Brazilian Dental Journal (2020) 31(4): 445-452
http://dx.doi.org/10.1590/0103-6440202003276

Physical Properties of Glass
Ionomer Cement Containing Pre-
Reacted Spherical Glass Fillers
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The aim of this study was to assess the effect of different commercial liquid phases
(Ketac, Riva, and Fuji IX) and the use of spherical pre-reacted glass (SPG) fillers on
cement maturation, fluoride release, compressive (CS) and biaxial flexural strength (BFS)
of experimental glass ionomer cements (GICs). The experimental GICs (Ketac_M, Riva_M,
FujilX_M) were prepared by mixing SPG fillers with commercial liquid phases using the
powder to liquid mass ratio of 2.5:1. FTIR-ATR was used to assess the maturation of GICs.
Diffusion coefficient of fluoride (DF) and cumulative fluoride release (CF) in deionized
water was determined using the fluoride ion specific electrode (n=3). CS and BFS at 24
h were also tested (n=6). Commercial GICs were used as comparisons. Riva and Riva_M
exhibited rapid polyacrylate salt formation. The highest DF and CF were observed with
Riva_M (1.65x10-° cm?/s) and Riva (77 ppm) respectively. Using SPG fillers enhanced DF of
GICs on average from ~2.5x10-% cm?/s to ~3.0x10-? cm?/s but reduced CF of the materials
on average from ~51 ppm to ~42 ppm. The CS and BFS of Ketac_M (144 and 22 MPa)
and Fuji IX_M (123 and 30 MPa) were comparable to commercial materials. Using SPG
with Riva significantly reduced CS and BFS from 123 MPa to 55 MPa and 42 MPa to 28
MPa respectively. The use of SPG fillers enhanced DF but reduced CF of GICs. Using SPG
with Ketac or Fuji IX liquids provided comparable strength to the commercial materials.
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Introduction

Dental amalgam has been widely used as the
main restorative materials due to its low cost, ease
of manipulation and placement, good durability, and
long historical record of safety (1). However, the use of
dental amalgam will be decreased due to the Minamata
Convention on Mercury in 2013 to avoid the risk of mercury
contamination to the environment. Dental composites
are considered suitable as alternative direct restorative
materials, but they require complicated and highly sensitive
placing techniques. The error occurred during composite
placement could potentially lead to marginal leakage at
tooth-composite interface (2). This may ultimately cause
bacterial microleakage and secondary caries, which is the
major reason of composite restoration failure (3). Glass
ionomer cements (GICs) could be used for high caries risk
patients due primarily to its ability to release fluoride. GICs
however exhibit lower mechanical properties compared to
dental composites and dental amalgam. This may lead to
the suboptimal performance of GICs restorations in high
load-bearing areas. It has been shown that the common
reason for the GICs restoration failure was material fracture
or chipping (4). Additionally, the reported survival rate
at 10 year of GICs restorations was 37% whereas that of
resin composites and dental amalgam were 43% and 51%

respectively (5).

The previous study showed that the use of powder phase
contained spherical pre-reacted glass fillers (SPG) (diameter
~10 wm) enhanced mechanical properties of conventional
GICs (6). It was proposed that the addition of SPG fillers
may help increase surface area to encourage the interaction
between glass fillers and polyacrylic acid (7). This could
potentially help to promote the formation of continuous
cross-link of polyacrylate salts and increase mechanical
strength of the cement. It was also demonstrated that the
reduction of filler size in GICs could increase the mechanical
properties and the release of fluoride (8).

The main component in liquid phase of conventional
GICsis polyacrylic acid (PAA). The structure and composition
of PAA affected physical and mechanical properties of the
materials (9). For example, the conformation and flexibility
of polyelectrolyte chains in polyacrylate salt matrix
influenced the degree of polymer cross-link and water
movement across the cement during cement maturation.
Additionally, it is known that water is essential for acid-
base neutralization reaction, which enable the release of
fluoride and other ions from fluoro-alumino-silicate glass.
The degree of acid-base reaction also affected the amount
of unreacted glass particles that act as reinforcing fillers
that enhance mechanical strength of GICs (10). The aim
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of this study was therefore to assess the effect of using
the different liquid phase of conventional GICs on cement
maturation, fluoride release, and mechanical properties
of experimental GICs containing SPG fillers. The null
hypothesis was that the use of different liquid phase and
SPG fillers showed no significant effect on the properties
of the experimental GICs.

