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Abstract. Dental caries are the most common oral disease. Resin-modified glass iono-
mer cement (GIC) is used to treat caries by promoting remineralization of these caries.
However, the microhardness of teeth under these caries treated with GIC has been little
studied. We conducted an in vitro study to evaluate the microhardness of teeth under
caries treated with GIC in order to determine if it is improved with treatment and to
what extent. The teeth used in this study were 20 bovine incisors. Knoop indentations
were made on each studied tooth with a load of 50 grams for 15 seconds and then
caries were produced on the labial surface of each tooth by immersing the tooth in
demineralizing solution for 120 hours at 37°C. The 20 study teeth were divided into
two groups of 10 teeth each group: Group 1 (control group) received no treatment;
in Group 2 resin-modified GIC was applied to the center of the labial surface of each
sample tooth in the treatment group. Both groups were immersed for 7 days at 37°C
in artificial saliva. After 7 days, all the teeth were labio-lingually sectioned in sagittal
plane through the middle of the tooth. The enamel microhardness was measured at
6 locations on each tooth 50 um apart in a vertical direction: 50, 100, 150, 200, 250,
300 um from the enamel surface where the caries were created in both the control
and treatment teeth. The mean microhardnesses were calculated at each depth for
both the treatment and control groups and compared using an independent #-test
and a one-way ANOVA test followed by a Tukey’s HSD multiple comparison test
with a 95% confidence interval. There were significant (p<0.05) differences between
the control and treatment groups at 50, 100 and 150 ym from the enamel surface
but not at 200, 250, 300 ym from the surface (p>0.05). In the control group, the mean
[£ standard deviation (SD)] microhardness at 50 ym from the enamel surface was the
lowest [145.4+17.4 Knoop Hardness Number (KHN)] and significantly (p<0.05) less
hard than all the other depths. In the treatment group, the mean (+5D) microhard-
ness at 50 ym (208.9+15.4 KHN) and 100 ym (206.1+20.8 KHN) were significantly
(p<0.05) greater than at 300 ym (180.9£13.6 KHN). In conclusion, the resin-modified
GIC treatment significantly increased the microhardness of the enamel under the
treated caries in bovine teeth down to a depth of 150 ym.
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INTRODUCTION

Dental caries are the most common
oral disease worldwide (Garg et al, 2015).
They are often left untreated in both devel-
oping and industrialized countries (Lopez
et al, 2005). Atraumatic Restorative Treat-
ment (ART) is a preventive and restorative
treatment to managing dental caries. It
includes sealing caries-prone pits, fissures
and active enamel caries and excavating
cavitated dentine caries with hand instru-
ments and then restoring filling in the
cavity (Garg et al, 2015). This approach
was introduced to provide dental care to
less-affluent populations, making caries
management possible for underserved
communities with limited resources (Garg
etal, 2015). The World Health Organization
has promoted ART for treating dental car-
ies (Lopez et al, 2005).

One of factors which may have affect-
ed the success rates of ART is the material
used (Mallow et al, 1998). Glass ionomer
cement (GIC) is the material of choice for
ART because of its ability to bond enamel
and dentin, its fluoride release and ease
of use (Berg, 2002). Resin-modified GIC
has a higher success rate due to its greater
strength and resistance to loss than low
viscosity GIC (Wadenya et al, 2010).

Remineralization of carious lesions
is enhanced by fluoride release from the
resin-modified GIC used as the filling
material. Enhanced remineralization of
lesions adjacent to the resin-modified
GIC restorations also occurs (Sidhu and
Nicholson, 2016). However, little is known
about the remineralization effect of resin-
modified GIC on the part of the tooth un-
der the treated caries. Therefore, we aimed
to evaluate the microhardness of the teeth
under caries treated with resin-modified
GICin order to determine if it is improved
with treatment and to what extent.

Vol 50 No. 1 January 2019

MATERIALS AND METHODS

Specimen preparation

Twenty bovine teeth were chosen
for this study. The radicular part of each
tooth was removed and the remaining
tooth was then embedded in acrylic resin.
The enamel of the labial surface of each
tooth was ground flat progressively using
400, 800, 1,000, 1,200, 2,500 and 4,000-grit
silicon carbide grinding paper (Buehler,
Lake Bluff, IL).

Microhardness determination

Tooth microhardness in Knoop Micro-
hardness Number (KHN) was measured
with a Knoop with a 50 g load for 15 sec-
onds (Gelani et al, 2014) at 4 areas at least
100 ym apart within 3 mm of the middle
of the labial surface of each studied tooth.
The mean KHN of these 4 areas was used
as the mean for the tooth. Only teeth with
a mean microhardness at baseline of 300-
350 KHN were used in the study (Gelani
et al, 2014).

