
SUMMARY
The objective of this study was to assess the effect of heat activation on 

the surface properties of glass ionomer cements. The effect of heat on glass 
ionomer cements during their setting was evaluated by scanning electron 
microscopic (SEM) evaluation. A condensable glass ionomer cement Fuji 
IX and a ceramic-reinforced glass ionomer cement Amalgomer CR were 
used as test materials. Heat was applied with soldering iron for 2 minutes at 
80±20C. All of the evaluations were carried out 24 hours after the setting of 
glass ionomer cements. 

Significant differences were found between the control and the heated 
groups and between Fuji IX and Amalgomer CR. It is established that heat 
influenced the surface properties of conventional glass ionomer cements.
Keywords: Glass Ionomer Cement; Heat; SEM

Berna Kuter1, Ece Eden1, Bilge Hakan Şen2

Ege University, School of Dentistry 
1 Department of Pedodontics
2 Department of Endodontics 
Izmir, Turkey

ORIGINAL PAPER (OP)
Balk J Stom, 2010; 10:65-71

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

The Effect of Heat on the Surface Properties of 
Conventional Glass Ionomer Cements: SEM Evaluation

TUPNB
UP

MP

HJ
D
B
M!
!T
P
D
JF
U
Z

Introduction

Glass-ionomers have been always a preferable 
material in restorative dentistry, providing chemical bond 
without etching1-3 and fluoride release1,2,4-10. However, the 
low mechanical strength of the conventional formulations 
limits its use in high stress sites, such as class I-II 
restorations10,11. There have been some efforts, such 
as addition of strong additives like ceramic, pre-cured 
glass-ionomers12 or resin composites13,14, to improve 
the strength of glass ionomer. These new materials 
possess the beneficial characteristics of the conventional 
glass-ionomers but have some disadvantages, such as 
polymerization shrinkage or monomer toxicity15.

Heat has been shown to be beneficial to properties 
of a number of dental materials, particularly of resin 
composites16. However, a few studies have been carried 
out with regard to the application of heat to dental 
cements17. There are some studies on acceleration of 
setting rate by ultrasound or heat to improve mechanical 
characteristics of the conventional glass ionomer cements 
(GICs). The first setting phase of the material occurs 
within the first 10 minutes after mixing when the material 
is very sensitive to humidity. The short-term sensitivity to 
water results in low wear resistance and fast or command 
setting of the material improves the instant setting of the 
material without a change in the chemical composition. 

Woolford17 investigated the effect of heat activation 
on GICs and found that raising the temperature of the 
cement surface to a maximum of 60˚C significantly 
improved the initial surface hardness of the cement. 
Kleverlaan et al18 investigated the influence of externally 
applied command set applications on the mechanical 
properties of several commercially available conventional 
GICs. In general, all experiments provided an increase 
in strength respectively from standard curing, ultrasonic 
curing to heat curing.

Therefore, the purpose of this study was to assess 
the effect of heat activation on the surface properties of 
conventional GICs. It was also the subject of this study to 
analyze the heat transfer degree through the specimens. 
The hypothesis tested was that the higher degrees 
of heating may affect the liquid content of the glass 
ionomer and has important clinical implication on surface 
characteristics of the restorative materials.

Material and Methods

In the study, Fuji IX (condensable GIC) and 
Amalgomer CR (ceramic-reinforced GIC) were tested. 
The information about content of the tested materials is 
sum marized in table 1. 32 GIC surfaces were prepared 
for the study. The information about study groups is 
summarized in table 2.
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Table 1. The content of the tested materials   

Product  Manufacturer Lot Component

Fuji IX GC, JAPAN Powder 0411051
Liquid 0411051

Powder: Glass, Polyacrylic acid, Tartaric acid
Liquid: Polyacrylic acid

Amalgomer CR AHL, ENGLAND Powder 020615-1
Liquid 040522-7

Powder: Glass, Polyacrylic acid, Tartaric acid, Zirconium oxide
Liquid: Polyacrylic acid, water

Table 2. Study groups

Fuji IX Fuji IX -heated Amalgomer Amalgomer-heated

Surface 2 2 2 2

Interface 1 mm depth 4 4 4 4

Interface 3 mm depth 0 4 0 4

Total 6 10 6 10

were separated into 2 longitudinal pieces by means of 
a chisel. The interface areas at 6 mm on the heated side 
of the specimens were examined. In order to observe 
the effect of heat along the interface area, the points that 
were situated at 1 mm and 4 mm in depth were examined 
respectively. 