Material and Methods
Glass Synthesis and Specimen Preparation
Fluoroaluminosilicate glass fillers consisting of SiO,-
Al,05-CaF,-Zr0, as the glass network was prepared
according to the previous study (6). The prepared glass
was mixed with 2 wt% of Fuji IX Universal liquid (GC
Corporation, Tokyo, Japan) to produce pre-reacted glass
fillers. The glass fillers were ground for 3 h and subsequently
sprayed the slurry using a spray dryer (B-290 Biichi Mini
Spray Dryer, Biichi, Flawil, Switzerland) with an inlet
temperature of drying air at 200 °C (outlet temperature of

5.0kV LED

Figure 1. SEM image of pre-reacted spherical glass fillers.

Table 1. The composition of materials used in the current study

approximately 85-100 °C). The average particle diameter
of spherical fillers after spray-dried was approximately
10-20 um (Fig. 1). The pre-reacted fillers of spherical shape
were mixed with pre-reacted fillers of irregular shape to
maximize filler packing at 60:40 weight ratio. The SPG
fillers were mixed with liquid phase of Fuji IX Universal,
Ketac Universal, and Riva Self Cure (Table 1) at the powder
to liquid ratio (PLR) of 2.5:1. A pilot study demonstrated
the SPG fillers can be mixed homogenously with liquid
phase at PLR of 2.5:1.

Cement Maturation Using FTIR

An attenuated total reflection-Fourier transform
IR (ATR-FTIR, Nicolet i5, Thermo Fisher Scientific,
Massachusetts, USA) was employed to assess maturation
process of GICs at early time. The materials were mixed
using a plastic spatula within 20 s and placed in a metal
circlip (1 mmin diameterand 1 mm in thickness) on the ATR
diamond and covered by an acetate sheet. Then, the FTIR
spectra at a region of 700-1800 cm~" with the resolution
of 4 cm-" were recorded from the bottom surface of the
specimens for 10 min.

Fluoride Release

Powder and liquid phases of each material were
weighted using a four-digit balance and hand mixed
using a plastic spatula within 2 min. The mixed paste was
immediately placed in a metal circlip (10 mm in diameter
and 1 mm in thickness) (n=3). The specimens were left for
curing in an incubator at the controlled temperature of 37
°C for 1 h. They specimens were then removed from the
ring and placed in a tube containing 5 mL of deionized
water and incubated at 37 °C. The storage solution was
collected at each time point (1, 2, 3, 4, 5 days and 1,2,3,
and 4,5,6,7,8 weeks) for analysis and replaced with a fresh
solution. The collected solution was mixed with TISAB IlI
(Orion ionplus, Thermo Scientific, MA, USA) with a volume

Recommended Lot
Materials Abbreviations Components powder to liquid Suppliers
. . number
ratio (mass ratio)
Fuji IX Liquid: polyacrylic acid, Polybasic, polycarboxylic acid GC corporation.
Universal Fuji IX e pPoilfvderyr' Fluoroy-alufnino-;i?ice?;e lalssy 3.6:1 Tok; ZP Japan ’ 1506031
(Shade A3) : g yo, Jap
Ketac Liquid: copolymer of acrylic acid-maleic acid
R 3500-55%, water 40%-55%, tartaric acid 5%-10% 3M ESPE; St
Universal Ketac 3:1 3419923
(Shade A3) Powder: glass powder 80%-90%, copolymer Paul, MN, USA
of acrylic acid-maleic acid 1%-6%
Liquid: polyacrylic acid 20%-309%, tartaric

. . o150 . L

Riva Self cure Riva acid 10%-15%, remainder water 47:1 SDI, Victoria, 11144991V

(Shade A3)

Powder: fluoroaluminosilicate glass 90%-

Australia

95%, polyacrylic acid 5%- 10%
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ratio of 1:10 to measure concentration of fluoride ion in the
solution using fluoride specific ion electrode (Orion Versa
Star Pro, Thermo Scientific, MA, USA). Fluoride calibration
standardsat0.1, 1, 10,and 100 fluoride ppm were prepared
using standard fluoride solution (Orion ionplus, Thermo
Scientific). The cumulative fluoride ion release (C) was
calculated using the following equation.

Equation 1

Where Cris the cumulative fluoride ion release (ppm), is
the amount of fluoride (ppm) at time t. Then, the modified
Fickian diffusion equation (Equation 2) was employed to
assess fluoride releasing kinetic.

