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ABSTRACT

Numerous positive properties of glass ionomer cements 
including biocompatibility, bioactivity, releasing of fluoride 
and good adhesion to hard dental tissue even under wet 
conditions and easy of handling are reasons for their 
wide use in paediatric and restorative dentistry. Their 
biggest drawbacks are the weaker mechanical properties. 
An important step forward in improving GIC’s features 
is thermo-curing with the dental polymerization unit 
during setting of the material. Due to their slow setting 
characteristics the GIC is vulnerable to early exposure 
to moisture. After thermo curing, cements retain all the 
benefits of GIC with developed better mechanical properties, 
improved marginal adaptation, increased microhardness and 
shear bond strength. Adding external energy through thermo-
curing or ultrasound during the setting of conventional GIC 
is crucial to achieve faster and better initial mechanical 
properties. Further clinical studies are needed to confirm 
these findings. 
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ÖZ

Cam iyonomer simanların; biyouyumluluk, biyoaktivite, 
fluorür salınımı ve nemli koşullar altında bile sert diş 
dokusuna iyi adezyonu ve manipülasyon kolaylığı gibi 
sayısız olumlu özellikleri pediyatrik ve restoratif diş 
hekimliğinde geniş kullanımının nedenleridir. En büyük 
dezavantajları daha zayıf mekanik özellikleridir. CİS’in 
özelliklerini geliştirmede önemli bir adım da materyalin 
sertleşmesi sırasında polimerizasyon cihazı ile sağlanan 
ısıyla sertleşmedir. Yavaş sertleşme özelliklerinden dolayı 
CİS, erken neme maruz kalmaya karşı savunmasızdır. 
Isıyla sertleşme işlemi sağlandıktan sonra, CİS’ların tüm 
olumlu özellikleri, geliştirilmiş daha iyi mekanik özellikler, 
geliştirilmiş marjinal adaptasyon, artan mikro sertlik ve 
çekme germe kuvvetleri ile korunmaktadır. Geleneksel 
CIS’in sertleşmesi sırasında ısı veya ultrason ile eksternal 
enerji uygulanması, daha hızlı ve daha iyi başlangıç mekanik 
özellikleri elde etmek için çok önemlidir. Bu bulguları 
desteklemek için daha ileri klinik çalışmalara ihtiyaç vardır.

Anahtar kelimeler: Cam iyonomer; mekanik özellikler; 
ısıyla sertleşme; ultrason
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Introduction

Glass ionomer cements (GICs) are very suitable 
material for restorations in paediatric dentistry. Many 
properties like self adhesiveness, fluoride release 
and hydrophilic behaviour make GICs as a material 
of choice for restorations of deciduous teeth and 
young permanent teeth (1, 2). Properties of glass 
ionomers for restorations like biocompatibility, 
bioactivity, remineralization of the carious process 
and prophylactic effect on all teeth in the oral cavity 
make them very suitable for everyday use in clinical 
practice (2-6). In addition to this GIC has the ability 
of good adhesion to hard dental tissues, even under 
wet conditions where optimal moisture control is not 
possible and easy of handling is reasons for their wide 
application in children. GIC is specially indicated 
when it is difficult to achieve optimal control of the 
dry working field due to poor patient cooperative 
activity (7). The lack of patient co-operation is 
most common in young children and in mentally 
or physically compromised patients. Patients with 
special needs are also classified into a high risk 
caregiver group and some nano-ionomer material 
or thermo-cured conventional GIC is also material 
of choice (7, 8). 

Their biggest drawbacks are the weaker 
mechanical properties. An important step forward 
in improving GIC’s features is thermo-curing. For this 
purpose simple dental polymerization unit emitting 
heat can be used during initial setting of the material 
(8-11). Due to their slow setting characteristics the 
GIC is vulnerable to early exposure to moisture. After 
thermo-curing, cements retain all the benefits of GIC 
with developed better initial mechanical properties. 
Thermo-curing of the GIC during setting also decrease 
microleakage and improves marginal adaptation (8) 
as well as increase microhardness and shear bond 
strength of the restoration (9). Adding external 
energy through thermo-curing or ultrasound during 
the setting of conventional GIC is crucial to achieve 
faster and better initial mechanical properties (8-12). 
The use of ultrasonic vibrations to change the setting 
of glass ionomer cements was reported by Towler et 
al. (12). It has been described that ultrasound could 
produce a marked acceleration in setting of GIC 
and increase adhesion to the hard tooth substances 
(13, 14). The effect on chemical setting processes 
has not been reported. Results of different research 
groups showed that some mechanical properties of 
GIC could be improved (8-12, 14, 15). Addition 

