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Abstract
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Glass ionomer cements are considered a successful material for restoring primary teeth, their ease of handling, biocompatibility, 
ability to adhere to tooth structure, and most impotently the release and of fluoride make them very attractive materials for use in 
the pediatric population. Several modifications of glass ionomer cements have been introduced for clinical use, some were more suc-
cessful than others, with the most recent addition, the hydroxyapatite enhanced glass ionomer cement. 

Aim: To discuss the composition, properties, types and recent developments of glass ionomer restorative materials focusing on their 
use in restoring primary molars. 

Methods: The data were obtained through searching multiple electronic databases including “PubMed”, “EBSCO”, “Science Direct” 
and “Google Scholar” for English-language publications between the years 1990-2018 using a combination of keywords such as glass 
ionomer, GIC, primary molars, fluoride release. Abstracts and full texts were utilized to identify the most relevant studies. 

Results: A total of two hundred and twenty-nine articles were reviewed along with multiple references obtained from review ar-
ticles. From those one hundred and twenty were found to be the most relevant and were used for this review.

Conclusion: Glass ionomer is a very versatile material and has boundless potential in pediatric dentistry, it is bioactive because of 
the ion exchange that occurs after the material sets and allows for adhesion to tooth structure and for fluoride release. Poor mechani-
cal properties were the main weakness of this material, however modifications including resin modified glass ionomers proved to 
be successful for restoring primary molars. The glass carbomer cement, another modification of glass ionomer cements still needs 
to be studied furthermore. 

Abbreviations
GIC: Glass Ionomer Cement; GCC: Glass Carbomer Cement; RMGIC: Resin Modified Glass Ionomer Cement; HEMA: 2-Hydroxyethyl Meth-
acrylate; HA: Hydroxyapatite; ART: Atraumatic Restorative Treatment; ITR: Interim Therapeutic Restoration; LED: Light Emitting Device

Introduction 

With the high demand for esthetics, composites resin restorations became the commonly used materials for restoring carious molars, 
and their long-term success has been improving over the years [1]. However, the demands of primary teeth with regards to the most ap-
propriate restorative material differ from those of permanent teeth. Primary teeth have a short life span; but they contribute a major role 
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in the development of permanent dentition. Primary teeth play an important role in guiding and aligning erupting permanent dentition, 
which is crucial for the development of speech in a growing child [2]. Premature loss of primary teeth is related to the development of 
malocclusion in permanent dentition [3] and may be associated with the development of particular harmful oral habits, speech and chew-
ing problems, and abnormal swallowing [4].

It is commonly known among dentists and dental researches that secondary caries development is a problem that is more frequently 
associated with composite resin restorations than with other restorative materials [5]. In a systematic review, [6] it was found that sec-
ondary caries were associated with the composite restorative material itself, similarly, several studies observed significantly more caries 
with composite resin than with amalgam [5]. However, it was also concluded that the type and the location of the composite restoration is 
also a determining factor for the development of recurrent caries. Composite resin restorations appear to favor the growth of cariogenic 
bacteria on their surfaces, which has been associated with specific surface properties, release of unpolymerized monomers and biodegra-
dation products and the lack of antibacterial properties [6].

Successful restoration of cavities in primary molars can be considered challenging. It is different from restoring cavities in permanent 
molars because factors such as the level of cooperation of the child and the handling properties and setting time of the restorative material 
will have some influence on the success rate of the restoration [7]. Composite resin restorations are technique sensitive and their success 
depends greatly on the skill level of the operator [8]. In addition, for good adhesion to occur, contamination of the cavity by saliva or blood 
must be completely avoided, which may not always be easy to achieve in the clinical setting [6].

Glass ionomer cement (GIC) has been suggested as a suitable material for the restoration of primary teeth [9]. It was first introduced 
in the early 1970s [10] and has been available for over 47 years now. The material exhibited many attractive features, including adhesion 
to tooth structure allowing for minimal removal of sound tooth structure, fluoride release providing cariostatic action and biocompat-
ibility [11].

The aim of this review is to discuss the, properties, types and recent developments of glass ionomer materials, focusing on their use as 
a restorative material for primary molars. 

Materials and Methods

A literature search was performed using electronic databases “PubMed”, “EBSCO”, “Science Direct” and “Google Scholar” for relevant 
studies written in English and published between the years 1990-2018. Full text articles and abstracts were utilized to isolate studies that 
provide information on the composition, properties and modifications of glass ionomer materials, and on the setting reaction, application 
technique, and clinical success of conventional GIC, resin modified glass ionomer cement (RMGIC), hydroxyapatite enhanced glass iono-
mer cement and finally the resin-based materials with glass ionomer particles. Both clinical trials and in-vitro studies were used. 

Results and Discussion

A total of two hundred and twenty-nine articles were reviewed along with multiple references obtained from review articles. From 
those one hundred and twenty were found to be the most relevant and were used for this review.

Composition of Glass Ionomers

Glass ionomer materials are basically composed of aqueous polymeric acids and fluoride containing silicate glass particles. The two 
are mixed together either manually, or if supplied in a capsule then they are mixed using an automated mixer to produce a viscous paste 
[12].
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The Polymeric acid used in GIC is polyalkenoic acid, either the homopolymer (polyacrylic acid), or the copolymer of acrylic acid and 
maleic acid. The type of polymer used influences the properties of the produced cements by affecting the molecular weight. High molecu-
lar weight polymers increase the cement’s strength, but on the other hand, they increase its viscosity making the cement hard to mix [12].

The glass particles in the GIC are mainly calcium or strontium alumino-fluoro-slicate powder [13]. This powder must be basic in 
nature, so it can react with the polymeric acid to form a salt. This is established by using both alumina and silica in the preparation [12]. 
Calcium and strontium can substitute each other in the preparation of the glass particles, replacing calcium with strontium has the effect 
of increasing the radiopacity of GIC without negatively altering the cement appearance [12,13].

General Characteristics of Glass Ionomers

Glass ionomers are known to have a number of potential advantages over other restorative materials including fluoride release, chemi-
cal bonding to tooth structure and biocompatibility [14]. In addition, GIC have low setting exotherm which makes them safe for placement 
near the pulp tissue without worrying about thermal damage [15].

Adhesion to Tooth Structure

The ability of glass ionomer to adhere to tooth structure is a great clinical advantage as it allows for better retention, and minimizes 
microleakage [12].

The principle behind the adhesion of GIC to dentin is explained by two inter-related mechanisms. The first one relies on forming a hy-
brid layer (micromechanical interlocking) where the polyalkenoic acid component of the GIC acts on exposing the collagen fibers present 
in dentin allowing the ionomeric components of the cement to diffuse into the collagen matrix and create micromechanical bonds [16].

In clinical practice, the application of a conditioning solution (37% aqueous polyacrylic acid for 10 - 20 seconds) followed by rinsing 
on freshly cut tooth surface allows for removal of the smear layer, helps in opening the dentinal tubules, and partially demineralizes the 
tooth surface leading to an increase in the surface area available for micromechanical interlocking [16].

