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ABSTRACT

Aim: To study the antimicrobial effect of chlorhexidine diacetate 
(CHX-D)-modified type II glass ionomer cement (GIC) against 
the two predominant deep caries microorganisms, namely 
Lactobacillus casei and Actinomyces viscosus.

Materials and methods: An experimental GIC (ex-GIC) was 
prepared by mixing CHX-D powder with the powder of type II 
GIC to obtain 1% (w/w) concentration of CHX-D in the GIC. 
Antibacterial activity of this ex-GIC was tested against L. casei 
and A. viscosus using the agar diffusion method. The ex-GIC 
specimens were tested in their unset and set forms for each 
bacterium. For the unset group, specimens were placed in each 
agar plate immediately after manipulation and for the set group, 
specimens were placed in each agar plate, 1 hour after manipu-
lation. The inhibition zones on the agar plate were recorded in 
millimeters immediately on placement of the specimen in the 
agar plate and after 48 hours. The reading was recorded and 
statistically analyzed for significant difference.

Results: Mann–Whitney U test showed statistically significant 
difference in the inhibition zones produced by ex-GIC against 
L. casei and A. viscosus when both were compared in unset 
(p-value = 0.002) and set (p-value = 0.031) groups. For both 
the groups, the zone of inhibition against L. casei was greater. 
Though the unset group recorded wider zone of inhibition, the 
difference was not significant when compared with the respec-
tive set group. This was true for both the bacterial groups.

Conclusion: The 1% CHX-D-modified type II GIC showed 
antibacterial property against L. casei and A. viscosus and 
significantly higher activity against L. casei.

Clinical significance: Addition of 1% CHX-D to type II GIC 
showed evidence of antibacterial activity against organisms 
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INTRODUCTION

Dental caries is not an infectious disease, which needs 
to be cured by removing bacteria.1 It is merely a reflec-
tion of an ecological imbalance between the commensal 
microorganisms and the acidogenic/aciduric microor-
ganisms found within the dental biofilm as described 
originally in the ecological plaque hypothesis.2 In such a 
biofilm, the acidogenic and aciduric bacterial population 
prevails, causing net mineral loss from the hard tissues 
of the tooth by demineralization. Traditional approach 
for management of carious lesion was therefore focused 
on the removal of demineralized bacterial-infected tooth 
tissue to ensure control of caries progression and in effect 
protect the pulp from getting infected. Unfortunately, 
such mechanical removal of cariously infected tooth 
tissue was found to be ineffective in eliminating all the 
bacteria from the cavity and failed to heal and control the 
lesion activity.3 Also, excavation of caries may not always 
eliminate all microorganisms in the residual tissues.4 
Moreover, complete caries excavation, now referred to 
as nonselective caries removal to hard dentin, may cause 
stress to the pulp during deep caries excavation, leading 
to failure of intact restoration due to pulpal inflammation. 
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To overcome this issue, selective caries removal to soft 
dentin and stepwise caries removal were advocated. 
These techniques maintain the pulp vitality by minimiz-
ing carious pulpal exposure during deep caries excava-
tion and thus avoiding endodontic treatment. This is an 
important clinical technique in primary dentition where 
the likelihood of pulpal exposure during deep caries 
excavation is high because of large pulp organ protected 
by thin enamel and dentin. After partial caries removal 
as in stepwise caries excavation, many microorganisms 
can still remain alive in the dentin substrate, even in the 
presence of a standard sealing.5-8

The microorganisms recovered from deep dentinal 
carious lesions are diverse and different from those 
recovered from carious lesion in enamel. The micro-
bial flora in dentinal carious lesion are facultative and 
obligate-anaerobic bacteria belonging to the genera 
Actinomyces, Bifidobacterium, Eubacterium, Lactobacillus, 
Parvimonas, and Rothia. Streptococci which are involved 
in initiating carious lesion in enamel are recovered less 
frequently from dentinal lesions. The cariogenic bacteria 
may harbor in the dentinal tubules and are protected by 
the smear layer. Such continual bacterial presence, in 
conjunction with the lack of an airtight seal between the 
restoration and the cavity walls, may cause the develop-
ment of recurring caries.9 Thus, incomplete removal of 
caries during tooth preparation or microleakage between 
tooth–restoration interface could result in a restoration 
with underlying viable microorganisms.10

