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Abstract

Background: Resin-modified glass ionomer cement (RM-GIC) is widely used in clinical dental procedures as a
restorative material due to its chemical composition. It is known for its strong adhesion to dental structures and
its fluoride content. However, fluoride in RM-GIC is insufficient for preventing the formation of carious lesions,
making the use of fluoride gel and varnish necessary as preventive strategies. Nevertheless, there may be adverse
interactions between RM-GIC and fluoride, which could compromise the properties of these restorative materials.
Therefore, it is crucial to understand the physicochemical and biological properties of the products used in dental
treatments. This experimental study aimed to evaluate the effect of the following fluorides: 2% neutral sodium
fluoride (NaF), 1.23% acidulated phosphate fluoride (APF), and 0.1% fluoride varnish (7700 ppm F) in the mi-cro-
hardness of the RM-GIC. Using GC Fuji II LC-A2, 80 RM-GIC discs measuring 6cm x 4cm were made and im-
mersed in artificial saliva for 7 days. Then, the discs were washed, dried, and randomly divided into 4 groups, and
the initial surface microhardness was measured. After that, the discs were immersed in the 3 fluorides to measure
the microhardness for a second time. The average value of the surface microhardness of the RM-GIC in the final
phase (exposure to fluorides) of the three experimental study groups is lower than the initial phase (non-exposure
to fluorides). There was a significant decrease in the microhardness of the ionomer with the application of the three
fluorides (p=3.6x10-12). Particularly, the treatment with 1.23% acidulated phosphate fluoride demonstrated higher
variation than 2% neutral sodium fluoride (p=0.0063) or 0.1% fluoride varnish (p=2.2x10-5). In conclusion, 2%
neutral sodium fluoride, 1.23% acidulated phosphate fluoride, and 0.1% fluoride varnish (7700 ppm F) applied to
RM-GIC decreases surface microhardness.

Key words: Acidulated fluorine phosphate; fluoride treatment; fluorine varnish, glass ionomer cement,; sodium
fluoride; surface micro-hardness.
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Introduction

Dental caries is one of the most prevalent diseases world-
wide, affecting both children and adults. Due to the asso-
ciation between carious lesions and fluoride-containing
restorative cements, interest has grown in the de-velop-
ment of restorative materials, coating cements, sealants,
and orthodontic cements. Fluoride, as an an-ti-carioge-
nic agent, operates through various mechanisms, such as
reducing demineralization, enhancing re-mineralization,
inhibiting dental plaque formation, and suppressing mi-
crobial growth and metabolism (1,2). Topical fluorides
are applied directly to the teeth to prevent dental caries
(3).

In the quest for a fluoride-releasing restorative material
with optimal physical and chemical properties, glass
ionomer cement (GIC) has become a popular choice in
pediatric dentistry. This is due to its biocompatibility,
bi-oactivity, adhesion to dental structures, ease of hand-
ling, extended fluoride release, and favorable biomime-
tic properties (4,5). GIC offers a unique advantage in
its ability to modify its biological and physical charac-
teristics, which is essential for precise control during
manipulation and clinical application. Understanding its
chemical, physical, and biological properties is key to
maximizing its clinical benefits (6).

The introduction of resin-modified glass ionomer ce-
ment (RM-GIC) marked a significant advancement in
dentistry (7,8) due to its improved mechanical proper-
ties, increased resistance to wear and fracture, and re-
duced sensitivity to moisture compared to conventional
GIC (5,9,10). RM-GIC can also be reactivated through
successive exposures to external fluoride sources, such
as fluoride mouthwash or toothpaste, which provides a
long-term bacteriostatic effect (11-14).

