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Abstract: The aim of this study was to evaluate microshear bond 
strength (μSBS), water sorption and solubility of glass ionomer cements 
(GIC) indicated for atraumatic restorative treatment (ART). Cylindrical 
specimens (6x2.4 mm) were used to test the sorption and solubility 
of each GIC (n = 5). The specimens were weighed before and after 
immersion in water and desiccation. For the μSBS test, 60 primary 
molars were ground to obtain flat surfaces from both enamel and 
dentin. The teeth were then assigned to the tested GIC (n = 10) groups, 
namely Fuji IX - FIX, Ketac Molar - KM and Maxxion R – MX. The 
exposed surfaces were pre-treated with GIC liquid. Polyethylene tubes 
were placed on the pre-treated surface and filled with one of the GIC. 
After 24 h, the specimens were submitted to the μSBS test. The failure 
mode was assessed using a stereomicroscope (400x magnification). 
The powder to liquid ratio and cost of material were also determined 
(n = 3). The data were analyzed by ANOVA and Tukey’s post hoc test. 
Linear regression was used to determine the relation between cost 
and the other variables. Overall, MX showed lower μSBS values 
(enamel: 3.93 ± 0.38; dentin: 5.04 ± 0.70) than FIX (enamel: 5.95 ± 0.85; 
dentin: 7.01 ± 1.06) and KM (enamel: 5.91 ± 0.78; dentin: 6.88 ± 1.35), as 
well as higher sorption and solubility. The regression analyses showed 
a significant and positive correlation between cost and μSBS in enamel 
(R2 = 0.62; p < 0.001) and dentin (R2 = 0.43; p < 0.001); and a negative 
correlation between cost and water sorption (R2 = 0.93; p < 0.001) and 
solubility (R2 = 0.79; p < 0.001). In conclusion, the materials indicated for 
ART exhibit distinct physical and mechanical properties; in addition, 
low-priced materials may interfere with GIC properties.
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Introduction
Atraumatic restorative treatment (ART) is part of the Basic Package 

of Oral Care (BPOC) recommended by the World Health Organization 
(WHO), together with other essential components: oral urgent treatment and 
affordability of fluoride toothpaste.1 ART promotes a less traumatic treatment, 
as it does not require conventional rotary equipment or the use of a rubber 
dam, and is therefore a patient-friendly approach.2,3,4 In this sense, ART could 
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be considered a satisfactory method for caries control 
in the public oral health setting, since its ease of use 
shortens the length of treatment and, consequently, 
reduces cost,5 without compromising effectiveness.6

The high-viscosity glass ionomer cement (GIC) 
is the adhesive material recommended for this 
technique, as it is biocompatible, has a coefficient of 
thermal expansion similar to that of the teeth, and 
releases fluoride.7,8,9,10 Another peculiar characteristic 
of GIC concerns water uptake and loss after handling. 
Water sorption and solubility can result in hydrolytic 
degradation and, consequently, compromise the 
mechanical properties of GIC.8,9,11,12

Amorim et al.,6 in a systematic review, concluded 
that high-viscosity (HV) GIC provides long-lasting 
restorations for primary and permanent teeth. 
However, the high cost of HVGIC is a drawback, 
which could restrict the access of the population to 
its benefits, mainly in the public health setting.

Cost analyses are important in that they provide 
dental practitioners with crucial information, helping 
them make decisions about treatment and also 
about planning, management, and health promotion 
processes.13 That being considered, the purpose of 
this study was to evaluate microshear bond strength, 
and water sorption and solubility of GIC indicated 
for ART to verify if the use of low-priced materials 
interferes with GIC mechanical properties.

Methodology
The study protocol was approved by the Research 

Ethics Committee of the School of Dentistry, 
Universidade de São Paulo - USP (protocol #114/11).

The materials used, manufacturers, and 
compositions are described in Table 1. For the sake 
of comparison, Fuji IX was used as the control.

Microshear bond strength test (µSBS)
Sixty primary molars were selected, disinfected 

in a 0.5% chloramine solution, and stored in distilled 
water at 4°C until use. The root portion of the teeth was 
removed in the cross-sectional plane at approximately 
1 mm below the cement-enamel junction.