The other principle, the true chemical bonding is based on the ionic bonds that form between the carboxyl groups of the polyalkenoic 
acid and the calcium ions of the hydroxyapatite (HA) crystals that are bonded to the collage fibers [17]. Overtime, an ion-exchange layer 
is formed between the GIC and the tooth structure as ions continue to diffuse in the interface zone, this allows the material to adhere 
strongly to the tooth structure [18].

Fluoride Release and Recharge

The release of fluoride is considered one of the most important assets of these materials [19]. Fluoride released from glass ionomer 
materials increases in acidic conditions and helps buffering the acidity by raising the pH level of the oral environment [20]. This property 
allows glass ionomer restorations to promote remineralization of dental surfaces adjacent to them by inhibiting acid induced demineral-
ization of those dental tissue surfaces [21].

It has been proposed in the literature that fluoride release in glass ionomers happens through two main mechanisms, the first is a 
quick, short-term reaction that occurs during the first 24 hours after restoration placement and comprises dissolution of fluoride ions 
from the glass particles at the surface of the restorative material when the setting reaction takes place [22]. In one study, it was shown that 
the greatest amount of fluoride release occurred especially during the first 4 hours after restoration placement [23].

The second mechanism involves a more gradual, sustained, long-term release of fluoride ions from the bulk of the restoration that oc-
curs when the glass particles dissolve in the acid water of the hydrogel matrix [24]. Long-term fluoride release from GICs has been shown 
to extend from several months to over 3 years in in-vitro studies [25,26].
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The cariostatic action of GICs is dependent mainly on its ability to release fluoride ions during and after the setting reaction. However, 
the amount of fluoride ions released will decrease overtime. That is when “recharging” the restorative material with fluoride becomes 
beneficial. The ability of the restorative material to act as a fluoride reservoir depends on its permeability, a permeable material allows 
for deep absorption of the ions into the bulk of the material, while a relatively impermeable material will only allow absorption of fluoride 
ions into the proximate subsurface [27].

The differences in the capabilities of restorative materials to absorb and release fluoride were demonstrated in Preston., et al.s’ study 
[28] . Glass ionomer restorative materials, resin modified glass ionomer materials, compomers and composites were charged with a so-
dium fluoride solution containing 500 ppm fluoride ions 13 times over a period of 2 years. At the end of that period, glass ionomer-based 
materials showed a significantly better potential to release fluoride, followed by compomers indicating their ability to recharge them-
selves with fluoride while composites’ ability to recharge was almost negligible. Furthermore, studies have shown that daily brushing 
with a fluoridated toothpaste showed significant recharge-ability in glass ionomers [29].

On the other hand, it has been shown that aged glass ionomer restorations tend to lose their ability to recharge [30]. In one study [31] 
they found that 1 month old glass ionomer restorations showed minimum to no recharge of fluoride suggesting that these materials may 
be less effective at undergoing fluoride recharge than has been previously assumed. 

Antibacterial Effect

GICs are also known to have antibacterial effects. Studies have reported that the populations of mutans streptococci found on the 
surfaces of glass ionomer restorations were lower than the one found on composite resin restorations [32,33]. Studies have also shown 
that the drop in pH after sucrose fermentation by mutans streptococci layered on a surface of a GIC disk was less than that on a surface 
of a composite resin disc [34] suggesting that glass ionomers have the ability to inhibit acid production by mutans streptococci leading 
to a decrease in their population [35].

In a more recent in-vitro study, new insight was provided that supports the antibacterial effect of GIC and its effect on the bacterial 
acid production, extracellular polysaccharides formation and the accumulation of cariogenic bacteria. It was also concluded that this anti-
cariogenic action is strongly correlated with the fluoride release that occurs during the second slow phase [36].

Several glass ionomer-based products were developed for clinical use, each with their own special properties and advantages. Modifi-
cations were done to either enhance good qualities or to strengthen physical weaknesses. In addition, resin-based materials were modi-
fied by the incorporation of the glass ionomer part.

Conventional GIC

Starting with the initial product, the first generation of GIC produced in 1972 was called Alumino – Silicate Polyacrylic acid (ASPA-I). 
This product displayed very poor setting and was followed by the ASPA-II where tartaric acid was added to the mix to enhance the setting 
reaction. ASPA-III came next but was discontinued because it stained the mouth, and ASPA-IV was the first product that could be commer-
cially marketed [37]. These products were supplied as glass powder and polyacrylic acid liquid, as a result, any increase in the molecular 
weight or concentration of the acid leads to increase in the viscosity of the liquid, making the cement more difficult to manipulate [37].

The second generation GIC, also called “water-hardening GIC” has water as the liquid component of the cement, and the polyacrylic 
acid is used in its solid form and mixed with the glass powder [38]. The main advantage of this modification is the ability to increase the 
molecular weight of the acid without altering the viscosity of the cement [37].
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Setting Reaction

Conventional GIC sets by an acid-base reaction during which a number of ionic elements are released from the glass particles including 
fluoride ions [22]. Tartaric acid is added to the mix to delay the setting reaction, increase the working time, and improve manipulation of 
the cement [37].

Restoration Technique

Conventional GIC is supplied either in 2 bottles that contain the polyalkenoic acid in one and the glass powder in the other, where the 
acid and power are mixed manually on a mixing pad. Or it can be supplied in capsules where it can be mixed using an automated mixer 
and then activated and applied using a specially designed applicator gun. 

Prior to restoration placement, the tooth surface should be treated with a conditioning solution (37% aqueous polyacrylic acid) for 
10 - 20 seconds followed by rinsing to remove the smear layer. Then the material is applied and molded and left to set. A light-cured var-
nish is available for coating the restoration and limiting the water movement across its surface. It also helps with the color stability of the 
restoration [39].

Clinical Success

For the restoration or primary molars, based on strong evidence, conventional GIC was not recommended for restoring class II cavities 
[40,41]. It was found to have poor anatomical form and marginal integrity [42,43].

In a clinical study [44] comparing the performance of GIC with amalgam, a total of 1058 restorations were placed in different types of 
cavity preparations. The 36-month follow up results for the class II cavities demonstrated a significantly higher failure rate (p < 0.001) 
in the GIC group (22%), and tooth or restoration fracture was the most common cause for failure (26%). The 96-month follow up results 
[45] showed an increase in the failure rate of GIC restorations from 22% to 46%.

Modifications

In the process of enhancing the mechanical and physical properties of GIC, several modifications have been introduced in the clinical 
field. 

The addition of metal powder or fibers to the GIC mix can improve its strength [37]. It was suggested that these materials can be used 
instead of amalgam restorations in primary molars [46]. However, it was found that this cement did not possess adequate compressive 
and flexural strength [47,48]. In one study, silver reinforced GIC, performed significantly worse than conventional GIC and it was not rec-
ommended for restoring primary molars [49]. In addition, the unpleasant metallic color of the material did not make it desirable when 
other esthetic alternatives were available. 

ART and ITR are both treatment options that share the same technique, however, the goal of the treatment differs. The concept is 
based on minimizing the intervention and maximizing the prevention and preservation of tooth structure [53]. Initially, it was performed 
using conventional GIC and a hand instrument to remove the carious tooth structure. Nowadays, highly refined, sharp hand instruments 
are used to allow simultaneous caries removal and cavity preparation [54,55] accompanied by high viscosity GIC with better physical 
properties [56].

