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Abstract: Giomers are hybrid dental materials with controlled fluoride release properties. The aim
of this study was to characterise a new experimental flowable giomer (G) in comparison to three
commercial flowable giomers: Beautifil flow Plus X FOO (B-F00), Beautifil flow F02 (B-F02) and
Beautifil flow Plus X FO3 (B-F03), Shofu, Kyoto, Japan. The studied properties are fluoride ion release,
residual monomers release and mechanical properties. The data analysis was performed using the
ANOVA test and Tukey test for post hoc comparisons between groups. During the first day of the
fluoride releasing measurement, the following classification resulted: B-F02 > B-F03 > B-F00 > G and
at the end of the investigation period, at 60 days: B-F02 > B-F03 > G > B-F00. The experimental giomer
released a lower percentage of total residual monomers than the commercial giomers. The highest
value for the mechanical properties was recorded for the commercial giomers. The experimental
giomer registered the lowest values for mechanical properties but higher than the imposed standard
limit. There were statistically significant differences between the analyzed materials, in terms of
fluoride releasing, residual monomer releasing and mechanical properties.
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1. Introduction

The necessity of restorative materials for different clinical situations was responsible
for the development of new versions among which the flowable materials play an im-
portant role. Resin based flowable materials are characterized by low viscosity and high
elasticity, properties that make them highly recommended for the restoration of complex
and difficult areas like the cervical portion of a tooth or the marginal ridges [1,2]. Recently
developed flowable materials are reported to have superior mechanical properties and wear
resistance, making them applicable in a wide variety of restorative cases, some of them
with mechanical properties similar to conventional resin matrix based restoratives [3-5].

Giomers represent a new development in the hybrid material category and consist in
a stable glass-ionomer faze, on a glass core resulted from an acid-base reaction between
fluoridated glass and poly-carboxylic acid, in the presence of water (“Pre-Reacted Glass-
ionomer filler” or PRG). This material is proven to have anti-plaque effect, reducing the
adherence of harmful bacteria to the tooth structure, is adequate for the treatment of
hypersensitivity and non-cytotoxic to human teeth [6]. Appling PRG-technology to the
filler in resin based composite materials gives them bioactive properties through fluoride
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release and recharge, similar to traditional glass-ionomers, but maintaining in the same
time physical and esthetical properties of the composites [7,8].

Flowable materials in the form of giomers have very specific clinical indications in the
field of restorative dentistry, because of their flexibility and quality of adhesion to enamel
and dentine [9].

Flowable giomers have a several applications in the practical field, in function with
the filler percentage. The higher filler percentage and strong mechanical properties of
B-F00, makes it able to withstand the restoration of occlusal anatomy, class V restorations
and marginal ridges, where the highest forces are applied. A lower filler percentage and
lower mechanical properties, but higher fluidity and wettability make B-F03 indicated for
class V restorations, small fillings or as cavity liner, where the ability of a filling material to
flow and fill all details are most important [10]. The B-F02 material with lower mechanical
properties and lower filler percentage, make it suitable for small or superficial restorations
(class I to Il and class V) and also as cavity liner [10].

To the best of our knowledge, very few references are available in literature regard-
ing these materials [11-13]. Giomers were characterized regarding optical properties,
translucency and masking capacity [12], water sorption and solubility [11,13].

Bioactive materials bring benefits regarding carious protection trough fluoride release.
The capacity to release a protective amount of fluoride is dependent on the hydric degra-
dation of the incorporated bioactive glass. However, the interaction with oral fluids has
consequences on the mechanical properties of a material and on the surface roughness [14].
Similar to glass-ionomers, giomers act like fluoride reservoirs, with the initial high con-
centration release phase lasting 24—48 h. This value will decrease over time, reaching a
stable point in 3 to 5 weeks after application [7,15]. Clinically, the most important aspect
regarding fluoride release is the limitation of secondary caries, the main cause for direct
restoration early replacement [16-20]. The PRG-filler (pre-reacted glass filler) technology
proved effective against bacteria responsible for caries apparition, including Streptoccocus
Mutans [17,21,22].

