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Abstract

Background: The aim of this study was to determine if there is a correlation between fluoride release, surface hard-
ness, and diametral tensile strength of restorative glass ionomer cements (GICs).

Material and Methods: Conventional (Riva Self Cure) and resin-modified (Riva Light Cure) GICs were used. Thir-
ty-four samples (o 6 x 3 mm) were prepared for each cement. The kinetics of fluoride release (n=4) was evaluated
over 28 days using a fluoride-selective electrode (ISE 4010-C00). The analysis of surface hardness (n=10) was
performed using a microhardness tester (Shimadzu HMV-2000, Japan) with a Knoop indenter and a load of 25 gf
for 30 seconds. The diametral tensile strength test (n=10) was conducted on a universal testing machine at a speed
of 0.75 mm/min. Fluoride release data were analyzed by two-way repeated measures ANOVA and Bonferroni post
hoc test, while independent t-test was used for other analyses (0=0.05).

Results: Overall, the groups showed higher fluoride release until day 7 and a progressive decrease until day 28.
On day 1 and day 21, Riva Self Cure showed a higher level of release than Riva Light Cure (p=0.026). Riva Light
Cure showed higher diametral tensile strength (p<0.0001) and surface hardness (p=0.034) than Riva Self Cure. A
negative correlation was found, indicating that higher fluoride release is associated with lower surface hardness and
diametral tensile strength.

Conclusions: Fluoride release and mechanical performance are related properties of GICs, and these properties ex-
hibit different values depending on the type of material. Resin-modified GIC release less fluoride but exhibit better
mechanical performance compared to conventional GIC.
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Introduction

Dental caries is one of the most common chronic disea-
ses, affecting 60 to 90% of school-aged children and
about 36% of the world’s population, according to the
World Health Organization (1-3).

Glass ionomer cements (GICs) are the bioactive restora-
tive materials of choice in cases of high levels of caries
activity (4). In addition to the chemical adhesion to the
tooth structure, the ability to release and recharge fluoride
are considered important properties for clinical use (5,6).
GIC’s preventive effect on caries progression has been
widely discussed in literature and remains unclear, but
evidence suggests that its anti-caries activity is linked
to a prolonged release of fluoride in mouth, which is ab-
sorbed by saliva and surrounding enamel (5,7). Howe-
ver, some studies have shown a correlation between high
levels of fluoride release and poor mechanical properties
(8,9).

Conventional GICs combine water-soluble polymeric
acids with calcium or strontium-based aluminium silica-
te glass powder and fluoride (3). Despite numerous ad-
vantages, the clinical limitations of these materials are
mainly related to weak mechanical properties, low wear
resistance, susceptibility to moisture during the initial
curing reaction, and short working time (4,10).

To minimize these disadvantages and improve the pro-
perties, various changes in the composition of GICs
have been proposed by adding components such as me-
tals, bioactive glasses, fluorapatite, or resins (11-14).
The development of resin-modified GICs, through the
incorporation of hydrophilic resin monomers, has pro-
vided a combination of the advantageous properties of
composite resins and glass ionomer cements. Thus, phy-
sical and mechanical properties have become superior
to conventional materials, and fluoride release has been
maintained, even if at lower levels (15).

Selecting the ideal restorative material is a significant
challenge for clinicians due to the wide variety of den-
tal products available (16,17). Considering the place
of GICs in restorative dentistry, particularly from a
minimally invasive perspective, these materials requi-
re study. Specifically, it is important to understand the

Table 1: Glass ionomer cements used.
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relationship between mechanical properties and fluoride
release, as both are important for long-term durability.
The aim of this study was to evaluate the fluoride release
and mechanical properties of surface hardness and dia-
metral tensile strength of a conventional glass ionomer
cement (Riva Self Cure) and a resin-modified cement
(Riva Light Cure) and to determine if these properties
are correlated. The null hypothesis were: 1) there is no
difference between the GICs studied in the amount of
fluoride released up to 28 days; 2) there is no difference
between the GICs studied in terms of mechanical pro-
perties; and 3) there is no correlation between fluoride
release and mechanical properties.

