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Abstract 
      To assess the antibacterial activity of nanoclay-modified glass ionomer versus nanosilver-
modified glass ionomer on Streptococcus mutans (in vitro).  
     24 samples were used in the study, divided into three groups according to the materials used 
(n=8). Group (1) conventional glass ionomer Medifill, Group (2) nanoclay-modified glass ionomer, 
and Group (3) nanosilver-modified glass ionomer. The antibacterial effect of each group was 
assessed by disc diffusion methods, at two time intervals: 24 and 48 hours. 
    There was a statistically significant difference between the effects of the used materials on the 
inhibition zone diameter after 24 and 48 hours. Nanoclay-modified glass ionomer showed the 
highest statified glass ionomer. The conventional glass ionomer group showed the lowest mean 
inhibition statistically significant mean inhibition zone diameter, followed by nanosilver-mod zone 
diameter, with a statistically significant difference. 
     The addition of nanoscale and nanosilver enhanced the antibacterial activity of conventional 
glass ionomer restoration.                             

                                              Experimental article (J Int Dent Med Res 2022; 15(4): 1442-1449)          
      Keywords: Glass ionomer, nanoclay, nanosilver, antibacterial activity, streptococcus mutans. 
      Received date: 09 August 2022                                        Accept date: 13 September 2022                                    

 
 Introduction 
 

Dental caries is a chronic infectious 
disease produced by the interaction of oral 
microbes in dental plaque, diet, and a wide 
variety of host factors ranging from social and 
environmental factors to genetic and 
biochemical/immunologic host responses. The 
principal agents of enamel caries are two species 
of the mutants streptococci: Streptococcus 
mutans and Streptococcus sobrinus 1. 
Streptococcus mutans metabolite a variety of 
sugars and glycosides, including glucose, 
fructose, sucrose, lactose, galactose, mannose, 
cellobiose, glucosides, trehalose, and maltose, 
as well as alcohol. Streptococcus mutans 
synthesize intracellular glycogen, such as 
polysaccharides in extracellular glucose and 

sucrose, decreasing salivary pH, and 
continuously causing the demineralization of the 
tooth surface and, eventually, dental caries1 2. 
One of the essential methods for preventing 
secondary caries is applying restorative materials 
to prevent bacterial growth3. Glass ionomer 
restorations (GICs) are interesting dental 
materials that catch the attention for their clinical 
applications. They have particular characteristics 
that make them functional adhesive materials for 
restoring carious cavities in low stress bearing 
areas4. These properties include chemical 
bonding to different tooth tissues, acceptable 
pulp reaction, low coefficient of thermal 
expansion, low toxicity, and ability to release 
fluoride.5 

Despite incorporating fluoride in GICs, 
secondary caries is still an unsolved problem 
since the amount of released fluoride is not 
enough to guarantee its anticarcinogenic activity. 
Therefore, antibacterial additives have been 
proposed as an alternative to modify GIC 
formulations, including different types of 
nanoparticles, metals, antiseptics, etc.6. The 
incorporation of nanoparticles with antibacterial 
activity into dental care materials is being 
investigated, in order to generate restorative 
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materials that can prevent recurrent dental caries, 
and prolong the effectiveness of treatment7. 

Among various nanoparticles, silver 
nanoparticles have been one of the most popular 
objects of study in recent decades. Nanoparticles 
of silver include 20 to 15,000 atoms of silver, and 
their diameters are typically less than 100 nm. 
Even at low concentrations, silver nanoparticles 
demonstrate extraordinary antibacterial activity 
due to their high surface-to-volume ratio. In 
addition, they are low in cost, and demonstrate 
little cytotoxicity and immune response8. 