Interim therapeutic restorations (ITR)are used in very young uncooperative patients [57], or patients with special health care needs 
where the more technique sensitive options cannot be performed [58]. Moreover, they are very useful for caries control in children with 
multiple open carious lesions before definitive restoration placement [59].

Highly viscous glass ionomer cement can be considered an upgrade to the conventional GIC. The high viscosity GIC is especially useful 
when atraumatic restorative treatment (ART) or Interim therapeutic restoration (ITR) are considered. Several studies have shown a sur-
vival rate that is comparable to conventional restorative treatment when high viscosity GIC is used for ART/ITR in single surface cavities 
[50,51]. The setting reaction of high viscosity GIC is rapid and depends only on the acid-base reaction, it is more moisture tolerant and its 
solubility in the oral fluids is low [37]. In one study, the clinical performance and survival of a high viscosity GIC was found to be satisfac-
tory after 2 years of placement in small-medium sized cavities in primary teeth [52].
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There is strong evidence supporting the use of the atraumatic restorative treatment (ART) technique in restoring single surface lesions 
in primary and permanent dentitions [50]. There is evidence as well that ART provides similar survival rates as conventional restorative 
treatments and is a viable option for restoring inter-proximal lesions in the primary dentition [60].

In one study [51], cavitated primary molars were restored using one of the following treatment protocols: conventional restoration 
with amalgam; ART using high viscosity GIC; and an ultra-conservative method consisting of ART for small dentine lesions, and enlarging 
the cavity to facilitate plaque removal with a toothbrush and fluoridated toothpaste for larger lesions. The results indicated that after 3.5 
years, no significant difference in the survival rate of restorations was observed between the 3 different treatment protocols, it was also 
found that the survival rate for molars with single-surface cavities was higher than molars with multiple-surface cavities. 

Resin Modified Glass Ionomer Cement

To overcome the disadvantages and problems related to conventional GIC, resin-modified glass ionomer cement (RMGIC) was devel-
oped. These restorative materials have shown better wear resistance and higher fracture toughness than conventional GIC [61].

Composition and Setting Reaction

RMGIC is essentially composed of the same components found in conventional GIC, but it also includes a monomer component 2-Hy-
droxyethyl methacrylate (HEMA) and an initiator (camphorquinone) [12].

RMGIC sets by two different mechanisms. Initially it sets through polymerization of resin thus improving the setting time without 
compromising the handling properties, followed by additional hardening through the acid–base reaction [11]. Furthermore, most of 
these materials have the “auto cure or dark cure” property which allows it to achieve complete setting even in areas where the light has 
not reached [62].

Properties

Fluoride release, and simple clinical handling characteristics of the RMGIC are the main reasons for making it a successful restorative 
material for use in children [56].

The ability of the material to adhere to tooth structure, and to release fluoride were not altered by the addition of the resin component 
and are similar to those of conventional GIC [12]. One of the most clinically useful properties of RMGICs is that they are not hydrophobic 
and sensitive to moisture as composite resin. Visible moisture may cause failure of the restorations, however, the smaller amounts of 
moisture that are not visible during the procedure that are tolerated by the material [56].

Of all the modifications and alterations done to improve the properties of GIC, RMGIC was the most promising. However, despite the 
fact that RMGIC clinically performs better than GIC, it remains important to remember that RMGIC contains HEMA and other cytotoxic 
components rendering it a less biocompatible than regular GIC [35].

Restoration Technique

Similar to that of conventional GIC, however, the material is cured using a light curing device to allow for the setting reaction to take 
place. A study has shown that conditioning the cavity prior to the application of the RMGIC restoration improved the success rate of the 
restoration [40].

Clinical Success

In the literature, there is evidence that RMGIC is successful in restoring small to moderate class II cavities in primary teeth [40]. Among 
the studies that were considered in a systematic review [40], only two studies were ranked as high-level evidence in relation to the rest 
[11,63]. The first one was a randomized clinical trial that included 115 primary molars with class II lesions. They were randomly assigned 



650

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

In a clinical trial comparing the success of GIC with RMGIC [64], the 96-month follow up results showed that 46% of GIC and 36% 
of RMGIC class II restorations failed, and fracture and loss of retention were the main causes of this failure. When calculating the 50% 
survival time of the two types of restorations placed, it was 55 months for RMGIC and 48 months for GIC and this was found to be statisti-
cally significant (p < 0.01). It was concluded from this trial that RMGIC can be recommended for use in primary teeth with class II cavities, 
however GIC showed better longevity as class III and class V restorations [64].

Hydroxyapatite Enhanced GIC

The ideal restorative material would be one that can be replaced naturally after placement by healthy tooth structure [65]. Attempts 
have been made to achieve that goal, and the addition of HA particles to the biocompatible GIC is one of them [66]. This started as early 
as the 1980s with Yamamoto [67] and since then several studies targeted the assessment of the effect of adding HA to conventional GIC 
restorative materials. [68-71].

Composition and Setting Reaction

Hydroxyapatite crystals Ca10(PO4)6OH2 are similar in structure to the apatite crystals that are found in the human bones and are great-
ly biocompatible with the human tissues. They are composed of a form of calcium phosphate that constitutes the main mineral component 
of tooth enamel and comprises more than 60% of dentin by weight [72]. When HA is added to GIC, the crystals interact with carboxylate 
groups of the polyacid. This leads to an improvement in the biocompatibility of GIC and potentially the enhancement of the mechanical 
properties of this material. Furthermore, this interaction renders the material with a structure that is similar to enamel and dentin, which 
can potentially result in an increase in the restoration’s bond strength to the tooth structure [72].

Studies have shown that the addition of the HA particles to the glass ionomer powder has the ability to increase the fracture toughness 
of the cement [70,71] and improve its flexural strength and microstructural properties [73].

to either GIC or RMGIC. The results showed that RMGIC performed significantly better at the 36-months follow up (p < 0.05) than GIC 
and that the risk of failure of GIC restorations was 5 times higher. It was also noted that the main reasons for failure for both types of re-
storative materials were loss of retention and secondary caries [11]. The second study was conducted in a private practice in Greece and 
included 41 pairs of primary molars with class II lesions. They found that after 24 months, the reported failure rate of RMGIC restorations 
was 2.4%, but the dropout percentage was considerably high (56%) which might have influenced the results [63].

Moreover, other studies mentioned that the incorporation of HA did not affect the sustained release of fluoride from the restorative 
material and that it helped in maintaining the long-term bond strength to dentin, and that GICs containing 4% by weight of HA particles 
exhibited enhanced mechanical properties in comparison with commercial GIC [69,74].

The release and re-chargeability of fluoride from GIC is not affected by the incorporation of HA particles [70,75]. In one study, it was 
shown that HA enhanced GIC acted similarly to conventional GIC in the manner of fluoride release showing initial burst of fluoride con-
centration following recharge and continued to increase until the third day. After which decline was seen up till the seventh day and finally 
reaching a plateau extending up to the 21st day [75].