All specimen surfaces that were going to be 
evaluated with SEM (JEOL JSM 5200 Tokyo, Japan) were 
sputter-coated with gold and then examined under various 
magnifications.

Results

Surface Characteristics
While homogeneous structure and numerous cracks 

were present on the surface of Fuji IX controls (Figs. 1 
and 2), heated Fuji IX specimens showed a different 
surface structure. It had a heterogeneous pattern and 
there were degradation. Fuji IX heated specimen surfaces 
showed more cracks than the Fuji IX controls. Fuji IX 
heated specimens displayed a higher level of porosity 
and irregular voids as a result of matrix dissolution (Figs. 
3 and 4).

Amalgomer CR control specimens presented smooth 
surfaces (Figs. 5 and 6). There was a difference of surface 
characteristics among the control and the heated groups. 
The material appeared to be affected from heat. Well-
dispersed particle distribution was observed in heated 
groups (Figs. 7 and 8).

When compared, Fuji IX controls had more cracks on 
the surface than Amalgomer CR controls (Figs. 2 and 6).

Study was carried out at room temperature (23±1°C) 
and relative humidity (50±10%) as stated in the ISO 
Standard 9917-1:2003 (E) for glass polyalkeonate 
cements19. The materials were mixed according to the 
manufacturer’s instructions and placed in the stainless 
steel moulds. The moulds were preheated up to 370C and 
were kept in the incubator during setting of the cement to 
represent the oral situation.

Both heat-applied surfaces and inner surfaces were 
evaluated in heat-applied samples. Specimens that were 
10 mm in diameter and 2 mm in depth were prepared 
for evaluation of surface characteristics for both tested 
materials with and without heat application. Specimens 
having a 4 mm diameter and 6 mm depth were prepared 
for evaluation of inner surfaces of GIC with and without 
heat application. The surface of the cement was covered 
with a single cellulose acetate sheet to provide a smooth 
surface. Stainless steel moulds were placed on the top 
of the cellulose sheet to give the specimen a flat surface. 
Fuji varnish was applied to both GICs. After initial setting 
time, specimens were removed from the incubator and 
heat was applied with a soldering iron (Lötstation MLS-
48, McVoice, Verzeuge, Germany) on 1 surface of the 
specimens in the study group. The soldering iron was set 
to 80±2°C and applied for 2 minutes. The active tip of 
the soldering iron was 10 mm in diameter. Applied heat 
and temperature rise in the specimens were measured 
with thermocouple (Thermometer HD 8605, Delta OHM, 
Italy). The specimens were removed from the stainless 
steel moulds 1 hour later. The samples were kept in 
distilled water at 37°C and they were evaluated 24 hours 
after the initial set point. 

6 mm depth specimens that were prepared for 
evaluation of inner surfaces of glass ionomer cement 
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Figure 1.   Fuji IX control  (x200) Figure 4.   Fuji IX heated (x1000)

Figure 2.   Fuji IX control  (x1000) Figure 5.   Amalgomer CR control (x200)

Figure 3.   Fuji IX heated  (x200) Figure 6.   Amalgomer CR control (x1000)
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Figure 7.   Amalgomer CR heated (x200) Figure 10. Fuji IX control intermediate surface (x1500)

Figure 8.   Amalgomer CR heated (x1000) Figure 11. Fuji IX heated top of the intermediate surface (x350)

Figure 9.   Fuji IX control intermediate surface (x350) Figure 12. Fuji IX heated top of the intermediate surface (x1500)
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Interface Characteristics
The interface of conventional GICs showed an 

increase in particle sizes and a decrease in matrix 
after heat application for both groups. Voids in Fuji IX 
decreased with heat treatment. The mean particle size 
of Fuji IX increased from 3-7 μm to 5-10 μm. Texture 
became denser by heat application (Figs. 9-12).

