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The objective of this study was to determining the level of released chloride ions from conventional glass-ionomer cements
incorporated with two different types of antimicrobial agents – cetylpyridinium chloride and benzalkonium chloride, as well
as to see the influence of incorporated antimicrobial agents on the process of chloride ions releasing. Two conventional
glass-ionomer cements ChemFlex and Fuji IX were incorporated with a different percentage of the antimicrobial agents.
The specimens were prepared according to the British Standards Institution Specifications for Dental Glass Ionomer
Cements. 84 samples in total (4 × 6 mm) were prepared – by six specimens of the conventional glass-ionomer cements
Fuji IX and ChemFlex with various concentrations of antimicrobial agents added – 1 %, 2 % and 3 %, i.e. six samples for
each antimicrobial agent and each concentration level, as well as, by other six samples of the same cements without any
antimicrobial agents, to be used as a control group. The measurements were performed at 14 successive time intervals
started in zero time and finished after seven days. The results obtained speak of a continual release of chloride ions from both
analysed glass-ionomer cements with the addition of antimicrobial compounds, as well as with no antimicrobial compound
incorporated.

INTRODUCTION
According to contemporary dental science, dental
decay is a localised destruction of dental tissues caused
by micro-organisms, mostly by mutans streptococci,
resulting in dental structure destruction. Because of the
relatively frequent occurrence of recurrent caries after
a restorative treatment, and because of the huge number
of cariogenic micro-organisms present in the oral cavity, which present a potential risk-factor regarding
the development of new carious lesions, attention has
increasingly been directed toward therapeutic antimicrobial effects of restorative materials.
The glass-ionomer cements distinguish themselves
as most acceptable restorative materials possessing the
positive characteristics of fluorine in the processes of
re-mineralisation and antimicrobial action. According
by Mazzaoui [1] two main reasons that have made
GICs very popular are their permanent ionic bond to
tooth structure, and their capacity to release fluoride,
making them useful materials to replace dentin when
used as bases in deep cavities. They are used most often
for restorations of non-retentive and cervical cavities,
and of cavities in milk teeth. The use in these cases is
determined by their characteristic to release fluorine
[2-6] and to participate in the mechanism of inhibition
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of development of secondary caries. [7-10]. At the
same time they also act on the surrounding bacteria by
reducing the cariogenic microorganisms [11-14]. The
fact that glass-ionomer cements, as well as the resin
modified glass-ionomer cements, possess the capacity
for slow and sustainable release of fluoride ions during
a long period, was confirmed in a vast number of studies
[15-22].
In addition to the release of fluoride ions, GICs can
potentially be used as templates for the release of other
active antimicrobial components.
The most used antimicrobial agent to be incorporated in glass-ionomer cements in different concentrations
and different percental ratios is Chlorhexidine. With
reference to both its positive effects as an independent
remedy, and its use as an additive in mouth rinses, there
is a considerable number of studies that confirm the
positive effect of the incorporation of Chlorhexidine
in glass-ionomer cements, first of all its effect in the
reduction of cariogenic salivary flora along with lesser
or stronger impacts on the biochemical and physical
properties of such cements [23-28].
Unfortunately, there is a very low number of data
in the literature referring to the incorporation of other
antimicrobial components in GICs. Although a part of
them have a confirmed effect in the reduction of cariogenic
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salivary flora when used in rinses or toothpastes [29-37],
the results regarding their incorporation in glass-ionomer
cements are still scarce. Most often, they were added to
the cements together with chlorhexidine to make a comparison of their effects in relation to chlorhexidine [38].
One of the most used antimicrobial agents are quaternary ammonium compounds, antiseptics belonging to
the cationic antimicrobial agents.
The goal of this study was to determining the
level of released chloride (Cl-) ions from conventional
glass-ionomer cements incorporated with two different
types of antimicrobial agents – cetylpyridinium chloride
(CPC) and benzalkonium chloride (BZK), in a medium
consisting of deionised water over different time periods,
as well as to see the influence of incorporated antimicrobial
agents on the process of chloride ions releasing. The
motivation to carry out these analyses was the fact that
the main ingredient of the antimicrobial compounds is
chlorine, which has a confirmed antimicrobial effect, and
that its possible release would indicate an antimicrobial
effect of the GICs.
EXPERIMENTAL
Methodology
Studies were carried out using the commercial
restorative grade glass-ionomer cements ChemFlex
(ex Dentsply, Germany) and Fuji IX (ex GC, Japan).
Antimicrobial compounds used were cetyl pyridinium
chloride (CPC) – Sigma-Aldrich, Dorset, UK and benzalkonium chloride (BZK) – ex Fluka, Germany.