Long-lasting restorative materials require high surface
hardness, which is one of the most important physical
properties for dental materials. Surface hardness corre-
lates with resistance to both compression and abrasion
(9,15). RM-GIC can absorb more fluoride ions, acting
as a rechargeable fluoride delivery system when expo-
sed to topical fluoride treatments such as neutral sodium
fluoride gel, acidulated phosphate fluoride, or fluoride
varnish (9,16-19). However, the high reactivity of fluo-
rinated compounds used in these topical treatments, par-
ticularly those applied in dental offices, may deteriorate
the aesthetic properties of restorative materials, negati-
vely im-pacting their clinical durability (9,20-22). Ad-
ditionally, these compounds may reduce the mechanical
properties of RM-GIC (23), leading to surface erosion
and degradation (24).

Fuji II LC-GC Glass Ionomer Light-cured Universal
Restorative (2LC, https://www.gc.dental/) is one of the
most widely used resin-modified glass ionomer cement
(RM-GIC) in clinical dentistry. Its chemical composition
includes fluoroaluminosilicate glass, polyalkenoic acid,
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HEMA, aluminum chloride, and camphorquinone. It is
employed as a final restorative material, luting cement,
lining cement, and as a pit and fissure sealant. RM-GICs
are particularly valuable when long-term adhesion is re-
quired, such as in non-carious cervical lesions. Recom-
mended indications include Class III and V restorations,
particularly for cervical erosions and root surface caries,
restoration of primary teeth, core build-ups, cases re-qui-
ring radiopacity, geriatric applications, and as a base or
liner. However, given the limited scientific research on
this dental product, it was decided to analyze the effect
of fluoride on one of the representative restorative mate-
rials in glass ionomer cement, Fuji II LC.

This study aimed to evaluate the effect of 2% neutral
sodium fluoride, 1.23% acidulated phosphate fluoride,
and 0.1% fluoride varnish (7700 ppm F) on the surfa-
ce microhardness of RM-GIC. The null hypothesis was
that there would be no significant differences in surface
microhardness when RM-GIC was immersed in these
fluoride solutions.

Material and Methods

-Type of study and sampling planning

This experimental, in vitro, and analytical study was
conducted at the Dental Materials Laboratory of the
Universidad Peruana Cayetano Heredia (UPCH), as well
as the High Technology Laboratory Certificate (ISO/IEC
17025) in Lima, Peru, under approving resolution No.
1529-2023-CU-UNFV. The study followed standardized
guidelines for in vitro experimental dental research, in
accordance with ISO 4049, which is used for polymeric
materials (25).

-Sample size calculation and selection criteria

The study sample consisted of 80 test specimens made
with RM-GIC (GC Fuji I LC®-Powder/Liquid) (26-
28). A pilot study was conducted using 36 discs (nine
per group: control group, group exposed to 2% neutral
sodium fluoride, group exposed to 1.23% acidulated
phosphate fluoride, and group exposed to 0.1% fluoride
varnish) to evaluate the material samples. These were
not included in the final statistical analysis. The pilot
study served as a basis for calculating the total sample
size, utilizing IBM SPSS version 29 software (varian-
ce analysis), with con-sideration of confidence interval
(CI=95%), statistical power (90%), and group ratio (1:1)
for the three experimental groups and one control group.
Values of mean and standard deviation for each group
were obtained from the pilot study: Group 1 (4.0£2.1),
Group 2 (6.3£2.6), Group 3 (1.7+1.5), and Group 4
(-0.8+2.7). Microhardness data were used for sample
size calculation, determining the final sample size in 18
discs per group.

-Preparation of the sample and microhardness test

First, a plastic spatula was used to mix the powder and
liquid components of RM-GIC, Fuji II LC-GC Glass
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Ionomer Light-cured Universal Restorative 2LC, pro-
vided by GC Corporation, Tokyo, Japan (Fig. 1A), in
ac-cordance with the manufacturer’s instructions. Most
available forms consist of glass powder and separate li-
quid polyacid components. The polymerization of the
polymer in an aqueous solution occurs via free radicals,
resulting in the formation of polyacid. The mixture was
then placed in a steel mold (29) with a depth of 6 mm
and a diameter of 4 mm (Fig. 1B), manufactured accor-
ding to ISO 4049:2009 specifications to create standar-
dized specimens.

