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ABSTRACT

Aim: The purpose of the present study was to determine the
influence of glass ionomer cement and amalgam restoration on
the level of Streptococcus mutans in the interproximal plaque
at periodic intervals and also to compare these values.

Materials and methods: Seventeen adult patients having two
proximal carious lesions on any quadrant of the jaw (either
opposing or contralateral) were selected for this study. Carious
lesions were diagnosed clinically and from bitewing radiographs.
Of the two carious lesions, one was restored with glass ionomer
cermet cement and another with amalgam. Plaque samples were
collected from interproximal areas before and at 1 month and
3 months post-treatment in a test tube containing 5 ml of modified
Stuart’s liquid transport fluid. Identification of organisms in the
colony was done after Gram staining.

Results: Comparison of values before restoration and after
restoration at 1 month interval showed a statistically significant
decrease (p < 0.001). Similarly, comparison of values before
and after restorations at 3 months also showed statistically
significant decrease (p < 0.02). But comparison of restorations
of 1 and 3 months intervals showed no statistical significant
difference (p > 0.05).

Conclusion: Glass ionomer restorations have definite
advantage over the amalgam, as the tunnel preparation is more
conservative and fluoride release from the glass ionomer inhibits
the growth of S. mutans in the plaque.

Clinical significance: Glass ionomer cement should be
preferred over amalgam in conservatively prepared restorations
as it reduces the microbial activities due to fluoride release.
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INTRODUCTION

Mutans streptococci are considered to be the most important
group of bacteria initiating caries lesions even though it
has been debated lately. Chemical adhesion and release of
fluorides are two major properties that make glass ionomer
superior from other restorative materials.1,2 This release of
fluoride has been shown to have a cariostatic effect. It is
certain that fluoride aids in the remineralization of damaged
enamel and it showed that fluoride releasing effect changes
the composition of bacterial plaque and biochemistry by
altering the carbohydrate metabolism.3-5 The influence of
fluoride is found in zone of resistance to demineralization
which is at least 3 mm around a glass ionomer which had
shown decreased prevalence of Streptococcus mutans in
saliva after restoration with glass ionomer.6-10 Continued
improvements in dental materials in recent years have
promoted renewed interest in the tunnel type restoration
for class II carious lesions. The presence of copper in
amalgam reduces plaque acidogenicity and it also
accumulates in dental plaque and inhibits the growth of S.
mutans in high copper amalgam.11-14 A low prevalence of
S. mutans in plaque from approximal non-gamma-2
amalgam than in conventional amalgam has been
noticed.15,16 The purpose of the present study was to
determine the influence of glass ionomer cement (GIC) and
amalgam restorations on the levels of S. mutans in the
interproximal plaque at periodic interval and also to compare
these values.
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MATERIALS AND METHODS

Seventeen adult patient having two proximal carious lesions
on any quadrant of the jaw (either opposing or contralateral)
were selected for this study. These carious lesions on
posterior teeth were diagnosed clinically and from bitewing
radiographs. Of the two carious lesions, one was restored
with GIC and another with amalgam.

For amalgam restorations, conservative class II cavities
were made (Fig. 1). Here the occlusal margins were located
on the occlusal inclined planes of the involved marginal
ridge. The facial and lingual margins occlusally were limited
in their extent and were always on the inclined planes of
the involved ridge. Proximal preparation included removal
of all carious and undermined tooth structure and was placed
either supragingival or subgingival depending upon the
carious extent. Wherever necessary, pulpal protection was
offered by zinc polycarboxylate and varnish. All the cavities
were later filled with amalgam (Amalcap Plus, Vivadent).

For class II tunnel restoration (Fig. 2), preparation was
made through occlusal fossa which did not involve the
marginal ridge. The initial approach was made through fossa
with a small round diamond point, without involving
marginal ridge. The entry point was kept atleast 2 mm from
the marginal ridge, leaving a strong occlusal rim of enamel.
With a diamond point (1/4 or 1/2) directed diagonally toward
the lesion, entry was made. It was not held parallel to the
long axis of the tooth, to avoid pulpal exposure and
excessive removal of healthy tissue. The entry point was
extended buccolingually within the fossa area to make the
carious lesion more visible and wide enough to have a free
access to the carious lesion.

