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Abstract
Objectives: The aim of this study was to evaluate the water absorption and the amount of hydroxy-

ethyl metacrylate (HEMA) level released from various resin modified glass ionomer cements. 
Methods: Advance, Vitremer and Protec-Cem resin modified glass ionomer cements were used 

to evaluate the HEMA release. Ten specimens were fabricated from each cement in 10 x 1 mm 
height. Thirty specimens were immersed in glass containers filled with 20 ml deionized water. 1 ml 
solution was taken from the container at 10 minutes, 1 hour, 24 hour and 7 days intervals from each 
group and analyzed with high performance liquid chromatography (HPLC) machine and the results 
are presented in ppm. The data were subjected to Kruskal-Wallis, Mann-Whitney and Wilcoxon tests 
at a 0.05 significance level.

Results: At all time intervals Vitremer showed highest HEMA release ( 10 min: 54.2 ppm; 1 h: 86.8 
ppm; 24 h: 93.4 ppm) (P=0.0001). At the end of 10 minutes and first hour, following Vitremer, HEMA 
release was highest for Protec-Cem (10 min: 14.8 ppm; 1 h: 23.6 ppm) and then Advance (10 min: 5.5 
ppm; 1 h: 18.8 ppm) (P<.05). Water absorption tests were performed according to the specifications 
of  ISO 4049. Water absorption was highest for Vitremer and lowest for the Protec-Cem and the dif-
ference among cement groups was significant (P<.005). 

Conclusions: Vitremer showed the highest HEMA release and water absorption values and Pro-
tec-Cem showed the lowest values. HEMA release by time was significant for Advance cement. This 
release may be relevant both to the risk of adverse pulpal responses in patients and to the risk of 
allergy in patients and dental personnel. (Eur J Dent 2009;3:267-272)
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Wilson and Kent introduced glass-ionomer ce-
ments to the dental profession in 1972. Conven-
tional glass-ionomer cements set by an acid-base 
reaction between the ion-leachable glass and the 
polyalkenoic acid their main advantages are adhe-
sion to tooth structure, fluoride release and good 
biocompatibility. Unfortunately, conventional 
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glass-ionomer cements have low tensile strength 
and fracture toughness, they are susceptible to at-
tack by moisture during the initial setting period 
and they have short working time, long setting and 
maturation time.1-7

Resin-modified glass-ionomer cements have 
been developed to overcome such problems. They 
were used originally as restorative materials and 
then as luting agents.1 The composition of resin-
modified glass-ionomer is variable but typically it 
consist vinyl-modified polyalkenoic acid, a water 
soluble methacrylate such as hydroxyethyl meth-
acrylate, and ion-leachable glass and water.8-10 

Resin-modified glass-ionomer cements have a 
setting reaction including an acid-base reaction 
as conventional glass-ionomer cements but also 
a polymerization reaction involving unsaturated 
side-chains on the modified polyacid take place. In 
some resin modified glass-ionomer cements the 
networks of polyacid and ionically cross-linked 
polyalkenoate chains provides the structural in-
tegrity of the cement, as seen in Fuji II LC and Pho-
tac-Fil. In Vitremer the two networks are, in ad-
dition, cross linked through pendant methacrylate 
groups on the polyalkenoate molecules.1,11 Advan-
tages of these resin-modified glass-ionomer ce-
ments include a shortened setting time, decreased 
early moisture sensitivity, extended working time 
and greater strength properties compared to con-
ventional glass-ionomer cements. In vitro studies 
indicate that fluoride release of resin-modified 
glass-ionomer and conventional glass ionomer 
cements are same. Several in vitro studies have 
demonstrated that most of the commercial res-
in-modified glass-ionomer cements present 
more intense cytotoxic effects than conventional 
glass-ionomer cements.8 The high cytotoxicity of 
resin-modified glass-ionomer cements is prob-
ably caused by leachable resin components, such 
as 2-hydroxyethyl methacrylate, which has fre-
quently been added to their chemical composi-
tion. Leached residual monomer can easily diffuse 
through the dentinal tubules due to its hydrophilic 
property and low molecular weight, and reach 
dental pulp cells.3,11-19

A significant disadvantage of resin ionomer is 
the hydrophilic nature of poly- hydroxyethyl meth-
acrylate, which results in increased water absorp-
tion and subsequent plasticity and hygroscopic 
expansion.12,20,21

The purpose of this study was to evaluate the 
water absorption and the amount of hydroxyeth-
yl metacrylate released from different modified 
glass ionomer cements. The null hypothesis test-
ed was: the amount of monomer release does not 
influence the water absorption of resin modified 
glass ionomer cements.