Moreover, nanoclay (montmorillonite) is a 
crystalline structure formed of clay mineral layers. 
Each layer of clay consists of an octahedral 
alumina sheet in the center, between two 
tetrahedral silica plates. Through getting over the 
forces among the layers, small molecules may 
penetrate and polymerize inside clay architecture. 
Nanoclays have become one of the most 
interesting research materials. Because of the 
large interface of the polymer-nanoclay, 
reciprocal action considers an attractive material 
for high dispersion ability in polymers9. The 
integration of a small quantity of montmorillonite 
in the polymer matrix improves the 
characteristics of the resulting compound when 
compared to the classical one10.  MMT is used as 
an inorganic carrier for antibacterial materials 
because of its good adsorption ability, drug-
carrying capability, high cation-exchange 
capacity, high surface area, and chemical 
inertness11. Although clay nanoparticles have 
been used for various purposes, till now, no 
study has been conducted to investigate their 
effect after incorporation into dental restorative 
materials, such as glass ionomer restoration. 
Therefore, this in vitro study evaluates the 
antibacterial effect of nanoclay-modified glass 
ionomer and nanosilver-modified glass ionomer 
on Streptococcus mutans. 
   

Materials and methods 
 
Table (1) lists the glass ionomer 

restorative material, in addition to the 
specification, composition, and manufacturers of 
the nanoparticles used in the current study. 

Sample size calculation 
A power analysis was designed to have 

the adequate power to apply the statistical test of 
the null hypothesis that no difference would be 

found between the antibacterial effect of the 
different groups. By adopting an alpha level of 
(0.05), a beta of (0.2), i.e. power=80%, and an 
effect size (f) of (0.68), the predicted sample size 
(n) was a total of (24) samples. Sample size 
calculation was performed using G*Power 
version (3.1.9.7)12 
 

 
Table 1. Materials’ composition, specification, 
and manufacturer. 

Sample grouping 
A total of twenty-four samples were used 

in the study, divided into three groups according 
to the materials used (n=8): Group1 is the 
conventional glass ionomer (G1); Group 2 is 
nanoclay-modified glass ionomer (G2); and 
Group 3 is nanosilver-modified glass ionomer 
(G3). The antibacterial effect of each group was 
assessed after two time intervals: 24 and 48 
hours. 

Characterization of Nanoclay 
The characterization of nanoclay 

(montmorillonite) was done by X-ray diffraction, 
and Fourier transform infrared spectroscopy. The 
analysis was done in the laboratories of the 
conservation center at the Grand Egyptian 
Museum (GEM). 

X-ray Diffraction: the samples were 
analyzed using an analytical X-pert pro with 
copper anode, working at 40 mA / 45 kV. The 
samples were analyzed after grounding in an 
agate mortar. The sample holder was then used 
to attach a flat surface sample to the XRD 
instrument. The data were interpreted using the 
software of the XRD machine. The long scan was 
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used between 2θ angles of 7o–75o at a step size 
of 0.03o and time per step(s): 100, scan speed 
(2θ /S): 0.076o, No. of steps (2266)10 13. 

Fourier Transform Infra-Red 
Spectroscopy: Infrared spectra were obtained in 
the mid-range using JASCO-6100 FTIR 
spectroscopy. The 1 to 3mg from the samples 
were ground with 99-97mg of potassium bromide 
(KBr) in an agate mortar, forming a 3mm 
diameter KBr pellet. Transmittance data were 
gathered between 4000 and 400 cm1, with a 4 
cm1 resolution13. 

Preparation of nanoclay-modified glass 
ionomer 

Nanoclay powder was dispersed in 
Medifill™ liquid by the exfoliation-adsorption 
method10. Dellite ® 43B weights were measured 
by a balance (0.375 grams = 2.0 wt. %). Then, 
the mixing was done on a hot tray for 24 hours at 
75 °C, with a speed of 100 rpm using a magnetic 
stirrer. 