Glass carbomer cement (GCC) is a commercially available HA enhanced GIC. It is a monomer-free, carbomised nano-glass restorative 
material developed from traditional GIC. In addition to the fluor-aluminium silicate glass particles the GCC contains nano-sized particles 
of HA and fluorapatite as secondary fillers [76]. The reactive glass is activated with dialkyl siloxane as described in the European Patent, 
number 20040748628 and the liquid part of the cement is polyacrylic acid [77].
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Fluorapatite is added to the GCC to accelerate the remineralization process. It is a more stable form of HA, which is normally found in 
mineralized tissues. The use of nano-technology greatly increases the reactive surface of the filling material and reduces the amount of 
matrix between the glass particles providing better physical properties [66]. In A previous research, The chemical transformation of the 
GCC material into fluorapatite-like material in primary teeth was established after dwelling for 2 - 3 years in vivo [78].

Restoration Technique

No conditioning of the cavity is required prior to placement of the restoration. The GCC restorative material is supplied in premea-
sured capsules that are mixed using a high frequency automated mixer. It is cured through exactly targeted heat. A lamp has been specially 
developed for this purpose by the producing company and is an integral part of the glass carbomer technology. The thermo-cure lamp is 
a high-energy lamp that produces heat up to 60°C and operates on wavelengths higher than those produced by regular light cure devices 
(>1200 mW/cm2).

The material is also supplied with an organic, biocompatible surface varnish that is carbon-silicone based and is said to help in produc-
ing a superior restorative material. It adds to the transparency of the material which is essential for optimum heat-based setting allowing 
the deeper penetration of the radiating heat [66]. It acts as protector from moisture and saliva contamination during the initial setting 
phase and from dehydration later on [79]. It also renders the material more insoluble and less susceptible to dissolution by acids [66].

Clinical Success

The GCC is available as a restorative material and a pit and fissure sealant material. There were very few clinical trials conducted using 
this material, and the ones found were limited to the use of the fissure sealant product rather than the restorative material [76,80-82]. In 
two studies [80,81], the caries preventive effect and retention of different types of sealants: GIC, GCC, and composite resin was evaluated. 
The results showed that after two years, significantly more carious pits and fissures were observed with GCC sealants, and the retention 
of the GCC sealant in occlusal and smooth surface fissures was found to be significantly lower than the other groups. 

On the other hand, in another clinical study [76] the retention of the GCC sealant was compared with a commonly used, fluoride 
releasing resin-based sealant (Helioseal F, Ivoclar Vivadent). The 12-month results showed complete retention in 75% of the GCC and 
composite sealants and no statistically significant difference (p < 0.05) between the two materials regarding the retention rate was found. 
Additionally, no significant difference in secondary caries development was found between the two materials as well. Similarly, in a more 
recent study [82] the retention and caries inhibitory effect of GCC sealants were not significantly different from Embrace Wet Bond (a 
resin based, fluoride releasing sealant) after two years of follow up. 

Due to the contradicting findings of the previous studies, it can be concluded that further clinical investigations are required before the 
long-term success of the GCC material can be determined.

Resin Based Materials with Glass Ionomer Particles (Compomers and Giomers)

These materials were developed to help overcome the moisture sensitivity and poor mechanical performance of conventional GIC, 
while retaining the fluoride release ability that characterizes the GIC. They provide esthetics and mechanical properties that are compa-
rable to composite resin restorations [22].

Composition and Setting Reaction

Compomers, also known as “polyacid-modified composites”, are composed of ion leaching glass (calcium fluoro-alumino silicate glass), 
embedded in a polymer matrix. They set by polymerization of the monomers which is a light activated reaction. A limited acid-base reac-
tion takes place later when the material is able to absorb water [83].
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Giomers include pre-reacted glass-ionomers to form a stable phase of glass-ionomer fillers in the restoration. They differ from com-
pomers in the fact that the fluoro-alumino-silicate glass particles reacted with polyacrylic acid in the presence of water before they were 
embedded into the resin matrix [22]. Because of this, pre-reacted fillers allow for increased fluoride release [84].

Restoration Technique

These materials are like composites do not require mixing prior to application and can be dispensed immediately into the cavity. The 
application of a compomer restoration requires less steps than a composite resin restoration since no etching is required [83,85]. How-
ever, both materials are light activated and do not adhere to the tooth structure, thus, as with composites, they both require the use of 
an adhesive system [86] which would necessitate some compliance from the patient [87]. Due to the nature of the setting reaction, these 
materials are subjected to polymerization shrinkage, so incremental application is recommended [83].

Clinical Success

Several studies demonstrated a clinical success of compomers that is similar to composite resin when used for restoring primary teeth 
[88,89]. When compared to GIC and RMGIC in restoring primary teeth, compomers showed better physical properties and similar cari-
ostatic effect [45,90].

Regarding giomers, when comparing their clinical success in permanent dentition, they were found to maintain good quality for a pe-
riod of eight years [91]. When used for restoring class II cavities in primary molars, giomers had the longest survival rate when compared 
with RMGIC, compomer and composite resin [92]. Another study also found that up to two years, giomers were useful for esthetically 
restoring primary and permanent molars [93].

Conclusion
Glass ionomer is a very versatile material and has boundless potential in pediatric dentistry, it is bioactive because of the ion exchange 

that occurs after the material sets and allows for adhesion to tooth structure and for fluoride release. Poor mechanical properties were 
the main weakness of this material, however modifications including resin modified glass ionomers proved to be successful for restoring 
primary molars. The glass carbomer cement, another modification of glass ionomer cements still needs to be studied furthermore. 

Conflict of Interest
There is no conflict of interest among the authors of the review in relation to this article.

Bibliography

1. Hamie S., et al. “Clinical and Radiographic Evaluation of Glass Ionomer Compared to Resin Composite in Restoring Primary Molars: A 
1-Year Prospective Randomized Study”. Journal of Paediatric Dentistry 5.1 (2017): 6-13. 

2. Lynch RJM. “The Primary and Mixed Dentition, Post-Eruptive Enamel Maturation and Dental Caries: A Review”. International Dental 
Journal 63.2 (2013): 3-13.  

3. Martins-Júnior PA., et al. “Premature Deciduous Tooth Loss and Orthodontic Treatment Need: A 6-Year Prospective Study”. Journal of 
Public Health 25.2 (2017): 1-7.  

4. Zamon EL and DJ Kenny. “Replantation of Avulsed Primary Incisors: A Risk-Benefit Assessment”. Journal of the Canadian Dental As-
sociation 67.7 (2001): 386-389. 

5. Bernardo M., et al. “Survival and Reasons for Failure of Amalgam Versus Composite Posterior Restorations Placed in a Randomized 
Clinical Trial”. Journal of the American Dental Association 138.6 (2007): 775-783.  

http://www.jpediatrdent.org/article.asp?issn=2321-6646;year=2017;volume=5;issue=1;spage=6;epage=13;aulast=Hamie;type=0
http://www.jpediatrdent.org/article.asp?issn=2321-6646;year=2017;volume=5;issue=1;spage=6;epage=13;aulast=Hamie;type=0
https://www.ncbi.nlm.nih.gov/pubmed/24283279
https://www.ncbi.nlm.nih.gov/pubmed/24283279
https://link.springer.com/article/10.1007/s10389-016-0775-y
https://link.springer.com/article/10.1007/s10389-016-0775-y
https://www.ncbi.nlm.nih.gov/pubmed/11468096
https://www.ncbi.nlm.nih.gov/pubmed/11468096
https://www.ncbi.nlm.nih.gov/pubmed/17545266
https://www.ncbi.nlm.nih.gov/pubmed/17545266


653

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

6. Nedeljkovic I., et al. “Is Secondary Caries with Composites a Material-Based Problem?” Dental Materials 31.11 (2015): e247-e277. 

