
SUMMARY
Resin-modified glass-ionomer cements (RMGICs) in combination 

with resin-based cements (RBCs) constitute luting systems widely used in 
dentistry. Because the cement interfaces of restorations are in the intimate 
contact with oral tissues, it is critical to define the biocompatibility of 
these cements. At this article disadvantages of conventional glass-ionomer 
cements (GICs) that led to the development of RMGICs are presented. 
RMGICs are hybrid materials combining conventional glass-ionomer and 
methacrylate resin. Data presented in this study show that RMGICs and 
RBCs are cytotoxic to different cell types, i.e. to pulp cells, osteoblasts, 
human gingival fibroblasts and ceratinocytes, by inhibiting cell growth or 
causing cell death. This article highlights these RMGICs and RBCs and 
presents a concise and updated review of their biological profile. 
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Introduction

Most of dental materials have to contact with body 
tissue and fluids, so materials’ selection must take into 
consideration not only mechanical and physical properties 
but also biological compatibility1. The need for evaluating 
issues related to cytotoxicity and biocompatibility of a 
specific material is as important as the assessment of its 
physical or mechanical properties2,3. Many systems and 
protocols are used for the determination of this complex 
biological behaviour: in vivo systems, like usage tests in 
animals, and in vitro studies, especially with cell cultures4.

A particular category of luting materials is glass-
ionomer cements (GICs), which were first introduced in 
the early 70s by Wilson and Kent5. Since their introduction, 
glass-ionomers have increasingly been used for restoration, 
cementation, cavity lining, bases and core build-up6. 
Also, major changes have occurred in their chemical 
composition. Conventional GICs were characterized 
by an acid-based reaction between polycarboxilic acids 
and aluminosilicate glass particles that formed a set 
matrix. They presented favourable characteristics, such 
as their ability to chemically adhere to dental tissues and 
to release fluoride ions5. For these cements the highest 
leakage of fluoride occurred during the first week, with 

the most rapid release during the first 24h. During the 
second week, the fluoride release was substantially lower 
and there after gradually and slowly levelled of during a 
12-week period7. The leaching of fluoride ions has been 
reported as an advantage of conventional GICs, supporting 
remineralization of adjacent enamel and prevention of 
secondary caries8. However, their clinical significance 
and indications are limited, because, in addition to the 
“temporary” and insufficient fluoride release, they exhibit 
poor mechanical and aesthetic properties9.

Resin-reinforced glass-ionomer and resin-based 
cements have been developed to extend the clinical 
applications of glass-ionomer cements. The aim of this 
study is to present in brief the current status of resin-
modified glass-ionomer and resin-based cements and 
review their biological profile. 

Resin-modified Glass-ionomer Cements
In an attempt to overcome the disadvantages of 

conventional GICs, a further evolution combined light-
cured composite resin and GIC technology. The term 
“resin-modified glass-ionomer cement” (RMGIC) 
defines a material with the main characteristics of the 
GICs, but modified by the presence of resin molecules, 
usually 2-hydroxyethyl methacrylate (HEMA)10. HEMA 
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is a monovinyl monomer commonly used in adhesive 
chemistry as a hydrophilic primer and as a component of 
some adhesive resins11. Clinically, the hybrid ionomers 
present optimal behaviour immediately after placement, 
while the conventional GICs improve their properties with 
time10,12,13.

So far, there are 3 major types of RMGICs on the 
market (Tab. 1). One is made of fluoroaluminosilicate 
glass powder and an aqueous solution of a copolymer 
of acrylic and maleic acid, HEMA, water and initiators. 

Another is composed of sodium lanthanum calcium 
aluminum fluorosilicate glass, combined with a 
copolymer of acrylic and maleic acid in dry form and a 
solution of polymerizable monomers and oligomers, 
HEMA, water and initiators14. The third is composed of 
a calcium fluoroaluminosilicate glass powder and an 
aqueous solution of a copolymer of acrylic and itaconic 
acid with pendant methacrylate groups, HEMA, water and 
initiators15. Different commercial RMGICs may vary in 
compositions (Tab. 2).

