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ABSTRACT:  

Glass ionomer cements are tooth coloured materials that bond chemically to dental hard tissues. 

It has aesthetic qualities along with specific adhesion to enamel and dentin. Incorporation of 

nanoparticles into glass powder of glass ionomers led to wider particle size distribution which 

resulted in higher mechanical values. Its bonding mechanism should be attributed to micro-

mechanical locking provided by the surface roughness. Enhancing mechanical properties adds to 

serviceability and shelf-life of restorative materials. The bioactive hydroxyapatite and 

fluorapatite were incorporated into resin composites and glass ionomers. Cumulative F-release 

decreases when the microgranular glass particles with fluoride are replaced by nanogranular 

glass particles with fluoride. It is important to  remove all the remnants of the linings of the 

pathological lesion or will be very careful in inspecting its margins after removing it. Addition 

of chlorhexidine along with nano GIC is done due to antibacterial properties. The review article 

concludes that nano-glass ionomer cement has properties that were deficient in glass ionomer 

cement.   

 

INTRODUCTION 

Dental caries provide a link or adhesive between a 

restoration and prepared tooth, bonding them together 

through some form of surface attachment (1). The 

cementing agent's primary requirement is to hold a 

restoration in place for an indefinite period of time and 

maintain a seal between restoration and tooth (2). Dental 

cements are brittle materials when hardened and are 

often formed by mixing powder and liquid together. 

They can be resin-based or acid-based cements. The 

ideal requirements of a cement that is yet to be 

discovered are not harmful to tooth or surrounding 

tissue, allows sufficient working time to place the 

restoration, fluid enough to allow complete seating of 

restoration, intact restoration (3). Glass ionomer cement 

was invented by wilson and kent in 1970 (4). They are 

water based cements known as polyalkenoate cements 

(4). Its generic name is based on the reactions between 

silicate glass and polyacrylic acid and also the formation 

arises from an acid-base reaction between the 

components (5). The extensive use of glass ionomer 

cements as a filling material in stress bearing areas is 

limited by their poor mechanical properties (6). Due to 

their ability to modify the physical properties by 

changing the powder liquid ratio or their chemical 

formulation  they could be used in a wide range of 

clinical applications (7). In the posterior dental region 

they are mostly used as a temporary filling material (8). 

Nanotechnology is manipulating matter on  molecular 

and atomic levels which has potential for enormous 

changes in the field of medicine and dentistry. The 

concept of nanotechnology was first elaborated in 1959 

by Richard feynmann. Nanomaterials are materials with 

components less than 100nm in at least one dimension 

(9). Nanotechnology has application in many fields like 

medicine, diagnostics, drug delivery, tissue engineering, 

dentistry (10). With the growing research on 

nanotechnology and its use in day to day life, a day may 

come where nanodentistry will succeed in maintaining 

perfect oral health (11). The incorporation of 

nanoparticles' average particle size of glass ionomers led 

to wider particle distribution, which resulted in higher 

mechanical values. They can occupy the empty spaces 

between glass ionomer particles and act as reinforcing 

material in composition of glass ionomer cements (12). 

The nanofiller components of nano ionomer cements 

enhance physical properties of hardened restoration 

(13). Nano light curing glass ionomer restorative blends 

nanotechnology. The most important advantages of 

glass ionomer cement is excellent aesthetics, superb 
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polish and improved wear resistance. Appropriate 

treatment can prevent long-term damage to the internal 

structures and save the teeth (14) and also the efficiency 

of the diagnostic aids plays an important role in the 

treatment plan (15).  

