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Effect of antibacterial agents on the surface
hardness of a conventional glass-ionomer cement
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ABSTRACT

In atraumatic restorative treatment (ART), caries removal with hand excavation
instruments is not as efficient as that with rotary burs in eliminating bacteria under the

glass ionomer cements (GICs). Thus, different antibacterial agents have been used in recent
studies to enhance the antibacterial properties of the GICs, without jeopardizing their basic
physical properties. Objective: The objective of this study was to evaluate the effect of
antibacterial agents on the surface hardness of a conventional GIC (Fuji IX) using Vickers
microhardness [Vickers hardness number (VHN)] test. Material and Methods: Cetrimide
(CT), cetylpyridinium chloride (CPC) and chlorhexidine (CHX) were added to the powder
and benzalkonium chloride (BC) was added to the liquid of Fuji IX in concentrations of 1%
and 2%, and served as the experimental groups. A control group containing no additive
was also prepared. After the completion of setting reaction, VHN measurements were
recorded at 1, 7, 15, 30, 60, and 90 days after storage in 37°C distilled water. A one-
way ANOVA was performed followed by a Dunnett t test and Tamhane T2 tests and also
repeated measurements ANOVA was used for multiple comparisons in 95% confidence
interval. Results: VHN results showed significant differences between the control and
the experimental groups at all time periods (p<0.05 for all). Significant differences were
observed between all study periods for individual groups (p<0.05). After 7 days, VHNs
were decreased in all experimental groups while they continued to increase in the control
group. BC and CHX groups demonstrated the least whereas CT and CPC groups exhibited
most adverse effect on the hardness of set cements. Conclusions: Despite the decreased
microhardness values in all experimental groups compared to the controls after 7 up
to 90 days, incorporating certain antibacterial agents into Fuji IX GIC showed tolerable
microhardness alterations within the limitations of this in vitro study.
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INTRODUCTION

The success of the recently developed atraumatic
restorative treatment (ART) procedure relies on the
performance of glass ionomer cements (GICs). The
ART technique consists of excavating infected dentine
caries with hand instruments, followed by sealing the
cavities and adjacent fissures with the GIC®22, In this
procedure, the conventional hand-mixed GICs are
known as the most commonly recommended dental
material because of their fluoride and aluminum
releasing patterns and also low pH characteristics
during the adhesion reaction®10.11,14,24.27.28 ' Tn g
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previous study, it was reported that using manual
instruments and restoring the cavities with GICs
might have a possibility to control the caries disease®.

However, when conventional hand-mixed and
fluoride containing GICs are used for sealing cavities,
it may be questionable whether caries inhibition
process would occur under the restorations. Cavities
treated by ART may have residual infected dentine
and if a GIC is unable to arrest the carious process,
the restoration could fail?628-30, Additionally, caries
removal using the hand excavation technique is
not always as effective as rotary burs in terms of
eliminating bacteria***2. Thus, when GIC restorations
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are placed, residual bacteria may remain viable for
up to 2 years, and the resulting infected dentin may
cause restoration failure?°:3°,

To address this problem, several studies have been
undertaken to enhance the antibacterial properties of
the GICs. These ideas may constitute new suggestions
for improving antibacterial properties of GICs
without jeopardizing their basic physicomechanical
characteristics in the current literature!.31823.25,
Chlorhexidine (CHX) is a widely used antibacterial
agent, and has been used to enhance the antibacterial
properties of GICs!31823.25, In addition, other cationic
disinfectants such as cetrimide (CT), cetylpyridinium
chloride (CPC) and benzalkonium chloride (BC) have
been incorporated into the GICs. In a previous study,
Botelho!3 (2005,2003) showed that the addition
of these agents to the conventional GIC Fuji IX in
various concentrations had significant antimicrobial
effects. However, incorporation of antibacterial agents
may cause basic mechanical changes in the physical
properties of GICs?#182325 In this regard, Botelho?
(2004) also showed that the addition of CT, CPC,
BC and CHX in concentrations of 1 to 4% to Fuji IX
reduced the compressive strength at 7 days. Such
a reduction in strength is likely to affect the clinical
performance of the cement. Botelho*(2005) went on
to use CHX, BC and CT at 1 to 5% final concentrations
with dentin conditioner and found that in most cases,
the bond strength of Fuji IX to dentin was unaffected.
The one exception was BC at 5%, where there was
a slight decrease in bond strength.

Surface hardness is an important factor in
controlling wear resistance and thus can be used
as an indication of likely long-term durability
of materials'®>. Recently, it has been shown that
microhardness is a valid measure of the surface
properties of GICs”:1%-21:31, In Vickers microhardness
[Vickers hardness number (VHN)] measurements,
the hardness number increases as surface hardness
increases?!.