Preparation and characterization of 
nanoparticles of silver 

To synthesize silver nanoparticles, 10 ml 
of 1% ethanolic solution of Polyvinyl pyrrolidine 
(PVP), and 0.2 ml of 0.1 M silver nitrate powder 
(AgNO3) were added in a closed test tube 
containing 25 ml distilled water, and placed in a 
microwave oven for 5 seconds. Instantaneously, 
the colorless solution changed to its typical 
yellow hue, indicating the creation of silver 
nanoparticles that were spherical in shape, and 
5.55-8.77 nm in size14. Visible Near Infra-Red 
(Vis-NIR) Spectroscopy monitored the absorption 
rate of the silver nanoparticles. It consisted of a 
Tungsten halogen light source [Versatile white 
light source optimized for Vis-NIR (360-2500 
nm)]. A sensor was connected to the computer to 
detect the change in the amount of emitted light 
passed through the silver nanoparticle solution. 
The light source and detector were linked 
together through two optical fibers. The cuvette 
containing the silver nanoparticle solution was 
placed between these fibers. The first optical 
fiber was connected to the light source through 
which the emitted light was carried to the cuvette 
containing the silver nanoparticle solution. The 
second optical fiber was connected to the sensor 
to which the light that passed through the cuvette 
was transferred. Special computer software was 
used for recording data, and an absorption rate 
curve was drawn. 

Preparation of nanosilver-modified glass 

ionomer 
The concentration of the resultant 

nanosilver solution was 107µg/ml. It was taken at 
1.1µg/µl, and applied to 0.5 ml polyacrylic acid, 
till it reached the minimum concentration that 
provided the most effective antibacterial action 
(0.5µg/ml). 

Preparation of glass ionomer specimens 
Glass ionomer specimens were made 

using a sterilized custom split Teflon mold (5mm 
in diameter x 2mm in height). A sterilized glass 
slap covered with a Mylar strip was used for the 
preparation of the specimens. The glass ionomer 
powder and the polyacrylic acid (G1) were 
proportioned according to the manufacturer’s 
instructions, and mixed until a homogenous mix 
was obtained. The materials were packed by a 
condenser of suitable size into the mold, as one 
increment, then covered with another Mylar strip 
and a glass slide, and pressed for a few seconds 
in order to expel the excess material, and 
achieve a uniform smooth surface. The glass 
ionomer mix was left into the mold till complete 
setting. Regarding G2 and G3, the glass ionomer 
specimens were prepared according to the same 
procedures, except that the nanoclay and 
nanosilver particles were first added to the glass 
ionomer liquid (polyacrylic acid), as 
aforementioned , and mixed with glass ionomer 
powder. 

Testing antibacterial activity 
For the purposes of this in vitro study, 

Streptococcus mutans ATCC 25175 standard 
type strain (16S rRNA gene, serotype c. carious 
dentin) was obtained from the Microbiology and 
Immunology Department, at the Faculty of 
Pharmacy, the 6th of October University, Giza, 
Egypt. According to the manufacturer's 
instructions, bacteria were inoculated overnight 
at 37 °C in Mitis Salivarius Agar (Becton, 
Dickinson, and Company; Sparks, MD, USA) 
supplemented with potassium tellurite. The 
turbidity of the suspension was determined using 
the McFarland 0.5 turbidity standard (Densimat, 
BioMerieux, France). The bacteria concentration 
was standardized to approximately 1.5 × 108 
CFU/ml, and used as a working microbial 
solution based on such absorbance. At 37 
degrees Celsius, the plates were incubated in a 
bacteriological incubator. After 24 and 48 hours, 
the antibacterial effect of each group was 
evaluated by measuring the diameter of bacterial 
growth inhibition zones. The diameter of the 
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bacterial growth inhibition zones was measured 
in millimeters at three different points on each 
specimen, using an electronic digital caliper 
(STECO, Germany). 

Assessment of minimum inhibitory 
concentration (MIC) by Microtitre Broth Dilution 
Method 

Ten tubes/materials were filled with 100 
μL of Brain Heart Infusion broth using the 
Microtitre Broth Dilution Method (BHI, Sigma-
Aldrich, St. Louis, USA). One hundred μL of the 
antibacterial agent under investigation was 
added to the first well of a sterile 96-well 
microtiter plate, in order to achieve a 
concentration of 53.5 μL. This tube was left alone 
for one minute before transferring 100 μL to the 
second tube, to achieve a 26.75 μL concentration. 
Serial dilution was obtained by repeating this 
procedure with the subsequent tubes until 
dilution of 0.1045 μL was obtained. A bacterial 
suspension was prepared by mixing 0.5 μL 
Streptococcus mutans from stock cultures (ATCC 
25175) with 9.5 μL BHI. Each serially diluted tube 
received one droplet of the Streptococcus 
mutans suspension. The dilution resulted in an 
80% reduction of visible bacterial growth 
compared to the control.  