With no. 1 or 2 tungsten carbide bur, the caries was
removed using low speed and tactile sensation. Fiber-optic
diagnostic kit (NSK Japan) was used to examine the cavity
and to remove any caries left during cavity preparation
(Fig. 3).

Restoration phase consisted of cleaning the cavity
preparation first with a 25% polyacrylic acid solution for
10 seconds. The cavity was washed with water and dried.

Next, a matrix band was tightly wedged against the
proximal surface. The glass ionomer cermet cement
(Chelon-Silver ESPE, Germany) was mixed according to
the manufacturer’s instructions and carried to the cavity.
To achieve a proper condensation for this small cavity, a
sharp probe was made blunt by cutting the tip and used as
condenser. A space was created at the occlusal surface by
removing the cement prior to the placement of posterior
composite resin. The cement was allowed to set for at least
5 minutes prior to the etching. The enamel and cement floor
was etched with a 37% phosphoric acid gel for 30 seconds,
washed with air/water jet and dried for 10 seconds.
Composite resin (Heliomolar, Vivadent) was applied and
adapted accurately to the occlusal margins and cured for
40 seconds. The composite resin was finished with diamond
stones, occlusion checked and adjusted if necessary.

 Plaque samples were collected from interproximal areas
before the treatment with 0.5 ml of saliva and was transferred
to a test tube containing 5 ml of modified Stuart’s liquid
transport fluid (STF Dynamicro, Thane, India). The sameFig. 1: Conservative class II preparation

Fig. 2: Class II tunnel preparation

Fig. 3: Fiber-optic diagnostic kit (NSK Japan)
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procedure was followed after restoring these class II cavities
at 1 and 3 months interval. Sterile periodontal curettes were
used to collect these interproximal plaques, taking care not
to touch any other areas.

The samples in the laboratory were dispersed and
sonicated. One loop full of the above obtained solution was
placed on Mitis Salivarius agar with bacitracin (MSB agar,
Dynamicro, Thane, India). These plates were incubated
anaerobically in an anaerobic jar with charge (which releases
carbon dioxide after adding 20% sulphuric acid). The jar
with the plates was kept in incubator jar for 3 days at 37°C.

The plates were opened after 3 days and colonies were
identified on the MSB agar plates. The characteristics of
these colonies were raised, convex, undulate, opaque
colonies of the light blue.

RESULTS

In data analysis, a descriptive statistics, i.e. means, SDs,
medians and ranges were calculated for CFU/ml of the
interproximal plaque in two groups at different time
intervals. The comparison of antimicrobial activities of two
restorations was performed by Mann-Whitney U-test and
Wilcoxon’s matched pairs test was performed between the
different time intervals separately in each restoration. A
statistical significance was set at 5% level of significance.

The mean of CFU/ml of interproximal plaque before
amalgam restoration was (1.3 × 105 ± 1.6 × 105) followed
by 4.9 × 104 ± 4.7 × 104 at 1 month and 5.8 × 104 ± 4.1 ×
104 at 3 months. However, the median of CFU/ml before
restoration was 9 × 104 as compared to 4 × 104 at 1 month
and 5 × 104 at 3 months interval (Table 1).

From the results of the above table, it can be seen that, a
significant difference was observed between before and after
restoration at 1 month interval (p < 0.001), before and after
restoration at 3 months interval (p < 0.001). It means that, a
significant reduction in CFU/ml was observed from before
to 1 month and before to 3 months interval restorations.
But no significant difference was observed between the
restoration at 1 and 3 months interval (p > 0.05) (Table 2).