The fluoride recharging capacity form the oral environment of giomer materials can
benefit from the application of gels, varnishes, usage of fluoridated mouth wash or tooth
paste. [20-23]. Over time, the quantity of fluoride released into the oral environment will
decrease, resulting in porous defects in the resin matrix [20,23]. The most effective method
for enamel remineralization and incipient caries remineralisation, at the present time, is
through the local application of fluoride [24].

Any cured composite, including the giomer variation, has some degree of unreacted
monomers trapped inside the matrix. The degree of conversion of a composite based
material is important when determining its biocompatibility. Depending on the monomers
in the composition of the material, the elution of residual monomers is different. The
factors that influence the conversion degree are the photo-polymerization conditions and
the quantity of photo-initiator. All interaction with oral fluids and specific filler percentage
inside the resin matrix will have an impact on the mechanical properties of bioactive
restorative materials [25].

The objective of the present study is to create a detailed comparison between an experi-
mental flowable giomer produced by the chemistry laboratory at Babes Bolyai University in
Cluj-Napoca and three commercial flowable giomers from Shofu Inc. Kyoto, Japan, regard-
ing fluoride release, residual monomers, and mechanical properties. All of the materials
included in the study have the same polymeric matrix: Bis-GMA/TEGDMA (2,2-Bis[p-(2-
hydroxy-3-methacryloyloxypropoxy)-phenyl]-propane/triethylene glycol dimethacrylate)
and different fillers in different percentages.

The null hypothesis is that no statistically significant difference can be found between the
analyzed materials, regarding fluoride release, residual monomer and mechanical properties.



Appl. Sci. 2021, 11, 8921

30f13

2. Materials and Methods
2.1. Studied Materials

For this study we chose the following commercial materials: Beautifil Flow F02, Beau-
tifil Flow Plus X F00, Beautifil Flow X F03 (from manufacturers’ instructions—Shofu Inc.
Kyoto, Dental Corporation, Japan) and the experimental giomer obtained at Babes-Bolyai
University, Raluca Ripan Institute for Research in Chemistry, (Cluj-Napoca, Romania).
Table 1 contains the composition of the materials investigated.

Table 1. Commercial Giomer and experimental flowable giomer composition.

Name

Code Composition Consistency

Beautifil flow Plus X FOO

Beautifil flow F02

Beautifil flow Plus X F03

Experimental giomer *

10-20% Bis-GMA, TEGDMA, Bis-MPEPP,
B-FOO 50—600/'0 S—I?RG filler based on o Minimal flow
fluoroboroaluminosilicate glass, polymerization
initiator, pigments and others
20-30% Bis-GMA, TEGDMA, 40-50% S-PRG
B-F02 filler based on fluoroboroaluminosilicate glass, Low flow
polymerization initiator, pigments and others
10-20% Bis-GMA, TEGDMA, Bis-MPEPP,

B-FO3 50—60"/.0 S—IfI.{G filler based on o Low flow
fluoroboroaluminosilicate glass, polymerization
initiator, pigments and others
40 w% Bis-GMA, TEGDMA (3:1), 60 w% filler

(SPRG, Exp-Glass, Dentalglass, FHAP) Low flow

G

* Bis-GMA, SPRG, Exp-Glass and FHAP were obtained at the Babes-Bolyai University, Raluca Ripan Institute for Research in Chemistry,
(Cluj-Napoca, Romania). TEGDMA, CQ, DMAEM was purchased from Aldrich. Dentalglass (0.7 um) was provided by Ferro GmbH,

Frankfurt am Main-Germany.