Equation 2

Where AF; and AF,,,, is the cumulative release and the
maximum release at 8 weeks, Dr is diffusion coefficient
(em?fs), | is specimen thickness (m). Commercial non-
fluoride containing dental composite (Estelite Sigma Quick,
Tukuyama Dental Corporation inc, Tokyo, Japan) was used
as a control.

Compressive Strength (CS)

Glass ionomer cements were mixed and placed in a
cylindrical stainless steel mould (6 mm in height and 4 mm
in diameter)(n=6) for compressive strength measurement.
The specimens were left in an incubator at the controlled
temperature of 37 °C for 1 h. They were then removed,
trimmed, and immersed in a tube containing 5 mL of
deionized water in an incubator at 37 °C for 23 h prior to
the compressive strength testing. The test was performed
using the universal testing machine (Intron 4502, Wycombe,
UK) equipped with the 10 kN load cell at a crosshead speed
of 1 mm/min. Compressive strength (,Pa) was calculated
using the following equation.

Equation 3

Where is load at failure (N), r is radius of specimen (m).
Additionally, compressive modulus (CE, Pa) was calculated
using the following equation.
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Equation 4

Where AL and L, are change in length (m) and original
length (m) of specimens respectively.

Biaxial Flexural Strength (BFS)

Specimens were mixed and placed in a metal circlip (1
mm in thickness and 10 mm in diameter). They were then
covered with an acetate sheet under the glass slabs and left
in an incubator for 1 h. The specimens were then removed
from the circlips and placed in a tube containing 5 mL of
deionized water and incubated at 37 °C for 23 h. BFS was
tested using ball-on-ring testing jig under a universal
testing machine with a crosshead speed of 1 mm/min.
BFS (Pa) was obtained using the following equation (11).

Equation 5

Where is the load at failure (N), d is the specimen's
thickness (m), is the radius of circular support (m), and r
is Poison's ratio (0.3). Additionally, biaxial flexural modulus
(BFM) was calculated using the following equation.

Equation 6

Where BFM is biaxial flexural modulus of the specimen

(Pa), s rate of change of load with regards to central

deflection or gradient of force versus displacement

curve (N/m), B. is center deflection junction (0.5024), q

is ratio of support radius to the radius of disc, and v is
Poison's ratio (0.3).

Statistical Analysis

Data presented in this study were mean with SD. Data
were analyzed using SPSS for Mac version 26 (IBM, New
York, USA). Homogeneity of variance of the results was
initially examined using Levene test. One-way analysis of
variance (ANOVA) followed by Tukey post-hoc multiple
comparison was used when variances between groups
were equal. Alternatively, Krasskal-Wallis test followed by
post-hoc Dunnett T3 test was employed when variances
between groups were not equal. Furthermore, the effect
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of using different liquid phases (Ketac, Riva, Fuji IX) and
types of fillers (SPG and commercial glass fillers) on
properties of GICs was examined using two-way ANOVA.
The significance value was set at p=0.05. Post-hoc power
analysis was assessed using G*Power version 3.1.9.4 for
Mac (University of Dusseldorf, Diisseldorf, Germany),
which indicated that the sample size used in each test
gave power>0.99 at a=0.05.

Results
Cement Maturation Using FTIR

FTIR results obtained from all GIC liquids were relatively
similar to each other (Fig. 2A). Peaks attributable to
polyacrylicacid (PAA) at 1700 cm™' (C=0 stretch), 1452 cm™!
(C-H scissor), and 1249 ecm' (C-0 stretch) were detected
(Fig. 2A). Peak representing water component (1630 cm™!,
0-H stretch) was also obtained. For all materials, C=0 stretch
of PAA was decreased upon mixing liquid with powder phase
(Fig. 2B-2G). The peaks representing polyacrylate salts with
mono/divalent counter ions (approximately 1555 and 1631
cm) (12) was seen in all materials. However, these peaks
were more clearly observed in Riva and Riva_M compared
to other GICs (Fig. 2D and 2G).