while care has been taken to mix them together until
complete saturation. The antimicrobial agent has been
added in strict portions of 1, 2 and 3 % of the weight
of the cement. The determination of the concentration
(weight) of BZK and CPC was done by measuring the
given percentage of the antimicrobial agent with an analytical scale (Mettler AE 200). Preceding analyses had
determined the concentrations of 1, 2 and 3 % of antimicrobial agents to be equivalent to 0.0022 g, 0.0044 g
and 0.0066 g of GIC ChemFlex, respectively, as well as
0.0032 g 0.0064 g and 0.0128 g of GIC Fuji IX. Then
the specimens were placed in an incubator at 37 °C
for one hour (maturation time). After removal 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 deionized water at
a temperature of 22-24 °C and at an air humidity of
40-50 %.
84 samples in total were prepared – by six specimens of the conventional glass-ionomer cements Fuji
IX and ChemFlex with various concentrations of antimicrobial agents (CPC or BZK) added – 1 %, 2 % and
3 %, i.e. six samples for each antimicrobial agent and
each concentration level, as well as, by other six samples
of the same cements without any antimicrobial agents, to
be used as a control group.

Preparation of the samples and incorporation
of antimicrobial components
The specimens were prepared according to British
Standards Institution Specifications for Dental Glass
Ionomer Cements 1989. Samples with no antimicrobial
agent incorporated (control group), were prepared by
mixing a certain amount of powder and liquid on mixing
glass plates by means of a metal spatula (according to
the manufacturers’ instructions). The freshly mixed
paste was then put into 6 mm high metal moulds having
4 mm in diameter. (Figure 1) The moulds were closed
by metal plates on both sides and were then placed in
special G-clamps. Then the specimens were placed in an
incubator 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 deionized
water.
The antimicrobial compounds BZK and CPC were
first incorporated into the glass ionomer cement’s polyacrylic acid by mixing, and then the powder has been
added gradually, quantity by quantity, to the previously
prepared acid and antimicrobial compound mixture,
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a)

b)
Figure 1. Metal moulds for specimen preparation.
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The levels of released chloride ions were determined
at different time intervals, as follows: immediately, after
15’, 30’, 45’, 1, 2, 3, 4, 24 and 48 hours, and after 4, 5, 6
and 7 days.
Determination of the levels of released
ions using ion-selective electrode
The amounts of released Cl– ions were determined
with the use of ion-selective electrode specified for
chloride ions detection, using ORION 4 star pH.ISE
Benchtop Thermo Electron Corporation USA. The electrode were previously calibrated by standards whose
molarity was within the range of the concentrations of
ions that were to be measured (0.1, 1.0, 10.0, 100.0 and
1000.0 ppm). The release of chloride ions was done in
a water medium of deionised water. Then, the ion-selective electrode was subsequently sunk in marked plastic
laboratory tubes. Prior to each subsequent measurement,

the plastic tubes were shaken for a few seconds to obtain
a uniform distribution of released ions.
The results thus obtained were expressed in ppm
and entered into working tables for each of the time
intervals measured, and were than statistically analysed
using 1-Way ANOVA and Post-hoc-Tukey honest significant difference (HSD) test.
RESULTS
The results obtained on the release of chloride ions
from the ChemFlex cement incorporated with the three
investigated concentrations of antimicrobial compounds
speak of a continual release of these ions in the course of
one week. According to the ANOVA test, the differences
in the average values in the release of chloride ions from
the ChemFlex glass-ionomer cement with the addition of
1 %, 2 % and 3 % of the antimicrobial compound BZK
are statistically significant over almost all time periods,