For of the experimental giomer, monomer-Bis-GMA analog (93% 2,2-Bis [p-(2-hydroxy-
3-methacryloyloxypropoxy)-phenyl]-propane monomer and 7% dimer, obtained at Babes-
Bolyai University, Raluca Ripan Institute of Chemistry Research (Cluj-Napoca, Roma-
nia) was used as base in the polymer matrix [14]. As a diluting monomer triethylene
glycol dimethacrylate (TEGDMA) was used; the photochemical initiation system had
the following components: 0.5% camphorquinone (CQ) as the photosensitizer and 1%
dimethylaminoethyl-methacrylate (DMAEM) as the accelerator; all from Sigma Aldrich
Chemical Co. (Taufkirchen, Germany). Experimental glass powder (Exp-Glass), fluoro-
hydroxyapatite (FHAP) and pre-reacted glass (SPRG) were also synthesized in the UBB-
ICCRR laboratory. Exp-Glass was silanized with 3-methacrylyloxypropyl-1-trimethoxy-
silane (A-174 silane) from Aldrich. Methods for obtaining and the characterization of the
inorganic filler components are presented in literature [25,26].

2.2. Characteristics Investigated for the Selected Materials
2.2.1. Fluoride Release

For this experiment, a number of 5 samples (Imm thickness, 15 mm in diameter)
were prepared from each material. The light curing was performed for 20 s with a LED.E
(GuilinWoodpecker Medical Instruments Co., Guangxi, China), having the wavelength
in the range of 470 nm and the intensity of 950 mW cm. The samples were placed in
45 mL of distilled water and 5 mL of TISAB III buffer (total ionic strength adjustment buffer,
concentrated solution, HI 4010-06, Hanna Instruments, Woonsocket, RI, USA) at 37 °C. The
specific measurements were performed daily for the first 7 days of the experiment, and
then on the 14th, 21st, 30th and 60th days. After each determination, each sample was
placed in the same polyethylene container and the temperature was kept constant at 37 °C
with a thermostatic bath [26].

The fluoride ion releasing analysis was performed with the use of a selective elec-
trode (Combination Fluoride Electrode HI 4110 filled with HI 7075 electrolyte for the
reference electrode from Hanna instruments). The electrode was previously calibrated,
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with standardized solutions with concentrations varying between 10>~10~2 mol/L F-. All
measurements, both for the investigated and the standardized solutions were performed
in 50 mL of distilled water and TISAB III buffer solutions (45:5) at 37 °C (+2). Fluoride
release was reported in ppm.

2.2.2. HPLC Determination of Residual Monomers
Samples Preparation

After 60 days, the storage medium (distilled water/TISAB III) in which the samples
were immersed in order to perform the fluoride release assessment, was frozen and then
lyophilized in a Model Alpha 1-4 LDPLUS until the liquid was completely removed. The
residual monomers from restoration composites were determined from the lyophilized
storage medium (water) and the residue was re-suspended in 0.6 mL of acetonitrile, filtered
in 0.22 um PTEFE filters and analyzed by HPLC.

Instrumentation and Method

The analyzes were performed on a Jasco HPLC chromatograph (Jasco International
Co., Ltd., Tokyo, Japan) that was equipped with an intelligent pump PU-980, a ternary
gradient unit LG-980-02, an intelligent column thermostat CO-2060 Plus, an intelligent
detector UV-975, and an injection valve that was equipped with a 20 uL sample loop
(Rheodyne, Thermo Fischer Scientific, Waltham, MA, USA). The system was controlled
and the experimental data analyzed with the ChromPass software (version v1.7, Jasco
International Co., Ltd., Tokyo, Japan). Separation was performed on a Lichrosorb RP-C18
column (25 x 0.46 cm) at a column temperature of 21 °C. The mobile phase was a mixture
of acetonitrile (A, HPLC grade) and water (Milipore ultrapure water) and a gradient
was applied according to the following method: 0-15 min, linear gradient 50-80% A;
15-25 min, linear gradient 80-50% A. The flow rate was 0.9 mL/min and the injected
volume was always 20 pL. UV detection was performed at 204 nm to monitor the elution
of all analytes (Bis-GMA and TEGDMA) because it shows significant absorption at this
wavelength. Stock solutions of Bis-GMA and TEGDMA reference standards (1 mg/mL)
were prepared in acetonitrile and stored at 4 °C. The linearity of the response to the analytes
was established with four concentration levels and the regression factors R2 were higher
than 0.998. All of the analyses were perform in triplicates for both the standard and
the samples.