To ensure smooth and uniform surfaces, a transparent
matrix strip (30) and a glass platen were used to apply
pressure. The cement was photoactivated for 20 se-
conds from the top of the mold using a VALO™ Grand
Cordless LED lamp (Ultradent, South Jordan, USA) at
a power of 1000 mW/cm?, as recommended by the ma-
nufacturer (Fig. 1C) (31). The intensity of the light was
verified with a Bluephase®Meter Il dental radiometer
(Ivoclar © Vivadent, Schaan, Liechtenstein).

_d

Fig. 1: Preparation of RM-GIC discs. (A) The powder and liquid components of RM-GIC were mixed to initiate the forma-
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in kg/mm?, which is calculated by dividing the applied
load by the surface area of the indentation. The standard
test method for material hardness using microindenta-
tion was applied, with each indentation spaced 0.5 to 1
mm apart and a dwell time of 15 seconds. Three mea-
surements were taken on each sample before and after
the application of fluoride and saliva solution in the ex-
perimental and control groups, respectively. These three
measurements were averaged to obtain a final value
equivalent to the mean microhardness.

After the initial measurement, samples were stored in
an oven at 37°C for 24 hours, then washed and dried.
Fluoride gels were applied to experimental groups 1
and 2 for 4 minutes (21,35), while fluoride varnish was
applied to experimental group 3 for 60 seconds (29). The
experimental groups were composed as follows: Group
1 consisted of 20 RM-GIC specimens immersed in 2%
neutral sodium fluoride (Maquira Industria de Produtos
Odontolégicos S.A., Maringd, Brazil); Group 2 included
20 RM-GIC specimens immersed in 1.23% acidulated

tion of polyacid. (B) The mixture was placed into a steel mold with dimensions of 6 mm in depth and 4 mm in diameter,
manufactured according to ISO 4049:2009 specifications. (C) The cement was photoactivated for 20 seconds using a light

intensity of 1000 mW/cm?.

Samples were stored in bottles containing 20 ml of sali-
vary solution in a 100% humidity environment at 37°C
(32). This commercial solution contains the following
components: 0.084 g of sodium chloride, 0.120 g of po-
tassium chloride, 0.015 g of calcium chloride dihydrate,
0.005 g of magnesium chloride hexahydrate, 0.375 g of
sodium carboxymethylcellulose, 4.000 g of propylene
glycol, 0.100 g of methylparaben, 0.010 g of propylpa-
raben, and purified water to a total volume of 100.00
mL. The RM-GIC samples were composed of GC Fuji 11
LC RM-GIC in shade A2, with flat, smooth, and regular
surfaces. A total of 80 RM-GIC specimens were mea-
sured to determine their baseline surface microhardness
(33,34).

A Vickers microhardness tester (HV-1000 LG - Korea)
was used to perform the hardness test. Surface mi-cro-
hardness was measured using the Vickers test, expressed
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phosphate fluoride (Laboratorios EUFAR S.A., Bogota,
Colombia); Group 3 contained 20 RM-GIC specimens
immersed in 0.1% fluoride varnish (7700 ppm F) (Ivo-
clar ©, Vivadent, Schaan, Liechtenstein); and Group 4,
the control group, included 20 RM-GIC specimens im-
mersed in artificial saliva (Salival, Laboratorios Unidos
S.A., Lima, Peru). Each group of samples was then pla-
ced in plastic containers with 20 mL of deionized water
and stored at 37°C for 1 day. Finally, the surface micro-
hardness was measured a second time.

