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Abstract 
 

Glass ionomers have been used in dentistry since 1960s. At present, there has been a 

variation in the properties of glass ionomers and introduction of newer modifications of the 

reinforced glass ionomer cement. The present article is a narrative review which analysesthe 

earliest forms of glass ionomer cements to the most recent bioactive forms of glass ionomers. 

It explains the mechanical properties of the glass ionomers. In addition, a clinical insight to 

the use of various forms of glass ionomers have been mentioned along with an evidence-

based approach to their uses. 
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Introduction 

 

Dentistry involves the use of materials which should act as a replacement of the damaged 

tooth structure. The ideal requirements of a material to be used as a restorative material is that 

it should be passive, stable, should not have undue interaction with the surrounding 

environment of the oral cavity, should have good compressive and tensile strength to resist 

the occlusal masticatory forces and should mimic the properties of dentinal structures as close 

as possible(Rekow et al. 2013). However, more favourable properties like bonding to the 

tooth structure, releasing bioactive components have shown benefits as compared to passive 

restorative materials(Darvell & Smith 2022; Chandra 2018). Glass ionomer cements are one 

such material used in dentistry which shows properties of a smart material. 

 

The smart properties of glass ionomer restorative cements were first studied by Davidson 

(McCABE et al. 2009). These materials are known to show bonding to the dentin creating a 

chemical bond to the tooth structure rather than mechanical bond like composite and silver 

amalgam restoration (Almubarak 2016). However, this material lacks the compressive and 

tensile strength of other restorative materials (Almubarak 2016). Currently , various 

modifications of this material have been done to improve the mechanical properties of glass 

ionomer materials (Yli-Urpo et al. 2005; Sidhu & Watson 1995; Geurtsen et al. 1999). 

 

The present study is a narrative review of the composition and setting reaction of glass 

ionomer cement material and also highlights various modifications and its application in 

clinical dentistry.  

 

Composition of Glass Ionomer cement 

 

The earliest form of glass ionomer cement was introduced in late 1960 by Wilson and his 

colleagues as aluminosilicate polyacrylic cements. These cements have high aluminium to 

silica ratio in their powder composition as compared to the traditional silicate cements. These 

cements also used polyacrylic acid which is known to be weaker acid as compared to the 

phosphoric acid used in silicate cements (Cattani-Lorente et al. 1993). Later on, with further 
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modifications Wilson and Kent introduced a calcium aluminosilicate glass system which 

consists of calcium oxide in addition to the alumina, silica and fluoride ions. At present glass 

ionomer cements contain silicon dioxide, aluminium oxide, aluminium fluoride, calcium 

fluoride, sodium fluoride and calcium phosphate. Later on, calcium was replaced by 

strontium to improve the radio-opacity of the glass ionomer cements (Kantrong et al. 2021) 

 

The earliest form of liquid used for glass ionomer cement was a homopolymer which was 

50% polyacrylic acid alone. However, this underwent a gelation reaction due to the hydrogen 

bond present (Matsuya et al. 1996). With the aim to eliminate the gelation reaction, 

introduction of copolymer was done. Hence, the composition of the liquid used for glass 

ionomer cement involves a copolymer of maleic acid and acrylic acid. After the introduction 

of the copolymer, a positive isomer of tartaric acid was introduced to improve the 

manipulation properties of cement and its setting time (Smith 1990).  

Various generations of glass ionomer cements have been introduced. The first generation of 

glass ionomer cement involves a low reactivity between the aluminosilicate glass and 

polyacrylic acid (Nagaraja Upadhya & Kishore 2005). These cements had a very low 

reactivity and showed long setting time and decreased translucency. Hence, tartaric acid was 

introduced to fasten the setting reaction. The second-generation glass ionomer cement is the 

water hardening glass ionomer cement. These glass ionomers have polyacid incorporated into 

the powder. The setting reaction of these glass ionomers occurs by the aqueous solution of 

tartaric acid or water. By this technique, there is an increase in the shelf life by preventing 

gelation. In addition, there is a decrease in the viscosity during mixing and an increased 

strength. Further improvement in the composition of glass ionomer cement was done by 

introducing reinforced glass ionomer cements. The main aim to reinforce glass ionomer 

cement was to increase the strength (Hernandez 2004). Listed below are the reinforced glass 

ionomer cements: 

1. Use of dispersed phases of alumina, titanium oxide and zirconium oxide. 

2. Fiber-reinforced glasses: This involves incorporation of alumina fibers or glass fibers, 

silica fibers, carbon fibers. This increases flexural strength (Oznurhan & Ozturk 

2020). 