of external energy during setting of GIC is crucial 
for achievement of better properties. Conventional 
glass ionomers can be thermo-cured by application 
of heat from dental polymerization lamps, which 
causes acceleration in the setting. The acceleration of 
setting leads to better mechanical properties especially 
early mechanical properties and decrease marginal 
leakage. Gorseta et al. (8) have suggested that the use 
of dental polymerization lamp can be used as a source 
of heat in order to achieve improved early mechanical 
properties of GICs. GIC interacts with calcium from 
the enamel creating an enamel-like structure that is 
more stable and more resistant to demineralization 
(so-called pseudo-enamel). In cariogenic conditions, 
release is suddenly increased and supported by the 
precipitation phase that stops the progression of the 
caries (6).

Recent studies confirmed that adding external 
energy could promote faster setting of conventional 
GIC. Some authors have tried to accelerate reaction 
using ultrasonic excitation, heat curing with warm 
metal plates or heat application using light-curing 
dental units. Kleverlaan et al. (10) demonstrated 
the mechanical properties of some conventional 
glass ionomers after curing with ultrasound and 
also after heat curing between warm metal plates. 
They found a significant increase in mechanical 
properties comparing with GICs without additional 
curing methods. Gorseta et al. (9) found increased 
bond strength of GICs to enamel in thermo-cured 
groups. Billington and Williams (16) investigated 
the influence of temperature on compressive strength, 
showing significant increase at temperature higher 
than 37°C. Nicholson and Czarnecka (17) suggested 
that application of heat evaporated part of the unbound 
water in the cement matrix and accelerated the 
chemical reaction. In clinical practice the temperature 
rise during heating might have influence on the pulp 
tissue. Santini et al. (18) have investigated the pulp 
temperature rise during composite polymerization. 
LED units demonstrated higher temperature rise (3-
7.1°C) then halogen units (2.8-4.9°C). According to 
Zach and Cohen (19) the pulp vitality can be affected 
when the rise is 5-6°C. In vivo absorption of the heat 
is possible by gingival tissue and also blood flow 
through pulp tissue absorbs some amount of heat (18). 
Generally, GICs has acceptable thermal properties for 
clinical use such as thermal conductivity. Gavic et al. 
(20) measured the relative small temperature rises at 
greatest depths of GICs and showed that the cements 
transmit a small amount of the thermal energy. Such 
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transmission leads to increases in temperature of 5–6 
°C at depths of 3–4 mm within the cement. The heat 
transmission through the GICs was insufficient to 
affect the pulp tissue, suggesting that thermo-curing 
with dental polymerization lights of this type is a 
safe for clinical use (21). However, accelerating the 
setting reaction should be avoided when the cements 
are used as cavity liners close to the pulp tissue and 
in layers less than 2 mm thick (20). 

Marginal leakage

Glass ionomers are also subjected to microleakage 
that allows oral bacteria to migrate along marginal 
gap. Decrease of marginal leakage of GIC restorations 
were demonstrated on enamel margine in cavity with 
conditioning. GICs are not enough acidic to remove 
the smear layer. It depends on a number of factors 
such as type of polyacid matrix, concentration of acid 
solution and power/liquid ratio (9, 22, 23). There 
was also a significant difference between capsulated 
and hand mixed GIC. Gorseta et al. (8) used class 
V cavities filled with GICs that were heated with 
dental polymerization unit during setting period. 
Some groups of samples were cured with ultrasound 
as a ‘setting on command’. Results showed that both 
groups cured with ultrasound and heated group had 
decrease in marginal leakage and showed better 
marginal adaptation comparing to chemical setting 
of GIC. Lower porosities were shown inside of 
GICs in heated and ultrasound cured restorations 
comparing to standard curing. (Figure 1) Heat cured 
GIC restorations appeared more homogenous.

Figure 1. Class V cavities filled with GIC: A- dye penetration inside 
the material (standard chemical setting) and B- no dye penetration, 
homogenous material (thermo-cured for 40s).

