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Background and Aim:Although the physical properties of modern glass ionomers 
have been extensively reported, few studies have examined how these parameters 
change with age. This experimental study aimed to investigate the effect of aging on 
the compressive strength of resin-reinforced glass ionomers. 
Materials and Methods: Two glass ionomers (Fuji IX GP Fast, GC, Japan, and Ketac 
Universal, 3M, USA) and one composite resin (control; Filtek P60, 3M, USA) were 
chosen for this study. Both glass ionomers were encapsulated and mixed using an 
amalgamator and were applied using an appropriate applicator. Forty cylindrical (4×6 
mm2) samples were made of each material and subsequently incubated at 37°C with 
95±5% humidity. Twenty samples from each material were then randomly selected 
to undergo aging in a thermocycling machine using 1000 cycles (between 5-55°C). 
The compressive strength of the samples was then measured using a universal testing 
machine. One-way analysis of variance (ANOVA) and post-hoc Tuckey’s test were 
used for data analysis.
Results: The aging process (thermocycling) caused a significant increase in the 
compressive strength of all three materials. Overall, Ketac Universal displayed 
higher compressive strength with an average value of 271.1120±15.4387 MPa and 
248.6910±15.10716 MPa with and without aging, respectively, compared to Fuji IX 
GP and Filtek P60. 
Conclusion: The aging process increases the compressive strength of glass ionomers 
and composites; however, even with aging, modern glass ionomers still struggle to 
achieve compressive strength values close to those feasible with composite resin. It is 
therefore essential to use these materials in non-stress-bearing areas.   
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Introduction: 
 Glass ionomers play an important role in 
modern dentistry, often used as a base or a liner 
but also as a restorative material for non-carious 
cervical lesions as well as an adhesive for ortho-
dontic brackets or as a fissure sealant.(1)As most 
clinicians move away from amalgam, aesthetic 
dental materials are becoming the norm.(2)

However, until recently, most researchers believed 
that as far as survival and failure rates are concerned, 
composites are still superior to glass ionomers con-
cerning posterior restorations.(3) This is in contrast to 
a recent study that claimed that resin-modified glass 
ionomers have a survival rate as favorable as that of 
amalgam and composite restorations. (4)
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 Furthermore, in a recent clinical trial, Molina et 
al claimed that high viscosity glass ionomers have 
a better three-year survival rate than composites.(5) 

In another six-year clinical study, the authors eval-
uated resin-reinforced glass ionomers in terms of 
their clinical performance and suggested that their 
performance is acceptable concerning posterior 
restorations.(6) These new developments alongside 
the introduction of a whole new generation of glass 
ionomers by manufacturers warrant further inves-
tigation on the application and survival of such 
materials in the clinic. 
 Restoration survival is affected by many factors 
including adhesive, mechanical, and mixing fac-
tors alongside many others.(2) One such property is 
compressive strength, deemed to be an important 
factor in the long-term survival of restorations.(7) 
As aging can have a profound effect on the com-
pressive strength of glass ionomers, it is impera-
tive to study its effect on the compressive strength 
of novel glass ionomers.(8-12) Although the physical 
properties of modern glass ionomers have been ex-
tensively reported, few studies have examined how 
these parameters change with age.(13) This study 
aimed to assess the effect of aging on the compres-
sive strength of two glass ionomer restorative ma-
terials with a composite resin as a control. 

Materials and Methods: 
 In this in-vitro experimental study, the com-
pressive strength of two resin-reinforced glass 
ionomers (Fuji IX GP Fast, GC, Japan) and (Ketac 
Universal, 3M ESPE, St. Paul, MN, USA) and one 
light-cure composite resin (Filtek P60, 3M ESPE, 
St. Paul, MN, USA) was measured (Table 1). 

Table 1: Product information

GI=Glass Ionomer

Both glass ionomers were encapsulated. In total, 
120 specimens were prepared (40 specimens from 
each material). These specimens were fabricated 
using a cylindrical polyetheretherketone (PEEK) 
mold with a diameter of 4 mm and a height of 6 
mm from plastic caps of 27G syringes (Figure 1). 