Glass Ionomer Cements and its types 

Glass ionomer cements are tooth coloured materials 

bound chemically to dental hard tissues (16). It prevents 

secondary caries due to its prolonged fluoride release 

(17). The important property of glass ionomer cements 

is margin adaptation and leakage. It has specific 

adhesion to enamel and dentin coupled with aesthetic 

qualities (18). Glass ionomer cements are self-hardening 

cements (19). Bacteria play a major role in the formation 

and progression of pulpal and periapical diseases so 

Glass ionomer cements are more preferred in clinical 

dentistry due to their ability to release fluoride and 

prevent secondary caries, biocompatibility, chemical 

adhesion to dentin and enamel, coefficient of thermal 

expansion is similar to that of tooth structure and 

versatility (20)(21). Glass ionomer cements 

components, when mixed together, undergo a setting 

reaction involving neutralization of the acid groups by 

the powdered solid glass base (22). Glass composition 

of glass ionomer cements contains silica, alumina, 

fluoride and liquid composition of glass ionomer 

cements contains polyacrylic acid, itaconic acid, maleic 

acid and tartaric acid. The setting time of glass ionomer 

cement is 3-5 minutes and the manipulation of glass 

ionomer cement is done using plastic spatula along with 

a paper pad (23). Powder liquid ratio is 1.5:1 and mixing 

time is 45 seconds. Types of glass ionomer cements are  

Type I- luting 

Type II- restoration 

Type III- base/ liner 

Type IV- filling pits and fissure sealants 

Type V- luting orthodontic purposes 

Type VI- core buildup purposes 

Type VII- High fluoride releasing command set 

Type VIII- ART (atraumatic restorative treatment)  

Type IX- pediatric glass ionomer cement 

The clinical indications are primary restorations, 

transition restorations, small class I restorations, 

sandwich restorations, class III and IV restorations and 

also core build up (24). Recent studies have suggested 

that incorporation of nanosized particles or clusters can 

improve the mechanical properties of dental restorative 

materials (25). In reference to (23), the results show that 

increased resistance to fracture and improved reliability 

in strength irrespective of environmental conditions. 

GIC requires a conservative preparation with a sound 

remaining dentin thickness (26). Conventional glass 

ionomer cements can be used to seal the calcified tooth 

(27). 

 

Nanotechnology  

It is defined as the science and engineering involved in 

design and synthesis characteristics and application of 

materials and devices whose smallest functional 

organization in at least one dimension is on the 

nanometer scale or one billionth of a meter (28). 

Nanotechnology gives rise to better dental materials and 

improved oral health related diagnostic materials. 

Nanotechnology has inherent excellent potential to give 

newer era materials and techniques but public 

acceptance, human safety and legal regulations must be 

adequately tackled before it flourish its advantages in 

dental care.  

 

Nano glass ionomer cements  

Nanosized particles or nanodusters improve mechanical 

properties of dental restorative material such as glass 

ionomer cements or resin composites. Production of 

nanosized particles for incorporation to glass ionomer 

cements mainly carried through nanofabrication of bulk 

materials such as apatite silicate glasses and some metal 

oxide (29). Conventional glass ionomer cements with 

nano sized glass particles decrease setting time and 

enhance the compression strength and elastic modulus 

(30). The main advantages are decreasing the setting 

time and enhanced ease of handling and manipulation. 

Enhancing mechanical properties adds to serviceability 

and shelf-life of restorative materials as they are able to 

withstand masticatory and occlusal forces more 

efficiently (31). In reference to (31), the results show 

that the introduction of nano-sized apatites, have not 

only improved the mechanical properties of 

conventional GICs, but have also enhanced fluoride 

release in vitro by increasing the crystallinity of the set 

matrix, apatite crystals can make the set cement more 

stable and improve the bond strength with tooth 

structure and increased fluoride content can reduce 

secondary caries in restorations. Powder modified glass 

ionomer cements which involves doping powder glass 

ionomer cement with nanoparticles which decreases 

setting time and enhances compression strength and 

elastic modulus (32). In reference to (32), HA/ZrO2-
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filled glass ionomer cement composites were found to 

have improved biocompatibility and bioactivity.  

 

Nanohydroxyapatite and glass ionomers cements 

Various studies have  investigated the mechanical 

character, microleakage and mineralizing potential of 

nano-hydroxyapatite (nano-HAP)-added glass ionomer 

cement (33)(34)The bioactive hydroxyapatite and 

fluorapatite was incorporated into resin composites and 

glass ionomers (35). The addition of nano-HAp (nHAp) 