Fluoride Release

The burst release of fluoride was observed in all GICs
(Fig. 3A). The highest and lowest burst release at 24 h were
obtained from Riva (14.1=1.4 ppm) and Ketac_M (4.0+0.2
ppm) respectively. The cumulative release of fluoride
observed in all GICs increased linearly with square root of
hour (R2>0.99). The result from two-way ANOVA indicated
that using SPG filler increased diffusion coefficient of
fluoride (DF) for GICs (p<0.01). Type of liquid phase also
affected DF of experimental GICs (p<0.01). Using Riva liquid
showed significant highest DF (Riva_M, 1.65x10-%+0.01x10°
cm?/s) compared with other experimental GICs (Fig. 3B). The
lowest DF was obtained from Fuji IX (1.19x10-°+0.08x10°
cm?fs). Ketac_M (1.40x10°+0.06x10° cm?/s) and Fuji
IX_M (1.39x10°+0.02x10-° cm?[s) exhibited comparable
DF to both Ketac (1.34x10-9+0.03x10° c¢m?/s) (p=0.978)
and Fuji IX (p=0.150).

The cumulative fluoride release (CF) of all GICs was
significantly increased upon immersion time (p<0.01) (Fig.
3C). The results indicated that using SPG fillers reduced CF
of GICs at 8 weeks (p<0.01). The average CF at 8 weeks
obtained from experimental GICs (42 ppm) was lower
than that of commercial GICs (51 ppm). Types of liquid
phases also affected the CF of experimental GICs (p<0.01).

Figure 2. FTIR spectra of commercial liquid phases (A) and GICs after mixing immediately and 10 min after mixing (B-G).
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Riva groups exhibited highest CF at 8 weeks (77+9 ppm
for Riva, 60+2 ppm for Riva_M) which were significantly
higher than both Ketac group (49+3 ppm for Ketac, 27+1
ppm for Ketac_M) and Fuji IX group (28+3 ppm for Fuiji
IX, 37+2 ppm for Fuji IX_M) (p<0.01).

Compressive Strength (CS) and Compressive Modulus
(CE)

All materials except for Riva_M (55+9 MPa) exhibited
CS greater than 100 MPa required by the ISO 9917-1:2007
(Fig. 4A). The highest CS was obtained from Ketac (131+13
MPa) which was comparable to that of Ketac_M (144+11
MPa) (p=0.665), Riva (123+15 MPa) (p=0.975), Fuji IX
(123+28 MPa) (p=0.983), and Fuji IX_M (128+8 MPa)
(p=0.895). The result from two-way ANOVA indicated that
types of powder and liquid phases affected CS and CE of
GICs (p<0.01). The use of SPG filler reduced CS from 122 to
55 MPa for Riva whereas the effect of using SPG filler on

Braz Dent J 31(4) 2020

CS of Ketac and Fuji IX was negligible. The highest CE was
observed with Ketac (5.6+0.5 GPa) followed by Ketac_M
(5.6+0.2 GPa), Riva (5.0+0.4 GPa), Fuji IX (5.1+0.2 GPa), Fuji
IX_M (4.9+0.2 GPa), and Riva (5.0+0.4 GPa) (Fig. 4B). These
moduli were significantly higher than the that of Riva_M
(3.1+0.6 GPa) (p<0.01). Additionally, the use of SPG fillers
reduced compressive modulus for Riva.

Biaxial Flexural Strength (BFS) and Biaxial Flexural
Modulus (BFM)

The highest and lowest BFS were obtained from Riva
(41.9+4.5 MPa) and Ketac (21.6+2.2 MPa) (Fig. 4C). The
results indicated that types of powder (p=0.039) and liquid
phases (p<0.01) affected both BFS and BFM of GICs. The
use of SPG fillers in Riva reduced BFS of the material.
However, the effect of using SPG fillers on the BFS of
Ketac and Fuji IX was negligible. Riva_M (28.1+1.5 MPa)
exhibited significant lower BFS than Riva (p<0.01). The BFS

Figure 3. A: Fluoride releasing profile of all materials versus square root of hour (hr0.5). B: Diffusion coefficient of fluoride release (DF). C:
Cumulative fluoride release (CF) at 1 day, 1 week, 4 weeks, and 8 weeks. Stars (*) indicate significant difference (p<0.05). Same letters indicate

no significant differences (p>0.05). Error bars are 95% CI (n=3)
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of Ketac_M (21.8+2.8 MPa) was comparable to that of Ketac
(p=1.00). Additionally, the BFS of Fuji IX_M (30.3+2.1 MPa)
was comparable to that of Fuji_IX (24.0+5.3 MPa) (p=0.095).
The use of SPG fillers reduced BFM of GICs (p=0.011) whilst
the use of different liquid phase showed negligible effect
(p=0.0801). BFM of experimental GICs was comparable to
their commercial comparison (p>0.05)(Fig. 4D).