Table 1. Different compositions of RMGICs

POWDER SOLUTION

1. Fluoroaluminosilicate glass powder Copolymer of acrylic + maleic acid
HEMA
Water
Initiators

2. Sodium lanthanum calcium aluminum 
fluorosilicate glass 
+
Copolymer of acrylic+maleic acid

Polymerizable monomers + oligomers
HEMA
Water
Initiators

3. Calcium Fluoroaluminosilicate glass 
powder

Copolymer of acrylic + itaconic acid
HEMA
Water 
Initiators

Table 2. Dual-setting reaction of RMGICs

ACID
BASE
REACTION

Calcium aluminosilicate glass (base)
+                                                               →
Poly(acrylic) acid  

Calcium
+
aluminium polysalt hydrogel

POLYMERIZATION 
REACTION

HEMA
+                                                               →
Photochemical                                     
initiator/activator

polyHEMA matrix

The RMGICs are mixed in the same way as 
conventional materials. The reaction is dual-setting: 1) 
the normal GIC acid-base reaction and 2) a free radical or 
photochemical polymerization process similar to that used 
in composite resins.

Acid-base reaction: calcium aluminosilicate glass 
(base) + poly(acrylic acid)   →  calcium and aluminium 
polysalt hydrogel.

Polymerization reaction: HEMA + photochemical 
initiator/activator   →   polyHEMA matrix16.

The RMGICs have improved setting characteristics. 
There is a longer working time because the resin slows 
down the acid-base reaction. It is also easier to apply since 
the consistency remains constant until light-cured and 

exact positioning of the base may be undertaken without 
haste17.

RMGICs adhere to dentine in the same way as 
conventional GICs18. They also have the advantage 
of directly bonding to composite resins, making them 
useful in the GIC/composite resin laminate restorations16. 
In addition, inclusion of the resin component into the 
conventional glass-ionomers allows rapid development 
of strength and more resistance to early moisture 
contamination. The set cement has improved diametral 
tensile strength, compressive strength and elastic modulus 
when compared with its conventional counterparts16,19-22. 

Several laboratory and clinical studies have clearly 
demonstrated the ability of the resin-modified glass-
ionomers to release fluoride7,23,24. The fluoride release 



Balk J Stom, Vol 13, 2009 Resin-Modified Glass-Ionomer and Resin-Based Cements  133

and uptake by the resin-modified products was higher 
than that of the conventional glass-ionomers25-27. Finally, 
a major advantage with this group is their potential 
caries inhibition due to their release of fluoride, which 
is equivalent to that for a conventional glass-ionomer 
when tested in vitro28. However, even the in vitro release 
of fluoride cannot be substantiated by data confirming 
prolonged action and sustained critical levels of 
concentration for prevention. 

Finally, their potential clinical applications have 
included routine restoration of anterior teeth, restoration of 
resorptive root lesions, root carries, endodontic perforations 
and as an all purpose cementation medium for fixed partial 
prosthesis and resin bonded retainers. Additionally, such a 
material can be used for porcelain repairs bonded or sealed 
amalgam restorations and core building29. They also have a 
particular role in the restoration of primary teeth17 and as a 
post-and-core build up30,31.

Resin-based Cements
Resin-based cements (RBCs)  are the dental 

cements composed either of polymethyl methacrylate or 
dimethacrylate, produced by mixing acrylic polymers and 
mineral fillers32. The cement is insoluble in water and is 
thus resistant to fluids in the mouth, but it is also irritating 
to the dental pulp. It is used chiefly as a luting agent for 
final and for temporary restorations32.