Comparison of values before and after restoration at
3 months also showed statistically significant decrease after
3 months interval (p < 0.002). But comparison of restoration
at 1- and 3-month intervals showed no statistical significant
difference (p > 0.05). The mean of CFU/ml of interproximal
plaque before restorations with GIC was (1.1 × 105 ± 8.9 ×
104) followed by 4.2 × 104 ± 2.8 × 104 at 1 month interval
and 5.3 × 104 ± 4.1 × 104 at 3 months interval. Further, the
median value of CFU/ml before GIC restoration was 1.0 ×
105 as compared to 4.0 × 104 in 1 month and 4.0 × 104 in
3 months interval (Table 3).

It can be seen from the above table that a significant
difference was observed between before and after GIC
restoration at 1 month (p < 0.001), before and after GIC
restoration at 3 months (p < 0.001) and also from 1 and
3 months interval (p < 0.05). It means that a significant
reduction in CFU/ml was observed from before to 1 and
3 months interval GIC restorations (Table 4).

DISCUSSION

It was interesting to see that all the amalgam restorations
showed decrease in S. mutans count after treatment at
1 and 3 months intervals. This reduction in microbial count
of interproximal plaque may be due to the removal of carious

Table 3: Various parameter readings of the interproximal plaque before and after restorations with glass ionomer cement

Parameter Initial interval 1 month interval 3 months interval
 (before restoration)

Mean 1.1 × 105  4.2 × 104  5.3 × 104

Median  1 × 105  4 × 104  4 × 104

Range  3 × 104 – 4 × 105 1 × 104 –1.1 × 105 1 × 104 – 1.5 × 105

Standard deviation (SD)  8.9 × 104  2.8 × 104  4.1 × 104

Table 2: Comparison of interproximal plaque before and after amalgam restoration by Wilcoxon matched pairs test by ranks

Interval Wilcoxon test (T) Number (n) p-value

 0 and 1 month  08  17  <0.001
 0 and 3 months  20  17  <0.02
 1 and 3 months  68  16  >0.05

Table 1: The CFU/M/F interproximal plaque and various parameter readings for amalgam restoration before and after restorations

Parameter Initial interval 1 month interval 3 months interval
(before restoration)

Mean 1.3 × 105 4.9 × 104 5.8 × 104

Median 9 × 104 4 × 104 5 × 104

Range 2 × 103 – 6 × 105 2 × 103 – 1.7 × 105 7 × 103 – 1.5 × 105

Standard deviation (SD) 1.6 × 105 4.7 × 104 4.1 × 104
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lesion, restoration of the part and presence of copper in
amalgam restorations.

Oppermann and Johnson have reported that copper
accumulation in dental plaque can reduce plaque
acidogenicity and inhibit the growth of S. mutans, also
modern non-gamma-2 amalgam releases more copper than
the conventional low copper amalgam especially at low
pH.14 The present study confirms their findings. Copper has
minimal bactericidal action at 400 ppm. Whereas, zinc in
high copper amalgam also changes the protein structure and
lead to inhibition of specific metabolic enzymes, thereby
causing growth inhibition (Shashibhushan et al).17 This
cariostatic effect can contribute to reduction of secondary
caries. A similar view was expressed by Wallman et al.18

The Wallman-Björklund et al showed greater proportions
of S. mutans in conventional amalgam restorations as
compared to non-gamma-2 amalgam restorations.16

It had been proved that the ability of enamel adjacent to
glass ionomer restoration for fluoride uptake helps in
resisting demineralization. In vitro studies conducted by
Hattab et al and Dionysopoulos et al proved less
demineralization around the restoration and absence of
recurrent wall lesion in teeth filled with GICs when
compared to composite and amalgam.19

 Glass ionomer restorations at 1 and 3 months also
showed decrease in CFU as compared to the values before
restorations. This reduction in microbial count can be
attributed to the release of fluoride which effects a variety
of vital enzymetic cell function both directly and indirectly.
Fluoride inhibits the various bacterial enzymes like enolase,
phosphates, proton extruding ATPase and pyrophosphatase.
It also influences the bacterial composition and alters the
plaque ecosystem (Jeevarathan et al).20 Naturally occurring
fluoride does not significantly influence the bacterial
composition of plaque but higher level of fluoride could
eliminate susceptible microorganisms and modify plaque
ecosystem. In vitro animal studies have shown that fluoride
affect the carbohydrate metabolism of mutans streptococci
by acidogenic plaque microflora. The S. mutans count in
saliva decrease after the placement of glass ionomer
restorations. Hattab et al19 have also shown an increase on
salivary fluoride concentration after treatment for short
period of 8 days.19 Freshly mixed GIC has 3- to 10-fold
more fluoride release. It had been reported that 10-fold