Figure 1. Polyetheretherketone (PEEK) mold

The glass ionomer capsules were first placed in 
an amalgamator (Silamat S5, Ivoclar Vivadent, 
Amherst, NY, USA) (Figure 2).

Figure2. Amalgamator 
(Silamat S5, Ivoclar Vivadent)

 according to the manufacturer’s instructions for 
each respective glass ionomer and then trans-
ferred to the molds using their respective appli-
cators (Figure 3).

              Figure 3. The GC applicator

Product Component Manufacturer Shade Lot no.

Ketac 

Universal

GI 3M ESPE A3 4115149 

Fuji IX GP 

Fast

GI GC Europe A3 180615A 

Filtek P60 Composite 3M ESPE A3 N942757 
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 As for the composite, the same light-cure de-
vice (Bluephase C8, Ivoclar Vivadent, Schaan, 
Liechtenstein) was used for all specimens (1200 
mW/cm2) (Figure 4).

Figure 4. Bluephase light-curing device

 The light-cure device was tested using a 
radiometer (Bluephase meter II, Ivoclar Vi-
vadent, Schaan, Liechtenstein) to ensure that 
the light intensity was constant (1200 mW/
cm2) throughout the experiment. All specimens 
were cured from all sides at a distance of 0.5 
mm for 40 seconds. After the setting reaction, 
all specimens were polished using a medium-
grit FlexiDisc (Cosmedent, USA) latched onto 
a contra-angle handpiece (COXO, China) at 
25000 revolutions per minute (rpm). All sam-
ples were subsequently checked for crack, and 
if positive, were excluded from the study. 
The samples were then stored in deionized wa-
ter at 37°C with 95±5% humidity for 24 hours 
(Figure 5).

 

Figure 5. The incubator

The specimens made from each material (n=40) 
were then randomly assigned to two groups, 
one of which would undergo aging while the 
other was tested for compressive strength with-
out any additional step. During the aging pro-
cess, using a thermocycler (Dorsa apparatus, 
Tehran, Iran) (Figure 6), the samples were al-
ternatively immersed in water baths of 5°C and 
55°C. The dwell time in each water bath was 15 
seconds with a transfer time of 10 seconds for 
1000 cycles.

Figure 6. Termocycling machine (Dorsa, Tehran, 
Iran)

All Specimens were then loaded and tested ei-
ther after 24-hour water storage or after thermo-
cycling, depending on their respective groups, 
using a universal testing machine (Santam 20, 
Tehran, Iran) at a crosshead speed of 1 mm/
minute (Figures 7 to 9). 
 Statistical analysis was performed using 
one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test for intergroup analysis. 

Figure 7. Santam-20 universal testing machine              
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Figure 8. A specimen in the universal

 testing machine

Figure 9. A fractured sample

Results
The mean and standard deviation (SD) 
of compressive strength (MPa) and 
their corresponding P-values are listed 
in Table 2. 

Table 2: Mean and standard deviation 
(SD) of compressive strength (MPa) in 
the studied groups

SD=Standard Deviation

Overall, aging caused a significant increase 
in the compressive strength of all materials. 
The mean compressive strength for Fuji IX 
GP Fast was 141.5±19 MPa and 155.2±15.9 
MPa for the non-aged and aged groups, re-
spectively. In comparison, Ketac Universal 
exhibited a mean compressive strength of 
248.6±15.10716 MPa without aging and 
271.1±15.43874 MPa for the group that un-
derwent aging. 
 The difference between the compres-
sive strengths of the aged group and the 
non-aged group was statistically significant 
for all three materials with Ketac Univer-
sal having a higher compressive strength 
both with and without aging as compared to 
Fuji IX GP; this difference was statistically 
significant (P<0.001). P60 composite resin 
showed the highest compressive strength 
both with and without aging (P<0.001). 