The solution remained clear and was 
selected as the minimum inhibitory concentration 
(MIC)15 to be used as the study's starting point. 
Additional turbid samples with lower 
concentrations were discarded. The test was 
administered three times. For each antibacterial 
agent investigated, a positive control was used. 
Streptococcus mutans was added to BHI without 
any agents. A negative control was used in which 
the agents were added to BHI without the 
bacteria. 

Statistical Analysis 
The statistical analysis was performed 

using GraphPad Prism 9.3.1 (GraphPad 
Software Inc., CA, United States). The results 
were presented as median and error interquartile 
range. The normality of the numerical data was 
determined by inspecting the distribution of the 
data, and performing normality tests 
(Kolmogorov-Smirnov and Shapiro-Wilk tests). 
The data demonstrated a parametric distribution. 
The results were presented as mean, standard 
deviation (SD), and 95% Confidence Interval (CI) 
values for the mean. The effect of material, time 
(24 and 48 hours), and their interaction on the 
mean inhibition zone diameter was investigated 

using a two-way analysis of variance (ANOVA). 
Bonferroni’s post-hoc test was used for pairwise 
comparisons when the ANOVA test was 
significant. P 0.05 was chosen as the level of 
significance. 

Approval or consent is not required; the work done 
didn’t include patients or other individuals. 
 

Results 
 
Characterization of Nanoclay: 
The samples Dellite 43B was subjected to 

XRD analysis. Both pieces indicated the 
presence of the montmorillonite (Na, Ca) (Al, 
Mg)2(Si4O10) (OH)2. nH2O in the sample, as well 
as mica and cristobalite, proving that the main 
structure of the inorganic crystalline component 
of the filling material composed most of the 
smectite group. The FTIR analysis of the sample 
of Dellite 43B montmorillonite indicated 
broadband at 3419 cm-1, and adsorbed OH 
stretching of the clay mineral, followed by two 
large doublets at 1627 and 1589 cm-1 OH 
bending band, and adsorption bands resulting 
from the organic-modified that was added to the 
clay mineral to enhance the properties of the 
montmorillonite. On the other hand, the Si-O-Si 
stretching could be observed by large broad and 
at 1062 cm-1, while the two peaks at 516 cm-1 
and 457 cm-1, respectively, indicated the Si-O-Al 
and Al-OH adsorption bands. 

Characterization of Nanosilver 
Vis-NIR Spectroscopy is based on the 

idea of Surface Plasmon Resonance (the 
collective excitation of electrons in the conduction 
band). Silver nanoparticles have positively 
charged nuclei in the center, and a surface-like 
plasma has free electrons (Conduction Band). 
The Plasmon Absorption Rate (measured in 
nanometer) is a characteristic optical absorption 
spectrum representing the movement of free 
electrons in the conduction band, after the 
absorption of emitted light. The amount of 
emitted light absorbed differs according to 
particle size and shape. 

The results of a two-way ANOVA 
revealed that Glass Ionomer Groups had a 
statistically significant effect on the mean 
diameter of the inhibition zone Table (2). Since 
the time and interaction between the variables 
were not statistically significant, the variables 
were independent of one another. The 
descriptive statistics of the inhibition zone 
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diameter of Glass Ionomer Groups, regardless of 
time, are represented by mean, standard 
deviation (SD), and 95% Confidence Interval 
values in Table (3). There was an extremely 
statistically significant difference between the 
three groups of treatment (P-value <0.001). 
Comparing the time periods pairwise revealed 
that the 48-hour period was statistically 
insignificant. Streptococcus mutans were around 
the group treatments. Figure (1) shows a 
statistically significant difference between the 
materials used on inhibition zone diameter after 
24 and 48 hours. Pairwise comparisons between 
the materials revealed that the nanoclay-modified 
glass ionomer showed the highest statistically 
significant mean inhibition zone diameter. 
Nanosilver-modified glass ionomer showed a 
lower statistically significant mean inhibition zone 
diameter, followed by Conventional Glass 
Ionomer group. Regarding the effect of time, 
there was no statistically significant difference 
between the two follow-up times. The mean 
inhibition zone diameter after 24 and 48 hours 
was statistically insignificant. 