fluoride increase in glass ionomer when compared to other
restoration, which may be due to the presence of soluble
fluoride in which ion exchange occurs not only on the
surface, but possibly some small distance into the material.

The greatest proportion of cumulative total fluoride is
release at first 24 hours after mixing (DESchepper et al).
Palenik et al had shown that the fluorides when measured
for a period of 7 days inhibited the growth and adherence
of oral bacteria.21,22 Our study showed that short-term
fluoride release levels were positively correlated with
growth inhibition. A sustained fluoride release and intimate
contact of restoration to the tooth margins are needed to
facilitate the exchange of fluoride with hydroxyapatite of
enamel. McCourt et al in his study on glass ionomer and
fluoride release reported statically significant difference.
Materials showed largest release called ‘burst effect’ on the
first and second day and then decrease significantly.23 The
above said studies show that fluoride release is for a short
period. Findings of this study were found similar to the study
by Berg et al which gave decreased level of proximal plaque
level of S. mutans at 1 week which were almost at the same
level after 1 month interval and stabilize at 3-month post-
treatment.10 According to Svanberg et al around 4 weeks,
both the total viable count and proportions of mutans
streptococci were significantly lower in plaque samples from
newly made GIC restorations than in plaque samples from
newly made amalgam restorations.24 It has been shown
previously that the microbial composition of plaque can be
affected by different materials, thus the prevalence of mutans
streptococci in early in vivo plaque on test pieces was higher
on composite than on enamel or amalgam (Skzorland and
Sonju).25 The level of plaque fluoride is dependent on
exposure to fluoride (Tatevossian).26 Since glass ionomer
release large amounts of fluoride within the first few days
(Swartz et al Forsten), it is conceivable that the fluoride
level in plaque adjacent to glass ionomers may increase at
least some time after placement of the restoration.27 The
antimicrobial property of glass ionomer is due to release of
silver ions and fluoride ions from the cermet restorations
(Opperman RV et al).14 Silver is released in an ionized state
which inhibits plaque acidogenicity even at low
concentrations.

The antibacterial activity of GICs may not be limited to
Streptococci but also against other cariogenic bacteria and

Table 4: Comparison of interproximal plaque before and after GIC restoration by Wilcoxon matched pairs test by ranks

 Interval Wilcoxon test Number p-value
 (T) (n)

0 and 1 month 1 17  <0.001
0 and 3 months  14 17  <0.001
1 and 3 months  48 14  <0.05
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other orodental pathogens; therefore the use of GICs can
be indicated in the restorative treatment of dental caries
(T Menon et al).28 The antibacterial and cariostatic
properties of GICs are associated with the amount of fluoride
released. Therefore, fluoride release from a restorative
material for extended periods of time is considered favorable
(Neelakantan et al).29 Glass ionomer materials have been
shown to be able to release fluoride at a sustained rate for
long periods of time (at least 5 years) (Theodore P Croll et
al).30 The use of 1.25% CHX significantly improved the
antibacterial effects of the evaluated RMGIC, without
causing any detrimental effects to the odontoblast-like cells
and on the mechanical properties. This RMGIC and CHX
combination completely eliminated mutans streptococci
after 3 months.31

CONCLUSION

Glass ionomer restorations have definite advantage over the
amalgam, as the tunnel preparation is more conservative
and fluoride release from the glass ionomer inhibits the
growth of S. mutans in the plaque. Copper release and
accumulation in the plaque from high copper amalgam is
responsible for antibacterial effect of this restoration. Long-
term investigations to compare and to evaluate the influence
of these two materials for their antibacterial effect need to
be carried out.
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