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Introduction 

The traditional ‘glass ionomer luting agent’ has been applied to that 
group of materials that undergoes setting reaction through an acid -
base reaction between an ion leachable glass and aqueous poly-
acid which are characterized by properties such as fluoride release, 
modulus of elasticity similar to dentin, Coefficient of thermal expan-
sion, bonding to tooth and biocompatibility [1-6]. Despite these ad-
vantages, conventional glass ionomer cement possess limitations 
such as high susceptibility for dehydration, and poor physical prop-
erties such as slow setting rate and high solubility [7,8]. Further 
developments in the field of glass ionomer cement had occurred 
and a resin modified glassionomer cement has been introduced. 
The term ‘resin modified glass ionomer luting agents’ denotes that 
the basic formulations of glass ionomers are maintained, but modi-
fied by the presence of resin [1]. Resin based luting agents have 
gained increasing attention in the past few years [9]. In ‘resin modi-
fied glass ionomer cement’, hydrophilic monomers and photoiniti-
aters were added to the conventional glass ionomer cement to im-
prove the physical and mechanical properties of cement [10]. These 
resin based luting agents are formulated as chemical - cured, light - 
cured, dual - cured and tri- cured [7]. However, several in vitro stud-
ies showed that resin modified glass ionomer cement posses more 
cytotoxicity than the conventional glass-ionomer cement. Therefore, 
the aim of this review is to distill an overview in the field of cytotoxi-

city of resin modified glass- ionomer cement. 

Composition of Resin Modified Glass Ionomer luting Agent 

Resin modified glass ionomer luting cements are basically consists 
of 80% glassionomer cement and 20% resin. The percentage of the 
composition can vary with respect to differences in brand [11]. Res-
in modified glassionomer cements are said to be hybrid material as 
the cement lies between conventional glassionomer cement and 
composite resin [12]. [Table-1] shows some of the resin modified 

glassionomer cement with its composition. 

In Resin modified glassionomer cement, polymerisation of methac-
rylate units in cement can start either light activation or chemical 

activation. In dual cure resin modified glass ionomer cement, 
HEMA’s polymerisation starts with light activation and it slowly pro-
gress to acid- base reaction. In tri cure materials, there is a chemi-
cal indicator for HEMA and this HEMA’s polymerization starts 
chemically, followed by a matrix strengthened via progressive acid-
base reaction takes place [11]. Studies have been claimed that 
some of the ingrediants of resin modified glass ionomer cement are 

cytotoxic. 

Table 1- Resin Modified Glass Ionomer Cement and Composition 

Mechanisms of Cytotoxicity 

It has been reported in several literatures that Resin modified glass 
ionomer Cement possess cytotoxicity. This is usually because of 
HEMA present in the Cement and unbound free monomers re-
leased by resin during and after polymerisation. Rather than this, 
some additional mechanisms also proposed for mechanism of cyto-

toxicity of resin Cement. 

Short Term Release of Free Monomers During the Monomer- 
polymer Conversion 

Due to the defective photopolymerisation, thermal, mechanical or 
chemical factors, unbound monomers will release within the first 
few hours after initial polymerisation and these free monomers, can 
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CYTOTOXICITY OF RESIN MODIFIED GLASS IONOMER LUTING AGENTS- AN OVERVIEW 

MATERIAL COMPOSITION 

Rely X luting Cement 
(3M ESPE, St. Paul, MN, 
USA) 

Powder: Fluoroaluminosilicate, potassium persulfate, 
ascorbic acid, opacifying agent. 
Liquid: 30-40% copolymer of acrylic and itaconic acids,25
-35% 2-hydroxy ethyl methacylate, 25-35% water. 

Rely X luting Plus Cement 

Paste A: Fluoroaluminosilicate glass, Proprietary reduc-
ing agent, HEMA, water, opacifying agent. 
Paste B: Methacrylated carboxylic acid, Bis GMA, HEMA, 
water, potassium persulfate, zirconia silica filler. 

Vitremer 
(3M ESPE, St. Paul, MN, 
USA) 

Powder: Glass powder, diphenyl- iodonium chloride. 
Liquid: 10-15% copolymer of acrylic and itaconic acids, 
45-55% 2- hydroxyethyl- methacrylate, 35-45% water 

Vitrebond 
(3M ESPE, St.Paul, MN, 
USA) 

Powder: Glass powder( O, SrO, Criolyte, NH4 F,MgO, 
PsO), 2% diphenyl iodonium chloride. 
Liquid: 35-45% modified polyacrylic acid, 20-30% 2-
hydroxyethyl -methacylate, 30-40% water 
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exhibit cytotoxic effects. It was expected that at the end of polymeri-
sation, most of the monomers will react to polymer network and the 
quantity of residual monomers left have been evaluated as no more 
than 1.5-5% [12]. However, studies shows that these unbound mon-

omers is enough to contribute cytotoxic effects [13]. 

Residual dentin thickness and dentin permeability also plays a role 
in the cytotoxicity. Residual dentin layer absorbs unbound mono-

mers and contribute to decrease in the cytotoxicity level [12]. 