The residual monomer amount has been determined from the HPLC chromatograms
of the extracts and it was calculated as percentage related to the initial amount of monomer
in the sample and the weight of the sample, respectively [26].

2.2.3. Mechanical Properties and Statistical Analyses

The samples used for testing the mechanical properties were obtained in teflon molds
and light-cured with a LED.E dental lamp (GuilinWoodpecker Medical Instruments Co.,
Guangxi, China) with a wave length of 470 nm and intensity of 950 mW cm. For each
tested material (FO0, F02, FO3 and the experimental giomer) a number of 10 samples
were fabricated.

Before determining mechanical properties, all samples were stored for 24 h in a
thermostatic bath at 37 °C. The containers were left to dry at room temperature and after
another 24 h they were measured with a digital measurer. Mechanical properties were
analyzed according to ISO 4049/2000 standard [27]. For measuring mechanical resistance
properties, a Universal Testing Machine (LF Plus, LLOYD, Instrument, Ametek Inc., West
Sussex, England) and Nexygen software was used.

Compressive Strength

The samples for determining the compressive strength were of cylindrical shape,
8 mm high and 4 mm in diameter. The polymerization of the samples was performed
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in increments of 2 mm height, for 40 s each. The pressing speed of the machine was
0.75 mm /min.
For the calculation of the compressive strength (CS) in MPa, the following formula
was applied (1) [27]:
CS = F/nr? (1)

where F is the maximum applied strength (N), and r is the sample radius (mm).

The Diametral Tensile Strength (DTS)

For determining tensil strength, the diametral compression test was used. Samples
were prepared in the same way as described for the compression strength test, having a
cylindrical shape, 3 mm thick and 6 mm in diameter. The samples were pressed against
the cylindrical generator. The force (F) acting on the cylinder, caught between the plates
of the device, determines the appearance of the tensile forces on the vertical diameter
plane. The calculation formula for tensile strength (DTS, measured in MPa) was applied as
follows (2) [27]:

DTS=2xF/nxDxT 2)

where F is the maximum applied strength (N), and T is the thickness and D the diameter of
the sample.

Flexural Strength (FS) and Flexural Modulus

For determining the flexural strength (FS), rectangular shaped samples were fabricated
in a teflon mold, 25 mm in length, 2 mm height and 2 mm width. The light-curing of the
samples was performed in 5 distinct areas along the sample, on both sides, for 20 s on each
point. The samples were subjected to a three-point load with length (1) = 20 mm between
the supports. The transverse speed of the test machine was 0.75 mm/min.

For calculating the flexural strength (FS), the following formula was applied (3) [27]:

FS = 3FI1/2bh? (3)

where F is the maximum load applied to the specimen (N), ! is the span between the
supports (20 mm), and b and & are the width and height, of the specimen (mm), respectively.

The Young’s modulus (YM) for bending determined the slope of the linear part of the
force-deflection diagram.

Statistical Analyses

The data were analyzed with the ANOVA test and Tukey test for post-hoc compar-
ison between sample groups; the significance level « = 0.05. The statistical analysis was
performed with the Origin2019b Graphing&Analysis software (OriginLab, Northampton,
MA, USA).

3. Results
3.1. Fluoride Release

Figure 1 illustrates total fluoride release distribution over a period of 60 days
of investigation.

In Figure 1, total fluoride release/day is presented, with the highest mean value
registered for material B-F02. During the first day of investigation, material B-FOO releases a
higher cumulated fluoride quantity when compared to the experimental giomer. However,
starting with the 2nd day and over the entire period, the lowest mean values of cumulative
fluoride release/day were registered by B-F00.
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Figure 1. Total fluoride release over the 60 days investigation period.

During the first day, the highest mean values for total fluoride release are registered
for B-F03 (3.099 ppm) and B-F02 (3.389 ppm). The mean values of fluoride release in the
first day of investigation for the experimental giomer G was 1.871 ppm and for B-F00,
2.064 ppm.