 
Figure 1. Bar chart illustrating the mean and 
standard deviation of inhibition zone diameters 
with various Glass Ionomer Groups. 
 

df: degrees of freedom = (n-1), *: Significant at P ≤ 0.05 
Table 2. Two-way ANOVA results for the effect of 
different variables on mean inhibition zone 
diameter. 
 
 Discussion 
 

The present study evaluated the 
antibacterial effect of nanoclay-modified glass 

ionomer and nanosilver-modified glass ionomer 
on Streptococcus mutans. Glass Ionomer 
Cements (GICs) are clinically attractive and 
advantageous restorative dental materials with 
unique properties9. However, their antimicrobial 
activity is still not efficient against cariogenic 
bacteria, since they cannot prevent adherence, 
cell proliferation, and biofilm formation where 
Streptococcus mutans are present16. ProMedica 
(Midifil™) conventional glass ionomer was 
selected in this study because it is the most used 
restorative material for ART technique, class III, 
V cavities, and posterior teeth in pediatric 
patients, due to its adequate strength, excellent 
biocompatibility, low acidity, self-adhesion to 
tooth tissue, high fluoride release, and with no 
temperature rise during setting. GICs inhibit 
caries’ initiation or progression through their 
inherent ability to release and reuptake fluoride 
ions. However, there is no clear scientific 
evidence to fully support this caries’ inhibitory 
potential. Many investigations have evaluated the 
possibility of incorporating a direct antimicrobial 
agent into GICs to innovate an esthetically 
pleasing, self-adhesive dental material that can 
arrest residual caries, decrease the incidence of 
recurrent caries, and provide a tight seal under 
restorations. Adding a different antimicrobial 
compound to glass ionomers, such as antibiotics, 
metal ions, oxides, iodine, and chlorhexidine, is 
considered an attempt to enhance their 
antibacterial activity. However, these attempts 
are still far from offering the optimal effect of 
antibacterial properties against cariogenic 
bacteria17 18. 

 

 
Table 3. The mean, standard deviation (SD), 
95% Confidence Interval values, and the results 
of comparison between the inhibition zone 
diameters of Glass Ionomer Groups.  
 

Nanoparticles have emerged as an 
alternative to high reactivity in dentistry owing to 
their superior properties, such as their smaller 
size, shape, and high surface area to volume 
ratio. Nanoparticles exhibited solid antimicrobial 
activity due to their multidisciplinary application, 
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and extraordinary defense against a broad 
spectrum of bacteria, including Gram-negative 
and Gram-positive strains19. Montmorillonite 
(MMT, Na 0.7(Al33Mg 0.7) Si8O20 (OH)4 - nH2O) 
was selected as a carrier owing to its excellent 
biocompatibility, and extensive uses in a broad 
range of medical and pharmaceutical 
applications20. MMT is a type of natural clay, and 
a safe carrier material with a layered silicate 
structure, wide surface area, high adsorption 
capacity, and ion exchanging properties21 22.  

In particular, nano sized MMT has been 
successfully used as a drug carrier, catalyst, food 
additives20, and tissue engineering material23. 
Metals mixed with many biomaterials have been 
documented to improve antibacterial 
performance6. Nanosilver shows great activity 
against many bacteria, and is widely used in 
medical devices, food packaging, bandages, and 
clinical applications24. The AgNPs are the most 
extensively tested inorganic antimicrobial agents 
due to their long-term antibacterial activity, low 
bacterial resistance, low volatility, high surface-
to-volume ratio, and high thermal stability25. 