MATERIALS AND METHODS
Three resin modified glass ionomer luting ce-

ments were used; Advance (Caulk/Dentsply Inc. 
USA), Vitremer (3M Dental Products, USA), Pro-
tec-Cem (R&D Vivadent, Liechtenstein). All mate-
rials consists at least 18–20% HEMA. 

Examination of HEMA release
Ten specimens were made from each mate-

rial. All cements were mixed according to their 
manufacturers’ instructions at the recommended 
powder: liquid ratio by weight. The components 
were mixed on the supplied mixing pads by us-
ing a stainless steel mixing spatula at room tem-
perature. The mixed paste was then packed into a 
stainless steel ring mold (10 x 1 mm) placed on a 
glass side. A second glass side was placed on top 
of the mold and by applying firm hand pressure 
excess material was expelled via the split. Speci-
mens were cured for the time recommended in 
their manufacturers’ instructions for clinical use. 
After curing the specimens were allowed to ma-
ture in an incubator at 37°C for an hour. Then all 
specimens were put in 20 ml deionized water and 
sealed with parafilm. Specimens were stored at 
room temperature (23°±2°C) for various time in-
tervals of ten minutes, an hour, one day and seven 
days separately. At the end of each time interval, 
1 mL of the solution in the vials were transferred 
into new 5.0 mL vials using a 200-1000 µL auto-
matic micropipette (VWR, Wheaton Instruments, 
Millville, NJ). The storage vials refilled with fresh 
distilled water to gain again 20 ml of storage me-
dia. Again the caps were sealed with parafilm. The 
residual HEMA content of each specimen were 
determined for all storage intervals by using high 
performance liquid chromatography machine.

For quantification of the residual HEMA, a 
Waters HPLC, equipped with 600E Multisolvent 
Delivery System, Model U6K Universal Liquid 
Chromatograph Injector and Waters 484 Single-
Channel Tunable UV/Visible Detector (Waters Di-
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vision, Millipore Co., Milford, MA), tuned to 215 nm 
was used. A Resolve C18 guard column preceded 
the Resolve C18 (5 µm, 150 x 3.9 mm) reversed-
phase analytical column. Chromatograms were 
evaluated, processed, and stored by the use of 
Waters Millennium chromatography manager 
software program (Waters Corp., Milford, MA).  

Four-point calibration curve was constructed 
by plotting peak areas against concentrations (ex-
ternal standard method) at a flow rate of 1.7 mL 
min-1 of mobile phase (15% methanol, 85% de-
ionized water) under isocratic conditions. HPLC 
grade methanol (J.T. Baker, Philipsburg, NJ) was 
used. The chromatograph and detector were cali-
brated using HEMA solutions of known concentra-
tion (10.7, 50 and 107 ppm). There was a linear re-
lationship between detector response and HEMA 
concentration. The experimental set-up was cali-
brated prior to use. Peak identity in the samples 
was determined by comparing the retention times 
with that of HEMA (7 min) reference standard. 
Triplicate injections were made from both stan-
dard and specimen solutions. Limit of detection 
for HEMA was estimated from the break in the 
slope of standard calibration curve. The amount of 
released HEMA was presented in ppm. The results 
were analyzed by using Kruskal-Wallis, Mann-
Whitney and Wilcoxon tests. Significance level was 
set at 0.05 for statistical analysis.