Material and Methods

The glass ionomer cements used in this study were Riva
Self Cure and Riva Light Cure (Table 1).

Thirty-four specimens of each material, measuring ¢ 6
x 3 mm, were obtained using hemisected circular metal
matrices. After manipulating each material on a glass
plate according to the manufacturer’s proportions, they
were inserted into the matrix, which had been previously
isolated with vaseline. For the resin-modified cement,
two increments were used, the first of which was li-
ght-cured for 20 seconds using the Sdi Radii Cal Led
device, before the second increment was placed, which
was also light-cured for the same period of time after
placing a strip of polyacetate to allow the excess mate-
rial to flow out. After the polymerization reaction, the
specimens were removed from inside the matrix, and
finished and polished using #400, #600, #1200, #2000,
and #2500 grit sandpaper. Samples were rinsed with dis-
tilled water between sanding to remove debris.

For fluoride release analysis, the samples were suspen-
ded by a nylon thread in polypropylene tubes containing
4 mL of deionized water. They were then incubated at
37°C. Deionized water was replaced at intervals of 1, 7,
14, 21 and 28 days. After this period, the fluoride con-
centration released in the water samples was evaluated
to obtain the fluoride release profile over time for each
type of cement.

To obtain the release profile over time for each type of

Victoria, Australia. modified with resin

Commercial name/ Manufacturer Category Commercial presentation Main components
Riva self cure®/SDI, Bayswater, Conventional Powder/Liquid Fluoroaluminosilicate
Victoria, Australia. glass ionomer cement Polyacrylic acid
Tartaric acid
Riva light cure®/SDI, Bayswater, Glass ionomer cement Powder/Liquid Fluoroaluminosilicate

Polyacrylic acid
Tartaric acid
Hydroxyethyl methacrylate
Dimethacrylate
Acidified monomer
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cement, a fluoride ion-selective electrode (ISE 4010-
C00), pre-calibrated from the linear regression curve
E(mV) vs. log [F-], was used. Potential measurements
were made against an Ag/AgCl reference electrode using
a potentiometer. For the determination of the calibration
curve, nine standard solutions were prepared by diluting
a stock fluoride solution with a concentration of 1000
ppm (ISE 4010-C00). The solutions were prepared in 25
mL flasks, with 2.5 mL of total ionic strength adjustment
buffer (TISAB) added to each flask, and stock solution
volumes ranging from 10 puL to 5000 puL (5 mL). TISAB
consisted of a 1 mol/L sodium chloride (NaCl, CRQ Che-
micals) solution and a 1 mol/L acetic acid (CH3CO2H,
CRQ Chemicals) solution, the pH of which was adjusted
to 5.5 with 1 mol/L sodium hydroxide (NaOH) solution.
The flasks were then filled with deionized water. After
preparation, these solutions were transferred to polye-
thylene bottles and stored in a refrigerator throughout
the study. All measurements were carried out over three
days at room temperature, with a new calibration curve
drawn for each day of analysis. Values were expressed in
ppm F-. Thus, data on the total fluoride released were re-
corded for each interval. Each condition to be analyzed
was replicated 4 times, with the potential measurement
performed in triplicate for each of the replicates, and the
result was expressed as the mean and standard deviation.
The samples to be subjected to mechanical tests were
immersed in deionized water and stored in an oven
for 24 hours after polishing. Surface hardness analy-
sis (n=10) was performed using a microhardness tester
(Shimadzu HMV-2000, Japan). Three randomly equidis-
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tant measurements were made on each specimen using a
Knoop indenter with a load of 25 gf (gram force) for 30
seconds. The indentations were measured by two marks
at the corners of the rhombus in an image at 40x magni-
fication, and the length of the major diagonal and conse-
quently the Knoop hardness results were determined by
automatic calculation by the instrument software.

