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Objective. To evaluate the influence of external energy sources on the dynamic setting process
of glass-ionomer restorative materials.
Methods. Eighteen brands of GIC were studied: Bioglass R (Biodindmica; G1), Chemfil Rock
(Dentsply; G2), Equia Forte (GC; G3), Gold Label 2 (GC; G4), Gold Label 9 (GC; G5), Glass lonomer
Cement Type II — (Shofu; G6), longlass R (Maquira; G7), Ion Z (FGM; G8), Ionomaster (Wilcos;
G9), Ionofil Plus (Voco; G10), Ionostar Plus (Voco; G11), Ketac Molar easymix (3M ESPE; G12),
Magic Glass R (Vigodent; G13), Maxxion R (FGM; G14), Riva Self Cure (SDI; G15), Vidrion R
(SS White; G16), Vitro Fil R (Nova DFL; G17) and Vitro Molar (Nova DFL; G18). LED, halogen
light or ultrasound (n=20 for each set) applied for 30s was used to activate setting, and a
control group of each material was allowed to set without activation. Samples were analyzed
by FTIR spectroscopy using the ratio of intensities of bands at 1637 cm™! (carboxylate) and
1720 cm™! (carbonyl) as a function of time. Means and standard deviations were subjected
to ANOVA and Tukey tests (p <0.05).
Results. All three activation modes significantly reduced the time at which the carboxylate
content became stable in G2, G4, G5, G6, G8, G10, G14, G16, G17 and G18. By contrast, in G1,
G7, G12 and G15 no activation source had any significant effect (p>0.05).
Significance. External activation sources, namely LED, halogen light and ultrasound, typically
but not always increase the setting rate of restorative GICs.
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1. Introduction

The glass-ionomer cement (GIC) is the material of choice
in several clinical situations in modern dentistry due to its
favorable physical and biological properties [1]. The setting
process of the glass-ionomer cement (GIC) is of the acid-
base type between a powder of degradable alumino-silicate
glass and an aqueous solution of polymeric acid, such as
polyacrylic acid or an acrylic/maleic acid copolymer [2,3].
The aqueous phase of the liquid attacks the solid structure
of the glass particles releasing calcium or strontium, alu-
minum and fluoride ions into the aqueous medium [4,5].
The polyacid chains become cross-linked, initially with the
calcium or strontium ions, forming a solid mass [4,5]. Dur-
ing the first 24h, the aluminum ions also unite with the
polymer chains within the cement mixture, making it more
rigid [1,6,7].

Glass-ionomer cement has the advantages of adhesion
to dental substrates, fluoride release, biological compatibility
and linear coefficient of thermal expansion similar to tooth
structure [1,8], making the GIC a versatile material. It can be
used in restorations, as cavity bases and for cementation of
prosthetic and orthodontic appliances [9]. However, the pro-
longed time of maturation and sensitivity to moisture before
completion of the setting process is a limitation of the mate-
rial, as the GIC suffers syneresis or imbibition in the first
24h after mixing [1]. Previous studies showed the presence
of water at the interface with dentin, due to the permeabil-
ity of GIC matrix after storage in water. This phenomenon
occurs due to the fact that after the first 24 h, the material
suffers an additional reaction of the curing process and it is
possible for moisture to reach the GIC/dentin interface by dif-
fusion through dentin [8] thus affecting the final strength of
the material [10].

Yap etal. [11], suggested that if the curing process of the GIC
were faster, it could result in the improvement of the mechan-
ical properties. To achieve this objective, it has been suggested
that the application of external sources of energy could accel-
erate the reaction of the initial setting process, improving the
final properties of the material.

However, there still exists the need for studies that char-
acterize the influence of external sources on modifying the
chemical reactions of GICs, to result in acceleration of hard-
ness of this material. Fourier Transform Infrared spectroscopy
technique (FTIR) provides the means of identifying specific
functional groups due to their characteristic absorption bands
and is able to provide information on the detailed chemistry
of the material, as evaluated by changes and/or emergence of
new peaks [12]. Thus, the objective of this paper was to eval-
uate the time required to stabilize the chemical bonds in the
curing process of GICs when external sources such as LED,
halogen light and ultrasound waves were applied to the mate-
rial after mixing. The null hypothesis is that the application of
external sources to the GICs after mixing did not alter the time
required to stabilize the chemical bonds in the curing process
of the materials.