7. Fuks AB., et al. “Clinical and Radiographic Assessment of Class Ii Esthetic Restorations in Primary Molars”. Pediatric Dentistry 22.6 
(2000): 479-485.  

8. Demarco FF., et al. “Longevity of Posterior Composite Restorations: Not Only a Matter of Materials”. Dental Materials 28.1 (2012): 
87-101.  

9. Croll TP. “Glass Ionomers for Infants, Children, and Adolescents”. Journal of the American Dental Association 120.1 (1990): 65-68.  

10. Wilson AD and BE Kent. “A New Translucent Cement for Dentistry. The Glass Ionomer Cement”. British Dental Journal 132.4 (1972): 
133-135. 

11. Hübel S and I Mejare. “Conventional Versus Resin-Modified Glass-Ionomer Cement for Class Ii Restorations in Primary Molars. A 3-
Year Clinical Study”. International Journal of Paediatric Dentistry 13.1 (2003): 2-8.  

12. Sidhu SK and JW Nicholson. “A Review of Glass-Ionomer Cements for Clinical Dentistry”. Journal of Functional Biomaterials 7.3 (2016): 
E16. 

13. Croll TP and JW Nicholson. “Glass-Ionomer Cements: History and Current Status”. Inside Dentistry 4.3 (2008): 76-84. 

14. Cury JA and EN Conceicao. “Fluoride Release from Fluoride-Containing Materials”. Operative Dentistry 21.5 (1996): 185-190. 

15. Thanjal NK., et al. “Kinetics of Fluoride Ion Release from Dental Restorative Glass Ionomer Cements: The Influence of Ultrasound, 
Radiant Heat and Glass Composition”. Journal of Materials Science: Materials in Medicine 21.2 (2010): 589-595. 

16. Van Meerbeek B., et al. “Glass-Ionomer Adhesion: The Mechanisms at the Interface”. Journal of Dentistry 34.8 (2006): 615-617. 

17. Olegário IC., et al. “Mechanical Properties of High-Viscosity Glass Ionomer Cement and Nanoparticle Glass Carbomer”. Journal of 
Nanomaterials (2015). 

18. Ngo HG., et al. “A Study of Glass-Ionomer Cement and Its Interface with Enamel and Dentin Using a Low Temperature, High-Resolu-
tion Scanning Electron Microscopic Technique”. Quintessence International 28.1 (1997): 63-69. 

19. Mount GJ. “Color Atlas of Glass Ionomer Cement. 2nd edition”. London, UK: Martin Dunitz (2002). 

20. Nicholson JW., et al. “The Long Term Interaction of Dental Cements with Lactic Acid Solutions”. Journal of Materials Science: Materials 
in Medicine 10.8 (1999): 449-452. 

21. Yamamoto K., et al. “Effect of Plaque Fluoride Released from a Glass-Ionomer Cement on Enamel Remineralization in Situ”. Caries 
Research 39.2 (2005): 157-160. 

22. Wiegand A., et al. “Review on Fluoride-Releasing Restorative Materials-Fluoride Release and Uptake Characteristics, Antibacterial 
Activity and Influence on Caries Formation”. Dental Materials 23.3 (2007): 343-362. 

23. Karantakis P., et al. “Fluoride Release from Three Glass Ionomers, a Compomer, and a Composite Resin in Water, Artificial Saliva, and 
Lactic Acid”. Operative Dentistry 25 (2000): 20-25. 

24. Vermeersch G., et al. “Fluoride Release from Glass-Ionomer Cements, Compomers and Resin Composites”. Journal of Oral Rehabilita-
tion 28.1 (2001): 26-32. 

https://www.ncbi.nlm.nih.gov/pubmed/26410151
https://www.ncbi.nlm.nih.gov/pubmed/11132507
https://www.ncbi.nlm.nih.gov/pubmed/11132507
https://www.ncbi.nlm.nih.gov/pubmed/22192253
https://www.ncbi.nlm.nih.gov/pubmed/22192253
https://www.ncbi.nlm.nih.gov/pubmed/2104883
https://www.ncbi.nlm.nih.gov/pubmed/4501690
https://www.ncbi.nlm.nih.gov/pubmed/4501690
https://www.ncbi.nlm.nih.gov/pubmed/12542617
https://www.ncbi.nlm.nih.gov/pubmed/12542617
https://www.ncbi.nlm.nih.gov/pubmed/27367737
https://www.ncbi.nlm.nih.gov/pubmed/27367737
https://www.aegisdentalnetwork.com/id/2008/03/glass-ionomer-cements-history-and-current-status
https://www.ncbi.nlm.nih.gov/pubmed/9484170
https://www.ncbi.nlm.nih.gov/pubmed/19851843
https://www.ncbi.nlm.nih.gov/pubmed/19851843
http://www.eapgoias.com.br/arquivos/downloads/Van_Meerbeek_et_al_43955.pdf
https://www.hindawi.com/journals/jnm/2015/472401/
https://www.hindawi.com/journals/jnm/2015/472401/
https://www.ncbi.nlm.nih.gov/pubmed/10332357
https://www.ncbi.nlm.nih.gov/pubmed/10332357
https://link.springer.com/article/10.1023%2FA%3A1008991422909
https://link.springer.com/article/10.1023%2FA%3A1008991422909
https://www.ncbi.nlm.nih.gov/pubmed/15741730
https://www.ncbi.nlm.nih.gov/pubmed/15741730
https://www.ncbi.nlm.nih.gov/pubmed/16616773
https://www.ncbi.nlm.nih.gov/pubmed/16616773
https://www.ncbi.nlm.nih.gov/pubmed/11203786
https://www.ncbi.nlm.nih.gov/pubmed/11203786
https://www.ncbi.nlm.nih.gov/pubmed/11298906
https://www.ncbi.nlm.nih.gov/pubmed/11298906


654

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

25. Asmussen E and A Peutzfeldt. “Long-Term Fluoride Release from a Glass Ionomer Cement, a Compomer, and from Experimental Resin 
Composites”. Acta Odontologica Scandinavica 60.2 (2002): 93-97.  

26. Preston AJ., et al. “Fluoride Release from Aesthetic Dental Materials”. Journal of Oral Rehabilitation 26.2 (1999): 123-129. 

27. Preston AJ., et al. “Fluoride Recharge of Aesthetic Dental Materials”. Journal of Oral Rehabilitation 26.12 (1999): 936-940. 

28. Preston AJ., et al. “The Recharge of Esthetic Dental Restorative Materials with Fluoride in Vitro-Two Years’ Results”. Dental Materials 
19.1 (2003): 32-37. 

29. Freedman R and KE Diefenderfer. “Effects of Daily Fluoride Exposures on Fluoride Release by Glass Ionomer-Based Restoratives”. 
Operative Dentistry 28.2 (2003): 178-185. 

30. Arbabzadek-Zavareh F., et al. “Recharge Pattern of Contemporary Glass Ionomer Restoratives”. Dental Research Journal 9.2 (2012): 
139-145.  