Shear bond test

Bond strength relates to the ability of the materials 
to interact with the under laying enamel. Conventional 
GIC is able to penetrate the smear layer through a 
self-etching process and affect a bond to the under 
laying enamel. If this smear layer is removed, material 
has a greater ability to interact with the enamel and 
the measured bond strength is higher (22). Gorseta 
et al. (8) demonstrated increased bond strength of 
GIC to enamel after thermo-curing during setting 
time. Failure mode analysis for the bond strength 
specimens are depended on enamel treatments and 
curing mode of GIC. The most of cohesive mode of 
failure was observed in thermo-cured and ultrasonic 
cured groups of GIC. (Figure 2) 

Figure 2. Scanning electron micrographs of fractured GIC on 
enamel. Failure occured in the material above ion-exchange 
layer.

Microhardness

GIC are usually weak after setting and still 
vulnerable to moisture. Microhardness is a very 
important for the resistance of material during the first 
hours after placing. Gavic et al. (24) demonstrated 
that thermo-light curing of GIC increases the 
microhardness of the GICs at the surface and also at 
depths of 1, 2, 3 and 4 mm. Surfaces of GICs were 
thermo-cured with different polymerization units 
for 60s during setting reaction. In this study it was 
shown that thermo curing may increase resistance 
to mastication forces which is important for clinical 
success of GIC restorations. 

a b
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Fissure sealing

Dental surfaces with pits and fissures are 
particularly susceptible to caries development. As 
a preventative measure, the fissure sealing with the 
material which is attached to the adhesive enamel is 
either micromechanical or through chemical bonding 
of the material and tooth tissue (25). Anatomical 
relationships may also make it difficult to isolate 
the tooth, for example, the crown of the erupting 
tooth with gingival covering. Then, the advantage of 
GIC is also evident. Simplicity in the work phases 
(not mandatory conditioning, does not require the 
application of the adhesive system), and faster cure 
mode (dental polymerization lamp produces heat 
that accelerates the curing process by up to 30%), all 
these are the advantages of clinically working with 
GIC much simpler (26, 27). ART sealants using high-
viscosity glass-ionomer (HVGIC) have a very high 
dentine carious lesion prevention rate. The survival 
rate of these sealants is not significantly different 
from that of sealants produced with resin (28). 
Glass Carbomer material showed a similar retention 
rate when compared with a resin-based sealant. 
Glass Carbomer is a new generation of restorative 
material developed from glass-ionomer cements with 
possibility of gradual mineralization into fluorapatite. 
The retention of Glass Carbomer fissure sealant 
after 12 months was similar to a commonly used 
conventional resin-based sealant (29).

Atraumatic restorative treatment

The atraumatic restorative treatment (ART) 
concept is an example of minimal intervention 
dentistry (28). For developing countries with a poor 
dental care system where electricity is not available, 
GIC is a material of choice for restorative procedures 
as well as for preventing further caries progression 
(2). Also, it could be used as behaviuor management 
procedure in contemporary clinical setting.

ART is based on the knowledge that the dentinal 
layer has the potential for remineralization of calcium 
phosphate if a soft destroyed dentin is removed. GIC 
continues to release fluoride after application into the 
cavity thereby contributing to stopping and preventing 
caries around the fill (9). The survival rate of ART 
restorations matches those of amalgam and resin 
composite in single- and multiple-surface cavities 
in primary teeth and in single-surface cavities in 
permanent teeth. The annual dentine carious lesion 

development in teeth with high-viscosity glass-
ionomer ART sealants over the first three years is 
1%. These ART sealants have a high capacity of 
preventing carious lesion development (30).  Hall 
technique is a non-invasive treatment for decayed 
primary molar teeth. Decay is sealed under preformed 
stainless steel crowns (SSC) involving no caries 
removal, no crown preparation and no use of local 
anaesthetic before placement of crowns (31). It is 
biologically orientated approach for managing dental 
decay. Ludwig et al. (31) showed a similar success 
rate for SSCs placed with the traditional technique 
or the Hall technique.

Today is available hydroxyapatite enhancing 
glass ionomer cement. Glass Carbomer cement 
represents a new generation of dental material, which 
mineralizes gradually into fluorapatite, demonstrates 
good toughness and strength of material and better 
fluoride release than its predecessors. Glass Carbomer 
is described as a material with less sensitivity to 
abrasion and wear, stiffness, glazier surface, better 
adhesion and less moisture sensitivity (29). 

Conclusion

Adding external energy through thermo-curing 
as a ”Command set” method during the setting of 
conventional GIC is crucial to achieve faster and 
better initial mechanical properties.
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