RBCs are basically low viscosity composites. The 
resins may be BisGMA or urethane dimethacrylates with 
the appropriate diluents. The fillers usually are barium 
glasses, although some RBCs are filled with microscopic 
silica particles33.  It has been proved that RBCs show 
good marginal integrity and low microleakage34. They are 
classified according to the way they are polymerized as 
(Tab. 3): light-cured, dual-cured (both chemical and light 
cure), and chemical cure (or self-cured).35

Light-cure resin cements: These can be used for light 
curing only35 and are useful for bonding thin ceramics 
veneers where achieving adequate depth of cure is not a 
problem36. 

Dual-cure resin cements: These cements use both 
chemical and light curing. These products commonly 

are used to cement composite or porcelain inlays, onlays, 
crowns and veneers because these restorations will partially 
transmit light; however, it is not possible to illuminate the 
cement through a metal casting or bridge. The concept 
behind dual curing is that the areas that are not exposed to 
the light source eventually will polymerize on their own, by 
the chemical-curing reaction33.  

Chemical-cure resin cements: These are usually 
paste-paste systems and are used to cement metal and 
opaque ceramic cores35. Chemically polymerized RBCs 
are especially recommended for luting base metal resin-
bonded fixed partial dentures (“Maryland” type)37.  

Another use of RBCs is the cementation of posts, 
both metallic and non-metallic38,39. This implies that 
bonded RBCs can be useful as alternative cement material 
in clinical situations where retention of crowns or fixed 
partial dentures is compromised40.

Typically, RBCs are used in conjunction with enamel 
and dentin bonding agents and, as a result, are capable of 
micro-mechanical attachment to both structures through 
the bonding agent. They can also bond to appropriately-
treated fitted surfaces of restorations. This bonding is 
usually micro-mechanical in nature and occurs when the 
fitted surface of the restoration (ceramic, resin composite 
or metallic) has been micro-etched40.  

To achieve adhesion to dentin, various pre-treatment 
steps of the tooth’s surface are necessary prior to the use 
of the RBCs, including dry etching with phosphoric acid, 
priming and/or bonding or the use of a conditioner34. By 
acid etching, the prepared surface is roughened. After 
removing the smear layer by the acid, the dentinal tubules 
are opened, widened and the peritubular and intertubular 
dentin are superficially demineralized and a fine network 
of collagen fibres is exposed. The infiltration of this 
network with resin has been shown to be the best way 
to obtain a strong and reliable bond to dentin41. In fact, 
the infiltration of resin is not limited to the hybrid layer, 
as resin may infiltrate the tubules and their branches, 
creating micromechanical retention of resin tags within the 
demineralized substrate42-44.

Table 3. Classification of resin-based cements and their uses

RESIN CEMENTS Way of polymerization Uses

Light-cure resin cements Light cure Veneers

Dual-cure resin cements Both chemical and light-cure Ceramic inlays

Self-cure resin cements Chemical cure Maryland bridges
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Biological Profile

Until some years ago, almost all national and 
international dental standards and testing programs 
focused entirely on physical and chemical properties. 
The physical and chemical requirements set forth in 
the specifications for dental materials have been based 
on published clinical studies and clinical use of the 
materials; that is, the specifications lag behind materials 
development. 

Biocompatibility is an important feature of any 
material designed for use within the body. It is defined as 
the ability to perform with the appropriate host response 
in a particular application45. However, it is important 
to mention, that the oral environment is especially 

hostile for dental restorative materials. Saliva has 
corrosive properties, and bacteria are ever present. This 
environment demands appropriate biological tests and 
standards for evaluating any material that is developed 
in the past 20 years, and serves as dental restorative 
product46. On the other hand, a dental restorative material 
may influence the health of oral soft tissues in several 
ways, especially by delivering water-soluble components 
into the saliva and the oral cavity, as well as by interacting 
directly with adjacent tissues, e.g. gingiva and periodontal 
ligament4. 