2. Materials and methods

The tests were performed in vitro using 18 brands of conven-
tional glass-ionomer restorative cements (Table 1).

2.1. Sample preparation

The 18 groups (n=20, each material) were divided into con-
trol and experimental groups (n=5, each group) in which LED
(Radii Cal, SDI, Victoria, Australia, 1200 Mw/cm?, point tem-
perature of 45 °C), halogen light (Optilux 501, Kerr Corporation,
Orange California, United States, 1000 Mw/cm?, point temper-
ature of 55 °C) or ultrasound waves (DentSurg PRO, CVDentUS,
Sdo José dos Campos, Brazil) were used. The temperature
reached by the halogen light and LED was measured with a
digital infrared thermometer model GM 300 (Benetech, Shen-
zhen, China). The tip of the infrared light was positioned at
1mm from the tip of light source turned on for 30s. The high-
est temperature measured in the end of 30 s was recorded. The
measurements were done in triplicate.

After being manipulated according to the individual man-
ufacturer’s instructions, each GIC was placed between two
polyester tapes and pressed between two plates of glass and
loaded with a constant force of 0.4 N for 30s to standardize the
thickness of the material. In the groups that received activa-
tion with one of the two light sources, the tip of the unit was
positioned in contact with the surface of the material directly
on the polyester tape and the photo-polymerizing device was
used for 30s. In the group in which heat and ultrasound waves
were applied, after spreading the GIC in a in a limited area of
the glass plate demarcated with an adhesive tape (10 mm?) to
standardize its thickness, the tip of the ultrasonic probe was
applied on the material and activated for 30s without water
cooling. In the control group, the GICs did not receive any
activation. The materials were maintained between polyester
tapes at ambient controlled temperature (25°C) to protect
them from desiccation and after the first 5min of curing, the
samples of GIC were prepared for measurements.

2.2.  Dynamic setting analysis

2.2.1. Fourier Transform Infrared (FTIR) spectroscopy

To understand the dynamic cure of GICs, i.e. the time interval
necessary for the chemical bonds to be formed and stabi-
lized, the samples were ground in a mortar using an agate
pestle, then diluted in potassium bromide (KBr) powder and
pressed under 10 tons, for 2min to obtain pellets for analysis
by FTIR spectroscopy according to the methodology related by
Yamakami et al. [13].

Characterization of the molecular interactions of the GIC
material was determined by the Vertex 70v Fourier Trans-
form Infrared (FTIR) spectrometer (Bruker®, Massachusetts,
USA), with 4 cm~? of resolution. The spectra of the KBr/sample
pellets were collected every 10min for 120 min, making an
average of 128 scans per specimen with the spectral range
from 4000 to 400 cm™1.
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Table 1 - Brands, batch numbers and composition of conventional restorative glass-ionomer cements tested.

