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Aim: The aim of this study was to compare constituents of glass powder, fluoride release, and antimicrobial properties
of new atraumatic restorative treatment material with zirconia fillers and conventional glass ionomer cement (GIC)
type IX. Materials and Methods: This in vitro study comparing Zirconomer and Fuji IX was executed in three parts:
(1) energy dispersive X-ray microanalysis of glass powders (2) analysis of fluoride release at 1%, 3%, 7th, 15%, and 30 day,
and (3) antimicrobial activity against Streptococcus mutans, Lactobacillus casei, and Candida albicans at 48 hours. Data
was analyzed using unpaired t-test and two way analysis of variance followed by least significant difference post hoc
test. A P value of < 0.05 was considered statistically significant. Results: Energy dispersive X-ray microanalysis revealed
that, in both Zirconomer and Fuji IX glass powders, mean atomic percentage of oxygen was more than 50%. According
to the weight percentage, zirconium in Zirconomer and silica in Fuji IX were the second main elements. Calcium,
zinc, and zirconium were observed only in Zirconomer. At all the time intervals, statistically significant higher
amount of fluoride release was observed with Zirconomer than Fuji IX. At 48 hours, mean =+ standard deviation (SD)
of zone of inhibition against Streptococcus mutans was 11.14 + 0.77 mm and 8.51 + 0.43 mm for Zirconomer and Fuji
IX, respectively. Against Lactobacillus casei, it was 14.06 + 0.71 mm for Zirconomer and 11.70 + 0.39 mm for Fuji IX.
No antifungal activity was observed against Candida albicans by Zirconomer and Fuji IX. Conclusion: Zirconomer
had higher antibacterial activity against Streptococcus mutans and Lactobacillus casei, which may be attributed to its
composition and higher fluoride release. However, it failed to show antifungal effect against Candida albicans.
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INTRODUCTION

Glass ionomer cements (GICs) were introduced by
Wilson and Kent in 1970s.[1 Conventional GICs

are composed of fluoroaluminosilicate glass powder
usually a strontium and calcium salt and polyalkenoic
acid liquid, such as polyacrylic, maleic, itaconic,
and tricarbalyllic acids.**! GIC is acknowledged to
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be a biomimetic material because it has mechanical
properties  similar to dentin.!!  Biocompatibility,
fluoride release, and chemical bonding to hard tissues
of the tooth render it an ideal material in many
restorative situations.** Its ability to prevent and
arrest carious lesions has been supported by numerous
systematic reviews and meta-analyses.5) GICs are
widely used as the base, liner, luting, and restorative
material.! Despite many desirable properties, low
mechanical strength of conventional GICs make them
unsuitable for load bearing areas such as Class I and
Class II restorations. 3

To conquer the disadvantage of low mechanical
strength, GICs with higher powder liquid ratio such
as Fuji IX (GC Corporation, Tokyo, Japan) were
developed. These highly viscous GICs with improved
mechanical properties are indicated for atraumatic
restorative treatment (ART).[#

GIC displays worthy properties for restorative and
preventive dentistry, making this a material of choice
for ART."" The World Health Organization (WHO)
recommended ART as a part of Basic package of Oral
Care (BPOC) along with oral urgent treatment and
affordability of fluoride toothpaste.[®! It consists of
excavating infected dentin with exclusive use of hand
instruments, followed by sealing the cavities and
adjacent pits and fissures with GIC."*!%1 Because of
hand excavation, cavities treated by ART may have
residual infected dentin which may lead to restoration
failure.[”’ Therefore, success of ART depends upon the
performance of GIC.1¥)

Recently, zirconia reinforced glass ionomer cement
known as Zirconomer or white amalgam (Shofu Inc.,
Kyoto, Japan) has been introduced in dentistry. The
inclusion of zirconia fillers in glass component of
Zirconomer provides strength and durability similar to
amalgam with protective benefits of glass ionomer.!':!]
The manufacturer also claims that it is suitable for ART.['?

The glass components of GIC critically determine its
physical properties; hence, the relationship between
the composition of glass and properties should be
scrutinized.[® Fluoride is a well-known anticariogenic
agent. Short and long-term fluoride release from dental
restorative materials depends upon several factors
including the amount of fluoride incorporated and
matrices of materials.!'

Testing of a newer material is always desirable
to determine its effectiveness. Literature search
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has revealed that there is dearth of research on
zirconia reinforced glass ionomer cement. In an
investigation Patel ef al. has evaluated the microleakage
of Zirconomer in comparison with amalgam and
composite." However, there is no published
research on the composition of glass powder,
fluoride release, and antimicrobial properties of glass
ionomer cement with zirconia fillers to substantiate
it for ART procedure. Hence, the present in wvitro
study was conducted with an aim to compare the
constituents of glass powders, fluoride release, and
antimicrobial properties of new ART material with
zirconia fillers (Zirconomer) and conventional GIC
type IX (Fuji IX). The proposed null hypothesis for
the present research was that there is no significant
difference between new ART material with zirconia
fillers and conventional GIC type IX for fluoride release
and antimicrobial properties.