31. Czarnecka B and JW Nicholson. “Maturation Affects Fluoride Uptake by Glass-Ionomer Dental Cements”. Dental Materials 28.2 (2012): 
e1-e5.  

32. Forss H., et al. “Fluoride and Mutans Streptococci in Plaque Grown on Glass Ionomer and Composite”. Caries Research 25.6 (1991): 
454-458. 

33. Benelli EM., et al. “In Situ Anticariogenic Potential of Glass Ionomer Cement”. Caries Research 27.4 (1993): 280-284.  

34. Seppä L., et al. “Inhibitory Effect on S. Mutans by Fluoride-Treated Conventional and Resin-Reinforced Glass Ionomer Cements”. Euro-
pean Journal of Oral Sciences 103.3 (1995): 182-185. 

35. Nakajo K., et al. “Fluoride Released from Glass-Ionomer Cement Is Responsible to Inhibit the Acid Production of Caries-Related Oral 
Streptococci”. Dental Materials 25.6 (2009): 703-708. 

36. Chau NPT., et al. “Long-Term Anti-Cariogenic Biofilm Activity of Glass Ionomers Related to Fluoride Release”. Journal of Dentistry 47 
(2016): 34-40.  

37. Nagaraja Upadhya P and G Kishore. “Glass Ionomer Cement: The Different Generations”. Trends in Biomaterials and Artificial Organs 
18.2 (2005): 158-165. 

38. Khoroushi M and F Keshani. “A Review of Glass-Ionomers: From Conventional Glass-Ionomer to Bioactive Glass-Ionomer”. Dental 
Research Journal 10.4 (2013): 411-420. 

39. Hotta M., et al. “Effect of Coating Materials on Restorative Glass-Ionomer Cement Surface”. Operative Dentistry 17.2 (1992): 57-61. 

40. Chadwick BL and DJP Evans. “Restoration of Class Ii Cavities in Primary Molar Teeth with Conventional and Resin Modified Glass 
Ionomer Cements: A Systematic Review of the Literature”. European Archives of Paediatric Dentistry 8.1 (2007): 14-21.  

41. Toh SL and LB Messer. “Evidence-Based Assessment of Tooth-Colored Restorations in Proximal Lesions of Primary Molars”. Pediatric 
Dentistry 29.1 (2007): 8-15. 

42. Daou M., et al. “Two-Year Clinical Evaluation of Three Restorative Materials in Primary Molars”. Journal of Clinical Pediatric Dentistry 
34.1 (2009): 53-58.  

43. Welbury RR., et al. “The 5-Year Results of a Clinical Trial Comparing a Glass Polyalkenoate (Ionomer) Cement Restoration with an 
Amalgam Restoration”. British Dental Journal 170.5 (1991): 177-181. 

https://www.tandfonline.com/doi/abs/10.1080/000163502753509482
https://www.tandfonline.com/doi/abs/10.1080/000163502753509482
https://www.ncbi.nlm.nih.gov/pubmed/10080309
https://www.ncbi.nlm.nih.gov/pubmed/10620157
https://www.ncbi.nlm.nih.gov/pubmed/12498894
https://www.ncbi.nlm.nih.gov/pubmed/12498894
https://www.ncbi.nlm.nih.gov/pubmed/12670074
https://www.ncbi.nlm.nih.gov/pubmed/12670074
https://www.ncbi.nlm.nih.gov/pubmed/22623928
https://www.ncbi.nlm.nih.gov/pubmed/22623928
https://www.ncbi.nlm.nih.gov/pubmed/22100725
https://www.ncbi.nlm.nih.gov/pubmed/22100725
https://www.ncbi.nlm.nih.gov/pubmed/1810658
https://www.ncbi.nlm.nih.gov/pubmed/1810658
https://www.ncbi.nlm.nih.gov/pubmed/8402802
https://www.ncbi.nlm.nih.gov/pubmed/7634135
https://www.ncbi.nlm.nih.gov/pubmed/7634135
https://www.ncbi.nlm.nih.gov/pubmed/19150126
https://www.ncbi.nlm.nih.gov/pubmed/19150126
https://www.ncbi.nlm.nih.gov/pubmed/26875614
https://www.ncbi.nlm.nih.gov/pubmed/26875614
http://medind.nic.in/taa/t05/i2/taat05i2p158.pdf
http://medind.nic.in/taa/t05/i2/taat05i2p158.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24130573
https://www.ncbi.nlm.nih.gov/pubmed/24130573
https://www.ncbi.nlm.nih.gov/pubmed/1437688
https://www.ncbi.nlm.nih.gov/pubmed/17394886
https://www.ncbi.nlm.nih.gov/pubmed/17394886
https://www.ncbi.nlm.nih.gov/pubmed/18041507
https://www.ncbi.nlm.nih.gov/pubmed/18041507
https://www.ncbi.nlm.nih.gov/pubmed/19953810
https://www.ncbi.nlm.nih.gov/pubmed/19953810
https://www.ncbi.nlm.nih.gov/pubmed/2018693
https://www.ncbi.nlm.nih.gov/pubmed/2018693


655

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

44. Qvist V., et al. “Longevity and Cariostatic Effects of Everyday Conventional Glass-Ionomer and Amalgam Restorations in Primary 
Teeth: Three-Year Results”. Journal of Dental Research 76.7 (1997): 1387-1396. 

45. V Qvist., et al. “Eight-Year Study on Conventional Glass Ionomer and Amalgam Restorations in Primary Teeth”. Acta Odontologica 
Scandinavica 62.1 (2004): 37-45. 

46. Forsten L and S Karjaiainen. “Glass Ionomers in Proximal Cavities of Primary Molars”. European Journal of Oral Sciences 98.1 (1990): 
70-73.  

47. Beyls HMF., et al. “Compressive Strength of Some Polyalkenoates with or without Dental Amalgam Alloy Incorporation”. Dental Ma-
terials 7.3 (1991): 151-154. 

48. Pearson GJ and AS Atkinson. “Long-Term Flexural Strength, of Glass Ionomer Cements”. Biomaterials 12.7 (1991): 658-660. 

49. Kilpatrick NM., et al. “The Use of a Reinforced Glass-Ionomer Cement for the Restoration of Primary Molars: A Clinical Trial”. British 
Dental Journal 179.5 (1995): 175-179. 

50. de Amorim RG., et al. “Survival of Atraumatic Restorative Treatment (Art) Sealants and Restorations: A Meta-Analysis”. Clinical Oral 
Investigations 16.2 (2012): 429-441. 

51. Mijan M., et al. “The 3.5-Year Survival Rates of Primary Molars Treated According to Three Treatment Protocols: A Controlled Clinical 
Trial”. Clinical Oral Investigations 18.4 (2014): 1061-1069. 

52. Rutar J., et al. “Clinical Evaluation of a Glass Ionomer Cement in Primary Molars”. Pediatric Dentistry 22.6 (2000): 486-488. 

53. Bresciani E. “Clinical Trials with Atraumatic Restorative Treatment (Art) in Deciduos and Permanent Teeth”. Journal of Applied Oral 
Science 14 (2006): 14-19. 