Group GIC Batch no. Composition
Bioglass R (Biodinamica, Powder: Calcium, barium and aluminum fluorosilicate, polyacrylic acid and
1 A . 974/15 . .
Ibipora, Brazil) inorganic filler
Liquid: Polyacrylic acid, tartaric acid and water
> Chemfil Rock (Dentsply, Powder: BT Zinc-modified fluoro alumino silicate glass
Milford, USA) Liquid: Polyacrylic and itaconic acid
3 Equia Forte (GC Powder: e Fluoro-alumino-silicate glass, polyacrylic acid powder, pigment
Corporation, Tokyo, Japan) Liquid: Polyacrylic acid, distilled water, polybasic carboxylic acid
A Gold Label 2 (GC Powder: 1601161 Fluoro-alumino-silicate glass and polyacrylic acid powder
Corporation, Tokyo, Japan) Liquid: 1601121 Distilled water and polyacrylic acid
Gold Label Glass 9 (GC Powder: 1506021 Fluoro-alumino-silicate glass, polyacrylic acid powder
> Corporation, Tokyo, Japan) Liquid: 1506011 Polyacrylic acid, polybasic carboxylic acid
Glass Ionomer Cement Type Powder: 6144 Fluoro-alumino-silicate glass
6 II (Shofu Inc., Kyoto, Japan) Liquid: 31513 Copolymer of acrylic acid and tricarboxylic acid, tartaric acid and
others
Ionglass (Maquira Dental Powder: Polyacrylic acid and sodium fluorosilicate, calcium and aluminium
/ Products, Maringa, Brazil) Liquid: 130417 Tartaric acid and purified water
A . Powder: 140116 Fluoro-alumino-silicate glass
8 lon Z (FGM, Joinville, Brazil) Liquid: 130116 Polycarboxylic acid and tartaric acid
: Ionomaster (Wilcos, Powder: 15336 Calcium fluoro-alumino-silicate glass powder, tartaric acid, citric acid,
Petrépolis, Brazil) pigments
Liquid: 15335 Water, polycarboxylic acid, pigments
Ionofil Plus (VOCO GmbH, Powder: 1509454 Fluoro-alumino-silicate glass and polyacrylic acid
10 Cuxhaven, Germany) Liquid: 1506325 Tartaric acid
Ionostar Plus (VOCO GmbH, Powder: Fluoro-alumino-silicate glass, polyacrylic acid, tartaric acid
11 . 1607068 . . .
Cuxhaven, Germany) Liquid: Polyacrylic acid solution
Ketac Molar Easymix (3M Powder: 627356 Al-Ca-La fluorosilicate glass, copolymer acid (acrylic and maleic acid)
2 ESPE, Seefeld, Germany) Liquid: 624889 Polyalkenoic acid, tartaric acid, water
Magic Glass (Vigodent, Rio Powder: 1503044 Strontium, aluminum, fluoride, silicate, polyacrylic acid, tartaric acid
13 de Janeiro, Brazil) and pigments
Liquid: 1401244 Polyacrylic acid, water
Maxxion R (FGM, Joinville, Powder: 21117 Fluoro alumino silicate glass, polycarboxylic acid, calcium fluoride,
4 Brazil) Liquid: 260917 water
15 Riva (SDI, Victoria, Powder: 150630V Glass powder and acrylic acid polymers
Australia) Liquid: 15312 Acrylic acid polymers and tartaric acid
1 Vidrion R (SS White, Rio de Powder: T Sodium fluor silicate, calcium, aluminum, barium sulphate,
Janeiro, Brazil) polycarboxylic acid, pigments.
Liquid: Tartaric acid, water
Vitro Fil (Nova DFL, Rio de Powder: 16030374 Fluorine strontium aluminum silicate, dehydrated polyacrylic acid
7/ Janeiro, Brazil) and iron oxide
Liquid: 16030373 Polyacrylic acid, tartaric acid and distilled water
e Vitro Molar (Nova DFL, Rio Powder: 16020279 Fluorine barium aluminum silicate, dehydrated polyacrylic acid and
de Janeiro, Brazil) iron oxide
Liquid: 16020278 Polyacrylic acid, tartaric acid and distilled water
2.2.2. Setting analysis COO~/C=0 bands are represented by means and standard

The setting process was analyzed in the spectra by the ratio
of the intensities of the bands associated with the formation
of the COO~ carboxylate salts of the polyacid (1637 cm~!) and
C=0 acid group (1720cm™1) as a function of time. The ratio of
the band’s intensities as a function of time was adjusted by an
exponential decay-type function according to Yamakami et al.
[13]. The means and standard deviations of the ratios were
subjected to Shapiro-Wilk normality test, ANOVA and Tukey
tests at 5% significant statistic level, using R statistic software
(R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The values in minutes of the minimum time required for
stabilization of the chemical reactions of the formation of

deviations in Table 2.

The three activation modes tested had a significant influ-
ence on the reaction of ten GIC brands tested in G2, G4, G5,
G6, G8, G10, G14, G16, G17 and G18. It can be observed that
application of ultrasound to GICs from G3, G5, G17 and G18
reduced the stabilization time by at least 10 min. In the case
of G3 and G17, the time for stabilization of chemical reac-
tions with ultrasound decreased by more than half the time
needed compared to the control group. The FTIR spectra of the
dynamic setting process of the GIC in G3 submitted to differ-
ent external energy sources as a function of time are shown
in Fig. 1.