This study was undertaken to obtain information
on the effects of incorporating CT, CPC and CHX into
the powder of Fuji IX and BC into the liquid of Fuji IX.
Microhardness was determined as an indication of the
effect of these additives on the mechanical properties
and hence the likely durability of the cements. These
various additives were used at concentrations of 1%
and 2%, and the values were compared to those of a
control group of additive-free Fuji IX samples.

MATERIAL AND METHODS

All experiments were conducted using the
conventional hand-mixed GIC Fuji IX (GC, Tokyo,
Japan). CT (Serva, Heidelberg, Germany), CPC
(Amresco, Ohio, USA) and CHX (Serva) were added
to the powder, while BC (Serva) was added to the
liquid at 1% and 2% final concentrations by mass.
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This produced a total of 9 groups, 8 experimental
and 1 control (Figure 1). Cements were mixed at
powder/liquid ratios of 3.6:1 in all cases. Samples
with dimensions of 5 mm diameter and 2 mm depth
were prepared by placing freshly mixed cement
pastes in metal moulds and allowing them to cure
for the appropriate length of time.

Microhardness test

Eight GIC samples (5 mm in diameter and 2 mm
deep) were prepared for each group. The GIC samples
were prepared according to the manufacturers’
directions and a polyester strip was used to cover
the cement for 7 min until the initial reaction was
completed. Slight pressure was applied and the bulk
of extruded excess cement was removed.

Cements were covered with varnish and after
the completion of the setting reaction, samples
were placed into the plastic moulds containing
distilled water and stored at 37°C for 90 days. VHN
measurements were made at 1, 7, 15, 30, 60, and
90 days with the standard microhardness tester
(HMV-700, Shimadzu Corp., Tokyo, Japan) on the
top of the surface of each specimen and recorded.
Vickers diamond indentations were performed under
a load of 300 g and 15 s. Each sample was subjected
to three indentations located 200 um far from each
other, and the mean VHN value was recorded. The
diagonal length of the impressions were measured
and the hardness (H) was calculated according to the
standard formula H=1.854P/dz2.

Statistical analysis

To determine significant differences between the
groups, a one-way ANOVA was performed followed
by Dunnett t test and Tamhane T2 tests. To obtain
the significant differences during the study period,
repeated measurements ANOVA was used for
multiple comparisons of the individual groups at 95%
confidence interval using SPSS for Windows 15.0
(SPSS, Inc., Chicago, IL USA).

CONTROL EXPERIMENTAL
GROUP GROUPS
Fuji IX 1% Cetrimide +Fuji IX
2% Cetrimide +Fuji IX
1% Cetylpyridinium chloride | +Fuji IX
2% Cetylpyridinium chloride | +Fuji IX
1% Benzalkonium chloride | +Fuiji IX
2% Benzalkonium chloride | +Fuji IX
1% Chlorhexidine +Fuji IX
2% Chlorhexidine +Fuji IX

Figure 1- Groups of specimens
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Table 1- Mean Vickers hardness number (VHN) values of all groupststandard deviations (sd) during the study period after
storage in distilled water

Storage time

15 days

30 days

60 days

90 days

Groups 1 day 7 days
Fuji IX 53.67+0.07A1 63.75+0.5342
1% CT 50.07+0.0782'  55.05+0.07822
2% CT 45.52+0.078>"  49.62+0.078°>2
1% CPC 50.13+£0.058a!  55.97+0.21822
2%CPC 45.25+0.098¢"  47.87+0.728¢2
1% BC 53.30+0.078¢1  62.45+0.35842
2% BC 51.32+0.088e"'  58.40+0.108°2
1% CHX 53.52+0.048%1  62.56+0.05842
2% CHX 51.50+0.07B9"  59.42+0.13872

63.79+0.1243
54.08+0.7184a3
48.47+0.108>3
54.92+0.23B23
46.76+0.658°°
61.42+0.47843
57.26+0.19823
61.55+0.05843
58.31+0.148+3

63.80+0.0744
53.63+0.788a#
48.27+0.108>4
54.68+0.23824
46.50+0.618°4
59.73+0.65844
57.03+0.16824
61.32+0.0854
58.08+0.19894

63.84+0.1145
53.27+0.8982°
43.00+1.02805
54.56+0.22825
40.41+0.598°5
59.45+0.4584°
56.93+0.1682°
61.17+0.0855
57.87+0.1889°

63.88+0.0746
52.98+0.898a¢
42.86+1.008°6
54.35+0.18B26
40.27+0.63B<¢
59.32+0.4384¢
56.77+0.16826
61.12+0.128%6
57.76+0.1689¢

*In each column (each storage time period), values with different superscript uppercase letters indicate significant differences
between control and experimental groups (p<0.05). **In each column (each storage time period), values with different
superscript lowercase letters indicate significant differences (p<0.05) among experimental groups (p>0.05). ***In each row
(individual group) different superscript numbers indicate significant differences between all study periods (p<0.05).