Table 1. Release of Cl– ions – ChemFlex + Benzalkonium Chloride (data obtained in ppm).
Time

0 % average ±
(St. dev.)

1 % average ±
(St. dev.)

2 % average ±
(St. dev.)

3 % average ±
(St. dev.)

ANOVA
(p < 0.05)

0’
15’
30’
45’
1 hour
2 hours
3 hours
4 hours
24 hours
3 days
4 days
5 days
6 days
7 days

0.07 (0.04)
0.14 (0.19)
0.22 (0.21)
0.31 (0.27)
0.75 (0.68)
3.72 (4.91)
15.18 (7.37)
20.40 (8.23)
8.43 (7.07)
12.57 (4.39)
21.83 (3.80)
12.63 (3.04)
19.37 (2.99)
28.47 (1.66)

0.24 (0.04)
0.46 (0.06)
0.81 (0.08)
6.36 (0.87)
8.21 (0.76)
15.99 (1.05)
35.85 (4.97)
51.03 (3.76)
19.63 (2.19)
25.33 (1.76)
60.94 (2.86)
32.56 (2.23)
52.38 (2.91)
112.72 (8.68)

0.40 (0.19)
2.21 (0.28)
3.86 (0.98)
5.55 (1.45)
7.06 (1.77)
10.92 (2.09)
18.31 (4.48)
23.69 (2.88)
16.51 (2.02)
24.16 (2.13)
60.19 (1.49)
33.33 (1.21)
54.37 (6.76)
122.00 (2.26)

0.41 (0.01)
2.30 (0.62)
9.12 (1.78)
10.24 (1.25)
10.96 (1.77)
12.80 (1.47)
15.35 (1.19)
18.56 (2.11)
21.08 (3.40)
34.06 (2.61)
64.32 (2.19)
41.75 (1.67)
49.63 (3.32)
149.92 (6.87)

0.034504*
0.000001*
0.000000*
0.000014*
0.001410*
0.000224*
0.000000*
0.000000*
0.024349*
0.000002*
0.014225*
0.000000*
0.241242
0.000000*

Table 2. Release of Cl– ions – ChemFlex + CPC (data obtained in ppm).
Time

0 % average ±
(St. dev.)

1 % average ±
(St. dev.)

2 % average ±
(St. dev.)

3 % average ±
(St. dev.)

ANOVA
(p < 0.05)

0’
15’
30’
45’
1 hour
2 hours
3 hours
4 hours
24 hours
3 days
4 days
5 days
6 days
7 days

0.07 (0.04)
0.14 (0.19)
0.22 (0.21)
0.31 (0.27)
0.75 (0.68)
3.72 (4.91)
15.18 (7.37)
20.40 (8.23)
8.43 (7.07)
12.57 (4.39)
21.83 (3.80)
12.63 (3.04)
19.37 (2.99)
28.47 (1.66)

0.05 (0.02)
0.39 (0.13)
0.54 (0.09)
2.43 (1.05)
9.43 (4.51)
16.18 (4.98)
43.58 (10.33)
56.10 (12.13)
20.17 (3.54)
23.02 (2.32)
57.88 (3.66)
28.10 (2.02)
53.02 (2.81)
107.50 (6.53)

0.06 (0.02)
2.35 (4.15)
9.39 (4.05)
16.02 (4.42)
20.02 (3.84)
34.47 (4.88)
53.07 (7.65)
42.78 (6.20)
25.48 (3.71)
32.63 (4.29)
75.15 (10.12)
34.60 (5.12)
54.38 (8.41)
130.17 (23.08)