For G1, G7, G12 and G15, no differences were observed in
reaction stabilization times after treatment with external acti-
vation sources. For G11 and G13, only the use of LED as external
activation had statistical significance compared to the control
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Table 2 - Means and SD values of time (in minutes) needed to stabilize the chemical bonds during the setting reaction of

some conventional glass-ionomer cements available in the market.

Group Control Halogen LED Ultrasound

1 10212 a 125+7 b 111+9 ab 93+12 ab
2 165+24 a 87+5 b 91+8 b 8549 b
3 18611 a 149+ 20 a 154+7 a 61+32 b
4 242420 a 136+24 b 156 +5 b 130+4 b
5 20519 a 127 +£10 b 151+23 b 125+ 14 b
6 206+ 20 a 155422 b 146+ 10 b 121+13 b
7 12910 a 178 +4 b 131+9.6 a 119+ 10 a
8 149422 a 70£8 b 99+8 b 99+16 b
9 126 +24 a 61+8 b 7417 bc 100+ 10 ac
10 199+ 14 a 106 +11 bc 87+5 b 117 +10 c
11 146 +6 a 148+ 16 a 9549 b 139+5 a
12 118+ 15 a 120+10 a 140+9 a 118+19 a
13 109+18 a 85+ 10 ab 77 £12 b 109+7 a
14 152+11 a 99+11 c 123+5 b 120+5 b
15 142+8 a 136+ 16 a 112.7 +2 a 150+ 27 a
16 16245 a 140+ 15 ac 114+9 b 133+11 bc
17 200+ 14 a 120+£17 c 114+13 c 70+11 b
18 164+6 a 111+4 c 100+ 14 b 111+£5 bc

ANOVA and post hoc Tukey. Different letters indicate statistically significant difference (p <0.05).
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Fig. 1 - FTIR spectra in the region between 1900 and 1500 cm~? of the Equia Forte’ (G3) subjected to different external
energy sources as a function of time. The sample was measured up to 120 min, at intervals of 10 min. The spectra shows
the dynamic setting process of glass-ionomer cement in G3 with the acid group (C=0) and carboxylate salt of the polyacid
group (COO-) identified.
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group. The time of stabilization for G9 was influenced signifi-
cantly by LED and halogen light.

4, Discussion

The null hypothesis was rejected once the application of exter-
nal sources to the GICs after mixing altered the time required
to stabilize the chemical bonds in the curing process of the
materials.

To date, there have been few studies that characterize
the setting reaction of GICs [13], and to our knowledge this
is the first to demonstrate the time required for stabiliza-
tion of chemical bonds after application of external activation
sources.

In the present study, setting rate was evaluated from the
ratio of infrared bands due to carboxylate (1637 cm ~') and
carbonyl (1720 cm™1) respectively. In this ratio, the carboxy-
late band is the one forming from the original carboxylic acid
groups present on the polymer, and the carbonyl group, which
does not change on setting, acts as an internal reference band
[13]. Using this approach, the results indicate that the use of
external activation can significantly reduce the time required
to stabilize the carboxylate bonds within the material. In some
cases, such as G3 and G17, ultrasound application reduced the
reaction time by more than half when compared to the control
group. Acceleration of chemical reactions has the advantage
of shorter clinical working time, reduced risk of erosion by
initial exposure to saliva, and increased initial resistance of
the material [14]. Clinically this is important to establish rec-
ommendations to the patient after the procedure, in order to
avoid mechanical stresses for a shorter period of time and
to prevent premature loss of the restoration [13]. In addition,
it has implications for the clinical protocol, for example, the
minimum time necessary before removal of the matrix used
for insertion of the material into cavities as well as for removal
of excess material.

The GICs have unique properties such as favorable adhe-
sion to dental structures, fluoride release, as well as the
coefficient of linear thermal expansion and modulus of elas-
ticity being similar to the tooth [1]. However, they have
deficiencies such as brittleness, which leads to relatively poor
wear characteristics [15,16]. To overcome these limitations,
resin-modified glass-ionomers have been developed, which
are similar to conventional GICs in terms of good adhesion to
enamel and dentin, with the additional advantage of immedi-
ate hardening by application of an external light source; this
provides greater initial mechanical resistance and less sensi-
tivity to moisture [7]. However, there are some disadvantages
inherent in resin use, such as polymerization contraction,
aqueous expansion, and lower long-term mechanical prop-
erties compared to conventional GICs [7]. The presence of
monomer within them also compromises their biocompati-
bility [17].