RESULTS

Table 1 presents the mean values (and standard
deviations) of surface microhardness at 1, 7, 15, 30,
60, and 90 days for all groups. Vickers microhardness
values in the control group were generally higher
than those of the groups containing additives at most
time intervals and for most of the additives. While
BC and CHX groups demonstrated the closest, CT
and CPC groups showed the most distant values to
the Fuji IX control.

One-way ANOVA and the Dunnett t test showed
that the differences were significant between the
control and experimental groups in all cases (p<0.05
for all). In addition, one-way ANOVA and the
Tamhane T2 test revealed no significant differences
between the 1% BC - 1% CHX groups at 7 and 15
days (p>0.05) and 1% CT- 1% CPC (p>0.05) groups
at all time periods (Table 1).

Additionally, repeated measurements of ANOVA
was indicated significant differences between all
study periods for individual groups (p<0.05). After 7
days, VHNs decreased to different extents in all study
groups (p<0.05), except for the controls (p<0.05).
At 60 and 90 days, the VHNs were decreased most
markedly in the 2% CT and 2% CPC groups (Table 1).

DISCUSSION

As it is known, dentin carious lesions possess
a wide microflora, it is clear that a mixture of
antimicrobial agents that can be effective against
all the microorganisms needed!’. Additionally,
cationic disinfectants may destroy the bacteria cell
wall and kill the bacteria directly>'”. Thus, since
the progression of caries process under the GICs in
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ART procedures are considered to be a problem this
can be solved with the dental materials that inhibit
bacterial growth?!:3.17:18:23,25,

For these purposes, cationic disinfectants have
been incorporated into GICs to enhance their
antibacterial propertiest131823.25 Though these have
been shown to be effective as antibacterial additives,
it is important not to jeopardize the basic physical
properties of the GIC?#18:23.25,

The critical point is that GIC-antibacterial
combinations should have optimum surface
properties to resist occlusal loads'®?5. However,
when antibacterial materials are incorporated to
the GICs, alterations have been reported regarding
their physical properties and it is generally accepted
in the literature that the physical properties of
GICs are deteriorated with the addition of foreign
antibacterial particles!82325 Investigators have
highly recommended that providing acceptable
modifications in powder or liquid ratios, in terms
of composing suitable antibacterial concentrations,
would aid the GIC-antibacterial structure to
have comparable physical properties to those of
the additive-free ones by constituting efficient
antibacterial features®18.2325, Thus, GIC-antibacterial
combinations should be prepared in an acceptable
way which could adequately reduce the bacteria
without compromising the longevity of the
restoration?#1823.25. Considering these factors, the
antibacterial materials and their concentrations
tested in this study were previously found sufficient
in terms of reducing microorganisms'3. Moreover,
incorporating CT, CPC and CHX into the Fuji IX's
powder and BC to the liquid at 1 to 4% final
concentrations, caused a decrease in compressive
strength to varying degrees compared to the control
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group?. Furthermore, no data are available in the
literature about the surface hardness alterations of
such Fuji IX-antibacterial combinations compared
to additive-free material, which could improve the
durability of the restoration in clinical conditions.

Microhardness testing can be performed to
evaluate the state of GICs at various storage
times”/161931 since they are very sensitive to water
sorption. Samples kept in contact with water, either
in @ humid atmosphere or completely immersed,
are characterized by lower flexural strength, lower
modulus of elasticity and softer surfaces than
dry samples®. Thus, the present study also aimed
at determining the surface hardness alterations
according to Fuji IX-antibacterial combinations
stored in water for up to 90 days.

Sanders, et al.*® (2002) reported that with regard
to the Knoop hardness number (KHN), no significant
differences were found between the Photac-fil and
Photac-fil-CHX in the first week. At 6 weeks, KHNs
increased in both groups, but this increase was
clearer in the Photac-fil group compared to the
Photac-fil-CHX group. Nevertheless, they concluded
that at neither 24 h- nor 6 week-periods, the physical
properties altered seriously. Their study was the first
to analyze microhardness values in GIC-antibacterial
combinations. In the current study, all experimental
groups showed a decreasing trend in VHNs of the Fuji
IX GIC after the 7-day period and this trend exhibited
significant differences during these periods for all
experimental groups. This may be attributed to the
sensitivity of Fuji IX to the antibacterial agents used
in this study compared to Photac-fil and/or to the
medium in which the samples were stored.