On the 7th day, the highest value of total fluoride released is 8.11 ppm (B-F02) and the
lowest is 3.10 ppm (B-F00). The total fluoride released by the experimental giomer, on the
7th day was 6.43 ppm, close to 6.50 ppm registered for B-F-03 giomer.

On the 30th day, the highest value of total fluoride released was registered for B-
F02, 21.39 ppm and the lowest for B-FO0 (5.55 ppm). The total fluoride released by the
experimental giomer on the 30th day was 17.84 ppm, and for B-F03, 14.54 ppm.

At the end of the investigation period, at 60 days, the mean values of the total amounts
of fluoride released were as follows: 32.92 ppm (B-F02), 23.06ppm (B-F03), 22.04 ppm (G)
and 6.08 ppm (B-F00).

3.1.1. Statistical Analyses for Total Fluoride Release over a 60 Day Period:

Four samples were fabricated for each of the investigated materials and their behavior
regarding fluoride release was observed over a 60 days period and it showed statistically
significant differences (p < 0.05).

For the cumulative fluoride release, the conclusion was that there are statistically
significant differences among all analyzed groups (p < 0.05) on each day. The Tukey test
highlighted the differences between: B-FOO and B-F02 and B-F03 over the entire period,
whereas B-F02 and B-F03 presented no statistically significant differences over the first
7 days of investigation, but they became noticeable starting with day 14. No statistically
significant differences were noted between G and B-F03 over the entire 60 days period, also
G-B-F00 had no statistically significant differences over the first 3 days, G and B-F02 had
no statistically significant differences in the last 4 days of the investigation, with all other
days the differences between G-B-F00 and G-B-F03 being statistically significant.

When analyzing the mean values of fluoride quantity released in the 2nd day,
(Figure 2), they are lower than the first day, with the experimental giomer G releasing
0.908 ppm, similar to F02, 0.936 ppm. B-F03 registered mean values of 0.801 ppm, and
B-F00, 0.199 ppm fluoride.
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Figure 2. Daily fluoride release for the investigated materials.

Mean values of fluoride release for G and B-F02 on the 7th day of the investigation are
around 0.7 ppm; for B-F03, 0.44 ppm and for B-F00, 0.19 ppm.

The highest mean value of fluoride release, compared to the other giomers, was
registered on the 14th day, for G (0.69 ppm). The average values of fluoride released by the
experimental giomer during the rest of the investigation period were: 0.54 ppm (on the
21 day), 0.30 ppm (on the 30 day) and 0.14 ppm on the 60th day.

Material B-F02 released the highest fluoride mean values during days 21st, 30 and
60 (0.58 ppm, 0.55 ppm, 0.38 ppm respectively). In Figure 2 we can observe that although
B-F00 released around 2 ppm fluoride during the first day, in the later days, mean values
decreased (0.19 ppm on the 2nd day, 0.19 ppm day 7, 0.07 ppm day 30 and 0.01 ppm the
60th day).

Although the daily amount of fluoride released by the experimental giomer on the
first day and at the end of the investigation period approaches the value of the B-FO0
giomer, during 21 days of investigation it is quite constant, being closer in value to the of
the giomer B-F02.

3.1.2. Statistical Analyses of Daily Fluoride Release

For the daily fluoride release there were statistically significant differences found
among all analyzed groups (p < 0.05) per investigation days. Tuckey showed differences
between the B-FOO and B-F03 pair, B-FOO and B-F02 pair during the entire investigation
period, wearas the B-FO2 and B-F03 pair displayed no statistically significant differences.
The experimental giomer G presented no differences in comparison to B-F02, however, for
the most of the investigation period, statistically significant differences were detected for
B-F00 and B-F02 materials.

3.2. HPLC Determination of Residual Monomers

The quantity of residual monomers released by the investigated materials were deter-
mined at 30 days, after performing the sorbtion and solubility test [13].