MATERIALS AND METHODS

The present in vitro study was executed in three
parts: (1) Energy dispersive X-ray (EDX) microanalysis
of glass powders, (2) analysis of fluoride release at
different time intervals, and (3) antimicrobial activity
against Streptococcus mutans, Lactobacillus casei, and Candida
albicans at 48 hours.

Glass ionomer cements tested were:

(1) Zirconia reinforced glass ionomer cement
(Zirconomer, Shofu Inc., Kyoto, Japan. Lot number:
0813022)

(2) Glass ionomer cement type IX (Fuji IX, GC
corporation, Tokyo, Japan. Lot number: 1412161).

Energy dispersive X-ray
powders

microanalysis of glass

EDX microanalysis of powders of glass ionomer
cements was performed using FEI Quanta 200
Scanning  Electron Microscope (FEI  Company,
Hillsboro, Oregon, United States) at the Indian
Institute of Information Technology, Design and
Manufacturing (IIITDM) Jabalpur, Madhya Pradesh.
On Scanning Electron Microscope (SEM), EDX
was performed using TEAM"™ EDS Software (EDAX
Inc., Mahwah, New Jersey, United States). The
samples (glass powders) were sprinkled on a
carbon-metallic stub. The EDX spectrums were
collected from the powder specimens, and elemental
analysis (weight% and atomic%) was performed.
For cach glass ionomer cement, EDX analysis was
performed 15 times.
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Evaluation of fluoride release

Fifteen specimens of each cement of 6 mm X 8 mm
dimensions were prepared using plastic molds.
Materials were hand mixed as per the manufacturer’s
instructions, packed into the molds, and allowed to set
at room temperature for 30 minute.

Artificial saliva was prepared by mixing 0.4 gm

sodium chloride (NaCl), 121 gm potassium
chloride (KCI), 0.78 gm disodium anhydrous
phosphate  (NaH,PO,2H,0), 0.005 gm sodium

sulphite (Na,S.9H,0), 1.0 gm urea [CO (NH,),]
and 100 mg albumin bovine fraction V in 1000 ml of
deionized water."™ Digital pH meter (Model 1010,
Electronics India, Parwanoo, Himachal Pradesh,
India) was used to adjust the pH of artificial saliva
at 6.7 (average normal pH of human saliva).[' Set
specimens after being removed from the molds were
suspended in 5 ml of artificial saliva in tightly closed
plastic vials and stored at 37°C (x1°C). After 24 hours,
careful removal of specimens from the solution, drying,
and transferring into a new vial containing fresh
artificial saliva at 37°C (%1°C) was performed and same
procedure was repeated on the 3™, 7, and 15% day.

A fluoride ion selective electrode (Orion Star A214,
Thermo Fisher Scientific Inc., Waltham, Massachusetts,
United States) was used for measuring the fluoride
release at Madhya Pradesh Public Health Engineering
Department (PHED), Dindori, Madhya Pradesh.
Calibration of the electrode was performed immediately
before as well as during the experiment to ensure
precise readings. Standard solutions of 0.50, 1.00, 10.00,
50.00 and 100 ppm fluoride concentrations were used
to calibrate the instrument as per the manufacturer’s
instruction. The fluoride concentration in each sample
was recorded in ppm.

Assessment of antimicrobial properties

Fifteen samples of cach cement were tested for
antimicrobial activity against Streptococcus mutans (ATCC
25175), Lactobacillus casei (ATCC 393), and Candida
albicans (ATCC 90028). For the evaluation of the
antimicrobial effect, agar diffusion test was performed
at Excellent Bio Research Solutions Private Limited,
Jabalpur, Madhya Pradesh. For Streptococcus mutans
and Lactobacillus casei, Mueller-Hinton agar (Himedia
Laboratory Pvt. Ltd, Mumbai, India) and for Candida
albicans, Sabouraud Dextrose Agar (Himedia Laboratory
Pvt. Ltd, Mumbai, India) was used. On the designated
agar plate, 4 wells measuring 6 mm were made using
the blunt end of a micropipette tip. Specimens of
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6 mm X 5 mm dimensions were prepared as per the
method discussed earlier. The wells were completely
filled by set specimens. The culture plates were placed in
the incubator at 37°C (£1°C). After 48 hours, diameters
of zone of inhibition were recorded by a digital Vernier
caliper in millimetres around the specimens.

