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EDITORIAL 

Glass ionomer cements (GICs) are widely used 

in clinical dentistry due to their advantageous 

properties, such as fluoride ion release and 

uptake [1], biocompatibility [2], chemical 

adhesion to dental tissues [3] and similar thermal 

expansion coefficient to that of dentin [4]. 

However, they present inferior physical and 

mechanical properties compared to resin-based 

restorative materials [5] and this is the reason 

why they have been limited to use in areas with 

low masticatory forces and small tooth cavities 

[6]. More specifically, GICs are sensitive to 

moisture and their maturing process is slow, 

which delays the development of their final 

strength [7] and leads to low initial fracture 

toughness [8]. Incomplete setting reactions and 

water contamination during the first stage of GIC 

setting results in a soft, porous, and fragile 

cement surface vulnerable to crack formation 

and, therefore, decreased wear resistance [9].  

During setting of GICs an acid-base reaction 

takes place between a fluoro-alumino-silicate 

glass and an aqueous solution of polyalkenoic 

acids. Immediately after mixing, glass particles 

are attacked by the polyalkenoic acid and as a 

result metallic cations (Al+3, Ca+2) are released 

into the solution leading to formation of a silicate 

gel layer on the glass surface. As the amount of 

the released cations increases, pH of the solution 

also increases, and a greater ionization of 

carboxylic acids occurs. The gel structure is then 

formed through weak ionic cross-links and 

formation of hydrogen bonds (gelation process). 

As the reaction of the cations with carboxylate 

groups proceeds the viscosity of the material 

increases and eventually leads to the hardening of 

the cement. The final material consists of un-

reacted glass particles and a poly-salt matrix with 

cross-link bonds [10].  

In previous studies various techniques have been 

suggested in order to improve the physical and 

mechanical properties of the conventional GICs, 

which include radiant heat transfer by use of 

dental light-curing units such as light emitting 

diodes (LEDs) [6,11,12] or lasers [13], ultrasonic 

energy transfer  to enhance the motivation and 

interaction of the reacted components of the GIC 

[11,14,15] and application of calcium chloride 

(CaCl2) solutions in order to enhance the acid-

base reaction between corboxylate groups (-

CΟΟ-) of the polyalkenoic acids and calcium 

cations (Ca+2) of the glass particles of the cement 

[16,17].   

In particular, thermal energy providing by dental 

LED or laser devices increases surface hardness 

of the tested GICs by thermo-catalysis. More 

specifically, radiant heat transfer to the surface of 

the GIC restorations leads to increased ion 
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Abstract: Glass ionomer cements (GICs) are widely used in clinical dentistry due to their advantageous 

properties. However, they present inferior physical and mechanical properties compared to resin-based 

restorative materials. In the past, various techniques have been suggested in order to improve the physical and 

mechanical properties of the conventional GICs, which include radiant heat transfer by use of dental devices 

such as light emitting diodes (LEDs) or lasers, ultrasonic energy transfer and application of calcium chloride 

(CaCl2) solutions. According to previous in vitro studies the aforementioned clinical treatments may be 

beneficial for some properties of GICs such as surface hardness, abrasion resistance, water sorption, solubility 

and compressive strength. However, due to lack of clinical evidence, in vivo studies are necessary to confirm 

the significance of the laboratory results.   
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mobility during the initial stage of setting, 

decreasing the viscosity of the material which 

further leads to enhanced reactivity between Ca 

ions of the glass particles (powder) and 

carboxylate groups of the polyalkenoic acids 

(liquid), resulting to an improved and accelerated 

setting reaction [12,18]. As a result, increase of 

surface hardness of GICs after the radiant heat 

treatment expresses the improved formation of 

polycarboxylate network due to thermo-catalysis 

of the setting reaction attributed to the provided 

thermal energy [8]. It is worth noting that induced 

heat and not output power of a light source is 

crucial for the thermo-catalysis of the reactions. 

As a matter of fact, the parameter which is related 

to the effectiveness of this method is the amount 

of heat transfer on the surface of the material 

which depends on thermal emission and duration 

of the irradiation of the light source [12,13]. 

There are previous studies that demonstrated 

increase in surface hardness [15,16], 

compressive strength [6] and abrasion resistance 

[19], as well as decrease in solubility and water 

sorption [20] of various GIC restoratives after 

radiant heat treatments with LED or laser (diode 

– 445 nm) units. Furthermore, the safety of these 

treatments on the surface of the restorations 

(surface morphology and roughness) [13,20] and 

as regards with the pulp temperature rise [12,13], 

has been confirmed. On the other hand, it has 

been reported decrease in fluoride release after 

the radiant heat treatment due to the improvement 

of the setting reaction of the GICs and their 

decrease in solubility [11,16]. 

Various ways have been suggested that ultrasonic 

waves may improve the properties of GICs when 

applied during setting [6,18,21]. Adding kinetic 

energy by using ultrasonic dental scaler to the 

surface of a GIC the rate of the reaction may 

increase due to temperature rise.  

In a previous study [6] has been observed a 

temperature increase around 13oC for GIC 

specimens treated with ultrasonic scaler. 

Nevertheless, in another investigation [22] it was 

not found significant temperature increase and as 

a result, the authors concluded that an enhanced 

setting rate of GICs after ultrasonic treatment is 

less affected by temperature rise and more by 

mechanical excitation of the scaler tip itself. It 

has been postulated that motivation of the scaler 

enhances the glass particle mixing with 

polyalkenoic acid chains, resulting in 

homogenous reaction kinetics. Ultrasonic 

treatment may have a declustering effect on the 

glass particles leading to a larger reactive surface 

area and thus, to a reduced time of setting of GICs 

[6,23]. It has been reported that high-frequency 

vibration of the GIC due to the motivation of the 

scaler tip, enhances the mixing of the glass 

ionomer components leading to a reduction in the 

volume and number of voids present in the 

material [15]. Moreover, the increased 

temperature of the scaler tip during ultrasonic 

treatment may cause evaporation of the liquid of 

the GIC increasing the powder/liquid ratio which 

leads to higher mechanical properties [6].  

The method of improving GIC setting reaction 

through the supply of Ca cations using a CaCl2 

solution is based on the fact that the main setting 

reaction of GICs is the cross-linking of the 

carboxylate groups of polyalkenoic acids with 

the Al3+ and Ca2+ ions released from glass 

particles. A significant increase in surface 

hardness of various GICs has been reported when 

this method is used [16,17,24,25]. Considering 

that surface hardness of a restorative material is 

important for its wear resistance, this increase 

may improve the longevity of the restoration in 

clinical conditions. It has been found that surface 

hardness increase is significantly correlated with 

the concentration of Ca ions on the GIC’s surface 

[17], the immersion time in the CaCl2 solution 

[24] and the concentration of the solution [24]. A 

recent study [25] reported that immersion of GIC 

specimens into 10 ml of a 42.7 wt% CaCl2 

solution (saturated concentration of CaCl2 

solution at 20oC) for 60 sec increased surface 

hardness (5.3 to 7%), and decreased water 

sorption (3.3-24.4%) and solubility (2.2-33.5%).   

In conclusion, many in vitro studies have 

reported that the aforementioned clinical 

treatments during the setting of conventional 

GICs may be advantageous for the longevity of 

their restorations, attributed to the improvement 

of the physical and mechanical properties of the 

materials and the acceleration of the setting 

reaction. However, due to lack of clinical 

evidence, in vivo studies are necessary to confirm 

the significance of the laboratory results.   
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