The diametral tensile strength (DTS) test (n=10) was
performed according to ADA Standard No. 66 on a uni-
versal testing machine (EMIC DL-3000 - 30 kN capaci-
ty) at a speed of 0.75 mm/min. The samples were posi-
tioned with their longitudinal side between the plates of
the machine and subjected to compressive loading until
rupture. The DTS in megapascals (MPa) was calculated
using the equation:

T =2F/n DL

Where T is the resistance, F is the maximum load applied
in Newtons (N), D is the diameter of the specimens in
mm and L is the length of the specimen in mm (18).
Fluoride release data were analyzed using a two-way re-
peated measures ANOVA followed by Bonferroni post
hoc test, while independent t-tests (0=0.05) were used
for other analyses. Statistical analysis was performed
using SPSS version 22.0 software.

Results

The fluoride ion release profiles of Riva Self Cure and Riva
Light Cure in deionized water were recorded at 5 specific
intervals over 28 days. The amount of fluoride released was
documented in parts per million (ppm).

Table 2 and Figure 1 show the comparative evaluation of

Table 2: Comparison of fluoride release between conventional glass ionomer cement and resin-mod-
ified glass ionomer cement over 28 days (mean + standard deviation) in ppm.

Groups Day 1 Day 7 Day 14 Day 21 Day 28
Riva Self Cure 10£14e 15£18 10+3ABCa 5.94+0.7¢ 4416
Riva Light Cure 44240 94582 54340 2+]AP 24140

Similar uppercase letters indicate statistical similarity between columns. Similar lowercase letters

indicate statistical similarity between rows.

16
14
12

Fluoride Release (ppm)

SN &~ O

Day 1 Day 7 Day 14

=== Riva Self Cure
=== Riva Ligth Cure

Day 21 Day 28

Fig. 1: Fluoride release from conventional and modified glass ionomer cements over time.
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fluoride release considering the time x material interaction.
In general, both cements showed a higher release at
the day 7 with a progressive decrease until the day 28
(p<0.05). It was observed that Riva Self Cure showed
higher fluoride release compared to Riva Light Cure at
all time points, with a statistical difference at day 1 and
day 21 (p=0.026).

Riva Light Cure showed higher diametral tensile streng-
th (»<0.0001) and surface hardness (p=0.034) than Riva
Self Cure (Figs. 2,3).

-
N A O

Diametral tensile strength (MPa)
S

N B O @

0
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Table 3: Pearson correlation coefficient (r) between fluoride release,
surface hardness, and diametral tensile strength of conventional and
resin-modified glass ionomer cements.

Correlation between Pearson coefficient (r)

variables

Fluoride release x Diametral -0.892
tensile strength

Fluoride release x Surface —0.468

hardness

al

Riva Self Cure

Riva Light Cure

Fig. 2: Comparison of diametral tensile strength (MPa) between conventional
glass ionomer cement and resin-modified glass ionomer cement.

70 ~

Surface Hardness (HK)

1l

Riva Self Cure

Riva Light Cure

Fig. 3: Comparison of surface hardness (HK) between conventional glass ionomer
cement and resin-modified glass ionomer cement.

The Pearson correlation coefficient (r) showed a strong
negative correlation between fluoride release and diame-
tral tensile strength (r = - 0.892). The correlation between
fluoride release and surface hardness was also negative, but
moderate (r = -0.468) (Table 3). The indices considered to
indicate the strength of the correlation between variables
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were: r > 0.70 indicates a strong correlation; 0.30 <r<0.70
indicates a moderate correlation; r < 0.30 indicates a weak
correlation; r = 0 indicates no correlation (19). A positive
correlation indicates that an increase in one variable leads
to an increase in another, while a negative correlation indi-
cates a decrease in one variable with an increase in another.
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Discussion

This study determined the relationship between fluoride
release and the properties of surface hardness and dia-
metral tensile strength of conventional and resin-modi-
fied glass ionomer restorative cements.

There is limited data in the literature correlating these
variables. The three null hypotheses of the study were
rejected because the amount of fluoride released by the
cements differed significantly, as did the mechanical
properties tested. Furthermore, a correlation between the
variables was observed.