Amalgomer CR’s original particle size was large and 
it became larger after heat application. Heated specimens 
of Amalgomer CR showed a dense structure and there 
were more particles with larger sizes. The mean particle 
size increased from 5-10 μm to 30 μm (Figs. 15-18).

Particularly, the top parts, where heat was applied, 
had a better and more meaningful differentiation. The 
bottom parts had a less differentiation after the heat 
treatment (Figs. 11-14 and 17-20).

Figure 13. Fuji IX heated bottom of the intermediate surface (x350) Figure 16. Amalgomer CR control intermediate surface (x1500)

Figure 15. Amalgomer CR control intermediate surface (x350)

Figure 14. Fuji IX heated bottom of the intermediate surface (x1500) Figure 17. Amalgomer CR heated top of the intermediate surface (x350)
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Discussion

Woolford17 showed an increase in microhardness 
of GICs with theat. The effect of heat on the setting 
reaction is likely to make the polyalkenoic acid more 
active. When the acid contacts the surface of the glass it 
is able to break down its surface. This will increase the 
rate at which the ions are leached and released from the 
glass. A more reactive acid and greater rate of release 
of ions will lead to a more rapid cement formation by 
gelation of the insoluble products of the acid and basic 
glass. The heat would also increase the diffusion rates of 
the various ions leached from the glass.  The total effect 
of all these accelerated reactions will be to produce 
a more rapid formation of the calcium polyalkenoate 
matrix, the components of the first formed matrix17. The 
application of heat has been shown to affect the setting 
reaction, at least on the surface of the cement. The 
top part where heat was applied had a better and more 
meaningful differentiation; the bottom parts had a less 
differentiation after the heat treatment in our study too.

In Kleverlaan et al18 SEM study, standard or 
ultrasonic curing samples did not show visual changes in 
packing of the particles, and temperature was a crucial 
factor in the setting and reaction time of GICs. According 
to Algera et al20, beside generation of heat, ultrasound 
may also contribute to acceleration of the reaction by 
de-clustering glass particles and enhancing the diffusion 
of the reaction components. Mechanical properties could 
be improved as well. The material can be condensed by 
a reduction of porosity, which is vibrated out of the mix. 
SEM evaluation did not show de-clustering of the glass 
particles or a reduction of porosity20.

Gu and Fu21 showed that there was an increase 
in the particle size after heat treatment. This is due to 
particle agglomeration, coalescence and growth at high 
temperatures. Voids decreased, particle sizes increased 
and texture became denser; surface properties of both 
cements improved with the heat applied in our study 
too. Particle size distribution influenced the mechanical 
properties of GICs significantly22.

Yan et al23 showed that under wet conditions 
GICs maintained their original dimensions on heating. 
Thermal response of GICs when heated is very 
important clinical implication for the longevity of the 
restored tooth24. Increasing the powder/liquid ratio can, 
in principle, improve the surface properties of GICs. 
Fuji IX is a condensable GIC, but Amalgomer CR is 
ceramic reinforced GIC, and Fuji IX has higher powder/
liquid ratio. The application of heat further increases 
the evaporation of liquid in GICs and so, due to the heat 
application, increasing the powder/liquid ratio may cause 
cracks, for Fuji IX.

Figure 18. Amalgomer CR heated top of the intermediate 
surface (x1500)

Figure 19. Amalgomer CR heated bottom of the intermediate 
surface (x350)

Figure 20. Amalgomer CR heated bottom of the intermediate 
surface (x1500)
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Conclusions

As the heat transfer at study temperatures cannot 
be conducted all the way through the specimens, major 
improvements were established in zones that were 
closer to the heat applied surface. We can conclude that 
application of heat to improve the surface characteristics 
of GICs is possible, and heat should be applied on the 
surface of GICs, particularly within the first 24 hours after 
setting; it is likely to provide higher abrasion resistance 
values and less retention zones on the GICs, but further 
work is necessary to establish the potential effect of heat.
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