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Effect of Aging on Compressive Strength, Fluoride Release, 
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Ab s t r ac t​
Aim: The aim of this study was to evaluate the e�ect of aging on compressive strength; �uoride release; water sorption; and solubility of ceramic-
reinforced (amalgomer CR), resin-modi�ed (Fuji VIII), and high-viscosity (Equia �ll) glass ionomers.
Materials and methods: A total of 141 specimens were prepared, 47 for each restorative material. For compressive strength testing, cylindrical 
specimens (4 mm diameter and 6 mm thickness) were prepared and tested after 24 hours and 6 months of storage in deionized water (n = 10). 
Disk-shaped specimens with 6 mm diameter and 3 mm thickness were prepared for �uoride release (n = 7) and measured at 24, 48 hours, 7 days, 
1, 3, and 6 months. Disk-shaped specimens (15 mm diameter and 1 mm thickness) were prepared for water sorption and solubility testing and 
measured at 7 days, 1, 3, and 6 months (n = 5). Two-way analysis of variance (ANOVA) and one-way ANOVA were used for statistical analysis of data.
Results: Amalgomer CR and Fuji VIII showed the highest compressive strength, whereas Equia �ll showed the lowest value after 24 hours. After 
6 months of aging, the compressive strength of amalgomer CR was signi�cantly decreased. Amalgomer CR showed the highest initial �uoride 
release followed by Fuji VIII and Equia �ll. Equia �ll showed the least amount of water sorption and solubility followed by Fuji VIII and amalgomer CR.
Significance: Zirconia �llers enhanced the properties of glass ionomer; however, this improvement was dramatically reduced with water aging.
Keywords: Amalgomer CR, Ceramic-reinforced glass ionomer, Compressive strength, Equia �ll, Fluoride release, Fuji VIII, High-viscosity glass 
ionomer, Resin-modi�ed glass ionomer, Solubility, Water sorption.
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In t r o d u c t i o n​
Caries at the tooth/restoration interface is considered one of the 
most common reasons for replacement of restorations. When dental 
materials release �uoride, it is expected that, besides restoring 
function, they may control the recurrence of caries and contribute 
to reduction of caries incidence in the whole dentition.1

Glass ionomer was introduced by Wilson and Kent in 1972. It 
is characterized by increasing teeth resistance to recurrent caries 
because of �uoride release and its ability to recharge �uoride again 
along with its ability for chemical bonding to dental substrates and 
close thermal expansion coe�cient to that of tooth structure. The 
poor mechanical characteristics of conventional glass ionomer limit 
its extensive use as a restorative material in stress-bearing areas.2

Therefore, di�erent trials to modify glass ionomer materials 
have been introduced to overcome these drawbacks. Resin-
modi�ed glass ionomer or hybrid ionomer was released on the 
market in 1992.3 These are conventional glass ionomers with the 
addition of a small quantity of resins (4.5–6%) such as hydroxyethyl 
methacrylate (HEMA) or Bis GMA as well as initiators involved 
in the polymerization reaction. In general, resin-modi�ed glass 
ionomers were reported to show better mechanical properties 
than conventional types.4 Fuji VIII (GC America) is an auto-cured 
resin-modi�ed glass ionomer; both the acid–base reaction and 
resin polymerization are initiated once the components are mixed.5

The development of the high viscosity or packable glass 
ionomer in the mid-1990s resulted in materials with improved 
mechanical properties.6 The powder is chemically modi�ed during 
manufacturing to decrease the calcium content and thus limit the 
production of calcium polyalkenoate chains that are highly water 
soluble. This allows faster maturation of the material, and the 

calcium in conventional glass ionomer cement has been largely 
replaced with strontium. The relatively higher viscosity is the result 
of the addition of polyacrylic acid to the powder, increase in its 
concentration and molecular weight, and reduction of the grain 
size of the glass particles.7

In 2007, a trial called Equia was introduced to combine the main 
advantages of the high-viscosity glass ionomer with a nano-�lled, 
light curing coat to provide more protection in the early setting 
stage. Equia coat (GC America) is a low-viscosity nano-�lled surface-
coating resin, recommended by the manufacturer to be applied 
over Equia �ll restoration occluding any surface cracks and porosity 
and hence increasing the physical properties, the wear resistance, 
and toughness of the restoration.8

A more recent evolution of glass ionomers was the incorporation 
of ceramic �llers into glass ionomers. Amalgomer CR is a ceramic-
reinforced posterior glass ionomer containing 17% by weight 
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