For the enamel bond strength analysis, the crowns 
of 30 primary molars were sectioned mesiodistally 
using a low-speed water-cooled diamond saw in a 
cutting machine (Labcut 1010, Extec Co., Enfield, USA) 
in order to obtain the enamel sections. The buccal and 
lingual surfaces were then ground using a 320 grit 
silicon carbide abrasive paper in a polishing machine 
(Buehler Ecomet V, Buehler Ltd, Lake Bluff, USA) in 
order to obtain flat and smooth enamel surfaces. The 
dentin bond strength of the remaining 30 teeth was 
determined by grinding the occlusal surface with 
the same abrasive paper and polishing machine 
until all the enamel was removed. The superficial 
dentin surfaces – the first surfaces after total removal 
of enamel islets – were used for the µSBS analysis. 
Additionally, all teeth were polished with a 600 grit 
silicon carbide paper for 60 s to produce a standardized 
smear layer.14

For each substrate (enamel and dentin), the teeth 
were randomly assigned to three groups (n = 10) 
according to the restorative material used: (1) Fuji IX 
gold label – control group (FIX – GC Corporation); 
(2) Ketac Molar Easymix (KM – 3M ESPE), and (3) 
Maxxion R (MX – FGM) (Table 1).

The surfaces were pre-treated with GIC liquid, 
which was applied to the flat surface for 10 s. At least 
three polyethylene tubes per tooth (internal diameter 
of 0.76 mm / height of 1.0 mm, Micro-bore®Tygon 
S-54-HL Medical Tubing, Saint-Gobain Performance 
Plastics, Akron, USA) were placed on the pre-treated 

Table 1. Glass Ionomer Cement: material, manufacturer and composition, proportion powder:liquid and cost per portion (US$).

Material Manafature Composition Powder:liquid (g/g) Cost/portion (US$)

Fuji IX Gold 
Label (F IX)

GQ Corporation 
Tokyo, Japan

Powder: fluoro- aluminum silicate glass; polyacrylic acid powder
Liquid: polyacrylic acid; distilled water

3.55 2.02

Ketac™ Molar 
Easy Mix (KM)

3M/ESPE 
Seefeld, 

Germany

Powder: calcium aluminum-lanthanum-fluorosilicate glass, 
copolymer acid (acrylic and maleic acid), pigments

Liquid: water, acrylic acid-maleic acid copolymer, tartaric acid

2.55 1.46

Maxxion R (MX) FGM Joinville, 
Brazil

Powder: fluoro aluminum silicate glass, potassium fluoride and pigments
Liquid: polyacrilic and tartaric acid; water

1.38 0.12
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surface, filled with one of the GIC, covered with a 
matrix strip, and gently pressed with a glass slide.15 
A thin layer of petroleum jelly was applied to the 
exposed GIC surface to avoid water uptake and loss. 
All GIC were mixed according to the manufacturer’s 
instructions. The bonding and restorative procedures 
were carried out at room temperature by a previously 
trained operator.

The specimens were then stored in distilled water 
for 24 h. Thereafter, they were attached to a universal 
testing machine (Kratos Industrial Equipment, 
Cotia, Brazil) and a 0.20 mm thin wire was looped 
around the projection of the load cell and of the GIC 
cylinder, maintaining contact with the surface of 
the tooth as close as possible to the GIC-substrate 
interface. The microshear bond strength test (µSBS) 
was performed at a crosshead speed of 1.0 mm/min 
until failure. The failure mode was determined 
under a stereomicroscope using 400x magnification 
(Discovery V20, Zeiss, Oberkochen, Germany) and 
classified as adhesive/mixed or cohesive failure (in 
GIC or substrate). Mixed failures were those that 
occurred mainly within adhesive interfaces, but 
also included small areas of GIC or enamel/dentin. 
Only the specimens that exhibited mixed/adhesive 
failures were used to calculate average bond strength.

Water sorption and solubility
Disc-shaped specimens (n = 5) measuring 6 mm 

in diameter and 2.4 mm in height were prepared 
in a stainless steel mold between two glass slides 
and covered with a matrix strip. The GIC specimens 
were prepared and the surfaces protected according 
to the manufacturer’s instructions in order to 
avoid dehydration.