In Table 2 and Figure 3 (chormatograms) the highest percentage of the residual
monomers (Bis-GMA and TEGDMA) is shown in the depositing environment of B-FO0
(3%), wearas the lowest was found for G (1.2%). The commercial giomers released a higher
percentage of TEGDMA, the experimental giomer released a higher percentage of Bis-GMA,
somewhat similar to B-FO03.
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Table 2. The residual monomer (% =+ SD) related to the weight of the sample.
Sample TEGDMA % Bis-GMA % Total %
B-F00 25+0.83 0.5+ 0.09 31046
B-F02 1.7 £ 0.76 0.6 £0.10 234043
B-F03 1.1+0.23 09+021 2+022
G 04 £0.11 0.8 £0.16 1.2+£0.13
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Figure 3. HPLC chromatograms of standards and investigated samples.
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3.3. Mechanical Properties

In Figures 4 and 5, the mean values of the mechanical properties of the investigated
materials are presented. The highest value for CS is that of material B-FO2. The compresion
strength of the experimental giomer G, is situated between the values obtained for B-FOO
and B-F03. Regarding DTS resistance, B-FOO had the highest value, whilst the highest FS
was for material B-FO3. The experimental giomer G has a lower traction resistance and FS
compared to the other investigated materials.
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Figure 4. (a) The strain—stress curve of compression test; (b) traction strength test.
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Figure 5. Flexural test.

Regarding the elasticity module, the highest registered value among the investigated
samples was obtained for B-F03, and the lowest for the experimental giomer.

The limit imposed in the international standard ISO 4049 /2009 for flexural strengths
of giomers is 80 MPa. All the giomers presented values of flexural strengths higher than
this limit [27].

Statistical Analysis

The study groups are the 4 different biocomposites, the comparison being made be-
tween all of them, for each mechanical test, each group being represented by n = 10 results.

For the compresion strength test, samples showed a high statistically significant differ-
ence. The Tukey test for post hoc comparisson found statistically significant differences
between all sample groups with the exception of the following pairs: B-FOO and B-F02;
B-F03 and G.

For the traction strength test, the sample groups had a low statistical difference
(p = 0.04565), the Tukey test showed a signifficant difference only between B-F00 and
G pair.

For the Diametral Tensile Strength (DTS) performed in 3 distinct points the one-way
ANOVA indicates a statistically significant difference (p-value = 0.00368) between B-F02-B-
F03 and B-F03-G.
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4. Discussion

Fluoride release from dental materials is possible by diffusion of set ions in a wet
environment. To this effect it is important to take into account the materials capacity to
sustain water diffusion without having an excessively high water sorption [6]. Itota et al. [7]
stated that in addition to water sorption, partial removal of polymeric chains from the
resin matrix of polymerized composites can also influence fluoride release capacity [9] very
important because of its biocompatibility [28].

Fluoride release mostly takes place during the first week, through an acid-base reaction
on the surface of the pre-reacted glass particles [9].

In the current study it was determined that the experimental giomer G released
1.87 ppm of fluoride after the first day, 0.766 ppm after a week and 0.307 ppm fluoride after
30 days. The giomer B-F03 released 3.1 ppm fluoride after the first day, 0.442 ppm after the
first week and 0.242 ppm fluoride after 30 days.

Harhash et al. found that the commercial giomer Beautifil Flow Plus F03, A2 color,
released 1.0020 ppm of fluoride after the first day, 0.4140 ppm after the first week and after
four weeks 0.3165 ppm of fluoride. The differences between materials may be due to the
size of the samples, material batches and the sensitivity of the devices used for analyses [9].

High performance liquid chromatography (HPLC) is considered to be the most per-
formant technique for determining the type and quantity of residual monomers released
by composite resins. By HPLC technique, the non-polar compounds were eluted from the
matrix of the composite resin, separating the components in the order of their hydrophobic
properties. Dissolution of the monomers in the mobile phase leads to a more controlled
separation [29].