Fluoride release from a restorative material is determi-
ned by the matrix, the curing mechanism and the amount
of fluoride present in the material (8,20,21). Both ma-
terials tested showed higher fluoride release within the
first 7 cumulative days, tending towards a steady state.
This performance is attributed to the greater instability
and erosion of glass ionomers during the initial setting
period (2). First, there is surface rinsing, which causes
a greater initial dissolution of aluminium or phospha-
te complexes with fluoride formed during the acid-base
reaction. This process is mainly controlled by glass par-
ticles in the cement that have not reacted. Following the
higher fluoride release in the first few days, sustained re-
lease can occur during the remaining period by diffusion
through pores, fissures and mass diffusion (1).

In general, conventional glass ionomer cements tend
to release more fluoride than resin-modified cements,
which is consistent with literature data (1). The resin
matrix is less hydrophilic, which may contribute to
lower fluoride release. Considering that fluoride is relea-
sed by diffusion through pores and fissures, it can also
be speculated that conventional glass ionomer cements
have greater matrix porosity, which acts as a pathway for
greater fluoride release compared to resin-modified (22).
In the oral cavity, restorative materials, such as glass io-
nomer cements, are directly exposed to recurrent masti-
catory and tensile forces (23). Since many clinical failu-
res are due to tensile stress, diametral tensile strength is
a critical requirement. The British Standards Institution
developed the diametral tensile test because it is impos-
sible to directly determine the tensile strength of brittle
materials such as GICs. This test involves compressing
a cylindrical specimen around its circumference using
compression plates (24).

Conventional GIC is the result of an acid-base reaction
between fluoroaluminosilicate powder and polycar-
boxylic acid. Its adhesion mechanism is based on the
formation of a bond between the carboxyl groups of pol-
yacrylic acid and hydroxyapatite on the tooth surface.
Studies have reported that these materials are fracture
susceptible and have low wear resistance (23). In this
study, this group showed lower diametral tensile stren-
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gth than the resin-modified group, suggesting that they
may be less clinically resistant (24).

Hardness testing is also widely used in dentistry as it pro-
vides important information about the wear and setting
properties of materials (25). In this study, resin-modified
GIC showed a higher surface hardness value compared
to conventional GIC. These data may indicate a more
complete polymerization, as Knoop hardness (KH) has
been found to have a strong, significant positive linear
correlation with the degree of conversion (26).

Another aspect discussed in the literature is that exposu-
re of GICs to water results in the release of ions, which
can lead to changes in the mechanical properties (27).
There is a risk of ion loss, which can significantly affect
the mechanical properties of the material, if conventional
GIC is exposed to water prior to the formation of the cal-
cium aluminium polyacrylate salts. Resin-modified GIC,
however, contains hydroxyethyl methacrylate (HEMA),
which initiates the curing reaction and prevents the loss of
ions (18), showing better mechanical properties.

As shown in Table 3, there is a negative linear correla-
tion between fluoride release and the mechanical proper-
ties evaluated. This indicates that materials with higher
fluoride release have lower diametral tensile strength
and surface hardness, potentially making them less cli-
nically durable in the load carrying areas.

Therefore, our results clearly showed a negative corre-
lation between fluoride release and mechanical proper-
ties, suggesting a link between the two. It is believed that
when relatively large amounts of fluoride are transferred
from the glass to the matrix during the setting reaction,
high fluoride release occurs. The ions are released from
the matrix by a combination of early washout and sus-
tained diffusional release. Conventional GICs may be
more susceptible to cracking and porosity due to the
properties of the matrix itself, as well as having a slower
polymerization reaction (acid-base) that favours the
transfer of fluoride to the matrix during the setting reac-
tion (4), but they have inferior mechanical performance
compared to resin-modified GICs.

The different patterns of fluoride release and mechanical
performance of the materials tested may have implica-
tions for clinical indications. Further studies are there-
fore required to determine whether these phenomena are
related as suggested.

Conclusions

Fluoride release and mechanical performance are related
properties of GICs and these properties have different
values depending on the type of material. Resin-modi-
fied glass ionomer cements release less fluoride but have
better mechanical performance compared to conventio-
nal cements.



