactobacillus casei and Actinomyces viscosus. For all 
combinations, the inhibition zones against Streptococcus mutans 
and Lactobacillus casei do not show any statistically signifi cant 
differences. According to the majority of reference data (18, 29–
31), the restorative materials, and fi rst of all the glass-ionomer 
cements in which no antimicrobial compounds or elements have 
been incorporated, do not form any inhibition zones. In his study 
Vermeersch (31) analyses the antimicrobial effect of a number of 
restorative materials without any addition of antimicrobial com-
pounds: the conventional GIC – Ketac Fil Plus, the resin-modi-
fi ed GIC – Fuji II Liner, the resin-modifi ed liner Vitrebond, the 
compomer Dyract and the antibiotic ampiciline as a control. The 
results of the study showed that when we exclude the antibiotic, 
the largest inhibition zones occurred for the resin-modifi ed GIC 
– Fuji II Liner, the resin-modifi ed liner Vitrebond, but also that 
most materials did not form any inhibition zones.

P-value time ChemFlex with 
Benzalkonium 

Chloride

ChemFlex with 
Cetylpyridinium 

chloride
Streptococcus mutans 0 h 0.000000 0.000000

48 h 0.000000 0.000024
7 d 0.000234 0.000059
21 d 0.208924* 0.000006

Lactobacillus casei 0 h 0.000000 0.023282
48 h 0.000000 0.000000
7 d 0.000013 0.000002
21 d 0.000001 0.000216

Actinomyces viscosus 0 h 0.000000 0.000002
48 h 0.002001 0.001096
7 d 0.000418 0.000455
21 d 0.004191 0.009255

Tab. 3. Statistical signifi cance  (p>0.05) obtained by One-way ANOVA 
followed by the Post-hoc-Tukey honest signifi cant difference  (HSD) test.
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Conclusions

Following the increase in the concentration of the antimicrobial 
compounds, the average inhibition zones against the three analysed 
microorganisms also increased. The glass-ionomer cement without 
incorporation of antimicrobial compounds either forms very small 
or non-existent inhibition zones. 

Based on the effect of the antimicrobial compounds against 
the investigated bacteria we can conclude that the combination 
ChemFlex with Benzalkonium Chloride has the best effect on 
Streptococcus mutans and Actinomyces viscosus as well as on the 
Lactobacillus casei. The weakest effect against this bacterium is 
the effect of the combination ChemFlex with CPC. The Benzalko-
nium Chloride antibacterial compound has a stronger antibacterial 
effect than Cetylpyridinium Chloride. 
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