In the present study, all the tested 
materials showed a statistically significant effect 
on mean inhibition zone diameter after 24 and 48 
hours. The nanoclay-modified glass ionomer 
showed the highest statistically significant mean 
inhibition zone diameter. This may be because 
Montmorillonite (MMT) is smectite-type clay 
composed of an expandable type of 
aluminosilicate clay mineral that has a layered 
structure, and relatively high cation exchange 
capacity. By replacing the natural inorganic 
exchange cations with an organic compound, the 
MMT surface was converted from being primarily 
hydrophilic to hydrophobic, enabling its strong 
interaction with organic compounds dissolved in 
water26. This agrees with other studies13 27, which 
found that Polymer-nanoclay composites 
involved the interaction of polymer matrix of 
polyacrylic acid with the nanoplates of clay. The 
composites were formed by the dispersion of low 
weight percentages of nanoclay into polymers, 
improving physical, biological, and chemical 
properties of the resulting composite, when 
compared to conventional materials. 

In the current in vitro study, nanosilver-
modified glass ionomer showed a statistically 
significant effect on the mean inhibition zone 
diameter. This may be because silver ions cause 
bactericidal effects by interacting with bacterial 

cell walls, plasma membranes, bacterial DNA, 
proteins, and ribosomes28. Moreover, with the 
release of silver ions, the formation of reactive 
oxygen species (ROS), or both processes, silver 
broke down the bacterial cell walls, dimerized 
their DNA, and blocked the respiratory chains 
that caused the death of the microorganism24. 
According to another study, Moshfeghi and his 
team29, none of the samples showed a bacterial 
growth inhibition zone, including nanosilver, after 
24 and 48 hours. There was a reduced bacterial 
growth for Streptococcus mutans bacteria by 
increasing nanosilver. This finding also 
corresponds with other studies, which reported 
that the number of silver ions released from the 
cement surface inactivated the growth of bacteria, 
and affected the viability of Streptococcus 
mutans biofilm30. In this in vitro study, nanosilver-
modified glass ionomer showed a lower 
statistically significant mean inhibition zone 
diameter than nanoclay-modified glass ionomer. 
This may be attributed to the numerous 
substances that relatively easily intercalated 
montmorillonite (MMT), due to their crystal 
structure unit cell, consisting of one octahedral 
alumina sheet sandwiched between two 
tetrahedral silica sheets. Cations and/or water 
molecules are present in the interlayers. In 
addition, both octahedral and tetrahedral 
replacements were feasible, which allowed for 
significant cation exchange capacities31, and led 
to strong interaction with certain antimicrobials, 
affecting their bioavailability32. 

GI group showed the lowest statistically 
significant mean inhibition zone diameter. 
Although the antibacterial activity of glass 
cement is due to its fluoride release potential, 
there is no published evidence for the inhibiting 
effects of GI cement on the occurrence of 
secondary caries, which are mainly caused by 
the accumulation of Streptococcus mutans. 
Fluoride release may be influenced by many 
factors, such as the released fluoride and other 
ions, the chemical composition of glass ionomer, 
and low pH value during setting12. In other words, 
GI cement had antibacterial effects on a narrow 
spectrum of microorganisms and had 
insignificant bactericidal activity33. This is in 
agreement with another study that evaluated the 
antibacterial activity of conventional Glass 
Ionomer Cement (GIC II), and a zirconia-
reinforced glass ionomer cement (Zirconomer™) 
against Streptococcus mutans 34, and reported 



 
Journal of International Dental and Medical Research ISSN 1309-100X                                         Antibacterial Activity of Nanoclay 
http://www.jidmr.com                                                                                                                          Marwa Mohamed Temirek and et al 

 

  Volume ∙ 15 ∙ Number ∙ 4 ∙ 2022 
                            

Page 1448 

that Zirconomer™ had the most antibacterial 
effect against Streptococcus mutans. This result 
is also in agreement with another study, which 
revealed that the modified GIC with 
Chloroxylenol, Boric acid, and Thymol was more 
effective against Streptococcus mutans than 
unmodified GIC powder35. 
  

Conclusions 
 
The incorporation of nanoparticles in 

glass ionomer improved its antibacterial activity. 
Montmorillonite exhibited promising antibacterial 
activity. Further investigations may be required to 
assess the antibacterial activity of glass ionomer 
with a different modification on Streptococcus 
mutans.  
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