All specimens were stored in a desiccator at 37°C ± 
1°C with silica gel for 24 h. Afterwards, the specimens 
were stored in a desiccator at 23°C ± 1°C for 1 h and 
were weighed until verification of mass stabilization, 
considering this measure as the initial mass (M1). 
Thereafter, they were stored separately in 10 mL of 
distilled and deionized water at 37°C for 7 days.16 
After that, they were dried with absorbent paper and 
received an air jet for 15 s; each disc was weighed 
to obtain the mass after saturation with water (M2). 
Then, all the specimens were placed in the desiccator 

again at 37°C and reweighed until a constant weight 
was achieved (M3). Weighing was performed using 
an analytical scale with an accuracy of 0.0001 g. The 
volume (V) of each specimen was calculated by the 
following equation: V = pr2h, where p = 3.1415; r is 
the radius and h is the thickness of the specimens. 
Diameter and thickness were measured using a 
digital caliper with an accuracy of up to 0.01 mm. 
Water sorption (WS) and solubility (SL), expressed in 
μg /mm3, were calculated for each specimen using 
the following equations: WS = (M2 – M1)/V and 
SL = (M1 – M3)/ V.

Determination of the powder to liquid 
ratio and cost of material

The powder to liquid ratio of the materials was 
estimated using an analytical scale with an accuracy 
of 0.0001 g.17 The average weight was then calculated, 
as well as the number of portions from each bottle. A 
previously trained operator performed both analyses 
in triplicate. The cost of the material was determined 
by the average prices obtained from three different 
dental supplies stores. After determining the number 
of portions available in each kit, the cost was estimated 
per portion.

Statistical analysis
The MedCalc statistical software v. 12.5.0.0 

(Mariakerke, B-8400, Ostend, Belgium) was used 
for all data analyses. The normality of the data and 
homoscedasticity of variance were assumed after the 
Kolmogorov-Smirnov and Levene’s tests. The µSBS, 
sorption and solubility means were submitted to 
one-way analysis of variance (ANOVA) and Tukey’s 
post-hoc test. For the µSBS analysis, the µSBS values 
of all cylindrical specimens obtained from the same 
tooth were averaged for statistical purposes.

The failure mode was evaluated qualitatively. 
Linear regression was used to investigate the 
relationships between cost per portion of material and 
properties of the materials. The level of significance 
was set at 5%.

Results
The means and standard deviations of the μSBS 

test are summarized in Table 2. The statistical analyses 
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yielded significant differences between the GIC in 
primary enamel and dentin. MX showed lower μSBS 
values than FIX and KM (p < 0.05) for both substrates. 
No statistical difference was observed between the FIX 
and KM groups (p > 0.05). The failure mode and the 
percentage of pre-testing failures observed are shown 
in Table 3. There was a predominance of adhesive/
mixed failures, whereas no cohesive failures in dentin 
and enamel were verified in any of the experimental 
groups. The largest number of premature failures was 
observed in the MX bonded to dentin.

The mean values and standard deviations of water 
sorption and solubility are displayed in Figures 1 
and 2, respectively. ANOVA showed that the water 
sorption of GIC is significantly different among the 
materials tested (p < 0.001), whereas MX presented 
the highest value among all the other materials 
(p < 0.001). Similarly, MX revealed significantly higher 
solubility than FIX and KM (p > 0.05).

The  powder to liquid ratio and cost per portion are 
presented in Table 1. The regression analyses showed 
a positive and significant correlation between cost 
and μSBS in enamel (R2 = 0.62; p < 0.001 – Figure 3) 
and between cost and μSBS in dentin (R2 = 0.43; 
p < 0.001 – Figure 4). On the other hand, a significant 
and negative correlation was verified between cost 
and water sorption (R2 = 0.93; p < 0.001 – Figure 5) 
and cost and solubility (R2 = 0.79; p < 0.001 – Figure 6).

Discussion
An in vitro study was conducted to verify whether 

low-priced GIC could be an alternative to ART, 
without compromising the effectiveness of treatment. 
GIC presents some favorable properties such as 
biocompatibility and a coefficient of thermal expansion 
similar to that of the teeth,6,7,8,9 which are determined 
by the composition of the material and are closely 
related to clinical performance. Other properties 
include water sorption and solubility, which can 
damage restorations permanently.11

Water is important in GIC composition. It is initially 
responsible for carrying calcium and aluminum ions, 
which react with polyacrylic acid, thus building the 
matrix.18 Loss of water hinders ionic bonding19 and 
may result in cracks in the restorations.18,20 Conversely, 

Table 2. Mean (standard deviation) of μSBS (MPa) for all 
experimental groups to primary enamel and dentin.