-Statistical analysis

This study employed the non-parametric Kruskal-Wallis
test to compare the overall hypothesis across the four
groups. The Mann-Whitney test was used to assess mi-
crohardness mean differences between pairwise expe-
ri-mental and control groups, while the Wilcoxon pai-
red test evaluated differences in pre- and post-treatment
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measures. All tests were conducted with a significance
level of a = 0.05 using the software R v.4.4.0 with the
packages ‘readx1’ (for reading spreadsheets), ‘tidyr’ (for
managing and organizing data), ‘ggplot2’, ‘rbase’ and
‘ggpubr’ (for performing statistical analyses and plotting
results). These non-parametric tests were selected after
proper evaluation of the sample distribution using the
Shapiro-Wilk test.

Results

-Baseline microhardness of RM-GIC

At the start of the study, the average surface microhard-
ness of the RM-GIC specimens was 46.2 + 6.42 kg/mm?
(median =+ interquartile range-IQR), with no significant
differences between the groups (Kruskal-Wallis p-value
=0.35, Fig. 2).

Correlation between properties of glass ionomer cements

for the control group (Group 4) did not show statistically
significant alterations (p = 0.208, Table 1).

Figure 3 highlights that all treatment groups exhibi-
ted a reduction in microhardness, with Groups 1 and 2
showing the greatest impact on glass ionomers (Fig. 4).
In particular, Group 2, which was exposed to 1.23% aci-
dulated phosphate fluoride, demonstrated the most signi-
ficant decrease in microhardness (Table 1).

Overall, the average microhardness values in the treat-
ment groups were lower in the final phase compared to
the initial phase, indicating a reduction following fluo-
ride application. Naturally, the control group showed no
statistically significant changes in microhardness over
time (p=0.208, AKg/mm?2 ranging -1.44 to 3.76), sug-
gesting no adverse effect in the absence of fluoride ex-
posure (Fig. 3).

Kruskal-Wallis, p=0.348
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-Microhardness After Fluoride Exposure

After treating each group of RM-GIC discs with different
fluoride products, significant differences were ob-served
in the variation of microhardness (difference between
post-treatment and pre-treatment values) among the
groups (Kruskal-Wallis p-value = 3.6x10'2, Fig. 3).

The average surface microhardness of RM-GIC in Group
1 decreased after applying 2% neutral sodium fluoride (p
< 0.01, Table 1). Similarly, the average microhardness
in Group 2 dropped after exposure to 1.23% acidulated
phosphate fluoride (p < 0.01, Table 1). In Group 3, the
application of 0.1% fluoride varnish (7700 ppm F) de-
creased microhardness to 42.7 + 4.65 kg/mm? following
(p <0.05, Table 1). The average surface micro-hardness

Group

Fig. 2: Pre-treatment microhardness of all RM-GIC discs. The boxplot illustrates data distribution across the
experimental groups, with each disc represented by a point. The Kruskal-Wallis p-value indicates no significant
differences in the micro-hardness of these discs before treatment.
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Discussion

Based on the results obtained, the null hypothesis was
rejected, as significant differences were observed in the
surface microhardness of the RM-GIC when immersed
in different fluoride solutions.

Dental restorative materials release fluoride, influen-
cing caries formation by promoting repair or arrest of
le-sions. Fluoride helps reduce dental substrate demine-
ralization and promotes remineralization of hard tissues
(11). Commercial fluoride gels and varnishes can increa-
se the fluoride content of glass ionomer cements (GICs),
forming fluoride reservoirs. However, the high reactivity
of these fluorinated agents can negatively affect the pro-
perties of certain aesthetic restorative materials (9).
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Fig. 3: Post-treatment variation in RM-GIC microhardness. The boxplot shows data distribution across experi-
mental groups, with each disc represented by a point. Group 1: 2% neutral sodium fluoride; Group 2: 1.23%
acidulated phosphate fluoride; Group 3: 0.1% fluoride varnish (7700 ppm F); Group 4: artificial saliva (control).
The Kruskal-Wallis p-value reflects significant dif-ferences in the effect of each treatment on RM-GIC micro-
hardness. Asterisks indicate the Mann-Whitney two-group comparison between each treatment group and the

control group (Group 4). ****: p<0.0001.