Discussion

The previous study assessed the effect of varying
the ratio of irreqular and spherical pre-reacted fillers on
physical/mechanical properties GICs. The study used Fuji
[l liquid (GC corporation, Tokyo, Japan) as the liquid phase
for experimental GICs (6). It is however known that the
liquid phase from different commercial GICs may consist of
varying molecular weight of polyacrylic acids and different
level of water. The use of different liquid phase could
therefore potentially affect the cement maturation, fluoride
release, and mechanical properties of the experimental GICs.

FTIR Studies
The initial setting reaction of GICs is acid-base
neutralization reaction occurred between the glass fillers

and polymeric acid solution. The subsequent reaction is
the formation of polyacrylate salts (13). This initial setting
usually requires 2-6 min for conventional GICs. This process
corresponded to the FTIR results which demonstrated the
loss of peak related with polyacrylic acid and the increase
in absorbance of peaks representing the formation of
polyacrylate salts (12). The rapid detection of peaks related
to polyacrylate salts in Riva and Riva_M may indicate the
rapid acid-base neutralization reaction in the materials.
This was in agreement with the previous study which
demonstrated that Riva Self Cure exhibited a more rapid
loss of polyacrylic acid compared with other GICs (14).
The degree of acid-base neutralization reaction may be
affected by the level of acid ionization in water and the
surface reactivity of glass (15). The actual compositions
of powder and liquid phases of each commercial material
were however not provided by the manufacturers. For
experimental GICs, FTIR results showed more rapid
formation of peaks related to polyacrylic salts in Riva_M
compared with Fuji IX_M and Ketac_M. This may suggest
that the Riva liquid contained higher level of water or
hydrophilic components compared with other liquids.
This may then enable a rapid acid-base neutralization and

Figure 4. A: Compressive strength. B: Compressive modulus. C: Biaxial flexural strength. D: Biaxial flexural modulus of all materials after
immersion in deionized water for 24 h. Lines indicated significant difference (p<0.05). Error bars are 95% CI (n=6)
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polyacrylic salts network formed in Riva_M.

Fluoride Release

It is expected that fluoride ion released from GICs
may help promote anti-caries effects. The release of
fluoride could enable the formation of the low soluble
fluorohydroxyapatite (16) and affect the metabolism of
cariogenic bacteria (17). The current study demonstrated
that fluoride release of all GICs increased linearly with
square root of time (h) indicating a diffusion-controlled
release. This is consistent with the result from a previous
study (18). The fluoride release can be demonstrated by
modifying equation 2.

Equation 7

Where ; the change in cumulative fluoride in the
solution, ; early burst release, ; maximum change in the
solution, DF; fluoride diffusion coefficient, t; time, I; sample
thickness. The burst release of fluoride may come from initial
acid-base reaction and surface elution (19). The subsequent
slow and sustain release could be due to the diffusion of
fluoride from the slow acid-base neutralization reaction
in the bulk of materials.

The use of Riva liquids as the liquid phase for experimental
GICs enabled highest DF compared with other materials.
Riva liquid may contain lower concentration of polyacrylic
and high level of water compared with other liquid phases.
This may lead to rapid acid-base neutralization reaction
resulting in the high level of hydrophilic components in
GICs (20). This may help to encourage water diffusion that
can promote DF of the material (18).

The result in the current study demonstrated that the
use of SPG fillers enhanced DF. The use of SPG fillers was
expected to help increase the amount of free fluoride and
the surface area for interaction with ionized PAA. This might
therefore promote the diffusion and release of fluoride in
the experimental GICs. However, the cumulative fluoride
release (CF) of the experimental GICs was comparable or
lower than that of the commercial materials. Thisindicated
that the total amount of fluoride release was primarily
governed by the initial fluoride consisted in the powder
phase (21). Hence, the use of PLR of 2.5:1 in experimental
GICs, which was lowered than that of the commercial GICs
(3:1 - 4.7:1), might limit the level of CF observed with
experimental GICs.