Ideally, a dental material that is to be used in the 
oral cavity should be harmless to all oral tissues: gingiva, 
mucosa, pulp and bone. Furthermore, it should contain 
no toxic, leachable, or diffusible substance that can be 

Figure 1. Biological performance of RMGICs and RBCs and their components
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absorbed into the circulatory system, causing systemic 
toxic responses, including teratogenic or carcinogenic 
effects. The material also should be free of agents that 
elicit sensitization or an allergic response in a sensitized 
patient47.

In accordance with existing standards, all materials 
should pass primary tests (screening to indicate 
cellular response), secondary tests (evaluating tissue 
responses), and usage tests in animals before being 
evaluated clinically in humans47. Additionally, as 
reported by Craig48, the cytotoxicity tests are initial tests 
recommended by ANSI/ADA49 to evaluate lyses of cells 
(cell death), the inhibition of cell growth, and other effects 
on the cultured cells caused by experimental materials or 
their extracts.

To evaluate toxicity of dental resin materials and to 
predict the toxic level of those materials, it is important 
to know toxicity and the structure-toxicity relationship of 
dental resin components, especially of monomers50. As 
for cytotoxicity, resin components released from dental 
restorative materials have been shown to be cytotoxic in 
vitro in sufficient concentrations51 (Fig. 1). 

HEMA has been used as one of the major 
components in RMGICs14,15, because it acts as both 
co-solvent and co-monomer in the system. In RMGICs, 
polymerizable resin or polymer requires the addition of 
some amphiphilic monomers, like HEMA, in order to 
help them dissolve the water. During polymerization at 
human body temperature, HEMA can reach conversions 
about 89-90%52, depending on other reaction conditions 
(initiator conversation, initiating light intensity, presence 
of oxygen). Since HEMA concentration in RMGICs is 
21-41%53, its polymerization rate may be lowered due to 
the dilution effect; the degree of conversation may also 
be altered. The cured RMGICs were found to release 
measurable levels of HEMA54.

However, HEMA has been reported to exhibit 
cytotoxicity when it contacts the dental pulp tissue 
and osteoblasts50,55-57. Free HEMA leached from 
RMGICs was identified by Fourier transform IR (FT-
IR) spectroscopy and found to be responsible for 
cytotoxicity55. The hydroxyl group on the HEMA 
molecule seems to enhance cytotoxicity50 and inhibit the 
release of a bioactive hormone57.

 Oliva et al56 evaluated several dental RMGICs and 
compared the response of primary cultures of human 
osteoblasts to these materials, finding that HEMA-
containing cement exhibited cytotoxicity toward the 
osteoblasts, and exposure to pure HEMA led to complete 
cell death. Cytotoxicity tests performed adding pure 
HEMA to cultured osteoblasts showed that this molecule 
caused cell death already at 1-2mM. Thus HEMA could 
be one of the compounds responsible for the unfavourable 
effect of this material to the cells. 

An in vitro study of de Souza Costa et al58, 
demonstrated that RMGICs caused intense cytopathic 

effects on the cultured cells, decreasing significantly the 
cell metabolism as well as causing remarkable cell death. 
The adverse effect was attributed to the leaching of at 
least 2 components of polyacidic phase (HEMA) as well 
as unidentified acidic species. Consequently, it may be 
speculated that high cytotoxic effects observed for both 
experimental RMGICs evaluated in that in vitro study 
were caused by unreacted resin monomers rather than by 
other compounds, such as F-, Zn+2, Al+3 which are present 
in the conventional GICs. The cytotoxic effects of the 
experimental RMGICs evaluated in the above study may 
be partially caused by the metal components, which are 
released in the culture medium58. It has been suggested 
that metal components of some restorative biomaterials 
may cause cytotoxic effects on cultured cells by oxidative 
stress59.

Stanislawski et al55 analyzed further the possible 
cytotoxicity of some ions that are present in significant 
amounts in GICs, such as F-, Al+3, Zn+2, and Sr+2. Fluoride 
release varied among biomaterials and the concentration 
was too low to be toxic for pulp cells. Al+3 and Sr+2 were 
also present in quantities too small to account for a toxic 
effect on pulp cells. Zn+2 was the only element that was 
found to be at sufficient high concentration to induce a 
cytotoxic effect.