Examination of water absorption
All materials were manipulated according to 

manufacturers’ instructions. Ten specimens were 
made from each cement type and treated as spec-
ified by International Standard ISO 4049: 1994. A 
stainless steel split ring mold was fabricated for 
the preparation of specimen discs, which were 
15 mm in diameter and 1.0 mm thick. The mold 
was first slightly over filled with material and then 
sandwiched between two glass plates to extrude 
excess material. After 10 minutes of setting time, 
the specimens were removed from the molds. The 
specimens were then transferred to a desiccator 
maintained at 37±1°C. After 24 hours the speci-
mens were removed and stored in a desiccator 
maintained at 23±1°C for 1 h and then weighed to 
an accuracy ±0.2 mg. This cycle was repeated until 
a constant mass was obtained. The samples were 
weighed in an electronic balance analyzer (Mettler 
A J150, Switzerland) (M1). Deionized water was 

added into the glasses and they were stored in an 
incubator under 37±1°C for 7 days. At the end of 
the seventh day they were dried with air spray for 
one minute and they were weighed (M2). Then the 
samples were placed in a desiccator at 23±1°C for 
1 hour, and they were again weighed (M3).

Absorption was calculated according to the 
formula21

Wsp= M2–M3
                V
Wsp: Absorption of test material (µg/mm3)
V: Volume of cylinder (mm3)
M1, M2, and M3 values was calculated as mi-

crogram (µg) and the volume of the cylinder as 
cubic millimeter (mm3), and the results were cal-
culated as µg/mm3.

The base statistics for Advance, Vitremer and 
Protec-Cem groups, which were tested in the 
study, are presented in Table 1. The data were 
evaluated with Kruskal-Wallis variance analysis 
and Mann-Whitney U tests and also Spearman’s 
correlation coefficient was calculated.

RESULTS
The mean values and standard deviations of 

HEMA release were presented in Figure 1. At all 
time intervals Vitremer showed highest HEMA re-
lease (P=0.0001). At the end of 10 minutes and first 
hour, HEMA release was highest for Protec-Cem 
and then Advance, following Vitremer (P<.05). At 
the end of first and seventh day, HEMA release 
was highest for Advance and then Protec-Cem, 
following Vitremer (P=0.004). Wilcoxon paired two 
sample test was undertaken to analyze the HEMA 
release dependency on time. After the first hour 
the increase at HEMA release was not significant 
for Vitremer and Protec-Cem (P<.05). For Advance 
cement the increase at HEMA release was not sig-
nificant after the first day (P=0.005). 

Water absorption was highest for Vitremer 
and lowest for the Protec-Cem and the difference 
among cement groups was significant (P=0.005) 
(Figure 2). There was a significant correlation 
between water absorption and monomer release 
(Spearman’s r=0.434, P<.05)

DISCUSSION
The null hypothesis tested which was the 

amount of monomer release does not influence 
the water absorption of resin modified glass iono-
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mer cements, was rejected because of the signifi-
cant correlation between monomer release and 
water absorption. Water absorption by resin based 
composite materials is a diffusion controlled pro-
cess, and the water uptake occurs largely in the 
resin matrix. The water absorbed by the polymer 
matrix could cause filler matrix debonding or even 
hydrolytic degradation of the fillers, and may af-
fect composite materials by reducing their me-
chanical properties. The hydrolytic degradation is 
a result of either the breaking of chemical bonds 
in the resin or softening through the plasticiz-
ing action of water. When resin samples are im-
mersed in water, some of the components such 
as unreacted monomers dissolve and are leached 
out of the samples. In this study Vitremer was the 
most water absorbing material as well as most 
HEMA releasing material. Also Protect-Cem was 
the least water absorbing and least HEMA releas-
ing material. 

Glass ionomer cements gained popularity be-
cause of their properties such as biocompatibility, 
fluoride release and prevention of caries. Howev-
er they are not perfect and have some drawbacks 
such as short working time, long setting time, sen-

sitivity to humidity. Resin modified glass ionomer 
cements was developed to resolve these problems 
by adding resin (such as hydroxyethyl metacrylate) 
to conventional glass ionomer cement content. 
Although resin may have some adverse effect on 
some good properties of conventional glass iono-
mer cements such as biocompatibility, especially 
if sufficient concentrations of the components dif-
fuse through dentin to the pulp space, adhesion 
of resin modified glass ionomer cements is en-
hanced because of their resin content.15

Gerzina et al14 investigated the release of 
monomers and their diffusion to dentin of various 
resin bonding agents and resin composite combi-
nations. They proved HEMA and TEGDMA release 
from the restorative material and their diffusion to 
pulp space. They reported that HEMA was a hydro-
philic material that enhances the micromechani-
cal and chemical adhesion to dentin.