Residual monomers were released from the polymeric matrix through the process
of diffusion, depending on their hydrophobicity, molecular weight and flexibility of the
polymer. TEGDMA is lighter and has a higher mobility when compared to the more
rigid Bis-GMA molecule, and as a consequence was released in a higher amount from the
matrix [30]. Depending on the storage solution, hydrophilic structures will be attracted to
a watery environment, whereas an organic medium will be more accessible to hydrophobic
particles. The diffusion of the storage liquid into the micro-pores of the resin matrix will
lead to a progressive expansion of the pores and swelling of the polymeric matrix. The
degree of swelling is also influenced by the rigidity and reticulation of the polymeric matrix.
It is important that the quantity of residual monomers released to be as low as possible,
ensuring a complete polymerization of the material. Ferracane and Condon stated that
85-100% percent of the residual monomer is released during the first 24 h [31]. Other
literature data suggests also that a higher quantity of TEGDMA is eluted during the first
24 h after setting, and a lower quantity after one month [31].

In their study, Ilie et al. reported that Beautifil Bulk restorative giomer has a flexural
strength of 106.0 £ 12.7 MPa, the quantity of the inorganic filler (87 filler wt%) being
reflected in the mechanical properties. ISO standard 4049 does not specify an inferior limit
for the elasticity module that is in direct relation to the restoration material deformation
when under the action of masticatory forces [32].

The current study found that giomer B-F00 (67.3 filler wt%) has a flexural strength
of 114.83 £ 15.45 MPa, even though the filler quantity is lower than that of a bulk fill
giomer [10]. Also, the study of Colceriu-Burtea et al. [26], found that Beautifil II has
a flexural strength of 115.7 MPa and the experimental giomers, 89.2-108.8 MPa. The
experimental giomer (60 filler wt%), that has Bis-GMA and TEGDMA in the resin matrix,
registered a value of 98.822 + 13.02 MPa for the flexural strength.

Imai and al. [5] stated that the resin matrix composition has the main influence
upon the flexural strength of flowable composites and an explanation based solely on
the filler percentage is insufficient. They reported a value of 116.2 MPa for the flexural
strength of B-FOO. The consistency of the monomer mixture, the type of filler, size and
particle distribution can influence the mechanical properties of materials. Shouha found a
126.3 MPa value for the flexural strength of giomer B-F03 [33].
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Regarding the compression strength, the highest value was identified for B-F02 with
255.95 £ 28.19 MPa. Other sources stated that B-FOO and B-FO3 have compression strength
of 358 MPa and flexural strength of 120 MPa and conventional giomers (Beautifill II)
compression strength of 271,356 =+ 19,653 MPa [34,35].

All the giomers investigated in this study differ from each other but not to a large
extent and the results obtained are comparable to those in the literature. The limitations
of the present study consist in the fact that there are a only few reports in the literature
on flowable giomers and the results of the investigations may differ, depending on the
method or equipment used

In the future, it would be interesting to investigate other properties of giomers, glass
ionomers and dental composites; perhaps an important aspect would be how these materi-
als could help in the process of dental remineralization [36,37].

5. Conclusions

The daily amount of fluoride released by the experimental giomer is close to the
values reported for Beautifil giomers, making them similarly effective regarding the caries
prevention and remineralization aspects. On the first day, in descending order of the
fluoride amount released we obtained the following: B-F02 > B-F03 > B-F00 > G and at the
end of the investigation period, at 60 days: B-F02 > B-FO3 > G > B-F00. The highest mean
value for total fluoride release/day is registered for material B-F02.

The Beautifil giomers released a higher percentage of TEGDMA, the experimental
giomer released a higher percentage of Bis-GMA, somewhat similar to B-F03. Residual
monomers are somewhat inevitable, given the constant interaction direct restoration mate-
rials have with water.

All the giomers presented values of flexural strengths higher than the limit imposed
by the standard, so all tested materials, including the experimental giomer have adequate
mechanical properties.

Further investigations, for example fluoride recharge through topical applications
and re-release into the environment, are still needed to reach optimal qualities of the
experimental giomer, making it suitable for dental applications.
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