Several in vitro studies assessed the cytotoxicity of 
conventional GICs and RMGICs on cultured cells2,56,60-

62. Most of these in vitro studies supported the concept 
that leacheable components of the dental materials are 
responsible for adverse effects to cell culture.

A study by Hamid et al63 investigated the release of 
organic elements from a range of RMGICs. Their in vitro 
study looked at release from a cement sample directly into 
its storage medium and also release via diffusion through 
the dentin of a restored tooth. In both experiments all the 
materials tested were found to release measurable levels 
of HEMA. No other species were found in the elute.

Schamalz et al64 determined the cytotoxicity of 
various GICs and other dental materials in the filter test 
system. These authors reported that the RMGIC Vitrebond 
was significantly more cytotoxic than the other GICs 
tested. 

Caughman et al65 investigated the correlation 
between resin content and percentage of monomer 
conversion of resinous composites to cause cytotoxic 
reactions in gingival cell cultures. They found that the 
cellular toxicity decreased as the percentage of monomer 
conversion increased. Furthermore, the authors reported 
that despite a 60-seconds light curing, the monomer-
polymer conversions detectable between the top and the 
bottom of the 1-mm-thick polymerized specimens were 
always different. 

A detailed study concerning the identification of 
composite resin components was performed by Spahl et 
al66. Interestingly, it was found that more monomers and 
other components are extractable by methanol from the 
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polymerized than from the corresponding un-polymerized 
material. Though there are no comparable studies 
published for RMGICs, this observation should also be 
conclusive for these materials.

Leyhausen et al4 investigated the cellular 
compatibility of modern light-curing GICs to one 
conventional GIC, which was a resin-based. Human 
primary fibroblasts of the attached gingiva (HGF) and 
permanent mouse fibroblasts (3T3) were used for the 
experiments. The comparison of the cytotoxic effects 
of the tested cements in 3T3 and HGF cultures clearly 
indicated that there were significant differences between 
the various materials. The results of this study showed 
that all the specimens of the RMGIC were extremely 
cytotoxic for 3T3 fibroblasts and inhibited the growth 
of 3T3 fibroblasts cultures completely. Interestingly, 
even the 20-day extract of RMGIC considerably 
reduced the growth of 3T3 fibroblasts. Furthermore, 
this material revealed a marked acute cytotoxicity for 
HGF, which decreased in time. This may be caused 
by a high concentration of components elutable from 
the polymerized material, e.g. resinous monomers, 
poly(acrylic acid)s, Zn+2 ions and other non-identified 
components created during the polymerization reaction66. 
Compared to RMGIC, the conventional GIC induced 
less intensive cytotoxic alterations. In this study, RMGIC 
also revealed the highest cytotoxic potential. This 
observation is corroborated by various other authors 
based on experiments with prokaryotic cells67,68, whereas 
only 1 study classifies this RMGIC (Vitrebond) tested as 
biocompatible69. 

In another study of Caughman et al70, the cytotoxic 
potential of resin luting agents on cultures of gingival 
fibroblasts and oral epithelial cells was evaluated for 
direct microscopic cytotoxicity, cell morbidity, impaired 
adherence and inhibition of macromolecular synthesis. 
The effects of several variables on the cytotoxicity of 
composite resin luting agents were compared with a GIC. 
The results indicated that the composite resin luting agents 
produced more cytotoxicity than the GIC, which was the 
only sample that allowed direct cellular attachment to the 
sample surface. 

It is known that both composite resins and bonding 
resins release unreacted monomers of methacrylates into 
the adjacent aqueous phase and that monomers diffuse 
through dentin to the pulp71,72. The principal components 
of the light cured polymers are HEMA and TEGDMA 
(triethylene glycol dimethacrylate). 