Table 1: Comparison of the surface microhardness of RM-GIC discs pre-treatment and post-treatment according to their re-spective groups.

Groups N Wilcoxon | 1o i um | Maximum | Mean | SD | Median | 1QR
p-value
Group | Pre-treatment (n=20) 36.6 53.4 457 4.09 45.2 378
2% neutral sodium - =0.002
;uo‘)ride) POSt(::ezag)nem r 335 468 | aul | 381 | 425 | 49
Group 2 Pre-treatment (n=20) 38.4 54.5 46.4 4.92 45.8 6.48
(1.23% acidulated Post-treatment p:000006
phosphate fluoride) @20) 29.7 495 387 | 442 | 392 | 467
Group 3 Pre-treatment (n=20) 30.6 51.7 45.1 4.91 45.8 4.88
0.1% fluoride var- . =0.036
ﬁish)ﬂ P OSt(Itlr:e;g)nem P 3.3 495 | 426 | 428 | 427 | 465
Pre-treatment (n=20) 36.6 56 47.8 5.06 48.3 6.62
Group 4 ~0.208
(control) POSt(';r:eza(‘)l;‘em P 39.6 583 | 498 | 525 | 494 | 792

p-values were estimated using the Wilcoxon paired test. Bold p-values indicate groups with statistical differences between pre and after-treat-
ment microhardness (p<0.05). SD:Standard Deviation; IQR: Interquartile Range.

Glass ionomer cements (GIC) are widely accepted in
preventive dentistry due to their cariostatic properties,
fluoride release, biocompatibility, aesthetics, and good
adhesion to enamel and dentin (9,11,12). Resin-modi-
fied glass ionomer cements (RM-GIC) were later deve-
loped, offering enhanced clinical performance due to the
presence of polymerizable functional groups, allowing
for faster hardening and increased resistance to moisture
sensitivity and lower mechanical strength (13,36). This
study applied 1.23% acidulated phosphate fluoride gel

(pH 3.5) and 2% sodium fluoride (NaF) gel (pH 7) for 4
minutes, as recommended by the American Dental As-
sociation for professional topical fluoride applications
(9,37). Fluoride varnishes, known for their high fluo-
ride content and extended durability of about 12 hours
on tooth surfaces, are often used to address erosion and
abrasion issues due to the deposition of calcium fluoride
(CaF2) (29).

The hardness of a material is related to various mecha-
nical properties, including its resistance to abrasion or
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Fig. 4: Post-treatment variation between experimental groups. Following the observation that all
experimental groups were significantly different from the control group, we explored the differ-
ences between the experimental groups. The boxplot displays data distribution by experimental
design groups, with each disc represented by a point. Group 1 (2% neutral sodium fluoride), Group
2 (1.23% acidulated phosphate fluoride), Group 3 (0.1% fluoride varnish, 7700 ppm F). The Mann-
Whitney two-group test shows differences between pairwise experimental groups. **: p<0.01;

wkk: p<0.0001.

wear, a property with clinical relevance (9,38-40). This
study used the Vickers microhardness test to assess the
hardness of dental restorative materials.

The topical agents used—1.23% APF, 2% NaF, and 0.1%
fluoride varnish—produced a statistically significant de-
crease in microhardness values for RM-GIC, except in
the control group, thus rejecting the null hypothesis. Ac-
cording to studies by Wilde ef al. (13) and De Witte et
al. (41), the reduction in microhardness is attributed to
the overload of fluoride caused by topical applications,
resulting in increased surface roughness, porosity, and
material degradation over time (42). Therefore, it is cru-
cial to assess the impact of commercial fluoride gels and
varnishes on the mechanical and aesthetic properties of
restorative materials.