In another study, Turkin, et al.?> (2008) tested
0.5%, 1.25% and 2.5% diacetate or digluconate CHX
concentrations with ChemFil Superior regarding the
VHN. They found significantly reduced hardness in
the 0.5% CHX digluconate and 2.5% CHX digluconate
groups compared to ChemFil Superior at 24 h. After
the 10 days setting period, all of the tested groups
except for the 2.5% digluconate demonstrated
hardness comparable to the original ChemfFil
Superior group. This is a consequence fact that there
was no remarkable leakage of CHX particles out onto
the surface. In this study, the VHNs for all groups
increased between days 1 and 7. This increase was
significantly different for all groups (p<0.05). The
results were explained by the well-known maturation
reactions in these cements'>!%29, Moreover, where
additives were present, this increase was most
marked in the 1% BC and 1% CHX groups. Also,
between these groups, significant differences were
not observed at 7 and 15 days periods (p>0.05).
Thus, it can be assumed that, these groups may
exhibit similar outcomes when they are incorporated
to the Fuji IX.

Additionally, in a previous study, it was reported
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that the increase of VHN values of Fuji IX samples
was more accentuated in the intervals between
1-7 days. Also, the increase was found to be more
uniform between the 7 and 30 days!°. However, in
the present study, after the 7-day period, contrary
to the previous findings'®?>, the VHNs decreased in
all experimental groups (p<0.05 for all individual
group), whereas they continued to increase in the
antibacterial free Fuji IX control group (p<0.05) as
reported elsewhere!®. This may be attributed to the
water storage conditions of the samples, and day 7 is
the critical point for the Fuji IX-antibacterial samples.
Okada, et al.'® (2001) reported that when Fuji IX
was stored in water, it showed significantly increased
VHNs between days 1 and 40. In the present study,
water probably eroded the Fuji IX-antibacterial
combinations and caused the dissolution of some
components, which would certainly decrease the
surface hardness. Thus, except for the control
group, a plasticizing effect could have occurred
in the experimental groups and the continuous
setting reaction may have been influenced by the
foreign particles in the matrix of the Fuji IX up to 90
dayst®2325, This may indicate that certain antibacterial
agents may have negative effects on the hardness
properties of cements particularly in the ongoing
cement reaction. Thus, to avoid from the clinically
mechanical failure problems in GIC-antibacterial
combinations these findings could be taken into
account for future ART procedures. Regarding the
surface hardness values, between the 1% CT and
1% CPC groups significant differences were not found
at all time periods (p>0.05). Moreover, 2% CT and
2% CPC had the greatest adverse effects on surface
hardness values of the Fuji IX samples after 30 days
(Table 1). These results suggest that CT and CPC
groups are likely to be partner and less resistant to
occlusal loads in clinical situations than the parent
cement. This result may also support the previous
findings of Botelho? (2004).

Considering the above-mentioned studies!®?>
and within the limitations of this in vitro study,
our findings could be interpreted as tolerable,
particularly when using these antibacterial agents at
these concentrations. Although significantly reduced
hardness values were found in the experimental
groups compared to the controls, they were able to
be measured. All previous reports*®2>and our findings
may give an indication about the incorporation of the
antibacterial agents to the GICs resulting at softened
but measurable surfaces compared to the additive-
free material.

In addition, the VHNs obtained in the present
study showed similar trends to that of compressive
strength reported previously?. Higher levels of
additive had greater effect on the VHNs compared
to the controls, showing that the decline in physical
properties is related to additive concentration.
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However, at levels of 1 and 2%, although significant
differences were found, the decline was acceptable,
and might not be sufficient to cause a large reduction
in overall durability of the restoration in clinical
conditions. Overall, it seems that the combination of
CT, CPC, CHX and BC with Fuji IX at concentrations of
1% and 2% produces cements with tolerable setting
and hardness properties for clinical use. Additionally,
within the in vitro limitations of this study, adding
CHX and BC to the Fuji IX GIC seems to provide
appropriate physical properties compared to CT and
CPC combinations.

CONCLUSION

Incorporation of the antimicrobial compounds
CT, CPC, BC and CHX at 1% and 2% concentrations
into the conventional GIC Fuji IX was found to
have measurable effects on the surface hardness.
The resulting cements had reduced hardness, as
determined by VHN measurements, and hardness
decreased after 7 days, unlike the additive-
free control, which continued to increase in
hardness up to 90 days. However, in general, all
experimental groups exhibited tolerable physical
properties. Moreover, 1% BC and 1% CHX groups
were detected as the most suitable combinations
whereas 2% CT and 2% CPC shoed almost adverse
effects. As a result of this in vitro study, the tested
antibacterial materials could be used with Fuji IX at
varying concentrations in ART procedures. Further
investigations are needed to evaluate the most
appropriate Fuji IX-antibacterial combination that
may not affect the physical properties of Fuji IX in
clinical situations.
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