3.  Glasses in the powder reinforced with metals: Mixing with amalgam powder, 

referred to as Miracle Mix. The amalgam can be either milled together or introduced 

at the time of manipulation. Another form includes sintering the metal with the 

glasses which is known as Cerment. Cement increases the bond between the metal 

and the glass powder (Gu et al. 2005). 

4. High viscosity glass ionomer cement: These materials can be used in atraumatic 

restorative treatment (ART) technique. These are known to have a higher flexural 

strength and translucency. Additionally, it involves additional calcium and phosphate 

ions which leach into the tooth surface (Poornima et al. 2019).  

5. Resin-modified glass-ionomers : These involve introduction of methacrylate of the 

polyacid molecule. These have a command sent using light cure in addition to the 

traditional acid base reaction. Bisphenol A-Glycidyl Di methacrylate or urethane Di 

methacrylate was introduced along with the acidic monomers. These materials are 

known to show increased translucency and wear resistance (Sidhu & Watson 1995).  

6. Amino acid-modified glass-ionomers (Karkera et al. 2016) 

 

Setting Reaction of Glass ionomer cement 

The glass ionomer cement is set by an acid base reaction. It takes 2-3 minutes for the 

completion of the initial setting reaction  (Zainuddin et al. 2009) 
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The setting reaction is completed in 4 stages: 

Stage 1: Decomposition of the powder: The surfaces of glass particles in the powder react 

with the acid. This leads to the release of metallic cations into the solution and the formation 

of a silicate gel layer on the surface of the particles. 

Stage 2: Gelation: There is an increase in the concentration of positively charged ions which 

causes a rise in the pH value of the aqueous phase. This results in a greater ionization 

potential of carboxylic acid. The gel structure is formed through cross-linkage and formation 

of hydrogen bonds. This process initiates with an increase in ionization that leads to the 

carboxylate groups of polymer chains to become charged which repel each other, uncoils and 

gets converted into a more linear configuration. This progression of the reaction of positively 

charged metals with carboxylate groups results in an increase in viscosity. The diffusion of 

the cationic ions exerts the main effect on the gelation reaction of the cement. 

Stage 3: Hardening: This occurs due to cross-links in the polymer chains as a result of release 

of metallic cations. The final resultant material obtained consists of un-reacted glass particles 

surrounded by the polysalt matrix containing cross-links. 

Stage 4: Maturation: The acid base reaction continues after setting. Hence, there is an 

increase in the bond strength (inter-molecular forces). The full compressive strength is 

achieved after 24 h, however there is an increase in bond strength and increase in Young’s 

modulus for a few months as a result of continuous ion exchange reaction (Walls et al. 1988). 

Water is known to play a significant role which increases the translucency of glass ionomer 

cements. There is an increase in the proportion of the tightly bound water over a period of 1 

month. This leads to strong hydration of the polyanion molecule. In case of the loss of 

unbound water leads to chalky appearance of the glass ionomer and decrease in the strength. 

The preservation of the strength can be achieved by placement of a coating over the 

restoration to prevent water loss (Cattani-Lorente et al. 1994).  

 

Physical and Mechanical properties of Glass ionomer cement 

 

The glass ionomer cement has its mechanical properties largely influenced by the powder 

liquid ratio, the particle size of the glass in the powder and the concentration of polyacid(Hill 

1991). Under ISO standards the glass ionomer cement prepared should have a compressive 

strength of 100 MPa for restorative material and 70MPa for luting materials(Centre & 

International Trade Centre 2010). In Addition to the compressive strength which is lower 

than that of the composites and amalgam restoration, the glass ionomer cement has a biaxial 

flexural strength which mimics dentin-like characteristics(Mount et al. 1996). The glass 

ionomer shows a variable tensile strength in the enamel and dentin. It is known to have a 

tensile strength of 2.6-9.6MPa in the enamel and 1.1 to 4.1 MPa in the dentin(Forsten et al. 