With the objective of improving the properties of GICs, sev-
eral studies on the application of external sources to accelerate
the settingreaction have previously been carried out. One such
study, testing the effect of conventional manipulation, heat-
ing and ultrasonic excitation, demonstrated that heating of
the material decreased microleakage and improved marginal

adaptation of the restoration [18]. Another study showed an
improvement in the mechanical properties of the material
after ultrasonic excitation and heating [7]. Dehurtevent et al.
[9], showed more significant results with these external energy
sources in accelerating the setting reaction and increasing the
material strength.

Although it is not yet clear in the literature how ultra-
sound specifically influences the mechanism of GIC setting,
it is known that ultrasound generates tiny cavities in reaction
mixtures, and that these cavities grow rapidly then collapse,
generating large amounts of heat in very small volumes [19].
This has the effect of significantly increasing reaction rates
in two-phase mixtures, such as those used in GICs. There
is also the possibility that ultrasound breaks up aggregates
of glass particles, increasing the available surface area, and
also contributing to the increase in the setting rate [20]. The
main advantage of ultrasound is that the equipment is com-
monly present in dental offices and in addition to reducing
working time, it helps in the flow of restorative material into
the prepared dental cavity. For the majority of GICs used
in the present study, ultrasound significantly reduced the
COO~/C=0 bond stabilization time compared to conventional
time, demonstrating its clinical application for restorations
with this material.

In addition, excitation with ultrasound in GICs improves
adhesion to the dental surface and the fluoride release [21,22].
The external application of ultrasound does not modify the
chemical composition of GICs and, according to the present
work, it can stabilize the reactions of the formation of the
material more quickly; this overcomes the disadvantages
associated with the resin-modified GICs [7] and also increases
the compressive strength and surface hardness of the material
[20,23].

However, standardization for the time of application of the
external source is not yet established in the literature and
may vary from one commercial product to another. In the
present study, the application time for all external activa-
tion was standardized at 30s. Talal et al. [10], demonstrated
that ultrasonic excitation for 15s did not affect or increase
the reaction for Ketac Molar (3M ESPE, Seefeld, Germany). On
the other hand, both cements tested, Fuji IX (GC Corpora-
tion, Tokyo, Japan) and Ketac Molar, showed higher rates in
the COO~ formation relative to the C=0 band after the appli-
cation of the ultrasound for at least 35s [10]. In the present
study, the results for ultrasound were not statistically differ-
ent from the conventional method for G1, G7, G12 and G13,
possibly due to the time of application of the external source
may not have been sufficient to increase the reactions of these
materials.

Besides ultrasound application, heating of GICs has been
proposed with the objective of accelerating the setting and
improving the quality of the material. The mechanism of
effect of the heating process is based on the fact that high
temperatures can increase the powder/liquid ratio by evapo-
rating the liquid, thus improving the mechanical properties
of the GIC [24]. Thermal transfer leads to an increase in ionic
mobility at the initial phase of the material reaction, reducing
viscosity and accelerating the setting reaction [25]. The vari-
ations in the behavior of the GICs after treatment with the
external activation sources can be attributed to differences in
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the composition of the materials, as well as to the differences
in porosity, hydrophilicity and thermal properties.

The influence of heating the GICs with LED for 120s and
ultrasonic application for 55s was tested by Dionysopoulos
etal. [14] for the GIC materials EquiaFil (GC Corporation, Tokyo,
Japan), FX-II (Shofu, Kyoto, Japan) and AHfil (Advanced Health
Ltd, Tonbridge, England). The results revealed an increase in
surface hardness, indicating that LED and ultrasound treat-
ment may be useful for restorations with GIC to reach the
initial mechanical resistance more quickly, thus decreasing
the procedure time.