In pediatric dentistry, there is a need for a restorative 
material which has antibacterial properties and also has 
adhesive bonding to the tooth structure. A probable solu-
tion to this clinical problem could be the use of dental 
materials which have a good bacteriostatic property.11 
Clinical use of restorative materials with an inhibiting 
action on microbial growth can have two benefits: (a) 
Antibacterial substances can extend the longevity of 
restorations and (b) they can help alleviate postopera-
tory discomfort.12 No other dental material except GIC 
fulfills this criterion, but the antibacterial effect of glass 
ionomer is limited and confined to release of fluoride. 
There is a need to potentiate the antibacterial property 
of GIC, so that it can be used as a restorative material of 
choice in nonselective caries removal to soft dentin in 
primary teeth.

Combining GIC with an antiseptic agent could result 
in a restorative material with superior antibacterial 
property. Chlorhexidine diacetate, when incorporated 
into GIC, was found to increase the antibacterial effect 
of GIC in vitro.13-17 Many studies have investigated 
the antibacterial activity of CHX-modified GIC against 
Streptococcus mutans, an agent responsible for initiating 
caries. There is very limited research on the antibacterial 

effect of CHX-D-modified GIC on bacteria, which are 
most commonly isolated from deep and advancing caries 
lesion. Therefore, the aim of this study was to assess the 
antimicrobial activity of CHX-D modified type II GIC 
(ex-GIC) against pathogens associated with progressing 
deep caries lesion, namely Lactobacilli casei and A. visco-
sus. The outcome of this study is anticipated to provide 
knowledge for the application of concept of minimal 
invasive dentistry in primary teeth.

MATERIALS AND METHODS

The design of this study was an experimental lab-based 
study under strict environmental control. The ex-GIC 
was prepared by incorporating 10 mg of CHX-D powder 
(Smaart Pharmaceuticals Company, Jalgoan, India) to 
1,000 mg of type II GIC powder (GC Corporation, Tokyo, 
Japan), to obtain 1% w/w concentration of CHX-D in the 
GIC formulation. An electronic balance machine was used 
to precisely weigh both the powders. The powder was 
manually mixed ensuring uniform distribution of the 
CHX-D powder in the GIC powder. The GIC liquid was 
not changed or modified.

The antibacterial activity of the ex-GIC was assessed 
by agar diffusion test against the L. casei [American Type 
Culture Collection (ATCC) 393] and A. viscosus (ATCC 
15987) obtained from Hi Media Laboratories Pvt. Ltd., 
Mumbai, India. All procedures were performed in a 
laminar cabinet under aseptic conditions. The ex-GIC 
specimens were divided into four groups namely, group 
Ia—L. casei (unset); group Ib—L. casei (set); group IIa—A. 
viscosus (unset); and group IIb—A. viscosus (set). For the 
unset group, eight specimens were placed in each agar 
plate immediately after manipulation and before they 
set. For the set group, eight specimens were placed in 
each agar plate, 1 hour after they were manipulated. The 
inhibition zones on the agar plate were recorded in milli- 
meters immediately on placement of the specimen in the 
agar plate and after 48 hours. The readings were recorded 
and statistically analyzed for significant difference.

Agar Diffusion Test

The bacterial strains that we obtained from stock cultures 
were stored in 50% glycerol at −20°C. The cultivation was 
then done in brain heart infusion (BHI) broth at 37°C and 
a loopful of inoculum was transferred to 10 mL of BHI 
broth and incubated for 48 hours. The BHI agar plate 
was inoculated with 350 mL bacterial suspension that 
was spread out evenly and left for 30 minutes at room 
temperature.