54. Frencken JE., et al. “Atraumatic Restorative Treatment and Glass-Ionomer Sealants in a School Oral Health Programme in Zimbabwe: 
Evaluation after 1 Year”. Caries Research 30.6 (1996): 428-433. 

55. Phantumvanit P., et al. “Atraumatic Restorative Treatment (Art): A Three-Year Community Field Trial in Thailand-Survival of One-Sur-
face Restorations in the Permanent Dentition”. Journal of Public Health Dentistry 56.3 (1996): 141-145. 

56. Berg JH. “Glass Ionomer Cements”. Pediatric Dentistry 24.5 (2002): 430-438. 

57. Wambier DS., et al. “Ultrastructural and Microbiological Analysis of the Dentin Layers Affected by Caries Lesions in Primary Molars 
Treated by Minimal Intervention”. Pediatric Dentistry 29.3 (2007): 228-234. 

58. Mandari GJ., et al. “Six-Year Success Rates of Occlusal Amalgam and Glass-Ionomer Restorations Placed Using Three Minimal Inter-
vention Approaches”. Caries Research 37.4 (2003): 246-253. 

59. Dülgergil ÇT., et al. “Atraumatic Restorative Treatment with Resin-Modified Glass Ionomer Material: Short-Term Results of a Pilot 
Study”. Medical Principles and Practice 14.4 (2005): 277-280. 

60. Tedesco TK., et al. “Art Is an Alternative for Restoring Occlusoproximal Cavities in Primary Teeth-Evidence from an Updated System-
atic Review and Meta-Analysis”. International Journal of Paediatric Dentistry 27.3 (2017): 201-209. 

61. Uno S., et al. “Long-Term Mechanical Characteristics of Resin-Modified Glass Ionomer Restorative Materials”. Dental Materials 12.1 
(1996): 64-69. 

62. Espelid I., et al. “Clinical Behaviour of Glass Ionomer Restorations in Primary Teeth”. Journal of Dentistry 27.6 (1999): 437-442. 

https://www.ncbi.nlm.nih.gov/pubmed/9207772
https://www.ncbi.nlm.nih.gov/pubmed/9207772
https://www.ncbi.nlm.nih.gov/pubmed/15124781
https://www.ncbi.nlm.nih.gov/pubmed/15124781
https://www.ncbi.nlm.nih.gov/pubmed/2109348
https://www.ncbi.nlm.nih.gov/pubmed/2109348
https://www.ncbi.nlm.nih.gov/pubmed/1813336
https://www.ncbi.nlm.nih.gov/pubmed/1813336
https://www.sciencedirect.com/science/article/pii/014296129190113O
https://www.ncbi.nlm.nih.gov/pubmed/7546970
https://www.ncbi.nlm.nih.gov/pubmed/7546970
https://www.ncbi.nlm.nih.gov/pubmed/21274581
https://www.ncbi.nlm.nih.gov/pubmed/21274581
https://www.ncbi.nlm.nih.gov/pubmed/23943256
https://www.ncbi.nlm.nih.gov/pubmed/23943256
https://www.ncbi.nlm.nih.gov/pubmed/11132508
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-77572006000700004
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-77572006000700004
https://www.ncbi.nlm.nih.gov/pubmed/8946101
https://www.ncbi.nlm.nih.gov/pubmed/8946101
https://www.ncbi.nlm.nih.gov/pubmed/8915959
https://www.ncbi.nlm.nih.gov/pubmed/8915959
https://pdfs.semanticscholar.org/88c1/549ad37d2b714ed51416faf14a8963924f2a.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17688020
https://www.ncbi.nlm.nih.gov/pubmed/17688020
https://www.ncbi.nlm.nih.gov/pubmed/12771499
https://www.ncbi.nlm.nih.gov/pubmed/12771499
https://www.ncbi.nlm.nih.gov/pubmed/15961941
https://www.ncbi.nlm.nih.gov/pubmed/15961941
https://www.ncbi.nlm.nih.gov/pubmed/27489205
https://www.ncbi.nlm.nih.gov/pubmed/27489205
https://www.ncbi.nlm.nih.gov/pubmed/8598253
https://www.ncbi.nlm.nih.gov/pubmed/8598253
https://www.ncbi.nlm.nih.gov/pubmed/10399410


656

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

63. Kotsanos N and P Dionysopoulos. “Lack of Effect of Fluoride Releasing Resin Modified Glass Ionomer Restorations on the Contact-
ing Surface of Adjacent Primary Molars. A Clinical Prospective Study”. European Journal of Paediatric Dentistry 5.3 (2004): 136-142.  

64. Qvist V., et al. “Resin-Modified and Conventional Glass Ionomer Restorations in Primary Teeth: 8-Year Results”. Journal of Dentistry 
32.4 (2004): 285-294. 

65. Zainuddin N., et al. “Characterisation of a Remineralising Glass Carbomer® Ionomer Cement by Mas-Nmr Spectroscopy”. Dental Ma-
terials 28.10 (2012): 1051-1058. 

66. Van Duinen RNB. “The Next Step in Restoratives”. The Dentist 25 (2007): 1-5. 

67. Yamamoto Y. “Study on Hydroxyapatite-Polyacrylic Acid Composite Cement (Hydroxyapatite-Glass Ionomer Cement)”. Shika Zairyo 
Kikai 3.6 (1984): 787-796. 

68. Elliott JC. “Structure and Chemistry of the Apatites and Other Calcium Orthophosphates”. Volume 18: Elsevier, (2013). 

69. Gu YW., et al. “Effects of Incorporation of Ha/Zro 2 into Glass Ionomer Cement (Gic)”. Biomaterials 26.7 (2005): 713-720. 

70. Lucas ME., et al. “Strengthening a Conventional Glass Ionomer Cement Using Hydroxyapatite”. Journal of Dental Research 80 (2001): 
711. 

71. Lucas ME., et al. “Toughness, Bonding and Fluoride-Release Properties of Hydroxyapatite-Added Glass Ionomer Cement”. Biomateri-
als 24.21 (2003): 3787-3794. 

72. Moshaverinia A., et al. “Effects of Incorporation of Hydroxyapatite and Fluoroapatite Nanobioceramics into Conventional Glass Iono-
mer Cements (Gic)”. Acta Biomaterialia 4.2 (2008): 432-440.  

73. Arita K., et al. “The Effect of Adding Hydroxyapatite on the Flexural Strength of Glass Ionomer Cement”. Dental Materials Journal 22.2 
(2003): 126-136.  

74. Gu YW., et al. “Development of Zirconia-Glass Ionomer Cement Composites”. Journal of Non-Crystalline Solids 351.6 (2005): 508-514.  

75. Panigrahi A., et al. “Comparative Evaluation of Fluoride Recharge Ability of Conventional and Hydroxyapatite Modified Glass Ionomer 
Cement with Daily Low Fluoride Exposure- an in Vitro Study”. Journal of Clinical Diagnostic Research 10.2 (2016): ZC53-ZC55. 

76. Gorseta K., et al. “One-Year Clinical Evaluation of a Glass Carbomer Fissure Sealant, a Preliminary Study”. European Journal of Prosth-
odontics and Restorative Dentistry 22.2 (2014): 67-71. 

77. Cehreli SB., et al. “Microleakage of Newly Developed Glass Carbomer Cement in Primary Teeth”. European Journal of Dentistry 7.1 
(2013): 15. 