J Clin Exp Dent. 2024:16(5):e610-5.

References

1. Brenes-Alvarado A, Cury JA. Fluoride Release from Glass Ionomer
Cement and Resin-modified Glass Ionomer Cement Materials under
Conditions Mimicking the Caries Process. Oper Dent. 2021;46:457-
466.

2. Morales-Valenzuela AA, Scougall-Vilchis RJ, Lara-Carrillo E, Gar-
cia-Contreras R, Hegazy-Hassan W, Toral-Rizo VH, et al. Enhance-
ment of fluoride release in glass ionomer cements modified with tita-
nium dioxide nanoparticles. Medicine (Baltimore). 2022;101:¢31434.
3. Gunay A, Celenk S, Adiguzel O, Cangul S, Ozcan N, Cakmakoglu
EE. Comparison of Antibacterial Activity, Cytotoxicity, and Fluoride
Release of Glass Ionomer Restorative Dental Cements in Dentistry.
Med Sci Monit. 2023;29:939065.

4. Bueno LS, Silva RM, Magalhdes APR, Navarro MFL, Pascotto
RC, Buzalaf MAR, et al. Positive correlation between fluoride release
and acid erosion of restorative glass-ionomer cements. Dent Mater.
2019;35:135-143.

5. Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing
restorative materials--fluoride release and uptake characteristics, an-
tibacterial activity and influence on caries formation. Dent Mater.
2007;23:343-62.

6. Moshfeghi H, Haghgoo R, Sadeghi R, Niakan M, Rezvani MB. An-
tibacterial activity of a glass ionomer containing silver nanoparticles
against Streptococcus mutans and Streptococcus sanguinis. Indian. J
Dent Res. 2020;31:589-592.

7. Cury JA, de Oliveira BH, dos Santos AP, Tenuta LM. Are fluoride
releasing dental materials clinically effective on caries control? Dent
Mater. 2016; 32:323-33.

8. Xu X, Burgess JO. Compressive strength, fluoride release and re-
charge of fluoride-releasing materials. Biomaterials. 2003;24:2451-61.
9. Moreau JL, Xu HH. Fluoride releasing restorative materials:
Effects of pH on mechanical properties and ion release. Dent Mater.
2010;26:¢227-35.

10. Mickenautsch S, Mount G, Yengopal V. Therapeutic efect of glass
ionomers: An overview of evidence. Austr Dent J. 2011;56:10-15.

11. Valanezhad A, Odatsu T, Udoh K, Shiraishi T, Sawase T, Watanabe
1. Modification of resin modified glass ionomer cement by addition
of bioactive glass nanoparticles. ] Mater Sci Mater Med. 2016;27:3.
12. Moshaverinia M, Borzabadi-Farahani A, Sameni A, Moshaverinia
A, Ansari S. Effects of incorporation of nano-fluorapatite particles on
microhardness, fluoride releasing properties, and biocompatibility of a
conventional glass ionomer cement (GIC). Dent Mater J. 2016;35:817-
821.

13. Nica I, Stoleriu S, Iovan A, Taraboanta I, Pancu G, Tofan N, et
al. Conventional and Resin-Modified Glass Ionomer Cement Surface
Characteristics after Acidic Challenges. Biomedicines. 2022;10:1755.
14. de Oliveira Roma FRYV, de Oliveira TJL, Bauer J, Firoozmand LM.
Resin-modified glass ionomer enriched with BIOGLASS: Ion-release,
bioactivity and antibacterial effect. J Biomed Mater Res B Appl Bio-
mater. 2023;111:903-911.

15. Spajic J, Par M, Milat O, Demoli N, Bjelovucic R, Prskala K.
Effects of Curing Modes on the Microhardness of Resin-Modified
Glass Ionomer Cements. Acta Stomatol Croat. 2019;53:37-46.

16. Menezes-Silva R, Cabral RN, Pascotto RC, Borges AFS, Martins
CC, Navarro MFL, Sidhu SK, et al. Mechanical and optical properties
of conventional restorative glassionomer cements - a systematic re-
view. J Appl Oral Sci. 2019;27:¢2018357.