0.39 (0.27)
19.20 (1.36)
26.68 (2.06)
38.73 (3.68)
45.97 (4.32)
95.27 (12.45)
81.87 (11.44)
65.30 (13.02)
60.67 (13.69)
73.40 (19.65)
219.83 (44.36)
121.83 (29.05)
111.70 (25.42)
253.50 (43.43)

0.002904*
0.000000*
0.000000*
0.000000*
0.000000*
0.000000*
0.000020*
0.009289*
0.000001*
0.000004*
0.000000*
0.000000*
0.000009*
0.000000*
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for p < 0.05. The difference in the average values of
ChemFlex – BZK is not statistically significant only for
the sixth day (Table 1).
The statistical analysis conducted for the other
antimicrobial compound – CPC, added in GIC ChemFlex,
exhibited statistically significant differences over all
time periods, for p < 0.05 (Table 2). According to the
Tukey HSD test, the differences in the average values are
statistically significant for p < 0.00 between the average
values of ChemFlex – 3 % CPC and the average values
of ChemFlex – 1 % and 2 % CPC.
The variance analysis conducted for the Fuji IX GIC
incorporated with the three concentrations of the antimicrobials are shown statistically significant differences
in all time periods, for p < 0.05 with the exemption for
the 15th minute in the CPC combination (Tables 3 and 4).
According to the Tukey HSD test, the differences in
the average values are statistically significant for p < 0.00
between the average values of Fuji IX + 2 % CPC and

of Fuji IX + 1 % and 3 % CPC; between the average
values of Fuji IX + 1 % BZK and of Fuji IX + 2 % and
3 % BZK.
The results from the comparative analysis of the
data on the average values of released chloride ions in the
course of time, for each concentration of antimicrobial
compound individually, are shown that in the case of 1 %
the highest average release is given by the combinations
of ChemFlex with both antimicrobial agents, in the
case of 2 % of the antimicrobial compounds the highest
average release is given by the combination Fuji IX with
both antimicrobial agents and in the case of 3 % of the
antimicrobial compound the highest release exists for the
combination of ChemFlex with CPC (Chart 1, 2 and 3).
The results of the average values of released chloride
ions with no antimicrobial agent added, over the time
periods are shown moderate and constantly releasing of
the chloride ions with increasing trend, especially after
1 hour (Chart 4).

Table 3. Release of Cl– ions – Fuji IX + CPC (data obtained in ppm).
Time

0 % average ±
(St. dev.)

1 % average ±
(St. dev.)

2 % average ±
(St. dev.)

3 % average ±
(St. dev.)

ANOVA
(p < 0.05)

0’
15’
30’
45’
1 hour
2 hours
3 hours
4 hours
24 hours
3 days
4 days
5 days
6 days
7 days

0.17 (0.02)
0.53 (0.10)
0.69 (0.14)
0.44 (0.13)
1.77 (0.99)
13.23 (1.60)
12.39 (3.23)
11.66 (4.97)
3.11 (2.30)
9.28 (5.88)
50.85 (7.92)
23.17 (3.33)
32.00 (3.65)
63.43 (10.27)

0.02 (0.01)
0.34 (0.16)
0.77 (0.29)
1.93 (1.20)
6.45 (2.29)
13.10 (1.64)
29.08 (2.55)
36.00 (4.02)
11.15 (1.18)
73.85 (7.09)
30.43 (3.14)
39.38 (5.69)
75.25 (16.08)
21.53 (4.68)

0.13 (0.02)
1.03 (0.72)
1.84 (2.03)
4.83 (3.39)
3.63 (3.25)
23.83 (3.02)
26.23 (3.44)
43.05 (5.90)
22.83 (3.56)
140.50 (18.43)
61.70 (10.78)
76.38 (14.17)
110.72 (22.43)
43.15 (14.59)