1994).  

 

Glass ionomer cements are bioactive cements which release fluoride. They show an initial 

rapid release of fluoride ions followed by a sustained release(Forsten 1977). Glass ionomer 

can also be recharged with fluoride ions by topical application of fluoride and acts as fluoride 

reservoir(El-Safty et al. 2021). 

 

Glass ionomer also shows adhesion to the tooth surface. The glass ionomers are hydrophilic 

in nature like the tooth surface. The adhesion takes place by the formation of hydrogen bonds 

between the carboxylate ions and the bound water from the tooth surface(Cook et al. 2015). 

After the maturation of the restoration, these initial hydrogen bonds formed are replaced by 

ionic bonds between the cations in the tooth structure and anionic elements in the glass 

ionomer cement. In addition to the chemical bonding the use of polyacrylic acid also provides 
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micromechanical bonding by the self-etching action on the tooth surface(Kantrong et al. 

2021).  

 

Newer advances of glass ionomer cements are developed with addition of bioactive elements 

like hydroxyapatite crystals and calcium and phosphate ions. Studies have shown a 

remineralization action of the bioactive material in the dentin (Yli-Urpo et al. 2005; Nanavati 

et al. 2021). A decrease in the pH leads to the release of the calcium and phosphate into the 

saliva therapy increasing the pH and initiating a remineralization action.(Yli-Urpo et al. 

2005) 

 

Clinical application of Glass ionomer cement  

Clinically glass ionomer cements are used as leuting agents, restorative material, lining or 

base materials, pit and fissure sealants, core build up material and bonding of orthodontic 

brackets(Knibbs 1988). It is the material of choice for Atraumatic Restorative Treatment 

since its bonds to the tooth and shows remineralization potential of early enamel lesion. 

Atraumatic Restorative Treatment requires use of hand instruments and placement of a 

material which promotes remineralization(Rahmatulla & Frencken 2000; Anon 2000). A 

systematic review by Maia et al shows greater survival of glass ionomer in atraumatic 

restorative treatment in elderly patients (Maia et al. 2021)  

 

For leuting agents, the manipulation of glass ionomers requires low power liquid content like 

1.5:1 to 3.8:1. For increased strength, the powder liquid content used for restoration can be 

from 3:1 to 6.8:1(Klockowski 1988). Some glass ionomer cements are used specially for 

geriatric and paediatric use, hence exhibit fast setting properties. The powder liquid 

composition for these glass ionomers varies from 3:1 to 4:1(Panpisut et al. 2020; Aratani et 

al. 2005). Glass ionomers can also be used along with composite resin in sandwich technique. 

Here the glass ionomers are used as a liner or a base to mimic the dentinal structure of the 

tooth and composite resin above the base for better aesthetics and compressive strength(Taha 

et al. 2012). For liners the powder liquid ratio of 1.5:1 is used and for base a ratio of 3:1 to 

6.8:1 can give good manipulation and strength to the resultant use(Sidhu 1992). Glass 

ionomers are used as fissure sealants since they show bonding to the enamel and dentin 

surface. The High viscosity glass ionomer cement when used as a sealant leach out calcium 

and phosphate minerals into the enamel surface. Even when the sealants show an initial wear, 

since they bond to the tooth, they will always be present in the deepest layers(Anon 2015). 

This is shown in studies which show its higher clinical performance and mechanical 

properties  as compared to glass ionomer cement (Ali et al. 2019; Poornima et al. 2019; 

Shagale et al. 2020).  

 

Recent modification of glass ionomers with resin, have increased the physical properties of 

the restoration and promoted command set. Study by Butterfloss has shown that Resin 

Modified glass ionomers show decreased decalcification when used in orthodontic 

attachment as compared to composite resin (Butterfoss n.d.; Kumar et al. 2020; Moosa 

2012).  

 

Conclusion 

Glass ionomers have shown mimicking properties to the dentin and have shown a wide 

variety of application in dentistry. Future studies with various modification of glass ionomer 

cement would be beneficial for its improved mechanical and aesthetic properties and further 

expand the spectrum of its use in dentistry 
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