Release of Ions 

RM- GIC release ions such as fluoride, aluminium and strontium 
and some of these are present in tooth paste especially fluoride. 
Fluoride content of tooth paste and the other ions reload the materi-
al and the RM- GIC wont become porous. Other ions will implicate 
the color of restorative material and these metal ions such as Cu2+, 
Al 3+, and Fe2+ produce reactive Oxygen species (ROS) that are 
cytotoxic [12]. Studies shows that cytotoxicity will be enhanced by 
metals such as aluminium and iron that are present in RM -GIC

[13,14]. 

Role of Bacteria at the Interface Between luting Agent and Den-
tal Tissues 

The presence of bacteria at the interface of luting agent and dental 
tissues plays a role in cytotoxicity. Ingredient present in resin modi-
fied luting agent such as TEGDMA promotes proliferation of cario-
genic microrganisms such as lactobacillus acidophilus and strepto-
coccus Sobrinus, etc. These bacteria produces exotoxins which has 

a noxious effects on pulp cells and thus leads to cytotoxicity [12]. 

Cytotoxicity Tests 

Cell cultures derived from animals and humans have been used for 
the last 40 years for the evaluation of the cytotoxic effects caused 
by resin based luting agents. Permanent cell lines and primary cells 
which are derived from oral tissues have been used [15,16]. 

One must know to select the type of cell for determining the cytotox-
ic effect on resin based dental luting agents. It has been shown that 
permanent cells which have been cultured for years shows a ho-
mogenous morphology and physiology whereas primary cell cul-
tures which are deriving from target tissues shows a limited life 

span and are heterogenous. Thus an in vitro test is better simulated 
by primary cultures [15]. 

Cytotoxicity tests commonly performed to evaluate the cell cultures 
of enzyme activities, membrane integrity, cell growth inhibition de-
termination, alteration of cell morphology, and determination of 
effective dose that cause 50% reduction of cell proliferation. The 
most commonly used and recognised indicators for cytotoxicity are 
counting survival cells, determination of enzyme activities, meas-
urement of proliferation rates, and synthesis of cellular macromole-
cules [15]. MTT test is the most widely used method for cytotoxic 
evaluation, however succinic dehydrogenase (SDI) and alkaline 
phosphatase responses have also been used [17]. 

In vitro and In vivo Studies 

A few studies that have been conducted in the field of cytotoxicity of 
resin modified glassionomer cement shows that the material is cyto-

toxic [18-22]. 

In vitro cytotoxicity of contemporary resin modified glass ionomer 
cements on subcutaneous tissue of rats (MDPC-23 cells) have 
been shown the material to be cytotoxic. Authors reported that HE-

MA present in RM-GIC is responsible for the cytotoxicity and the 
mechanism of action of uncured leached monomers on the cell 
membrane may be responsible for the cytotoxic effect. Authors also 
concluded that decomposition products of the initiator diphenylio-
doniumchloride releasing from the RMGIC may also cause cytotoxic 

effects to the culture of cells [18]. 

Cytotoxicity of four categories of dental cements on L-929 fibroblast 
cell culture test have been shown the material to be cytotoxic in 
different rank orders. Authors noted that fresh specimens of tested 
cements showed significant cytotoxicity which diminished after 7 
days and dual cured specimens showed lower toxicity than chemi-
cal cured [19]. This result concurs with the result of Aranha et al 
who pointed that light activation will reduce the cytotoxicity of resin 

modified glass ionomer lining cements [20]. 

Cytotoxic effects of hard setting cements applied on the odontoblast 
cell line MDPC-23 have been shown significant cytotoxicity. Authors 
noted that uncured leached monomers on the cell membrane 
played a very important role in the cytotoxicity. Authors concluded 
that cytotoxic effects can also be caused by release of chlorine 
benzene, iodine benzene, and bromide benzene, which are the 
decomposition products of the initiator diphenyliodoniumchloride. 
Authors also showed the significant relation of the cytotoxic effects 
of some resin monomers, such as BIS-GMA, UDMA and TEGDMA 
[22]. Literatures shows that these resin monomers can be able to 
deplete intracellular glutathione as well as interfere with the expres-
sion of some proteins such as osteonectin, dentin sialoprotein, and 

collagen which plays an important role in the pulp repair [23]. 

Assessing the cytotoxicity on the effect of reduced curing time in 
five resin luting cements polymerized by high power LED curing 
light on the viability of a cell of L-929 fibroblast cell showed that cell 
survival rate results for 40 s exposure time were significantly higher 
than 20 s cell survival rate. Authors concluded that period of photo-
activation of luting agent is related to the cytotoxic effects on luting 

agents [24]. 

Conclusion 

A lot of factors such as HEMA, BIS GMA, TEG DMA, unbound free 
monomers released by resin during and after polymerisation, and 
reactive oxygen species released by ions can contribute to the cyto-
toxicity of resin modified glass ionomer luting agent. A care must be 
taken to provide technology towards different techniques to de-
crease the unbound free monomers after polymerisation of resin 

modified glass ionomer luting agent which are need to be studied. 
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