Discussion:
 Compressive strength is one of the most 
important physical parameters in dental 
materials science, especially during mas-
tication. Testing of this property is mostly 
suitable for brittle materials.(14) Physical 
strength, especially compressive strength, 
in the first few hours after restoration place-
ment is crucial for resisting masticatory 
stress and occlusal loading.(15) Although ac-
cording to Molina et al, a combination of 
tensile, flexural, and compressive forces are 
involved in the aforementioned process.(5)

It has been proven that storing glass iono-
mers in different storage media, such as 
saline, saliva, and water or fruit juice, at 
different intervals can have a significant ef-
fect on the physical properties of such ma-
terials, often causing them to improve.(8,16) 

These results proved that the setting reac-
tion of glass ionomers continues up to three 
months after restoration placement, thereby 
increasing the compressive strength of the 
material.(16) This is in contrast to a study per-
formed by Bali et al, in which the authors 
claimed that there was no significant rela-
tionship between the type of storage media 
and a change in the compressive strength of 

  Compressive 
strength

Material

With aging
Mean±SD

Without aging
Mean±SD P-value

Ketac Universal 3M 15.43±271.11 15.10±248.69 <0.001
Fuji IX GP GC 155.28±15.92 141.56±19.07
P60 3M 298.31±9.09 275.79±21.77
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Fuji IX.(9) The current study used deionized water 
for storage in the incubator. 
 In the current study, the compressive strength 
of two glass ionomers (Fuji IX GP Fast and 
Ketac Universal) was studied with and without 
aging. The compressive strength of both materi-
als changed with aging via a thermocycler, this 
change being an increase in the compressive 
strength, although this change was more pro-
found for Ketac Universal. This increase in the 
compressive strength with aging has been at-
tributed to several different mechanisms such 
as reduced porosity in glass ionomer after some 
period or the formation of a phosphate net-
work. Whatever the mechanism, it is known that 
glass ionomers become more brittle and strong 
(diametral, flexural, and compressive strength)  
with aging.(13)  
 In a recent study, the high initial compressive 
strength of Ketac Universal was proven to be due 
to smaller particles that increase the available 
surface area for reaction with tartaric acid.(8) 

 One-way ANOVA proved that the difference 
between the compressive strengths of FUJI IX 
GP between groups with aging and those without 
was statistically significant (P<0.05). This is in 
line with the results reported by Yap et al, despite 
the different methodology. (17) It is worth noting 
that in 2009, Busanello et al reported that there 
was no significant difference in the compressive 
strength of FUJI IX at one hour and that at 24 
hours after setting.(15) 

 Overall, among the two glass ionomers in this 
study, whether with aging or without it, Ketac 
Universal had a significantly higher compressive 
strength as compared to FUJI IX GP (P<0.001). 
This is in accordance with the results reported by 
Ilie in 2018.(8) Further studies are needed to verify 
the superiority of Ketac Universal in terms of its 
other characteristics, such as flexural strength. 
Unlike similar studies, the current study used a 
composite (Filtek P60, 3M) as a control. Several 
studies have reported that high viscosity glass 
ionomers can perform as well as composites in 
posterior restoration.(18) In the current study, there 
was a significant difference between the com-
pressive strength of P60 and Ketac Universal 
after aging (P<0.001). The same results were ob-
served when comparing the compressive strength 
of FUJI IX GP and P60 after aging (P<0.001). 

In previous studies, a rise in temperature was as-
sociated with a rise in the mechanical properties 
of composite resins; this was attributed to an in-
crease in the rate of polymerization due to the ef-
fect of rising temperatures on initiator systems in 
the composite resin.(19,21) This proves that at least 
with regards to compressive strength, these glass 
ionomers do not perform as well as a composite; 
this, however, does not rule out the application of 
these materials as restorative materials for Class 
I restorations as more than one factor is involved 
in the outcome of such restorations.(5) Moreover, 
in a clinical situation, polymerization shrinkage 
will be more profound due to the consequences 
of the C-factor (22). This, in turn, may affect the 
compressive strength of composite resins and 
warrants further clinical research in this field.           

Conclusion: 
 The results of this study showed that the com-
pressive strength of FUJI IX GP Fast and Ketac 
Universal increases with aging, these values be-
ing higher with the latter. However, these glass 
ionomers fail to perform as efficiently as P60 
composite resin. Further studies are required to 
assess and document the way that other proper-
ties of glass ionomers change with time. 
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