Resins such as HEMA and TEGDMA can have 
direct toxic effects on the pulpal cells in vivo and 
can cause allergic responses in patients and den-
tal workers. The studies regarding the release of 
HEMA from resin modified glass ionomer cements 
used different sample dimensions that makes dif-

Figure 1. HEMA release rates of all cements by time. Letters 
indicate statistical difference.

Figure 2. Water absorption of all cements. Letters indicate sta-
tistical difference.

HEMA release (ppm) Water 

Absorption (µg/mm3)10 min 1 hour 24 hour 7 days

Vitremer 54.2(5.66)a 86.8(12.64)a 93.4(10.42)a 90.1(14.41)a 188.9(22.54)a

Advance 5.5(2.07)b 18.8(3.87)b 34.6(5.49)b 37.1(6.40)b 132.8(19.77)b

Protec-Cem 14.8(9.07)c 23.6(4.03)c 27.0(5.36)c 28.6(3.85)c 130.4(71.49)b

Table 1. Basic statistical data of HEMA release and water absorption of all materials used. Superscript letters 

indicates statistical differences.
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ficult to compare the results. In order to overcome 
this problem in this study, the samples were fab-
ricated according to the requirements of ADA 9.

High performance liquid chromatography has 
been used previously in dental research and has 
been proven to be a powerful analytical technique 
that can analyze dental polymers, including re-
sidual monomers, composites and various other 
dental materials. In this study HPLC was used to 
detect HEMA release from the samples.22 15% wa-
ter: 85% methanol media was used in this study. 
In some studies water or water: ethanol solutions 
were used as elution media, and it was reported 
that there is a correlation between the amount of 
ethanol in the media and the amount of detected 
monomer. The elution media were not changed 
between measurements to enhance the accuracy 
and avoid possible errors. This methodological 
aspect was used in other studies although one 
study reported that changing the media between 
measurements allowed a better examination. One 
of the drawbacks of the study was extent of reac-
tion was not investigated. It should be noted that if 
the materials did not polymerized adequately then 
more monomers would be available for elution. 
Further studies were needed to investigate and 
compare the degree of conversion and monomer 
release.

There was a significant increase in HEMA re-
lease by time from 10 minutes to first hour for all 
cements however this increase continued from 
first hour to the end of 24 hours for only Advance 
cement. There was not a significant increase in 
HEMA release by time from the end of 24 hours 
to the end of 7 days for all cements. This rapid re-
lease of HEMA was reported in other studies. Maz-
zaoui et al23 reported that the greatest release of 
monomers occurred in the first day.

In this study, samples were prepared as speci-
fied by the International Standard ISO 4049 for 
water absorption test. There is a significant differ-
ence among the cement groups for water absorp-
tion. Iwami et al24 reported that water absorption 
of resin modified glass ionomer cements have a 
higher amount of water absorption when the com-
pared with polyacid modified glass ionomer ce-
ments because of their resin content. In this study 
a similar result was found between resin release 
and water absorption. 

In concordance with the present study result 

Yap et al21 showed similar water absoption values 
for Vitremer even if they used a chemically po-
lymerized version of the material, because water 
absorption mainly depends on the resin composi-
tions. Also Toledano et al25 proposed that hydo-
philic consituents such as HEMA clearly inceased 
the water absorption values and in their study Vit-
remer was also showed the higher water absorp-
tion values.

CONCLUSIONS
Within the limitations of this in vitro study the 

following conclusions were drawn;
• There was a significant correlation between 

HEMA release and water absorption.
• Vitremer showed the highest HEMA release 

and water absorption values and Protec-Cem 
showed the lowest values. 

• HEMA release by time was significant for Ad-
vance cement.

• It is possible that relatively high and rapid 
release of HEMA may have direct, toxic effects on 
pulpal cells if the remaining dentin is thin. HEMA 
from resin modified glass ionomer cements may 
also pose an allergic risk to dental workers and 
also, possibly, to patients.
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