and nano-FAp (nFAp) to the GIC powder resulted in 

significantly improved flexural, tensile, and 

compressive strengths of GIC. 8% nano-HAP 

incorporated into GIC as composite, and pure GIC as 

control. It was achieved that 8% nano-HAP-added GIC 

tightly fills the tooth, has mineralizing potential and can 

be used as liner or filling material for prevention.Micro-

hydroxyapatite and nano-hydroxyapatite were added to 

self cured resin modified glass ionomer cement and 

modified glass ionomer cement. The difference in 

resistance to demineralization and bonding strength was 

evaluated. RelyX is used as the base glass ionomer 

cement material and also used for control groups. The 

results indicate that nano-hydroxyapatite added to glass 

ionomer cement exhibited increased resistance to 

demineralization when compared to glass ionomer 

cement composed of macro-hydroxyapatite (36). Dental 

avulsions lead to complete displacement of the tooth 

from its socket in the alveolar bone but it could be fixed 

using nano hydroxyapatite due to its mineralization 

potential property (37) but the interaction between 

chlorhexidine (CHX) and sodium hypochlorite (NaOCl) 

yields a thick precipitate capable of occluding dentinal 

tubules (38). 

 

Antimicrobial Activity of Nano Glass Ionomer 

Cement 

In dentistry,  antimicrobial activity of a wide range of 

cements with different applications is relevant. 

Antibacterial activity of dental luting cements is a very 

important property for applying dental crowns, bridges, 

inlays, onlays, or veneers (39) because bacteria is 

present on the walls of  preparation and gain access to 

the cavity due to microleakage after cementation. 

Among the dental restorative materials, glass ionomer 

cements (GICs) are found to be cariostatic and 

antibacterial due to release of fluoride (40). In Reference 

(41), antibacterial activity of three dental cements 

modified by nanosilver was evaluated : Sealapex, RelyX 

ARC, and Vitrebond. The cement was incorporated with 

0.05mL of silver nanoparticles solution.It is imperative 

to assess the nanosilver for potential teratogenic effects 

on humans. There can be loss of tooth structure due to 

bacterial damage (42). It is important to remove all the 

remnants of the linings of the pathological lesion or will 

be very careful in inspecting its margins after removing 

it (43). Addition of chlorhexidine along with nano GIC 

may enhance the antibacterial properties (44). 

 

Powder-based nano modification of glass ionomer 

cements 

The size of glass powder is altered to change the 

mechanical and physical properties of GICs. In study, it 

demonstrated the effect of introducing nanosized glass 

powder on the setting characteristics and mechanical 

properties of GIC. Addition of nanosized 

fluoroaluminosilicate glass decreased the setting time 

and also improved the mechanical properties of the GIC. 

There are a number of procedures used to replicate the 

detrimental effect of oral environment on the restorative 

materials. It is observed that thermocycling has a more 

negative impact on the mechanical properties of 

nanomodified materials than those of conventional 

ionomers. Over the past few years there have been 

several modifications aimed to increase the mechanical, 

physical, biological, and optical properties of GICs. 

Nanomodification of GICs mainly involves the 

incorporation of nanosized fillers to the powder 

component. In a study by De Caluwe, it was observed 

that combining nano granular glass and macro granular 

glass with different compositions of glass ionomer 

cement improved the mechanical and physical 

properties of glass ionomer cement.The results showed 

that the setting time of GIC decreases when macro 

granular glass particles were replaced by nano granular 

glass particles.The compressive strength and Young’s 

modulus measured after 24hours of setting was 

increased. The effect is more pronounced when the 

nanogranular glass particles contain fluoride. After 

thermocycling, it was observed that the compressive 

strength decreased for many formulations and most of 

the effect was pronounced for cements containing 

nanogranular glass particles. Hence, the strength of the 

GIC seems mainly determined by the microgranular 

glass particles. Cumulative Fluoride release decreases 

when the microgranular glass particles with fluoride are 

replaced by nanogranular glass particles without 

fluoride (25). 
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Glass ionomer cements modified with other 

nanoparticles  

Zirconia (zirconium oxide, ZrO2) is a ceramic which 

has been used in dentistry for the production of crowns 

(45), dentures, and dental implants  (46).  A study by Gu 

(32) evaluated the effect on the mechanical properties of 

incorporating nanosized HAp and zirconia (nZrO2) to 

conventional GIC. In the study, it was observed that the 

addition of nHAp and nZrO2 at a concentration of 4% 

by volume resulted in significant improvement in the 

mechanical properties of the cement. Nevertheless, in 

the same study, when scanning electron micrographs of 

conventional set GIC and set nHAp/nZrO2- modified 

GIC were compared, more cracks were observed in the 

latter (27). This could have a detrimental effect on the 

long-term viability of these modified cements, because 

the cracks may lead to marginal failure and subsequent 

failure of the restorations. Other nanosized particles, 

such as calcium fluoride (CaF2) and titania (titanium 

oxide; TiO2), have also been used to modify GICs (47). 