0.02 (0.01)
1.19 (1.11)
10.36 (2.75)
15.10 (2.09)
25.37 (2.01)
90.77 (7.05)
148.33 (10.46)
134.00 (10.92)
21.90 (2.19)
56.32 (5.97)
34.05 (2.92)
87.47 (9.52)
50.70 (4.58)
56.68 (6.75)

0.000000*
0.161596
0.000001*
0.000000*
0.000000*
0.000000*
0.000000*
0.000000*
0.000001*
0.000000*
0.000001*
0.000002*
0.000045*
0.000056*

Table 4. Release of Cl– ions – Fuji IX + Benzalkonium Chloride (data obtained in ppm).
Time

0 % average ±
(St. dev.)

1 % average ±
(St. dev.)

2 % average ±
(St. dev.)

3 % average ±
(St. dev.)

ANOVA
(p < 0.05)

0’
15’
30’
45’
1 hour
2 hours
3 hours
4 hours
24 hours
3 days
4 days
5 days
6 days
7 days

0.17 (0.02)
0.53 (0.10)
0.69 (0.14)
0.44 (0.13)
1.77 (0.99)
13.23 (1.60)
12.39 (3.23)
11.66 (4.97)
3.11 (2.30)
9.28 (5.88)
50.85 (7.92)
23.17 (3.33)
32.00 (3.65)
63.43 (10.27)

0.06 (0.01)
0.47 (0.18)
1.01 (0.31)
11.31 (1.62)
16.13 (2.99)
22.27 (3.79)
68.75 (5.35)
59.67 (4.72)
32.72 (2.83)
19.55 (1.92)
24.90 (6.02)
57.17 (10.62)
42.90 (9.79)
64.40 (19.29)

14.13 (2.14)
30.28 (4.13)
33.75 (2.44)
34.62 (2.15)
46.73 (6.56)
82.10 (9.91)
70.33 (12.55)
115.82 (22.62)
42.42 (8.12)
28.60 (6.54)
44.75 (15.38)
97.87 (29.96)
73.82 (21.08)
90.62 (30.40)

11.13 (0.60)
30.57 (2.68)
38.87 (3.27)
48.87 (0.97)
67.85 (3.56)
43.25 (2.25)
87.72 (11.38)
126.50 (13.85)
56.67 (2.67)
34.67 (1.42)
77.43 (10.17)
155.50 (28.05)
101.07 (26.62)
167.83 (40.71)

0.000000*
0.000000*
0.000000*
0.000000*
0.000000*
0.000000*
0.010247*
0.000004*
0.000004*
0.000040*
0.000003*
0.000019*
0.000712*
0.000115*
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Chart 1. Comparison of 1 % antimicrobial agents in conventional GIC-s.
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Chart 2. Comparison of 2 % antimicrobial agents in conventional GIC-s.
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Chart 3. Comparison of 3 % antimicrobial agents in conventional GIC-s.
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Chart 4. Average values of released Cl– ions with no antimicrobial agent added.