78. Van Duinen RNB., et al. “In Situ Transformation of Glass-Ionomer into an Enamel-Like Material”. American Journal of Dentistry 17.4 
(2004): 223-227. 

79. Menne-Happ U and N Ilie. “Effect of Gloss and Heat on the Mechanical Behaviour of a Glass Carbomer Cement”. Journal of Dentistry 
41.3 (2013): 223-230.  

80. Chen X., et al. “Effectiveness of Two New Types of Sealants: Retention after 2 Years”. Clinical Oral Investigations 16.5 (2012): 1443-
1450. 

81. “Caries-Preventive Effect of Sealants Produced with Altered Glass-Ionomer Materials, after 2 Years”. Dental Materials 28.5 (2012): 
554-560.  

https://www.ncbi.nlm.nih.gov/pubmed/15471520
https://www.ncbi.nlm.nih.gov/pubmed/15471520
https://www.ncbi.nlm.nih.gov/pubmed/15053911
https://www.ncbi.nlm.nih.gov/pubmed/15053911
https://www.ncbi.nlm.nih.gov/pubmed/22841162
https://www.ncbi.nlm.nih.gov/pubmed/22841162
https://www.ncbi.nlm.nih.gov/pubmed/6336337
https://www.ncbi.nlm.nih.gov/pubmed/6336337
https://www.ncbi.nlm.nih.gov/pubmed/15350775
https://www.ncbi.nlm.nih.gov/pubmed/12818551
https://www.ncbi.nlm.nih.gov/pubmed/12818551
https://www.ncbi.nlm.nih.gov/pubmed/17921077
https://www.ncbi.nlm.nih.gov/pubmed/17921077
https://www.ncbi.nlm.nih.gov/pubmed/12873116
https://www.ncbi.nlm.nih.gov/pubmed/12873116
https://www.sciencedirect.com/science/article/pii/S0022309305000682
https://www.ncbi.nlm.nih.gov/pubmed/27042586
https://www.ncbi.nlm.nih.gov/pubmed/27042586
https://www.ncbi.nlm.nih.gov/pubmed/25134364
https://www.ncbi.nlm.nih.gov/pubmed/25134364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571504/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571504/
https://www.ncbi.nlm.nih.gov/pubmed/15478479
https://www.ncbi.nlm.nih.gov/pubmed/15478479
https://www.ncbi.nlm.nih.gov/pubmed/23174652
https://www.ncbi.nlm.nih.gov/pubmed/23174652
https://www.ncbi.nlm.nih.gov/pubmed/22124610
https://www.ncbi.nlm.nih.gov/pubmed/22124610
https://www.ncbi.nlm.nih.gov/pubmed/22300651
https://www.ncbi.nlm.nih.gov/pubmed/22300651


657

Glass Ionomer Cements for Restoration of Primary Molars: A Review

Citation: Sumaya Nouri., et al. “Glass Ionomer Cements for Restoration of Primary Molars: A Review”. EC Dental Science 17.6 (2018): 644-
657.

82. Subramaniam P., et al. “Evaluation of Glass Carbomer Sealant and a Moisture Tolerant Resin Sealant-a Comparative Study”. Interna-
tional Journal of Dental Science and Research 2.2-3 (2015): 41-48. 

83. Hse KMY., et al. “Resin-Ionomer Restorative Materials for Children: A Review”. Australian Dental Journal 44.1 (1999): 1-11. 

84. Ikemura K, et al. “Optimizing Filler Content in an Adhesive System Containing Pre-Reacted Glass-Ionomer Fillers”. Dental Materials 
19.2 (2003): 137-146. 

85. Marks LAM., et al. “Literature Review: Restorations of Class Ii Cavities in the Primary Dentition with Compomers”. European Archives 
of Paediatric Dentistry 11.3 (2010): 109-114. 

86. Moodley D and SR Grobler. “Compomers: Adhesion and Setting Reactions”. Journal of the South African Dental Association 58.1 (2003): 
24-28.  

87. Kramer N and R Frankenberger. “Compomers in Restorative Therapy of Children: A Literature Review”. International Journal of Pae-
diatric Dentistry 17.1 (2007): 2-9.  

88. Attin T., et al. “Three-Year Follow up Assessment of Class Ii Restorations in Primary Molars with a Polyacid-Modified Composite Resin 
and a Hybrid Composite”. American Journal of Dentistry 4.3 (2001): 148-152.  

89. Attin T., et al. “Class Ii Restorations with a Polyacid-Modi Ed Compo- Site Resin in Primary Molars Placed in a Dental Practice: Results 
of a Two-Year Clinical Evaluation”. Operative Dentistry 25.4 (2000): 259-264. 

90. Daou MH., et al. “Clinical Success of Compomer and Amalgam Restorations in Primary Molars: Follow up in 36 Months”. Schweiz 
Monatsschr Zahnmed 119.11 (2009): 1082-1088. 

91. Gordan VV., et al. “A Clinical Evaluation of a Self-Etching Primer and a Giomer Restorative Material”. Journal of the American Dental 
Association 138.5 (2007): 621-627. 

92. Sengul F and T Gurbuz. “Clinical Evaluation of Restorative Materials in Primary Teeth Class Ii Lesions”. Journal of Clinical Pediatric 
Dentistry 39.4 (2015): 315-321. 

93. Nakamura N., et al. “Two-Year Clinical Evaluation of Flowable Composite Resin Containing Pre-Reacted Glass-Ionomer”. Pediatric 
Dental Journal 19.1 (2009): 89-97.

Volume 17 Issue 6 June 2018
©All rights reserved by Sumaya Nouri., et al.

https://www.sciencedirect.com/science/article/pii/S2213997415000270
https://www.sciencedirect.com/science/article/pii/S2213997415000270
https://www.ncbi.nlm.nih.gov/pubmed/10217014
https://www.ncbi.nlm.nih.gov/pubmed/12543119
https://www.ncbi.nlm.nih.gov/pubmed/12543119
https://www.ncbi.nlm.nih.gov/pubmed/20507807
https://www.ncbi.nlm.nih.gov/pubmed/20507807
https://www.ncbi.nlm.nih.gov/pubmed/12705101
https://www.ncbi.nlm.nih.gov/pubmed/12705101
https://www.ncbi.nlm.nih.gov/pubmed/17181573
https://www.ncbi.nlm.nih.gov/pubmed/17181573
https://www.ncbi.nlm.nih.gov/pubmed/11572292
https://www.ncbi.nlm.nih.gov/pubmed/11572292
https://www.ncbi.nlm.nih.gov/pubmed/11203828
https://www.ncbi.nlm.nih.gov/pubmed/11203828
http://europepmc.org/abstract/med/20020589
http://europepmc.org/abstract/med/20020589
https://www.ncbi.nlm.nih.gov/pubmed/17473040
https://www.ncbi.nlm.nih.gov/pubmed/17473040
https://www.ncbi.nlm.nih.gov/pubmed/26161601
https://www.ncbi.nlm.nih.gov/pubmed/26161601
https://www.sciencedirect.com/science/article/pii/S0917239409701582
https://www.sciencedirect.com/science/article/pii/S0917239409701582