Addition of CaF2 to resin-modified GICs (RMGICs) 

may prolong the longevity of these cements by 

improving the mechanical properties, but it may also 

have an adverse effect on fluoride release from the 

cement.  Although nano-TiO2 (nTiO2) has been 

observed to improve the mechanical properties and 

enhance the antibacterial attributes of GICs, more 

studies are required to determine the safety of these 

modified restorations, because titania is known to be 

cytotoxic (48). Nanoparticles of chitosan, a deacylated 

form of chitin, a polysaccharide found in shells of 

crustaceans, have been observed to improve the flexural 

strength of GICs significantly due to increased 

interaction between the chitosan chains and the GIC 

matrix 

 

Nanomodified resin-modified glass ionomer cements 

To improve the mechanical properties of GICs, they 

may be combined with a self-curing or light-activated 

resin polymer. These RMGICs are less susceptible to 

flexural fractures and expansion due to water sorption 

and have better esthetics (49). However, RMGICs still 

have some disadvantages. First, they have inferior 

mechanical properties when compared to resin 

composites (50). Moreover, they have higher creep and 

lower fluoride release when compared to conventional 

GICs. Nanoclusters of silica have been incorporated to 

powder formulation of RMGICs to improve the 

mechanical properties and fluoride release from the set 

cement (51). RMGICs are supplied with a primer which 

aids in bonding of tooth structure. RMGICs bond to the 

tooth structure through a combination of 

micromechanical interactions due to the infiltration of 

resins into the etched tooth surface and ionic bonding 

between the HAp crystals present in the tooth and the 

acids RMGICs. The nanofillers for RMGICs increase 

the infiltration of resin into the pores in the etched tooth 

surface and enhance the binding. However, studies 

indicate that there is no significant difference between 

the tensile bond strength of nanoRMGICs and 

conventional GIC (51). Abrasion produced by 

toothbrush stimulates less surface roughness on the 

surface of nano-RMGICs when compared to 

conventional RMGICs (52). 

 

Comparative studies on properties of Nano Glass 

Ionomer Cement  

Most of the restorations maintained good quality during 

the observation period, which was considered a short 

material may be used with confidence in Class V carious 

lesions. A longer evaluation period may be 

recommended to decide the use of restorative material 

safely in Class V cavities. In reference (53), Sayyedan 

proved that higher mechanical properties could be 

achieved by addition of forsterite (Mg2SiO4) 

nanoparticles to ceramic parts of GIC. In reference to 

(35), moshaverinia aimed to enhance the mechanical 

strength of glass ionomer cements, while preserving 

their unique clinical properties by characterising, 

synthesizing and incorporation into a formulation of 

Fuji II commercial GIC a N-vinylpyrrolidone (NVP) 

containing polymer, nano-hydroxy and fluorapatite 

(nano-HA and FA). The mechanical properties of the 

resulting cements were evaluated and it was shown that 

these materials are promising additives for glass-

ionomer restorative dental materials. This study showed 

that addition of NVP, nano-HA and FA into glass-

ionomer cements had the ability to enhance the 

mechanical strength compared to the unmodified 

cement. The effect of nanoparticles on mechanical 

properties of GIC was more impressive than addition of 

NVP modified polyacrylic acid to GIC. Some bioactive 

restorative material can cause postoperative sensitivity 

or pain (54–63) 

 . 

CONCLUSION 

Advances in nanotechnology are paving the future of 

healthcare management and dental restorations. 
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Therefore it can be concluded that nano glass ionomer 

cements fulfills almost all deficient properties of glass 

ionomer cement. Nano glass ionomer cement must be 

preferably used in dentistry. There are very few studies 

focusing on the nano-modification of GIC that 

concentrate on effects they have on the pulpal cells.  

Hence, more mechanical, biological studies, and 

eventually, clinical trials are needed and essential to 

ascertain the status of nano-modified GICs in clinical 

practice.  
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