Stanislawski et al55 suggests that HEMA and 
TEGDMA are the components that contribute to most 
of the cytotoxicity of the RMGICs tested. Additionally, 
the important monomers BisGMA and TEGDMA are 
characterized by a high cytotoxic potency, which increases 
with prolonged exposure time73.

Furthermore, there is an indication that TEGDMA 
is not only cytotoxic73,74, but also that it may reveal 

a chronic toxic potential, which can result in a higher 
susceptibility of the cells for subsequent damages or 
injuries from other xenobiotics, e.g. other organic 
compounds leaching from resin restorations. These 
findings may explain interactive (synergistic) cytotoxic 
effects of monomers in the combinations UDMA 
and TEGDMA and TEGDMA/BisGMA, which have 
been found by Ratanasathien et al75. These studies 
also indicated a higher cytotoxic potency of BisGMA 
in comparison to TEGDMA. It was found that the 
“lipophilic” matrix monomer BisGMA inhibited cell 
growth at significantly lower concentrations than the 
“hydrophilic” co-monomer TEGDMA75. TEGDMA 
revealed no noticeable effects on migration of HGF 
or immortalized human keratinocytes at sublethal 
concentrations. Contrary, BisGMA significantly increased 
keratinocyte migration73.  

Yoshii50 investigated the toxicity of 39 acrylates and 
methacrylates that had been used in dental resin materials 
using a cytotoxicity test. All the acrylates tested were 
more toxic than corresponding methacrylates. In both the 
acrylates and methacrylates, a hydroxyl group seemed 
to enhance cytotoxicity. In this study, the cytotoxicity 
ranking of monomers tested as components of dental resin 
materials was BisGMA > UDMA > HEMA. 

  In another study, Geurtsen et al74 examined the 
cytotoxicity of 35 dental resin monomers and compared 
the cytotoxic effects of these compounds in 3T3 cells and 
3 primary human cells types isolated from oral tissues. 
In general, it was found that the ED50 values (effective 
doses which decreased number of viable cells to 50% 
of the control assays) of the different substances varied 
between 0.06 mM and >5 mM. The more toxic substances 
were the monomers BisGMA, UDMA as well as the 
co-monomer TEGDMA. Contrary to these monomers, 
HEMA was significantly less cytotoxic in all cell cultures. 
Interestingly, if we combine the results of these 2 last 
studies, we can create a diagram (Fig. 2), which presents 
the cytotoxicity ranking of these substances (BisGMA, 
UDMA, TEGDMA and HEMA). 

Figure 2. Comparison of dose-response curves of 3 resin components 
(composed and modified from Yoshii50 and Geurtsen et al74)
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The biochemical mechanism by which biomaterials 
cause cytotoxicity has not been elucidated. However, 
GICs and RMGICs eluates have been shown to reduce 
protein synthesis of HGF cultured in vitro76. Another 
study demonstrated that methyl methacrylate affected 
mainly mitochondria by membrane disruption and blocked 
electron transport in the oxidative phosphorylation77.

Bouillaguet et al78 compared the cytotoxic effects 
produced to pulpal fibroblasts by the leachables of the 
primer systems and the diffusates through dentin of 4 
RMGICs. This study showed that most materials released 
a sufficient amount of leachables to elicit toxicity to the 
cultured cells. Materials were most toxic at early intervals 
and were generally less cytotoxic at later intervals, 
although there were exceptions. This apparent toxicity 
could be attributed to the leaching of resin monomers and 
fluoride ions from the materials. The results suggest that 
the application to dentin of a RMGIC (Vitremer) poses 
a potential risk for pulpal irritation, whereas the other 
RMGICs tested exhibited favourable biological properties.