Gorseta et al. [18], tested the use of a standard curing light
with halogen lamp for 40 s to heat the material in class V cav-
ities. They observed that the heating of GIC during the setting
process reduced microleakage, improved marginal adaptation
and adhesion in enamel, suggesting that this procedure is suit-
able for clinical practice [18]. On the other hand, Kleverlaan
etal. [7], evaluated the mechanical properties of different GICs
submitted to external activation sources such as ultrasound
for 45 s and heating with an external source at 70°C for 5 min.
They observed a clear relation between the increase of the
temperature of the sample and the resistance to material com-
pression, concluding that activation may increase the survival
rate of GIC restorations.

The use of external sources may suggest heating of the
material leading to concerns regarding effects on the pulp.
However, Gavic et al. [26] tested heat transfer properties of
modern restorative glass-ionomers and measured the tem-
perature changes at three different depths (2, 3 and 4mm)
after cure times of 20, 40 and 60s using three different light
emitting diode cure lamps designed for clinical use. The study
demonstrated that because the thermal conductivity of glass-
ionomers is low, temperature rises at 4 mm depths were much
lower than at 2mm. At no time did the temperature rise suf-
ficiently to cause concern about potential damage to the pulp
[14]. Thus, application of the external sources used in this
study are safe procedures to be included in clinical protocols,
as the temperature in GICs does not increase sufficiently to
cause pulp problems.

Another point to be considered is that GIC tends to set
faster than pure GIC when in contact with dentin, due the
increased presence of minerals available for the reaction,
which consumes the carboxyl groups of the cement more
rapidly. This was described previously in the literature [13]
and suggests that all the GICs tested in the present study
could present even faster chemical bond stabilization time in
contact with dentin when external energy sources are applied.

Studies such as this, testing greater times of ultrasonic
activation, LED and halogen light, are necessary to identify
the minimum time required to accelerate the setting reaction
of materials where no significant differences were found in
relation to the control group.

5. Conclusion

The use of activation sources may reduce the time required for
the stabilization of chemical bonds during the setting reaction
of some conventional restorative glass ionomer cements avail-
able on the market, which may be clinically advantageous in

allowing the material to harden in a shorter period of time.
New studies evaluating the influence of the use of external
sources of activation on the mechanical properties of GICs
could prove the clinical relevance of the use of this protocol.

Acknowledgements

The authors thank the Brazilian funding agencies FINEP
(Financiadora de Estudos e Projetos) and CAPES (Coordenacéo
de Aperfeicoamento de Pessoal de Nivel Superior) for their
support.

REFERENCES

[1] Sidhu SK, Nicholson JW. A review of glass-ionomer cements

for clinical dentistry. ] Funct Biomater 2016;7(3):16.

[2] Mount GJ. Color atlas of glass ionomer cement. 2nd ed.

London, UK: Martin Dunitz; 2002.

Ellis J, Wilson AD. Polyphosphonate cements: a new class of

dental materials. ] Mater Sci Lett 1990;9:1058-60.

[4] McLean JW, Nicholson JW, Wilson AD. Proposed

nomenclature for glass-ionomer dental cements and related

materials. Quintessence Int 1994;25(9):587-9.

Nicholson JW. Chemistry of glass-ionomer cements: a

review. Biomaterials 1998;19(6):485-94.

Anusavice KJ. Phillips’ science of dental materials.

Philadelphia: WB Saunders; 1994.

Kleverlaan CJ, Van Duinen RN, Feilzer AJ. Mechanical

properties of glass ionomer cements affected by curing

methods. Dent Mater 2004;20(1):45-50.

Yiu CK, Tay FR, King NM, Pashley DH, Sidhu SK, Neo JC, et al.

Interaction of glass-ionomer cements with moist dentin. J

Dent Res 2004;83(4):283-9.

Dehurtevent M, Deveaux E, Hornez JC, Robberecht L, Tabary

N, Chai F. Influence of heat and ultrasonic treatments on the

setting and maturation of a glass-ionomer cement. Am J

Dent 2015;28(2):105-10.

[10] Talal A, Tanner KE, Billington R, Pearson GJ. Effect of
ultrasound on the setting characteristics of glass ionomer
cements studied by Fourier transform infrared spectroscopy.
] Mater Sci Mater Med 2009;20(1):405-11.

[11] Yap AU, Pek YS, Cheang P. Physico-mechanical properties of
a fast-set highly viscous GIC restorative. ] Oral Rehabil
2003;30(1):1-8.