Wells of 6 mm diameter and 2 mm depth were 
punched into the agar plates; eight such wells were pre-
pared in each agar plate. Two agar plates were prepared 
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for each group of bacteria. Powder and liquid of ex-GIC 
were proportioned and mixed according to manufac-
turer’s instructions given for type II GIC with a sterile 
agate spatula (one drop of liquid for one scoop).

For the unset group, the cement was inserted imme-
diately with a sterile dental instrument into the wells of 
the specific bacterium-inoculated BHI agar plate. In total,  
16 ex-GIC specimens were placed for each strain of bacteria.

For the set specimen, the cement was manipulated and 
placed into holes prepared in sterile brass mold. These 
holes were of the same dimensions (6 mm × 2 mm) as that 
of the well in the agar plate. The specimens were then 
covered with sterile glass slides and allowed to set for 
60 minutes at room temperature. A total of 32 specimens 
were prepared and they were randomly divided equally 
into groups Ib and IIb. The set specimens were then 
placed onto the BHI agar plate inoculated with specific 
bacterial strain.

The halo around the specimen indicating the zone 
of inhibition was measured in millimeters with a digital 
caliper, immediately after the placement of the specimens 
in the agar plates, by a single observer. Plates were then 
incubated at 37°C for 48 hours. After 48 hours, the zones 
of inhibition produced around each specimen in all the 
groups were recorded in millimeters using the same 
digital caliper and by the same observer. The readings 
were recorded at three random places. The mean of the 
three readings was used as the final measurement.

The results were tabulated and statistically analyzed 
using Mann–Whitney U test for testing the hypothesis 
that there is no difference between the widths of zone of 
inhibition in the independent samples.

RESULTS

The mean zone of inhibition recorded from the differ-
ent groups is shown in Table 1. There was no zone of 

inhibition recorded (0 mm), immediately after the place-
ment of the specimens in the agar plates in all the groups. 
After 48 hours, it was found that the zone of inhibition in 
the unset ex-GIC was widest against L. casei (17.62 ± 1.76 
mm), followed by group Ib (17.00 ± 1.16 mm), group IIa  
(14.12 ± 0.83 mm) and narrowest for group IIb (14.00  
± 0.75 mm).

When groups Ia and Ib were compared, it was found 
that there was no statistically significant difference 
between the unset and the set specimen against L. casei 
(p = 0.69). A similar result was obtained when unset and 
set ex-GIC groups were compared for zone of inhibition 
on A. viscosus (p = 0.78). This suggested that though there 
was an increase in the antibacterial activity immediately 
after mix, the setting reaction did not greatly alter the 
antibacterial effect of ex-GIC.

On comparing the effect of unset specimen between 
the bacterial strains, it was found that unset specimen 
inhibited L. casei significantly more than A. viscous  
(p = 0.002). The same inference was drawn when set 
specimens were compared between the bacterial strains  
(p = 0.03). Lactobacillus casei showed larger zones of  
inhibition (Figs 1 and 2).

DISCUSSION

Restoration of deeply carious primary tooth poses a clini-
cal challenge because deep caries excavation in a primary 

Table 1: The mean value of zone of inhibition recorded for the 
unset and set ex-GIC against the two organisms

Organism Unset ex-GIC Set ex-GIC
Lactobacillus casei 17.62 (01.76)1 17.00 (1.16)1

Actinomyces viscosus 14.12 (0.83)2 14.00 (0.75)2

Values in parentheses denote the standard deviation; Same 
superscript number denotes nonsignificant difference between 
groups; Different superscript number denotes significant difference 
between groups