Souza et al79 evaluated, comparatively, the 
cytotoxic effects of contemporary RMGICs applied to 
an immortalized odontoblast-like cell line (MDPC-23) 
and the biocompatibility of these bioactive materials 
following implantation into the subcutaneous connective 
tissue of rats. 3 resin-modified glass-ionomer cements, 
Vitremer (VM), Vitrebond (VB) and Rely X Luting 
Cement (RL), were evaluated. Regarding this in vitro 
study, the methyltetrazolium (MTT) assay demonstrated 
that VB was the most cytotoxic material evaluated. The 
high cytotoxicity presented by this material has been 
corroborated by other authors based on experiments 
using different cell lines4,80. Palmer et al54 evaluated the 
percentage release of HEMA from various RMGICs. 
The authors demonstrated that VB releases a very high 
percentage of HEMA after immersion in distilled water, 
even when the material is light-cured according to the 
manufacturer’s recommendation. In addition, VM presents 
a lower concentration of HEMA release when compared 
to VB. Moreover, VB also presents higher powder:liquid 
ratio when compared to VM. Then, it seems that HEMA 
is an important toxic component released by most 
RMGICs since several in vitro studies have demonstrated 
a defined cytotoxicity of HEMA to the culture of 
cells81-83. Methacrylate monomers, such as HEMA, are 
incorporated in the lipid bi-layers of cell membranes 
that are solubilized by the un-reacted monomers84. This 
mechanism of action of uncured leached monomers 
on the cell membrane may be regarded as responsible 
for the high cytotoxicity of VB observed in the present 
investigation. Despite the similar concentration of HEMA 
present in VB and RL, the latter was less cytotoxic.

In that investigation, it was shown that the intensity 
and area of the inflammatory reaction decreased with 
time. However, some samples exhibited macrophages and 
a few giant cells adjacent to the tube opening even at the 

longest period of evaluation application of experimental 
bioactive materials for specific purposes.

The RMGIC components, released into the wet 
environment after the implantation procedure, triggered 
a persistent local chronic inflammatory response. 
However, it may be speculated that some minor RMGIC 
components released into the connective tissue, such as 
HEMA, which presents low molecular weight, might be 
removed by local lymphatic drainage. This hypothesis 
should explain why the inflammatory reaction decreased 
with time and the connective tissue healing occurred 
for all experimental materials at 90 days following the 
implantation. 

Based upon the results obtained in the above 
investigation, it was concluded that different RMGICs 
may cause specific cytotoxic effects on the immortalized 
cell line MDPC-23. It was clear that the degree of light 
cure played an important role in HEMA release. But there 
are contradictory opinions about the clinical significance 
of such results. So, based on this in vitro experiment54, 
Vitrebond was the most toxic material. But, according to 
the in vivo methodology, all the RMGICs evaluated may 
be considered as biocompatible following implantation 
into the connective tissue of rats. Furthermore, it was 
shown that the intension of the inflammatory reaction 
is decreased with time79. Even experiments on human 
teeth have demonstrated that RMGICs were biological 
acceptable85. Besides mechanical and adhesion 
properties86, the fluoride release87 and the release of the 
same ions which are released by conventional GICs88, 
render these materials useful in dentistry. But, for human 
protection, complementary in vivo tests (secondary 
and usage tests) should be performed to determine the 
possibility of safe clinical application of experimental 
bioactive materials for specific purposes. Furthermore, 
not only patients but dental personnel could be affected by 
dental materials and in particular by RBCs and RMGICs. 
Specific precautions are recommended for safe use of 
RMGICs (such as avoid to touch the material even with 
gloves, avoid inhalation of HEMA vapour etch.)89.

Conclusions

Based on the data presented in the present study, the 
revealed conclusions are as follows:

RMGICs and RBCs are useful dental materials due 
to their mechanical and adhesion properties;

The monomer HEMA, which is a component 
of RMGICs and is released from them under all 
polymerization conditions, compromises their in vitro 
biocompatibility compared to RBCs. However, more in 
vivo studies should elucidate the biological profile of these 
materials;
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Further improvements in the performance of these 
cements can come only through a reconsideration of their 
setting chemistry, in order to minimize cytotoxic side-
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