Statistical analysis

Mean and standard deviation of weight and atomic
percentages of main constituents (elements) in glass
powder, fluoride release, and zones of inhibition were
calculated. Data was further analyzed using unpaired
t-test and two-way analysis of variance (ANOVA)
tollowed by least significant difference (LSD) post hoc
test. The P value <0.05 was considered statistically
significant. Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS) version 21
(IBM Corporation, Armonk, New York, USA).

RESULTS

Figures 1-4 show SEM images and EDX spectrums
of Zirconomer and Fuji IX, respectively. In both
Zirconomer and Fuji IX, weight and atomic percentages
of element oxygen were higher than that of other
elements (fluorine, aluminium, and silica). Mean
atomic percentage of oxygen was more than 50 in both
the groups. Mean = SD atomic percentage of fluorine
was 16.02 = 0.06 and 15.13 = 0.07 in Zirconomer
and Fuji IX, respectively. According to the weight
percentage, zirconium in Zirconomer and silica in Fuji
IX were the second main elements. Calcium, zinc, and
zirconium were observed only in Zirconomer [Table 1].

Two-way ANOVA (interaction effect) showed
significant difference in fluoride release between

Figure 1: Scanning electron microscope image of Zirconomer glass
powder
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Zirconomer and Fuji IX (F = 5034.697, P < 0.001).
When LSD post-hoc test was applied, it showed
that for all the time intervals statistically significant
maximum fluoride release was observed in
Zirconomer than Fuji IX. In addition, in Zirconomer
statistically significant maximum fluoride release was
observed at 7% day followed by the 3 day, 1% day,

Figure 2: Scanning electron microscope image of Fuji IX glass
powder
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Figure 4: Energy dispersive X-ray spectrum of Fuji IX glass powder

15" day, and 30 day. Similar pattern was observed in
Fuji IX [Figure 5].

At 48 hours, mean * SD of zone of inhibition
against  Streptococcus mutans was 11.14 = 0.77 mm
and 851 =+ 043 mm for Zirconomer and Fuji
IX, respectively. Against Lactobacillus casei, it was
14.06 = 0.71 mm for Zirconomer and 11.70 = 0.39 mm
for Fuji IX. Zirconomer has shown statistically
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Figure 3: Energy dispersive X-ray spectrum of Zirconomer glass
powder
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Figure 5: Mean and standard deviation of fluoride release from
Zirconomer and Fuji IX at different time intervals

Table 1: Weight and atomic percentages of main constituents (elements) of glass powder of Zirconomer
and Fuji IX identified with energy dispersive X-ray microanalysis

Constituents (elements)

Weight % (mean + SD)

Atomic % (mean + SD)

Zirconomer Fuji IX Zirconomer Fuji IX
O (Oxygen) 41.98£0.10 89.78+0.08 59.78£0.10 50.75£0.09
F (Fluorine) 18.3740.06 14.09%0.06 16.02£0.06 15.18£0.07
Al (Aluminium) 9.0840.07 20.26+0.07 7.66%0.07 15.3240.07
Si (Silica) 11.11£0.08 25.86£0.13 9.01£0.08 18.79£0.13
Ca (Calcium) 2.0610.06 Not identified 1.1840.06 Not identified
Zn (Zinc) 7.1910.11 Not identified 2.55+0.17 Not identified
Zr (Zirconium) 15.21£0.06 Not identified 3.80£0.06 Not identitied
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significant larger zone of inhibition than Fuji IX against
Streptococcus mutans and Lactobacillus casei. No antifungal
activity was observed against Candida albicans by
Zirconomer and Fuji IX [Table 2].

DISCUSSION

The crystalline dioxide of zirconium is known as
zirconia. In 1969, zirconium oxide was first used for
medical purposes in orthopedics as a new material for
hip head replacement. In contemporary dentistry, it has
become a popular substitute to alumina as a biomaterial
and is wused for fabricating aesthetic orthodontic
brackets, endodontic posts, crown and bridge
restorations, and implant abutments.!!”)

research was conducted on EDX
microanalysis, fluoride release, and antimicrobial
properties of new ART material with zirconia
fillers (Zirconomer) in comparison with established
ART material Fuji IX. Fuji IX is the most frequently
reported material in several in wvivo and in wvitro
studies.”#!¥ A literature scarch revealed that there is no
published research on the abovementioned aim, hence
our research is considered to be the pioneer on these
aspects.