17. Menezes-Silva R, De oliveira BMB, Magalhdes APR, Bueno LS,
Borges AFS, Baesso ML, et al. Correlation between mechanical pro-
perties and stabilization time of chemical bonds in glass-ionomer ce-
ments. Braz Oral Res. 2020;34:1-12.

18. Tvica A, Salinovi¢ I, Juki¢ Krmek S, Garoushi S, Lassila L, Siily-
noja E, et al. Mechanical Properties and Ion Release from Fibre-Rein-
forced Glass lonomer Cement. Polymers (Basel). 2024;16:607.

19. Teixeira ABV, Valente MLDC, Sessa JPN, Gubitoso B, Schiavon
MA, Dos Reis AC. Adhesion of biofilm, surface characteristics, and
mechanical properties of antimicrobial denture base resin. J Adv Pros-
thodont. 2023;15:80-92.

e615

Correlation between properties of glass ionomer cements

20. Shiozawa M, Takahashi H, Iwasaki N. Fluoride release and mecha-
nical properties after 1-year water storage of recent restorative glass
ionomer cements. Clinical oral investigations. 2014;18:1053-60.

21. Dziuk Y, Chhatwani S, M6hlhenrich SC, Tulka S, Naumova EA,
Danesh G. Fluoride release from two types of fluoride-containing or-
thodontic adhesives: Conventional versus resin-modified glass iono-
mer cements-An in vitro study. PLoS One. 2021;16:¢0247716.

22. Sherief DI, Fathi MS, Abou El Fadl RK. Antimicrobial properties,
compressive strength and fluoride release capacity of essential oil-mo-
dified glass ionomer cements-an in vitro study. Clin Oral Investig.
2021;25:1879-1888.

23. Somani R, Jadka S, Singh DJ, Sibal GK. Comparative Evalua-
tion of Shear Bond Strength of Various Glass Ionomer Cements to
Dentin of Primary Teeth: An in vitro Study. Int J Clin Pediatr Dent.
2016;9:192-196.

24. Bresciani E, Barata TJE, Fagundes TC, Adachi A, Terrin MM, Na-
varro MFL. Compressive and diametral tensile strength of glass iono-
mer cements. J Appl Oral Sci. 2004;12:344-8.

25. Allam G, Abd El-Geleel O. Evaluating the Mechanical Properties,
and Calcium and Fluoride Release of Glass-lonomer Cement Modified
with Chicken Eggshell Powder. Dent J (Basel). 2018;6:40.

26. Roberts HW, Berzins DW, Charlton DG. Hardness of three re-
sin-modified glass-ionomer restorative materials as a function of depth
and time. J Esthet Restor Dent. 2009;21:262-72.

27. Imataki R, Shinonaga Y, Nishimura T, Abe Y, Arita K. Mecha-
nical and Functional Properties of a Novel Apatite-lonomer Cement
for Prevention and Remineralization of Dental Caries. Materials.
2019;12:3998.

Funding

This work was supported by the Higher Education Personnel Impro-
vement Coordination - Brazil (CAPES PROSUP — funding code 001),
Minas Gerais Research Foundation (FAPEMIG - APQ-01739-22), and
National Council for Scientific and Technological Development (PI-
BIC-CNPq 2021/12).

Author Contributions

Conceptualization: D.T.C. and C.R.C.; Methodology: M.P.; B.M.C.;
HM.M.C.; M.B.S.M.; C.E.F.C.; and K.L.G.R; Data Curation: D.T.C.;
C.R.C.; and C.P.L.; Writing-original draft preparation: M.P.; B.M.C.;
HMM.C.; D.T.C;; and C.R.C.; Writing-review and editing: M.P,;
C.PL; C.R.CC;and D.T.C.; Funding acquisition: M.P.; B.M.C. All au-
thors have read and agreed to the published version of the manuscript.

Conflict of Interest
The authors declare no conflict of interest.