The disintegration of RM-GIC occurs through selective
attack on residual glass particles, forming ionic com-
plexes between carboxylic groups and metal ions. The
pH of the environment also plays a role, as acidic condi-
tions can further reduce microhardness (13).

One topical agent, 1.23% APF, contains phosphoric
acid, which enhances fluoride uptake by etching the ena-
mel. However, previous research has demonstrated that
phosphoric acid can significantly alter the surface mor-
phology of restorative materials, negatively impacting
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microhardness and other physical properties (9,21,22).
Studies have shown that 1.23% APF causes erosion on
restorative materials, while 2% NaF gel, which lacks
acidic components, has less effect (13,40,43).

In this study, 1.23% APF produced the most significant
decrease in RM-GIC microhardness, while 2% NaF had
a lesser effect. These findings align with previous stu-
dies by Gill et al. (9), Setty et al. (44), and El-Badrawy
et al. (45). The reduced microhardness in RM-GIC may
be explained by the presence of photopolymerizable
monomers, which undergo an acid-base reaction along
with a secondary light-activated or chemically-activated
reaction (45). In contrast, conventional GICs undergo
only the acid-base reaction, resulting in a more substan-
tial decrease in microhardness (9,45). While Gill et al.
(9) observed no significant reduction in GIC or RM-GIC
microhardness with 2% NaF gel, the current study found
a significant decrease in RM-GIC microhardness after
applying the same gel (Fuji LC II). This discrepancy
may be due to differences in methodology, such as sto-
rage conditions (artificial saliva versus distilled water)
and the method and duration of fluoride application.
Fluoride varnishes release fluorapatite, providing addi-
tional protection against caries. However, the current
study observed a notable decrease in RM-GIC micro-



J Clin Exp Dent. 2025;17(1):e50-7.

hardness after 60 seconds of exposure to fluoride varni-
sh. Further research is needed to explore the effects of
fluoride varnishes on various restorative materials, in-
cluding newer materials like zirconia-reinforced GICs,
which have shown improved physical properties (38).
RM-GIC and topical fluorides like APF, NaF, and var-
nishes are commonly used in dentistry to prevent ca-
ries. However, it is crucial to understand the impact of
different fluoride agents on restorations and restorative
materials, as studies indicate that fluoride recharges in
RM-GIC can lead to adverse effects, including fractures,
discoloration, roughness, and porosity over time.

This study presents some strengths and limitations.
Among the strengths, the study follows a rigorous in
vitro design with clear experimental controls, which
allows for detailed observation of how fluoride agents
impact the microhardness of RM-GIC. The use of mul-
tiple fluoride treatments (neutral sodium fluoride, acidu-
lated phosphate fluoride, and fluoride varnish) provides
a broad understanding of their effects on restorative ma-
terials. Moreover, the use of standardized ISO specifica-
tions for specimen preparation enhances the reproduci-
bility of the study.

However, the study’s limitations primarily stem from its
in vitro nature, which may not fully represent clinical
conditions. The absence of real-world factors like pa-
tient saliva composition, diet, and oral hygiene limits the
direct applicability of the findings to clinical practice.
Additionally, while the study focuses on microhardness,
it does not explore other important mechanical pro-
perties such as wear resistance and fracture toughness,
which could provide a more comprehensive assessment
of material performance under fluoride treatment. Fur-
ther clinical trials are necessary to validate these in vitro
findings.

Conclusions

Applying 2% neutral sodium fluoride, 1.23% acidula-
ted phosphate fluoride, and 0.1% fluoride varnish (7700
ppm F) to RM-GIC results in decreased surface micro-
hardness. The most significant reduction was observed
in Group 2 (1.23% acidulated phosphate fluoride), fo-
llowed by Group 1 (2% neutral sodium fluoride). The-
refore, it is essential to consider the type of fluoride and
its potential effects on ionomeric restorative materials
during pre-ventive treatments.
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