Fig. 1: Inhibition zones for group Ia Fig. 2: Inhibition zones for group IIa
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tooth has an inherent risk of pulpal exposure and thereby 
converting an anticipated restorative procedure to a more 
complex pulpotomy/pulpectomy procedure, thereby 
increasing the cost of the treatment and number of dental 
visits. The International Caries Consensus Collaboration 
recommends that pulp vitality should be maintained by 
avoiding dentin excavation close to the pulp, so minimiz-
ing the risk of pulpal exposure.18 This is done by selec-
tive caries removal to soft dentin. The only prerequisite 
here is that this soft dentin must be peripherally sealed 
from the oral environment by adequate thickness of an 
adhesive restoration. Further, to improve the long-term 
success of the tooth-restoration complex, enough soft 
dentin must be removed to place a durable restoration 
of sufficient thickness and resiliency, while maintaining 
sufficient tooth support around the restoration. This may 
be difficult to achieve each time when managing deep 
carious lesion in primary teeth because pulp exposure 
inadvertently happens because of high pulp horns and 
less enamel and dentin thickness as compared with per-
manent teeth. Microleakage in primary dentition is an 
important consideration because the seepage of irritants 
around the restoration and through the thin dentin may 
produce irreversible pulp damage.19 In underdeveloped 
and developing countries, the burden of curative treat-
ment of caries is high and further iatrogenic endodontic 
treatment will jeopardize the efforts. There is a need for 
a restorative material which will not only provide adhe-
sive seal but will also have antibacterial activity against 
pathogens involved in deep caries progression. This could 
greatly increase the prognosis during selective caries 
removal in soft dentin.

In the etiology of early childhood caries, many strains 
of microorganism have been isolated. Streptococcus 
mutans have been found to play a major role because it 
provides the thick tenacious matrix of biofilms in which 
it multiplies and produces acid. This acid production 
not only demineralizes the hard tissues of the tooth but 
also provides a protective niche and acid milieus within 
which other acidogenic and aciduric organisms thrive 
and colonize. Streptococcus mutans may well be a biofilm 
initiator (and also a potent acid producer) that paves 
the way for other cariogenic bacteria to become domi-
nant, possibly at the expense of S. mutans itself, as the 
biofilm matures.20 Among the other cariogenic bacteria, 
Lactobacilli and Actinomyces strains have been frequently 
isolated from deep caries lesions and they are believed to 
be the pioneering microorganisms in the caries progress, 
especially in dentin. Hence, this study included L. casei 
and A. viscosus as the test organism to assess the antibac-
terial efficacy of ex-GIC.

The modern-day GIC is the only dental restorative 
material which can bond chemically to the enamel and 

dentin. It acts as a biomimetic material and a reservoir for 
fluoride release. This makes it ideal for peripheral seal of 
deep cavitated lesions. Earlier studies suggested that GIC 
is antimicrobial because of their fluoride release and/or 
their acidity.21-25 It has been well established that fluoride 
is released from GIC26-28 and the material has a low pH 
while setting, but the results of previous investigations 
related to the antibacterial effects of both fluoride and 
low pH are still controversial.29 Also, the reduction in 
bacterial counts obtained by placing conventional GICs in 
cavities is not reliable; therefore, innovation was required 
to potentiate the antibacterial action of GIC.

Based on the previous study which had confirmed 
bacterial growth inhibition by conventional GIC,30 the 
present study modified the type II restorative GIC, by 
incorporation of 1% chlorhexidine acetate powder to 
the GIC powder. Chlorhexidine was chosen over other 
antibiotic powders because chlorhexidine is a broad 
spectrum antimicrobial which acts as bactericidal as well 
bacteriostatic agent against both Gram-negative and 
Gram-positive bacteria. Its property of susbstantivity 
increases its binding to tooth structure and increases the 
contact time with the tooth structure. Sugar transport 
and acid production in oral bacteria are also affected by 
CHX. The present study used the diacetate form of CHX 
because incorporation of CHX-D into GICs was found to 
increase the antimicrobial effect of GIC without seriously 
compromising the physical properties of the original 
material.13,14 The diacetate form is a more stable material, 
not prone to decomposition, and can be easily blended 
with glass ionomer powder. The presence of CHX-D 
in the GIC does not contribute to the formation of the 
glass ionomer network concentration and therefore can 
weaken the scaffold and compromise the physical prop-
erties of the antibacterial glass ionomer if used in higher 
concentration in an attempt to increase the antibacterial 
property of the ex-GIC.31 Takahashi et al15 showed with 
a high-performance liquid chromatography test that 
there was very little CHX-D released from their ex-GIC 
formulations and concluded that a 1% CHX-D addition 
was optimal to give appropriate physical and antibacte-
rial properties. Therefore, the concentration of CHX-D 
in this study was kept at 1%. Type II GIC was preferred 
over type IX GIC, because of personal preferences. The 
authors find that well-manipulated type II GIC provides 
similar restorative longevity in primary teeth as compared 
with type IX GIC in single surface occlusal restorations. 
Further, there are no recommendations for restoring teeth 
with particular restorative material after using selective 
caries removal in soft dentin.1