[12] Peter]. Infrared and Raman spectroscopy: principles and
spectral interpretation. San Diego: Elsevier; 2011.

[13] Yamakami AS, Ubaldini ALM, Sato F, Medina Neto A,
Pascotto RC, Baesso ML. Study of the chemical interaction
between a high-viscosity glass ionomer cement and dentin.
J Appl Oral Sci 2018;26:20170384.

[14] Dionysopoulos D, Tolidis K, Gerasimou P, Sfeikos T. Effect of
three clinical curing treatments on fluoride release and
surface hardness of glass-ionomer cements. Int J
Periodontics Restor Dent 2017;37:e197-203.

[15] Lohbauer U. Dental glass ionomer cements as permanent
filling materials? Properties, limitations and future trends.
Materials 2010;3:76-96.

[16] Moshaverinia A, Roohpour N, Chee WWL, Schricker SR. A
review of powder modifications in conventional
glass-ionomer dental cements. ] Mater Chem
2011;21:1319-28.

[17] Nicholson JW, Czarnecka B. Biocompatibility of
resin-modified glass-ionomer dental cements. Dent Mater
2008;24:1702-8.

[3

5

6

7

8

[9


https://doi.org/10.1016/j.dental.2019.01.003
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0005
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0010
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0015
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0020
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0025
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0030
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0035
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0040
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0045
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0050
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0055
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0060
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0065
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0070
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0075
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0080
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0085

456

DENTAL MATERIALS 35 (2019) 450456

(18]

(19]

(2]

(21]

(22]

Gorseta K, Glavina D, Skrinjaric I. Influence of ultrasonic
excitation and heat application on the microleakage of glass
ionomer cements. Aust Dent J 2012;57(4):453-7.

Suslik KS, Price GJ. Applications of ultrasound to materials
chemistry. Ann Rev Mater Sci 1999;29:295-326.

Towler MR, Bushby AJ, Billington RW, Hill RG. A preliminary
comparison of the mechanical properties of chemically
cured and ultrasonically cured glass ionomer cements,
using nanoindentation techniques. Biomaterials
2001;22(11):1401-6.

Algera TJ, Kleverlaan CJ, de Gee AJ, Prahl-Andersen B, Feilzer
AJ. The influence of accelerating the setting rate by
ultrasound or heat on the bond strength of glass ionomers
used as orthodontic bracket cements. Eur ] Orthod
2005;27(5):472-6.

Thanjal NK, Billington RW, Shahid S, Luo ], Hill RG, Pearson
GJ. Kinetics of fluoride ion release from dental restorative
glass ionomer cements: the influence of ultrasound, radiant

(23]

(24]

(25]

[26]

heat and glass composition. ] Mater Sci Mater Med
2010;21(2):589-95.

Tanner da Rushe N, Towler MR. Ultrasonically set glass
polyalkenoate cements for orthodontic applications. ] Mater
Sci Mater Med 2006;17(4):313-8.

Gavic L, Gorseta K, Borzabadi-Farahani A, Tadin A, Glavina
D, van Duinen RN, et al. Influence of thermo-light curing
with dental light-curing units on the microhardness of
glass-ionomer cements. Int J Periodontics Restor Dent
2016;36(3):425-30.

O’Brien T, Shoja-Assadi F, Lea SC, Burke FJ, Palin WM.
Extrinsic energy sources affect hardness through depth
during set of a glass-ionomer cement. ] Dent 2010;38:
490-5.

Gavic L, Gorseta K, Borzabadi-Farahani A, Tadin A, Glavina
D, van Duinen RN, et al. Heat transfer properties and
thermal cure of glass-ionomer dental cements. ] Mater Sci
Mater Med 2015;26:249.


https://doi.org/10.1016/j.dental.2019.01.003
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0090
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0095
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0100
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0105
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0110
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0115
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0120
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0125
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130
http://refhub.elsevier.com/S0109-5641(18)30570-0/sbref0130

	Influence of external energy sources on the dynamic setting process of glass-ionomer cements
	1 Introduction
	2 Materials and methods
	2.1 Sample preparation
	2.2 Dynamic setting analysis
	2.2.1 Fourier Transform Infrared (FTIR) spectroscopy
	2.2.2 Setting analysis


	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements
	References