The present

EDX is a reproducible, reliable, and precise technique
to identify and quantify major components present in
a material. Identification of constituents in materials
leads to understanding of its various physical, biological,
chemical, and mechanical properties. Still, it has
limitations for precise detection of low molecular
weight elements such as carbon, hydrogen, and oxygen.
The proportion of ionizing episodes that results in
emission of X-rays decreases with elements of smaller
atomic number.!®) The EDX microanalysis revealed
difference in elements of glass powders of Zirconomer
and Fuji IX. In addition, at all the time intervals,
statistically  significant higher amount of fluoride
release was observed with Zirconomer than Fuji IX.
Systematic reviews and meta-analyses have provided
evidence that fluoride release from GICs inhibits
caries development, progression, and secondary caries

instigation.>® Fluoride release from GICs depends
upon various factors including material composition,
powder-liquid ratio, pH, and temperature of external
environment."™”1 pH and temperature of external
environment (experimental conditions) were similar
for both the materials in the present study. As discussed
earlier, both the materials differed in their composition.
In addition, Zirconomer has higher powder liquid
ratio (8:1 P/L)[® than Fuji IX (3.6:1 P/L).I'¥1 These
factors may be responsible for observed differences in
fluoride release.

In the present study, fluoride release from GICs was
first increased from day 1 to day 7 and then decreased
on day 15 and 30. Similar results have been reported
by Upadhyay et al.' and Mousavinasab and Meyers.*"
Higher fluoride release in the first few days is a normal
feature of GICs.[""2°21] This “Burst Effect” reduces the
amount of residual bacteria in restored cavities and also
supports the remineralization of enamel and dentin. ']

In the present investigation, antimicrobial activity
of GICs was assessed against Streptococcus mutans,
Lactobacillus  casei, and Candida albicans using agar
diffusion test. Agar diffusion test is a relatively
inexpensive, rapid, ecasy, and widely accepted
screening method to assess antimicrobial properties
of restorative materials."®??1 Tt is well-established
that Streptococcus mutans and Lactobacillus casei play a
major role in the etiology of dental caries.”?* In
the present investigation, Zirconomer had higher
antibacterial activity against Streptococcus mutans and
Lactobacillus casei than Fuji IX at 48 hours. Antibacterial
activity of GICs is directly related with the amount of
fluoride release.'271 Hence, in the present research,
dissimilarity in fluoride release in both the materials
may be a reason for observed antibacterial activity.

In contrast with our research, studies conducted by
Mittal et al.U'® and Prabhakar et al.?” have shown that
Fuji IX has no effect against Streptococcus mutans and
Lactobacillus casei. However, similar to the present
investigation, Shashibhushan et al 'l El-Baky and
Hussien,”! and Luczaj-Cepowicz et al.™®! have shown

Table 2: Comparison of zone of inhibition against various microorganisms between Zirconomer and Fuji IX

Microorganism Zone of inhibition Unpaired t-test
(mean £ SD, mm)
Zirconomer Fuji IX Test value P value
Streptococcus mutans 11.1440.77 8.511+0.48 11.522 0.000 (<0.001), Sig. diff
Lactobacillus casei 14.06+0.71 11.70+£0.39 11.229 0.000 (<0.001), Sig. dift
Candida albicans 0.00£0.00 0.00%0.00 Not applicable* Not applicable*

*Statistics not applicable as no zone of inhibition was observed for Zirconomer and Fuji IX

July-August 2016, Vol. 6, No. 4

Journal of International Society of Preventive and Community Dentistry 370



Saxena and Tiwari: Glass ionomer cements indicated for ART

that Fuji IX inhibits the growth of both the bacteria.
Differences in methodology to assess antibacterial
activity may be a reason for these -contrasting
observations.

Numerous studies have proposed Candida albicans
as a pathogen for dental caries.[?##1 The organic
acid and enzyme produced by Candida albicans can
dissolve the hydroxyapatite of dental hard tissues and
degrade the dentinal collagen.®*! Investigations by
Cassanho ef al.®" and Bhavana et al.Bl have shown
that glass ionomer cements did not have any effect
on the growth of Candida albicans. In a study by
Dastjerdic et al., GICs demonstrated weak antifungal
effect against Candida albicans.®  Nevertheless,
Candida albicans was taken as the test microbe in the
present research to investigate whether new ART
material Zirconomer had any antifungal effect. In the
present study, no antifungal effect was generated by
Zirconomer and Fuji IX.

Limitations

The present research is in vitro in nature which does
not reflect the actual status of fluoride release and
antimicrobial properties in oral cavity. Furthermore,
it does not differentiate between bacteriostatic and
bactericidal eftects of Zirconomer and Fuji IX because
the agar diffusion test does not provide information
on viability of microorganisms within the zones of
inhibition.” Therefore, further in vivo studies on the
abovementioned aspects are recommended.

Based on the results, it can be concluded that new ART
material Zirconomer had higher antibacterial activity
against Streptococcus mutans and Lactobacillus casei, which
may be attributed to its composition and higher fluoride
release. However, it failed to show antifungal effect
against Candida albicans.
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