In our study, we used agar plate diffusion method, as it 
allowed both set and unset materials to be assayed rapidly 
and easily with a large number of specimens. However, 
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this test has to be interpreted with caution because it does 
not simulate the clinical condition of carious lesion where 
multiple species of bacteria grow in a complex biofilm.

The present study investigated the antibacterial acti- 
vity of unset ex-GIC on bacteria found in deep carious 
lesions. This was thought to mimic the clinical situation 
and hence be of more clinical significance. Though sta-
tistically there was no significant difference in the mean 
zone of inhibition between unset and set restoration, this 
study did demonstrate that unset ex-GIC had wider zone 
of inhibition in both the test bacteria. The addition of 
CHX-D diacetate to type II GIC had antibacterial proper-
ties against both A. viscosus and L casei, and significantly 
greater activity against L. casei. The wider zone of inhibi-
tion of unset specimen can be explained by the low pH 
of unset GIC. As the chelation reaction progresses, the 
leaching of chlorhexidine may also have reduced.

The results of the present study are in accordance 
with a similar study conducted by Türkün et al,31 who 
found that for L. acidophilus, the greatest antibacterial 
effect was observed with diacetate group. The 2.5% group 
of CHX-D showed antibacterial activity up to 90 days 
against S. mutans and up to 60 days against L. acidophilus. 
There is a very limited research on antibacterial activity 
of 1% CHX-D-modified type II GIC on Actinomyces and 
Lactobacillus.

The results of this study may not be directly relevant 
to clinical practice because it does not discuss the com-
pressive strength of the set material and rate of release 
of fluoride from the ex-GIC. The inhibitory zones were 
measured only after 48 hours and therefore it is uncer-
tain whether antibacterial action gradually increased or 
decreased over the 2 days and how it would have fared 
over the next few days. The present study does provide 
the stepping stone by proving that 1% CHX-D-modified 
GIC has antibacterial effect on commonly isolated deep 
caries-associated pathogens. The study also assesses the 
effect of unset ex-GIC. Further research is recommended 
to investigate this ex-GIC, with an objective to develop it 
as a cost-effective restorative material which will provide 
predictable outcome in restoration of primary teeth using 
selective caries removal in soft dentin.

CONCLUSION

Chlorhexidine-modified GIC’s antibacterial effect has 
shown promising results against S. mutans, which is 
responsible for initiating superficial caries, but not against 
L. casei and A. viscosus, which are the predominant organ-
isms of deep carious lesions. This in vitro study confirmed 
the antibacterial effect of 1% CHX-D modified GIC against 
both these organisms, thus extending its use in deep 
caries excavation, where additional antibacterial effect 
may be required. Within the limitations of this study, we 

found that addition of as less as 1% CHX-D diacetate to 
conventional GIC was effective in inhibiting L. casei and 
A. viscosus, suggesting further investigation on its use in 
deep caries management, in minimal invasive dentistry 
for children.

CLINICAL SIGNIFICANCE

Addition of 1% CHX-D to type II GIC showed evidence 
of antibacterial activity against organisms found in deep 
carious lesion and therefore may find use as an interme-
diate restoration in deep cavities to sterilize the cavities 
and protect the pulp and in single-visit stepwise caries 
excavation in primary teeth.
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