 Substrate
GIC

Enamel Dentin

Fuji IX 5.95(±0.85)a 7.01(±1.06)a

Ketac Molar Easy Mix 5.91(±0.78)a 6.88(±1.35)a

Maxxion R 3.93(±0.38)b 5.04(±0.70)b

*Different letters indicate statistically significant differences (p < 0.05).

Table 3. Percentage of the failure modes according to GIC 
and substrate.

Dentin Enamel

FIX KM MX FIX KM MX

Adhesive/mixed 85% 77.5% 72.5% 81% 81% 80%

Cohesive in GIC 5% 7.5% 2.5% 4% 4% 5%

Premature failures 10% 15% 25% 15% 15% 15%

KETAC MOLARFUJI IX MAXXION R
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Figure 1. Mean and standard deviation (μg/mm3) of water 
sorption for all materials tested.
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Figure 2. Mean and standard deviation (μg/mm3) of solubility 
for all materials tested.
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water adsorption can remove the ions and tamper 
with the physical properties of the material.21,22 
The water sorption test showed difference among 
GIC evaluated, which was inversely proportional 
to the weight of powder per portion presented in 
the composition of the materials. The absorption 
of water molecules results in loss of monomers and 
other small molecules.23

On the other hand, the solubility of MX was 
higher than that of the other materials, without 
any difference between FIX and KM. This could 
be explained by the lower powder to liquid ratio, 
resulting in fewer ionic bonds available for matrix 
formation and, consequently, in greater solubilization 
of the material.

GIC also release fluoride ions, which interfere in 
the demineralization and remineralization processes 

and prevent caries lesions in the area adjacent to the 
restoration.24 As pointed out previously, the release of 
fluoride by the material is likely to be directly related 
to its solubility. Thus, future studies are important to 
determine the influence of solubility on the release 
of fluoride by GIC.

The main bonding strategy of HVGIC is achieved 
through ionic bonds between components of the 
material and hydroxyapatite from the substrate.25 MX 
showed the lowest bond strength, regardless of the 
substrate (enamel or dentin), which is in line with the 
results found by Carvalho et al.26 A possible explanation 
for these results would be the composition of MX, as 
previously demonstrated for the other properties.

Furthermore, the results obtained with GIC are 
similar to those published previously.27,28 Cruz et al.27 
evaluated the microshear bond strength in the dentin of 
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Figure 4. Linear regression: cost versus μSBS in dentin.
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bovine teeth and reported KM values around 7.0 Mpa, 
as also observed in this study. The same results were 
also verified by Tedesco et al.28 On the other hand, when 
the bond strength performance of GIC was evaluated 
by the microtensile bond strength test, higher values 
were obtained.29 This lack of consensus may be due 
to the different methodologies used to assess bond 
strength. However, there is evidence in favor of this 
methodology for the determination of the bond 
strength of bristle materials (e.g., GIC).15 The failure 
modes were classified mostly as adhesive/mixed in 
our study. That is why this type of test was chosen.

The cost of materials was positively associated with 
µSBS, but negatively associated with water sorption 
and solubility. The performance of low-priced GIC was 
worse than that of the other GIC. The same applies to 
the other materials, since the material with the highest 
powder to liquid ratio also had the best mechanical 
properties. These results could be related to the powder 
to liquid ratio of this GIC. A previous study suggested 
that a powder : liquid ratio higher than 3.6:1 (g:g) would 
be necessary for a GIC to be labeled as high-viscosity, 
but that was not reported for MX.30 The selection of 
this material should also take into account the cost 
associated with all procedures used in the treatment. It 
may be hypothesized that when materials with poorer 
properties are used, restorations will have to be replaced 
more often than it would be necessary if another material 
were chosen. It implicates in other sources of cost, for 

instance, to the length of treatment, dentist’s fees, and 
equipment wear and tear. However, since the cost of 
this GIC was at least 10 times lower than other ones, 
the increase in the powder:liquid ratio could improve 
the performance of this material, even when low-priced 
materials are used. Further studies should be performed 
to evaluate whether the replacement of this material 
in the case of failures would bring significant savings 
to governmental programs.

Conclusion
The materials indicated for ART differ in terms 

of physical and mechanical properties; in addition, 
low-priced materials may interfere with GIC properties.
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