DISCUSSION
One of the most frequently used methods for
detection of elements and compounds in liquid medium
is the ion-selective electrode (ISE). It is used in the
analysis of the release of fluoride and other ions in the
deionised water medium, and especially in the analysis
of glass-ionomer cements and other dental materials
[1, 4, 15, 17-21].
The most often antimicrobial agent incorporated in
glass-ionomer to increase the antimicrobial effects of the
glass-ionomer cements is Chlorhexidine [23-28].
Unfortunately, there is a very low number of data
in the literature referring to the incorporation of other
antimicrobial components in GICs. Although a part of
them have a confirmed effect in the reduction of cariogenic
salivary flora when used in rinses or toothpastes [29-37],
the results regarding their incorporation in glass-ionomer
cements are still scarce. Most often, they were added to
the cements together with chlorhexidine to make a comparison of their effects in relation to chlorhexidine [38].
The results obtained on the release of chloride ions
from the ChemFlex cement incorporated with the three
investigated concentrations of antimicrobial compounds
speak of a continual release of these ions in the course of
one week.
The individual values of chloride ions for each percentage at a given time period are different, the release
exhibiting a fluctuating curve, with increases and decreases in the values, and at the end of the observed
period the combination ChemFlex – CPC releases a larger amount of chloride ions, for 2 % and 3 % of the
antimicrobial component. In the case of the one percent
of the antimicrobial component, the same GIC, but with
the BZK compound releases a larger amount of chloride
ions.
As regards the analysis of the results for the other
glass-ionomer cement – Fuji IX, the release of chloride
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ions in all three investigated concentrations is higher for
the combination of the cement with the BZK compound
than for the combination with CPC.
From the graphical illustrations one can perceive
the parallelism of the curves of the average values of
released chloride ions from GIC ChemFlex for the two
analysed compounds, and disparate in the case of the
Fuji IX cement. We obtain similar data also for 2 % of
antimicrobial compounds. The release of chloride ions
for the antimicrobial compound incorporated with 3 %
points to the existence of a complete fluctuation of the
values in the course of the investigated period. What
can also be seen is the overall higher release of chloride
ions from the Fuji IX GIC with respect to ChemFlex.
Nevertheless, the release for Fuji IX is accompanied with
many rather expressed peaks of the curves, in particular
after the second hour. The highest individual release of
chloride ions among all combinations, is given by the
combination ChemFlex – 3 % CPC.
What is interesting is the data about the continual
release of chloride ions from the GICs with no anti-microbial compounds incorporated.
Unfortunately, no data could be found, either in
the references, or in Medline database, on the existence
or the release of chloride ions in/from glass-ionomer
cements. Furthermore, neither do manufacturers in the
specifications of the analysed cements refer to any existence of chloride ions in their compositions. Therefore
the question arises as to where are the chloride ions in
the analysed medium released from, in concentrations at
that which in certain periods are even higher than the
concentrations in the media in which samples of cements
with incorporated antimicrobial compounds (Fuji IX –
CPC and to a certain degree Fuji IX – BZK) were stored.
Though the cumulative release effect is analysed, the
level of the released chloride ions rise continually, giving
evidence about their permanent release. It is certain that
these concentrations do not come from the medium itself
(deionised water), considering the fact that the use of the
Ceramics – Silikáty 63 (3) 297-304 (2019)
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specific ISE does not show any existence of chloride ions
in a medium without cement samples. The possibility of
an external (aero) introduction, i.e. a secondary pollution
of the medium, is also rejected on two grounds – the concentrations of chlorine in the air within the laboratory
are reduced to zero and the laboratory tubes in which
the samples and the medium had been contained were
closed after the completion of each measurement. Even
if there were an exact estimate of the concentration of
chlorine in the air, the incorporation of ions from the air
into a water medium in a relatively short time would be
questionable. The detection of chloride ions from glassionomer cements will be the subject of one of the future
analyses.
CONCLUSIONS
The release of chloride ions from the analysed
glass-ionomer cements with the incorporation of the
antimicrobial compounds is directly proportional to the
increase in the concentration of the compounds. The
glass-ionomer cements, with no antimicrobial compound
incorporated release chloride ions, but in smaller quantities.
When comparing the same concentrations of the
antimicrobial compounds, a higher release of chloride
ions from the GICs is obtained from the combinations:
1 % of BZK, and 2 % and 3 % – CPC, incorporated
in ChemFlex, and all three concentrations with BZK
incorporated in Fuji IX.
On the average, more chloride ions are released
from the Fuji IX glass-ionomer cement than from the
ChemFlex cement, and the individual largest release of
chloride ions among all combinations is given by the
combination ChemFlex – 3 % CPC.
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