Compressive Strength (CS) and Compressive Modulus
(CE)

High mechanical properties of GICs are required to

Braz Dent J 31(4) 2020

reduce the risk of restoration failure due to material fracture
which is commonly observed with GICs restorations (22).
Mechanical strength of GICs were governed by several
factors including powder to liquid ratio, composition of
materials, commercial brands, and the mixing conditions
(23). The results in the current study demonstrated that
mixing SPG with Fuji IX or Ketac liquids showed comparable
CS and CE to commercial materials despite the PLR used
in experimental GICs (2.5:1) was lower than that of the
commercial materials (3.6:1 for Fuji IX, 4.7:1 for Ketac). In
general, the use of low PLR may associate with high amount
of water inside the cement matrix which may reduce
mechanical properties of GICs (24). The possible reason
for the high strength of Ketac_M and FujilX_M may be
due to the high surface area of spherical SPG fillers helped
promote the interaction of glass and polyacrylic solution
increasing the degree of cross-linking in the cements (6).

The use of SPG fillers reduced CS and CE when mixing
with Riva liquid. The possible explanation could be that the
liquid of Riva may contain high level of water that causes
high solubility and low rigidity of the cement. The high level
of water content may contribute to high level of fluoride
release observed with Riva_M. This high solubility could
however negatively affect the CS and CE of Riva_M. The
strength of Riva_M was also lower than 100 MPa required
by BSEN IS0 9917-1 2007 Dentistry-Water-based cements.
Part 1: Powder/liquid acid-based cement.

Biaxial Flexural Strength (BFS) and Biaxial Flexural
Modulus (BFM)

Some studies proposed that three-point flexural test or
biaxial flexural test are more suitable method to determine
strength of GICs compared to compressive test (25).
However, the compressive strength test is still required by
the ISO standard. The use of SPG fillers as powder phase
in Ketac and Fuji IX slightly increased BFS of the GICs.
The possible explanation could be that high surface area
of spherical fillers may help promote cross-link between
glass and polyacid. The use of SPG fillers in Riva however
decreased BFS of the materials, which was in agreement
with the result from compressive strength test. Although
the BFM between commercial GICs and experimental GICs
was not significant different, the results showed that SPG
reduced mean BFM of GICs.

Null hypothesis was rejected as the current study
demonstrated that using different liquid phases and SPG
fillers affected cement maturation, fluoride release, and
strength of GICs. The use of SPG fillers enhanced DF but
reduced CF of the materials. The use of Riva enabled highest
DF but also resulted in lowest strength of experimental
GICs. Mixing SPG with liquid phases of Ketac or Fuji IX
exhibited CS and BFS comparable to commercial materials.
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Resumo

O objetivo deste estudo foi avaliar o efeito de diferentes fases liquidas
comerciais (Ketac, Riva e Fuji IX) e o uso de particulas esféricas de vidro
pré-reagido (SPG) na maturacio do cimento, liberacio de fltor, forca
de compressdo (CS) e resisténcia biaxial a flexdo (BFS) de cimentos de
iondmero de vidro (GICs) experimentais. Os GICs experimentais (Ketac_M,
Riva_M, FujilX_M) foram preparados pela mistura de particulas SPG com
fases liquidas comerciais usando a propor¢do de pé para massa liquida
de 2,5: 1. O FTIR-ATR foi usado para avaliar a maturagdo dos GICs. O
coeficiente de difusio do fltior (DF) e a liberagiio cumulativa de fldor (CF)
em agua deionizada foram determinados usando o eletrodo especifico do
ion fluoreto (n = 3). CS e BFS em 24 h também foram testados (n = 6).
GICs comerciais foram usados como comparacées. Riva e Riva_M exibiram
rapida formacéo de sal de poliacrilato. Os maiores DF e CF foram observados
com Riva_M (1,65x10-° cm?[s) e Riva (77 ppm), respectivamente. O uso de
particulas SPG melhorou o DF de GICs em média de ~ 2,5x10 cm?/s a ~
3,0x10% cm?/s, mas reduziu o CF dos materiais em média de ~ 51 ppm a
~ 42 ppm. O CS e BFS de Ketac_M (144 e 22 MPa) e Fuji IX_M (123 e 30
MPa) foram comparaveis aos materiais comerciais. Usar SPG com Riva
reduziu significativamente CS e BFS de 123 MPa para 55 MPa e 42 MPa
para 28 MPa, respectivamente. O uso de SPG particulas melhorou o DF,
mas reduziu o CF dos GICs. O uso de particulas SPG com liquidos Ketac
ou Fuji IX proporcionou resisténcia comparavel aos materiais comerciais.
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