Artificial caries creation

Artificial caries were created in all
20 studied teeth following the method of
Lippert and Lynch (2014). Each tooth was
immersed for 5 days at 37°C in a mixture
of 0.05 M lactic acid, 0.2% carbopol, 4.1
mM calcium chloride and 8.0 mM potas-
sium dihydrogen phosphate, adjusted to
a pH of 5.0 using potassium hydroxide.

Microhardness measurement of artificial
caries

After demineralization, the micro-
hardness of each tooth was measured
again in the same manner as at baseline.
Only specimens with a mean microhard-
ness at the caries site of 40-60 KHN were
used in the study (Vongsavan et al, 2014).

Control and treatment groups
The 20 studied teeth were divided
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into 2 groups of 10 teeth each: Group
1: no treatment (control group); Group
2: treated with resin-modified GIC (GC
Fuji I LC®; GC, Tokyo, Japan) (treatment
group). A cylinder 3 mm in diameter and
1 mm long was made of silicone elastomer
and placed over the area that microhard-
ness were measured at 4 areas within 3
mm of the middle of the labial surface of
each studied tooth at baseline and after
demineralization. Each tooth was then
immersed for 7 days at 37°c in artificial
saliva composed of calcium chloride
(0.111 g), sodium chloride (2.05 g), sodium
acetate (2.05 g) and sodium dihydrogen
phosphate (0.156 g) in 1,000 ml of deion-
ized water, a pH of 7 was adjusted by
adding potassium hydroxide (Karantakis
et al, 2000). After 7 days, each tooth was
labio-lingually sectioned in sagittal plane
through the middle of tooth.

Microhardness determination

The microhardness of each specimen
was measured at 6 locations on the cut
surface under the caries: 50, 100, 150, 200,

250, 300 ym from the tooth surface where
the caries were (Hotta et al, 2001).

Statistical analysis

The mean microhardness values at
each distance from the tooth surface for
both groups were calculated. These values
were then compared within each group
using the one-way analysis of variance
(ANOVA) and Tukey multiple compari-
son tests. The mean microhardness values
were also compared between the control
and treatment groups using the indepen-
dent t-test. Significance was set at p<0.05.
The Statistical Package for Social Sciences,
version 18.0 for Windows (IBM, Armonk,
NY) was used for statistical analysis.

RESULTS

There were no differences in micro-
hardness values at baseline and after de-
mineralization before treatment between
the 2 groups. There were significant
(p<0.05) differences between the control
and treatment groups at 50, 100, 150 ym

Table 1
Microhardness of studied teeth with and without treatment.

Tooth microhardness in Knoop Hardness Number units

Distance from
the tooth surface

Control group,
no treatment

Resin-modified GIC,
treatment group

Mean (£SD) Mean (+SD)
50 145.4 +£17.44 208.9 + 15.4<
100 170.6 £ 14.248 206.1 +20.8<
150 174.6 +18.58 195.5 + 15.3P"
200 174.6 +22.98 193.2 + 21.5<P
250 175.1 +21.88 186.8 +17.1<P
300 173.2 £22.08 180.9 £ 13.6P

GIC, glass ionomer cement; SD, standard deviation. Values in the same column with different
superscript letters were significantly different. *Significantly different between the control and

treatment groups.
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from the enamel surface but not at 200, 250,
300 ym from the surface (p>0.05). In the
control group, the mean [+ standard devia-
tion (SD)] microhardness at 50 ym from the
enamel surface was the lowest [145.4+17 .4
Knoop Hardness Number (KHN)] and
significantly (p<0.05) less hard than all
the other depths. In the treatment group,
the mean (£SD) microhardness at 50 ym
(208.9+15.4 KHN) and 100 ym (206.1+20.8
KHN) were significantly greater (p<0.05)
than at 300 um (180.9+13.60 KHN).

DISCUSSION

In our study, the microhardness of the
teeth after treatment with resin-modified
GIC (treatment group) was significantly
higher than the untreated teeth (control
group) at 50,100 and 150 ym from the
tooth surface, suggesting remineralization
occurred under the treated caries down to
a depth of 150 ym from the surface, but no
deeper. These findings are in agreement
with other studies (Melo et al, 2014; Pra-
pansilp et al, 2018). The remineralization
seen in our study is likely due to fluoride
release by the studied GIC (Lobo et al,
2005) and the caries probably facilitated
the fluoride diffusion (Lippert, 2017).

In conclusion, resin-modified GIC
significantly increased microhardness of
treated enamel caries down to a depth of
150 um from the surface.
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